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Foreword

Clear and concise clinical indications for PET/CT in the management of oncology 
patients are presented in this series of 15 separate booklets.

The impact on better staging, tailored management and specific treatment of 
patients with cancer has been achieved with the advent of this multimodality imag-
ing technology. Early and accurate diagnosis will always pay, and clear information 
can be gathered with PET/CT on treatment responses. Prognostic information is 
gathered and can forward guide additional therapeutic options.

It is a fortunate coincidence that PET/CT was able to derive great benefits from 
radionuclide-labelled probes, which deliver good and often excellent target to non- 
target signals. Whilst labelled glucose remains the cornerstone for the clinical ben-
efit achieved, a number of recent probes are definitely adding benefit. PET/CT is 
hence an evolving technology, extending its applications and indications. Significant 
advances in the instrumentation and data processing available have also contributed 
to this technology, which delivers high throughput and a wealth of data, with good 
patient tolerance and indeed patient and public acceptance. As an example, the role 
of PET/CT in the evaluation of cardiac disease is also covered, with emphasis on 
labelled rubidium and labelled glucose studies.

The novel probes of labelled choline, labelled peptides, such as DOTATATE, 
and, most recently, labelled PSMA (prostate-specific membrane antigen) have 
gained rapid clinical utility and acceptance, as significant PET/CT tools for the 
management of neuroendocrine disease and prostate cancer patients, notwithstand-
ing all the advances achieved with other imaging modalities, such as MRI. Hence, a 
chapter reviewing novel PET tracers forms part of this series.

The oncological community has recognised the value of PET/CT and has delivered 
advanced diagnostic criteria for some of the most important indications for PET/
CT.  This includes the recent Deauville criteria for the classification of PET/CT 
patients with lymphoma—similar criteria are expected to develop for other malignan-
cies, such as head and neck cancer, melanoma and pelvic malignancies. For comple-
tion, a separate section covers the role of PET/CT in radiotherapy planning, discussing 
the indications for planning biological tumour volumes in relevant cancers.



viii

These booklets offer simple, rapid and concise guidelines on the utility of PET/
CT in a range of oncological indications. They also deliver a rapid aide-memoire on 
the merits and appropriate indications for PET/CT in oncology.

Peter J. Ell, FMedSci, DR HC, AΩALondon, UK

Foreword
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Preface

Hybrid imaging with PET/CT and SPECT/CT combines the best of function and 
structure to provide accurate localisation, characterisation and diagnosis. There is 
extensive literature and evidence to support PET/CT, which has made significant 
impact on oncological imaging and management of patients with cancer. The evi-
dence in favour of SPECT/CT especially in orthopaedic indications is evolving and 
increasing.

The Clinicians’ Guides to Radionuclide Hybrid Imaging (PET/CT and SPECT/
CT) pocketbook series is specifically aimed at our referring clinicians, nuclear med-
icine/radiology doctors, radiographers/technologists and nurses who are routinely 
working in nuclear medicine and participate in multidisciplinary meetings. This 
series is the joint work of many friends and professionals from different nations who 
share a common dream and vision towards promoting and supporting nuclear medi-
cine as a useful and important imaging speciality.

We want to thank all those people who have contributed to this work as advisors, 
authors and reviewers, without whom the book would not have been possible. We 
want to thank our members from the BNMS (British Nuclear Medicine Society, 
UK) for their encouragement and support, and we are extremely grateful to Dr. 
Brian Nielly, Charlotte Weston, the BNMS Education Committee and the BNMS 
council members for their enthusiasm and trust.

Finally, we wish to extend particular gratitude to the industry for their continuous 
support towards education and training.

London, UK Gopinath Gnanasegaran 
  Jamshed Bomanji 
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1Lung Cancer: An Overview

Aisha Naseer, Arum Parthipun, Athar Haroon, and 
Stephen Ellis

1.1  Introduction

Lung cancer is the most common cancer worldwide with 1.8 million (1,825,000) 
new cases diagnosed in 2012 [1]. According to statistics from Cancer Research UK, 
the majority of patients diagnosed with lung cancer present with advanced stage IV 
disease (NSCLC—non-small cell lung cancer) or extensive disease (SCLC—small 
cell lung cancer).

The stage of the tumour is used as a prognostic indicator when a potentially cura-
tive approach is not feasible and to determine whether adjuvant therapy following 
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treatment with intent to cure is likely to offer a survival benefit. Imaging has always 
played a vital role in lung cancer staging and typically involves at least a post- contrast 
CT scan of the chest and abdomen. If treatment with intent to cure is envisaged, the 
National Institute for Health and Care Excellence (NICE) guidelines recommend 
PET/CT scanning for patients being considered for treatment with curative intent [2].

The current eighth edition of the stage classification for lung cancer has been the 
worldwide standard as of January 2017 and has been issued by the AJCC (American 
Joint Committee on Cancer) and the UICC (Union Internationale Contre le Cancer) 
and informed by the International Association for the study of lung cancer (IASLC). 
The data used for this revision was more extensive than that used previously and 
resulted in some fundamental alterations, the most significant being the alteration to 
T staging.

1.2  Subtypes of Lung Cancer

Lung cancers are classified according to histological type and tissue of origin. Lung 
cancers are malignancies arising from epithelial tissue and are carcinomas. The clas-
sification of lung cancers is important in defining the optimal management and deter-
mines the prognosis. For most purposes, lung cancers are divided into two classes;

Small cell lung cancer (SCLC)
Non-small cell lung cancer (NSCLC)

SCLC is postulated to be of neuroendocrine cell origin and originates submuco-
sally. Classically associated with rapid haematogenous and lymphatic spread, it has 
traditionally been considered a systemic disease at presentation and is often not 
amenable to treatment with intent to cure. SCLC almost always occurs in smokers. 
It is the most common primary lung cancer to cause paraneoplastic syndromes and 
superior vena cava obstruction.

NSCLC comprises a spectrum of cellular subtypes including:
Squamous cell carcinomas which arise from dysplastic endothelium predomi-

nantly in the proximal and segmental bronchi. Histological characteristics are the 
formation of intracellular bridges. The relative incidence of this subtype of lung 
cancer is on the decline.

Adenocarcinoma arises from bronchial glands, usually within the lung parenchyma. 
Histological characteristics are gland formation, mucin secretion and, in 90%, expres-
sion of TTF1. Although most cases of adenocarcinoma are associated with smoking, it 
is the most common form of lung cancer to occur in patients who have never smoked.

Large-cell carcinoma class includes several variants including large-cell neuro-
endocrine carcinoma and basaloid carcinoma. These tumour types usually have a 
less favourable prognosis and are less common.

1.3  Risk Factors

Tobacco smoking, particularly cigarettes, is the main risk factor for lung cancer and 
accounted for 90% of lung cancer deaths in men and 70% of deaths in women in the 

A. Naseer et al.
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year 2000 [3]. Passive smoking, which is the inhalation of smoke from another per-

son’s smoking, can be associated with lung cancer in non-smokers.

Other risk factors include exposure to asbestos and occupational exposure to 

radon, arsenic and chromium. Tobacco smoking and asbestos exposure have a syn-

ergistic effect on the formation of lung cancer [4].

The presence of chronic obstructive pulmonary disease or diffuse lung fibrosis is 

also associated with a higher incidence of lung cancer.

1.4  Clinical Features

Up to 25% of patients are asymptomatic at the time of diagnosis. Symptoms, in those that 

have them, vary with the extent of disease and are divided into those due to the primary 

tumour, related to metastatic disease, and those with systemic effects of malignancy.

Symptoms due to primary tumour:

Cough, haemoptysis and recurrent pneumonia.

Mediastinal invasion results in dysphagia, hoarseness, superior vena caval obstruc-

tion or diaphragmatic nerve paralysis.

Pleural spread presents with large effusions causing dyspnoea and respiratory 

compromise.

Chest wall or spinal invasion may cause local or radicular pain.

Apical Pancoast’s tumour presents with typical symptoms of brachial plexus inva-

sion or Horner’s syndrome.

Nonspecific symptoms include anorexia, weight loss and paraneoplastic syndromes.

1.5  Staging of Non-small Cell Lung Cancer

Staging of the non-small cell lung cancer is based on the tumour, node and metastasis 

(TNM) classification system. The International Association for the Study of Lung 

Cancer (IASLC) provided recommendations for the latest eighth edition of the TNM 

classification of malignant tumours, published by the International Union Against 

Cancer/Union Internationale Contre Le Cancer (UICC) and American Joint 

Committee on Cancer (AJCC) [5].

The staging system is described in Table 1.1.

The international staging system for lung cancer stratifies disease extent to deter-

mine prognosis. The many possible combinations of T, N and M descriptors are 

grouped into their appropriate stages to align the stage groupings with prognosis 

and treatment. The stage groupings for the eighth edition of the TNM classification 

are seen in Table 1.2.

1 Lung Cancer: An Overview
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Table 1.1 Proposed T, N and M descriptors for the eighth edition of the TNM staging for lung 
cancer

T—primary tumour
T0 No evidence of primary tumour
Tis Carcinoma in situ (squamous or adenocarcinoma)
T1 Tumour 3 cm or less in greatest dimension, surrounded by lung or visceral pleura, 

without bronchoscopic evidence of invasion more proximal than the lobar 
bronchus (i.e. not in the main bronchus)

T1a (mi) Minimally invasive adenocarcinoma
T1a ss Superficial spreading tumour in central airways (can be of any size but confined 

to tracheal or bronchial wall)
T1a ≤ 1 Tumour 1 cm or less in greatest dimension
T1b > 1–2 Tumour more than 1 cm but not more than 2 cm in greatest dimension
T1c > 2–3 Tumour more than 2 cm but not more than 3 cm in greatest dimension
T2 Tumour more than 3 cm but not more than 5 cm or tumour with any of the 

following features:
T2 Centr  •  Involves main bronchus regardless of distance from the carina, but without 

involvement of the carina
 •  Associated with atelectasis or obstructive pneumonitis that extends to the 

hilar region, involving part or all of the lung
T2 Visc  •  Invades visceral pleura
T2a > 3–4 Tumour more than 3 cm but not more than 4 cm in greatest dimension
T2b > 4–5 Tumour more than 4 cm but not more than 5 cm in greatest dimension
T3 > 5–7 Tumour more than 5 cm but not more than 7 cm in greatest dimension
T3 Inv Or directly invades any of the following structures: chest wall (including parietal 

pleura and superior sulcus tumours), phrenic nerve or pericardium
T3 Satell Or associated with separate tumour nodule(s) in the same lobe as the primary
T4 > 7 Tumour more than 7 cm in greatest dimension
T4 Inv Or invades any of the following structures: diaphragm, mediastinum, heart, great 

vessels, trachea, recurrent laryngeal nerve, oesophagus, spine, carina
T4 Ipsi Nod Or associated with separate tumour nodule(s) in a different ipsilateral lobe to that 

of the primary
N— regional lymph node involvement
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 node(s)
N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or 

contralateral scalene or supraclavicular lymph node(s)
M—distant metastasis
M0 No distant metastasis
M1 Distant metastasis present
M1a Pl 
Dissem

Cytologically proven malignant pleural/pericardial effusions or pleural/
pericardial nodules

M1a Contr 
Nod

Or separate tumour nodule(s) in a contralateral lobe

M1b Single Single extrathoracic metastasis
M1c Multi Multiple extrathoracic metastases in one or several organs

A. Naseer et al.
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1.6  Staging of Small Cell Lung Cancer

Traditionally SCLC was considered a systemic disease and classified as either lim-
ited or extensive disease according to a modified version of the Veterans 
Administration Lung Cancer Study Group (VALSG) staging system. This is because 
at initial diagnosis, approximately 60–70% of patients have metastases [6].

Stage Description
Limited stage Disease confined to one hemithorax; includes involvement of mediastinal, 

contralateral hilar and/or supraclavicular and scalene lymph nodes
Extensive Disease with spread beyond the definition of limited stage or malignant 

pleural effusion is present

However, this has now been replaced with the eighth edition lung cancer stage 
classification described above. This is due to a change in the management of 
SCLC in that treatment with intent to cure is now considered a viable option.

Table 1.2 Stage groupings in the eighth edition of the TNM staging system for lung cancer

Stage IA T1 N0 M0
Stage IA1 T1mi, 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, T2a,b N1 M0

T3 N0 M0
Stage IIIA T1a–c, T2a,b N2 M0

T3 N1
T4 N0, N1 M0

Stage IIIB T1a–c, T2a,b N3 M0
T3, T4 N2 M0

Stage IIIC T3, T4 N3 M0
Stage IVA Any T Any N M1a,b
Stage IVB Any T Any N M1c

1 Lung Cancer: An Overview
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Key Points

• Lung cancer is the most common cancer worldwide.

• Majority of patients diagnosed with lung cancer present with advanced 
stage IV disease (NSCLC—non-small cell lung cancer) or extensive dis-
ease (SCLC—small cell lung cancer).

• The stage of the tumour is used as a prognostic indicator when a poten-
tially curative approach is not feasible.

• Lung cancers are classified according to histological type and tissue of origin.

• Lung cancers are malignancies arising from epithelial tissue and are 
carcinomas.

• Lung cancers are divided into two classes: small cell lung cancer (SCLC) 
and non-small cell lung cancer (NSCLC).

• SCLC is postulated to be of neuroendocrine cell origin and originates 
submucosally.

• NSCLC comprises a spectrum of cellular subtypes: squamous cell carcino-
mas, adenocarcinoma and large-cell carcinoma.

• Tobacco smoking, particularly cigarettes, is the main risk factor for lung 
cancer.

• Tobacco smoking and asbestos exposure have a synergistic effect on the 
formation of lung cancer.

• The presence of chronic obstructive pulmonary disease or diffuse lung 
fibrosis is associated with a higher incidence of lung cancer.

• The size of the tumour remains the predominant factor in determining the 
T stage.

• The international staging system for lung cancer stratifies disease extent to 
determine prognosis.

• Traditionally SCLC was considered a systemic disease and classified as 
either limited or extensive disease according to a modified version of the 
Veterans Administration Lung Cancer Study Group (VALSG) staging sys-
tem, however this has now been superseded by the eighth edition lung can-
cer stage classification.

A. Naseer et al.
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2Pathology of Lung Cancer

Rajiv Kumar

2.1  Background

Lung carcinoma is one of the lethal diseases afflicting the global population [1]. 
Tobacco smoking attributes to majority of cases of lung cancer. Despite decades of 
efforts to improve outcome through multimodality therapy, survival rates have 
remained dismal. This is partly attributable to relatively ineffective methods for 
early detection and lack of curative treatment for advanced disease [2, 3].

2.2  Role of Pathologist in Today’s Era of  
Personalized Medicine

Lung cancer has been traditionally perceived as a relentlessly aggressive, and 
largely incurable disease, for which the surgical pathologist until recently had a 
marginal role [2, 4]. Historically, lung cancers have been subdivided by histology 
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into small-cell and non-small-cell lung cancers (NSCLCs), with NSCLC further 
classified into squamous cell carcinoma (SqCC), adenocarcinoma (ADC), and 
large-cell carcinoma. Prior to the 2004 WHO classification, there have been no ther-
apeutic implications to classify the NSCLCs tumors further, so little attention was 
been given to the distinction of ADC and SqCC in small tissue samples [2, 4]. The 
last decade has seen a shift toward molecular-based classification, in which infor-
mation about genetic alterations and protein expression level is considered along-
side histology in order to better understand the pathogenesis of the disease (Fig. 2.1) 
[5, 6].Now, the patients with NSCLCs are to be classified into more specific types 
such as ADC or SqCC, whenever possible, as it is important for therapeutic decision- 
making for several reasons: (1) ADC histology is a strong predictor for improved 
outcome with pemetrexed therapy compared with SqCC [7], (2) potential life- 
threatening hemorrhage may occur in patients with SqCC who receive bevacizumab 
[8], and (3) ADC or NSCLC-not otherwise specified(NSCLC-NOS) should be 
tested for epidermal growth factor receptor (EGFR) mutations and anaplastic lym-
phoma kinase [ALK] rearrangement as the presence of these mutations is predictive 
of responsiveness to tyrosine kinase inhibitors [9–13] and crizotinib [14–17].

