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   HISTOPATHOLOGY 
 All types of lung cancer are related to cigarette smoking, although around 
15% of all lung cancers occur in never-smokers. The predominant cell 
types are small cell lung cancer (SCLC) and non-small cell lung cancer 
(NSCLC). NSCLC is divided into two main subtypes, squamous cell 
carcinoma and adenocarcinoma, although most patients are diagnosed 
on small biopsies and in around 10% the histological subtype is non-
evaluable: these NSCLCs are given the subtype ‘not otherwise specifi ed’ 
(NOS). The strongest link with cigarette smoking is seen with squamous 
cell carcinoma. Thirty years ago, squamous cell carcinoma was much 
more common than adenocarcinoma but over the past three decades 
the frequency of adenocarcinoma has greatly increased due to changes 
in smoking habits and tobacco products, and the ratio is now 1.4 to 1. 

  TREATMENT-PREDICTIVE BIOMARKERS 
 Radiologists leading and attending lung cancer multidisciplinary team 
(MDT) meetings should be familiar with the important shifts in treatment 
choices for a variety of primary lung tumours. Many of these treatment 
choices depend on the genetic analysis of tumour cells. Although the 
following information is not primarily related to imaging choices, the 
authors believe that any radiologist involved with lung cancer treatment 
will fi nd this summary helpful in understanding current treatment 
choices that are made in each individual case of primary lung cancer. 

 With advances in tumour genomics and immunology, there is now 
a more comprehensive understanding of the biology of lung cancer, 
mostly in NSCLC. Tumour genetics and immunological biomarkers 
are now routinely tested to predict the optimal systemic therapy for a 

particular tumour and to better understand the natural history of the 
disease. Tumour genetic aberrations (mutations or fusions) may result 
in carcinogenesis and an unregulated drive for cell growth. Inhibiting 
the aberrantly activated proteins translated by these genes, for example 
by administration of oral tyrosine kinase inhibitors (TKIs), results in 
dramatic clinical and radiological responses due to rapid and predict-
able cell death. Such genetic aberrations are predominantly observed 
in adenocarcinomas and rarely observed in other histological subtypes. 
The identifi cation of the histological subtype may also give a potential 
indication of the underlying genetic driver. For example, mucinous 
adenocarcinoma of lepidic subtype is usually driven by KRAS muta-
tions, whilst signet ring-subtype adenocarcinomas are often driven by 
anaplastic lymphocyte kinase (ALK) fusions. Current guidelines suggest 
testing should be routinely undertaken for a variety of genes, including 
epidermal growth factor receptor (EGFR), ALK, ROS1 and BRAF. Due to 
diffi culties in correctly identifying adenocarcinoma from small biopsies, 
guidelines currently recommend testing in non-squamous tumours and 
exceptionally in squamous tumours (e.g. squamous carcinomas in never-
smokers). Despite clinical and pathological features, it is impossible 
to routinely predict underlying genetic changes and thus systematic 
tumour genetic testing has become standard due to the introduction 
of highly effective molecular targeted therapies, often more effective 
than chemotherapy. 

 Programmed cell death ligand 1 (PDL1) is a cell surface marker that 
is found on tumour cells. When present, it binds to PD1 on local T 
cells and inhibits the T-cell antitumour activity. Therefore, the expression 
of PDL1 on cells in a tumour has emerged as an important cancer 
biomarker and a target for immunotherapy. The targeted blockade of 
PDL1 may help to restore the antitumor response. 
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and importantly marked intracranial penetration, obviating the use of 
upfront cranial radiotherapy for patients with CNS metastases. Third-
generation ALK inhibitors are near approval (brigatinib and lorlatinib), 
with potentially more effective CNS control. Through effective use of 
upfront ALK inhibitors the median survival of ALK  +   metastatic NSCLC 
is now 4.5 years, again comparing favourably with around 1 year for 
those without ALK fusions.  

  ROS1 
 Patients with tumour ROS1 fusions are rare, occurring in up to 2% of 
NSCLCs, predominantly seen in adenocarcinomas, never-smokers and 
usually patients below the age of 55. ROS1 fusions result in an activated 
tumour ROS1 kinase. Crizotinib, as well as being an effective ALK 
inhibitor, is also a highly active ROS1 inhibitor. Due to its rarity, no 
randomised trials of drugs in ROS1  +   NSCLC have been performed.  

  BRAF 
 Mutations in BRAF are activating and result in an intracellular signalling 
cascade leading to carcinogenesis. The typical BRAF mutation observed 
is BRAF V600E and is most often observed in malignant melanoma, 
seen in around 40% of cases. BRAF V600E mutations are also observed 
in NSCLC but in around 1% of cases. These tumours are sensitive to 
BRAF kinase inhibitors (viz. dabrafenib or vemurafenib) and activity 
is enhanced with downstream MEK inhibitors (e.g. trametinib). Thus, 
the combination of dabrafenib–trametinib results in near doubling of 
progression-free survival compared with that expected of more con-
ventional chemotherapy. Again, due to its rarity, no randomised trials 
of drugs in BRAF mutant NSCLC have been performed.  

  Programmed Cell Death Ligand 1 
 Tight regulation of the immune system is required to prevent 
autoimmunity and eradicate malignant cells as they are formed. Cancer 
cells evade the immune system through several different mechanisms. 
One of these is by strongly expressing PDL1. This protein is expressed 
on tumour cells and on immune cells (e.g. macrophages and other 
antigen-presenting cells). It binds to PD1 (an immune checkpoint) 
on the T-cell surface, inducing T-cell exhaustion and tolerance. PD1 
or PDL1 inhibitors (ICPIs) disrupt this balance and shift T cells to a 
more activated phenotype, resulting in antitumour immune activity. 
The greater the extent of PDL1 expressed on tumours, the greater 
the potential benefi t from ICPIs, in some cases potentially above 
that of chemotherapy. Indeed, in patients with PDL1 levels  ≥ 50% 
starting treatment with the ICPI pembrolizumab, median survival is 
currently around 3 years compared with 18 months for conventional 
chemotherapy.  

  Re-biopsy 
 Tumours evolve over time and are usually heterogenous at the time of 
diagnosis. Clear evidence now shows that treatments—especially 
molecular targeted therapy—place selection pressures on tumours for 
them to evolve with the acquisition or outgrowth of new mutations 
that result in the translated protein becoming resistant to the drug 
treatment. Examples of these include an EGFR T790M mutation that 
results in resistance to afatinib, erlotinib and gefi tinib, but introduces 
sensitivity to osimertinib. Similarly, resistance to alectinib can be mediated 
through an acquired ALK G1202R mutation, which is sensitive to 
lorlatinib. Moreover, the histological subtype of NSCLC can markedly 
change with treatments. Thus, mechanisms of resistance to EGFR and 
ALK TKIs include transformation to high-grade neuroendocrine 
carcinomas including SCLC or pleomorphic subtype NSCLC. The 
transformed SCLCs harbour the native tumour mutation (EGFR L858R) 
but are rapidly progressive, requiring chemotherapy for treatment. 

 Immune checkpoint inhibitor (ICPI) therapy (the PD1 and PDL1 
inhibitors) is now a standard systemic therapy for NSCLC patients of 
all histological subtypes, either as monotherapy or in combination with 
chemotherapy. The proportion of tumour cells in a tumour biopsy 
specimen that stain positive for (express) PDL1 by immunohistochemistry 
can be a good predictor of benefi t from ICPI, which then determines 
when to use the drug in any individual patient. 

 Although a major risk factor for lung cancer development is smoking, 
the disease is increasingly recognised in never-smokers. These patients 
make up as much of 25% of the lung cancer patients in some populations, 
notably female patients with adenocarcinoma. This type of disease is 
particularly common in Asian patients, with some studies reporting as 
many as 40% of patients to be never-smokers. 

  Epidermal Growth Factor Receptor 
 Mutations in the EGFR gene are routinely tested for in non-squamous 
tumours. They are activating mutations, so termed because they activate 
the EGFR signalling cascade and cause tumourigenesis. However, around 
90% of EGFR mutations result in sensitivity to EGFR TKIs and are 
termed sensitising mutations. There are currently four licensed oral 
TKIs that are highly effective in inhibiting EGFR protein function in 
those with EGFR sensitising mutations—afatinib, erlotinib, gefi tinib 
and osimertinib—all of which are markedly superior to conventional 
chemotherapy with rapid and marked tumour shrinkage rates of around 
90%. Patients with EGFR mutant NSCLC have a high incidence of 
brain metastases at presentation and throughout life. There is an ethnic 
distribution in EGFR mutation prevalence for reasons currently unknown, 
with a higher prevalence in East and South Asian populations (around 
40%–60%) and lower in Caucasian populations (around 5%–10%). 
They are also more often observed in women than men. EGFR TKIs 
are highly effective therapies and their introduction has resulted in the 
median survival of patients with EGFR mutant metastatic NSCLC being 
now around 3 to 4 years, comparing very favourably with around 1 
year observed in non-mutant (wild-type) patients.  

  KRAS 
 Mutations in KRAS are the commonest mutation identifi ed in NSCLC, 
occurring in around 30% of adenocarcinomas, and were one of the 
fi rst mutations identifi ed in NSCLC. KRAS mutations are usually not 
only observed in patients with strong smoking history but also are seen 
in never-smoker adenocarcinomas with lepidic-predominant subtype. 
Unfortunately, despite many hundreds of thousands of patients being 
enrolled into clinical trials of drugs that either directly target KRAS or 
its downstream intracellular signalling components, no drug has been 
proven to effectively prolong patient survival, and KRAS mutations 
currently remain resistant to treatment. KRAS mutant metastatic NSCLC 
are usually associated with a poorer prognosis than non-mutant (wild-
type) cases.  

  Anaplastic Lymphoma Kinase 
 Fusions in the ALK gene (gene rearrangements) result in aberrant 
activation of the transcribed ALK kinase protein and transformation 
into malignancy. ALK fusions are more often seen in never-smokers 
and in younger patients, but with an equal sex distribution. ALK  +   NSCLC 
has a high predilection to central nervous system (CNS) metastases, 
seen in around 40% of patients at presentation. ALK  +   NSCLC is an 
aggressive poor prognosis cancer if treated with standard chemotherapy. 
However, ALK TKIs are highly effective, resulting in rapid and durable 
responses in most patients. The fi rst ALK inhibitor used and proven 
to be markedly superior to chemotherapy was crizotinib. Since then, a 
number of second-generation ALK inhibitors are now licensed (ceritinib 
and alectinib) with even better duration of response than crizotinib 
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to lung cancer. A number of studies have demonstrated that non-smoking 
spouses of smokers have a 20%–30% increase in lung cancer and a 
dose–response relationship has been demonstrated. 

 Huge efforts have been made to reduce smoking rates, and clearly 
never commencing smoking is the aim. There are now almost as many 
former smokers as active smokers in the United States, and cessation 
of smoking reduces all lung cancer risk, especially those most strongly 
associated with smoking, namely SCLC and squamous cell carcinoma. 
It is estimated that the risk of lung cancer will have dropped by 50% 
15 years after ceasing to smoke.  

  General Environmental Pollutants 
 General environmental pollutants have been suggested as a further risk 
factor for lung cancer development. The infl uence of air pollutants has 
been long recognised as an environmental issue. More recently, attention 
has been paid to air quality and particularly to the concentrations of 
fi ne particles within the air that we breathe. Particles of less than 2.5  μ m 
in diameter are strongly associated with lung cancer, especially in 
non-smokers. These particles are particularly associated with diesel 
engine exhaust.  

  Asbestos 
 Asbestos has also long been associated with increased lung cancer risk 
as well as being a known trigger for non-malignant lung and pleural 
disease. Chrysotile fi bres are most closely linked with lung and pleural 
malignancy. The exposure to both asbestos and tobacco is particularly 
carcinogenic and estimates of a 15- to 50-fold increased risk of developing 
lung cancer are frequently quoted.  

  Radon 
 Perhaps the forgotten aetiological agent is  222 Radon, second only to 
smoking as a cause of bronchogenic carcinoma. As radon is in the 
earth ’ s crust, there is little that can be done to alter exposure levels. 
Certain geographical areas, for geological reasons, result in greater 
exposure levels. Data related to radon risk largely come from underground 
workers, where levels are high.   

  LUNG CANCER SCREENING 
  Chest Radiographic Screening 
 There is considerable literature on the use of chest radiography as a 
screening tool for early lung cancer. These trials have been of all varieties, 
including randomised controlled trials (RCTs). Some have been under-
taken in conjunction with sputum cytology. Two early important trials 
were performed in Japan. Although designed differently and coming 
to slightly different conclusions in large numbers of patients, these mass 
screening programmes concluded there was a benefi t associated with 
chest x-ray screening and sputum cytology compared with non-screening. 
These studies were both case-controlled studies. 

 The next landmark study was the Mayo Lung Project performed 
between 1971 and 1983, a RCT on nearly 11,000 patients. Rather than 
a case-control study, this RCT also set out to determine whether chest 
x-ray and sputum cytology provided an effective means of screening 
for lung cancer. Perhaps unusually, patients were randomised into two 
different screening regimes, screened annually or every 4 months for 
6 years, with further follow-up. This study demonstrated a clear stage 
shift in the more frequently screened patients, resulting in a better 
5-year survival, but at 20-year follow-up there was no overall survival 
benefi t. Further large studies from the Memorial Sloan Kettering Hospital, 
the Johns Hopkins lung project and a Czechoslovakian study all had 
insuffi cient statistical power to demonstrate a reduction in mortality 
between screened and non-screened patients. As the question remained 

Finally, another acquired drug resistance mechanism is loss of the 
molecular target through genomic deletion. Thus, ALK  +   tumours with 
acquired resistance to ALK TKIs have been demonstrated to have lost 
the ALK fusion and become ALK wild type, meaning that further 
next-generation ALK inhibitors would not be active whereas conventional 
chemotherapy would be. Therefore it is worthy of note that re-biopsy 
series in patients previously demonstrated to be without treatable tumour 
mutations have demonstrated changes in histological subtype. For 
example, adenocarcinoma may change to squamous cell carcinoma or 
vice versa, resulting in changes in drug options for chemotherapy and 
molecular testing. For these reasons, it has become routine to re-biopsy 
clinically progressing lesions where clinically feasible in patients with 
molecularly driven tumours.         

  NSCLC,  Non-small cell lung cancer;  PDL1 , programmed cell death 
ligand 1;  SCLC,  small cell lung cancer.   

   SUMMARY BOX:   Treatment Predictive Biomarkers  

      •     Emergence of new medical therapies has greatly improved survival for many 
patients with lung cancer.  

  •     These therapies target specifi c genetic aberrations present predominantly 
in adenocarcinomas.  

  •     Biomarker assessment of NSCLC is critical to drug selection.  
  •     As tumours continue to evolve over time and under the infl uence of other 

therapies, it is now common practice to re-biopsy clinically progressing 
lesions in patients with molecularly driven tumours.    

