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Abstract

The process of lung cancer staging is getting
increasingly complex and requires distinct
input from specialized physicians of radiology,
nuclear medicine, thoracic surgery, and pathol-
ogy. Also after the advent of the revised 8th
edition of the TNM classification, noninvasive
imaging with CT and '8F-FDG-PET, supple-
mented by MRI, continues to provide the ini-
tial basis for clinical staging by determining
the anatomic extent of the disease and thus
plays a pivotal role in the diagnosis and man-
agement of NSCLC. In cases without distant
metastatic disease, pretherapeutic mediastinal
staging with invasive methods (mediastinos-
copy or endoscopic procedures) is mandatory
to determine the most appropriate treatment
strategy if imaging findings are positive or in
certain scenarios that come along with a high
risk of false-negative imaging results. The
most important limitation inherent to the cur-
rent TNM staging system is its purely ana-
tomic character that provides insufficient
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information related to the many different sorts
of novel targeted therapies. This translates also
to imaging-derived staging of NSCLC in radi-
ology and nuclear medicine, where—besides
higher anatomic resolution and image qual-
ity—the most important remaining challenge
is to gather more “functional” information and
generate a more comprehensive picture of the
disease by noninvasive staging methods.
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8.1 Development and Evaluation

of T, N, and M Descriptors

Lung cancer is the most common cancer world-
wide accounting for nearly 13% of all newly
diagnosed cancers in 2012 [1]. With almost 20%
of all cancer-related deaths it is also the most
common cause of death from cancer despite sub-
stantial improvements in diagnosis, therapy, and
prevention in the last decades. Non-small cell
lung cancer (NSCLC) is by far the most often
occurring type of lung cancer with a proportion
of 83.4% [2].
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Staging of cancer describes the diagnostic
process of gathering all pieces of information rel-
evant to define the extent of the disease of an
individual patient. Correct staging is crucial both
for defining the prognosis of the patient and for
selecting the most appropriate therapy. Imaging
has developed as an important contributor to this
assessment at initial diagnosis, as well as during
post-interventional follow-up. As for most solid
tumors, staging of NSCLC follows the TNM
(tumor, node, metastasis) formula, which has ini-
tially been proposed by Denoix in 1946 [3] and
has been accepted shortly after by the Union
Internationale Contre le Cancer (UICC) and the
American Joint Committee on Cancer (AJCC) as
the official system for coding the anatomic extent
of the disease.

Although staging is most commonly per-
formed in the context of the initial diagnosis, it
can also take place at other significant points of
time in the history of a cancer patient. Thus,
along with the TNM formula, it’s important to
record in which context the tumor stage has been
defined. For this purpose, prefixes are applied to
distinguish between the clinical stage (cTNM),
the pathological stage (pTNM), post-therapeutic
stages (yc/ypTNM), tumor stages at the time of
progression or recurrence (rTNM), and the stage
at autopsy (aTNM).

Table 8.1 summarizes the TNM descriptors
for lung cancer as applied in the 8th edition of the
TNM system [5] that came into effect on January
1st 2017. As the 7th edition [6], the 8th edition of
the TNM classification applies to all histopatho-
logical subtypes of NSCLC, to small-cell carci-
noma and to atypical carcinoids.

The T descriptor denotes the extent of the pri-
mary tumor by describing its morphological fea-
tures like size and location, rates the involvement
of adjacent anatomic structures, and reports the
presence of separate tumor nodules in the lung. As
compared to the T descriptors in the 7th edition, the
T categories in the 8th edition were further refined
by introducing two new size cut points at 1 and
4 cm. This refinement was made also with respect
to the increasing numbers of screening detected
cancers. Also, a new category for minimally inva-
sive adenocarcinoma (T1(mi)) was added.
Moreover, tumors between 5 and 7 cm in size were

Table 8.1 T, N, and M descriptors for the 8th edition of
TNM classification for lung cancer

Descriptor‘ Definition

T: Primary tumor

Tx Primary tumor cannot be assessed
or tumor proven by presence of
malignant cells in sputum or
bronchial washings but not
visualized by imaging or

bronchoscopy
TO No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor <3 c¢m in greatest

dimension, surrounded by lung or
visceral pleura, without invasion
more proximal than the lobar

bronchus

T1(mi) | Minimally invasive
adenocarcinoma?®

Tla Tumor <1 cm in greatest
dimension®

T1b Tumor >1 cm but <2 cm in
greatest dimension®

Tlc Tumor >2 ¢cm but <3 cm in

greatest dimension”

T2 Tumor >3 cm but <5 cm or with
any of the following features:

— Involves main bronchus
regardless of distance from
the carina but without
involvement of the carina

— Invades visceral pleura

— Associated with atelectasis
or obstructive pneumonitis
that extends to the hilar
region, involving part or all

of the lung
T2a Tumor >3 ¢cm but <4 cm in
greatest dimension
T2b Tumor >4 cm but <5 cm in

greatest dimension

T3 Tumor >5 ¢cm but <7 ¢cm in
greatest dimension or associated
separate tumor nodule(s) in the
same lobe as the primary tumor or
directly invades any of the
following structures: chest wall
(including the parietal pleura and
superior sulcus tumors), phrenic
nerve, parietal pericardium

T4 Tumor >7 cm in greatest
dimension or associated with
separate tumor nodule(s) in a
different ipsilateral lobe than that
of the primary tumor or invades
any of the following structures:
diaphragm, mediastinum, heart,
great vessels, trachea, recurrent
laryngeal nerve, esophagus,
vertebral body, and carina
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Table 8.1 (continued)

Descriptor‘ Definition

N: Regional lymph node involvement

Nx Regional lymph nodes cannot be
assessed

NO No regional lymph node
metastasis

N1 Metastasis in ipsilateral
peribronchial and/or ipsilateral
hilar lymph nodes and
intrapulmonary nodes, including
involvement by direct extension

N2 Metastasis in ipsilateral
mediastinal and/or subcarinal
lymph node(s)

N3 Metastasis in contralateral

mediastinal, contralateral hilar,
ipsilateral or contralateral scalene,
or supraclavicular lymph node(s)

M: Distant metastasis
MO
Ml Distant metastasis present
Mla

No distant metastasis

Separate tumor nodule(s) in a
contralateral lobe; tumor with
pleural or pericardial nodule(s) or
malignant pleural or pericardial
effusion?

Single extrathoracic metastasis®
Multiple extrathoracic
metastases in one or more
organs

Milb
Mlc

Changes to the 7th edition are in bold

Reprinted from [4] with permission from Elsevier
3Solitary adenocarcinoma, <3 c¢cm with a predominately
lepidic pattern and <5 mm invasion in any one focus
"The uncommon superficial spreading tumor of any size
with its invasive component limited to the bronchial wall,
which may extend proximal to the main bronchus, is also
classified as Tla

°T2 tumors with these features are classified as T2a if
<4 cm in greatest dimension or if size cannot be deter-
mined, and T2b if >4 cm but <5 cm in greatest dimension
dMost pleural (pericardial) effusions with lung cancer are
due to tumor. In a few patients, however, multiple micro-
scopic examinations of pleural (pericardial) fluid are neg-
ative for tumor and the fluid is nonbloody and not an
exudate. When these elements and clinical judgment dic-
tate that the effusion is not related to the tumor, the effu-
sion should be excluded as a staging descriptor

°This includes involvement of a single distant (nonre-
gional) lymph node

adjusted in terms of prognosis (now classified as
T3 instead of T2b), and some reassignments were
made concerning tumor invasion to the diaphragm
(now classified as T4) and the main bronchus
within 2 cm of the carina (now classified as T2).

