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Introduction

In the staging of patients with non-small cell lung can-
cer (NSCLC), both accurate assessment of the primary
tumour extent (T), of the spread to locoregional lymph
nodes (N), and the search for distant metastases (M)
are important. This provides prognostic information
and guides the choice of treatment. Patients without
tumour growth into or lymph node (LN) spread to the
mediastinum (early stages I and II) will have upfront
surgical resection often followed by postoperative
chemotherapy [1]. Patients with distant metastasis
(advanced stage IV) are in general no longer amenable
to curative therapy.

Stage III patients are the focus of this overview.
Most patients with stage III have mediastinal LN
involvement, which is present in 30% to 45% of
patients with newly diagnosed NSCLC. They are
quite a heterogeneous group of patients with different
prognostic and therapeutic subsets. Patients with stage
IITA-N2 have metastases to ipsilateral mediastinal
LNs, and a dismal outcome when treated with
surgery or radiotherapy alone. A combination of
chemotherapy with surgery and/or radiotherapy will
be the best strategy [2,3]. Patients with contralateral
LN metastases (stage IIIB-N3) will have non-surgical
combined modality treatment. In the setting of surgical
combined modality treatment, complete resection is
an essential element for cure [4,5]. Therefore, the
process of staging has become a true multidisci-
plinary effort, involving imaging, non-invasive and
invasive staging techniques. The aim is both precision
in intrathoracic staging and optimal estimation of
complete resectability. We review the role of the
different techniques in the baseline and post-induction
setting, their limitations (under- or overstaging), some
literature data on multidisciplinarity, and end with a
recommendation for contemporary clinical practice.
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The multidisciplinary process of staging
Imaging

CT-scan

Computed tomography (CT) of the thorax and upper
abdomen is performed in every fit patient with
NSCLC. With its excellent anatomic detail, modern
spiral CT is the best choice to assess the T-factor,
e.g. relationship of the tumour to the fissures (which
may determine the type of resection), to mediastinal
structures, or to the pleura and chest wall. For these
purposes, different criteria to assess invasion have
been described, but one should always be careful
to exclude a patient from surgery based on CT
criteria alone [6-8]. As for the N-factor, modern
contrast-enhanced CT is very accurate in detecting
LN enlargement, but the clinical applicability of LN
enlargement for staging LNs is poor, because small
nodes may contain metastasis and enlarged nodes may
be benign (e.g. in case of post-obstructive pneumonia).
Most studies have used a >10 mm short-axis diameter
as the criterion for nodal metastasis. In a recent
review, the pooled sensitivity and specificity of CT
scanning for identifying mediastinal LN metastasis
were 51% (95% confidence interval (CI) 47-54) and
85% (95% CI 84-88), respectively, confirming that CT
scanning has limited ability either to rule in or exclude
mediastinal metastasis. CT will be of help, however,
in selecting the most appropriate procedure for tissue
sampling of the suspect LNs [9].

PET-scan and integrated PET-CT scan

Positron emissiontomography with '¥F-fluoro-2-deoxy-
D-glucose (FDG-PET) was a major step forward in
NSCLC imaging. Based on the high uptake of FDG
in malignant lesions, whole-body PET was able to
characterise lesions that remained equivocal on con-
ventional imaging and to detect lesions that escaped
on conventional imaging. For the T-factor, PET on its
own has little to add to the anatomic detail of CT,
because of its lower spatial resolution [10]. For the N-
factor, PET imaging — with its metabolic information —
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Fig. 1. PET-CT in a patient with squamous cell carcinoma of the left upper lobe. FDG uptake is present in the primary tumour and an
adjacent hilar lymph node (A, B). PET also shows a focal hot spot suspected for N2 disease in level 2L (A, C arrow). PET-CT fusion images
project the hot spot in brown fat tissue (D, E). Thoracotomy with lymph node dissection confirmed the absence of mediastinal involvement

(pT2N1).

was proven to be superior to CT [11], a finding con-
firmed in different meta-analyses [12,13], with pooled
estimates of sensitivity and specificity for identifying
mediastinal metastasis of 74% (95% CI 69-79) and
85% (95% CI 82-88), respectively [9]. Many well
designed prospective studies also demonstrated a gain
in accuracy in the M-factor, mainly because PET is
able to detect additional metastatic lesions in 5% to
25% of the patients, and this was especially the case
in stage III NSCLC patients [14-18].

The limitation of stand alone PET was its limited
spatial resolution, allowing far less anatomical detail
than CT. Papers in the late 1990s already pointed
out that interpretation of PET-images in visual corre-
lation with CT-images improved results [19,20]. The
contemporary answer to this was the combination of
morphologic and metabolic information in integrated
PET-CT scanners. For the T-factor, three studies
reported better results with PET-CT in comparison
to PET alone [21-23]. This superiority is due to
the CT component of the examination, resulting in
more precise evaluation of chest wall and mediastinal
infiltration in some patients, and better differentiation
between tumour and accompanying inflammation or
atelectasis in others on the integrated images. In the
Ziirich group report, there was a benefit for integrated
PET-CT in comparison to side-by-side reading of
PET and CT-images, which was not in place in
the Leuven experience [24]. Results for the N-factor
give a similar picture, with PET-CT superior to PET
alone [21,22]. Accurate anatomic correlation allows
exact location of involved nodes, and thus better
distinction between N1, N2 and N3. Furthermore,
the role of PET-CT in identifying supraclavicular N3

nodes and in the distinction between FDG-avid brown
fat and a metastatic lymph node is indisputable [21—
23] (Fig. 1). Finally, for the M-factor, only a few
results are available. In a large retrospective study,
there was a significant superiority of PET/CT versus
PET alone or CT alone, but not versus side-by-side
correlation [10].

Post-induction imaging
Factors associated with good prognosis after induction
treatment for stage IIIA-N2 are downstaging of medi-
astinal LNs, and the degree of pathologic response in
the primary tumour. These factors are classically only
available after resection. They are poorly predicted
by CT, but more than a decade ago, a prospective
pilot study reported that the combination of LN down-
staging on PET and a SUV,;,x decrease of >50% in
the primary tumour predicted a better outcome [25].
Since then, many studies have addressed the value of
PET and PET-CT in assessment of LN downstaging,
estimation of pathologic response, and the relationship
of these findings with survival outcome [26-35].
Results for mediastinal LN restaging are listed
in Table 1. These studies differ in methodological
aspects, such as type of induction (chemotherapy
or chemoradiotherapy), timing of imaging (interval
3-4 weeks, straight after, or at a variable interval
4—10 weeks after neo-adjuvant therapy, respectively),
and interpretation of imaging (visual correlation with
CT or integrated PET-CT). Nonetheless, it is clear
that the sensitivity and specificity are lower than for
baseline lymph node staging, but better if studies
with PET-CT are considered. In terms of prediction
of response in the primary tumour, the earliest studies
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Table 1
Studies on the use of PET or PET-CT after induction treatment
Study Year N Stage CTRT Imaging Sensitivity ~ Specificity
Vansteenkiste et al. [26] 2001 31 IITA-N2 0% PET + CT (visual corr.)  71% 88%
Ryu et al. [28] 2002 26 1 100% PET + CT (visual corr.)  58% 93%
Akhurst et al. [27] 2002 56 I 29% PET + CT (visual corr.)  67% 61%
Cerfolio et al. [29] 2003 34 IB-IIIA 21% PET + CT (visual corr.)  50% 99%
Port et al. [31] 2004 25 I-IIIA 0% PET + CT (visual corr.)  20% 71%
Hellwig et al. [30] 2004 37 1 70% PET + CT (visual corr.)  50% 88%
Hoekstra et al. [32] 2005 25 IIIA-N2 0% PET + CT (visual corr.)  50% 71%
De Leyn et al. [35] 2006 30 IIIA-N2 0% Integrated PET-CT 77% 92%
Pottgen et al. [34] 2006 37 1IIA/B 100% Integrated PET-CT 73% 89%
Cerfolio et al. [33] 2006 93 IIIA-N2 100% Integrated PET-CT 62% 88%

