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Abstract: Lung cancer is a common disease and the leading cause of cancer-related mortality, with 
non-small cell lung cancer (NSCLC) accounting for the majority of cases. Following diagnosis of lung 
cancer, accurate staging is essential to guide clinical management and inform prognosis. Positron emission 
tomography (PET) in conjunction with computed tomography (CT)—as PET-CT has developed as an 
important tool in the multi-disciplinary management of lung cancer. This article will review the current 
evidence for the role of 18F-fluorodeoxyglucose (FDG) PET-CT in NSCLC diagnosis, staging, response 
assessment and follow up.
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Introduction

Lung cancer remains the leading cause of cancer-related 
mortality in both men and women. Non-small cell lung 
cancer (NSCLC) accounts for 75–80% of cases (1). In the 
United Kingdom, 5-year survival has been reported to 
be just 8% (2). Patients suspected or diagnosed with lung 
cancer are managed by a multidisciplinary team whose 
role is to accurately diagnose, stage and then treat patients. 
Traditional radiological imaging techniques such as chest 
radiography, ultrasonography, computed tomography 
(CT) and magnetic resonance imaging (MRI), play an 
essential role in staging, which ultimately determines the 
management options available to a patient. However, the 
development of positron emission tomography (PET) with 
18F-fluorodeoxyglucose (FDG), a radiolabelled glucose 
analogue, has significantly impacted on the contribution 
of radiology to the management of this disease. This is 

routinely performed as a hybrid technique with PET-CT, 
which combines anatomical localisation and morphological 
information from CT with functional data provided by 
PET. Malignant tumours are often highly metabolically 
active, with increased glucose metabolism and consequently 
FDG uptake, and can be detected as ‘hot spots’ with 
higher standardised uptake values (SUV). This is not 
always the case and often small tumours or those of the 
‘bronchoalveolar’ type have lower SUV. A meta-analysis 
concluded that FDG-PET can diagnose malignant 
pulmonary lesions with an estimated sensitivity of 94.2% 
and specificity of 83.3% (3). Combining the FDG-PET scan 
with simultaneous CT scan further increases its accuracy 
by avoiding the technical challenges of interpreting the two 
scans independently. Subsequently PET-CT has become a 
standard of care (Figure 1) (4-6). The success of PET-CT 
has resulted in a search for similar radiolabelled ligands to 
be utilised in conjunction with other radiological modalities 
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such as MRI, and this is an important area of research.

Role of PET-CT in the diagnosis and evaluation 
of lung lesions

Small pulmonary nodules are frequently identified as an 
incidental finding on imaging performed for other reasons. 
It has been reported that they are identified on up to 0.2% of 
chest radiographs (7) and around 1% of thoracic CT scans (8).  
Although the majority of solitary pulmonary nodules are 
benign lesions such as a granuloma or hamartoma, in up to 
20% of cases they represent a malignant tumour, especially in 
older patients and smokers (8). The incidence of malignancy 
in these higher risk groups can approach 70% (9).

After a nodule has been identified, patients are referred 
and managed by a multidisciplinary team to investigate the 
nature of the nodule. For suspicious lesions, PET-CT has 
an important role in aiding differentiation between benign 

and malignant lesions, with metabolically active lesions 
more likely to represent malignancy. PET-CT is relied 
upon to guide decision making in regard to proceeding 
to obtain a tissue diagnosis. A large recent retrospective 
analysis reported PET-CT to have a diagnostic accuracy of 
93.5% in diagnosing malignant pulmonary nodules, and a 
false positive rate of 6.5% (10). Interestingly, there is some 
data suggesting that the degree of FDG uptake on PET-
CT can differentiate between different tumour histology. 
Data has been presented, for example, that demonstrated 
that squamous cell carcinomas tend to have significantly 
higher FDG uptake than bronchioloalveolar carcinoma, 
adenocarcinoma in situ and carcinoid tumours (11,12). In 
these tumour types false-negative PET-CT studies can 
occur. This is also the case for sub-centimeter pulmonary 
nodules (13). On the other hand, false-positive results can 
be observed in metabolically active, often inflammatory, 
benign lesions such as bacterial pneumonia, pyogenic 

