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Abstract
Purpose Positron emission tomography-computed tomogra-
phy (PET-CT) is a resource-demanding imaging modality
with increasing popularity in the workup of patients with
suspected or proven lung cancer.
Methods To review the clinical usefulness of this imaging
modality in the diagnosis, staging, and pre-operative evalua-
tion, we conducted a systematic literature search, review, and
quality assessment using the rapid evidence assessment toolkit
and the Oxford Centre for Evidence-Based Medicine method-
ology. The literature search resulted in 4,208 records including
918 reviews, of which 139 met the predefined criteria and
were read in full to identify relevant original articles on F-18
FDG PET-CT (1) in the evaluation of solitary pulmonary nod-
ules (n=14), (2) in curative-intent treatment trials (n=9), and
(3) in planning of invasive procedures (n=18).
Results We found the following important results from the
literature review:

1) PET-CT can rule out malignancy in most solitary pulmo-
nary nodules due to high sensitivity (recommendation
level A).

2) PET-CT reduces the number of futile treatment trials (rec-
ommendation level A).

3) The sensitivity of PET-CT in general is insufficient to rule
out mediastinal lymph node metastasis (recommendation
level A).

Conclusions

1) With few exceptions, solitary pulmonary nodules can
safely be considered benign if the PET-CT scan is nega-
tive. Exceptions consist of small (<1 cm) and non-solid,
solitary pulmonary nodules. These abnormalities should
be followed up by CT in a structured programme.

2) No curative-intent treatment should be commenced until
a PET-CT scan has excluded occult distant metastases.

3) In general, lymph node metastasis in the mediastinum
cannot be ruled out on the basis of a negative PET-CT,
and confirmative invasive staging should be performed in
most patients before mediastinal metastasis is confirmed
or ruled out.

Keywords 18-F PET-CT . Lung cancer . Solitary pulmonary
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Introduction

Since the introduction of positron emission tomography
(PET) in the 1970s and of PET-computed tomography (PET-
CT) in clinical practice since the turn of the millennium, the
use of molecular PET imaging has increased substantially, and
so have the associated costs [1, 2]. There is at present no
indication that a plateau in the use of PET-CT rise has been
reached, and therefore a review of the clinical utility of PET-
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CT should be of interest to clinicians involved in the use of
PET-CT [3, 4].

In addition to the national Danish Lung Cancer Group
(DLCG, DK) [5], many major international thoracic and on-
cology societies and organizations, such as the National
Institute for Health and Care Excellence (NICE, UK) [6],
National Comprehensive Cancer Network (NCCN, USA,
adapted by the European Respiratory Society, ERS) [7, 8],
American College of Chest Physicians (ACCP, USA)
[9–12], European Society of Thoracic Surgeons (ESTS)
[13], and European Society for Medical Oncology (ESMO)
[14, 15], have published recommendations for the use of F-18
FDG PET-CT in lung cancer. These are, however, only mod-
erately consistent.

Numerous review articles on PET-CT in lung cancer have
been published during the last decade. The vast majority of
these, however, focus on the diagnostic accuracy of PET-CT
and only to a lesser extent on the clinical value that PET-CT
potentially offers in the diagnostic workup. Thus, such contri-
butions do not provide a significant clinical value to the diag-
nostic process in lung cancer, as illustrated in Fig. 1. If a
diagnostic modality can aid the process from A to B to C, its
use appears to be clinically justified if no other argument (like
complications, expenses, or availability) contradicts this. If a
diagnostic modality does not facilitate getting from A to B to
C, then the clinical utility is not present, or is at best limited.
Three examples to illustrate this are given below:

1) One study has provided evidence that PET-CT has a sen-
sitivity to detect a certain condition (like mediastinal in-
volvement of lung cancer) of 75 % compared to 50 % for
CT; while this is interesting from an academic point of
view, these findings have limited clinical importance, as
these percentages mean that neither PET-CT nor CT can
rule out the disease in question.

2) If PET-CT is able to prevent a futile thoracotomy (as
reported in some papers), this is highly relevant clinical
information, but if PET-CTwas Bonly^ able to change the
staging of the patient, but no immediate treatment differ-
ences resulted (e.g. detection of N1 disease in a patient
thought to have NO disease), this would be less relevant
clinically, although interesting academically.

3) It is not important for the workup if the patient has six
metastatic lesions in the liver detected by CT, or eight
detected by PET-CT; although PET-CT is more sensitive
in detecting liver metastases than CT in this example, it
will have no therapeutic consequences.

This particular focus on the clinical relevance is where our
paper differs from many other reviews on PET-CT in lung
cancer evaluation. The increasing use of PET-CT poses a sig-
nificant challenge to the health care system due to its ever-
increasing expenses.While health care systems internationally

face financial constraints, the incidence and prevalence of
lung cancer is not equally decreasing, adding great demand
to the health care systems with regard to providing safe and
efficient health services to all patients [16]. Accordingly, the
health care directorate of the Region of Southern Denmark
had experienced a steady rise in the use of PET-CT during
recent years with a trend towards a continuous increase.
Thus, the capacity of the current PET-CT scanners in the re-
gion is under pressure. As a basis for planning the future
capacity and clinical use of PET-CT in the region, the regional
health directorate commissioned a review on the evidence of
the clinical value of PET-CT in diagnosis, staging, and follow-
up in six types of cancer, which occupied about 2/3 of the
PET-CT scanning capacity in the region in 2012. The time
frame for the review was limited to eight months.