N: number of patients; CTRT: % of patients with chemoradiation induction treatment; PET: positron emission tomography;

CT: computed tomography.

reported a sensitivity of 81-97% and a specificity of
64—67% to predict a pathological complete response
on PET after neo-adjuvant therapy [27-30]. Other
studies used the percentage change in the SUVju
on PET before and after neo-adjuvant therapy, and
described a strong but imperfect correlation between
this decrease and the residual amount of viable tumour
in the resection specimen [30,33,34].

Several recent studies also confirmed the relevance
of changes on PET for survival outcome. In one study,
a cut-off value of 60% decrease in SUV,,,, after
induction chemotherapy was a significant predictor of
S-year survival (60% versus 15%, P=0.0007) [36].

Endoscopy

Standard bronchoscopy

Standard bronchoscopy is considered mandatory in
patients with suspected lung cancer. In addition to
pathological confirmation in many patients, it also
permits an evaluation of the endobronchial extension
of the tumour (endobronchial T stage), which can be
decisive for the extent of resection or for radiotherapy
planning.

Blind transbronchial needle aspiration (TBNA)

Data of endoscopic or surgical staging studies are
often reported with the use of the LN map as de-
scribed by Mountain and Dressler [37] (Fig. 2). Blind
TBNA can be performed during the initial standard
bronchoscopy if enlarged mediastinal LNs are present
on CT. A blind TBNA is most often applied to selected
LN levels, i.e. those with clear anatomic landmarks
(such as lower right 4R and left paratracheal 4L nodes,
as well as the subcarinal lymph nodes in position
7). When they are clearly enlarged (at least 15 mm),

they can be safely aspirated using a needle through
the working channel of a standard bronchoscope [38].
The technique is in essence a blind aspiration, and
therefore has a very variable diagnostic yield of
15—-83%, mostly related to the size and location of the
nodes and the operators’ experience. A recent meta-
analysis reported a sensitivity of 78% and a false
negative rate of 28% for blind TBNA in clinical N2
disease [39]. A blind TBNA is very useful if it leads
to proof of N3 disease, but it should not lead to a
conclusion of absence of N3 when only N2 disease
is found (lack of negative predictive value).

EUS-controlled FNA

The advent of endoscopic ultrasonography has allowed
imaging beyond the mucosa into the mediastinum,
e.g. visualisation of LNs in the vicinity of the oe-
sophagus, and therefore improved the diagnostic yield
of endoscopic mediastinal LN sampling techniques.
Oesophageal ultrasonography (EUS) uses an echo-
endoscope with linear array ultrasound transducer at
the tip, keeping the working channel of the endoscope
available to pass a needle and perform a fine needle
aspiration (FNA) under ultrasonography control. This
technique particularly visualises superior mediastinal
lymph nodes in level 4L, and inferior mediastinal
nodes in levels 7, 8 and 9, as described on the
Mountain-Dressler LN map [37]. This complements
other techniques, as several of these LNs (levels §
and 9) are not accessible by bronchoscopy or me-
diastinoscopy. Mediastinal lymph node station 4R is
often a blind spot for EUS-FNA because of the
interposition of the trachea. On the other hand, EUS-
FNA is able to sample hilar LN stations 10R or
10L (N1, Fig. 3), in which case one has to be
extremely careful not to consider these LN stations
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Fig. 3. EUS showing the primary lung tumour in the left lower lobe (LLL) with adjacent hilar lymph node in level 10L.
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Fig. 4. EBUS showing an enlarged mediastinal paratracheal lymph node in level 4R (LN4R), while a real time transbronchial needle aspiration

(needle) is being performed.

as mediastinal (N2) LNs. A meta-analysis reported
a pooled sensitivity of 90% and negative predictive
value (NPV) of 78% in selected patients with clinical
N2 disease (i.e. having enlarged mediastinal LNs on
CT) and a prevalence of malignant N2/3 disease of
73% [40]. EUS-FNA is a minimally invasive staging
technique, which is advisable after a negative routine
bronchoscopy in selected patients with CT-enlarged or
FDG-avid mediastinal LNs. In addition, EUS is able
to visualise and puncture several potential M1 sites,
such as the left adrenal gland, the left liver lobe and
the truncus celiacus nodes.

EBUS-controlled TBNA

Endobronchial ultrasonography (EBUS) can be per-
formed with a linear echo-endoscope under local
anaesthesia using moderate sedation. It is able to
visualise superior and inferior mediastinal LNs at
levels 2R/2L, 4R/4L and 7, as well as hilar LNs at
level 10, 11, and even 12. EBUS helps to localise these
LNs and perform a TBNA under real-time ultrasonog-
raphy control (Fig. 4). The mediastinal LN stations
accessible with EBUS-TBNA are the same as for a
cervical mediastinoscopy. A recently published meta-
analysis on EBUS-TBNA reported a pooled sensitivity
of 94% for CT-enlarged or PET-positive mediastinal
LNs with a prevalence of malignant N2/3 disease of
68% [41]. An important issue is that EBUS-TBNA —
just as EUS-FNA — has a suboptimal NPV ranging
from 60% to 80%, which requires a confirmatory
surgical staging procedure in case of a non-malignant
echo-endoscopic needle aspiration. It is clear that

cervical mediastinoscopy remains the gold standard
which is indicated after a negative needle aspiration
of CT-enlarged or PET-positive mediastinal LNs. A
special situation is patients with centrally located
tumours with a normal mediastinum on CT and PET.
As imaging techniques may miss existing mediastinal
LN disease because of the vicinity of the primary
tumour, histological verification of the mediastinum is
warranted. Cervical mediastinoscopy remains the first
choice test in that particular situation.

Post-induction endoscopy

There are a few reports suggesting that EUS-FNA
can be used for mediastinal restaging after induction
therapy; however, these were small studies reporting
a suboptimal sensitivity and NPV [42,43]. The same
comment can be made for the only study using EBUS-
TBNA after induction chemotherapy reporting a NPV
of 20% [44]. This NPV is far too low to advise
these echo-endoscopic techniques in a post-induction
setting.

