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        Appropriate therapy is dependent on accurate 
staging to determine those amenable to surgery 
and defi ne the appropriate role for chemotherapy 
and radiation therapy. In this chapter, the role of 
imaging in the staging and prognosis of lung can-
cer is discussed. 

    Chest Radiographs 

    Chest radiographs are typically the fi rst studies 
performed in the evaluation of the patient with 
suspected lung cancer, although the paradigm 
may shift to a greater emphasis on CT as experi-
ence with screening CT increases. The typical 
radiographic fi nding is an irregular or spiculated 
nodule or mass, although border characteristics 
can vary and can be smooth or cavitary 
(Figs.  5.1 – 5.3 ). A second manifestation is col-
lapse of a lobe owing to an endobronchial tumor 
(Fig.  5.4 ). The chest radiograph may also give 
evidence of mediastinal adenopathy or chest 
wall invasion. It is important to recognize that 
chest radiographs do not detect all lung tumors 
and that a negative radiograph in the 
setting of a high clinical suspicion should not 
necessarily end the radiographic evaluation. In 
addition, there are known “blind spots” on the 

radiographs particularly along mediastinal and 
hilar borders and beneath the rib and clavicular 
shadows (Fig.  5.5 ) [ 1 ].

          CT, PET, and Histology 

 While on a practical basis for staging, the major-
ity of primary lung cancers are grouped as either 
small cell or non-small cell lung carcinomas 
(NSCLC), the distinction of cell types in the 
NSCLC group is often of value in choosing cer-
tain treatment regimens. While this is truly the 
domain of pathology, certain imaging features 
may be present in the different histologic sub-
types and may aid in diagnosis. While the classic 
teaching is that squamous cell carcinomas tend to 
be central and more likely to be cavitary than 
adenocarcinomas, there can certainly be overlap. 
One feature that appears to reliably predict ade-
nocarcinoma as the histology is the presence of 
ground-glass opacity at CT [ 2 ] (Fig.  5.6 ). In the 
past, many of these tumors were grouped under 
the subtype bronchioloalveolar cell carcinoma 
(BAC), but owing to the confusion over terminol-
ogy, these have been reclassifi ed into in situ, 
minimally invasive and invasive adenocarcinoma 
to account for different biologic behavior and 
prognosis. Overall, the extent of ground-glass 
opacity appears to correlate with areas of hyper-
plasia, in situ carcinoma, or minimally invasive 
tumor which predicts slower growth and bet-
ter overall prognosis [ 3 – 6 ]. Pure ground-glass 
 nodules are typically atypical adenomatous 
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hyperplasia or in situ adenocarcinomas but may 
on occasion contain an invasive component [ 7 ]. 
With FDG-PET, the standard uptake value tends 
to be higher with squamous and large cell histol-
ogy [ 2 ], and similarly lung cancers that are not 

FDG avid are likely to be in the spectrum of 
 low- grade adenocarcinoma [ 8 – 10 ].

   The spectrum of low-grade adenocarcinoma is 
complex often requiring resection of the entire 
lesion to exclude an invasive component [ 11 ]. 
These tumors may present as a solitary pulmo-
nary nodule or as diffuse confl uent airspace 

  Fig. 5.1    Frontal chest radiograph reveals 2 cm right 
upper lobe solitary pulmonary nodule ( arrow )       

  Fig. 5.2    Frontal chest radiograph reveals left lower lobe 
poorly defi ned nodule ( black arrow ) with associated left 
hilar and aortopulmonary window adenopathy ( white 
arrows )       

  Fig. 5.3    Frontal chest radiograph reveals cavitary lung 
cancer in left upper lobe ( arrow )       

  Fig. 5.4    Frontal chest radiograph reveals central right 
hilar mass ( arrowheads ) resulting in collapse of right 
upper lobe (also known as “S” sign of Golden)       
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disease. Nodules may have a variety of appear-
ances including lobulated or spiculated borders, 
pleural tags, air bronchograms, and internal 
lucencies (pseudocavitation) [ 12 ] (Fig.  5.7 ). The 
ground- glass opacity histologically refl ects the 
lepidic tumor growth with or without alveolar 
collapse [ 9 ], while the lucencies presumably 

refl ect either uninvolved lobules or focal air 
 trapping with bronchiolar obstruction [ 13 ,  14 ]. 
While a solid component may simply refl ect 
alveolar collapse, it is more likely to represent 
areas of fi broblast proliferation or invasive ade-
nocarcinoma [ 15 ].

