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Revisions to the TNM Staging of 
Lung Cancer: Rationale, Signifi-
cance, and Clinical Application1

Lung cancer remains the leading cause of cancer-related mortality 
worldwide. To formulate effective treatment strategies and optimize 
patient outcomes, accurate staging is essential. Lung cancer stag-
ing has traditionally relied on a TNM staging system, for which the 
International Association for the Study of Lung Cancer (IASLC) 
has recently proposed changes. The revised classification for this 
eighth edition of the TNM staging system (TNM‑8) is based on 
detailed analysis of a new large international database of lung can-
cer cases assembled by the IASLC for the purposes of this project. 
Fundamental changes incorporated into TNM‑8 include (a) modi-
fications to the T classification on the basis of 1-cm increments in 
tumor size; (b) grouping of lung cancers that result in partial or 
complete lung atelectasis or pneumonitis; (c) grouping of tumors 
with involvement of a main bronchus irrespective of distance from 
the carina; (d) reassignment of diaphragmatic invasion in terms of 
T classification; (e) elimination of mediastinal pleural invasion from 
the T classification; and (f) subdivision of the M classification into 
different descriptors on the basis of the number and site of extra-
thoracic metastases. In response to these revisions, established stage 
groups have been modified, and others have been created. In addi-
tion, recommendations for classifying patterns of disease that result 
in multiple sites of pulmonary involvement, including multiple pri-
mary lung cancers, lung cancers with separate tumor nodules, multi-
ple ground-glass/lepidic lesions, and consolidation, as well as recom-
mendations for lesion measurement, are addressed. Understanding 
the key revisions introduced in TNM‑8 allows radiologists to accu-
rately stage patients with lung cancer and optimize therapy.

©RSNA, 2018 • radiographics.rsna.org

Brett W. Carter, MD 
John P. Lichtenberger III, MD 
Marcelo K. Benveniste, MD 
Patricia M. de Groot, MD 
Carol C. Wu, MD 
Jeremy J. Erasmus, MD 
Mylene T. Truong, MD

Abbreviations: FDG = fluorine 18 fluorode-
oxyglucose, IASLC = International Associa-
tion for the Study of Lung Cancer, NSCLC = 
non–small cell lung carcinoma, pN = pathologic 
lymph node, SCLC = small cell lung carcinoma, 
TNM‑7 = seventh edition of the TNM staging 
system, TNM‑8 = eighth edition of the TNM 
staging system

RadioGraphics 2018; 38:374–391

https://doi.org/10.1148/rg.2018170081

Content Codes:      
1From the Department of Diagnostic Ra-
diology, University of Texas MD Anderson 
Cancer Center, 1515 Holcombe Blvd, Unit 
1478, Houston, TX 77030 (B.W.C., M.K.B., 
P.M.d.G., C.C.W., J.J.E., M.T.T.); and the De-
partment of Radiology and Radiological Sci-
ences, Uniformed Services University of the 
Health Sciences, Bethesda, Md (J.P.L.). Recipi-
ent of a Certificate of Merit award for an educa-
tion exhibit at the 2016 RSNA Annual Meet-
ing. Received April 7, 2017; revision requested 
September 8 and received October 31; accepted 
November 14. For this journal-based SA-CME 
activity, the author J.P.L. has provided disclo-
sures (see end of article); all other authors, the 
editor, and the reviewers have disclosed no rel-
evant relationships. Address correspondence 
to B.W.C. (e-mail: bcarter2@mdanderson.org).

©RSNA, 2018

After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Describe the rationale and methodol-
ogy for the development of TNM‑8 for 
lung cancer.

■■ Describe the T, N, and M descriptors 
and stage groups in TNM‑8.

■■ Discuss how to use the classification 
and staging systems to properly charac-
terize and stage lung cancers with mul-
tiple pulmonary sites of involvement.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES
Introduction

Lung cancer remains the leading cause of cancer-related mortal-
ity worldwide, with an estimated 222 500 new cases diagnosed and 
155 870 deaths expected from the disease in 2017 (1). Staging plays 
an important role in the management of patients and is based on 
groupings of patients with similar clinical outcomes. The TNM stag-
ing system is the established, uniform method of staging lung cancer 
and depends primarily on the anatomic extent of disease. The sev-
enth edition of the TNM staging system (TNM‑7) has been used in 
clinical practice since its publication in 2009. TNM‑7 introduced key 
revisions that were based on the analysis of an international database 
organized by the International Association for the Study of Lung 
Cancer (IASLC) as part of the IASLC Lung Cancer Staging Project 
(2,3). Important changes included the addition of small cell lung 
carcinoma (SCLC) and bronchopulmonary carcinoid to the TNM 
staging system, revisions to the T and M descriptors on the basis of 
significant differences in 5-year survival between patients with differ-
ent disease features, and revisions to several stage groups.
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patterns of disease that result in multiple sites 
of pulmonary involvement, including multiple 
primary lung cancers, lung cancers with separate 
tumor nodules, multiple ground-glass/lepidic 
lesions, and consolidation, and has issued rec-
ommendations regarding the staging of cancer 
in patients with such features (8). As the role of 
imaging in the clinical evaluation and staging of 
lung cancer continues to evolve, radiologists must 
understand the foundation and potential implica-
tions of TNM‑8.

In this article, we present the rationale and 
methodology of the IASLC in producing TNM‑8, 
specific revisions to the T and M classifications 
and stage groups, and new recommendations re-
garding the staging of disease with multiple sites 
of pulmonary involvement and the measurement 
of tumors. The recommendation that non–small 
cell lung carcinoma (NSCLC), SCLC, and bron-
chopulmonary carcinoid be staged with the TNM 
system is maintained in TNM‑8.

Development  
and Methodology of TNM-8

General Considerations
TNM‑7 incorporated several key changes to 
individual descriptors and overall stage groups 
on the basis of the analysis of a large lung can-
cer database as part of the IASLC Lung Cancer 
Staging Project. Despite these advances, several 
descriptors could not be validated.

For the creation of TNM‑8 and to potentially 
overcome some of the limitations of the original 
retrospective database, the IASLC assembled a 
new database with retrospective and prospective 
clinical information. This database included data 
on 94 708 new cases of lung cancer diagnosed be-
tween 1999 and 2010 collected 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, Wash (4). Of these cases, 17 552 with an 
unknown or different histologic type and incom-
plete stage information were excluded, leaving 
77 156 patients (70 967 with NSCLC and 6189 
with SCLC) with clinical and pathologic staging 
information for analysis. Clinical staging in-
volves the utilization of tools such as the findings 
from physical examination, laboratory tests, and 
imaging to determine the stage before surgery, 
whereas pathologic staging involves information 
informed by surgical findings and histopathologic 
evaluation of resected specimens. Various subsets 
of this database were investigated to determine 
appropriate T, N, and M descriptors and stage 
groups. Detailed information regarding the meth-
odology is provided in Table 1.

One of the most important limitations of the 
original IASLC Lung Cancer Staging Project 
was the retrospective nature of the database. To 
inform the eighth edition of the TNM staging 
system (TNM‑8), an international consortium 
led by the IASLC resulted in the collection of 
new lung cancer cases and the creation of a large 
database (4). Analysis of this new database by the 
IASLC Staging and Prognostic Factors Com-
mittee showed significant differences in survival 
between patients with different T and M clas-
sifications, and recommendations for further 
modification of individual descriptors and overall 
stage groups have been published (5–7). In ad-
dition, a subcommittee of the IASLC Staging 
and Prognostic Factors Committee investigated 

TEACHING POINTS
■■ The analysis demonstrated significant separation of T1 lesions 

from T2 lesions on the basis of a size threshold of 3 cm, as well 
as a progressive reduction in patient survival for each 1-cm 
cut point (≤1 cm; >1 cm to 2 cm; >2 cm to 3 cm; >3 cm 
to 4 cm; >4 cm to 5 cm; >5 cm to 6 cm; >6 cm to 7 cm; 
and >7 cm). Statistical analyses evaluating the significance of 
pathologic tumor size controlled for age, gender, cell type, 
and geographic region demonstrated that the difference in 
survival was significant for all tumor size cut points.