  NSCLC,  Non-small cell lung cancer;  PDL1 , programmed cell death 
ligand 1;  SCLC,  small cell lung cancer.   

   SUMMARY BOX:   Biomarkers in Lung Cancer  
      •     Biomarker testing is required for all stage 3 and 4 NSCLC.  
  •     Biomarker testing is not required for SCLC.  
  •     Tumour EGFR, BRAF, ALK and ROS1 mutations or fusions are druggable 

with oral kinase inhibitors.  
  •     Extent of tumour PDL1 positivity determines if, when, and how to use 

immune checkpoint inhibitors.    

  LUNG CANCER AND OTHER 
ENVIRONMENTAL FACTORS 
  Smoking 
 Smoking, by a large margin, is the major risk factor for lung cancer, 
and a dose relationship has been reconfi rmed several times since the 
hallmark study of Doll and Hill. Cigarettes have changed in composition 
since the 1950s. Cigarette smoke is complex in nature and there are up 
to 60 identifi ed carcinogens in tobacco smoke. Filters are now com-
monplace and nicotine levels have fallen in the tobacco varieties now 
produced. Nicotine itself is not thought to cause tumours, but seems 
to promote their growth. As nicotine is the major dependent pharm-
acological agent in cigarettes, lowering levels combined with the 
introduction of perforated fi lters may have resulted in a habit of greater 
depths of inhalation and in total numbers of cigarettes consumed. As 
a consequence, the prevalence of adenocarcinoma is rising markedly 
and squamous cell carcinoma (and small cell carcinoma) falling in 
parts of the world where ‘light’ cigarettes are more prevalent.  

  Passive Smoking 
 Passive smoking has received considerable attention and is now recognised 
as a major contributor to worldwide morbidity and mortality related 
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 All of these trials have been designed slightly differently, but the 
question, as yet unanswered, is whether this form of screening should 
be rolled out across the general at-risk population. Amongst the many 
other questions that require consideration are the issues around the 
psychological burden of telling a patient they have a small nodule that 
requires follow-up to exclude lung cancer, with no answer likely for at 
least 2 years. 

 CT screening techniques are not perfect and the accuracy of CT 
as a detection technique has resulted in considerable debate. In the 
early days, 10-mm contiguous slices were utilised. Technology has since 
evolved, with multidetector CT (MDCT) being routine and the ability to 
produce contiguous 1-mm collimation images now being commonplace. 
A simple, cheap but very effective technique, now widely employed on 
these narrow section data sets, has been the use of maximum intensity 
projection image (MIP) reconstructions. This technique can be used on 
all CT workstations and most picture archiving and communication 
system (PACS) workstations and has been demonstrated to greatly 
improve conspicuity of nodules. 

 There has also been considerable resource expended on the develop-
ment of computer-assisted diagnosis (CAD). Scrolling through many 
hundreds of images in an attempt to detect small nodules leads fairly 
rapidly to reader fatigue. CAD systems have been shown to augment 
the ability of a radiologist to detect all relevant lesions, by highlighting 
candidate lesions and allowing the radiologist to include or dismiss 
them as appropriate. The corollary of CAD utilisation is high initial 
false-positive rates: many lesions that are highlighted by the CAD system 
are subsequently dismissed by the radiologist. This may not necessarily 
result in a faster assessment, but does improve accuracy overall. 

 In both the screening studies and in general practice, once a nodule 
has been detected, typically between 5 and 8 mm in size, the usual 
practice is to undertake follow-up CT studies and most radiologists 
will follow the Fleischner guidelines or the British Thoracic Society 
(BTS) guidelines for the follow-up of lung nodules. Key differences 
between the systems are highlighted in  Table 8.1    for solid nodules and 
 Table 8.2    for subsolid nodules. 

 The vast majority of detected lung nodules, at least 98%, will be of 
no clinical signifi cance, particularly in low-risk patients. Most of these 
nodules will not increase in size. However, being small, reproducible 
measurements are potentially problematic and therefore accurate 
determination of genuine increase becomes of critical importance in 
managing further follow-up intervals. Most radiologists routinely employ 
2D calliper measurements, but for small nodules this is notoriously 
inaccurate, and is not reproducible either across different readers or 
between the same readers on different occasions, and the technique 
also does not lend itself to non-spherical lesions. Therefore, as well as 
being able to assist in the detection of nodules, computer-assisted 
characterisation tools have also become commonplace, through automatic 
segmentation and volume calculation. This technique, of producing a 
semi-automated nodule volume, is much more reproducible than 2D 
calliper techniques even though others have shown that the technique 
itself, when repeatedly measuring the same nodule, may give varying 
results. However, the practice of routine volumetric assessment is 
beginning to become routine as CT workstation vendors provide the 
relevant software as a standard ( Fig. 8.1   ).  

  Radiation Dose Considerations 
 It is important, at all times but particularly in a screening population, 
where there is a high likelihood of detected nodules being of no sig-
nifi cance, to reduce radiation exposure to a minimum. The use of a 
‘low-dose’ CT technique should be automatic. This can be achieved by 
reducing tube current and tube voltage and increasing pitch. It is also 
important not to over-investigate screening or incidentally detected 

open, the prostate, lung, colorectal and ovarian (PLCO) cancer screening 
trial, recruiting between 1993 and 2001 at 10 screening centres across 
the United States, attempted to resolve whether chest x-ray could be 
used as an effective screening technique for lung cancer and result in 
subsequent reduction in mortality. Unlike previous studies, many of 
the enrolees were never-smokers (45%), or non-smokers (42%), and 
only about 10% were current smokers. Of the total 154,000 men and 
women enrolled, only 24,000 were considered to be of high risk for 
lung cancer. In this study, despite a slight stage shift in the screening 
group, there was no difference in lung cancer deaths between the screened 
group and the usual care group. From these various trials, providing 
some contradictory data, it can be reasonably concluded that chest 
x-ray alone has no useful role in lung cancer screening. Although lung 
cancers may be detected, often at a slightly earlier stage, the eventual 
outcome between screened and non-screened groups is almost 
identical.  

  Computed Tomography Screening 
 Latterly the debate has concentrated on lung cancer screening with 
computed tomography (CT), more recently using a low-dose technique. 
Again, it was the Japanese that led the way with two early trials. These 
studies set the pattern of subsequent CT screening projects. High-risk 
patients were identifi ed, and volumetric CT was undertaken. Detected 
nodules were followed up according to protocol. Very small nodules 
were not followed up, intermediate-sized nodules would continue along 
a screening pathway and subsequent CT at varying intervals, to detect 
growth. Larger nodules would be immediately sampled. Subsequent 
studies, including the landmark Early Lung Cancer Action Project 
(ELCAP) concluded that low-dose CT results in lung cancers being 
diagnosed at an earlier stage and with a higher cure rate than lung 
cancers detected as a result of symptoms. Since then, there have followed 
at least 20 subsequent studies using CT as a screening tool. A full discus-
sion of these trials is beyond the scope of this chapter. However, some 
have had a greater impact than others, most importantly the US National 
Lung Cancer Screening Trial (NLST). This large and well-funded trial, 
by the National Cancer Institute, enrolled 53,454 smokers or ex-smokers 
between the ages of 55 and 74, randomised to low-dose CT or postero-
anterior (PA) chest radiography on an annual basis for 3 years. This 
design is slightly unusual, because there is no non-screening arm, but 
compares two different screening methods. There have been a number 
of important fi ndings to come out of this large trial:
   •     Many patients have a positive screening test, either by x-ray (16%) 

or CT (39%), at least once over the course of 3 years.  
  •     More cancers were detected in the CT arm than the chest x-ray arm.  
  •     Investigation of possible lung cancers resulted in complications in 

both the CT and chest x-ray arms, described as major complications 
in approximately 10% of both groups, undergoing invasive 
evaluation.  

  •     Screen-detected cancers are at an earlier stage in the CT arm compared 
with the chest x-ray arm.  

  •     Adenocarcinomas are more common in the screening population 
than in the symptomatic population.  

  •     There is a 20% reduction in lung-cancer-specifi c mortality in the 
CT group.    
 This study, it is generally agreed, has demonstrated that CT screening 

applied to a carefully targeted group of patients can reduce lung cancer 
mortality. The cost of this approach looms large amongst the other 
questions that await a defi nitive answer. Cost-effective analyses are still 
underway. 

 This is not the end of the story—there are a number of ongoing or 
recently completed European RCTs underway or in preparation from 
Italy, France, Netherlands, Denmark and the UK. 
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programmes. Recently presented data from the Dutch-Belgium NELSON 
lung cancer trial also showed a reduction in lung cancer mortality, 
suggesting the benefi ts of screening may indeed be reproducible outside 
of the NLST trial. 

 What is not yet defi ned is how wide the screening net should be 
cast and which screening frequency is most cost-effective. While the 
NLST screened participants based on age and smoking history, it is 
generally agreed in Europe that a risk-model-based approach should 
be used to target screening, incorporating a number of lung cancer risk 
factors beyond age and smoking. Currently, both in Europe and the 
United States, it is agreed that the patients undergoing screening CT 
should do so according to agreed guidelines. These guidelines also advise 

nodules, and to time follow-up studies appropriately. Furthermore, it 
is sometimes preferable to target the follow-up examination to only 
examine the nodule in question, rather than repeating the CT study of 
the entire thorax.  

  The Future of Screening 
 The NLST screening study has demonstrated a decrease in mortality 
from lung cancer in patients undergoing low-dose CT assessment. The 
resources required to roll out a CT screening programme are huge. 
The medical communities in many countries were waiting to see if the 
results from the NLST trial would be confi rmed by one or more of the 
other ongoing studies in Europe, before the implementation of screening 

 TABLE 8.1      Comparison of the Fleischner Society and British Thoracic Society Approach to 
Solid Nodule Follow Up   

Key differences between the Fleischner Society 2017 and the British Thoracic Society 2015 recommendations for pulmonary nodules
Fleischner 2017 British Thoracic Society guideline 2015

Scope Primarily radiological management Comprehensive management, from imaging to intervention
Applicability Incidentally detected pulmonary nodules All pulmonary nodules regardless of presentation route
Target population Age 35 or older Age 18 or older

  Solid nodules  

Recommended 
sizing method

Average short-axis and long-axis diameter (in the orthogonal plane which 
gives the largest two measurements) 

 Diameter rounded to the nearest whole millimetre 
 (volumetry parameters are also specifi ed)

Volumetry 
 Maximum diameter if volumetry unreliable/unavailable

Size threshold for 
follow-up

6 mm (NB: 5.5 mm or greater would be rounded up to 6 mm) 
  Caveat: Cenain patients at high risk with suspicious nodule morphology. 

Upper lobe location or both may warrant 12-month follow-up 

80 mm 3  or 5 mm 
 Caveat: nodules smaller than this threshold which are 

defi nitely new compared with CT performed within the 
last 1–2 years merit follow-up

Defi nition of 
signifi cant 
growth a 

 ≥ 2 mm diameter  > 25% increase in volume (NB: use diameter 
measurements where volumetry is not possible or 
where there is clear evidence of marked growth)

Follow-up intervals Range of intervals rather than specifi ed interval. 
 Medium (6–8 mm, 100–250 mm 3 ) nodules. Solitary: CT at 6–12 months, 

then CT at 18–24 months (consider need for longer follow-up if high risk) 
 Multiple: CT at 3–6 months, then consider CT at 18–24 months; use largest 

nodule to guide management 
 Larger ( > 8 mm,  > 250 mm 3 ) nodules: consider CT at 3 months, PET/CT or 

tissue sampling. Prespecifi ed intervals (3, 12 and 24 months). Medium 
(5–8 mm, 80–300 mm 3 ) nodules: CT at 3 months: further follow-up based 
on VDT 

 If diameter used, 5–6 mm nodules to be followed at 12 months. No 
separate recommendation for multiple nodules; Brock model incorporates 
nodule count 

 Use largest nodule to guide management. Larger ( > 8 mm,  > 300 mm 3 ) 
nodules: 

 Perform risk estimation with Brock model: risk 10% merits PET/CT: 
subsequent follow-up dictated by Herder model risk assessment. (Herder 
score:  < 10% CT surveillance; 10%–70%—consider image-guided biopsy, 
excision or surveillance;  > 70% consider defi nitive treatment)

Follow-up duration 
(assuming 
interscan stability)

Well-defi ned solid nodules with benign morphology at 12–18 months can be 
discontinued if the nodule is ‘accurately measurable and unequivocally 
stable’

If volumetry reliably used: 
 If volume stable ( < 25% change), discharge at 12 months: 

if VDT  > 600 days, consider discharge but option for CT 
surveillance 

 If diameter used: 
 24-month follow-up

   CT,  Computed tomography;  PET/CT,  positron emission tomography/computed tomography;  VDT,  Volume doubling time.  
 Adapted from Nair A, Devaraj A, Callister MEJ, et al. The Fleischner Society 2017 and British Thoracic Society 2015 guidelines for managing 
pulmonary nodules: keep calm and carry on. Thorax 2018;73:806–812. 



184 SECTION A The Chest and Cardiovascular System

in detail about the management of screening results. The American 
Lung Association has also recently issued guidance on lung cancer 
screening to patients and physicians. In Europe a recent opinion piece 
from the investigators of European screening neatly sets out a framework 
for implementing lung cancer screening programmes, as well as defi ning 
some of the outstanding issues that require further work. The document 
also emphasises the importance of evidence-based nodule management 
guidelines in reducing harm in lung cancer screening, including minimis-
ing recall rates, unnecessary invasive investigations for benign nodules 
and overdiagnosis.      