The N descriptor reports about the absence,
presence, and location of locoregional lymph
node metastases, which strongly affects the
extensiveness of therapy and the prognosis of the
patient. For this reason, N staging may be
regarded as the most important component of
intrathoracic staging. N staging is based on a
standardized lymph node map (Fig. 8.1) that
assigns any thoracic lymph node to a defined ana-
tomic zone. The different stations and zones can
be separated following clear anatomic landmarks
assessable on cross-sectional imaging (see also
Sect. 8.2.1). This lymph node map has been offi-
cially released by the International Association
for the Study of Lung Cancer (IASCL) along
with the 7th edition of the TNM classification [7]
and is a combination and further development of
the two previously used maps proposed by
Mountain and Dresler [8] and the Japan Lung
Cancer Society [9]. Using this map, N stage is
defined by the most remote metastatic lymph
node with respect to the location of the primary
tumor. N descriptors of the 8th edition are
unchanged compared to the 7th edition. However,
a subclassification based on the number of
involved nodes in N1 and N2 stations has been
proposed for testing to enable potential refine-
ments in future revisions (not contained in
Table 8.1).

The M category finally describes the absence,
presence, and location of distant metastases.
Here, the 8th edition introduced a new M cate-
gory to distinguish the rare but prognostically
favorable cases with one single extrathoracic
metastasis (new M1b) from those with multiple
extrathoracic metastases (new MIlc). The
category Mla, as before, describes intrathoracic
metastases in the contralateral lung, pleura, or
pericardium.

As for other tumors, optional descriptors of
prognostic relevance as listed in Table 8.2 may be
used along with the TNM descriptors in the clas-
sification. These include the grade of differentia-
tion (G); the absence or presence of perineural,
lymphatic, or vascular invasion (Pn, L, and V); and
the completeness of surgical tumor resection (R).

It is important to be aware that the T, N, and M
classifiers describe the extent of disease only in
respect to anatomic criteria. The key role of a



150

G.Sommer and M. N. Wiese

ey _,\.c..?c:;. ADowor

Fig. 8.1 The International Association for the Study of
Lung Cancer (IASLC) lymph node map, including the
proposed grouping of lymph node stations into “zones”

Supraclavicular zone
1 Low cervical, supraclavicular, and
sternal notch nodes

SUPERIOR MEDIASTINAL NODES

Upper zone
. 2R Upper Paratracheal (right)

. 2L Upper Paratracheal (left)

. 3a Prevascular

. 3p Retrotracheal
. 4R Lower Paratracheal (right)

. 4L Lower Paratracheal (left)

AORTIC NODES

. 5 Subaortic

. 6 Para-aortic (ascending aorta or phrenic)

AP zone

INFERIOR MEDIASTINAL NODES

Subcarinal zone
7 Subcarinal

Lower zone

. 8 Paraesophageal (below carina)

. 9 Pulmonary ligament

N1 NODES

Hilar/Interlobar zone

10 Hilar

Peripheral zone

. 14 Subsegmental

for the purposes of prognostic analyses. Reprinted from
[7] with permission from Elsevier
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classification system for cancer, however, is to
translate this anatomic information into prognos-
tic information. For this purpose, so-called prog-
nostic groups are derived from the anatomic
TNM descriptors. These prognostic groups are
also referred to as the UICC tumor stages and

Table 8.2 Optional descriptors of prognostic relevance
to be used with the TNM classification [5]

Optional TNM descriptors

G Grade of differentiation
Gl Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
G4 Undifferentiated
Pn Perineural invasion
Pn0 No perineural invasion
Pnl Perineural invasion
L Lymphatic invasion
LO No lymphatic invasion
L1 Lymphatic invasion
v Vascular invasion
VO No venous invasion
Vi Microscopic venous invasion
V2 Macroscopic venous invasion
R Completeness of resection
RO No residual tumor
R1 Microscopic residual tumor
R2 Macroscopic residual tumor

form the core element of the TNM classification
system. It is obvious that TNM descriptors and
stage groupings need to be continuously adapted
to the ever-changing conditions in lung cancer
diagnosis and therapy. The stage groupings of the
8th edition of the TNM classification are shown
in Table 8.3. Changes from the 7th edition include
the introduction of several new subcategories for
stage IA (subdivided into IA1-3), stage III (new
category IIIC), and stage I'V (subdivided into IVA
and IVB). In addition, some of the TNM groups
have been relocated into a different stage, which
are T1 N1 MO (former IIA, now IIB), T2a N1 MO
(former IIA, now IIB), and T3 N2 MO (former
IITA, now IIIB). An overview on the effect of the
refined stage grouping in terms of overall sur-
vival is given in Fig. 8.2.

The UICC published its first edition of the
TNM Classification of Malignant Tumors in
1958. It has been revised seven times until the
proposals for the 8th edition of the TNM classifi-
cation were published in 2015 and 2016 [4, 10,
11]. By consensus between the UICC and the
AJCC, efforts were made from the beginning to
avoid publication of different classifications.
Editions 2-6 of the UICC manual on the TNM
Classification of Malignant Tumors were based
on a continuously growing database of patients

Table 8.3 Definition of UICC stages from the TNM descriptors according to the 8th edition of the TNM staging sys-

tem for NSCLC [4]

UICC stage TNM Descriptors
Occult carcinoma Tx NO MO
0 Tis NO MO
1Al T1(mi) NO MO
T1a NO MO
1A2 T1b NO MO
1A3 Tlc NO MO
1B T2a NO MO
IIA T2b NO MO
1IB T3 NO MO Tla-c N1 MO
T2a-b N1 MO
IIA T4 NO MO T3 N1 MO Tla-c N2 MO
T4 N1 MO T2a-b N2 MO
1B T3 N2 MO Tla-c N3 MO
T4 N2 MO T2a-b N3 MO
c T3 N3 MO
T4 N3 MO
IVA MIla-b (any T, any N)
IVB MIc (any T, any N)




152

G.Sommer and M. N. Wiese

7th Edition Stage Groupings

100%

100% e

8th Edition Stage Groupings

80%- 80%- |\,
60% 60% -
40%- 40%+
20%- 20%-
0% T T v 0% T — ]
0 24 48 72 0 24 48 72
Months Months
24 60 Proposed 24 60
7t Ed. Events /N MST Month Month 8th Ed. Events /N MST Month Month
1A 1119/6303 NR 93% 82% 1A1 68 /781 NR 97% 92%
1B 768 /2492 NR 85% 66% 1A2 505/ 3105 NR 94% 83%
1A 424 /1008 66.0 74% 52% IA3 546 /2417 NR 90% 77%
1B 2101 /2624 14.1 34% 19% B 605/ 1453 66.0 72% 53%
v 664 / 882 8.8 17% 6% 1A 2052/ 3200 29.3 55% 36%
1B 1551/2140 19.0 44% 26%
IVA 336 /484 115 23% 10%
IVB 328 /398 6.0 10% 0%

Fig. 8.2 Overall survival by clinical stage according to
the 7th edition and the proposed 8th edition groupings
using the entire database available for the 8th edition.

MST, median survival time. Survival is weighted by type
of database submission: registry versus other. Reprinted
from [4], with permission from Elsevier

Table 8.4 Comparison of the databases used for the 6th, 7th, and 8th editions of the TNM classification for lung cancer

[13,14]
TNM 6 TNM 7 TNM 8

Evaluation period 1975-1988 1990-2000 1999-2010
Number of patients 5319 100,869 94,708
Number of institutions/databases Mainly single center 45 35
Origin US only 58% Europe 49% Europe

21% North America 5% North America

12% Asia 44% Asia

9% Australia 2% Australia

that was essentially collected and managed by
Dr. Clifton Mountain at the University of Texas,
MD Anderson Cancer Center, with contributions
from the United States National Cancer Institute
Cooperative Lung Cancer Study Group. By the
time of the editions 5 and 6 (which were of iden-
tical content) in 1997 and 2002, this database
included 5319 patients, 4351 of them originating
from MD Anderson. Despite its considerable
size, the fact of using a patient database stem-

ming predominantly from a single institution to
create an “international” staging classification
was subject to increasing criticism at that time. In
consequence, the 7th edition of the TNM classifi-
cation for lung cancer enacted in January 2010
was the first to be developed under the roof of the
IASCL, which was founded in 1974 as the only
global organization dedicated to the study of lung
cancer. To overcome the limitations of the 6th
edition, the IASCL lung cancer staging project
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[12] with its subcommittees for T, N, and M com-
ponents, stage grouping, validation, SCLC, carci-
noids, visceral pleura invasion, lymph node map,
and nonanatomic prognostic factors established
and evaluated an international database to include
patients treated in different healthcare systems
and a broad spectrum of therapeutic modalities
(Table 8.4). This broad international concept was
followed also for the 8th edition. Its new database
included 94,708 cases of lung cancer diagnosed
between 1999 and 2010 at 35 institutions in 16
countries, treated with all sorts of therapeutic
procedures [15].