Surgical techniques

Cervical mediastinoscopy

Cervical mediastinoscopy is the standard tool for stag-
ing the upper mediastinal LNs in patients with lung
cancer. It is a surgical open-biopsy technique under
general anaesthesia [45]. In most centres, patients are
discharged from the hospital the same day. The me-
diastinoscope is inserted through a small suprasternal
incision. Blunt dissection then gives access to the
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Table 2

Studies on the use of repeat mediastinoscopy after induction treatment
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Author Year N CTRT Sensitivity NPV Accuracy Remarks

Pitz et al. [58] 2002 15 0% 50% NA NA impossible in 7 pts

De Leyn et al. [35] 2006 30 0% 29% 52% 60%

Dewaele et al. [57] 2008 104 24% 71% 73% 84% mortality 1; bleeding 1
Marra et al.® [56] 2008 104 100% 61% 85% 88%

N: number of patients; CTRT: % of patients with chemoradiation induction treatment; PV: negative predictive value; NA: not available,

pts: patients.

2 Compilation of series of Van Schil [59] and Mateu-Navarro [55].

pretracheal, right and left paratracheal, and anterior
subcarinal LN levels (levels 1, 2R, 4R, 2L, 4L, 7 on the
Mountain-Dressler map [37]). There is no internation-
ally accepted recommendation on how many LN sta-
tions should be examined at cervical mediastinoscopy.
One study assessed the quality of mediastinoscopy per-
formed in teaching and non-teaching hospitals [46].
There was a large variability in the performance of the
technique. An adequate number of three or more LN
levels were sampled in only 40% of the procedures.
There was a correlation between the number of yearly
performed mediastinoscopies and the number of LN
levels sampled. Therefore, guidelines of the European
Society of Thoracic Surgery (ESTS) were most wel-
come. They recommend systematic exploration and
biopsy of the right and left paratracheal and the sub-
carinal LNs. Additionally, if present, the upper para-
tracheal LNs should be sampled and biopsied [47]. In
experienced hands, the average sensitivity of cervical
mediastinoscopy to detect mediastinal LN involvement
is approximately 80% according to a recent review,
with a high NPV of 89% [39]. Other advantages of
cervical mediastinoscopy is that it allows a complete
mapping of mediastinal LNs to be performed, and also
allows discrimination between extra- and intracapsular
LN disease, and between nodal disease and direct inva-
sion of the mediastinum by the tumour itself. More re-
cently, the introduction of video-mediastinoscopes im-
proved visualisation, allowed recording of the findings,
and led to improved teaching possibilities [48-51].

Anterior mediastinotomy

This technique mainly has its place in patients with left
upper lobe tumours, which are known to metastasise
predominantly to the aortopulmonary window and
para-aortic nodes (levels 5 and 6), which cannot be
reached by cervical mediastinoscopy. An alternative
is left thoracoscopy (see below). The procedure is
more demanding and has a higher morbidity than the
cervical approach. When a cervical mediastinoscopy
is negative, this procedure may be indicated in case of

b Same patients as in the series of Stamatis [60].

high suspicion of involvement of LN levels 5 or 6 (e.g.
in case of enlarged or FDG-avid LNs in that area).

Extended mediastinoscopy, where the scope is
brought over the aortic arch, was described to reach
level 5 and 6 nodes via the cervical approach, with
reasonable sensitivity up to 81% in some series [52,
53]. The technique never became widespread because
of its technical challenge and possible complications,
such as embolic stroke due to the close contact of
the mediastinoscope with the brachiocephalic and left
carotid artery [54].

Video-assisted thoracic surgery (VATS, surgical
thoracoscopy)

This technique can be a useful add-on to cervical
mediastinoscopy, as it allows one to reach subcarinal
nodes or inferior mediastinal nodes on the right side,
and para-aortic nodes or inferior mediastinal nodes
on the left side. On the latter side, the advantage
over left anterior mediastinotomy is that anatomical
landmarks such as the vagal and phrenic nerve are
more easily recognised. There are no recent series on
the use of VATS for staging of mediastinal nodes,
which probably reflects the fact that less invasive
staging methods such as EUS-FNA have become the
preferred technique for staging of aortic and inferior
mediastinal LNs.

Post-induction staging

Repeat mediastinoscopy has been propagated as a
tool for restaging of the mediastinum after induction
therapy in patients with N2-disease, as it may offer
histological evidence of mediastinal LN status [55].
Retrospective studies from a few centres have reported
that repeat mediastinoscopy after induction treatment
has a fairly good accuracy [56,57] (Table 2). In
other centres with ample experience, repeat medi-
astinoscopy was disappointing. In a prospective study
in 30 patients who had a thorough baseline staging
mediastinoscopy to establish IIIA-N2, followed by
induction chemotherapy, the sensitivity of repeat
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mediastinoscopy to detect residual mediastinal LN
disease was only 29% with a NPV of 52% [35].
Poor results were due to fibrosis and dense adhesions
caused by initial thorough mediastinoscopy. Similar
findings were reported by other groups [58]. It is very
unlikely that a scenario with two mediastinoscopies
(one baseline and one post-induction) will be the best
one in future multimodality treatment. If adequate
baseline staging can be achieved based on imaging
tests in combination with endoscopic LN staging, one
is able to reserve the first mediastinoscopy for post-
induction assessment, where it has the same accuracy
as in the baseline setting in one study [49].

When is it really stage I11?
Understaging

False negative imaging findings

With a pooled sensitivity of CT for identifying
mediastinal LN metastasis of 51% [9], this technique
will often be false negative: absence of enlarged
nodes does not rule out LN metastasis. In one study
in 235 patients with potentially operable NSCLC
without enlarged mediastinal LNs on CT scan, cervical
mediastinoscopy was positive in 47 patients (20%),
more often in patients with a higher T-stage (9.5% for
T1, 17.7% for T2, and 32% for T3-T4) [61].

PET (with a pooled sensitivity of 74% [9]) will
obviously do better, but carries a risk of false
negative findings in some particular situations: little
FDG-avidity of the primary tumour, presence of a
central tumour, or of centrally located N1 nodes, both
of which may obscure nearby existing mediastinal
LN metastasis. Fusion PET-CT, where the lack of
anatomical detail on PET stand-alone images is largely
corrected, has improved this situation.

False negative endoscopic findings

In patients with evidence of mediastinal LN metastases
on imaging (CT-enlarged or PET-avid nodes) at the
time of diagnosis, the sensitivity of both EUS-
FNA and EBUS-TBNA is around 90% [40,41]. False
negative results will not be very common. A first
condition in interpretation is that the sample should
be valid. Although there is no common definition on
validity of needle aspiration cytology, the presence of
lymphocytes is important. In case of adequate repre-
sentative samples, false negative findings can occur in
case of (1) anatomic miss if the wrong lesion has been
sampled, (2) sampling error in the target lesion due to
the presence of only micro-metastatic foci (deposits
<2mm), or (3) representative sample with too few
suspicious cells to assure a conclusive report. In

patients without signs of mediastinal LN metastasis on
imaging, or in the post-induction setting, the sensitiv-
ity and NPV are much lower. The suboptimal NPV of
echo-endoscopic needle aspiration technique requires
a confirmatory surgical staging procedure in case of a
non-malignant echo-endoscopic needle aspiration.

False negative surgical staging
The average false negative rate of cervical medi-
astinoscopy is approximately 10% [39]. The results of
the suboptimal sensitivity are partly explained by the
fact that some LN stations (5, 6, 7 posterior, 8, 9) are
not accessible by cervical mediastinoscopy.