The objective of this study was to identify and describe the
clinically relevant evidence for the use of F-18 FDG PET-CT
in the initial diagnostic process of lung cancer, related to the
following items:

1) Can PET-CT reliably discriminate a benign from a malig-
nant solitary pulmonary nodule (SPN) on CTand thereby
prevent potentially dangerous lung biopsy?

2) Can PET-CT prevent futile curative-intent treatment tri-
als, for instance by revealing occult metastases?

3) Can PET-CT reliably detect or exclude mediastinal lymph
nodemetastasis and thereby obviate surgical or endoscop-
ic mediastinal staging?

Other potential uses of PET-CT in lung cancer management
(like screening and follow-up) are not covered in this article,
which focuses on the use of PET-CT in initial lung cancer
evaluation.

Material and methods

The review comprised a systematic literature search, an article
selection procedure with predefined in- and exclusion criteria,

C

Patients that are potentially curable Patients who can recieve palliative care

B

Patients with proven lung cancer

A

Patients suspected of lung cancer

Fig. 1 The diagnostic process in lung cancer. If a diagnostic modality can
aid getting from A to B to C, it can be considered clinical relevant
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and a summation of the results. The methods and designs of
the included studies were so heterogeneous that it was deemed
not applicable to perform statistical analysis (e.g., creating
forest plots) of the results. Instead, it was deemedmore worth-
while to describe the important findings of the included pa-
pers. The review is, therefore, not a straightforward systematic
review, but a combination of a systematic search and a more
narrative summation [17].

Initially, three search questions were formulated using the
population, intervention, comparator, outcome (PICO) strate-
gy [18]. Each question addressed different PICO-domains, as
described in the results section.

Systematic literature search

An overall search strategy was designed to answer these three
PICO-questions. Relevant search terms were identified by cli-
nicians (a nuclear medicine specialist (PCH) and a respiratory
medicine specialist (PHM)) and validated by the Medical
Research Library of Odense University Hospital. Search terms
included the combination ofmultiple synonyms for PET, PET-
CT, and lung cancer, as displayed in Appendix 1. The search
covered the PubMed, Embase, and Cochrane databases from
January 2003 to the search date and was limited to papers in
English, Danish, Swedish, and Norwegian. The Medical
Research Library of Odense University Hospital performed
the searches for all articles and all reviews on October 23,
2013, and the results were exported to an EndNote database
(version 7).

Study selection

Study selection was performed using the Rapid Evidence
Assessment (REA)methodology, which is particularly recom-
mended when a comprehensive, transparent, and timely input
is needed to inform health policy decision makers [19].
Despite the lack of consensus on and consistency in REA
methodology [20] REA is widely used by Health
Technology Assessment (HTA) producers worldwide to ad-
dress the informational needs for health care decision makers
in a timely manner [21]. REA can provide a rapid synthesis of
the evidence on a defined and specific topic by shortening the
process of the traditional systematic review, which typically
takes 8–12 months to perform, but without compromising the
inherent logic behind the full systematic review. REA pro-
vides a balanced assessment of a clinical problem by using
the methodology for systematic reviews to search, sort, and
evaluate the available evidence of a defined topic while limit-
ing the comprehensiveness in each process—for instance, by
focusing on a few or only a single research question, by
assessing literature from a limited time period (like 10 years),

or by including only data from existing evidence summaries
and reviews articles rather than primary studies. In this way
the entire process may be shortened to 2–6 months depending
on the nature of the limits [22, 23].

As suggested by the REAmethodology, the review articles
were sorted by their titles and abstracts according to the pre-
planned in- and exclusion criteria. Inclusion criterion
consisted of articles that described the use of F-18 FDG
PET-CT in the clinical situations that were covered by
PICO-questions. For all excluded papers, a record was kept
to document why the paper was excluded in case this would
later become relevant. This sorting was conducted by one of
the authors (PHM).

If no, or sparse, relevant evidence could be found regarding
PET-CT, we included papers on PET alone, assuming that
PET–CTwould provide a comparable or better result [24].

The included review articles (n=139) were read in toto by
one of the authors (PHM) to identify relevant original articles,
and the quality of the original studies was assessed according
to the Oxford Centre for Evidence-Based Medicine (CEBM)
and assigned an evidence level from 1 to 5, where 1 represents
the highest quality of evidence [25]. As supported by the REA
methodology, we did not use a systematic quality appraisal
tool in addition to the CEBM assessment [19].

Summation of results

Finally, the results of the included articles were summarized in
evidence tables consisting of: Purpose of study, study design,
study period, study population, number of patients in the
study, results, comments, and evidence level according to
the Oxford CEBM [25]. From these evidence tables, recom-
mendations for the use of PET-CT in lung cancer were given,
using the recommendation grading scale from A to D, where
A represents the strongest recommendation [25]. This grading
was also conducted by one of the authors (PHM).

