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Abstract: Accurate staging of lung cancer is of utmost importance in determining the stage-appropriate
treatment and prognosis. Imaging tests which include contrast-enhanced computed tomography (CT)
examination of the chest to include the liver and adrenal glands and 18-fluoro-2 deoxyglucose positron
emission tomography (PET)/CT scan facilitate the initial tumor node metastasis (TINM) staging of the
disease and provide guidance on the optimal biopsy site and biopsy method. The diagnostic and staging
approach should be tailored to the individual patient according to risk, benefit, patient preferences, and
available expertise. Diagnosis and staging should preferably be accomplished with a single procedure or
the least number of invasive procedures if more than one is needed. Ideally, centers managing lung cancer
patients should have a multidisciplinary thoracic oncology board prescribing personalized evidence-based
management tailored to each individual patient. Multidisciplinary team (MDT) meetings provide a platform
for key experts from various disciplines to contribute specific advice on the management of each individual
patient. As assessment of mediastinal lymph node involvement is an important component of lung cancer
staging, optimal mediastinal staging can be achieved with a variety of techniques that can be discussed
and performed by the various specialists in the MDT. Despite a relative paucity of quality evidence that
MDT contributes to improvements in lung cancer survival outcomes, this approach has evolved to become
the standard of care in many centers around the world. Thoracic MDT has resulted in more focused
and timely investigations for histopathologic diagnosis and disease staging which translate into earlier
treatment initiation. Moreover, there is increasing evidence that MDT care facilitates and allows access to
investigations that lead to improved accuracy of tumor and nodal staging. However, there is still a paucity of

evidence on the accuracy of lung cancer staging in the MDT setting.
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Introduction

Globally, lung cancer causes the most deaths from cancer
in both men and women (1). Approximately 85% of lung
cancer cases are non-small cell lung cancer (NSCLC) while
small cell lung cancer (SCLC) accounts for most of the rest.
The majority of patients present for a diagnostic work-
up because of lung cancer-related symptoms or because
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of incidental findings on chest radiographs or computed
tomography (CT) scans. The aim of the initial assessment is
to acquire a thorough clinical and radiologic information to
direct tissue biopsy and staging which will then determine
the appropriate stage-specific treatment. This approach
applies both to patients suspected of having NSCLC
or SCLC.
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Initial assessment of patients suspected of
having lung cancer

The aim of the initial work-up of a patient suspected
of having lung cancer is a timely diagnosis and accurate
staging in order to recommend stage-appropriate therapy.
The approach to such a patient is dependent on the clinical
presentation and the technical expertise at the practicing
institution. Patient goals and individual preferences should
also be assessed and established to allow shared decision-
making regarding diagnostic and treatment options. These
may vary from invasive investigations with a curative intent
to settling for symptomatic treatment only with minimal or
no investigation.

At the initial assessment, a symptom-driven assessment
will guide the physician towards the appropriate imaging to
identify nodal involvement or distant metastases. A meta-
analysis of 25 studies assessing the clinical evaluation in
detecting extrathoracic metastases observed high negative
predictive values of 95% for central nervous system, 94%
for intra-abdominal, and 89% for osseous spreads (2).
In addition, the presence or absence of symptoms can
be prognostic. Patients who are asymptomatic or have
symptoms only related to the primary tumor have a better
prognosis compared to patients who are symptomatic of
metastatic disease as demonstrated by a cohort of 1266
patients (3). The likelihood of metastatic disease can
be predicted based on a thorough physical examination
together with the appropriate laboratory investigation,
especially in NSCLC (2). Abnormal laboratory test results
can direct further investigations and imaging to guide
diagnostic and staging work-up.

Imaging is an essential initial step to assess the clinical
extent of disease in the lung, the mediastinal and hilar
lymph nodes, and distant metastases as well as to identify
an optimal site and modality for tissue biopsy to establish
the histopathological diagnosis and also the disease stage.
Whenever feasible and contingent upon accessibility and
risk involved with the procedures, the diagnosis and disease
stage should be determined simultaneously by selecting for
biopsy the lesion that establishes the highest stage of the
disease (4). Biopsy of a lower-stage lesion will often require
additional procedures and biopsies to more accurately
stage the disease. For example, thoracentesis for pleural
fluid cytology examination for M1a disease, transbronchial
needle aspiration (TBNA) biopsy of mediastinal N2 or
N3 lymph nodes or biopsy of a suspected metastasis (M1b
or Mlc) may establish both the diagnosis and stage of

© Translational Lung Cancer Research. All rights reserved.

