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8.1  Introduction

Lung cancer is a major cause of cancer-related mortality 
worldwide and is the leading cause of cancer-related mortal-
ity in the United States in both men and women, accounting 
for more deaths than colorectal, breast, prostate, and pancre-
atic cancers combined [1, 2]. Lung cancer is staged using a 
typical tumor (T), node (N), and metastasis (M) scheme. 
The seventh edition of the tumor-node-metastasis (TNM) 
staging system for lung cancer (TNM-7) included key 
changes to the T and M descriptors and the recommendation 
that both small cell lung carcinoma and bronchopulmonary 
carcinoid tumors be staged with this system [3]. Updated 
revisions to the TNM staging system, in the form of the 
eighth edition (TNM-8), have been accepted by the Union  
for International Cancer Control (UICC) and the American 
Joint Committee on Cancer (AJCC) based on proposals 
from the International Association for the Study of Lung 
Cancer [4]. TNM-8 features additional changes to the T and 

M descriptors, modifications, and additions to the overall 
stage groups, new recommendations for the staging of 
patients with multiple sites of pulmonary involvement, and 
recommendations for lesion measurement. In this manu-
script, we discuss the role of imaging in the diagnosis of 
lung cancer and the key features of TNM-8 with which radi-
ologists must be familiar.

8.2  Diagnosis of Lung Cancer

8.2.1  Clinical Symptoms

Most patients diagnosed with lung cancer manifest in the 
fifth and sixth decades of life [5]. Approximately three- 
fourths of patients demonstrate clinical symptoms at the time 
of presentation, the most common of which include cough 
(50–75%), hemoptysis (25–50%), dyspnea (25%), and chest 
pain (20%). Nonspecific symptoms related to systemic mani-
festations of the malignancy such as anorexia, weight loss, or 
fatigue may be present. Clinical symptoms also depend on 
the local effects of the primary tumor, the presence of 
regional or distant metastases, and the coexistence of para-
neoplastic syndromes. While patients with solitary, peripher-
ally located tumors tend to be asymptomatic, those with 
central endobronchial tumors may demonstrate fever, dys-
pnea, hemoptysis, and cough. Symptoms related to invasion 
of the mediastinum and associated vital structures include 
chest pain, vocal cord paralysis and hoarseness, facial and 
upper truncal edema, headaches, neck vein distention and 
enlarged collateral chest wall vessels (as seen in superior 
vena cava obstruction), and dysphagia (as seen in esophageal 
involvement). Lung cancers may produce symptoms via the 
release of bioactive substances or hormones or result in 
immune-mediated neural tissue destruction caused by anti-
body or cell-mediated immune responses. Such paraneoplas-
tic syndromes occur in 10–20% of lung cancer patients, the 
most common of which are related to the release of antidi-
uretic and adrenocorticotropin hormones, which can result in 
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hyponatremia and serum hypo-osmolarity and in Cushing’s 
syndrome (central obesity, hypertension, glucose intoler-
ance, plethora, hirsutism), respectively [5].

8.2.2  Imaging Evaluation of Pulmonary 
Nodules

Once a solitary pulmonary nodule is identified, it may be 
further evaluated with cross-sectional imaging techniques 
such as computed tomography (CT) and/or positron emis-
sion tomography (PET)/CT.  Key features that should be 
assessed include morphology, density, growth, and meta-
bolic activity.

8.2.2.1  Morphology and Density
Pulmonary nodules may be described as solid or subsolid, the 
latter of which includes part-solid (combination of solid and 
ground-glass components) and nonsolid (pure ground- glass) 
nodules. Updated guidelines for the evaluation of solid and 
subsolid pulmonary nodules have been published by the 
Fleischner Society but are beyond the scope of this manu-
script. Continuous improvement in CT technology has enabled 
the widespread utilization of thin collimation imaging and 
improved the detection and characterization of subsolid pul-
monary nodules [6]. In general, subsolid nodules that persist 
on CT have a higher incidence of malignancy than solid nod-
ules, as 63% of part-solid nodules are malignant as compared 
to 18% for ground-glass opacities and 7% for solid nodules 
[6]. For subsolid nodules, the likelihood of malignancy varies 
according to the size of the soft tissue component on CT. The 
frequency of lobulation, spiculation, and pseudocavitation 
(small focal lucencies) has also been reported to be signifi-
cantly higher in malignant part-solid nodules. The “classic” 
morphology of a lung cancer has often been described as irreg-
ular or “spiculated”; however, it is important to recognize that 
benign lesions may occasionally demonstrate this appearance. 
Similarly, although many benign pulmonary nodules have a 
smooth margin, malignant lesions, including lung cancer, can 
have a similar manifestation.

The presence of intralesional fat (defined as Hounsfield 
Units of −40 to −120 on CT) almost always represents a 
benign hamartoma or, less commonly, lipoid pneumonia. 
Pulmonary metastases may contain fat in the setting of a pri-
mary soft tissue tumor that contains fat such as a liposar-
coma, although this is rare. Different patterns of calcification 
may be identified within pulmonary nodules, some of which 
are typically benign and others of which tend to be malig-
nant. For instance, central, popcorn, and laminated patterns 
of calcification tend to be benign and may be seen in the set-
ting of granulomatous disease or hamartomas. Eccentric and 
stippled patterns of calcification are more concerning for 
malignant lesions.