■■ Analysis of the new database demonstrated that partial atelec-
tasis or pneumonitis aligns with other T2 descriptors in terms 
of 5-year survival; however, patients with complete atelectasis 
or pneumonitis demonstrated better survival than those with 
other T3 descriptors. Therefore, in TNM-8, partial and com-
plete forms of lung atelectasis and pneumonitis are grouped 
together as T2 lesions.

■■ Analysis of the new database demonstrated that the current 
nomenclature for the N classification results in consistent sepa-
ration of prognostically distinct groups, and no changes were 
made to this category. Thus, N0 is defined as the absence of 
regional lymph node involvement; N1 includes metastasis in 
ipsilateral peribronchial and/or ipsilateral hilar lymph nodes 
and intrapulmonary lymph nodes, including involvement by 
direct extension; N2 includes metastasis in ipsilateral mediasti-
nal and/or subcarinal lymph nodes; and N3 includes metasta-
sis in contralateral mediastinal, contralateral hilar, ipsilateral or 
contralateral scalene, or supraclavicular lymph nodes.

■■ In TNM‑8, intrathoracic metastasis retains the M1a designa-
tion, but the extrathoracic metastasis group has been split into 
M1b (single extrathoracic metastasis in a single distant organ) 
and M1c (multiple extrathoracic metastases in one or more 
distant organs) on the basis of differences in patient survival.

■■ The IASLC recommends that all tumors should be measured 
and the measurement reported in centimeters with millime-
ter increments. At multidetector CT, solid and nonsolid lesions 
should be measured on the image demonstrating the great-
est average tumor dimension, regardless of the plane (axial, 
sagittal, or coronal). Part-solid lesions should be measured on 
the image or images demonstrating the largest average tumor 
diameter and the largest diameter of the solid component. 
Although long-axis and short-axis measurements may be re-
corded for all lesions, only the longest diameter for solid and 
nonsolid lesions and the longest diameter of the solid compo-
nent for part-solid lesions should be used for staging purposes.
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Table 1: Development and Methodology of TNM‑8

Variable Methodology

Tumor 
(T)

33 115 patients with NSCLC fulfilled initial inclusion criteria for analysis: (a) absence of metastatic 
disease (M0), (b) complete clinical (c) or pathologic (p) staging information, (c) documented 
tumor size, and (d) sufficiently detailed T descriptors to support the assigned classification:

    13 012 with sufficient clinical stage information, 12 449 of which underwent surgical resection.
    30 018 with complete pathologic stage information, 28 150 of which underwent complete resection.
Patients with induction therapy were excluded.
Survival was measured from the date of diagnosis for clinically staged cases and the date of surgery 

for pathologically staged cases.
Overall survival was evaluated by using the Kaplan-Meier method, and prognostic groups were as-

sessed by using Cox proportional hazards regression analysis.
Specific threshold measurements for tumor size established in TNM‑7 were reevaluated and the data 

analyzed to determine possible additional size increments that could be used clinically.
Cases with more than one positive descriptor within a T category were assessed separately from those 

with only one positive descriptor to evaluate the effect of individual T descriptors.
Multivariate Cox regression analysis adjusted for patient age and gender, tumor histologic type, and 

geographic region was performed; and specific T descriptors were identified for possible reclassifi-
cation on the basis of differences in survival when compared with other descriptors in the same or 
an adjacent category.

Lymph 
node  
(N)

38 910 patients with NSCLC had clinical lymph node (cN) information available, and 31 426 pa-
tients with NSCLC had pathologic lymph node (pN) information available.

Most data (23 012 cases) were submitted from Japan and primarily used the Naruke lymph node 
map to determine the location of lymph nodes and establish overall lymph node status; for other 
regions, the Mountain-Dressler modification of the American Thoracic Society lymph node map 
was used.

Because the IASLC lymph node map was published in 2009, it was not used with any meaningful 
frequency in the new database.

Survival was calculated by using the Kaplan-Meier method; and prognostic groups were assessed by 
using Cox regression analysis adjusted for patient age and gender, histologic type of the tumor, 
and geographic region.

For the purposes of the analyses, cN and pN classifications were used for survival regardless of the T 
classification and within the different T categories.

In addition, the effect of the number of involved lymph node stations was evaluated:
    In the new database, information regarding the number of involved lymph nodes was not in-

cluded outside the cases submitted through the electronic data capture system.
Metastasis 

(M)
2411 cases of NSCLC with unresected M1 disease were available for analysis:
    1059 cases were submitted to Cancer Research and Biostatistics through the electronic data 

capture system.
    1296 cases were from the Turkish Thoracic Society.
    56 cases were from an institutional registry at Prince Charles Hospital (Brisbane, Australia).
Final analyses were restricted to the cases from the electronic data capture system because they 

included all of the specific data points necessary for evaluation.
The statistical methodology used for the analysis of the M classification was similar to that used for 

the analysis of the T and the N classifications, and prognosis was assessed by using Cox propor-
tional hazards regression analysis.

Stage 
groups

The analysis of stage groups included cases with a confirmed histologic diagnosis of NSCLC and 
complete stage information.

Candidate proposals for overall TNM stage groups were developed in conjunction with proposed 
revisions to the T and M classifications.

After the proposed T and M revisions were applied to a training dataset, candidate stage groups 
were developed; and overall survival was assessed by using clinical, pathologic, and best stage 
information.

Survival was measured from the date of diagnosis for clinically staged tumors and from the date of 
surgery for pathologically staged tumors and was calculated by using the Kaplan-Meier method.



RG  •  Volume 38  Number 2	 Carter et al  377

Special Considerations
One of the most important limitations of the 
previous editions of the TNM staging system for 
lung cancer has been the lack of guidance regard-
ing cancers with multiple sites of pulmonary 
involvement, including multiple primary lung 
cancers, lung cancers with separate tumor nod-
ules, multiple ground-glass/lepidic lesions, and 
consolidation. It has been well documented that 
there is marked variability in the classification of 
these different patterns of disease by experts in 
the field and that these groups demonstrate sig-
nificant differences in biologic behavior in terms 
of survival and recurrence patterns (8–10). For 
instance, although separate primary lung cancers 
have long been recognized by the TNM staging 
system, no clear guideline has been provided re-
garding how this diagnosis should be established 
(8). Although specific terminology with regard 
to what constitutes a separate tumor nodule was 
included in TNM‑7, there is considerable vari-
ability in how this information has been inter-
preted (9,10).

A subcommittee of the IASLC Staging and 
Prognostic Factors Committee evaluated the 
relevant literature of 1995–2015 and included 
their expert opinion to describe distinct patterns of 
disease, formulate criteria to categorize lung cancer 
with multiple pulmonary sites of involvement, and 
indicate how the TNM classification system can be 
applied to each disease pattern. A cohort of cases 
with information regarding separate tumor nodules 
was available in the new database; however, the 
numbers of cases representing the other disease 
patterns (such as multiple ground-glass/lepidic 
lesions and pneumonic-type adenocarcinoma) 
were insufficient for formal analysis. Nevertheless, 
recommendations were made on the basis of the 
available data.

