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Abstract
Background: The optimal treatment for stage IIIA-N2 non-small cell lung
cancer (NSCLC) remains controversial, and multidisciplinary team approaches
are needed. Downstaging after induction therapy is a good prognostic factor
in surgical patients; however, re-evaluation of nodal status before surgery is
challenging. The aim of this study was to evaluate the prognosis of patients
with multi-level N2 NSCLC who received surgery or chemoradiation therapy
(CRT) according to restaging using endobronchial ultrasound-transbronchial
aspiration (EBUS-TBNA).
Methods: This was a single center, prospective study that included 16 patients
with biopsy-proven multi-level N2 disease on initial EBUS-TBNA that was
restaged using EBUS-TBNA after induction therapy. Cases downstaged after
rebiopsy were treated surgically. Three-year progression-free survival (PFS) and
locoregional PFS were determined using Kaplan–Meier analysis.
Results: Of the 16 patients (median age 58 years, male 63%), eight had persis-
tent N2 disease and eight showed N2 clearance on restaging using EBUS-TBNA.
Ten patients underwent surgery, including two patients without N2 clearance.
Recurrence and locoregional recurrence occurred in eight and five patients,
respectively. The three-year PFS was longer in patients with N2 clearance than in
those with N2 persistent disease (57.1% vs. 37.5%). Patients with N2 clearance
also had longer three-year locoregional PFS than those with N2 persistent disease
(71.4% vs. 62.5%).
Conclusions: EBUS-TBNA could be an effective diagnostic method for restaging
in multi-level N2 NSCLC patients after induction CRT. As this was a pilot study,
further large-scale randomized studies are needed.

Introduction

Stage IIIA-N2 non-small cell lung cancer (NSCLC) is a
heterogeneous disease with a broad spectrum of clinical
presentations, and prognosis is based on mediastinal N2
nodal status. The standard treatment for multi-level N2
NSCLC remains controversial.1 Chemotherapy and radio-
therapy alone or in combination can prolong survival in

patients with multi-level N2 or bulky N2 NSCLC.2,3 Sur-
gery and adjuvant or neoadjuvant chemotherapy are asso-

ciated with better survival than surgery alone;4,5 however,
the presence of residual N2 disease after induction therapy

is a contraindication to surgery because it is associated
with frequent recurrence and a poor prognosis.2,3 National

Comprehensive Cancer Network (NCCN) guidelines

684 Thoracic Cancer 9 (2018) 684–692 © 2018 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used for commercial purposes.

Thoracic Cancer ISSN 1759-7706

http://orcid.org/0000-0002-2881-4669


recommend chemoradiation therapy (CRT) in patients
with multiple pathologically proven N2 nodes > 3 cm;
however, the guidelines also recommend surgery in
selected patients with multiple N2 disease who respond to
induction therapy.6 Several studies have reported that
patients who achieve mediastinal downstaging after induc-
tion therapy have a survival benefit from surgery compared
to non-downstaged cases.7–9 However, these results are
based on data from resected specimens after surgery, and
restaging of multi-level N2 patients after induction therapy
to select surgery candidates remains difficult. Imaging
studies used for restaging, such as chest computed tomog-
raphy (CT) and 18F-fluorodeoxyglucose (FDG)-positron
emission tomography-CT (PET-CT), are readily available
in the clinical setting. However, their sensitivity is low and
the results may be misleading or lead to overdiagnosis.10

Repeated mediastinoscopy after induction therapy is inva-
sive and often inaccurate;11 therefore, endobronchial
ultrasound-transbronchial needle aspiration (EBUS-TBNA)
has become the method of choice for restaging because of
its safety and accuracy.12–14 We investigate the prognosis of
multi-level N2 NSCLC patients treated with induction
CRT with or without surgery according to the results of
EBUS-TBNA.