8.2.2.2  Growth
The stability of nodules can be assessed by comparison to 
any chest radiographs or CT examinations performed in the 
past. In general, solid pulmonary nodules that have been 
stable for >2 years are considered benign and may represent 
granulomas, hamartomas, or intrapulmonary lymph nodes. 
The determination of stability for subsolid nodules, includ-
ing part-solid and nonsolid (pure ground-glass) nodules is 
more complex, as such lesions can remain stable for a long 
period of time (>2 years) due to slow growth rates.

Lung cancers typically double in volume (defined as an 
increase of 26% in diameter) between 30 and 400 days (with 
an average of 240 days). Extremely rapid doubling times are 
more likely to reflect a benign etiology. For example, volume 
doubling times <20–30 days are suggestive of an infectious 
or inflammatory etiology but can occur with lymphoma or 
rapidly growing metastases. Small lung cancers may demon-
strate long volume doubling times. For instance, in a screen-
ing study analyzing the growth rates of small lung cancers on 
CT, the doubling time ranged from 52 to 1733 days (mean of 
452 days), and 20% of these malignancies had a volumetric 
doubling time  >2  years [7]. These lesions were typically 
well-differentiated adenocarcinomas. For subsolid nodules, 
an increase in overall size, density, and/or an associated solid 
component should raise the suspicion for malignancy [8].

8.2.2.3  Metabolic Activity
PET/CT using the radiopharmaceutical [18F]-fluoro-2-deoxy- 
D-glucose (FDG), a D-glucose analog labeled with fluorine-
 18, compliments conventional radiologic assessment of lung 
nodules. The reported sensitivity and specificity for detecting 
malignant pulmonary lesions are 97% and 78%, respectively. 
Thus, when solid nodules measuring 1 cm or greater in diam-
eter demonstrate little to no FDG uptake, the likelihood of 
malignancy is generally considered to be low. One of the limi-
tations of PET/CT is that the spatial resolution of PET scan-
ners is in the range of 6 mm; therefore, smaller lesions may not 
appear FDG-avid even when cancer cells are present. Other 
limitations include false-positive studies with benign lesions, 
such as infection, inflammation, and granulomatous disease, 
and false-negative examinations due to indolent neoplasms 
such as bronchopulmonary carcinoid and lesions in the adeno-
carcinoma spectrum (adenocarcinoma in situ and minimally 
invasive adenocarcinoma), small foci of metastasis, and non-
enlarged lymph nodes (those measuring <10 mm).

Key Point
• In the evaluation of pulmonary nodules for poten-

tial malignancy, the most important features to con-
sider include morphology, density, growth over 
time, and metabolic activity on FDG PET/CT.
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8.3  Patient Evaluation and the Role 
of Imaging

Once a diagnosis of lung cancer has been made, a variety of 
imaging techniques are available to further evaluate patients. 
For non-small cell lung cancer, the National Comprehensive 
Cancer Network (NCCN) recommends that the initial patient 
evaluation include (1) pathology review, (2) history and 
physical examination, (3) CT of the chest and upper  abdomen 
with intravenous contrast (including coverage of the adrenal 
glands), (4) laboratory studies (typically complete blood 
count, platelets, and chemistry profile), and (5) smoking ces-
sation counseling [9]. Additional imaging examinations 
including FDG PET/CT and magnetic resonance (MR) 
imaging may be used depending on the clinical stage and 
have specific advantages and disadvantages.

8.3.1  Computed Tomography

CT with intravenous contrast is the imaging modality of 
choice for evaluating most patients with lung cancer, as the 
modality accurately demonstrates the location and size of the 
primary lesion, the extent of local disease, and the relation-
ship of the tumor to intrathoracic structures. Additionally, it 
can be used to determine the presence of intrathoracic and 
extrathoracic lymph node metastases, which are typically 
considered abnormal when they measure >1 cm in short-axis 
diameter. However, the strictly anatomic information pro-
vided by limits its effectiveness in this regard. For instance, 
in one study, 44% of metastatic nodes measured <1 cm, and 
77% of patients without lymph node metastases had nodes 
measuring >1 cm [10].

8.3.2  FDG PET/CT

FDG PET/CT is more accurate than CT or stand-alone PET 
in determining the tumor classification, with integrated PET/
CT correctly predicting the tumor stage in 86% of cases 
compared to 68% with CT and 46% with PET [11]. 
Additionally, FDG PET/CT can distinguish between tumor 
and associated post-obstructive atelectasis/pneumonitis, 
with the former typically demonstrating greater FDG uptake 
[12]. As FDG PET/CT combines the anatomic information 
of CT and the functional information of PET, it is more accu-
rate than CT in detecting lymph node metastases. Early stud-
ies demonstrated a pooled average sensitivity, specificity, 
positive predictive value, negative predictive value, and 
accuracy of PET/CT of, respectively, 73%, 91%, 71%, 90%, 
and 86%, compared to 74%, 73%, 52%, 88%, and 73% of 
CT alone and 83%, 81%, 71%, 89%, and 82% of PET alone 
[13]. FDG PET/CT is superior to both CT and PET in 

identifying distant metastatic disease, particularly soft tissue 
and pleural metastases, and is better than nuclear medicine 
bone scintigraphy as the imaging modality of choice for 
detecting osseous metastases [13].