With the advent of newer predictive biomarkers, tissue is required not only for 
routine histopathology but also for IHC and molecular analyses [3, 18, 19]. Thus, 
proper handling of the tissue is the biggest issue in era of personalized medicine, 
and pathologists’ role in the management of lung cancer is becoming more 

NSCLC
as one
disease

Others
11%

SSC
34%

SSC

ALK
HER2
BRAF
PIK3CA
AKT1
MAP2K1
NRAS
ROS1
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KRAS
Unknown

PIK3CA
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FGFR1 Amp

EGFRvIII

EGFR

Unknown

Adeno-
carcinoma

55%

Adenocarcinoma

Hostology-based subtyping

Fig. 2.1 Evolving genomic classification of non-small-cell lung carcinoma (NSCLC)

R. Kumar



11

challenging and demanding, as they are expected to deliver maximal information 
from these tiny valuable samples. This has resulted in a paradigm shift in the prac-
tice of pathologist, who is now holds center stage in the treatment decision process 
for lung cancer patients [18, 20, 21].

2.3  New 2015 WHO Classification of  
Lung Cancer Recommendations

A significant change in classification of lung cancer occurred with the landmark 
publication by collaborative efforts of International Association for the Study of 
Lung Cancer (IASLC), American Thoracic Society (ATS), and European Respiratory 
Society(ERS) in 2011 about new lung adenocarcinoma classification [18]. Many 
good clinical practice guidelines were proposed in this landmark paper (Table 2.1), 
which were adopted in new 2015 WHO classification with minor alterations [3, 22]. 
The major changes adopted in the new classifications as compared to 2004 classifi-
cation are discussed as follows:

Table 2.1 Summary of pathology considerations for good practice applicable to small biopsy and 
cytology specimens

1.  Tissue specimens should be managed not only for diagnosis but also to maximize the 
amount of tissue available for molecular studies

2.  To guide therapy for patients with advanced lung ADC, each institution should develop a 
multidisciplinary team that coordinates the optimal approach to obtaining and processing 
biopsy/cytology specimens to provide expeditious diagnostic and molecular results

3.  When paired cytology and biopsy specimens exist, they should be reviewed together to 
achieve the most specific and concordant diagnoses. Cell blocks should be prepared from 
cytology samples including pleural fluids

4.  In order to bring uniformity in routine diagnosis as well as future research and clinical trials 
for the classification of the disease cohorts in relation to tumor subtypes, similar 
terminologies should be used for categorization

5.  For small biopsies and cytology, NSCLC should be further classified into a more specific 
type, such as adenocarcinoma or squamous cell carcinoma, whenever possible

6.  The term NSCLC-NOS be used as little as possible, and we recommend it be applied only 
when a more specific diagnosis is not possible by morphology and/or special stains

7.  When a diagnosis is made in a small biopsy or cytology specimen in conjunction with 
special studies, it should be clarified whether the diagnosis was established based on light 
microscopy alone or if special stains were required

8.  The terms AIS and MIA should not be used for diagnosis of small biopsies or cytology 
specimens. If a noninvasive pattern is present in a small biopsy, it should be referred to as a 
lepidic growth pattern

9.  Neuroendocrine immunohistochemical markers should be performed only in cases where 
there is suspected neuroendocrine morphology. If neuroendocrine morphology is not 
suspected, neuroendocrine markers should not be performed

10.  The term large-cell carcinoma should not be used for diagnosis in small biopsy or cytology 
specimens and should be restricted to resection specimens where the tumor is thoroughly 
sampled to exclude a differentiated component

ADC adenocarcinoma, AIS adenocarcinoma in situ, MIA minimally invasive adenocarcinoma, 
NOS not otherwise specified, NSCLC non-small-cell lung carcinoma, SQCC squamous cell 
carcinoma
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 (a) Multidisciplinary Approach Is Required for Lung Cancer Diagnosis
One of the central proposals in this new classification is that lung cancer diag-
nosis is now clearly a multidisciplinary problem [18]. All specialists involved 
with the diagnosis of lung cancer patients need to work closely together to 
achieve the correct diagnosis and to obtain appropriate and sufficient tissue for 
molecular testing [3, 18, 19, 23].

 (b) New Criteria and Terminologies for Small Biopsy and Cytology Specimens
Prior classifications were primarily based on the resection specimens, so there were 
no proposed guidelines for dealing with small biopsies and cytology which are the 
only available diagnostic material in advance stage [2]. New WHO classification 
addresses the standardized terminology and criteria for resection specimens, as well 
as small biopsies and cytology (summarized in Table 2.2) [3, 24, 25].

Table 2.2 Specific terminology and criteria for adenocarcinoma, squamous cell carcinoma, and 
NSCLC-NOS in small biopsies and cytology

New small biopsy/ 
cytology terminology Morphology/stains 2015 WHO classification
Adenocarcinoma (describe 
identifiable patterns  present)

Adenocarcinoma 
Morphologic 
adenocarcinoma patterns
clearly present

Adenocarcinoma
Predominant pattern
  • Lepidic
  • Acinar
  • Papillary
  • Solid
  • Micropapillary

Adenocarcinoma with lepidic 
pattern (if pure, add note: an 
invasive component cannot be 
excluded)

Minimally invasive 
adenocarcinoma, 
adenocarcinoma in situ, or 
invasive adenocarcinoma  
with lepidic component

Invasive mucinous 
adenocarcinoma (describe 
patterns present; use term 
mucinous adenocarcinoma  
with lepidic pattern if pure 
lepidic pattern)

Invasive mucinous 
adenocarcinoma

Adenocarcinoma with  
colloid /fetal/enteric features

Colloid /fetal/enteric 
adenocarcinoma

Non-small-cell carcinoma,  
favor adenocarcinoma

Morphologic  
adenocarcinoma patterns  
not present (supported by 
special stains, i.e., TTF-1)

Adenocarcinoma(solid 
component may be just one 
component of tumor)

Squamous cell carcinoma Morphologic squamous cell 
patterns clearly present

Squamous cell carcinoma

Non-small-cell carcinoma,  
favor squamous cell  
carcinoma

Morphologic squamous cell 
patterns not present 
(supported by stains, i.e., 
p40)

Squamous cell carcinoma 
(non- keratinizing component 
may be component of tumor)

Non-small-cell carcinoma,  
not otherwise specified

No clear adenocarcinoma, 
squamous or  
neuroendocrine morphology 
or staining pattern

Large-cell carcinoma (in 
resection)

Non-small-cell carcinoma  
with spindle cell or giant cell 
carcinoma

Pleomorphic, spindle cell,  
or giant cell carcinoma

R. Kumar
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The major changes were focused on the terminology and introduction of new 
entities for classification of ADC.  These include the discontinuation of the 
terms bronchioloalveolar carcinoma (BAC) and adenocarcinoma, mixed sub-
type, as well as the introduction of micropapillary as a new histologic subtype, 
the term adenocarcinoma with lepidic pattern for the former BAC growth pat-
tern and invasive mucinous adenocarcinoma for overtly invasive tumors previ-
ously classified as mucinous BAC [3, 18, 22, 24].

For resection specimens, new concepts are introduced such as adenocarcinoma 
in situ (AIS) and minimally invasive adenocarcinoma (MIA) for small solitary ade-
nocarcinomas (≤3 cm), with either pure lepidic growth (AIS) or predominant lep-
idic growth with ≤5 mm invasion (MIA) to define patients who, if they undergo 
complete resection, will have 100% or near 100% disease-free survival, respectively. 
The invasive component in MIA is defined as follows: (1) histological subtypes 
other than a lepidic pattern or (2) tumor cells infiltrating myofibroblastic stroma. AIS 
and MIA terminologies are never to be used in the biopsy specimens [3, 18, 25].

More than 90% of invasive lung adenocarcinomas fall into the mixed sub-
type in 2004 WHO classification, so it has been proposed to use comprehensive 
histologic subtyping to make a semiquantitative assessment of percentages (in 
5% increments) of the various histologic components: acinar, papillary, micro-
papillary, lepidic, and solid (Fig.  2.2). Individual tumors are then classified 
according to the predominant pattern, and the percentages of the subtypes are 
also reported [18, 25]. This has demonstrated an improved ability to address the 
complex histologic heterogeneity of lung adenocarcinomas and to improve 
molecular and prognostic correlations [3, 26].

a b

c d

Fig. 2.2 Histological patterns of adenocarcinoma including lepidic (a), solid (b), micropapillary 
(c), and signet ring cell (d) as predominant patterns (hematoxylin-eosin, original magnification ×20)
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 (c)  Diagnostic Approach to Lung Carcinoma with Judicious Use of Immuno-
histochemistry
In prior WHO classification, lung cancer diagnosis was based mainly on the 
light microscopy, and role of immunohistochemistry (IHC) was limited to 
large-cell neuroendocrine tumors and sarcomatoid carcinomas, with no consid-
eration in biopsies [2]. However, a new approach is introduced by recommend-
ing limited and judicious use of IHC and/or mucin stains for NSCLC-NOS 
cases that cannot be categorized definitively on morphological grounds [3, 18, 
22]. In the recent past, many algorithms and recommendations to standardize 
the morphological and IHC classification of lung cancers have been proposed 
with the aim to optimally preserve the maximum tissue for the molecular testing 
(Fig. 2.3) [27–29]. The new WHO classification recommended the use of IHC, 
whenever possible, not only for small biopsies/cytology but also for resected 
specimens in certain settings such as solid ADC, non-keratinizing SqCC, large-
cell carcinoma, neuroendocrine tumors, and sarcomatoid carcinomas [3, 22].

It is recommended to reduce use of the term NSCLC-NOS as minimal as pos-
sible using IHC judiciously and classify tumors according to their specific histo-
logic subtype. Tumors that have clear morphologic patterns of ADC (acinar, 
papillary, lepidic, micropapillary) or SqCC (unequivocal keratinization, well-
formed bridges) can be diagnosed, without IHC(Fig. 2.4) [3, 18, 24]. Based on the 
sensitivity and specificity, the markers which had emerged as preferred classifier 
of NSCLC include TTF-1 and napsin (for ADC) and p40, p63, and CK5/CK6 (for 
SqCC) [28, 29]. The reasonable recommendation is that, when IHC is deemed 
necessary, at least one antibody each for squamous and glandular differentiation, 
but no more than two antibodies, should be used for an initial work-up (e.g.,TTF-1 
or napsin and P40 or P63) (Fig. 2.5) [3, 18, 22]. Of these TTF-1 and p40 are 
viewed as most useful, and a simple panel of these two markers may be able to 
classify most NSCC,NOS cases [30–32]. Table 2.3 summarized the various ter-
minologies used, while IHC is used for the categorizing of lung tumors.

If both TTF-1 and p40 are negative in a tumor that lacks clear squamous or 
glandular morphology, one may consider performing a cytokeratin stain to con-
firm that the tumor is a carcinoma. If a keratin stain is negative, further stains 
(S100, CD45, or CD31) may be needed to exclude other tumors [3, 27, 29, 32].

Although primary lung adenocarcinomas can be TTF-1 negative (e.g., muci-
nous adenocarcinomas), in this setting, one may perform additional IHC mark-
ers or suggest clinical evaluation to exclude a metastasis from other sites such 
as colon or breast. [3, 22, 27]

Even after applying this algorithm, there will remain a minority of speci-
mens where the diagnosis remains NSCLC-NOS, as no clear differentiation can 
be established by routine morphology and IHC [22, 24].

Recently, the role of EGFR mutation-specific antibodies [32] and ALK [33–
35] has been explored. Now, ALK IHC can be used as good screening tool for 
ALK testing.
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a b

Fig. 2.4 The small biopsy showed fragments of adenocarcinoma with acinar configuration  
(a, hematoxylin-eosin, original magnification ×40) and another case of squamous cell carcinoma 
with nests of tumor cells that have keratinization and pearls (b, hematoxylin-eosin, original 
magnification ×40).These cases can be diagnosed without immunohistochemistry

a b

c d

Fig. 2.5 A case of adenocarcinoma with acinar predominant pattern, exhibiting TTF-1 and con-
firming the primary pulmonary origin (a, b). Another case of non-small-cell lung carcinoma 
revealing solid pattern of growth with no clear acinar, papillary, or lepidic growth and no intracy-
toplasmic mucin. The tumor was thought to have a squamoid morphology and was initially diag-
nosed as a squamous cell carcinoma (c), however, thyroid transcription factor-1 (TTF-1) stain 
revealed positive immunostaining, favoring adenocarcinoma (d) (hematoxylin-eosin, original 
magnification ×20 (a); immunohistochemistry for TTF-1, original magnification ×40 (b))
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Table 2.3 Algorithm for subtyping of poorly differentiated non-small-cell lung carcinomas 
according to immunohistochemical staining

TTF-1/
Napsin P63 P40 CK5/CK6 Diagnosis (Resection)

Diagnosis (Biopsy/
Cytology)

Positive 
(focal or 
diffuse)

Negative Negative Negative Adenocarcinoma NSCLC, favor 
adenocarcinoma

Positive 
(focal or 
diffuse)

Positive 
(focal or 
diffuse

Negative Negative Adenocarcinoma NSCLC, favor 
adenocarcinoma

Positive 
(focal or 
diffuse)

Positive 
(focal or 
diffuse

Positive 
(focal)

Negative Adenocarcinoma NSCLC, favor 
adenocarcinoma

Positive 
(focal or 
diffuse)

Negative Negative Positive 
(focal)

Adenocarcinoma NSCLC, favor 
adenocarcinoma

Positive in 
different 
areas

Any one of the above positive in 
different population as compare to 
TTF1

Adenosquamous 
carcinoma(>10% of 
each component)

NSCLC, possibly 
adenosquamous 
carcinoma

Negative Any one of the above diffusely 
positive

Squamous cell 
carcinoma

NSCLC, favor 
squamous cell 
carcinoma

Negative Any one of the above focally 
positive

Large-cell  
carcinoma, unclear

NSCLC, NOS

Negative Negative Negative Negative Large-cell carcinoma NSCLC, NOS
No stains 
available

No stains 
available

No stains 
available

No stains 
available

Large-cell carcinoma 
with no additional 
stains

NSCLC, NOS

NSCLC non-small-cell lung carcinoma, NOS not otherwise specified

2.4  Molecular Work-Up for the Lung

The identification and characterization of molecular targets are having a growing 
impact on the management of patients with lung cancer [36–38].Due to these devel-
opments, lung cancer has now emerged as the role model for the precision cancer 
medicine for solid tumors [6]. Within the family of lung carcinomas, the molecular 
underpinnings of lung ADC are best understood at this time (Table 2.4 and Fig. 2.1) 
[3, 22, 23]. EGFR and ALK are now widely recognized as therapeutic targets, and 
thus routine testing for alterations in these genes is a standard of care for advanced 
lung ADC [9–17].

Guidelines for lung molecular testing recommend that all lung ADCs, regardless 
of clinical characteristics, undergo molecular testing for EGFR mutation and ALK 
gene rearrangement [23]. Other potential driver “events” in NSCLC include ROS1, 
KRAS, BRAF, HER2, and FGFR1 and may be tested as recommended by the revised 
guidelines [5, 6, 22, 38]. The current guidelines recommend to prioritize the tissue 
for EGFR, ALK, and ROS testing. Molecular testing of other molecular markers is 
not indicated as a routine stand-alone assay in diagnostic laboratory [6, 38].
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However, with the advent of many more potential molecular targets, and the 
challenges associated with obtaining tissue, there is a growing need to develop and 
utilize molecular technologies that can determine the expression or mutation status 
of several genes simultaneously, so-called multiplex testing, in order to obtain the 
maximum diagnostic information from the limited tumor tissue available. Multiplex 
PCR assays and high-throughput technologies such as Next Generation Sequencing 
(NGS) will play an important role in lung carcinoma management and rational ther-
apy selection, but there are many challenges ahead [39]. Further, the role of liquid 
biopsy in lung cancer is evolving and as per current recommendation can be used to 
track the disease progression (e.g., EGFR T790M mutational analysis), but not for 
establishing the diagnosis of malignancy [40].

