
Original Reports | Thoracic Oncology

Endosonography With or Without Confirmatory
Mediastinoscopy for Resectable Lung Cancer:
A Randomized Clinical Trial
Jelle E. Bousema, MD1; Marcel G.W. Dijkgraaf, PhD2 ; Erik H.F.M. van der Heijden, MD, PhD3 ; Ad F.T.M. Verhagen, MD, PhD4;
Jouke T. Annema, MD, PhD5; Frank J.C. van den Broek, MD, PhD6 ; on behalf of the MEDIASTrial study group

DOI https://doi.org/10.1200/JCO.22.01728

ABSTRACT

PURPOSE Resectable non–small-cell lung cancer (NSCLC) with a high probability of
mediastinal nodal involvement requires mediastinal staging by endo-
sonography and, in the absence of nodal metastases, confirmatory media-
stinoscopy according to current guidelines. However, randomized data
regarding immediate lung tumor resection after systematic endosonography
versus additional confirmatory mediastinoscopy before resection are lacking.

METHODS Patients with (suspected) resectable NSCLC and an indication for mediastinal
staging after negative systematic endosonography were randomly assigned to
immediate lung tumor resection or confirmatory mediastinoscopy followed by
tumor resection. The primary outcome in this noninferiority trial (non-
inferiority margin of 8% that previously showed to not compromise survival,
Pnoninferior < .0250) was the presence of unforeseen N2 disease after tumor
resection with lymph node dissection. Secondary outcomes were 30-day major
morbidity and mortality.

RESULTS Between July 17, 2017, and October 5, 2020, 360 patients were randomly
assigned, 178 to immediate lung tumor resection (seven dropouts) and 182 to
confirmatory mediastinoscopy first (seven dropouts before and six after
mediastinoscopy). Mediastinoscopy detected metastases in 8.0% (14/175; 95%
CI, 4.8 to 13.0) of patients. Unforeseen N2 rate after immediate resection (8.8%)
was noninferior compared withmediastinoscopyfirst (7.7%) in both intention-
to-treat (D, 1.03%; UL 95% CID, 7.2%; Pnoninferior 5 .0144) and per-protocol
analyses (D, 0.83%; UL 95%CID, 7.3%; Pnoninferior 5 .0157). Majormorbidity and
30-day mortality was 12.9% after immediate resection versus 15.4% after
mediastinoscopy first (P 5 .4940).

CONCLUSION On the basis of our chosen noninferiority margin in the rate of unforeseen N2,
confirmatory mediastinoscopy after negative systematic endosonography can be
omitted inpatientswith resectableNSCLCandan indication formediastinal staging.

INTRODUCTION

Lung cancer is one of the most frequently diagnosed cancers
and accounts for 19% of cancer deaths worldwide.1 Primary
clinical staging includes computed tomography (CT) and
18F-fluorodeoxyglucose positron emission tomography
(FDG-PET). Potential surgical candidates with suspicious
hilar and/ormediastinal lymphnodes on imaging (cN1-3), or
a centrally located, fluorodeoxyglucose (FDG)-non-avid or
large (>3 cm) peripherally located tumor are recommended
to undergo invasive mediastinal nodal staging before sur-
gical resection.2 Of all surgically treated patients, 68%have a
preoperative indication for invasive mediastinal staging.3

The ASTER trial demonstrated a 79% sensitivity for vid-
eomediastinoscopy to detect nodal metastases compared
with 85% for endosonography. Confirmatory mediastino-
scopy after negative endosonography increased the
sensitivity to 94%.4 Guidelines therefore recommend con-
firmatory mediastinoscopy after cN0-1 endosonography in
patients with cN1-3, while it should be considered in pa-
tients with centrally located, FDG-non-avid or peripheral
tumors >3 cm2,5,6

After publication of the ASTER trial, the use of endo-
sonography (either alone or combined with confirma-
tory mediastinoscopy) increased, whereas the use of
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mediastinoscopy alone decreased.3,7,8 The role of confir-
matory mediastinoscopy is under debate owing to its
limited nodal metastasis detection rate, associated
morbidity, and delay in start of lung cancer treatment.3,9,10

Randomized data regarding immediate lung tumor re-
section after endosonography versus additional confir-
matory mediastinoscopy are lacking.8,9

Omitting confirmatory mediastinoscopy after negative
endosonography will probably lower the diagnostic sensitivity
and increase undesirable unforeseen N2 (uN2) after surgery.
The MEDIASTrial (Netherlands Trial Register NL6344) as-
sesses whether omitting mediastinoscopy leads to an unac-
ceptable increase in uN2 rate, on the basis of a clinically
determined noninferiority limit, to allow potential improve-
ments in morbidity, quality of life, and health economics.

METHODS

Trial Design

The study Protocol of the MEDIASTrial has previously been
published and was conducted as a randomized controlled
noninferiority trial at 23 hospitals in the Netherlands and
Belgium.11 Our hypothesis was that omitting mediastino-
scopy leads to a higher uN2 rate atfinal surgical resection (ie,
our primary research question to test for noninferiority), but
inversely reduces morbidity, improves quality of life, and
reduces costs (ie, our secondary research question).

Participants

Consecutive patients with proven or suspected, resectable
non–small-cell lung cancer (NSCLC) without distant me-
tastasis, with centrally located, FDG-non-avid or large

(>3 cm) peripherally located tumors or cN1-3 on imaging
were enrolled. Imaging consisted of CT and FDG-PET in all
patients. A systematic endosonographic assessment of nodal
stations 4R-7-4L and additionally all CT-enlarged (>10mm)
and/or FDG-avid (standardized uptake value [SUV] >2.5)
mediastinal nodal stations with tumor-negative cytology of
N2-3 stations was mandatory for inclusion. In case of nodes
with unsuspicious appearance on endosonography (<8 mm,
oval shape, vague borders, and absence of hypoechoic tex-
ture), sampleswere not obligatory since node size <8mmhas
shown to be a clinically feasible cutoff.12 Patients with sus-
pected metastases to stations 5/6 were eligible for inclusion.
Extended invasive staging of station 5/6 (through para-
sternal mediastinotomy or video-assisted thoracoscopic
surgery) should have been performed if nodal spread to these
stations would change treatment strategy according to the
local multidisciplinary board. Exclusion criteria were neo-
adjuvant treatment, unresectable tumor (judged by a thoracic
surgeon), contraindications for mediastinoscopy or lung
resection (insufficient cardiopulmonary function), non-
correctable coagulopathy, age <18 years, inability to consent,
or bulky cN2-3 disease. Also, patients with highly suspicious
mediastinal lymph nodes (SUV >5 and at least three endo-
sonographic malignant criteria [mentioned above]) but out
of reach for conventional surgical resection (cervical or
contralateral nodal stations) were not eligible for inclusion.11

Written informed consent was obtained from all patients.

Random Assignment

Patients were 1:1 assigned to undergo either immediate lung
tumor resection and lymph node dissection (immediate lung
tumor resection group) or confirmatory mediastinoscopy
first followed by lung tumor resection in the absence of
nodal metastases (mediastinoscopy group). Because of the

CONTEXT

Key Objective
Despite guideline recommendations, the value of confirmatory mediastinoscopy after tumor-negative endosonography as
part of mediastinal staging is under debate in patients with resectable non–small-cell lung cancer and a high probability of
mediastinal nodal involvement. The effect of omitting confirmatory mediastinoscopy on relevant clinical outcomes has
never been evaluated in a randomized setting. To our knowledge, this study is the first to report randomized data on omitting
mediastinoscopy after negative systematic endosonography.

