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ABSTRACT: Optimal management of nonsmall cell lung cancer (NSCLC) depends on tissue

diagnosis and accurate staging. Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA)

is minimally invasive and provides cytological confirmation of malignant mediastinal disease. The

aim was to assess the accuracy of EUS-FNA in cases of enlarged mediastinal lymphadenopathy

(LN) of unknown aetiology and in the staging of NSCLC.

A total of 52 consecutive patients with stage I–IIIb NSCLC or enlarged mediastinal LN of

unknown aetiology underwent EUS-FNA. Negative results were confirmed with a surgical

procedure: mediastinoscopy, video-assisted thoracic surgery (VATS) or lobectomy with

systematic mediastinal lymph node dissection.

In total, 34 patients had EUS-FNA performed for diagnosis, whilst the remaining 18 had EUS-

FNA for staging. The overall sensitivity, specificity, positive predictive value (PPV), negative

predictive value (NPV) and accuracy (95% confidence interval) were 93% (77–99), 100% (78–100),

100% (87–100), 88% (63–99) and 95% (84–99), respectively. When EUS-FNA was used in patients

with NSCLC, the sensitivity, specificity, PPV, NPV and accuracy were 92% (73–99), 100% (69–100),

100% (85–100), 83% (51–98) and 94% (80–99), respectively. For mediastinal LN of unknown

aetiology, no malignant disease was missed.

Endoscopic ultrasound-guided fine-needle aspiration is an accurate tool for assessing

mediastinal lymph node involvement in nonsmall cell lung cancer and in the diagnosis of

unexplained mediastinal lymphadenopathy. Endoscopic ultrasound-guided fine-needle aspiration

is a minimally invasive procedure that can be used as an adjunct or alternative to mediastinoscopy.

KEYWORDS: Endoscopic ultrasound, endoscopic ultrasound-guided fine-needle aspiration, lung

cancer, lymphadenopathy, staging

L
ung cancer is a major public health
problem and the leading cause of cancer-
related death in Australia [1]. Of the

,2,000 patients presenting with lung cancer each
year in Victoria, 85% have nonsmall cell lung
cancer (NSCLC) and the 5-yr survival is only
15%. The poor survival of NSCLC is mainly due
to most patients presenting with regionally
advanced or metastatic disease not suitable for
resection [2], but deficiencies in the delivery of
optimal treatment in Australia and abroad
may also contribute to the poor outcome [3, 4].
In an effort to improve lung cancer care in
Australia, guidelines have been drafted to
assist in the delivery of clinical services [5].
These guidelines recognise that cytological or
histological confirmation of malignancy and
accurate tumour, node, metastasis (TNM) staging

is critical for the delivery of effective lung cancer
management.

It is reported that ,70% of lung cancers can be
histologically typed bronchoscopically [6], with
the remaining tumours requiring an alternative
diagnostic procedure. With malignant involve-
ment of the mediastinal lymph nodes being the
most common site for metastasis in the 75% of
patients with NSCLC who present with region-
ally advanced disease [7], this is a common site
from which to obtain tissue when bronchoscopic
methods fail to establish a tissue diagnosis. If
those patients requiring mediastinal sampling
for unexplained enlarged lymphadenopathy
(LN) or lung masses are also considered, the
potential clinical applications for endoscopic
ultrasound-guided fine-needle aspiration (EUS-
FNA) can be appreciated. Furthermore, the
ability of EUS-FNA to sample posterior lymph
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node stations makes the procedure complimentary to medias-
tinoscopy that best targets the anterior and higher paratracheal
stations.

Perhaps the most important application of EUS-FNA is as a
minimally invasive technique to stage the mediastinum. In the
50% of patients with NSCLC who do not have distant
metastatic disease, accurate TNM staging of the mediastinum
is critical for directing appropriate management. Unfor-
tunately, even with recent technological advances, standard
contrast-enhanced computed tomography (CT) is of limited
value in assessing the mediastinum in NSCLC, with a recent
meta-analysis showing it to be only 57% sensitive and 82%
specific in correctly identifying malignant LN based on size
criteria [2]. The current authors’ experience of comparing the
accuracy of CT to final mediastinal nodal staging at surgery
found a similar specificity to other studies, but with a low
sensitivity (7%) and positive predictive value (PPV; 8%) in
pathological N2/N3 disease [8]. While positron emission
tomography (PET) scanning has been proven to be a significant
advance in the ability to accurately assess the mediastinal
lymph nodes (sensitivity 84%, specificity 89%) [2], local
experience with false-positive and negative studies has led to
many clinicians insisting on histological confirmation of
malignant involvement [8].

