
BJR

Cite this article as:
Owens C, Hindocha S, Lee R, Millard T, Sharma B. The lung cancers: staging and response, CT, 18F- FDG PET/CT, MRI, DWI: review and new 
perspectives. Br J Radiol (2023) 10.1259/bjr.20220339.

© 2023 The Authors. Published by the British Institute of Radiology 
under the terms of the Creative Commons Attribution- NonCommercial 
4.0 Unported License http://creativecommons.org/licenses/by-nc/4.0/, 
which permits unrestricted non- commercial reuse, provided the original 
author and source are credited.

REVIEW ARTICLE

The lung cancers: staging and response, CT, 18F- FDG 
PET/CT, MRI, DWI: review and new perspectives
1CARA OWENS, PhD FRCR MBBS BSc, 1,2SUMEET HINDOCHA, PhD MRCP, MBBS, BSc, 
1,3,4,5RICHARD LEE, PhD, MRCP, MBBS, MA, 1THOMAS MILLARD, PhD FRCR, MBBS, BSc and 
1,3BHUPINDER SHARMA, PhD FRCR, BM, BSc

1The Royal Marsden NHS Foundation Trust, Fulham Road, London, United Kingdom
2Artificial Intelligence for Healthcare Centre for Doctoral Training, Imperial College London, London, United Kingdom
3The Institute of Cancer Research, Sutton, United Kingdom
4National Heart and Lung Institute, Imperial College London, London, United Kingdom
5NIHR BRC at The Royal Marsden and the ICR, London, United Kingdom

Address correspondence to: Dr Cara Owens
E-mail: c.owens22@imperial.ac.uk;cara.owens@nhs.net

INTRODUCTION
Lung cancer is the most commonly diagnosed cancer and 
the leading cause of cancer deaths in both sexes combined.1 
The age- standardised 5- year net survival for lung cancer is 
in the range 10–20%.2 Non- small cell lung cancer (NSCLC) 
is the most common type of lung cancer and includes 

adenocarcinoma, squamous cell carcinoma and large cell 
carcinoma.3 Management of the lung cancer patient is 
influenced by the histopathological subtype, the molec-
ular characteristics of the tumour and the stage of disease. 
Recent years have seen major advances in the diagnostic 
and treatment options for patients with NSCLC, including 
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ABSTRACT

Lung cancer is the most commonly diagnosed cancer and the leading cause of cancer deaths in both sexes combined. 
Recent years have seen major advances in the diagnostic and treatment options for patients with non- small- cell 
lung cancer (NSCLC), including the routine use of 2- deoxy- 2[18F]- fluoro- D- glucose positron emission tomography/
computed tomography (18F- FDG PET/CT) in staging and response evaluation, minimally invasive endoscopic biopsy, 
targeted radiotherapy, minimally invasive surgery, and molecular and immunotherapies.
In this review, the central roles of CT and 18F- FDG PET/CT in staging and response in both NSCLC and malignant pleural 
mesothelioma (MPM) are critically assessed. The Tumour Node Metastases (TNM- 8) staging systems for NSCLC and 
MPM are presented with critical appraisal of the strengths and pitfalls of imaging. Overviews of the Response Evalua-
tion Criteria in Solid Tumours (RECIST 1.1) for NSCLC and the modified RECIST criteria for MPM are provided, together 
with discussion of the benefits and limitations of these anatomical- based tools. Metabolic response assessment (not 
evaluated by RECIST 1.1) will be explored. We introduce the Positron Emission Tomography Response Criteria in Solid 
Tumours (PERCIST 1.0) to include its advantages and challenges. The limitations of both anatomical and metabolic 
assessment criteria when applied to NSCLC treated with immunotherapy and the important concept of pseudoprogres-
sion are addressed with reference to immune RECIST (iRECIST).
Separate consideration is given to the diagnosis and follow up of solitary pulmonary nodules with reference to the 
British Thoracic Society guidelines and Fleischner guidelines and use of the Brock (CT- based) and Herder (addition 
of 18F- FDG PET/CT) models for assessing malignant potential. We discuss how these models inform decisions by the 
multidisciplinary team, including referral of suspicious nodules for non- surgical management in patients unsuitable for 
surgery. We briefly outline current lung screening systems being used in the UK, Europe and North America.
Emerging roles for MRI in lung cancer imaging are reviewed. The use of whole- body MRI in diagnosing and staging 
NSCLC is discussed with reference to the recent multicentre Streamline L trial. The potential use of diffusion- weighted 
MRI to distinguish tumour from radiotherapy- induced lung toxicity is discussed. We briefly summarise the new PET- CT 
radiotracers being developed to evaluate specific aspects of cancer biology, other than glucose uptake. Finally, we 
describe how CT, MRI and 18F- FDG PET/CT are moving from primarily diagnostic tools for lung cancer towards having 
utility in prognostication and personalised medicine with the agency of artificial intelligence.

http://creativecommons.org/licenses/by-nc/4.0/
mailto:c.owens22@imperial.ac.uk;cara.owens@nhs.net
https://doi.org/10.1259/bjr.20220339


2 of 15 birpublications.org/bjr Br J Radiol;96:20220339

BJR Owens et al

the routine use of 2- deoxy- 2-[18F]fluoro- D- glucose (18F- FDG) 
positron emission tomography/computed tomography (PET/
CT) in staging and response evaluation,4 minimally invasive 
endoscopic biopsy,5 targeted radiotherapy,6 minimally invasive 
surgery,7 and molecular and immunotherapies.8 It is incum-
bent on the radiologist to keep abreast of both therapeutic and 
imaging advances in order to optimise and accurately interpret 
imaging examinations in lung cancer patients.9

LUNG CANCER DIAGNOSIS AND STAGING
Whether identified through screening or a suspected cancer 
pathway, CT (low- dose CT (LDCT) in screening; typically i.v. 
contrast- enhanced CT in suspected cases), is the first modality 
for diagnosis and initial staging of lung cancer. Patients diagnosed 
with possible lung cancer are then offered 18F- FDG PET/CT for 

staging completion. Currently, patients with stage II–IV disease 
are offered MRI brain for identification of cerebral metastases 
(UK National Institute for Health and Care Excellence (NICE) 
guidelines). The eighth edition of the Tumour, Node, Metastases 
(TNM) classification for NSCLC (TNM- 8) (Table 1) is used to 
stage lung cancer. This is informed by sophisticated statistical 
analysis of an international database of over 100,000 patients.11 
TNM- 8 can be applied to preoperative clinical staging, patholog-
ical staging, restaging post- therapy and staging of recurrence.4