8.2 Radiologic Diagnosis

8.2.1 Computed Tomography (CT)
Computed tomography is the most commonly
applied imaging examination in patients with
suspected lung cancer. It is used either in the first
instance in cases of various suspected pulmonary
pathologies or as the second-line modality fol-
lowing an abnormal chest X-ray. It also has an
emerging role as a screening test for individuals
at high risk.

CT scans for staging purposes, i.e., examina-
tions of patients with proven or at least strongly

9

Fig. 8.3 CT of a pulmonary adenocarcinoma in the left
lower lobe superior segment. Reformats in three dimen-
sions (a: axial, b: coronal, c: sagittal) are necessary to
determine the size of the tumor and describe its exact
location for biopsy. Note that size measurements for the
management of incidentally detected pulmonary nodules
and tumor staging are different: While the first is deter-

suspected lung cancer, should be performed after
intravenous injection of an iodine-based contrast
agent. The scan range should cover the entire
chest from the supraclavicular areas to the upper
abdomen to allow for the assessment of the liver
and adrenal glands. A section thickness of less
than 1.5 mm with contiguous or overlapping
slices is recommended [16]. Images should be
reconstructed using soft-tissue and lung recon-
struction kernels. Multiplanar reconstruction is
essential to determine the size of tumor (Fig. 8.3),
differentiate between nodules and scars, and
describe the extent of the tumor with respect to
anatomical landmarks, e.g., its distance to the
pleural surface or to the carina. Additional thin-
section maximum intensity projection (MIP)
reconstruction is considered helpful for the
detection of smaller pulmonary nodules.

8.2.1.1 Tumor Detection

The primary task of CT in lung cancer manage-
ment is to detect any lesion suspicious for lung
cancer and describe its exact location. In this con-
text, CT serves as an essential guide to biopsy,
either by CT-guided needle biopsy, bronchos-
copy, or surgery. The reported performance of
low-dose CT applied for detection of lung cancer
in the framework of two large lung cancer screen-
ing trials is summarized in Table 8.5.

mined by the average of long- and short-axis diameters on
the image that reveals the greatest dimensions ((a + b)/2
rounded to the nearest whole millimeter) [16], the latter is
determined by the longest diameter of the tumor in three
dimensions (b). For part-solid nodules, the maximum
diameters of both the solid component (=T stage) and the
entire lesion should be reported [17]
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Table 8.5 Performance of low-dose CT for detection of lung cancer in the framework of lung cancer screening

NLST NELSON

Value (%) 95% CI (%) Value (%) 95% CI (%)
Sensitivity 93.8 90.6-96.3 84.6 79.6-89.2
Specificity 73.4 72.8-73.9 98.6 98.5-98.8
PPV 52.92 48.4-57.4¢ 40.4 35.9-44.7
NPV 99.9 99.86-99.94 99.8 99.8-99.9

NLST National Lung Screening Trial [18]; NELSON NEderlands Leuvens Longkanker Screenings ONderzoek [19];
PPV Positive predictive value; NPV Negative predictive value

PPV for any positive finding that led to a biopsy procedure

8.2.1.2 T Staging

CT has the highest spatial resolution among all
imaging modalities for measuring tumor size. It
is therefore the method of choice to analyze the
extent of the disease using the size cutoffs of the
TNM classification as a reference. This applies
particularly to the assessment of the earlier T
stages (T1a—T2b). For staging purposes, the lon-
gest dimension of the tumor in the three axes
must be reported (Fig. 8.3). For part-solid
lesions, T stage is determined based on the solid
component of the lesion [17], but the size of the
non-solid component should be reported as well.
Volumetric assessment may increase the mea-
surement accuracy in the context of screening,
assessment of incidentally found unspecified
pulmonary nodules, and therapy monitoring.
Staging of locally advanced lung cancer (T3 and
T4) may be challenging with CT alone, as it can
describe some, but not all, of the features that
characterize these stages. Consequently, the reli-
ability of CT for predicting T3/T4 disease is rel-
atively poor [20]. Typical features that are
evident on CT are, for instance, the presence of
satellite nodules, crossing of the tumor through
fissures (Fig. 8.4), tumor infiltration to the main
bronchus or the carina (Fig. 8.5), and an involve-
ment of bones, evident as lytic or sclerotic
changes (Fig. 8.6). The presence of atelectasis,
pneumonia, and carcinomatous lymphangitis
may be seen as well. An exact differentiation
between such changes and the tumor, however,
can be difficult even on contrast-enhanced scans,
and FDG uptake in PET may serve as a helpful
guide in this context. Regarding invasion of vas-
cular structures or organs, the integrity of the
fatty layers around the vessel or organ is a strong
indicator in terms of resectability. On the other

hand, the absence of such layers must not be
taken as a proof of vascular infiltration, unless
the entire circumference of the vessel is enclosed
by the tumor (Fig. 8.7) or there is evidence of
endovascular tumor growth. Another difficult
diagnosis is invasion of the pleura outside the
fissures. Here, only a visible penetration through
the pleural surface with signs of infiltration of
adjacent structures (e.g., ribs, mediastinal fat)
may be counted as infiltration, while simple con-
tact of the tumor with the pleura or pleural effu-
sion does not prove pleural invasion. In cases of
doubt, particularly concerning a suspected infil-
tration of the chest wall and mediastinum on CT,
MRI is a potential modality to provide more
clarity (see below). The reported accuracy of CT
for T staging is 68% overall [21] and varies from
43% in T3 tumors to 81% in T1 and T2 tumors
and 88% in T4 tumors [22].

8.2.1.3 N Staging

Lymph node involvement in NSCLC is assessed
and documented based on the IASCL lymph node
map displayed above (Fig. 8.1). Notably, N stage is
only determined by the anatomic extent, i.e., by the
fact whether or not an anatomic zone is affected,
but not by the number or size of the affected lymph
nodes in each station. Dedicated manuals are avail-
able on how to make the assignment of a suspicious
node to one of the 14 lymph node stations and 7
anatomic zones using anatomic landmarks on CT
[23]. An important such landmark is, for instance,
the left lateral wall of the trachea that—instead of
the anatomic midline—separates the right from the
left mediastinal zones. While CT is very exact in
assigning individual lymph nodes to a particular
station or zone, its accuracy to differentiate benign
from malignant lymph nodes is limited: The
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Fig. 8.4 Adeno
carcinoma of the left
lower lobe superior
segment with evident
invasion of the visceral
pleura on CT. (a)
Soft-tissue window,
transverse section; (b—d)
lung window in
transverse (b), sagittal
(¢), and coronal view
(d). The tumor has a
maximum diameter of
44 mm and shows
retraction (arrowheads)
and thickening (arrows)
of the adjacent fissure as
signs of visceral pleura
invasion. The
combination of both
features finally classifies
the tumor as stage T2b

Fig. 8.5 Infiltration of
the main bronchus in a
58-year-old man with
pulmonary squamous
cell carcinoma stage ¢T3
cN2 cM1b. (a, b)
Contrast-enhanced CT;
(c, d) FDG-PET/CT
with non-enhanced CT
acquired 2 days after the
initial CT exam. A
hypermetabolic mass
(arrows) is noted
invading the right main
bronchus with a
remaining distance of
less than 2 cm to the
carina. Note that the
distance threshold of

