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Introduction

Surgery is the best therapeutic option for early stage 
non-small cell lung cancer (NSCLC). However, it is not 
recommended if mediastinal lymph node are involved (1).  
Therefore, mediastinal lymph node staging is key for 

NSCLC management (2). In the absence of mediastinal 
involvement, resectable tumors can be surgically treated, 
whereas patients with mediastinal affection (cN2 or cN3) 
are initially excluded from surgery and treated with radical 
chemo-radiotherapy (3). 
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Patients with non-bulky (<2 cm) single positive 
mediastinal station detected preoperatively (cN2) can be 
treated with neo-adjuvant chemo(radio) therapy followed 
by surgery, or surgery followed by chemo(radio) therapy (4). 
Positron Emission Tomography - Computed Tomography 
with 18F-Fluordeoxyglucose (FDG PET/CT) is used to 
detect cN2 (5), but there is a subgroup of patients (central 
tumors, tumors larger than 3 cm, cN1 patients) with 
higher risk of pN2 despite negative image staging in whom 
invasive mediastinal staging by endobronchial ultrasound 
(EBUS) and/or Video-assisted Mediastinoscopy (VAM) is 
recommended by international societies and included in the 
guidelines (6).

This retrospective analysis of all patients treated 
surgically for NSCLC at our institution between 2013 and 
2018 sought to: (I) evaluate the effectiveness of invasive 
mediastinal staging to reduce unexpected pN2 incidence in 
intermediate-risk patients and its impact on survival; and, (II) 
determine the risk factors for occult pN2. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1248).

Methods

Study design, patients and ethics

All patients treated for NSCLC in our institution between 
2013 and 2018 were prospectively included in the analysis 
when no mediastinal affection was detected by CT or PET/
CT and fulfilled one of the following criteria: NSCLC 
tumors larger than 3 cm by CT scan, tumors considered 
central or cN1 cases by CT or PET/CT. 

Patients who had received previous lung cancer 
treatment, not suitable for surgery, with unresectable 
pathology or suspicion of cN2-3 or cM1 were excluded 
from the analysis. In case of two synchronous tumors, the 
largest one was taken in consideration for analysis. Patients 
were clinically (cTNM) and pathologically (pTNM) staged 
according to the 8th edition of the international TNM 
classification (7). The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). All 
participants had signed conventional informed consent 
before any staging exploration or surgery. The Ethics 
Committee of our institution approved the study protocol. 

Mediastinal involvement terminology
Four scenarios referring mediastinal  lymph node 

involvement are used in this study and described: 
	 Clinical mediastinal involvement (cN2): used 

in those cases in which histologic diagnosis was 
obtained before surgery either by EBUS or VATS. 

	 Pathological mediastinal involvement (pN2) is 
used when histologic diagnosis is obtained after 
surgical lymphadenectomy. It includes patients with 
previously known affection (cN2) who had induction 
treatment and surgery. 

	 Any mediastinal involvement (N2) is used referring 
to all patients who had mediastinal involvement at 
any moment regardless of whether they underwent 
surgery (N2= cN2 + pN2).

Preoperative Image staging

Pre-operative lung cancer staging was done according to 
international recommendations. All patients were initially 
staged using CT and PET/CT. cN1 was defined by CT 
when hilar lymph nodes >10 mm in short axis or by FDG-
PET/CT when lymph node uptake was higher than the 
surrounding mediastinal tissue. Centrality was defined as 
tumor growing in the inner third of the chest in a dedicated 
CT scan (8). Tumor size was also recorded. 

Invasive mediastinal staging

When considered necessary by the multi-disciplinary lung 
cancer committee of our institution, presurgical invasive 
mediastinal staging was done using EBUS and/or VAM. 

