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Background: Correctly staging lung cancer is important because the treatment options and prog-
nosis differ significantly by stage. Several noninvasive imaging studies and invasive tests are avail-
able. Understanding the accuracy, advantages, and disadvantages of the available methods for
staging non-small cell lung cancer is critical to decision-making.
Methods: Test accuracies for the available staging studies were updated from the second iteration
of the American College of Chest Physicians Lung Cancer Guidelines. Systematic searches of the
MEDLINE database were performed up to June 2012 with the inclusion of selected meta-analyses,
practice guidelines, and reviews. Study designs and results are summarized in evidence tables.
Results: The sensitivity and specificity of CT scanning for identifying mediastinal lymph node
metastasis were approximately 55% and 81%, respectively, confirming that CT scanning has
limited ability either to rule in or exclude mediastinal metastasis. For PET scanning, estimates of
sensitivity and specificity for identifying mediastinal metastasis were approximately 77% and
86%, respectively. These findings demonstrate that PET scanning is more accurate than CT scan-
ning, but tissue biopsy is still required to confirm PET scan findings. The needle techniques endo-
bronchial ultrasound-needle aspiration, endoscopic ultrasound-needle aspiration, and combined
endobronchial ultrasound/endoscopic ultrasound-needle aspiration have sensitivities of approxi-
mately 89%, 89%, and 91%, respectively. In direct comparison with surgical staging, needle tech-
niques have emerged as the best first diagnostic tools to obtain tissue. Based on randomized
controlled trials, PET or PET-CT scanning is recommended for staging and to detect unsuspected
metastatic disease and avoid noncurative resections.
Conclusions: Since the last iteration of the staging guidelines, PET scanning has assumed a more
prominent role both in its use prior to surgery and when evaluating for metastatic disease. Mini-
mally invasive needle techniques to stage the mediastinum have become increasingly accepted
and are the tests of first choice to confirm mediastinal disease in accessible lymph node stations.
If negative, these needle techniques should be followed by surgical biopsy. All abnormal scans
should be confirmed by tissue biopsy (by whatever method is available) to ensure accurate staging.
Evidence suggests that more complete staging improves patient outcomes.
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Abbreviations: APW = aortopulmonary window; EBUS = endobronchial ultrasound; EUS = endoscopic ultrasound;
FDG = F-fluoro-2-deoxy-D-glucose; FN = false-negative; FP = false-positive; LUL = left upper lobe; NA = needle aspi-
ration; NPV = negative predictive value; NSCLC = non-small cell lung cancer; PPV = positive predictive value; RCT = ran-
domized controlled trial; SCLC = small cell lung cancer; TBNA = transbronchial needle aspiration; TN = true-negative;
TP = true-positive; TTNA = transthoracic needle aspiration; VATS = video-assisted thoracic surgery
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SUMMARY OF RECOMMENDATIONS

General Approach

2.1.1. For patients with either a known or sus-
pected lung cancer who are eligible for treat-
ment, a CT scan of the chest with contrast is
recommended (Grade 1B).

Remark: If PET scan is unavailable for staging, the
CT of the chest should be extended to include the liver
and adrenal glands to assess for metastatic disease.

2.1.2. For patients with either a known or sus-
pected lung cancer, it is recommended that
a thorough clinical evaluation be performed
to provide an initial definition of tumor stage
(Grade 1B).

2.1.3. In patients with either a known or sus-
pected lung cancer who have an abnormal clin-
ical evaluation and no suspicious extrathoracic
abnormalities on chest CT, additional imaging
for metastases is recommended (Grade 1B).

Remark: Site specific symptoms warrant directed eval-
uation of that site with the most appropriate study.
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Extrathoracic Staging

3.1.1. In patients with a normal clinical evaluation
and no suspicious extrathoracic abnormal-
ities on chest CT being considered for curative-
intent treatment, PET imaging (where available)
is recommended to evaluate for metastases
(except the brain) (Grade 1B).

Remark: Ground glass opacities and an otherwise nor-
mal chest CT do not require a PET scan for staging.

Remark: In patients with peripheral stage cIA tumors
a PET scan is not required.

Remark: If PET is unavailable, bone scan and abdom-
inal CT are reasonable alternatives to evaluate for
extrathoracic disease.

3.1.2. In patients with an imaging finding (eg,
by PET) suggestive of a metastasis, further
evaluation of the abnormality with tissue sam-
pling to pathologically confirm the clinical stage
is recommended prior to choosing treatment

(Grade 1B).

Remark: Tissue sampling of the abnormal site is
imperative so that the patient is not excluded from
potentially curative treatment.

Remark: Tissue sampling of a distant metastatic site
is not necessary if there is overwhelming radiographic
evidence of metastatic disease in multiple sites.

Remark: Tissue sampling of the mediastinal lymph
nodes does not necessarily need to be performed if
there is overwhelming radiographic evidence of met-
astatic disease in multiple distant sites.

3.4.1. In patients with clinical stage III or IV
non-small cell lung cancer (NSCLC) it is sug-
gested that routine imaging of the brain with
head MRI (or CT if MRI is not available) should
be performed, even if they have a negative clin-
ical evaluation (Grade 2C).

Mediastinal Staging

4.4.2.1. For patients with extensive mediastinal
infiltration of tumor and no distant metastases,
it is suggested that radiographic (CT) assess-
ment of the mediastinal stage is usually suffi-
cient without invasive confirmation (Grade 2C).

4.4.4.1. In patients with discrete mediastinal
lymph node enlargement (and no distant metas-
tases) with or without PET uptake in medias-
tinal nodes, invasive staging of the mediastinum
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is recommended over staging by imaging alone
(Grade 1C).

4.4.4.2. In patients with PET activity in a medi-
astinal lymph node and normal appearing nodes
by CT (and no distant metastases), invasive stag-
ing of the mediastinum is recommended over

staging by imaging alone (Grade 1C).

4.4.4.3. In patients with high suspicion of N2,3
involvement, either by discrete mediastinal
lymph node enlargement or PET uptake (and
no distant metastases), a needle technique (endo-
bronchial ultrasound [EBUS]-needle aspiration
[NA], EUS-NA or combined EBUS/EUS-NA) is
recommended over surgical staging as a best
first test (Grade 1B).

Remark: This recommendation is based on the avail-
ability of these technologies (EBUS-NA, EUS-NA
or combined EBUS/EUS-NA) and the appropriate
experience and skill of the operator.

Remark: In cases where the clinical suspicion of
mediastinal node involvement remains high after a
negative result using a needle technique, surgical
staging (eg, mediastinoscopy, video-assisted thoracic
surgery [VATS], etc) should be performed.

Remark: The reliability of mediastinal staging may be
more dependent on the thoroughness with which the
procedure is performed than by which test is used.

4.4.6.1. In patients with an intermediate suspi-
cion of N2,3 involvement, ie, a radiographically
normal mediastinum (by CT and PET) and a
central tumor or N1 lymph node enlargement
(and no distant metastases), invasive staging of
the mediastinum is recommended over staging
by imaging alone (Grade 1C).

4.4.6.2. In patients with an intermediate suspi-
cion of N2,3 involvement, ie, a radiographically
normal mediastinum (by CT and PET) and a
central tumor or N1 lymph node enlargement
(and no distant metastases), a needle technique
(EBUS-NA, EUS-NA or combined EBUS/EUS-NA)
is suggested over surgical staging as a best first
test (Grade 2B).

Remark: This recommendation is based on the avail-
ability of these technologies (EBUS-NA, EUS-NA or
combined EBUS/EUS-NA) and the appropriate
experience and skill of the operator.

Remark: In cases where the clinical suspicion of medi-
astinal node involvement remains high after a negative
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result using a needle technique, surgical staging (eg,
mediastinoscopy, VATS, etc) should be performed.

Remark: The reliability of mediastinal staging may be
more dependent on the thoroughness with which the
procedure is performed than by which test is used.

4.4.8.1. For patients with a peripheral clinical
stage IA tumor (negative nodal involvement by
CT and PET), it is suggested that invasive pre-
operative evaluation of the mediastinal nodes is
not required (Grade 2B).

4.4.10.1. For the patients with a left upper lobe
(LUL) cancer in whom invasive mediastinal
staging is indicated as defined by the previous
recommendations, it is suggested that inva-
sive assessment of the Aortopulmonary Window
(APW) nodes be performed (via Chamberlain,
VATS, or extended cervical mediastinoscopy) if
other mediastinal node stations are found to be
uninvolved (Grade 2B).

In patients in whom non-small cell lung cancer
(NSCLC) has been demonstrated or is strongly
suspected, consideration must turn toward deter-
mining the extent of the disease, or its stage, because
this will impact directly on the management and prog-
nosis. The first step is to identify whether the patient
has distant metastatic disease or tumor confined to
the chest, to determine whether treatment should be
aimed at palliation or at potential cure. If disease is
localized to the chest, the status of the mediastinal
nodes becomes crucial in determining the best cura-
tive treatment strategy. Patients with stage 1A, 1B, 1IA,
and IIB disease can benefit from surgical resection;
patients with stage IITA, IIIB, and IV disease rarely
meet the criteria for surgery.

Staging with regard to a patient’s potential for sur-
gical resection is most applicable to NSCLC. Except
in rare cases of surgically operable limited-stage small
cell lung cancer (SCLQC), staging in the management
of SCLC amounts to chemotherapy and radiation for
limited disease or chemotherapy alone for extensive
disease. Stage evaluation of patients with SCLC is
similar but is not addressed in this article; it is cov-
ered by Jett et al> “Treatment of Small Cell Lung
Cancer,” in the American College of Chest Physicians
(ACCP) Lung Cancer Guidelines.

This article addresses the identification of distant
or extrathoracic metastatic disease in patients with lung
cancer and examines imaging studies and invasive
procedures that accurately determine the status of the
mediastinum. The focus is on patients in whom there is
a strong suspicion of lung cancer. Such a presumptive
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clinical diagnosis is generally possible by an experi-
enced physician after an assessment of risk factors
and a review of the clinical presentation and the
radiographic appearance on a CT scan. The next step is
a clinical evaluation, consisting of a history and phys-
ical examination; the clinical evaluation and CT scan
provide an initial presumptive definition of the clin-
ical stage. In some cases, this is sufficiently reliable,
but in most cases, the initial clinical stage must be
confirmed with further tests. Many different tests are
available, and selection of the right tests and their
sequence has a major impact on how accurately and
efficiently the patient’s true clinical stage is determined.
This iteration of the ACCP guidelines combines the
articles that discussed noninvasive and invasive tech-
niques in the previous iterations of the guidelines
because it was recognized that from the clinical per-
spective, physicians use both methods together to
accurately stage patients with lung cancer.>*

When there is a strong suspicion of lung cancer, it
is generally best to begin the process of stage evaluation
before pursuing a diagnosis (see also Rivera et al?