Results

This search resulted in 4,208 articles, of which 981 were clas-
sified as reviews in the databases (Fig. 2). Articles excluded
from the review (n=842) were distributed on the following
exclusion criteria: not a relevant type of paper (e.g. editorial)
(n=71), non-English or Scandinavian language (n=2), arti-
cles on non-lung cancer (n=66), articles on PET-CT in other
forms of workup (not primary diagnosis) (n=102), articles on
PET-CT in treatment decisions (such as treatment response
evaluation after radiotherapy) (n=232), and articles not relat-
ed to the asked PICO-question (e.g. basic research, technical
issues, and animal experiments) (n=369). As shown in Fig. 2
and Table 1, the selection process resulted in 14 original
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papers on PETor PET-CT in the evaluation of SPNs (of which
three described bronchoalveolar carcinoma (BAC) and carci-
noids), nine original articles on PET or PET-CT in curative-
intent treatment trials, and 18 original papers on PET or PET-
CT in planning of invasive procedures. Of the latter 18 papers,
nine focused on the clinical value of PET-CT for the charac-
terisation of intrathoracic lymph nodes. The main clinically
important findings reported in these articles are summarised
in Table 1 and mentioned briefly in the text.

Can PET-CT reliably discriminate a benign
from a malignant lesion on CTand thereby prevent
potentially dangerous lung biopsy?

To answer this, the following PICO question was initially
posed: BWhat is the effect on the use of invasive tests and
possibly overlooked malignancy (O) of PET-CT (I) in evalu-
ation of SPNs, in which other imaging modalities have raised
suspicion of lung cancer (P) compared with an evaluation
without PET-CT (C)?

As described, we identified 14 original papers addressing
this issue, of which three had evidence level 1b [26–28] and
11 had evidence level 2b [29–39]) for various types of SPN.
The materials were not directly comparable, but the studies
provided a broader picture of the applicability of PET and
PET-CT in different types of SPN (including varying size, risk
profile, and density).

Situations in which PET-CTwas found useful

When excluding patients with small or non-solid SPNs, all
studies included in the review demonstrated that PET and
PET-CT had a sensitivity of 88 % to 100 %. The retrospective
study of Jeong et al. [38] reported a sensitivity of 88% of PET-
CT for the detection of malignancy, but further analysis re-
vealed that the false-negative findings in this study (that re-
sulted in a sensitivity of Bonly^ 88 %) were often due to non-
solid SPNs or bronchoalveolar carcinoma (BAC). An exam-
ple was a retrospective investigation by Yi et al. [29] that
analysed 119 patients who underwent PET-CT to classify an
unclarified SPN. This paper reported a sensitivity of 96 %,
which is in line with the majority of studies published and is
higher than the sensitivity of 81 % they found for CT.

Special tumours

In 2002, Heynemann et al. [30] and Yap et al. [31] did retro-
spective reviews of PET scans in a total of 56 patients with
proven BAC, today classified as a subtype of adenocarcino-
ma. They found that PET had a low sensitivity for both BAC
and ground glass opacities (GGO) (sensitivity of 38 % and
33 %, respectively). In 2004, Nomori et al. [28] demonstrated
a very low sensitivity of PET to detect malignancy of around
20% for GGOs in a prospective study involving a total of 131
patients. In the same manner, in 2007 Daniels et al. [34] did a
retrospective review of 16 patients with pulmonary carcinoid
tumour and found a sensitivity of 75 % for PET to detect
malignancy.

Small SPNs

There are vast differences between reported findings in small
SPNs (typically defined as <1 cm). The study by Nomori et al.
[28] described above demonstrated a sensitivity of 0 % using
PET, in contrast to a study by Herder et al., who in a retro-
spective analysis of 35 patients with small tumours (<1 cm)
found a sensitivity of 93 % [35]. The two studies differ in the
way that an SPN is defined as PET-positive, which could
explain some of the different findings. Herder et al. visually
compared the SPN uptake with mediastinal blood pool (as we
do in our PET centres) while Nomori et al. calculated a con-
trast ratio comparing highest activity in the SPN (T = tumour)
with the contralateral lung (N = normal). They considered the
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Fig. 2 Article selection. Of 981 articles classified as review articles by
the databases, 842 were excluded. The remaining 139 review articles
were sorted according to which PICO question the article answered,
distributed as follows: 60 review articles dealt with PICO 1 (evaluation
of pulmonary nodules), 124 articles addressed PICO 2 (futile curative-
intent treatment), and 41 articles covered PICO 3 (planning of invasive
procedures). As several articles dealt with more than one of the PICO
questions, the combined number is not 139. aAs seen in the distribution of
excluded articles, not all articles classified as reviews by the databases
were, in fact, reviews. bReasons for exclusion of articles from the review
(n = 842) were: not a relevant type of paper (e.g. editorial) (n= 71), non
English or Scandinavian language (n= 2), articles on non-lung cancer
(n = 66), articles on PET-CT in other forms of workup (not primary
diagnosis) (n = 102), articles on PET-CT in treatment decisions (such as
treatment response evaluation after radiotherapy) (n= 232), and articles
not related to the asked PICO-question (e.g. basic research, technical
issues, and animal experiments) (n = 369). cIn total, 139 review articles
were included and read. As several review articles dealt with more than
one of the PICO questions, the combined number of relevant review
articles from each PICO question (60 + 124+ 41) does not equal 139.
dOf these 18 original articles, nine dealt with mediastinal staging. Only
these nine are considered in the text
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Table 1 Main results of the review. Caveats regarding recommendations are important and found in the Results and Discussion sections. BAC =
bronchoalveolar carcinoma, PET = positron emission tomography, CT = computed tomography, SPN = solitary pulmonary nodule

Subject of articles/
first author and year [ref.]

