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Abstract
Introduction Although the prognosis of patients with esophageal cancer has been improved by extended dissection, the
incidence of recurrence still remains high. In esophageal cancer, positron emission tomography (PET) using 18F-
fluorodeoxyglucose (FDG) already demonstrated to be useful for initial staging and monitoring response to therapy. This
prospective study compared the ability of FDG-PET and conventional imaging to detect early recurrence of esophageal
cancer after initial surgery in asymptomatic patients.
Materials and Methods Between October 2003 and September 2006, 41 patients with esophageal cancer were included in a
prospective study after initial radical esophagectomy. FDG-PET, thoracoabdominal computed tomography (CT), abdominal
ultrasonography, and endoscopy were performed every 6 months after initial treatment.
Results and Discussion Twenty-three patients had recurrent disease (56%), mostly within the first 6 months after surgery
(70%). Despite two false-positive scans due to postoperative changes, FDG-PET was more accurate than CT (91% vs. 81%,
p=0.02) for the detection of recurrence with a sensitivity of 100% (vs. 65%), a specificity of 85% (vs. 91%), and a negative
predictive value of 100% on a patient-by-patient-based analysis. For the detection of locoregional recurrence, FDG-PETwas
more accurate than CT (96.2% vs. 88.9%). FDG-PETwas also more accurate than CT for the detection of distant metastases
(92.5% vs. 84.9%), especially when involving either bones (100%) or liver (98.1%). A lower sensitivity of FDG-PET (57%)
for the early detection of small lung metastases did not affect patient management (accuracy=92.5%).
Conclusion FDG-PET appears to be very useful for the systematic follow-up of asymptomatic patients after esophagectomy
with an initial scan performed 6 months after surgery.
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Introduction

Esophageal cancer is an aggressive gastrointestinal disease
and surgery remains the main potential curative treatment.
According to the two randomized trials published on the
subject, neoadjuvant treatment before surgery may improve
local tumor control but it does not increase overall survival
compared to chemoradiation alone.1,2 The use of preoper-
ative radiotherapy (RT) failed to improve outcome,3 most
likely because of a high rate of distant metastasis, whereas
the use of preoperative chemotherapy in US trials had little
impact on either local failure or distant dissemination of
disease. A recent meta-analysis did report a significant
benefit for preoperative chemoradiotherapy,4 but neoadju-
vant radiochemotherapy is still debated in advanced
esophageal cancer.5 Although the prognosis of patients
has been improved by extended dissection,6,7 the incidence
of recurrence still remains high with a reported rate in the
range of 36% to 64%.8–11 More than half of all recurrences
occur within 12 months after surgery.11 The early diagnosis
of recurrence in esophageal cancer can be of potential
interest. Until now, once recurrence occurs, some patients
will receive chemotherapy or radiation therapy,12 while
some will only go through palliative treatment because of
their poor general condition. In few cases, salvage surgery
may be considered, since some authors reported a better
associated outcome.13–15 Although the management of a
recurrence greatly depends on the pattern of recurrence and
the general status of the patient, a consensus treatment
strategy has not yet been established. Concerning the
patients with distant metastasis, a recent issue of the
Cochrane database tends to show that there is no statisti-
cally proven impact of the use of chemotherapy.16 New
targets are actually the subject of intensive research in the
field of esophageal neoplasms. We have previously pub-
lished the potential impact of epidermal growth factor
receptor (EGFR) status in the management of surgically
resected patients.17 The use of anti-EGFR targets could be a
good way for prospective trials in this type of patients. At
present, one of the prerequisites in order to improve patient
management is the detection of recurrences as early as
possible based on the usual follow-up procedure that
includes endoscopy, ultrasonography, and thoracoabdomi-
nal computed tomography (CT) every 3–6 months. Endo-
scopic examination is appropriate only for the detection of
local recurrence or metachronous cancer of the gastroplasty
that could be cured by minimal surgery.18 Since CT is a
morphological-based investigation tool, it is now well-
known to be suboptimal in the diagnosis of nodal
involvement, since nodal size is not an accurate parameter
for predicting involvement. It is also suboptimal for the
differentiation between posttreatment fibrosis and recur-
rence. Functional imaging may provide a promising

alternative. Positron emission tomography using 18F-
fluorodeoxyglucose (FDG-PET) permits the functional
characterization of tissues by in vivo imaging glucose
metabolism. In oncology, FDG-PET is successfully used for
the assessment of tumor viability and the staging of many
malignancies with increased glycolysis. In esophageal
cancer, FDG-PET has been gaining acceptance for initial
staging by improving the detection of unsuspected distant
metastases.19–21 Monitoring therapy response is the second
major indication for FDG-PET in esophageal cancer.22–25

Some authors have also suggested that FDG may have a
predictive value of patient outcome in esophageal cancer,26

as it has already been demonstrated for other types of
malignancies including lung cancer, lymphoma, or head
and neck cancer.27–30

FDG-PET has also been largely used for restaging
symptomatic recurrent cancer. In esophageal cancer, Flamen
et al. demonstrated that FDG-PET is highly sensitive for
staging recurrent symptomatic patients.31 In addition, Kato
et al. reported in a retrospective study that PET has a better
accuracy than CT in the follow-up of asymptomatic patients
when PET is performed more than 1 year after surgery. It
remains unknown whether repeated FDG-PET can be used
earlier and systematically in the follow-up period, which
would be of great interest in a disease such as esophageal
cancer which is characterized by high potential of early
recurrence.32 Therefore, the main objective of our prospec-
tive study was to determine whether FDG-PET can provide
more accurate information than CT in a routine follow-up
procedure of patients with esophageal cancer early after
surgery.