“Establishing the Diagnosis of Lung Cancer,” in the
ACCP Lung Cancer Guidelines). In many situations,
an invasive test can provide simultaneous confirma-
tion of the diagnosis and its stage, leading to a more
streamlined and efficient process. This requires a
good understanding of which imaging findings need
tissue confirmation and this is greatly aided by a
multidisciplinary discussion of a patient’s particular
situation.

It seems intuitive that accurate staging of lung can-
cer is of paramount importance given the markedly
different treatment options and prognosis for any given
stage. Despite this, data have shown that the staging
evaluation has often been carried out very poorly.6
The impact of more thorough staging is marked. Far-
jah et al assessed the use of multimodality staging
for lung cancer among Medicare beneficiaries. They
assessed the use of single (CT scan), bimodality
(CT scan plus PET scan or CT scan plus invasive
staging), or trimodality (CT, PET, and invasive staging)
staging tests to assess for mediastinal metastases. At
the end of the study period, only 30% had bimodality
staging and 5% had trimodality staging, although the
guidelines for many years have called for bimodality
or trimodality staging in the majority of patients.
After adjusting for differences in patient characteris-
tics, those who underwent bimodality and trimodality
staging had a significantly lower risk of death (hazard
ratio, 0.58; 99% CI, 0.56-0.60; tri- vs single-modality:
hazard ratio, 0.49; 99% CI, 0.45-0.54). These associa-
tions were maintained even after excluding various
groups of poor-risk patients (eg, stage IV, anyone suf-
fering early death within 1 month, patients not treated
within 6 months, and so forth). These results may
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reflect unidentified sources of residual confounding,
and it is likely that better staging serves as a marker
for better care in general. Nevertheless, there can be
little doubt that basing treatment decisions on poorly
executed staging evaluations may well lead to subop-
timal treatment and worse outcomes.

1.0 METHODS

The authors updated a systematic review of the diagnostic
accuracy of different staging methods for patients with NSCLC.
A more complete description of the methods can be found in the
first edition of the ACCP guidelines.3491° Briefly, computerized
searches of MEDLINE covering January 1991 to May 2006 for
the previous guidelines and January 2006 to June 2012 for this
iteration were performed. In addition, we searched the refer-
ence lists of included studies, practice guidelines, systematic
reviews, and meta-analyses to ensure that all relevant studies were
identified. Only articles published in English were considered.
The search strategy and results are available on request. The
searches were structured around the following population, inter-
vention, comparator, outcomes (PICO) questions (detailed in
Table 1S):

1. What is the role of PET scan in the staging of patients with
NSCLC?

2. What is the impact of mediastinal staging by imaging and
invasive staging procedures in patients with NSCLC?

1.1 Selection Criteria

Titles and abstracts, and the full text of all articles passing
the title-and-abstract screen, were evaluated independently by
three of the authors (G. S., A. G., M. ].) for inclusion or exclusion
based on the following five criteria: (1) publication in a peer-
reviewed journal; (2) a study size of = 20 patients (except for studies
involving CT scan evaluation of the mediastinum or mediastinos-
copy, which required a study size of =50 patients); (3) patient
group not included in a subsequent update of the study; (4) for
noninvasive staging methods, histologic or cytologic confirmation
of mediastinal nodes or extrathoracic sites in addition to the pri-
mary tumor; for invasive staging methods, confirmation of medi-
astinal nodal biopsy results by histology at the time of resection,
or long-term clinical follow-up (=1 year); and (5) availability of
the raw data needed to calculate independently the sensitivity,
specificity, negative predictive value (NPV), and positive pre-
dictive value (PPV), or the raw data needed to calculate the
NPV of the clinical evaluation. Disagreements were resolved by
consensus.

The data abstraction was performed for patients suspected of
having lung cancer (eg, NSCLC, SCLC). Where possible, patients
suspected of a diagnosis other than lung cancer were excluded. A
definite diagnosis of any lung cancer in the mediastinal tissues was
considered positive, whereas other diagnoses (benign disease,
lymphoma, and so forth) were coded as negative for lung can-
cer. Equivocal test results were considered negative. Data were
abstracted and results were tabulated on a per-patient basis, not
per lymph node station. Calculation of subtotal or total summary
performance characteristics was accomplished by calculating a
median of the values (sensitivity, specificity, and other values)
from each study; in other words, no weighting according to study
size was performed. This method was chosen because of its sim-
plicity. In this iteration of the guidelines, randomized controlled
trials (RCTs) comparing the use of noninvasive staging tests with
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control and those making comparisons among invasive staging
techniques are reported separately.

Various parameters, including sensitivity, speciﬁcity, PPV, and
NPV, can be used to assess the reliability of a test. Sensitivity is
defined as the percentage of people with the disease who are
detected by the test. (It is calculated as the number of true-positive
(TP) results divided by the sum of TP and false-negative [FN]
results). Specificity is defined as the percentage of people without
the disease who were correctly labeled by the test as not having
the disease. (It is calculated as the number of true-negative (TN)
results divided by the sum of the TN and false-positive [FP] results).
Sensitivity and specificity are derived from patient populations in
whom the true disease status is already known, who either all have
or do not have the condition in question. These parameters pro-
vide data about how often the test will be positive or negative for
these respective populations. Thus, these measures provide infor-
mation about the test, because the disease status has already been
determined in the patients. The PPV is defined as the likelihood
that a patient with a positive test result actually has the disease. It
is calculated as the number of TP results divided by the sum of the
TP and FP results. The NPV is defined as the likelihood that a
patient with a negative test result really does not have the disease.
It is calculated as the number of TN results divided by the sum of
the TN and FN results. Thus, these measures provide information
about the disease. Both the PPV and the NPV vary with the prev-
alence of disease, which is the frequency of disease in the popula-
tion, and they are calculated as the number of patients with either
a TP or an FN result divided by the total number of patients.
However, the impact of the prevalence on the NPV and the PPV
is minor unless the prevalence is very high or low, respectively;
therefore, the NPV (or PPV) from studies with >80% (or <20%)
prevalence are excluded from summary calculations. All these
parameters are reported where appropriate.

1.2 Development and Grading of Recommendations

Recommendations were developed by the writing committee
and were graded by a standardized method (described in detail by
Lewis et al,! “Methodology for Development of Guidelines for
Lung Cancer,” in the ACCP Lung Cancer Guidelines). These
were reviewed, revised, and eventually approved by all members
of the lung cancer panel according to the standard process for
these guidelines. After this, there were several additional levels of
internal and external approval (the Thoracic Oncology NetWork,
the Guidelines Oversight Committee, and the Board of Regents
of the ACCP, as well as external reviewers and organizations), as
described elsewhere.!

2.0 GENERAL APPROACH TO PATIENTS

The general approach to patients suspected of having
lung cancer begins with a thorough history and phys-
ical examination. It is important to pay attention to
both organ-specific (bone, brain) and nonspecific
(fatigue, anorexia, weight loss) signs and symptoms of
potential metastatic disease (Fig 1). The details of the
clinical evaluation are discussed later, and were eluci-
dated in detail in previous editions of the lung cancer
guidelines.

Essentially, every patient suspected of having lung
cancer should undergo a CT scan of the chest. This
provides much information about the nature of the
lesion seen on the chest radiograph or about the chest
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FIGURE 1. [Section 2.0, 3.0] Clinical findings suggesting metastatic
disease.

Component I Findings

Symptoms elicited in Constitutional: weight loss (>10 Ib),
history anorexia, fatigue

Musculoskeletal: focal skeletal pain

Neurological: headaches, syncope,
seizures, extremity weakness, recent
changes in mental status

Signs found on physical | Supraclavicular lymphadenopathy (>1 cm)
examination Hoarseness, superior vena cava syndrome

Bone tenderness

Hepatomegaly (>13-cm span)

Focal neurologic signs, papilledema

Soft-tissue mass

Routine laboratory tests | Hematocrit <40% in men, <35% in women
Elevated alkaline phosphatase, GGT, AST,
or calcium levels

AST = aspartate transaminase; GGT = y-glutamyltransferase.

symptoms. The CT scan can either confirm the suspi-
cion of lung cancer or raise suspicion of a different
diagnosis. The radiographic appearance on a CT scan,
together with appropriate risk factors, allows a clin-
ical diagnosis of lung cancer to be made quite reliably
by an experienced physician in the vast majority of
patients (see Rivera et al,7 “Establishing the Diagno-
sis of Lung Cancer,” in the ACCP Lung Cancer
Guidelines). This is an important step because it allows
one to proceed with a thoughtful evaluation of the
stage in most patients and to more efficiently estab-
lish both the diagnosis and the stage with one test,
rather than pursue the diagnosis first, and then begin
to consider the stage. Further details of chest imaging
are covered in the section of this article on medias-
tinal staging.

Although a clinical evaluation may be reliable in
some situations, further confirmation of the initial
clinical stage is needed in many situations. In patients
with a positive clinical evaluation and signs and symp-
toms of metastatic disease localized to a particular
area, directed tests (plain bone films, needle aspira-
tion [NA] of palpable lesions) may be sufficient to
confirm the suspicion expediently. In patients with
less localized or more subtle symptoms of possible
distant metastases, imaging studies are needed. Finally,
in most patients, further imaging is required even
if the clinical evaluation is negative (Fig 2).1122 In
particular, PET imaging has emerged as playing a
prominent role, as discussed in the next section.

The chest CT scan is an important first step, not
only to help define the clinical diagnosis, but to struc-
ture the subsequent staging and diagnostic evalua-
tion. In general, patients with lung cancer can be
separated into four categories with respect to intra-
thoracic radiographic characteristics (including both
the primary tumor and the mediastinum), as shown in
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FIGURE 2. [Section 2.0, 3.0] False-negative rate of a negative clin-
ical evaluation, as compared with either further PET imaging or
conventional imaging (brain MRI/CT scan, abdominal CT scan,
or ultrasound and bone scan). Rates are percentages of patients
with a negative clinical evaluation in whom actual distant metas-
tases are found upon further evaluation, averaged from all avail-
able studies that published stage-specific data: stage cI-III
conventional!316-1820; ¢III PET scan!t1522; ¢I, II conventionall314;
cI PET scan.!31921.22192 The clinical stage is that suggested by the
negative clinical evaluation (ie, MO) and by the chest CT scan.

False Negative Rate of Clinical Evaluation
for Distant Metastases

30
25 1
£ 15 4
Gy
o
x 10 4
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Stage by 0 - . .
Clinical Evaluation: cI-III clll eIl o
VS.
Further Imaging: Conven- Conven-
urther Imaging tional PET tional PET

Figures 3 and 4. The first group (radiographic group A)
involves patients with mediastinal infiltration that
encircles the vessels and airways, so that the discrete
lymph nodes can no longer be discerned or measured.