The purpose of this study was to prospectively assess the
accuracy of EUS-FNA in the diagnosis of patients with
mediastinal LN of unknown aetiology and staging of
NSCLC, in a multidisciplinary tertiary referral centre. Data
from outside of Australia suggests that the technique is useful,
but, to date, there is minimal local data [9].

METHODS
Study subjects
Between November 2002 and June 2004, 52 consecutive
patients underwent mediastinal sampling by EUS-FNA
(fig. 1). Patients were referred from a single multidisciplinary
lung clinic (St Vincent’s Hospital, Melbourne, Australia)
according to an established clinical protocol (fig. 2), with
either a mediastinal mass/enlarged LN of unknown aetiology,
or suspected stage I–IIIb NSCLC based on clinical suspicion
and CT imaging. Enlarged LN was defined as LN .1 cm in
size detected on CT. Ethics approval was obtained from the St
Vincent’s Hospital human research ethics committee.

Study design
All EUS procedures were performed, under conscious sed-
ation, by a single operator using a radial (Olympus fibreoptic
GF-UM20 or video GF-UM160; Olympus Australia Pty Ltd, Mt
Waverley, Victoria, Australia) and linear echoendoscope
(Olympus GF-UC140P; Olympus Australia Pty Ltd). In several
patients, the clinical diagnoses, based particularly on CT
imaging, were not clear. These patients were initially examined
using a radial echoendoscope and, if the suspicion of enlarged
mediastinal LN or lung mass was confirmed, FNA was
performed using the linear echoendoscope. All EUS-FNA
procedures were performed using a 22-gauge Olympus
aspiration needle (Olympus Australia Pty Ltd) with a stylet
into the lymph node via the biopsy channel under real-time
EUS control (fig. 3). A cytopathologist was on site at the time of
the procedure to determine if enough cellular material was

obtained during each FNA and to avoid unnecessary passes of
the aspiration needle in cases of adequate samples.

Cytology results were available within 48 h. Final diagnosis
was obtained by a questionnaire sent to the referring doctor
within 2 months of the EUS procedure. The questionnaire
asked the referring doctor for the post-EUS diagnosis,
treatment after EUS and accuracy of EUS-FNA compared with
final operative diagnosis or staging. Patients who were
considered to be surgical candidates with negative cytological
specimens on FNA proceeded to either mediastinoscopy or
video-assisted thoracic surgery (VATS) ¡ lobectomy or
pneumonectomy. The choice of surgical procedure was based
on surgeon preference. Surgical verification of nondiagnostic
EUS-FNA cytology specimens were performed by systematic
lymph node dissection.

Analysis
Based on this information, the sensitivity, specificity, PPV,
negative predictive value (NPV) and accuracy of EUS-FNA
(including 95% confidence intervals) were obtained by
comparing the FNA histology with the final outcome or
staging on the surgical resection specimen. Based on earlier
studies demonstrating that a false-positive EUS-FNA cytologi-
cal result was rare [10, 11], positive cytology obtained by EUS-
FNA was taken as a true positive.
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FIGURE 1. Flow diagram showing the total number of patients who underwent

endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) for staging of

nonsmall cell lung cancer (NSCLC) and diagnosis of enlarged mediastinal

lymphadenopathy (LN) of unknown aetiology. +ve: positive; TB: tuberculosis.
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RESULTS
Overall, 72 FNAs were performed on 52 patients (66 lymph
nodes and six lung masses). Of these 52 patients, 34 patients
(22 males; median age 66 yrs) had enlarged mediastinal LN

and/or a lung mass of unknown aetiology. The remaining 18
patients (15 males; median age 66 yrs) had an established
diagnosis of stage I–IIIb NSCLC.

The mean (range) size of lymph node examined was 22.8 mm
(3–54). The anatomical locations of LN sampled were as
follows: 37 subcarinal LNs (station 7), 24 aortopulmonary LNs
(station 5), three para-oesophageal LNs (station 8), two
paravertebral cysts and six lung masses. There was a mean
(range) number of 3.3 passes (1–7) of the aspiration needle per
enlarged LN examined.

A total of 18 out of the 34 patients with enlarged mediastinal
LN of unknown aetiology were found to have NSCLC, and, in
these patients, the EUS-FNA was both a diagnostic and staging
procedure. Of those having EUS-FNA performed as a staging
procedure for NSCLC (n518), seven patients had sampling of
both subcarinal (station 7) and aortopulmonary (station 5)
nodes, one patient had sampling of para-oesophageal nodes
(station 8), one patient had sampling of para-oesophageal and
subcarinal nodes and, in the remaining eight patients, only
sampling of the subcarinal nodes was possible.