8.3.3  MR Imaging

MR imaging is typically not routinely performed in the eval-
uation of patients with lung cancer; however, it has been 
shown to be superior to CT and FDG PET/CT for identifying 
invasion of the mediastinum and chest wall and evaluating 
the heart, pericardium, and vascular structures [14, 15]. 
Characteristic MR imaging features of chest wall invasion 
include (1) infiltration or disruption of the normal extrapleu-
ral fat plane on T1-weighted imaging, (2) hyperintensity of 
the parietal pleura on T2-weighted imaging, (3) rib destruc-
tion on short tau inversion recovery (STIR) sequences, and 
(4) fixation of the tumor to the chest wall during breathing on 
cine MR imaging. MR imaging is better than CT in differen-
tiating between the primary neoplasm and post-obstructive 
atelectasis/pneumonitis, the former of which typically usu-
ally shows higher signal on T2-weighted imaging than the 
central tumor [14]. MR imaging is the best imaging modality 
for identifying brain and liver metastases and can be used to 
diagnose adrenal metastases; specifically, chemical shift 
techniques can be used to differentiate adrenal metastases 
from adenomas, with reported sensitivity and specificity of 
100% and 81%, respectively.

8.4  Lung Cancer Staging

8.4.1  Rationale and Methodology for TNM-8

A significant limitation of the International Association for 
the Study of Lung Cancer (IASLC) Staging Project that 
informed TNM-7 was the retrospective nature of the data-
base. An international group led by the IASLC collected new 
lung cancer cases with retrospective and prospective clinical 
information for the creation of a large database that would 
ultimately inform TNM-8 [4, 16]. The database included 
data on 94,708 cases diagnosed between 1999 and 2010 

Key Point
• Once a diagnosis of lung cancer has been made, 

most patients are further assessed with contrast- 
enhanced CT. Additional imaging modalities such 
as FDG PET/CT and MR imaging may be obtained 
depending on the suspected clinical stage and/or 
further evaluation of specific findings.

8 Current Concepts in the Diagnosis and Staging of Lung Cancer
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gathered from 35 sources in 16 countries, 4667 of which 
were submitted through an online electronic data capture 
system stored at Cancer Research and Biostatistics in Seattle, 
Washington. Of these cases, 17,552 were excluded due to 
unknown or different histologic type and incomplete stage 
information. Thus, 77,156 patients (70,967 with non-small 
cell lung cancer and 6189 with small cell lung cancer) with 
clinical and pathologic staging information were available 
for analysis.

8.4.2  Modifications to TNM-8

8.4.2.1  T Classification
The tumor (T) classification assigns specific descriptors to 
characterize the primary lung cancer [17] (Table 8.1). When 
evaluating tumors, the key imaging features to consider 
include lesion size (typically measured in long-axis diame-
ter), the presence or absence of local invasion, and the pres-
ence or absence of tumor nodules. Analysis of the new lung 
cancer staging database evaluated the impact of these fea-
tures on patient survival, and several significant changes are 
introduced in TNM-8.

8.4.2.2  Tumor Size
The overall size of the primary lung cancer is one of the most 
important considerations in T descriptor determination, and 
significant differences in survival between lung cancers of 
various sizes have influenced additional changes introduced in 
TNM-8. Analysis of the new lung cancer staging database 
revealed separation of T1 lesions from T2 lesions based on a 
size threshold of 3 cm and progressively worse survival for 
each cut point of 1 cm. Thus, T1 lung cancers are divided into 
three groups at 1 cm thresholds: T1a tumors measuring 1 cm 
or less, T1b nodules measuring greater than 1 cm and less than 
or equal to 2 cm, and T1c lesions measuring greater than 2 cm 
and less than or equal to 3 cm. Similarly, T2 lung cancers are 
divided into two groups: T2a lesions measuring greater than 
3 cm and less than or equal to 4 cm and T2b tumors measuring 
greater than 4 cm and less than or equal to 5 cm. Finally, T3 
lesions measure greater than 5 cm and less than or equal to 
7 cm, and T4 tumors measure greater than 7 cm in TNM-8.

8.4.2.3  Involvement of Main Bronchi
A lung cancer invading a main bronchus 2 cm or more from 
the carina was classified as T2, whereas involvement of the 
more proximal aspect of a main bronchus was classified as a 

Table 8.1 TNM Descriptors for TNM-8

T descriptor Definition
TX Tumor cannot be assessed or tumor proven by the presence of malignant cells in sputum or bronchial washings but not 

visualized by imaging or bronchoscopy
T0 No evidence of the primary tumor
Tis Carcinoma in situ
T1 Tumor ≤3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more 

proximal than the lobar bronchus
T1a Tumor ≤1 cm in greatest dimension
T1b Tumor >1 cm but ≤2 cm in greatest dimension
T1c Tumor >2 cm but ≤3 cm in greatest dimension
T2 Tumor >3 cm but ≤5 cm or tumor with any of the following features: Involvement of a main bronchus regardless of distance 