1655

the disease (5). If pleural fluid for cytology is negative for
malignant cells, image-guided needle biopsy of the pleura
or pleuroscopy should be performed to confirm pleural
metastasis. However, some patients may require more than
one imaging study and/or tissue sampling procedures for
both diagnosis and staging. If imaging reveals multiple
sites of metastases, selecting the safest or easiest approach
for pathologic confirmation of lung cancer is preferred.
Unnecessary additional procedures can be avoided by
careful study of imaging findings.

Although diagnosis and staging are usually separately
discussed, they are integrated into a single process in clinical
practice where prior to performing a biopsy for diagnosis,
staging and the potential for treatment are considered at the
same time. Hence, assessments of the patient’s underlying
pulmonary physiology, comorbidities if any and ability
to tolerate treatment, and the initial imaging are done in
parallel. The choice of biopsy site and procedure used are
influenced by tumor location and characteristics, patient
comorbidities, availability of equipment, local expertise and
procedural proficiency, as well as patient preferences (6,7).

The role of multidisciplinary team (MDT) in the
assessment of patients suspected to have lung
cancer

Changes of the diagnostic, staging and therapeutic landscape
in lung cancer in recent years necessitate a multidisciplinary
approach in managing the disease as is the case in other
cancers (8). The best in lung cancer care requires a MDT
of experts who regularly manage lung cancer patients. The
pulmonologist plays a central role in the MDT starting with
making the diagnosis, staging and eventually management
including end-of-life care. Optimal treatment also requires
care which must be prompt and patient-centered. Close
collaborations between pulmonologists and radiologists,
nuclear medicine specialists, pathologists, thoracic surgeons
with lung cancer specialization, medical and radiation
oncologists, palliative care physicians, specialist nurses and
pharmacists form the basis of a MD'I. To coordinate patient
care among these various disciplines, multidisciplinary
lung cancer clinics are recommended (8). With the shift
towards a multidisciplinary approach, many institutions
offering cancer care incorporate a MDT for case discussion,
collaborative decision-making, sharing of knowledge
among the team members and for making collective
recommendations for the diagnosis, staging and appropriate
treatment of patients with lung cancer which are evidence-
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based (8-16).

Involving an MD'T early can expedite the diagnosis and
staging processes with fewer unnecessary tests. Regular
MDT meetings have become a norm in oncology and
have attained the status of being the prime decision-
making platform for managing patients with cancers.
Such multidisciplinary discussions are held either in
multidisciplinary clinics and/or tumor boards. While
differing terminology such as multidisciplinary clinics,
multidisciplinary cancer conferences, multidisciplinary case
reviews, or tumor boards are used to reflect the differences
in the structure of the organization, these MDT meetings
all provide a platform for the various disciplines to convene
on a regular basis to deliberate on the diagnosis, staging and
treatment of lung cancer patients. These MDT meetings
serve to ensure timely diagnosis and the best available
evidence-based care is given to patients. They also serve to
facilitate effective communication and information among
all health care professionals to keep its members abreast
on the latest developments in thoracic oncology, while
providing medical education to trainee doctors. The MDT
approach allows monitoring of adherence to evidence-
based guidelines while streamlining resources to improve
efficiency and cost effectiveness, and shortening waiting
times.

An MDT setting facilitates and eases communications
and face-to-face discussion among the healthcare
professionals involved with the management of the
patient. A team effort is needed to ensure that the most
appropriate tests are selected, procedures are safe and
performed correctly so that the results obtained can be
used to positively affect the management of the patient.
Each institution can develop their own algorithm for
tissue sampling for the diagnosis and staging of NSCLC
by adapting guidelines of the American College of Chest
Physicians (ACCP), European Society of Thoracic Surgeons
(ESTS) and International Association for the Study of Lung
Cancer/American Thoracic Society (IASLC)/European
Respiratory Society (ERS) (11,14,17,18). These guidelines
have a common goal to expedite investigations, optimize the
utilization of available resources, standardize the approach
to evaluation and treatment of patients with lung cancer
and in general enable a more efficient delivery of lung
cancer management service (4,11). A coordinated effort
and good communication between the bronchoscopist,
thoracic surgeon, or interventional radiologist on one
hand and the cyto-/histopathologist on the other to collect
sufficient specimens for diagnostic testing is of utmost
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importance especially when the diagnosis and staging
hinge on the yield of these procedures. Furthermore in
this era of personalized treatment of advanced NSCLC
based on histologic subtyping and molecular profiling,
adequate specimens should be obtained and processed in
a way that provides enough information to guide therapy
without wastage of tissues. As many diagnostic tests may be
required the specimen obtained should be used sparingly
at each step (13,19) Pathologists must conserve tissue
during diagnostic examination by using a limit panel of
immunohistochemistry for histologic subtyping of NSCLC
and prioritize molecular testing for targeted therapies in
advanced NSCLC (20-22).