The T element refers to the pre- operative primary tumour 
with size being important and progressive reduction in patient 
survival observed for each 1 cm cut point.11,12 As Table 1 demon-
strates, primary lung tumours (T) are categorised according to 
size from T1 to T4. The size of the primary is measured as the 

Table 1. TNM- 8 descriptors for NSCLC (Adapted from Carter et al, 2018 10)

Category Definition
T

Tx Primary tumour cannot be assessed, or tumour proven by non- radiological means (sputum or bronchial washings) and cannot be 
visualised with imaging (or bronchoscopy)

T0 No primary tumour

Tis Carcinoma in situ (squamous or adenocarcinoma)

T1 Tumour ≤3 cm in greatest dimension

T1a
T1b
T1c

Tumour ≤1 cm

Tumour >1 cm but ≤2 cm

Tumour >2 cm but ≤3 cm

T2 Tumour >3 cm but ≤5 cm or tumour involving the main bronchus (regardless of the distance from the carina), the visceral pleura, with 
partial or complete lung atelectasis or pneumonitis

T2a
T2b

Tumour >3 cm but ≤4 cm in greatest dimension

Tumour >4 cm but ≤5 cm in greatest dimension

T3 Tumour >5 cm but ≤7 cm in greatest dimension or one that directly invades: parietal pleura, chest wall (including superior sulcus 
tumours), phrenic nerve, parietal pericardium, or separate tumour nodule or nodules in the same lobe

T4 Tumour measuring >7 cm in greatest dimension or which invades mediastinum, diaphragm, heart, great vessels, trachea, recurrent 
laryngeal nerve, oesophagus, vertebral body, carina; or separate tumour nodule(s) in a different lobe of ipsilateral lung

N

N0 No regional lymph node metastases

N1 Ipsilateral peribronchial and/or ipsilateral hilar nodes and intrapulmonary nodes, including involvement by direct extension

N2 Ipsilateral mediastinal and/or subcarinal nodes

N3 Contralateral mediastinal, contralateral hilar, scalene, or supraclavicular nodes

M

M0 No distant metastases

M1a Separate tumour nodule(s) in the contralateral lung, malignant pleural effusion, pleural thickening/nodules or masses, malignant 
pericardial effusion/ pericardial thickening/nodules/masses

M1b Single extrathoracic metastasis in a single organ (including non- regional lymph nodes)

M1c Multiple extrathoracic metastases in a single organ or multiple organs

NSCLC, non- small cell lung cancer.
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longest diameter in any plane on CT, on lung windows.13 In 
part- solid tumours, the size of the solid component determines 
the T category (Figures 1a - 1c).13 In addition to size criteria, 
T2–T4 descriptors assess further features of the primary malig-
nancy which impact treatment options and survival. T2 descrip-
tors include any size tumour which involves the main bronchus, 
invades the visceral pleura or is associated with atelectasis or 
pneumonitis (Figure 1e). T3 defines malignancies which invade 
parietal pleura, chest wall (including superior sulcus tumours), 
phrenic nerve, parietal pericardium or separate tumour nodule(s) 
in the same lobe. T4 descriptors include tumours greater than 
7 cm and/or which invade mediastinum, diaphragm, heart, great 
vessels, trachea, recurrent laryngeal nerve, oesophagus, vertebral 
body, carina or separate tumour nodule(s) in different lobe of the 
same lung (Figures 1d and 1f).

Nodal (N) classification is defined by the involvement of intra-
thoracic lymph nodes and nodes are measured in shortest diam-
eter. N1 refers to disease in ipsilateral peribronchial, hilar and 
intrapulmonary nodes (including from direct extension). N2 
includes metastases in ipsilateral mediastinal and/or subcarinal 
nodes; patients can have single- or multistation N2 disease. 
N3 refers to disease in contralateral hilar, ipsi- or contralateral 
scalene, or supraclavicular lymph nodes. 18F- FDG PET/CT plays 
a central role in mapping nodal disease in lung cancer and in 
identifying targets for histological sampling and radiotherapy 
planning (Figure 2a and 2b).14 As described later in this review, 
potential nodal involvement usually requires histological confir-
mation. Metastatic disease burden is divided into M0, M1a 
(separate tumour nodule(s) in contralateral lung, malignant 
pleural effusion, pleural thickening/nodules/masses, malignant 
pericardial effusion, pericardial thickening/nodules/masses), 
M1b (single extrathoracic metastasis in a single organ) and M1c 

(multiple extrathoracic metastases in a single organ or multiple 
organs) (Figure 2).

SPECIAL CONSIDERATIONS: LUNG CANCER 
WITH MULTIPLE PRIMARY SITES OF 
INVOLVEMENT
In patients with more than one primary lung cancer, each 
malignancy should be staged separately, and this applies to 
both synchronous and metachronous lung cancers, regard-
less of location.10 This can be challenging in clinical practice if 
the histology of the cancer is unknown and usual practice is to 
provide a range of stages (e.g. T1a (multiple), or M1a) and ensure 
that patients are not denied potentially effective treatment. Lung 
cancer can present as multiple ground- glass/part- solid nodules/
masses on CT and these appearances are associated with lepidic 
adenocarcinoma, adenocarcinoma in situ or minimally invasive 
adenocarcinoma.15 Classification is based on the lesion with the 
highest T- level (based on solid component) and the number of 
lesions (Figure 3b and c). A subset of lung cancers are defined 
as consolidative/pneumonic appearing on CT as consolidation 
and ground- glass opacification, often with air bronchograms 
(Figure  3a). Most pneumonic- type lung cancers are invasive 
mucinous adenocarcinomas, can be multicentric with metas-
tases being rare at presentation.15 In these cases, multiple sites of 
tumour involvement are designated T3 if they are confined to a 
single lobe and T4 if they affect different lobes of the same lung 
and M1a if both lungs are affected.