Knowledge Generated
The omission of confirmatory mediastinoscopy and proceeding to immediate lung tumor resection demonstrated an un-
foreseen N2 rate after definite surgical lung tumor resection of 8.8%. Despite a mediastinal lymph node metastasis detection
rate of 8.0% by mediastinoscopy in the control group, the unforeseen N2 rate after immediate resection did not exceed the
predefined noninferiority boundary, thereby providing evidence of the redundancy of confirmatory mediastinoscopy.

Relevance
Implementation of the current findings prevents patients from morbidity of confirmatory mediastinoscopy, it reduces the
lung cancer staging period, and it probably saves health care costs.
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invasive nature of mediastinoscopy, blinding was not pos-
sible. Stratification was performed per age group (≤66 years
and >66 years) and type of center (academic or nonaca-
demic) to minimize bias in a planned economic evaluation.

Mediastinoscopy

Mediastinoscopy consisted of a cervical videomediastinoscopy
with sampling of nodal stations 4R-7-4L in accordance with
the ESTS guideline, as well as station 2R for right-sided
tumors according the Dutch guideline.13 Sampling station
2L in left-sided tumors was encouraged but not mandatory
because of risks for recurrent laryngeal nerve palsy. Sam-
pling consisted of at least four surgical biopsies (biopsy
forceps ≥5 mm) or an entire lymph node per station. Frozen
sections were not routinely performed on mediastinoscopy
biopsies.

Lung Tumor Resection

Lung tumor resection consisted of an anatomic resection
and dissection of at least three mediastinal stations (in-
cluding the subcarinal station) according to international
guidelines.14,15

Outcomes

The primary outcome was the presence of uN2 in the im-
mediate resection group versus the mediastinoscopy group.
The uN2 rate was calculated by dividing the number of
patients with pathologically provenN2 resulting from lymph
node dissection, not detected by endosonography or
mediastinoscopy, by the total number of patients under-
going lymph node dissection. Histopathologywas performed
conform international guidelines and pathologists were
unaware that patients participated in a trial.16 Exploratory
subgroup analyzes were performed for the different indi-
cations for invasive staging. uN2 cases were categorized
having single-level ormultilevel nodal station uN2 and being
detection errors (not detected by imaging, endosonography
or mediastinoscopy) or sampling errors (benign lymphoid
sampling results from endosonography and/or media-
stinoscopy). Patients with radiologically suspect station 5/6
not undergoing extended staging in accordance with the
multidisciplinary board advise, but with pathologically
proven nodal spread to station 5/6 after final lymph node
dissection were determined having foreseen N2. Major
morbidity and 30-day mortality after mediastinoscopy and
surgical resection were secondary outcomes and were scored
during hospital stay and outpatient visits. Morbidity was
scored according the Clavien-Dindo classification, consid-
ering grade I-II as minor and grade III-IV or laryngoscopic
proven recurrent laryngeal nerve palsy as major morbidity.17

Trial Quality

This studywas performed in accordancewith theDeclaration
of Helsinki, 64th World Medical Association General

Assembly, Fortaleza, Brazil, October 2013. The medical
ethical committee of Máxima MC approved the study, which
was registered in the Netherlands Trial Register on July 6,
2017 (NL6344). The study protocol and statistical analysis
plan were published open-access before knowledge of any
results of this trial.11,18 On-site monitoring and clinical data
collection were performed by independent professionals.
Diagnostic and therapeutic procedures were performed by
trained pulmonologists and thoracic surgeons, who received
feedback on protocol violations that were exposed by study
monitors to ensure continuous quality.

Noninferiority Margin and Sample Size

A systematic review being part of the research proposal of
this study showed uN2 rates of 6.3% in the mediastinoscopy
group versus 6.8% after immediate resection. From the
ASTER trial, an uN2 rate as high as 14.3% was calculated in
patients undergoing mediastinoscopy alone without com-
promising 5-year survival.19 On the basis of these numbers,
we set the noninferiority margin at 8% (difference between
6.3% and 14.3%), resulting in a sample size of 171 patients in
each group to achieve a power of 80% with an alpha error of
0.0250. With an assumed dropout rate of 5%, the aimed
sample size was 360 patients.

Statistical Analysis

The complete statistical analysis plan was formerly
published open-access.18 Intention-to-treat (ITT) ana-
lyses of uN2 were performed, in which patients with N2
disease detected by mediastinoscopy were excluded since
they did not undergo lymph node dissection that was
necessary for uN2 calculation. Unforeseen N2 is usually
reported in this manner. All patients with complete
mediastinoscopy and lymph node dissection procedures
(conform study protocol) were included for the per pro-
tocol (PP) uN2 analysis (Fig 1). We calculated 95% CI of
proportions using Wilson’s approximation,20 while 95%
CI for the difference in proportions (95% CID) were cal-
culated using the slightly more conservative Miettinen-
Nurminen approximation.21 Noninferiority was concluded
if the upper limits of the 95% CID (UL 95% CID) after ITT
and PPwere smaller than the absolute 8%margin from the
observed uN2 rates for themediastinoscopy group. For the
secondary outcomes, we did include patients undergoing
mediastinoscopy without subsequent lymph node dis-
section (because of proven N2 or dropout after media-
stinoscopy) to include all morbidity associated with
mediastinoscopy. The respective exclusion and inclusion
of patients with positive mediastinoscopy in the primary
and secondary analyses resulted in different denomina-
tors. To assess its effect, we additionally performed a
modified uN2 analysis including patients with positive
mediastinoscopy in the denominator. The analyses were
performed using the Statistical Package for the Social
Sciences version 24.0, NCSS Statistical Software 2007,22

and WinPepi version 11.22.23
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Patients assessed for eligibility   (N = 506)

Underwent lung tumor resection and lymph node dissection   (n = 171)

Proceeded to cervical videomediastinoscopy
  Underwent cervical videomediastinoscopy
  Did not undergo mediastinoscopy
    Acute bilobectomy
    Refused by patient
    Multinodular goiter
    Radiation fibrosisb

(n = 175)
(n = 171)

(n = 4)
(n = 1)
(n = 1)
(n = 1)
(n = 1)

Not included
  Declined study entrya

  Indication for urgent lobectomy
  Missed by local doctors
  Unable to give informed consent
  Unknown

(n = 146)
(n = 107)
(n = 12)
(n = 10)
(n = 8)
(n = 9)

Locally advanced disease
  N2
  N3

(n = 14)
(n = 13)
(n = 1)

Without locally
   advanced disease

(n = 161)

With N2 disease
   Unforeseen
   Foreseen

(n = 17)
(n = 15)
(n = 2)

Without N2 disease   (n = 154)

Randomly assigned to mediastinoscopy group   (n = 182)Randomly assigned to immediate lung tumor resection group    (n = 178)

Dropouts: no lymph node dissection
  Preoperative lung cancer progression
  Preoperative clinical deterioration
  Preoperative revised histology
  Intraoperative detected pleural metastasis
  Intraoperative irresectable tumor

(n = 7)
(n = 2)

  (n = 1)
(SCLC; n = 1)

(n = 2)
(n = 1)

Dropouts: no mediastinoscopy/lymph node dissection
  Preoperative lung cancer progression
  Preoperative clinical deterioration
  Preoperative revised histology
  Preoperative decreasing tumor