In the initial evaluation of the disease, pulmonologists
play an important role in performing diagnostic procedures
such as bronchoscopy, endobronchial ultrasound (EBUS),
thoracentesis, and pleuroscopy to sample tissue specimens
to establish the diagnosis and stage as well as guide tissue-
directed and personalized targeted treatment (23,24).
Moreover, in European and many Asian multidisciplinary
centers, pulmonologists direct the MDT meetings and are
the ones responsible for the prescription of targeted therapy
and cytotoxic chemotherapy to patients with lung cancer
(15,25). In addition to monitoring patients with resected
stage II and III NSCLC, adjuvant chemotherapy is also
prescribed by the pulmonologist in many of these centers.
Adjuvant chemotherapy is also considered on a case-to-case
basis in patients with resected stage IB disease and a primary
tumor measuring more than 4 cm (26). The patient’s
underlying comorbidity, time since surgery and postsurgical
recovery have to be factored in when deciding on adjuvant
chemotherapy in an MDT meeting (26).

Timeliness in the evaluation of patients
suspected to have lung cancer

The evaluation of patients suspected to have lung cancer
should be performed in the shortest time possible and in
the most efficient manner (18). As mentioned, the initial
evaluation to make a diagnosis, to determine the clinical
stage of the lung cancer and the development of a treatment
plan, often occurs concurrently and not necessarily in a
sequential manner. While the majority of patients can be
investigated as outpatients, patients with comorbidities
or complications such as respiratory failure, severe
hemoptysis, disabling brain or bone metastases may warrant
hospitalization and work-up as in-patients. The diagnosis
should be established expeditiously especially when SCLC
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is suspected and in patients with large, rapidly growing
central tumors or bulky multi-station mediastinal nodes
which may compromise the airways. Some observational
studies have shown a shortened time to treatment initiation,
improved surgical resection rates and patient satisfaction
with multidisciplinary thoracic oncology team review and
healthcare facility-implemented rapid diagnostic and
investigation processes (27-29). However, other patient-
relevant outcomes such as survival have not been shown to
improve despite such interventions. Preferably the initial
evaluation should be completed within six weeks in patients
with tolerable symptoms and no obvious complications (18).
While the growth of most cases of NSCLC is relatively
slow with a volume doubling time of 3 to 6 months, rapid
disease progression can sometimes occur during the
evaluation period. Since disease progression can occur with
treatment delay, diagnosis, staging, and treatment initiation
should be expedited. In a case series, progression of disease
was documented in 13%, 31%, and 46% of patients by
CT and PET scan at 4, 8, and 16 weeks from the first
imaging, respectively, with new distant metastasis document
in 3%, 13%, and 13% of cases after 4, 8, and 16 weeks,
respectively (30). Restaging investigations should
therefore be strongly considered after 4 to 8 weeks of
delay (30). Staging CT and PET/CT should be done not
more than 60 days before surgery (4).

The importance of accurate staging in lung
cancer

Accurate staging to determine the extent of the disease is of
great importance in patients diagnosed with lung carcinoma
because of its impact on treatment options and prognosis
(4,17,26). The types of staging in patients with NSCLC
include clinical staging, surgical-pathologic staging and
restaging for recurrent disease. The clinical-diagnostic
stage, assigned the prefix ¢, is based on information from
clinical examination, and all laboratory, radiologic, and
pathologic investigations performed before surgical
resection (5). The accuracy of clinical-diagnostic staging is
dependent on the intensity of the preoperative assessment;
an insufficiently investigated patient may be inaccurately
under- or over-staged. An incorrect or insufficient cITNM
classification can lead to erroneous decision on treatment
options, such as offering palliative treatment to potentially
curable patients or conversely subjecting patients with
advanced disease to aggressive curative treatment. The
likelihood of erroneous staging and treatment decision is
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reduced by MDT reviews. While clinical evaluation and
imaging such as CT provide a basis to estimate the extent
of the disease, additional tests are needed in most cases for
accurate staging. The more accurate surgical-pathologic
stage (pTNM) is based on the clinical stage (cTNM) plus
additional histopathologic information from the resected
tumor and lymph nodes (5). This staging confirms the T
descriptor, N descriptor, and histologic type of the lung
cancer. In addition, it incorporates information on the
histologic grade, resection margins, and presence of any
lymphovascular infiltration. The pTINM stage is considered
to be the ‘true’ stage, and the degree of concordance
between the cTNM and pTNM stage is a reflection of the
diligence and quality of the evaluation to make the diagnosis
and to stage the tumor. A stage for retreatment is assigned
if there is disease recurrence with a whole new set of staging
evaluations followed by new treatment recommendation.