Staging of SCLC
It was first recommended that SCLC be staged 
with the TNM system with the release of TNM‑7, 
and the results of subsequent studies have dem-
onstrated the efficacy of this staging application 
(11,12). Survival analyses were performed for 
SCLC cases obtained from 1999 through 2010 
with clinical and pathologic staging information. 
Patient prognosis was compared with TNM‑7 
as validation and was evaluated in relation to the 
proposed changes to the T and M classifications in 
TNM‑8. A total of 5002 retrospective cases were 
available for evaluation, of which 4848 were clini-
cally staged, 582 were pathologically staged, and 
428 were both clinically and pathologically staged. 
Of the 4848 patients with clinical staging infor-
mation, 577 (12%) were treated surgically. Most 
nonsurgical patients were treated with chemother-

apy, with or without radiation therapy, and 1% of 
patients received supportive care.

Changes in TNM-8
On the basis of the analyses described in the previ-
ous sections, revisions to the T and M classifica-
tions were constructed, and candidate proposals for 
TNM stage groups were developed. For TNM‑8, 
the TNM descriptors are listed in Table 2 (7), and 
the stage groups are listed in Table 3 (7).

T Classification
The T classification indicates specific characteris-
tics of the primary neoplasm and includes features 
such as size, the presence and extent of local tumor 
invasion, and the presence and location of separate 
tumor nodules. Analysis of the new database by 
using these established characteristics demonstrated 
significant differences in the 5-year survival of pa-
tients with various features.

Tumor Size.—Information regarding tumor 
size was available for a large number of cases in 
the new database, and survival statistics were 
calculated for those patients with completely re-
sected tumors of various sizes (Table 4) (5). The 
analysis demonstrated significant separation of 
T1 lesions from T2 lesions on the basis of a size 
threshold of 3 cm, as well as a progressive reduc-
tion in patient survival for each 1-cm cut point 
(≤1 cm; >1 cm to 2 cm; >2 cm to 3 cm; >3 cm 
to 4 cm; >4 cm to 5 cm; >5 cm to 6 cm; >6 cm 
to 7 cm; and >7 cm). Statistical analyses evalu-
ating the significance of pathologic tumor size 
controlled for age, gender, cell type, and geo-
graphic region demonstrated that the difference 
in survival was significant for all tumor size cut 
points. Therefore, T1 tumors are subdivided into 
three groups at 1-cm thresholds: T1a nodules 
measuring 1 cm or less, T1b tumors measuring 
more than 1 cm and less than or equal to 2 cm, 
and T1c lesions measuring more than 2 cm and 
less than or equal to 3 cm (Fig 1). Similarly, T2 
tumors have been subdivided into two groups: 
T2a tumors measuring more than 3 cm and less 
than or equal to 4 cm, and T2b lesions measuring 
more than 4 cm and less than or equal to 5 cm 
(Fig 2). In TNM-8, tumors measuring more than 
5 cm and less than or equal to 7 cm have been 
reclassified as T3 lesions (Fig 3), and tumors 
measuring more than 7 cm have been reclassified 
as T4 tumors (Fig 4). The new size thresholds 
introduced in TNM‑8 can be easily applied in 
clinical practice and maintain compatibility with 
the size descriptors established in TNM‑7.

Involvement of Main Bronchi.—In TNM‑7, 
involvement by lung cancer of a main bronchus 2 
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cm or more from the carina was classified as T2 
disease, and more proximal involvement was clas-
sified as T3 disease. Analysis of the new database 
demonstrated that involvement of a main bron-
chus 2 cm or more from the carina is appropriate 
as a T2 descriptor in that the survival of patients 
with this feature is similar to that of patients with 
other T2 descriptors. However, involvement of a 
main bronchus less than 2 cm from the carina, 
but without direct invasion of the carina, is as-
sociated with better survival than that for patients 
with other T3 descriptors and therefore should be 

downstaged to T2. Multivariate analysis revealed 
that involvement of a main bronchus, regardless 
of the distance from the carina, does not increase 
risk after adjusting for tumor size. Therefore, 
lesions involving a main bronchus, regardless of 
the distance from the carina, have been grouped 
together as T2 lesions (Fig 5).

Atelectasis or Pneumonitis of the Lung.—In 
TNM‑7, partial atelectasis or pneumonitis (of 
a lung lobe) was classified as T2 disease, and 
atelectasis or pneumonitis of an entire lung was 

Table 2: TNM Descriptors for TNM‑8

Descriptor Definition

T descriptor
TX Primary tumor cannot be assessed or tumor proven by the presence of malignant cells in spu-

tum or bronchial washings but not visualized with imaging or bronchoscopy
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor ≤ 3 cm in greatest dimension, surrounded by lung or visceral pleura, without broncho-

scopic 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 descriptor
T2 Tumor > 3 cm but ≤ 5 cm or tumor with any of the following features: involvement of a main 

bronchus regardless of the distance from the carina; invasion of the visceral pleura; associated 
with partial or complete lung atelectasis or 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 but ≤ 7 cm in greatest dimension or one that directly invades any of the follow-

ing structures: parietal pleura, chest wall (including superior sulcus tumors), phrenic nerve, 
parietal pericardium; or separate tumor nodule or nodules in the same lobe

T4 Tumor measuring >7 cm in greatest dimension that invades any of the following structures: medi-
astinum, diaphragm, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral 
body, carina; or separate tumor nodule or nodules in a different lobe of the same lung

N descriptor
NX Regional lymph nodes cannot be assessed
N0 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 nodes
N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or 

supraclavicular lymph nodes
M descriptor
M0 No distant metastasis
M1 Distant metastasis
  M1a Separate tumor nodule or nodules in contralateral lung; malignant pleural effusion or pleural 

thickening or nodules or masses; malignant pericardial effusion or pericardial thickening or 
nodules or masses

  M1b Single distant (extrathoracic) metastasis in a single organ
  M1c Multiple distant (extrathoracic) metastases in a single organ or multiple organs

Source.—Reference 7.
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Table 3: Stage Groups for TNM‑8

Stage Tumor Node Metastasis

Occult carcinoma TX N0 M0
Stage 0 Tis N0 M0
Stage IA1 T1a(mi)* N0 M0

T1a N0 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 N1 M0

T2a N1 M0
T2b N1 M0
T3 N0 M0

Stage IIIA T1a–c N2 M0
T2a–b N2 M0

T3 N1 M0
T4 N0 M0
T4 N1 M0

Stage IIIB T1a–c N3 M0
T2a–b N3 M0

T3 N2 M0
T4 N2 M0

Stage IIIC T3 N3 M0
T4 N3 M0

Stage IVA Any T Any N M1a
Any T Any N M1b

Stage IVB Any T Any N M1c

Source.—Reference 7. 
*mi = minimally invasive.

classified as T3 disease. Analysis of the new 
database demonstrated that partial atelectasis or 
pneumonitis aligns with other T2 descriptors in 
terms of 5-year survival; however, patients with 
complete atelectasis or pneumonitis demon-
strated better survival than those with other T3 
descriptors. Therefore, in TNM-8, partial and 
complete forms of lung atelectasis and pneumo-
nitis are grouped together as T2 lesions (Fig 6).

Diaphragmatic Invasion.—In TNM‑7, invasion 
of the diaphragm by lung cancer was classified as 
T3 disease. Analysis of the new database demon-
strated worse 5-year survival of patients with this 
feature than that of patients with other T3 tumors 
but similar to the 5-year survival of patients with 
T4 lesions. Therefore, diaphragmatic invasion is 
reclassified as T4 disease in TNM‑8 (Fig 7).