Figure 1 The roles of PET-CT in the management of non-small cell lung carcinoma. PET-CT, positron emission tomography-computed 
tomography.
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abscesses, tuberculosis, sarcoidosis, infective granulomas 
and fibrosing mediastinitis (10)

Subsequently, if suggestive of malignancy on PET-
CT, a tissue diagnosis is sought in order to appropriately 
manage the patient. A tissue diagnosis can be obtained 
through multiple routes depending on the location of the 
tumour. Peripheral lesions are routinely sampled with CT-
guided biopsy which is now well established as a diagnostic 
technique for pulmonary nodules, with a diagnostic 
accuracy of up to 98% (14,15), although occasionally can 
be complicated by pneumothorax. Central lesions may be 
more amenable to bronchoscopic techniques including 
endobronchial ultrasound (EBUS) guided biopsy. The 
detection of metastases, mediastinal or more distally, on 
the PET-CT can direct an alternative route to obtaining 
tissue for pathological diagnosis. For example, an accessible 
mediastinal or supraclavicular lymph node may be deemed 
a more appropriate biopsy target, with lower risk, than CT-
guided biopsy of the main lesion—particularly for patients 
with more advanced tumours in which a tissue diagnosis is 
required to determine the appropriate oncological therapy.

Role of PET-CT in the staging of lung carcinoma

Following diagnosis of a lung cancer, the disease must 
be staged which is an assessment of tumour size, tumour 
location, involvement of mediastinal lymph nodes and the 
presence of metastases. Since the patients prognosis and 
therefore management is determined by disease staging, 
it is essential that this can be performed reliably and  
accurately (16). Staging requires the combination of 
imaging modalities to identify the extent of tumour 
progression and the ability to obtain biopsies of suspicious 
pulmonary nodules, lymph nodes and/or potential 
metastases.

The TNM staging system is the standard staging system 
used worldwide for lung carcinoma (17). Recently the 
8th edition was published although it is not yet in routine  
use (18). The system assesses the tumour (T), lymph 
nodes (N) and metastases (M). The tumour is assessed 
based for its size, location and spread beyond the visceral 
pleura; the presence of enlarged or abnormal lymph nodes 
within the lung, hilum and mediastinum is quantified; and 
the presence of intrathoracic or extrathoracic metastatic 
involvement is assessed. The stage of disease determines 
the optimum management (19-21). For early, stage I, 
disease surgical resection by lobectomy or pneumonectomy 
with curative intent is the gold standard currently. 

Patients with stage II disease with a good performance 
status will usually be offered surgical resection, followed 
by adjuvant chemotherapy to reduce the risk of tumour 
recurrence (22). Stage IIIA disease can be treated with 
tri-modality therapy: combined chemotherapy and 
radiotherapy, followed by surgical resection for patients 
who are ‘down-staged’ following the oncological therapy 
and have a good performance status. Patients with stage 
IIIB disease, are usually treated with a combination of 
chemotherapy and radiotherapy, with surgery having little 
role. Patients with more advanced, stage IV disease, will 
be offered a combination of systemic chemotherapy and/
or radiotherapy depending on their performance status, 
and palliative radiotherapy for symptom relief (23). PET-
CT is now a standard staging investigation in patients with 
lung carcinoma (19-21) and can aid detection of nodal and 
distant metastases.

Nodal staging

Lymph node staging is an important step in determining 
whether the patient is offered surgical resection and 
therefore, considerable effort is made to evaluate 
mediast inal  lymph nodes (24,25) .  PET-CT has a 
significantly greater accuracy than conventional CT 
imaging which relies on lymph node size alone (26). PET-
CT has been reported to have an accuracy of 90% for 
correctly diagnosing the presence or absence of mediastinal 
lymph node involvement, with a sensitivity of 79–85% and 
specificity of 87–92%. This compares very favourably to 
the values reported for CT alone—an accuracy of 75%, 
sensitivity of 57–68% and a specificity of 76–82% (Figure 2) 
(27-30). However, it is important to be aware that there is 
reduced accuracy of PET-CT detecting malignancy in small  
nodes <10–15 mm diameter (31).  As such, occult 
nodal metastases are often detected by post-operative 
histopathology. This is termed stage migration (32). 
One recent study reported a 25.9% rate of occult nodal 
metastases (30). The authors identified that combining 
tumour size with SUVmax offered some predictive ability—
for tumours >2.5 cm with SUVmax >4.35, there was an 
88.9% chance of detecting occult lymph node metastases.