For VATS, the false negative rate was 15% both
in enlarged and normal sized nodes with a sensitivity
varying widely from 37% to 100% [39].

Overstaging

False positive imaging findings

Enlarged mediastinal nodes on CT does not necessarily
mean N2 or N3 disease, because enlargement may
be due to other factors such as granulomatous or
inflammatory disorders (post-obstructive pneumonia
with infectious LN enlargement being a typical
example).

False positive findings are due to the fact that FDG
uptake is not tumour specific, and can be found in
all active tissues with high glucose metabolism, in
particular inflammation. Therefore, clinically relevant
FDG-avid mediastinal LNs should always be examined
with the most appropriate tissue sampling technique.

False positive endoscopy findings

No false positive findings by EBUS-TBNA have been
reported in the literature, and all but one EUS-FNA se-
ries reported no false positive needle aspirations [62].
A false positive finding can however occur in case
of (1) contamination of cytologic material when the
needle passes dysplastic or neoplastic mucosa (e.g.
EUS-FNA through malignant oesophageal mucosa),
(2) misclassification of activated/enlarged lymphocytes
as suspicious epithelial cells by the cytopathologist, or
(3) sampling by the endoscopist of primary tumour
tissue instead of a mediastinal LN material (e.g.
in case of a central hilar tumour adjacent to the
mediastinal LN).

False positive surgical staging

The specificity and the false positive rates of me-
diastinoscopy are reported to be 100% and 0%
respectively. Strictly speaking, these values can not
really be assessed because patients with a positive
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Table 3

Different categories of mediastinal lymph node according to the American College of Chest Physicians (ACCP) [39]

Class  Category Description mediastinal LNs

Preoperative

Peroperative Postoperative (resection specimen)

imaging tests  tissue findings  findings
A bulky mediastinal infiltration positive +++  NA (positive) -
B clinical enlarged discrete nodes positive positive -
C subclinical  no enlarged nodes but central tumour  negative positive -
D unforeseen  no enlarged nodes peripheral tumour  negative NA (negative)  positive

LNs: lymph nodes; NA (positive): not applicable (considered positive based on imaging); NA (negative): not applicable (considered

negative based on imaging).

biopsy finding were not subjected to any further
procedure (such as thoracotomy) to confirm the results.
Nevertheless, it seems reasonable to assume that the
false positive rate is extremely low.

The heterogeneity of stage III

The number and volume of nodal mediastinal in-
volvement is responsible for the heterogeneity in
clinical presentation of stage IIIA-N2 NSCLC, which
also has an impact on treatment and prognosis for
these patients. An important distinction is subdividing
these patients into those with clinical or preopera-
tively known N2 versus those with unforeseen N2
detected at the time of surgery, and the distinction
between single level versus multilevel mediastinal
LN metastasis [63]. Unfortunately, the actual staging
classification and definitions do not allow clear
separation of the various subsets of patients with
nodal involvement. The most recent American College
of Chest Physicians (ACCP) guidelines suggest a
practical way to sub classify stage IIIA-N2 NSCLC
patients into four subsets mainly based on the volume
of LN involvement (Table 3) [39].

The importance of multidisciplinarity in
treatment decisions

The effect of hospital type

In a landmark study on the effect of hospital
volume, the outcome of more than 2000 surgically
treated patients with stage I, II, or IIIA NSCLC
was studied [64]. Patients treated at high-volume
centres had a better 5-year survival (44% versus 33%;
P <0.001) and lower postoperative mortality risk (3%
versus 6%). More recently, much larger surveys from
different regions in the world confirmed these findings:
both short-term (postoperative mortality) and long-
term survival are better in large-volume versus small
volume hospitals [65,66], and in teaching versus non-
teaching hospitals [66—68].

In a very large North-American survey, the absolute
differences in adjusted mortality rates between very-
low-volume and very-high-volume hospitals was >5%
for pneumonectomy, and >2% for lobectomy [69].
The same authors later reported statistically significant
relationships between hospital volume and survival for
different cancer types, including NSCLC, where the
absolute difference in 5-year survival was 6% [70].

Similar but less abundant data are available for
chemoradiation for stage III NSCLC [71]. In a
retrospective analysis of 239 patients enrolled in
clinical trials, the cohort of patients treated at centres
with >5 inclusions had a 3-year survival rate of
31% versus 13% for centres with <5 inclusions.
Multivariate analyses confirmed the independent value
of this factor.

The effect of multidisciplinary boards

While hospital size matters for different aspects of
outcome, there is less evidence for multidisciplinary
boards (MBs).

Most of the studies made a historical comparison
of outcome measures between a period with and the
past period without the MB [72-75]. It is well known
that these types of analyses are prone to different
sources of bias and confounding factors [76] and to
stage migration effects leading to a better survival in
each stage subset, without improvement in survival
of the whole population [77]. In these studies, some
impact on patterns of care is often demonstrated: e.g.
addition of a dedicated thoracic surgeon instead of a
cardio-thoracic surgeon resulted in a higher resection
rate (from 12% to 23%; P=0.001) and a major
decrease in pneumonectomies in favour of (sleeve)
lobectomies [73]; introduction of a multidisciplinary
team resulted in an increase in chemotherapy from
7% to 23% (P <0.001) [74]; and waiting times
are decreased [75]. Better survival was reported in
only two studies [74,78]. There is only one pilot
randomised trial, in which survival in the MB group
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Table 4

Overview of accessible lymph node levels for the different invasive staging procedures

LN station ~EUS-FNA  EBUS-TBNA  Cervical mediastinoscopy ~ Anterior mediastinotomy  Left-sided VATS
2R +/— + + - -
2L +/— + + - -
4R — + + - -
4L + + + - -
5 +/— - - + +
6 - - - + +
7 + + + - -
8 + - - - +
9 + - - - +
10 R/L +/— + - - -
11 R/L - + - - -

Lymph node mapping according to Mountain and Dresler [37].
LN: lymph node; EUS-FNA: oesophageal Ultrasonography-fine needle aspiration, EBUS-TNBA: Endobronchial
ultrasonography — transbronchial needle aspiration; VATS: Video-assisted thoracic surgery.

was actually a little inferior (33% versus 40% at 2
years), albeit not statistically significant.

Multimodality treatment offers better survival in
clinical trials, but as many lung cancer patients
are (ex)smokers with co-morbidities, management
patterns in real practice can be difficult, and sev-
eral clinical practice guidelines therefore recommend
MBs — bringing together different specialists — to take
treatment decisions.

In the absence of a large randomised trial with a
contemporary control group, the main conclusion is
that MBs often change practice patterns. The lack of
convincing survival data does not mean that MBs are
ineffective, but rather points at the difficulty to sample
randomised evidence on a complex process like MBs.

Conclusion: practical recommendations:
assessment of stage I1I

Catching the heterogeneity of stage III NSCLC

Assessment of stage III NSCLC has become a true
multidisciplinary process involving imaging, endo-
scopic and surgical contributions. The aim is to
determine the stage as accurately as possible: on the
one hand avoid false positive interpretations (leading
to false stage Il diagnosis in early stage patients), and
on the other hand avoid false negative interpretations
(leading to false early stage diagnosis in patients with
mediastinal LN disease). Additionally, resectability
needs to be estimated as precisely as possible.