2 cm separating the
stages T2 and T3 in the
7th edition is not
included anymore in the
8th edition of the TNM
classification
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Fig. 8.6 NSCLC of the left upper lobe apicoposterior
segment with infiltration of the paravertebral space and
adjacent neuroforamina Th2 and Th3. Evidently, the pro-
cess of tumor invasion (arrows) is much better visualized
with MRI (fat-suppressed T1-weighted gradient echo

reported sensitivity and specificity for detecting
mediastinal lymph node metastases with CT alone
do not exceed 51% and 81%, respectively [24].
This limitation mainly originates from the fact that
the key CT feature for malignancy is size: Usually,
a short-axis diameter of 10 mm is taken as the cut-
off value to differentiate benign from malignant
lymph nodes [24]. It is well known, however, that
microscopic lymph node metastases may be pres-
ent also in lymph nodes of normal size, while on
the other hand lymph node enlargement may be
caused by inflammation, as well. Thus, the use of
size cutoffs on CT leads to approximately 40%
false-positive diagnoses (benign nodes >1 cm) and
20% false-negative diagnoses (malignant lymph
nodes <1 cm) [25-27].

post-contrast, ¢ and f) as compared to contrast-enhanced
CT (a, d) and FDG-PET/CT (b, e). Note, however, the
presence of a sclerotic periosteal reaction at the head of
the third rib on the left side as a sign of tumor invasion in
CT (arrowhead in g)

8.2.1.4 M Staging

M staging is a very important issue also in
NSCLC, as the presence of distant metastases
strongly limits the available treatment options
and thus significantly lowers the prognosis of the
patient. About 40% of the NSCLC patients do
have a distant metastasis at the time of initial
diagnosis [28]. In approximately 90% of these
patients, the disease manifests itself through
specific symptoms of metastatic spread, particu-
larly in cases of bone or brain metastases. CT as
the number one imaging modality in emergency
radiology plays a pivotal role in these cases. The
situation is different in cases without clinical evi-
dence of metastatic disease at the time of initial
diagnosis. Here, the focus is on the exclusion of
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Fig. 8.7 Assessment of
mediastinal invasion
from NSCLC with CT
(a), FDG-PET/CT (b),
and MRI (c-f),
including T2-weighted
fast spin-echo (c),
contrast-enhanced
fat-suppressed
T1-weighted gradient
echo (d), diffusion-
weighted MRI with
b-value = 800 s/mm? (e),
and ADC map (f). A
centrally located,
strongly hypermetabolic
tumor is seen in the left
lower lobe extending
towards the
mediastinum,
surrounding half of the
circumference of the
thoracic aorta (arrows).
In addition, osseous
infiltration of the
adjacent rib and
vertebral body is noted
in PET and MRI
(arrowhead)

metastases in order to assign the patient to a cura-
tive treatment strategy. As for primary tumor
detection, the sensitivity and negative predictive
value of CT to detect or rule out tumor nodules in
the contralateral lung (Mla metastatic disease)
are unsurpassed by other modalities. The diag-
nostic value of CT for the detection of pleural
metastases can be limited by the presence of
pleural effusion. The sensitivity and specificity of

CT for the detection of metastases to the bone,
liver, and adrenals are reasonable, but inferior to
combined FDG-PET/CT (see below). The pooled
sensitivity and specificity for the detection of
brain metastases with contrast-enhanced CT are
reported as 73% (95% CI, 60-83%) and 85%
(95% CI, 72-92%), respectively [24]. This is less
compared with MRI, but accepted as a method to
exclude brain metastases if MRI is not available.
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8.2.2 '8F-Fluorodeoxyglucose-
Positron-Emission
Tomography/Computed

Tomography (FDG-PET/CT)

Positron-emission tomography (PET) is a nuclear
imaging modality used to detect and localize
radioactive f* decay. In comparison to scintigra-
phy and single-photon-emission computed
tomography (SPECT), PET has a higher spatial
resolution (x5 mm) and detection efficiency. PET
works with numerous tracers that are marked with
p* emitters. By far the most important one is
18F-2-fluor-2-deoxy-D-glucose ('*F-FDG), which
is an analogue of D-glucose and, as such, mimics
the glucose uptake into the cells. Like D-glucose,
FDG is taken up into the cells via the glucose
transporter molecules (GLUT) and becomes
phosphorylated inside the cell by the enzyme
hexokinase. The phosphorylated FDG, unlike
D-glucose, cannot be processed further and thus
accumulates inside the cell, while it decays with a
half-life time of 110 min. The known pharmaco-
kinetics allow expressing the FDG uptake in each
voxel as quantitative numbers using the standard-
ized uptake value (SUV), thereby enabling a
quantitative assessment of the metabolic activity
of tissues and particularly malignant tumors. A
general SUV cutoff that characterizes malignancy
does not exist, as the intensity of FDG uptake
depends on several factors such as tumor histol-
ogy, volume of vital tumor cells, movement of the
target lesion during the acquisition, and physio-
logical uptake of the adjacent background [29].
Having been developed and applied historically
as separate techniques, PET and CT have been
integrated more than a decade ago into one modal-
ity, named PET/CT. The particular strength of
PET/CT is the synergetic effect of a functional
imaging method (PET) that offers a high sensitiv-
ity for the detection of malignant tissue and a
morphology-based imaging method (CT) highly
accurate in describing the anatomic location and
extent of affected structures. In consequence,
FDG-PET/CT is the most powerful noninvasive
examination tool for staging of NSCLC available
today [30]. PET is not developed or sold as a

stand-alone technology anymore, and only rarely
used as such. Nevertheless, much data on the
accuracy of FDG-PET for staging of NSCLC is
still considered valid and provides parts of the
basis of the current guidelines.

Patient preparation and data acquisition for
FDG-PET follow standardized examination pro-
tocols as published in the procedure guidelines of
the European Association for Nuclear Medicine
(EANM) [29]. The imaging agent ""F-FDG is
administered intravenously in a predefined dose
that is adapted to the patient’s body weight.
Patients must respect a fasting period of at least
6 h before administration. Eventually, images are
acquired after a resting period of 60 min after the
injection of the radiopharmaceutical. For lung
cancer, an extended torso scan ranging from the
top of the skull to the mid-thigh is recommended.
The patient’s arms must be elevated during the
procedure. Along with the PET, a CT scan of the
chest and upper abdomen should be performed as
described in 8.2.1 if no recent chest CT exam of
sufficient quality is available. Otherwise a non-
contrast-enhanced low-dose CT protocol for
attenuation correction and anatomic reference is
considered sufficient.

8.2.2.1 Tumor Detection

The role of FDG-PET/CT in the context of tumor
detection is that of a tool for stratification of pul-
monary nodules with intermediate probability of
malignancy. As such, FDG-PET/CT has been
shown to decrease the number of futile invasive
biopsies and thoracotomies [31]. Due to the high
sensitivity of FDG-PET, a negative FDG-PET
result can rule out malignancy reliably in the
majority of pulmonary lesions. Exceptions to this
rule are nodules smaller than 10 mm and non-
solid solitary pulmonary nodules, which should
be followed up by CT in a structured program
[16]. A final diagnosis of cancer is not possible
based on a positive FDG-PET result alone due to
the limited specificity of the exam (82% accord-
ing to [32]). An invasive histopathological or
cytological proof of malignancy is therefore
mandatory in any PET-positive finding. False-
positive findings in FDG-PET are known to occur
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Fig. 8.8 False-positive findings in FDG-PET/CT in a
patient with primary tuberculosis. (a, ¢) FDG-PET/CT;
(b, d) hybrid images from diffusion-weighted MRI
(b =800 s/mm?) and T1-weighted fast spin-echo MRI. The
PET/CT was rated false positive for malignancy (T1la N1,
UICC ITA (TNM 7)) due to high FDG uptake in both the

particularly in the presence of infectious, inflam-
matory, or granulomatous diseases (Fig. 8.8).