CT and 18F-FDG PET/CT in staging NSCLC: 
strengths and pitfalls
In most cases, CT is the most suitable technique for defining 
the T category.12 Assessment of nodal disease on CT considers 

Figure 1. TNM staging in non- small cell lung cancer: Tumour (T) category. Tumour (T) classification is defined by the size of the 
primary lung tumour measured in the longest plane on CT on lung windows and by additional characteristics which affect the 
treatment options and prognosis. (a) Axial CT chest shows a 2.4 cm middle lobe tumour in a 65- year- old woman with emphysema, 
T1b disease. (b) Axial CT chest shows a 3.7 cm right upper lobe tumour in a 76- year- old woman, T2a disease. (c) Axial CT chest 
shows a 6.5 cm lingular tumour in a 70- year- old man with emphysema, T3 disease. (d) Coronal CT chest shows an 8 cm right 
upper lobe tumour in a 63- year- old woman which invades the superior vena cava, T4 disease. (e) Axial CT chest shows a 4.5 cm 
left upper lobe tumour with atelectasis, T2b disease. (f) Axial CT chest shows an 8 cm right lower lobe tumour with a further 2 cm 
tumour in separate lobe (right upper) of the ipsilateral lung, T4 disease. TNM, Tumour, Node, Metastases.
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lymph nodes with short axis greater than 10 mm to be abnormal. 
However, studies show that this classical criterion has little 
diagnostic accuracy and that CT alone is suboptimal for nodal 
staging.11,16 This is because factors other than size, e.g. density, 

enhancement, morphology and location are also important 
predictors of lymph node involvement.17 Possible distant metas-
tases (e.g. adrenal, liver, bone), identified on CT require further 
imaging for confirmation.

18F- FDG PET/CT provides both anatomical and metabolic 
information with particular strengths in the assessment of 
lymph nodes and unanticipated Stage IV disease. Thus, 18F- 
FDG PET/CT results can significantly impact on treatment 

Figure 2. TNM staging in NSCLC- nodal (N) and metastatic (M) 
categories.Nodal (N) classification is defined by involvement 
of intrathoracic lymph nodes, measured in shortest diameter. 
18F- FDG PET/CT plays a central role in mapping nodal disease 
in lung cancer and in the identification of distant metastases. 
(a) N2 disease: fused, saggital 18F- FDG PET/CT shows FDG- 
uptake in ipsilateral mediastinal lymph nodes in a 55- year- old 
man with a right upper lobe lung NSCLC (not imaged); nodal 
metastases were confirmed on EBUS- TBNA. (b) N3 disease: 
fused, coronal 18F- FDG PET/CT shows FDG- uptake in bilat-
eral mediastinal and right supraclavicular lymph nodes in a 
50- year- old man with a 3 cm right lower lobe NSCLC (not 
imaged); nodal metastases were confirmed by ultrasound- 
guided biopsy of the right supraclavicular nodes. (c) M1C 
disease: axial CT of the abdomen shows bilateral adrenal 
metastases in a 65- year- old man with histologically confirmed 
NSCLC. (d–f) T4N2M1C disease in a 54- year- old patient with 
a left lung primary tumour shown on axial CT chest (d), ipsi-
lateral mediastinal lymph nodes shown on coronal 18F- FDG 
PET/CT (e), left pleural effusion and multiple liver metastases 
shown on coronal 18F- FDG PET/CT (e) and coronal CT chest 
(f). EBUS- TBNA, endobronchial ultrasound- guided transbron-
chial needle aspiration; NSCLC, non- small cell lung cancer; 
TNM, Tumour, Node, Metastases.

Figure 3. Lung cancer with multiple sites of involvement. (a) 
Axial CT chest of a 54- year- old ex- smoker presenting with 
bronchorrhea showing multiple areas of consolidation and 
ground- glass opacification; histologically confirmed as muci-
nous adenocarcinoma. (b) Axial CT chest of a 60- year- old 
female showing a 1.5 cm left upper lobe spiculate nodule his-
tologically confirmed as NSCLC. Multiple ground- glass nod-
ules bilaterally represent AIS/MIA. (c) Coronal CT chest of a 
66- year- old female showing solid right upper lobe and left 
upper lobe tumours with peripheral ground- glass (largest 
2.5 cm) plus multiple ground- glass opacities in the lungs; his-
tologically proven as non- mucinous adenocarcinoma. These 
were staged as multiple synchronous primaries, T1C (multiple) 
disease. AIS, adenocarcinoma in situ; MIA, minimally invasive 
adenocarcinoma; NSCLC, non- small cell lung cancer.
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options and reduce the incidence of futile thoracotomies.18–20 In 
a meta- analysis of 8699 patients, 18F- FDG PET/CT had signifi-
cantly higher sensitivity and specificity than CT alone in staging 
NSCLC.21 Specifically, the pooled sensitivities and specificities 
of 18F- FDG PET/CT were 0.72 and 0.91 for mediastinal nodal 
staging, 0.71 and 0.83 for intrathoracic staging, 0.75 and 0.95 
for all extrathoracic metastases, 0.91 and 0.98 for bone metas-
tases.21 18F- FDG PET/CT plays less of a role in assigning the 
T- status, although it is superior to CT in enabling radiologists to 
distinguish tumour from rounded and post- obstructive atelec-
tasis (Figure 4 a- d).22 Uptake of FDG in lymph nodes (especially 
in patients with T1 disease) may help radiologists to identify 

smaller nodes which are involved. This improved sensitivity of 
18F- FDG PET/CT in identifying nodal disease is influenced by 
nodal dimension.23 18F- FDG PET/CT is the chosen modality for 
assessing distant metastases (outside of the CNS). It has a higher 
sensitivity and specificity than bone scintigraphy for imaging 
bone metastases with a positive predictive value of 98% if there is 
PET and CT concordance (Figure 4e and f).24