from carina, invasion of the visceral pleura, associated with partial or complete lung atelectasis/pneumonitis
T2a Tumor >3 cm but ≤4 cm in greatest dimension
T2b Tumor >4 cm but ≤5 cm in greatest dimension
T3 Tumor >5 cm or one that directly invades any of the following structures: Parietal pleura, chest wall (including superior sulcus 

tumors), phrenic nerve, parietal pericardium, or separate tumor nodule(s) in the same lobe
T4 Tumor measuring >7 cm that invades any of the following structures: Mediastinum, diaphragm, heart, great vessels, trachea, 

recurrent laryngeal nerve, esophagus, vertebral body, carina, or separate tumor nodule(s) in a different lobe of the same lung
N descriptor Definition
NX Lymph nodes cannot be assessed
N0 No regional lymph nodes
N1 Ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including involvement by direct 

extension
N2 Ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)
M descriptor Definition
M0 No metastasis
M1 Metastasis
M1a Separate tumor nodule(s) in contralateral lung; malignant pleural effusion or pleural thickening/nodules/masses; malignant 

pericardial effusion or pericardial thickening/nodules/masses
M1b Single distant (extrathoracic) metastasis in single organ
M1c Multiple distant (extrathoracic) metastases in single or multiple organs

Adapted from [25]
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T3 lesion in TNM-7. Analysis of the new lung cancer staging 
database revealed that lung cancers invading a main bron-
chus less than 2 cm from the carina, but without direct inva-
sion of the carina, were associated with better survival 
compared to lung cancers with other characteristic T3 fea-
tures. Thus, in TNM-8, lung cancers involving a main bron-
chus, regardless of the distance from the carina, are grouped 
together as T2 tumors.

8.4.2.4  Atelectasis or Pneumonitis of the Lung
A lung cancer resulting in partial atelectasis or pneumonitis, 
defined as involving less than an entire lung, was classified 
as T2  in TNM-7, whereas atelectasis or pneumonitis of an 
entire lung was classified as a T3 lesion. Analysis of the new 
lung cancer staging database revealed that patients with 
complete atelectasis or pneumonitis of a lung had better sur-
vival than those with other characteristics T3 features. Thus, 
partial and complete forms of lung atelectasis and pneumo-
nitis are grouped together as T2 lesions in TNM-8 (Fig. 8.1).

8.4.2.5  Diaphragmatic Invasion
In TNM-7, invasion of the diaphragm was included in T3. 
Analysis of the new database demonstrated that the 5-year 
survival of patients with this feature was worse than that of 
patients with other T3 lung cancers but similar to that of 
patients with T4 tumors. Therefore, diaphragmatic invasion 
has been reclassified as T4 in TNM-8 (Fig. 8.2).

8.4.2.6  Involvement of the Mediastinal Pleura
In TNM-7, involvement of the mediastinal pleura was clas-
sified as T3. Analysis of the new database showed that lung 
cancers with this feature were associated with a better 
prognosis than other T3 lesions; however, only a small 
number of cases were available. It was also noted that 
mediastinal pleura invasion was rarely used in clinical 
staging reports as it can be difficult to accurately deter-
mine. Therefore, invasion of the mediastinal pleura has 
been eliminated from the T classification in TNM-8.

a b

Fig. 8.1 Atelectasis/pneumonitis. (a) Contrast-enhanced axial CT of a 
63-year-old man with non-small cell lung cancer demonstrates occlu-
sion of the right upper lobe bronchus (arrow) and complete atelectasis 
of the right upper lobe (*) due to a right perihilar mass. (b) Contrast- 
enhanced axial CT of a 55-year-old man with non-small cell lung can-

cer demonstrates complete occlusion of the right main bronchus (arrow) 
and complete atelectasis of the right lung (*) due to a large right perihi-
lar mass. In TNM-8, partial and complete lung atelectasis/pneumonitis 
are grouped together as a T2 descriptor

Key Point
• The most important features to consider in the clas-

sification of tumors include lesion size, location, 
and local extension. Modifications to the T classifi-
cation have been made on the basis of 1 cm incre-
ments in tumor size; grouping of lung cancers that 
result in partial or complete lung atelectasis or 
pneumonitis; grouping of tumors with involvement 
of a main bronchus irrespective of distance from the 
carina; reassignment of diaphragmatic invasion in 
terms of T classification; and elimination of medi-
astinal pleural invasion.

8 Current Concepts in the Diagnosis and Staging of Lung Cancer
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8.4.2.7  Lymph Node (N) Classification
The lymph node (N) classification assigns specific descrip-
tors that are related to the presence or absence of intratho-
racic lymph node disease (Table 8.1). In contrast to primary 
lung cancers, for which the long-axis diameter is measured 
and reported, lymph nodes are typically measured in short- 
axis diameter. IASLC recommends use of a standardized 
lymph node map that assigns nodes into specific supracla-
vicular, upper, aorticopulmonary, subcarinal, lower, hilar/
interlobar, and peripheral zones [18]. The analysis of the new 
database revealed that the current N classification provides 
consistent separation of prognostically distinct groups. Thus, 
the lymph node descriptors are unchanged for TNM-8 [19]. 
N0 is defined as the absence of lymph node disease. N1 is 
characterized by ipsilateral peripheral or hilar lymph nodes, 
N2 includes ipsilateral mediastinal including subcarinal 
lymph nodes, and N3 involves ipsilateral or contralateral 
supraclavicular lymph node or contralateral mediastinal, 
hilar/interlobar, or intrapulmonary lymph nodes.