Endobronchial ultrasound
EBUS were done by two teams in two different centers, 
Hospital Clínic de Barcelona and Hospital de Mollet. 
EBUS were performed under sedation with a continuous 
infusion of propofol and remifentanil, maintaining 
spontaneous breathing in the bronchoscopy unit by a staff 
anesthesiologist. The bronchoscopist inserted the scope 
through mouth and lidocaine was used as topical airway 
anaesthesia. EBUS-TBNA was performed using a flexible 
ultrasound bronchoscope (Pentax EB-1970UK 2.0) and 
22-gauge needle (Echotip® Ultra, Cook Medical, US). All 
identified nodes with a minor diameter of ≥5 mm were 
sampled (6). The sampling site was selected according to 
clinical guidelines. The first sampled area was N3 followed 
by N2 and ending with N1 nodes. The cytology preparation 
was performed with both air-dried and wet-fixed methods. 
A rapid on-site evaluation (ROSE) was done by an 
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experienced cytotechnologist to ensure the sample quality 
and to identify tumor cells. Lymph node was considered no 
malignant after 3 passes showing normal lymphocytes with 
no malignant cells. The presence of diagnostic malignant 
material led to the completion of the procedure. Any 
aspirate was placed in formaldehyde solution to cell block 
preparation. After an observational period patients were 
discharged.

Video-assisted mediastinoscopy (VAM)
All VAMs were carried out in a dedicated operating 
room by one of the five staff-thoracic surgeons from the 
Hospital Clínic department. VAM was performed under 
general anesthesia through a transverse cervicotomy 
until the opening of pretracheal fascia. After finger blunt 
dissection the video-mediastinoscope was introduced into 
the mediastinum and exploration of both paratracheal 
and subcarinal spaces (2R, 4R, 4L and 7) was performed 
in all cases as recommended (9). When detected, lymph 
nodes were biopsied individually. Deferred pathological 
assessment was done using hematoxylin-eosin staining and 
immunohistochemistry. 

Positive staging patients (cN2)

All patients diagnosed with cN2 after invasive mediastinal 
staging were discussed in the multidisciplinary oncologic 
board. Those with contralateral lymph node involvement 
(cN3), multi-station ipsilateral involvement (cN2 multi), 
single level ipsilateral lymph node involvement >3 cm (cN2 
bulky) and infiltrative non-resectable pN2 were discarded 
for surgical treatment and excluded from the study. Single 
level ipsilateral non-bulky N2 affection, had neoadjuvant 
treatment (chemotherapy or chemo-radiotherapy) followed 
by surgical resection if no progression was detected after 
being reassessed by CT. 

Surgery

Patients with no mediastinal affection and those whom 
completed induction therapy were operated. All surgeries 
were performed by one of the five experienced thoracic 
surgeons from Hospital Clinic’s department. Anatomic lung 
resection was performed in all patients (segmentectomy to 
pneumonectomy) either through open or thoracoscopic 
approach. Lung sparing techniques and extended resections 
were carried out whenever considered necessary in order 
to achieve complete resection. In addition, all patients had 

a systematic mediastinal lymph node dissection including 
stations 5 and 6 in left sided tumors (10). Incidence of 
postoperative mediastinal lymph node affection in those 
patients considered cN0-1 (pN2) and incidence of all 
histologically confirmed N2 after surgery (cN2 + pN2) were 
recorded.

Postoperative treatment and follow up

Patients  were treated with chemotherapy and/or 
radiotherapy following the international guidelines (3,4). 
All patients were followed up periodically in referral center’s 
outpatient clinic. 

Statistical analysis

Results are presented as n (proportion), mean ± standard 
deviation or median [interquartile range] as appropriate. 
The invasive staging and non-invasive staging groups were 
compared using Fisher’s exact test, Chi-Square, Student’s 
t-test or ANOVA as appropriate. Multivariate (logistic 
regression) correlation analysis were used to investigate risk 
factors of occult pN2. Kaplan-Meier curves were used to 
compare overall survival between staged and non-staged 
groups and between staged and non-staged pN2. Cox 
hazard model was used to evaluate relation among invasive 
staging and survival. A P value <0.05 was considered 
statistically significant. All analyses were done using SPSS 
20.0 (IBM Corporation, Armonk, NY, USA).

