Send Orders for Reprints to reprints@benthamscience.net 195

Current Radiopharmaceuticals, 2020, 13, 195-203

REVIEW ARTICLE
I:;I/I' FDG PET/CT in the Staging of Lung Cancer
BENTHAM
SCIENCE

Mohsen Farsad""

' Department of Nuclear Medicine, Central Hospital of Bolzano, Via Lorenz Béhler 5, 39100 Bolzano, Bozen, Italy

Abstract: Background: Accurate staging is crucial for the proper management of patients with non-
small cell lung cancer, especially for choosing the best treatment strategy. Different Imaging methods
are used to stage patients with non-small cell lung cancer. In the last two decades, FDG PET/CT is
carried out in almost all the main Hospitals around the world in this setting.

Objective: The aim of this paper is to focus on the value of integrated FDG PET/CT in the TNM stag-
ing of the non-small cell lung cancer.

ARTICLE HISTORY  Methods: A non-systematic revision of the literature was performed in order to identify all papers
about the role of FDG PET/CT in the evaluation of non-small cell lung cancer and to highlight the

value of FDG PET/CT in this setting.
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Results: Many data are now available about this topic, including also randomized controlled trials.

DOI- FDG PET/CT is of limited added value in the characterization of T status but it increases the diagnostic

10.2174/1874471013666191223153755  accuracy for the assessment of the nodal status. The main advantage of FDG PET/CT over conven-

@ tional imaging methods is its higher sensitivity in identifying extra-thoracic metastases, especially bone
CrossMark

and adrenal lesions.

Conclusion: PET/CT with FDG should be included in the diagnostic work-up of patients with lung
cancer, because it provides useful information for appropriate therapy.
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1. INTRODUCTION

Lung cancer is the main cause of cancer-related deaths in
men and women worldwide [1] and non-small cell lung can-
cer (NSCLC) accounts for nearly 85% of all lung cancers
[2]. Accurate staging is important for the proper management
of patients with NSCLC, especially for choosing the best
treatment strategy and predicting prognosis. The TNM stag-
ing system, which is maintained by the American Joint
Committee on Cancer and the International Union Against
Cancer, is the established, uniform method of staging lung
cancer [3].

The optimal imaging technique for lung cancer staging
requires accurate characterization of the primary tumor (T),
and precise assessment of local (N) and distant tumor spread
M).

The aim of this paper is to focus on the value of inte-
grated 18F-Fluorodeoxyglucose (FDG) positron emission
tomography (PET)/computed tomography (CT) in the TNM
staging of the NSCLC. FDG PET/CT has been widely
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adopted in many international guidelines as a non-invasive
technique for lung cancer staging [4, 5]. In a randomized
controlled trial, the authors compared the role of conven-
tional staging alone and conventional staging plus FDG-
PET/CT in patients with lung cancer. A lower rate of thora-
cotomies was reported in the PET/CT arm as well as a lower
rate of futile thoracotomies [6]. A further prospective, ran-
domized multicenter trial including 337 patients compared
staging with conventional imaging versus FDG PET/CT. The
authors showed that by staging with FDG PET/CT, 13.8% of
patients were correctly upstaged and avoided inappropriate
surgery, compared with 6.8% in the conventional imaging
group (P=0.046). FDG PET/CT and brain imaging identified
more precisely those patients with mediastinal and extra-
thoracic disease [7].

Therefore, a widespread consensus exists to use FDG
PET/CT for all patients with NSCLC being considered for
curative-intent therapy. If patients with early-stage disease
are accurately staged using FDG PET/CT, inappropriate sur-
gery is avoided [7-10].

The whole body acquisition is the method of choice for
FDG PET/CT Imaging, in order to identify unknown distant
metastases. A recent multicenter trial suggested, however
“limited-area tumor imaging” (s-PET/CT), in order to reduce
patient dose while maintaining diagnostic information. A
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whole-body FDG PET/CT may be reserved only for high-
risk patients with intense FDG uptake and chest node in-
volvement as seen on s-PET/CT [11].

