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Abstract
Objectives To review the role of imaging in the diagnosis
of recurrent disease in previously treated non-small cell
lung cancer (NSCLC) and discuss the imaging pitfalls.
Methods A comprehensive review of published literature
on CT and PET imaging of NSCLC recurrence was
performed. Diagnostic and prognostic values are discussed.
Representative imaging examples are illustrated.
Results Up to 30% of NSCLC recurrences present as loco-
regional, involving treated hemithorax and ipsilateral lymph
nodes, while 70% present as metachronous distant metas-
tases. CT and PET-CT play an important role in the early
detection of recurrence; indications for imaging vary
depending on pathological features.
Conclusion Imaging plays a central role in the identifica-
tion of recurrence and may predict prognosis.
Key Points
& Lung cancer recurs after surgery in 30% to 75% of patients.
& CT and PET-CT are crucial in identification of loco-
regional recurrence.

& Knowledge of potential pitfalls is essential, especially for
parenchymal or nodal recurrence.

& CT can diagnose metastases but further examinations
(PET-CT, MRI) are often needed.

& Morphological and functional imaging criteria may help
in predicting recurrence.

Keywords Recurrence . Non-small cell lung cancer . Local
neoplasm recurrence .Multidetector-row CT.

Integrated PET-CT

Introduction

Lung cancer is the leading cause of cancer death in men
and the fourth in women, accounting worldwide for 1.6
million cases and 1.4 million deaths in 2008 [1, 2]; it had
been estimated that in 2010, 116,750 men and 105,770
women would have been diagnosed with lung cancer, and
that 157,300 men and women would have died of it [3].
Non-small cell lung cancer (NSCLC) accounts for 85% of
all lung cancers and includes several subtypes, of which
squamous cell carcinoma and adenocarcinoma account for
42% and 39% of the cases in smokers, respectively [4, 5].
When performed in early stages of NSCLC (stage I and II),
surgery is associated with a favourable prognosis [6].
Patients with advanced lung cancer (stage IIIB) are treated
with non-surgical multiple technique therapy and patients
with distant metastases at diagnosis (stage IV) often receive
palliative chemotherapy to improve the quality of life [7]. It
has also been reported that selected patients with locally
advanced NSCLC (ipsilateral mediastinal nodal involve-
ment) in whom neoadjuvant therapy resulted in down staging

A. Caulo (*) : F. Maggi : L. Leccisotti : L. Bonomo
Department of Bioimaging and Radiological Sciences,
Catholic University of the Sacred Heart,
Largo Francesco Vito 1,
00168 Rome, Italy
e-mail: acaulo@sirm.org

A. Caulo : S. Mirsadraee : E. J. R. van Beek
Clinical Research Imaging Centre, Queen’s Medical Research
Institute, University of Edinburgh,
47 Little France Crescent,
Edinburgh EH16 4TJ, UK

Eur Radiol (2012) 22:588–606
DOI 10.1007/s00330-011-2299-8



may also benefit from surgery, with a significantly improved
5-year-survival rate [7, 8]. For patients with potentially
resectable tumours who have significant comorbidities or do
not consent to curative surgery, other therapeutic approaches
include stereotactic body radiotherapy (SBRT) and radio-
frequency ablation (RFA) [9–12].

Even when treated with curative intent, NSCLC is
associated with high recurrence ranging from 30% to
75%, depending on the pathological stage and the treatment
provided. More than 80% of recurrences [11] occur within
the first 2 years of presentation with an additional annual
recurrence rate of 3% to 6% per year thereafter [11–15].
There is no consensus as to whether early treatment of
NSCLC recurrence results in a better outcome [16].

Imaging plays a central role in the detection of lung cancer
recurrence. The aims of this review were to evaluate CT and
PET-CT features of NSCLC recurrences and discuss the
potential pitfalls of each imaging technique. Imaging findings
that might predict recurrence are discussed.

Recurrence

Recurrence of NSCLC may be classified as loco-regional
recurrence or distant metastases [17]. Loco-regional recurrence
is located within the treated hemithorax and usually presents
with nodules involving the resection staple line or the area that
was treated with radiotherapy or RFA, as well as the bronchial
stump, pleura, chest wall and lymph nodes. In distant
metastases, multiple organ metastases are frequently detected,
including metachronous pulmonary nodules [11, 17].