Results

Patients characteristics

During the study period 201 patients were included 
for analysis (Figure 1). Their general characteristics are 
summarized in Table 1. The most common inclusion 
criteria in our study was tumor size (82.6%), followed by 
centrality (41.8%) and cN1 (32.3%). Invasive staging was 
carried out in 60.7% of cases either by EBUS alone (8%), 
EBUS+VAM (27.4%) or VAM alone (25.4%). During VAM 
procedure 2.9±0.83 mediastinal stations were biopsied. 
Mean time between last mediastinal exploration (EBUS or 
VAM) and surgery was 26.9±15.24 days. Global invasive 
staging negative predictive value (NPV) in our series of 
patients was 0.974. Lymphadenectomy was performed to 
all surgical patients exploring 3.63±1.13 stations, including 
paratracheal, subcarinal, lower mediastinal and aorto-
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pulmonary window (left side tumors). Mean follow up was 
25.31±18 months.

Some of the patients included in the present series 
had previously participated in different clinical protocols. 
In particular 16 patients with suspected lung cancer 
and evidence of cN1 by CT scan and/or PET had been 
included in the ASTER 3 (Assessment of Surgical Staging 
vs. Endosonographic Ultrasound in Lung Cancer: a 
Randomized Clinical Trial) study that assessed the 
usefulness of straightforward mediastinoscopy in this 
setting. The results of this study have been published 
elsewhere (11). Similarly, 49 patients of the present series 
were invasively staged systematically using EBUS followed 
by VAM (if EBUS negative) and included in a prospective 
evaluation aimed to assess usefulness of EBUS (performed 
in our institution) for mediastinal evaluation in selected 
patients. This study has currently finished the recruitment 
of patients and the results are being processed for a 

forthcoming manuscript. 

Invasive staging vs. non-invasive staging

When IS and NIS groups are compared (Table 2) the only 
two differences between groups are cN1 incidence, that 
is higher in invasive staging group (12.7% vs. 45.1%, 
P<0.001), and mean PET/CT SUVmax (10.89 in NIS 
group vs. 14.39 in IS group; P=0.016). Mean tumor size was 
smaller in NIS group (4.25 cm±1.93) compared to IS group 
(4.9cm±2.12) (P=0.017) but there was no difference in the 
incidence of tumors >3 cm (78.5% vs. 85.2%; P=0.255). 
Postoperative mediastinal lymph nodes affection (pN2) was 
detected in 6 cases (7.6%) in non-invasive staging group 
and 15 cases (13.3%) [including 2 preoperatively detected 
who had induction therapy (cN2)] in invasive staging group 
(P=0.348). Table 3 details the characteristics of patients with 
mediastinal lymph node affection (N2). 

                   SURGERY

3 patients excluded from 
surgery

•	 1 multi-station cN2
•	 1 cN3
•	 1 not fit for surgery 

after induction

79 Non-invasive
mediastinal staging

6 pN2 15 pN2

117 Negative 5 Positive (cN2)

2 induction
(Chm +/– RDT)

122 Invasive
mediastinal staging

201 NSCLC patients
Negative image mediastinal staging (CT and PETCT)

+

•    Central tumor
•    cN1

or

•    T>3 cm

Figure 1 Design and flowchart. NSCLC, non-small cell lung cancer; CT, computed tomography; PET/CT, positron mission tomography/
computed tomography with 18F-fluordeoxyglucose; cN1, clinical hilar lymph node affection; T, tumor size; cN2, clinical mediastinal lymph 
node affection; cN3: clinical contralateral lymph node affection; Chm, chemotherapy; RDT, radiotherapy; pN2, postoperative mediastinal 
lymph node affection. 
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When pN2 patients are analyzed 10 out of 21 patients 
(47.6%) had positive lymph nodes after surgery in a non-
reachable station by conventional EBUS and VAM. This 
includes pulmonary window (stations 5 and 6) in 7 cases 
(33.3%) and lower mediastinal stations (station 8 and 9) 
in 3 cases (14.3%). Finally, 2 patients (2/21; 9.5%) had 
multistation mediastinal involvement at surgery, all of them 
at NIS group. 