Two patients who had a negative EUS-FNA for NSCLC staging
were found to be inoperable on other criteria and did not have
surgical assessment of the mediastinum to confirm the result.
These two patients were excluded from analysis. In 14 of the
remaining 16 patients, EUS-FNA correctly staged the medias-
tinum. In one patient, EUS-FNA incorrectly staged the
mediastinum with microscopic disease detected in the station
7 (subcarinal) lymph node following lobectomy. A second
patient had incorrect mediastinal staging with both EUS-FNA
and mediastinoscopy when, at the time of surgery, direct
extension of the tumour into the subcarinal nodes was
detected.

Of the 34 patients with enlarged mediastinal LN, both station 7
and 5 nodes were sampled in eight. Station 5 nodes were
sampled in six patients and only station 7 nodes were sampled
in the remaining 12 patients. In six patients, the FNA was of a
mediastinal mass (station 5 nodes were also sampled in one of
these patients). In two patients, the FNA was in a paravertebral
cyst. In 20 patients (59%), the EUS-FNAs provided a definitive
diagnosis (fig. 1). Of the remaining 14 patients who had a
nondiagnostic EUS-FNA, this was found to be a true negative
in seven. No surgical staging was performed in the remaining
seven patients, but were followed for up to 18 months (mean
(range) follow-up period 15 months (8–18)). During the
subsequent follow-up period, one patient was diagnosed with
tuberculosis (TB) from positive sputum cultures, one patient
with sarcoidosis, two patients with resolving paravertebral
cysts, two patients with reactive LN (which resolved during
follow-up) and one patient with bronchoalveolar carcinoma. In
the latter patient, no lymph nodes were sampled and, there-
fore, the current authors were unable to verify negative
mediastinal disease. These seven patients could not be
included in analysis, since there was no surgical staging of
the mediastinum.

Four of the 14 nondiagnostic FNA specimens contained
insufficient cellular material for diagnostic purposes, whereas
the remaining 10 specimens contained sufficient cellular
material to enable the cytopathologist to ascertain that there
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FIGURE 2. Nonsmall cell lung cancer (NSCLC) staging protocol. CT:

computed tomography; PET: positron emission tomography; EUS: endoscopic

ultrasound; LN: lymphadenopathy; +ve: positive; -ve: negative; FNA: fine-needle

aspiration.

FIGURE 3. Image of a subcarinal lymph node (delineated by arrows) identified

on endoscopic ultrasound in a patient with nonsmall cell lung cancer.
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were no malignant cells within the specimen. These four
insufficient FNA samples occurred in the following: one FNA
of a paravertebral cyst; one FNA of a lung mass followed by
VATS, which confirmed benign disease; one FNA with final
diagnosis of bronchoalveolar carcinoma; and one FNA of
subcarinal LN and mediastinoscopy confirmed benign LN.

Overall EUS-FNA gives a sensitivity, specificity, PPV, NPV
and accuracy (95% confidence interval) of 93% (77–99), 100%
(78–100), 100% (87–100), 88% (63–99) and 95% (84–99),
respectively. Looking at specific indications, when EUS-FNA
was used in patients with known or suspected NSCLC (this
includes patients with enlarged mediastinal LN with an
eventual diagnosis of NSCLC (n534)), the sensitivity, specifi-
city, PPV, NPV and accuracy were 92% (73–99), 100% (69–100),
100% (85–100), 83% (51–98) and 94% (80–99), respectively.
Importantly, for patients presenting with enlarged mediastinal
LN of unknown aetiology, no malignant disease was missed by
EUS-FNA. If the results are analysed on an intention-to-treat
assumption, then the characteristics of EUS-FNA for investi-
gating enlarged mediastinal LN of unknown aetiology are:
sensitivity 87% (66–97), specificity 100% (72–100), PPV 100%
(83–100), NPV 79% (49–95) and accuracy of 91% (76–98). The
overall test characteristics of EUS-FNA (including patients
with enlarged mediastinal LN and NSCLC) on an intention-to-
treat basis are: sensitivity 79% (61–91), specificity 100% (82–
100), PPV 100% (87–100), NPV 73% (52–88) and accuracy of
87% (74–94). These results are on the assumption that EUS-
FNA correctly identified benign mediastinal disease in patients
with an eventual diagnosis of resolved LN and paravertebral
cysts, and that EUS-FNA incorrectly identified the mediasti-
num of patients with an eventual diagnosis of TB, sarcoidosis
and NSCLC (including patients that did not go on to have
surgical staging of the mediastinum due to other comorbid
illness).