There are important limitations to the use of 18F- FDG PET/CT in 
staging NSCLC. In assessment of the T- status, false negatives can 
occur in nodules below 10 mm (T1a), low grade disease (Tis), 
minimally invasive adenocarcinoma (MIA), mucinous adeno-
carcinoma and well- differentiated carcinoid tumours (Figure 5a 
and b).14 False positives can occur in infection, inflammation 
and granulomatous disease (Figure 5c and d). Nodal false posi-
tives can occur, e.g. in patients with TB or sarcoidosis,21 whilst 
nodal false negatives can occur in small volume nodes (below 
the resolution of PET/CT) or those with low metabolic rate.25 In 
terms of adrenal metastases, false positives (e.g. adrenal hyper-
plasia, functioning adenomas and tuberculosis) and false nega-
tives (e.g. very small volume disease, haemorrhagic or necrotic 
metastases) must be considered. Importantly, it is not just the 
presence/absence of 18F- FDG uptake in intrathoracic lymph 
nodes or adrenal glands that influences staging and treatment. 
The SUVmax is important and must be interpreted in the context 
of the avidity of the primary tumour and other imaging and clin-
ical factors.26 Intracranial metastases are better imaged using 
MRI due to the intrinsic high FDG uptake in the central nervous 
system (CNS). 18F- FDG PET/CT findings suggestive for distant 
disease require either further radiological or histological confir-
mation and for mediastinal nodes, histological confirmation is 
needed as it affects management options (surgery/chemotherapy/
radiotherapy).

Staging malignant pleural mesothelioma (MPM) 
(TNM-8)
MPM is a rare (incidence: approximately 30 cases/million 
in USA/UK), but very aggressive intrathoracic cancer with 
a very poor prognosis.27,28 It is the most common primary 
malignancy of the pleura, associated with asbestos exposure 
in 80% of patients.29 It consists of multiple nodules that may 
become confluent, spreading along pleural surfaces. There 
is often an associated pleural effusion (this may be the only 
finding on CT), thoracic volume loss and many patients have 
pleural plaques (Figure 6a–6f).29 The T component of the TNM 
classification is challenging to apply in MPM because of its 
unconventional growth pattern.30 The T- staging classification 
is shown in Table 2. Notably, tumour volume is not one of the 
main descriptors of disease burden even though it affects prog-
nosis.31 There are significant survival differences between T4 
vs T3 disease and T3 vs T2 disease.32 The N- component is an 
important prognostic indicator for survival in MPM as patients 
with nodal disease have significantly lower survival rates that 
those without.33 N1 disease refers to ipsilateral bronchopul-
monary, hilar or mediastinal nodes and N2 to contralateral 
intrathoracic and supraclavicular nodes. Distant metastases 
in MPM are designated M1 disease and is the only M status 
which determines Stage IV disease (Table 2; Figure 6).34 Distant 

Figure 4. 18F- FDG PET/CT is central to the accurate staging 
of NSCLC.18F- FDG PET/CT is superior to CT in distinguishing 
tumour from rounded and post- obstructive atelectasis. (a) 
Axial CT chest of a 62- year- old man demonstrates a left upper 
lobe mass with atelectasis. (b) 18F- FDG PET/CT in the same 
patient helps define the bronchogenic primary separate from 
the atelectasis enabling more accurate T- staging. (c) Axial CT 
chest of a 68- year- old man demonstrates a mass in the left 
lower lobe, estimated at 2.5 cm in diameter (T1C). Subtle pleu-
ral thickening in the left hemithorax is also present. (d) Axial 
18F- FDG PET/CT in the same patient demonstrates that the 2.5 
cm mass is not PET- avid and is more consistent with rounded 
atelectasis. The bronchogenic primary measured only 9 mm. 
Additionally, there is FDG uptake in the left pleura. The 18F- 
FDG PET/CT therefore changed the T staging to T1a and the M 
staging to M1a (avid pleural thickening; confirmed as NSCLC 
on pleural biopsy). (e) Sagittal 18F- FDG PET/CT imaging for 
a 60- year- old patient with NSCLC demonstrates avid FDG 
uptake in the manubrium. (d) An undiagnosed pathological 
fracture (no history of trauma) was confirmed on the origi-
nal staging CT, thereby upstaging the disease and changing 
management.
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metastases are usually rare since patients often die from locally 
aggressive disease.33

CT has 68% sensitivity and 78% specificity for pleural malig-
nancy but cannot reliably be used to differentiate MPM from 
pleural metastatic disease.35 Although not routinely used, MRI, 
with its superior soft- tissue resolution over CT, improves iden-
tification of T3 disease and disease in the diaphragm, peri-
cardium and chest wall.36 In clinical practice, 18F- FDG PET/
CT is routinely used for staging and to guide surgical biopsy. 
Important limitations of 18F- FDG PET/CT include its inability to 
differentiate between MPM and pleural metastases, and the fact 
that inflammatory disorders such as tuberculous pleurisy and 
prior pleurodesis can give false- positive results.37 Importantly, 
pleurodesis- related 18F- FDG PET- CT avidity can “wax and 
wane” for months to years following the procedure with conse-
quent fluctuations in standard uptake value maximum (SUVmax) 
due to activated macrophages and granulation tissue. Regardless 
of the imaging modalities used to stage the disease, thorascopic 
biopsy is required for definitive diagnosis and staging of MPM.33

Solitary pulmonary nodules
Pulmonary nodules are focal densities ≤3 cm surrounded by 
aerated lung. The challenge is to discriminate between benign, 
inflammatory nodules (the vast majority; even in smokers) 
and those which represent pre- malignant, pre- invasive or early 
invasive adenocarcinoma.38 Identification of early stage adeno-
carcinoma reduces mortality.39 The 2015 guidelines from the 
British Thoracic Society (BTS) and the Fleischner Society guide-
lines (2017) 40 outline recommendations for the identification 
and follow- up of suspicious pulmonary nodules with areas of 
agreement and divergence between the two. In both guidelines, 
nodule follow- up is not recommended for nodules with clear 
features of benignity such as popcorn calcification (Figure  7a) 