To conclude, it is now a well-established fact that multidisciplinary approach is 
essential for establishing a diagnosis of lung cancer and pathologist plays a pivotal 
role in the lung cancer management in today’s era. Modern treatment strategies 
focus on the pathological classification of NSCLC, which includes assessment of 
protein expression by IHC as well as the detection of molecular predictive 
markers.

Table 2.4 Recurrent molecular alterations in lung adenocarcinoma, squamous cell carcinoma, 
and small-cell carcinoma

Type of alteration Adenocarcinoma (%)
Squamous cell  
carcinoma (%)

Small-cell 
carcinoma (%)

Mutations
TP53 30–40 50–80 >90
RB 5–15 5–15 >90
EGFR
  – Caucasian 10–20 <1 <1
  – Asian 25–45 <5 <5
KRAS
  – Caucasian 15–35 <5 <1
  – Asian 5–10 <5 <1
ERBB2/Her2 <5 0 0
BRAF <5 0 0
PIK3CA <5 5–15 <5
Amplifications
EGFR 5–10 10 <1
ERBB2/Her2 <5 <1 <1
Met <5 <5 <1
Myc 5–10 5–10 20–30
FGFR1 <5 15–25 <1
Gene rearrangements
ALK 5 <1 0
ROS 1–2 0 0
RET 1–2 0 0
NTRK1 and NRG1 <1 0 0

R. Kumar
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Key Points

• Lung cancers are subdivided by histology into small-cell and non-small- 
cell lung cancers (NSCLCs).

• NSCLC are classified into squamous cell carcinoma (SqCC), adenocarci-
noma (ADC), and large-cell carcinoma.

• ADC histology is a strong predictor for improved outcome with peme-
trexed therapy.

• ADC or NSCLC-not otherwise specified (NSCLC-NOS) should be tested 
for epidermal growth factor receptor (EGFR) mutations and anaplastic 
lymphoma kinase [ALK] rearrangement.

• New WHO classification addresses the use of standardized terminology and 
criteria for resection specimens, as well as small biopsies and cytology.

• Currently, terms such as bronchioloalveolar carcinoma (BAC) and adeno-
carcinoma, mixed subtype, are discontinued.

• Limited and judicious use of immunohistochemistry and/or mucin stains 
for NSCLC-NOS cases is recommended.

• The identification and characterization of molecular targets play an impor-
tant role in the management of patients with lung cancer.

• Multiplex PCR assays and high-throughput technologies such as NGS may 
play important roles in lung carcinoma management and therapy selection.

• The role of liquid biopsy in lung cancer is evolving and is currently recom-
mended to track the disease progression but not for establishing the diag-
nosis of malignancy.

• Multidisciplinary approach is essential for establishing a diagnosis of lung 
cancer, and pathologist plays a pivotal role in the lung cancer management 
in today’s era.

2 Pathology of Lung Cancer
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3Management of Lung cancer
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3.1  Introduction

Lung cancer is the leading cause of cancer-related mortality in both men and women 
throughout the world, accounting for more than a quarter of the deaths (27%) as per 
the cancer statistics report 2016 [1]. An estimated 2.2 million new lung cancer cases 
will be diagnosed in 2016 [1]. Lung cancers are generally divided into small cell 
lung cancer (SCLC) and non-small cell lung cancer (NSCLC).
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3.2  Diagnosis

Lung cancer may present with symptoms caused by the primary tumor, loco- 
regional spread, metastatic disease, or ectopic hormone production. Diagnosis 
should be obtained by the simplest method in patients who have evidence of 
advanced or metastatic disease.

3.3  Radiological Diagnosis

Chest radiography is usually the preliminary radiographic assessment for persistent 
respiratory symptoms. Chest radiography is 70–80% accurate in the overall detec-
tion of lung cancer [2].

Contrast-enhanced computed tomography (CECT) may help in differentiating 
between benign and malignant lesions. An increase of 20 HU or more is 98% sensi-
tive and 73% specific in the diagnosis of lung cancer [3]. A peripheral nodule with 
ill-defined, irregular, and spiculated border is malignant in more than 90% of 
patients [4].

Positron emission tomography (PET) scanning has been proven to be signifi-
cantly more accurate than computed tomography (CT) in differentiating benign and 
malignant lesions as small as 1 cm [5].

Magnetic resonance imaging (MRI) is considered superior to CT in the evalua-
tion of superior sulcus tumors and invasion of the brachial plexus, subclavian ves-
sels, and adjacent vertebral bodies [6]. MRI is also the investigation of choice for 
brain metastases [7].

3.4  Pathologic Diagnosis

Lung cancer can be diagnosed by using sputum cytology, bronchoscopy, transtho-
racic needle biopsies, and surgical biopsy [8].

3.5  Staging

The most important prognostic indicator in lung cancer is the extent of disease. All 
patients with early-stage lung cancer deemed to be operable should undergo staging 
and complete metastatic work-up. The methods for staging include:

 1. Computed tomography
 2. PET scan
 3. MRI brain
 4. Mediastinoscopy/endobronchial ultrasound ± endoscopic ultrasound
 5. Bronchoscopy
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3.6  Lung Cancer Staging System [9] (Table 3.1)

3.7  Management

3.7.1  Early-Stage Lung Cancer

3.7.1.1  Surgery
Surgery is the mainstay of treatment for early-stage (stage I and II) non-small cell 
lung cancer [10]. Lobectomy is considered as the standard surgical procedure 
with sublobar resections being reserved for patients with poor pulmonary reserve 

Table 3.1 TNM staging for lung cancer. Seventh AJCC edition

Category Description
Primary tumor (T)
Tis Carcinoma in situ
T1 Tumor ≤3 cm without invasion more proximal than the lobar bronchus
  T1a Tumor ≤2 cm
  T1b Tumor >2 but ≤3 cm
T2 Tumor >3 cm but ≤7 cm or with any of the following (any tumors with these 

features are T2a if ≤5 cm):
  Involves the main bronchus ≥2 cm distal to carina
  Invades the visceral pleura
  Associated with atelectasis or obstructive pneumonia that extends to the hilar 

region but does not involve the whole lung
  T2a Tumor >3 but ≤5 cm
  T2b Tumor >5 but ≤7 cm
T3 Tumor >7 cm or with any of the following:

  Invades the chest wall, diaphragm, phrenic nerve, mediastinal pleura, parietal 
pericardium, or main bronchus <2 cm distal to carina but not the carina

  Atelectasis or obstructive pneumonitis of the entire lung
  Separate tumor nodules in the same lobe

T4 Tumor of any size with either of the following:
  Invades the mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, 

esophagus, vertebral body, or carina
  ≥1 Satellite tumors in a different ipsilateral lobe

Regional lymph nodes (N)
N0 No regional lymph node metastasis
N1 Metastasis to ipsilateral peribronchial or ipsilateral hilar lymph node or both and to 

intrapulmonary nodes, including that by direct extension of the primary tumor
N2 Metastasis to ipsilateral mediastinal or subcarinal lymph node or both
N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or 

contralateral scalene, or supraclavicular lymph node or a combination
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
  M1a Tumor with any of the following:

  ≥1 Tumor nodules in the contralateral lung
  Pleural nodules
  Malignant pleural or pericardial effusion

  M1b Distant metastasis
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[10]. Central tumors may require pneumonectomy or sleeve resection [11].While 
a randomized trial [12] showed increased local recurrences and lower survival in 
patients with stage IA tumors, more recent studies [13] have shown equivalent 
outcomes with lobectomy and anatomical segmentectomy for very early cancers.

Video-assisted thoracoscopic surgery (VATS) has been shown to decrease mor-
bidity, pain, and hospital stay with similar recurrence rates and overall survival 
compared to open thoracotomy [14]. This approach is also better tolerated in older 
populations [15] and is associated with fewer delays and dose reductions in adju-
vant chemotherapy [16].

The extent of mediastinal lymphadenectomy remains debatable. While two large 
studies showed discordant results [17–19], a meta-analysis of all studies showed 
improved survival with SMLND [20].

3.7.1.2  Nonsurgical Management

Radiotherapy and Stereotactic Body Radiotherapy (SBRT)
Medically inoperable patients may be treated with radiation therapy, and a survival of 
10–25% has been shown with radiation therapy alone [21]. Stereotactic body radio-
therapy can be used for peripheral node-negative tumors less than 5 cm, in medically 
unfit patients. Studies have shown that patients treated with SBRT had a local recur-
rence rate of 8.4% and a 5-year overall survival of 70.8% in selected patients [22].

Radiofrequency Ablation
Radiofrequency ablation (RFA) has also been used for inoperable patients and in 
palliative/metastatic patients. Peripheral tumors less than 3 cm in size are consid-
ered suitable, and 2-year survival of up to 75% has been reported [23].

Adjuvant Chemotherapy
The LACE meta-analysis established adjuvant cisplatin-based chemotherapy as the stan-
dard of care in completely resected NSCLC. It included 4584 patients with completely 
resected NSCLC who received cisplatin-based chemotherapy [24]. With a median fol-
low-up time of 5.2 years, the overall HR of death was 0.89 (95% CI, 0.82–0.96; 
P = 0.005), corresponding to a 5-year absolute benefit of 5.4% from chemotherapy.

Adjuvant Radiotherapy
Meta-analysis of nine randomized trials demonstrated a reduction in overall survival 
with postoperative radiation therapy in stage I and II non-small cell lung cancer [25]. 
In a subset analysis of the SEER database, Lally et al. showed survival benefit in 
patients with N2 disease, but was detrimental in those with N0 or N1 disease [26].

3.7.2  Management of N2 Disease

The management of N2 disease is controversial, and combined modality treat-
ment involving surgery, chemotherapy, and radiation is recommended. Several 
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randomized trials [27–29] and a meta-analysis showed improved survival with 
a HR = 0.84; (95% confidence interval, 0.77–0.92; p = 0.0001) with preopera-
tive chemotherapy followed by surgery [30].Chemoradiotherapy without 
surgery is an alternative option for the management of patients with N2 
nodes [31].

3.7.3  Management of Locally Advanced  
Unresectable Lung Cancer

An updated Cochrane meta-analysis of concurrent versus sequential chemoradio-
therapy published in 2010 showed significant improvement in overall and 
progression- free survival with concurrent chemoradiotherapy and a survival benefit 
of 10% at 2 years, but with increased toxicity and nonsignificant increase in mortal-
ity in the concurrent group [32].

3.7.4  Management of Stage IV Disease

Patients with stage IV disease and good performance status should be considered 
for palliative chemotherapy. Chemotherapy improved 1-year survival from 20 to 
29% when compared with best supportive care in a meta-analysis. This survival 
benefit was present irrespective of age or histology [33]. Two drugs have been 
found to be superior to a single agent, and no benefit was observed with the addi-
tion of a third drug [34]. The Elderly Lung Cancer Vinorelbine Italian Study 
showed 1-year survival of 32% in patients above the age of 70, who received 
chemotherapy, compared with 14% in patients who received supportive care 
alone [35]. Cisplatin and pemetrexed is the preferred doublet for first-line che-
motherapy with significant improved overall survival in patients with adenocar-
cinoma [36].

Bevacizumab has shown improved survival combined with carboplatin and 
paclitaxel in a select subset of patients (non-squamous histology, no hemoptysis, no 
symptomatic brain metastasis) with stage IV NSCLC, as shown by the ECOG 4599 
phase III randomized trial [37]. Maintenance chemotherapy may be considered in 
responders.

The management of advanced NSCLC has developed significantly over the past 
decade. Analysis of EGFR mutation and ALK translocation should be attempted in 
all patients with stage IV disease. Targeted agents such as erlotinib, gefitinib, afa-
tinib, and crizotinib have shown better progression-free survival and improved qual-
ity of life in patients with the specific driver mutations/translocations. Immune 
checkpoint inhibitors have been recently approved for use in advanced lung cancer 
[38–41]. Although the targeted agents are tolerated better than conventional chemo-
therapy, they have a different side-effect profile, and resistance to these agents even-
tually develops (Tables 3.2 and 3.3).
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3.7.5  Small Cell Lung Cancer

SCLC is considered as a separate entity from non-small cell lung cancer due to its 
aggressive growth, early metastases, and unique sensitivity to chemotherapy and 
radiation. The Veterans Administration Lung Group proposed the two-stage system 
used for small cell lung cancer. Patients with disease confined to one hemithorax, 
with or without mediastinal, contralateral hilar, or ipsilateral supraclavicular or sca-
lene lymph nodes are considered to have limited-stage disease, while those with 
disease involvement at any other location or pleural effusion are considered to have 
extensive-stage disease [42]. This staging system was aimed to distinguish disease 
that could be encompassed within one radiation therapy port. The recent AJCC 
TNM staging system classifies SCLC similar to NSCLC, but the VA system is still 
useful in planning treatment [42].

The mainstay of the management of small cell lung cancer is chemotherapy with 
or without radiation. Surgery may be indicated in patients who present with very 
early node-negative disease [43]. Management of limited-stage small cell lung can-
cer involves combination chemotherapy, usually platinum-based and thoracic radia-
tion therapy. If complete remission is achieved, prophylactic cranial irradiation is 
added. The combination of cisplatin and etoposide (PE) is the widely used regimen 
in both limited- and extensive-stage small cell lung cancer. A randomized trial 
reported by Takada and colleagues that compared cisplatin and etoposide with con-
current versus sequential thoracic radiotherapy reported superior 2- and 5-year 

Table 3.2 Management options for non-small cell lung cancer

Stage Standard treatment Options
Stage I Surgery SBRT
Stage II Surgery Adjuvant chemotherapy
Stage 
IIIA

Multimodality
Neoadjuvant chemotherapy + 
surgery
Surgery + adjuvant 
chemotherapy

Adjuvant radiation may be considered in persistent/
multistation N2 disease or positive margins

Stage 
IIIB

Concurrent chemoradiation Surgery with neoadjuvant or adjuvant 
chemoradiation in selected cases

Stage 
IV

Palliative chemotherapy
Targeted therapy in those with 
driver mutations

Palliative radiation for brain and skeletal metastases
Steroids
Bisphosphonates

Table 3.3 Targeted therapy approved for clinical use in metastatic non-small cell lung cancer

Target Approved targeted agents
EGFR mutation (Exons 18, 19, 21) Erlotinib

Gefitinib
Afatinib

ALK translocation Crizotinib
Ceritinib

ROS1 Crizotinib
Ceritinib

VEGF Bevacizumab
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survival rates with concurrent approach (2-year survival 35.1% versus 54.4% and 
5-year survival 18.3% versus 23.7% in favor of concurrent chemotherapy and radia-
tion) [44]. In a meta-analysis by Auperin et  al., prophylactic cranial irradiation 
showed a 5.4% increase in survival at 3 years [45].

Patients with extensive-stage disease are treated with combination chemotherapy. 
Even though a combination of cisplatin and etoposide remains most widely used, a 
randomized trial comparing the combination of cisplatin with either etoposide or 
irinotecan in extensive-stage small cell lung cancer found the cisplatin/irinotecan to 
be superior. The 2-year survival rate was also superior at 19.5% versus 5.2% [46].

Key Points

• Chest radiography is 70–80% accurate in the overall detection of lung cancer.

• Contrast-enhanced computed tomography (CECT) may help in differenti-
ating between benign and malignant lesions.

• HU of 20 or more is 98% sensitive and 73% specific in the diagnosis of 
lung cancer.

• Peripheral nodule with ill-defined, irregular, and spiculated border is 
malignant in majority of patients.

• 18F-FDG PET/CT is more accurate than CT in differentiating benign and 
malignant lesions as small as 1 cm.

• MRI is considered superior to CT in the evaluation of superior sulcus 
tumors and invasion of the brachial plexus, subclavian vessels, and adja-
cent vertebral bodies.

• MRI is also the investigation of choice for brain metastases.