   A second radiographic appearance is the dif-
fuse or multifocal form (Fig.  5.8 ). Findings range 
from multiple ground-glass opacities and nodules 
to lobar consolidation [ 12 ]. In many cases, the 

  Fig. 5.5    Frontal chest radiograph reveals density differ-
ences between right ( arrows ) and left lung apices, 
although exact borders of mass are hard to defi ne       

  Fig. 5.6    Axial CT image reveals part-solid nodule with 
solid core and peripheral ground-glass opacity. 
Appearance is typical of invasive adenocarcinoma       

  Fig. 5.7    Axial CT image reveals a pure ground-glass 
nodule with associated irregular borders air broncho-
grams and bubble-like lucencies ( arrowhead ) features 
often associate with preinvasive or minimally invasive 
histologies       

  Fig. 5.8    Axial CT image reveals widespread parenchy-
mal consolidation with pseudocavitation. Bronchoscopy 
revealed multifocal mucinous adenocarcinoma       
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initial distinction from infection is impossible 
and the disease is not considered until the “pneu-
monia” does not resolve. The fi lling of airspaces 
is generally the result of mucin production, and 
with contrast-enhanced CT the underlying archi-
tecture of the lung is preserved. Suffi cient mucin 
may eventually lead to attenuation of the pulmo-
nary vessels and a bulging fi ssure [ 16 ]. The fi nd-
ing of discrete nodules in other lobes combined 
with non-resolving consolidation strongly sup-
ports the diagnosis [ 17 ]. The CT angiogram sign 
refl ects normal pulmonary vasculature coursing 
through consolidated lung and can be seen in 
cases of infection, lipoid pneumonia, and obstruc-
tive pneumonitis [ 18 ].

        NSCLC Staging 

 CT allows for anatomic staging of the primary 
lesion, mediastinal lymph nodes, and distant 
metastatic disease. The major limitations of 
anatomic imaging are the use of size criteria to 
defi ne benign versus malignant lymph nodes, 
failure to distinguish tumor from atelectasis, 
and the nonspecifi c appearance of metastatic 
disease in general. The addition of metabolic 
imaging (FDG-PET) adds sensitivity and speci-
fi city to staging but does not replace histologic 
confi rmation. 

 Staging is categorized by the TNM system, 
which is accepted by the American Joint 
Committee on Cancer (AJCC) [ 19 ]. This classifi -
cation system takes into account the primary 
lesion (T), the presence or absence of mediastinal 
or supraclavicular lymph node involvement (N), 
and the presence or absence of distant metastasis 
(M) (Tables  5.1  and  5.2 ).

       T-Stage 

 The evaluation of T-stage is based upon size and 
location of the lesion, commonly using CT. The 
use of intravenous (IV) contrast while often spec-
ifi ed in clinical trials is not mandatory as no clear 
superiority of contrast-enhanced CT scans has 
been established [ 20 – 22 ]. The use of IV contrast 

is therefore best left to the discretion of the inter-
preting physician. 

 T1 tumors are those that are less than 3 cm in 
greatest dimension and that do not invade the vis-
ceral pleura or mainstem bronchi. These can be 
further subdivided into T1a (<2 cm) and T1b 
(≥2 cm <3 cm) (Fig.  5.9 ). T2 tumors are greater 

   Table 5.1    Staging of lung cancer: AJCC TNM 
descriptors   

  Primary lesion  
 T0-no evidence of primary tumor 
 Tis-carcinoma in situ 
 T1-tumor <3 cm surrounded by lung or visceral pleura 
without invasion proximal to lobar bronchus 
  1a- ≤2 cm 
  1b- >2–3 cm 
 T2-tumors >3 cm, any tumor invading main bronchi but 
>2 cm from the carina, invasion of visceral pleura, 
obstructive pneumonitis extending to hila but does not 
involve entire lung 
  2a- >3–5 cm 
  2b- >5–7 cm 
 T3-tumor >7 cm. Tumor of any size that directly invades 
chest wall, diaphragm, mediastinal pleura, or parietal 
pericardium; or involves main bronchus within 2 cm 
of carina but does not involve carina; or results in 
obstructive atelectasis or pneumonitis of entire lung. 
Separate nodule(s) in same lobe 
 T4-tumor invades any of the following: mediastinum, 
heart great vessels, trachea, esophagus, vertebral body, 
or carina; malignant ipsilateral pleural or pericardial 
effusion; separate nodule(s) in a different ipsilateral lobe 
  Lymph nodes  
 N0-no regional lymph node metastases 
 N1-spread to ipsilateral peribronchial or hilar nodes 
 N2-spread to ipsilateral mediastinal or subcarinal nodes 
 N3-spread to contralateral mediastinal or hilar nodes, 
scalene nodes, supraclavicular nodes 
  Distant disease  
 M0-no distant metastases 
 M1-distant metastases present 
   M1a-separate tumor nodule in contralateral lung, 

pleural nodules, malignant pleural, or pericardial 
effusion 

  M1b-all other distant metastasis 

  Used with the permission of the American Joint 
Committee on Cancer (AJCC), Chicago, Illinois. The 
original source for this material is the  AJCC Cancer 
Staging Manual , Seventh Edition (2010) published by 
Springer Science and Business Media LLC.   http://www.
springer.com      
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than 3 cm and <7 cm in greatest dimension and/
or involve the visceral pleura or mainstem bron-
chi, at least 2 cm from the carina (Fig.  5.10 ). T2 
tumors can be subdivided into a and b categories 
based on whether tumor size is less than or 

greater than 5 cm. Regardless of size, it is impor-
tant to note the relationship of the tumor to the 
pulmonary artery, lobar fi ssures, and incomplete 
fi ssures when applicable as this may alter the 
planned surgical approach [ 23 ]. T3 tumors 
include those ≥7 cm, are of any size that involve 
the chest wall, diaphragm, mediastinal pleura, 
parietal pericardium, or are within 2 cm of the 
carina but do not invade the carina (Fig.  5.11 ). 
Satellite nodules in the same tumor lobe are also 