The second group (radiographic group B) involves
patients with mediastinal node enlargement, in whom
the size of the discrete nodes can be measured. The
last two groups involve patients with normal medias-
tinal nodes. In radiographic group C, the presence of
a central tumor or suspected N1 disease makes the
chance of N2,3 nodal involvement relatively high
(20%-25%) despite normal-sized nodes, and further
confirmation is needed.?*2¢ In the final group (ie, those
with a peripheral clinical stage I tumor), the chance
of either distant metastases or mediastinal involve-
ment is quite low (radiographic group D).2+26

PET imaging has emerged as a particularly useful
test in a large proportion of patients with lung cancer.
It can be used for multiple purposes, including to
help confirm or render less likely a diagnosis of lung
cancer, to detect extrathoracic metastases in patients
who are asymptomatic or have subtle symptoms, to
provide further information regarding the status of
the mediastinum, and to provide an indication of the
tumor’s metabolic activity (as a predictor of biologic
aggressiveness); it also has other treatment-related
uses. PET scanning is usually performed for a combi-
nation of reasons. The amount of data supporting a
role for PET scanning in patients with lung cancer
has increased significantly since the previous guide-
lines, and the most relevant studies are summarized
in the next section.

FIGURE 3. [Section 2.0, 4.1, 4.3] American College of Chest Physicians intrathoracic radiographic
(CT scan) categories of lung cancer. A, Mediastinal infiltration by tumor. B, Enlarged discrete N2,3 nodes.
C, A central tumor or a tumor with enlarged N1 nodes, but a normal mediastinum. D, A peripheral
small tumor (seen in lower left corner of image) with normal-sized lymph nodes.
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FIGURE 4. [Sections 2.0, 4.1] Definition of intrathoracic radiographic categories of lung cancer.

Group | Description

Definition (by chest CT scan)

or measured”

A Mediastinal infiltration | Tumor mass within the mediastinum such that discrete lymph nodes cannot be distinguished

B Enlarged discrete
mediastinal nodes

Discrete mediastinal nodes = 1 ¢cm in short-axis diameter on a transverse CT image

C Clinical stage IT or Normal mediastinal nodes (< 1 ¢cm) but enlarged N1 nodes (= 1 ¢cm) or a central tumor
central stage I tumor (within proximal one-third of the hemithorax)

D Peripheral clinical stage | Normal mediastinal and N1 nodes (< 1 cm) and a peripheral tumor (within outer two-thirds
1 tumor of hemithorax)

“This does not include a tumor mass within the lung that is abutting the mediastinum and tangentially involving
the mediastinal pleura or fat (this situation pertains to the T stage of the primary tumor and not the N stage of

the mediastinum).

2.1 Recommendation

2.1.1. For patients with either a known or sus-
pected lung cancer who are eligible for treat-
ment, a CT scan of the chest with contrast is
recommended (Grade 1B).

Remark: If PET scan is unavailable for staging, the
CT of the chest should be extended to include the liver
and adrenal glands to assess for metastatic disease.

2.1.2. For patients with either a known or sus-
pected lung cancer, it is recommended that a
thorough clinical evaluation be performed to
provide an initial definition of tumor stage
(Grade 1B).

2.1.3. In patients with either a known or sus-
pected lung cancer who have an abnormal clin-
ical evaluation and no suspicious extrathoracic
abnormalities on chest CT, additional imaging
for metastases is recommended (Grade 1B).

Remark: Site specific symptoms warrant directed
evaluation of that site with the most appropriate
study.

2.2 Randomized Trials Involving PET Imaging

PET imaging plays a prominent role in the evalua-
tion of patients with lung cancer, and the 2007 ACCP
lung cancer guidelines recommended PET scans be
performed in most patients. However, the situation is
complex, because PET scans can provide informa-
tion about the primary tumor, about the mediastinal
lymph nodes, and about distant metastases. (PET
scans can also provide information about the meta-
bolic activity of the tumor, about the response to
therapy, and for planning of radiotherapy treatment
fields. However, these issues are not part of the stage
evaluation and are not discussed in this article.) Fur-
thermore, the contribution of PET scanning to the
stage evaluation of patients is influenced by many
factors, such as the likelihood that the patient has
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cancer, the likelihood that metastases are present,
and to what extent the searching for metastases is
accomplished by means other than PET scanning.
Finally, PET scanning is not a definitive test, and
tissue confirmation is often needed; how aggres-
sively this is done also affects the impact PET scan-
ning can have.

Five RCTs that evaluated the role of PET scan-
ning in the evaluation of patients with lung cancer
have been reported (Fig 5)*27% with somewhat dif-
ferent results. Given the fact that the impact of PET
scanning involves a complex interplay of many fac-
tors, this should come as no surprise. This section
summarizes these studies and discusses nuances to
provide a better understanding of the factors involved,
so that a thoughtful integration of PET scanning
into patient management in particular settings can be
accomplished.

Two RCTs of PET scanning found a marked ben-
efit in terms of a reduction, from approximately 40%
to 20%, in the number of noncurative resections per-
formed (defined as the presence of benign disease,
unsuspected N2 involvement, unresectable disease or
recurrence, or death from any cause within 1 year).?73
One study found no difference in the rate of thora-
cotomy or incidence of distant metastatic disease.?
Another study reported no difference in survival or
the rate of thoracotomy, but found that PET scan-
ning, as compared with conventional imaging, led to
a higher rate of correctly identifying M1b disease
(14% vs T%), albeit at the minor expense of a higher
rate of incorrect upstaging (5% vs 1%). In addition,
the final pretreatment stage was less often under-
staged in the PET scan vs the conventional staging
arm (15% vs 30%) when compared with subsequent
events (ie, unsuspected pN2.3 or recurrence within 1
year). PET scanning, as compared with conventional
imaging, also resulted in a lower rate of incorrectly
understaging, albeit at the minor expense of a higher
rate of incorrectly upstaging.® A final study focused
on the number of tests needed to stage a patient with
lung cancer and did not find a difference between

CHEST /143 /5/ MAY 2013 SUPPLEMENT e217S

Downloaded From: http://journal.publications.chestnet.org/ by Cesar Saenz on 05/14/2013


http://journal.publications.chestnet.org

upfront PET scanning and conventional staging
(average of 7.9 tests per patient in both arms).2

2 A closer look at the details of these studies reveals
RN =] | ERE z significant differences in the patients involved, the
S g~ % extent of preenrollment workup, the risk of advanced
b= =1 . ~ . . . ~ .
s £ £ E disease, and the extent of investigation for medias-
LeZElle < - = tinal and distant disease. For example, one study
A IR £ . . .
& 2 included patients referred by general practitioners
e on the basis of an abnormal chest radiograph only and
- Z=le o~ o E the suspicion of lung cancer, with nearly one-third
=30l | BRI & of patients having had >5% weight loss,?8 whereas
= e P . . .
ORI = another involved primarily patients with stage cI
7z 2> S tumors (92%), as assessed by a thoracic surgeon, with
28l slle v o« 9]
BN S|~ ” 3, histologic verification of lung cancer and brain and
= abdominal imaging in all.2! In the first study,2s which
. i ok
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5 s g8 SIS ol and mediastinal metastases despite clinical findings
L1 - . . . . . .
& R 2 indicating a high risk of metastases, PET scanning
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o s 2| & 5 z
=3 s S ¥¢ 2 g static disease. The second study,?! involving primarily
h NS 51 =Y . . . . . .
g ° o s patients with stage I disease and extensive imaging
& 3 3 = prior to randomization, found few distant metastases
%D w25 22z L Té o § in either the PET scan or the conventional arm.
g = 2 N5 s Although in this study PET scanning correctly raised
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i = E|, £ £z s suspicion of N2 involvement, the surgical practice in
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5 O sz g4 5 cotomy, without preoperative mediastinal staging,
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= 5 ) S vE e S PET imagi
= - @ gl o —= »n S 2R = = maging.
o 2 -3 3@ £ 887% E o . . . .
S 2 S % i == g o Those studies involving patients with a relatively
=) = O & @ .= . . . .
é = Eg =l £:8w - high risk of advanced disease (frequent weight loss,
= R £ 257 g oor performance status, and high rate of mediastinal
2 |22% |l .225%5 2222 G
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. =] = . . . .
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S = £5 AE = of metastases and decreased the appearance of metas-
< [OR =} — . .
2 s 2 v | EF Pz 2% = tases during the following year. Furthermore, the
" ] | s T T+ 1| = 50 < studies with more thorough investigation of the medi-
o 7 g < . ) .
e = Z & = = §D astinum revealed a trend toward a higher rate of sus-
= = R .
5 o F20 = pected N2.3 involvement through PET scanning. As
o -1 3 g 0 g . . L
= & ol o SS2%E o the risk of advanced disease diminishes, and the extent
—_— < v = =] . . . . .
SE E‘ EE® sl E % 2 2% E of baseline staging evaluation increases, the impact of
= o 3 L o« o . e
i E sl E E -ﬁ; % 8 T o —% EE 5 PET scanning appears to diminish.
Toz|l= = R Y Other population-based studies suggest that
= 3 SEf2T 2
~ S = g 28 & PET scanning has had a major positive impact on the
~ O = < . . . . . .
T¥SE I s stage classification of patients at a higher risk of having
. = B 2 3 ‘:‘4 . .
1| 2 & § B F¥SEE & distant metastases. In the US national cancer database,
— - = o} = . . . .
EER- - as well as in the Surveillance, Epidemiology and End
fF 8= .= =2 . . . oo
2 S5 g ¥ 2 Results (SEER) registry, stage migration of a signifi-
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= Z $5s28 583 cant proportion of patients classified as stage III into
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2|2 E S €8 Si2zg=z<%¢ f PET scanning.3'32 However, PET scanning appears
Zl|5 s 28 8| z:25:28s ° SCANNING. > gapp
Ellz S =5 2EEEFEL to have little impact in patients with stage cI tumors.33
. A subset analysis of the patients with stage cI tumors
in the American College of Surgeons Oncology Group
PET scanning study found that PET scanning
detected N2,3 or M1 involvement in 7% of patients
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with stage cI tumors, but at a price of falsely suggest-
ing N2,3/M1 disease in 14% .>* Furthermore, although
PET scanning had the potential to reduce the rate
of biopsy for benign lesions from 21% to 11%, this
would have come at the price of avoiding (or delaying)
resection in 13% of cancers. The role of PET scan-
ning is likely also limited in patients with ground-glass
opacities with or without a solid component (but >50%
ground-glass opacities), although this is based on
indirect arguments. These patients have a low rate
of nodal involvement or distant metastases, making
it unlikely that PET scanning would be of benefit
(see the article on stage I, I NSCLC in the ACCP
lung cancer guidelines).®

Overall, with PET scanning, about 20% more
patients are correctly suggested as harboring dis-
tant or N2,3 metastases compared with conventional
staging in the RCTs.21273 However, confirmation of
PET scan findings is essential, because PET scanning
also carries a significant rate of incorrect upstaging.!”
A potential harm of PET scanning is that if suspected
PET scan findings are not confirmed, patients may be
erroneously directed away from a potentially curative
resection. In the RCTs involving PET scans, this
would have occurred in 5% to 42% of patients; how-
ever, in these studies, the requirement of a definite
confirmation of suspicious PET scan findings pre-
vented this.2127.2930 Although PET scanning clearly
has the potential to be of benefit, in a less structured
setting it also has the potential to be of harm if confir-
mation of the findings is not pursued.