The potential prognostic impact of the number of lymph 
node stations involved and skip metastases was also evaluated. 
To assess the former, pathologic staging (pN) was divided into 
several groups, in which the letter “a” denoted single lymph 
node station involvement and the letter “b” represented multi-
ple lymph node station involvement within an N category. 

Therefore, single (pN1a) and multiple (pN1b) pN1 stations and 
single (pN2a) and multiple (pN2b) pN2 stations were delin-
eated. No significant difference was seen between the pN1b 
and pN2a groups, although survival differences between the 
pN1a and pN1b groups and between the pN2a and pN2b 
groups were significant. To assess the skip metastases, pN2a 
was divided into several components, in which a designation 
ending in “1” indicated the presence of skip metastases and a 
designation ending in “2” indicated the absence of skip metas-
tases. Thus, single pN2 with skip (no pN1 involvement, pN2a1) 
and single pN2 without skip (pN1 and pN2 involvement, 
pN2a2) categories were recognized. Although the survival of 
patients with pN2a1 was better than those with pN1b, this dif-
ference was not significant. Although significant differences in 
survival were present between the pN2a1 and pN2a2 groups 
and between the pN2a2 and pN2b groups, no significant differ-
ence was present between the pN1b and pN2a1 groups.

For the purposes of clinical staging, IASLC recommends 
that radiologists document the number of lymph node sta-
tions involved and classify the N category using descriptors 
such as N1a (single lymph node station), N1b (multiple 
lymph node stations), N2a (single lymph node station), and 
N2b (multiple lymph node stations). The presence or absence 
of skip metastasis (pN2a1 or pN2a2) should be noted when 
such information is available.

a b

Fig. 8.2 Diaphragmatic invasion. (a) Axial contrast-enhanced axial 
CT of a 61-year-old man with non-small cell lung cancer shows a mass 
(*) in the right lower lobe inseparable from the right hemidiaphragm 
(arrow). (b) Axial cine T2-weighted MR confirmed invasion of the right 

hemidiaphragm. Because the 5-year survival of patients with diaphrag-
matic invasion is similar to that of patients with other T4 tumors, dia-
phragmatic invasion has been reclassified from T3 to T4 in TNM-8

B. W. Carter and J. J. Erasmus
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8.4.2.8  Metastasis (M) Classification
The metastasis (M) classification assigns specific descriptors 
reflecting the absence (M0) or presence (M1) of intrathoracic 
or extrathoracic metastatic disease (Table 8.1). The M clas-
sification for TNM-7 included M1a and M1b components for 
intrathoracic and extrathoracic metastatic disease, respec-
tively. Analysis of the new lung cancer staging database 
revealed that patients with a single metastasis in one extra-
thoracic organ (median survival of 11.4 months) had similar 
survival to that of patients with M1a (median survival of 
11.5 months) but better survival compared to patients with 
multiple metastases in one or more extrathoracic organs 
(median survival of 6.3  months) [20]. Therefore, M1 is 

divided into M1a, M1b, and M1c components based on sur-
vival differences. M1a, or intrathoracic metastatic disease, 
describes pleural or pericardial spread of disease and tumor 
nodules in the contralateral lung (Fig. 8.3). M1b and M1c 
describe extrathoracic metastatic disease, the former of 
which includes a single metastasis involving a single distant 
(extrathoracic) organ and the latter of which includes multi-
ple metastases in one or more distant (extrathoracic) organs 
(Fig. 8.4). Overall, the most common sites of metastatic dis-
ease include the brain, liver, adrenal glands, and bone.

It is recommended that radiologists document the follow-
ing features on imaging studies performed for the purposes 
of clinical staging: (1) the number and location of metastatic 
lesions, (2) the diameter of individual metastases, and (3) the 
number and location of organs affected.

a b

Fig. 8.3 Intrathoracic metastases. (a) Contrast-enhanced axial CT of a 
66-year-old man with non-small cell lung cancer demonstrates exten-
sive pleural thickening and nodularity (*) in the right hemithorax com-
patible with metastatic disease. (b) Contrast-enhanced axial CT of a 
57-year-old woman with non-small cell lung cancer shows several nod-

ules (arrows) involving the pericardium and a small amount of pericar-
dial fluid, compatible with metastatic disease. M1a is used to describe 
pleural or pericardial spread of disease and tumor nodules in the contra-
lateral lung

Key Point
• The current nomenclature for lymph node classifica-

tion is maintained in TNM-8 due to consistent sepa-
ration of prognostically distinct groups, which is 
primarily based on lymph node location. In general, 
ipsilateral hilar (N1) lymph nodes are considered 
resectable, ipsilateral mediastinal or subcarinal 
lymph nodes (N2) may be resectable (usually after 
induction chemotherapy), and contralateral mediasti-
nal lymph nodes and scalene or supraclavicular ade-
nopathy (N3) are generally considered unresectable.

Key Point
• The M1 descriptor is subdivided into M1a (intra-

thoracic metastatic disease, including pleural or 
pericardial spread, cardiac metastasis, and contra-
lateral tumor nodule), M1b (extrathoracic meta-
static disease, with one lesion in one distant organ), 
and M1c (extrathoracic metastatic disease, with 
more than one lesion in one or more distant organs) 
based on the location and number of metastases.