  PULMONARY NODULES 
  Management of Small Pulmonary Nodules 
 Nodule detection, now an everyday occurrence in patients undergoing 
multislice CT, raises a series of management problems for the referring 

 TABLE 8.2      Comparison of the Fleischner Society and British Thoracic Society Approach 
Recommendations for the Management of Subsolid Pulmonary Nodules   

  Subsolid nodules  

Size threshold for 
follow-up

Single: 6 mm (NB: 5.5 mm or greater would be rounded up to 6 mm) 
 Caveat: in certain suspicious nodules  < 6 mm, consider follow-up at 2 

and 4 years (e.g. risk factors such as Asian populations). If solid 
component(s) or growth develops, consider resection 

 Multiple: now lower threshold

5 mm 
 Caveat: no follow-up even if  ≥ 5 mm if patient unfi t for any 

treatment or stability from previous CT over 4 years 
 No separate recommendation for single or multiple nodules

Follow-up intervals Small ( < 6 mm) single and multiple: 
 CT at 3–6 months 
 If stable, consider CT at 2 and 4 years. Common recommendation for 

both pure ground-glass and part-solid nodules 
 Larger ( ≥ 6 mm,  ≥ 100 mm 3 ): 
    •     Single ground-glass: CT at 6–12 months to confi rm persistence, then 

CT every 2 years  
  •     Single part-solid: CT at 3–6 months to confi rm persistence. If 

unchanged and solid component remains, 6 mm, perform annual CT  
  •     Multiple (ground-glass or part-solid): CT at 3–6 months. Subsequent 

management based on the most suspicious nodule(s)  
  •     Consider resection for growing nodules or those that develop a solid 

component   

Small ( < 5 mm): no follow-up 
 Larger ( ≥ 5 mm): repeat CT in 3 months: 
    •     Stable: assess risk of malignancy with Brock model and 

morphology, patient fi tness and patient preference    
 Caveat: Brock model may underestimate malignancy risk in 

persistent subsolid nodules 
    •     Low risk (approximate Brock estimate  < 10%): CT at 1, 2 

and 4 years from baseline  
  •     High risk (approximate Brock estimate  > 10%) or concerning 

morphology for example, solid component presence or 
growth, pleural indentation, vacuolation, discuss options 
for CT surveillance, image-guided biopsy, resection or 
non-surgical treatment  

  •     Growth: resection, non-surgical treatment or observation 
(see main text for discussion)  

  •     Altered morphology (increasing density/ new solid 
component): favour resection/non-surgical treatment   

Follow-up duration 
(assuming 
interscan stability)

Same recommendation for pure ground-glass and part-solid nodules 
 Single: 5 years. 
 Multiple: dictated by the largest nodule

4 years

Risk assessment  a  Applied to all nodule sizes 
 Modifi ed ACCP guidance: 
    •     Low risk:  < 5%  
  •     High risk:  ≥ 5%    
 Assignment of risk primarily based on known risk factors (age, smoking 

history, family history, nodule morphology, spiculation, upper lobe 
location, emphysema, pulmonary fi brosis). No specifi c model-based 
quantifi cation suggested

For solid nodules, risk assessment only suggested for large 
(8 mm,  > 300 mm 3 ) nodules 

 Brock model: 
    •     Low risk  < 10%  
  •     High risk:  ≥ 10%    
 Herder model following PET/CT: 
    •     Low risk:  < 10%  
  •     Intermediate risk:  ≥ 10%–70%  
  •     High risk:  > 70%   

   a   Denotes parameters where the guidelines differ, which are potentially most likely to create the greatest divergence in management 
recommendations. It should be noted that this is solely the view of the authors, in the absence of evidence comparing the two guidelines.  
   ACCP,  American College of Chest Physicians;  CT,  computed tomography;  PET/CT,  positron emission tomography/computed tomography; 
 VDT,  volume doubling time.  
 Adapted from Nair A, Devaraj A, Callister MEJ, et al. The Fleischner Society 2017 and British Thoracic Society 2015 guidelines for managing 
pulmonary nodules: keep calm and carry on. Thorax 2018;73:806–812. 

   SUMMARY BOX:   Screening  

      •     After many trials, of variable design, there is now fi rm evidence that low-dose 
CT screening can reduce disease-specifi c mortality rates from lung cancer, 
the biggest cause of cancer death in the Western world.  

  •     However, the vast majority of detected nodules are of no importance and 
so much effort has been devoted to determining which nodules need further 
evaluation in order to avoid unnecessary follow-up, additional testing or 
biopsy.  

  •     The resources required to roll out national lung cancer screening programmes 
are huge; patient selection will be of vital importance and high-quality 
services will require much planning and manpower.  

  •     The screening physician might, in the future, be greatly assisted by tools 
emerging from the application of machine-learning techniques to nodule 
detection and analysis.      
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Nodule outline can also be helpful when other features typical of 
intrapulmonary lymphoid material are absent. Concave surfaces on all 
sides or a straight surface of contact with the pleura has also been 
shown to represent benign features. The less spherical a nodule is, 
particularly on volumetric assessment, the less likely a malignant aetiol-
ogy. Flat or tubular nodules are more likely to be benign than round 
nodules. Therefore, solid, subpleural, polygonal nodules with a low 
sphericity index are highly unlikely to be malignant. 

 Cavitation within a nodule can occur in both benign and malignant 
processes. Malignant cavitation is often associated with a thick and 
irregular internal cavity wall, compared with the more uniform cavitation 
associated with benign nodules, although this is not a reliable distinguish-
ing feature.  

  Nodule Contour 
 Nodules without obvious benign morphology may be smoothly margin-
ated, lobulated or spiculated. Smoothly marginated nodules are more 
likely to be benign. Lobulated nodules are more likely to be malignant, 
but there is considerable overlap ( Fig. 8.3   ). Therefore the presence of 
smooth borders is of little practical value. In distinction, spiculation is 
predictive of a malignant aetiology. 

 The presence of central air bronchograms or soap bubble lucency 
centrally within a nodule has been previously evaluated. Multiple spherical 
areas of air may be present in adenocarcinoma, due to the lepidic growth 
pattern of these lesions, where tumour cells have grown along the alveolar 
walls and adjacent airways without fi lling the alveolar spaces. In 
comparison, the presence of air bronchograms, rather than bubble-like 
lucencies, also may be seen in lymphoma, organising pneumonia and 
alveolar sarcoidosis.  

  Nodule Density 
 Certain patterns of calcifi cation are recognised as being highly predictive 
of a benign aetiology. Recognised benign patterns are lamellated, solid, 
central and popcorn-like. Central or lamellated calcifi cation is typically 
indicative of previous granulomatous disease and, similarly, dense solid 
calcifi cation is likely to indicate previous granulomatous infection ( Fig. 
8.4   ). Popcorn calcifi cation usually indicates the presence of a hamartoma 
and these lesions may also contain convincing evidence of internal fat 
density. When fat is present in a lesion of less than 2.5 cm in diameter, 
then, particularly if the lesion is PET negative, further evaluation is not 
required, but most hamartomas do not demonstrate this helpful 
characteristic. Calcifi cation, which is eccentric or stippled within an 

physician and reporting radiologist. The widely adopted Fleischner 
Society Recommendations from 2005 have now been updated (2017) 
and supplemented by the BTS (2015). 

 In evaluating a pulmonary nodule, it is helpful to bear in mind 
likely causes. Assessment of nodular morphology and characteristics 
can also provide useful information, though nodule size is often the 
dominant parameter in guiding management. Regardless of guidelines, 
the management of incidental pulmonary nodules can be categorised 
into one of three options: (1) no further action required; (2) CT surveil-
lance; or (3) further investigation with, for example, positron emission 
tomography (PET)/CT and biopsy.  

  Nodule Size and Growth Rate 
 Small nodules are very unlikely to be due to malignancy. Indeed, screening 
studies have demonstrated that malignancy in nodules of less than 
5 mm in size (or 80 mm 3 ) is so low, and these nodules are so common, 
that follow-up is not generally recommended. However, this does not 
necessarily hold true in patients with a known primary malignancy 
elsewhere. Most benign nodules measure less than 2 cm in diameter 
and the smaller the nodule is, the more likely it is to be benign. The 
use of volumetry to measure nodule size is advocated in the BTS 
guidelines not only to measure nodule size at detection, but also to 
enable calculation of volume doubling time (VDT) at follow-up. Growing 
nodules with a VDT of less than 600 days are signifi cantly more likely 
to be malignant that slower-growing nodules, although some indolent 
adenocarcinomas (usually manifesting as subsolid nodules) are recognised 
to have considerably prolonged VDTs. Because of the impact of CT 
acquisition parameters, such as reconstruction kernel and slice thickness 
on volumetry algorithms, the use of volumetry applications to measure 
nodule size does require use of reproducible CT protocols at baseline 
and follow-up.  

  Location, Shape and Morphology 
 Perifi ssural nodules are a recognised entity following CT screening 
studies. These small subpleural nodules have been shown to frequently 
represent intrapulmonary lymphoid tissue or complete intraparenchymal 
lymph nodes. Characteristic features of intraparenchymal lymph nodes 
( Fig. 8.2   ) are nodules less than 15 mm from the pleural surface, being 
ellipsoid in shape and usually being connected to the pleural surface 
by a fi ne linear opacity and usually in the lower lobes. Follow-up studies 
of nodules of this variety, detected during the Nelson Screening Trial, 
demonstrated that no perifi ssural nodules developed into lung cancer. 

CBA

    Fig. 8.1      Example of Automatic Segmentation and Volume Calculation of a Right Upper Lobe Nodule.   
  (A) The solid component of a part solid nodule has been automatically segmented. (B) The volume has been 
calculated and expressed in cubic millimetres. (C) The follow-up study 1 year later has enabled comparison 
with the original study and calculated the increase in volume ( + 49%).            
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ground-glass nodules  may be grouped together under the term  subsolid 
nodules . The Fleischner Society and BTS have now published guide-
lines on the management of these subsolid nodules, recognising that 
such subsolid nodules may represent early forms of adenocarcinoma. 
Because of the relevance of the current classifi cation of lung adenocar-
cinoma to the management of subsolid nodules, the new classifi cation 
will be considered here. The new classifi cation eliminates the term 
bronchoalveolar carcinoma and mixed subtype adenocarcinoma and 
now divides adenocarcinoma into the following categories:
   •      Pre-malignant lesions.  This includes atypical adenomatous hyper-

plasia and adenocarcinoma in situ. These lesions are 1 cm or less 
in diameter and histology manifests pure lepidic growth with no 
solid components. These will appear as pure GGN on CT. Both the 
Fleischner and BTS guidelines recommend that small GGNs ( < 5 or 
6 mm) do not require surveillance.  

area of soft-tissue density, may be seen in malignancy. Very occasionally 
metastases from bone-forming or cartilage-forming tumours may present 
a benign pattern of calcifi cation, but usually there is a relevant history.  

  Subsolid Nodules 
 A focal area of increased lung attenuation, which may be well or poorly 
defi ned but through which normal structures can still be discerned, 
is typically referred to as a ground-glass density. If localised and 
round, the opacity may be described as a ground-glass nodule (GGN) 
( Fig. 8.5   ). If an area of ground-glass density includes a solid component 
that does obscure lung architecture, this may be termed a part-solid 
nodule. In the literature both  pure ground-glass nodules  and  part-solid 
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    Fig. 8.2      Intrapulmonary Lymph Node.     Small ellipsoid perifi ssural nodule with concave surfaces on computed 
tomography (CT) corresponds to an intraparenchymal lymph node. (A) Transverse axial CT. (B) Coronal 
reformat. Features of intrapulmonary lymph nodes include triangular or oval shape, sometimes with a fl at or 
lentiform confi guration on coronal or sagittal reformats. There is often a fi ne linear extension to the pleura. 
(C) In these circumstances CT follow-up is not recommended.            

  Fig. 8.3      Computed tomography demonstrates a mildly lobulated nodule 
with calcifi cation in the left lower lobe, which corresponds to a hamartoma.        

  Fig. 8.4      Granuloma.     Focal dense solid parenchymal calcifi cation on 
chest computed tomography indicates previous granulomatous infection.        



CHAPTER 8 Pulmonary Neoplasms 187

  •     Invasive mucinous adenocarcinoma, an entity formerly described 
as mucinous bronchioalveolar carcinoma and considered as a 
separate group from the non-mucinous types above.       

 Prognosis of patients with adenocarcinoma in situ or minimally 
invasive adenocarcinoma (characterised on CT as pure ground-glass 
lesion) is excellent; these patients should have almost 100% disease-free 
survival. Invasive adenocarcinoma has a variable outlook, and to some 
extent this depends on the histological subtype.  

  Pericystic Tumours 
 Malignant nodules developing in the walls of cystic areas of lung 
destruction may result in delayed diagnosis ( Fig. 8.6   ). The presence of 
a subtle soft-tissue element in the wall of a cystic space may be diffi cult 
to recognise initially. These lesions are usually due to adenocarcinoma. 
The cystic component may be due to an emphysematous bulla, fi brotic 
cavity, bronchiectatic airway or subpleural bleb. As the neoplastic 
component of these lesions is small, percutaneous or bronchoscopic 
confi rmation of malignancy may be problematic and biopsies are rela-
tively high risk. The entity of a pericystic tumour has become more 
widely recognised because of the various lung cancer screening pro-
grammes, but as yet there are no specifi c guidelines for the management 
of this morphological subtype. 

 Detailed discussion of nodule assessment and follow-up is beyond 
the scope of this chapter but there are excellent reviews of the Fleischner 
Society and BTS 2015 guidelines for managing pulmonary nodules (see 
Further Reading).   

  OTHER FORMS OF NODULE ASSESSMENT 
  Nodule Enhancement 
 Contrast-enhanced CT is an effective management tool in the assessment 
of lung nodules. In essence, malignant nodules will demonstrate 
enhancement, as will some benign nodules. If there is no enhancement, 
malignancy is effectively excluded. This technique works well in soft-tissue 
density nodules, but is less applicable to nodules containing calcifi cation, 
cavitation or ground-glass opacity. The possibility of generating a virtual 
unenhanced data set, using dual-energy CT, has been investigated as a 
means to reduce radiation exposure yet provide similar information to 
acquisitions before and after intravenous contrast administration. 
Although nodule enhancement has been demonstrated to be practical, 
in practice it has largely been superseded by PET/CT evaluation.  

  Positron Emission Tomography/Computed Tomography 
 PET/CT is now an essential tool in the management and the work-up 
of patients with possible pulmonary malignancy. It forms part of the 
standard staging in patients with proven or suspected lung cancer but 
is also a frequently utilised tool in the work-up of patients with an 
indeterminate lung nodule. The commonest isotope utilised is 2-deoxy-
2-[ 18 F]fl uoro- D -glucose, a glucose analogue, with the positron-emitting 
radioactive isotope fl uorine-18 substituted for the normal hydroxyl 
group at the 2 ′  position in the glucose molecule, commonly referred 
to as FDG. The technique relies on increased uptake in neoplastic nodules 
( Fig. 8.7   ). Increased uptake also occurs within many infl ammatory 
processes. Nevertheless, the utility of PET/CT has been documented, 
in a number of studies, to have sensitivities of 90% and specifi cities of 
83% for a diagnosis of malignancy. However, in the context of small 
nodules, FDG results must be interpreted with some caution, as nodules 
of less than 1 cm are more likely to result in a false-negative interpretation, 
particularly with certain lower-grade adenocarcinoma subtypes and 
carcinoid tumours. The application of PET/CT for nodules of less than 
6 mm is currently not justifi ed. In the context of lung disease, sarcoidosis, 
granulomatous infection and a number of infl ammatory processes are 

  •      Malignant lesions , divided into the following:
   •     Minimally invasive adenocarcinoma, with predominantly (in 

distinction to pure) lepidic growth, 3 cm or less, and with invasive 
components of no more than 5 mm. These are generally subsolid 
nodules on CT, with a solid component usually less than 5 mm. 
Because these types of lesion may grow slowly, both the Fleischner 
and BTS guidelines recommend longer-term follow-up (up to 
5 years) for part-solid nodules (see  Fig. 8.5B ). The presence of 
new or enlarging solid components within a GGN or part-solid 
nodule is typically regarded as a marker of nodule growth requir-
ing further investigation and/or treatment.  