In patients who undergo surgical resection, all staging
parameters recommended by the American Joint Committee
on Cancer (AJCC) have to be carefully examined by the
histopathologist. The size of the tumor, extent of invasion,
clearance of surgical margins, and the presence of regional
lymph node metastases should be determined by a thorough
examination of the resected specimens. The number
of affected lymph node stations should be accurately
documented since this will affect the surgical-pathologic
stage, the prognosis, and the need for adjuvant treatment.
Even in patients undergoing a sublobar resection, N1 and
N2 lymph node stations should be sampled or resected
unless technically not feasible or associated with increased
operative risk (4). For lobar resection, the lobe should be
extensively dissected and examined for any lymph node
involvement.

Lung cancer staging procedures

Lung cancer staging can be achieved by several noninvasive
and invasive investigations. The selection of the most
appropriate investigation by the MDT should take into
account of the way the patient presents and also the
patient’s preference. The algorithm for staging should
include a contrast CT of the chest and upper abdomen
to include the liver and adrenal glands, positron emission
tomography (PET)/CT to guide mediastinal staging and to
exclude extrathoracic metastases in patients considered for
curative surgery, endosonography-guided needle sampling
of mediastinal lymph nodes, and brain imaging as clinically
indicated (25). A PET/CT is recommended in patients who
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are potential candidates for therapy with a curative intent
(clinical Stage IA-IIIB) (8).

Imaging modalities for accurate staging of lung
cancer

Imaging modalities for accurate lung cancer include a CT,
whole body 18-fluorodeoxyglucose (FDG) PET or an
integrated PET/CT, and magnetic resonance imaging (MRI)
of the brain. CT is the most widely-used imaging modality
for staging across many different centers because it is readily
available and relatively inexpensive. Patients suspected of
having lung cancer eligible for treatment should undergo at
least a contrast enhanced chest CT with imaging through
the upper abdomen, liver, and adrenal glands (17,26). Chest
CT provides the basis for initial assessment of the tumor,
node, and metastasis (INM) stage of the disease.

While CT of the thorax is able to identify the
location of the tumor and the presence of involved
mediastinal lymph nodes, it is limited in its ability to
differentiate benign from malignant lung nodules and
enlarged lymph nodes. The sensitivity and specificity
of CT scan in detecting malignant mediastinal lymph
node involvement are relatively low at 55% and 81%,
respectively (17).

In contrast, FDG-PET scanning has a much higher
accuracy in identifying metastasis to the mediastinal lymph
nodes. In a systematic review of 45 studies, the sensitivity,
specificity, positive predictive and negative predictive
values of PET-CT was 80%, 88%, 75% and 91%,
respectively (17). PET-CT was also more sensitive in
detecting distant extrathoracic metastases except for brain
metastases which requires imaging with contrasted brain
CT or MRI (31-37). FDG-PET is also limited in its ability
to differentiate benign (e.g., inflammation or infection)
from malignant disease. Thus, tissue sampling of suspicious
lesions is still mandatory.

As mentioned above, the high negative predictive
value of FDG-PET pre-empts more invasive diagnostic
investigations if there is no extra FDG-uptake in the
mediastinum, except in special circumstances where the
tumor is located centrally, or in the case of adenocarcinoma-
in-situ and N1 disease. This allows curative surgery to be
undertaken with confidence.