(n = 7)
(n = 4)
(n = 1)

 (melanoma; n = 1)
(no surgery; n = 1)

Underwent random assignment   (n = 360)

Included in intention-to-treat uN2 analysis    (n = 171)

Included in per-protocol uN2 analysis   (n = 166)

Incomplete lymph node dissection at tumor resection   (n = 5)

With N2 disease
   Unforeseen
   Foreseen

(n = 17)
(n = 15)
(n = 2)

Without N2 disease   (n = 149)

Underwent lung tumor resection and  lymph node dissection   (n = 155)

With N2 disease
   Unforeseen
   Foreseen

(n = 13)
(n = 12)
(n = 1)

Without N2 disease   (n = 142)

Dropouts: no lymph node dissection
  Preoperative sudden death
  Preoperative lung cancer progression
  Intraoperative detected pleural metastasis
  Intraoperative detected radiation fibrosisc

  Intraoperative inaccessible hilar structures
    due to hematoma after mediastinoscopy

(n = 6)
  (n = 1)
  (n = 1)
  (n = 2)
(n = 1)
(n = 1)

Included in intention-to-treat uN2 analysis   (n = 155)

Included in per-protocol uN2 analysis   (n = 134)

Mediastinoscopy not performed
Incomplete mediastinoscopy
Incomplete lymph node dissection at tumor resection
Incomplete mediastinoscopy + lymph node dissection

(n = 4)
(n = 7)
(n = 9)
(n = 1)

With N2 disease
   Unforeseen
   Foreseen

(n = 12)
(n = 11)
(n = 1)

Without N2 disease   (n = 122)

FIG 1. Enrollment, random assignment, and flow of study patients. N2 5 ipsilateral mediastinal lymph node metastasis;
N3 5 contralateral lymph node metastasis; unforeseen N2 disease/uN2 5 pathologically proven N2 disease at lymph node
dissection at the time of tumor resection when previous mediastinal staging showed N0 or N1. aMain reasons for declining study
entry were objection to clinical trials/randomization and preference for additional staging certainty with mediastinoscopy.
bCervical radiation fibrosis from a previous nonpulmonary malignancy. cMediastinal radiation fibrosis from a previous non-
pulmonary malignancy. SCLC, small-cell lung cancer.
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TABLE 1. Clinical and Lung Cancer Characteristics of Included Patients

Clinical Characteristic Immediate Lung Tumor Resection Group (n 5 171) Mediastinoscopy Group (n 5 175)

Age, years, median (IQR) 69 (62-73) 69 (63-73)

Sex, No. (%)

Male 94 (55) 105 (60)

Female 77 (45) 70 (40)

WHO performance state, No. (%)

0 105 (61) 104 (59)

1 60 (35) 67 (38)

2 5 (3) 3 (2)

3 1 (1) 1 (1)

ASA classification, No. (%)

1 8 (5) 4 (2)

2 85 (50) 91 (52)

3 76 (44) 74 (43)

4 2 (1) 6 (3)

Tumor location, No. (%)

Left lower lobe 21 (12) 22 (13)

Left upper lobe 36 (21) 49 (28)

Left central 3 (2) 5 (3)

Right lower lobe 29 (17) 41 (23)

Right middle lobe 13 (8) 4 (2)

Right upper lobe 67 (39) 50 (29)

Right central 2 (1) 4 (2)

Clinical tumor categories,a No. (%)

cT1a 4 (2) 1 (1)

cT1b 18 (11) 15 (9)

cT1c 19 (11) 16 (9)

cT2a 31 (18) 46 (26)

cT2b 23 (14) 25 (14)

cT3 55 (32) 51 (29)

cT4 21 (12) 21 (12)

Clinical nodal categoriesa on the basis of imaging, No. (%)

cN0 58 (34) 54 (31)

cN1 59 (35) 55 (32)

cN2 38 (22) 41 (23)

cN3 16 (9) 25 (14)

Indication for invasive mediastinal nodal staging, No. (%)

cN1-3 113 (66) 121 (69)

Central tumor 28 (16) 23 (13)

FDG-non-avid tumor 2 (2) 0

Peripheral tumor >3 cm 28 (16) 31 (18)

Final histopathology,b No. (%)

NSCLC

Adenocarcinoma 97 (57) 68 (44)

Squamous cell carcinoma 58 (34) 66 (42)

Otherc 9 (5) 14 (9)

Small cell carcinoma 3 (2) 3 (2)

Carcinoid 2 (1) 2 (1)

(continued on following page)
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Role of the Funding Source

The funding sources had no involvement in the study design,
data analysis, data interpretation and the decision to submit
the article for publication.

RESULTS

Patients

Between July 17, 2017, and October 5, 2020 (mean inclusion
period 26 months per center), a total of 360 patients were
enrolled; 178 were assigned to immediate lung tumor re-
section and 182 to mediastinoscopy. The study flowchart
including 14 dropouts is presented in Figure 1 and baseline
characteristics are presented Table 1.

Endosonography

All patients underwent endobronchial ultrasonography
(EBUS) conform protocol, added by endoscopic ultraso-
nography (EUS(B)) in 69 patients (20%). Moderate sedation
was used in 186 patients (54%), propofol in 154 (44%), and
no sedation in six patients (2%). Per patient, amedian offive
(IQR, 4-7) nodal stations were visualized, and two (IQR, 1-3)
stations were sampled, taking a median of three (IQR, 2-4)
samples per station. N1metastases were cytologically proven
in 20 of 346 patients (6%). Endosonography results were
similar among groups (Table 2).

Mediastinoscopy

Cervical videomediastinoscopy was performed in 171 of 175
patients (98%). After random assignment, one patient re-
fused mediastinoscopy and subsequently underwent lung
tumor resection, one patient developed a thoracic empyema
before undergoing mediastinoscopy and subsequently un-
derwent emergency bilobectomy, and in two patients
mediastinoscopy was prematurely aborted, one because of
severe previous radiation effects for a cervical tumor and one
because of a multinodular goiter (Fig 1). Mediastinoscopy
encompassed a median of four (IQR, 4-5) stations per pa-
tient. All designated stations were assessed in 161 of 175

patients (92%; n 5 9 missing one station, n 5 1 missing two
stations, and n 5 4 no mediastinoscopy performed). Four
surgical biopsies or one entire lymph node was harvested in
70% of stations (Table 2).

Lung Tumor Resection

The mean interval between endosonography and lung tu-
mor resection was 28 days (95% CI, 26 to 30) in the im-
mediate resection group versus 38 days (95%CI, 36 to 41) in
the mediastinoscopy group. Six patients without medias-
tinal metastases at mediastinoscopy did not undergo re-
section; one suffered a sudden death 10 days after
mediastinoscopy (no autopsy), one had progressive lung
cancer, two had intraoperatively detected pleural metas-
tases, one had severe mediastinal radiation fibrosis from a
previous nonpulmonary malignancy, and in one patient,
the hilar structures were inaccessible withholding lobec-
tomy and lymph node dissection because of a severe he-
matoma after mediastinoscopy. This resulted in 171
operated patients with immediate resection and 155 pa-
tients after mediastinoscopy (Fig 1). Mediastinal lymph
node dissection harvested a median of three (IQR, 3-4)
stations, resulting in complete mediastinal lymph node
dissection in 311 of 326 patients (95%). In 14 incomplete
procedures, one stationwasmissing, and in one incomplete
procedure, three stations were dissected, except the sub-
carinal station. Lung tumor resection results were similar
among groups (Table 2).