Methods

Study subjects and study design

This study was a single center, prospective study conducted
at Asan Medical Center, Seoul, South Korea, between
October 2012 and July 2015. Patients diagnosed by chest
CT or 18F-FDG-PET-CT with multiple N2 NSCLC were
initially screened for the study. All patients underwent
EBUS-TBNA to confirm N2 at initial diagnosis, and
16 patients with positive multi-level N2 according to
EBUS-TBNA were enrolled (Fig 1). All included partici-
pants received induction CRT. Three weeks after induction
CRT, the patients underwent repeat EBUS-TBNA for resta-
ging N2 nodes that were positive at the initial diagnosis.
However, biopsy was not performed when the enlarged
lymph nodes were not observed on EBUS. Patients with
persistent N2 disease were scheduled to receive additional
radiation therapy or chemotherapy, whereas patients with
N2 downstaging were scheduled to undergo surgery. Defin-
itive CRT was performed in patients with persistent N2
disease after the follow-up EBUS-TBNA. However, the
medical team decided to proceed with surgery for two
patients because of a significant reduction of tumor burden
in the follow-up image study and the patients’ own prefer-
ence. Informed consent was obtained from all patients and
the Asan Medical Center Institutional Review Board
approved the study (2011-0399).

Methods

Patient demographics and baseline characteristics were col-
lected. Survival data for all patients was prospectively col-
lected after each follow-up visit. The convex probe EBUS
was used to perform EBUS-TBNA (BF-UC260FW; Olym-
pus, Tokyo, Japan). A dedicated 22-gauge needle (NA-
201SX-4022; Olympus) was used for all needle aspiration
procedures. Induction chemotherapy consisted of at least
four cycles of weekly cisplatin (20 mg/m2, intravenous
infusion) and paclitaxel (50 mg/m2, intravenous infusion).
EBUS was performed under conscious sedation and lido-
caine was administered for local anesthesia. After initial
airway examination using a flexible bronchoscope, EBUS
was performed. Lymph nodes confirmed by imaging were
located by ultrasound assessment and TBNA was per-
formed through a 2.2 mm working channel in the bron-
choscope two or three times to obtain a sample. To avoid
contamination, biopsies were performed from distant
lymph nodes that were highly suspected of metastasis on
chest CT or 18F-FDG-PET-CT.
Patients received induction thoracic radiotherapy

(45 Gy) beginning on the first day of chemotherapy. After
induction CRT, all patients underwent follow-up chest CT
and 18F-FDG-PET-CT. The nodal treatment response was
analyzed using follow-up chest CT and PET-CT according
to the Response Evaluation Criteria in Solid Tumors ver-
sion 1.1 and PET Response Criteria in Solid Tumors ver-
sion 1.0 (PERCIST). Follow-up EBUS-TBNA was
performed at the nodal stations corresponding to the origi-
nal positive N2 nodes after completion of CRT. A complete
or partial response on CT and complete or partial meta-
bolic response on PET-CT were classified as negative

Figure 1 Patient enrollment. CRT, chemoradiation therapy; EBUS,
endobronchial ultrasound; TBNA, transbronchial needle biopsy.
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results, while stable or progressive disease in CT and stable
or progressive metabolic disease in PET-CT were classified
as positive results for diagnostic performance evaluation.

Study outcome and statistical analysis

The primary endpoint was progression-free survival (PFS),
defined as the date from the first EBUS-TBNA procedure to
the date of first documented disease progression or death
from any cause. Locoregional PFS (LRPFS), defined as the
date from the first EBUS-TBNA procedure to locoregional
recurrence, was evaluated as the secondary endpoint. Study
outcomes were assessed in the intention-to-treat popula-
tion, which included all patients registered. All values are
expressed as the median � range for continuous variables
or as percentages for categorical variables. Mann–Whitney
U tests were used for continuous data and Fisher’s exact
tests for categorical data. The sensitivity, specificity, positive
and negative predictive values, and accuracy of EBUS-
TBNA, chest CT, and PET-CT were calculated on a
per-person basis using standard definitions in patients who
underwent surgery. The distribution of PFS was estimated
using the Kaplan–Meier method, and differences between
groups were assessed using the log-rank test. All statistical
analyses were performed using SPSS version 21.0 (IBM
Corp., Armonk, NY, USA). Two-tailed values of P < 0.05
were considered statistically significant.