However, the high false-positive rate of PET-CT
means a positive FDG-PET examination necessitates
histo-/cytopathological confirmation. PET-CT also has
a significant false-negative rate in certain circumstances
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such as when lymph nodes are only moderately enlarged or
not at all (38). In these circumstances, metastases in non-
FDG-avid normal-sized or moderately enlarged lymph
nodes should be excluded through diagnostic procedures
such as EBUS or mediastinoscopy (39,40). Approximately
4% of patients with what appears to be stage I disease and
a normal PET-CT have been found subsequently to have
N2 disease. Since metastases can occur in non-FDG-avid
normal sized or moderately enlarged lymph nodes, there
is no doubt that larger non-FDG-avid lymph nodes with
a higher probability of N2 disease should be sampled. N2
lymph nodes which are positive for metastases increase the
likelihood of positive N3 nodes. Therefore, it is advisable
that evaluation of the mediastinum includes sampling of the
subcarinal and contralateral lymph node stations (4).

The specificity of PET-CT is affected by the prevalence
of other FDG-avid diseases in the population such as
tuberculosis (TB) and sarcoidosis and has been reported to
be not more than 90% in such populations (17). In countries
where TB is endemic, the accuracy of PET/CT in lymph
node staging may be lesser. In a meta-analysis of seven
studies evaluating the diagnostic performance of PET/
CT for lymph node staging in NSCLC patients located
in regions endemic for TB versus regions not endemic for
TB, the pooled sensitivity, specificity, positive likelihood
ratio and negative likelihood ratio were 66%, 92.7%, 5.86%
and 0.41%, respectively for patient-based analyses, while
these were 59.4%, 96.5%, 9.37% and 0.31%, respectively
for lesion-based analyses (41). TB endemic regions have
lower sensitivity and similar specificity as non-TB endemic
regions.

The National Comprehensive Cancer Network
guidelines recommend PET scanning even in peripheral
radiographic stage IA1-3 (T1a-cNOMO0) NSCLC (4) even
though metastatic disease is infrequent with a prevalence
of about 4% (42). While surgical resection may proceed
in this situation without prior PET scanning and with
mediastinal sampling performed intraoperatively, pre-
operative PET scanning should be performed in patients
of high surgical risk to exclude them from unnecessary
surgery (39,40,42-45).

Except for brain metastases, whole body PET or PET/
CT is more accurate than CT for detecting pleural and
extrathoracic metastases (31-37). According to small
randomized studies and case series, PET or PET/
CT scanning can discover unsuspected metastases in 6% to
36% of NSCLC patients (46-49). In addition, alteration of
the TNM staging occurs in up to 22% of patients following
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PET or PET/CT (32,37,50,51). Although randomized
trials showed that although integrated PET/CT prevented
unneeded futile thoracotomies in 7% to 17% of patients
with potentially resectable NSCLC by altering the TNM
staging (52,53), survival improvement has not been
demonstrated.

Gadolinium-enhanced MRI of the brain is more
sensitive than non-enhanced MRI or CT in detecting brain
metastases (54,55) Gadolinium-enhanced brain MRI is
used to exclude brain metastases in patients with early stage
disease planned for curative surgery, to investigate patients
symptomatic of brain metastases and to assist in treatment
decision making in asymptomatic patients with locally
advanced or advanced NSCLC.

Choice of modality for mediastinal sampling

As mentioned earlier, assessment of the mediastinal lymph
nodes is an important component of lung cancer staging.
Absence of mediastinal lymph node involvement is an
important determinant of tumor resectability. Pathologic
confirmation of tumor involvement of enlarged mediastinal
lymph nodes on CT or metabolically active nodes on PET
scan is recommended in patients with otherwise potentially
resectable tumor. International guidelines recommend
selecting needle-based or surgical techniques for obtaining
a cytohistologic diagnosis from the primary tumor and/
or mediastinal or hilar lymph nodes (8). Selection of the
optimal biopsy site and sampling modality should be driven
by evidence-based protocols that involve a lung cancer
tumor board or MDT. With a wide variety of possible
techniques that can be performed by the various specialists
in the MDT, the choice of the modality for optimal
mediastinal lymph node staging is a collective decision
made by the MDT.

Having a good working knowledge of the TNM staging
system, the mediastinal lymph node stations (56) and
treatment options for each stage of NSCLC, is essential for
decision making regarding the optimal biopsy site. Assessing
the risk of N2 and N3 lymph nodal involvement and the
risk of metastatic disease is important when selecting
specimen sampling procedures. The choice of a tissue
sampling procedure for patients with suspected mediastinal
nodal involvement is dependent on the site of the primary
tumor and suspected lymph nodes, available expertise,
treatment options for the suspected stage, and patient
safety and preferences (25). When choosing one modality
over another, knowledge of the accessibility of the primary
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tumor and mediastinal nodes by the variety of minimally
invasive and invasive techniques is essential. Needless
to say, the modality that is safest to perform and has the
highest yield to achieve a diagnosis should be chosen.
Transbronchial needle aspiration guided by endobronchial
ultrasound (EBUS-TBNA) with or without transesophageal
endoscopic ultrasound fine needle aspiration (EUS-FNA)
are the preferred initial procedures for sampling suspected
nodal metastasis(es).