Another potential issue is the type of PET scan and
the setting in which it is performed, although there
are few data to define the impact of this factor. Some
of the RCTs of PET scanning for lung cancer evalua-
tion involved an integral PET-CT scan, but in some
others it was only PET scanning without CT scan cor-
relation. These RCTs were conducted in organized
health-care facilities, and generally relied on only
one central PET scanner and interpretation despite
involving many referral centers. The Canadian study
is different in that it involved five PET scanners and
eight centers.?? However, the Canadian health-care
system is still regionally well organized. This con-
trasts with the United States, in which care may be
very decentralized, involving many smaller institu-
tions and even mobile PET scanners. The ability to
communicate clinical history, discuss interpretation,
and provide feedback to radiologists in such a setting
is much more challenging and likely affects the reli-
ability of the interpretation. This underscores the
need for confirmation of findings and for adaption of
guidelines, such as those for PET scanning, to partic-
ular clinical settings. Nevertheless, the preponder-
ance of data (including RCTs, prospective studies,
and population studies) suggests that the PET scan-
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ning is much more of a benefit than a harm, and that
this may be particularly true for physicians who have
less clinical experience in treating lung cancer.

3.0 EXTRATHORACIC STAGING

The work-up of patients with newly diagnosed lung
cancer should begin with a thorough clinical evalua-
tion focusing on history, physical examination, and
laboratory testing germane to patients with cancer.
The current preferred “expanded” clinical evaluation
includes organ-specific and constitutional signs and
symptoms, along with simple laboratory tests, as shown
in Figure 1.3 It is well established that abnormal
symptoms, physical findings, and routine blood tests
in the initial clinical evaluation of patients with NSCLC
are associated with a high likelihood of metastasis.?
In addition, the NPV of the clinical evaluation (Fig 2)11-22
is high enough in most circumstances to not warrant
extrathoracic conventional scanning (bone scan, brain
scan, and abdominal CT scan) if the clinical evalua-
tion is negative (this recommendation does not apply
to patients with clinical stage III and IV lung can-
cer, in which unsuspected metastases occur even
with a negative clinical evaluation). Similarly, PET or
PET-CT scanning has been found to be useful irre-
spective of the findings on the clinical evaluation.

The purpose of extrathoracic scanning in NSCLC
is usually to detect metastatic disease, especially at
common metastatic sites such as the adrenal glands,
liver, brain, and skeletal system, thereby sparing the
patient fruitless radical treatment.*36 However, scans
can only detect macroscopic metastatic deposits that
have reached a size within the resolution capability of
a given imaging modality, and this can be considered
a major shortcoming of all conventional tests cur-
rently used to detect distant metastases in NSCLC.
The search for metastatic disease continues to evolve,
with increased recognition of rapid dissemination in
some patients with NSCLC. Mohammed et al*” found
that distant metastases may become evident on serial
CT scans or PET scans in 3% of untreated patients at
4 weeks, in 13% at 8 weeks, and in 13% at 16 weeks,
leading the authors to propose complete restaging
after 4 to 8 weeks of delay. Most advances in the area of
metastatic disease are the result of exploding interest
in PET and PET-CT scans for staging and a host of
additional possible clinical applications.

Current literature continues to demonstrate that
PET and PET-CT scans are superior to conventional
staging tests (bone scan and abdominal CT scan) in
terms of performance characteristics. Specifically,
PET scanning discloses previously unsuspected metas-
tases in 6% to 37% of cases,343 which results in more
accurate TNM designation,*! stage migration,* % and
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important changes in management,*+" including the
indication for surgery.*!

Recent data confirm the superiority of the perfor-
mance characteristics of PET and PET-CT scans
compared with conventional scans in the evaluation
of metastatic disease in key specific distant sites. This
concept is underscored by studies focusing on pos-
sible metastases to the adrenal glands,*# liver, and
bone.?" In addition, numerous reports document PET
or PET-CT scan detection of unsuspected metas-
tases to unusual distant sites such as the small bowel
and skeletal muscle, thereby importantly changing
the clinical stage and management of individual
patients.52-54

The brain remains problematic because of the
small size of most brain metastases, background brain
F-fluoro-2-deoxy-D-glucose (FDG) uptake, and the
variable biologic characteristics of brain metastases,
which can be either hypermetabolic or hypometabol-
ic.’» However, in one series, the accuracy of inte-
grated PET-CT scanning for brain metastases rivaled
that of diagnostic brain CT scanning, and the need
for a separate brain CT scan was obviated.”® But,
importantly, others have found that MRI improves
detection when added to PET-CT scanning.5” Bian-
nual follow-up MRI may detect early brain metasta-
ses, thereby providing opportunities for radiosurgery.®
Overall, it appears that the detection of brain metas-
tases remains critical, and the detection of early
metastases while still asymptomatic is increasingly
important; treatment of such lesions is associated with
better control of neurologic manifestations and longer
survival.>

Since the publication of the last ACCP lung cancer
guidelines, several studies have evaluated additional
key outcomes related to PET and PET-CT scanning
as staging modalities and have compared them with
conventional staging (bone scan, abdominal CT scan).
In general, these analyses suggest that PET scan-
ning is cost effective compared with CT scanning®
and correlates better with long-term outcomes.®!
Sggaard et al® found that PET-CT scanning increased
cost by 3,927 Euros and that 4.92 PET-CT scans are
needed to prevent one noncurative resection. Others
also found decreases in unnecessary surgery when
using PET or PET-CT scanning in the staging
algorithm #.47.63.64

Many other uses for PET scanning are emerging.
The PET scan standard uptake value in the primary
tumor may correlate with distant metastases® and
help predict treatment response® and recurrences.>
Dual-time PET scanning may be even more accurate
in identifying malignant lesions.6765 PET scanning
helps plan radiotherapy® and may reflect inhibition of
glucose metabolism in chemotherapy-treated patients
with NSCLC.7-72
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Additional experience has underscored a few limi-
tations of PET scanning. A PET scan-positive focus
requires careful clinical correlation and biopsy con-
firmation if there is only one site of disease and if it
changes the clinical stage. Verification bias can easily
affect the sensitivity and specificity of PET scan-
based tests when scan findings are not validated with
tissue confirmation of the presence or absence of
metastatic disease.™ Lardinois et al™ found that nearly
one-half of the patients with NSCLC undergoing
PET-CT scans with solitary extrapulmonary FDG
accumulations had unrelated malignancies or benign
disease at the solitary site in question. Overdiagnosis
of nodal metastases can result in missed opportunities
for surgical cure.™ Incorrect upstaging was found
in 4.8% of patients in Maziak’s® series (compared
with 0.6% in conventionally staged patients). Incor-
rect upstaging was equally likely in the medias-
tinum and in distant sites. Lung metastases (stage T4)
were overlooked in 5% of subjects in one study using
PET-CT scanning,”® and understaging (30%) and
overstaging (21%) were substantial concerns.

Finally, limited data are available comparing
PET-CT scanning with PET scanning alone. In one
retrospective study of 217 patients, PET-CT scan-
ning was found to be significantly more accurate than
PET or CT scanning alone.” A second retrospec-
tive study of 50 patients suggested that integrated
PET-CT scanning is superior to PET scans, CT scans,
and visually correlated separate PET and CT scans
that are not coregistered.*

Several important caveats pertain to scanning
for distant metastases in general. First is the issue of
FP scans. Clinical entities that frequently give rise to
FP scans include adrenal adenomas (present in
2%-9% of the general population), hepatic cysts, degen-
erative joint disease, old fractures, and a variety of
nonmetastatic space-taking brain lesions. When clin-
ically indicated, additional imaging studies and/or
biopsies are performed to establish the diagnosis, but
the complications and costs resulting from such sub-
sequent investigations have received insufficient
attention.™

3.1 Recommendations

3.1.1. In patients with a normal clinical evalu-
ation and no suspicious extrathoracic abnor-
malities on chest CT being considered for
curative-intent treatment, PET imaging (where
available) is recommended to evaluate for metas-
tases (except the brain) (Grade 1B).

Remark: Ground glass opacities and an otherwise
normal chest CT do not require a PET scan for

staging.
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Remark: In patients with peripheral stage cIA tumors
a PET scan is not required.

Remark: If PET is unavailable, bone scan and abdom-
inal CT are reasonable alternatives to evaluate for
extrathoracic disease.

3.1.2. In patients with an imaging finding (eg,
by PET) suggestive of a metastasis, further eval-
uation of the abnormality with tissue sampling
to pathologically confirm the clinical stage is
recommended prior to choosing treatment

(Grade 1B).

Remark: Tissue sampling of the abnormal site is imper-
ative so that the patient is not excluded from poten-
tially curative treatment.

Remark: Tissue sampling of a distant metastatic site is
not necessary if there is overwhelming radiographic
evidence of metastatic disease in multiple sites.

Remark: Tissue sampling of the mediastinal lymph
nodes does not necessarily need to be performed if
there is overwhelming radiographic evidence of met-
astatic disease in multiple distant sites.

3.2 Detection of Abdominal Metastases

In the past iteration of the guideline, 13 studies
evaluated the usefulness of clinical evaluation in
detecting abdominal metastases in 1,291 patients
using CT scanning as the reference standard.* Most
of the studies limited enrollment to patients with a neg-
ative clinical evaluation. The median predictive value
of a negative clinical evaluation was 97% (82%-100%).
The use of CT scanning as an imperfect reference
standard suggests that these estimates should be
interpreted with caution.

