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Abstract

This two-step study evaluated the cost-effectiveness of endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) for presurgery staging of non-small cell lung
cancer (NSCLC) in France (EVIEPEB; ClinicalTrial.gov identifier NCT00960271).

Step 1 consisted of a high-benchmark EBUS-TBNA-training program in participating
hospital centers. Step 2 was a prospective, national, multicenter study on patients with
confirmed or suspected NSCLC and an indication for mediastinal staging with at least one
lymph node > 1 cm in diameter. Patients with negative or uninformative EBUS-TBNA and
positron-emission tomography-positive or -negative nodes, respectively, underwent either
mediastinoscopy or surgery. Direct costs related to final diagnosis of node status were pro-
spectively recorded.

Sixteen of 22 participating centers were certified by the EBUS-TBNA—training program
and enrolled 163 patients in Step 2. EBUS-TBNA was informative for 149 (91%) patients
(75 malignant, 74 non-malignant) and uninformative for 14 (9%). Mediastinoscopy was
avoided for 80% of the patients. With a 52% malignant-node rate, EBUS-TBNA positive-
and negative-predictive values, respectively, were 100% and 90%. EBUS-TBNA was cost-
effective, with expected savings of €1,450 per patient, and would have remained cost-
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effective even if all EBUS-TBNAs had been performed under general anesthesia or the cost
of the procedure had been 30% higher (expected cost-saving of €994 and €1,427 per
patient, respectively).

After EBUS-TBNA training and certification of participating centers, the results of this pro-
spective multicenter study confirmed EBUS-TBNA cost-effectiveness for NSCLC staging.

Introduction

Mediastinoscopy has traditionally been considered the gold standard for biopsying lymph
nodes of patients with suspected or confirmed lung cancer. However, mediastinoscopy
requires general anesthesia, provides access to only the paratracheal and anterior subcarinal
lymph nodes, and often requires hospitalization. Rare but potentially severe complications of
mediastinoscopy include cord palsy, innominate vein damage and even death [1].

The advent of endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA), during the early 1990s in Japan, radically changed the guidelines for lung-can-
cer mediastinal node staging. Today, EBUS-TBNA has been shown to facilitate biopsy of
Mountain and Dressler classification [2] lymph-node stations 2 (upper paratracheal), 4 (lower
paratracheal), 7 (subcarinal), 10 (hilar) and 11 (interlobar) of the, usually under light sedation
and as a day-hospital procedure [3-7].

Few “real-world” studies have explicitly evaluated the role and cost implications of
EBUS-TBNA in patients with mediastinal lymphadenopathy and suspected or confirmed
malignancy [8-12]. In 2007, few French centers were able to offer this non-invasive procedure.
Therefore, the French Pulmonology Society (SPLF) and French National Cancer Institute
(Inca) launched a nationwide multicenter two-step preoperative EBUS-TBNA trial. The objec-
tive of Step 1 was to enroll specialized centers in a high-benchmark EBUS-TBNA-training
program. Step 2 was designed to assess EBUS-TBNA cost-effectiveness in a real-world setting.

Methods
Study design

Step 1: Training program. In study Step 1, all participating centers received an EBUS sys-
tem (BF-UC160F-OLS8; Olympus, Keymed, UK) and dedicated puncture kits sufficient for 40
procedures free-of-charge, provided that they accepted prospective evaluation of all subse-
quent procedures. All the investigators underwent 2 days of high-benchmark training to learn
the EBUS-TBNA procedure and were certified for study Step 2 if, during a 6-month period, at
least nine of their 10 consecutive procedures were informative (tissue biopsies containing lym-
phocytes or tumor cells in at least one station). Several investigators could be certified in each
center.

All consecutive eligible patients were informed of the protocol, gave their signed informed
consent to participate and were enrolled in a central database before the procedure. The main
inclusion criteria were suspected or confirmed lung cancer, suspicious mediastinal lymph
node(s), and the use of EBUS-TBNA as the initial diagnostic procedure for node assessment.

