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Abstract: Patients after curative treatment of non-small cell lung cancer (NSCLC) have a high risk of loco-
regional and/or distant tumor recurrence, especially within the first two years. Timely and accurate detection
of recurrence is crucial in order to start salvage or palliative therapies with the overall goal of increasing
patients’ survival and quality of life. However, with the emerging use of non-surgical curative-intended
therapies, follow-up of patients becomes even more challenging, as local recurrence has to be distinguished
from various post-therapeutic changes at the site of the primary cancer. Integrated positron emission
tomography/computed tomography (PET/CT), which is already an established imaging modality in the
staging of NSCLC, is increasingly used in recurrence surveillance algorithms. By detailed morphological
information being combined with additional information about the metabolic activity of suspicious sites,
determination of suspicious lesions as benign or malignant can be improved. This article reviews the value of
integrated PET/CT in assessing recurrence in NSCLC patients after potentially curative surgery and after
curative-intended non-surgical therapies and raises as well the issue of cost-effectiveness of PET/CT for

follow-up.
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Introduction

Lung cancer comprises almost 25% of the total cancer
deaths worldwide (1). Non-small cell lung cancer (NSCLC)
accounts for 85% of all lung cancers (2).

Although surgical resection remains the optimal
treatment for early stage NSCLC, approximately 40%
of patients with stage I and 60% of patients with stage
IT NSCLC relapse and die within 5 years after curative
resection (3).

Timely and accurate detection of recurrence in patients
with NSCLC plays a crucial role with regard to the
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initiation of salvage therapies with the overall goal of
increasing survival.

Positron emission tomography (PET) has shown superior
sensitivity and specificity in detecting NSCLC lymph node
metastasis compared to standard CT alone (4). PET scans
have widely replaced bone scintigraphy for detection of
bone metastasis and PET is superior to all other clinically
available imaging techniques for the detection of distant
metastasis, except for cerebral metastasis (5).

The implementation of integrated positron emission
tomography/computed tomography (PET/CT) systems,
matching detailed morphological information of CT and
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Figure 1 57-year-old asymptomatic patient that underwent annual PET/CT examinations for surveillance of recurrence. Between 2008 and

2009 PET/CT demonstrated stable disease with stable right hilar lymph node metastasis. One year later, PET/CT diagnosed loco-regional

recurrence within the right lower lobe as well as distant lymph node metastasis.

metabolic information of structures provided by PET, has
further improved accuracy compared to PET or CT alone
and has therefore already become an integral imaging
modality for diagnosis, staging and response assessment
in NSCLC patients (6-9). PET/CT is now emerging as a
follow-up imaging modality in these patients. In a study in
2004, reported overall sensitivities, specificities and positive
and negative predictive values of integrated PET/CT for
diagnosis of NSCLC recurrence were 96%, 82%, 89%
and 93%, respectively, compared to 96%, 53%, 75% and
90%, respectively, for PET alone in patients with suspected
recurrence who had previously undergone surgical
therapy, surgery combined with chemo- or radiotherapy or
combined chemo-radiotherapy alone (10).

This review focuses on the value of integrated PET/CT
as a state-of-the-art technique in the detection of recurrence
of NSCLC after curative surgery, (chemo-) radiotherapy
as well as radiofrequency ablation and discusses the cost-
effectiveness of PET/CT for recurrence detection.

NSCLC recurrence patterns

Recurrence of NSCLC may be classified as loco-regional
recurrence or distant metastasis (Figure 1). Distant
metastases are 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 (11). About 30%
of NSCLC recurrences are reported to be loco-regional.
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 (2).

© Translational lung cancer research. All rights reserved.

In addition to recurrences, new primary lung cancer is
also reported in 1% to 2% of NSCLC patients per year
following initial radical therapy (12).

Technical aspects

Performing an integrated PET/CT scan, CT can either be
run as low-dose CT, used predominantly for attenuation
correction and solely approximate anatomical mapping, or
CT is used for both attenuation correction and diagnostic
purposes, being then performed with a standard radiation
dose and i.v. and oral contrast material (13).