No. of articles/
modality

Total no.
of patients

Study design Important findings and results Evidence
level

PET(−CT) in SPN
(pooled results)

14 1,847 3 prospective PET-CT can rule out malignancy
in a solid SPN due to high sensitivity,
and reduces need for biopsy if negative
because of higher specificity than CT
(recommendation level A)

11 retrospective

Fletcher 2008 [26] PET 532 Prospective Sensitivity PET vs. CT 92 % vs. 96 % 1b
Specificity PET vs. CT 82 % vs. 41 %

Christensen 2006 [32] PET 41 Retrospective Sensitivity PET vs. CT 96 % vs. 100 % 2b
Specificity PET vs. CT 76 % vs. 29 %

Harders SW 2012 [27] PET-CT 168 Prospective Sensitivity PET-CT vs. CT 97 % vs. 93–96 % 1b
Specificity PET-CT vs. CT 47 % vs. 34–53 %

Kagna 2009 [33] PET-CT 307 Retrospective Sensitivity PET-CT vs. CT 94 % vs. 97 % 2b
Specificity PET-CT vs. CT 70 % vs. 48 %

Jeong 2006 [38] PET-CT 100 Retrospective Sensitivity PET-CT vs. CT 88 % vs. 82 % 2b
Specificity PET-CT vs. CT 77 % vs. 66 %

Kim 2007 [37] PET-CT 42 Retrospective Sensitivity PET-CT vs. CT 97 % vs. 93 % 2b
Specificity PET-CT vs. CT 85 % vs. 31 %

Yi 2006 [29] PET-CT 119 Retrospective Sensitivity PET-CT vs. CT 96 % vs. 81 % 2b
Specificity PET-CT vs. CT 88 % vs. 93 %

Bar-Shalom 2008 [36] PET-CT 56 Retrospective Sensitivity PET-CT 96 % 2b
Specificity PET-CT 83 %

Nomori 2004 [28] PET 131 Prospective Sensitivity PET solid SPN>1 cm 90 % 1b
Specificity PET solid SPN> 1 cm 71 %

Sensitivity PET GGO>1 cm 10 %

Specificity PET GGO>1 cm 20 %

Sensitivity PET SPN<1 cm 0 %

Herder 2004 [35] PET 35 Retrospective Sensitivity SPN PET≤ 1 cm 93 % 2b
Specificity SPN PET ≤ 1 cm 77 %

Dewan 1995 [39] PET 33 Retrospective Sensitivity PET 100 % 2b
Specificity PET 78 %

Heynemann 2002 [30] PET 15 Retrospective Sensitivity PET 38 % 2b

Yap 2002 [31] PET 41 Retrospective Sensitivity of PET depends on BAC-component. 2b
In pure BAC, sensitivity of PETwas 33 %

Daniels 2007 [34] PET 16 Retrospective Sensitivity PET 75 % 2b

PET-CT before curative-intent
treatment (pooled results)

9 1,866 8 prospective PET-CT reduces the number of futile
treatment trials and invasive staging
(recommendation level A)

1 retrospective

Herder 2006 [40] PET 465 Prospective Reduction in invasive tests requiring general
anaesthesia (P= 0.0074).

1b

No reduction in futile thoracotomies (P= 0.43)

Kozower 2008 [41] PET 122 Prospective PET prevents 7.4 % non-therapeutic
thoracotomies in stage IA lung cancer

1b

Viney 2004 [42] PET 184 Prospective PET altered clinical stage in 20 % 1b
No reduction in futile thoracotomies

Maziak 2009 [43] PET-CT 337 Prospective PET-CT correctly upstaged 13.8 % vs. 6.8 %
in control group (P= 0.046).

1b

Fischer 2009 [44] PET-CT 189 Prospective Significant reduction in futile thoracotomies
in PET-CT group vs. control group
35 % vs. 52 % (P= 0.05).

1b

MacManus 2001 [45] PET 167 Prospective PET detected unknown distant metastasis in
7.5 % (stage I), 18 % (stage II) and 24 % (stage III)

1b

Reed 2003 [46] PET 303 Prospective PET potentially avoided unnecessary thoracotomy
in 1 of 5 patients

1b

Lardinois 2003 [47] PET-CT 49 Prospective PET revealed unknown metastasis in 16 % 1b
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SPN to be FDG-positive if (T-N)/(T +N)≥ 0.,4 or in other
words, if the SPN’s FDG uptake was more than ∼2.3 times
higher than the contralateral lung.

Can PET-CT prevent futile curative-intent treatment
trials by revealing occult metastasis?

To answer this, we asked the following PICO-question:
BWhat is the effect of the routine use of PET-CT (I) in
patients with lung cancer, in whom curative-intent treat-
ment is planned (P), on the number of futile curative-
intent treatment trials (O), compared to an evaluation with-
out PET-CT (C)?^

Our review identified nine original papers on this issue
(eight with evidence level 1b [40–47], one with evidence level
2b [48]). These papers typically examined the value of adding

PET-CT to standard investigations before treatment, when no
obvious metastasis was detected. However, study designs
were heterogeneous, focusing primarily on the use of PET-
CT before surgery and to a lesser extent before curative-
intent oncological treatment.