In view of the diagnostic accuracy recorded with PET-
CT, when there is suggestion of malignant involvement of 
mediastinal lymph nodes, further assessment is necessary (33).  
If the PET-CT scan is positive for mediastinal or 
hilar nodes, the lymph node status needs histological 
confirmation in order to accurately stage the patient (34), 
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whereas patients with negative mediastinal nodes on PET-
CT examination can generally proceed to surgical resection 
without the need for invasive mediastinal staging (35). 
Endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) and EBUS-guided transbronchial needle aspiration 
(EBUS-TBNA) are becoming the investigations of choice 
for obtaining tissue for mediastinal staging and have been 
demonstrated to be both clinically and cost effective when 
compared to surgical staging in a randomised controlled 
trial (36-38). It is becoming increasingly appreciated that 
combining PET-CT and EBUS-TBNA can significantly 
increase the diagnostic accuracy of nodal staging (39).

For mediastinal lymph nodes that are suspicious based on 
size-criteria on the CT, but negative on PET-CT, further 
staging with histological examination should be sought by 
the multidisciplinary team to ensure surgical resection is 
appropriate. Conversely, patients with mediastinal nodes 
positive on PET should not be denied potentially curative 
surgery without histological confirmation, with knowledge 

that positivity can be due to other factors such as infection 
or inflammation.

Distant metastases

Forty percent of patients with NSCLC are reported to 
present with metastatic disease. The commonest sites of 
NSCLC metastasis include the adrenal glands, bones, liver, 
or brain (40). PET-CT is more accurate than conventional 
CT at diagnosing the presence of metastases. It has been 
reported that up to 10% of patients are found to have 
metastases on PET-CT that were not detected on prior 
CT, and therefore offers an important additional benefit to 
patient staging (26,41).

In up to 20% of patients with NSCLC, adrenal tumours 
are identified on CT. Incidental adrenal adenomas are not 
uncommon in the population though (25). The ability of 
PET-CT to differentiate metabolically active, potentially 
metastatic, lesions from metabolically quiescent lesions can 
be very useful, although caution should be exercised when 
interpreting PET-CT for small adrenal nodules, as the 
false-positive and false-negative rates will be higher (42).  
One study reported accuracy of 95% in diagnosing 
adrenal metastasis with PET-CT. They reported a positive 
predictive value of 95% and a negative predictive value of 
94% (43).

FDG-PET can also aid the diagnosis of bone metastases 
which are seen as ‘hot spots’ within the bone.

The more tradit ional  approach was with bone 
scintigraphy. Reports describe sensitivity in the range 
90%, but specificity as low as 60%. This is due to uptake 
of the radio-nucleotide tracer in areas of inflammation and 
degeneration that may be associated with arthritic changes 
or post-trauma (44). PET-CT is found to be superior to 
bone scintigraphy for detection of bone metastases with 
accuracy quoted to be as high as 96%, with sensitivity (90%) 
and a specificity (98%) (44).

FDG-PET offers superiority in the diagnosis of liver 
metastases when compared with conventional imaging 
modalities. Uptake of FGD is highly suspicious of 
malignancy (45). In contrast, FDG-PET detects brain 
metastases with a sensitivity of lower than 46% due to the 
high levels of glucose uptake within normal brain tissue (46). 
Conventional CT or MRI is considered the investigation 
of choice for accurately diagnosing the presence of brain 
metastases.