   Table 5.2    Staging of NSCLC based on TNM 
classifi cation   

 0-  Carcinoma in situ 
 1A-  T1N0M0 
 1B-  T2aN0M0 
 2A-  T2bN0M0 

 T1N1M0 
 T2aN1M0 

 2B-  T2bN1M0 
 T3N0M0 

 3A-  T3N1M0 
 T1-3N2M0 
 T4N0-1 M0 

 3B-  T4N2M0 
 Any N3 

 4-  Any M1 

  Used with the permission of the American Joint 
Committee on Cancer (AJCC), Chicago, Illinois. The 
original source for this material is the  AJCC Cancer 
Staging Manual , Seventh Edition (2010) published by 
Springer Science and Business Media LLC.   http://www.
springer.com      

  Fig. 5.9    T1 lesion. Axial CT image reveals a 1.4 cm spic-
ulated right upper lobe nodule typical for lung neoplasm       

  Fig. 5.10    T2 lesion. Axial CT image reveals a 4 cm spic-
ulated mass in the left upper lobe       

  Fig. 5.11    T3 lesion. Axial CT reveals large right upper 
lobe mass with invasion into chest wall and destruction of 
right second rib ( arrow )       
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considered T3 tumors regardless of the size of the 
dominant nodule/mass. T4 tumors invade vital 
structures including the heart, great vessels, 
esophagus, carina, or vertebral body or contain a 
satellite nodule in the ipsilateral lung non-tumor 
lobe (Fig.  5.12 ). While T4 tumors are generally 
considered unresectable, in certain circum-
stances, complete surgical resection may be fea-
sible [ 23 ].

      The distinction between T1 and T2 tumors is 
generally straightforward and does not usually 
impact initial treatment. Diffi culty with T-staging 
may arise when there is need to determine chest 
wall (T3) or mediastinal (T4) invasion. Whereas 
primary signs such as bone destruction, rib ero-
sion, or the presence of a tumor adjacent to medi-
astinal structures are reliable evidence of invasion, 
secondary signs such as absent fat planes, pleural 
thickening, and obtuse angle of tumor contact 
with the chest wall are not reliable [ 24 – 26 ]. 
Several CT features have been described to help 
determine chest wall invasion. These include 
greater than 3 cm of contact with the pleural sur-
face, pleural thickening, absent fat planes, and 
obtuse angle of tumor with the chest wall [ 26 ]. 
Although sensitivity is relatively good with at 
least two features present (87 %), specifi city 
remains relatively low (59 %), and localized chest 
pain remains a much more specifi c determinant 

[ 26 ]. Using thinner collimation with coronal and 
sagittal reformation improves accuracy for both 
chest wall and mediastinal invasion [ 27 ]. 

 Magnetic resonance (MR) imaging can aid in 
problem solving and is clearly better at delineat-
ing extension of superior sulcus tumors [ 28 ]. In 
particular MR is superior to CT for the detection 
of involvement of the neural foramina, spinal 
canal, and brachial plexus. Surgery is contraindi-
cated by local extension when the brachial plexus 
is involved above the level of T1, more than 50 % 
of a vertebral is invaded, or when there is inva-
sion of the trachea or esophagus (Fig.  5.13 ). 
Invasion of the subclavian, common carotid, and 
vertebral arteries, less than 50 % vertebral body 
invasion and extension into the neural foramina, 
should be considered relative contraindications 
to surgery [ 28 ]. In other cases, the tumor should 
be considered a T3 lesion and treatment deci-
sions should be based on the patient’s medical 
condition as well as the presence or absence of 
metastatic disease.

   MR can also be useful in excluding chest wall 
involvement. Using cine MR during free breath-
ing, the fi nding of sliding between the tumor and 
mediastinum or chest wall has been shown to be 
diagnostic of lack of invasion. The converse 

  Fig. 5.12    T4 lesion. Axial CT reveals large left upper 
mass with invasion into the mediastinum and encasement 
of the innominate artery (I), left common carotid artery 
(LCC), and left subclavian artery (LSC)       

  Fig. 5.13    Pancoast tumor. Coronal gadolinium-enhanced 
T1 sequence reveals cephalad extension of superior sulcus 
tumor, abutting the right subclavian artery (RSC)       
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however is not necessarily indicative of invasion 
as adhesion and local infl ammatory changes may 
also restrict tumor motion [ 29 – 31 ]. 