The studies used different control arms including different
Bstandard investigations^. Some studies demonstrated a re-
duced number of futile or non-curative thoracotomies. In
2008, Kozower et al. [41] demonstrated this in 122 patients
in a prospective design. PET prevented more non-therapeutic
thoracotomies in stage IA, compared to standard testing with
CT of the chest and upper abdomen, bone scintigraphy, and
brain imaging. This reduction was even greater in prospective
studies of Reed et al. [46] and Fischer et al. [44] from 2003
and 2009, respectively. They enrolled a total of 492 patients
and compared PET and PET-CT with standard investigation
(CTof chest and upper abdomen, bone scintigraphy, and brain

Table 1 (continued)

Subject of articles/
first author and year [ref.]

No. of articles/
modality

Total no.
of patients

Study design Important findings and results Evidence
level

De Wever 2007 [48] PET-CT 50 Retrospective Correct M-stage by PET-CT 98 % vs. 88 %
by CT (non-significant).

2b

PET-CT to rule out mediastinal
dissemination (Pooled results)

9 1,678 6 prospective PET-CT in general cannot rule out mediastinal
lymph node metastasis (recommendation level A)3 retrospective

Gonzales-Stawinski 2003 [56] PET 202 Retrospective PET sensitivity 64.4 % 2b
PET specificity 77.1 %

Darling 2011 [50] PET-CT 149 Prospective PET-CT sensitivity 70 % 1b
PET-CT specificity 94 %

Herth 2008 [51] PET 97 Prospective 8 % had false-negative lymph nodes at PET 1b

Lee 2007 [64] PET 224 Retrospective Central tumour more often false-negative
at PET in N2 nodes than peripheral
tumour, P< 0.001)

2c

Large tumour more often false-negative
at PET in N2 nodes than small
tumour (P< 0.001)

All false-negative PET at N2 nodes
(16 patients) were adenocarcinoma

Harders 2012 [27] PET-CT 114 Prospective PET-CT sensitivity 50 % 1b
PET-CT specificity 74 %

Fischer 2011 [52] PET-CT 189 Prospective 15 % had false-negative mediastinal lymph
nodes at PET-CT

1b

Al-Sarraf 2008 [60] PET-CT 153 Retrospective 16 % had N2 disease despite negative PET-CT.
Predictors of false-negative PET-CTwere:

Central tumour (P= 0.049)
Right upper lobe tumour (P= 0.04)
>1 cm lymph nodes (P= 0.048)
PET-positive glands at N1 (P= 0.006)

2b

Bryant 2006 [53] PET-CT 397 Prospective PET-CT sensitivity 91 % 1b
PET-CT specificity 88 %

Study design primarily to test optimal SUVmax

Cerfolio 2006 [54] PET-CT 153 Prospective 2.9 % and 3.7 % had N2 disease by mediastinoscopy
and EUS, respectively, despite negative PET-CT
if clinically N0. If clinically N1, 17.6 % and 23.5 %,
respectively, had N2 disease

1b
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imaging in the study by Reed et al., and CT of the chest and
abdomen, and bronchoscopy in the study by Fischer et al.)
before surgery. They found a significantly lower rate of futile
thoracotomies in the PET-CT group and that one in five tho-
racotomies could be avoided.

In 2001, MacManus et al. [45] did a prospective investiga-
tion of 167 patients in whom curative-intent chemo- and ra-
diotherapy were planned. By adding PET they uncovered dis-
tant metastasis not found by CT of the chest and abdomen or
by bone scintigraphy in 32 of these patients, which altered
their management.

A large prospective study by Herder et al. [40] from 2006
did not show any reduction in the number of futile thoracoto-
mies. This group studied 465 patients (of whom half were
randomized to PET), who were evaluated on suspicion of lung
cancer. The primary aim was not to show reduction in futile
thoracotomies, but to test if PETcould reduce the total number
of tests and procedures used for staging and definition of op-
erability. They did not find a significant reduction in the total
number of diagnostic tests with PET, but a significant reduc-
tion in the need of surgical staging and need of general
anaesthesia.

The study by Viney et al. [42] was a prospective, random-
ized study of 184 patients with presumed stage I and II lung
cancer, who did not undergo routine invasivemediastinal stag-
ing before treatment. In this study, no significant reduction in
futile thoracotomies was demonstrated, but PET changed the
presumed clinical stage in 20 % of cases.

Can PET-CT reliably detect or exclude mediastinal
and hilar lymph nodemetastasis and thereby prevent
surgical or endoscopic mediastinal staging?

To answer this, a third PICO-question was constructed:
BWhat is the effect of adding PET-CT (I) as compared to
CT alone (C) on the number of inappropriate/unnecessary
invasive tests (O) in patients with suspected or confirmed
lung cancer, who are undergoing invasive examination for
diagnosis or staging (P)?^

Our review identified 18 original works on this subject
(nine with evidence level 1b [27, 40, 49–55], eight with evi-
dence level 2b [56–63], and one with evidence level 2c [64]).
These were primarily papers in two categories: studies dealing
with PET and PET-CT in the evaluation of the mediastinum
(nine articles) and for categorization of changes in the adrenal
glands (five articles). Below, and in Table 1, we primarily
considered articles on mediastinal staging.

The results of these studies were very homogenous. They
all provided evidence that the sensitivity of PET and PET-CT
for the detection of mediastinal dissemination was insufficient
with regard to ruling this out. As an example, in 2011 Darling
et al. [50] reported a prospective study analyzing 149 patients

with proven non-small-cell lung cancer that was presumed to
be operable. However, with mediastinoscopy and/or surgery
as reference, they found a sensitivity of 70%with PET-CT for
the detection of N2/N3 disease.