In addition to recurrences, new primary lung cancer is also
reported in 1 to 2% of NSCLC patients per year following
initial radical therapy [10, 18, 19]. Actually, there is no simple
method for distinguishing recurrence from new primary or
metachronous lung cancer. A recent revision by Rubins et al.
[10] of criteria by Martini and Melamed [20] claimed that a
new lesion is a metachronous tumour when a different
histology is found, or when the same histology is found after
a disease-free interval of 4 years or more, or when the new
cancer originates from a carcinoma in situ and no extrap-
ulmonary metastases were present at the time of diagnosis.
Maeda et al. [11] however stated that selected populations of
lung cancer patients are at significant risk of late recurrence
after 5 years. In fact, a confident differentiation of a new
primary from a metastasis is often impossible [18]. Pulmonary
metastases often appear on CT as round and smooth nodules
located peripherally, while primary lung cancers usually have
ill-defined margins, but cavitating and ill-defined lung
metastases have also been described [21]. It has been stated
that the primary goal must be to determine whether the new
tumour is treatable with curative intent, whether it should be a
new primary lung cancer or a recurrence [20].

Loco-regional recurrence

About 30% of NSCLC recurrences are reported to be loco-
regional [22]. Adenocarcinoma and squamous cell carcino-
ma both tend to recur loco-regionally, but there is no
concordance among studies about which of these histolog-
ical subtypes recurs more frequently [17]. Local recurrence
after radical surgical resection (R0) [23] is reported in 20%
of patients with stage I NSCLC, and in up to 50% patients
with stage III NSCLC [24]. Conversely, bronchioloalveolar
carcinoma (BAC) does not seem to cause loco-regional
recurrences and instead, ipsilateral metachronous pulmo-
nary nodules not involving the staple line are reported to be
the most common pattern of recurrence [17, 25, 26]. BAC
pulmonary recurrence is also difficult to assess, in particular
because it is often not fluoro-deoxiglucose (FDG) avid with
false–negative PET findings in 40% of cases [27]. BAC
should therefore be followed by serial CT and is probably
best regarded as a separate entity to squamous and
adenocarcinomas.

Parenchymal and bronchial recurrence

Parenchymal recurrences following surgical approaches can
be identified by CT or PET-CT. Differentiation of recur-
rence on contrast-enhanced CT from post-surgical changes
after segmentectomy may be challenging. A soft-tissue
attenuation nodule near the surgical clips showing contrast
enhancement in early post-surgical evaluations (up to
3 months after surgery) may represent hypervascularisation
coexisting with inflammatory reaction. Follow-up with
serial CT may be helpful to differentiate this from
recurrence; interval growth of an enhancing solid lesion
on the resection staple line will be suggestive of the latter
[28, 29]. This may also be confirmed by PET-CT when
increased metabolic activity is found (Fig. 1). A review of
8 studies of 571 patients with NSCLC treated with curative
intent demonstrated pooled PET and PET-CT sensitivity of
82–100%, specificity of 62–100%, positive predictive value
(PPV) of 50–100%, and negative predictive value (NPV) of
80–100%. Hellwig et al. [30] investigated the prognostic
value of PET-CT in NSCLC recurrence in 62 patients and
stated that standardised uptake value (SUV) in NSCLC
recurrence was significantly higher than in post-therapeutic
changes (10.6±5.1 vs. 2.1±0.6). Moreover, lower FDG
uptake in recurrent tissues predicted longer median survival,
up to 46 months when SUV was <11, and up to 3 months
when SUV was >11 [30].

Bronchial recurrence following pneumonectomy, lobec-
tomy or sleeve lobectomy is a potential pitfall for CT and
PET-CT, because the finding of an obstructing soft-tissue
mass at the bronchial stump on post-surgical CT may be
interpreted as residual scar tissue, while narrowing of the
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bronchus could be related to extrinsic compression from an
adjacent inflammatory node [31, 32]. Again, interval
growth of enhancing tissue consecutive CT may be
indicative of recurrence, although alternative problems such
as inflammation cannot be easily excluded.

Cho et al. [33] retrospectively analysed 84 patients with
bronchial obstruction who underwent both contrast-
enhanced CT and PET-CT and demonstrated that CT had
high sensitivity (95%) but low specificity (48%), and that
high metabolic activity at the site of obstruction was a
better diagnostic indicator (sensitivity 95%, specificity
91%); these results, obtained for staging, may also be
applied to bronchial recurrence (Fig. 2).

Apart from recurrence in the bronchial stump, tumours
can also recur in the pulmonary artery stump. This is a

more difficult area to deal with and only limited data exist
on imaging findings. Kim et al. [34] investigated the
presence of filling defects in the pulmonary arterial stump
in 18/147 patients following pneumonectomy and conclud-
ed that in the absence of contrast enhancement or
significant growth on serial CT studies, these findings can
be considered as in situ thrombi due to stasis of blood,
rather than tumour recurrence.