Figure 5. False negatives and false positives on 18F- FDG 
PET/CT. (a) Axial CT chest of a 72- year- old patient with con-
firmed adenocarcinoma in situ demonstrates a right upper 
lobe ground- glass opacity. (b) There was faint FDG uptake 
in the opacity (SUVmax less than the mediastinal blood pool); 
resulting in a low HERDER score. This is solely because of the 
ground- glass composition and emphasises the importance of 
interpreting FDG avidity carefully in each clinical context. (c) 
Axial 18F- FDG PET/CT in a patient with a T1c primary NSCLC 
demonstrates FDG- avidity in bilateral hilar lymph nodes and a 
subcarinal node; suspected N3 disease. EBUS confirmed gran-
ulomatous cells and no malignancy, thereby a false- positive 
study. (d) Coronal 18F- FDG PET/CT images of the thorax in 
an 88- year- old female presenting with trauma. The left upper 
lobe mass adjacent to the mediastinum is highly FDG- avid. 
CT- guided biopsy confirmed necrotising granulomatous dis-
ease with no malignant cells; thus a false positive. 18F- FDG 
PET, 18- fludeoxyglucose positron emission tomography; 
EBUS, endobronchial ultrasound; NSCLC, non- small cell lung 
cancer; SUVmax, maximum standardized uptake value.

Figure 6. Staging malignant pleural mesothelioma (MPM). 
Axial CT images of the chest and upper abdomen on soft tis-
sue windows in an 83y man presenting with chest pain shows 
irregular pleural thickening involving the right pleura (a) and 
including the mediastinal surface (b) with associated volume 
loss and a shallow right pleural effusion (c). A metastatic 
deposit is identified anterior to the stomach (c) making this 
stage IV disease; confirmed as epitheloid MPM on histology. 
Axial CT chest on soft tissue windows (d) and corresponding 
18F- FDG PET/CT (e, f) demonstrate a focus of irregular soft 
tissue in the pleura of the right upper lobe with invasion into 
the adjacent posterior chest wall, rib destruction plus a right 
pleural effusion, T4 tumour.
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or for nodules with “typical” perifissural or subpleural location 
with triangular or lentiform shape (often intrapulmonary lymph 
nodes) (Figure  7b) or for nodules <5 mm (<80 mm3) (BTS) or 
<6 mm (Fleischner). In both guidelines, recommendations for 
nodules not considered definitely benign are informed by the 
composition of the nodule (solid, part- solid, ground- glass), 
followed by nodule size and assessment of risk of malignancy 
(nodule characteristics and patient risk factors).41 The guidelines 
differ in a number of respects, such as the scope and target popu-
lations, definition of substantial growth, follow- up intervals and 
components of the risk assessment.41

The BTS guidelines are applied to nodules detected both inci-
dentally and in screening. In BTS, CT surveillance is offered 
to patients with nodules ≥5 to<8 mm (≥80 to < 300 mm3). 

Automated or semi- automated volumetry is preferred over 
diameter measurements as it is more reproducible. In nodules 
≥300 mm3 or ≥8 mm, the pre- test probability of malignancy is 
assessed using the Brock Risk Prediction Tool which is derived 
from a study of two cohorts of current or former smokers under-
going LDCT.42 Factors including family history of lung cancer, 
emphysema, larger nodule size, nodule location in the upper 
lobe, part- solid type and spiculation are considered malignant 
features.42 Nodules which are risk stratified as having a <10% 
risk of malignancy using Brock are followed up on imaging 
(Figure  7c–e). Nodules with a ≥10% risk of malignancy are 
referred for 18F- FDG PET/CT (provided they are larger than 
local PET- CT threshold) with post- test probability of malig-
nancy assessed by the Herder model (Figure 7f–h).

Table 2. Modified eighth TNM descriptors for staging malignant pleural mesothelioma. Adapted from Berzenji et al., 2018

Category Definition
T

Tx Primary tumour not assessable

T0 No evidence of a primary tumour

T1 Tumour involving the ipsilateral parietal pleura (including mediastinal and diaphragmatic pleura) with or without involvement of 
the visceral pleura

T2 Tumour involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic and visceral) with at least one of 
the following:
• Confluent visceral pleural tumour—including the fissures
• Involvement of the diaphragmatic muscle
• Invasion of the lung parenchyma

T3 Tumour involving all of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic and visceral) with at least one of the 
following features:
• Invasion of the endothoracic fascia
• Extension into the mediastinal fat
• Solitary, completely resectable focus invading soft tissues of the chest wall
• Non- transmural involvement of the pericardium

T4 Tumour involving all of the ipsilateral pleural surfaces with at least one of the following features:
• Diffuse or multifocal soft tissue invasion of the chest wall
• Any rib involvement
• Invasion of the peritoneum through the diaphragm
• Invasion of any mediastinal organ
• Direct extension to the contralateral pleura
• Invasion of the spine or brachial plexus
• Transmural invasion of the pericardium (with or without a pericardial effusion)
• Myocardium invasion

N

Nx Regional lymph nodes not assessable

N0 No regional lymph nodes metastases

N1 Metastases in ipsilateral bronchopulmonary, hilar or mediastinal lymph nodes (including the internal mammary, 
peridiaphragmatic, pericardial fat pad or intercostal lymph nodes)

N2 Metastases in the contralateral bronchopulmonary, hilar or mediastinal lymph nodes or ipsilateral or contralateral supraclavicular 
lymph nodes

M

Mx Presence of distant metastases not assessable

M0 No evidence of distant metastases

M1 Evidence of distant metastases
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In the Herder model, an ordinal scale is used to define tracer 
uptake as absent (indiscernible from background lung tissue), 
faint (less than or equal to mediastinal blood pool), moderate 
(greater than mediastinal blood pool), or intense (markedly 
greater than mediastinal blood pool).43 Although the Herder 
score was based on raw PET data, rather than the corrected 
data (as used in MDT discussions), it has been validated in a 
retrospective study.44 Following Herder analysis, patients with 
a malignancy risk of >10–70% are offered image- guided biopsy, 
excision biopsy or CT surveillance. Patients with risk >70% are 
offered surgical resection (ideally by video- assisted thorascopic 
surgery), or non- surgical treatment, often with (although some-
times without) image- guided biopsy. The decision to refer patients 
with >70% risk of malignancy for non- surgical management (e.g. 
stereotactic ablative body radiotherapy (SABR), radiofrequency/
microwave ablation, conventional radical radiotherapy) without 
histopathological confirmation, is a multidisciplinary one. The 
incorporation of clinically diagnosed lung cancer into the BTS 
guidelines reflects the findings of retrospective cohort studies 
showing similar outcomes between pathologically proven and 
clinically diagnosed early stage lung cancers in certain patient 
groups.45–47 SABR, in particular, represents a significant advance 

in modern radiotherapy and provides targeted high doses in 
few fractions resulting in excellent local control and relatively 
minimal toxicity in standard- risk patients.45,48