The two main advantages gained with the use of
integrated PET/CT are on the one hand detection of lesions
initially not seen on CT or PET alone, and on the other
hand a more precise allocation of metabolic activity to an
anatomic structure resulting in a better characterization
of the lesion as benign or malignant (7,14). However,
sensitivity of PET is decreased in tumors <1 c¢m, partly due
to respiratory motion which can be reduced by respiratory
triggered acquisitions at the expense of longer scan times and
lower signal-to-noise-ratio (7). Furthermore, PET sensitivity
is decreased in the brain. As the most common tracer used
for PET scans is 2-deoxy-2-(18F)fluoro-D-glucose (FDG),
a radioactively labeled glucose molecule, and the naturally
high avidity of brain parenchyma for glucose leads to the
problem that cerebral metastases can be obscured (5).

FDG uptake has been observed to vary between different
NSCLC histologies, with adenocarcinomas generally
being less FDG-avid than squamous cell carcinomas (15).
Thus, detection of recurrence is extremely challenging for
adenocarcinoma-in situ, minimally invasive adenocarcinoma
and lepidic predominant adenocarcinoma since these
tumors are often not FDG-avid and false-negative PET
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findings have been reported for bronchioloalveolar
carcinoma recurrence in 40% of cases (16).

Tatrogenic causes of focal or diffuse FDG parenchymal
uptake include: tale deposits after pleurodesis, percutaneous
needle biopsy, mediastinoscopy and FDG microembolism (17).

PET/CT in current follow-up guidelines and in
clinical practice

Current recommendations for follow-up imaging after
NSCLC treatment are based on the knowledge about
the high incidence of recurrence during the first 2 years
following therapy. The National Comprehensive Cancer
Network (NCCN) guidelines from 2010 suggest for
patients at all stages of NSCLC routine history and physical
examinations every 4 to 6 months in the first 2 years and
then annually (18). In patients treated with curative intent
in good performance an additional contrast-enhanced
chest CT scan is recommended every 4 to 6 months
postoperatively for 2 years, followed by a non-contrast-
enhanced chest CT annually thereafter. Routinely screening
with chest CT alone should be omitted, because many
recurrences are extrathoracic (11). PET or brain magnetic
resonance imaging (MRI) are currently not recommended
for routine follow-up (18).

Yumuk er al. performed a survey and interviewed
physicians from 38 centres of 12 different countries on
which tests they were performing on asymptomatic patients
during their post-treatment follow-up. Contradictory to the
guidelines, the most commonly used test was a chest CT
scan as well as a CT scan of the abdomen at 3 months post
treatment (19). PET/CT and contrast enhanced MRI of
the brain were done solely in symptomatic patients. These
results suggest that a CT scan at 3 months after the end of
radical treatment has become a standard in clinical practice
with little high quality evidence.

PET/CT for follow-up after surgery

Lung cancer recurs after surgery in 30% to 75% of
patients (20). Differentiation of recurrence from post-
surgical changes is challenging with CT alone since many
benign conditions, including atelectasis, consolidations,
and radiation induced fibrosis, are difficult to distinguish
from loco-regional recurrence (2).

PET/CT on the other hand, can yield false-positive
results from active inflammation, particularly in the acute
post-operative phase (21).
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False-positive PET/CT results can be explained by
an increase in glycolysis due to macrophage infiltration
where inflammation is present, and a subsequently higher
glucose demand and FDG uptake. In 2008, a British study
retrospectively assessed FDG uptake in post-thoracotomy
scars of NSCLC patients (22). Increased uptake was seen in
100% of the cases at 1-3 months, in 92% at 3-12 months,
and still in 40% of the studies more than one year after
surgery all in patients with no evidence of disease on follow-
up. FDG uptake was observed to be diffuse in 67% of cases.
Tumor recurrence in the scar was found in three cases, with
focally increased uptake at 3-8 months after thoracotomy.
The authors concluded that increased FDG uptake in
post-thoracotomy scars is mainly diffuse, and decreases
in incidence and intensity with time, with 60% of studies
showing no scar uptake more than one year after surgery.
Focally intense scar uptake was suggested to prompt biopsy
for suspected recurrence.

These results contradict the usefulness of early
post-surgical follow-up with PET/CT within the first
three months, whereas usefulness of PET/CT in follow-up as
from three months on is supported by these data.

