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Abstract

Background: Current evidence for the use of FDG PET/
PET-CT in staging thoracic oesophageal and GOJ cancer
is reviewed.
Methods: PubMed, Medline, Embase (1988–November
2006) and the Cochrane database identifed studies in
which FDG PET and PET CT were used for the
assessment of thoracic and GOJ cancer.
Results: Conventional assessment remains the mainstay
for evaluating the primary site. EUS is used for assessing
the primary site, but when EUS is incomplete or not
tolerated FDG PET CT is invaluable. The major of
advantage of FDG PET CT lies in the ability to detect
metastatic disease beyond the celiac axis. There is
growing evidence to show that FDG PET CT is useful
for assessment of treatment response. FDG PET CT will
also detect other occult primary cancers.
Conclusions: The contribution of FDG PET CT to the
investigation of patients with primary thoracic oesoph-
ageal and GOJ cancer has resulted in improved staging,
so providing the ability to optimise treatment.
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Accurate staging of disease is central in the management
of patients with thoracic oesophageal and gastro-
oesophageal junction cancer. The results accomplished
with surgery alone are good in those patients with early
stage disease [1]. In tumours with locally advanced dis-
ease such as those with invasion into adjacent structures

(T4 disease), overall survival figures are less impressive,
and non-surgical treatment with radiotherapy and che-
motherapy have been combined with surgery in an at-
tempt to improve survival [2, 3]. However, combining
therapies increases morbidity and mortality rates, so that
it is difficult to justify in patients who would have had a
good prognosis after surgery alone, or a poor prognosis
due to metastatic disease [3, 4].

The current standard non-invasive modalities for
staging thoracic oesophageal cancer and GOJ cancer are
computed tomography (CT) and endoscopic ultrasound
(EUS) [5].

EUS is accepted as the most accurate way to identify
the depth of tumour invasion (T stage) and it may also
reveal local regional lymph node metastases. CT is more
useful for identifying distant metastases. With these
techniques, diagnosis is based on derangement of ana-
tomical characteristics. Detection of metastatic disease
within normal sized lymph nodes and distinguishing en-
larged inflammatory nodes from those due to tumour
infiltration remains a challenge. Furthermore, metastatic
lesions causing minimal anatomical distortion, and with
similar Hounsfield units to adjacent tissue, may not be
identified.

Position emission tomography (PET) is unique in its
ability of visualise areas of increased metabolic activity
within tissues. [18F] fluorodeoxyglucose (FDG) is pref-
erentially taken up by cells with a high rate of glucose
utilization, and this includes most malignant cells.

FDG PET has been recommended for the staging of
oesophageal cancer [6, 7]. Current evidence for this rec-
ommendation is justified and obtained from the follow-
ing sources: PubMed (November 1988–2006), Medline
(November 1988–2006), and Embase (November 1988–
2006). The Cochrane central registry was searched to
identify trials and reviews in which FDG PET and
PET CT was used for the assessment of thoracic and
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gastro-oesophageal junction (GOJ) cancer. We also re-
viewed the reference lists of the articles selected for
inclusion. Electronic searches were supplemented by
hand searching of recent relevant journals.

Staging primary disease

Primary site (T stage)

FDG PET detects disease at the primary site. Drawing
from the cumulative data of 7 studies which included 281
patients (adenocarcinoma 139, squamous cell carcinoma
(SCC) 139, other histology 3), where FDG PET was used
for staging thoracic and GOJ oesophageal cancer, the
technique identified 265/281 (94%) primary sites [8–14].
Fifteen T1 primary tumours and 1 Tis were not visual-
ised (adenocinoma 2, SCC 10, histology not stated 4),
with the majority of these cancers being 5 mm or less in
diameter.

It should be recognised that since many of these
studies were completed, PET technology has advanced
considerably. In two of the studies, the scanners used and
images obtained would be regarded by today�s standards
as less than optimal and this accounted for 11/16 (69%)
of the false negative results in the above survey.