2. T STAGING

FDG PET/CT is of limited added value in the characteri-
zation of T status in patients with NSCLC, already undergo-
ing contrast-enhanced CT for initial staging. In selected
cases, FDG PET/CT may be advantageous to CT in delineat-
ing tumors associated with extensive atelectasis and may
detect areas of invasion not identified by CT.

Some authors state that the standardized uptake value
(SUV), the semiquantitative assessment of metabolic activity
of the primary tumor seen on FDG-PET may be an inde-
pendent prognostic factor [12, 13].

In a recent paper published by Cheng G and Huang H,
Volume-based PET parameters such as metabolic tumor vol-
ume and total lesion glycolysis resulted in reflecting the
metabolic status more accurately than SUVmax, and to be
better prognostic markers in lung cancer [14]. In contrast to
SUVmax, these parameters incorporate both metabolic activ-
ity and 3D tumor volume, allowing a more accurate assess-
ment of real tumor burden. The authors stated that the incor-
poration of quantitative FDG activity in tumor staging may
allow better risk stratification and better treatment outcomes
in the future. Moreover, a recent paper by Kirienko et al.
[15] has demonstrated that the radiomic features can be able
to differentiate between primary and metastatic lung lesions
and therefore, it can be useful to discriminate also the differ-
ent histopathological patterns.

3. N STAGING

After the exclusion of distant metastases, nodal status is
the most important determinant of management and progno-
sis. Patients deemed to have node-negative clinical stage I or
II diseases are frequently offered radical curative treatment,
while patients with confirmed mediastinal (N2) nodal in-
volvement are considered for a different treatment strategy.

PET has been reported to increase diagnostic accuracy
for the assessment of the nodal status. The evaluation of the
cancer cell metabolism, which generally precedes anatomic
changes, allows FDG PET/CT to determine the nodal status
and to detect occult metastatic disease better than CT scan-
ning alone. This data is supported by a meta-analysis of the
literature which reveals the high sensitivity (about 81.3%)
and specificity (about 79.4%) of FDG-PET/CT for detection
of mediastinal lymph node metastasis [16]. However, being
aware of the false-positive results of FDG PET/CT, for po-
tential surgical candidates, invasive mediastinal staging is
recommended to verify that PET-positive mediastinal lesions
are due to cancer. On the other hand, there remains also
cases of false-negative results for nodal metastases. Invasive
mediastinal staging should be strongly encouraged in central
tumors and solid T2 tumors even if the FDG PET/CT scan
does not suggest mediastinal node involvement because the
risk of occult nodal involvement is relatively high [17]. In
one study, patients with clinical N1 disease suggested by
integrated FDG PET/CT had a relatively high incidence
(17.6% after mediastinoscopy and 23.5% after endoscopic
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ultrasound-guided fine-needle aspiration (EBUS-FNA) of
unsuspected N2 disease [18].

In contrast to the patients with peripheral T1 tumors or
peripheral T2 tumors with a significant ground-glass compo-
nent, the probability of having a positive node is very low
and invasive staging is unlikely to be beneficial. In the latter
setting, invasive mediastinal staging may be avoided [17].

There are also other factors to be considered when inter-
preting FDG PET/CT findings. The pattern of symmetric
FDG uptake in the mediastinum is often more important than
absolute SUV value because inflammatory processes usually
give rise to symmetric uptake (Fig. 1).

Another consideration is that FDG PET/CT Imaging may
fail to stage accurately patients with low FDG uptake pri-
mary tumors missing mediastinal node metastases (Fig. 2).
Often lymph nodes are likely to have a similar metabolic
activity to the primary lesion and therefore, a small intensely
avid node is more likely to be malignant if the primary tumor
shows high FDG uptake, even if the SUVmax is lower than
liver uptake (Fig. 3). In central tumors and solid T2 tumors,
even if the nodal uptake is very low or the FDG PET/CT
scan does not suggest mediastinal node involvement, inva-
sive mediastinal staging should be carried out, as the risk of
occult nodal involvement is relatively high (Fig. 4). These
factors should be kept in mind when interpreting FDG PET
imaging findings.