• Lung cancer can be diagnosed by using sputum cytology, bronchoscopy, 
transthoracic needle biopsies, and surgical biopsy.

• Patients with early-stage lung cancer deemed to be operable should 
undergo staging and complete metastatic work-up.

Management of Early-Stage Lung Cancer

• Surgery is the mainstay of treatment for early-stage (stage I and II) non- 
small cell lung cancer.

• Lobectomy is considered as the standard surgical procedure.

• Sublobar resections are being reserved for patients with poor pulmonary 
reserve.

• Central tumors may require pneumonectomy or sleeve resection.
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• Video-assisted thoracoscopic surgery (VATS) has been shown to decrease 
morbidity, pain, and hospital stay with similar recurrence rates and overall 
survival compared to open thoracotomy.

• This approach is also better tolerated in older populations [14] and is asso-
ciated with fewer delays and dose reductions in adjuvant chemotherapy.

• The extent of mediastinal lymphadenectomy remains debatable.

Nonsurgical Management

• Medically inoperable patients may be treated with radiation therapy.

• Stereotactic body radiotherapy can be used for peripheral node-negative 
tumors less than 5 cm, in medically unfit patients.

• Radiofrequency ablation (RFA) has also been used for inoperable patients 
and in palliative/metastatic patients.

• LACE meta-analysis established adjuvant cisplatin-based chemotherapy 
as the standard of care in completely resected NSCLC.

Management of N2 Disease

• The management of N2 disease is controversial, and combined modality 
treatment involving surgery, chemotherapy, and radiation is recommended.

Management of Locally Advanced Unresectable Lung Cancer

• Concurrent chemoradiotherapy and a survival benefit of 10% at 2 years, 
but with increased toxicity and nonsignificant increase in mortality.

Management of Stage IV Disease

• Patients with stage IV disease and good performance status should be con-
sidered for palliative chemotherapy.

• III randomized trial [35]. Maintenance chemotherapy may be considered 
in responders.

• Analysis of EGFR mutation and ALK translocation should be attempted in 
all patients with stage IV NSCLC disease.

• Immune checkpoint inhibitors have been recently approved for use in 
advanced lung cancer.

• Targeted agents are tolerated better than conventional chemotherapy, they 
have a different side-effect profile, and patients eventually develop resis-
tance to these agents.
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Small Cell Lung Cancer

• SCLC is considered as a separate entity from non-small cell lung cancer 
due to its aggressive growth, early metastases, and unique sensitivity to 
chemotherapy and radiation.

• The mainstay of the management of small cell lung cancer is chemother-
apy with or without radiation.

• Surgery may be indicated in patients who present with very early node- 
negative disease.
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4.1  Introduction

Lung cancer is the third most common cancer in the UK (2014), but accounts for the 
most common cause of cancer death, and is responsible for 22% of all cancer-related 
deaths.

Lung cancer is classified into two categories: small cell lung cancer (SCLC) and 
non-small cell lung cancer (NSLC). Staging of lung cancer is based on the Eighth 
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Edition of Lung Cancer stage classification from the AJCC (American Joint 
Committee on Cancer) and the UICC (Union Internationale Contre le Cancer) and 
informed by the International Association for the Study of Lung Cancer (IASLC) 
Staging Committee. The National Institute for Health and Care Excellence (NICE) 
has published guidance on the roles imaging can play in the diagnosis of lung 
cancer.

The TNM staging of lung cancer is divided into the characteristics of the pri-
mary tumour (T), lymph node involvement (N) and the presence of distant metas-
tases (M).

In most cases, the purpose of staging is to determine whether a lung tumour is 
surgically resectable or can be treated with radiotherapy for curative intent.

4.2  Imaging of the Primary Tumour

The size and location of the primary tumour determine treatment options. Imaging 
is imperative to assess invasion of the main bronchus (T2), chest wall (T3) and 
mediastinum (T4), the latter being one of the criteria for irresectable disease. 
However, where CT and MRI can demonstrate with ease cases where there is exten-
sive tumour involvement, more subtle cases are difficult to define, as loss of fat 
planes can reflect inflammation, fibrosis or blurring from motion artefact rather than 
malignant invasion (Figs. 4.1, 4.2, 4.3, 4.4, 4.5, and 4.6).

Fig. 4.1 Right upper lobe  
lung carcinoma with spiculated 
margins extending to the  
visceral pleural surface seen on 
axial thin-section contrast-
enhanced CT
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Fig. 4.2 A right upper  
lobe lung carcinoma abuts  
the oblique fissure on axial 
thin-section CT. Within the  
rest of the right upper lobe, 
there is interstitial septal 
thickening which represents 
lymphangitic carcinomatosis

Fig. 4.3 An enlarged  
paratracheal lymph node on 
axial contrast-enhanced CT 
represents N2 disease on  
TNM staging
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Fig. 4.4 A coronal  
multiplanar reformat image  
of a contrast-enhanced  
CT scan shows an irregularly 
enhancing metastasis in the 
right adrenal gland

Fig. 4.5 An axial contrast-
enhanced CT scan showing an 
enlarged paratracheal lymph 
node metastasis and atelectasis 
of the right upper lobe
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4.2.1  CT Features of Mediastinal Invasion on CT

• Greater than 3 cm contact with the mediastinum
• Loss of a fat plane between the tumour and the adjacent mediastinal structures
• Greater than 90° circumferential contact with the aorta [1]

These criteria, coupled with the use of thin-section multiplanar reformats 
(MPRs), improve the accuracy of detection of mediastinal invasion with a high sen-
sitivity, specificity and positive predictive value (PPV) and a negative predictive 
value (NPV) of 98% [2].

Cardiac-gated MRI can be used to assess for tumour invasion of the heart or 
pericardium with the tumour representing a high signal intensity lesion on 
T1-weighted images [3]. The absence of a sliding motion between the tumour and 
the underlying structures on dynamic cine MR images may also indicate local inva-
sion [4].

Fig. 4.6 An axial contrast-
enhanced CT scan showing a 
central right lung cancer with 
mediastinal invasion. There is 
invasion of the right main 
bronchus at the level of the 
carina, the superior vena cava 
and the azygous vein
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Dynamic imaging with CT and MRI, using variations in the respiratory cycle to 
assess how fixed the tumour is to underlying structures, would seem to have prom-
ise, but benign fibrous adhesions can cause false-positive results reducing the speci-
ficity to 23% [5].

On ultrasound, the breach of the echogenic pleural line and absence of tumour 
movement with respiration have also been proposed as a useful determinant of chest 
wall invasion.

4.2.2  Superior Sulcus Tumours (Pancoast’s Tumours)

Superior sulcus tumours, also known as Pancoast’s tumours, are classified as T3 by 
virtue of the invariable presence of extrathoracic tissue invasion. MRI is the imag-
ing modality of choice to determine the extent of location invasion from superior 
sulcus tumours. A T3 tumour has limited involvement of the lower thoracic nerve 
roots (ie T1 or T2 nerve roots) of the brachial plexus. Whereas, more extensive 
involvement of the brachial plexus cords, nerve roots (ie C8 or higher nerve roots), 
subclavian vessels, vertebral bodies or spinal canal is classified as T4 disease [6].

4.3  Imaging of Nodal Disease

Fixed anatomical landmarks are used to localise individual nodal stations based on 
the recently unified American Thoracic Society (ATS) and American Joint 
Committee on Cancer (AJCC) classification [7, 8]. One would expect lymph node 
spread to be sequential: first to ipsilateral segmental, interlobar or lobar intrapulmo-
nary nodes, then to ipsilateral hilar nodes (all N1) and thereafter to ipsilateral medi-
astinal nodes (N2). However, skip metastases to mediastinal nodes without hilar 
nodal involvement are seen in up to one third of cases.

On contrast-enhanced CT, lymph node size is the only recognised determinant of 
metastases, with a short-axis diameter of greater than 1 cm suggestive of involve-
ment. However, studies have shown that in the context of NSCLC, lymph node size 
alone is not a reliable indicator of tumour involvement with a PPV of only 56% [9]. 
In practice FDG PET/CT uptake of lymph nodes is taken as the best determinant of 
lymph node involvement, with avid nodes less than 1 cm on CT considered to be 
involved with tumour and enlarged nodes with little or no avidity assumed to be 
clear of tumour provided the primary tumour is FDG avid. A meta-analysis compar-
ing the performance of FDG-PET with CT in the nodal staging for NSCLC found 
an overall sensitivity and specificity of 83% and 92%, respectively, for FDG-PET 
compared to 59% and 78% for CT [10]. Agreement between PET and CT regarding 
tumour involvement has a better positive predictive value than modality alone. This 
demonstrable value of FDG-PET has led to its inclusion in the NICE guidelines for 
the management of NSCLC with the intention to cure [11]. However, FDG-PET is 
an adjunct rather than a stand-alone imaging technique as the false-positive rate is 
significant [12, 13].

A. Naseer et al.
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Diffusion-weighted MRI in the diagnosis of mediastinal lymph node metastasis 
in NSCLC has been proposed as an alternative to FDG-PET in identifying lymph 
nodes with tumour infiltration [14]. However, further research is required before 
this is implemented in regular clinical practice.

4.3.1  Nodal Sampling

Mediastinal lymph node sampling is offered to confirm or exclude nodal metas-
tases in patients with PET-positive lymph nodes, except when there is definite 
distant metastatic disease or there is a high probability that nodal disease is 
metastatic.

Most equivocal mediastinal lymph nodes are station 4 (lower paratracheal), 7 
(subcarinal) and 10 (hilar) nodes, and the technique of choice for sampling these is 
now endobronchial ultrasound-guided fine-needle aspiration (EBUS-FNA). 
Previously station 7 lymph nodes were sampled using conventional bronchoscopy 
utilising trans-carinal FNA.

Previously, the technique of choice for sampling station 1 (low cervical, supra-
clavicular and sternal notch), 2 (upper paratracheal) and 4 (lower paratracheal) 
nodes was mediastinoscopy. This requires a general anaesthetic, is more invasive 
than EBUS and is therefore reserved for station 1 and 2 nodes and for station 4 
nodes when EBUS-FNA has failed to provide an adequate sample.

Transoesophageal fine-needle aspiration (EUS-FNA) uses the endoscopic 
equivalent of EBUS and can sample nodes adjacent to the oesophagus at stations 
3P (prevertebral), 7 (subcarinal), 8 (paraoesophageal) and 9 (pulmonary 
ligament).

Percutaneous transthoracic needle aspiration or biopsy can be performed for 
nodes at station 5 (sub-aortic) or 6 (para-aortic) which are not amenable to sampling 
by other techniques. Overall, minimally invasive techniques such as EBUS-FNA 
and EUS-FNA are used in preference as first-line investigations.

4.4  Imaging of Metastatic Disease

Around 40% of NSCLCs have metastasized at presentation, and 90% of these have 
clinical symptoms, which would indicate the site and specific imaging can be per-
formed to identify these. The most common extrathoracic sites are:

Brain
Lymph nodes 
Adrenal
Liver
Bone—Particularly vertebral body metastases, which may present with spinal cord 

compression
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Potential sites of metastases are the liver and adrenals; these are usually included 
in the initial staging CT scan of the chest and upper abdomen. The sensitivity and 
specificity of CT for detection of adrenal lesions are 41% and 84.5% [15] and for 
liver lesions 93% and 75%, respectively [16]. If this initial study suggests the can-
cer is curable, NICE guidelines recommend an FDG PET/CT scan to fully stage 
the cancer, identifying metastases outside the range of the staging CT scan and 
clarifying the FDG avidity of any equivocal abnormalities identified on the staging 
CT that would alter the stage, i.e. adrenal lesions, additional lung lesions and 
lymph nodes [11].

Whole body MRI has been considered as an alternative to FDG PET/CT and 
was found to be at least as effective in detecting metastases with a slightly 
increased sensitivity and specificity in the identification of head and neck and 
bone metastases [17].

4.5  Restaging of Tumours

Patients with either T4 or N2 disease can undergo tumour or nodal downstaging, 
respectively, to qualify as candidates for treatment with intent to cure.

Tumour downstaging can be determined by CT or MRI (in the case of a 
superior sulcus tumour). However, determining nodal downstaging has proven 
challenging. It can be investigated with FDG-PET coupled with contrast-
enhanced CT to assess for a decrease in the metabolic activity of previously 
involved nodes and to assess size criteria. However, this has proven to be a less 
sensitive modality at detecting metastatic disease posttreatment than at initial 
staging [18–20].

4.6  Imaging of Recurrent Disease

Recurrent disease following surgical resection can be either loco-regional or 
metastatic, the latter being more common. The likelihood of recurrence increases 
as the T and N stage of the resected tumour increases. Adjuvant chemotherapy 
may be offered to patients with postresection stage II or above with some sur-
vival benefit.

FDG-PET/CT is the most useful assessment tool for identifying either local 
or metastatic disease recurrence after a 4–5-month posttreatment window, in 
which inflammation and fibrosis may give false-positive results [21]. However, 
CT scanning is usually used as the first-line assessment tool if there is clinical 
suspicion of recurrent disease, with FDG-PET reserved for equivocal cases. In 
cases where treatment with intent to cure has not involved resection, e.g. radical 
radiotherapy, cyberKnife, radiofrequency or microwave ablation, FDG-PET 
may be used to establish the success of the treatment through the absence of 
metabolic activity.

A. Naseer et al.
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Key Points

• The size and location of the primary tumour determine treatment options, 
and therefore imaging is imperative to assess for the presence of main 
bronchus (T2), chest wall (T3) and mediastinal (T4) invasion.

• CT and MRI can demonstrate with ease cases where there is extensive 
tumour involvement in most cases.

• CT features of mediastinal invasion on CT include (a) greater than 3 cm 
contact with the mediastinum, (b) loss of a fat plane between the tumour 
and the adjacent mediastinal structures and (c) greater than 90° circumfer-
ential contact with the aorta.

• Cardiac-gated MRI can be used to assess for tumour invasion of the heart 
or pericardium with the tumour representing a high signal intensity lesion 
on T1-weighted images.

• On ultrasound, the breach of the echogenic pleural line and absence of 
tumour movement with respiration have also been proposed as useful 
determinants of chest wall invasion.

• MRI is the imaging modality of choice to determine the extent of location 
invasion from superior sulcus tumours.

• Fixed anatomical landmarks are used to localise individual nodal stations 
based on the recently unified American Thoracic Society (ATS) and 
American Joint Committee on Cancer classification.

• One would expect lymph node spread to be sequential. However, skip 
metastases to mediastinal nodes without hilar nodal involvement are seen 
in up to one third of cases.

• On contrast-enhanced CT, lymph node size is the only recognised determi-
nant of metastases, with a short-axis diameter of greater than 1 cm sugges-
tive of involvement.

• Lymph node size alone is not a reliable indicator of tumour involvement in 
NSCLC.

• Diffusion-weighted MRI in the diagnosis of mediastinal lymph node 
metastasis in NSCLC has been proposed as an alternative to FDG-PET in 
identifying lymph nodes with tumour infiltration.

• Mediastinal lymph node sampling is offered to confirm or exclude nodal 
metastases in patients with PET-positive lymph nodes.
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5.1  Introduction

Lung cancer is the leading cause of cancer death—worldwide [1]. Lung cancer can be 
clinically divided into non-small cell lung cancer (NSCLC), which forms about 85% 
of all lung cancer, and small cell lung cancer (SCLC) which forms about 15% [2].
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[18F] 2-Fluoro-2-deoxy-d-glucose (18F-FDG) PET/CT (positron-emission tomog-
raphy/computed tomography) is a noninvasive imaging modality which combines 
metabolic and anatomic information in the evaluation of cancer.

FDG PET combined with contrast-enhanced CT (CECT) is a useful imaging 
modality in staging, treatment response evaluation, radiotherapy planning, restag-
ing, and prognostication of lung cancer. In this chapter, we shall discuss these roles 
of 18F-FDG PET/CT in the management of lung cancer.