A large prospective study by Choi er 4l., published in
2011, further evaluated the usefulness of PET/CT first
performed one year after curative surgery (23). 358 patients
having undergone complete resection of NSCLC were
prospectively followed-up with PET/CT and conventional
methods for recurrence of NSCLC at 3-month intervals
for 2 years and after this at 6 month intervals for the
next 3 years. Conventional methods comprised clinical,
biochemical and radiographic assessment. Contrast-
enhanced chest CT was done every 6 months whereas
PET/CT was performed annually for 5 years after
resection. Recurrence occurred in 31% of patients. In half
of these patients, recurrence was detected with conventional
methods. Concerning the other patients, recurrence was
detected with both chest CT and PET/CT in 51% and
solely with PET/CT in 37%. However, because PET/CT
failed to detect 6 small or hypometabolic recurrent lesions,
Choi er al. recommended as a screening algorithm annual
PET/CT scans in combination with low-dose chest CT.

Besides the question of optimal timing of the first follow-
up scan, the controversy whether to screen NSCLC patients
after potentially curative treatment regardless of clinically
suspected recurrence or whether to perform PET/CT only
in symptomatic patients is still debated (Figure 2).

In this context, a Japanese study published in 2012
retrospectively evaluated the diagnostic accuracy of routinely
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Figure 2 67-year-old asymptomatic patient with cervical metastatic
disease that was detected during a follow-up PET/CT examination

two years after curative intended chemo-radiation therapy.

performed PET/CT scans in post-operative asymptomatic
NSCLC patients without suspicion of recurrence (24).
A total of 101 NSCLC patients were followed-up for
5 years with a surveillance algorithm consisting of physical
examination, chest radiograph, tumor marker, chest CT,
PET/CT and brain MRI. Chest CT and PET/CT were
performed in alternation every 6 months for the first
3 years. PET/CT was then performed every 12 months for
the next 2 years. A total of 233 studies were acquired. The
sensitivity, specificity, positive predictive value, negative
predictive value and accuracy of PET/CT in recurrence
evaluation were 94.4%, 97.6%, 89.5%, 98.8% and 97.0%,
respectively. Recurrence rate in this asymptomatic patient
cohort was 18%.

Another study with PET/CT in asymptomatic patients
being performed at around 1 year after curative resection
of NSCLC was conducted by the group of Cho ez al. (25).
The study enrolled 86 patients who had no suspicion of
recurrence at the time of the PET/CT scan. 31.4% of the
patients had recurrent disease in this cohort and 2 patients
had extrathoracic double primary cancer. Six patients had
extrathoracic recurrence without intrathoracic recurrence,
contradicting the use of chest CT scans alone.
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Jimenez-Bonilla ez al. prospectively evaluated the
contribution of PET/CT in patients with all stages of
NSCLC with suspicion of recurrence in terms of sensitivity,
specificity, impact on therapy and on survival (26). 59
suspicious lesions in 55 patients were investigated. PET/CT
showed an overall sensitivity of 100% and 83% specificity.
In 27 suspicious lesions where CT results were inconclusive,
PET/CT showed 100% sensitivity and 78% specificity.
PET/CT had an impact on patients’ treatment in 42 of all
59 cases of suspected recurrence. Overall survival of PET/
CT diagnosed recurrence at 20 months and 5 years was
44% and 11%, respectively.

In comparison, a large retrospective study from 2009
analyzed post-recurrence survival rates in 123 stage
I NSCLC patients who had received curative surgery
between 1980 and 2000 (27). Patients either had local
recurrence only or both local recurrence and distant
metastases. The overall 1 and 2 year post-recurrence
survival rates were 48.0% and 18.7%, respectively (27).

Comparing the survival rate observed in the PET/CT
study by Jimenez-Bonilla at 20 months (44%) to the survival
rate of the Hung study after 2 years (18.7%) especially when
further taking into consideration, that Jimenez-Bonilla’s
group also included patients at more advanced stages of
NSCLC and not only stage I patients, these results are very
encouraging: The outcome data of the study by Jimenez-
Bonilla are suggesting a positive impact on survival using
PET/CT for follow-up in the subgroup of symptomatic
patients, with the limitation of the small number of patients
enrolled.