Mediastinal Nodal Metastases

The overall prevalence of mediastinal nodal metastases in
the entire study population was 12.9% (44/340; 95% CI, 9.8
to 16.9). In the immediate resection group, N2 was post-
operatively established in 9.9% (17/171; 95% CI, 6.3 to 15.3)
including foreseen N2 in station 5/6 in 1.2% (2/171; 95%
CI, 0.3 to 4.2). In the mediastinoscopy group, the rate of
N2-3 detected by mediastinoscopy was 8.0% (14/175;
95% CI, 4.8 to 13.0; N2 n 5 13; single-level n 5 9) cor-
responding with a number needed to test (NNT) of 12.5
(100/8.0). After mediastinoscopy, the N2 rate among
patients undergoing final resection was 8.4% (13/155;

TABLE 1. Clinical and Lung Cancer Characteristics of Included Patients (continued)

Clinical Characteristic Immediate Lung Tumor Resection Group (n 5 171) Mediastinoscopy Group (n 5 175)

Synovial sarcoma 0 1 (1)

Metastasis other malignancy 0 1 (1)

Benign 2 (1) 0

Abbreviations: ASA, American Society of Anesthesiologists; CT, computed tomography; FDG-PET, 18F-fluorodeoxyglucose positron emission
tomography; NSCLC, non–small-cell lung cancer.
aTNM eighth edition on the basis of FDG-PET and contrast-enhanced chest CT imaging only.
bFinal tumor histopathology of patients who underwent surgical resection; with mediastinoscopy (n 5 155) and without mediastinoscopy
(n 5 171).
cOther includes adenosquamous carcinoma, large cell carcinoma, and NSCLC not otherwise specified.
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95% CI, 5.0 to 13.8) including foreseen N2 in station 5/6 in
0.7% (1/155; 95% CI, 0.1 to 3.6). Herewith, the overall
prevalence of N2-3 in the mediastinoscopy group was
16.0% (27/169; 95% CI, 11.2 to 22.3), higher but not
significantly different from the immediate resection
group (P 5 .0970; Table 3).

Of the 14 patients with N2-3 detected at mediastinoscopy,
nine had radiologic cN1 as indication for staging,

corresponding with 16.4% (9/55; 95% CI, 8.9 to 28.3) pos-
itivemediastinoscopy results within this cN1 subgroup. After
detection of N2-3 at mediastinoscopy, nine patients un-
derwent definite chemoradiation, one received radiotherapy,
one best supportive care, and two underwent neoadjuvant
chemotherapy followed by lung tumor resection. The last
patient had microscopic single-level N2 detected by
mediastinoscopy and underwent subsequent lung tumor
resection demonstrating no further nodal metastasis.

TABLE 2. Performance of Staging Procedures

Procedure Immediate Lung Tumor Resection Group Mediastinoscopy Group P

Endosonography n 5 171 n 5 175

EBUS 171 (100) 175 (100) —

Additional EUS

EUS 3 (2) 5 (3) .5720

EUS-B 29 (17) 32 (18)

Rapid on-site evaluation 77 (45) 67 (38) .2030

Lymph node stations

Visualized 5 (4-7) 5 (4-7) .4120

Sampled 2 (1-3) 2 (1-3) .7840

Samples per station 3 (2-4) 3 (2-4) .7040

Representative samples (lymphoid) 79% (73 to 84) 79% (75 to 85) .8570

Cytologically proven N1 disease 7 (4) 13 (7) .1840

Cervical videomediastinoscopy n 5 175

Mediastinal lymph node stations

Sampled 4 (4-5)

Stations optimally sampleda 70%

Proven mediastinal lymph node metastases

N2 13 (7)

N3 1 (1)

Complete mediastinoscopyb 165 (94)

Surgical resection n 5 171 n 5 155

Thoracoscopic surgery 135 (79) 111 (72) .1240

Conversion to thoracotomy 22 (17) 24 (22) .2960

Surgery duration, minutes 154 (125-198) 164 (122-205) .6630

Resection type

Lobectomy 147 (86) 128 (82) .5160

Bilobectomy 12 (7) 15 (10)

Pneumonectomy 12 (7) 12 (8)

Mediastinal LN stations dissected 3 (3-4) 3 (3-4) .3590

Complete mediastinal LN dissectionc 166 (97) 145 (94) .1290

Foreseen N2 (station 5-6) 2 (1) 1 (1) .6200

Unforeseen N2 15 (9) 12 (8) .7360

NOTE. Data are No. (%) or median (IQR) or percentage (95%CI). As none of the secondary outcome comparisons resulted in P < .05, no correction for
multiple testing was necessary.
Abbreviations: EBUS, endobronchial ultrasonography; EUS, endoscopic ultrasonography; EUS-B, endoscopic ultrasonography using the EBUS
bronchoscope; LN, lymph node; N1, ipsilateral hilar lymph node metastasis; N2, ipsilateral mediastinal lymph node metastasis; N3, contralateral lymph
node metastasis.
aAt least four surgical biopsies or one entire lymph node per station.
bSampling of nodal stations 4R, 7, and 4L, as well as station 2R for right-sided tumors.
cThree mediastinal lymph node stations, including the subcarinal station.
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Unforeseen N2

In the ITT analysis, uN2 was found in 8.8% (15/171; 95% CI,
5.4 to 14.0) in the immediate resection group versus 7.7%
(12/155; 95% CI, 4.5 to 13.0) in the mediastinoscopy group
(D, 1.03%; UL 95% CID, 7.2%; Pnoninferior 5 .0144). In the PP
analysis, uN2was found in 9.0% (15/166; 95%CI, 5.6 to 14.4)
after immediate resection versus 8.2% (11/134; 95%CI, 4.7 to
14.1) with mediastinoscopy (D, 0.83%; UL 95% CID, 7.3%;
Pnoninferior 5 .0157). uN2 rates in patients with different
indications for mediastinal staging were presented in
Table 3. The most remarkable difference in uN2 rate was
found among patients with cN1; 13.6% in the immediate
resection group versus 7.0% in the mediastinoscopy group.
The modified analyses also demonstrated that the upper
margin of the difference in uN2 rate felt within the chosen
acceptable upper limit favoring the immediate resection
strategy (Table 3).

Details of uN2

After immediate resection, uN2 was multilevel in three
patients (20%; one intranodal and two extranodal) and
single-level in 12 patients (80%; seven intranodal and five

extranodal). Eight uN2 cases (53%)were sampling errors (all
benign lymphoid), all within reach of cervical mediastino-
scopy. Seven uN2s (47%) were detection errors; two were
located in the lower mediastinum (station 8 and 9, both no
EUS(B)) and one was located in station 5/6.

In the mediastinoscopy group, uN2 was multilevel in one
patient (8%; one extranodal) and single-level in 11 patients
(92%; seven intranodal and four extranodal). Six (50%) uN2
cases were sampling errors (all benign lymphoid) and six
(50%) were detection errors, one in station 9 (no EUS(B)),
four in station 5/6, and one in station 3.