5.2  Role of 18F-FDG PET/CT in the Evaluation  
of Solitary Pulmonary Nodule

Solitary pulmonary nodule (SPN) is a lesion which is less than 3 cm in diameter and 
is surrounded by lung parenchyma and is not associated with atelectasis, pleural effu-
sion, or hilar adenopathy [3–5]. It is important to differentiate between benign and 
malignant nodules by noninvasive imaging techniques, so that unnecessary interven-
tions can be avoided in investigating a benign nodule and appropriate treatment be 
started for malignant lesions. Approximately 55% of SPNs are malignant, and there 
is a direct relationship between the increasing size of the nodule and the likelihood 
of malignancy [3–5]. FDG PET is a noninvasive imaging modality used for the eval-
uation of SPN (Fig. 5.1). Fletcher et al. demonstrated sensitivity and specificity of 
91.7% and 82.3% for PET and 95.6% and 40.6% for CT [6]; clearly the accuracy of 
PET is better than CT in the evaluation of a SPN. Also PET correctly identified 58% 
of benign nodules that were incorrectly labeled as malignant by CT [6].

5.3  Staging of NSCLC

Staging of NSCLC includes evaluation of the primary tumor (T staging), regional 
nodal involvement (N staging), and assessment of distant metastatic sites (M stag-
ing). PET/CECT being a whole-body imaging modality ensures the assessment of 
T, N, and M staging in a single examination.

5.3.1  T Staging

CECT is the imaging modality of choice for delineation of size and extent of the pri-
mary lung lesion. Magnetic resonance imaging (MRI) is useful in delineation of supe-
rior sulcus and mediastinal involvement due to superior spatial resolution. PET/CT 
outperforms CT and MRI in the evaluation of the tumor size when there is surrounding 
post-obstructive atelectasis (Fig. 5.2). This is very important for proper radiotherapy 
planning as well [7–9]. PET/CT also identifies chest wall invasion accurately [10].

5.3.2  N Staging

To decide upon an appropriate management plan for a patient with NSCLC, it is 
important to stage the mediastinal nodes accurately. Lymph node status is an 
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important prognosticator in lung cancer. The morphological criterion for a positive 
mediastinal node is based on size. Short-axis diameter greater than 1 cm indicates 
an involved node on CECT [11]. PET/CT has a higher sensitivity and specificity 
than CT in the staging of mediastinal lymph nodes [81% and 90% for PET vs. 59% 
and 79% for CT, respectively] [12]. PET is not dependent on size criteria and detects 
metastasis in lymph nodes of size less than 1 cm (Fig. 5.3). PET has a low positive 
predictive value of 64%, and thus it is mandatory that PET-positive nodes undergo 
mediastinoscopic sampling for histopathologic confirmation of metastatic involve-
ment [13–17]. However, invasive mediastinoscopy can be omitted in PET-negative 
nodes as PET has a high negative predictive value of 95% [16, 17]. PET reduces the 
total number of thoracotomies as well as futile thoracotomies [18]. It is also 

a b

c d

Fig. 5.1 (a, b) A patient of situs inversus being evaluated for a solitary pulmonary nodule (SPN). 
No FDG uptake in the SPN in the lower lobe of right-sided lung (arrow). No metabolic activity 
indicates the possibility of a benign lesion which was confirmed by biopsy. (c, d) Hypermetabolic 
SPN in the upper lobe of the left lung (arrow)—likely to represent a malignant lesion. Biopsy was 
adenocarcinoma confirming the PET/CT finding
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important to note that in cases where the mass is centrally situated, a mediastinos-
copy should always be done as perilesional mediastinal nodes may be masked due 
to high metabolic activity in the primary tumor [19].

5.3.3  M Staging

The incidence of distant metastases in NSCLC at initial presentation varies from 18 
to 36% [20]. The commonest sites of distant metastases are the adrenal glands, 
bones, liver, and brain. Being a whole-body imaging modality, 18F-FDG PET/CT is 
more accurate for the detection of distant metastatic disease, as compared to con-
ventional imaging modalities. PET has the ability to detect occult metastatic disease 
in 29% of cases [21]. A recent meta-analysis showed a pooled sensitivity of 87% 
and a pooled specificity of 96% of FDG PET/CT for the detection of distant meta-
static disease [22].

FDG PET/CT is a noninvasive imaging technique to differentiate benign from 
malignant adrenal lesions depending on metabolic activity. It has a high sensitivity 
(93%), specificity (90%), and accuracy (92%) for detecting metastatic adrenal 
lesions [23] (Fig. 5.4). Due to high sensitivity and specificity of FDG PET/CT for 
the detection of adrenal metastases, the need for an invasive biopsy can often be 
obviated [24, 25]. A biopsy or adrenalectomy may be warranted in cases of isolated 
adrenal lesion with equivocal PET/CT findings.

FDG PET/CT is the best modality for the detection of skeletal metastases [26, 
27]. This has been demonstrated by a meta-analysis, which compared the ability of 
bone scintigraphy, MRI, and PET/CT for evaluating bone metastases. PET/CT 

Fig. 5.2 CECT component of the PET/CT showing consolidation/mass (arrow) in upper lobe of 
the left lung. There is no clear demarcation between the mass and the consolidation making it dif-
ficult for radiotherapy planning. A PET/CT image clearly showing the hypermetabolic malignant 
lung mass (arrow), with surrounding benign consolidation. Invasion of the pulmonary artery (block 
arrow) is also clearly visible
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demonstrated the highest pooled sensitivity and specificity of 92% and 98%. The 
pooled sensitivity and specificity of MRI were 77% and 92% and 86% and 88% for 
bone scintigraphy. They concluded that PET/CT had the highest diagnostic value 
for the detection of bone metastases from lung cancer compared to any other con-
ventional imaging modality [26].

a b

c

d

Fig. 5.3 Hypermetabolic right middle lobe mass (block arrow in a, b) biopsy proven squamous 
cell carcinoma. Hypermetabolic ipsilateral paratracheal (arrow in a, c) and contralateral hilar 
nodes (arrow in a, d) are noted. These were suspicious for metastatic involvement. This was con-
firmed by mediastinoscopy-guided sampling
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Due to high physiological uptake of FDG in gray matter of the brain, FDG PET/
CT is not an ideal modality for detection of brain metastases. MRI is the imaging 
modality of choice for detection of brain metastases [28].

PET/CT is the best modality for detection of pleural metastases. CT and MRI can 
detect pleural nodules and thickening but lack the ability to differentiate benign pleu-
ral thickening from malignant disease. PET/CT has a sensitivity and specificity of 
95% and 67%, respectively, for detection of pleural metastases. It has a high positive 
predictive value and accuracy of 95% and 92%, respectively [29]. Few studies have 
also shown that PET/CT can noninvasively and reliably distinguish between benign 
and malignant pleural effusion depending upon uptake of FDG [30]. It has a sensitiv-
ity, specificity, and accuracy of 88.8%, 94.1%, and 91.4% with a high positive pre-
dictive value of 94.1% and a negative predictive value of 88.8% in the detection of 
malignant pleural effusion [29]. This is an important indication as thoracocentesis 
may be false negative in 30–40% of cases with malignant pleural effusion [31].

Detection of unsuspected metastases leads to change in stage in 27–62% of 
patients and leads to change in management in about 19–52% of patients [32–34]. 
In a study of 153 patients with diagnosed NSCLC, Hicks et al. showed that FDG 

a b

c

Fig. 5.4 Hypermetabolic mass in the right lung (block arrow in a, b) with tiny FDG-avid nodule 
in the left adrenal (arrow in a, c) which was confirmed histopathologically to be metastasis from 
the lung primary
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PET led to upstaging of the disease in 33% and downstaging in 10%. It led to 
change in the therapy plan in 35% of cases; more often the change in therapy was 
from curative to palliative [34].

5.4  Radiotherapy (RT) Planning

Metabolic information obtained from FDG PET/CT studies can be utilized for accu-
rate radiotherapy planning. CT may not always be very helpful in delineation of the 
tumor when there is associated atelectasis. CT also has limitation in detection of 
involved nodes. PET/CT-based RT planning leads to improved tumor delineation 
and enhanced tumor coverage, thereby reducing radiation dose to the surrounding 
uninvolved tissues. It also reduces the interobserver variability associated with 
CT-based RT planning. It leads to treatment strategy medication in >50% of patients 
[7, 35]. PET/CT facilitates escalation of radiation dose to the tumor as the tumor 
volumes derived by PET/CT are smaller compared to CT [36].

5.5  Prediction of Response and Treatment  
Response Evaluation

A newer indication of PET/CT which is being evaluated these days is prediction of 
response to neoadjuvant chemotherapy (NACT). NACT precedes surgery in patients 
who have stage III disease. It is necessary to assess the response to NACT in order 
to identify nonresponders from responders. This helps in reducing the cost as well 
as toxic effects of an ineffective therapy. Morphologic imaging techniques like CT 
have limitations in differentiating residual tumor from fibrotic or posttreatment 
changes [37]. PET/CT being a functional imaging technique has the advantage of 
predicting response earlier than morphologic imaging methods [38]. A reduction of 
>20% in metabolic activity is considered as response (Fig. 5.5). Most studies have 
shown that SUV decrease of >35% is characterized by longer time to disease pro-
gression and longer median overall survival [39, 40].

5.6  Restaging/Recurrence

PET/CT is the best imaging technique for the detection of recurrences. It can dif-
ferentiate between recurrent disease and posttreatment changes efficiently, which 
can be challenging with conventional imaging methods like CT due to anatomical 
distortion. The recurrence rate is quite high in patients of NSCLC, even in those 
who are treated with curative intent. It is advisable that FDG PET/CT be done after 
12 weeks of completion of treatment, as false-positive inflammatory changes may 
confound the interpretation [41–43]. FDG PET/CT has high sensitivity and speci-
ficity of 93% and 89% for detection of recurrence [43]. A recent meta-analysis has 
shown pooled sensitivity and specificity of 90% for detection of lung cancer 
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recurrence, whereas the pooled sensitivity and specificity were 78% and 80% for 
conventional imaging modalities [44]. Due to high negative predictive value of FDG 
PET/CT to detect recurrent disease, imaging with conventional techniques is not 
required, except for brain MRI.

5.7  Prognostication

There are conflicting reports regarding the value to SUVmax (maximum standard-
ized uptake value) in prediction of prognosis [45–48]. Few studies have reported 
that MTV (metabolic tumor volume) and TLG (total lesion glycolysis) are better 
predictors as compared to SUVmax [49, 50]. But a recent meta-analysis has shown 
that high values of SUVmax, MTV, and TLG are associated with higher risk of 
recurrence and death in patients with operable NSCLC [51].

5.8  Small Cell Lung Cancer (SCLC)

SCLC is an aggressive malignancy with a rapid doubling time and usually is dis-
seminated at the time of presentation. It accounts for about 15–20% of all lung 
cancers [2]. It is important to differentiate SCLC into limited-stage (LS) disease or 
extensive-stage (ES) disease, depending on whether the disease is confined to one 
hemithorax or is disseminated. Intention of treatment is different in both groups; the 
intent is palliative if the disease is ES and CT-RT if it is limited disease. PET/CT has 
a high sensitivity and specificity of 98% for the detection of disseminated disease 
[52]. It also leads to change in stage and management in 12–26% of cases [52, 53]. 
The data pertaining to SCLC and PET/CT is limited.

Key Points

• FDG PET combined with contrast-enhanced CT (CECT) is a useful imag-
ing modality in lung cancer.

• FDG PET is a noninvasive imaging modality used for the evaluation of 
SPN and demonstrates sensitivity and specificity of 91.7% and 82.3% for 
PET and 95.6% and 40.6% for CT.

T Staging

• CECT is the imaging modality of choice for the delineation of size and 
extent of the primary lung lesion.

• Magnetic resonance imaging (MRI) is useful in the delineation of superior 
sulcus and mediastinal involvement due to superior spatial resolution.

• PET/CT outperforms CT and MRI in the evaluation of the tumor size when 
there is surrounding post-obstructive atelectasis.

5 18F-FDG PET/CT in Lung Cancer
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N Staging

• PET/CT has a higher sensitivity and specificity than CT in staging of medi-
astinal lymph nodes [81% and 90% for PET vs. 59% and 79% for CT, 
respectively].

• PET is not dependent on size criteria and detects metastasis in lymph nodes 
of size less than 1 cm.

• PET has a low positive predictive value of 64%, and thus it is mandatory 
that PET-positive nodes undergo mediastinoscopic sampling for histopath-
ologic confirmation of metastatic involvement.

• Invasive mediastinoscopy can be omitted in PET-negative nodes as PET 
has a high negative predictive value of 95%.

M Staging

• 18F-FDG PET/CT is more accurate for the detection of distant metastatic 
disease, as compared to conventional imaging modalities.

• FDG PET/CT is a noninvasive imaging technique to differentiate benign 
from malignant adrenal lesions depending on metabolic activity. It has a 
high sensitivity (93%), specificity (90%), and accuracy (92%) for detect-
ing metastatic adrenal lesions.

Detection of Metastases

• FDG PET/CT is the best modality for the detection of skeletal metastases.

• Due to high physiological uptake of FDG in gray matter of the brain, FDG 
PET/CT is not an ideal modality for the detection of brain metastases.

• PET/CT is the best modality for the detection of pleural metastases.

Radiotherapy Planning

• FDG PET/CT studies can be utilized for accurate radiotherapy planning.

• PET/CT-based RT planning leads to improved tumor delineation and 
enhanced tumor coverage, thereby reducing radiation dose to the surround-
ing uninvolved tissues.

Prediction of Response and Treatment Response Evaluation

• A reduction of >20% in metabolic activity is considered as response.

• SUV decrease of >35% is characterized by longer time to disease progres-
sion and longer median overall survival.
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6.1  Introduction

18F-2-Fluoro-2-deoxyglucose (FDG) is the workhorse of oncological PET/CT 
departments. Its role in staging, restaging, and response assessment of various can-
cers is already established. But FDG is a marker of glycolysis and, thus, is neither 
specific for malignancy nor for a particular tumor. Its accumulation can be seen in 
benign process which may be difficult to differentiate from a neoplastic etiology. It 
is imperative that nuclear physicians and radiologists know about these FDG-avid 
benign pathologies and few FDG-negative malignant etiologies, which may con-
found correct interpretation in PET/CT reporting.

In this chapter we will look at few artifacts and benign variants in lung cancer, 
which can be potential pitfalls while reporting FDG PET/CT scans.
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6.2  Normal Variants, Artifacts, and Pitfalls in Lung Cancer

These can be divided into:

 1. Technical artifacts due to integration of PET and CT
 2. Various false positives due to infection and inflammation
 3. Incidental findings
 4. Benign etiologies which can mimic distant metastases in lung cancer
 5. False-negative neoplastic pathology

6.2.1  Technical Artifacts

 (a) Respiratory artifacts—These are seen due to mismatch of PET and CT data 
during respiration. It occurs due to images being acquired during different 
stages of the respiration, leading to a mismatch between CT data which is 
acquired during breath-hold and the PET data which is acquired during normal 
tidal breathing [1]. This manifests as a curvilinear photon-deficient (cold) defect 
at the interface of the lung and diaphragm leading to incorrect anatomic local-
ization of the focus of increased FDG activity. This artifact can lead to a meta-
bolically active hepatic lesion being wrongly localized to the lung, mimicking a 
lung nodule (Fig. 6.1) or sometimes a lung nodule in the lung base appearing as 

a b c d

a b c d

Fig. 6.1 (1i) (a) MIP (maximum intensity projection) of FDG PET/CT scan artifactually shows 
the hypermetabolic liver lesions in the right lower thorax (arrow) due to respiratory artifact. (b, c) 
Axial fused PET/CT and PET images show a hypermetabolic focus in the base of the right lung 
(arrow). No corresponding lesion is noted in the lung in the axial CT image (d). (1ii) (a) MIP image 
of FDG PET/CT artifactually shows a hypermetabolic lesion in the spleen (arrow) due to respira-
tory artifact. (b, c) Coronal fused PET/CT and PET images show a hypermetabolic focus in the 
spleen (arrow). (d) Coronal CT image clearly shows a nodule in the base of the left lung (arrow) 
which is artifactually seen as a hypermetabolic focus in the spleen in image b, c. This occurs due 
to acquisition of PET and CT data during different phases of respiration
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a focus of increased FDG activity in the liver or spleen. A review of the CT 
images for a nodule in the lung or liver/spleen lesion usually solves the dilemma.