It is relatively common to encounter adrenal masses
on a routine CT scan, but many of these lesions are
unrelated to the malignant process. A unilateral adre-
nal mass in a patient with NSCLC is more likely to
be a metastasis than a benign lesion according to
some,*50 but not other, studies.s* In the presence
of clinical TINO, NSCLC adenomas predominate,5*
whereas adrenal metastases are frequently associated
with large intrathoracic tumors or other extrathoracic
metastases.’5 Many studies suggest that the size of a
unilateral adrenal abnormality on a CT scan is an
important predictor of metastatic spread, but this is
not a universal finding 5

PET scans have performed exceptionally well in
several studies specifically addressing the problem of
adrenal metastases in NSCLC, with accuracy as high
as 100% in two studies.8”$8 However, small lesions
(<15 mm) were underrepresented in these series,
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and others have noted rare FPs in this site.399! Four
possible approaches to distinguishing between malig-
nant and benign adrenal masses have been proposed:
evaluation by specific CT scanning or MRI criteria,
evaluation with additional or serial imaging, percuta-
neous biopsy, and adrenalectomy. Well-defined, low-
attenuation (fatty) lesions with a smooth rim on an
unenhanced CT scan are more likely to be benign
adenomas,”* but the CT scanning appearance of
many lesions is insufficiently distinctive.”? Follow-up
scanning with repeat CT scans, serial ultrasounds,
MRI (especially with chemical shift and dynamic
gadolinium-enhanced techniques),® 131-6-betaiodom-
ethylnorcholesterol scanning,* or PET scanning can
often help distinguish metastatic disease from ade-
noma, which is critical. Percutaneous adrenal biopsy
is a relatively safe and effective means of achieving a
definitive diagnosis in doubtful cases and is especially
important when the histology of the adrenal mass will
dictate subsequent management.””* However, this
procedure may be nondiagnostic or unfeasible because
of anatomic constraints. When insufficient material
results from a biopsy, repeat aspiration or even adre-
nalectomy should be considered.s6:92

Most liver lesions are benign cysts or hemangi-
omas, but contrast CT scanning (or ultrasound) is often
required to establish a likely diagnosis.®” Percuta-
neous biopsy can be performed when diagnostic cer-
tainty is required. One meta-analysis that specifically
reviewed hepatic studies derived a pooled yield of
3% for liver metastases in asymptomatic patients
with NSCLC.™ PET scanning can detect liver metas-
tases with an accuracy of 92% to 100% and there are
only rare FPs, although data in NSCLC are very
limited at present.$100

3.3 Detection of Brain Metastases

In most studies, the yield of CT/MRI scanning of
the brain in patients with NSCLC and negative clin-
ical examinations is 0% to 10%.101-17 In the last itera-
tion of this guideline, 18 studies evaluated the ability
of clinical evaluation to detect brain metastases in
comparison with CT scanning in 1,830 patients.* These
data were not updated in this iteration of the guide-
line. Nine studies limited enrollment to patients with
a negative clinical evaluation. In these studies, the
median prevalence of brain metastasis was 3% (range,
0%-21%), and the median predictive value of a nega-
tive clinical evaluation was 97% (range, 79%-100%).
Nine other studies enrolled patients with both posi-
tive and negative clinical evaluations. In these stud-
ies, the median prevalence of brain metastasis was
higher, at 14% (range, 6%-32%). Pooled sensitivity
and specificity were 73% (95% CI, 60%-83%) and
85% (95% CI, 72%-92%), respectively.
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An association among brain metastases, N2 disease
in the chest, and adenocarcinoma histology has been
described.!04106105 The FN rate of CT scanning (ie,
where patients return with brain metastases within
12 months of the original scan) is reported to be
3%.% FP scans can be a problem in up to 11% of
cases because of brain abscesses, gliomas, and other
lesions!®; therefore, biopsy may be essential in cases
in which management is critically dependent on the
histology of the brain lesion.

MRI is more sensitive than CT scanning of the
brain and picks up more lesions and smaller lesions, '
but in some studies, this has not translated into a clin-
ically meaningful difference in terms of survival.!"!
Although studies show that MRI can identify addi-
tional lesions in patients with metastases, the direct
comparisons have not shown that MRI is able to iden-
tify more patients with metastases from lung cancer,
compared with CT scanning. Therefore, CT scanning
is an acceptable modality for evaluating patients for
metastatic disease. In one study of 29 patients with
NSCLC and a primary lesion >3 cm in size (ie, stage
more advanced than TINOMO), MRI with contrast
identified asymptomatic, verifiable metastases to the
brain in 22%.1'2 However, to date, the use of routine
MRI in staging patients with NSCLC and negative
clinical evaluations has not been studied adequately;
a role in patients with large cell carcinoma or stage
IIT adenocarcinoma has been suggested.!'?

3.4 Recommendation

3.4.1. In patients with clinical stage III or IV
NSCLC it is suggested that routine imaging of
the brain with head MRI (or CT if MRI is not
available) should be performed, even if they
have a negative clinical evaluation (Grade 2C).

3.5 Detection of Bone Metastases

The problem of FP scan abnormalities in radio-
nuclide bone scintigraphy is particularly nettlesome,
owing to the frequency of degenerative and traumatic
skeletal damage and the difficulty in obtaining a defin-
itive diagnosis via follow-up imaging or biopsy. FP
bone imaging also occurs with MRI, which may be no
more accurate than nuclear bone imaging.!? Eight
studies examined the ability of clinical evaluation to
detect bone metastases in 723 patients, using bone
scanning as the reference standard.* Two studies
limited enrollment to patients with negative clinical
evaluations."*115 Using radionuclide bone scanning as
the reference standard, the pooled negative predicted
value of the clinical assessment was 90% (95% CI,
86%-93%). PET scanning appears to have excel-
lent performance characteristics in assessing bone
metastases, with specificity, sensitivity, NPV, PPV, and
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accuracy all exceeding 90%,%5116 although FP and FN
findings are seen occasionally.’*$59" The accuracy of
PET scanning surpassed that of radionuclide bone
scanning in two direct comparative studies.!7118

3.6 Pleural Effusions/Lung Metastases

Limited data suggest that PET scanning can be
useful in identifying lung metastases®s!* and malig-
nant pleural effusions in NSCLC, 20221 although much
of the data pertains to nonpulmonary malignancies.
FPs and FNs are noted occasionally.90.120.122

4.0 STAGING OF THE MEDIASTINUM

4.1 General Concepts

Staging is a critical part of the evaluation of every
patient with lung cancer. Defining malignant involve-
ment of the mediastinal lymph nodes is particularly
important, because in many cases, the status of these
nodes determines whether there is surgically resect-
able disease. Clinical staging of lung cancer is usually
directed by noninvasive imaging modalities. On the
basis of such tests, physicians determine the likeli-
hood of the presence or absence of tumor involve-
ment in regional lymph nodes.

In general, patients with lung cancer can be sepa-
rated into four groups with respect to intratho-
racic radiographic characteristics (including both the
primary tumor and the mediastinum), as shown in
Figures 3 and 4. Distinguishing these groups is par-
ticularly useful in defining the need and selection of
invasive staging tests. The first group (radiographic
group A) involves patients with mediastinal infiltra-
tion that encircles the vessels and airways, so that dis-
crete lymph nodes can no longer be discerned or
measured. In these situations, the presence of medi-
astinal involvement (stage III) is generally accepted
based on imaging alone, and the major issue is to
obtain tissue by whatever approach is easiest, to dis-
tinguish between SCLC and NSCLC. However, in
such patients, sampling the mediastinum can often
confirm both the stage of disease and the diagnosis
with minimal, if any, additional risk, compared with
sampling the primary tumor alone. The second group
(radiographic group B) involves patients with medi-
astinal node enlargement, in whom the size of dis-
crete nodes can be measured. In these patients,
mediastinal nodal involvement is suspected but must
be confirmed. The last two groups involve patients
with mediastinal nodes that are not enlarged. In radio-
graphic group C, the presence of a central tumor or
suspected N1 disease makes the chance of N2,3 nodal
involvement relatively high (20%-25%) despite normal-
sized nodes, and further confirmation is needed.2426123
In the final group (ie, those with a peripheral clinical
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stage I tumor), the chance of mediastinal involve-
ment is quite low, and, generally, further confirma-
tion of this is not needed (radiographic group D).2+26

A widely accepted definition of normal-sized medi-
astinal lymph nodes is a short-axis diameter of =1 cm
on a transverse CT scan image. Discrete nodal enlarge-
ment implies that discrete nodes are seen on the
CT scan and are defined well enough that their size
can be measured (and are >1 c¢m). Mediastinal infil-
tration is present when there is abnormal tissue in the
mediastinum that does not have the appearance
and shape of distinct lymph nodes but instead, has an
irregular, amorphous shape. In this case, it is difficult
to distinguish discrete nodes and impossible to come
up with a measurement of the size of the nodes. This
occurs when multiple nodes are matted together to
the point at which the boundary between them is
obscured and it can be assumed that extensive extran-
odal spread of the tumor is involved. It may progress
to the point where mediastinal vessels and other struc-
tures are partially or completely encircled. Finally,
the distinction between a central and a peripheral
tumor has also not been codified, but most authors
consider any tumor in the outer two-thirds of the
hemithorax to be peripheral. Assessing the radio-
graphic characteristics of the mediastinum generally
requires that the physician look at the images him-
self or herself because there is no standard format
defining how radiographic findings are reported (eg,
the term “lymphadenopathy” is often used when there
is a suspected malignancy even though the medias-
tinal nodes are well below 1 c¢m in size).

The four radiographic groups are defined by ana-
tomic characteristics on a CT scan (ie, size, location,
extent), and not by metabolic characteristics (ie,
PET scan) for many reasons. First, a CT scan is rela-
tively inexpensive and essentially is always done as a
preliminary step to define the nature of a pulmo-
nary abnormality and arrive at a clinical diagnosis of
suspected lung cancer. Second, the information gained
from the clinical history, physical examination, and
chest CT can determine whether other tests, such as
a PET scan, are indicated. Finally, the technical con-
siderations and performance characteristics of invasive
staging procedures are likely to be driven primarily
by anatomic characteristics rather than metabolic
ones. In other words, the location and size of a lymph
node are important in determining how feasible and
reliable an invasive test is, and these issues are unaf-
fected by whether or not the node in question is met-
abolically active on PET scan.

4.2 Imaging Studies

4.2.1 Chest Radiographs: The majority of lung can-
cers are detected initially by plain chest radiograph,
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although this has likely changed in recent years with
the increasing use of chest CT scanning for a myriad
of indications. In some situations, the plain film may
be sufficient to detect spread to the mediastinum.
For example, the presence of bulky lymphadenop-
athy in the superior or contralateral mediastinal areas
may be considered adequate evidence of metastatic
disease, precluding further imaging evaluation of the
chest. This may be particularly true if the patient is
too ill or unwilling to undergo treatment of any kind.
However, it is recommended that tissue confirmation
be obtained if possible by the least invasive method
available. It is widely accepted that the chest radio-
graph is, in general, an insensitive measure of medi-
astinal lymph node involvement with lung cancer,
and thus, further noninvasive and/or invasive assess-
ment is usually necessary.

4.2.2 CT Scanning of the Chest: CT scanning of the
chest is the most widely available and most commonly
used noninvasive modality for evaluation of the medi-
astinum in lung cancer. The vast majority of reports
evaluating the accuracy of CT scanning for medias-
tinal lymph node staging have employed the adminis-
tration of IV contrast material. IV contrast is not
absolutely necessary in performing chest CT scans
for this indication but it may be useful in helping dis-
tinguish vascular structures from lymph nodes, as
well as in delineating mediastinal invasion by cen-
trally located tumors. Experienced chest radiolo-
gists can usually make this distinction with respect to
mediastinal nodes, provided the scan was performed
with appropriately thin sections (=5 mm), but iden-
tification of N1 nodes and the relationship to central
pulmonary vessels remains an issue. A CT scan of the
chest should be performed in all cases of lung cancer
unless the patient is so debilitated that no treatment
is planned or he/she is unwilling to undergo further
evaluation.