However, even though it is evident from the literature that
PET-CT is in general insufficient with regard to ruling out
mediastinal dissemination, there were a number of papers sug-
gesting that small tumours, without evidence of lymph node
dissemination on CT or PET-CT, can reasonably undergo sur-
gery without invasive staging. This was, for instance, demon-
strated by Lee et al. [64] in their paper from 2007, in which
they reported a retrospective analysis of 224 patients who
underwent CT of the chest and abdomen and PET. With me-
diastinoscopy and surgery as reference, they found occult N2
disease in only three of 103 (2.9 %) patients with small, pe-
ripherally located tumours as opposed to five of 20 (25 %)
patients with large, centrally located tumours.

Discussion

Lung cancer is one of the most frequent cancers in the indus-
trialized world, with an overall 5-year survival of only 17 %.
When diagnosed in early stages, surgical/oncological
curative-intent treatment may increase this rate to >50 %
[16]. It is likely that prolonged evaluation time is critical,
especially in low-stage disease [65]. In our experience, the
diagnosis is confirmed in one of three patients referred for
suspected lung cancer, a rate that is probably highly dependent
on local referral practices.

Considerations like these have in Denmark lead to national
integrated cancer pathways for a number of cancers, to reduce
referral time and obtain faster diagnosis and more rapid onset
of treatment in agreement with national guidelines. The lung
cancer pathway typically lasts two weeks from referral until
pathology results and a multidisciplinary team decision are
available. The program typically consists of clinical examina-
tion, pulmonary function testing (ventilation- and diffusion
capacity), chest and abdominal CT (day 1), PET-CT (day 2),
endobronchial ultrasonography (EBUS), and endoscopic oe-
sophageal ultrasound (EUS) to stage the mediastinum (days
3–5), regional lung scintigraphy to estimate post-operative
lung function (day 6), and CT-guided biopsy (day 7).

In our setting, PET-CT serves as a gatekeeper. Firstly, if
PET-CT is negative, invasive testing is omitted, and the pa-
tient is enrolled in a follow-up program. Secondly, if PET-CT
does not reveal extra-thoracic metastasis the patient will un-
dergo surgery or other curative-intent treatments after invasive
staging of the mediastinum. Except in cases of overwhelming
metastatic disease, we confirm PET-CT-positive findings by
biopsy before the patient is considered incurable.

This multi-modality programme is demanding for fragile
patients, expenses are high, and logistics challenging. Based
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on this background, the health care directorate of the region
wanted to know if the extensive use of diagnostic modalities,
including PET-CT, was well-founded.

The SPN issue

The present literature review supports the extensive use of
PET-CT, as a considerable number of percutaneous biopsies
can be avoided in the case of PET-CT-negative SPN. This has
three important clinical implications. Firstly, percutaneous
lung biopsy has a high complication rate with a risk of pneu-
mothorax of 20 % [66, 67]. Not all these patients require chest
tube insertion, but a pneumothorax delays further investiga-
tion. Therefore, at our institution all other examinations are
normally performed before percutaneous biopsy. Secondly,
biopsy and other diagnostic procedures performed before ma-
lignant SPN has been ruled out represent superfluous risks and
incremental costs, which can be omitted with a negative PET-
CT. Thirdly, the patient is spared a lot of anxiety if up-front
PET-CT has ruled out malignancy.

Small SPNs remain a diagnostic challenge due to the phys-
ical characteristic of PET-CT scanners. Both the studies [28,
35] looking at small SPNs were older studies from 2004 using
PET scanners without CT attenuation correction and a spatial
resolution of 7 mm, making it difficult to detect small lesions.
Although modern techniques have reduced the problems of
partial volume effect and respiratorymotion [68–70], they will
never completely disappear, and these patients should be rec-
ognized by an appropriate follow-up program like the ones
suggested by the Fleischner Society [71, 72]. These follow-
up programs are also appropriate in cases of GGO nodules and
part-solid nodules, in which possible diagnoses such as BAC
should be suspected. However, as metastases from some tu-
mours, such as gastrointestinal malignancy, are known to oc-
casionally present as GGO, we tend to biopsy these abnormal-
ities in patients with a history of adenocarcinoma [73].

The issue of futile thoracotomy and other
curative-intent treatment trials

It is well-known that a significant number of patients under-
going surgery for lung cancer do in fact have occult dissemi-
nated disease. These patients will primarily suffer side effects
and complications from curative-intent treatment trials, and
since no benefit is obvious, the number of cases of so-called
futile treatment trials should be reduced as much as possible.

PET-CT should be considered mandatory before curative-
intent treatment trials, as around 20 % will otherwise undergo
futile treatments primarily due to unrecognized distant metas-
tases. The reviewed studies have not shown mortality benefit
from PET-CT in this regard, but as the in-hospital mortality

after pneumonectomy is >5 % (lesser for lobectomy and
segmentectomy), a reduction in surgery must rationally bear
a mortality benefit [74]. In addition, the patients are spared the
morbidity associated with thoracotomy and disadvantages
from delay in radio- or chemotherapy that inappropriate sur-
gery inevitably leads to. An example of this is seen in Fig. 3.