For those nodules under CT surveillance, the BTS guidelines 
define significant growth as a ≥25% vol increase. Further diag-
nostic work- up should be offered for nodules showing clear 
growth or a volume- doubling time (VDT) of <400 days. Patients 
with stable solid nodules 1 year after baseline (based on VDT) 
or 2 years (based on two- dimensional measurements) can 
be discharged. Part- solid and pure ground- glass nodules are 
followed- up differently, reflecting their generally slower growth, 
but paradoxically higher malignant potential.

Lung screening
Targeted lung screening reduces disease- specific mortality 
and is now recommended by both the UK National Screening 
Committee (UKNSC) and the US Preventive Services Task Force 
(USPSTF).49 In both screening programmes, current and former 
smokers aged 55–74 years (UKNSC) and 50–80 years (USPSTF) 
are invited for screening, (biennially in the UK; annually in 
North America), with LDCT. Reporting of screen- detected lung 

Figure 7. Identification and follow up of pulmonary nodules. In both the BTS and Fleischner guidelines, nodules with clear features 
of benignity are not followed up. (a) Axial chest CT of a 66y smoker shows a left lower lobe nodule with calcification and central 
fat attenuation typical for a hamartoma; no follow up. (b) Coronal chest CT in a 60y smoker shows a lentiform/triangular shaped 
nodule associated with the horizontal fissure, typical for intrapulmonary lymph node; no follow up. The risk of malignancy in pul-
monary nodules can be calculated using the Brock risk prediction tool. Nodules with < 10 % risk malignancy which are 80 mm3 
(6mm) are followed up at three months and one year from baseline. (c- e) Axial CT chest imaging of an incidentally detected 9mm 
right upper lobe solid pulmonary nodule at baseline (c), 3 months (d) and one year (e) demonstrates stability based on the 2D 
non- automated diameter; plan for follow up 2 years from baseline as assessed under the BTS guidelines. Nodules showing clear 
growth ( 25 % volume increase/volume doubling time (VDT) of < 400 days) undergo further diagnostic work- up with 18F- FDG 
PET/CT /biopsy. (f- h) A 17mm left upper lobe nodule assessed at baseline (f) and at year 1 (g). Clear growth was demonstrated 
with more than 25 % increase in volume. The SUVmax on 18F- FDG PET/CT was 2.83 (moderate) (h) with a Herder score of 89.1 % 
and subsequent plan for image- guided biopsy and MDT discussion regarding treatment options.
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nodules in the UK and Europe is based on the BTS guidelines.50 
The European position statement on lung cancer screening (2017) 
50 recommends the use of volumetry and volumed- doubling time 
in risk assessment. In North America, the Lung CT Screening 
Reporting and Data System (Lung- RADS) from the American 
College of Radiology (ACR) provides a standard method of 
reporting and managing screening- detected lung nodules.51 It 
can reduce the false- positive rate without increasing the rate of 
false negatives and is now routinely used in this screening popu-
lation.52,53 In this tool, the diameter (rather than the volume), of 
the dominant solid, part- solid or ground- glass nodule is used to 
risk- stratify nodules into five categories: 1, negative; 2, benign; 3, 
probably benign; 4A, suspicious; 4B, very suspicious. Suggested 
clinical management is annual repeat LDCT for categories 1 
and 2, 6 month follow- up LDCT for category 3 nodules; either 
3 month repeat LDCT or 18F- FDG PET/CT for 4A and chest CT, 
18F- FDG PET- CT and/or biopsy for category 4B.54,55 Notably, in 
both the BTS and the Lung- RADS systems, the follow- up and 
management of ground- glass nodules remains challenging, espe-
cially when found in younger patients.55 Special consideration 
must be given to “incident” nodules detected in lung screening. 
These are nodules which are were not present at baseline and are 
therefore potentially fast- growing and have a high cancer risk 
of 2–8%.50 In Europe, proposed follow- up protocols for these 
nodules are therefore different from baseline nodules.50 It is 
likely that nodule management protocols will continue to evolve 
as lung screening programmes are implemented more widely.

RESPONSE TO TREATMENT
RECIST 1.1
Accurate and timely assessment of response to treatment 
(tumour shrinkage; time to progression) is vital in order to 
optimise patient outcomes.56 RECIST 1.1 (Response Evaluation 
Criteria in Solid Tumours) uses changes in tumour burden on 
CT/MRI to assess response to treatment (Figure 8). A maximum 
of five lesions are monitored for change in size (measured in 
one dimension; must be >10 mm on CT to be measurable) and/
or two lesions per organ.57 Pathological lymph nodes (nodes 
with a dimension 15 mm (short axis) and above) are consid-
ered measurable and are target lesions. Nodes that shrink to 
<10 mm short axis are considered normal. Response to treat-
ment is described as: (i) complete response (CR, disappearance 
of all target lesions), (ii) partial response (PR, ≥30% decrease in 
tumour size from baseline), (iii) progressive disease (PD, ≥20% 
increase in tumour size) and (iv) stable disease (SD) (Figure 8).58 
Important caveats to diagnosing recurrence on CT alone include 
the difficulty in distinguishing between radiation- induced lung 
toxicity (RILT) and tumour- atelectasis complex formation; this 
is where other modalities can add benefit.59

Modified RECIST—MPM
The modified RECIST criteria were developed in 2004 to enable 
response evaluation in MPM, given its unique growth pattern.60 
In this system, tumour thickness perpendicular to the chest 
wall or mediastinum is measured in two positions at three sepa-
rate levels on axial CT and the sum of these six measurements 
defines a pleural unidimensional measurement.60 Treatment 
response is then assessed by measuring the same areas of pleura. 