Involvement of the Mediastinal Pleura.—In 
TNM‑7, involvement of the mediastinal pleura was 
classified as T3 disease. Analysis of the new data-

base demonstrated that patients with lung cancers 
that show this feature have a better prognosis than 
patients with other T3 lesions, although this charac-
teristic was represented by a relatively small number 
of cases. The committee also noted that the designa-
tion of mediastinal pleura invasion was rarely used 
as a descriptor in clinical staging, because it can be 
difficult to determine. In clinical practice, medias-
tinal pleura invasion can be considered if the lesion 
directly contacts the mediastinum. However, when 
other findings suggestive of invasion are present, the 
tumor has typically already extended beyond the 
mediastinal pleura and invaded the mediastinum, 
a finding that remains classified as T4 disease. At 
pathologic staging, the discovery of isolated medi-
astinal pleura invasion in the absence of invasion of 
additional mediastinal structures is rare. Therefore, 
mediastinal pleural invasion has been eliminated 
from the T classification in TNM‑8.

N Classification
The lymph node (N) classification is determined 
by the presence or absence of intrathoracic lymph 
node involvement. In contrast to primary lung 
cancer, the short-axis diameter is typically used for 
lymph node measurement. Several lymph node 
maps have been developed and used by health care 
providers for staging lung cancer, including the 
Naruke lymph node map, the Mountain-Dressler 
modification of the American Thoracic Society 
lymph node map, and, more recently, the IASLC 
lymph node map. The IASLC map assigns lymph 
nodes to seven specific zones: supraclavicular, 
upper, aorticopulmonary, subcarinal, lower, hilar/
interlobar, and peripheral zones (13). However, a 
detailed description of the IASLC lymph node map 
is beyond the scope of this article.

Analysis of the new database demonstrated that 
the current nomenclature for the N classification 

Table 4: Five-year Survival of Patients accord-
ing to the T Classification for Pathologically 
and Clinically Staged Tumors in TNM‑8

Five-year Survival of Patients (%)

T De-
scriptor

Pathologically 
Staged Tumors

Clinically Staged 
Tumors

T1a 92 92
T1b 86 83
T1c 81 76
T2a 74 67
T2b 65 60
T3 57 52
T4 47 38

Source.—Reference 5.
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Figure 3.  T3 tumor size. Axial contrast-
enhanced multidetector CT image of a 
68-year-old woman with NSCLC at the 
level of the ventricles shows a 6.6-cm mass 
(M) in the left lower lobe, a finding com-
patible with a T3 lesion in TNM‑8. Analysis 
of the new database demonstrated that tu-
mors measuring more than 5 cm and less 
than or equal to 7 cm are well aligned with 
other T3 descriptors in TNM‑8.

Figure 4.  T4 tumor size. Axial con-
trast-enhanced multidetector CT image 
of a 71-year-old woman with NSCLC at 
the level of the aortic arch (AoA) shows 
a large mass (M) in the left upper lobe, 
a finding compatible with a T4 lesion in 
TNM‑8. Analysis of the new database 
demonstrated that tumors measuring 
more than 7 cm are well aligned with 
other T4 descriptors in TNM‑8.

Figure 1.  T1 tumor size. Axial contrast material–enhanced multidetector CT images of three different patients with NSCLC show 
the subdivisions of T1 lung cancers on the basis of 1-cm thresholds. (a) Image of a 69-year-old woman shows a T1a lesion (arrow); 
T1a lesions measure 1 cm or less. (b) Image of a 78-year-old man shows a T1b nodule (arrow); T1b nodules measure more than 1 
cm and less than or equal to 2 cm. (c) Image of a 54-year-old woman shows a T1c tumor (arrow); T1c tumors measure more than 2 
cm and less than or equal to 3 cm. Note the small pneumothorax (*) after CT-guided core needle biopsy.

Figure 2.  T2 tumor size. Axial 
contrast-enhanced multidetector 
CT images of two different patients 
with NSCLC show the subdivisions 
of T2 tumors on the basis of 1-cm 
cut points. (a) Image of a 70-year-
old man shows a T2a tumor (ar-
row); T2a tumors measure more 
than 3 cm and less than or equal 
to 4 cm. (b) Image of a 68-year-
old woman shows a T2b mass (M); 
T2b lesions measure more than 4 
cm and less than or equal to 5 cm.
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Figure 5.  Tumor involvement of main bron-
chi. Axial contrast-enhanced multidetector CT 
image of a 73-year-old man with NSCLC at the 
level of the right main bronchus shows a right 
upper lobe mass (M) invading the proximal 
right main bronchus (arrow). Analysis of the 
database revealed that involvement of a main 
bronchus, regardless of the distance from the 
carina, does not increase risk after adjusting 
for tumor size, and these lesions are grouped 
together as a T2 descriptor in TNM‑8. It is im-
portant to note that in this case, the size of the 
primary tumor would upstage the T classifica-
tion to T4.

Figure 6.  Atelectasis or pneumonitis in two different patients. (a) Axial contrast-enhanced 
multidetector CT image of a 59-year-old woman with NSCLC below the level of the carina 
shows a right perihilar obstructing mass (M) extending into the proximal right main bron-
chus (arrow), resulting in atelectasis (A) of the right upper lobe. (b) Axial contrast-enhanced 
multidetector CT image of a 42-year-old man with NSCLC at the level of the left pulmonary 
artery shows a mass (arrow) obstructing the left main bronchus and resulting in complete 
atelectasis (A) of the left lung. A left pleural effusion (Pl) is also depicted. Analysis of the new 
database demonstrated better survival of patients with complete atelectasis or pneumonitis 
than those with other T3 descriptors; and in TNM‑8, partial and complete lung atelectasis or 
pneumonitis are grouped together as a T2 descriptor.

Figure 7.  Diaphragmatic invasion. Axial 
contrast-enhanced multidetector CT im-
ages (a, lung window; b, soft-tissue win-
dow) of a 67-year-old man with NSCLC 
show a mass (white arrow) in the right 
lower lobe invading the right hemidia-
phragm (black arrow on b). A separate 
pulmonary lesion (*) is depicted more 
cephalad in the right lung. Analysis of 
the new database demonstrated that the 
5-year survival of patients with diaphrag-
matic invasion was worse than that of 
patients with other T3 lesions defined by 
other descriptors but was similar to that of 
patients with T4 tumors. Therefore, dia-
phragmatic invasion has been reclassified 
as T4 disease in TNM‑8.

results in consistent separation of prognostically 
distinct groups, and no changes were made to this 
category (14). Thus, N0 is defined as the absence 
of regional lymph node involvement; N1 includes 

metastasis in ipsilateral peribronchial and/or ipsilat-
eral hilar lymph nodes and intrapulmonary lymph 
nodes, including involvement by direct extension; 
N2 includes metastasis in ipsilateral mediastinal 
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and/or subcarinal lymph nodes; and N3 includes 
metastasis in contralateral mediastinal, contralateral 
hilar, ipsilateral or contralateral scalene, or supracla-
vicular lymph nodes (Table 2).

The prognostic effect of the number of lymph 
node stations involved and the potential effect of 
skip metastases were also investigated. To evaluate 
the effect of lymph node stations, pN staging was 
subdivided into several groups, where the letter a 
denoted single lymph node station involvement 
and the letter b denoted multiple lymph node sta-
tion involvement within an N category: single pN1 
station (pN1a) and multiple pN1 stations (pN1b); 
and single pN2 station (pN2a) and multiple pN2 
stations (pN2b). The survival curves of the pN1b 
and pN2a groups showed overlap and no difference 
in survival, whereas the survival differences between 
the pN1a and pN1b groups and between the pN2a 
and pN2b groups were significant. Nevertheless, 
this information was derived from pathologic stag-
ing only, and validation in the clinical dataset could 
not be performed.