Risk factors for pN2

Multivariate analysis (Table 4) identified cN1 as the only 
risk factor for pN2 patients (P=0.013). Invasive mediastinal 
staging did not emerge as an independent risk factor for 
unexpected pN2 (P=0.583). 

Survival

Figure 2 shows Kaplan-Meier curves for overall survival 
among IS vs. NIS groups. Median survival was lower 
for those patients with any pN2-3 (33.4 months) when 
compared with pN0-1 patients (46.4 months) (P=0.034). No 
statistical differences where detected when invasive staging 
and non-invasive staging groups were compared (40.3 vs. 
45.6 months; P=0.721). In pN2 subgroup, median survival 
was 34.7 months in IS and 22.5 months in NIS (P=0.152). 

Survival Cox Hazard model (Table 5) showed no direct 
relation among staging and survival when all patients were 
compared. 

Discussion

This study shows that, in our series, there are no differences 
regarding N2 and pN2 incidence between invasively 

Table 1 Description of patients

Patients included (n=201)

Age, years (SD) 66.5 (9.66)

Gender (M:F) (%) 150:51 (74.6:25.4)

Smoking history, n (%)

Never smoker 20 (10.0%)

Former smoker 100 (49.8%)

Active smoker 69 (34.3%)

Unknow 12 (6.0%)

Lung function

FEV1, L [SD]; % [SD] 2.25 [0.59]; 75.92 [15.61]

FVC, L [SD]; % [SD] 3.43 [0.81]; 85.33 [15.41]

DLCO, % [SD] 71.84 [18.21]

Tumor characteristics 

Histology, n (%)

ADK 103 (51.2%)

Sqm 81 (40.3%)

Others 14 (7.0%)

Inclusion criteria, n (%)

>3 cm 166 (82.6%)

Central 84 (41.8%)

cN1 65 (32.3%)

Staging

None 79 (39.3%)

EBUS 16 (8.0%)

VAM 51 (25.4%)

EBUS + VAM 55 (27.4%)

Pathological stage, n (%)

IA1 1 (0.5%)

IA2 9 (4.5%)

IA3 11 (5.5%)

IB 32 (15.9%)

IIA 15 (7.5%)

IIB 69 (34.3%)

IIIA 55 (27.4%)

IIIB 6 (3.0%)

Table 1 (continued)

Table 1 (continued)

Patients included (n=201)

Mediastinal involvement, n (%)

cN2(3) 5 (2.5%)

pN2 21 (10.4%)

N2 24 (11.9%)

ADK, adenocarcinoma; Sqm, squamous cell carcinoma; EBUS, 
endobronchial ultrasound; VAM, video assisted mediastinoscopy; 
pN2, positive mediastinal lymph nodes after surgery; N2, total 
number of patients with histologically confirmed mediastinal 
lymph nodes.
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Table 2 Comparisons between non-invasive staging and invasive staging

Non-invasive staging (n=79) Invasive staging (n=122) P value

Age; years (SD) 67.3 (9.41) 66 (9.83) 0.383

Male gender, n (%) 63 (79.7) 87 (71.3) 0.189

Tumor characteristics

Histology, n (%) 0.854

ADK 44 (55.7%) 59 (49.6%)

Sqm 30 (38%) 51 (42.9%)

Others 5 (6.3%) 9 (7.5%)

>3 cm, n (%) 62 (78.5%) 104 (85.2%) 0.255

Central, n (%) 28 (35.4%) 56 (45.9%) 0.147

cN1, n (%) 10 (12.7%) 55 (45.1%) <0.001

T-SUVmax; mean (SD) 10.89 (5.24) 14.39 (7.85) 0.016

Mediastinal involvement, n (%)

pN2 6 (7.6%) 15 (12.6%) 0.348

N2 6 (7.6%) 18 (14.8%) 0.181

ADK, adenocarcinoma; Sqm, squamous cell carcinoma; T-SUVmax, tumor maximum standardized uptake value; EBUS, endobronchial 
ultrasound; VAM, video assisted mediastinoscopy; pN2, positive mediastinal lymph nodes after surgery; N2, total number of patients with 
histologically confirmed mediastinal lymph nodes.