8 Current Concepts in the Diagnosis and Staging of Lung Cancer
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8.4.3  Stage Groups

Due to changes to the T and M descriptors in TNM-8, the 
stage groups in TNM-7 have been modified, and new 
groups have been added [21] (Table 8.2). For example, in 

response to the separation of T1 lesions into T1a, T1b, and 
T1c components based on 1  cm increments, three new 
associated stages have been created and designated as IA1, 
IA2, and IA3, respectively. In another instance, to describe 
cases of locally advanced tumors (including T3 and T4 

a

c

b

Fig. 8.4 Distant (extrathoracic) metastases. (a) Axial contrast- 
enhanced T1-weighted MR image of a 53-year-old man with non-small 
cell lung cancer demonstrates an enhancing metastasis (arrow) with 
surrounding edema in the left middle frontal gyrus. (b) Contrast- 
enhanced axial CT of a 64-year-old man with non-small cell lung can-
cer demonstrates numerous heterogeneously hypodense masses in the 

liver (arrows), consistent with metastases. C. Fused axial FDG PET/CT 
of a 71-year-old man with non-small cell lung cancer demonstrates 
hepatic (white arrow) and left adrenal (black arrow) metastases. TNM-8 
recognizes differences in survival based on both the location and num-
ber of metastases; thus, distant metastatic disease is designated as M1b 
(solitary metastasis in a single distant organ) and M1c (multiple metas-
tases in one or more distant organs)
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lesions) with N3 but no evidence of metastatic disease, a 
new stage designated as stage IIIC has been created for 
TNM-8. Intrathoracic metastatic disease, including pleu-
ral, pericardial, and cardiac spread, as well as tumor nod-
ules in the contralateral lung, remains classified as stage 
IVA. A single metastasis to a single distant organ (M1b) is 
considered stage IVA, whereas multiple distant metasta-
ses in one or more distant organs (M1c) are classified as 
stage IVB.

8.4.4  Lung Cancers with Multiple Sites 
of Pulmonary Involvement

Multiple distinct patterns of lung cancer manifesting with 
several sites of pulmonary involvement have been described, 
including multiple primary lung cancers, lung cancers with 
one or more tumor nodules, multiple ground-glass lesions, 
and consolidation [22]. Recommendations for the staging of 
tumors resulting in these patterns is included for the first 
time in TNM-8 and are based on review of the literature and 
expert opinion provided by IASLC.

8.4.4.1  Multiple Primary Lung Cancers
When a lung cancer is identified on an imaging examination 
and there are multiple additional lung lesions, the radiologist 
must consider data from several sources when attempting to 

determine whether such lesions represent multiple primary 
lung cancers. IASLC recommends that the decision to clas-
sify two (or more) lung lesions as synchronous primary lung 
cancers or two foci of a single lung cancer should be based 
on multidisciplinary evaluation that incorporates clinical, 
relevant findings on prior and current imaging and histopath-
ologic findings obtained at image-guided or surgical biopsy 
or surgical resection [22, 23]. If two (or more) lung lesions 
are determined to represent separate primary lung cancers, 
then each separate malignancy should be staged using 
TNM-8.

8.4.4.2  Lung Cancer with One or More Tumor 
Nodules

When a lung cancer is identified on an imaging examination 
with one or more nodules, these other lesions may or may 
not be of the same histologic subtype as the primary lesion. 
Tumor nodules related to the primary malignancy should be 
suspected when one or more solid lung nodule is identified 
along with a dominant lung lesion resulting in the “classic” 
lung cancer appearance, such as a spiculated nodule or mass. 
Analysis of the new lung cancer staging database revealed a 
progressive decrease in survival with increasing distance 
between a primary lung cancer and associated tumor nodule. 
Thus, patient survival is better when lung cancers have tumor 
nodules in the same lobe as the primary tumor (T3) com-
pared with those lesions with nodules in a different ipsilat-
eral lobe (T4) or the contralateral lung (M1a) [22, 24] 
(Fig. 8.5).

8.4.4.3  Multiple Ground-glass Lesions
In general, lung cancers appearing as multiple lesions with 
ground-glass or lepidic features are almost always adeno-
carcinoma, tend to affect women and nonsmokers, and are 
associated with excellent patient outcomes and infrequent 
recurrences [22, 25]. Compared to other types of lung can-
cer, subsolid adenocarcinomas tend to have a lower likeli-
hood of resulting in lymph node spread or metastasis, have 
a greater propensity for developing additional subsolid 
lung cancers, and are more likely to behave in an indolent 
manner [25].

IASLC recommends that the term multifocal adenocarci-
noma be used to describe lung lesions if a malignant subsolid 
nodule is present (suspected at clinical staging or histopatho-
logically proven) and if other ground-glass lesions are pres-
ent [25]. This definition also includes cases in which a 
subsolid lesion with a 50% or greater solid (invasive) compo-
nent appears to have arisen from a ground-glass nodule and 
other ground-glass opacities are present. The term multifocal 
lung adenocarcinoma should not be applied to patients with 
multiple ground-glass nodules likely representing benign 
lesions or preneoplastic/preinvasive lesions such as atypical 
adenomatous hyperplasia.