The issue of mediastinal staging

The outcome measure, i.e., the reduction in invasive medias-
tinal staging procedures, was chosen based on the assumption
that the reduction in the number of invasive tests, such as
EBUS, EUS, and mediastinoscopy would shorten the workup
time and reduce the morbidity associated with invasive testing
and general anaesthesia.

The conclusion in the vast majority of included studies was
that PET-CT is in most patients not suitable for verification or
exclusion of mediastinal dissemination, although this is a rare
finding in patients with a small peripheral primary tumour
without enlarged lymph nodes on CT or metabolic active
glands on PET-CT. In contrast to the well-documented uses
of PET-CT described above, this modality may not be sensi-
tive enough to rule out lymph node dissemination, except in
cases of small peripheral tumours. An example of this is seen
in Fig. 4.

Although not the primary focus of this review, it seems
appropriate to recall that a PET-CT image alone is not suffi-
cient to make a diagnosis of malignancy and that all positive
PET-CT findings should in general be proven by cytology or
histology. A pragmatic exception is the patient with over-
whelming dissemination on imaging. No patient should be
considered incurable if only one or a few PET-CT-positive
foci are present, as many non-malignant conditions (like in-
fection, sarcoidosis, and tuberculosis) are known to be PET-
CT-positive. In addition, PET-CT should ideally be performed
before any interventions like biopsy, EBUS, and surgery, as
these procedures may cause false-positive PET-CT findings
[75]. This is another reason why in our setting PET-CT is
performed up-front before any invasive testing.

Limitations

This article is not a systematic review in the strictest sense.
Our focus was on already known and reviewed knowledge in
the clinical practice and its context. The literature search was
comprehensive and comprised most large biomedical data-
bases, but non-English and non-Scandinavian articles were
excluded, and we did not re-evaluate all background literature
for systematic reviews and meta-analyses. Due to time restric-
tions, we chose the REA methodology for reviewing reviews
and extracting relevant articles for our purpose and, thus,
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cannot exclude that we may have missed some relevant pa-
pers. Nonetheless, we feel that it is unlikely that this would
significantly have changed the conclusions we have reached.

Our literature search was conducted in late 2013, leaving
out potentially important papers from 2014 onwards.
However, an additional search conducted shortly before this
article was written, did not reveal articles that changed our
conclusions. On the contrary, published work supports these
[76–79]. The sorting of retrieved papers was undertaken by
one author only (PHM) instead of two, and, in accordance
with the REA methodology, with only a simple quality ap-
praisal [19]. This may introduce selection bias, because

potentially relevant articles may more easily be discarded than
when this decision is made by consensus.

Perspective

The review has now served as a basis for the standardization
of the use of PET-CT in lung cancer in the Region of Southern
Denmark [2].

It would be rational to test the use of up-front PET-CT in
the evaluation of lung cancer in a setting where PET-CT is not
used routinely. The primary outcomes of the study should be

Fig. 3 The depicted patient was
diagnosed with a non-small-cell
lung cancer by bronchoscopy and
EBUS. No signs of distant
metastases were found on CT of
the chest and abdomen, or in the
biochemical analysis. However,
PET-CT detected multiple bone
metastases. This changed the
treatment from curative-intent to
palliative

Fig. 4 The patient illustrated
presented with refractory
hyponatremia, and CT and PET-
CT revealed a metabolic active
tumour of 2.8 cm in the middle
lobe, and on CT enlarged lymph
nodes at stations 11R and 4Rwere
found. PET-CTwas positive at
station 11R in addition to the
tumour. No FDG-accumulation
was seen in stations 4R and 7, but
EBUS and EUS were positive for
malignancy in stations 11R, 4R,
and 7. The TNM classification
based on CT and PET–CTwas
T1bN1M0, but this was changed
to T1bN2M0 after EBUS and
EUS. This has significant clinical
implications, as the treatment was
changed from primary surgery to
curative-intent chemo- and
radiotherapy
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the numbers of (1) avoided invasive testing and associated
complications, (2) avoided futile treatment trials, and (3)
missed malignant diagnoses.

One problem reinforced by the use of PET-CT is the
number of false-positive findings, which has at least four
negative implications. One is the worry of the patient until
malignancy has been ruled out. Another is that a false-
positive finding can sometimes remove focus from the ac-
tual disease, e.g., if PET-CT raises suspicion of a second-
ary cancer. Prolongation of the evaluation process is a third
drawback, and a fourth is the incremental cost and risk
associated with additional testing. However, studies sug-
gest that such unexpected findings do, in fact, in a consid-
erable number of cases represent malignant or premalig-
nant lesions. This has found to be the case in 21 %,
33 %, 45 %, and 65 % of incidental PET or PET-CT
findings in head/neck, thyroid, breast, and colon can-
cers, respectively [80–84]. How this dilemma is best
managed clinically is not settled, but in our practice
we investigate all incidental findings that are not obvi-
ously physiological.