Minimally invasive procedures for lung cancer
staging

Blind TBNA which has a low diagnostic yield of
approximately 40% when used to sample suspicious
lesions or enlarged mediastinal lymph nodes noted on CT
has been superseded by endoscopic-ultrasound guided
procedures, EBUS and EUS with diagnostic yields up to
90%. While EBUS-TBNA enables real-time sampling
of the paratracheal, retrotracheal, subcarinal, hilar, and
interlobar lymph nodes (stations 2R, 2L, 3p, 4R, 4L, 7,
10R, 10L, 11R, and 11L) (56), EUS- FNA allows sampling
of the mediastinal nodes situated next to the esophagus
which include the retrotracheal (station 3p), left lower
paratracheal (station 4L), aortopulmonary (station 5),
subcarinal (station 7), and the paraesophageal and
pulmonary ligament (stations 8 and 9) nodes in the inferior
mediastinum (56) as well as liver and left adrenal metastases.
A more complete mediastinal staging can be accomplished
by combining EBUS-TBNA and EUS-FNA if needed as
the complementary reach of these two procedures allow
assessment of different parts of the mediastinum. EBUS-
TBNA, EUS-FNA and combined EBUS/EUS-NA have
sensitivities of about 89%, 89% and 91%, respectively.
These minimally invasive sampling techniques are as
accurate as mediastinoscopy in experienced hands (57,58),
thus reducing the need for surgical staging. Institutions that
perform higher volumes of procedures may be more willing
to sample smaller and difficult to reach lesions.

Rapid on site cytopathology examination (ROSE) during
EBUS-TBNA improves diagnostic yield of EBUS-TBNA,
shortens the time of the procedure, and improves adequacy
of specimen for molecular testing but according to the
World Association for Bronchology and Interventional
Pulmonology guidelines ROSE is not necessary for every
case for an experienced operator (59). The accuracy of these
minimally invasive EUS-guided needle sampling procedures
should be weighed in the context of its limitations including
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the inability of EBUS-TBNA to access nodes in the inferior
mediastinum (stations 8 and 9) and aortic nodes (stations
5 and 6) and variable operator proficiency. The usage of
EBUS-TBNA, EUS-NA or EBUS/EUS-NA for lung
cancer staging reflects the need for a multidisciplinary
coordinated effort such as between the pulmonologist and
the cytopathologist to collect and triage specimens. Both
the bronchoscopist and pathologist must understand the
rationale for histologic and molecular testing of tumor
specimens and ensure that sufficient cytologic specimens
can be processed in a specimen conserving manner
without wastage to guide treatment in the current era of
personalized targeted therapy.

Invasive mediastinal lymph node sampling is
recommended in patients with discretely enlarged
mediastinal nodes with or without PET uptake and in the
absence of distant metastases (17). Invasive mediastinal
lymph node sampling is also recommended for patients
with a normal mediastinum on CT scan or PET/CT if
the primary tumor is centrally located or if there is hilar
lymph node enlargement (17). However, when there is
overwhelming evidence of extensive tumor infiltration or
distant metastases, these invasive procedures to sample
enlarged mediastinal nodes are not required (17). Pre-
operative mediastinal staging is also not necessary in
patients with peripheral lesions not larger than 3 cm and
non-hypermetabolic non-enlarged lymph nodes by CT/
PET, as the risk of N2 and N3 disease is low (17). These
patients with suspected T1a(mi)NOMO, T1aNOMO,
T1bNOMO, or T1cNOMO (i.e., stage IA1/TA2/IA3) disease
may proceed with surgery with intraoperative mediastinal
lymph node systematic sampling or dissection rather than
preoperative invasive mediastinal staging.