8.2.2.2 T Staging

FDG-PET/CT is a better overall predictor for T
stage than FDG-PET or CT alone. The reported
staging accuracy across all T stages is 82% for
PET/CT versus 55% for PET alone and 68% for
CT alone (pooled average over eight studies
published between 2003 and 2007 [20]). As for
CT, the staging accuracy of FDG-PET/CT
depends on the tumor stage and is worst for T3
(45%), followed by stages T1/T2 (81%) and T4
(83%) [22]. Regarding the prognostically most
relevant identification of T3 and T4 disease,
varying sensitivities and specificities can be
found in literature. These range from 38% to
90% and from 40% to 90%, respectively, for the
detection of parietal pleural or chest wall inva-
sion, and from 40% to 84% and from 57% to
94%, respectively, for mediastinal tumor inva-
sion [21]. While PET can reliably differentiate
tumor from atelectasis (which is commonly FDG
negative), it has limited capability to differenti-
ate tumor from pneumonia and carcinomatous
lymphangitis. Other assets of hybrid FDG-PET/
CT for T staging are to detect or rule out second-
ary tumor nodules in the ipsilateral lung (stages
T3 and T4) and identify tumor invasion into ves-

primary lesion (a) and in a right hilar lymph node (c). On
the MRI exam (performed in the same patient within the
framework of a prospective trial) only slightly restricted
diffusion is noted within the primary lesion (b) and no
suspicious lymphadenopathy is seen (d). Figure adapted
from [33], with permission

sels, organs, or bones by increased metabolism
(Figs. 8.6 and 8.7).

8.2.2.3 N Staging

N staging is the particular strength of FDG-PET,
as the mechanism of highlighting the tumor tis-
sue by its increased glucose metabolism allows
identifying cancer infiltration also in normal
sized lymph nodes (Fig. 8.9). This leads to a sig-
nificantly higher sensitivity of FDG-PET (77%)
compared to CT (55%) with also slightly higher
specificity of 86% (CT 81%) [24]. An even higher
increase in sensitivity and specificity results from
the combination of both modalities with numbers
of 80-90% sensitivity and 85-95% specificity for
hybrid FDG-PET/CT [20]. FDG-PET/CT, in par-
ticular, allows ruling out metastatic spread to
locoregional lymph nodes with a very high nega-
tive predictive value of 88-95% [27] and thus
helps avoiding invasive staging procedures.
Limitations of FDG-PET/CT for N staging are
known, however, for three particular scenarios
[20]: The first is in patients with suspected N1
disease (central tumor or positive N1 lymph node
in PET/CT and otherwise normal mediastinum).
In these patients, who have an intermediate suspi-
cion of N2 and N3 involvement, the false-negative
rate of FDG-PET/CT for N2 and N3 disease is
around 30%. The second scenario refers to cases



160

G.Sommer and M. N. Wiese

Fig. 8.9 High sensitivity of FDG-PET demonstrated in a
case of adenocarcinoma originating from the left lower
lobe with N2 disease involving lymph nodes at the left
hilum (visibly enlarged at CT, arrowhead) and a normal

where the size of the primary tumor is larger than
>3 cm and the NPV for mediastinal lymph node
involvement goes down to 85-89%. The third
scenario is that of a central tumor with negative
appearance in FDG-PET. Here, the reported
false-negative rate for assessment of lymph node
involvement with FDG-PET/CT is as high as
21.6%. All patients who are affected by one of
the three scenarios mentioned are recommended
to undergo invasive staging of the mediastinum.
In any case, patients who have a positive finding
on FDG-PET/CT that is suspicious for a lymph
node metastasis need to have this finding con-
firmed by tissue sampling. This is due to the con-
siderable number of false positives occurring in
FDG-PET from infection or inflammation that
limit the positive predictive value of FDG-PET
and PET/CT to 75% and 63%, respectively [24].

8.2.2.4 M Staging

The most common locations for extrathoracic
metastatic spread are the brain, bone, liver, and
adrenal glands. FDG-PET/CT is considered the
superior imaging technology for detecting these
metastases on a whole-body level and it has been
shown that PET scanning discloses previously
unsuspected metastases in 6-37% of cases [24].
As for the T and N stages, the particular strength
of FDG-PET/CT is its high negative predictive

sized node in the left mediastinum hardly visible on CT
(arrow). (a) contrast-enhanced CT, (b) FDG-PET, (c¢)
hybrid FDG-PET/CT

value that allows ruling out metastatic disease
with high accuracy, thereby reducing the number
of futile treatment trials [31]. An exception from
this rule applies particularly to scans of the brain,
where the sensitivity of FDG-PET is limited by
the high background FDG uptake of the brain and
consequently MRI or contrast-enhanced CT is
preferred (Fig. 8.10). Regarding the detection of
bone metastases, FDG-PET is reported to have an
excellent performance with specificity, sensitiv-
ity, NPV, PPV, and accuracy all above 90%, sur-
passing also radionuclide bone scanning [34, 35].
Adrenal masses are a relatively common finding
occurring in approximately 5% of patients with-
out known malignancy [36] and the vast majority
of these lesions are known to be benign adeno-
mas. The prevalence of adrenal metastases from
NSCLC increases with the intrathoracic extent of
the tumor [37]. Accuracy values as high as 100%
have been reported for FDG-PET to detect these
adrenal metastases. False negatives, however,
may occur in small lesions, and false positives
have also rarely been described. MRI, especially
with chemical shift and contrast-enhanced tech-
niques, may be useful in case of uncertainty
(Figs. 8.11 and 8.12). The prevalence of benign
liver lesions, mainly cysts and hemangiomas, in
the general population is even higher than that of
adrenal masses and reaches 15% in large-scale
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Fig. 8.10 Brain metastasis detected in a 43-year-old
woman with NSCLC (not otherwise specified) stage
UICC IV. (a, b) FDG-PET; (c¢) hybrid PET/CT image; (d,
e) T2-weighted fluid-attenuated inversion recovery
(FLAIR), (f) T1w gradient-echo post-Gd. The presence of
this small brain metastasis in the cortex of the left pre-
central gyrus (arrows) becomes mainly evident through

ultrasound studies [38]. In contrast, the frequency
of liver metastases in asymptomatic patients with
NSCLC is reported to be only 3% [39]. FDG-
PET can detect liver metastases from NSCLC
with a very high accuracy of 92-100% and only
few false positives [40]. The further characteriza-
tion of any unclear FDG-negative liver lesions
remains the domain of ultrasound, contrast-
enhanced CT, and MRI.

According to the guidelines of the American
College of Chest Physicians (ACCP) and the
European Society of Thoracic Surgery (ESTS),
FDG-PET is recommended as the imaging
modality of choice to evaluate for metastases in
patients with a normal clinical evaluation and no
suspicious extrathoracic abnormalities on chest

f

the effect of its surrounding edema (arrowheads). The
lesion itself is hardly visible on FDG-PET (a), due to the
physiologic FDG uptake of the surrounding cortex. In
contrast, MRI (d, f) provides a much better differentiation
of the lesion against the background both using
T2-weighted and contrast-enhanced techniques

CT being considered for treatment with curative
intent. It is not indicated for patients already clas-
sified as non-curative by CT or other imaging. In
patients with an imaging finding suggestive of a
metastasis, further evaluation of the abnormality
with tissue sampling is recommended to patho-
logically confirm the clinical stage prior to choos-
ing treatment [24].