Major Morbidity and 30-Day Mortality

Overall, major morbidity and 30-day mortality was found in
12.9% (22/171; 95% CI, 8.7 to 18.7) after immediate resection
versus 15.4% (27/175; 95% CI, 10.8 to 21.5) in the media-
stinoscopy group (P 5 .4940; Table 4). Confirmatory
mediastinoscopy resulted in minor complications in eight
patients (4.6%) and major complications in three patients
(1.7%): one had a surgical site infection requiring surgical
drainage, one had a persistent laryngeal recurrent nerve
palsy, and one had a postoperative bleeding requiring

TABLE 3. Analysis of Primary Outcome (unforeseen N2 rate) and Mediastinoscopy N2-3 Positives Subdivided for Subgroups of Staging Indication

Analysis Immediate Lung Tumor Resection Group Mediastinoscopy Group

Unforeseen N2 (primary outcome)

ITT analysis 8.8 (15/171, 5.4 to 14.0) 7.7 (12/155, 4.5 to 13.0)

PP analysis 9.0 (15/166, 5.6 to 14.4) 8.2 (11/134, 4.7 to 14.1)

cN1-3 on the basis of imaging 10.6 (12/113, 6.2 to 17.7) 8.7 (9/104, 4.6 to 15.6)

cN1 13.6 (8/59, 7.0 to 24.5) 7.0 (3/43, 2.4 to 18.6)

cN2 10.5 (4/38, 4.2 to 24.1) 8.1 (3/37, 2.8 to 21.3)

cN3 0 (0/16) 12.5 (3/24, 4.3 to 31.0)

Central tumor 10.7 (3/28, 4.0 to 29.0) 4.6 (1/22, 0.8 to 21.8)

FDG-non-avid tumor 0 (0/2) 0 (0/0)

Peripheral tumor >3 cm 0 (0/28) 6.9 (2/29, 1.9 to 22.0)

Modified unforeseen N2a

ITT analysis 8.8 (15/171, 5.4 to 14.0) 7.1 (12/169, 4.1 to 12.0)

PP analysis 9.0 (15/166, 5.6 to 14.4) 7.5 (11/146, 4.3 to 12.9)

Mediastinoscopy N2-3 positives NA 8.0 (14/175, 4.8 to 13.0)

cN1-3 on the basis of imaging NA 10.7 (13/121, 6.4 to 17.5)

cN1 NA 16.4 (9/55, 8.9 to 28.3)

cN2 NA 7.3 (3/41, 2.5 to 19.4)

cN3 NA 4.0 (1/25, 0.7 to 19.5)

Central tumor NA 0 (0/23)

FDG-non-avid tumor NA 0 (0/0)

Peripheral tumor >3 cm NA 3.2 (1/31, 0.6 to 16.2)

NOTE. Data are uN2% (n/N, 95% CI).
Abbreviations: cN, clinical nodal stage on the basis of FDG-PET and contrast-enhanced chest CT only (ie, before endosonographic and/or cervical
mediastinoscopy staging); CT, computed tomography; FDG, fluorodeoxyglucose; FDG-PET, 18F-fluorodeoxyglucose positron emission tomography;
ITT, intention-to-treat; NA, not applicable; PP, per protocol.
aIn the modified uN2 analysis, we included the 14 patients with positive mediastinoscopy (without lymph node dissection to assess their true
N-status).
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remediastinoscopy, which resulted in inaccessible hilar
structures making lung tumor resection impossible. One
patient (0.6%) suffered from a sudden death 10 days after
mediastinoscopy, and no autopsy was performed.

DISCUSSION

This multicenter randomized trial including patients with
resectable NSCLC and a negative endosonography demon-
strated noninferiority in uN2 for the immediate resection
strategy. Confirmatory mediastinoscopy reduced the uN2
rate by only 1.03%, at the expense of 10-day delay for lung
tumor resection, morbidity in 6.3% (potentially impeding
curative treatment), mortality in 0.6%, and repeat general
anesthesia in all patients involved.

A meta-analysis by Sanz-Santos showed an increase in
negative predictive value from 79% to 92% by confirmatory
mediastinoscopy after negative EBUS, with a NNT of 24.24

The underlying primary research question in our trial
therefore was not to assess the inevitable loss in sensitivity
by omitting mediastinoscopy, but to determine whether the
expected increase in uN2 was within predefined limits. Our
premise hereby was that the increase in uN2 will be coun-
terbalanced by a reduction in the drawbacks of confirmatory
mediastinoscopy (secondary outcome). When designing this
trial, no consensus was available to determine an acceptable
loss in sensitivity nor consensus on a combined outcome
measure including loss in sensitivity and gain in morbidity.
Since uN2 after final lung tumor resection represents the
undesirable outcome of mediastinal staging and includes
both benefits (nodal spread detection among patients with
N2 disease) and potential harms (demonstrating absence of
nodal spread among patients without N2 at the cost of
morbidity) of confirmatory mediastinoscopy, we decided
uN2 to be the most clinically relevant primary outcome
measure. Importantly, we were able to determine an

acceptable upper noninferiority limit for uN2 rate on the
basis of the survival data of the ASTER trial.4,19

Our study demonstrates that confirmatory mediastinoscopy
can be omitted in cN2-3 patients, whereas the subgroup of
cN1 may deserve special consideration. Most patients with
positivemediastinoscopy and uN2 after immediate resection
were from the cN1 subgroup. Previous research suggested
cN1 patients to be at high risk of uN2 because of a potential
lower diagnostic accuracy of endosonography alone.25,26 To
overcome this potential lower diagnostic accuracy, Leong
demonstrated that with the addition of EUS(B) to EBUS, the
sensitivity increased from 49% to 71% in cN0-1 patients.27

Although we demonstrated noninferiority including those
cN1 patients in our study, further research and tailored
mediastinal management of cN1 patients may still be
considered.

The prevalence of mediastinal nodal metastases after neg-
ative endosonography in our population was 12.9%, which is
in line with literature, although it was nonsignificantly lower
in the immediate resection group (9.9%) despite random
assignment. This might be explained by left-sided para-
tracheal metastases that are not accessible by lymph node
dissection without mediastinoscopy and a random imbal-
ance of left-sided tumors that have an increased a priori
chance of missed metastases in station 5/6 contributing to a
higher N2 prevalence after negative endosonography. To test
for such possible confounding factors, we performed an
unplanned post hoc analysis with a correction for significant
randomization imbalances (Appendix 2, online only). The
higher rate of mediastinal nodal spread among patients
receiving more diagnostic tests was also demonstrated by
Sanz-Santos, demonstrating a 19.5% higher N2-3 preva-
lence in studies performing confirmatory mediastino-
scopy.24 Although this meta-analysis showed large
heterogeneity, the randomized ASTER trial found a

TABLE 4. Secondary Outcome Analysis: Morbidity and 30-Day Mortality

Analysis Clavien-Dindo Grade Immediate Lung Tumor Resection Group Mediastinoscopy Group P

Overall n 5 171 n 5 175

Major morbidity 3-4 20 (12) 22 (13) .8030

30-day mortality 5 2 (1) 5 (3) .2650

Cervical videomediastinoscopy n 5 175

Minor complications 1-2 8 (5) —

Major complications 3-4 3 (2)

30-day mortality 5 1 (1)

Surgical resection n 5 171 n 5 155

Minor complications 1-2 54 (32) 48 (31) .7900

Major complications 3-4 20 (12) 20 (13)

30-day mortality 5 2 (1) 4 (3)