Early-stage (stage I) NSCLC that do not undergo surgery
may be treated with minimally invasive techniques includ-
ing SBRT and RFA. The use of external beam radiotherapy
alone for curative intent has been abandoned due to the
high local recurrence rate of up to 70% [35]. Different
imaging strategies are employed to identify recurrence in
these patients.

Fig. 1 Recurrence after
segmentectomy. A 61-year-old
patient who had already
undergone left upper lobe (LUL)
resection for non-small cell
lung carcinoma (NSCLC),
underwent lower left lobe (LLL)
segmentectomy for a
parenchymal recurrence.
5-month-follow-up CT A
demonstrated solid tissue on the
resection staple line (arrow),
near the surgical clip. PET-CT
performed after 3 months B
demonstrated further growth of
solid tissue on the resection
staple line (arrowhead) and
intense metabolic activity
indicating parenchymal
recurrence
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Stereotactic body radiotherapy is an emerging technique
for the treatment of stage I lung cancer, allowing the
delivery of a high radiation dose to the target, while sparing
the adjacent tissues [36]. SBRT causes radiation-induced
lung parenchymal damage leading to fibrosis; early and late
radiographic changes have been described (Table 1) [37].
Distinguishing recurrence in these patients can therefore
be challenging and requires experienced readers, also
considering the fact that radiation-induced fibrosis can
appear more than 1 year after the end of therapy [38].
Detection of recurrence may be difficult within 9 months
of the delivery of SBRT because of secondary radiation
pneumonitis [39]. Matsuo et al. [40] reported that, among
other factors, only growth of consolidation after 12 months
on CT was a statistically relevant predictor of recurrence.
Otherwise, other findings already described as signs of

recurrence after conventional radiotherapy can be used to
suspect recurrence after SBRT; these include the filling of
radiation-induced ectatic bronchi [41], development of
bulging at margins of radiation-induced consolidation, and

Fig. 2 Bronchial stump and nodal recurrence. A 71-year-old patient
affected by adenocarcinoma who underwent right lower lobe (RLL)
lobectomy and chemotherapy presented at 1-year follow-up CTAwith
solid tissue at the bronchial stump arising in the intermediate bronchus

(arrow). Four months later, a contrast-enhanced CT B again
demonstrated solid tissue at the stump but also increased peri
bronchial soft tissue thickening (C arrowhead). PET-CT D, E
demonstrated FDG uptake at the bronchial stump and station 7 node

Table 1 Pulmonary changes at CT after stereotactic body radiother-
apy (SBRT) [37]

Early radiographic changes Late radiographic changes

Diffuse consolidation Modified conventional pattern

Diffuse ground-glass opacity Mass-like pattern

Patchy consolidation and
ground-glass opacity

Scar-like pattern

No changes
Patchy ground-glass opacity

No change
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new pleural effusion (Figs. 3 and 4) [39]. PET-CT is also a
helpful technique for early detection of recurrence after
SBRT, even though it needs to be applied in conjunction
with other techniques [42]. As for conventional radiother-
apy, to avoid false–positive results from residual inflam-
matory activity, PET should be used at least 3 months after
the completion of SBRT. It has been reported that
moderate 18-FDG uptake may persist for up to 2 years
following the end of treatment [43]. However, the
combination of PET and follow-up CT has been the
mainstay of recurrence evaluation in North American
SBRT trials [39].

Radiofrequency ablation is a technique that permits
delivery of heat into neoplasms as a means of coagulating
tissues using the flow of high kV alternate current through a
needle introduced percutaneously under CT guidance [44].
Recurrences after RFA usually occur locally within the first
2 years. RFA alone or in combination with other therapeutic
strategies such as adjuvant radiation, may offer improve-

ment in outcomes [45]. As for SRBT, RFA causes focal
lung changes such as ground glass opacities surrounding
the tumour [46]. This represents a transition from the
ablated area to a reactive pneumonia in the nearby normal
lung tissue [40]; it also represents a “safety boundary”: a
ground-glass margin of 5 mm or more, is reported to
indicate full ablation [47] (Fig. 5).

Most authors perform contrast-enhanced CT with densi-
tometry after 1, 2, 3 and 4 min following administration of
contrast media to capture the characteristics of the baseline
tumour [39, 48]. There is no consensus on a standard
protocol for post-RFA follow up. CT is commonly used as
the first-line investigation because of its wide availability
[39]; however, many authors combine CT and PET-CT in
the post-RFA follow up.