Table 8.2 Stage Groups for TNM-8

Stage Tumor Node Metastasis
Occult carcinoma TX N0 M0
Stage 0 Tis N0 M0
Stage IA1 T1a (mi)

T1a
N0
N0

M0
M0

Stage IA2 T1b N0 M0
Stage IA3 T1c N0 M0
Stage IB T2a N0 M0
Stage IIA T2b N0 M0
Stage IIB T1a-c

T2a
T2b

N1
N1
N1

M0
M0
M0

Stage IIIA T1a-c
T2a-b
T3
T4
T4

N2
N2
N1
N0
N1

M0
M0
M0
M0
M0

Stage IIIB T1a-c
T2a-b
T3
T4

N3
N3
N2
N2

M0
M0
M0
M0

Stage IIIC T3
T4

N3
N3

M0
M0

Stage IVA Any T
Any T

Any N
Any N

M1a
M1b

Stage IVB Any T Any N M1c

mi minimally invasive
Adapted from [25]
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For the purposes of staging, IASLC recommends that the 
T classification be determined by the lesion with the highest- 
level T descriptor and the number of lesions (#)—or simply 
“(m)” for multiple—indicated in parentheses (Fig.  8.6). 
Lesion size is determined by the largest diameter of the solid 
component measured on CT or the largest diameter of the 
invasive component at pathologic examination. 
Adenocarcinoma in situ and minimally invasive adenocarci-
noma should be classified as Tis and T1a(mi), respectively 
[26]. It is recommended that the T(#/m) multifocal classifi-
cation should be used regardless of whether these lesions are 

suspected on the basis of imaging or if there is histopatho-
logic proof and regardless of whether the lesions are in the 
same lobe or in different lobes of the same or different lung. 
Once the T classification has been determined, the N and M 
descriptors apply to all of the tumor foci collectively.

8.4.4.4  Consolidation
The dominant manifestation of some lung cancers may 
appear as diffuse consolidation or a “pneumonic type” of 
adenocarcinoma, most of which are invasive mucinous 
adenocarcinomas [27–29]. These lesions manifest as a 

a

c

b

Fig. 8.5 Lung cancers with separate tumor nodules. (a) Contrast- 
enhanced axial CT of a 39-year-old woman with non-small cell lung 
cancer demonstrates the tumor in the right upper lobe (*) and a separate 
tumor nodule (arrow) in the adjacent lung. These findings are desig-
nated as T3. (b) Contrast-enhanced coronal CT of a 72-year-old woman 
with non-small cell lung cancer demonstrates the tumor in the right 

upper lobe (*) and a separate tumor nodule in the middle lobe (arrow). 
These findings are classified as T4. (c) Contrast-enhanced axial CT of a 
63-year-old man with non-small cell lung cancer demonstrates the 
tumor in the left lung (*) and a separate tumor nodule in the right upper 
lobe (arrow). Biopsy of the right upper lobe nodule confirmed malig-
nancy, and these findings are designated as M1a
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consolidative pattern on CT without evidence of an obstructed 
bronchus and may only involve a specific region (such as a 
segment or lobe), multiple regions (appearing confluent or 
separate), or the lung in a diffuse manner. Lymph node 
involvement and metastatic disease are uncommon at pre-
sentation, even in the setting of extensive lung disease [30–
32]. Progression is typically slow; however, the overall 
survival is worse compared with that of patients with multi-
focal ground-glass lesions.

For the purposes of staging, IASLC recommends that, 
when the lung cancer involves a single area, the T classifica-
tion is determined by the size of the lesion. When multiple 
sites of involvement are present, the disease is characterized 
as T3 if confined to one lobe, T4 if different lobes of the 
same lung are affected, and M1a if both lungs are involved 

(Fig. 8.7). When disease is present within both lungs, the T 
classification is based on the appropriate T category for the 
lung with the greatest extent of tumor involvement. For a 
lesion that is confined to a single lobe but is difficult to mea-
sure reliably, the T3 descriptor should be used. Lesions in 
which there is extension of tumor into an adjacent lobe or a 
discrete separate area of involvement of an adjacent lobe is 
identified should be classified as T4. Once the T classifica-
tion has been determined, the N and M descriptors apply to 
all of the tumor foci collectively. This algorithm should also 
be used to stage lung cancers presenting with a miliary pat-
tern of disease, characterized by numerous small pulmonary 
nodules in the lungs. Miliary disease is often difficult to mea-
sure, and a single lobe should be classified as T3 without 
regard to size.

a

b

Fig. 8.6 Multiple ground- 
glass lesions (multifocal 
adenocarcinoma). (a) 
Unenhanced axial CT of a 
58-year-old woman with 
multifocal lung 
adenocarcinoma demonstrates 
several ground-glass nodules 
in the right lung, the largest of 
which measures 1.6 cm. (b) 
Unenhanced axial CT of a 
64-year-old woman with 
multifocal lung 
adenocarcinoma shows 
numerous ground-glass 
nodules bilaterally, the largest 
of which measures 4.5 cm. In 
the setting of multiple 
ground-glass lesions, the 
IASLC recommends the 
utilization of the dominant 
lesion for T descriptor 
purposes. In the first case, the 
nodule is classified as a T1b 
lesion, and the overall 
descriptor can be listed as 
either T1b (# of lesions) or 
T1b (m). In the second case, 
the nodule is classified as a 
T2b lesion, and the overall 
descriptor can be listed as 
either T2b (# of lesions) or 
T2b (m)
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8.4.5  Tumor Measurement