  •     Invasive adenocarcinomas, subclassifi ed as predominantly lepidic, 
acinar, papillary, micropapillary and solid types.  

B
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   Fig. 8.5      (A) Pure ground-glass opacity (GGO). A focal area of increased 
lung attenuation on computed tomography (CT) through which normal 
structures can be discerned is termed ‘pure ground-glass opacity’. (B) 
Solitary part-solid nodule. CT follow up is required. This lesion started 
as a pure GGO and now has soft-tissue density centrally. Minimally 
invasive adenocarcinoma on resection.          



188 SECTION A The Chest and Cardiovascular System

ED

CBA

      Fig. 8.7       18 F-Fluororodeoxyglucose Positron Emission 
Tomography/Computed Tomography (FDG PET/CT) 
Imaging.     (A) CT in 2012 undertaken for investigation for 
possible interstitial lung disease. No lesion is present. (B) 
CT in 2018 demonstrates an irregular soft-tissue nodule. 
This requires further investigation: multidisciplinary team 
decision PET/CT. (C) Fused image from  18 F-FDG PET/CT 
scan demonstrates a standardised uptake value of 7.8. 
(D) The attenuation correction CT component of the study 
is of lower resolution than the diagnostic CT. (E) Repre-
sentative maximum intensity projection (MIP) image from 
the PET component demonstrates additional lung and 
mediastinal nodal involvement.                

BA

   Fig. 8.6      Example of a Pericystic Neoplasm.     (A) Area of right upper lobe cystic lung destruction with no 
soft-tissue elements. (B) Just over 1 year later there is irregular soft-tissue wall thickening associated with 
radiating strands to the pleural surface. Confi rmed as adenocarcinoma on resection.          



CHAPTER 8 Pulmonary Neoplasms 189

despite no change in size, it would instead be designated a T4 tumour. 
For the radiologist, the distinction between a T3 tumour and a T4 
tumour requires careful thought in certain locations. For example, any 
invasion of the mediastinum is a T4 descriptor. Phrenic nerve involvement 
is a T3 descriptor, yet many radiologists would consider that the phrenic 
nerve lies within the mediastinum. However, the TNM 8th edition 
clearly states that the fi brous pericardium and phrenic nerve involvement 
indicates T3 stage. 

 Assessment of pleural and chest wall invasion has long been recognised 
as a diffi cult task for CT analysis. Where there is obvious soft-tissue 
extension into the intercostal muscles or bone destruction, the issue is 
easily resolved. Subtle chest wall parietal pleural invasion is more diffi cult 
to defi ne and magnetic resonance imaging (MRI), high-resolution 
targeted ultrasound and even diagnostic artifi cial pneumothorax may 
be helpful. 

 Pancoast (superior sulcus) tumours are individually staged according 
to the involved tissues. For example, an apical tumour with parietal 
pleural involvement is defi ned as a T3 lesion, but a similar tumour 
extending into a vertebral body or involving subclavian vessels becomes 

recognised as resulting in signifi cant PET FDG avidity. A risk prediction 
model called the Herder model integrates PET/CT results along with 
nodule size and other risk factors to predict the likelihood of nodule 
malignancy in lung nodules. The use of the Herder model to guide 
further management is recommended in the BTS guidelines.  

  Tissue Sampling 
 Tissue sampling of nodules that are both accessible and of a size, shape 
and morphology to suggest the possibility of malignancy may be under-
taken transbronchially, surgically or percutaneously with radiological 
guidance. Central lesions may be amenable to bronchoscopic biopsy but 
even perihilar nodules, in the absence of an endoluminal component, 
remain very challenging for bronchoscopic diagnosis. Bronchoscopic 
biopsy of peripheral lung cancer using conventional techniques is also 
highly problematic. Percutaneous fi ne-needle or cutting-needle biopsy 
has been demonstrated as an accurate technique for the identifi cation 
of malignancy, but not all nodules are suitable for this approach. When 
a fi nal diagnosis of lung cancer is eventually established, a previous 
aspiration biopsy has a 90% likelihood of providing confi rmation of 
a malignant diagnosis. There is a very low false-positive rate but there 
is a recognised and troubling false-negative rate. Transthoracic needle 
biopsy remains an essential tool in the management part of indeterminate 
nodules. Multidisciplinary team discussion of the relative merits of a 
follow-up strategy, further imaging, percutaneous or bronchoscopic 
diagnostic procedures or surgical resection for an individual lung nodule 
remains the ideal management step in this common problem. 

 Decisions regarding further investigation of pulmonary nodules also 
can be helpfully guided by the pre-test probability of malignancy: most 
importantly, previous known malignancy, patient age and smoking 
history. The use of risk management modelling has been previously 
studied, incorporating various risk factors, but all methods reported 
to date confi rm that a signifi cant current or previous smoking history 
in an elderly patient with a nodule diameter of more than 1 cm are all 
highly suggestive of a malignant aetiology.   

  LUNG CANCER STAGING—THE 8TH EDITION OF 
THE TNM STAGING SYSTEM 
 The new 8th edition of the TNM staging system (2016) has introduced 
a number of changes from the 7th edition. The current descriptors are 
shown in  Table 8.3   , with features that have changed in bold. As before, 
the TNM classifi cation may be based on clinical assessment (cTNM), 
imaging features (iTNM), or defi nitive pathological staging (pTNM). 
There are even designations for restaging after treatment (yTNM), and 
restaging after recurrence (rTNM). These prefi xes can be combined; 
for example, a patient pathologically restaged after treatment has a 
ypTNM classifi cation. 

 Changes from the 7th edition include refi nement of the T descriptor, 
which is now subdivided into 1 cm increments up to 5 cm (T2b). T3 
tumours are 5–7 cm and T4 tumours greater than 7 cm. The measure-
ments relate to the largest dimension of the solid portion of the tumour. 
There are also qualifi ers based on invasion into adjacent structures. 
Visceral pleural or main bronchus invasion (not carina), as well as 
atelectasis to the hilum, are T2 descriptors. Chest wall, pericardial sac 
and phrenic nerve invasion, as well as separate tumour nodules in the 
same lobe, are T3 descriptors. Tumours invading the mediastinum, 
diaphragm, heart, great vessels, recurrent laryngeal nerve, carina, trachea, 
oesophagus and spine are T4 lesions, as are less-extensive lesions with 
tumour nodules in a different ipsilateral lobe. Therefore a 3.5 cm tumour 
in the mid part of the right lower lobe would be a T2a tumour, but if 
the same tumour was associated with pericardial invasion it would 
become a T3 tumour. If the tumour had involved the oesophagus, 

 TABLE 8.3      TNM 8th: Primary Tumour 
Characteristics   

 Tx  Tumour in sputum/bronchial washings but not be 
assessed in imaging or bronchoscopy 

 T0  No evidence of tumour 
 Tis  Carcinoma in situ 
T1  ≤ 3 cm surrounded by lung/visceral pleura, not involving main 

bronchus
 T1a(mi)  Minimally invasive carcinoma 
 T1a   ≤ 1 cm 
 T1b   > 1 to  ≤ 2 cm 
 T1c   > 2 to  ≤ 3 cm 
T2  > 3  to  ≤ 5 cm   or  

  involvement of main bronchus without carina, 
regardless of distance from carina  or invasion visceral 
pleural  or  

 atelectasis post-obstructive pneumonitis extending to hilum
 T2a   > 3 to  ≤ 4 cm 
 T2b   > 4 to  ≤ 5 cm 
T3   > 5 to  ≤ 7 cm in greatest dimension   or  

 tumour of any size that involves chest wall, pericardium, 
phrenic nerve  or  

 satellite nodules in the same lobe
T4   > 7 cm in greatest dimension   or  

 any tumour with invasion of mediastinum,  diaphragm , heart, 
great vessels, recurrent, laryngeal nerve, carina, trachea, 
oesophagus, spine  or  

 separate tumour in different lobe of ipsilateral lung
N1 Ipsilateral peribronchial and/or hilar nodes and intrapulmonary 

nodes
N2 Ipsilateral mediastinal and/or subcarinal nodes
N3 Contralateral mediastinal or hilar; ipsilateral/contralateral 

scalene/supraclavicular
M1 Distant metastasis
M1a Tumour in contralateral lung or pleural/pericardial nodule/

malignant effusion
 M1b  Single extrathoracic metastasis, including single 

non-regional lymph node 
 M1c  Multiple extrathoracic metastases in one or more organs 

  TNM 8th edition.  



190 SECTION A The Chest and Cardiovascular System

a T4 lesion. Because of the importance of this differentiation, the utility 
of multiplanar reformatted images on CT and targeted MRI examination 
has been highlighted. 

  Additional Pulmonary Nodules in the Presence 
of Lung Cancer 
 In the 7th edition, nodules in the same lobe as the primary tumour 
conferred T3 status (unchanged in the 8th edition). A nodule in the 
ipsilateral lung but in a different lobe, whilst predicting a poor 5-year 
survival, confers a slightly better outlook than M1 disease of other 
types. Therefore, the combination of a primary lesion with a further 
nodule within an ipsilateral different lobe remains described as T4 
disease in the 8th edition.  

  N Descriptors 
 Nodes are described as either N0 (no involvement), N1 (nodes up to 
and including hilar stations), N2 (ipsilateral mediastinal nodes) or N3 
(contralateral mediastinal or hilar nodes and supraclavicular or scalene 
nodes). Nodes beyond these stations are designated M1 nodes. The 
nodal mapping system used by the American Thoracic Society (ATS) 
is given in  Fig. 8.8   . Note the following:
   •     Supraclavicular and sternal notch nodes are designated station 1.  
  •     There is a shift of the midline for designation of right and left level 

2 and level 4 nodes such that the ‘midline’ lies at the left lateral 
border of the trachea. Therefore a lymph node lying directly anterior 
to the trachea using the 8th edition nodal map would be designated 
as a right paratracheal lymph node.  

  •     Station 7 is defi ned by the undersurface of the carina superiorly. 
The lower border of station 7 is the upper border of the lower lobe 
bronchus on the left and the lower border of the bronchus intermedius 
on the right.  

  •     Hilar lymph nodes are those adjacent to the mainstem bronchus 
and hilar vessels, including the proximal portions of the pulmonary 
veins and main pulmonary artery, with station 10R on the right and 
station 10L on the left. The upper border of station 10R is the lower 
rim of the azygos vein, and the upper border of station 10L is the 
upper rim of the pulmonary artery on the left. The lower borders 
of stations 10R and 10L are the interlobar regions bilaterally.    
 For more detail, readers are referred to El-Sherief et al. 2013 (see 

further reading).  

  M Descriptors 
 M disease is now divided into:
   •     M1a, indicating additional tumour nodule(s) in the contralateral 

lung or pleural or pericardial nodules or malignant effusions.  
  •     M1b, indicating a single extrathoracic metastasis, including in a 

non-regional lymph node, and  
  •     M1c, indicating multiple extrathoracic metastases in one or more 

organs.    
 These staging changes are related to more comprehensive examination 

of survival patterns, a direct result of the larger databases from which 
the 7th edition, and now the 8th edition, have been derived. The stage 
groups from the 8th TNM classifi cation are shown in  Table 8.4   .  

  Small Cell Lung Cancer 
 SCLC presents a different phenotype to NSCLC. It is relatively common 
(15%–20% of all lung cancers). The disease is characterised by rapid 
growth rate, early metastatic spread and an association with smoking. 
Characteristically, these tumours are initially responsive to radiation 
and chemotherapeutic treatment but are also associated with early 
recurrence. In the 7th edition of the lung cancer TNM staging, SLCLC 
was divided simply into limited disease and extensive disease groups. 

  Fig. 8.8      American Thoracic Society nodal map for use with the 8th 
tumour node metastasis staging classifi cation for lung cancer staging. 
Supraclavicular nodes.     1. Low cervical, supraclavicular and sternal 
notch nodes. From the lower margin of the cricoid to the clavicles and 
the upper border of the manubrium. The midline of the trachea serves 
as border between 1R and 1L. Superior Mediastinal Nodes 2-4: 2R. 
Upper Paratracheal. 2R nodes extend to the left lateral border of the 
trachea. From upper border of manubrium to the intersection of caudal 
margin of innominate (left brachiocephalic) vein with the trachea. 2L. 
Upper Paratracheal. From the upper border of manubrium to the superior 
border of aortic arch. 2L nodes are located to the left of the left lateral 
border of the trachea. 3A. Pre-vascular. These nodes are not adjacent 
to the trachea like the nodes in station 2, but they are anterior to the 
vessels. 3P. Pre-vertebral. Nodes not adjacent to the trachea like the 
nodes in station 2, but behind the esophagus, which is prevertebral. 
4R. Lower Paratracheal. From the intersection of the caudal margin of 
innominate (left brachiocephalic) vein with the trachea to the lower 
border of the azygos vein. 4R nodes extend from the right to the left 
lateral border of the trachea. 4L. Lower Paratracheal. From the upper 
margin of the aortic arch to the upper rim of the left main pulmonary 
artery. Aortic Nodes 5-6: 5. Subaortic. These nodes are located in the 
AP window lateral to the ligamentum arteriosum. These nodes are not 
located between the aorta and the pulmonary trunk but lateral to these 
vessels. 6. Para-aortic. These are ascending aorta or phrenic nodes lying 
anterior and lateral to the ascending aorta and the aortic arch.  

Inferior Mediastinal Nodes 7-9. 7. Subcarinal. 8. Paraesophageal. 
Nodes below carina. 9. Pulmonary Ligament. Nodes lying within the 
pulmonary ligaments. Hilar, Lobar and (sub)segmental Nodes 10-14: 
These are all N1-nodes. 10. Hilar nodes. These include nodes adjacent 
to the main stem bronchus and hilar vessels. On the right they extend 
from the lower rim of the azygos vein to the interlobar region. On the 
left from the upper rim of the pulmonary artery to the interlobar region.    
   (Source: Redrawn from Radiology Assistant.  https://radiologyassistant.
nl/chest/lung-cancer-tnm-8th-edition )   
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 Carcinoids arising in central bronchi (80%–90% of cases) often 
show a larger mass external to the bronchus than within the lumen 
(so-called ‘iceberg’ lesions), and the extrabronchial component may be 
visible as a hilar mass ( Fig. 8.9   ). Central lesions usually produce partial 
or complete bronchial obstruction, resulting in atelectasis with or without 
pneumonia. Central bronchial obstruction may be complicated by 
development of distal bronchiectasis or lung abscess. Occasionally, a 
bronchial carcinoid in a segmental or subsegmental bronchus may 
obstruct bronchial secretions, thereby causing a mucocele. 