The procedure was done according to local practices: some centers used brief general anes-
thesia with day hospitalization, others did it on an outpatient basis with intravenous sedation
(midazolam and fentanyl in addition to topical lidocaine) and some centers mixed the two
practices. The system’s linear echoendoscope was always used, and all hilar and mediastinal
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lymph nodes were systematically assessed. Under ultrasound guidance, mediastinal and/or
hilar lymph nodes were punctured with a 22-gauge needle and suction was applied. Tissue
samples were transferred to glass slides and air-dried or directly expelled into a liquid fixative
for cell-block processing. Any tissue cores were placed in formalin. The lymph-node stations
and numbers sampled, and the number of passes per node were left to the investigator’s discre-
tion. Biopsies were evaluated on-site in some centers. The pathologists were provided with
clinical information, reflecting routine clinical practice. An informative biopsy was defined as
containing lymphoid tissue or tumor cells.

Step 2: EBUS-TBNA cost effectiveness. Centers with a least one certified investigator
were allowed to participate in Step 2, which consisted of a multicenter single-arm prospective
trial designed to assess EBUS-TBNA cost-effectiveness in a real-world setting. The inclusion
criteria for this step were suspected or confirmed non-small-cell lung cancer (NSCLC) with
suspected mediastinal lymph-node involvement, eligibility for surgery with curative intent,
adequate fitness for EBUS-TBNA and surgery, and no evidence of metastatic disease. The
exclusion criteria were previous lung-cancer treatment, concurrent malignancy, uncorrected
coagulopathy and unsuitability for surgical staging. In each center, between March 2009 and
June 2011, consecutive patients with mediastinal lymphadenopathy and suspected or con-
firmed lung cancer were invited to participate in the trial. All recruited patients underwent
EBUS-TBNA. Tolerance was assessed using a visual analogue scale. EBUS-TBNA complica-
tions were recorded. In each center, patient-management decisions following the EBUS-TBNA
results were decided by a multidisciplinary team that included radiologists, pulmonologists,
oncologists, thoracic surgeons and pathologists. If EBUS-TBNA did not yield a diagnosis
retained by the multidisciplinary team, the patient underwent cervical mediastinoscopy under
general anesthesia via an incision above the suprasternal notch, with sampling of lymph-node
stations 2,4 and 7.

Step-2 primary endpoints were the percentages of patients spared mediastinoscopy and
EBUS-TBNA impact on healthcare costs, compared to systematic mediastinoscopy as the first
diagnostic procedure.

Economic analyses

The economic analysis, limited to direct costs, adopted the perspective of the French health-
care system. The cost of the EBUS-TBNA strategy (EBUS-TBNA for all patients, followed by
mediastinoscopy if no lymph-node diagnosis was obtained, was compared to that of a front-
line mediastinoscopy strategy. We assumed that there would be no mediastinoscopy complica-
tions, and post-diagnostic treatments and their outcomes would be the same, regardless of the
diagnostic strategy.

Healthcare-resource consumption was assessed prospectively from the case-report forms.
All the resources used were collected and added together. Costs were derived from national
tariffs for diagnosis-related groups and national fees for ambulatory care, as provided by
the French Ministry of Health and the French National Health Insurance program [13, 14].
The costs of EBUS-TBNA with local anesthesia, EBUS-TBNA with general anesthesia and
mediastinoscopy were, respectively, €120, €840 and €2,300. Sensitivity analyses to test the
strength of the economic analysis were computed by varying the frequencies of metastatic
node disease and EBUS-TBNA procedures performed under general anesthesia, and by rais-
ing the EBUS-TBNA cost by 30%. This 30% threshold was chosen because the cost of the
procedure in France is <30% of its mean cost in other European countries. We also calcu-
lated the EBUS-TBNA threshold for cost-equivalence of the two strategies.
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Statistical analyses

Demographic and clinical characteristics of the study population are summarized as

means + standard deviation, medians or numbers (%), depending on their type and distribu-
tion. The accuracies of EBUS-TBNA and mediastinoscopy were calculated, in terms of their
sensitivity and negative-predictive value, for the entire population and the subgroups with pos-
itive- or negative positron-emission tomography (PET) scans. The design, running, analysis
and reporting of this study conformed to the Standard of Reporting Diagnostic Accuracy
Guidelines [15]. The Nord-Ouest Research Ethics Committee, France, approved the study pro-
tocol on 26 March 2010. The ClinicalTrial.gov identifier is NCT00960271.