Table 3 N2 patients characteristics 

Age (years), 
gender

Location Risk factors Staged cN Surgery pN1
pN2 

Station
Histology

Non-invasive staging pN2

71; M LUL >3 cm NO cN0 VATS segmentectomy No 7 ADK

79; M RUL >3 cm NO cN0 Open lobectomy No 8R ADK

73; M ML >3 cm NO cN0 VATS lobectomy Yes 7 ADK

64; F RUL >3 cm NO cN0 Open lobectomy No 4R ADK

69; M LLL >3 cm NO cN0 VATS lobectomy Yes 7 ADK

74; F LUL >3 cm NO cN0 VATS lobectomy Yes 5 ADK

Positive Invasive staging cN2 

72; M LLL >3 cm EBUS (10R) cN3 Not performed – – NSCLC

58; M RUL >3 cm 
central

VAM (4R, 7) cN2 Not performed – – NSCLC

78; F RUL >3 cm 
central

VAM (4R) cN2 Not performed – – NSCLC

69; F LUL >3 cm cN1 VAM (4L) cN2 Open lobectomy Yes 4L ADK

70; M LUL cN1 EBUS (4L) 
VAM

cN2 Open segmentectomy Yes 5 Sqm

Table 3 (continued)
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staged and non-invasively staged group. Preoperative hilar 
lymph node tumor involvement (cN1) was identified as the 
only risk factor for postoperative mediastinal lymph node 
affection (pN2). Survival in pN2 patients was significantly 

worse than in pN0-1 patient. Differences in survival 
between invasively staged pN2 and non-invasively staged 
pN2 are not statistically significant but they are clinically 
relevant. 

Table 3 (continued)

Age (years), 
gender

Location Risk factors Staged cN Surgery pN1
pN2 

Station
Histology

Negative Invasive staging pN2

64; M RUL >3 cm 
central cN1

EBUS (−) cN1 Open lobectomy Yes 4R ADK

66; F LUL >3 cm 
central

VAM (−) cN0 VATS lobectomy No 6 ADK

72; M LUL >3 cm cN1 VAM (−) cN1 Open lobectomy Yes 5 ADK

70; M LUL Central cN1 VAM (−) cN1 Open lobectomy Yes 5 ADK

85; M ML >3 cm cN1 VAM (−) cN1 VATS lobectomy Yes 7 Sqm

79; M LUL >3 cm cN1 VAM (−) cN1 Open 
pneumonectomy

Yes 7 Sqm

67; M LUL cN1 VAM (−) cN1 Open lobectomy Yes 5 Sqm

79; M ML >3 cm EBUS (−) 
VAM (−)

cN0 VATS lobectomy No 2R, 4R, 7 ADK

72; M RLL >3 cm cN1 EBUS (−), 
VAM (−)

cN1 Open bilobectomy Yes 9R ADK

61; M RLL >3 cm cN1 EBUS, VAM cN1 VATS lobectomy Yes 7, 8R Sqm

47; F LUL >3 cm 
Central cN1

EBUS, VAM cN1 Open 
pneumonectomy

Yes 4L Sqm

76; M LUL >3 cm 
central

EBUS, VAM cN0 Open 
pneumonectomy

Yes 6 Sqm

48; F LUL cN1 EBUS, VAM cN1 LUL; Open Yes 5 Large cell

ADK, adenocarcinoma; NSCLC, non-small cell lung cancer; Sqm, squamous cell carcinoma; EBUS, endobronchial ultrasound; VAM, video 
assisted mediastinoscopy; RUL, right upper lobe; LUL, left upper lobe; ML, middle lobe; LLL, left lower lobe; RLL, right lower lobe.