FDG PET, and now PET CT, is of value in patients
where assessment of the primary site is considered to be
inadequate following EUS and CT (Fig. 1).

The accuracy of FDG PET to localise the primary site
is based on patients with an established biopsy proven
diagnosis of carcinoma of the oesophagus, and further
studies are required to evaluate the possible value of
FDG PET CT as a screening test. Of particular interest is
the application in patients with Barrett�s oesophagus; its
ability to detect relatively small cancers against a back-
ground of intestinal metaplasia deserves further assess-
ment [15, 16].

Regional nodes (N stage)

There is considerable variation with regards to the
accuracy of FDG PET for detecting regional nodal dis-
ease.

In a retrospective assessment of 53 patients with SCC
limited to the thoracic oesophagus, FDG PET had an
accuracy of 84% when compared with oesophagectomy
and lymph node dissection [11]. In another retrospective
review of 36 patients with thoracic oesophageal carci-
noma, mainly adenocarcinoma, FDG PET had an
accuracy of 76%; the findings were confirmed by corre-
lation with the trans-thoracic oesophagectomy specimen
and examination of selectively resected nodes suspicious
of containing tumour [17].

In a prospective evaluation of 74 patients, FDG PET
had an accuracy of 61% when correlated to two field
lymphadenectomy in 66% (40/61) patients and biopsy
findings in the others [18]. By contrast, in 1 prospective

study of 42 thoracic oesophageal and GOJ cancer pa-
tients (adenocarcinoma 32, SCC 10) FDG PET had an
accuracy of 48%; the results verified by 2 and 3 field
lymphadenectomy in all patients [19].

Similarly, in a retrospective study of 47 thoracic
oesophageal cancer patients (adenocarcinoma 37, SCC
10), FDG PET had an accuracy of 46%, when only
definitive results were considered and 49% when equiv-
ocal results were included, the FDG PET findings con-
firmed by minimally invasive surgical techniques [20].

The different patient cohorts studied, the different
methodologies including different PET scanners and
PET techniques used, and also the varying ways in which

Fig. 1. A 55-year-old man with an adenocarcinoma of the
distal thoracic oesophagus A Endoscopic examination was
incomplete because of extensive endoluminal disease. B
FDG PET CT showed extension of tumour at the primary site
to the gastro-oesophageal junction, within a hiatus hernia.
There was no significant uptake in the stomach or in distant
nodes and viscera. Subsequent surgery confirmed the extent
of disease at the primary site and the nodal status as diag-
nosed by FDG PET CT.
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the FDG PET findings were confirmed all contribute to
the conflicting FDG PET results.

The specificity of FDG PET for detecting regional
nodal disease is generally high with false positive results
being unusual. The low accuracy for FDG PET is due to
low sensitivity: 55% sensitivity in the study where FDG
PET had an accuracy of 61%, 22% where it had an
accuracy of 48% and in the study where FDG PET had
an accuracy of 46%, its sensitivity was 35%. The inability
of FDG PET to separately detect nodes containing tu-
mour adjacent to the primary site contributes signifi-
cantly to the false negative results.

The capability of FDG PET to detect nodal disease
compared with CT and EUS is unclear. In two studies,
FDG PET was found to be more accurate than CT, in
one study both techniques were of similar accuracy and
in yet another two studies FDG PET was less accurate.
In two studies that compared FDG PET to CT and EUS,
EUS was superior to FDG PET and CT although the
difference did not reach statistical significance [18, 19]. In
the one study comparing FDG PET to CT and the
combination of EUS and fine needle aspiration cytology
(FNAC), there was no clear advantage of EUS over
FDG or CT [21].

It is reasonable to conclude from the literature that a
positive node on FDG PET is highly likely to contain
active disease, especially if it lies in the usual drainage
area. FDG PET cannot, however, reliably and consis-
tently separate the primary site from closely adjacent
nodal disease and therefore distinguish between T3/4N0
and T3/4NI disease.