Results

Patient characteristics

Sixteen patients were enrolled in the study, including
10 men, and the median age was 58 years (range 39–73)
(Table 1). Ten patients had adenocarcinoma, five had squa-
mous cell carcinoma, and one had large cell neuroendo-
crine cancer. Follow-up chest CT after induction CRT
resulted in lymph node downstaging, including a complete
or partial response in 10 patients, whereas six had stable
disease. None of the patients showed progressive disease
on the follow-up chest CT and PET-CT.
Twelve patients had a right side tumor, and four had a

left side tumor (Table 2). EBUS-TBNA was performed at
the same lymph node before and after CRT in nine
patients. After CRT, five patients underwent rebiopsy that
revealed fewer enlarged lymph nodes than in the initial
EBUS. A biopsy was not performed on one patient because
no lymph nodes were observed on EBUS. Nine patients,
including four who achieved complete elimination of
lymph nodes, showed decreased hypermetabolic lymph
nodes after induction CRT.
Eight patients showed persistent metastatic N2 lymph

nodes in the follow-up EBUS-TBNA, whereas eight showed
downstaged N2 disease. Of the eight patients with persis-
tent N2 disease, six received additional treatment and two
underwent surgery. Complete or partial responses, observed

Table 1 Baseline characteristics of the enrolled patients

Characteristics Total N2 persistent N2 clearing P

Number 16 8 8
Male 10 (62.5) 5 (62.5) 6 (75.0) 0.608
Age 58 [39–73] 57 [42–73] 58 [39–67] 0.887
Smoking status 0.456
Current 6 (37.5) 2 (25.0) 4 (50.0)
Former 5 (31.3) 2 (25.0) 3 (37.5)
Never 5 (31.3) 4 (50.0) 1 (12.5)

Smoking (pack-years) 35 [4–100)] 34 [26–40] 40 [4–100] 0.862
Histologic type
Adenocarcinoma 10 (62.5) 6 (75.0) 4 (50.0)
Squamous cell carcinoma 5 (31.3) 1 (12.5) 4 (50.0)
Others 1 (6.3) 1 (12.5) 0 (0.0)

CT response after induction CRT 0.256
Complete response 1 (6.3) 0 (0.0) 1 (12.5)
Partial response 9 (56.3) 3 (37.5) 6 (75.0)
Stable disease 6 (37.5) 5 (62.5) 1 (12.5)
Progressive disease 0 (0.0) 0 (0.0) 0 (0.0)

PET-CT response after induction CRT 0.130
Complete metabolic response 4 (25.0) 1 (12.5) 3 (37.5)
Partial metabolic response 10 (62.5) 5 (62.5) 5 (62.5)
Stable metabolic response 2 (12.5) 2 (25.0) 0 (0.0)
Progressive metabolic response 0 (0.0) 0 (0.0) 0 (0.0)

Dichotomous or discontinuous variables are presented as a number (%) and continuous variables are presented as a median [range]. CT, computed
tomography; CRT, chemoradiation therapy; PET, positron emission tomography.
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via follow-up chest CT, were more frequent in patients with
N2 clearance than in those with persistent N2 disease
(N2 clearance 87.5% vs. N2 persistent 37.5%). Patients with
N2 clearance had a higher rate of complete metabolic
response (37.5% vs. 12.5%), whereas patients with persis-
tent N2 disease had a higher rate of stable metabolic
response (0.0% vs. 25.0%), according to PERCIST.
Representative results of imaging studies, including chest

CT, PET-CT, and EBUS before and after induction CRT in
patients with and without nodal downstaging are shown in
Figure 2 (Case 4) and 3 (Case 12). The Case 4 patient with
nodal downstaging showed a markedly decreased number
of metastatic lymph nodes on the follow-up CT scan after
induction therapy (Fig 2a,b). On the follow-up PET-CT,
the metastatic left lower paratracheal lymph nodes showed
a complete metabolic response, and the primary lung mass
was greatly decreased (Fig 2c,d). On EBUS images, the size
of the metastatic right lower lymph node was also reduced
(from 28 to 16 mm) after neoadjuvant CRT (Fig 2e,f).
However, the Case 12 patient with persistent nodal disease
showed no significant change in metastatic lymph nodes
on follow-up CT (Fig 3a,b) and PET-CT (Fig 3c,d) scans
taken after induction therapy. The metastatic subcarinal
lymph node did not decrease significantly after induction
therapy (from 25 to 20 mm) (Fig 3e,f).
Eight patients with N2 clearance and two patients with