DISCUSSION
In the current study, the experience of EUS-FNA in the
assessment of enlarged mediastinal LN and staging of stage I–
IIIb NSCLC was reported. There have been several published
prospective studies on the use of EUS-FNA in patients with
enlarged mediastinal LN. The present study differs from those
already in the literature, in that there was a greater number of
patients overall with NSCLC (n536) and fewer patients with
benign disease. Also, in contrast to other studies, there were
relatively few patients (three out of 52) with a prior history of
cancer. In the study by FRITSCHER-RAVENS et al. [12], approxi-
mately one third of patients (52 out of 153) examined by EUS
had a previous diagnosis of cancer. The same study found
EUS-FNA to be more accurate when used in patients with a
previous diagnosis of cancer compared to patients without
(sensitivity 97% with cancer versus 88% without cancer). In the
current authors’ centre, the main referral base is from chest
physicians referring patients with a suspicion of lung cancer
(either for staging or to obtain a tissue diagnosis). Although
EUS was also performed on patients with benign disease, this
group made up the minority of the total number of procedures
performed by the current authors. In the study by WIERSEMA

et al. [13], which evaluated EUS-FNA in 82 patients with
enlarged mediastinal LN, more patients had an eventual
diagnosis of benign disease (25 out of 82) compared with the

current patients (12 out of 49). Therefore, in the current study,
data are provided that support the accuracy of EUS-FNA,
predominately in patients with no personal history of cancer,
with known or suspicion of a primary diagnosis of NSCLC.
The current authors found EUS to be a safe, minimally invasive
procedure that can provide accurate information about both
benign and malignant mediastinal disease. Based on the
present results, EUS-FNA is a useful addition to existing
radiological investigations and surgical techniques that have
been previously validated for the assessment of mediastinal
disease.

The ability to access nodes from the posterior mediastinal
stations makes EUS-FNA a complimentary procedure to
mediastinoscopy. Anterior mediastinoscopy is useful in
sampling nodes in the superior mediastinum. In particular,
station 2 right (high paratracheal), station 4 right (lower
paratracheal), station 5 (aortopulmonary) and station 6 (para-
aortic) can be accessed. Cervical mediastinoscopy is performed
more often and can sample station 2 left and right, station 4 left
and right, and station 7 (subcarinal). An extended cervical
mediastinoscopy can reach stations 5 and 6. VATS can access
most lymph node stations, but usually only on one side. EUS is
particularly suited to examining the left-sided mediastinal
lymph nodes, especially stations 4, 5, 8 and 9, and the
subcarinal area (station 7). However, EUS cannot reliably
image anterior stations (stations 3 and 6) and more distant
lymph node sites, such as lobar (station 12) and interlobar sites
(station 11) [14]. Cervical mediastinoscopy is the most well-
validated method of obtaining histological evidence of
mediastinal involvement in NSCLC, having been shown to
be 87% sensitive and 100% specific when performed for this
indication. However, its high cost, invasive nature and
recognised complication rate of 0.5–2% means that the
procedure is often avoided [15, 16]. EUS-FNA is a safe, less
invasive alternative to mediastinoscopy, which is also compli-
mentary, offering access to nodal stations that a single surgical
approach would find more difficult to access [11, 17–19]. While
EUS-FNA has not been directly compared with transbronchial
FNA, the latter has recognised limitations, being only 50–70%
sensitive and 92–100% specific in assessing malignant med-
iastinal lymph node involvement in NSCLC and carrying a
complication rate of 2–5% [20, 21]. The suitability of EUS-FNA
for staging of NSCLC is further highlighted by the lack of PET
centres in Australia and overseas, requiring many clinicians to
perform more invasive mediastinoscopy to histologically
prove stage III disease.

Approximately 40% of patients with NSCLC present with
metastatic disease outside the chest (stage IV) and are not
suitable for radical treatment [7]. A similar proportion will
have locally advanced disease, and, in selected patients with
good performance status, the combination of surgery with
neoadjuvant chemotherapy (stage IIIa) [22–25] and chemother-
apy with radiation (stage IIIb) [26, 27] may provide a small
survival advantage. The remaining 20% will have early (stage I
or II) disease and may be suitable for surgery, if competing
smoking-related comorbidities do not preclude a radical
procedure. Unfortunately, half of those who have what is
considered to be a curative resection relapse at a distant site
and die of their disease, with the remainder of this surgically
treated group forming the vast majority of survivors at 5 yrs
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[28]. With malignant involvement of the mediastinum being
the factor that most commonly determines resectability, it is
clear why correct staging of this site is critical and why
guidelines recommend that exclusion from a potentially
curative resection be based on histological evidence of
mediastinal involvement. Of equal importance is the avoidance
of futile thoracotomies in this high-risk surgical population by
detecting radiologically unsuspected stage III mediastinal
disease.