Measurable lesions such as nodes and subcutaneous nodules 
are assessed as per RECIST. CT remains the main modality to 
assess MPM but similarly to NSCLC, functional imaging tech-
niques (PET, MRI- DWI, DCE- MRI) play a complementary role. 
There is great potential for the use of automated measurement of 
MPM and deep learning in order to address issues such as inter- 
and intraobserver variability and difficulties in distinguishing 
between pleural disease and pleural effusion.61

ASSESSING RESPONSE: BEYOND RECIST 1.1
Functional and metabolic imaging
Although RECIST 1.1 is validated in prospective studies and 
is used widely for response assessment, there are important 
limitations to assessing response based solely on size in lung 
cancer. Accurate and consistent measurement can be diffi-
cult in measuring ground- glass nodules, semi- solid nodules or 

Figure 8. RECIST 1.1 in NSCLC. RECIST 1.1 uses changes in 
tumour burden on CT/MRI to assess response to treatment. 
Axial CT chest in a 62y patient with T1cN3M1c (brain, adrenal 
glands) NSCLC at baseline (a, c) and follow- up (b, d) demon-
strates partial response (≥30 % decrease in tumour size from 
baseline) in a middle lobe primary tumour and subcarinal 
lymph nodes (white arrows). Treatment- related pneumonitis 
is evident on the follow- up study (black arrow; b). Contrast 
enhanced MRI brain in the same patient at baseline (e, g) and 
follow up (f, h) demonstrates complete response to treatment 
with disappearance of all target brain metastases.
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invasive lepidic carcinoma.58,62 Markers of disease response such 
as density, functional and metabolic changes are not evaluated 
by RECIST 1.1. Metabolic responses and necrosis often precede 
size changes, especially in the context of cytostatic agents and 
immunotherapy. Techniques such as dual- energy CT, 18F- FDG 
PET/CT, MRI and diffusion- weighted imaging (DWI)- MRI are 
increasingly used to provide functional and metabolic informa-
tion in both assessment and prediction of response to treatment.58 
Analysis of tumour textural heterogeneity (marker for vascu-
larity), tumour density (marker for necrosis) analysed on CT, CT 
perfusion studies in anti- angiogenic chemotherapy agents and 
dual- energy CT have been evaluated in response assessment in 
a bid to move beyond size alone.63–66 These techniques provide 
useful predictive information but are not currently in widespread 
clinical use and in many cases require high quality and reproduc-
ible protocols for analysis.

18F- FDG PET/CT has high diagnostic accuracy in detecting 
tumour recurrence with the added value of detecting metas-
tases post- treatment.67 However, timing of follow- up is vital as 
false positives can occur in post- treatment inflammation and 
radiation- induced lung toxicity (RILT) (Table  3).56,67 In 2009, 
PET response criteria (PERCIST 1.0) were developed for system-
atic and structured assessment of response for use in clinical 
trials and potentially in the clinic.68 In PERCIST 1.0, the peak 
SUV corrected for lean body mass (SULpeak) is measured in 
the single “hottest” tumour. To be measurable at baseline this 
must be ≥ 1.5 times the mean SUL plus two times its standard 
deviation. The mean SUL is usually measured in a 3 cm diam-
eter spherical volume of interest (VOI) in the right side of the 
liver.69 Briefly, response is assessed as complete (18F- FDG uptake 
less than mean SUL of liver), partial (decrease of ≥30% and of at 
least 0.8 SUL units in the most intense lesion (not necessarily the 
same lesion)), stable (increase or decrease of SULpeak<30%) or 
progressive (increase of ≥30% and an increase of at least 0.8 SUL 
units in a target lesion or development of a new lesion).69 Chal-
lenges remain in the interpretation of response using PERCIST 
1.0, including assessing the behaviour of non- target lesions, 
a lack of definition for unequivocal progression, how to cate-
gorise new lesions as well as multiple technical factors such as 
accurately defining SULpeak, accurately registering serial images 
from the same patient, selecting the mean SUL in the liver and 
comprehensively monitoring all factors affecting SUV between 
studies.69,70 Automated systems to assess early response may 

improve on these constraints.70 PERCIST 1.0 offers great poten-
tial; not currently realised at present.

Response to immunotherapy
Tumours treated with immunotherapy (particularly immune 
checkpoint inhibitors), demonstrate unique response patterns 
which are not always assessable using classic RECIST 1.1. For 
example, an increase in tumour size after starting immuno-
therapy does not always represent progression but may be a result 
of T- cell infiltration and thus represent response.71 Incidences of 
this “pseudoprogression” in patients receiving PD- 1/PDL1 inhib-
itors in Phase II/III clinical trials can reach 10% (Figure  9).72 
Immune- specific response criteria including iRECIST (immuno-
therapy RECIST) that allow continued treatment beyond radio-
logical progression have been developed for use in clinical trials.72 
The key change in iRECIST (compared to RECIST1.1) is the 
concept of resetting the bar if RECIST progression is followed at 
the next assessment by tumour shrinkage.73 In iRECIST, response 
is designated as immune complete response (iCR), immune 
stable disease (iSD), immune partial response (iPR) and immune 
unconfirmed progressive disease (iUPD) or immune confirmed 
progressive disease (iCPD).73 Definitions of CR, SD, PR and PD 
are unchanged from RECIST1.1. iUPD can be assigned multiple 
times provided that iCPD is not confirmed at the next assessment. 
Progression is confirmed in a target lesion if the next assessment 
after iUPD (4–8 weeks later) confirms a further increase in 
the sum of measures of target disease from iUPD, with at least 
5 mm increase.73 This means that patients who are designated as 
iUPD and not iCPD on follow- up studies can remain on therapy. 
However, these are not considered superior to RECIST 1.1 given 
the relatively low incidences of pseudoprogression and the added 

Figure 9. Response to immunotherapy: pseudoprogression. 
(a- d) Axial CT and corresponding axial 18F- FDG PET/CT 
images from a 67y man with left lower lobe T2aN2M0 NSCLC 
commenced on immunotherapy (Durvalumab). CT images 
show an increase in the size of the lung primary between 
baseline (a) and follow- up (b) suggesting disease progres-
sion. However, the corresponding 18F- FDG PET/CT images 
(c) and (d) demonstrate partial metabolic response in the 
tumour. MDT decision was therefore for the patient to remain 
on current treatment regimen with close surveillance imaging.