Various CT scanning criteria have been used to
define malignant involvement of mediastinal lymph
nodes. Notwithstanding the radiographic descriptions
of mediastinal nodal involvement, the most widely
used criterion is a short-axis lymph node diameter
of =1 cm on a transverse CT scan. However, numer-
ous other criteria have also been used, including
(1) long-axis diameter =1 c¢m, (2) short-axis diameter
=1.5 cm; (3) short-axis diameter =1 cm plus evi-
dence of central necrosis or disruption of the capsule;
and (4) short-axis diameter = 2 cm regardless of nodal
morphology. The reported sensitivity and specificity for
identifying malignant involvement will vary depend-
ing on which criteria are used in the assessment of
individual nodal stations.’?#125> The majority of stud-
ies evaluating CT scan accuracy have used short-axis
=1 cm as the threshold for abnormal nodes. In doing
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s0, a conscious effort has been made to strike an appro-
priate balance between sensitivity and specificity in
an understandable effort to minimize the number of
FP evaluations without producing an unacceptable
number of FN evaluations.

For the purposes of these guidelines, three authors
of this section (G. S., A. G., M. J. G.) conducted a
systematic review of the medical literature relating to
the accuracy of CT scanning for noninvasive staging
of the mediastinum in lung cancer and updated the
data using the methods from previous guidelines.*!
When combined with the previous iterations of these
guidelines, the combined studies yielded 7,368 evalu-
able patients (Fig 6).19244447.8590126-162 The median
prevalence of mediastinal metastasis was 30%. Almost
all studies specified that CT scanning was performed
following administration of IV contrast, and that a
positive test result was defined as the presence of one
or more lymph nodes that measured >1 cm in short
scanning axis diameter. The median sensitivity and
specificity of CT scanning for identifying mediastinal
lymph node metastasis were 55% and 81%, respec-
tively. CT scanning has limited ability to either rule in
or exclude mediastinal metastasis. The combined
estimates should be interpreted with caution because
the studies were statistically heterogeneous. Still,
these findings mirror those of other analyses address-
ing the accuracy of CT scanning for staging of the
mediastinum in NSCLC63164 and are similar to the
last iteration of this guideline.*

CT scanning is clearly an imperfect means of
staging of the mediastinum, but it remains the best
overall anatomic study available for the thorax. CT scan-
ning usually guides the choice of nodes for selective
node biopsy by invasive techniques, and thus con-
tinues to be an important diagnostic tool in lung can-
cer. The choice of individual nodes for sampling, as
well as the choice of the most appropriate invasive
technique (including transbronchial, transthoracic,
or transesophageal NA; mediastinoscopy; or more
extensive surgery), are typically directed by the find-
ings of the CT scan. However, the limitation of CT
scan-based mediastinal lymph node evaluation is evi-
dent in the fact that 5% to 15% of patients with clin-
ical TINO (clinical stage IA) tumors are found to have
positive lymph node involvement by surgical lymph-
node sampling.*

Based on the currently available data relating to
the performance characteristics of CT scanning for
the evaluation of the mediastinum in NSCLC, two
important messages emerge. First, an unacceptably
high percentage of lymph nodes deemed malig-
nant by CT scan criteria are actually benign. Second,
a significant number of lymph nodes deemed benign
by CT scan criteria are actually malignant. Chest
CT scans can both overstage and understage the
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FIGURE 6. [Section 4.2.2] Accuracy of CT scanning for staging of
the mediastinum in patients with lung cancer.

First Author | Year | No.

Tech Prev I Sens  Spec . PPV NPV

Eggeling"’ 2002 73 CE 70 82 50 79 55
Wallace'* 2001 121 CE 69 87 35 75 54
Marom®® 1999 79 CE 56 59 86 84 63
Vansteenkiste'*" 1998 56 CE 50 86 79 80 85
Aaby'*® 1995 57 .. 44 72 91 86 81
Schillaci'*® 2003 83 CE 42 69 75 67 77
Vansteenkiste'”! 1998 68 CE 41 75 63 58 78
Primack'®’ 1994 159  CE 38 63 86 73 79
Turkmen'* 2007 59 CE 36 43 66 41 68
Laudanski'"! 2001 92  CE 33 60 73 51 79
Yokoil*® 1994 113 CE 33 62 80 61 81
Gdeedo'™? 1997 100 CE 32 63 57 41 76
Bury'” 1996 53 CE 32 71 81 63 85
McLoud"” 1992 143 CE 31 64 62 44 79
Pieterman” 2000 102 CE 31 75 66 50 85
Yen'?’ 2008 96 CE 31 47 80 52 77
Osada'™ 2001 335 CE 30 56 93 77 83
Jolly'® 1991 336 CE 30 71 86 69 87
Subedi*’ 2009 91 CE 29 50 86 59 81
Buccheri'™* 1996 80 CE 28 64 74 48 84
Pozo-Rodriguez?* 2004 132 CE 27 86 67 49 93
Kiernan'*® 2002 92 CE 27 64 94 80 88
Reed"” 2003 302 CE 25 37 91 58 81
Nosotti'"*” 2002 87 CE 25 64 88 64 88
Dunagan'* 2001 72 CE 25 50 87 56 84
Kimura'®® 2003 203 CE 24 63 97 88 89
Yil¥ 2007 143 CE 24 65 89 65 89
Suzuki'®” 1999 440 CE 23 33 92 56 82
Bury'” 1997 64 CE 22 79 84 58 93
De Wever* 2007 50 CE 22 91 72 48 97
Webb'®? 1991 154  CE 21 52 69 31 84
Cole'! 1993 150 ... 21 26 81 26 81
Takamochi'* 2005 71 CE 21 20 89 33 81
Kamiyoshihara™ 2001 546  CE 20 33 90 46 84
Takamochi'*’ 2000 401 CE 20 30 82 30 83
Lee'? 2009 182 CE 20 36 79 30 83
Yang'? 2008 122 CE 20 52 73 33 86
Kelly'"* 2004 69 CE 19 46 86 (43)° 87
Saunders'* 1999 84 .. 18 20 90  (30)° 84
Nomori'® 2004 80 ... 18 50 95 (700 90
Ebihara'! 2006 205 CE 15 32 83 (26) 87
Poncelet'* 2001 62 CE 15 56 68  (23)° 90
Von Haag'*’ 2002 52 CE 12 50 65  (16) 91

Median: prevalence > 30 67 74 62 79

Median: prevalence 21-30 63 87 58 84

Median: prevalence < 20 41 83 30 87
Summary: Median 7,368 30 55 81 58 83

Inclusion criteria: studies reporting test characteristics of chest
CT scanning to identify benign or malignant mediastinal nodes in
patients with lung cancer, involving = 50 patients from 1980 to 2011.
CE = contrast enhanced; NPV = negative predictive value; Prev =
prevalence; PPV = positive predictive value; Sens = sensitivity; Spec =
specificity; Tech = technical details of imaging.

sBecause PPV is increasingly affected by prevalence as prevalence is
<20% these values are excluded from summary calculations.

mediastinal nodes. In sum, there is no node size that
can reliably determine stage and operability. In cases
in which the CT scan criteria for identification of
a metastatic node are met, the physician must still
prove by biopsy that the node is indeed malignant.
Given the limitations of its imperfect sensitivity and
specificity, it is usually inappropriate to rely solely on
the CT scan to determine mediastinal lymph node
status in NSCLC. Nonetheless, CT scanning con-
tinues to play an important and necessary role in the
evaluation of these patients. In the mediastinum,
CT scanning can provide a road map that guides the
physician to the location and modality for subsequent
biopsy procedures.
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4.2.3 PET Scanning: PET scanning is an imaging
modality based on the biologic activity of neoplastic
cells. Lung cancer cells demonstrate increased cel-
lular uptake of glucose and a higher rate of glycolysis
when compared with normal cells.'® The radio-labeled
glucose analog'>” F-fluoro-2-deoxy-d-glucose (FDG)
undergoes the same cellular uptake as glucose, and is
phosphorylated by hexokinase, generating FDG-6-
phosphate. The combination of increased uptake of
FDG and a decreased rate of dephosphorylation by
glucose-6-phosphatase in malignant cells results in an
accumulation of FDG-6-phosphate in these cells.166.167
The accumulated isotope can then be identified using
a PET scan camera. FDG-PET scanning (subse-
quently referred to as PET scanning) is thus a meta-
bolic imaging technique based on the function of a
tissue rather than its anatomy. Standardized quan-
titative criteria for an abnormal PET scan in the
mediastinum are unfortunately lacking. A qualitative
assessment is usually based on a comparison of uptake
in the lesion or structure in question and the back-
ground activity of the lung or liver. A standard uptake
value of >2.5 is sometimes used as a threshold level
for malignancy, but this value is based on the uptake
of peripheral masses >2 cm; the applicability to medi-
astinal nodes is questionable at best. Despite the
lack of standardized criteria defining positive find-
ings, PET scanning has proved useful in differenti-
ating neoplastic from normal tissues. However, the
technique is not infallible because nonneoplastic
processes including granulomatous and other inflam-
matory diseases, as well as infections, may also dem-
onstrate positive PET imaging findings. Further, size
limitations are an issue, with the lower limit of spatial
resolution of current generation PET scanners being
approximately 7 to 10 mm. Nevertheless, smaller lesions
may be detected, depending on the intensity of uptake
of the isotope in abnormal cells.®1% Additionally, cer-
tain well-differentiated low-grade malignancies, par-
ticularly adenocarcinoma in situ, well-differentiated
invasive adenocarcinomas, and typical carcinoid tumors,
are known to have a higher risk of FN results.!6917%

A burgeoning number of studies in the past several
years have reported on the use of PET scanning in
the assessment of the mediastinum in patients with
lung cancer. Increasing availability of the technology
now allows PET scanning to be used widely as a diag-
nostic tool. It has already been noted that PET scan-
ning is primarily a metabolic examination and has
limited anatomic resolution. It is usually possible to
identify lymph node stations, but not individual lymph
nodes, by PET scanning. CT scanning provides much
more anatomic detail, but lacks the functional infor-
mation provided by PET scanning.

As was done for CT scanning, the authors of this
article updated the 2003 and 2007 guidelines by per-
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forming a systematic review of the medical literature
relating to the accuracy of PET scanning for noninva-
sive staging of the mediastinum in lung cancer, using
the methods described previously.*10 All studies were
either combined PET-CT scans or were interpreted
in conjunction with patients’ CT scans so that the
findings on PET scanning were correlated with the
anatomic location of the lesion on CT scanning. In all
studies, FDG was the radiopharmaceutical used for
imaging. A total of 4,105 patients were included in
this evaluation (Fig 7).* The median prevalence of
mediastinal metastasis was 28%. The median sensi-
tivity and specificity for identifying mediastinal metas-
tasis were 80% and 88%, respectively. These findings
demonstrate that PET scanning is more accurate
than CT scanning for staging of the mediastinum in
lung cancer, although it is not perfect.