In conclusion

F-18 PET-CT is an appropriate imaging modality in most pa-
tients with suspected or proven lung cancer and should be
considered a routine investigation in this setting. The present
review provides the basis for the following specific state-
ments: (1) SPNs can safely be considered benign if PET-CT
is negative, except in SPNs <1 cm and in non-solid SPNs
(recommendation A); (2) No curative-intent treatment (e.g.
surgery) should be commenced until a PET-CT scan has ex-
cluded occult distant metastasis (recommendation A); (3) In
general, lymph node metastasis in the mediastinum cannot be
ruled out on basis of a negative PET-CT (recommendation A).
Therefore, invasive staging by EBUS and/or EUS and/or me-
diastinoscopy should be performed in most patients before
curative-intent treatment trials, regardless of mediastinal
PET-CT findings.
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Appendix: search terms

Lung cancer synonyms:

Bronchogenic Carcinoma

Bronchogenic Carcinomas

Bronchial Carcinoma

Bronchial Carcinomas

Small Cell Lung Cancer

Small Cell Lung Cancers

Small Cell Lung Neoplasm

Small Cell Lung Neoplasms

Small Cell Lung Carcinoma

Small Cell Lung Carcinomas

Small Cell Lung Tumor

Small Cell Lung Tumors

Small Cell Lung Tumour

Small Cell Lung Tumours

Small-Cell Lung Cancer

Small-Cell Lung Cancers

Small-Cell Lung Neoplasm

Small-Cell Lung Neoplasms

Small-Cell Lung Carcinoma

Small-Cell Lung Carcinomas

Small-Cell Lung Tumor

Small-Cell Lung Tumors

Small-Cell Lung Tumour

Small-Cell Lung Tumours

Oat Cell Lung Cancer

Oat Cell Lung Cancers

Oat Cell Lung Neoplasm

Oat Cell Lung Neoplasms

Oat Cell Lung Carcinoma

Oat Cell Lung Carcinomas

Oat Cell Lung Tumor

Oat Cell Lung Tumors

Oat Cell Lung Tumors

Oat Cell Lung Tumour

Oat Cell Lung Tumours

Oat-Cell Lung Cancer

Oat-Cell Lung Cancers

Oat-Cell Lung Neoplasm

Oat-Cell Lung Neoplasms

Oat-Cell Lung Carcinoma

Oat-Cell Lung Carcinomas

Oat-Cell Lung Tumor

Oat-Cell Lung Tumors

Oat-Cell Lung Tumors

Oat-Cell Lung Tumour

Oat-Cell Lung Tumours

SCLC

Non Small Cell Lung Carcinoma

Non Small Cell Lung Carcinomas
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Non Small Cell Lung Cancer

Non Small Cell Lung Cancers

Non Small Cell Lung Neoplasm

Non Small Cell Lung Neoplasms

Non Small Cell Lung Tumor

Non Small Cell Lung Tumors

Non Small Cell Lung Tumour

Non Small Cell Lung Tumours

Non-Small-Cell Lung Carcinoma

Non-Small-Cell Lung Carcinomas

Non-Small-Cell Lung Cancer

Non-Small-Cell Lung Cancers

Non-Small-Cell Lung Neoplasm

Non-Small-Cell Lung Neoplasms

Non-Small-Cell Lung Tumor

Non-Small-Cell Lung Tumors

Non-Small-Cell Lung Tumour

Non-Small-Cell Lung Tumours

Nonsmall Cell Lung Cancer

Nonsmall Cell Lung Cancers

Nonsmall Cell Lung Carcinoma

Nonsmall Cell Lung Carcinomas

NonSmall Cell Lung Neoplasm

NonSmall Cell Lung Neoplasms

NonSmall Cell Lung Tumor

NonSmall Cell Lung Tumors

NonSmall Cell Lung Tumour

NonSmall Cell Lung Tumours

Non-Small Cell Lung Carcinoma

Non-Small Cell Lung Carcinomas

Non-Small Cell Lung Cancer

Non-Small Cell Lung Cancers

Non-Small Cell Lung Neoplasm

Non-Small Cell Lung Neoplasms

Non-Small Cell Lung Tumor

Non-Small Cell Lung Tumors

Non-Small Cell Lung Tumour

Non-Small Cell Lung Tumours

NSCLC

PET synonyms:

Positron Emission Tomography and Computed Tomography

X-Ray Computed Tomography and Positron-Emission Tomography

X Ray Computed Tomography and Positron Emission Tomography

PET and CT

Hybrid Pet and CT

Integrated PET CT

Positron Emission Tomography

PET Scan

PET Scans

Positron-Emission Tomography

BPositron Emission Tomographies^

BPositron Emission Tomographic^

BPET^AND BCT^

PET/CT

PET

Bpetscan^

Bpetscans^

Bpetscanning^

Bpet scanning^

Fluorodeoxyglucose F18

Fluorodeoxy Glucose

Fludeoxyglucose F18

Fluorodeoxyglucose F 18

Fludeoxyglucose F 18

Fluorine-18-fluorodeoxyglucose

Fluorine 18 fluorodeoxyglucose

Fluorine-18-Fludeoxyglucose

Fluorine 18 Fludeoxyglucose

18F Fludeoxyglucose

18-F Fludeoxyglucose

18F Fluorodeoxyglucose

18-F Fluorodeoxyglucose

18F-Fluorodeoxyglucose

F-18 Fluorodeoxyglucose

F-18 Fludeoxyglucose

F18 Fludeoxyglucose

F18 Fluorodeoxyglucose

18FDG

18-FDG

18 FDG

18F FDG

18-F-FDG

18F-FDG

F18 FDG

F-18-FDG

F-18 FDG

F 18 FDG

FDG

FDG-PET

FDG-PET-CT

FDG-PET/CT

2-Fluoro-2-deoxy-D-glucose

2 Fluoro 2 deoxy D glucose

2-Fluoro-2-deoxyglucose

2 Fluoro 2 deoxyglucoses
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