Table 4 Risk factors for N2

Univariate analysis, P value
Multivariate analysis

OR (95% CI) P value

Tumor size (>3 cm) 0.919 0.701 (0.149–3.292) 0.653

cN1 0.049 0.216 (0.062–0.755) 0.016

Central 0.183 2.254 (0.643–7.899) 0.204

Histology (ADK) 0.826 1.179 (0.502–2.772) 0.706

T-SUVmax >10 0.250 2.090 (0.615–7.108) 0.238

Invasive Staging 0.128 1.484 (0.352–6.256) 0.590

ADK, adenocarcinoma; T-SUVmax, tumor maximum standardized uptake value of the primary tumor.
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Figure 2 Kaplan-Meier curves for overall survival among (A) pN0-1 and pN2-3, (B) staged and no-staged patients and (C) staged pN2 
patients and non-staged pN2 patients.

1.0

0.8

0.6

0.4

0.2

0.0

S
ur

vi
va

l

OS pN0-1 vs. pN2-3

P=0.034

20 40 600
Months

pN0-1
pN2-3
pN0-1-censored
pN2-3-censored

Number at risk 0 12 24 36 48 60

pN0-1 177 124 86 55 34 2

pN2-3 21 16 8 5 3 0

Number at risk 0 12 24 36 48 60

Non-Staged 79 60 41 31 25 2

Staged 119 80 53 29 12 0

1.0

0.8

0.6

0.4

0.2

0.0

S
ur

vi
va

l

OS Staged vs. Non-Staged

P=0.721

20 40 600
Months

Non-Staged
Staged
Non-Staged-censored
Staged-censored

Number at risk 0 12 24 36 48

Non-Staged 6 5 1 1 1

Staged 15 11 7 4 2

10 20 30 40 50 600
Months

1.0

0.8

0.6

0.4

0.2

0.0

S
ur

vi
va

l

pN2 OS Staged vs. Non-Staged

P=0.152

Non-Staged
Staged
Non-Staged-censored
Staged-censored

A

C

B

In our study, postoperative confirmed mediastinal 
lymph node affection (pN2) was detected in 21 cases 
(21/201; 10.4%). This is comparable to c-stage I NSCLC 
incidence published by other groups (12) in accordance 
with international recommendations and European Society 
of Thoracic Surgery (ESTS) guidelines (6). Mediastinal 
involvement (N2) on invasively staged group was detected 
on 18 patients, 5 out these 18 (27.8%) histologically 
confirmed N2 patients were identified preoperatively (cN2) 
in our series. The incidence of pN2 among IS and NIS 
groups was statistically non significant (7.6% vs. 12.6%, 
P=0.348). 

Multivariate analysis determined cN1 as the only risk 

factor for pN2. Other papers described an increased 
incidence of mediastinal unexpected lymph nodes reaching 
25–37% when cN1 is present (11,13). Contrarily to other 
studies tumor size and location are not independent risk 
factors in our group of patients. Our previously published 
work from 2012 showed that tumor size is an independent 
risk factor for upstaging; however, we analyzed only clinical 
stage I NSCLC and excluded central tumors (14). The 
same occurs in other papers where the analysis is done only 
in cN0 patients (12,15). Concerning to tumor location, we 
did not identify centrality as an independent risk factor for 
pN2. Belgian group published results in the same direction 
putting in doubt the necessity of invasive mediastinal 
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staging in this subgroup of patients (16). It is true, however, 
that tumors located in the inner third of the chest have 
an increased risk of hilar lymph node upstaging (pN1) as 
reported in a multicentric study (17) and recently published 
by our group (18). In summary, our findings support 
the notion that only cN1 status should be considered an 
independent risk factor for pN2. Tumor size and location 
are risk factors for pN1 and could be indirect risk factors 
for pN2. 