 (b) Attenuation artifacts—Artifacts due to high CT attenuation materials such as 
intravenous or oral contrast, metals, ports, and catheters. This occurs due to 
overestimation of FDG concentration in areas of high attenuation due to appli-
cation of high attenuation correction factors [2].

 (c) Artifacts due to faulty injection technique—Very rarely, an intense well-defined 
focal uptake is seen in the lung without any morphologic abnormality in the 
lung. This is likely due to paravenous injection which leads to endothelial injury 
which in turn leads to the formation of clots at the injury site, which get trapped 
in the pulmonary microcirculation. As these clots are admixed with the radioac-
tive tracer, they demonstrate intense FDG uptake [3–5] (Fig. 6.2). These disap-
pear on re-scanning the patient. Sometimes a paravenous injection can also lead 
to FDG uptake in the ipsilateral nodes in the axilla due to lymphatic uptake of 
the tracer. These artifacts can be avoided by preparing the patient with a good 
venous access prior to injection of the radiotracer.

6.2.2  Various False Positives Due to Infection and Inflammation

 (a) Infection and Inflammation
In evaluation of lung cancer, the commonest causes of false-positive uptakes in 

the lung are due to infection and inflammation. As inflammatory cells like activated 
macrophages, neutrophils, and lymphocytes utilize glucose and have a high glyco-
lytic rate, these benign conditions are usually FDG avid [6, 7]. Therefore, pulmo-
nary infections can often be misinterpreted as neoplastic etiology. It is not always 
easy to differentiate between benign and malignant process on imaging findings 
alone, and a biopsy may be necessary for confirmation. This includes infections 
such as pneumonia (Fig. 6.3), tuberculosis, sarcoidosis, and amyloidosis.

Increased FDG uptake is almost always seen in active tuberculosis of the 
lung. It may be seen as patchy areas of consolidation or a solitary nodule 
(Fig. 6.4) or even lobar consolidation (Fig. 6.5). Cavitation may or may not be 

a b c

Fig. 6.2 (a) MIP of FDG PET/CT scan shows an intensely FDG-avid focus in the base of the left 
lung (arrow). Axial fused PET/CT image (b) shows the hypermetabolic focus in the lower lobe of 
the left lung (arrow). No corresponding lesion is noted in the left lung in the axial CT image (c). 
This is seen due to faulty injection leading to formation of a microembolus mixed with the radio-
tracer which then gets trapped in the pulmonary microcirculation giving this a typical appearance
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present. Extrapulmonary involvement of tuberculosis may involve the lymph 
nodes, liver, spleen, and bones [8, 9].

Granulomatous disease like sarcoidosis is FDG avid and commonly affects 
the lungs and mediastinal and bilateral hilar nodes [10, 11] (Fig. 6.6). Similar to 
tuberculosis, this chronic inflammatory disease may involve other organs as 

a b c

Fig. 6.3 Whole-body FDG PET/CT MIP (a) image shows a hypermetabolic mass in the right lung 
(arrow) in a 52-year-old gentleman, being evaluated for a solitary pulmonary nodule in the right 
lung. Axial fused PET/CT and CT (b, c) show increased FDG uptake (maxSUV 7.92) in the 
periphery of a thick-walled cavity with central liquefaction, in the right upper lobe (arrow). The 
findings on biopsy of this lesion were consistent with organizing inflammation. On immunohisto-
chemistry there was absence of cytokeratin AE1/AE3 confirming the absence of tumor

a b c d

e f g

Fig. 6.4 FDG PET/CT MIP (a) and axial (b–g) images show intensely FDG-avid nodule in the 
left upper lobe (arrow). Biopsy showed epithelioid granulomas with fibrosis. Patient responded to 
antituberculous treatment
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a b c

d e

f g

Fig. 6.5 FDG PET/CT MIP (a) and axial images show a large area of FDG-avid consolidation in 
the right upper lobe (maxSUV 12.93) (b, c). FDG-avid hypodense lesion is noted in the left lobe 
of the liver (curved arrow in d, e) and a marrow lesion in the sacrum (block arrow in f, g). Biopsy 
of all the lesions showed granulomatous inflammation with epithelioid granulomas and multinu-
cleated Langhans and foreign body giant cells, consistent with tuberculosis

a b c

d e

Fig. 6.6 MIP, axial, and coronal images of whole-body PET/CT scan of a 43-year-old lady who 
had been treated for carcinoma right breast and was being evaluated for suspected recurrence. The 
images show hypermetabolic enlarged bilateral hilar and paratracheal nodes with FDG-avid inter-
stitial thickening and nodular opacities predominantly in the left lung (a–e). Biopsy confirmed 
sarcoidosis
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well like the liver, spleen, and skeletal system. Lesions of sarcoidosis show 
intense and diffuse FDG uptake [12, 13].

Another benign pathology which can mimic pulmonary amyloidosis in the lung 
is amyloidosis. Pulmonary amyloidosis can be either nodular or diffuse and may 
show increased FDG uptake. Nodular pulmonary amyloidosis (Fig.  6.7) is more 
common than diffuse and may manifest as a single mass lesion or multiple nodules. 
The nodules usually show foci of calcifications and may cavitate. The differentials 
are primary lung cancer or metastasis. Histopathological confirmation is usually 
needed. Histologically these nodules are laden with amorphous, eosinophilic mate-
rial which stains with Congo red and under polarizing microscopy shows apple-
green birefringence [14, 15].

FDG uptake is also seen in inflammatory process like post mediastinoscopy at 
the site of incision in the suprasternal region (Fig. 6.8), post-thoracoscopy and 
post- tracheostomy at the site of intercostal drainage for pleural effusions, and scar 
sites post-biopsy or post-surgery representing healing changes (Fig.  6.9). A 
detailed history before acquisition of the scan helps in correct interpretation. In 
addition to these invasive procedures, few therapeutic interventions such as che-
motherapy, radiation therapy, and talc pleurodesis can also cause certain false-
positive results on PET/CT imaging. Talc pleurodesis is performed for patients 
who have recurrent benign or malignant pleural effusion or persistent pneumotho-
rax. Talc pleurodesis results in obliteration of the pleural space due to adherence 
of the visceral and parietal pleura caused by the inflammatory reaction due to 
instillation of the talc. This is FDG avid due to the inflammatory reaction in the 
pleura (Fig. 6.10). This persists for years and may mimic pleural metastases on 
PET/CT. But the CT findings of focal areas of high attenuation in the pleura are 
diagnostic of talc pleurodesis. Appropriate clinical history and correlation with 

a b c

Fig. 6.7 A 68-year-old male under evaluation for a mass in the lower lobe of the right lung. 
Whole-body PET/CT MIP (a) and axial images (b, c) show FDG-avid mass in lower lobe of the 
right lung with few areas of calcification and cavitation (arrow). Histological examination showed 
extracellular amorphous eosinophilic material with apple green birefringence with foci of calcifi-
cation. The findings were consistent with primary amyloidosis
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a b c

d e

Fig. 6.8 Whole-body PET/CT MIP (a), axial (b, c), coronal (d), and sagittal (e) images of a 
49-year-old male with adenocarcinoma in the right lung. The patient had undergone mediastinos-
copy 3 weeks prior to the PET scan for nodal assessment. Increased FDG uptake is noted in the 
suprasternal region at site of incision of the mediastinoscopy (arrow), due to inflammation

a b c d

e f e

Fig. 6.9 MIP (a), coronal (b–d), and axial (e–g) images of whole-body FDG PET/CT scan of a 
40-year-old male with adenocarcinoma rectum, who had undergone metastatectomy for bilateral 
lung nodules 4 months prior to the PET scan. Low-grade diffuse FDG uptake is noted in noted at 
the site of thoracotomy incision in bilateral anterolateral chest wall (arrows)

CT findings help in differentiating this benign condition from a malignant one 
[16, 17].

Radiation-induced pneumonitis is commonly seen in patients of lung cancer 
treated with external beam radiotherapy. Though the intention is to radiate the 
involved areas with maximal dose and to minimize the dose to the adjacent normal 
tissues, normal tissues are affected invariably. This type of injury is seen as FDG 
-avid consolidation or ground glass opacity within the radiation port of the involved 
lung (Fig. 6.11). These inflammatory changes can persist for many months and may 
be seen as early as 2 weeks. Radiation pneumonitis usually has a linear 
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a b

c d

Fig. 6.11 Whole-body FDG PET/CT scan of a 50-year-old gentleman with adenocarcinoma of 
the right lung (a, c). PET/CT scan was done 3 months post-external beam radiotherapy. The coro-
nal PET and PET/CT images (b, d) show FDG-avid consolidation in the radiation port of the 
involved lung. The consolidation typically has a linear configuration typical of radiation-induced 
pneumonitis

a b c d

e f g

Fig. 6.10 Whole-body FDG PET/CT scan of a 65-year-old lady with recurrent malignant bilateral 
pleural effusion. She had undergone pleurodesis 5 months prior to the FDG PET scan. MIP (a) and 
axial images (b–g) show FDG-avid linear and nodular areas of talc deposition which are seen as 
high attenuation areas in the CT image (d, g). This occurs due to the inflammatory reaction in the 
pleura due to instillation of talc to obliterate the pleural space
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a b c

d e

Fig. 6.12 FDG PET/CT scan of a 58-year-old gentleman with carcinoma in the upper lobe of the 
left lung. MIP and transaxial images (a–c) show a large FDG-avid mass in the left upper lobe 
infiltrating the mediastinum and involving the aortic pulmonary window (block arrows in b, c) 
through which the left recurrent laryngeal nerve traverses thereby involving it and causing paraly-
sis of the left vocal cord. This in turn causes compensatory hypertrophy of the contralateral (right) 
vocal cord seen as increased FDG uptake in the right vocal cord and cricoarytenoid muscle (arrows 
in a, d)

configuration along the radiation port. It is important to differentiate radiation pneu-
monitis from infections and neoplastic etiologies of the lung [18, 19].

6.2.3  Incidental Findings

6.2.3.1  Asymmetrical Vocal Cord Uptake
Normally the physiologic uptake of FDG in the vocal cords is bilaterally sym-
metrical. However, in patients of lung cancer, when the mass lies in the aorto-
pulmonary region and infiltrates the left recurrent laryngeal nerve, it causes 
paralysis of the ipsilateral vocal cord with compensatory muscular activation 
of the contralateral normal vocal cord. This causes asymmetric FDG uptake in 
the non-paralyzed vocal cord (Fig. 6.12) and cricoarytenoid muscle [20, 21]. 
Knowledge about this physiologic variant is necessary for correct 
interpretation.

6.2.4  Benign Etiologies Mimicking Distant Metastases in  
Lung Cancer

Few benign tumors of the parotid gland, like pleomorphic adenoma and Warthin’s 
tumor, may cause a problem in FDG PET/CT interpretation. Warthin’s tumor is seen 
as a FDG-avid, well-defined, high-attenuation nodule in the parotid gland on FDG 
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PET/CT imaging (Fig. 6.13). They are usually solitary but may be bilateral occa-
sionally. These are more common in smokers and may be confused with a meta-
static lesion. The imaging findings on CT scan and ultrasonography are usually 
characteristic [22, 23].

Physiological bone marrow uptake is usually homogenous and low grade. 
Diffusely increased uptake in the marrow may occur due to anemia (Fig. 6.14) and 
hematopoietic diseases or in patients receiving colony-stimulating factors. Bone 
marrow involvement can also occur due to metastatic disease arising from tumors of 
the lung, breast, and prostate, and differentiation from benign marrow involvement 
is necessary. Sometimes a marrow biopsy may be necessary to come to the correct 
diagnosis [24].

a b c

Fig. 6.13 FDG PET/CT scan done in a 60-year-old gentleman with poorly differentiated non- 
small cell carcinoma in the upper lobe of the right lung (MIP a). The scan shows enhancing FDG- 
avid nodule in the right parotid gland (arrow in a–c). Though the imaging findings were favoring 
the possibility of a benign Warthin’s tumor, a biopsy was advised in view of the poorly differenti-
ated nature of the tumor. Biopsy confirmed Warthin’s tumor in the right parotid gland

a cb d

Fig. 6.14 Whole-body FDG PET/CT scan in a 61-year-old gentleman with adenocarcinoma in 
the right lung (MIP image a) with diffuse increased FDG uptake in the axial and appendicular 
skeleton seen in MIP image (a) and transaxial images of the pelvis (b–d) due to anemia. The hemo-
globin was 8 g/dL [normal range, 13–17 g/dL]
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a b

d

c

Fig. 6.15 Whole-body FDG PET/CT scan of a 52-year-old lady with right infracarinal mass 
involving the right lower lobe bronchus. No FDG uptake is noted in the lesion (a and arrow in the 
transaxial images b–d). Biopsy of the lesion was a carcinoid tumor. A 68Ga-DOTANOC study 
done subsequently showed intense uptake in the lesion typical of low-grade carcinoids

6.2.5  False-Negative Neoplastic Pathology

Few adenocarcinomas of the lung like bronchoalveolar cell carcinoma show 
very- low- grade FDG uptake due to low GLUT1 expression in these malignan-
cies [25]. Carcinoids (Fig. 6.15), which have neuroendocrine differentiation, 
may have variable FDG uptake ranging from no to low-grade uptake due to 
slow growth pattern [26]. Also small lung nodules less than 10mm in diameter 
which is below the spatial resolution of current PET scanner may result in 
false-negative studies [27, 28].

6 18F-FDG PET/CT: Normal Variants, Artifacts, and Pitfalls in Lung Cancer



72

Key Points

• FDG is a marker of glycolysis and, thus, is neither specific for malignancy 
nor for a particular tumor.

• FDG accumulates in benign process and is difficult to differentiate from a 
neoplastic etiology.

Respiratory artifacts:

• Due to mismatch of PET and CT data during respiration.

• Seen as curvilinear photon-deficient (cold) defect at the interface of the 
lung and diaphragm leading to incorrect anatomic localization of the focus 
of increased FDG activity.

• A review of the CT images for a nodule in the lung or liver/spleen lesion 
usually solves the dilemma.

Attenuation artifacts:

• High CT attenuation materials such as intravenous or oral contrast, metals, 
ports, and catheters can cause attenuation artifacts.

Artifacts due to faulty injection technique:

• Paravenous injection may lead to endothelial injury, which in turn leads to 
the formation of clots at the injury site, which get trapped in the pulmonary 
microcirculation.

• Paravenous injection can also lead to FDG uptake in the ipsilateral nodes 
in the axilla due to lymphatic uptake of the tracer.

Infection and inflammation:

• In the evaluation of lung cancer, the commonest causes of false-positive 
uptakes in the lung are due to infection and inflammation.

• It is not always easy to differentiate between benign and malignant process 
on imaging findings alone, and a biopsy may be necessary for confirmation 
(includes infections such as pneumonia, tuberculosis, sarcoidosis, and 
amyloidosis).

 Conclusion

PET/CT is an amalgamation of functional and anatomical imaging modalities 
which should be used constructively benefitting the medical imaging field. 
Knowledge of the normal variants and benign pathologic conditions will help us 
in correct interpretation of false-positive lesions which confound the results with 
malignancy and vice versa.
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• Talc pleurodesis is FDG avid due to the inflammatory reaction in the pleura 
and can show increased uptake for years and may mimic pleural metasta-
ses on PET/CT.

• Radiation-induced pneumonitis is commonly seen in patients of lung cancer 
treated with external beam radiotherapy and is seen as FDG-avid consolida-
tion or ground glass opacity within the radiation port of the involved lung.

Incidental findings:

• Asymmetrical vocal cord uptake is often seen in patients with paralysis of 
the ipsilateral vocal cord with compensatory muscular activation of the 
contralateral normal vocal cord.