Besides the high accuracy of PET/CT and its impact on
treatment decisions and survival, another interesting issue—
also with regard to cost-effectiveness—is the performance
of PET/CT in detecting NSCLC recurrence compared
to standard radiological examinations: two recent PET/
CT studies prospectively enrolled patients that underwent
NSCLC resection and assessed the accuracy of whole body
PET/CT in recurrence detection in comparison to standard
radiological examinations.

Takenaka er al. prospectively compared whole-body
PET/CT and standard radiological follow-up examinations
in the assessment of recurrence in post-operative NSCLC
patients (28). A total of 92 consecutive patients with
complete resection were enrolled. The standard radiological
examination for distant metastasis assessment performed
during the initial and the follow-up examinations and for
local recurrence after surgery included contrast-enhanced
MRI of the brain, contrast-enhanced whole-body CT
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and bone scintigraphy. Final diagnosis of recurrence was
based on the results of more than 1 year of follow-up and/
or pathological examinations. ROC curves were used to
compare the diagnostic capability of the two methods for
assessment of post-operative recurrence on a per-patient
basis. Sensitivity, specificity and accuracy were determined
as well. There were no statistically significant differences
in the area under the curve of sensitivity, specificity and
accuracy between PET/CT and standard radiological
examinations (P>0.05). Hence, the authors concluded that
PET/CT can be used for assessment of post-operative
recurrence in NSCLC patients with an accuracy as good
as that of standard radiological examinations; yet, with the
non-negligible advantage of only one examination for the
patient instead of three. This factor might play a crucial role
for an efficient workflow of large departments that follow-
up large patient cohorts.

Onishi er al. investigated in a prospective study in
2011 the value of qualitative as well as of quantitative
PET/CT for the assessment of post-operative intra- and
extrathoracic recurrence in NSCLC patients compared
to standard radiological examinations (29). 121 patients
who had undergone complete resection were followed-
up. Again, ROC analysis was used to compare the methods
in their assessment of post-operative recurrence on a
per-patient basis. Additionally, optimal cut-off values for
FDG uptake measurement at a suspicious site detected
on the basis of qualitative PET/CT were determined.
Analogous to Takenaka’s results, areas under the curve for
accuracy of qualitative PET/CT and standard radiological
examinations showed no significant differences (P>0.05).
At an optimal cut-off value of 2.5, specificity and accuracy
of combined quantitative and qualitative PET/CT were
significantly higher than of qualitative PET/CT and
standard radiological examinations alone (P<0.05). Accuracy
in the evaluation of post-operative intra- and extrathoracic
recurrence in NSCLC patients by qualitative and/or
quantitative PET/CT was consequently rated equivalent to
or higher than that of standard radiological examinations.

Kanzaki et al. retrospectively examined the clinical value
of PET/CT in a large cohort of 241 patients with NSCLC
after potentially curative surgery and even proposed that
conventional imaging for the detection of extrathoracic
metastases in patients who underwent potentially curative
surgery for NSCLC can be completely omitted (with the
exception of brain MRI) if PET/CT performed at least
6 months after surgery is negative, due to its high negative
predictive value (30). 490 PET/CT studies were evaluated
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in this study. PET/CT correctly diagnosed recurrence in
34 of 35 patients and provided true negative findings in
198 of 206 patients who had no evidence of recurrence
(sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value of 97%, 96%, 96%, 81%,
and 99%, respectively), indicating a high diagnostic
performance in this patient group.

Follow-up of NSCLC after non-surgical treatment

The field of non-surgical therapies of primary lung cancer
has grown rapidly in recent years. The use of external
beam radiotherapy alone as a curative approach to therapy
has been abandoned due to the high local recurrence
rate of up to 70% (31). In contrary, minimally invasive
image-guided therapies using thermal energies such as
radiofrequency ablation, microwave ablation or cryoablation,
and as the most common one stereotactic body radiation
therapy (SBRT) have emerged as non-surgical treatment
options (32). Yet, as the tumor is not resected, surveillance
of recurrence and especially of tumor margins is crucial and
challenging due to post-interventional parenchymal changes.