Eradat et al. [39] proposed CT follow-up 1–2 months
after RFA with densitometry after 1, 2, 3 and 4 min
following administration of contrast media, it was sug-
gested that contrast enhancement greater than 15 HU

Fig. 3 Recurrence after
stereotactic body radiotherapy
(SBRT). A 75-year-old woman
underwent SBRT for an
adenocarcinoma of the right
middle lobe (A). Chest CT
obtained 4 months after
treatment completion (B): an
ill-defined consolidation was
observed (arrow), likely tumour
shrinkage and initial fibrosis
after SBRT, with surrounding
ground-glass areas. Follow-up
chest CT performed 10 months
later (C) showed a nodule
(arrowheads) within radiation-
induced changes with high
metabolic activity on PET-CT
(D). As findings showed
suspected NSCLC recurrence, a
transthoracic needle biopsy was
performed confirming
recurrence
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compared with un-enhanced imaging should be considered
as incomplete ablation of the tumour. This is then followed
by a PET-CT at 3 months and thereafter alternated with
contrast-enhanced CT with nodule densitometry every
3 months for 2 years.

Beland et al. [45] used contrast-enhanced CT at 3 weeks
and 3 months followed by PET/CT at 6 months; alternating

CT and PET/CT examinations were then performed every
3 months.

CT and PET-CT imaging findings of residual versus
recurrent NSCLC after RFA have been described [39];
authors divided them into early (up to 1 week post-RFA),
intermediate (1 week to 2 months), and late phase (months
or years). Early phase findings suspecting persistence of

Fig. 4 Recurrence after SBRT.
A 68-year-old man treated with
SBRT for an adenocarcinoma of
the left upper lobe (A).
Follow-up PET-CT 6 months
after the end of the treatment (B)
showed an area of retraction
with no FDG uptake, likely
radiation-induced fibrosis. A
contrast-enhanced chest CT
performed 15 months after
treatment completion (C) showed
a hypodense nodular area
within radiation-induced fibrosis
(white arrow), with peripheral
contrast enhancement showing
suspected NSCLC recurrence. A
PET-CT performed thereafter
(D) showed high metabolic
activity within the nodular area
observed on CT, confirming
recurrence
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disease included absence of tumour size increase after RFA,
or absence of expected ground-glass margin, as well as the
presence of peripheral nodular enhancement on positive
dynamic contrast CT. Intermediate phase findings included
growth to more than the immediate post-ablation size, and
post-contrast enhancement similar to that described in early

phase findings. Late phase findings include new mass
effects, spiculation, higher enhancement values compared
to pre-RFA, and positive contrast-enhanced CT densitom-
etry and/or PET-CT tracer uptake (Fig. 6).

Singnurkar et al. [49] also described patterns of FDG
uptake post-RFA. Favourable uptake patterns included:

Fig. 5 Expected changes
following radiofrequency
ablation of lung cancer. A
76-year-old patient diagnosed
with T1bN0 squamous cell
carcinoma of the right upper
lobe showing high FDG uptake
(A) underwent RFA. CT during
RFA (B) showed correct
positioning of the needle in the
tumour. CT performed
immediately after the RFA
(C) showed presence of ground
glass attenuation areas
surrounding the treated nodule
(arrows); please note a linear
hypodensity in the nodule
corresponding to the needle path
(arrowhead). CT and PET-CT
performed 4 months after RFA
(D) showed a diffuse
hypodensity after administration
of contrast medium and no
evidence of increased metabolic
activity at the post-ablation site
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– diffuse uptake (homogeneous FDG uptake, with
smooth tapering borders around the ablation site and
the surrounding lung parenchyma)

– heterogeneous uptake, defined as an area of increased
FDG uptake interspersed by areas of lesser uptake
circumferentially

Fig. 6 Recurrence of lung
cancer following radiofrequency
ablation. A 71-year-old patient
presented with a lobulated mass
in the right upper lobe showing
increased metabolic activity at
PET-CT which resulted in an
adenocarcinoma (A). Patient
underwent RFA because of
concurrent cardiovascular
disease. A PET-CT performed
two months after the RFA (B)
showed increased axial diameter
of the right upper lobe mass
with persistence of focal uptake
in the medial part of the mass
(arrow), suspicious for residual
disease. A follow-up PET-CT at
5 months after RFA (C) showed
an increase of axial and
cranio-caudal diameter of the
mass with evidence of increased
metabolic activity of the whole
mass, indicative for recurrent
disease
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– Rim uptake (ring-like uptake in the periphery of the
ablation site)

– Rim uptake with additional focal uptake at a site
different from the ablated tumour nodule, indicating
heterogeneous inflammation

Unfavourable uptake patterns included:

– Focal uptake, defined as an area of FDG uptake
surrounded by a photopenic area, involving the entire
post-ablation site or a portion of it

– Rim uptake with additional focal uptake at the site
corresponding to the original tumour nodule

The authors also considered that a higher rim ratio
(described as the ratio of the outer edge of FDG uptake
surrounding an ablated lesion to the diameter of
original tumour) had a trend in predicting tumour-free
survival.