NOTE. Data are No. (%). Clavien-Dindo classification: grade 1: complication without need for interventions, grade 2: complication requiring
pharmacologic treatment, grade 3: complication requiring surgical, endoscopic, or radiologic intervention, grade 4: life-threatening complication
requiring intensive care management, grade 5: death.
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difference of 10% in N2-3 prevalence as well without any
effect on survival.4,19

Although management in patients with positive mediastino-
scopy changed in 13 of 14 patients, in 92% of patients, con-
firmatorymediastinoscopywasnegative and causedmorbidity
and treatment delay. In our opinion, the benefits of omitting
mediastinoscopy for the entire group outweigh the potential
for unnecessary surgical resection in a few, especially since the
majority of false-negative endosonographies includes only
minimal N2 disease. Single station and microscopic metas-
tases have better survival compared with multiple station and
macroscopic uN2.28,29 Moreover, lacking randomized data on
this topic, retrospective studies found no survival benefit of
neoadjuvant treatment compared with upfront surgery in
patients with minimal N2.30,31 We observed that most uN2
cases in our study were single-level intranodal metastases,
also after immediate resection. One of the strengths of the
MEDIASTrial was the employment of independent data and
monitoring specialists as well as upfront publication of pro-
tocol and statistical analysis plan. By clear instructions and
quality control, we achieved high-quality performance of
nearly all procedures. A limitation of our study is that only 20%
of patients underwent additional EUS(B). This originates from
our protocol prescribing that EUS(B) should preferably be
added to EBUS. Combined systematic EBUS and EUS(B) with

routine samplingof specifiedaswell as imaging suspect lymph
nodes has demonstrated to have additional diagnostic value
over only a targeted approach.32,33 Although we already
demonstrated noninferiority, addition of EUS(B) may further
prevent patients from uN2. Moreover, despite our effort to
optimize staging procedures, 13 uN2 metastases still were
detection errors. Three were located in station 8/9 and may
have been prevented by performing EUS(B), while six were out
of reach for both endosonography and mediastinoscopy
(station 3/5/6). Finally, as only two patients with FDG-non-
avid tumors were included, conclusive statements on this
subgroup were forgone.

Our population appears to be representative as two thirds of
included patients had imaging suspected lymph nodes,
having the highest risk for occult nodal metastases.2 In
contrast to the ASTER trial, we performed this multicenter
trial in both tertiary and secondary centers in the Nether-
lands and Belgium. Therefore, our results are widely ap-
plicable and expected to be easily implemented.

In conclusion, on the basis of our chosen noninferiority
margin in the rate of unforeseen N2, confirmatory media-
stinoscopy after negative systematic endosonography can be
omitted in patients with resectable NSCLC and an indication
for mediastinal staging.
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cation University of Amsterdam, the Netherlands; Johannes M.A. Daniels: Pulmonary
Medicine, Amsterdam UMC location VU University Medical Center, the Netherlands;
David J. Heineman: Cardiothoracic Surgery, Amsterdam UMC location VU University
Medical Center, the Netherlands; Harmen R. Zandbergen: Cardiothoracic Surgery,
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Maasstad Hospital, Rotterdam, the Netherlands; Ewout A. Kouwenhoven: Department
of Surgery, Hospital Group Twente (ZGT), Almelo, the Netherlands; A. Jeske Staal-van
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APPENDIX 2. POST HOC ANALYSIS
As important differences in baseline characteristics may exist despite random as-
signment, we performed a post hoc analysis to determine whether baseline char-
acteristics were unevenly distributed (chi square test or Student T-test where
appropriate, defined as P value <.05) among randomization groups for all primary
analyses: the original intention-to-treat (ITT), the original per-protocol (PP), the
modified ITT, and the modified PP. The formations of the different populations are
presented in Appendix Figure A1 (original ITT and PP), and Appendix Figure A2
(modified ITT and PP).

This post hoc analysis of baseline characteristics (Appendix Tables A2-A5) identified
unbalanced random assignment in the ITT population (original analysis in Appendix
Table A2, modified analysis in Appendix Table A3) regarding tumor location and in the
PP population (original Appendix Table A4, modified Appendix Table A5) regarding
tumor location and histology. For the adjusted post hoc analysis, left and right central
tumors (n ≤ 5 per subgroup) were pooled with the left and right upper lobes (being the
largest subgroups per tumor side).

Subsequently, these variables were included in the adjusted post hoc generalized
linear modeling. Unforeseen N2 was assessed as binomial response parameter with
identity link to adjust for variables with significant baseline imbalances; the difference
in proportions of unforeseen N2 and their upper limits of the Wald 95% two-sided
confidence interval are presented in Appendix Table A1. Although the results lie
within or very close to our chosen noninferiority limit, the accepted boundary for
noninferiority cannot reliably be applied to the modified analyses with aberrant uN2
definition.
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TABLE A1. Absolute uN2 Differences Between Randomization Groups and Two-Sided 95% CI Upper Limits

Analysis n Absolute uN2 Difference, %
Upper Limit of Two-Sided

Wald 95% CI, % Indicating Noninferiority

Original ITT 326 1.0 7.2 Yes

Original PP 300 0.8 7.3 Yes

Adjusted original ITTa 326 1.5 7.7 Yes

Adjusted original PPb 300 0.3 7.9 Yes

Modified ITT 340 1.7 7.7 NA

Modified PP 312 1.5 7.8 NA

Adjusted modified ITTa 340 2.1 8.1 NA

Adjusted modified PPb 312 0.8 8.9 NA

Abbreviations: ITT, intention-to-treat; NA, not applicable since accepted upper boundary for the modified populations are unknown; NSCLC,
non–small-cell lung cancer; PP, per-protocol analysis.
aAdjusted for tumor location.
bAdjusted for tumor location and NSCLC histology.
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TABLE A2. Original Intention-to-Treat Analysis

Clinical Characteristic Mediastinoscopy Group (n 5 155)
Immediate Lung Tumor

Resection Group (n 5 171) P

Age, years 69 (63-74) 69 (62-73) .403

Sex

Male 97 (63) 94 (55) .164

Female 58 (37) 77 (45)

WHO performance state

0 90 (58) 105 (61) .831

1 61 (39) 60 (35)

2 3 (2) 5 (3)

3 1 (1) 1 (1)

ASA classification

1 4 (2.5) 8 (5) .597

2 79 (51) 85 (50)

3 68 (44) 76 (44)

4 4 (2.5) 2 (1)

Tumor locationa

Left lower lobe 21 (13) 21 (12) .023

Left upper lobe 1 left central 49 (32) 39 (23)

Right lower lobe 35 (23) 29 (17)

Right middle lobe 3 (2) 13 (8)

Right upper lobe 1 right central 47 (30) 69 (40)

Clinical tumor categories on the basis of imaging

cT1a 1 (1) 4 (2) .497

cT1b 13 (8) 18 (11)

cT1c 14 (9) 19 (11)

cT2a 42 (27) 31 (18)

cT2b 21 (14) 23 (13)

cT3 46 (29) 55 (32)

cT4 18 (12) 21 (12)

Clinical nodal categories on the basis of imaging

cN0 51 (33) 58 (34) .284

cN1 43 (28) 59 (35)

cN2 37 (24) 38 (22)

cN3 24 (15) 16 (9)

Indication for invasive mediastinal nodal staging

cN1-3 104 (67) 113 (66) .850

Central tumor 22 (14) 28 (16)

FDG-non-avid tumor or peripheral
tumor >3 cm

29 (19) 30 (18)

Final histopathology

NSCLC .210

Adenocarcinoma 68 (45) 97 (57) .052

Squamous cell carcinoma 66 (43) 58 (34)