An important shortcoming of dedicated PET imaging
is its limited spatial resolution, which results in poor
definition of anatomic structures. As a result, it may
be difficult to use PET scans to distinguish between
mediastinal and hilar lymph nodes, or to differen-
tiate between a central primary tumor and a lymph
node metastasis, even when the results of PET and
CT scanning are correlated visually. This limitation
has been addressed by the development of “dual-
modality” or “integrated” PET-CT scanning systems,
in which a CT scanner and PET scanner are com-
bined in a single gantry. Since the last iteration of
these guidelines, more studies evaluating the accuracy
of integrated PET-CT scanners for lung cancer stag-
ing have been performed. For this iteration of the
guidelines, we have separated studies that used PET
scanning alone from those that used PET-CT scan-
ning. 13015119619 From 2000 to 2111, a total of 19 stud-
ies were identified that included 2,014 patients who
met the inclusion criteria and underwent PET-CT
scanning; the results of these 19 studies are displayed
in Figure 8.29,4(),44,47,76,126,128,129,199-2()9 Although tlle Speci_
ficity of this technique was slightly higher than with
PET scanning alone, the sensitivity was significantly
lower. The reason for this is unclear.

PET scanning is less sensitive for lymph nodes with
diameters <7 to 10 mm, and most of the invasive
technologies (mediastinoscopy, endobronchial ultra-
sound [EBUS], and endoscopic ultrasound [EUS])
have discovered unsuspected mediastinal metastases
in patients with normal-sized lymph nodes without
PET scanning activity.21*2!! The clinical presenta-
tion in which controversy can arise is the patient
with a peripheral clinical T1alesion (small pulmonary
nodule) who has normal-sized lymph nodes without
PET scanning avidity, particularly if the density of

*References 12,19,24,26,40,64,88,90,127,130-134,138,140,142,144,
148,150-152,155,174-195.
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FIGURE 7. [Section 4.2.3] Accuracy of PET scanning for staging of

the mediastinum in patients with lung cancer.

FIGURE 8. [Section 4.2.3] Accuracy of integrated PET-CT scan-
ning for staging of the mediastinum in patients with lung cancer.

Inclusion criteria: studies reporting test characteristics of PET scan-
ning to identify benign or malignant mediastinal nodes in patients with
lung cancer, involving =20 patients from 1980 to 2011. See Figure 4
legend for expansion of abbreviations.

sBecause PPV is increasingly affected by prevalence as prevalence
is <20% these values are excluded from summary calculations.

the nodule is ground glass (ie, not solid). On the one
hand, confirmation of the negative PET scan findings
by any of the invasive staging methods may not be
necessary because the incidence of this clinical situation
of mediastinal nodal metastases is so low (although
not zero) as to not warrant the test.>* Conversely,
approximately 4% of patients with stage I disease
have unsuspected mediastinal disease, discovered in
those patients with a radiographically and PET scan-
normal mediastinum 202! Ultimately, the decision as
to whether a negative PET scan can be used to obviate
invasive staging preoperatively requires clinical judg-
ment that incorporates multiple factors, including the
clinical pretest probability of mediastinal metastasis,
patient preferences, and local availability and expertise
in both invasive procedures and PET imaging.
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First Author Year No. Prev I Sens  Spec . PPV | NPV First Author _ Year No. Prev I Sens Spec PPV __ NPV
Changlai™ 2001 127 64 38 83 90 79 Cerfolio*” 2004 40 100 75
Marom®® 1999 79 56 73 94 85 88 Plathow™* 2008 52 73 100 100 100 100
Bury'¥ 1996 30 53 88 86 88 86 Fischer™®' 2011 79 33 85 100 100 93
Vansteenkiste'* 1998 56 50 86 43 60 75 Lee™ 2009 41 32 38 89 63 76
Sazon'” 1996 32 50 100 100 100 100 Yit” 2008 150 30 62 94 82 85
Nosotti* 2008 413 48 97 97 97 97 Maziak® 2009 167 29 48 93 74 82
Fritscher-Ravens'” 2003 33 48 75 88 86 79 Subedi¥’ 2009 91 26 92 85 69 97
Wahl'*® 1994 23 48 82 75 75 82 Yi'? 2007 143 24 56 100 100 88
Tatsumi'™® 2000 21 48 80 82 80 82 Carnochan’ 2009 194 23 42 87 50 83
Guhlmann'” 1997 32 47 87 100 100 89 Lee® 2007 126 22 86 81 56 95
Verhagen™ 2004 56 46 58 90 83 71 De Wever* 2007 50 22 73 82 53 91
Vansteenkiste'”! 1998 68 41 93 95 93 95 Lee'* 2009 182 20 81 73 42 94
Vesselle'™ 2002 118 36 81 96 92 90 Yang'*® 2008 122 20 52 73 33 86
Turkmen'*’ 2007 59 36 76 79 67 86 Perigaud™” 2009 51 20 40 85 40 85
Zimny'*? 2003 3036 8 81 71 89 Bill¢"” 2000 159 19 48 93 (63 88
Liewold"”” 2000 78 35 93 78 69 95 Toba?"’ 2010 42 19 100 88 (67) 100
Scott'” 1996 27 33 100 100 100 100 Usuda®® 2011 63 17 36 92 (50)* 87
Magnani'*’ 1999 28 32 67 84 67 84 Sanli2® 2009 78 14 82 90 56y 97
Pietelgnan% 2000 102 31 91 86 74 95 Shin2 2008 184 13 48 95 (58)" 93
EETnm fggg 393 ;é 77 ;’ 312 2 i 883 Summary: median 2,014 22 62 90 63 90
Demura'jg 2003 50 30 87 63 50 92
S‘eme’ﬁ:“ 1997 47 28 92 97 92 97 Inclusion criteria: studies reporting test characteristics of integrated
Melek'™ 2008 170 28 75 68 48 87 ) o . ) o
Kiernan'® 2002 38 23 88 86 71 95 PET-CT scanning to identify benign or malignant mediastinal nodes
Halpern'”’ N 2005 36 28 50 77 45 80 in patients with lung cancer, involving =20 patients from 2000 to
Eii‘;;‘jﬁﬂg“” ;88? léf ;2 g; ;g 2? g}l 2011. See Figure 6 for expansiog ‘of abbreviations.
Reed”® 2003 302 25 61 84 56 87 ‘Because PPV is increasingly affected by prevalence as prevalence
Bernasconi' 2006 51 25 54 76 44 83 is <20% these values are excluded from summary calculations.
Roberts'™* 2000 100 24 88 91 75 96
Gonzalez-Stawinski'™ 2003 202 23 66 78 48 88
Bury'* 1997 64 22 86 100 100 96 .
Takamochi'* 2005 71 21 |40 88 46 s A recent phenomenon with regard to PET scan-
p 148 . . . .
pIETS s LSO A nooa ks ning is that published studies often assess the useful-
Kelly™ 2004 69 19 [ 62 98 @) % ness of PET scanning as it relates to a single aspect
Nomori'** 2004 80 18 86 97 (86} 97 N . .

Lec™ 2007 200 17 6l 94 (69F 92 of the patient’s presentation (eg, solitary pulmonary
H 131 a . . . . .
Eoham E O I ((ff)) o nodule, mediastinal disease, or distant metastatic
Von Haag" 2002052 12 |67 91 (S0P 95 disease) and they often find flaws in the technology as

‘Yamamoto'™* 2008 34 9 33 84 17" 93 . . L. . .
Konishi'™! 2003 549 80 92 (500 98 it relates to the specific indication for which the study
Farrell2 2000 84 5 100 93 (40 100 . . -
et revatonee =30 R R was undertaken. However, the physician does not
Median: prevalence 21-30 77 83 56 89 view a PET or PET-CT scan in a vacuum; these
Median: prevalence <20 L 92 5L 9 studies often provide information about the prima
Summary: median 4,105 28 80 88 75 91 p p ry

site of the tumor in the chest as well as intrathoracic
and extrathoracic metastases. The resultant informa-
tion can lead the physician to undertake a biopsy of
a different area than the one initially anticipated by
CT scan, which often provides more accurate staging,
especially when unsuspected metastatic disease is
discovered by PET scanning.

To summarize, PET scanning has both higher sen-
sitivity and higher specificity than CT scanning for
the evaluation of mediastinal lymph nodes and can
provide important information regarding the pres-
ence of metastatic disease outside the thorax. In the
mediastinum, PET scanning is more accurate than
CT scanning in identifying abnormal nodes that can
be sampled by directed biopsy. Accordingly, PET scan-
ning has assumed an increasingly important role in
the evaluation of patients with lung cancer, although
this technology is not infallible. FP PET scan findings
may result in missed opportunities for cure by sur-
gical resection. Conversely, FN PET scan findings
may lead to noncurative resection. The potential con-
sequences of both FP and FN PET scan findings in
an environment in which PET scanning is increasingly
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relied on for staging must be considered when
PET scanning is included in the evaluation of NSCLC.
One should not preclude a potential curative surgery
based on a positive PET scan alone without tissue
confirmation. However, PET scanning is the most
accurate noninvasive imaging modality available to
evaluate the mediastinum in patients with lung cancer.
PET scanning is also a whole-body study (excluding
the brain), offers additional information relating to
extrathoracic sites of possible disease involvement,
and can reduce noncurative resections. PET scanning
has now assumed a central role in the staging of lung
cancer.

4.2.4 MRI: Like CT scanning, MRI is an anatomic
study. Data relating to the accuracy of the evaluation
of the mediastinum in patients with NSCLC with
MRI are limited, but available reports suggest that
the accuracy of MRI is as good as that of CT scan-
ning.'%212 Two reports also suggest that the use of
contrast enhancement may improve the accuracy of
MRI in this situation.2'223 MRI may be superior to
CT scanning in defining lung cancer spread in the
thorax in specific situations. Because MRI can detect
differences in intensity between tumor and normal
tissues, including bone, soft tissues, fat, and vascular
structures, it may be more accurate than CT scan-
ning in delineating direct tumor invasion of the
mediastinum, chest wall, diaphragm, or vertebral
bodies.!®214217 This may be particularly useful in eval-
uating superior sulcus tumors or tumors abutting the
mediastinum, structures of the chest wall, and dia-
phragm. However, most centers continue to rely on
CT scanning as the noninvasive anatomic study of
choice for evaluating the potential mediastinal spread
of lung cancer. In summary, an MRI of the chest
should not be performed routinely for staging of the
mediastinum. MRI is useful in patients with NSCLC
when there is concern about involvement of the
superior sulcus or the brachial plexus.