To investigate the potential effect of skip metas-
tases, pN2a was divided into the following compo-
nents, in which a designation ending in the numeral 
1 indicated the presence of skip metastases and 
a designation ending in the numeral 2 indicated 
the absence of skip metastases (eg, involvement of 
contiguous lymph node stations): single pN2 with 
skip (no pN1 involvement, pN2a1); and single pN2 
without skip (pN1 and pN2 involvement, pN2a2).

Patients with pN2a1 disease showed better 
survival than those with pN1b disease; however, 
this difference was not significant. The differences 
in survival were significant between the pN2a1 and 
pN2a2 groups (P = .0007 for R0, and P = .0002 for 
any R) and between the pN2a2 and pN2b groups 
(P = .0028 for R0, and P = .0117 for any R); how-
ever, there was no significant difference between 
pN1b and pN2a1. Thus, the prognosis for patients 
with pN2a1 disease without lymph node involve-
ment in the N1 region (skip metastasis) was close 
to the prognosis for patients with pN1b disease 
without lymph node involvement in the N2 region.

The IASLC recommends that the IASLC lymph 
node map should be used to describe regional 
lymph node involvement and that the following 
information should be recorded: (a) lymph node 
station and/or location (N1, N2, or N3), (b) the 
number of lymph node stations involved (pN1a, 
pN2a, pN1b, or pN2b), and (c) the presence or 
absence of skip metastasis (pN2a1 or pN2a2).

M Classification
In TNM‑7, the division of metastatic disease into 
M1a and M1b components for intrathoracic and ex-
trathoracic metastases, respectively, represented one 
of the most important changes introduced. In the 
analysis of the new lung cancer database, the sur-
vival of patients with a single metastatic lesion in one 
extrathoracic organ (median survival, 6.3 months) 
was similar to that of patients with M1a disease 
(median survival, 11.5 months) but better than the 
survival of those with multiple metastatic lesions or 
metastases in multiple extrathoracic organs (median 
survival, 6.3 months). In TNM‑8, intrathoracic 
metastasis retains the M1a designation (Fig 8), but 
the extrathoracic metastasis group has been split 
into M1b (single extrathoracic metastasis in a single 
distant organ) and M1c (multiple extrathoracic 
metastases in one or more distant organs) on the 
basis of differences in patient survival (6) (Fig 9).

In the results of prior work, investigators have 
suggested that there are important prognostic dif-
ferences between patients with a single metastasis 
and those with multiple metastases or multiple 
sites of involvement, such as the brain, adrenal 
glands, or bone (15–21). However, a clear con-
sensus on this topic has not been achieved owing 
to several limitations, including the retrospec-
tive nature of much of this work, the differences 
in the individual definitions of oligometastatic 
disease, and variations in local treatment plans. 
The IASLC recommends that radiologists should 
document the following features at staging ex-
aminations: (a) the number of metastatic lesions, 
(b) the diameter of individual metastatic lesions, 
and (c) the number of involved organs.

Figure 8.  Intrathoracic metastases in two dif-
ferent patients. (a) Axial contrast-enhanced mul-
tidetector CT image of the right hemithorax of 
a 59-year-old woman with NSCLC (NSCLC not 
shown) shows extensive pleural thickening and 
numerous pleural masses (M), findings consistent 
with M1a disease. (b)  Axial contrast-enhanced 
multidetector CT image of the heart of a 62-year-
old man with NSCLC (NSCLC not shown) shows 
a heterogeneous mass (M) that involves the right 
ventricle and interventricular septum and is com-
patible with cardiac metastasis.



RG  •  Volume 38  Number 2	 Carter et al  383

Revisions to the Stage Classification
Numerous changes to individual T and M descrip-
tors in TNM‑8 have resulted in important modi-
fications to the stage classification, including the 
editing of existing stage groups and the creation 
of several new stage groups (7) (Table 3). For ex-
ample, the separation of T1 lung cancers into T1a, 
T1b, and T1c components on the basis of 1-cm 
and 2-cm thresholds has resulted in the creation 
of three new stages—IA1, IA2, and IA3, respec-
tively—to describe these tumors in the absence of 
lymph node involvement and metastatic disease. 
In addition, a new stage group, stage IIIC, has 
been created to include locally advanced T3 and 
T4 lung cancers associated with N3 disease but 
without metastasis, which reflects their relatively 
worse prognosis compared with that for stage IIIB. 
Changes have been made to stage IV on the basis 
of the location and extent of metastatic disease. 
For instance, intrathoracic metastatic disease, 
including contralateral tumor nodules, pleural or 
pericardial spread, and myocardial or cardiac me-
tastasis, remains classified as stage IVA; however, 
a single metastasis to a single organ (M1b disease) 
is now considered stage IVA, and multiple distant 
metastases in a single organ or multiple organs 
(M1c disease) are now considered stage IVB.

In addition to the creation of new stage groups, 
further modifications have been made to estab-
lished stages. These changes are the result of one 
or more modifications to specific descriptors. For 
instance, all T1 subdivisions associated with N1 
disease have shifted from stage IIA to IIB. Reas-
signment of diaphragmatic invasion to T4 is as-

sociated with various changes. For example, when 
present with N0 disease, diaphragmatic invasion 
shifts from stage IIB to IIIA. In some instances, 
changes to the T and M classifications may affect 
the stage group assigned to a specific case. For 
example, the reclassification of tumors measuring 
more than 5 cm from T2b to T3 means that these 
lesions are assigned to a higher stage group regard-
less of the N classification. When present with N0 
and N1 disease, such lung cancers shift from stage 
IIA to IIB and from stage IIB to IIIA, respectively, 
because of the change in the T classification; 
when these tumors are associated with N2 or N3 
disease, the stage group changes from stage IIIA to 
IIIB and from stage IIIB to IIIC, respectively.

Special Considerations

Lung Cancer with Multiple Sites of 
Pulmonary Involvement
The subcommittee of the IASLC Staging and 
Prognostic Factors Committee identified four 
distinct patterns of disease in cases of lung can-
cer characterized by multiple sites of pulmonary 
involvement: (a) multiple primary lung cancers, 
(b) lung cancers with separate tumor nodules, 
(c) multiple ground-glass/lepidic lesions, and 
(d) consolidation (8). Discussed herein are the 
criteria to categorize lung cancer with multiple 
pulmonary sites of involvement and the application 
of the staging system to each pattern (Table 5) (8).

Multiple Primary Lung Cancers.—Investigators 
have demonstrated that the demographics, clinical 

Figure 9.  Distant (extrathoracic) metastases in three different patients. (a) Axial fused image of combined fluorine 18 fluorodeoxy-
glucose (FDG) positron emission tomography (PET) and CT (PET/CT) of a 63-year-old man with NSCLC (NSCLC not shown) shows 
two foci of increased FDG uptake (arrow) in the left hepatic lobe that are concerning for metastases. The results of histopathologic 
examination of the specimen from ultrasound-guided biopsy helped confirm metastatic disease. (b) Axial fused FDG PET/CT im-
age of a 58-year-old man with NSCLC (NSCLC not shown) shows numerous foci of increased FDG uptake (arrows) throughout the 
liver, findings consistent with metastases. (c) Axial contrast-enhanced multidetector CT image of a 42-year-old woman with NSCLC 
(NSCLC not shown) shows hepatic (white arrow) and right adrenal (black arrow) metastases. TNM‑8 recognizes differences in survival 
on the basis of both the location and the number of metastases. Therefore, distant metastatic disease (formerly M1b) has been split 
into M1b (solitary metastasis in a single organ) and M1c (multiple metastases in a single organ or multiple organs).
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outcomes, and recurrence patterns of patients with 
multiple primary lung cancers are similar to those 
of patients with single lung cancers when stratified 
on the basis of histologic subtype and overall clini-
cal stage (8). The criteria developed to distinguish 
separate primary lung cancers from related tumor 
foci when two lesions are identified include both 
clinical and pathologic findings. Some cases may 
be identified on the basis of a few features, whereas 
others may incorporate several features. Factors for 
the radiologist to consider include the presence and 
completeness of prior imaging, current imaging, 
and histopathologic findings obtained at biopsy or 
surgical resection. The subcommittee recommends 
that the decision to classify two (or more) lung le-
sions as synchronous primary cancers or two foci of 
a single lung cancer should be based on multidisci-
plinary opinion that incorporates clinical, imaging, 
and histopathologic findings (8,22) (Fig 10).