For the purposes of initial clinical staging on cross-sectional 
imaging, lung cancers should be measured and reported in 
centimeters with millimeter increments. Solid and nonsolid 
lesions should be measured on the image showing the great-
est tumor dimension, regardless of plane (axial, sagittal, or 
coronal), whereas part-solid lesions should be measured on 
the image showing the largest average tumor diameter and 
the greatest diameter of the solid component of the lesion. 
For the purpose of determining the T classification, the 

a

c

b

Fig. 8.7 Lung cancer manifesting as consolidation. (a) Unenhanced 
axial CT of a 69-year-old woman with non-small cell lung cancer dem-
onstrates consolidation isolated to the right lower lobe (*) with sur-
rounding ground-glass opacity. As this lesion is limited to the right 
lower lobe, it is designated as T3. (b) Contrast-enhanced axial CT of a 
49-year-old woman with multifocal adenocarcinoma demonstrates 

multifocal consolidation (*) in the left upper lobe and extensive ground- 
glass opacities in the left lung. As these lesions are present in both lobes 
of the left lung, the designation is T4. (c) Contrast-enhanced axial CT 
of a 53-year-old woman with multifocal adenocarcinoma shows con-
solidation and extensive ground-glass opacities in the lungs bilaterally. 
As consolidation is present in both lungs, the designation is M1a

Key Point
• A subcommittee of the IASLC staging and prog-

nostic factors committee identified four distinct pat-
terns of disease in cases of lung cancer characterized 
by multiple sites of pulmonary involvement, includ-
ing multiple primary lung cancers, lung cancers 
with separate tumor nodules, multiple ground-glass 
lesions, and consolidation. Specific criteria have 
been outlined in order to categorize and stage 
lesions with these patterns of disease.
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longest diameter should be used for solid and nonsolid 
lesions, and the longest diameter of the solid component 
should be used for part-solid lesions [17, 26] (Fig. 8.8).

Regarding optimal CT scan technique, thin-section 
images (specifically, 1  mm sections if possible for small 
lesions measuring 10 mm or less) help reduce the variability 
in measurement and allow visualization of specific tumor 
features such as density, shape, and margin due to enhanced 
spatial resolution [33–36]. It is recommended that lung or 
intermediate window settings should be used to detect and 
measure the solid components of subsolid lesions and that 
the long-axis measurement of the largest solid component 
should be identified.

8.4.6  Small Cell Lung Cancer

IASLC first recommended that SCLC should be evaluated 
with the TNM staging system at the release of TNM-7. A 
separate staging system developed by the Veterans 
Administration Lung Study Group that divides SCLC into 
two subgroups, limited-stage SCLC and extensive-stage 
SCLC, based on the extent of disease and the ability to treat 
in a single radiation portal, is still often used in current 
clinical practice. Limited-stage SCLC is confined to one 
hemithorax and can be treated in a single radiation portal, 

and extensive-stage SCLC, which includes all other cases. 
The TNM staging system has been shown to better differ-
entiate stage-specific survival compared with the Veterans 
Administration Lung Study Group system [37, 38]. 
Analysis of the new database confirmed the prognostic 
value of TNM staging in patients with SCLC, and the 
IASLC recommends its use for staging of patients with 
SCLC. Radiologists should record the following informa-
tion regarding SCLC: (a) the number of extrathoracic meta-
static sites, (b) the number of organs involved, (c) the 
diameter of individual metastatic sites, (d) the types of 
examinations and studies used for staging, and (e) whether 
patients with brain metastases are symptomatic or asymp-
tomatic [39].

8.5  Concluding Remarks

The revised TNM staging system, TNM-8, includes impor-
tant modifications to the T and M classifications, changes 
and additions to stage groups, and the introduction of new 
recommendations regarding the staging of lung cancers with 
multiple pulmonary sites of involvement and guidelines for 
tumor measurement. Understanding TNM-8 will allow radi-
ologists to accurately stage patients with lung cancer and 
optimize patient management.

a b

Fig. 8.8 Measurement of part-solid tumors. (a) and (b) Contrast- 
enhanced axial CT of a 57-year-old woman demonstrates a part-solid 
nodule in the left upper lobe with measurement of the entire lesion (A) 
and just the solid component (B). For the purpose of evaluating part- 

solid lesions, IASLC recommends that the image showing the largest 
average tumor diameter and the greatest diameter of the solid compo-
nent of the lesion be used. For determining the T descriptor, the longest 
diameter of the solid component should be used for part-solid lesions
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Take-Home Messages
• Lung cancer is a major cause of cancer mortality, 

and accurate staging is crucial to the formulation of 
effective treatment strategies.

• Revisions to the eighth edition of the tumor-node- 
metastasis (TNM) staging system are based on sig-
nificant differences in patient survival.

• TNM-8 features changes to the T and M descriptors, 
modifications and additions to the overall stage 
groups, new recommendations for the staging of 
patients with multiple sites of pulmonary involve-
ment, and recommendations for lesion measurement.
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