 In the appropriate hands, ultrasound also can 
be a useful adjunct in detecting chest wall inva-
sion. In several studies, ultrasound has been 
shown to be superior to CT with sensitivity 
greater than 90 % [ 32 ,  33 ]. Sonographic features 
of chest wall invasion include direct invasion of 
the chest wall, interruption of the pleural refl ec-
tion, and impairment of motion with respiration 
[ 32 ]. Ultrasound may be limited in certain cir-
cumstances, and false-negative and false-positive 
results may be obtained due to shadowing from 
osseous structures or fi brous adhesions of the 
tumor to pleura, respectively. Endoscopic ultra-
sound can also be utilized to assess mediastinal 
and aortic invasion [ 34 ,  35 ]. Because it is a rela-
tively untested technique in this setting, the actual 
utility will depend on operator technique and 
experience.  

    PET/CT and T-Staging System 

 Due to the limited spatial resolution, 18F-FDG 
PET does not have a specifi c role in staging the 
primary tumor. While it has been suggested that 
fusion of CT and 18F-FDG PET images together 
may enhance T-stage determination (particularly 
for chest wall and mediastinal invasion) [ 36 ], 
care must be taken not to over- or under-stage 
tumors due to respiratory misregistration. By 
acquiring CT images at medium lung volumes 
rather than at deep inspiration, misregistration 
problems can be minimized. However, careful 
analysis of the CT images without 18F-FDG PET 
is still mandatory in order to avoid this pitfall. In 
rare circumstances, 18F-FDG PET may be help-
ful in detecting an occult primary tumor sus-
pected based on detection of distant metastases.  

    Prognosis by PET/CT 

 As already seen, size and local invasion are pre-
dictors of survival at CT. FDG PET and PET/CT 
can also be used to evaluate long-term prognosis. 

In a retrospective study, 2-year survival was 96 % 
for surgically treated patients with an SUVmax 
<9 and 68 % if >9. The combination of tumor 
size >3 cm and SUVmax >9 resulted in only 
47 % survival at 3 years [ 37 ]. However, when 
adjusting for surgical pathologic stage, SUVmax 
did not predict prognosis [ 38 ]. Other investiga-
tors have proposed a cutoff of SUVmax of 5–5.5 
and found a survival advantage in the low SUV 
group [ 39 – 42 ]. This survival advantage was also 
supported by a recent meta-analysis showing that 
high SUV tumors were associated with reduced 
survival and a hazard ratio of 2.07 [ 43 ]. Unlike 
size, however, the use of SUV has not been 
included in the staging system and presumably 
refl ects the variability in SUV across sites and 
scanners as well as the lack of an agreed upon 
measurement standard. 

    N-Stage 
 N-stage is defi ned by the presence or absence of 
lymphadenopathy and the relationship of the 
abnormal lymph nodes to the primary tumor 
(Fig.  5.14 ). Nodal location is defi ned by the 
IASLC lymph node map [ 44 ] (Fig.  5.15 ). N1 is 
defi ned as nodes which are ipsilateral intrapulmonary, 
peribronchial, and hilar. N2 nodes are ipsilateral 
mediastinal nodes, including the midline groups 

  Fig. 5.14    Mediastinal adenopathy. Left upper lobe neo-
plasm with ipsilateral (N2) aortopulmonary adenopathy 
( arrow ) and contralateral right paratracheal (N3) adenop-
athy ( arrowhead )       

 

5 Imaging in Non-small Cell Lung Cancer



56

(levels 3 and 7). Finally, N3 nodes are contralat-
eral to the primary tumor or involve the scalene or 
supraclavicular nodes. The location of the pri-
mary tumor has a strong and relatively predictable 
infl uence on the likely location of metastatic 
nodes. Right upper lobe tumors most often drain 
to right paratracheal nodes (2R and 4R), while 
right middle and lower lobe tumors most fre-
quently drain to lower right paratracheal and sub-
carinal nodes (4R and 7). On the left, the common 
sites for nodal metastases for the left upper lobe 

include AP window and  prevascular nodes (5 and 
6) and prevascular and subcarinal (6 and 7) for the 
left lower lobe [ 45 ]. For lower lobe tumors, the 
frequency of upper mediastinal lymph node 
involvement (levels 2, 4, 5, 6) is greater for tumors 
in the superior segment (64 %) versus basal seg-
ments (36 %) [ 46 ]. Because size is the main crite-
ria for malignancy, CT is relatively inaccurate for 
staging the mediastinum. A lymph node measur-
ing greater than 1 cm in short axis diameter is 
generally considered “positive” for clinical 

  Fig. 5.15    IASLC lymph node map       
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staging purposes [ 47 ]. While there is no lower 
limit of size that guarantees freedom from dis-
ease, the overall chance that a node is malignant is 
clearly infl uenced by size. For example, the prev-
alence of metastatic disease in lymph nodes is 
approximately 30 % for nodes 10–15 mm in size 
and 67 % for nodes >15 mm in size [ 48 ]. Among 
43 studies conducted from 1991 to 2005, the sen-
sitivities of CT for nodal disease ranged from 26 
to 86 % and specifi city ranged from 31 to 97 % 
with a pooled sensitivity and specifi city from a 
total of 5,111 patients in whom prevalence of 
nodal disease was 28 % of 51/86 % [ 49 ]. CT, most 
importantly, provides anatomic relationships and 
landmarks critical for interpreting 18F-FDG PET 
studies and allows for selection of the most appro-
priate pathway for biopsy.