Nodal recurrence

Imaging surveillance after curative intent therapy is
recommended to exclude nodal recurrence of NSCLC. Jang
et al. [25] followed 379 surgically resected NSCLC patients
of whom 75 had thoracic recurrences of which 39 (52%)

Fig. 7 Nodal recurrence: false–
positive CT. A 68-year-old
patient with pT2N0 squamous
carcinoma of the right upper
lobe (A) with invasion of the
horizontal fissure (arrow)
underwent right upper lobe
(RUL) and middle lobe
bilobectomy. PET-CT showed
an enlarged 4R node (short axis
longer than 1 cm) but no FDG
uptake. The patient refused
adjuvant treatment following
surgery. After 1 year, because of
elevation of the tumour marker
CEA, a PET-CT was performed
(B). Increased FDG uptake of
the enlarged station 7 node was
demonstrated (arrow) but no
activity in the enlarged 4R node.
EUS-NA demonstrated
metastasis to the station 7 node
but not the 4R node
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were hilar-mediastinal nodal metastases. Unlike loco-
regional recurrences or new primary lung tumours, nodal
recurrences, in particular mediastinal, are not surgically
treated and non-curative medical therapies aiming to

prolong life or to sustain a level of quality of life are
offered [50, 51].

CT criteria for primary nodal staging in NSCLC
patients are mostly based on measurement of the nodal

Fig. 8 Nodal recurrence. A 74-year-old patient underwent SBRT for
T1bN0 adenocarcinoma of the superior segment of the lingula (A);
staging CT demonstrated ill-defined margins and PET-CT showed high
metabolic activity. No other parenchymal findings or nodal enlargement
were demonstrated. PET-CT performed 3 months after completion of
treatment (B) showed shrinkage of the primary tumour with lower FDG
uptake (arrows) and two new consolidations of lingula, both with FDG
uptake (*,°). Enlarged nodes of stations 4R and 4 L showing high

metabolic activity were also present (arrowheads). A 1-month follow-
up CT (C) showed resolution of lingular consolidations (*,°), with
residual septal thickening and scars, owing to resolved inflammatory
events. No significant modification in shape or dimensions of the
primary tumour was observed (arrow). Further enlargement of
mediastinal nodes was also observed (arrowheads). Endo-oesophageal
ultrasound-guided needle aspiration (EUS-NA) confirmed nodal metas-
tases from adenocarcinoma
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diameter on the short axis, using a 1-cm cross-sectional
diameter cut-off value [52]. A review by Toloza et al. [53]
analysed 20 studies with 3438 evaluable patients and
showed a sensitivity of 57% and a specificity of 82% for
CT in the detection of nodal metastases for staging
purposes, with marked heterogeneity amongst studies.
Similar results are confirmed by more recent studies
demonstrating even lower specificity values (70% and
74%) [54, 55]. Poor sensitivity of CT occurs because
micrometastases can be present in nodes smaller than 1 cm
[56]. Enlarged non-pathological nodes (i.e. inflammatory
nodes) can explain false–positive findings (Fig. 7). Sim-
ilarly, the accuracy of CT is low for restaging after
neoadjuvant treatment, with sensitivity of 14–41% and
specificity of 62–79% [57, 58]. Pitfalls for CT in restaging
are represented by false–positives due to nodal enlarge-
ments revealing themselves as sclerosis and fibrosis at
histopathology [59]. Comparison with previous CT
examinations can be useful: evidence of growth in a
previously normal node is regarded as suspicious for
relapse and will need further investigation.

PET-CT evidence of high metabolism in a previously
silent node is useful to confirm recurrence (Fig. 8).
Vansteenkiste et al. [51] reviewed 10 studies (403
patients) in which PET-CT was performed in the restaging
of NSCLC patients following induction therapy. The
reported sensitivity and specificity ranged from 20 to
77%, and 61 to 99%, respectively. These results demon-
strated high specificity of PET-CT in restaging, but low
sensitivity compared with primary staging PET-CT [7,
51]. PET-CT false–negatives can be due to presence of a
central tumour, or of centrally located N1 nodes, both of
which may obscure nearby existing mediastinal nodal

metastases. PET-CT false–positives can be explained
through the increase of glycolysis, and consequently of
FDG uptake, due to macrophage infiltration when inflam-
mation is present (Fig. 9) [59]; for the same reason PET-
CT should be performed at 3–6 months after irradiation, as
radiation-induced inflammatory reactions can persist dur-
ing this period [60]. When recurrence is suspected by CT
or PET-CT, pathological confirmation may be achieved by
mediastinoscopy or endo-oesophageal / endo-bronchial
needle aspiration techniques (EUS-NA and EBUS-NA)
sampling.