Results

Twenty-two centers (six already equipped) volunteered for study Step 1 and were included in
the training program. Three centers did not include patients during the first 6 months and
their participation was stopped. The other 19 centers included 231 patients (200 by principal
investigators and 31 by sub-investigators). Most patients were men (77%), mean age was 61
+11.4 (range 37-86) years, and 78% of the patients were smokers or ex-smokers. At inclusion,
100% and 53% of the patients, respectively, had had computed-tomography (CT) and PET
scans. The mean number of CT-detected pathological lymph nodes was 2.2 per patient.
EBUS-TBNA was performed under general anesthesia, conscious sedation or local single mid-
azolam injection, respectively, in 75%, 9% and 16% of the patients. The EBUS-TBNA proce-
dure took a median of 47 minutes. Patient-rated tolerability was rated good, medium or poor,
respectively, for 90%, 10% and 0.4% of them. A pathologist was present during the procedure
in five centers. Seventy-six percent (387/508) of lymph nodes identified as pathological by
imaging were biopsied, with a median of three punctures per node; a median of 2 (range 1-4)
nodes were punctured per procedure, and the mean size of the sampled nodes was 1.5+0.4 cm.
Stations 7 and 4R were biopsied significantly more often (Table 1). Sampling was independent
of node size. A total of 83% of the punctures were informative, which was significantly associ-
ated with the number of punctures performed (Table 2) and lymph-node size, but not lymph-
node station (Table 2). At least one informative puncture was obtained from 206/231 (89%)
patients (Table 3).

At the end of Step 1, three centers had not achieved the target of nine informative out of 10
consecutive procedures. These three centers had no previous experience with EBUS-TBNA. A
central cytology review confirmed that their failures reflected the TBNA technique and not

Table 1. Mediastinal lymph-node puncture rates according to station (study Step 1).

Station
2R

4R

10R
11R

7

2L

4L

10L
11L

All locations combined

Not sampled (n = 121) Sampled nodes (n = 387) Total (n = 508) P

11 (38%) 18 (62%) 29 <0.001*

33 (24%) 102 (76%) 135

16 (38%) 26 (62%) 42

16 (27%) 44 (73%) 60

10 (7%) 137 (93%) 147

5 (100%) 0 (0%) 5

15 (33%) 30 (67%) 45

8 (53%) 7 (47%) 15

7 (23%) 23 (77%) 30

https://doi.org/10.1371/journal.pone.0208992.t001
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Table 2. EBUS-TBNA node-biopsy results according to station, the number of punctures and node size (study Step 1).

Parameter Uninformative (n = 69) Informative (n = 318) Total (n = 387) P
Station, n (%)
2R 1 (6%) 17 (94%) 18 0.24
4R 22 (22%) 80 (78%) 102
10R 3 (12%) 23 (88%) 26
11R 9 (20%) 35 (80%) 44
7 20 (15%) 117 (85%) 137
4L 8 (27%) 22 (73%) 30
10L 3 (43%) 4 (57%) 7
11L 3(13%) 20 (87%) 23
Punctures per node, 1 (%)
<3 35 (26%) 100 (74%) 135 0.002
3 34 (13%) 218 (87) 252
CT-determined node diameter (cm)
Mean+SD 1.4+0.4 1.6+0.6 0.02
Median [range] 1.4 [0.6-3] 1.5 [0.5-7.5]

CT: thoracic computed tomography

https://doi.org/10.1371/journal.pone.0208992.t002

cytological processing. The operators’ previous experience was significantly associated with
the time taken to reach the 9/10 target. The 13 investigators who reached the target had per-
formed 33.3+31 procedures before the training program, compared to 5.3+4.3 procedures for
those who failed to reach the target. After Step 1, 16 centers and 20 investigators were approved
to participate in Step 2.

During Step 2, the 16 participating centers included 163 patients with suspected or con-
firmed lung cancer and a theoretical indication for staging mediastinoscopy (Table 4). Almost
all the patients had a PET scan at enrollment in Step 2. During this step, 75% of the procedures
were performed without general anesthesia. Also, a pathologist was more frequently present
during Step 2 procedures (18% vs 10% in Step 1). The procedure was well-tolerated, with only
four complications, including three reversible laryngospasms. Those complications did not
lead to early termination of the procedure and not post procedure admission was observed.

Table 3. EBUS-TBNA diagnostic yield in study Step 1: Based on 231 patients.