 Peripheral lesions (10%–20% of carcinoids) present as solitary 
spherical or lobular nodules, 2–4 cm in diameter, with a well-defi ned 
smooth edge (see  Fig. 8.9 ). Non-calcifi ed peripheral bronchial carcinoid 
tumours closely resemble bronchial carcinomas, both radiologically 
and cytologically, and are therefore frequently removed surgically in 
the belief that they are carcinomas.  

  Summary 
 The use of the 8th edition of the AJCC TNM staging system in NSCLC, 
SCLC and bronchopulmonary carcinoid informs the stage grouping 
system that guides treatment choices. Since the adoption of the 8th 
edition TNM descriptors, the group staging has become more complex. 
These stage groupings are of relatively little importance for the thoracic 
radiologist in day-to-day practice but will have a signifi cant effect in 
some patients in determining treatment options and trial eligibility.   

  IMAGING PROTOCOLS FOR LUNG 
CANCER STAGING 
 Clinical features vary with cell type and extent of disease. Approximately 
25% of patients are asymptomatic at the time of diagnosis, following 
the discovery of an abnormality on a chest radiograph or CT. Pneumonia 
is another common presentation. Cough, wheeze, haemoptysis, symptoms 
of pneumonia and paraneoplastic syndromes, such as the inappropriate 
secretion of antidiuretic hormone or a peripheral neuropathy, are the 
cardinal symptoms at a stage when lobectomy or pneumonectomy may 
be curative. Hoarseness, chest pain, brachial plexus neuropathy and 
Horner syndrome (Pancoast tumour), superior vena caval obstruction, 
dysphagia and the problems of pericardial tamponade indicate invasion 
of the mediastinum or chest wall and a much poorer prognosis. 

 The chest radiograph will remain the initial investigation in all 
patients suspected of lung cancer. As the lung cancer screening studies 
have shown, the ability of a chest radiograph to detect all lung cancers 
is distinctly limited. Therefore the mainstay of staging investigation for 
a patient with suspected lung cancer (in distinction to patients undergoing 
lung cancer screening) is contrast-enhanced CT supplemented by PET/
CT and MRI when required. In certain circumstances ultrasound 
assessment of peripheral tumours and supraclavicular lymph nodes 
adds further useful information. 

  The Current Standards of Computer 
Tomography Technology 
 The current standard of CT technology is a multislice (usually at least 
64 detector rows) CT system, able to acquire submillimetre collimation 
images through the thorax in a short breath-hold. The decision to include 
abdominal, pelvic and intracranial assessment varies from centre to centre. 
However, a comprehensive brain, chest, abdomen and pelvis acquisition 
can be undertaken in very short order and the main rate-limiting steps 
are now patient identifi cation, preparation and documentation rather 
than the acquisition of the data sets. Most institutions will routinely 
use intravenous contrast agents, although this is not mandatory. Not 
infrequently, diffi culty with venous access, asthma, allergy or previous 
contrast reaction and impaired renal function will prevent contrast 

Limited disease indicates disease confi ned to one hemithorax but includes 
contralateral mediastinal and supraclavicular nodes and malignant 
pleural effusions. Patients with disease beyond these parameters are 
described as having extensive disease. Patients with limited disease 
typically receive chemotherapy and possibly radiotherapy. Patients with 
extensive disease will have chemotherapy alone. It is possible to stage 
SCLC using the same TNM system utilised for NSCLC, but this is not 
likely to be important for decision-making purposes. Surgery is sometimes 
an option for SCLC in localised disease.  

  Bronchopulmonary Carcinoid Tumour 
 Bronchopulmonary carcinoid tumours are staged in the same way as 
NSCLC and is also classifi ed under the 8th edition of the American Joint 
Commission on Cancer (AJCC) TNM staging system. Carcinoid tumours 
are potentially malignant neuroendocrine tumours. The spectrum of 
disease ranges from low-grade typical carcinoids, through atypical 
carcinoids to higher-grade large cell and small cell carcinomas. The 
distinction between these neuroendocrine tumours is based on pathologi-
cal analysis. The fi eld is also slightly complicated by the relatively small 
numbers available for analysis and the phenomenon of preinvasive lesions 
seen in diffuse idiopathic pulmonary neuroendocrine-cell hyperplasia 
(DIPNECH), to be distinguished from genuine metastatic disease. The 
presence of multiple small nodules of less than 5 mm in size in association 
with mosaic attenuation pattern within the lungs in the setting of a 
known carcinoid tumour should raise the possibility of DIPNECH. 

 Bronchial carcinoids are uncommon, constituting less than 5% of 
pulmonary tumours. The peak age at diagnosis is in the fi fth decade, 
but the age range is wide and includes children. Two forms of bronchial 
carcinoid are described: typical (85% to 90%) and atypical (10% to 
15%). Typical carcinoids most commonly arise in central airways. Atypical 
carcinoids usually arise in the lung periphery. Bronchial carcinoids can 
invade locally and may metastasise to hilar and mediastinal lymph 
nodes as well as to the brain, liver and bone. The atypical carcinoids 
have histological and clinical features intermediate between typical 
bronchial carcinoid and small cell carcinoma of the lung and have a 
poorer prognosis. 

 Bronchial carcinoid may present with wheeze, pneumonia or haem-
optysis. Even when small, tumours may secrete adrenocorticotrophic 
hormone (ACTH) in suffi cient quantities to cause Cushing syndrome. 
Carcinoid syndrome is very rare if the tumour is still confi ned to the lung. 

 Radiographic appearances vary with location of the tumour. There 
is no lobar predilection and on rare occasions carcinoids may arise in 
the trachea. Bronchial carcinoids, particularly those located centrally, 
may calcify and occasionally ossify. Calcifi cation is seen on CT in up 
to one-third of cases, but is only occasionally visible on chest radiography. 
Marked contrast enhancement may be seen on CT. 

 TABLE 8.4      Stage Groupings From the 8th 
Edition of the TNM Staging Scheme   

N0 N1 N2 N3
T1 IA IIB IIIA IIIB
T2a IB IIB IIIA IIIB
T2b IIA IIB IIIA IIIB
T3 IIB IIIA IIIB IIIC
T4 IIIA IIIA IIIB IIIC
M1a IVA IVA IVA IVA
M1b IVA IVA IVA IVA
M1c IVB IVB IVB IVB

  TNM 8th edition.  
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 The PET/CT technique is similar for the CT acquisition of the study, 
which is usually obtained from skull base to upper thigh. If the patient 
is also undergoing a conventional CT, the CT acquisition for PET co-
registration can be low dose and unenhanced. As the PET component 
of the acquisition takes considerably longer than the CT acquisition, 
in this situation the unenhanced low-dose CT will usually be undertaken 
during gentle respiration, to allow optimum co-registration with the 
PET data. Usually the PET acquisition takes between 5 and 7 bed couch 
positions, with each position taking up to 5 minutes, and therefore the 
whole study may take up to 35 minutes to acquire. More modern systems 
achieve the entire study in considerably less time. 

 MRI of the thorax is usually undertaken to answer a particular 
question as a problem-solving tool. In the context of lung cancer staging, 
the MRI study is often to assess superior sulcus tumours, chest wall or 
thoracic invasion or to assess the integrity of the diaphragm. Usually 

administration. A standard thoracic CT will be undertaken with the 
patient in the supine position and the arms elevated. Imaging planning 
and dose reduction optimisation require an anteroposterior (AP), and 
sometimes a lateral scout projection. If contrast medium is administered, 
then image acquisition is timed to optimise opacifi cation of central 
pulmonary vasculature (usually 20–30 seconds). If an abdominal and 
pelvic study is also undertaken, this component is best acquired during 
the portal venous phase of contrast enhancement (65 seconds). This will 
require two short breath-holds and two pre-planned acquisition ranges 
with some overlap at the lung bases. Alternative injection protocols 
combined with fast CT scanners now allow a single volumetric acquisition 
with both arterial and portal venous phase enhancement simultaneously. 

 The ability to produce isotropic voxels allows multiplanar reformatting 
to be undertaken as a routine, either by the radiographic staff or at the 
time of reporting by the radiologist. 
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     Fig. 8.9      Carcinoid Tumour.     (A) A tumour is partially occluding the left main bronchus. (B) A well-defi ned 
perihilar carcinoid tumour  (arrows)  is demonstrated anterior to the artery to the right lower lobe. (C) On lung 
windows there is only a small band of atelectasis in the middle lobe. (D) A small peripheral carcinoid tumour 
indistinguishable from a number of other causes of a solitary pulmonary nodule.              
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triplanar examinations are untaken with respiratory gating and T 1  and 
T 2  weighting. A variety of more refi ned techniques, including dynamic 
contrast-enhanced MRI sequences for the evaluation of lung nodules as 
well as use of diffusion-weighted imaging, are commonplace. Diffusion-
weighted imaging can differentiate tumour from surrounding lung and 
may be helpful in assessing response to treatment before clear dimen-
sional changes are evident. Dynamic cine acquisitions can be utilised 
to assess fi xation of a peripheral tumour to chest wall or mediastinal 
structures.   

  IMAGING FEATURES OF 
BRONCHOGENIC CARCINOMA 
 The thoracic imaging features of bronchial carcinoma are discussed 
under three headings: (1) peripheral tumours; (2) central tumours 
(arising in a large bronchus at or close to the hilum); and (3) staging 
intrathoracic spread of bronchial carcinoma. 

  Peripheral Tumours 
 Approximately 40% of bronchial carcinomas arise beyond the segmental 
bronchi, and in 30% a peripheral mass is the sole radiographic fi nding 
( Fig. 8.10   ). 

  Tumour Shape and Margins 
 Tumours at the lung apex (Pancoast tumours, superior sulcus tumours) 
may resemble apical pleural thickening; however, most peripheral lung 
cancers are approximately spherical or oval in shape. Lobulation, a sign 
that indicates uneven growth rates in different parts of the tumour, is 
common. Occasionally, a dumb-bell shape is encountered or two nodules 
are seen next to one another. 

 The term ‘corona radiata’ is used to describe numerous fi ne strands 
radiating into the lung from a central mass, sometimes with transradiant 
lung parenchyma between these strands. While not specifi c, this sign 
is highly suggestive of bronchial carcinoma ( Fig. 8.11   ). Absolutely 
spherical, sharply defi ned, smooth-edged nodules due to carcinoma of 
the lung are rare. A peripheral line shadow or ‘tail’ may be seen between 
a peripherally located mass lesion and the pleura, a phenomenon that 
occurs in both benign and malignant lesions. When associated with 
carcinoma of the lung, the ‘tail’ probably represents either plate-like 
atelectasis secondary to bronchial obstruction beyond the mass or septal 
oedema due to lymphatic obstruction. 
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   Fig. 8.10      (A, B) Bronchial carcinoma in the left lower lobe showing typical rounded, slightly lobular confi guration. 
The mass shows a notch posteriorly.          

  Fig. 8.11      Computed tomography demonstrating a second primary 
bronchogenic carcinoma in the right lung. The patient had undergone a 
previous left pneumonectomy 7 years earlier. The new tumour has 
spiculated edges, infi ltrating into the adjacent lung (corona radiata).        

 Although the edges of a tumour are frequently well defi ned, some 
peripheral cancers, notably some types of adenocarcinoma, have ill-
defi ned edges similar to pneumonia ( Fig. 8.12   ).  

  Cavitation 
 Cavitation may be identifi ed in tumours of any size ( Fig. 8.13   ) and is 
best demonstrated by CT ( Fig. 8.14   ). Squamous cell carcinoma is the 
most likely cell type to show cavitation. The walls of the cavity are of 
irregular thickness and may contain tumour nodules, but sometimes 
the wall has smooth inner and outer margins. The cavity wall is usually 
8-mm thick or greater. Fluid levels are common.  

  Calcifi cation 
 Calcifi cation within bronchogenic carcinomas is rarely seen on chest 
radiography but is identifi ed on CT in 6% to 10% of cases. Some foci 
of calcifi cation represent pre-existing calcifi ed granulomatous disease 
engulfed by tumour ( Fig. 8.15   ). However, amorphous or cloud-like 
calcifi cation consistent with dystrophic tumour calcifi cation is still seen 
in a small proportion of cases ( < 10%) ( Fig. 8.16   ). Most calcifi ed tumours 
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  Fig. 8.13      Cavitating Squamous Cell Carcinoma.     There is a cavity in 
the right upper zone with an irregular wall. The patient was a heavy 
smoker with no indication of an active chest infection.        

  Fig. 8.14      Computed tomography showing a cavitating squamous cell 
carcinoma in the left lung. The wall of the cavity is variable in thickness.        
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   Fig. 8.12      Lung Cancer Mimicking Pneumonia.     (A) Squamous cell 
carcinoma resembling pneumonia. The entire opacity seen in the right 
upper zone on this radiograph is due to the carcinoma itself. (B) Apical 
adenocarcinoma of the left upper lobe of a different patient with ground-
glass attenuation margins and an air bronchogram.          

are large, with a diameter of 5 cm or more, but calcifi cation also can 
be seen in small peripheral tumours.  

  Other Findings 
 Air bronchograms and bubble-like lucencies or pseudo-cavitation 
may be seen within lung cancers, in particular with adenocarcinoma. 
Occasionally, dilated mucus-fi lled bronchi (bronchocele, mucocele, 
mucoid impaction) are seen distal to a carcinoma obstructing a 
segmental or subsegmental bronchus. Ground-glass attenuation may 
be seen as a component of nodules and is associated with a greater 
risk of malignancy than that of purely solid nodules. It is more com-
monly associated with adenocarcinoma, which may present as a purely 
ground-glass opacity.   

  Central Tumours 
 The cardinal imaging signs of a central tumour are collapse/consolidation 
of the lung beyond the tumour and the presence of hilar enlargement, 

signs that may be seen in isolation or in conjunction with one another. 
Although the concept of a central tumour seems simple, a recent survey 
of practitioners involved in staging found that there is no consensus as 
to what constitutes a central tumour, some using contact with the hilum, 
others the inner third of the lung and others still the inner two-thirds of 
the lung as defi ned by concentric rings related to the hilum. Alternatively, 
there is a school of thought that favours anatomical divisions based on 
sagittal planes spaced evenly from the midline to the outer third of the 
lung. Suffi ce to say there is no universally agreed guidance. 

  Collapse/Consolidation in Association With 
Central Tumours 
 Obstruction of a major bronchus often leads to a combination of atelec-
tasis and retention of secretions with consequent pulmonary opacity 
( Fig. 8.17   ), but collateral air drift may partially or completely prevent 
these post-obstructive changes. Secondary infection may occur beyond 
the obstruction. 
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appropriate antibiotic therapy, it almost never resolves completely 
if secondary to an underlying carcinoma. Occasionally, the opacifi ed 
lobe may appear larger than normal because of the build-up of 
infected secretions beyond the obstructing carcinoma, an appearance 
that has been labelled the ‘drowned lobe’.  