To determine whether it is worthwhile to perform 
systematic invasive mediastinal staging in intermediate risk 
patients or not, therapeutic strategy should be decided first. 
Based on the first randomized trials published by Roth 
and Rosell et al. (19,20), cN2 patients could benefit from 
surgical treatment after induction surgery when complete 
resection is achieved and pneumonectomy avoided. Other 
groups advocate for straight surgery in single station non 
bulky cN2 based in the absence of differences on survival 
whether chemotherapy is administered before or after 
surgery (21). They also determine that potentially surgical 
complications related to induction treatment could be 
avoided. In our center, the multidisciplinary oncological 
tumor board agreed that single station non-bulky cN2 
patients are treated with chemotherapy (± radiotherapy) 
before surgery. Poor prognosis of pN2 (22) added to this 
scenario makes advisable to invasively stage those patients 
with intermediate risk factors to identify cN2. However, 
considering the results of the current study, invasive efforts 
may not lead to a reduction in incidental N2. 

Based on these results, should we go straight to surgery 
as some groups prefer (23)? Probably not, but as Cerfolio 
et al. published, better selection means better survival (24).  
Looking deeper into our series of patients, 3 out of 5 
identified cN2 patients were discarded for surgery because 
multi-station involvement, cN3 and poor tolerance to 
induction therapy. Despite survival among invasively staged 
and non-invasively staged pN2 groups is statistically non-

significant, mean survival time increase in 11 months in 
invasive staging group (33.6 vs. 22.5 months; P=0.245) leads 
us to consider it as clinically relevant. These differences 
might be explained by better patient selection and 
treatment. They are concordant with results previously 
published by Obiols et al. (25).

Whether invasive staging should be done by EBUS 
or VAM is another topic on debate (26). EBUS is a less 
invasive technique for the patient and does not require 
hospital stay with the cost savings it represents. In our 
experience VAM was not able to identify cN2 when EBUS 
was negative (Table 3). In the case of cN1, VAM as first 
exploration or after EBUS is recommendable based on a 
prospective multicentric study published in 2017 (11). Our 
study cannot conclude which technique is better because 
EBUS results are dependent on the technique and group 
experience, so further studies are necessary in this specific 
patient category. Finally, half of the pN2 patients were 
not reachable by EBUS or VAM and 36.8% of them were 
located in stations 5 and 6. In our future practice extended 
VAM or VATS should be added in cN1 left lung carcinomas 
as other groups recommended (27).

Study limitations

First, this is not a randomized study. The higher incidence 
of cN1 in invasive staging group is related to participation 
in other studies during the same period and clinical 
criteria. Since cN1 is the only risk factor for mediastinal 
involvement, prevalence of N2 could be influenced. 

Second, we analyzed the impact of invasive mediastinal 
staging on pN2 and survival instead of which technique to 
use because EBUS were performed in two different centers 
(Hospital Clínic and Hospital de Mollet). EBUS sensitivity 
and specificity are technical dependent and they are related 
to experience. Hospital Clínic's EBUS sensitivity and 
specificity are being analyzed and future conclusions will 
help us to determine the best staging strategy. 

Conclusions

In our series of intermediate-risk patients, (A) there 
was no statistical difference in pN2 incidence between 
the invasively staged and non-invasively staged groups. 
However it could be attributed to asymmetric distribution 
of cN1 patients that is indeed (B) the only independent risk 
factor for pN2. 

Despite this absence of statistical differences among 

Table 5 Survival cox hazard model 

HR (95% CI) P value

Gender (male) 0.698 (0.358–1.360) 0.291

Central tumor 0.940 (0.546–1.618) 0.823

cN1 0.606 (0.322–1.140) 0.120

Tumor size >3 cm 0.914 (0.436–1.916) 0.812

Invasive staging 0.743 (0.417–1.323) 0.313
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pN2 incidence better patient selection might have an 
impact on survival. In conclusion, it all makes invasive 
staging recommendable when intermediate risk patients 
for mediastinal lymph node involvement are evaluated for 
surgery.
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