The added benefit of FDG-PET can be appreciated by 
comparing the staging pre and post PET-CT. It has been 

Figure 2 The value of PET-CT to staging. Patient with non-
small cell lung carcinoma. The tumour in the right upper lobe 
shows avid tracer uptake (SUVmax =19.4). There is a 5 mm station 
4R node adjacent to the azygos vein and superior vena cava on 
the staging CT scan. This shows tracer uptake on the PET-CT  
(SUVmax =9.7) and was shown to contain tumour cells on endo-
bronchial ultrasound guided sampling. If PET-CT had not been 
performed this N2 node would have been missed. PET-CT, 
positron emission tomography-computed tomography.
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observed that in up to 62% of cases the TNM stage is 
modified following a PET-CT scan (Table 1) (42). This is 
obviously of crucial importance as management decisions 
are determined by the final stage of disease and as such, 
a PET-CT can prevent patients from being subjected to 
unnecessary further investigations and surgical procedures 
that will offer them no prognostic benefit (54,55).

The value of PET-CT in the staging of lung cancer has 
been reinforced in international guidelines—all of which 
emphasise the importance of having rapid access to PET-
CT (19-21,57) due to its ability to facilitate accurate disease 
staging which is important to guide management decisions 
and allow prognosis to be predicted.

Role of PET-CT in evaluating response to 
treatment

PET-CT scans are not necessarily just performed as a 
one-off test and can be used to track disease over time—
particularly to assess the impact of oncological therapies—
i.e., chemotherapy and radiotherapy (56,58). FDG-PET 
offers benefit over conventional CT where although 
tumour shrinkage may be observed, radiation-induced 
inflammation and fibrosis after neoadjuvant chemotherapy 
or radiation therapy can make assessment difficult (11). 
On conventional CT imaging identifying a response to 
treatment is simply based on a reduction in size and volume 

of the tumour—however, this does not necessarily correlate 
with clinical outcomes. PET-CT offers the opportunity 
to assess the level of FDG uptake and therefore tumour 
activity which may be a better marker. Decreased FDG 
uptake as detected on PET-CT is found to correlate 
with improved outcomes and is a marker of effective 
responsiveness to the chemotherapy (59). Conversely 
therefore, if there is no change in activity level, this could 
direct a change in chemotherapeutic approach. It has been 
reported that evidence of high FDG uptake following the 
first chemotherapy cycle correlates with a poorer prognosis 
than patients with low FDG uptake, with median survival of 
12 months compared with 34 months (41,60).

Role of PET-CT in disease surveillance

In addition to measuring the impact of therapy, PET-CT 
can also play an important role in the diagnosis of disease 
recurrence following an abnormality being detected on 
conventional imaging (61). The role of PET-CT in long-
term follow up is not well described, and there are many 
studies which do not recommend PET-CT for the routine 
surveillance of patients following treatment for NSCLC (62).  
However, on conventional imaging, pathology such as 
atelectasis, consolidation and radiation fibrosis can easily 
be confused with disease recurrence, whilst different FDG 
uptake on PET-CT can facilitate this differentiation (11). 

Table1 Impact of PET-CT on patient staging and management in non-small cell lung carcinoma (NSCLC)

Study N of patients Change of stage (%) Impact on management (%)

Lewis et al. (47) 34 – 41

Bury et al. (48) 109 34 25

Saunders et al. (49) 97 27 37

Pieterman et al. (50) 102 62 –

Hicks et al. (51) 153 43 35

Hoekstra et al. (52) 57 30 19

Schmucking et al. (53) 63 – 52

Zhou et al. (30) 54 25.9 –

Takeuchi et al. (54) 592 28.7 37.2

Taus et al. (55) 246 35 –

Zheng et al. (56) 23 35 –

Kirmani et al. (32) 312 25.3 –

PET-CT, positron emission tomography-computed tomography.
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Consequently, a PET-CT scan can be useful for identifying 
disease recurrence in patients with suspicious lesions on 
conventional imaging with a sensitivity reported to be 98%, 
specificity of 82% and overall accuracy of 93%. Moreover, 
a negative PET-CT at follow up is highly predictive of 
improved survival (49,60), even after adjustment for the 
therapy given, whereas conventional staging offers only 
modest prognostic stratification (42). While these benefits 
are recognised, PET-CT is not utilised as a routine first-line 
follow-up surveillance investigation, in current guidelines, 
but can be utilised if there is suspicion of tumour recurrence 
or metastatic disease detected on standard CT (19-21,57,63). 
The high cost is likely an important factor in this decision. 
There is some evidence correlating pre-operative tumour 
SUVmax with risk of recurrence and death in patients with 
NSCLC (41) and it may be that with greater understanding, 
PET-CT will play a greater role in follow-up of higher risk 
patients following curative therapy.