    18F-FDG PET improves noninvasive staging 
but is not a substitute for tissue. Pooling all stud-
ies resulted in sensitivity/specifi city of 74 %/85 % 
2,865 patients with a prevalence of mediastinal 
disease of 29 % [ 49 ]. A prior meta- analysis 
showed a sensitivity and specifi city of 85 %/90 % 
[ 50 ], suggesting that with more widespread 
acceptance and utilization, the true test character-
istics are not as good as once thought. While 18F-
FDG PET is not an endpoint in the staging 
work-up, 18F-FDG PET scans can decrease the 
number of futile thoracotomies by 20 % [ 51 ,  52 ]. 
The PLUS study [ 51 ] randomized stage I–III 
patients who were potentially operable to FDG 
PET or no PET and showed a reduction in the 
“futile” thoracotomy rate (thoracotomy per-
formed in patients with unresectable disease) by 
20 % (41 % without 18F-FDG PET vs. 21 % with 

18F-FDG PET). However, for clinical 1A 
patients, the yield of 18F-FDG PET in preventing 
nontherapeutic pulmonary resection appears to 
be less than 10 % [ 53 ]. Thus, the ultimate success 
of 18F-FDG PET in the mediastinum may be to 
spare advanced-stage patients extensive surgery. 

 It is clear that 18F-FDG PET must be inter-
preted in the context of CT fi ndings to maximize 
utility, and the value of 18F-FDG PET in staging 
the mediastinum is dependent on the CT fi ndings 
[ 50 ,  54 ]. If a CT contains enlarged lymph nodes 
greater than 1 cm, sensitivity of 18F-FDG PET 
approaches 100 %, but specifi city decreases 
(~78 %). In the setting of a negative CT scan, 18F-
FDG PET shows lower sensitivity (82 %) but 
improved specifi city (93 %) (Fig.  5.16 ) [ 50 ]. 
Modeling for size in combination with PET the 
likelihood of malignancy in a PET-negative node is 
5 % when 10–15 mm in size and 21 % when greater 
than 15 mm in size. Conversely, the likelihood of 
malignancy in a PET-positive node is 62 % when 
10–15 mm and 90 % when >15 mm [ 48 ].

   The relationship of nodal SUV to malignancy 
is similar to that of size; the overall likelihood of 
malignancy increases with increasing SUV. 
Although a wide range of maximum SUV can be 
associated with benignity, accuracy improves 
with an SUV > 5.3 [ 55 ]. Additionally, the true 
positive rate is higher in lymph nodes <1 cm with 
elevated SUV [ 56 ]. 

 The ratio of SUV of the mediastinal lymph 
nodes to the primary tumor can also be helpful. 
A ratio of 0.56 predicted malignancy with a sen-
sitivity of 94 % and specifi city of 72 %, but like 
SUV alone, showed extensive overlap between 

  Fig. 5.16    T1N2 lung cancer. Composite of PET/CT 
reveals right upper lobe spiculated nodule with 1 cm bor-
derline enlarged right paratracheal lymph node with FDG 

activity. Confi rmed as lymph node metastasis by endo-
bronchial ultrasound and biopsy       

 

5 Imaging in Non-small Cell Lung Cancer



58

benign and malignant lymph nodes [ 57 ]. The 
reality is that 18F-FDG PET should not replace 
histologic staging in the vast majority of cases. 
Most notably, a single positive fi nding should 
always be confi rmed by histology before consid-
ering as stage 3 disease. 

 In regard to the 18F-FDG PET-negative medi-
astinum, there appear to be several caveats that 
can guide whether further mediastinal staging is 
necessary. A retrospective study of 18F-FDG 
false-negative results found that occult metasta-
ses were more likely to occur with increasing 
T-stage, central tumors, adenocarcinoma histol-
ogy, and higher primary tumor SUV (>6), 
although the actual number of false-negative 
lymph nodes in this study was small ( n  = 16) [ 58 ]. 
Other groups have found that in addition to these 
features, upper lobe tumors and those with 
N1-positive disease also have a relatively high 
rate of occult disease in the mediastinum with 
histologic staging [ 59 ,  60 ]. The size of false- 
negative lymph nodes tends to be less than 1 cm; 
therefore, while the negative predictive value of 
the PET-negative mediastinum is quite high, the 
potential for a false-negative result is associated 
with decreasing node size. Tobacco use appears 
to lower maximum SUV and both smoking status 
and maximum pack years are independently 
associated with a decreased accuracy of 18F- 
FDG PET for mediastinal staging [ 61 ]. In sum-
mary, an 18F-FDG PET-negative mediastinum 
has an extremely high negative predictive value 
in small (T1), peripheral tumors with a low pri-
mary tumor SUV and no signifi cant activity in 
the hilar lymph nodes. Under these conditions, it 
seems reasonable to proceed to surgery without 
prior pathological staging of the mediastinum. 