It is hardly possible to give an overall recommen-
dation for ‘optimal’ locoregional staging. First, all
examinations are not present everywhere, and even
when present, they depend on local skills, certainly for
the invasive procedures. Moreover, the techniques are
often complementary (Table 4), and not competitive,

which allows suspicious LNs in all locations to be
reached, and avoids more invasive tests in patients with
important co-morbidity.

When it is truly stage III, a distinction has to be
made between the quite heterogeneous subsets of stage
III, as these different subsets have clearly different
prognoses and optimal therapeutic approaches. In that
respect, the recent ACCP classification offers a good
framework (Table 3) [39].

The patients with bulky N2 (type A) are not — just as
with stage IIIB-N3 patients — candidates for surgical
multimodality treatment. In fit patients, concurrent
chemoradiation is the preferred approach.

In patients with intra-operatively detected or un-
foreseen N2 (type D), surgical resection followed
by adjuvant chemotherapy is recommended, while
there is ongoing debate on the role of postoperative
radiotherapy [79].

Most controversy exists for the patients with clinical
(type B) or subclinical (type C) N2. In general, they
will not be treated by upfront surgery or radiotherapy,
but by surgical or non-surgical combined modality
treatment. Here, based on the available data, an overall
recommendation for each patient cannot be made, and
the multidisciplinary effort to distinguish unresectable
from resectable disease is of crucial importance [80].

One randomised study compared induction chemo-
therapy followed by either resection or radiotherapy
in patients with unresectable 1IIA-N2 disease [81].
Induction chemotherapy did not convert unresectable
disease into resectable — as illustrated by the 50%
incomplete resection rate in the surgery arm — but did,
and not unexpectedly, result in a sobering 15% 5-year
survival with both approaches. Unfortunately, the
hypothesis that surgery might improve the prognosis
of unresectable N2 if performed after induction
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Fig. 5. ESTS guidelines for locoregional LN staging in NSCLC. Upper panel: (1) only in TINO squamous cell tumours; (2) in all other
tumours; (3) endoscopic techniques are minimally invasive and can be the first choice; (4) due to higher NPV mediastinoscopy remains
indicated. Lower panel: (1) in central tumours, tumours with low FDG-uptake, tumours with LNs >1.5 cm and/or PET N1 disease, invasive
staging remains indicated; (2) endoscopic techniques are minimally invasive and can be the first choice; (3) due to higher NPV mediastinoscopy

remains indicated. (Adapted from [47].)

chemotherapy did not become a reality, meaning
chemoradiation remains the standard for this group.
In patients with potentially resectable 1I1A-N2,
as judged by dedicated multidisciplinary assessment,
different European series point at remarkably similar
5-year survival rates of 36% (Swiss group) [82], 34%
(Essen group) [83], and 30% (Leuven group) [5],
respectively, in IITA-N2 patients with resection after
induction treatment. Even if non randomised, all were
well designed prospective trials, with intent-to-treat
reporting and reliable long-term follow-up. In the
randomised US Intergroup data, 5-year survival again
was 36%, and clearly superior to the non-surgical

arm, if pneumonectomy could be avoided [84]. The
rationale of these studies is to provide surgery as
the best local treatment for resectable NSCLC and
improve outcome by induction therapy to manage dis-
tant micro-metastasis. In this respect, it is noteworthy
that in the European Organisation for Research and
Treatment of Cancer (EORTC) experience, surgery
provided better local control (32% locoregional fail-
ure) than radiotherapy (55%).

How to do baseline staging in practice?

In patients with truly bulky mediastinal LN disease,
tissue confirmation is often not needed, but for all
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others very practical guidelines on the European level
were developed by the European Society of Thoracic
Surgery (ESTS) [47].

A first algorithm (Fig. 5, upper part) depicts the
situation where FDG-PET scan is not available. If
there are no enlarged mediastinal LNs on CT, a
cervical mediastinoscopy is recommended in most
patients, except those with peripheral T1 tumours,
because of the insufficient NPV of CT in this respect.
If there are enlarged LNs, tissue proof of these is
wanted, because of the low positive predictive value
of CT. Here, an important evolution has occurred over
recent years, as staging by EUS-FNA and EBUS-
TBNA has become a wvalid alternative to medi-
astinoscopy, if performed by experienced hands. In
many patients with positive needle aspirates, invasive
surgical staging can be avoided. However, in case of
negative findings, one should realise that the NPV
remains lower than for mediastinoscopy, on average
19% false-negative results for EUS-FBA, and 28% for
EBUS-TBNA [39], so confirmatory mediastinoscopy
is indicated.

The lower part of Fig. 5 shows the situation where
CT is complemented by PET. Due to the high NPV
of PET, invasive staging procedures can be omitted
in a much larger proportion of patients (all with
clinical stage I NSCLC and negative mediastinal PET
images). Care should be taken in situations with a
little FDG-avid primary tumour, presence of a central
tumour or centrally located N1 nodes (see above). The
implementation of PET, as in this algorithm, reduced
the number of mediastinoscopies by 65% [19]. On the
other hand, because false positive findings may occur
(see above), tissue confirmation remains warranted in
case of positive mediastinal PET findings.

How to do post-induction staging in practice?

Factors associated with good prognosis after induction
treatment and surgical resection for stage IIIA-N2 are
complete resection, downstaging of mediastinal lymph
nodes, and the degree of pathologic response in the
primary tumor. These factors are poorly predicted by
CT, and classically only available after resection. As
for imaging, a unique feature of repeat PET after
induction is that it not only assesses mediastinal nodes,
but response in the primary tumor as well (see above)
(Fig. 6). In this context, fusion PET-CT images are
likely to be superior to side-by-side comparisons of
PET and CT images.

For the invasive tests to be used after induction,
the choice will be determined by the tools used
at initial staging. As repeat mediastinoscopy after

= = = =

Fig. 6. Right upper lobe large cell carcinoma (A) with right hilar
and paratracheal adenopathy (B), both clearly FDG-avid on PET-CT
fusion images. After induction chemotherapy, a major decrease in
the metabolic activity of the primary tumour and absence of FDG-
uptake in the mediastinum is noted. Patient underwent complete
resection, pTINO.

induction is in general disappointing and difficult to
achieve (see above), the use of endoscopic techniques
for baseline staging becomes very attractive. In that
scenario, a first mediastinoscopy can be performed
in optimal conditions after the induction treatment,
thereby giving maximum information on LN status.
A recent paper explored how the use of different tools
for reassessment after induction might be optimised
if one works in a scenario with upfront endoscopic
staging. It described that the combination of pathologic
response in mediastinal LNs and primary tumour
response as assessed on serial PET might be a very
powerful tool to predict outcome after multimodality
therapy for stage IIIA-N2 NSCLC [85].

Conflict of interest statement

None declared.

References

1 The International Adjuvant Lung Cancer Trial Collaborative
Group, Arriagada R, Bergman B, Dunant A, Le Chevalier T,
Pignon JP, Vansteenkiste J. Cisplatin-based adjuvant chemother-
apy in patients with completely resected non-small cell lung
cancer. N Engl J Med 2004;350:351-60.