The limitations of relying on CT to detect mediastinal LN,
based on size criteria, have been previously well described [2,
14]. PET scanning is a significantly better tool to accurately
assess mediastinal lymph nodes (sensitivity 84%, specificity
89%), but is also limited by a significant number of false
negative and positive results [29, 30]. A recently published
study suggests that co-registered CT/PET has a significantly
better sensitivity and specificity than PET alone in assessing
mediastinal lymph node involvement in NSCLC [31], but,
currently, few PET centres have the capability to perform these
studies.

Despite these considerable advances in the radiological
assessment of the mediastinum in NSCLC, variable local
experience with false positive and negative studies has led to
the development of lung cancer management guidelines
emphasising the importance of histological confirmation of
staging in NSCLC. In the current study, the overall sensitivity,
specificity, PPV, NPV and accuracy of 93%, 100%, 100%, 88%
and 95%, respectively, compares favourably with a combined
meta-analysis of 215 patients who underwent EUS-FNA of
mediastinal LN and masses for the staging of NSCLC, which
reports a sensitivity, specificity, PPV and NPV of 88%, 91%,
98% and 77%, respectively [32]. HERNANDEZ et al. [33]
demonstrated an overall accuracy of 84% using EUS-FNA in
a series of 59 patients (34% for staging of NSCLC) with
mediastinal LN. In the current study, there were two definite
false negatives, where N2 disease was detected in the
surgically resected specimen (one microscopic disease). One
of these patients also had negative mediastinoscopy. Nine
patients had a negative EUS-FNA, but no surgical staging of
their mediastinum and, therefore, were excluded from
analysis. Of these nine patients, three patients had NSCLC
and were found to be inoperable, based on further staging
procedures (two VATS and one PET), and, therefore, the
mediastinum was not sampled to verify the EUS-FNA result.
One of these patients was diagnosed with bronchoalveolar
carcinoma, and histology was confirmed on a core biopsy at
VATS. No mediastinal nodes were sampled for surgical
comparison. Metastatic spread in this condition is usually via
alveoli rather than lymphatic spread, and mediastinal involve-
ment is not common. Of the remaining six patients who had a
negative EUS-FNA and no surgical staging of LN, one patient
was diagnosed with TB on a positive sputum culture and one
patient with sarcoidosis. Two patients were diagnosed with
paravertebral cysts, both of which resolved on subsequent
follow-up. Two patients had reactive LN. These six patients
had a clinical illness consistent with the established diagnoses,
and none has gone on to develop malignant disease in .18
months of follow-up. The current study, like previous reports
from other centres, found EUS-FNA to be accurate in the
diagnosis of mediastinal LN and staging of NSCLC. Although

false negatives are reported for both the diagnostic and staging
arm of the present study, the inaccuracies did not necessary
adversely affect patient management. The presence of micro-
metastatic disease detected in surgically resected mediastinal
lymph nodes is a recognised limitation of mediastinoscopy
and, based on current data [34], does not indicate inappropri-
ate treatment. It is recognised that patients with micrometa-
static N2 mediastinal disease receiving initial surgical
treatment have a better prognosis than those who do not have
a resection and receive a significant benefit from post-
operative chemotherapy [34]. The false negative for tubercu-
lous mediastinal LN is not unexpected, given the small volume
of tissue obtained, and, while EUS-FNA would not be
recommended if this diagnosis was suspected, it did allow
exclusion of malignant pathology that often coexists with
tuberculous reactivation. When EUS-FNA was used in patients
with enlarged mediastinal LN, no malignant disease was
missed.

In summary, the current study demonstrates that endoscopic
ultrasound-guided fine-needle aspiration is a useful tool for
the assessment of enlarged mediastinal lymphadenopathy of
unknown aetiology and staging of nonsmall cell lung cancer.
The current authors found endoscopic ultrasound to be a safe
procedure that provided accurate information about both
benign and malignant mediastinal disease. Endoscopic
ultrasound-guided fine-needle aspiration is a complimentary
procedure to mediastinoscopy and is particularly useful for
centres managing significant numbers of patients with lung
cancer without access to positron emission tomography.
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