The IASLC recommends that in the setting of 
two (or more) separate primary lung cancers, each 
malignancy should be staged separately within the 
TNM staging system, each being assigned distinct 
descriptors and a distinct overall stage group. This 
recommendation extends to both synchronous and 
metachronous lung cancers regardless of location, 
as well as synchronous primary lung cancers that 
are recognized clinically or those recognized only 
at histopathologic examination.

Table 5: Lung Cancer with Multiple Pulmonary Sites of Involvement: Patterns of Disease and TNM 
Classification

Parameter
Multiple Primary 

Lung Cancers
Lung Cancer with Sepa-

rate Tumor Nodule(s)
Multiple Ground-glass/ 

Lepidic Lesions Consolidation

Description Unrelated primary 
malignancies

Primary lung cancer with 
a related tumor nodule

Multiple separate tumors 
with some similarities

Single lung cancer with dif-
fuse involvement of lungs

Imaging 
features

Two (or more) 
separate lesions 
with imaging 
characteristics of 
lung cancer

“Classic” appearance of 
lung cancer and sepa-
rate solid nodule(s)

Multiple nonsolid and/or 
part-solid lesions

Multiple areas of consolida-
tion and ground-glass 
opacities

Pathologic 
features

Different histologic 
type or differ-
ent morphologic 
features

Distinct lesions with the 
same morphologic 
features

Adenocarcinomas with 
prominent lepidic com-
ponent; typically, varying 
degrees of adenocarci-
noma in situ, minimally 
invasive adenocarcinoma, 
and lepidic-predominant 
adenocarcinoma

Same histologic features; 
most are invasive muci-
nous adenocarcinoma

TNM clas-
sification

Separate clinical 
and pathologic 
staging for each 
lung cancer

Location of a separate 
tumor nodule relative 
to the primary lung 
cancer determines T3, 
T4, or M1a; single N 
and M for all lesions

T is based on highest T le-
sion with (#/m);* single 
N and M for all lesions

T is based on size and 
location: T3 if in a single 
lobe, and T4 or M1a if 
in different ipsilateral or 
contralateral lobes; single 
N and M for all lesions

Source.—Reference 8.
*Multifocal adenocarcinoma should be classified by the T category of the lesion with the highest-level T descriptor and 
by the number of lesions (#)—or simply “(m)” for multiple—indicated in parentheses.

Figure 10.  Multiple primary lung can-
cers. Coronal nonenhanced multidetector 
CT image of a 48-year-old woman with 
multiple primary lung cancers shows mul-
tiple lesions, including a part-solid nodule 
(white arrow) in the right lower lobe and 
a solid nodule (black arrow) and a non-
solid nodule (arrowhead) in the left upper 
lobe, all of which represent primary lung 
cancers with different histologic subtypes. 
In many cases, differentiation between 
different primary lung cancers and lung 
cancers with metastases can be difficult, 
and the IASLC recommends that patients 
with multiple lung lesions should be as-
sessed by a multidisciplinary tumor board.



RG  •  Volume 38  Number 2	 Carter et al  385

when one (or more) solid separate lung nodules 
are identified. The lesions may be presumed to be 
separate (metastatic) tumor nodules through clin-
ical staging or proved through pathologic staging 
after comprehensive histopathologic assessment.

The new lung cancer database included a cohort 
of patients (3.5%) with primary lung cancers and 
separate tumor nodules, most of which were single 
nodules of the same histologic subtype as the 
primary malignancy (7). Analysis of these cases 
demonstrated a progressive decrease in survival 
on the basis of increasing distance from the pri-
mary lung cancer (Fig 11). For instance, survival 
was better for patients with tumor nodules in the 
same lobe as the primary lung cancer, compared 

Figure 11.  Lung cancers with separate tumor nodules in three different patients. (a) Axial contrast-
enhanced multidetector CT image of a 73-year-old man with NSCLC shows a solid nodule with irregular 
margins (arrow) in the right upper lobe, which represents the primary lung cancer, as well as a separate 
tumor nodule (*) in the same lobe. These findings represent T3 disease. (b) Coronal contrast-enhanced 
multidetector CT image of the right hemithorax of a 66-year-old man with NSCLC shows a right lower 
lobe mass (M) and an adjacent tumor nodule (*), as well as a smaller tumor nodule (arrow) in the right 
upper lobe. These findings represent T4 disease. (c) Axial contrast-enhanced multidetector CT image of 
a 65-year-old woman with NSCLC shows an irregular nodule (*) in the right upper lobe representing the 
primary lung cancer, as well as a separate tumor nodule (arrow) in the left upper lobe. These findings 
represent M1a disease, and the findings at histopathologic examination of the specimen from biopsy of 
the left upper lobe nodule helped confirm metastatic disease.

Tumor Nodules.—Patients may present with a 
primary lung cancer and one or more separate 
tumor nodules, all of which correspond to the 
same histologic subtype of cancer. These sepa-
rate nodules tend to behave similarly to solitary 
lung cancers, although the clinical outcomes are 
slightly worse and can be affected by the specific 
treatment plan (8,23). The criteria developed 
to categorize two lung lesions as a primary lung 
cancer and a separate tumor nodule include both 
clinical and histopathologic findings. In general, 
the presence of a lung cancer with a separate 
tumor nodule should be suspected when there is 
a lesion demonstrating the “classic” appearance 
of lung cancer (ie, a solid spiculated lesion) and 
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with those with nodules in a different ipsilateral 
lobe or the contralateral lung. Among patients with 
pathologic staging, survival of patients with tumor 
nodules in the same lobe as the primary tumor 
(classified as T3 in TNM‑7) was similar to that of 
patients with other T3 tumors. In addition, survival 
of patients with tumor nodules in the same lung as 
the primary tumor but in a different lobe (classified 
as T4 in TNM‑7) was similar to survival of patients 
with other T4 tumors. Among patients with clinical 
staging, survival of patients with tumor nodules in 
the contralateral lung relative to the primary lung 
cancer was similar to that of patients with other 
M1a descriptors. However, it should be noted that 
the analysis suggested that survival was primarily 
affected by treatment, and there was no significant 
difference in overall survival by separate tumor 
nodule location among patients managed only 
surgically or among those managed nonsurgically 
(8,23). Patients who were treated surgically experi-
enced better overall survival. Other factors such as 
tumor nodule size could not be assessed because 
of the small number of cases in the database. Thus, 
the classification scheme introduced in TNM‑7 
is maintained in TNM‑8 and should be applied 
regardless of whether lymph node or extrathoracic 
metastases are present.

Multiple Ground-glass/Lepidic Lesions.—Lung 
cancers manifesting as multiple pulmonary le-
sions with ground-glass or lepidic features are 
associated with various demographics, excellent 
patient outcomes, and infrequent recurrences 
(8,24). At multidetector CT, these tumors ap-
pear as subsolid lesions, either nonsolid lesions 
(pure ground-glass lesions) or part-solid lesions 
(ground-glass and solid components). Pathologi-
cally, these lesions represent lepidic-predominant 
adenocarcinoma, minimally invasive adenocarci-
noma, or adenocarcinoma in situ, with or with-
out other subtypes of adenocarcinoma as lesser 
components (25). The solid and ground-glass 
components identified at multidetector CT cor-
respond to invasive and lepidic patterns, respec-
tively (8,26). Although these lesions are typically 
considered separate tumors with an in situ or 
invasive component that has arisen from a pre-
dominant noninvasive component, the findings 
from clonality studies in which these neoplasms 
are compared have produced conflicting results.