4.3 Invasive Techniques to Stage the Mediastinum

After performing the initial imaging studies, the
physician selects his or her next test based on the
radiographic presentation (see radiographic groups
mentioned previously and Fig 3) and local availability
and expertise of the physicians performing these pro-
cedures. The separation into radiographic groups
helps guide the choice of invasive test and the perfor-
mance characteristics of these tests. The radiographic
groups are defined by anatomic characteristics on a
CT scan for several reasons. First, a CT scan is rela-
tively inexpensive and is always done as a preliminary
step to define the nature of a pulmonary abnormality
and arrive at a clinical diagnosis of suspected lung
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cancer. Second, the technical reasons for choosing
one invasive approach over another are governed
primarily by anatomic factors (ie, the location and
size of the nodes) rather than by metabolic factors (ie,
PET scan uptake).

Interpretation and application of the results of
invasive staging procedures are difficult because the
published data are defined by patients who have
undergone a particular test, rather than by radio-
graphic or clinical criteria that could be used prospec-
tively to select patients for a particular approach. The
patients who have undergone a particular procedure
are a mix of the different radiographic groups just
discussed and often include patients in whom the pri-
mary issue was confirmation of the diagnosis, those in
whom it was confirmation of nodal involvement, and
those in whom it was confirmation of a lack of nodal
involvement. Furthermore, the location of the sus-
pected nodal involvement influences which test is
performed because some nodal stations are easily
accessible by one test and not by another. Therefore,
the patient cohorts included in the series of particular
invasive procedures are likely not the same. This makes
comparison of sensitivity and specificity of the different
tests inappropriate. In addition, operator experience
is very likely to affect the performance characteristics
of a procedure and must also be taken into account in
choosing an invasive staging procedure in a specific
practice setting. At any rate, it is best to view the dif-
ferent imaging and invasive staging tests as comple-
mentary and not competitive.

4.3.1 Surgical Staging:

4.3.1.1 Mediastinoscopy—M ediastinoscopy is per-
formed in the operating room, usually under general
anesthesia, and in most US centers, patients are dis-
charged the same day.2'52% The procedure involves
an incision just above the suprasternal notch, insertion
of a mediastinoscope alongside the trachea, and biopsy
of mediastinal nodes. Rates of morbidity and mor-
tality as a result of this procedure are low (2% and
0.08%).22" Right and left high and low paratracheal
nodes (stations 2R, 2L, 4R, 4L), pretracheal nodes
(stations 1, 3), and anterior subcarinal nodes (sta-
tion 7) are accessible via this approach. Node groups
that cannot undergo a biopsy with this technique
include the posterior subcarinal (station 7) nodes, the
inferior mediastinal (stations 8, 9) nodes, the aortopul-
monary window (APW) (station 5) nodes, and the
anterior mediastinal (station 6) nodes. A videomedias-
tinoscope allows better visualization, more extensive
sampling (including posterior station 7), and even the
performance of a lymph node dissection.222223

As was done for the noninvasive tests, the authors,
using previously described methodology, updated the
2003 and 2007 guidelines by performing a systematic
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review of the medical literature relating to the accu- one-half (42%-57%) of the FN cases were due to

racy of mediastinoscopy for staging of the medias- nodes that were not accessible by the (traditional)
tinum in lung cancer.? The median sensitivity of mediastinoscope.153.255243246245 The FN rate at medi-
standard cervical mediastinoscopy to detect medias- astinoscopy is probably also affected by the diligence
tinal node involvement from cancer was 78% in 9,267 with which nodes are dissected and sampled at medi-

patients (Fig 9).125.156.160222224245 The median NPV was astinoscopy. Ideally, five nodal stations (stations 2R,
91%. Several authors have shown that approximately 4R, 7, 4L, and 2L) should be examined routinely,

FIGURE 9. [Sections 4.3.1.1] Accuracy of mediastinoscopy in patients with lung cancer.

First Author . Year . No. Stage . Thoro = Prev I Sens | Spec’ | PPV' | NPV
™
Hammoud*> 1999 = 1,369 i cNO0-3 Sel 36 85 (100)* i (100)* 92
Lemaire™ 2006 i 1,362 i cNO-3 Sys 29 86 (100)* i (100)* 95
Coughlin®* 1985 i 1,259 | cNO-3 Sel 29 92 (100)* | (100)* 97
Luke®*® 1986 i 1,000 i cNO-2 Sel 39 85 (100)* i (100)* 91
De Leyn™® 1996 500 © cNO-2 Sys 39 76 (100)* : (100) 87
Anraku®’ 2010 352 © ¢NO-3 Sys 37 92 (100)* | (100)* 96
Page™!® 1987 345 ¢ cNO-2 Sel 48 73 (100)* i (100)* 80
Dillemans®’ 1994 331 | cNO-3 Sys 41 72 (100)* i (100)* 84
Brion** 1985 153 i cNO-2 Sel 35 67 (100)*  (100)* 85
Fibla®' 2006 142 © cNO-3 Sel 42 67 (100)* i (100)* 80
Jolly'®® 1991 136 i cNO-2 Sel 54 92 (100)*  (100)* 91
Ratto'? 1990 123 | cN0-2 Sel 33 88 (100)* | (100)* 94
Ebner”*® 1999 116 : cN0-2 Sys 50 81 (100)* i (100)* 82
Annema®*® 2010 110 i cNO0-3 Sel 46 80 (100)* i (100)* 86
Gdeedo' 1997 100 © cNO-3 Sys 32 78 (100)* i (100)* 91
Riordain®* 1991 74 1 cNO-2 Sel 50 81 (100)* § (100)* 84
Aaby'®® 1995 57 i cNO-3 Sys 44 84 (100)* i (100)* 89
Block®* 2010 54 1 cNO0-3 Sel 44 88 (100)* § (100)* 91
Kim™* 2011 750 cNO Sys 15 44 (100)* | (100)* 91
Choi?® 2003 291 ¢NO Sys 15 44 (100)* § (100)* 91
Meyers™’ 2006 169 cNO Sel 8 38 (100)* i (100)* 95
Cerfolio™* 2006 153 i ¢NO-1 Sys 14 32 (100)* © (100)* 90
Deneffe?® 1983 124 cNO Sel 31 68 (100)* i (100)* 88
Park®” 2010 78 ¢NO Sys 8 50 (100)* i (100)* 96
Gurses™* 2002 67 cNO Sys 15 40 (100)* : (100)* 93
Leschber™ 2008 52 cNO Sys 19 .. (100)* ... 81
Median: ¢N0-3 cNO-3 39% sys 40 83 90
Median: ¢cNO cNO 75% sys 16 47 91
Median: sys 46% cNO sys 27 74 91
Median: sel 17% cNO sel 39 81 91
Summary TM: median 9267 33 78 (100)" : (100)* 91
VAM
Venissac™” 2003 154 @ cN2-3 Sys 71 97 (100)* i (100)* 94
Kimura™’ 2007 209 : cNO-3 Sel 31 78 (100)* § (100)* 91
Lardinois®* 2003 195 i cNO0-3 Sys 34 87 (100)* i (100)* 92
Kimura'® 2003 125 | cN0-3 Sys 36 85 (100)* i (100)* 92
Sayar** 2011 104 © cNO-2 Sel 29 90 (100)* i (100)* 96
Anraku®’ 2010 89 | ¢NO-3 Sys 22 95 (100)*  (100)* 99
Leschber** 2008 119 cNO Sys 17 ... (100)* .. 83
Summary VAM: median 995 31 89 (100)*  (100) 92
LA
Zielinski’®* 2007 256 i cNO0-2 : Compl 31 94 (100)* : (100)* 97
Witte®*® 2006 130 | ¢NO-2 i Compl .. 94 (100)* i (100)* 99
Summary LA: median 386 compl 31 94 (100)* : (100)* 98
Summary ALL: median : 10,648 : 34 | 81 o0y i @00p i 91

Inclusion criteria: studies of mediastinoscopy for lung cancer staging, involving =50 patients from 1980 to
2011 reporting test characteristics. Compl = complete; LA = mediastinal lymphadenectomy (via cervical
mediastinoscopy approach); Sel, selective assessment; Sys = systematic assessment; Thoro = level of thor-
oughness of the procedure (complete, systematic, selective, limited or visual assessment of mediastinal node
stations?*; TM = traditional mediastinoscopy; VAM = video-assisted mediastinoscopy.

‘Technically, the specificity and PPV cannot be assessed in those studies reporting 100% values because a pos-
itive result was not followed up with an additional gold standard test.
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with at least one node sampled from each station
unless none are present after dissection in the region
of a particular node station. It has been suggested
that videomediastinoscopy provides a higher yield
than conventional mediastinoscopy. In pooling the
data from 995 cases for this iteration of the guide-
lines, the sensitivity of videomediastinoscopy was
higher at 89% than that of traditional mediastinos-
copy (Fig 9).133222223.227.246.249.250 The specificity and the
FP rates of mediastinoscopy are reported to be 100%
and 0%, respectively. Strictly speaking, these values
cannot really be assessed because patients with a pos-
itive biopsy result were not subjected to any further
procedures (such as thoracotomy) to confirm the results.
Nevertheless, it seems reasonable to assume that
FP results are rare. The patients included in these
series had had potentially operable, nonmetastatic
lung cancer with very few exceptions. The majority of
these patients were in the radiographic groups B, C,
and D.

Further assessment of the results of mediastinos-
copy demonstrated that the newer techniques (medi-
astinal lymphadenectomy and videomediastinoscopy)
have better results than traditional mediastinoscopy
(median sensitivity of 94%, 89%, and 78% and median
FN rates of 2%, 8,% and 9%, respectively). The per-
formance of traditional mediastinoscopy is affected by
the type of patients (sensitivity of 47% vs 83% for
¢NO vs ¢NO-3), although there is little difference in
the FN rates. Whether a systematic or selective level
of thoroughness (level B or C) was used via traditional
mediastinoscopy had little impact (as well as can be
judged from the available reports). However, this
may be reflective of the type of patients: systematic
sampling was more common for patients with ¢NO
disease and selective sampling for patients with stage
¢NO-3 disease. It may be that using a more thorough
technique is particularly important in patients with-
out clinical suspicion of node involvement. The impact
of the level of thoroughness of the procedure or the
clinical node status when using the newer techniques
cannot be assessed. Thus, it appears that the better
visualization afforded by videomediastinoscopy should
be considered to be an important feature associated
with better results, whereas the importance of the
thoroughness of sampling (levels A-C) is less clear.
However, limited or no sampling (level D) cannot be
considered acceptable.

4.3.1.2 Assessment of APW Nodes—Cancers in
the left upper lobe (LUL) have a predilection for
involvement of the nodes in the APW (station 5).
These nodes are classified as mediastinal nodes and
represent the most important group of N2 nodes not
accessible by standard cervical mediastinoscopy. It
has been su