2 Rosell R, Gomez Codina J, Camps C, et al. A randomized trial

comparing preoperative chemotherapy plus surgery with surgery

alone in patients with non-small-cell lung cancer. N Engl J Med
1994;330:153-8.

Vansteenkiste J, De Leyn P, Deneffe G, Menten J, Lerut T,

Demedts M; Leuven Lung Cancer Group. Present status of

induction treatment for N2 non-small cell lung cancer : A review.

Eur J Cardiothorac Surg 1998;13:1-12.

Eberhardt W, Stuschke M, Stamatis G. Preoperative

chemoradiation approaches to locally advanced non-small cell

lung cancer: one man’s pride, another man’s burden? Ann Oncol
2004;15:365-7.

w2

~



W

~

20

The multidisciplinarity of stage Il non-small cell lung cancer

Lorent N, De Leyn P, Lievens Y, et al.; Leuven Lung Cancer
Group. Long-term survival of surgically staged IIIA-N2 non-
small cell lung cancer treated with surgical combined modality
approach: analysis of a 7-year experience. Ann Oncol 2004;15:
1645-53.

Izbicki JR, Thetter O, Karg O, et al. Accuracy of computed
tomographic scan and surgical assessment for staging of
bronchial carcinoma. A prospective study. J Thorac Cardiovasc
Surg 1992;104:413-20.

Bittner RC, Felix R. Magnetic resonance (MR) imaging of the
chest: state-of-the-art. Eur Respir J 1998;11:1392-404.
Hierholzer J, Luo L, Bittner RC, et al. MRI and CT
in the differential diagnosis of pleural disease. Chest
2000;118:604-9.

Silvestri GA, Gould MK, Margolis ML, et al. Noninvasive
staging of non-small cell lung cancer: ACCP evidenced-
based clinical practice guidelines (2nd edition). Chest
2007;132(Suppl 3):178S-201S.

Antoch G, Stattaus J, Nemat AT, et al. Non-small cell lung cancer:
dual-modality PET/CT in preoperative staging. Radiology 2003;
229:526-33.

Vansteenkiste JF, Stroobants SG, De Leyn PR, et al. Lymph node
staging in non-small cell lung cancer with FDG-PET scan: A
prospective study on 690 lymph node stations from 68 patients.
J Clin Oncol 1998;16:2142-9.

Fischer BM, Mortensen J, Hojgaard L. Positron emission
tomography in the diagnosis and staging of lung cancer: a
systematic, quantitative review. Lancet Oncol 2001;2:659—-66.
Gould MK, Kuschner WG, Rydzak CE, et al. Test performance
of positron emission tomography and computed tomography for
mediastinal staging in patients with non-small cell lung cancer:
a meta-analysis. Ann Intern Med 2003;139:879-92.

Stroobants S, Dhoore I, Dooms C, et al. Additional value of
whole-body fluorodeoxyglucose positron emission tomography
in the detection of distant metastases of non-small cell lung
cancer. Clinical Lung Cancer 2003;4:242-17.

Pieterman RM, Van Putten JW, Meuzelaar JJ, et al. Preoperative
staging of non-small cell lung cancer with positron emission
tomography. N Engl J Med 2000;343:254—-61.

Vesselle H, Pugsley JM, Vallieres E, Wood DE. The impact
of fluorodeoxyglucose F18 positron emission tomography on
the surgical staging of non-small cell lung cancer. J Thorac
Cardiovasc Surg 2002;124:511-9.

Mac Manus MP, Hicks RJ, Matthews JP, et al. High rate
of detection of unsuspected distant metastases by PET in
apparent stage III non-small cell lung cancer: implications
for radical radiation therapy. Int J Radiat Oncol Biol Phys
2001;50:287-93.

Eschmann SM, Friedel G, Paulsen F, et al. FDG PET for staging
of advanced non-small cell lung cancer prior to neoadjuvant
radio-chemotherapy. Eur J Nucl Med Mol Imaging 2002;29:
804-8.

Vansteenkiste JE, Stroobants SG, De Leyn PR, et al.; Leuven
Lung Cancer Group. Mediastinal lymph node staging with FDG-
PET scan in patients with potentially operable non-small cell
lung cancer : A prospective analysis of 50 cases. Chest 1997,
112:1480-6.

Weng E, Tran L, Rege S, et al. Accuracy and clinical impact
of mediastinal lymph node staging with FDG-PET imaging in
potentially resectable lung cancer. Am J Clin Oncol 2000;23:
47-52.

21

22

23

24

25

26

27

28

29

30

3

—_

32

33

34

35

103

Lardinois D, Weder W, Hany TE, et al. Staging of non-small cell
lung cancer with integrated positron-emission tomography and
computed tomography. N Engl J Med 2003;348:2500-7.
Cerfolio RJ, Ojha B, Bryant AS, Raghuveer V, Mountz JM,
Bartolucci AA. The accuracy of integrated PET-CT compared
with dedicated PET alone for the staging of patients with non-
small cell lung cancer. Ann Thorac Surg 2004;78:1017-23.
Halpern BS, Schiepers C, Weber WA, et al. Presurgical staging
of non-small cell lung cancer: positron emission tomography,
integrated positron emission tomography/CT, and software image
fusion. Chest 2005;128:2289-97.

De Wever W, Ceyssens S, Mortelmans L, et al. Additional value
of PET-CT in the staging of lung cancer: comparison with CT
alone, PET alone and visual correlation of PET and CT. Eur
Radiol 2007;17:23-32.

Vansteenkiste JF, Stroobants SG, De Leyn PR, Dupont PJ,
Bogaert J, Verbeken EK, Leuven Lung Cancer Group. Potential
use of FDG-PET scan after induction chemotherapy in surgically
staged IIIA-N2 non-small cell lung cancer : A prospective pilot
study. Ann Oncol 1998;9:1193-8.

Vansteenkiste J, Stroobants S, Hoekstra C, et al. '8Fluoro-
2-deoxyglucose positron emission tomography (PET) in the
assessment of induction chemotherapy (IC) in stage IIIA-
N2 NSCLC: A multi-center prospective study. Proc ASCO
2001;20:313A.

Akhurst T, Downey RJ, Ginsberg MS, et al. An initial experience
with FDG-PET in the imaging of residual disease after induction
therapy for lung cancer. Ann Thorac Surg 2002;73:259—-66.
Ryu JS, Choi NC, Fischman AJ, Lynch TJ, Mathisen DJ. FDG-
PET in staging and restaging non-small cell lung cancer after
neoadjuvant chemoradiotherapy: correlation with histopathology.
Lung Cancer 2002;35:179-87.

Cerfolio RJ, Ojha B, Mukherjee S, Pask AH, Bass CS,
Katholi CR. Positron emission tomography scanning with
2-fluoro-2-deoxy-d-glucose as a predictor of response of
neoadjuvant treatment for non-small cell carcinoma. J Thorac
Cardiovasc Surg 2003;125:938—44.

Hellwig D, Graeter TP, Ukena D, Georg T, Kirsch CM,
Schafers HJ. Value of F-18-fluorodeoxyglucose positron
emission tomography after induction therapy of locally
advanced bronchogenic carcinoma. J Thorac Cardiovasc Surg
2004;128:892-9.