persistent N2 disease confirmed by follow-up EBUS-TBNA
underwent surgery, including eight lobectomies, one pneu-
monectomy, and one wedge resection. Six of the patients

who underwent surgery were confirmed to have N2
involvement (Table 2). Of these, two were preoperatively
confirmed by EBUS-TBNA to have persistent N2 disease.
Four patients with confirmed pathologic N2 disease
received adjuvant therapy. The sensitivity, specificity, posi-
tive and negative predictive values, and accuracy of resta-
ging using EBUS-TBNA in patients who underwent surgery
were 33.3%, 75.0%, 66.7%, 42.9%, and 50.0%, respectively,
similar to the findings of chest CT and PET-CT (Table 3).

Recurrence and death

The median follow-up duration was 32.88 months (range
9.7–60.44). Recurrence occurred in eight patients: five had
confirmed EBUS-positive lymph nodes and three did not.
Of the 10 patients who underwent surgery, four developed
recurrence. The most common recurrence was locoregional
(5/8 cases), and the extra thoracic sites of recurrence
included the brain (2/8 cases) and bone (1/8 cases). During
the follow-up period, there were seven deaths: six were
confirmed recurrences, and one patient died from an
uncontrolled brain infection. No death occurred as a result
of postoperative complications.

Progression-free survival outcomes

The three-year PFS and LRPFS rates were 47.4% and
67.3% for the entire cohort, respectively. The three-year
PFS rates for patients with cleared and persistent lymph

Table 2 Lymph node site by EBUS-TBNA and PET-CT before and after induction CRT

Case
Downstaging
after CRT

Location
of tumor

Before CRT After CRT
N2 after
surgeryEBUS PET-CT EBUS PET-CT

1 Downstaged RLL 4R (10), 7 (24) 4R, 7, R10, R11 7 (12) 4R, 7 Negative
2 Downstaged RUL 4R (24), 7 (10) 4R, 10R, 11R 4R (24) 10R, 11R 4R
3 Persistent LUL 4L (14), 7 (14) 4L, 11L 4L (10), 7 (18) 4L NA
4 Downstaged RUL 4R (28), 11R (16) 2R, 4R, 10R, 11R 4R (16) 4R, 11R 4R
5 Persistent RUL 4R (25), 7 (25) 4R, 3, 7, 10R 4R (22), 7 (14) 4R, 3, 7, 10R NA
6 Downstaged RLL 2R (8), 4R (15), 7 (20) 2R, 4R, 7, 8, 11R 4R (12), 7 (12) Cleared 4R, 7, 2R
7 Downstaged LUL 4L (10), 11L (10) 4L, 10L Not done Cleared Negative
8 Persistent RLL 4R (11), 7 (24) 4R, 7 4R (8), 7 (16) 4R, 7 NA
9 Persistent RUL 4R (14), 7 (22), 11R (14) 2R, 4R, 7, 10R, 11R 4R (5), 7 (4), 11R (10) Cleared NA
10 Downstaged RLL 4R (16), 7 (26) 2R, 3, 4R, 7 4R (15), 7 (15) 2R, 4R, 7 7
11 Downstaged RLL 2R (15), 4R (18) 2R, 3, 4R, 11R 2R (20), 4R (5) Cleared Negative
12 Persistent LLL 4L (15), 7 (25) 4L, 7, 10L, 11L 4L (6), 7 (20) 4L, 7, 10L, 11L NA
13 Persistent RUL 4R (30), 7 (30) 2R, 4R, 7, 10R 4R (15), 7 (15) 2R, 4R, 7, 10R NA
14 Persistent LUL 4L (10), 7 (20), 4R (10) 4L, 7, 10L 4L (10), 7 (10), 4R (10) 4L, 7, 10L 4L, 7, 9
15 Downstaged RLL 2R (20), 4R (20) 2R, 4R, 10R 4R (12) 2R, 4R, 10R Negative
16 Persistent RLL 2R (12), 4R (20) 3, 4R, 10R 4R (20), 7 (10) 3, 4R, 10R 4, 10R