8.2.3 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a method for
cross-sectional imaging that is available in clinical
routine since the 1980s. Methodically, it is based on
the fact that the magnetic properties of protons,
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Fig.8.11 True- and false-positive findings of small adre-
nal lesions in FDG-PET/CT and MRI. (a-f) Adrenal
metastasis in a patient with pulmonary adenocarcinoma
stage T1b N1. The lesion is too small to be noticed on
contrast-enhanced CT (b), but identified by its increased
uptake of FDG (SUV,,,, = 5.0) in PET (a). MRI confirms
the finding showing a hyperintense lesion in T2-weighted
fast spin echo (c) with slightly less contrast enhancement
compared to the surrounding adrenal tissue in fat-

Fig. 8.12 Typical signal characteristics of an adrenal
adenoma (arrowheads) in T1-weighted Dixon MRI at
1.5 T field strength: (a) Opposed-phase image (echo
time = 2.4 ms); (b) in-phase image (echo time = 4.8 ms);
(c) fat image (after Dixon reconstruction); (d) water
image (after Dixon reconstruction). As adrenal adenomas
contain fat in a microscopic distribution (i.e., the size of

suppressed T1-weighted gradient-echo post-contrast (d)
and no signal drop in opposed-phase (e) compared to in-
phase gradient echo (f). (g-1) Nodular thickening of the
left adrenal of another patient with stage T2a N2 pulmo-
nary adenocarcinoma in CT (g) showing faint uptake
(SUV,.x =3.1) of FDG in PET (h). MRI, however, showed

an entirely normal signal behavior of the left adrenal (i1,
sequences as described in ¢—f), ruling out adrenal metasta-
sis in this patient

fat deposits is far below the voxel resolution of the MRI),
this fat is not seen macroscopically (dark appearance of
the adenoma in (c¢)), but can only be identified indirectly
by chemical shift effects that cause a drop of >20% in
signal intensity in the opposed-phase image (a) compared
to the in-phase image (b)
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which are bound to water or other molecules in
human tissue, vary depending on their physical and
biochemical environment. Static and variable mag-
netic fields are used to interact with this magnetiza-
tion and display its spatial distribution in the body.
The particular strength of MR1 is its ability to gener-
ate different sorts of contrast for tissue characteriza-
tion, such as T1 weighting, T2 weighting,
diffusion-weighted MRI (DW-MRI), or contrast
enhancement from intravenously administered,
gadolinium-based contrast agents. The various MRI
methods may be applied either alone (within a pro-
tocol including T1-weighted, T2-weighted, diffu-
sion-weighted, and contrast-enhanced sequences),
or in combination with FDG-PET within hybrid
FDG-PET/MRI approaches. The first is widely
available at least in larger hospitals and is described
below. Hybrid PET/MR, which still has limited
clinical availability, is further discussed in the Sect.
8.4 at the end of this chapter.

8.2.3.1 Tumor Detection

As the sensitivity of MRI for the detection of pul-
monary nodules is considerably lower than that
of CT, it is not an accepted method to rule out
pulmonary malignancy in patients with clinically
suspected cancer. Nevertheless, there is some dis-
cussion about a potential role of MRI as a tool for
lung cancer screening where the repetitive radia-
tion exposure associated with CT is an issue [41].

8.2.3.2 T Staging

The accuracy of MRI for T staging has already
been investigated in studies from the early 1990s
[42]. These reported a comparable sensitivity and
specificity of MRI (56% and 80%) and CT (63%
and 84%) in distinguishing T3-T4 tumors from
T1-T2 tumors using standard MRI sequences
such as T2 and T1 weighting. MRI was found, in
particular, to be significantly more accurate than
CT in the diagnosis of mediastinal invasion
(Figs. 8.6 and 8.7), whereas no significant differ-
ences were found between the two techniques for
diagnosis of bronchial involvement or chest wall
invasion. These results have been corroborated
also in a recent randomized study of 263 patients
comparing post hoc co-registered whole-body
FDG-PET/MRI  and FDG-PET/CT [43].

According to the current guidelines [24], MRI
should not be performed routinely for staging of
the mediastinum, but is considered useful when
there is concern about involvement of the supe-
rior sulcus or the brachial plexus.

8.2.3.3 N Staging

The additional benefit of morphologic MRI pro-
tocols over CT for nodal staging is generally
limited, as both methods basically rely on size
and shape as the main imaging criteria.
Interesting additional options have been pro-
vided by two research groups from Japan [44,
45], who described their methods based on short
TI inversion recovery (STIR) turbo spin-echo
sequences to be superior to FDG-PET/CT for N
staging of lung cancer (91.4% vs. 80.7% accu-
racy as reported by [44]). Another very promis-
ing MRI technique is diffusion-weighted MRI
(DW-MRI), which has been adapted to whole-
body oncologic imaging by Takahara in 2004
[46] and identifies cancer metastases by their
dense microstructure that restricts the diffusion
of water molecules (Fig. 8.13). The most recent
meta-analysis on the diagnostic performance of
FDG-PET/CT and DW-MRI for detection of
mediastinal nodal metastasis in NSCLC based
on 43 studies found no significant difference
between the two modalities [47]. The pooled
sensitivity and specificity for FDG-PET/CT
were 65% (95% CI: 63-67%) and 93% (93—
94%), respectively, whereas the corresponding
values of DW-MRI were 72% (68-76%) and
97% (96-98%), respectively. Despite these posi-
tive results, a general recommendation for using
STIR or DW-MRI routinely for staging of
NSCLC has not yet been made, as data from
large prospective studies comparing their value
with that of FDG-PET are still missing [20].

8.2.3.4 M Staging

The most important role of MRI for M staging of
NSCLC staging is the detection or exclusion of
brain metastases (Fig. 8.11), where MRI represents
the standard of reference for clinical staging. The
overall prevalence of brain metastases in clinically
asymptomatic patients with NSCLC is very low,
with 3% on average [24], but increases to >20% in
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Fig. 8.13 Side-by-side comparison of FDG-PET/CT
(right) and whole-body MRI (left) in a patient with pul-
monary squamous cell carcinoma stage T2a NO MO show-
ing comparable image contrast of the tumor in the right
upper lobe with both methods. (a) FDG-PET; (b)

diffusion-weighted MRI (b = 800 s/mm?); (¢) CT (soft-
tissue window); (d) T1w fast spin-echo MRI; (e, f) hybrid
images after fusion of a/c, and b/d, respectively. MRI data
were acquired as 2D slices in transverse orientation
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stage III and IV diseases [48] or with primary
tumor size >3 cm [49]. As shown already in studies
from the 1990s [50], MRI is able to detect more
and smaller lesions than contrast-enhanced CT in
the preoperative setting. However, it has not yet
been proven that this technical advantage translates
into a significant effect on patient survival. The cur-
rent guidelines recommend performing routine
imaging of the brain with MRI in clinically symp-
tomatic patients and in patients with clinical stage
[T or IV NSCLC, even if they have a negative clini-
cal evaluation [24]. The guidelines give no general
recommendation to use MRI to detect or exclude
metastases from NSCLC outside the brain, due to
the good performance of FDG-PET/CT in these
areas. In particular, there is no recommendation to
use whole-body MRI techniques, such as DW-MRI
(Fig. 8.13) for M staging, despite some promising
results that have been presented recently (98.6%
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reported accuracy of assessment of distant meta-
static spread with DW-MRI according to [44]).
MRI is accepted, nevertheless, as a problem-solv-
ing tool to characterize unclear lesions in the liver
and help with the differential diagnosis of suspi-
cious adrenal lesions (Figs. 8.11 and 8.12).