PET/CT in NSCLC follow-up after (chemo-) radiotherapy

SBRT has become the standard therapeutic approach for
inoperable stage I NSCLC. SBRT induces parenchymal
damage leading to fibrosis. It can be difficult to differentiate
local recurrence from radiation-induced lung opacity.
Radiation-induced fibrosis can appear more than 1 year
after the end of therapy (33). Furthermore, secondary
radiation-induced pneumonitis has been reported within
9 months after SBRT (32).

A small study by Hoopes ez a/l. observed on PET scans
in a patient cohort of inoperable stage I NSCLC after
SBRT treatment a moderately hypermetabolic activity up
to 2 years after SBRT (34). This persistent uptake is being
attributed to a more persistent inflammation and fibrosis
after SBRT compared to fractionated radiotherapy (7).

Takeda ez al. retrospectively assessed the additional value
of dual-time-point maximum standardized uptake values
(SUV,.») in PET/CT for detection of local recurrence
after SBRT of NSCLC in 214 scans of 154 patients (33).
Tri-monthly follow-up CT scans were acquired and
PET/CT scans were done one year after SBRT or when
recurrence was clinically suspected. On early and late
images, optimal SUV,, thresholds were identified as 3.2
and 4.2. Using these thresholds, sensitivity and specificity
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were 100% and 96-98%, respectively. The authors
therefore stated that SUV,,, on PET/CT could predict
local recurrence after SBRT for localized NSCLC. In a
similar study, Zhang et al. also investigated whether the
additional assessment of SUV,,. on PET/CT after SBRT
could help to predict local recurrence in 128 patients
with stage I NSCLC or isolated recurrent/secondary
parenchymal NSCLC patients (35). The authors found
a SUV,,, greater than 5, especially more than 6 months
after SBRT to be associated with a higher local recurrence
rate, whereas SUV . from PET/CT scans performed
within 6 months of treatment were not correlated with
local recurrence. With the cutoff SUV,, of 5, sensitivity
for correct prediction of local recurrence was calculated as
100%, specificity was 91%, positive predictive value was
50% and a negative predictive value of 100% was observed.
The authors concluded that quantitative PET/CT was
helpful for distinguishing SBRT-induced consolidation
from local recurrence.

In contrast, van Loon et al. hypothesized that early
PET/CT scans 3 months after curative-intended (chemo-)
radiotherapy could lead to early detection of progressive
disease (PD) amenable for radical treatment (36). Therefore,
100 patients with NSCLC were prospectively evaluated.
All patients underwent a planned PET/CT scan 3 months
after the start of radiotherapy. 24 patients had PD 3 months
post-treatment of whom 16 patients were symptomatic.
Yet, no curative treatment could be offered to any of these
patients, which limits the impact of PET/CT on treatment
decisions in the specific population of symptomatic patients.
To 3/8 asymptomatic patients who were diagnosed PD,
radical treatment could be offered. Progression—according
to the EORTC criteria for PET and the RECIST criteria
for CT—potentially amenable for radical therapy was in
this study solely detected with PET/CT, but not with CT
alone (37,38). Thus, van Loon suggested that asymptomatic
patients would profit the most from an early PET/CT scan.
However, it has still to be proven that the detection and
therapy of early recurrence or PD leads to an overall higher
survival in this patient cohort.

PET/CT in NSCLC follow-up after radiofrequency
ablation (RFA)

Patients with stage I NSCLC who do not undergo surgical
treatment are—besides SBRT—predominantly treated
with RFA. The most common pattern of recurrence after
RFA is loco-regional recurrence (39). As for SRBT, RFA
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causes focal changes in the lung parenchyma such as ground
glass opacities around the treated tumor site (40). So far,
there is no consensus existing on a standard protocol for
post-RFA follow up. However, after RFA, continuous
follow-up imaging seems to be beneficial to the patients
because recurrence has been reported to occur throughout
the first 2 years post-treatment (39).

Eradat er al. proposes an algorithm of CT follow-up
1-2 months after RFA followed by a PET/CT scan at
3 months thereafter alternated by contrast-enhanced CT
every 3 months for 2 years (32). Similarly, the group by
Beland is proposing contrast-enhanced CT at 3 weeks and
3 months followed by PET/CT at 6 months; alternating
CT and PET/CT examinations then performed every
3 months (39).