• Warthin’s tumor is seen as a FDG-avid, well-defined, high-attenuation 
nodule in the parotid gland on FDG PET/CT imaging.

• Physiological bone marrow uptake is usually homogenous and low grade. 
Diffusely increased uptake in the marrow may occur due to anemia and 
hematopoietic diseases or in patients receiving colony-stimulating factors.

False-negative neoplastic pathology:

• Adenocarcinomas of the lung like bronchoalveolar cell carcinoma show 
very-low-grade FDG uptake due to low GLUT1 expression in these malig-
nancies [25].

• Carcinoids, which have neuroendocrine differentiation, may have variable 
FDG uptake ranging from no to low-grade uptake due to slow growth pattern.

• Small lung nodules less than 10 mm in diameter which is below the spatial 
resolution of current PET scanner may result in false-negative studies.

• Knowledge of the normal variants and benign pathologic conditions will 
help in correct interpretation of false-positive lesions.

References

 1. Beyer T, Antoch G, Blodgett T, et al. Dual-modality PET/CT imaging: the effect of respira-
tory motion on combined image quality in clinical oncology. Eur J Nucl Med Mol Imaging. 
2003;30:588–96.

 2. Nehmeh SA, Erdi YE, Kalaigian H, et al. Correction for oral contrast artifacts in CT attenua-
tion corrected PET images obtained by combined PET/CT. J Nucl Med. 2003;44:1940–4.

 3. Liu Y, Ghesani NV, Zuckier LS.  Physiology and pathophysiology of incidental findings 
detected on FDG-PET scintigraphy. Semin Nucl Med. 2010;40(4):294–315.

 4. Farsad M, Ambrosini V, Nanni C, et al. Focal lung uptake of 18F-fluorodeoxyglucose (18F- 
FDG) without computed tomography findings. Nucl Med Commun. 2005;26(9):827–30.

 5. Ozdemir E, Poyraz NY, Keskin M, Kandemir Z, Turkolmez S. Hot-clot artifacts in the lung 
parenchyma on F-18 fluorodeoxyglucose positron emission tomography/CT due to faulty 
injection techniques: two case reports. Korean J Radiol. 2014;15(4):530–3.

6 18F-FDG PET/CT: Normal Variants, Artifacts, and Pitfalls in Lung Cancer



74

 6. Kubota R, Yamada S, Kubota K, et  al. Intratumoral distribution of fluorine-18- 
fluorodeoxyglucose in vivo: high accumulation in macrophages and granulation tissues stud-
ied by microautoradiography. J Nucl Med. 1992;33:1972–80.

 7. Paik JY, Lee KH, Choe YS, et al. Augmented 18F-FDG uptake in activated monocytes occurs 
during the priming process and involves tyrosine kinases and protein kinase C. J Nucl Med. 
2004;45:124–8.

 8. Bakheet SM, Powe J, Ezzat A, et  al. F-18-FDG uptake in tuberculosis. Clin Nucl Med. 
1998;23:739–42.

 9. Skoura E, Zumla A, Bomanji J. Imaging in tuberculosis. Int J Infect Dis. 2015;32:87–93.
 10. Lewis PJ, Salama A. Uptake of fluorine-18-deoxyglucose uptake in sarcoidosis. J Nucl Med. 

1994;35:1647–9.
 11. Yasuda S, Shothsu A, Ide M, et al. High fluorine-18-deoxyglucose uptake in sarcoidosis. Clin 

Nucl Med. 1996;21:983–4.
 12. El-Haddad G, Zhuang H, Gupta N, et al. Evolving role of positron emission tomography in 

the management of patients with inflammatory and other benign disorders. Semin Nucl Med. 
2004;34(4):313–29.

 13. Sobic-Saranovic D, Artiko V, Obradovic V. FDG PET imaging in sarcoidosis. Semin Nucl 
Med. 2013;43(6):404–11.

 14. Quan XQ, Yin TJ, Zhang CT, Liu J, Qiao LF, Ke CS. (18)F-FDG PET/CT in patients 
with nodular pulmonary amyloidosis: case report and literature review. Case Rep Oncol. 
2014;7(3):789–98.

 15. Wachsmann JW, Gerbaudo VH. Thorax: normal and benign pathologic patterns in FDG-PET/
CT imaging. PET Clin. 2014;9(2):147–68.

 16. Kwek BH, Aquino SL, Fischman AJ. Fluorodeoxyglucose positron emission tomography and 
CT after talc pleurodesis. Chest. 2004;125:2356–60.

 17. Ahmadzadehfar H, Palmedo H, Strunk H, Biersack HJ, Habibi E, Ezziddin S. False positive 
18F-FDG-PET/CT in a patient after talc pleurodesis. Lung Cancer. 2007;58(3):418–21.

 18. Ulaner GA, Lyall A. Identifying and distinguishing treatment effects and complications from 
malignancy at FDG PET/CT. Radiographics. 2013;33(6):1817–34.

 19. de Prost N, Tucci MR, Melo MF. Assessment of lung inflammation with 18F-FDG PET during 
acute lung injury. AJR Am J Roentgenol. 2010;195(2):292–300.

 20. Kamel EM, Goerres GW, Burger C, et al. Recurrent laryngeal nerve palsy in patients with lung 
cancer: detection with PET/CT image fusion—report of six cases. Radiology. 2002;224:153–6.

 21. Lee M, Ramaswamy MR, Lilien DL, et al. Unilateral vocal cord paralysis causes contralateral 
false-positive positron emission tomography scans of the larynx. Ann Otol Rhinol Laryngol. 
2005;114:202–6.

 22. Peter Klussmen J, Wittekindt C, Florian Preuss S, et al. High risk for bilateral warthin tumor 
in heavy smokers - review of 185 cases. Acta Otolaryngol. 2006;126:1213–7.

 23. Lee SK, Rho BH, Won KS. Parotid incidentaloma identified by combined 18F-fluorodeoxyglucose 
whole-body positron emission tomography and computed tomography: findings at gray-scale 
and power Doppler ultrasonography and ultrasound-guided fine- needle aspiration biopsy or core 
biopsy. Eur Radiol. 2009;19:2268–74.

 24. Inoue K, Okada K, Harigae H, et al. Diffuse bone marrow uptake on F-18 FDG PET in patients 
with myelodysplastic syndromes. Clin Nucl Med. 2006;31:721–3.

 25. Higashi K, Ueda Y, Sakurai A, et al. Correlation of Glut-1 glucose transporter expression with 
[18F]FDG uptake in non-small cell lung cancer. Eur J Nucl Med. 2000;27:1778–85.

 26. Stefani A, Franceschetto A, Nesci J, Aramini B, Proli C, Kaleci S, et al. Integrated FDG-PET/
CT imaging is useful in the approach to carcinoid tumors of the lung. J Cardiothorac Surg. 
2013;8:223.

 27. Nomori H, Watanabe K, Ohtsuka T, et al. Evaluation of F-18 fluorodeoxyglucose (FDG) PET 
scanning for pulmonary nodules less than 3 cm in diameter, with special reference to the CT 
images. Lung Cancer. 2004;45:19–27.

 28. Cook GJ, Wegner EA, Fogelman I. Pitfalls and artifacts in 18FDG PET and PET/CT oncologic 
imaging. Semin Nucl Med. 2004;34(2):122–33.

A. Agrawal and V. Rangarajan



75
© Springer International Publishing AG 2018
A. Agrawal, V. Rangarajan (eds.), PET/CT in Lung Cancer, Clinicians’ Guides to 
Radionuclide Hybrid Imaging, https://doi.org/10.1007/978-3-319-72661-8_7

A.-L. Smith (*) 
Institute of Nuclear Medicine, University College London Hospital NHS Foundation Trust, 
London, UK
e-mail: April-Louise.Smith@nhs.net 

R. Manber 
Institute of Nuclear Medicine, University College London Hospital NHS Foundation Trust, 
London, UK
e-mail: manber.richard@gmail.com

7Physics of PET and Respiratory Gating

April-Louise Smith and Richard Manber

7.1  PET Physics

Positron emission tomography (PET) is an imaging technique that detects radiola-
belled drugs, which have been injected into the body. PET uses radioisotopes which 
emit energy in the form of positrons (β+). Positrons are positively charged energetic 
electrons emitted from nuclei. As the positron interacts with the surrounding tissue, 
it quickly loses energy. Once the majority of energy is lost, it will combine with an 
electron and converts energy annihilating, subsequently forming two gamma rays 
(γ) of equal energy (511 keV) in opposite directions (Fig. 7.1). These gamma rays 
can then be detected by external detectors and used to produce a 3D image.

PET scanners have multiple detectors positioned in a ring around the patient, 
which allows simultaneous gamma ray detection (Fig. 7.2). These two gamma rays 
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+
b

g

g

Fig. 7.1 Diagram to show 
radioisotope decay via β+ 
emission, the interaction 
with surrounding tissue 
and annihilation producing 
two 511 keV gamma rays 
that are detected on the 
PET ring of detectors 
(diagram not to scale)

Fig. 7.2 Inside a 
multi-detector ring PET 
scanner

a b c

LOR
LOR LOR

Fig. 7.3 Diagrams showing different coincidence events. (a) True event showing a correct LOR, 
(b) random event where two separate events are detected within the coincidence window, giving an 
incorrect LOR. (c) Scatter event, where one photon is scattered and both photons are then detected, 
also giving an incorrect LOR
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create a line of response (LOR) indicating a pathway where the annihilation has 
occurred. If the gamma rays are detected within a set timing window (~10 ns), this 
is called a ‘coincidence event’.

If the event detected is due to an annihilation (back-to-back gamma rays), it is known 
as a ‘true event’ giving a correct LOR (Fig. 7.3a). If, however, two separate interactions 
occur simultaneously and are detected, this is considered a ‘random event’ (Fig. 7.3b). 
Scatter events occur when the positron annihilates and either one or both the gamma 
rays are scattered by the surrounding tissue, changing their path (Fig. 7.3c). Scattered 
and random events result in incorrect LOR, which can introduce noise into the image.

There are a number of correction methods for scattered and random events that can 
be applied to improve the image quality. In addition, normalisation corrections are 
applied to account for different sensitivities of the detector blocks and dead-time cor-
rections to compensate for high count rates. Another important correction is for atten-
uation. In PET acquisitions, some of the emitted photons are attenuated by the 
surrounding tissue and not detected. This gives rise to artefacts showing the outer edge 
with increased intensity and central areas with lower intensity. Computed tomography 
(CT) images can be used to create a map of this attenuation which can be used to cor-
rect the PET data. Magnetic resonance (MR) data can also be used to create an attenu-
ation correction map in PET/MR systems, by segmenting the images and assigning 
corresponding attention factors for that specific tissue. In older scanners, attenuation 
correction is performed using a transmission scan with an external rod source.

7.2  Reconstruction

Once injected with a radiopharmaceutical, a number of interactions will occur in the 
patient tissue which can be accumulated over time. This gives projections at different 
angles, representing the distribution of radioactivity within the tissue (Fig. 7.4a, b). 

a b

Fig. 7.4 PET reconstruction. The detected events generate lines of response (LOR); these give 
projections of the distribution at different angles (a) and (b). A number of projections surrounding 
the patient are then reconstructed to build a 3D image
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The images are then reconstructed using either filter back projection (FBP) or itera-
tive reconstruction using ordered-subset expectation maximization (OSEM) or maxi-
mum likelihood expectation maximization (MLEM).

7.3  PET Tracers

There are a number of radiopharmaceuticals available for PET imaging. 18F 
(Fluorine-18)-labelled compounds are most commonly used; 18F has a slightly 
longer half-life compared to other PET tracers which allows it to be transported 
and not require an onsite cyclotron. In addition to half-life, different radionuclides 
vary in properties that can have effects on imaging parameters. Positron range 
affects the spatial resolution, since the annihilation can occur at a distance away 
from where the positron was produced. The abundance of positrons produced 
from each decay can also have effects on the sensitivity. Also, affecting imaging 
parameters, the different radionuclides have different radiochemistry, allowing 
them to be labelled to desired pharmaceuticals. Some examples of PET isotopes 
are outlined in Table 7.1.

7.4  PET Images

The reconstructed images can be viewed in a number of ways. A stack of images 
is created and can be viewed in the different planes, as shown in Fig. 7.5. Hybrid 
imaging also allows fused data for anatomical localisation, as shown in Fig. 7.6. 
Because PET data are corrected for physical processes, quantitative data of 
activity concentration per unit volume (kBq/mL) can be calculated. When nor-
malised to available activity concentration by factoring in, e.g. patient body 
mass, the standardized uptake values (SUV) can be determined. This allows 
longitudinal comparisons—taking into account variations between injected 
activity and patient’s weight between time points—to give a representation of 
the uptake in the lesion.

Table 7.1 Some examples of radionuclides that can be used in PET

Radioisotope Half-life β+ energy, max (keV) β+ range (mm) Mode of production
18F 110 m 633 (97%) 0.6 Cyclotron
11C 20.4 m 960 (100%) 1.1 Cyclotron
13N 9.97 m 1199 (100%) 1.5 Cyclotron
15O 2.04 m 1732 (100%) 2.5 Cyclotron
68Ga 73 m 822 (1%) 2.9 Generator

1899 (88%)
82Rb 75 s 1523 (83.3%) 5.9 Generator

1157 (10.2%)

Data references: 18F [1]; 11C, 13N, 15O, 68Ga [2]; 82Rb [3]
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a b c

Fig. 7.5 An example of 18F-FDG whole body PET acquisition using OSEM with TOF. (a) Coronal 
slices, (b) sagittal slices and (c) transaxial slices

Fig. 7.6 18F-FDG whole body PET/CT acquisition showing CT, PET, fused PET/CT in the coro-
nal plane
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7.5  Respiratory Gating

There are many artefacts that can affect image quality—one of which is motion. This 
can cause potential spatial mismatch between CT and PET, which can give attenuation 
correction artefacts as CT images are acquired in seconds compared to PET which is 
time averaged over a number of minutes. In addition to this, respiratory motion may 
introduce further errors, particularly when imaging the thorax or abdomen. Figure 7.7 
shows mismatch between PET and MR data of the liver due to respiratory motion. PET 
data is acquired over several minutes, covering many respiratory cycles, which can 
introduce blurring into resultant images. One approach to overcome this problem is to 
acquire a respiratory signal and split the PET data into different respiratory states, either 
viewing separately or retrospectively combining, to form one motion-corrected image.

In order to track respiration, diaphragm displacement can be examined, using 
imaging techniques. Or external sensors can be used, to detect motion. Pressure sen-
sor belts are clinically available, identifying low pressure during expiration and high 
pressure during inspiration. In addition, Real-time Position Management (RPM) uses 
a camera to track two infrared markers on a box positioned on the patient’s chest.

Using these tracking techniques, the breathing signal can be synchronised with 
the imaging data, by binning or gating into groups of data at similar respiratory 

Fig. 7.7 18F-FDG whole body PET/MR showing PET, PET/MR fused and MR in the coronal 
plane
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states. The main methods are gating by amplitude or phase. Phase gating splits the 
data within each respiratory cycle into a number of bins between each inhalation 
peak (Fig.  7.8a), whereas amplitude gating splits the data based on the value of 
respiratory signal (Fig. 7.8b). Once the data is binned, one option is to create one 
‘exhale’ image using the data from one gate. This will reduce sensitivity; therefore, 
increased scan time is required to achieve the same contrast. Another method is to 
use all the data for the different gates and register them to one gate, preserving full 
image contrast.

a

b

Fig. 7.8 Gating respiratory data using numbers of bins (a) or amplitude (b)
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7.6  Recent Developments

There are various software advances that improve image quality which can be 
factored into PET reconstructions. These include time of flight (TOF) [4], which 
looks at the time at which two photons are received from the annihilation com-
pared to each other, to give a better estimation of where the annihilation occurred 
along the LOR. There are also reconstruction algorithms that take into account 
the detector geometry, point spread function (PSF) [5], and an algorithm that can 
iteratively reconstruct going to full convergence, Bayesian Penalised Likelihood 
(BPL), algorithm [6]. In addition to this, recent advances in detectors have seen 
the use of solid- state detectors, initially pioneered for PET/MR systems as the 
use of photomultiplier tubes (PMT) is not compatible with the magnetic field. 
These detectors replace photomultiplier tubes with semiconductor readout arrays 
allowing more compact design and improved detecting capabilities.
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Key Points

• PET scanners have multiple detectors positioned in a ring around the 
patient, which allows simultaneous gamma ray detection.