Endobronchial ultrasound (EBUS) lymph nodes are presented by region (size, mm). 2R, right upper paratracheal lymph node; 4R, right lower paratra-
cheal lymph node; 4L, left lower paratracheal lymph node; 3, pre-vascular and retrotracheal lymph node; 5, para-aortic lymph node; 7, subcarinal
lymph node; 8, paraesophageal lymph node; 9, pulmonary ligament; 11R, right interlobar lymph node; 11L, left interlobar lymph node; CRT, chemor-
adiation therapy; LLL, left lower lobe; LUL, left upper lobe; NA, not available; PET-CT, positron emission tomography-computed tomography; RLL,
right lower lobe; RUL, right upper lobe; TBNA, transbronchial needle aspiration.
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nodes observed in the follow-up EBUS-TBNA were 57.1%
and 37.5%, respectively, and the difference was not statisti-
cally significant (P = 0.249) (Table 4, Fig 4a). The LRPFS
rates in patients with N2 clearance and in those with per-
sistent N2 disease were 71.4% and 62.5%, respectively
(P = 0.580) (Fig 4c). We also analyzed the survival rate
according to whether or not surgery was performed,
regardless of the results of follow-up EBUS-TBNA. The
three-year PFS of patients who underwent surgery and
those who received definitive CRT were 56.3% and 33.3%,
respectively, and the difference was not significant
(P = 0.271) (Table 4, Fig 4b). The three-year LRPFS in

patients who underwent surgery and definitive CRT were
67.5% and 66.7%, respectively (P = 0.907) (Fig 4d). There
were no significant differences in LRPFS between the
groups according to downstaging using EBUS-TBNA or
surgery.

Discussion

The present study was a pilot study to evaluate the progno-
sis of multi-level N2 NSCLC patients after induction CRT.
Because of the small number of participants, the only trend

Figure 2 Example of a patient with
mediastinal nodal downstaging
shown by endobronchial ultrasound-
transbronchial needle biopsy (EBUS-
TBNA) restaging after induction
therapy. Chest computed tomography
(CT) (a) before and (b) after induction
chemoradiation therapy (CRT); posi-
tron emission tomography (PET)-CT (c)
before and (d) after induction CRT;
EBUS (e) before and (f) after induction
CRT. Arrows and arrowheads indicate
metastatic (a) right hilar and (b) right
lower paratracheal lymph nodes, (c)
the main lung mass, and (d) right
upper paratracheal lymph nodes. (e,f)
Arrows indicate the right lower para-
tracheal lymph nodes.
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we found was better cancer-free survival in patients with
nodal downstaging confirmed using EBUS-TBNA after
neoadjuvant CRT. Surgery after induction CRT in patients

with nodal downstaging also tended to improve cancer-free
survival; however, this result was not statistically significant
in our study.

Figure 3 Example of a patient with-
out mediastinal nodal downstaging
shown by endobronchial ultrasound-
transbronchial needle biopsy (EBUS-
TBNA) restaging after induction
therapy. Chest computed tomography
(CT) (a) before and (b) after induction
chemoradiation therapy (CRT); posi-
tron emission tomography (PET)-CT
(c) before and (d) after induction CRT;
EBUS (e) before and (f) after induc-
tion CRT. Arrows indicate metastatic
(a,b) left lower paratracheal lymph
nodes (c,d) left lower paratracheal
lymph nodes, and (e,f) subcarinal
lymph nodes.