Cost effectiveness

In spite of the experiences of PET/CT as a helpful
staging imaging modality in the treatment of NSCLC
and encouraging results concerning the accuracy of PET/
CT in detecting recurrence reported in the few follow-
up studies performed so far, and mostly enrolling patients
with follow-up after surgical therapy, the 2nd edition of the
American College of Chest Physicians (ACCP) evidence-
based guidelines on the follow-up and surveillance of lung
cancer patients did not recommend PET/CT for standard
surveillance. The reason given for this decision was a lack of
evidence that follow-up PET/CT improves either survival
rates or quality of life of NSCLC patients (11).

In the only cost-effectiveness study of NSCLC follow-
up so far with 100 patients, van Loon et al. prospectively
compared long-term cost-effectiveness of 3 different
follow-up strategies, all starting 3 months after therapy.
The authors either performed a PET/CT scan, a chest CT
scan or conventional follow-up with a chest radiograph (41).
Cost-effectiveness was expressed in incremental cost-
effectiveness ratios (ICERs), calculating the incremental
costs per quality adjusted life year (QALY) gained. Both
PET/CT- and CT-based follow-up were calculated to be
more costly but at the same time also more effective than a
chest radiograph follow-up. CT-based follow-up resulted
in an incremental cost-effectiveness ratio ICER) of euro
264.033 per QALY gained compared to a chest radiograph,
whereas for PET/CT-based follow-up, the ICER was
euro 69.086 per QALY gained. A subgroup analysis of
asymptomatic patients undergoing PET/CT resulted in
an ICER of euro 42.265 per QALY gained compared to
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chest radiograph follow-up. Assuming a ceiling ratio of
euro 80.000, PET/CT-based follow-up was calculated to
have the highest probability of being cost-effective (73%).
The authors therefore concluded that a PET/CT scan
3 months after curative-intended (chemo-) radiotherapy is
a potentially cost-effective follow-up method, and is more
cost-effective than CT alone. Performing PET/CT scans
only in asymptomatic patients seems to be equally effective
and even more cost-effective.

Conclusions

Current guidelines do not recommend the use of PET/CT
for assessment of NSCLC recurrence. Recommendations of
different authors concerning the initiation and frequency of
follow-up with PET/CT scans are largely varying between
post-surgical NSCLC follow-up and surveillance of patients
treated with radiotherapy and radiofrequency ablation.
Most studies on NSCLC follow-up were conducted in
post-surgical stage I NSCLC patients and PET/CT was
mostly performed annually, starting one year after surgical
treatment.

Concerning follow-up after non-surgical potentially
curative treatment of NSCLC patients, controversial results
have been published on the optimal timing of the first PET/
CT scans. Different algorithms from different working
groups schedule the first PET/CT scan from 3 months on
to one year in this patient cohort. Concerning follow-up
after RFA, very few studies on follow-up of these patients
have been published so far. In two existing follow-up
algorithms, PET/CT is performed for the first time
3 months and 6 months after treatment, respectively.

The additional value of quantitative PET measurements
in prediction of recurrence has been suggested in the
evaluation of thoracotomy scars as well as in the surveillance
of patients treated with SBRT.

Despite encouraging results of high accuracy of PET/
CT for the assessment of NSCLC recurrence and reports
of impact on changes in patient management, controversy
exists about whether to follow-up symptom-based or
whether to screen on a routinely basis independently of
symptoms and clinical findings (10,36).

Currently, PET/CT is rather used in symptomatic
patients with suspicion of recurrence. However, impact
on therapeutic management was mainly reported for
asymptomatic patients with regard to salvage therapies.
Nevertheless, high quality evidence is still lacking that
intensive surveillance programs and earlier detection of
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recurrence leads to a survival benefit and despite of one
encouraging cost-effectiveness study, incremental costs of
integrated PET/CT scanners might probably play a role
in decisions for or against surveillance guidelines including
PET/CT to come up (41-43).

In the future, large-scale randomized trials should
predominantly focus on the impact of PET/CT on
treatment outcome. Furthermore, optimal starting point
and frequency of follow-up PET/CT scans should be
determined, especially in patients treated with the emerging
minimally-invasive image-guided therapies and lastly
the utility of quantitative PET/CT measurements for
recurrence detection has to be clarified.
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