Pleural recurrence

Pleural invasion from NSCLC is known to worsen survival;
T1 tumours are upgraded to T2 when the elastic layer of the
visceral pleura is invaded [61], while pleural tumour seeding
is regarded as M1a [62].

It is not always easy to demonstrate pleural recur-
rence on CT or PET-CT. Pleural recurrences are usually
associated with malignant pleural effusion, but pleural
metastases without pleural effusions have also been
reported [61, 63, 64]. Pleural effusion in NSCLC patients
not disappearing in serial examinations is regarded as
suspicious for recurrence and must be further investigated
by aspiration and cytology.

Pleural thickening, intrapleural nodules, enhancement of
the pleura or soft tissues within the pleural space after
contrast media administration and high SUV indicate
suspected pleural recurrence (Fig. 10). Identification of
pleural thickenings on CT or PET-CT can be secondary to
scarring following a previous surgical procedure; uptake at
PET-CT can be related to post-surgical inflammation

Fig. 9 Nodal recurrence pitfall:
false–positive PET-CT. A
78-year-old patient underwent
LUL lobectomy for a T1a
adenocarcinoma. A CT
performed after 2 months (A)
demonstrated a 2R node with a
short-axis diameter of less than
1 cm (arrow). Follow-up
PET-CT (B) demonstrated high
nodal FDG uptake (arrow). The
endo-bronchial ultrasound-
guided needle aspiration
(EBUS-NA) performed was
negative for malignant cells
(reactive 2R lymph node at
cytology). 12-month CT
(C) demonstrated no nodal size
change (arrow)
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especially when PET-CT is acquired within 3 months of
surgery. Follow up studies looking for interval growth will
then be beneficial.

Distant metastases

Distant metastasis is the most common form of NSCLC
recurrence. Depending on the stage of disease at
primary diagnosis and treatment administered, metastatic
recurrence comprises 39 to 65.5% of all recurrences
[10, 11, 14, 45, 65].

Yano et al. [66] analysed the first site of recurrence in
patients who underwent major surgery (lobectomy or
pneumonectomy with total dissection of the ipsilateral hilar
and mediastinal nodes) for NSCLC and who were staged as
pN0 and pN2. The difference in the pattern of distant
metastases between pN0 disease and pN2 disease was
significant, with pulmonary metastases more prevalent in
pN2 patients. The authors explained this by the presence of
drainage routes from the N2 nodes into the superior vena
cava leading to pulmonary metastasis.

The pattern of recurrent metastatic involvement is com-
monly similar to distant metastasis at first presentation (i.e.

Fig. 10 Pleural and nodal
recurrence after SBRT. A
72-year-old patient underwent
SBRT for a pT2N0
adenocarcinoma with visceral
pleural invasion (arrow), as
shown by pre-operative imaging
(A). 1-year follow up PET-CT
(B) demonstrated no
FDG-uptake of the
radiation-induced fibrosis area,
where the maximum dose was
delivered, but showed malignant
pathological activity of the 4R
node and pleural thickening,
which was also demonstrated by
CT (arrowheads)
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lung, liver, bone, brain and adrenals) [11, 17]. Extrathoracic
metastases are reported to be better demonstrated by PET-CT
than by either CT or PET alone [67, 68]. However, a review
of the role of PET in lung cancer imaging [69] stated that
indications for PET-CT in NSCLC recurrences needed
further prospective investigations. Two studies published in
2010 enrolled 92 and 121 patients who underwent NSCLC
resection [70, 71] and stated that PET-CT accuracy in
assessing intra- and extra-thoracic recurrences was equiva-
lent to or better than standard radiological examinations.
Kanzaki et al. [4] proposed that conventional imaging for the
detection of extrathoracic metastases in patients who
underwent potentially curative surgery for NSCLC (with
the exception of brain MRI) can be omitted if PET-CT is
negative, because of its high negative predictive value.