• There are many artefacts that can affect image quality—one of which is 
motion.

• Patient motion can cause potential spatial mismatch between CT and PET, 
which can give attenuation correction artefacts as CT images are acquired in 
seconds compared to PET which is time averaged over a number of minutes.

• Respiratory motion may introduce errors, particularly when imaging the 
thorax or abdomen.

• PET data is acquired over several minutes, covering many respiratory 
cycles, and can introduce blurring into resultant images.
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8.1  Case 1: Lung Cancer and Tuberculosis

Teaching point: Both tuberculosis and lung cancer can present as cavitating lesions.

a

b d

c

Fig. 8.1 Cavitating lesions. Axial CT and fusion PET/CT (arrows in a, b) images in a patient of 
non-small cell lung cancer show a thick irregular walled cavity showing FDG uptake in the wall. 
Axial CT and fusion PET/CT (arrows in c, d) images in a patient of pulmonary tuberculosis show 
a thin-walled cavity
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8.2  Case 2: Mass-Like Lesions of Tuberculosis  
and Lung Cancer

Teaching point: Tuberculosis occasionally presents as a mass-like lesion.

a

b d

c

Fig. 8.2 Axial CT and fusion PET/CT (arrows in a, b) images in a patient of non-small cell lung 
cancer show a FDG-avid mass lesion. Axial CT and fusion PET/CT (arrows in c, d) images show 
pulmonary tuberculosis presenting as a mass-like lesion
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8.3  Case 3: Various Appearances of Adenocarcinoma 
In Situ: AIS (Bronchioloalveolar Carcinoma, BAC)

Teaching point: AIS/BAC can present in several patterns and often show low  

FDG uptake.

a c

b d

e g

f h

Fig. 8.3 (a, b) Solitary pulmonary nodule (SPN), (c, d) crazy paving pattern due to ground glass 
opacities with superimposed interlobular septal thickening. (e, f) Ground-glass pattern, (g, h) 
consolidation with air bronchogram
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8.4  Case 4: Use of PET to Direct the Appropriate Site 
of Biopsy

a b

Fig. 8.4 Axial CT and fusion PET/CT (arrows in a, b) images show a cavitating lung neoplasm 
Teaching point: FDG PET/CT directs the site of biopsy from the hypermetabolic component in 
the wall of the cavity (arrowhead in a, b) leading to a correct diagnosis

8 Lung Cancer Pictorial Atlas



88

8.5  Case 5: Staging PET/CT in Lung Cancer Detects 
Asymptomatic Distant Metastases

a b

c

d

Fig. 8.5 Whole body MIP image and fusion PET/CT images show a FDG-avid mass in the right 
lung (arrows in a, b). Foci of FDG avidity in the abdomen seen in the MIP image (arrowheads in a) 
correspond to metastatic peritoneal deposits on fusion PET/CT images (arrow heads in c, d)

N.C. Purandare et al.
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8.6  Case 6: Staging PET/CT in Lung Cancer Detects 
Asymptomatic Distant Metastases

a b

c

d

e

Fig. 8.6 Whole body MIP image axial CT and fusion PET/CT images show a FDG-avid Pancoast 
tumor in the left lung apex (arrows in a–c). Focus of FDG avidity in the lower abdomen seen in the 
MIP image (arrowheads in a) corresponds to metastatic soft tissue deposit in the gluteal region on 
CT and fusion PET/CT images (arrowheads in d, e)
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8.7  Case 7: Staging PET/CT in Lung Cancer Detects a Second 
Primary Malignancy in the Urinary Bladder

a b

c

d

Fig. 8.7 Whole body MIP image and fusion PET/CT images show a FDG-avid mass in the right 
lung (arrows in a, b). Focus of FDG avidity in the pelvis seen in the MIP and axial PET image 
(arrowheads in a, c) corresponds to a second primary malignancy in the urinary bladder on fusion 
PET/CT image (arrowhead in d)
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8.8  Case 8: Staging PET/CT in Lung Cancer Detects  
a Second Primary Malignancy in the Cecum

a b

c

d

Fig. 8.8 Whole body MIP image and fusion PET/CT images show a FDG-avid mass in the right 
lung (arrows in a, b). Focus of FDG avidity in the lower abdomen seen in the MIP image (arrow-
head in a) corresponds to a second primary malignancy in the cecum on coronal CT and fusion 
PET/CT image (arrowhead in c, d)

8 Lung Cancer Pictorial Atlas



92

8.9  Case 9: Staging PET/CT in Lung Cancer with False-
Positive Tuberculous Mediastinal Adenopathy

a b

c

d

Fig. 8.9 Whole body MIP image and fusion PET/CT images show a FDG-avid mass in the right 
lung (arrows in a, b). FDG-avid foci in the mediastinum seen in the MIP image (arrowhead in a) 
correspond to multistation mediastinal nodes on fusion PET/CT images (arrowheads in c, d) sug-
gesting nodal spread of disease. Biopsy from the mediastinal nodes revealed tuberculosis
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8.10  Case 10: Postradiation Therapy Changes  
in Lung Cancer

a b c

d

Fig. 8.10 Pretreatment whole body MIP and fusion PET/CT images show a FDG-avid endobron-
chial soft tissue mass in the left lung (arrows in a, c). PET/CT performed 12 weeks after radiation 
therapy shows complete metabolic and morphologic regression of the lung mass (arrows in b, d). 
Note: FDG-avid postradiation pneumonitis (arrow in d) seen distinct from the site of primary mass
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8.11  Case 11: Locoregionally Advanced Lung Cancer After 
Chemoradiation Therapy, Solitary Distant Failure 
with Complete Response at Primary Site

a b c

d

e

Fig. 8.11 Pre- and post-therapy whole body MIP studies (arrows in a, b) and fusion PET/CT 
studies (arrows in c, d) show complete morphologic and metabolic response at the primary site. 
Post-therapy whole body MIP study and fusion PET/CT studies (arrowheads in b, e) show a soli-
tary metastatic site in the chest wall
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8.12  Case 12: Metastatic Lung Cancer Treated with  
Chemotherapy, Solitary Distant Failure with  
Stable Locoregional Disease

a b c

d

e

f

Fig. 8.12 Pre- and post-therapy whole body MIP studies (arrows in a, b) and fusion PET/CT 
studies (arrows in c, d) show persistent disease at the primary site and mediastinal nodes. Post- 
therapy whole body MIP study and fusion PET/CT studies (arrowheads in b, f) show a solitary 
marrow metastases in the ischial tuberosity. Note: Normal-appearing ischial tuberosity in pretreat-
ment PET/CT (circle in e)
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97© Springer International Publishing AG 2018
A. Agrawal, V. Rangarajan (eds.), PET/CT in Lung Cancer, Clinicians’ Guides to 
Radionuclide Hybrid Imaging, https://doi.org/10.1007/978-3-319-72661-8

Index

A
Adenocarcinoma (ADC), 2

with acinar configuration, 16
histological patterns, 13
recurrent molecular alterations, 18
small biopsy, 16
terminology and criteria, 12

Adenocarcinoma in situ (AIS), 86
Adjuvant chemotherapy, 26
Adjuvant radiotherapy, 26
Attenuation artifacts, 63

B
Bevacizumab, 27
Bronchioloalveolar carcinoma (BAC), 86

C
Chest radiography, 24
Computed tomography (CT), 77
Contrast-enhanced computed tomography 

(CECT), 24

E
Elderly Lung Cancer Vinorelbine Italian 

Study, 27

F
FDG-PET/CT, 42
18F-FDG PET/CT, 48, 50–53

benign etiology, 69
evaluation, 48
incidental findings, 69
infection and inflammation, 63–69
maximum intensity projection, 62, 63
neoplastic pathology, 71
NSCLC, 48

M staging, 50–53
N staging, 48
T staging, 48

prediction, 53
prognostication, 55
radiotherapy planning, 53
restaging/recurrence, 53
SCLC, 55
technical artifacts, 62–63

I
International Association for the Study of 

Lung Cancer (IASLC), 3

L
Large-cell carcinoma, 2
Lung cancer, 1

appropriate site of biopsy, 87
asymptomatic distant metastases, 88, 89
cavitating lesions, 84
in cecum, 91
classification, 2
clinical features, 3
diagnosis, 24
with false-positive tuberculous mediastinal 

adenopathy, 92
locoregionally advanced, 94
mass-like lesions of, 85
metastatic, 95
molecular targets, 17–18
pathologist role, 9–11
pathology, 11
postradiation therapy changes in, 93
risk factor, 2
staging, 24
TNM staging, 5, 25, 36
in urinary bladder, 90
2015 WHO classification of, 11–14

https://doi.org/10.1007/978-3-319-72661-8


98

M
Magnetic resonance imaging (MRI), 24
Management, 25, 26

early-stage lung cancer
nonsurgical, 26
surgery, 25

locally advanced unresectable lung  
cancer, 27

N2 disease, 26
stage IV disease, 27

Metastatic disease, 41–42

N
National Institute for Health and Care 

Excellence (NICE), 2
Neoadjuvant chemotherapy (NACT), 53
Nodal disease, 40–41
Non-small cell lung cancer (NSCLC), 2, 3

classification, 10
genomic classification, 10
immunohistochemical staining, 17
management, 28
M staging, 50–53
N staging, 48
targeted therapy, 28
T staging, 48

P
Pancoast’s tumours, 40
Positron emission tomography (PET), 24

correction methods, 76
isotopes, 78
radioisotope decay, 76
recent developments, 81
reconstruction, 77, 78
respiratory gating, 80
scanners, 75
tracers, 77
true event, 76

Primary tumour
downstaging, 42
mediastinal invasion on CT, 39
metastatic disease, 41–42
nodal disease, 40–41
recurrent disease, 42
superior sulcus tumours, 40

R
Radiation-induced pneumonitis, 67
Radiofrequency ablation (RFA), 26
Radiotherapy, 26
Real-time Position Management (RPM), 81
Recurrent disease, 42
Respiratory artifacts, 62

S
Sarcoidosis, 64
Small cell lung cancer (SCLC), 2

18F-FDG PET/CT, 55
management, 28
staging of, 5

Solitary pulmonary nodule (SPN), 48, 86
Squamous cell carcinoma(s), 2, 12
Stereotactic body radiotherapy  

(SBRT), 26
Superior sulcus tumours, 40

T
Talc pleurodesis, 66
Transoesophageal fine-needle aspiration 

(EUS-FNA), 41
Tuberculosis

cavitating lesions, 84
mass-like lesions of, 85

Tumour downstaging, 42
Tumour, node and metastasis (TNM) 

classification, 3

V
Veterans Administration Lung Cancer  

Study Group (VALSG) staging 
system, 5

Video-assisted thoracoscopic surgery  
(VATS), 26

Vocal cords, 69

W
Warthin’s tumor, 69

Index


	Foreword
	Preface
	Acknowledgements
	Contents
	Editors and Contributors
	1: Lung Cancer: An Overview
	1.1	 Introduction
	1.2	 Subtypes of Lung Cancer
	1.3	 Risk Factors
	1.4	 Clinical Features
	1.5	 Staging of Non-small Cell Lung Cancer
	1.6	 Staging of Small Cell Lung Cancer
	References

	2: Pathology of Lung Cancer
	2.1	 Background
	2.2	 Role of Pathologist in Today’s Era of  Personalized Medicine
	2.3	 New 2015 WHO Classification of  Lung Cancer Recommendations
	2.4	 Molecular Work-Up for the Lung
	References

	3: Management of Lung cancer
	3.1	 Introduction
	3.2	 Diagnosis
	3.3	 Radiological Diagnosis
	3.4	 Pathologic Diagnosis
	3.5	 Staging
	3.6	 Lung Cancer Staging System [9] (Table 3.1)
	3.7	 Management
	3.7.1	 Early-Stage Lung Cancer
	3.7.1.1	 Surgery
	3.7.1.2	 Nonsurgical Management
	Radiotherapy and Stereotactic Body Radiotherapy (SBRT)
	Radiofrequency Ablation
	Adjuvant Chemotherapy
	Adjuvant Radiotherapy


	3.7.2	 Management of N2 Disease
	3.7.3	 Management of Locally Advanced Unresectable Lung Cancer
	3.7.4	 Management of Stage IV Disease
	3.7.5	 Small Cell Lung Cancer

	References

	4: Radiological Imaging in Lung Cancer
	4.1	 Introduction
	4.2	 Imaging of the Primary Tumour
	4.2.1	 CT Features of Mediastinal Invasion on CT
	4.2.2	 Superior Sulcus Tumours (Pancoast’s Tumours)

	4.3	 Imaging of Nodal Disease
	4.3.1	 Nodal Sampling

	4.4	 Imaging of Metastatic Disease
	4.5	 Restaging of Tumours
	4.6	 Imaging of Recurrent Disease
	References

	5: 18F-FDG PET/CT in Lung Cancer
	5.1	 Introduction
	5.2	 Role of 18F-FDG PET/CT in the Evaluation of Solitary Pulmonary Nodule
	5.3	 Staging of NSCLC
	5.3.1	 T Staging
	5.3.2	 N Staging
	5.3.3	 M Staging

	5.4	 Radiotherapy (RT) Planning
	5.5	 Prediction of Response and Treatment Response Evaluation
	5.6	 Restaging/Recurrence
	5.7	 Prognostication
	5.8	 Small Cell Lung Cancer (SCLC)
	References

	6: 18F-FDG PET/CT: Normal Variants, Artifacts, and Pitfalls in Lung Cancer
	6.1	 Introduction
	6.2	 Normal Variants, Artifacts, and Pitfalls in Lung Cancer
	6.2.1	 Technical Artifacts
	6.2.2	 Various False Positives Due to Infection and Inflammation
	6.2.3	 Incidental Findings
	6.2.3.1	 Asymmetrical Vocal Cord Uptake

	6.2.4	 Benign Etiologies Mimicking Distant Metastases in  Lung Cancer
	6.2.5	 False-Negative Neoplastic Pathology

	References

	7: Physics of PET and Respiratory Gating
	7.1	 PET Physics
	7.2	 Reconstruction
	7.3	 PET Tracers
	7.4	 PET Images
	7.5	 Respiratory Gating
	7.6	 Recent Developments
	References

	8: Lung Cancer Pictorial Atlas
	8.1	 Case 1: Lung Cancer and Tuberculosis
	8.2	 Case 2: Mass-Like Lesions of Tuberculosis and Lung Cancer
	8.3	 Case 3: Various Appearances of Adenocarcinoma In Situ: AIS (Bronchioloalveolar Carcinoma, BAC)
	8.4	 Case 4: Use of PET to Direct the Appropriate Site of Biopsy
	8.5	 Case 5: Staging PET/CT in Lung Cancer Detects Asymptomatic Distant Metastases
	8.6	 Case 6: Staging PET/CT in Lung Cancer Detects Asymptomatic Distant Metastases
	8.7	 Case 7: Staging PET/CT in Lung Cancer Detects a Second Primary Malignancy in the Urinary Bladder
	8.8	 Case 8: Staging PET/CT in Lung Cancer Detects a Second Primary Malignancy in the Cecum
	8.9	 Case 9: Staging PET/CT in Lung Cancer with False-Positive Tuberculous Mediastinal Adenopathy
	8.10	 Case 10: Postradiation Therapy Changes in Lung Cancer
	8.11	 Case 11: Locoregionally Advanced Lung Cancer After Chemoradiation Therapy, Solitary Distant Failure with Complete Response at Primary Site
	8.12	 Case 12: Metastatic Lung Cancer Treated with  Chemotherapy, Solitary Distant Failure with  Stable Locoregional Disease

	Index