8.2.4 Bone Scintigraphy

Bone scintigraphy, also known as bone scan, is a tra-
ditional method of nuclear medicine used to detect
and display pathologic alterations of bone metabo-
lism. It uses y-emitting substances like *™Tc-
methyl-diphosphonate (MDP) that are adsorbed to
the surface of bone in places of increased bone
matrix turnover after intravenous injection. Images
are acquired 2—4 h after injection of the radiotracer
as 2-dimensional anterior and posterior projection
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Fig. 8.14 Bone scan performed in a 72-year-old patient
with pulmonary adenocarcinoma stage cT2a cN3 cM1b
with evidence of bone metastases. (a) Planar scintigraphy
in anterior and posterior projection with two different
window/level settings; (b) SPECT, transverse image ori-
entation; (¢) CT, bone window; (d) hybrid SPECT/

CT. Though the mechanism of tracer accumulation is per
se unspecific, the pattern of distribution mostly allows
identifying metastatic disease already on planar scintigra-
phy (a). Combined SPECT/CT (b—d) is used to differenti-
ate metastatic from degenerative disease more specifically
and to evaluate pathologic fractures
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views (Fig. 8.14), supplemented by focal planar pro-
jection images or 3-dimensional SPECT acquisi-
tions in particularly suspicious areas [51]. Bone
scintigraphy has a relatively high diagnostic sensi-
tivity for bone metastases from NSCLC of 92.5%
[35], but is very sensitive to degenerative, traumatic,
and inflammatory changes of the skeleton, as well.
Due to this lack in specificity, bone scintigraphy
only has a moderate accuracy of 72.5% for skeletal
M staging that is significantly inferior to the 93.5%
of FDG-PET [35]. In consequence, bone scintigra-
phy is not recommended anymore for evaluation of
bone metastases in patients with NSCLC since the
era of FDG-PET/CT. Nevertheless, it may still be
used in combination with a thoracoabdominal CT in
institutions where PET is not available.

8.3  Correlation with Surgical

Staging

Pretherapeutic mediastinal staging has a central role
in determining the most appropriate treatment strat-
egy in cases of NSCLC without metastatic disease.
Even if imaging findings are positive, microscopic
confirmation of malignancy and histopathological
type are required in all cases. In cases of doubt, the
8th edition of the Union for International Cancer
Control (UICC) TNM staging system should be
adopted to accurately determine tumor stage. The
majority of cases of UICC stage ITA to IIIA NSCLC
with N1 lymph node involvement are resectable.
However, curative surgery is not possible for stage
IIIB disease. In recent years, it has become clear

that N2 staging is complex. Therefore, in such
cases, differentiation should be improved by using
the Robinson classification [52] in addition to TNM
staging. Single-level stage IITA-N2 NSCLC is suit-
able for surgery, either initially or after neoadjuvant
therapy, while cases of multilevel N2-IITA disease
should preferentially undergo neoadjuvant therapy
before surgery. However, bulky-N2 stage disease is
considered inoperable. In the following, a short
review of the currently available invasive proce-
dures for mediastinal staging is provided. Table 8.6
provides an overview on their sensitivity, specific-
ity, NPV, and PPV in comparison to CT, PET, and
PET/CT. The current ESTS guidelines for primary
mediastinal staging of NSCLC are referenced at the
end of this subchapter.

8.3.1 Maediastinoscopy

Due to its high sensitivity and specificity, medias-
tinoscopy and especially video-assisted mediasti-
noscopy (VMS) are considered to be the gold
standard technique for invasive mediastinal lymph
node staging/diagnosis. Several factors can influ-
ence mediastinoscopy results. Not every lymph
node localization that is important for staging can
be reached by standard mediastinoscopy methods
(Table 8.7). Lymph nodes in the aortopulmonary
window (APW; station 5) and anterior mediasti-
nal (station 6), posterior subcarinal (station 7),
and inferior mediastinal (stations 8 and 9), hilar
(station 10), and lobar/intralobar (stations 11-14)
areas cannot be accessed by standard mediasti-

Table 8.6 Performance of different locoregional staging techniques (adapted from [53])

Sensitivity (%) Specificity (%) NPV (%) PPV (%)

CT 57 82 83 56

PET 84 89 93 79
Combined PET/CT [20, 27] 80-90 85-95 88-95 83-93
Mediastinoscopy (standard) 81 100 91 100
Mediastinoscopy (incl. ECM/VAMLA) [54] 96 100 100 100
Blind TBNA 76 96 71 100
EBUS-TBNA [55] 88 100 85 100
EUS-FNA 88 91 77 98
Combined EBUS-TBNA/EUS-FNA [54, 56] 86-88 99-100 83 99

NPV Negative predictive value; PPV Positive

predictive value; TBNA Transbronchial needle aspiration; EBUS
Endobronchial ultrasound; EUS Endoscopic ultrasound; FNA Fine-needle aspiration
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Table 8.7 Accessibility of mediastinal lymph node sta-
tions to different invasive procedures

Accessible lymph node
Procedure stations
Mediastinoscopy Stations 1-4, 7

(anterior mediastinal)
Stations 5, 6
(para-aortic)
Stations 7, 8

Extended cervical
mediastinoscopy (ECM)

Video-assisted
mediastinoscopic
lymphadenectomy (VAMLA)

Chamberlain procedure Station 5

(anterior mediastinotomy) (aortopulmonary
window)

Endobronchial ultrasound Stations 2R/2L,

(EBUS)-guided needle
aspiration

4R/4L, 7, and 10

Endoscopic ultrasound Stations 4L, 7-9

(EUS)-guided needle

aspiration
Video-assisted thoracoscopic | Ipsilateral
surgery (VATS) mediastinal nodes

noscopy. Limitations to access to relevant lymph
node stations may impact the number of false-
negative results with this technique and its
sensitivity.

The sensitivity of standard mediastinoscopy is
81% (range 40-97%) while its specificity and
PPV are both 100% and the NPV is 91%
(Table 8.6). The number of accessible lymph node
stations has been increased by enhancements of
the standard mediastinoscopy technique, includ-
ing extended cervical mediastinoscopy (ECM:
can access stations 5 and 6), and video-assisted
mediastinoscopic lymphadenectomy (VAMLA:
can access stations 7 and 8). These enhancements
have resulted in a sensitivity of 96% as well as a
specificity of 100%, with almost unchanged mor-
bidity and mortality [54].

8.3.2 Endoscopic Techniques

Endoscopic techniques are minimally invasive
and provide histological or cytological confirma-
tion of nodal involvement. By the combination of
endoscopic ultrasound (EUS) and endobronchial
ultrasound (EBUS) with PET/CT imaging, simi-
lar results can be achieved as for mediastinos-

copy. The benefits of an endosonographic
diagnosis are based on its low morbidity and
mortality, which have been shown to be 2% and
0.08%, respectively, with mediastinoscopy [57].
Furthermore, these techniques are less costly
than VMS.

Transbronchial needle aspiration (TBNA) has
been shown to be a safe procedure and is useful
in patients with enlarged mediastinal lymph
nodes. However, this so-called blind or unguided
technique has a moderate yield and is reliant on
the experience of the investigator. Furthermore,
the results of TBNA depend on the size of the
lymph node (>15-20 mm short axis on CT scan).
Although TBNA is mostly used to obtain sub-
carinal lymph node biopsies, it may also be used
to obtain paratracheal lymph node biopsies.
Paratracheal lymph nodes may sometimes be
harder to access because of the difficulty of suf-
ficiently angulating the bronchoscope and the
needle. In an overview, TNBA had a sensitivity
of 78% (range 14-100%) and a false-negative
rate of 29% in cN2 disease [24]. Similar sensitiv-
ity and false-negative rates were reported in
another overview by Lardinois [53] (Table 8.6).
This high false-negative rate has limited the use
of conventional TBNA for complete mediastinal
lymph node staging. Conventional TBNA is use-
ful if it leads to proof of N3 disease, but too often
does not exclude N3 disease in cases of proven
N2 disease.

The accuracy of TBNA can be improved by
the use of endoscopic ultrasonography guidance
techniques like EBUS-guided TBNA (EBUS-
TBNA) or EUS-guided fine-needle aspiration
(EUS-FNA) ecither alone or in combination. A
recent meta-analysis of EUS-FNA alone, EBUS-
TBNA alone, and EUS/EBUS combined has
reported a pooled sensitivity and specificity of
86% and 100%, respectively, for mediastinal
staging of lung cancer [56]. EBUS can be used to
access lymph node stations 2R/2L, 4R/4L, 7, and
10 (hilar lymph nodes) as shown in Table 8.7.
EUS particularly visualizes superior mediastinal
lymph nodes in station 4L and inferior mediasti-
nal nodes in stations 7, 8, and 9. Thus, EUS-FNA
complements other techniques, as it can visualize
lymph nodes (i.e., in stations 8 and 9) that are not
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accessible by EBUS-TBNA or mediastinoscopy.
Lymph node stations 5 and 6 can be well visual-
ized by EUS but are rarely sampled without tra-
versing the pulmonary artery/aorta. Lymph node
stations 5 and 6 are predominantly affected by
left upper lobe tumors and the surgical staging
method of choice for such nodes is video-assisted
thoracoscopic surgery (VATS).