The available data, albeit small, indicates that the
main contribution of EUS over FDG PET lies in its
superior ability to discriminate between the primary tu-
mour and peritumoural nodes, otherwise there is no
definite advantage of FDG PET over EUS for assessing
loco regional nodal disease. In centres where EUS is used
for assessing the primary site, then there may be no clear
benefit obtained from FDG PET CT for evaluating re-
gional nodal disease, except in those patients who cannot
tolerate EUS or in which EUS is incomplete, because of a
severe stenosis at the primary site.

Distant metastases (M stage)

The literature consistently shows that FDG PET is more
accurate compared with other imaging for detecting
disease beyond regional nodes [9, 13, 17, 18, 20, 22]. One
prospective study which evaluated 91 patients with car-
cinoma of the oesophagus which was potentially resect-
able prior to FDG PET, reported that FDG PET was
more accurate than CT for detecting disease beyond re-
gional nodes. The authors observed that the group where
FDG PET identified metastatic disease had a statistically
significantly lower probability of survival compared with

the group with no metastatic disease on FDG PET, a
difference that was not obtained with CT [22].

A prospective study which compared FDG PET to
CT and EUS in the initial staging of oesophageal carci-
noma in 74 patients (thoracic oesophagus 43, GOJ 31)
found FDG PET to be superior to CT and EUS when
used in combination for detecting metastases beyond
regional nodes. This difference was largely due to the
greater sensitivity of FDG PET for detecting disease in
supraclavicular and retroperitoneal nodes and beyond,
74% compared with 47% [9].

Similar results were obtained in another prospective
study of 24 patients. FDG PET compared with combined
EUS and CT, was more accurate for detecting M1a
disease, i.e., metastases within celiac axis nodes, and also
M1b disease, i.e., metastases beyond that; of the three
M1b patients, CT identified three of these patients
compared with FDG PET which identified 7 [18].

In two studies the additional information provided by
FDG PET improved the assessment for resectability. In a
study of 42 patients who had FDG PET and CT, 17
patients were reclassified as having unresectable disease
following FDG PET compared with only 6 after CT.
Unexpected supraclavicular nodal disease was detected
by FDG PET in five patients, mediastinal nodal disease
in three, coeliac axis nodal disease in one and liver
metastases in a further two [8]. In a further prospective
study of 26 consecutive patients the accuracy of CT in
determining resectability was 65%, compared with 88%
for FDG PET and 92% when CT was interpreted in
conjunction with the FDG PET [12].

There is therefore a clear advantage of FDG PET for
detection of disease beyond the celiac axis (Fig. 2). Dis-
tinguishing between a regional node, N1 node, and the
celiac axis M1a node can however, be challenging, even
with FDG PET CT. Enlarged nodes lying adjacent to the
origin of the celiac axis do not pose a dilemma, but an
FDG avid node which is minimally enlarged, and lying a
short distance from the origin, can be difficult to classify
as a regional nodes such as a lesser curve node or alter-
natively a celiac axis node, particularly when the stomach
is distended.

Impact on management

In a prospective survey of 91 patients planned for sur-
gery, FDG PET revealed unsuspected disease in 16 pa-
tients (17%) which led to non-surgical interventions [22].
In a similar study, FDG PET significantly changed
management in 17% (6/36) patients [17].

In yet another study, FDG PET provided informa-
tion which altered treatment in 25% (12/48) of the study
population; detecting unsuspected metastases in some
patients, and in others identifying suitable biopsy sites
which confirmed metastatic disease [8].
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Impact based on comparison of a prospectively
recorded pre FDG PET plan with the post FDG PET
treatment plan in 68 consecutive patients undergoing

staging found that FDG PET impacted on management
in 27/68 (40%) of patients; in 12 therapy plan was
changed from curative to palliative and in 3 from palli-
ative to curative, while in 12 other patients there was a
change in treatment modality or delivery. Furthermore,
FDG PET provided superior prognostic stratification
compared with conventional investigations [23].