Table 3 Performance of diagnostic tools for restaging

Predictive value EBUS-TBNA Chest CT PET-CT

Sensitivity 2/6 (33.3) [6.0–75.9] 2/6 (33.3) [6.0–75.9] 1/6 (16.7) [9.9–63.5]
Specificity 3/4 (75.0) [21.9–98.7] 4/4 (100.0) [39.6–100.0] 4/4 (100.0) [39.6–100.0]
Positive predictive value 2/3 (66.7) [12.5–98.2] 2/2 (100.0) [19.8–100.0] 1/1 (100.0) [5.5–100.0]
Negative predictive value 3/7 (42.9) [1.8–87.5] 4/8 (50.0) [17.4–82.6] 4/9 (44.5) [15.3–77.3]
Accuracy 5/10 (50.0) [20.1–79.9] 6/10 (60.0) [27.4–86.3] 5/10 (50.0) [20.1–79.9]

Data are presented as a numbers/total numbers (%) with [95% confidence intervals]. CT, computed tomography; EBUS, endobronchial ultrasound;
TBNA, transbronchial needle aspiration; PET-CT, positron emission tomography-computed tomography.
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The role of surgery in multi-level N2 NSCLC patients
remains controversial. Recent randomized controlled trials
concluded that surgery does not improve survival in these
patients because of the high rate of postoperative complica-
tions and surgical mortality.15,16 In a meta-analysis of pub-
lished randomized trials of multimodality strategies for
NSCLC, neoadjuvant chemotherapy and/or radiotherapy
prior to surgical resection were not clinically superior to
definitive CRT in N2 NSCLC patients.1 However, because
of the heterogeneity of stage IIIA N2 NSCLC, many
patients with unresectable NSCLC were enrolled in the
randomized trials and the rate of pneumonectomy was
high.15,16 Although current NCCN guidelines recommend
CRT as category one treatment for patients with stage IIIA
N2 NSCLC, surgery after induction therapy is also recom-
mended as an option for selected patients.6 Although sta-
tistical significance was not reached in our study because
of the small number of participants, patients with con-
firmed N2 clearance using EBUS-TBNA after induction
therapy appeared to have a survival benefit from surgery
compared to patients with persistent N2 disease who
received definitive CRT.
Although multi-level mediastinal lymph node involve-

ment is an adverse prognostic factor for survival in
NSCLC patients with clinical N2 disease,17,18 several
studies have shown that downstaging after induction
therapy is associated with a better prognosis.9,17,19,20

Buenro et al. reported that the median cancer-free sur-
vival was significantly better in patients with N2 NSCLC
who achieved complete remission after neoadjuvant

therapy and surgery than in those whose disease was not
downstaged (21.3 vs. 15.9 months; P = 0.023).9 Kata-
kami et al. also concluded that N2 NSCLC patients with
downstaged cancer who underwent surgery after induc-
tion chemotherapy or CRT had significantly longer PFS
than patients whose cancer was not downstaged after
induction chemotherapy or CRT.19 Ziel et al. demon-
strated that patients treated with CRT show better three-
year PFS than those with residual nodal disease who
undergo surgery, but a poorer prognosis than patients
who achieve a nodal pathologic complete response after
surgery.20 Although the results of previous studies were
based on downstaging according to pathologic nodal
diagnosis after surgery, the PFS of patients who under-
went preoperative EBUS-TBNA in our study was similar
to that reported previously (Table 4).
The two patients without downstaging underwent sur-

gery because downstaging was only detected in the follow-
up chest CT and 18F-FDG-PET-CT. One of these patients

Figure 4 Comparison of progression-
free survival (PFS) in patients (a) with
persistent N2 disease and in those
with N2 clearance. N2 persistent, N2
clearing; (b) treated with surgery and
definitive chemoradiation therapy
(CRT). CRT+operation (CRT+op),
definite CRT. Comparison of locore-
gional PFS in patients (c) with persis-
tent N2 disease and in those with N2
clearance. N2 persistent, N2 clearing;
and (d) treated with surgery and
definitive CRT. CRT+op, definite CRT.