8.3.3 Current Guidelines
for Primary Mediastinal
Staging

The current guidelines for primary mediastinal
staging of NSCLC provided by the European
Society of Thoracic Surgeons (ESTS) [20] are
visualized in Fig. 8.15. Endosonography is rec-

ommended over surgical staging as the initial pro-
cedure for mediastinal nodal staging in patients
with suspected or proven NSCLC with abnormal
mediastinal and/or hilar nodes at CT, PET, or
PET/CT. The combination of EBUS-TBNA and
EUS-FNA is preferred over either test alone.
Endoscopic needle techniques have sensitivities
of approximately 90% when used in combination
with ultrasound (EUS, EBUS). In direct compari-
son with surgical staging, they have emerged as
the best first diagnostic tools to obtain tissue.
However, in cases where the clinical suspicion of
mediastinal lymph node involvement remains
high after a negative result using a needle tech-
nique, surgical staging like mediastinoscopy or
video-assisted thoracoscopic surgery (VATS)
should be performed. In particular, patients with
small mediastinal lymph nodes without FDG

[ CT and PET or PET-CT
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v
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negative

y
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A
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(a) : In tumours > 3 cm (mainly in adenocarcinoma with high FDG uptake) invasive staging should be considered

(b) : Depending on local expertise to adhere to minimal requirements for staging

(c) : Endoscopic techniques are minimally invasive and are the first choice if local expertise with EBUS/EUS needle aspiration is available

(d) : Due to its higher NPV, in case of PET positive or CT enlarged mediastinal LN’s, videoassisted mediastinoscopy (VAM) with nodal dissection or
biopsy remain indicated when endoscopic staging is negative. Nodal dissection has an increased accuracy over biopsy

Fig.8.15 Revised ESTS guidelines for primary mediastinal staging. Reprinted from [20] with permission from Oxford

University Press
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uptake present a 6-30% risk of having mediasti-
nal metastases in the following cases:

— Enlarged or FDG-avid hilar lymph nodes, or
small and FDG-avid hilar lymph nodes

— Non-FDG-avid lung tumor (i.e., pulmonary
carcinoid, pulmonary adenocarcinoma in situ)

— Lung tumor >3 cm (mainly in the case of ade-
nocarcinoma with high FDG uptake) without
any lymph node involvement at CT or PET

In these cases, mediastinal staging should be
performed for accurate mediastinal nodal assess-
ment in order to allocate patients appropriately
for therapy with curative intent.

Mediastinal lymph node metastases are pres-
ent in less than 6% of patients with small periph-
eral tumors that present with neither enlarged nor
FDG-avid hilar or mediastinal lymph nodes [58].
It is therefore suggested in the guidelines that for
patients with a peripheral clinical stage IA tumor
(i.e., negative nodal involvement by FDG-PET/
CT) no invasive preoperative evaluation of the
mediastinal nodes is required.

For patients with a left upper lobe tumor in
whom invasive mediastinal staging is indicated
(as defined in previous recommendations), it is
suggested that invasive assessment of the APW
nodes be performed (via Chamberlain procedure,
VATS, or extended cervical mediastinoscopy) if
other mediastinal node stations are found to be
uninvolved [24]. N1 nodes are usually resected
with the primary tumor, if complete surgical
resection is undertaken.

Since the effectiveness of endoscopic (EUS/
EBUS) and mediastinoscopic techniques relies
heavily on the experience of the examiner/opera-
tor, the choice between these techniques for use
in mediastinal staging should be based on avail-
able expertise. Moreover, the surgical staging
techniques (e.g., VMS, VATS, or Chamberlain
procedure) should be considered as complemen-
tary more than competing methods. To ensure
the most accurate staging in treatment centers,
all noninvasive imaging techniques and invasive
surgical and minimally invasive needle-based
endoscopic staging techniques should be
available.

Due to the low negative predictive value of
EBUS or EUS in the event of negative results it is
necessary to subsequently conduct a mediastino-
scopic lymph node biopsy. In the case of a low
probability of a targeted diagnosis by endoscopy
initially, a mediastinoscopical approach should
be conducted primarily, in order to avoid double
examinations. This is especially important for
clinical stages with central tumors, including
stage cN2 or cN3 disease. In the case of a positive
PET/CT result, a confirmatory mediastinoscopy
should always be performed. However, if the ini-
tial PET/CT is negative, a rate of 20% of false-
negative results should be considered. Due to the
low probability of positive results with EBUS/
EUS when staging central tumors, mediastinos-
copy should be conducted right away in these
cases.

8.4 Limitations and Perspectives
Despite the most recent adaptation to the TNM
staging system for non-small cell lung cancer,
there are still a considerable number of limita-
tions inherent to the current system. An important
source of error lies in the data itself. Even though
former limitations of an oligocentric database
from a single country have been overcome, the
gathering of suitable data for each revision
remains challenging. This is particularly because
treatment recommendations, as indirectly impli-
cated in the TNM classification, should be
derived whenever possible from properly con-
ducted clinical trials.

The prognostic discriminatory power of any
staging system is intimately connected to the
level of sophistication of its underlying database,
which, in turn, is determined by the structure of
the previous staging classification and the thera-
peutic concepts available at the time. The back-
ward compatibility of a redefined staging system
to its predecessors is generally limited, depend-
ing on the extent of changes that have been
applied. As a consequence of the aforesaid, a
newly revised staging classification will be of
limited help for any decision on treatment strate-
gies that have not contributed to its underlying
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database, a situation that currently applies to the
different sorts of novel targeted therapies, in
particular.

Another important limitation of the TNM
staging system is that the information used for
staging is purely anatomic and as such does not
capture any prognostic information that is unre-
lated to the anatomic extent of the disease. This
applies to all sorts of parameters obtained from
blood samples and other laboratory tests, such as
tumor markers, as well as clinical factors, such as
performance status and comorbidities. Many
selection criteria for modern therapy approaches,
such as tumor type or genetic patterns, are there-
fore not covered by the TNM system. This gap
between the TNM system and therapy decisions
is getting even larger with the continuously
increasing number of novel treatment options.

The ever-growing richness of detail of modern
staging classifications also represents a challenge
for the available imaging technologies in radiol-
ogy and nuclear medicine. Remaining challenges
are in particular the limited accuracy in the evalu-
ation of mediastinal and chest wall infiltration for
T staging, the decreased NPV of FDG-PET-
negative lymph nodes in specific high-risk sub-
groups, and the generally low PPV of FDG-PET/
CT for N staging [59]. Apart from higher ana-
tomic resolution and image quality, the technical
development of diagnostic imaging strongly
focusses on the inclusion of “functional” image
information, as well as on “molecular” and
hybrid—morphologic and functional—imaging
technologies. The most prominent examples for
this development are CT perfusion [60], dual-
energy CT [61], and hybrid FDG-PET/MRI [62,
63], where promising initial results have been
published in recent years. The technical equip-
ment required to perform these examinations,
however, is still quite novel to clinical radiology
and not yet available in every hospital. In conse-
quence, the existing data on the staging perfor-
mance of CT perfusion, dual-energy CT, and
hybrid FDG-PET/MRI is scattered, mostly stem-
ming from only a few different sites and obtained
in limited numbers of patients. A much broader
investigation of these methods in prospective
interdisciplinary multicenter trials is required to

tackle the persisting challenges for imaging-
derived staging of NSCLC.
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