Independent prognostic marker

There is a growing body of evidence that demonstrates
the value FD PET as prognostic marker in patients with
thoracic oesophageal and gastro-oesophageal cancer. A
prospective study of 59 patients with locally advanced
oesophageal cancer found that upstaging with FDG
PET, which occurred in 1/3 of patients, predicted poor
2-year survival, despite comparable treatment [24]. Data
from a retrospective review of 150 patients with localised
oesophageal cancer on conventional assessment (stage II/
III) showed that there was a strong correlation between
outcome and the number of FDG avid sites; as a group,
patients with only one FDG positive site had higher
overall and also disease free survival compared with
those with more than one FDG avid site [25].

Semi-quantitative analysis may contribute to the
value of FDG PET in this area and preliminary results
suggest that avidity of FDG uptake of the primary
tumour before treatment can predict treatment outcome.
In 23 patients with SUV mean greater than 7.0 at the
primary site had a poorer prognosis compared with 25
patients, where the primary tumour had an SUV of less
than 7.0 [26]. In another one report, survival was sig-
nificantly higher in patients with a maximum standar-
dised uptake value (SUV max) of 6.6 or less at the
primary site compared with the group with SUV max of
more than 6.6 [27]. In yet another study, which included
an analysis of surgically managed oesophageal adeno-
carcinoma patients SUV max predicted overall survival
and also identified a group of patients who had a poor
prognosis who would otherwise have been considered to
have early stage disease [28].

Restaging of primary disease

Neoadjuvant treatment, chemotherapy, radiotherapy
and a combination of chemotherapy and radiotherapy, is
increasingly being used in conjunction with surgery in an
attempt to improve survival in patients with locally
advanced thoracic oesophageal and gastro-oesophageal
junction cancer. Various pilot studies have shown
the value of FDG PET for measurement of treatment
response and a recent meta-analysis found FDG PET to
be more accurate than CT and as accurate as EUS [29–
37]. Endoscopic examination is not always feasible dur-
ing or shortly after chemotherapy; in the meta-analysis
just considered there were no failure rates with FDG

Fig. 2. A FDG PET CT shows intense uptake at the primary
site in the mid thoracic oesophagus (arrow) B FDG PET CT
demonstrates tumour within a coeliac axis node. The node
containing tumour is of normal size on CT. C An unexpected
bone metastasis is shown on FDG PET CT Patient man-
agement plan was changed from surgery to chemotherapy on
the basis of the PET CT. D Subsequent FDG PET CT shows
progression of the bone metastasis despite chemotherapy.
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PET compared with inadequate EUS in 6% [29]. FDG
PET CT, as such, is a promising tool for assessment of
treatment response [35].

FDG PET cannot consistently detect small volume
residual disease, and the same is true for FDG PET CT
[31, 32, 35, 36]. FDG PET CT, however, can potentially
identify those patients who will achieve the greatest
benefit from surgery, from those with a poor response to
neo-adjuvant treatment and have residual bulky disease,
who will be unlikely to benefit from surgery [37–41].
Neo-adjuvant treatment in patients with advanced
oesophageal cancer is evolving, and with it the role of
FDG PET CT in this area [3, 32] (Fig. 3).

Synchronous cancers

When FDG PET CT is used for the staging and restaging
of oesophageal cancer other primary cancers are detected
[42]. The incidence of synchronous head and neck and
lung tumours in patients with oesophageal cancer is 2%
and 3%; tobacco and alcohol consumption link these
tumours [43]. Unexpected lung cancers are revealed more
often than head and neck cancers, since the latter are
usually apparent clinically. FDG PET CT also detects
other asymptomatic synchronous tumours, the most
common being colo-rectal cancer (Fig. 4).