Diagnostic yield n (%)

Informative 206 (89)
Squamous cell lung carcinoma 25 (12)
Lung adenocarcinoma 35(17)
Large-cell lung carcinoma 21 (10)
Small-cell lung cancer 12 (6)
Lymphoma 2(1)
Other malignancies 6(3)
Non-malignant® 11 (5)
Normal 94 (46)

Uninformative 25 (11%)

“Eight sarcoidosis, 2 tuberculosis and 1 silicosis.

https://doi.org/10.1371/journal.pone.0208992.t003
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Table 4. Study Step 2: Characteristics of 163 patients.

Characteristic Value
Male sex 133 (82%)
Age (years) 63.211.6
Smoking status
Smoker 86 (53%)
Former smoker 68 (42%)
Never smoker 9 (6%)
Tests before EBUS-TBNA
Thoracic CT scan 163 (100%)
Abdominal CT scan 122 (75%)
Brain CT scan 119 (73%)
Pulmonary function tests 144 (88%)
Flexible fibroscopy 159 (98%)
FDG-PET scan 162 (99%)
Anesthesia
Local 27 (17%)
Midazolam sedation 44 (27%)
General 90 (55%)
Length of the procedure (hours) 1.2+0.6
On-site pathologist 30 (18%)
Tolerability
No adverse event 159 (98%)
Grade 1 chest pain 1 (0.6%)
Grade 1 laryngospasm 3 (2%)

CT, computed tomography; PET, positron-emission tomography.

Results are expressed as n (%) or mean+SD.

https://doi.org/10.1371/journal.pone.0208992.t1004

EBUS-TBNA histological examinations found tumor cells in 75 patients, normal node cells
in 74 and were uninformative for 14 (Table 5). Among the 88 patients with normal node cells
or uninformative results, two (one indeterminate and one normal) experienced rapid tumor
progression during the days following the procedure and could not be included in the accuracy
analysis. Fifty-three EBUS-TBNA-and mediastinal PET-scan-negative patients underwent
surgery, confirming the absence of nodal tumor cells in all but one (Fig 1). Thirty-three
EBUS-TBNA-negative and PET-scan-positive patients underwent mediastinoscopy, which
yielded a final diagnosis of malignancy in eight. EBUS-TBNA avoided mediastinoscopy for

Table 5. Costs of the mediastinoscopy and EBUS-TBNA? strategies.

Procedure Mediastinoscopy EBUS-TBNA
n=163 n=163
EBUS (local anesthesia) 103 x €120
EBUS (general anesthesia) 60 x €840
Mediastinoscopy 163 x €2300 33 x €2300
Total cost (cost/patient) €374,900 (€2300) €138,660 (€850)

EBUS-TBNA, endobronchial ultrasound-guided transbronchial node aspiration.

*EBUS-TBNA was followed by mediastinoscopy only when uninformative or normal for a PET-scan-positive patient.

https://doi.org/10.1371/journal.pone.0208992.t005
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163 patients: pre-surgical EBUS-TBNA

75 EBUS-TBNA positive

{No other procedure

88 EBUS-TBNAnegative or uninformative

¥
|2 PS worsening |—> No other procedure

53 PET negative| _ |Surgery: 1/53 positive node

|33 PET positivel - |Mediastinoscopy: 8/33 positive nodes

Fig 1. Flow chart of the study (EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration, EBUS-TBNA
positive: tumors cells, EBUS-TBNA negative: Lymphocytes and no tumor cells, PS: performans status, PET positive: significant
uptake, PET negative: no significant uptake,.

https://doi.org/10.1371/journal.pone.0208992.g001

128/161 (80%) patients. EBUS-TBNA had 89.3% sensitivity and 100% specificity. With a 52%
malignant-node rate, the positive- and negative-predictive values of this strategy were 100%
and 89.5%, respectively. EBUS-TBNA-identified malignant-node frequencies, sensitivities and
negative-predictive values, respectively, were 77%, 90.4% and 75.7%, respectively, for 105 PET-
scan—positive patients and 2%, 83.3% and 96.6% for 58 PET-scan-negative patients.