 Integrated 18F-FDG PET/CT imaging out-
performs CT alone, 18F-FDG PET alone, and 
conventional visual correlation or superimposi-
tion of CT and 18F-FDG PET acquired individ-
ually [ 36 ,  62 – 64 ]. The diagnostic advantages 
touted in the literature include more precise 
demarcation of primary tumor (which can also 
be used to better defi ne radiation ports), 
improved diagnosis of tumor invasion, demarca-
tion of tumor within atelectasis or infection, 

more precise localization of mediastinal lymph 
nodes greater than 8 mm in size, as well as the 
precise localization of extrathoracic lesions 
[ 65 ]. Most notably, integrated systems allow 
more accurate staging impacting treatment deci-
sions in up to 20 % of patients [ 62 ]. 

 MR imaging is not typically used for medias-
tinal staging, although abnormal lymph nodes 
can be detected using this technique. A lack of 
standardization of protocols however makes 
comparison of results diffi cult. Most protocols 
utilize a short tau inversion recovery (STIR) 
sequence which allows for whole-body staging 
with a total exam time of 60 min [ 66 ]. Using this 
approach, MR imaging approaches the accuracy 
of PET/CT for detecting nodal metastases at 
1.5 T [ 67 ]. A slightly shorter imaging time is 
feasible with 3.0 T MR and likewise has rela-
tively similar, albeit slightly less accurate [ 68 ]. 
In one study STIR images using quantitative 
analysis using a lymph node-saline ratio were 
found to be more sensitive and specifi c com-
pared to PET/CT [ 69 ]. 

 Owing to the increased cellularity, larger 
nuclear size, and decreased extracellular space, 
the motion of water molecules is restricted. One 
attempt to improve evaluation with MR is the 
addition of diffusion-weighted imaging (DWI) to 
evaluate the apparent diffusion coeffi cient 
(ADC). The results, however, have been mixed. 
Ohno et al. evaluated 250 consecutive patients 
with T1 or T2 NSCLC using a STIR sequence, 
DWI, and FDG PET/CT and found STIR images 
to be slightly more accurate than either DWI or 
FDG PET/CT [ 70 ]. In a smaller study of 63 sub-
jects, Usada et al. found DWI to be superior in 
detecting both primary tumor and lymph node 
metastasis [ 71 ]. Pauls et al. were unable to dem-
onstrate an advantage of DWI over FDG-PET 
and noted that MR had a greater tendency to 
understage patients [ 72 ]. DWI may improve 
delineation of central tumors from post- 
obstructive pneumonitis [ 73 ]. It is clear that MR 
imaging can be used to stage lung cancer with 
similar test characteristics to standard techniques 
but requires agreement on the optimal technique 
and validation in a multicenter trial.  
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    M-Stage 
 M-stage is defi ned by the absence (M0) or presence 
(M1) of distant metastasis. The M-category is 
further subdivided into M1a-malignant pleural 
effusion and M1b-other distant metastases. Lung 
cancer most commonly metastasizes to bone, 
brain, liver, and adrenal glands. CT and whole- 
body 18F-FDG PET imaging are usually used for 
the evaluation of distant metastases. In the 
absence of symptoms, the negative predictive 
value is usually 95 % for liver, brain, and adrenal 
and 90 % for bone [ 74 ,  75 ]. Whole-body MR 
imaging as discussed previously also has the 
capability of providing accurate staging in a sin-
gle exam. In limited studies, whole-body MR is 
as accurate as 18F-FDG PET in detecting distant 
metastases and seems to have a particular advan-
tage in detecting brain and liver lesions [ 68 ]. The 
addition of diffusion-weighted images may ulti-
mately increase yield [ 76 ]. 

   Pleural Metastasis 
 Ipsilateral malignant pleural effusions are con-
sidered to be M1a by staging criteria and are 
most frequently associated with adenocarci-
noma histology. However, pleural effusions are 
not uncommon in patients with lung cancer and 
are not necessarily due to the presence of malig-
nant disease in the pleural space. Malignant 
pleural effusions by defi nition have tumor cells 

in the pleural space and almost always exudates 
(3–10 % will be transudates) [ 77 ]. In some 
cases the effusions are paramalignant due to 
central venous or lymphatic obstruction or effu-
sions due to post-obstructive atelectasis/pneu-
monitis [ 78 ]. Effusions in lung cancer patients 
may also result unrelated to the tumor itself 
(cardiac, hepatic, renal disease, etc.), thus sam-
pling of the fl uid is mandatory prior to labeling 
a patient unresectable. CT fi ndings suggesting a 
malignant effusion include parietal pleural 
thickness >1 cm, circumferential thickening, 
and nodules and mediastinal pleural involve-
ment (Fig.  5.17 ) [ 77 ]. 18F-FDG PET has been 
shown to be quite accurate (>90 %) in the con-
fi rmation of metastatic pleural disease in two 
series [ 79 ,  80 ].

      Adrenal Metastasis 
 Adrenal nodules are a common incidental fi nding 
in the general population and in patients with 
lung cancer (Fig.  5.17 ). The majority of these 
lesions represent benign adenomas. In this case, 
unenhanced CT holds an advantage over contrast- 
enhanced CT, as a density measurement of <10 
HU virtually assures the diagnosis of benign ade-
noma [ 81 ]. The low attenuation is due to intracel-
lular lipid accumulation within benign lesions. 
However, a number of adrenal lesions have a den-
sity >10 HU and are considered indeterminate. 