PET CT

Imprecise localization of radiotracer is a limitation of
PET imaging. Software image fusion is labour intensive
and is usually unsuccessful unless data is acquired pro-
spectively. Accurate soft-ware registration of FDG PET
and CT data separately acquired is achievable in the
cranial cavity, head and neck and the pelvis but is tech-
nically challenging in the chest and upper abdomen due
to the lack of common 3D points required for registra-
tion [44]. PET CT overcomes this by acquiring PET and
CT without patient movement, so enabling registration.

With PET CT, CT is acquired first, followed by PET.
Using CT for attenuation correction also means shorter
scanning times; 25 min or less for a whole body PET CT,
compared with 60 min for PET alone.

Advantages of PET CT include superior localisation
of lesions and better distinction between physiological
uptake and pathology. PET CT augments the informa-
tion provided by PET and provides potential to improve
the accuracy of FDG for detecting distant nodal and

Fig. 3. FDG PET CT of oesophageal cancer before and
after neoadjuvant chemotherapy. A Responder B Non-
responder.

Fig. 4. A 63-year-old woman with an adenocarcinoma of the
gastro-oesophageal junction A FDG PET CT showed the
small primary site (T1). It demonstrated no distal nodal or
visceral metastases. B FDG PET CT however, revealed a
small focus of abnormal uptake in the rectum. Subsequent
sigmoidoscopy confirmed that it represented a small T1 rectal
cancer, which was asymptomatic.
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distant organ metastases. Several studies in lung cancer
have already shown that PET CT improved on locali-
sation of radiotracer uptake which in turn led to a
reduction in false positive and false negative results as
well as improved diagnostic certainly [45, 46].

A study to assess the additional value of PET CT
over PET and CT included 13 patients pre-surgery,
where PET CT was compared with FDG PET and
high-resolution contrast enhanced CT side by side im-
proved the accuracy of FDG in oesophageal cancer and
provided additional data which assisted patient man-
agement [47].

Our own recently completed prospective study com-
paring the accuracy of FDG PET CT, FDG PET and
diagnostic CT side by side, and diagnostic CT alone for
the staging of thoracic oesophageal and GOJ cancer is in
concordance with these results. Following local ethical
committee approval, 48 patients were recruited between
June 2004 and February 2005 (males 36, females 12; age
47.7–77.8 years [mean 66.2 years]); thoracic oesophageal
cancer 14 patients, GOJ cancer 13 patients; adenocarci-
noma 38 patients, squamous cell carcinoma 10 patients).
All patients were considered to be suitable for treatment
with curative intent on standard assessment which in-
cluded full clinical assessment and whole body CT. All
patients had a whole body diagnostic CT and FDG PET
CT. The diagnostic CT was reviewed independent of
FDG PET CT by one experienced observer. The PET
and the diagnostic CT were reported side by side in
consensus by two experienced observers. PET CT was
then reported in consensus by the two observers who had
previously reported the PET and diagnostic CT side by
side. The impact of PET CT on management was as-
sessed using a questionnaire completed by the referring
medical personnel. The diagnostic CT was obtained
within 1 month of the PET CT, and all scans were
technically satisfactory on review. Surgical correlation
was obtained in 20 patients, with M1b disease confirmed
by biopsy in 2, other imaging in 1 and follow-up in 4
patients, the latter between 12 and 16 months (mean
14 months). PET and diagnostic CT side by side up-
staged four patients from M0 to M1b, by detecting liver
metastases in one, characterising indeterminate lung
nodules in two, and discovering a scalene node con-
taining active disease in one patient. PET CT further
upstaged three patients by detecting liver metastases in
two patients and bone metastases in one. In addition,
PET CT found an asymptomatic caecal cancer in one
patient and a villous adenoma in one another. PET CT
altered overall management in eight (17%) patients
compared with PET and CT side by side in three (6%).

Pitfalls

The oesophagus is usually not avid for FDG. Inflam-
mation, however, can mimic oesophageal malignancy.