4. M STAGING

With the new TNM classification [3], M classification is
subdivided into different descriptors on the basis of the
number and site of extrathoracic metastases, by maintaining
the prior M1a category (intrathoracic disease) and adding the
categories of M1b disease (single extra-thoracic metastasis)
and Mlc disease (multiple extra-thoracic metastasis). The
timely detection of metastatic disease is by far the most im-
portant prognostic factor when faced with newly diagnosed
lung cancer (Fig. 5). Most patients with metastatic disease
are not suitable for locoregional therapy with curative intent.
One of the main advantages of FDG PET/CT over conven-
tional imaging methods is its higher sensitivity in identifying
extra-thoracic metastases. A randomized, controlled multi-
center trial including 320 patients who were randomized to a
PET/CT plus cranial imaging arm (163 patients) and conven-
tional imaging arm (157 patients; CT abdomen, bone scan,
and cranial imaging), 23 (14%) of 163 patients in the
PET/CT arm were correctly upstaged and avoided inappro-
priate surgery compared with 11 (7%) of 157 in the conven-
tional imaging arm (0.046). The authors concluded that FDG
PET/CT better identifies extra-thoracic metastases in patients
with NSCLC, sparing some from stage inappropriate surgery
[19].

A more recent review by the National Institute for Clini-
cal Excellence (NICE) confirmed that in an average of 15%
of patients, unexpected extra-thoracic metastases may be
detected by FDG PET/CT [20].

It should be underlined that the strength of FDG PET/CT
imaging, compared to conventional imaging methods for M
staging in lung cancer, is to detect occult metastatic disease
of adrenal glands, liver, and skeleton. The main limitation of
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Fig. (1). Moderately differentiated adenocarcinoma (SUVmax 6.9) of the upper lobe of the left lung with benign bilateral mediastinal nodes:
SUVmax 4.5 (SUVmax liver 3) and pleural effusion; even if the SUV value of nodes is higher than the liver uptake, the pattern of symmetric
FDG uptake helps to suspect inflammatory condition. In patients with an imaging finding suggestive of metastasis, further evaluation of the
abnormality with tissue sampling to pathologically confirm the clinical stage is recommended prior to choosing treatment. (4 higher resolu-
tion / colour version of this figure is available in the electronic copy of the article).
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Fig. (2). Moderately differentiated adenocarcinoma G2 (70% Acinar, 20% Lepidic, 10% Papillary) of the upper lobe of the right lung (SU-
Vmax 3.5). Surgery identified hilar node metastasis (SUVmax 2.0; SUVmax liver 2.5) not identified by FDG PET/CT Imaging. It should be
kept in mind that in patients with less avid primary tumors, node metastases may be missed by FDG PET/CT imaging. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).
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Fig. (3). Small node metastasis (SUVmax 2.0; SUVmax liver 2.5) in patient with poorly differentiated adenocarcinoma with large cells of the
left lung (G3). Nodes are likely to have metabolically similar cells within them to the primary lesion, and consequently, a small intensely avid
node, even with an SUV value lower than liver SUV value, is more likely to be malignant. In patients with PET activity in a mediastinal
lymph node and normal-appearing nodes by CT (and no distant metastases), an invasive staging of the mediastinum is recommended over
staging by imaging alone. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (4). Enlarged paratracheal metastasis (4R; SUVmax 1.5; SUVmax liver 2.4) in patient with squamous cell carcinoma of the right lung.
FDG PET/CT resulted to be negative with SUV value lower than the liver SUV value. Invasive mediastinal staging should be carried out in
central tumors and solid T2 tumors even if the FDG PET/CT scan does not suggest mediastinal node involvement because the risk of occult
nodal involvement is relatively high. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (5). Pancoast tumor of the right lung without nodal involvement. Two hypodense, unknown lesions with high FDG uptake were identi-
fied by PET/CT Imaging in the liver (red arrows). The diagnosis of metastases was confirmed by the US and CT extrathoracic metastatic
disease, classified as M1b in TNM-7, is now subdivided into M1b for a single metastasis and M1c for multiple extrathoracic metastases
(TNM-8), based on the different prognosis. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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FDG PET/CT for the detection of distant metastases is the
identification of cranial lesions, owing to the high physiol-
ogic uptake of FDG in the brain. Therefore, in patients with
diagnosed NSCLC, the use of a brain CT scan for complete
staging is mandatory and in patients with neurological symp-
toms, an MRI of the brain may be also performed.