Port JL, Kent MS, Korst RJ, Keresztes R, Levin MA, Altorki NK.
Positron emission tomography scanning poorly predicts response
to preoperative chemotherapy in non-small cell lung cancer. Ann
Thorac Surg 2004;77:254-9.

Hoekstra CJ, Stroobants SG, Smit EF, et al. Prognostic relevance
of response evaluation using [18F]-2-fluoro-2-deoxy-D-glucose
positron emission tomography in patients with locally advanced
non-small cell lung cancer. J Clin Oncol 2005;23:8362-70.
Cerfolio RJ, Bryant AS, Ojha B. Restaging patients with
N2 (stage Illa) non-small cell lung cancer after neoadjuvant
chemoradiotherapy: a prospective study. J Thorac Cardiovasc
Surg 2006;131:1229-35.

Pottgen C, Levegrun S, Theegarten D, et al. Value of 18F-fluoro-
2-deoxy-D-glucose-positron emission tomography/computed
tomography in non-small cell lung cancer for prediction of
pathologic response and times to relapse after neoadjuvant
chemoradiotherapy. Clin Cancer Res 2006;12:97-106.

De Leyn P, Stroobants S, De Wever W, et al. Prospective
comparative study of integrated positron emission tomography-
computed tomography compared with remediastinoscopy in the
assessment of residual mediastinal lymph node disease after



104

36

37

38

39

40

41

4

43

44

45

46

47

48

49

50

51

52

induction chemotherapy for mediastinoscopy proven stage I1I1A-
N2 non-small cell lung cancer: A Leuven Lung Cancer Group
study. J Clin Oncol 2006;24:3333-9.

Eschmann SM, Friedel G, Paulsen F, et al. Repeat (18)F-FDG
PET for monitoring neoadjuvant chemotherapy in patients with
stage III non-small cell lung cancer. Lung Cancer 2007;55:
165-71.

Mountain CF, Dresler CM. Regional lymph node classification
for lung cancer staging. Chest 1997;111:1718-23.

Piet AH, Lagerwaard FJ, Kunst PW, Van Sornsen de Koste JR,
Slotman BJ, Senan S. Can mediastinal nodal mobility explain
the low yield rates for transbronchial needle aspiration without
real-time imaging? Chest 2007;131:1783—7.

Detterbeck FC, Jantz M, Wallace M, Vansteenkiste J,
Silvestri GA, American College of Chest Physicians (ACCP).
Invasive mediastinal staging of lung cancer: ACCP evidence-
based clinical practice guidelines (2nd edition). Chest
2007;132(Suppl 3):202S-220S.

Micames CG, McCrory DC, Pavey DA, Jowell PS, Gress FG.
Endoscopic ultrasound-guided fine-needle aspiration for non-
small cell lung cancer staging: A systematic review and meta-
analysis. Chest 2007;131:539—48.

Gu P, Zhao YZ, Jiang LY, Zhang W, Xin Y, Han BH. Endo-
bronchial ultrasound-guided transbronchial needle aspiration for
staging of lung cancer: A systematic review and meta-analysis.
Eur J Cancer 2009.

Annema JT, Veselic M, Versteegh MI, Willems LN, Rabe KF.
Mediastinal restaging: EUS-FNA offers a new perspective. Lung
Cancer 2003;42:311-8.

Varadarajulu S, Eloubeidi M. Can endoscopic ultrasonography-
guided fine-needle aspiration predict response to chemoradiation
in non-small cell lung cancer? A pilot study. Respiration 2006;
73:213-20.

Herth FJ, Annema JT, Eberhardt R, et al. Endobronchial
ultrasound with transbronchial needle aspiration for restaging the
mediastinum in lung cancer. J Clin Oncol 2008;26:3346—50.
De Leyn P Lerut T. Conventional mediastinoscopy;
Multimedia Manual of Cardiothoracic Surgery. 10.1510/
mmcts.2004.000158, 2004.

Smulders SA, Smeenk FW, Janssen-Heijnen ML, Wielders PL,
De Munck DR, Postmus PE. Surgical mediastinal staging in
daily practice. Lung Cancer 2005;47:243-51.

De Leyn P, Lardinois D, Van Schil P, et al. ESTS guidelines for
preoperative lymph node staging for non-small cell lung cancer.
Eur J Cardiothorac Surg 2007;32:1-8.

De Leyn P, Lerut T. Videomediastinoscopy; Multimedia Man-
ual of Cardiothoracic Surgery. 10.1510/mmcts.2004.000166,
2004.

Lardinois D, Schallberger A, Betticher D, Ris HB. Postinduction
video-mediastinoscopy is as accurate and safe as video-
mediastinoscopy in patients without pretreatment for potentially

operable non-small cell lung cancer. Ann Thorac Surg
2003;75:1102—6.
Venissac N, Alifano M, Mouroux J. Video-assisted

mediastinoscopy: experience from 240 consecutive cases. Ann
Thorac Surg 2003;76:208—12.

Martin-Ucar AE, Chetty GK, Vaughan R, Waller DA. A
prospective audit evaluating the role of video-assisted cervical
mediastinoscopy (VAM) as a training tool. Eur J Cardiothorac
Surg 2004;26:393-5.

Lopez L, Varela A, Freixinet J, et al. Extended cervical
mediastinoscopy: prospective study of fifty cases. Ann Thorac
Surg 1994;57:555-8.

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

J. Vansteenkiste et al.

Freixinet Gilart J, Garcia PG, De Castro FR, Suarez PR, Ro-
driguez NS, De Ugarte AV. Extended cervical mediastinoscopy
in the staging of bronchogenic carcinoma. Ann Thorac Surg
2000;70:1641-3.

Urschel JD, Vretenar DF, Dickout WJ, Nakai SS. Cerebrovascular
accident complicating extended cervical mediastinoscopy. Ann
Thorac Surg 1994;57:740—1.

Mateu-Navarro M, Rami-Porta R, Bastus-Piulats R, Cirera-
Nogueras L, Gonzalez-Pont G. Remediastinoscopy after
induction chemotherapy in non-small cell lung cancer. Ann
Thorac Surg 2000;70:391-5.

Marra A, Hillejan L, Fechner S, Stamatis G. Remediastinoscopy
in restaging of lung cancer after induction therapy. J Thorac
Cardiovasc Surg 2008;135:843-9.

De Waele M, Serra-Mitjans M, Hendriks J, et al. Accuracy and
survival of repeat mediastinoscopy after induction therapy for
non-small cell lung cancer in a combined series of 104 patients.
Eur J Cardiothorac Surg 2008;33:824-8.

Pitz CC, Maas KW, Van Swieten HA, Brutel de la Riviere A,
Hofman P, Schramel FM. Surgery as part of combined modality
treatment in stage IIIB non-small cell lung cancer. Ann Thorac
Surg 2002;74:164-9.

Van Schil P, Van Der Schoot J, Poniewierski J, et al.
Remediastinoscopy after neoadjuvant therapy for non-small cell
lung cancer. Lung Cancer 2002;37:281.

Stamatis G, Fechner S, Hillejan L, Hinterthaner M, Krbek T.
Repeat mediastinoscopy as a restaging procedure. Pneumologie
2005;59:862—6.