Compared with other patterns of lung cancer, 
adenocarcinomas manifesting as subsolid lesions 
tend to have a lower propensity for lymph node 
involvement or metastatic spread, have a greater 
propensity for developing additional subsolid 
lung cancers, and are more likely to behave in an 
indolent manner (25). Although the demograph-
ics are variable, affected patients are often women 

and nonsmokers (8,25). It should be noted that 
almost all cases of multifocal lung cancer repre-
sent adenocarcinoma.

The criteria developed to categorize lesions 
as multiple ground-glass/lepidic lesions (multifo-
cal adenocarcinoma) include both clinical and 
pathologic findings. The IASLC recommends 
that tumors should be classified as multifocal 
adenocarcinoma if a malignant subsolid nodule 
is present (regardless of whether it is suspected at 
clinical staging or histopathologically proven) and 
if other nodules with ground-glass features are 
identified (regardless of whether tissue sampling 
has been performed to evaluate the other nodules; 
if sampling has been performed, lesions may be 
classified as lepidic-predominant adenocarcinoma, 
minimally invasive adenocarcinoma, or adenocar-
cinoma in situ) (25). This definition also includes 
cases in which a subsolid lesion with a 50% or 
greater solid (invasive) component appears to have 
arisen from a ground-glass nodule (or a lepidic 
background) and other ground-glass nodules are 
present. The designation of multifocal lung adeno-
carcinoma should not be applied to patients with 
multiple ground-glass nodules likely representing 
benign or preneoplastic lesions such as atypical 
adenomatous hyperplasia.

Multifocal adenocarcinoma should be clas-
sified by the T category of the lesion with the 
highest-level T descriptor and by the number of 
lesions (#)—or simply “(m)” for multiple—in-
dicated in parentheses (Fig 12). The lesion size 
is determined by the largest diameter of the 
solid component measured on multidetector CT 
images or the largest diameter of the invasive 

Figure 12.  Multiple ground-glass/lepidic lesions (multifo-
cal adenocarcinoma). Axial nonenhanced multidetector CT 
image of a 52-year-old woman with multifocal lung adeno-
carcinoma shows approximately 16 ground-glass nodules 
bilaterally, the largest of which is in the right upper lobe 
and measures approximately 2.2 cm in focal diameter. In 
the setting of multiple ground-glass lesions or lepidic tu-
mors, the IASLC recommends use of the dominant lesion 
for T staging purposes. In this case, 2.2 cm corresponds to a 
T1c lesion, and the overall descriptor can be listed as either 
T1c(16) or T1c(m).
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component at histologic examination. Adenocar-
cinoma in situ and minimally invasive adenocar-
cinoma should be designated as Tis and T1a(mi), 
respectively (26). The T(#/m) multifocal clas-
sification should be used regardless of whether 
these lesions are suspected solely on the basis of 
imaging or are pathologically proven and regard-
less of whether the lesions are in the same lobe or 
in different ipsilateral or contralateral lobes. The 
N and M categories that apply to all of the tumor 
foci collectively should be used.

Consolidation.—Another pattern of disease in-
cludes lung cancer manifesting as diffuse consoli-
dation or a “pneumonic type” of lung adenocar-
cinoma that occurs without proximal bronchial 
obstruction (27–29). On multidetector CT im-
ages, these lesions appear as areas of consolidation 
and ground-glass opacities. The criteria developed 
to categorize lesions as pneumonic-type lung ad-
enocarcinoma include both clinical and pathologic 
findings. These lesions manifest as a consolidative 
pattern on multidetector CT images, in the ab-
sence of an obstructed bronchus; that consolida-
tive pattern may be confined to a particular region 
(segment or lobe), may affect multiple regions 
(appearing confluent or separate), or may involve 
the lung in a diffuse manner. These tumors mani-
fest as a combination of areas of consolidation and 
ground-glass opacities with ill-defined margins 
owing to the infiltrative nature. Air bronchograms 
are frequently identified. Most pneumonic-type 
lung cancers are invasive mucinous adenocarcino-
mas; the rest are mixed or nonmucinous adenocar-
cinomas (8,25). Although these patients may have 
extensive pulmonary involvement, lymph node 

involvement and metastatic disease are uncommon 
at presentation (30–32). Progression is typically 
slow, but the overall survival is worse compared 
with that of patients with multifocal ground-glass/
lepidic lesions.

The T classification depends on factors such 
as lesion size and the number of lobes involved. 
When a single area of tumor involvement is identi-
fied, the T classification is determined by the size 
of the lesion, with N and M classifications deter-
mined by lymph node involvement and metastatic 
disease (5,7). In TNM-8, multiple sites of lung 
tumor involvement are designated as T3 if they 
are confined to one lobe, T4 if they affect different 
lobes in the same lung, and M1a if they involve 
both lungs (Fig 13). When tumor is present within 
both lungs, the T classification is based on the ap-
propriate T category for the lung with the greatest 
extent of tumor involvement. For tumor that is 
confined to a single lobe but is difficult to mea-
sure, the T3 descriptor should be assigned. The T4 
descriptor should be assigned to disease in which 
there is extension of tumor into an adjacent lobe 
or there is a discrete separate area of involvement 
of an adjacent lobe. The N and M categories that 
apply to all of the tumor foci collectively should 
be used. This classification scheme should be used 
regardless of whether these lesions are suspected 
at imaging or pathologically proven, and a detailed 
histologic assessment is not required for pneu-
monic-type lung cancer.

The IASLC also recommends that this scheme 
should be used for the staging of miliary forms of 
adenocarcinoma, a pattern of lung disease char-
acterized by numerous small pulmonary nodules 
scattered throughout the lung. In contrast to the 

Figure 13.  Lung cancer manifesting as consolidation in three different patients. (a) Axial contrast-enhanced multidetector CT image 
of the left hemithorax of a 76-year-old woman undergoing evaluation of nonresolving pneumonia shows consolidation (C) in the left 
lower lobe. The findings at histopathologic examination of the specimen from biopsy disclosed adenocarcinoma. Because this lesion 
is limited to the left lower lobe, it is designated as T3 disease. (b) Axial contrast-enhanced multidetector CT image of the left hemi-
thorax of a 49-year-old woman with multifocal adenocarcinoma shows multiple areas of consolidation (C) in the left lung. Because 
these lesions are depicted in both lobes of the left lung, they are classified as T4 disease. (c) Axial contrast-enhanced multidetector 
CT image of a 53-year-old woman with multifocal adenocarcinoma shows consolidation (C) of the entire right lung and focal consoli-
dation (*) in the left upper lobe. Because these areas of consolidation are depicted in both lungs, they are classified as M1a disease.
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diffuse form, which could potentially be mea-
sured, miliary disease is inherently difficult to 
measure, and a single lobe should be classified as 
T3 without regard to size.

Staging of SCLC
The IASLC first recommended that the TNM 
staging system should be used to stage SCLC 
in 2009 with the publication of TNM‑7. Before 
that time, early staging systems developed by the 
Veterans Administration Lung Study Group were 
used to divide SCLCs into two subgroups, lim-
ited-stage SCLC and extensive-stage SCLC, on 
the basis of the extent of disease and the feasibil-
ity of treatment with a single radiation portal. For 
example, limited-stage SCLC represents disease 
confined to one hemithorax, which may include 
local extension and ipsilateral or supraclavicular 
lymphadenopathy if disease can be included in 
a single radiation portal. Extensive-stage SCLC 
includes all other cases. In TNM‑7, stages I to III 
correspond to limited-stage SCLC, and stage IV 
corresponds to extensive-stage SCLC (33). The 
TNM staging system has been shown to better 
differentiate stage-specific survival compared 
with the Veterans Administration Lung Study 
Group system, and the primary benefit of the 
TNM system is the identification of patients who 
may benefit from surgical resection (11,12).