  3.     A visible mass with irregular stenosis of a mainstem or lobar bronchus. 
Careful analysis of CT images may demonstrate the presence of an 
obstructing tumour when there is obstructive atelectasis.  

  4.     Simple pneumonia rarely causes radiographically visible hilar 
adenopathy, though enlarged central nodes may be seen on CT 
or MRI. Lung abscess can occasionally be confused with bronchial 
carcinoma because it may result in hilar or mediastinal adenopathy.  

  5.     Mucus-fi lled dilated bronchi may be visible within collapsed lobes 
on a CT examination as branching, tubular low-density structures, 
and when seen should prompt a search for a centrally obstructing 
tumour ( Fig. 8.18   ).      

  Fig. 8.15      Calcifi ed infectious granuloma engulfed by lung cancer. 
Computed tomography shows a cluster of densely calcifi ed small nodules 
almost at the centre of a small carcinoma.        

  Fig. 8.16      Tumour Calcifi cation.     Large bronchial carcinoma invading 
the mediastinum demonstrates coarse and cloud-like calcifi cation.        

  Fig. 8.17      Lobar Collapse.     The tumour in the bronchus intermedius is 
causing partial middle and lower lobe collapse.        

  Fig. 8.18      Fluid-Filled Dilated Bronchi Beyond a Central Obstructing 
Carcinoma are Visible in this Collapsed and Consolidated Right 
Lower Lobe.         The following features suggest that pneumonia is secondary to an 

obstructing neoplasm:
   1.     The shape of the collapsed or consolidated lobe may be altered 

because of the bulk of the underlying tumour. In cases with lobar 
collapse due to a central tumour mass, the fi ssure in the region of 
the mass is unable to move in the usual manner and, therefore, the 
fi ssure may show a bulge (the Golden S sign if involving the right 
upper lobe). The description has become extended to include the 
CT equivalent appearance of a hilar mass and collapsed distal lobe 
and also to describe the phenomenon in other lobes.  

  2.     The presence of pneumonia in an at-risk patient, confi ned to one 
lobe (or more lobes if there is a common bronchus) that persists 
unchanged for longer than 2 to 3 weeks, or a pneumonia that recurs 
in the same lobe, particularly if the lobe shows loss of volume and 
no air bronchograms. Simple pneumonia often clears or spreads to 
other segments within a few weeks. In practice, complete resolution 
of pneumonia virtually excludes an obstructing neoplasm as a cause 
of infection. Although consolidation may improve partially on 
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with the mediastinum, (2) less than 90 degrees of circumferential contact 
with the aorta or (3) a visible mediastinal fat plane between the mass 
and any vital mediastinal structures indicated a very high likelihood of 
technical resectability, even if the tumour had crossed into the medi-
astinum, and that most tumours in their series conforming to this 
description had no mediastinal invasion at surgery. However, when the 
question is turned around to enquire as to the criteria for unresectability, 
the answer is less certain. Tumours that obliterate fat planes or show 
greater contact than that described above are not necessarily unresectable, 
though the greater the degree of invasion and the extent of contact, 
the more likely it is that there is signifi cant mediastinal involvement. 

 MRI does not appear to offer any advantages over CT for the routine 
diagnosis of mediastinal invasion, its role being limited to problem 
solving in specifi c cases. Before the advent of MDCT, the multiplanar 
capabilities of MRI could be used to advantage to identify involvement 
of major mediastinal blood vessels ( Fig. 8.21   ) and the tracheal carina. 
MDCT has largely obviated the need to proceed to MRI to take advantage 
of multiplanar imaging alone; however, MRI sequences optimised for 
evaluation of the heart and vessels may still offer advantages where 
there is concern about invasion of hilar or mediastinal vessels, the heart 
or pericardium.  

  Chest Wall Invasion 
 The presence of chest wall invasion alone does not preclude surgical 
resection, though it does adversely affect prognosis. The necessarily 
more extensive surgery is associated with increased morbidity and 

  Staging Intrathoracic Spread of Bronchial Carcinoma 
  Hilar Enlargement 
 Hilar enlargement is a common presenting feature in patients with 
bronchial carcinoma. It may refl ect a proximal tumour, lymphadenopathy, 
consolidated lung, or a combination of these phenomena. 

 A mass superimposed on the hilum may lead to increased density 
of the hilum, owing to summation of the opacity of the mass and that 
of the normal hilar shadows ( Fig. 8.19   ). This sign may be the only 
indication of lung cancer on a frontal chest radiograph; when suspected, 
it is essential to inspect the lateral radiograph with care.  

  Mediastinal Invasion 
 Plain radiograph evidence of mediastinal invasion relies on demonstrating 
phrenic nerve paralysis. However, caution is needed before deciding 
that a high hemidiaphragm is caused by phrenic nerve invasion, because 
lobar collapse can also lead to elevation of a hemidiaphragm, a sub-
pulmonary effusion may mimic it, and diaphragmatic eventration is 
common. 

 The CT and MRI signs of mediastinal invasion include the demonstra-
tion of visible tumour deep within the mediastinal fat, particularly if 
tumour surrounds the mediastinal vessels, oesophagus, or proximal 
mainstem bronchi ( Fig. 8.20   ). Associated pneumonia or atelectasis may 
make it very diffi cult to determine whether or not mediastinal contact 
is present. Even clear-cut contact with the mediastinum is not enough 
for the diagnosis of invasion, and the apparent interdigitation of tumour 
with mediastinal fat can be a misleading sign on both CT and MRI. 
Glazer et al. showed that the presence of (1) less than 3 cm of contact 
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   Fig. 8.19      Dense Hilum.     (A) The left hilum is dense, owing to a mass 
superimposed directly over it. (B) Corresponding axial computed tomog-
raphy image demonstrates the mass lying behind the left hilum. The 
mass proved to be a squamous cell carcinoma.          

  Fig. 8.20      Mediastinal Invasion.     Computed tomography image displayed 
on mediastinal windows of deep mediastinal invasion by non-small cell 
lung cancer. The tumour is obstructing the right main bronchus and 
compressing the right main pulmonary artery; it is also encasing the 
stented superior vena cava and the aorta.        

  Fig. 8.21      Magnetic resonance image of a left lower lobe tumour that 
has directly invaded the aortic wall, which has altered signal adjacent 
to the tumour.        



CHAPTER 8 Pulmonary Neoplasms 197

mortality and it therefore greatly helps the surgeon to know the extent 
of any chest wall invasion preoperatively. 

 The diagnosis of chest wall involvement adjacent to a tumour is 
unreliable on CT, unless there is clear-cut bone destruction or a large 
soft-tissue mass ( Fig. 8.22   ). Local chest wall pain remains the single 
most specifi c indicator of whether or not the tumour has spread to the 
parietal pleura or chest wall. Contact with the pleura on CT examination, 
even if the pleura is thickened, does not necessarily indicate invasion, 
though the greater the degree of contact and the greater the pleural 
thickening, the more likely it is that the parietal pleura has been invaded, 
particularly if the extrapleural fat plane is obliterated. A defi nite 
extrapleural mass that is not explicable by previous chest trauma is 
likely to be the result of invasion by tumour, but even this sign may be 
misleading because soft-tissue swelling may be due to infl ammation 
and fi brosis rather than neoplasm. Conversely, a clear extrapleural fat 
plane adjacent to the mass may be helpful, but again not defi nitive, in 
excluding chest wall invasion ( Fig. 8.23   ). 

 Previously, in selected cases, MRI proved to be better than CT in 
demonstrating chest wall and diaphragmatic invasion. MRI was regarded 
as the optimal technique for demonstrating the extent of superior 
sulcus tumours (Pancoast tumour) (see  Fig. 8.22 ), reliably diagnosing 
mediastinal invasion, extension into the root of the neck and involvement 
of vascular and neural structures. With the ability of CT to provide 
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    Fig. 8.22      Chest Wall Invasion by a Pancoast Tumour.     Involvement of the soft tissues of the chest wall 
and the left second rib is appreciated on (A) axial T 1  weighted and (B) coronal T 2  weighted magnetic resonance 
images and a (C) computed tomography image.            

  Fig. 8.23      Cavitating Bronchogenic Carcinoma.     There is preservation 
of the extrapleural fat plane at the point of contact with the chest wall. 
Although the pleura may be involved, the chest wall is likely to be 
otherwise spared.        

routine multiplanar reformatted images, routine MRI assessment is not 
usually required. 

 Transthoracic ultrasound can identify chest wall invasion (tissue 
fi xed to pleura) with a high degree of accuracy; however, in many 
centres the technique is rarely used. 

  99m Tc radionuclide skeletal scintigraphy is a sensitive technique with 
which to assess bone invasion and it may be positive when the plain 
radiograph still shows no bony abnormality. However, as discussed 
above,  18 F-FDG PET/CT is now the examination of choice for detection 
of distant spread (outside the CNS) and has been shown to provide 
assessment of skeletal as well as soft-tissue spread. 

 Generally, chest radiography is insensitive for nodal staging. However, 
the presence of enlarged hilar or paratracheal nodes has been shown 
to be specifi c (92%) for N2 to N3 disease. 

 Lymph node assessment on CT and MRI is limited to size, shape 
and location, with size being the major criterion used to predict metastatic 
involvement ( Fig. 8.24   ). 

 Normal mediastinal lymph node size on CT or MRI varies according 
to the location of the nodes within the mediastinum, but a simple and 
reasonably accurate rule is that nodes with a short-axis diameter of less 
than 10 mm fall within the 95th percentile and nodes above this size 
should, therefore, be considered enlarged. 

 The problem with using size as the only criterion for malignant 
involvement is that intrathoracic lymph node enlargement has many 
non-malignant causes, including previous tuberculosis, histoplasmosis, 
pneumoconiosis, sarcoidosis and, most importantly, reactive hyperplasia 
to the tumour ( Fig. 8.25   ) or associated pneumonia/atelectasis: it has 
repeatedly been shown that one-half to two-thirds of enlarged nodes 
draining post-obstructive pneumonia/atelectasis are free of tumour. 
Conversely, microscopic involvement by tumour can be present in 
normal-sized nodes. Therefore there is no measurement above which 
all nodes can be assumed to be malignant and below which all can be 
considered to be benign. The sensitivity and specifi city of CT for 
diagnosing metastatic involvement of mediastinal lymph nodes vary 
greatly in different published series, refl ecting different size criteria and 
the methods used to confi rm or exclude lymph node metastases. A 
reasonable generalisation in the United States (where fungal infection 
is endemic) is that both sensitivity and specifi city are in the 50% to 
low 60% range when the cut-off point for normal is a short-axis diameter 
of 1 cm. Better specifi city fi gures have been obtained in Europe and 
Japan, probably because the prevalence of coincidental histoplasmosis 
is much lower than in the United States. The positive predictive value 
for nodal metastatic disease may be improved (to up to 95%) by ensuring 
that nodes draining the tumour are larger than nodes elsewhere in the 
mediastinum. 

 The accuracy of MRI, despite its improved contrast resolution, is 
limited by the same constraint as for CT of overlap of features of benign 
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accuracy compared with CT and MRI in the detection of nodal disease 
( Fig. 8.26   ). False-positive results still occur, most commonly due to 
infl ammation and reactive hyperplasia. Fused PET/CT imaging provides 
registration of FDG metabolic activity with the anatomical detail of 
CT (see  Fig. 8.7 ). Decision analysis studies have shown that PET can 
be incorporated into the work-up of lung cancer in a cost-effective 
manner, with savings derived from identifying inoperable patients before 
thoracotomy. 

 Mediastinoscopy (and mediastinotomy for nodes not accessible to 
mediastinoscopy) remain widely employed for mediastinal lymph node 
sampling but are now generally utilised as a second-line technique when 
EBUS is either not available or has not provided a defi nitive result. 
They have high sensitivity and specifi city for detecting malignant disease 
and, although invasive, are indicated before thoracotomy when other 
forms of imaging suggest nodal involvement. 

 Current practice has struck a balance between PET/CT and tissue 
sampling for the assessment of mediastinal nodes. In essence,
   •     When the CT assessment and the PET assessment are negative, the 

patient is offered resection without preoperative nodal sampling.  
  •     When the CT is negative but the PET is positive, the mediastinal 

nodes will require sampling by EBUS or mediastinoscopy to assess 
resectability or guide presurgical therapy with a view to downstaging 
and reassessment.  

  •     When CT and PET are positive, tissue confi rmation is required, 
assuming there are no distant metastatic sites.     

  Pleural Involvement 
 Pleural involvement may occur as a result of direct spread, lymphatic 
involvement or tumour emboli. On occasion, adenocarcinoma takes 
the form of a sheet of lobular pleural thickening indistinguishable from 
malignant mesothelioma. 

 A pleural effusion in association with a primary lung cancer designates 
the tumour as being M1a. The exception is the few patients who have 
clinical evidence of another cause for the effusion (e.g. heart failure) 
and in whom cytology examinations of multiple pleural fl uid samples 
are negative for tumour cells, in which case the effusion can be disre-
garded as a staging criterion. Attempts to characterise the nature of the 

and malignant causes of node enlargement. Although it is generally 
considered that the MRI signal within nodes is not a useful predictor 
of involvement, it has been reported that short tau inversion recovery 
(STIR) imaging produces suffi cient signal difference between normal 
and pathological nodal tissue to detect metastases with 93% sensitivity 
and 87% specifi city. The previously cited advantage of MRI over CT 
in nodal detection because of its ability to distinguish small nodes from 
vessels without intravenous enhancement has been effectively negated 
by the advantages of MDCT. 

 Endobronchial ultrasound (EBUS) can be used to assess the size 
and morphology of, and to guide fi ne-needle or small-core needle biopsy 
of, aortopulmonary, subcarinal and posterior mediastinal nodes, achieving 
greater sensitivity and specifi cities for nodal involvement than CT and 
PET in some series. Ultrasound assessment ( ±  fi ne-needle aspiration) 
of supraclavicular lymph nodes improves sensitivity for detection of 
supraclavicular lymph node involvement; its routine use has been 
suggested as a method to improve the accuracy of preoperative staging. 

  18 F-FDG PET/CT imaging is routinely utilised for staging lung 
carcinoma, with published studies consistently demonstrating greater 

  Fig. 8.25      False-positive computed tomography for metastatic mediastinal 
lymphadenopathy. The largest of the right paratracheal nodes  (arrow)  
is 15 mm in its short-axis diameter. This node proved to be free of 
malignant tumour at thoracotomy. The enlargement was due to reactive 
hyperplasia. The primary tumour was in the right lower lobe.        
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   Fig. 8.24      (A) True-positive computed tomography for metastatic 
lymphadenopathy. There are several enlarged nodes in the right para-
tracheal area. The largest measured 14 mm in its short-axis diameter 
 (arrow) . The primary tumour was a bronchial carcinoma in the right lung. 
(B) Magnetic resonance imaging of involved mediastinal nodes in a 
patient with a right lower lobe non-small cell lung cancer.          
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a signifi cantly adverse effect on prognosis and even if surgery is under-
taken, it is performed with the understanding that 5-year survival rates 
are poor. 