De Leyn P, Vansteenkiste J, Cuypers P, et al. Role of cervical
mediastinoscopy in staging of non-small cell lung cancer
without enlarged mediastinal lymph nodes on CT scan. Eur
J Cardiothorac Surg 1997;12:706—12.

Annema JT, Versteegh MI, Veselic M, et al. Endoscopic
ultrasound added to mediastinoscopy for preoperative staging
of patients with lung cancer. JAMA 2005;294:931-6.

Andre F, Grunenwald D, Pignon JP, et al. Survival of
patients with resected N2 non-small cell lung cancer:
Evidence for a subclassification and implications. J Clin Oncol
2000;18:2981-9.

Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE, Begg
CB. The influence of hospital volume on survival after resection
for lung cancer. N Engl J Med 2001;345:181-8.

Little AG, Rusch VW, Bonner JA, et al. Patterns of surgical care
of lung cancer patients. Ann Thorac Surg 2005;80:2051-6.
Cheung MC, Hamilton K, Sherman R, et al. Impact of teaching
facility status and high-volume centers on outcomes for lung
cancer resection: An examination of 13,469 surgical patients.
Ann Surg Oncol 2009;16:1001-9.

Meguid RA, Brooke BS, Chang DC, Sherwood JT,
Brock MV, Yang SC. Are surgical outcomes for lung cancer
resections improved at teaching hospitals? Ann Thorac Surg
2008;85:1015-25.

Sioris T, Sihvo E, Sankila R, Salo J. Effect of surgical volume
and hospital type on outcome in non-small cell lung cancer
surgery: A Finnish population-based study. Lung Cancer 2008,
59:119-25.

Birkmeyer JD, Siewers AE, Finlayson EV, et al. Hospital volume
and surgical mortality in the United States. N Engl J Med 2002;
346:1128-37.

Birkmeyer JD, Sun Y, Wong SL, Stukel TA. Hospital volume and
late survival after cancer surgery. Ann Surg 2007;245:777-83.
Lee JS, Scott CB, Komaki R, Ettinger DS, Sause WT. Impact
of institutional experience on survival outcome of patients



72

73

74

75

76

77

78

79

The multidisciplinarity of stage Il non-small cell lung cancer

undergoing combined chemoradiation therapy for inoperable
non-small cell lung cancer. Int J Radiat Oncol Biol Phys
2002;52:362-70.

Davison AG, Eraut CD, Haque AS, et al. Telemedicine for
multidisciplinary lung cancer meetings. J Telemed Telecare
2004;10:140-3.

Martin-Ucar AE, Waller DA, Atkins JL, Swinson D, O’Byrne KJ,
Peake MD. The beneficial effects of specialist thoracic surgery
on the resection rate for non-small cell lung cancer. Lung Cancer
2004;46:227-32.

Forrest LM, McMillan DC, McArdle CS, Dunlop DJ. An
evaluation of the impact of a multidisciplinary team, in a single
centre, on treatment and survival in patients with inoperable
non-small cell lung cancer. Br J Cancer 2005;93:977-8.

Seek A, Hogle WP. Modeling a better way: navigating the
healthcare system for patients with lung cancer. Clin J Oncol
Nurs 2007;11:81-5.

Egger M, Smith GD. Bias in location and selection of studies.
Br Med J 1998;316:61-6.

Feinstein AR, Sosin DM, Wells CK. The Will Rogers
phenomenon. Stage migration and new diagnostic techniques
as a source of misleading statistics for survival in cancer. N
Engl J Med 1985;312:1604-8.

Dillman RO, Chico SD. Cancer patient survival improvement
is correlated with the opening of a community cancer center:
comparisons with intramural and extramural benchmarks. J Onco
Pract 2008;1:84-92.

Pisters KM, Evans WK, Azzoli CG, et al. Cancer Care
Ontario and American Society of Clinical Oncology adjuvant
chemotherapy and adjuvant radiation therapy for stages I-IIIA
resectable non-small cell lung cancer guideline. J Clin Oncol
2007;25:5506—18.

80

81

82

83

84

85

105

Vansteenkiste J, Betticher D, Eberhardt W, De Leyn P.
Randomized controlled trial of resection versus radiotherapy
after induction chemotherapy in stage IIIA-N2 non-small cell
lung cancer [editorial]. J Thorac Oncol 2007;2:684-5.

Van Meerbeeck JP, Kramer GW, Van Schil PE, et al. Randomized
controlled trial of resection versus radiotherapy after induction
chemotherapy in stage IIIA-N2 non-small cell lung cancer. J
Natl Cancer Inst 2007;99:442—50.

Betticher DC, Hsu Schmitz SF, Totsch M, et al. Prognostic
factors affecting long-term outcomes in patients with resected
stage IIIA pN2 non-small-cell lung cancer: 5-year follow-up of
a phase II study. Br J Cancer 2006;94:1099-106.

Eberhardt W, Wilke H, Stamatis G, et al. Preoperative
chemotherapy followed by concurrent chemoradiation therapy
based on hyperfractionated accelerated radiotherapy and
definitive surgery in locally advanced non-small cell lung cancer:
mature results of a phase 11 trial. J Clin Oncol 1998;16:622-34.
Albain KS, Swann RS, Rusch VW, et al.; North American Lung
Cancer Intergroup. Phase III study of concurrent chemotherapy
and radiotherapy (CT/RT) vs CT/RT followed by surgical
resection for stage IIIA(pN2) non-small cell lung cancer:
Outcomes update of North-American Intergroup 0139 (RTOG
9309). J Clin Oncol 2005;23(Suppl 1):624S.

Dooms C, Verbeken E, Stroobants S, Nackaerts K, De Leyn P,
Vansteenkiste J. Prognostic stratification of stage IIIA-N2 non-
small cell lung cancer after induction chemotherapy: a model
based on the combination of morphometric-pathologic response
in mediastinal nodes and primary tumor response on serial 18-
fluoro-2-deoxy-glucose positron emission tomography. J Clin
Oncol 2008;26:1128-34.



	The multidisciplinarity of stage III non-small cell lung cancer
	Introduction
	The multidisciplinary process of staging
	Imaging
	CT-scan
	PET-scan and integrated PET-CT scan
	Post-induction imaging

	Endoscopy
	Standard bronchoscopy
	Blind transbronchial needle aspiration (TBNA)
	EUS-controlled FNA
	EBUS-controlled TBNA
	Post-induction endoscopy

	Surgical techniques
	Cervical mediastinoscopy
	Anterior mediastinotomy
	Video-assisted thoracic surgery (VATS, surgical thoracoscopy)
	Post-induction staging


	When is it really stage III?
	Understaging
	False negative imaging findings
	False negative endoscopic findings
	False negative surgical staging

	Overstaging
	False positive imaging findings
	False positive endoscopy findings
	False positive surgical staging
	The heterogeneity of stage III


	The importance of multidisciplinarity in treatment decisions
	The effect of hospital type
	The effect of multidisciplinary boards

	Conclusion: practical recommendations: assessment of stage III
	Catching the heterogeneity of stage III NSCLC
	How to do baseline staging in practice?
	How to do post-induction staging in practice?

	Conflict of interest statement
	References