The respective total costs of the mediastinoscopy and EBUS-TBNA strategies were
€370,330 and €138,600 (Table 5). EBUS-TBNA was cost-effective, with expected savings of
€1,450 per patient. That cost-saving depended on the disease rate, ranging from €1,294 per
patient for 30% to €1,703 for 80%. The EBUS-TBNA strategy would have remained largely
cost-effective, even if all the procedures had been performed under general anesthesia
(expected savings €994 per patient) and the EBUS-TBNA cost had been 30% higher (expected
savings €1,427 per patient). Cost-equivalence of the two strategies was obtained for an
EBUS-TBNA cost of €1834.

Discussion

This multicenter study led to EBUS-TBNA equipment to being installed in 22 hospitals and
enabled us to evaluate the procedure in the real world setting. A medical-economic evaluation
was also conducted in the setting of the French healthcare system.

One original feature of this study was the use of a high-benchmark training program with a
simple and explicit target, namely nine informative out of 10 consecutive procedures, leading
to the certification of 20 operators. The operators’ learning curves were significantly associated
with their prior experience with EBUS-TBNA, as observed previously [5, 6, 16-18]. Those
experts consider that trainees need to perform 50 EBUS procedures to become competent.
However, that expert opinion was based on only a few studies that addressed this issue indi-
rectly. For example, analysis of the first 215 EBUS-TBNA procedures performed by two physi-
cians who were already experienced bronchoscopists showed that cumulative sensitivity
started to plateau after 50 procedures but continued to improve between 50 and 100 proce-
dures [6]. In agreement with these results, in our study, the 13 investigators who reached the
target had performed 33.3+3 procedures before the training program, compared to 5.3+4 pro-
cedures for those who failed to reach the target. In agreement with a previous report [19], we
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found that the number of nodes punctured per patient was an important predictor of success
based on “informative” results of the procedure. In that study on 286 patients, informative
results were obtained for 95.3% of patients when at least two stations were punctured, compare
to 84.4% when only one nodal station was biopsied.

The average number of 2.8 punctures per node herein was in keeping with current recom-
mendations [20]; it is well-established that a higher number of punctures enhances the success
of the procedure. That tenet was clearly demonstrated in a study on NSCLC patients, whose
success rates were 90.1% for one and 100% for three punctures. Lymph-node size also signifi-
cantly influenced the success of the procedure [20].

One advantage of this study is its pragmatic approach, in near real-life conditions. The cen-
ters were free to adopt their regular practices regarding the type of anesthesia, the presence of
an on-site pathologist and an outpatient setting. No association was found between any of
these variables and the success of the procedure.

The clinical value of the EBUS-TBNA strategy was assessed during study Step 2. We found
that EBUS-TBNA avoided mediastinoscopy for 80% of the patients, a rate similar to the 87%
obtained in a prospective study conducted in the UK, in the same context [21]. Similarly,
EBUS-TBNA sensitivity and specificity in our study are in keeping with values reported else-
where [21-25].

The cost-minimization approach was considered most appropriate for this study, as
the same final diagnosis, treatment and outcomes would have been reached, regardless of
whether the diagnosis was based on initial EBUS-TBNA or mediastinoscopy. We found that
EBUS-TBNA was cost-effective, with expected savings of €1,450 per patient, and that it would
have remained largely dominant even if all the procedures had been performed under general
anesthesia. These results are in keeping with published economic analyses [12, 26]. One of
the main drivers of this result is the EBUS-TBNA tariff. In France, this procedure costs €120,
which seems to be undervalued by comparison with the UK [25], Singapore [9], the USA [1],
and Australia [25]. In terms of cost-accounting, the hospital charge for an EBUS-TBNA proce-
dure was €250 euros, excluding personnel costs, equipment depreciation, maintenance and
repair. A Canadian study highlighted the importance of maintenance and repair costs with a
valuation of CAN$116 per EBUS-TBNA procedure, compared to CAN$21 for flexible bron-
choscopy [27]. Undervaluation of the EBUS-TBNA tariff remains one of the main obstacles to
widespread implementation of this procedure in French hospitals.

This study took place in high-volume tertiary centers following a high-benchmark training
program in which EBUS-TBNA was performed by experienced physicians assisted by experi-
enced pathologists. As a result, the EBUS-TBNA sensitivity obtained herein and the number of
mediastinoscopies avoided might not be immediately reproducible in other centers.

In summary, EBUS-TBNA is a safe, highly sensitive and cost-saving procedure for the diag-
nosis and staging of NSCLCs. In France, EBUS-TBNA is now firmly established in NSCLC-
management algorithms.
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