In spite of the excellent results of PET-CT for the staging
of NSCLC, the 2nd edition of the American College of
Chest Physicians (ACCP) evidence-based guidelines [72]
on the follow-up and surveillance of lung cancer patients
did not recommend PET in standard surveillance. The
reason given was the lack of evidence that follow-up PET
improved either survival or quality of life following
curative intent therapy for NSCLC.

Lung metastases often present as nodules. As discussed
earlier, it is difficult to determine whether a pulmonary

lesion presenting in an already treated NSCLC patient
represents a recurrence or a second primary tumour [10, 20,
69] and any new nodule should be properly investigated.
Previous studies demonstrated that CT findings of multiple
pulmonary nodules with the feeding vessel sign and well-
defined and smooth margins in the lower lobes, especially
when they were not present on previous images must be
suspected of being metastases [69, 70, 73]. Solitary
pulmonary nodules in already treated lung cancer patients
may be either recurrent disease or a second primary. When
possible, surgical resection is reported to be the best
approach [18]. Other authors would only consider re-
intervention when the primary tumour was determined to
be stage I disease [74].

When diagnosis is uncertain (i.e. the radiologist cannot
obtain previous studies), a dynamic CT nodule enhance-
ment study, or volumetric evaluation of nodule growth on
two consecutive CT can help in excluding other aetiologies
(i.e. infection, if calculated 3D-volume doubling time is
shorter than 30 days, or benign nodule, if it is longer than
500 days) (Fig. 11) [73, 75, 76].

PET-CT can also be a useful tool in detecting pulmonary
metastases presenting as nodules. However, non-solid
nodules or nodules smaller than 1 cm may appear FDG-
negative (Fig. 12) [70]. Moreover, certain pathological

Fig. 11 New RUL nodule in a 50-year-old patient who previously
underwent a segmental nodule resection of RLL for a T1aN0
adenocarcinoma. Volumetric evaluation of nodule growth comparing
two consecutive CT performed 2 months apart (A) demonstrated a
volume doubling time of 26 days (arrowhead) with suspected

inflammation. A CT dynamic nodule study performed 2 months later
(B) demonstrated significant enhancement (>15 HU). The patient then
underwent a segmental resection, which demonstrated a parenchymal
recurrence
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conditions such as BAC may be FDG-negative and need
follow-up by CT [27, 77]. For brain metastases, contrast-
enhanced CT is commonly used, although it is widely
recognised that MRI is the reference imaging technique
[78]. PET/CT is limited in the detection of brain metastases
because of the high FDG avidity of normal brain parenchyma

obscuring cerebral metastases [79]. Lee et al. [80] stated that
a combined brain MRI and total body PET/CT significantly
increased detection of extrathoracic metastases in patients
with lung adenocarcinoma.

Adrenal metastases are common and the adrenal glands
should always be investigated as part of staging in an

Fig. 12 Potential CT pitfall. A
57-year-old patient who
underwent neoadjuvant therapy
followed by surgery for a
cT3N1M0 adenocarcinoma of
RUL (pT2N0) underwent a
2-year follow-up CT (A) that
showed two non-solid nodules
of the left upper lobe (arrow,
arrowhead). PET-CT showed
high FDG uptake in the larger
nodule (arrow) and no uptake in
the smaller nodule (arrowhead).
The patient then underwent a
left upper lobectomy.
Histopathology demonstrated a
G2 adenocarcinoma in the larger
nodule (recurrence) but no
evidence of a smaller nodule
(considered a resolved
inflammatory event)

Table 2 CT criteria for excluding benign adrenal adenoma [82]

Minor criteria Major criteria

Dimensions >4 cm Fat content

Irregular shape and heterogeneous density Mass density >10 HU at unenhanced CT—Fat-containing adenomas (70%)
can be excluded

Change in lesion size at consecutive CTs Perfusion

Loss of less than 50% of attenuation value 10 min after administration of
contrast medium–suspected metastasis or atypical adenoma
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NSCLC patient [81]. CT criteria for excluding a benign
mass are summarised in Table 2 [82]; otherwise, further
evaluation by MRI, PET-CT or biopsy is recommended.
Recent studies described two PET-CT criteria to determine
adrenal metastases in NSCLC patients. One study [83]
demonstrated that an SUV max value of greater than 3.1
had a sensitivity of 100% for malignancy. Another study
focused on the SUV ratio between adrenals and liver;
when adrenal uptake was greater than that of liver by a
ratio of 1.0, it was 100% sensitive and 98% specific for
malignancy [84]. A recent study compared those criteria
and stated that SUVmax threshold was more specific and
fewer false-positives were observed. CT criteria (mean
attenuation >10 HU) in conjunction with SUVmax
threshold increase specificity (86.2% vs. 75.9%) without
affecting sensitivity. The authors then proposed a system-
atic approach in which CT criteria should be followed by
SUV max value greater than 3.1 and then by application of
an SUV ratio between the adrenals and the liver of 2.5,
which helps in excluding false-positive FDG-avid adenomas
[85].