Otherb 14 (9) 9 (5)

(continued on following page)
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TABLE A2. Original Intention-to-Treat Analysis (continued)

Clinical Characteristic Mediastinoscopy Group (n 5 155)
Immediate Lung Tumor

Resection Group (n 5 171) P

Small cell carcinoma 3 (2) 3 (2)

Carcinoid 2 (1) 2 (1)

Synovial sarcoma 1 (1) 0

Metastasis other malignancy 1 (1) 0

Benign 0 2 (1)

NOTE. Data are No. (%) or median (IQR).
Abbreviations: ASA, American Society of Anesthesiologists; FDG, fluorodeoxyglucose; NSCLC, non–small-cell lung cancer.
aLeft and right central tumors (n ≤ 5 per subgroup) were pooled with the left and right upper lobes (being the largest subgroups per tumor side).
bOther includes adenosquamous carcinoma, large cell carcinoma, and NSCLC not otherwise specified.
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TABLE A3. Original Per-Protocol Analysis

Clinical Characteristic Mediastinoscopy Group (n 5 134)
Immediate Lung Tumor Resection

Group (n 5 166) P

Age, years 69 (63-73) 69 (63-73) .381

Sex

Male 83 (62) 91 (55) .214

Female 51 (38) 75 (45)

WHO performance state

0 78 (58) 102 (61) .676

1 53 (40) 58 (35)

2 3 (2) 5 (3)

3 0 1 (1)

ASA classification

1 4 (3) 7 (4) .852

2 67 (50) 82 (50)

3 60 (45) 75 (45)

4 3 (2) 2 (1)

Tumor locationa

Left lower lobe 18 (13) 20 (12) .035

Left upper lobe 1 left central 45 (34) 39 (24)

Right lower lobe 28 (21) 27 (16)

Right middle lobe 3 (2) 13 (8)

Right upper lobe 1 right central 40 (30) 67 (40)

Clinical tumor categories on the basis of imaging

cT1a 1 (1) 4 (2) .659

cT1b 12 (9) 17 (10)

cT1c 12 (9) 17 (10)

cT2a 35 (26) 30 (18)

cT2b 19 (14) 23 (14)

cT3 38 (28) 54 (33)

cT4 17 (13) 21 (13)

Clinical nodal categories on the basis of imaging

cN0 44 (33) 56 (34) .378

cN1 38 (28) 57 (34)

cN2 32 (24) 38 (23)

cN3 20 (15) 15 (9)

Indication for invasive mediastinal nodal staging

cN1-3 90 (67) 110 (66) .870

Central tumor 19 (14) 27 (16)

FDG-non-avid tumor or peripheral
tumor >3 cm

25 (19) 29 (18)

Final histopathology

NSCLC

Adenocarcinoma 57 (43) 94 (57) .034

Squamous cell carcinoma 57 (43) 57 (34)

Otherb 13 (8) 8 (5)

(continued on following page)
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TABLE A3. Original Per-Protocol Analysis (continued)

Clinical Characteristic Mediastinoscopy Group (n 5 134)
Immediate Lung Tumor Resection

Group (n 5 166) P

Small cell carcinoma 3 (2) 3 (2) .112

Carcinoid 2 (2) 2 (1)

Synovial sarcoma 0 2 (1)

Metastasis other malignancy 1 (1) 0

Benign 1 (1) 0

NOTE. Data are No. (%) or median (IQR). Significant P values are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; FDG, fluorodeoxyglucose; NSCLC, non–small-cell lung cancer.
aLeft and right central tumors (n ≤ 5 per subgroup) were pooled with the left and right upper lobes (being the largest subgroups per tumor side).
bOther includes adenosquamous carcinoma, large cell carcinoma, and NSCLC not otherwise specified.
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TABLE A4. Modified Intention-to-Treat Analysis

Clinical Characteristic Mediastinoscopy Group (n 5 169)
Immediate Lung Tumor Resection

Group (n 5 171) P

Age, years 69 (63-73) 69 (62-73) .524

Sex

Male 102 (60) 94 (55) .315

Female 67 (40) 77 (45)

WHO performance state

0 99 (59) 105 (61) .813

1 66 (39) 60 (35)

2 3 (2) 5 (3)

3 1 (1) 1 (1)

ASA classification

1 4 (2) 8 (5) .565

2 87 (52) 85 (50)

3 74 (44) 76 (44)

4 4 (2) 2 (1)

Tumor locationa

Left lower lobe 22 (13) 21 (12) .020

Left upper lobe 1 left central 53 (31) 39 (23)

Right lower lobe 40 (24) 29 (17)

Right middle lobe 4 (2) 13 (8)

Right upper lobe 1 right central 50 (30) 69 (40)

Clinical tumor categories on the basis of imaging

cT1a 1 (1) 4 (2) .549

cT1b 15 (9) 18 (11)

cT1c 16 (9) 19 (11)

cT2a 44 (26) 31 (18)

cT2b 24 (14) 23 (13)

cT3 49 (29) 55 (32)

cT4 20 (12) 21 (12)

Clinical nodal categories on the basis of imaging

cN0 52 (31) 58 (34) .426

cN1 52 (31) 59 (35)

cN2 40 (23) 38 (22)

cN3 25 (15) 16 (9)

Indication for invasive mediastinal nodal staging

cN1-3 117 (69) 113 (66) .678

Central tumor 22 (13) 28 (16)

FDG-non-avid tumor or peripheral
tumor >3 cm

30 (18) 30 (18)

Final histopathologyb

NSCLC

Adenocarcinoma 68 (45) 97 (57) .052

Squamous cell carcinoma 66 (43) 58 (34)

Otherc 14 (9) 9 (5)

(continued on following page)
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TABLE A4. Modified Intention-to-Treat Analysis (continued)

Clinical Characteristic Mediastinoscopy Group (n 5 169)
Immediate Lung Tumor Resection

Group (n 5 171) P

Small cell carcinoma 3 (2) 3 (2) .210

Carcinoid 2 (1) 2 (1)

Synovial sarcoma 1 (1) 0

Metastasis other malignancy 1 (1) 0

Benign 0 2 (1)

NOTE. Data are No. (%) or median (IQR). Modified refers to the analysis including patients who did not undergo mediastinal lymph node dissection
as reference standard (eg, patients with positive mediastinoscopy). Significant P values are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; FDG, fluorodeoxyglucose; NSCLC, non–small-cell lung cancer.
aLeft and right central tumors (n ≤ 5 per subgroup) were pooled with the left and right upper lobes (being the largest subgroups per tumor side).
bFinal tumor histopathology of patients who underwent surgical resection: with mediastinoscopy (n 5 155) and without mediastinoscopy
(n 5 171).
cOther includes adenosquamous carcinoma, large cell carcinoma, and NSCLC not otherwise specified.
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TABLE A5. Modified Per-Protocol Analysis

Clinical Characteristic Mediastinoscopy Group (n 5 146)
Immediate Lung Tumor Resection

Group (n 5 166) P

Age, years 69 (64-73) 69 (63-73) .431

Sex

Male 88 (60) 91 (55) .331

Female 58 (40) 75 (45)

WHO performance state

0 86 (59) 102 (61) .661

1 57 (39) 58 (35)

2 3 (2) 5 (3)

3 0 1 (1)

ASA classification

1 4 (3) 7 (4) .841

2 73 (50) 82 (50)