Invasive surgical procedures for lung cancer
staging

If despite negative results from minimal invasive procedures
described above, more invasive surgical staging by cervical
mediastinoscopy (for stations 1, 2, 3, 4, anterior 7, 10),
anterior mediastinotomy (or Chamberlain procedure) (for
stations 5 and 6) or video-assisted thoracic surgery (VATS)
for ipsilateral mediastinal nodes (stations 4, 5, 6, 7, 8, 9,
10 to 14) is recommended if suspicion of mediastinal node
involvement remains high (17). In the special circumstance
of left upper lobe tumors, assessment of the aortopulmonary
window nodes using invasive procedures such as extended
cervical mediastinoscopy, Chamberlain procedure or VATS
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maybe considered if involvement of other mediastinal node
stations are not apparent on PET/CT scan (17).

For patients who undergo surgical resection,
complete mediastinal lymph node dissection or at least
systematic mediastinal lymph node sampling is needed
to accurately assess the pathologic stage to determine
the need for adjuvant therapy (8). Whether mediastinal
lymphadenectomy confers a survival benefit over
systematic mediastinal lymph node sampling is unclear,
but lymphadenectomy is generally recommended if there
is N2 node involvement. If incidental N2 disease (IITA)
is discovered at surgery for clinical stage I or II NSCLC
despite thorough preoperative staging and provided that
complete resection of the N2 nodes and the primary tumor
is technically feasible, completion of the decided lung
resection and mediastinal lymphadenectomy is proposed
provided an RO resection is deemed possible (8).

If discrete N2 nodal involvement is identified
preoperatively (IITA), the multimodality treatment plan
of either definitive chemoradiation therapy or induction
therapy followed by surgery should be decided upon after
discussion by the MDT which should consist of at a least
a thoracic surgeon, medical oncologist, and radiation
oncologist (8). Multimodality treatment such as these
should be carried out in centers with experienced MDTs
to co-manage the potential toxicities and complications
associated with the prescribed treatment.

The AJCC, Union for International Cancer Control
(UICC), and IASLC recommend at least six lymph nodes are
removed during surgery, i.e., a representative node from each
station, three from N1 stations and three from N2 stations,
one of which should be subcarinal node (station 7) for accurate
staging (5,60). Adequate surgical N staging should include
systematic sampling or dissection of nodes from stations 2R,
4R, 7, 10R and 11R for right-sided tumors; stations 5, 6,
7, 10L and 11L for left-sided tumors; with station 9 nodes
included for tumors of the lower lobes. Intrapulmonary
lymph nodes at stations 12-14 are usually examined by the
pathologist in lobectomy or pneumonectomy specimens but
may be separately removed by the surgeon when sublobar
resections are performed such as segmentectomy. The
sampled or dissected nodes should be labelled according to
the TASLC nodal definitions and chart (61).

Mediastinal lymphadenectomy involves the surgical
resection of all mediastinal lymph node tissues identifiable
based on anatomic landmarks (62). The accuracy
of mediastinal staging is expected to be better with
lymphadenectomy performed during surgery compared with
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nodal biopsy by minimally invasive or invasive procedures.
If more limited mediastinal node sampling is performed and
the result is negative, opinions are divided as whether NO
status should be recognized. While some would classify this
as pNO, others would designate this as pNO(un) to reflect a
degree of uncertainty.

The number of metastatic hilar or mediastinal node or
lymph node station has survival impact. The international
multispecialty Staging and Prognostic Factors Committee
appointed by IASLC considered further subdivisions of
the N categories of the TNM staging system to include
the number of node stations involved. Analyses of the
lung cancer database showed that there are differences
in overall survival between p-stage tumors with single vs.
multiple N1 or N2 station involvement, but no difference
in prognosis between multiple N1 station involvement
(N1b) and a single-station mediastinal nodal skip metastasis
without N1 involvement (N2al) (63). This N subgrouping
is not included in the eighth edition of the TNM stage
classification, mainly because it cannot be accurately
determined in clinical staging.

The importance of high-volume specialized
centers and MDTs

Data show that survival in patients with lung cancer is
improved when they are treated by high-volume specialized
centers and MDTs which provide more complete staging,
better adherence to evidence-based guidelines, and
better treatment decisions than low-volume or non-
multidisciplinary centers (8,64,65). The ERS/ESTS
guidelines for fitness for radical therapy of lung cancer
recommend the management of lung cancer patients by
MDTs comprising pulmonologists, thoracic surgeons,
medical oncologists, and radiation oncologists (66). The
ACCP recommends the same for patients with potentially
resectable lung cancer (8). Evidence supporting the MDT
management model comes mostly from publications
on cancer management in general and a few studies in
lung cancer. A single center study in Scotland reported a
significant improvement in the overall survival of patients
with inoperable NSCLC from 3.2 months in 1997 to
6.6 months in 2001 which was attributed to the introduction
of MD'T management in the later year (65).