FDG PET/CT is particularly effective for detecting bone
metastasis in patients with NSCLC and is more sensitive and
accurate than bone scanning. Song and colleagues compared
FDG PET/CT and bone scintigraphy and found that the sen-
sitivity, specificity, PPV, and NPV of FDG PET/CT were
94.3%, 98.8%, 90.0%, and 99.3%, respectively; and those of
bone scintigraphy were 78.1%, 97.4%, 75.9%, and 97.4%,
respectively [21]. Discordant findings of skeletal metastasis
between bone scintigraphy and PET/CT occur in approxi-
mately 20% of patients with NSCLC [22]. Skeletal metasta-
ses occur in the red marrow space and do not alter cortical
bone initially. Bone scans relying on phosphate metabolism
are therefore insensitive in the detection of the marrow phase
of osseous metastasis. FDG PET/CT scan, by imaging the
tumor itself rather than the bone’s response to the tumor,
detects early neoplastic infiltration and is more sensitive in
the detection of skeletal metastases than conventional bone
scintigraphy. A meta-analysis of 17 studies demonstrated
that the pooled sensitivity and specificity for the detection of
bone metastasis were 92% and 98%, respectively, for
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PET/CT, compared with 86% and 88%, respectively, for
bone scintigraphy [23]. Therefore, FDG PET/CT has re-
placed almost totally bone scintigraphy for the detection of
bone metastasis in patients with newly diagnosed NSCLC
[24].

Adrenal metastases from lung cancer are common and
usually occur with metastases in other organs, although they
can also be present as an oligometastatic disease. Early de-
tection of adrenal metastases is of crucial importance as re-
section of an adrenal oligometastasis from NSCLC has been
shown to improve the long-term disease-free survival [25].
In patients with NSCLC, however, many solitary adrenal
lesions are not malignant. It is not always reliable enough to
distinguish between metastases and benign lesions only on
the bases of CT Imaging. Adrenal masses are evaluated by
CT based on tumor size, attenuation value and wash-out,
which may lead to false-negative or false-positive results.

In this setting, FDG PET/CT turns out to be a very useful
method to distinguish benign from malignant adrenal lesions
[26], since it allows early detection and accurate localization
of adrenal lesions and differentiation of metastatic nodules
from benign lesions (Figs. 6 and 7). In a retrospective study,
the accuracy of FDG PET/CT for characterization of adrenal
lesions in patients with proved or suspected malignancy was
evaluated, and the authors found that all malignant lesions
had SUV values greater than that of the liver with a mean

Fig. (6). Poorly differentiated adenocarcinoma with bilateral mediastinal metastasis. Left enlarged adrenal lesion suspected to be metastases
on CT scan, turn out to be benign showing no FDG uptake. FDG PET/CT imaging is useful in the differentiation of benign and malignant
adrenal lesions in NSCLC patients. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (7). Poorly differentiated adenocarcinoma of the right lung without nodal involvement. Left enlarged adrenal lesion suspected to be me-
tastases on CT scan, showed high FDG uptake. The pathological diagnosis of metastases was confirmed after resection. Adrenalectomy of an
isolated adrenal metastasis from NSCLC has been shown to improve the long-term disease-free survival of such patients. (4 higher resolution
/ colour version of this figure is available in the electronic copy of the article).