Follow up studies may demonstrate liver and bone
metastasis. When CT is inconclusive, further investigation
by PET-CT, MRI, bone scintigraphy and/or guided biopsy
may be necessary [81].

Criteria for prediction of recurrence

Tumour size is an independent prognostic factor for
recurrence when the tumour is greater than 5 cm (T2b or

T3 - N0M0, stage IIA or IIB) [86]. In stage I patients
(T1aN0 and T1bN0) tumour size is not a significant risk
factor for recurrence, as demonstrated by Maeda et al. [61],
who enrolled 713 consecutive stage I patients who
underwent surgery. The authors otherwise identified three
independent risk factors in a multivariate analysis: histo-
logical differentiation (hazard ratio: 2.3), presence of intra-
tumoural vessel invasion (hazard ratio: 2.9), and presence
of pleural invasion (hazard ratio: 1.8). The latter is already
included in the Union for International Cancer Control
(UICC)’s seventh edition of the TNM classification
(Fig. 13). The authors stated that patients who present with
two of these factors can be identified as a high-risk
subgroup of stage IA NSCLC patients who may benefit
from adjuvant chemotherapy.

Although tumour size is generally seen as a main
predictor for outcome, location plays a significant role
as well. Al-Kattan et al. [14] reported that stage I patients
who required a pneumonectomy instead of a lobectomy
for a hilar tumour or a tumour crossing a major fissure
have a lower survival rate (P=0.03; risk ratio 1.62) and a
major incidence of recurrence (P=0.02). However, the
presence of anatomical variation such as incomplete
fissures does not appear to play a role in prognostic terms.
Kamiyoshihara et al. [87] retrospectively compared 239
patients who underwent lobar resection for stage I or II
NSCLC (excluding T3N0); 74 of them had a surgical
finding of an incomplete interlobar fissure. Three to
sixteen years follow up demonstrated that finding of an
incomplete interlobar fissure has no influence on recurrence
and survival.

Fig. 13 Pleural recurrence. A
61-year-old patient who
underwent RUL lobectomy for
adenocarcinoma (pT2N0).
Preoperative CT (A) and
PET-CT (B) demonstrated a
2-cm nodule with visceral
pleural invasion (black arrow)
and high FDG uptake (white
arrow). 1-year follow-up CT
(C) demonstrated pleural
thickening with enhancement
after contrast medium
administration (black
arrowhead). PET-CT
(D) demonstrated high metabolic
activity (white arrowhead)
indicating pleural recurrence
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Two studies evaluated the prognostic value of PET.
The first stated that 18F-FDG uptake in patients with
pathological stage I primary NSCLC was independently
associated with worse survival [88]. The other study,
performed in a relatively small group of selected patients
suggested that PET might also have independent prognos-
tic value for recurrence, being superior to pathological
staging in predicting recurrence (Fig. 14) [89].

Locally advanced NSCLC include several factors that
influence risk of recurrence. Moretti et al. [90] evaluated
the role of post-operative radiotherapy in 84 patients
staged as pN2 and described an improved survival rate in
patients without nodal extracapsularity at histopathology
but not in patients with extracapsularity. They also noted
that negative surgical margins were predictive of better

overall survival rate but did not influence local or distant
recurrence-free survival; they hypothesised that bulky
nodal involvement at histopathology was a major indicator
of recurrence.

Maeda et al. [11] analysed late recurrences (after 5 years
of curative intent-surgery) and found that nodal involve-
ment and intravascular invasion at histopathology signifi-
cantly influenced recurrence, and suggest that for selected
populations of NSCLC patients 5 years’ follow up was not
sufficient.

In conclusion imaging plays an important role in
investigation of NSCLC recurrence, as it can accurately
identify thoracic and extrathoracic relapse and also indicate
predictive criteria. However radiologists should be aware of
potential imaging pitfalls.

Fig. 14 PET-CT as clinical
predictor of recurrence in stage
IA NSCLC. Two patients, aged
respectively 50 and 58 years
presented with T1a
adenocarcinoma of RUL. The
first patient’s tumour presented
an SUV max of 6.6 (A); the
second patient’s tumour had an
SUV max of 2.0 (B). No
adjuvant therapy was
administered to either of the
patients. One-year follow-up
demonstrated parenchymal
recurrence in only the first
patient (C) and not the
second (D)
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