  Fig. 5.17    Pleural metastases. Axial and coronal CT images reveal large right pleural effusion with enhancing pleural 
nodules (arrows)       
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Similarly, on contrast-enhanced CT, both benign 
and malignant lesions invariably exceed the 
threshold of 10 HU. If an adrenal lesion is recog-
nized after contrast administration, but prior to 
leaving the scanner, a delayed washout technique 
can be employed to distinguish benign and malig-
nant lesions. If greater than 50 % of the attenua-
tion “washes out” after 15 min, the lesion is an 
adenoma [ 82 ,  83 ]. For indeterminate lesion on 
unenhanced CT, histogram analysis can also 
improve sensitivity. If the lesion has >10 % pixels 
with a negative HU value, it is invariably a benign 
adenoma. This technique appears to be able to 
characterize indeterminate adrenal lesions as 
benign lipid-poor adenomas in approximately ½ 
of cases [ 84 – 86 ]. This technique can also help 
characterize lesions that remain indeterminate 
after washout studies [ 87 ]. 

 MR imaging with in-phase and out-of-phase 
sequences is an alternative to CT. Signal    dropout 
can be used to reliably confi rm the benign nature 
of an incidental adrenal lesion [ 88 ]. While it has 
been suggested that MR is of limited utility when 
CT attenuation values are >10 [ 89 ,  90 ], it can be 
a useful strategy for following up lesions detected 
on contrast-enhanced scan without using addi-
tional contrast media, and in one study signal 
intensity dropout of >20 % performed better than 
histogram analysis at CT [ 85 ]. 

 18F-FDG PET has been shown to differentiate 
benign and malignant adrenal lesions, even those 

indeterminate at CT and MR, with a sensitivity 
and specifi city of 94–100 % and 74–91 % in a 
total of four studies [ 91 – 94 ]. The most important 
observation is that benign nodules can be FDG 
avid, and therefore PET activity in the adrenal 
gland should not necessarily confi rm a patient as 
stage IV disease (Fig.  5.18 ).

      Liver Metastasis 
 The most common hepatic lesions detected by 
CT in the evaluation of lung cancer are benign 
cysts or hemangiomas. Given the frequency of 
indeterminate fi ndings, it is reassuring that the 
liver is rarely the sole site of metastatic disease at 
time of diagnosis, occurring in approximately 
3 % of cases [ 95 ]. As most chest CT scans will 
cover the majority of the liver, dedicated hepatic 
imaging is generally not indicated. While this 
suggests a benefi t to enhanced CT for staging, 
careful evaluation of the unenhanced CT with 
narrow window settings will allow for visualiza-
tion of most hepatic metastases. In cases where 
differentiation of benign and malignant lesion is 
necessary, MR can often be defi nitive in distin-
guishing the two (Fig.  5.19 ). 18F-FDG PET has 
not been formally evaluated for imaging of liver 
metastasis related to lung cancer; however, expe-
rience in other malignancies suggests that 18F- 
FDG PET can accurately detect liver metastases 
by focal uptake greater than the background of 
the liver [ 96 ].

  Fig. 5.18    Indeterminate adrenal lesion (arrow). Axial 
CT and fused PET/CT images reveal a metabolically 
active right adrenal nodule. Because this was only potential 

site of metastatic disease, biopsy was performed and 
revealed nonfunctioning pheochromocytoma       
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      Bone Metastasis 
 Most patients with bone metastases are symp-
tomatic or have an elevated alkaline phosphatase. 
While bone scintigraphy is quite sensitive for the 
detection of osseous metastases, the false- positive 
rate approaches 40 %. Since fewer than 5 % of 
lung cancer patients have occult bone metastases 
at presentation [ 97 ], routine bone scintigraphy is 
probably not warranted. Bone scintigraphy, the 
current standard for osseous metastases, suffers 
from a relatively low specifi city. 

 Routine CT allows for evaluation of the tho-
racic spine, upper lumbar spine, scapula, and 
ribs. While CT is not thought of as a modality for 
the detection of bone metastases, careful evalua-
tion of osseous structures, with an appropriate 
window and level setting, frequently allows for 
the detection of metastases, particularly when 
correlated with either bone scintigraphy or 18F- 
FDG PET. In particular, using CT in this manner 
may limit false-positive studies by confi rming 
degenerative changes as a cause of increased 
uptake on bone scintigraphy. Bone metastases 
may appear as lytic or destructive lesions or as 
regional areas of sclerosis (Fig.  5.12 ). In some 
cases, CT may in fact be the fi rst clue to the pres-
ence of osseous metastasis. 

 Several studies have shown 18F-FDG PET to 
have a similar sensitivity and accuracy, with 

improved specifi city and negative predictive 
value [ 98 – 100 ]. Thus, if whole-body 18F-FDG 
PET has already been performed, bone scintigra-
phy is usually superfl uous (Fig.  5.20 ).