At the gastro-oesophageal junction, accumulation of
FDG due to reflux oeosphagitis needs to be distin-
guished from a gastro-oeosphageal junction carcinoma
[48]. Widespread candidiasis of the upper gastro-intes-
tinal tract can result in diffuse FDG uptake within
the oesophagus; however, this should not cause a
clinical dilemma, as the condition is usually apparent
clinically.

Intense FDG uptake occurs in nodes infiltrated with
sarcoid and lymphoma as well as in HIV patients with
persistent generalized lymphadenopathy and also in
patients suffering from other viral infections including
Epstein Barr and cytomegalo-viral infections [49]. With
regards to lymphoma, follicular lymphoma, is the one
lymphoma that is not consistently avid for FDG;
however, it may be FDG avid and it is this subtype
that is most likely to cause confusion as many of these
patients will be asymptomatic from their lymphoma
[50].

That brown adipose tissue exhibits FDG uptake is
well recognised, and is should not be mistaken for
metastases once it is appreciated that this phenomenon
can occur in the vicinity of potential sites of metastases
including around the adrenal glands and in the posterior
mediastinum.

Identification of small sub-centimeter hepatic deposits
can prove to be a challenge with FDG PET CT. It may
be necessary to correlate the FDG PET CT to a post-
intravenous contrast diagnostic CT to distinguish be-
tween noise and liver metastases in this situation. Liver
abscess can be detected by FDG PET CT, and is indis-
tinguishable from metastatic liver disease [51]. Fortu-
nately, distinguishing the two conditions is not usually a
clinical problem.

Uptake of FDG in the adrenal due to benign lesions
is unusual. Occasionally, bilateral adrenal hyperplasia
can demonstrate intense FDG uptake.

False positive results due to inflammatory foci
including tuberculosis, histoplasmosis and aspergillosis
should always be considered in patients with focal FDG
lung parenchymal uptake, especially if solitary [52, 53].
Furthermore, spatial resolution limitations of PET
should be remembered in assessment of lesions less than
10 mm [54].

Intense FDG uptake occurs with benign bone lesions
including Pagets disease of bone and also around joints
in patients with arthritis including osteoarthritis, com-
monly; review of CT component of PET CT soon how-
ever, resolves the diagnostic dilemma [53].

In the hands of experienced interpreters, false positive
results are low, if careful correlation of the FDG is made
with the CT, and in cases where there is doubt, FDG is
compared with other relevant imaging and the imaging
findings are interpreted in conjunction with the clinical
pattern of disease; one recent study found that it was in
the order of 5% [55].
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Other radio-tracers

Carbon-11 choline has been compared with FDG for the
staging of oesophageal cancer in two studies. In one,
carbon-11 choline showed an advantage over FDG for
detecting mediastinal nodal disease compared with FDG.
It was however, ineffective for detecting abdominal no-
dal disease [56]. The authors noted that this was because
nodal uptake in the abdomen was obscured by high
uptake of the tracer in liver. The other study confirmed
the limited value of carbon-11 choline for detecting
abdominal nodal disease and also suggested that it was
also less accurate than FDG for detecting lung, liver and
bone metastases [57].

Pre-therapeutic identification of patients likely to
benefit from neo-adjuvant treatment would allow en-
hanced treatment stratification, so that potentially toxic
treatments could be avoided in non-responders, who
instead could be offered alternative therapies [58–60].
The profiling of tumours using PET tracers that focus on
specific aspects of tumour metabolism such as the use
of 3¢-deoxy-3¢-fluoro thymidine (FLT) as an index of
tumour proliferation may contribute in this area [61].

Concluding remarks

There is substantial evidence from non-randomised
prospective studies for the use of FDG PET in staging
primary oesophageal cancer. The contribution of FDG
PET CT to the investigation of the patient with primary
thoracic oesophageal and GOJ cancer is still evolving,
and ultimately, this may be influenced by individual
clinical practice as well as local availability. There is no
doubt however, that it will contribute to improved
management of this group of patients, leading to more
appropriate treatment, and so spare some patients
unnecessary medical or surgical intervention which will
provide no benefit.
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