 The poor specifi city of CT in determining nodal involvement must 
be appreciated. Nodal enlargement, whilst probably due to metastatic 
carcinoma, may also be due to coincidental benign disease, reactive 
hyperplasia to the presence of the tumour, or to any associated obstructive 
consolidation/atelectasis. Thus, biopsy confi rmation of neoplastic nodal 
involvement by mediastinoscopy, mediastinotomy or needle aspiration 
is usually essential before a patient is denied surgery. Positive PET fi ndings 
for nodal involvement do not obviate the need for histological confi rma-
tion of nodal involvement. However, in patients with no enlarged lymph 
nodes on CT and normal fi ndings on PET, the likelihood of nodal 
involvement is so low that mediastinoscopy can be omitted for peripheral 
tumours (but see the comment above about the defi nition of central 
versus peripheral location). 

 For lung cancers that have invaded the mediastinum or chest wall, 
it is important to decide whether the tumour is nevertheless resectable 
for possible cure, again recognising that the prognosis will be poorer 
than for tumours confi ned to the lung. CT may show defi nitively that 
the tumour is too extensive for resective surgery (i.e. that it is a T4 
lesion). Alternatively, CT may leave the issue in doubt and MRI may 
then help to solve the problem.   

  Extrathoracic Staging of Lung Cancer 
 Lung cancer is commonly associated with widespread haematogenous 
dissemination at the time of presentation. Sites of spread include the 
adrenal glands, bones, brain, liver and more distant lymph nodes. 
Detection of metastatic disease precludes surgical resection of the primary 
tumour. In most centres, chest CT is extended to include the liver and 
adrenals (with appropriate timing for portal venous enhancement). 
Further imaging is usually only undertaken if there are clinical features 
suggesting metastatic disease. In many European countries it is now 
routine to undertake PET/CT in any patient who is to be offered radical 
therapy for lung cancer. In patients initially selected for curative resection 
using standard tumour staging, PET/CT has been reported to detect 
occult metastatic disease in 11%–14% of patients, and to alter manage-
ment in up to 40%.       

  PULMONARY SARCOMA AND OTHER PRIMARY 
MALIGNANT NEOPLASMS 

 Most pulmonary sarcomas in the lungs are metastases from extratho-
racic primary tumours. Primary pulmonary sarcomas are rare, the 

pleural fl uid based on density measurements at CT or signal intensities 
at MRI have not so far proven useful. Several studies suggest PET 
may have a role in the evaluation of pleural effusion in patients with 
lung cancer.  

  Summary 
 Staging the intrathoracic extent of lung cancer is a multidisciplinary 
process utilising imaging, bronchoscopy and biopsy. Chest radiography, 
CT and  18 F-FDG PET/CT are currently the routine imaging procedures 
for assessing intrathoracic spread and determining resectability, with 
MRI and ultrasound reserved for specifi c indications. 

 The essential points to establish when staging the intrathoracic extent 
of non-small cell cancers are: (1) whether the tumour has spread to 
hilar or mediastinal nodes; (2) if it has, which nodal groups are involved; 
(3) whether the tumour has invaded the chest wall or mediastinum; 
and (4) if it has, whether it is still potentially curable surgically. 

 If chest radiography and CT  ±  PET show no evidence of spread 
beyond the lung (other than to ipsilateral hilar nodes) in a patient 
who is suitable for surgery, and in whom bronchoscopy shows the 
tumour to be resectable, then that patient should be offered surgical 
resection without further preoperative invasive procedures. Spread to 
ipsilateral nodes, whilst not necessarily precluding surgical resection, has 
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   Fig. 8.26      Recurrent malignant left hilar lymph nodes from a small 
peripheral non-small cell lung cancer. (A) Computed tomography (CT) 
demonstrates nodes at the left hilum. (B) The positron emission tomog-
raphy/CT image confi rms high fl uorodeoxyglucose uptake in keeping 
with malignant involvement.          

   SUMMARY BOX:   Staging  

      •     Staging of lung cancer is a routine yet complex task, initially completed 
before determination of which treatment option is most appropriate in an 
individual patient.  

  •     These deliberations form the core activity of lung cancer multidisciplinary 
discussions.  

  •     Local and distant disease staging involves imaging (often a combination of 
CT, PET/CT and MRI), bronchoscopy and biopsy.  

  •     The defi nition of disease treatable with radical intent is under constant 
review. Radical intent treatment options may now be explored in suitable 
patients using one or a combination of various modalities that include 
surgery, radiotherapy and local ablation treatments.  

  •     Restaging, predominantly through further imaging, is a routine part of the 
follow-up strategy for patients who have undergone radical or palliative 
treatment.      
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most common primary forms being fi brosarcoma and leiomyosar-
coma. Chondrosarcoma, fi broleiomyosarcoma, rhabdomyosarcoma, 
pleomorphic undifferentiated sarcoma, carcinosarcoma, liposarcoma 
and osteosarcoma are among the other sarcomas that may occasion-
ally arise as primary airway or pulmonary tumours. All the above 
neoplasms present as a solitary pulmonary nodule or as a tracheal or 
endobronchial mass indistinguishable radiologically from bronchial 
carcinoma. Angiosarcomas of the pulmonary artery extend or arise 
intravascularly. 

 The acquired immune defi ciency syndrome (AIDS) epidemic led 
to an increased number of cases of Kaposi sarcoma involving the lung, 
a situation largely redressed by effective anti-retroviral therapy. Kaposi 
sarcoma in the respiratory tract is rare in the absence of cutaneous 
involvement. Coincidental involvement of the tracheobronchial tree is 
relatively frequent but parenchymal involvement may occur in the 
absence of endobronchial disease. Imaging may show the disease to be 
focal or widespread. Focal segmental or lobar opacities are usually due 
to the tumour itself, but endobronchial Kaposi sarcoma may result in 
atelectasis or post-obstructive pneumonia. Radiographically widespread 
disease is the more frequent pattern, with a tendency to perihilar 
predominance of linear, rounded or reticulonodular shadowing, refl ecting 
a bronchocentric distribution of the lesions ( Fig. 8.27   ). The pulmonary 
opacities of Kaposi sarcoma do not fl uctuate in severity, whereas the 
major differential diagnoses—pulmonary oedema and opportunistic 
infections—may do so. Intrathoracic hilar/mediastinal lymphadenopathy 
has been detected in 25%–60% of cases in some series. Pleural involve-
ment is frequent pleural effusions, which are most commonly bilateral 
and may on occasion be large. 

 Other rare malignant pulmonary neoplasms include haemangio-
pericytoma, pulmonary blastoma, plasmacytoma, choriocarcinoma, 
teratoma and Askin tumours.  

  BENIGN PULMONARY TUMOURS 
 There are a variety of relatively rare lesions that may present as an 
asymptomatic solitary pulmonary mass ( Table 8.5   ). Imaging plays a 
key part in the characterisation of these lesions and will guide the need 
for further investigation or surgery. 

  HAMARTOMA 
 Hamartomas are tumour-like malformations composed of an abnormal 
mixture of mature tissues normally found in the organ in which the 
tumour occurs. Pulmonary hamartomas consist predominantly of masses 
of cartilage, with clefts lined by bronchial epithelium, and may contain 
large collections of fat. Malignant transformation is either non-existent 
or extremely rare. Pulmonary hamartomas are very occasionally multiple. 
A triad of pulmonary chondroma(s) (often multiple), gastric epithelioid 
leiomyosarcoma (leiomyoblastoma) and functioning extra-adrenal 
paragangliomas, known as Carney triad, has been reported, as has a form 
with just pulmonary chondromas and gastric smooth muscle tumours. 

 The age range for hamartoma is from young adulthood to old age, 
with presentation peaking in the seventh decade; they are only occasion-
ally seen in children. 

 The distribution of pulmonary hamartomas is opposite to that 
seen with bronchial carcinoid: 90% are peripheral and present as a 
solitary pulmonary nodule, while the remaining 10% arise within a 
major bronchus. Central lesions may lead to major airway obstruc-
tion and the features are then identical to those seen with bronchial 
carcinoids. 

 On plain chest radiography the tumour is seen as a spherical or 
slightly lobulated, well-defi ned nodule, usually less than 4 cm in size, 
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   Fig. 8.27      Kaposi Sarcoma in Two Patients With Acquired Immune 
Defi ciency Syndrome.     (A) Plain chest radiograph showing extensive 
pulmonary shadowing consisting of a mixture of ill-defi ned rounded and 
band-like shadows maximal in the perihilar regions and lower zones. 
(B) Computed tomography showing the peribronchial distribution of the 
ill-defi ned pulmonary nodules. There is interlobular septal thickening, a 
feature also frequently identifi ed on the chest radiograph.          

with normal surrounding lung ( Fig. 8.28   ). Some hamartomas show 
calcifi cation, which may be spotty or linear or show the characteristic 
‘popcorn’ confi guration associated with calcifi cation in cartilage. The 
frequency of calcifi cation increases signifi cantly with the size of the 
lesion. Popcorn calcifi cation, if present, is virtually diagnostic of a 
hamartoma (the only differential diagnosis is a chondrosarcoma). Central 
fat density on CT is another important fi nding, which, if present, 
establishes the diagnosis. The lesions grow slowly, usually much more 
slowly than carcinoma of the bronchus, and cavitation is almost unknown.  

  OTHER BENIGN PULMONARY NEOPLASMS 
 Fibroma, chondroma, lipoma, haemangioma, benign clear cell tumours, 
neurogenic tumours, chemodectoma and granular cell myoblastoma 
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Multiple leiomyomas present as multiple discrete nodules in the lungs. 
They are given a wide variety of names, including benign metastasising 
leiomyoma. In women these tumours may be very slow-growing 
metastases from a uterine leiomyoma; women with multiple pulmonary 
leiomyomas often have a history of previous hysterectomy for uterine 
fi broids. 

 Intrapulmonary teratomas are very unusual. Most are benign, though 
malignant lesions are occasionally encountered. Radiographically, and 
on CT, intrapulmonary teratomas appear as lobulated masses that may 
show calcifi cation or cavitation.  

  Infl ammatory Myofi broblastic Tumour 
 Infl ammatory myofi broblastic tumour (IMT)—also known by a variety 
of other names, including plasma cell granuloma, infl ammatory 
pseudotumour and fi brous histiocytoma—is a lesion that is presumed 
to be reactive infl ammatory granulomatous tissue. It is still unclear if 
these lesions, which can be locally invasive, represent a purely infl am-
matory process or a low-grade malignancy with a marked infl ammatory 
response. The age range is wide and includes children. Indeed, IMT is 
one of the commonest paediatric primary lung tumours. Most patients 
present with an asymptomatic solitary pulmonary nodule. Cavitation 
and calcifi cation have both been described. These lesions are PET positive 
and mimic bronchogenic carcinomas. Similar lesions can develop 
elsewhere in the body.  

  Sclerosing Haemangioma 
 Sclerosing haemangioma is a benign neoplasm, which almost always 
presents as an asymptomatic solitary pulmonary mass. Calcifi cation 
may be seen.  

  Squamous Papillomas 
 Squamous papillomas of the trachea, bronchi and lungs are most com-
monly associated with laryngeal papillomatosis, a disease that usually 
commences in childhood and is caused by the human papilloma virus. 
Rarely, these papillomas are also present in the lung and are seen on 
plain chest radiography or CT as multiple, small, widely scattered and 
well-defi ned, round pulmonary nodules, frequently showing cavitation.    

  BENIGN LYMPHOPROLIFERATIVE DISORDERS 

  LYMPHOCYTIC INTERSTITIAL PNEUMONIA 
 Lymphocytic interstitial pneumonia (LIP) is an uncommon non-
neoplastic lymphoproliferative disorder characterised by diffuse infi ltra-
tion of the pulmonary parenchymal interstitium by lymphocytes and 
plasma cells. Histological differentiation between benign proliferation 
and low-grade lymphoma can be diffi cult. LIP may occur as an isolated 
entity (it is included in the classifi cation of idiopathic interstitial 
pneumonias); however, this is rare. It is more commonly seen in associa-
tion with an underlying immunological abnormality such as Sjögren 
syndrome and AIDS. The main imaging fi ndings are of bilateral areas 
of ground-glass opacifi cation and thin-walled cysts.  

  FOLLICULAR BRONCHIOLITIS 
 Follicular bronchiolitis, also known as diffuse lymphoid hyperplasia, 
is characterised by hyperplasia of bronchial mucosa-associated lymphoid 
tissue (MALT) in relation to airways. Reticular or reticular nodular 
shadowing with centrilobular nodules and ground-glass opacity and 
occasionally bronchial wall thickening, bronchial dilatation, interlobular 
septal thickening and peribronchovascular airspace consolidation 
is seen.   

are benign neoplasms that are occasionally encountered in the trachea, 
bronchi or lungs. The plain radiographic and CT fi ndings vary with 
the size and location of the tumour mass, but no features distinguish 
any one of these lesions from any other, and therefore the specifi c 
diagnosis has to be made histologically. They are indistinguishable 
radiologically from carcinoid tumour and solitary metastasis. 

  Leiomyoma 
 Leiomyoma of the lung may be a solitary lesion, radiographically 
indistinguishable from the other benign connective tissue neoplasms. 

 TABLE 8.5      Causes and Mimics of a 
Solitary Pulmonary Mass   

  Causes  

Bronchial carcinoma
Bronchial carcinoid
Granuloma
Hamartoma
Metastasis
Chronic pneumonia or abscess
Hydatid cyst
Pulmonary haematoma
Bronchocele
Fungus ball
Massive fi brosis in coal workers
Bronchogenic cyst
Sequestration
Arteriovenous malformation
Pulmonary infarct

  Mimics  

Extrathoracic artefacts
Cutaneous masses
Bony lesions
Pleural tumours or plaques
Encysted pleural fl uid
Pulmonary vessels
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   Fig. 8.28      Hamartoma of the Lung.     (A, B) Round, completely smooth, 
hamartoma in a 57-year-old asymptomatic man. There is typical coarse 
popcorn calcifi cation in this lesion, which is unusually large.          
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irradiated; in such cases they are probably due to venous or lymphatic 
obstruction rather than neoplastic involvement of the pleura. 