Limitations of PET-CT

Although the evidence reported above demonstrates PET-
CT to be an important and accurate tool in the management 
of NSCLC, it is important to acknowledge the limitations 
of this imaging modality. One of them is the misregistration 
between the PET and CT components due to changes in 
the patient’s position during the imaging. It is commonly 
related to recording in different phase of the patient’s 
respiratory cycle, and some works are examining the 
potential benefit of respiratory gating of scans (64). Another 
point to consider is that several benign lesions, such as 
infection, inflammation and infarction, also have increased 
glucose metabolism and can therefore show as a hotspot on 
the PET-CT image and be potentially misinterpreted (17).  
In addition, the brain, heart, gastrointestinal tract, 
genitourinary tract, and skeletal muscles can all show 
increased FDG uptake on PET imaging, and may mask 
a malignant lesion or give false positive results, resulting 
in additional unnecessary investigation and patient stress. 
Finally, there are some technological limitations of PET-
CT: small metastatic lesions (<1 cm) may appear ‘cold’ on the 
PET-CT image due to the resolution of the scanner. Lesions 
containing only micro metastases, low metabolic neoplasms, 
and highly differentiated tumours can all be misinterpreted 
as being benign (16). Furthermore, PET-CT is also more 
costly than alternative scanning modalities and this must be 
considered in the current financial climate (65,66).

Future development and prospects

PET-CT is now an established radiological modality 
widely used in the management of NSCLC. Novel radio 
ligands are being developed in an attempt to broaden 
the utility of PET imaging by improving the diagnostic 
accuracy for malignancy and predicting response to specific 
cancer therapies (67). For example, 11C-methionine has 
been demonstrated to be more specific and sensitive than 
18F-FDG in differentiating benign and malignant thoracic 
nodules. Another ligand, 18F-fluorothymidine, which is a 
marker of cellular proliferation, is thought to be even more 
sensitive than 18F-FDG in evaluating treatment response. 
Other ligands are being developed to examine other specific 
aspects of tumour biology—for example the analysis of 
epidermal growth factor receptor (EGFR) expression, which 
it is hoped will provide an insight into tumour behaviour 
and sensitivity to specific chemotherapeutic agents, thereby 
facilitating individualised treatment regimens (68-70).  
Its use with other imaging such as MRI is also under 
development.

Conclusions

FDG-PET-CT currently plays an important and central 
role in the multidisciplinary management of lung cancer. 
PET-CT combines metabolic and morphologic data 
allowing it to offer increased ability to diagnose malignant 
lung nodules when compared to conventional CT imaging. 
Integrated PET-CT combines the benefit of PET and 
CT, whilst minimizing their limitations in the diagnosis, 
staging and treatment of NSCLC. PET-CT offers a 
superior assessment for lymph nodal involvement and for 
the presence of local or distant metastatic disease than 
can be achieved on conventional imaging alone, and is 
often used to interpret equivocal lesions identified on such 
imaging modalities. PET-CT scans can also offer predictive 
and prognostic information after both neoadjuvant and 
definitive therapy. Increasingly, the value of PET-CT in 
disease surveillance following treatment is being recognised 
and its role may increase in the future. An understanding 
of the limitations of FDG-PET will also provide a more 
accurate interpretation of the PET-CT findings.

In conclusion, the increased use of PET-CT scans 
in the investigation of patients with NSCLC allows for 
more accurate staging and therefore more appropriate 
management decisions. It is hoped that this translates to 
improved patient outcomes and increased cost-effectiveness, 
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by avoiding inappropriate treatments.
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