      Brain Metastasis 
 CT with contrast is accurate for the detection of 
cerebral metastasis, although MR performance 
characteristics are slightly better (Fig.  5.21 ) 
[ 101 ]. Not surprisingly, the incidence of brain 
metastasis also increases with increasing size of 
the primary lesion and nodal stage [ 102 ]. 
However, in the absence of neurological symp-
toms, cerebral metastases are unusual and the 
routine staging of subjects with a normal clinical 
exam yields positive fi ndings in less than 10 % 
[ 103 – 105 ]. Of the various histologic subtypes, 
adenocarcinoma and large cell carcinoma are 
most frequently associated with asymptomatic 
cerebral metastases [ 106 ]. Cerebral imaging is 
therefore most effi caciously utilized in patients 
with neurologic symptoms or prior to resection 
of T2 tumors or planned resection of IIIA dis-
ease. 18F-FDG PET has relatively low sensitivity 
and is not a suitable modality for the evaluation 
of metastatic disease, due to the brain’s high met-
abolic activity and glucose consumption [ 107 ].

          New Frontiers/Novel Imaging 
Techniques 

 Although clinical practice standards are gener-
ally guided by the concepts previously outlined, 
newer techniques for imaging are emerging and 
in a relative infancy of use. Whether any of these 
techniques improve on current staging and treat-
ment algorithms, remain niche techniques for 
specifi c clinical questions or fall by the wayside 
remain to be seen. Several potential approaches 
are briefl y discussed below. 

    Perfusion CT 

 CT perfusion is based on the theory that iodine 
maps are a surrogate for tumor vascularity. The 
evaluation of lung tumors with perfusion CT is 

  Fig. 5.19    Liver metastases and cysts. T2-weighted axial 
MR in patients noted to have multiple hypointense lesions 
on CT. MR clearly distinguishes the marked high signal in 
cysts ( arrowhead ) and differentiates them from metastatic 
lesions ( arrows )       
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challenging owing to a long imaging time and 
therefore long breathhold compared with static 
regions such as rectal and head and neck tumors 
where perfusion CT has been more widely stud-
ied. A recent small study in lung tumors has sug-
gested that an increase in tumor blood volume is 
associated with better prognosis and that changes 
in permeability during therapy (decrease in per-
meability correlates with improved survival) can 
also predict outcome [ 108 ]. Another potential use 
is detecting a response to anti-angiogenic therapy 
where perfusion changes may be more predictive 
than size [ 109 ].  

    Positron Agents 

    Imaging Tumor Proliferation-18F- 
Fluorothymidime (FLT-PET) 
 Alternative imaging approaches to response may 
be evaluated by assessment of cellular prolifera-
tion. In theory the use of proliferation may lead to 
a better prediction of tumor behavior than metab-
olism. Proof of concept for FLT-PET has been 
shown similar to FDG-PET in subjects treated 
with gefi tinib where time to progression was lon-
ger for responders compared to nonresponders 
[ 110 ]. A similar proof of concept showed that 

  Fig. 5.20    Bone marrow metastases. Axial CT and fused 
PET/CT image show foci of FDG uptake in sacrum and 
left ilium with evidence of bone erosion or destruction. 

Such lesions can be occult on bone scintigraphy due to 
lack of bone remodeling       

  Fig. 5.21    Brain metastasis. ( a ) Axial gadolinium-
enhanced MR reveals enhancing left parietal metastasis 
with surrounding vasogenic edema. ( b ) Axial 4-h delayed 

time point fused FDG PET/CT reveals metabolic activity 
above background. The activity is often masked at the 
time of the whole-body PET acquisition       
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FLT-PET can be used in tracking response to 
radiation therapy, although the signifi cance of 
response was not evaluated [ 111 ]. However, in 
small studies FLT-PET does not appear superior 
to FDG-PET. In a study of 18 subjects with 
NSCLC, FLT had and lower mean SUV and a 
lower sensitivity than FDG, nor was it superior to 
FDG with regard to correlation with Ki-67 prolif-
eration index [ 112 ]. FLT also has a tendency to 
understage patients owing to its relatively lower 
SUV compared with FDG [ 113 ]. A major limita-
tion of these studies is that they do not address 
whole-body staging. Because of uptake in the 
liver, FLT is unreliable for the detection of liver 
metastases due to high physiologic activity and 
limits its potential as a staging agent [ 114 ].  

    Imaging Tumor Hypoxia-18F- 
Fluoromisonidazole (F-MISO) 
 Another approach is to assess tissue hypoxia. 
F-MISO is the most widely studied PET agent for 
tissue hypoxia [ 115 ]. Higher levels of hypoxia 
are predictive of poor local and distant control, 
and F-MISO appears to be a better predictor of 
outcome compared with FDG-PET in head and 
neck cancers [ 116 ] and perhaps for lung cancer.    

    Conclusion 

 Imaging plays a critical role in staging patients 
with non-small cell lung cancer. While mediasti-
noscopy is still considered the gold standard in 
mediastinal staging, imaging is benefi cial in that 
it is noninvasive and highly accurate, especially 
when anatomic and physiologic information is 
acquired simultaneously through integrated 18F- 
FDG PET/CT systems.     
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