Despite a relative paucity of quality evidence that
multidisciplinary care contributes to better survival
outcomes, the MDT approach has evolved to become
the standard of care in many centers around the world.

© Translational Lung Cancer Research. All rights reserved.

1661

A systematic review of the evidence for multidisciplinary
management of lung cancer has been published,
reflecting the paucity of evidence for MDT practice in
this disease (67). Assessing the effects of MDT care on
the different outcomes of lung cancer such as accuracy
in staging and survival improvement is difficult because
of constraints in performing randomized trials due to
the difficulty in recruiting patients where this practice is
not the standard of care. Thus, studies have been mostly
observational. In a review, Patkar er 4/. identified 15 studies
which included various cancers and not limited to lung
cancer, and comprising a single randomized controlled trial
and mostly case series (68). These studies mostly studied
patient outcomes before and after the implementation of
MDT management. Interpreting the results of observation
studies are made difficult because of the confounding
effects of more effective therapies such as the tyrosine-
kinase inhibitors and other advances in treatment including
minimally invasive surgical techniques that have been
shown to improve the survival of lung cancer patients (69).

When it comes to accuracy of staging, MDT meetings do
facilitate discussions between the various experts regarding
the choice of site and technique used for tissue sampling to
ensure that the site with the highest probability of obtaining
tissue or the site that gives the information on the highest
stage of the lung cancer is targeted first, thereby minimizing
the need for additional procedures (15). There is evidence
to show that multidisciplinary care improves the access
to the most accurate staging investigations which in turn
improves the accuracy of cancer staging, but this has only
been reported in gastro-esophageal cancer and there is still a
paucity of evidence when it comes to lung cancer (70,71). In
the afore-mentioned study, collective MDT staging where
an overall clinical stage for each patient was determined
after discussion at the MDT meeting was more accurate
than any individual imaging techniques such as EUS, CT
scan, and laparoscopic ultrasound for gastric and oesophageal
cancer (70). Some studies have reported that thoracic MDT
has resulted a more rapid turnaround time to tissue diagnosis
and staging, resulting in earlier initiation of therapy (72).

In a retrospective review involving 1,222 lung cancer
patients, the MDT approach resulted in an increase of
subspecialty referrals by 50%, leading to more rapid tissue
diagnosis and staging (73,74). Boxer et al. also reported
that patients who were managed by a MDT had better
characterization of their clinical stage, Eastern Cooperative
Oncology Group performance status and type of
malignancy (73). Another study also showed that patients
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discussed by an MDT were statistically more likely to
have a complete staging (79% vs. 93%), earlier access to
treatment (29 vs. 17 days) and treatment in accordance
with international cancer guidelines (81% vs. 97%) (64).
More recently, some studies have concluded that MDT
management is associated with a better survival in NSCLC
patients with Stage III and IV disease (75) and across all
stages of disease (76-79). Patients who are discussed at
an MDT meeting are more likely to receive anticancer
treatment (79).

The impact of multidisciplinary care in lung cancer
can be observed on certain key measures which include
improved survival, accuracy of staging, access to diagnostic
procedures, improvement in decision making, better
utilization of resources such as radiotherapy and palliative
care services, and improved care coordination, which
translate into better patient experience and improved
quality of life. The multidisciplinary approach also
advocates standardized treatment according to guideline
recommendations and encourages audit of services to
improve the standards and quality of care (80). However,
although recommended by professional societies, MDT
management is not practiced universally.

Conclusions

Lung cancer survival and other outcomes are dependent not
only on the histologic characteristics and accurate staging
but also on the presence and appropriate management
of comorbidities, local symptoms and treatment-related
complications and toxicities. Ideally, centers managing
patients with lung cancer should have MDTs with a
thoracic oncology board recommending evidence-based
and guideline-compliant management. Despite a relative
paucity of quality evidence that the multidisciplinary care
contributes to better lung cancer survival outcomes, the
MDT approach has evolved to become the standard of care
in many centers worldwide. Thoracic MDT has resulted
in more timely investigations that lead to faster diagnosis
and staging, resulting in earlier initiation of therapy. While
there is evidence that access to the most accurate staging
investigations is improved by multidisciplinary care which
improves the accuracy of staging of gastro-esophageal
cancer, there is a paucity of such evidence for lung cancer.
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