adrenal lesion liver ratio of 4.04 (range 1.53-17.08). Of the
32 benign lesions, 30 had activity ratios that were less than
liver activity (mean adrenal lesion-liver activity ratio of
0.66); the maximum adrenal lesion liver ratio of a benign
lesion was 1.47 [27].

It should be kept in mind that some benign lesions, like
adenomas, may show also intense FDG uptake [28]. How-
ever, the combination of SUV values and CT morphologic
characteristics (size, shape, attenuation value) as allowed in
most of the cases to significantly improve the diagnostic
accuracy for characterizing adrenal lesions, leading to a sig-
nificant reduction in the number of false-positive cases [29].

Boland and colleagues in a meta-analysis showed that ad-
renal lesions can be characterized with high accuracy with
the use of FDG PET/CT Imaging, and subsequent imaging is
usually unnecessary [30].

Pleural effusions are common in patients with NSCLC,
but only some of these effusions are malignant. Several stud-
ies showed that the use of FDG PET/CT Imaging has an
added value in distinguishing malignant from benign pleural
effusion, improving the accuracy of CT Imaging [31-33]. In
those cases, where invasive diagnostic methods like thora-
cocentesis are considered impossible or of high risk for the
elderly, or insufficient quantity of pleural fluid is present,

FDG PET/CT may be applied as a reliable noninvasive
method for the detection of malignant pleural effusion.

It should be mentioned that several benign conditions (in-
fection or inflammation) or malignant lesions unrelated to
the primary NSCLC may show also intense FDG uptake,
mimicking distant metastases. Therefore, atypical lesions
with pathologic FDG uptake require further testing, particu-
larly where management would be impacted.

REMARKS AND CONCLUSION

FDG PET/CT functional imaging has proved an invalu-
able noninvasive, diagnostic tool, improving the accuracy in
the staging of NSCLC. If the CT appearances of a patient
with known NSCLC suggest localized disease, an FDG
PET/CT imaging should be performed to confirm the ab-
sence of mediastinal nodal disease in nonenlarged lymph
nodes, and the absence of occult distant metastases. For N
staging, FDG PET/CT imaging has high negative predictive
value which can reduce unnecessary invasive mediastinal
staging. Most used guidelines do not recommend invasive
mediastinal staging in cases of normal-sized mediastinal
nodes on CT and no uptake with FDG PET/CT in patients
with T1 tumors or peripheral T2 tumors with a significant
ground-glass component. On the other hand, lymph nodes



202 Current Radiopharmaceuticals, 2020, Vol. 13, No. 3

with pathologic FDG uptake on PET/CT scan should be con-
firmed histologically by mediastinoscopy or EBUS-FNA
before curative surgery is excluded as a treatment option.
One of the main advantages of an FDG PET/CT scan over
conventional imaging is its higher sensitivity in identifying
extra-thoracic metastases. The general consensus is that FDG
PET/CT PET can reduce needless thoracotomy rates. For the
detection of brain metastasis, FDG PET/CT has limited
value, as the high physiologic uptake of FDG in the cerebral
cortex may obscure pathological uptake.

In conclusion, FDG PET/CT plays an important role in
the staging of NSCLC, providing complementary informa-
tion to conventional morphological imaging modalities and
is considered standard of care for noninvasive mediastinal
staging and detection of distant metastasis in NSCLC. Evi-
dence is also accumulating for the prognostic and predictive
implications of FDG PET/CT.
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CT =  Computed Tomography
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NICE = National Institute for Clinical Excellence

NSCLC = Non-Small Cell Lung Cancer

PET =  Positron Emission Tomography
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