 The usual radiographic problem is in deciding whether the pulmonary 
abnormality is due to involvement by lymphomatous tissue, infection 
or a complication of therapy. It should be remembered that the pattern 
of pulmonary infection in patients with lymphoma is modifi ed because 
they are immunocompromised hosts, owing either to their disease or, 
more often, to the drugs used for treating the disorder. In many instances, 
a biopsy is the only way to establish the precise diagnosis. As Hodgkin 
disease is believed to spread from nodal sites, a useful guideline is that 
if a patient presents with Hodgkin lymphoma and a pulmonary opacity, 
but no evidence of hilar or mediastinal disease, it is more likely that 
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   Fig. 8.29      Primary Pulmonary Lymphoma.     (A) Computed tomography 
demonstrates multiple areas of consolidation. This appearance had been 
very slowly progressive over several years. (B) Chest x-ray shows an 
area of consolidation in the right upper lung zone in a patient with 
primary pulmonary Hodgkin lymphoma.          

  MALIGNANT LYMPHOPROLIFERATIVE 
DISORDERS 

  LYMPHOMA 
 Only pulmonary parenchymal involvement by lymphoma is considered 
in this chapter. Pulmonary parenchymal involvement can be broadly 
divided into that occurring in association with existing or previously 
treated nodal disease, and that due to primary lymphoma of the lung 
(Hodgkin or non-Hodgkin). Parenchymal involvement is comparatively 
rare at initial presentation (10% to 15% of cases), but it becomes 
considerably more common as the disease progresses. It is particularly 
frequent in patients who relapse after treatment. Involvement of the 
lung appears to be three times as frequent in Hodgkin lymphoma as 
it is in non-Hodgkin lymphoma. In Hodgkin lymphoma the lung disease 
is almost invariably accompanied by visible intrathoracic adenopathy, 
whereas in the non-Hodgkin lymphomas, isolated pulmonary involve-
ment is not uncommon. If the mediastinal and hilar nodes have been 
previously irradiated, then recurrence confi ned to the lungs may be 
seen in both Hodgkin and non-Hodgkin lymphoma. 

 The radiographic appearances of lung involvement in malignant 
lymphoma vary. The usual patterns are (1) one or more areas of pul-
monary consolidation resembling pneumonia ( Fig. 8.29   ), (2) multiple 
pulmonary nodules ( Fig. 8.30   ) and, occasionally, (3) miliary nodulation 
or reticulonodular shadowing resembling lymphangitis carcinomatosa. 

 The areas of pulmonary consolidation, which may contain air 
bronchograms, may be segmental or lobar in shape, but often they 
radiate from the hila or mediastinum without conforming to segmental 
anatomy, in keeping with the concept that extension into the lungs is 
by direct invasion from involved hilar or mediastinal nodes. However, 
peripheral subpleural masses or areas of consolidation without any 
visible connection to enlarged nodes in the mediastinum and hila are 
common in both Hodgkin disease and non-Hodgkin lymphoma. Very 
rapid increase in the size of lymphomatous deposits in the lung, so 
rapid that the disease may be confused with pneumonia, has been 
reported with high-grade non-Hodgkin lymphoma. 

 Primary lymphoma of the lung (see  Fig. 8.29 ) (i.e. lymphoma isolated 
to the lung at initial presentation) is very uncommon, non-Hodgkin 
lymphoma of MALT type, being the most frequently encountered form. 
These are low-grade B-cell lymphomas of MALT (also called bronchus-
associated lymphoid tissue or BALT), which consist of mucosal lymphoid 
follicles located in distal bronchi and bronchioles, particularly at airway 
bifurcations. The second most common primary tumour, known as 
angiocentric immunoproliferative lesion or lymphoid granulomatosis, 
is high grade and may have a B- or T-cell phenotype. Primary pulmonary 
Hodgkin disease is notably rare. 

 The imaging features of MALT lymphomas are solitary or multifocal, 
round or segmental areas of pulmonary consolidation. There is no 
lobar predilection and the consolidations may be placed centrally or 
peripherally in the lung parenchyma. Air bronchograms are frequently 
visible and may be a striking feature. A few of the lesions show cavitation, 
but calcifi cation does not occur. MALT lymphomas are relatively rarely 
associated with pleural effusions despite contact with the pleura. 

  Other Findings in Pulmonary Lymphoma 
 Lobar atelectasis caused by endobronchial lymphoma is occasionally 
encountered, but, somewhat surprisingly, atelectasis as a result of extrinsic 
compression by enlarged lymph nodes is rare, with encasement rather 
than obstruction being the usual pattern of disease. 

 Pleural effusions are common except in MALT lymphoma. They 
are usually unilateral and accompanied by visible intrathoracic adenopa-
thy. They frequently disappear once the mediastinal nodes have been 
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  Fig. 8.30      Pulmonary Involvement by Lymphocytic Lymphoma Showing 
Multiple Pulmonary Masses.        

  Fig. 8.31      Typical Pulmonary Metastases.     Multiple well-defi ned spherical 
nodules in the lungs. Rib metastases with associated soft-tissue swelling 
are also present  (arrows) . In this case the primary tumour was a synovial 
cell carcinoma.        

  Fig. 8.32      Pulmonary Metastases.     Computed tomography demonstrating 
a single peripheral metastasis  (arrow) . There were multiple lesions at 
other levels. The volume loss and scarring in the left lung is secondary 
to previous resection of the primary bronchogenic carcinoma.        

the opacity represents something other than Hodgkin lymphoma. A 
caveat here is that the patient should not previously have received 
radiation therapy to the mediastinum.   

  LEUKAEMIA 
 The incidence of leukaemic infi ltration of the lungs, mediastinal lymph 
nodes and pleura varies with the course of the disease. Pulmonary 
infi ltration by leukaemic cells is found at autopsy in nearly two-thirds 
of patients who have leukaemia. However, provided those patients with 
leukostasis (see later) are considered separately, leukaemic infi ltration 
of the lungs, though very common pathologically, is usually asymp-
tomatic and is rarely a cause of signifi cant pulmonary opacity on a 
chest radiograph. When respiratory impairment is present, pulmonary 
infection, oedema or haemorrhage is a more likely cause of the patient ’ s 
symptoms. Imaging features include diffuse bilateral reticulation and 
patterns resembling interstitial oedema; lymphangitic carcinomatosis, 
small nodules, ground-glass opacifi cation and consolidation have also 
been described. 

 Radiographically visible hilar and/or mediastinal lymph node 
enlargement may be present and pleural effusions are common, though 
it is not possible to state the cause of the effusion with any confi dence. 
The distribution of nodal enlargement closely resembles that of the 
lymphomas. T-cell leukaemias may show massive mediastinal adenopathy 
that responds rapidly to chemotherapy or radiation treatment. Huge 
mediastinal masses of T-cell leukaemia may disappear within a few 
days following appropriate treatment. 

 Pleural thickening due to a mass of leukaemic cells in patients with 
myeloid leukaemia, so-called granulocytic sarcoma or chloroma forma-
tion (because of its green appearance), may be encountered on rare 
occasions. 

 Leukostasis is seen in patients with acute myeloid leukaemia with 
very high white blood cell counts in the order of 100,000 to 300,000 
cells/mm 3 . The patients may be dyspnoeic because of the obliteration 
of their small pulmonary blood vessels by the leukaemic cells. The chest 
radiograph may be normal or show airspace shadowing, which is probably 
due to pulmonary oedema rather than directly to the accumulation of 
leukaemic cells in the lungs.   

  METASTASES 
 Pulmonary metastases in adults are usually from breast, gastrointestinal 
tract, kidney, testes, head and neck tumours or from a variety of bone 
and soft-tissue sarcomas. The basic sign of haematogenous pulmonary 
metastasis is one or more discrete pulmonary nodules ( Fig. 8.31   ), usually 
in the outer portions of the lungs, a distribution that is most evident 
on CT ( Fig. 8.32   ). The nodules are usually spherical and well defi ned, 
but they may be almost any shape and can occasionally have a very 
irregular edge. Such irregular edges are seen particularly with metastases 
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100% in areas where fungus granulomas are rare or non-existent. With 
the smaller lesions detectable on CT, this probability diminishes. 
Depending on the prevalence of infectious granulomas in the community 
and the likelihood of a particular tumour metastasising to the lung, 
the probability that a pulmonary nodule seen solely on CT is indeed 
a metastasis may drop to as low as 50%. 

  LYMPHANGITIC CARCINOMATOSIS 
 Lymphangitic carcinomatosis is the name given to permeation of 
pulmonary lymphatics and/or their adjacent interstitial tissue by neo-
plastic cells. The most common tumours that spread in this manner are 
carcinomas of the bronchus, breast, stomach and prostate. Lymphangitic 
carcinomatosis may develop secondary to blood-borne emboli lodging 
in smaller pulmonary arteries and subsequently spreading through the 
vessel walls into the perivascular interstitium and lymphatic vessels. Such 
spread tends to give rise to bilateral symmetric pulmonary abnormal-
ity. Alternatively, lymphangitic carcinomatosis may result from direct 
extension of tumour from hilar lymph nodes into peribronchovascular 
interstitium, from the pleura into adjacent interlobular septa, or from a 
primary carcinoma of the lung into the adjacent peribronchovascular 
interstitium. Tumour spreading by these mechanisms tends to be 
more localised. 

 The radiological fi ndings are fi ne reticulonodular shadowing and/
or thickened septal lines ( Figs 8.34    and  8.35   ). These signs occur because 
of a combination of dilated lymphatics and interstitial oedema, together 
with shadows due to the tumour cells themselves along with any des-
moplastic response that may have been induced by the tumour. Another 
useful sign of lymphangitis carcinomatosa is subpleural oedema resulting 
from lymphatic obstruction by tumour cells, a feature that is most 
readily visible as thickening of the fi ssures. Pleural effusion is common, 
and is seen in about 30%. 

 As would be expected, CT is more sensitive than plain radiography 
in the detection of lymphangitic spread and may show changes in patients 
whose chest radiograph is normal. CT, particularly high-resolution CT, 
shows non-uniform, often nodular, thickening of the interlobular septa 
and irregular thickening of the bronchovascular bundles in the central 

from adenocarcinomas ( Fig. 8.33   ). Cavitation is occasionally seen in 
pulmonary metastases; it is a particular feature of squamous cell car-
cinoma. Calcifi cation is very unusual except in osteosarcoma and 
chondrosarcoma. Even if the primary tumour shows calcifi cation (e.g. 
in breast and colon), visible calcifi cation in the pulmonary metastases 
is rare. The rate of growth of metastases is highly variable; in some 
choriocarcinomas and osteosarcomas, for example, it may be explosive 
and double the volume of the lesions in less than 30 days. Alternatively, 
metastases can remain unchanged in size for a long time, as in some 
cases of thyroid carcinoma. 

 A solitary pulmonary metastasis may be the presenting feature in 
a patient without a known primary tumour. However, a metastasis is 
a rare cause of the asymptomatic pulmonary nodule in patients who 
do not have a known extrathoracic primary neoplasm, comprising no 
more than 2% to 3% of most series. 

 The simplest technique for diagnosing pulmonary metastases is the 
plain PA and lateral chest radiograph. High-kV techniques are often 
used routinely, because substantial portions of the lungs are obscured 
on low-kV radiographs by overlying structures such as the diaphragm, 
heart, mediastinum, hila and ribs. Such radiographs will detect most 
lung metastases above 1 cm in diameter. Increasing sensitivity can be 
obtained with MDCT. However, the increase in sensitivity for small 
nodules is at the cost of decreasing specifi city. On CT, lesions smaller 
than 1 cm are regularly demonstrated, together with most lesions above 
3 mm in diameter. Below 1 cm, and particularly below 6 mm, the 
differential diagnosis from granulomas due to tuberculosis, histoplasmosis 
or other fungi becomes diffi cult. Where calcifi cation can be identifi ed, 
metastases (except from osteogenic sarcoma or chondrosarcoma) can 
effectively be dismissed from consideration. If the nodules are not 
calcifi ed, the best that can be done in most instances is to give a statistical 
probability of the nodules being metastases. With a plain chest radiograph 
showing multiple non-calcifi ed nodules, the probability is high, well 
over 90%, even in areas endemic for fungus granulomas, and approaches 

  Fig. 8.34      Unilateral Lymphangitic Carcinomatosis.     Carcinoma of the 
bronchus, showing thickened septal lines and nodules confi ned to the 
right lung.        

  Fig. 8.33      Irregular Pulmonary Metastases.     Metastatic adenocarcinoma 
from an unknown primary. The nodules are irregular in outline. A large 
left pleural effusion is also present.        
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through the parenchyma. The abnormalities may involve all zones of 
both lungs or they may be centrally or peripherally predominant; 
sometimes, particularly when lymphangitis is due to bronchial carcinoma, 
they are confi ned to a lobe or one lung. Hilar lymph node enlargement 
is seen in only some of the patients.  

  UNUSUAL PATTERNS OF METASTATIC CANCER 
  Endobronchial Metastases 
 Endobronchial metastases are most unusual. Melanoma and renal, 
colorectal and breast carcinomas are the primary tumours that most 
frequently give endobronchial submucosal metastases. In such cases 
the effect of airway obstruction is the dominant feature.  

  Miliary Metastases 
 Occasionally, innumerable tiny nodules closely resembling miliary 
tuberculosis are seen throughout both lungs, with no large masses and 
no evidence of lymphatic obstruction, such as is seen in lymphangitis 
carcinomatosa. However, metastases are one of the rarest causes of this 
pattern. The primary tumours that are most likely to produce miliary 
nodulation of the lungs are thyroid and renal carcinomas, bone sarcomas 
and choriocarcinoma.  

  Tumour Emboli 
 Radiologically recognisable pulmonary arterial hypertension may occur 
on rare occasions as a result of tumour emboli blocking small pulmonary 
arteries. Many tumours can embolise in this fashion, particularly 
hepatoma, carcinoma of the breast, kidney, stomach and prostate, and 
choriocarcinoma.     
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portions of the lungs ( Fig. 8.36   ). Small, peripherally located, wedge-
shaped densities are sometimes seen as well; these may represent volume 
averaging of the thickened septa. There is often patchy airspace shadow-
ing, but an important differential diagnostic feature from pulmonary 
oedema is that many of the acini subtended by thickened interlobular 
septa are normally aerated. Nodular shadows may be seen scattered 

  Fig. 8.35      Bilateral Lymphangitic Carcinomatosis.     Bilateral thickened 
septal lines, together with widespread nodulation of the lungs, are seen. 
The primary tumour in this 71-year-old woman was presumed to be a 
bronchial carcinoma (a diagnosis based on sputum cytology).        

  Fig. 8.36      High-Resolution Computed Tomography of Lymphangitic 
Carcinomatosis.     Note the variable thickening of the interlobular septa 
and the enlargement of the bronchovascular bundle in the centre of the 
secondary pulmonary lobules. The polygonal shape of the walls (septa) 
of the secondary pulmonary lobules is particularly well shown anteriorly. 
The pulmonary nodule is due to a discrete metastasis, a relatively frequent 
fi nding in this condition.        