Table 4 Comparison of three-year progression-free survival rates

Factors
Present
study

Katakami
et al.19

Bueno
et al.9

Ziel
et al.20

Total 47.4% NA NA NA
Persistent N2 37.5% 14.3% 21% 11%
Clearing N2 57.1% 60.0% 36% 56%
CRT + surgery 56.3% 34.5% NA 44%
Definite CRT 33.3% NA NA 25%

CRT, chemoradiation therapy.
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exhibited recurrence after surgery, whereas the other is still
in follow-up without recurrence.
Nevertheless, downstaging after induction therapy is

associated with improved survival in N2 NSCLC patients
who undergo surgery,2,17 while downstaging before surgery
is difficult to evaluate. 18F-FDG-PET-CT and repeat CT for
restaging of N2 NSCLC patients do not provide sufficient
data for the management of these patients because of their
low sensitivity and a high false-negative rate,10,21 thus nodal
biopsies are required. Repeat mediastinoscopy is a valuable
procedure for mediastinal downstaging, but only in
selected patients after induction therapy with high diagnos-
tic accuracy;22,23 however, it is associated with high
mortality and poor survival compared to primary mediasti-
noscopy, particularly in patients with persistent nodal
disease.21–23 The NCCN guidelines recommend the use of
EBUS-TBNA for initial pretreatment evaluation and
reserve mediastinoscopy for restaging because of the low
accuracy of repeat mediastinoscopy, which is attributed to
the presence of adhesions in patients receiving neoadjuvant
therapy.6

The guidelines of the European Society of Thoracic Sur-
geons recommend that both EBUS-TBNA and mediastino-
scopy can be used for restaging; however, endoscopic
techniques appear to be beneficial in patients with positive
biopsy results.24 Several recent studies have demonstrated
that repeat EBUS-TBNA is superior to mediastinoscopy,
providing higher sensitivity and lower invasiveness for re-
evaluating mediastinal lymph node status, despite a low
negative predictive value.12–14 Herth et al. concluded that
EBUS-TBNA for restaging of stage IIIA-N2 NSCLC in
patients who had received neoadjuvant therapy is accurate
for predicting the absence of metastatic nodes (sensitivity
76%, specificity 100%, diagnostic accuracy 77%).14 In the
present study, the indication for surgery was determined
after confirming downstaging with EBUS-TBNA after
induction CRT. The three-year PFS was longer in patients
who underwent surgery than in those who received defini-
tive CRT, although two cases that were not downstaged in
follow-up EBUS-TBNA were also treated with surgery
(56.3% of patients who underwent surgery after induction
CRT vs. 33.3% of those receiving definitive CRT).
The sensitivity and accuracy of EBUS-TBNA in the pre-

sent study were lower than those described in previous
studies (sensitivity 33.3% [present study] vs. 76% [Herth
et al.] vs. 50% [Nasir et al.] vs. 88% [Um et al.]; accuracy
50.0% vs. 77% vs. 89% vs. 93%, respectively).12–14 Ten
patients suspected of downstaging in EBUS-TBNA or
imaging studies were analyzed for diagnostic performance;
therefore, those who showed disease progression were
effectively excluded. In addition, they all received induction
CRT; thus, it could be more difficult to discriminate malig-
nancy from necrotic cells.

The present study had several limitations. This was a
single center prospective pilot study, and a small number
of patients were enrolled. Although the three-year PFS in
this study was similar to rates reported previously, it is
highly likely that the small number of patients led to the
lack of statistical significance. In addition, some cases with
downstaged N2 disease were treated with additional ther-
apy after surgery because of remnant nodal disease in the
pathologic diagnosis, which may have affected survival. In
addition, the relatively short follow-up duration was a limi-
tation. However, considering that N2 downstaging in
follow-up EBUS-TBNA resulted in a trend toward a better
prognosis, the results of our study suggest that additional
large-scale studies would be worthwhile to prove statistical
significance.
In conclusion, cancer-free survival according to restaging

using EBUS in multi-level N2 NSCLC patients with induc-
tion CRT was not significantly different between patients
who underwent surgery and those who received definitive
CRT. However, considering the small number of subjects
in our study, we found that surgery could be beneficial for
patients with confirmed nodal downstaging using EBUS-
TBNA, which is a less invasive and highly accurate proce-
dure. Further multi-center large-scale trials are needed to
confirm our results.
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