3 66 (45) 75 (45)

4 3 (2) 2 (1)

Tumor locationa

Left lower lobe 19 (13) 20 (12) .028

Left upper lobe 1 left central 49 (33) 39 (24)

Right lower lobe 32 (22) 27 (16)

Right middle lobe 4 (3) 13 (8)

Right upper lobe 1 right central 42 (29) 67 (40)

Clinical tumor categories on the basis of imaging

cT1a 1 (1) 4 (2) .652

cT1b 14 (10) 17 (10)

cT1c 14 (10) 17 (10)

cT2a 37 (25) 30 (18)

cT2b 22 (15) 23 (14)

cT3 40 (27) 54 (33)

cT4 18 (12) 21 (13)

Clinical nodal categories on the basis of imaging

cN0 45 (31) 56 (34) .482

cN1 45 (31) 57 (34)

cN2 35 (24) 38 (23)

cN3 21 (14) 15 (9)

Indication for invasive mediastinal nodal staging

cN1-3 101 (69) 110 (66) .719

Central tumor 19 (13) 27 (16)

FDG-non-avid tumor or peripheral
tumor >3 cm

26 (18) 29 (18)

Final histopathologyb

NSCLC

Adenocarcinoma 57 (43) 94 (57) 0.034

Squamous cell carcinoma 57 (43) 57 (34)

Otherc 13 (8) 8 (5)

(continued on following page)
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TABLE A5. Modified Per-Protocol Analysis (continued)

Clinical Characteristic Mediastinoscopy Group (n 5 146)
Immediate Lung Tumor Resection

Group (n 5 166) P

Small cell carcinoma 3 (2) 3 (2) .112

Carcinoid 2 (2) 2 (1)

Synovial sarcoma 0 2 (1)

Metastasis other malignancy 1 (1) 0

Benign 1 (1) 0

NOTE. Data are No. (%) or median (IQR). Modified refers to the analysis including patients who did not undergo mediastinal lymph node dissection
as reference standard (eg, patients with positive mediastinoscopy). Significant P values are shown in bold.
Abbreviations: ASA, American Society of Anesthesiologists; FDG, fluorodeoxyglucose; NSCLC, non–small-cell lung cancer.
aLeft and right central tumors (n ≤ 5 per subgroup) were pooled with the left and right upper lobes (being the largest subgroups per tumor side).
bFinal tumor histopathology of patients who underwent surgical resection: with mediastinoscopy (n 5 134) and without mediastinoscopy
(n 5 166).
cOther includes adenosquamous carcinoma, large cell carcinoma, and NSCLC not otherwise specified.

Underwent lung tumor resection and lymph node dissection   (n = 171) Underwent lung tumor resection and lymph node dissection   (n = 155)

Without locally 
   advanced disease   (n = 161)

Randomly assigned to mediastinoscopy group   (n = 182)Randomly assigned to immediate lung tumor resection group   (n = 178)

Underwent random assignment   (N = 360)

Included in original intention-to-treat uN2 analysis   (n = 171) Included in original intention-to-treat uN2 analysis   (n = 155)

Included in original per-protocol uN2 analysis   (n = 166) Included in original per-protocol uN2 analysis   (n = 134)

Incomplete lymph node dissection at tumor resection   (n = 5)

Proceeded to cervical videomediastinoscopy (n = 175)
  Underwent cervical videomediastinoscopy (n = 171)
  Did not undergo mediastinoscopy (n = 4)
    Acute bilobectomy (n = 1)
    Refused by patient (n = 1)
    Multinodular goiter (n = 1)
    Radiation fibrosis (n = 1)

Locally advanced disease
  N2 (n = 13)
  N3 (n = 1)

Dropouts: no lymph node dissection (n = 7)
  Preoperative lung cancer progression (n = 2)
  Preoperative clinical deterioration (n = 1)
  Preoperative revised histology (SCLC; n = 1)
  Intraoperative detected pleural metastasis (n = 2)
  Intraoperative irresectable tumor (n = 1)

Dropouts: no mediastinoscopy/lymph node dissection
  Preoperative lung cancer progression
  Preoperative clinical deterioration (n = 1)
  Preoperative revised histology (melanoma; n = 1)
  Preoperative decreasing tumor (no surgery; n = 1)

Dropouts: no lymph node dissection (n = 6)
  Preoperative sudden death (n = 1)
  Preoperative lung cancer progression (n = 1)
  Intraoperative detected pleural metastasis (n = 2)
  Intraoperative detected radiation fibrosis (n = 1)
  Intraoperative inaccessible hilar structures
    because of hematoma after mediastinoscopy

(n = 1)

Mediastinoscopy not performed (n = 4)
Incomplete mediastinoscopy (n = 7)
Incomplete lymph node dissection at tumor resection (n = 9)
Incomplete mediastinoscopy + lymph node dissection (n = 1)

(n = 7)
(n = 4)

(n = 14)

FIG A1. Flowchart of original intention-to-treat and per-protocol populations. SCLC, small-cell lung cancer.
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Underwent lung tumor resection and lymph node dissection   (n = 171) Underwent lung tumor resection and lymph node dissection   (n = 155)

Without locally 
   advanced disease   (n = 161)

Randomly assigned to mediastinoscopy group   (n = 182)Randomly assigned to immediate lung tumor resection group  (n = 178)

Underwent random assignment   (N = 360)

Included in modified intention-to-treat uN2 analysis   (n = 171) Included in modified intention-to-treat uN2 analysis   (n = 169)

Included in modified per-protocol uN2 analysis   (n = 166) Included in modified per-protocol uN2 analysis   (n = 146)

Incomplete lymph node dissection at tumor resection   (n = 5)

Proceeded to cervical videomediastinoscopy (n = 175)
  Underwent cervical videomediastinoscopy (n = 171)
  Did not undergo mediastinoscopy (n = 4)
    Acute bilobectomy (n = 1)
    Refused by patient (n = 1)
    Multinodular goiter (n = 1)
    Radiation fibrosis (n = 1)

Locally advanced disease
  N2 (n = 13)
  N3 (n = 1)

Dropouts: no lymph node dissection (n = 7)
  Preoperative lung cancer progression (n = 2)
  Preoperative clinical deterioration (n = 1)
  Preoperative revised histology (SCLC; n = 1)
  Intraoperative detected pleural metastasis (n = 2)
  Intraoperative irresectable tumor (n = 1)

Dropouts: no mediastinoscopy/lymph node dissection
  Preoperative lung cancer progression
  Preoperative clinical deterioration (n = 1)
  Preoperative revised histology (melanoma; n = 1)
  Preoperative decreasing tumor (no surgery; n = 1)

Dropouts: no lymph node dissection (n = 6)
  Preoperative sudden death (n = 1)
  Preoperative lung cancer progression (n = 1)
  Intraoperative detected pleural metastasis (n = 2)
  Intraoperative detected radiation fibrosis (n = 1)
  Intraoperative inaccessible hilar structures
    because of hematoma after mediastinoscopy

(n = 1)

Mediastinoscopy not performed (n = 4)
Incomplete mediastinoscopy (n = 9)
Incomplete lymph node dissection at tumor resection (n = 9)
Incomplete mediastinoscopy + lymph node dissection (n = 1)

(n = 7)
(n = 4)

(n = 14)

FIG A2. Flowchart of modified intention-to-treat and per-protocol populations. SCLC, small-cell lung cancer.
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