Table 3. Optimal time intervals proposed for response assess-
ment using 18F- FDG PET/CT Adapted from Kandathil et al., 
2019)

Therapeutic modality Time interval
Chemotherapy 10 days

Surgery 6 weeks

Radiofrequency ablation 6–8 weeks

Immunotherapy 8–9 weeks

Radiotherapy 3 months
18F- FDG PET, 18- fludeoxyglucose positron emission tomography.
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problem of hyperprogression that has been observed in 9–29% of 
patients treated with immunotherapy.72,74,75

FUTURE HORIZONS
As outlined earlier, the current diagnostic pathway for patients 
with newly diagnosed NSCLC involves a combination of CT, 

MRI and 18F- FDG PET/CT. In this section, we review some of the 
new and emerging techniques which offer potential for improved 
accuracy of staging and response evaluation of NSCLC.

Whole-body MRI (WB-MRI)
A multicentre, prospective study in England (Streamline L trial) 
compared the diagnostic accuracy and efficiency of WB- MRI 
with standard staging pathways for metastatic disease in new 
NSCLC patients (destined for curative treatment). WB- MRI 
pathways had similar accuracy to standard pathways for T- staging 
but reduced sensitivities for nodal staging.76 Diagnostic accu-
racy was similar to standard pathways for identifying metastatic 
disease but WB- MRI had improved performance in terms of 
time and cost efficiencies. Although generally underappreciated, 
reducing time to treatment is associated with improved survival 
and reduced patient anxiety.77

Diffusion-weighted magnetic resonance imaging 
(DW MRI)
When tumours respond to treatment we expect reduction in 
their cellularity. This can be measured as an increase in apparent 
diffusion coefficient (ADC) on DWI MRI.78 A number of small 
studies indicate that ADC may be an independent marker of 
response of NSCLC to radiochemotherapy with potential to 
assess for early response, before reduction in tumour size.78 As 
mentioned earlier, conventional CT or 18F- FDG PET- CT imaging 
follow- up of NSCLC patients treated with radiotherapy cannot 
reliably distinguish tumour recurrence, atelectasis and RILT. 
A number of small studies have shown that DWI offers poten-
tial to troubleshoot in such cases, thus reducing the number of 
patients undergoing unnecessary invasive diagnostic procedures 
for benign lung change.56,79 In addition to assessing response to 
treatment, DWI can potentially distinguish benign from malig-
nant lymph nodes (benign having high ADC values)80 and could 
play a role in radiotherapy- planning.81

New PET tracers
The need to evaluate more specific aspects of cancer biology other 
than glucose uptake has led to the development of new radiophar-
maceuticals for potential future use in PET imaging.82 18F- fluo-
rothymidine (18F- FLT) is a marker for cellular proliferation and 
correlates with the activity of thymidine kinase- 1 (TK- 1). It does 
not appear to accumulate in inflammatory cells, thereby offering 
improved specificity over 18F- FDG PET/CT.83 This tracer also 
has the potential to identify chemoradioresistant tumours post- 
treatment.83 The response of tumours to treatment is influenced 
by the level of tumour oxygenation with intratumoral hypoxia 
increasing radio- and chemoresistance.84 A number of tracers 
for imaging hypoxia have been developed. 18F- FMISO, first used 
in cardiac imaging has been shown in clinical studies to have 
selectivity in NSCLC.85 Angiogenesis (an important factor in the 
tumour microenvironment) can be assessed by targeted integrin 
PET imaging using 18F- Galacto- RGD.86 Although not currently 

Figure 10. AI: The radiomics workflow. Patients undergo med-
ical imaging, e.g. CT, MRI or PET- CT. Regions of interest (ROI) 
e.g. a tumour are segmented either in 2D or 3D. Radiomic fea-
tures are extracted from the ROI. Machine learning is applied 
to radiomic features to predict a given outcome e.g. benign 
vs malignant lung nodule. Machine learning models can be 
developed for disease classification, patient clustering, or 
risk stratification. Figure adapted with permission from: van 
Timmerman J et al. DOI: https://doi.org/10.1186/s13244-020-
00887-2.
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in clinical use, new PET tracers offer potential for planning indi-
vidualised therapeutic regimens.

Artificial intelligence (AI), radiomics & deep-
learning
CT, MRI and 18F- FDG PET/CT are moving from primarily 
diagnostic tools for lung cancer towards having utility in prog-
nostication and personalised medicine with the agency of AI.87 
Radiomics represents a non- invasive biomarker that draws 
on a subset of AI—Machine Learning (ML) to classify quanti-
tative features associated with a given clinical end point.88 The 
radiomics workflow involves manual segmentation of a region 
of interest (ROI) on a scan, from which features are extracted 
and pre- processed prior to classification89,90 (Figure 10). Deep- 
learning is a subset of ML that describes a group of more complex 
algorithms. When applied to medical imaging, these facilitate 
automated segmentation, feature- extraction and identification of 
complex patterns in image data.91 These approaches have shown 
promise in lung cancer diagnosis,88,92–96 including a state- of- 
the- art deep- learning system for LDCT screening for pulmonary 
nodules (AUC = 0.944) which demonstrated similar perfor-
mance to radiologists.97 Additionally, they demonstrate ability 
in prognostication and evaluating response to treatment,98–100 

including a model that can estimate treatment failure following 
stereotactic body radiotherapy and guide individualisation of 
radiotherapy dose.101

CONCLUSION
Much progress has been made in the diagnosis and treatment of 
lung cancer in the past 20 years. Undoubtedly imaging has played 
a central role in this progress with the routine use of CT and 18F- 
FDG PET/CT in staging and response evaluation, the use of MRI 
and DWI for “problem solving”, automated and semi- automated 
assessment of solitary pulmonary nodules and targeted lung 
screening of high- risk populations. As we move towards tailored 
precision medicine based upon individual tumour and patient 
characteristics, the role of imaging will become ever more vital 
to ensure continued progress.
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