The prognostic value of clinical and pathologic 
TNM staging in patients with SCLC was con-
firmed in the analysis of the new database, and the 
IASLC recommends its use for staging of these 
patients (Fig 14). Evaluation of patients with clini-

cally staged M1b disease showed no significant 
survival difference between patients with either a 
single site or multiple sites of metastatic disease. 
However, a difference in survival between patients 
with single-site metastasis involving the brain and 
those with other sites of single or multiple-site me-
tastases was identified at 12 months (36% vs 23% 
and 20%, respectively) (34). In addition, improved 
survival was seen in patients with a single site 
of metastasis and no pleural effusion, compared 
with patients who had either pleural effusions 
or multiple metastatic sites or both. The IASLC 
recommends that the subdivision of M descriptors 
into M1a, M1b, and M1c for NSCLC should also 
be used for SCLC. In addition, to inform future 
revisions of the TNM staging system, it is recom-
mended that radiologists should record the follow-
ing information regarding SCLC: (a) the number 
of extrathoracic metastatic 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 (34).

Tumor Measurement
The IASLC recommends that all tumors should 
be measured and the measurement reported in 
centimeters with millimeter increments. At mul-
tidetector CT, solid and nonsolid lesions should 
be measured on the image demonstrating the 
greatest average tumor dimension, regardless of 
the plane (axial, sagittal, or coronal). Part-solid 
lesions should be measured on the image or 

Figure 14.  SCLC in two different patients. (a) Axial contrast-enhanced multidetec-
tor CT image of the left hemithorax of a 67-year-old woman with SCLC shows a solid 
nodule in the left upper lobe (arrow) along the left interlobar fissure. The findings from 
histopathologic examination of the specimen from CT-guided core needle biopsy dis-
closed SCLC. (b) Axial contrast-enhanced multidetector CT image of a 61-year-old 
woman with SCLC shows a right infrahilar mass (M) resulting in complete atelectasis (A) 
of the right lower lobe, as well as ipsilateral mediastinal lymphadenopathy (arrow) and 
contralateral hilar lymphadenopathy (*). Staging of SCLC with the TNM system was 
introduced in TNM‑7, and this recommendation is carried over into TNM‑8. The TNM 
descriptors and overall stage for this patient were T2bN3M0 and stage IIIB, respectively.
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images demonstrating the largest average tumor 
diameter and the largest diameter of the solid 
component. Although long-axis and short-axis 
measurements may be recorded for all lesions, 
only the longest diameter for solid and nonsolid 
lesions and the longest diameter of the solid 
component for part-solid lesions should be used 
for staging purposes (5,8,26,35).

In the findings of several studies investigating 
the accuracy of lesion measurement with CT sec-
tion thickness, investigators have demonstrated 
that lower section thickness resulted in less 
variability in measurement (36–39). Specifically, 
1-mm sections result in the least amount of mea-
surement variability, especially for lesions smaller 
than 10 mm and for those that demonstrate 
spiculation rather than smooth margins (36). In 
addition to minimizing partial volume averaging, 
thin sections allow optimal evaluation of morpho-
logic features such as density, shape, and margin 
because of the enhanced spatial resolution.

The findings from studies evaluating the ac-
curacy of lung nodule measurements obtained with 
different window settings have shown conflicting 
results. Some investigators suggest that mediastinal 
settings are more accurate, and others have shown 
greater accuracy with the use of lung window set-
tings (26,40,41). In the results of several recent 
studies evaluating minimally invasive adenocarci-
noma and small lung adenocarcinomas, investiga-
tors have suggested that measurements obtained by 
using lung windows are more similar to pathologic 
measurements and that the use of mediastinal 
windows may underestimate the size of the invasive 
component (42–44). Therefore, the IASLC recom-

mends that lung or intermediate window settings 
should be used to detect and measure the solid 
components of subsolid nodules (Fig 15).

Several approaches have been proposed for the 
evaluation of part-solid lesions with several solid 
components. One proposal is similar to that for 
microinvasive breast cancer, in which the single 
largest focus of invasion is measured, and the other 
solid components are cataloged but not measured 
(45). Kadota et al (46) proposed a different ap-
proach for characterizing the invasive component 
of part-solid adenocarcinomas on histopathologic 
slides, in which all invasive components were mea-
sured and the sum expressed as a percentage of 
the overall tumor size. However, this approach has 
not been evaluated in the context of multidetector 
CT. Therefore, the IASLC recommends that the 
long-axis measurement of the largest solid com-
ponent should be identified. If this measurement 
exceeds 5 mm, then invasion is likely.

Limitations
Although TNM‑8 represents continued ad-
vancement from prior staging systems, several 
limitations persist. Although the database used 
for the updated staging project is large and in-
cludes lung cancer cases from around the world, 
it can be considered a convenience sample of 
available data (47). Specifically, geographic re-
gions other than Europe and Asia and nonsurgi-
cally managed patients are underrepresented in 
the database (47). However, the results of both 
internal and external validation demonstrated 
the transportability of the data. For instance, 
TNM‑8 has been externally validated against 

Figure 15.  Measurement of part-solid lesions. Axial contrast-enhanced mul-
tidetector CT images of the right hemithorax of a 78-year-old woman show a 
part-solid nodule in the right upper lobe compatible with biopsy-proven invasive 
adenocarcinoma. (a) Image shows measurement of the entire lesion; the focal 
diameter (F) is 34.1 mm (dashed line). (b) Image shows measurement of the 
diameter of the solid component (C = 12.0 mm; dashed line). The IASLC recom-
mends that the measurement of the solid component of part-solid lesions, repre-
senting the invasive component of the tumor, should be used to define its T clas-
sification. Investigators have demonstrated that this measurement better predicts 
prognosis than the overall tumor size in lepidic-predominant adenocarcinomas.
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the National Cancer Database in the United 
States, a database that principally includes non-
surgically managed patients.

Finally, although differences in survival 
have been demonstrated across the updated 
descriptors and stage groups, it is important 
to remember that many other elements are 
ultimately involved with prognosis, including 
patient-related factors (performance status, age, 
comorbidities), tumor-related factors (histologic 
subtype, grade), environment-related factors 
(access to care, quality of care), and treatment-
related factors (treatment regimen, response to 
therapy) (47,48).

Conclusion
Revisions to the TNM staging system have been 
made on the basis of important differences in 
patient survival resulting from detailed analyses 
of a new large lung cancer database. Key changes 
include further modifications to the T and M 
classifications on the basis of 1-cm thresholds for 
the primary tumor; grouping of tumors result-
ing in atelectasis or pneumonitis of a lobe or an 
entire lung; grouping of tumors involving a main 
bronchus; reassignment of diaphragmatic inva-
sion; elimination of mediastinal pleural invasion; 
and further subdivision of metastatic disease into 
descriptors that are based on the number and 
sites of metastases. These changes have resulted 
in modifications to stage groups, with new groups 
created and others modified. In addition, TNM‑8 
introduces new recommendations regarding the 
staging of lung cancers with multiple pulmonary 
sites of involvement and new guidelines for tumor 
measurement. Understanding the key revisions 
introduced in TNM‑8 will allow radiologists to 
accurately stage lung cancer and optimize patient 
management.
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