Materials and Methods

In this prospective study, we considered patients undergo-
ing surgery in our institution whose follow-up was also
performed in our institution in order to minimize variability
in the procedures.

The required sample size for the comparison of PET and
CT sensitivities was calculated with an α level of 0.05 and a
type 2 error (β) of 0.1. Considering a hypothesized
difference of 30%, the required sample size was 39 patients.
So, 41 patients were included taking into account incom-
plete data (5%). The current study was carried out after an
approval by the institutional ethical review committee.

Surgery and Initial Patient Management

Between October 2003 and September 2006, 41 consecu-
tive patients with esophageal cancer were included in the
present study after they underwent esophagectomy with
curative intention. All procedures were performed by the

452 J Gastrointest Surg (2009) 13:451–458



same surgical team. The vast majority of patients (90%)
underwent a transthoracic esophagectomy (Ivor Lewis
procedure). In one patient, an additional cervicotomy was
performed in order to do the anastomosis in the neck after
the reconstruction of the digestive tract using a gastric tube
(Akiyama procedure). Three patients had a laparoscopic
transhiatal esophagectomy. All surgical procedures were
associated with traditional two-field lymphadenectomy
(thoracic and abdominal). All suspect distant macroscopic
lymph nodes visually depicted by the surgeon were
removed for frozen histology. Tumor was present in
margins in six patients (15%).

Nine patients received neoadjuvant chemoradiation
before surgery because they had a locally advanced disease
at presentation. Standard cisplatin and 5-fluorouracil-based
chemotherapy regimens with concurrent radiation therapy
were used. In addition, six patients received an adjuvant
chemoradiation because of non-R0 resection.

Clinical Follow-Up

After initial treatment, each patient was monitored regularly
every 4–6 months during the first 2 years and every year
after the second year in case of no recurrence. Every
follow-up evaluation included a complete clinical exami-
nation. Thoracoabdominal CT, abdominal ultrasonography,
and endoscopy were performed every 6 months or more
frequently depending on the clinical situation. FDG-PET
examinations were added to this routine follow-up proce-
dure, every 6 months during the first 2 years and every year
after the second year. Comparative CT and PET scans were
performed within 1 month from each other.

Positron Emission Tomography

All patients fasted for a minimum of 6 h before the PET
examination. The blood glucose level was confirmed to
be <9 mmol L−1 before injection of the 18F-FDG. All FDG-
PET examinations were performed using an Allegro
dedicated PET scanner (Philips Medical Systems).33 An
emission whole-body scan was performed for each patient
from thigh to head 60 min after the injection of a mean
activity of 355 MBq of 18F-FDG (5–6 MBq/kg). Emission
scans were acquired for 3 min per bed position. Whole-
body transmission scans using a 67Cs source were also
obtained for the purpose of performing attenuation correc-
tion. Emission data were corrected for scatter, random
events, and dead time losses and images were reconstructed
both with and without attenuation correction using a
previously optimized 3D RAMLA reconstruction proto-
col.34 Baseline PET images were reported by two experi-
enced nuclear physicians unaware of the CT, endoscopic
ultrasound findings, and histological results. Images were

analyzed visually and semiquantitatively. Regional lymph
node involvement and distant metastatic disease were
assessed as present or absent. Lymph nodes and metastases
were considered as FDG-positive if focal-prominent 18F-
FDG uptake compared to normal mediastinal activity was
found at least in two consecutive transaxial slices. In
identified lesions, the maximum standardized uptake values
(SUVmax) corrected for the body weight of each patient
were calculated performing region of interest analysis on
the transaxial slice of the attenuation-corrected images in
which the highest uptake was found.

Follow-up data concerning the 41 patients were pro-
spectively collected in a database for further analysis. The
current analysis was carried out after an approval by the
institutional ethical review committee. Regional and distant
recurrences were established by biopsy, if feasible, or by
clinical follow-up and repeated examinations. Distant
metastases could involve either distant organs or celiac
lymph nodes for tumors of the lower thoracic esophagus or
metastasis in cervical nodes for tumors of the upper
thoracic esophagus according to the TNM system.35

Statistical Analysis

All semiquantitative data are presented as the mean±standard
deviation (SD). In this study cohort, local recurrence was
determined by endoscopic biopsy. The sensitivity, spec-
ificity, and accuracy of CT and PET were calculated
using the standard definitions.36 CT and PET perform-
ances were compared using a χ2 Mac Nemar test for
paired data and a statistically significant difference was
defined as a p value ≤0.05.

Kaplan–Meier methods were used to estimate the
survival distributions.37 Survival was calculated from the
date of initial diagnosis to the date of death or most recent
follow-up in case of patients still alive.

Results

Patient characteristics are presented in Table 1. Thirty-eight
were male (93%) and the mean age at the time of diagnosis
was 60.7±9.4 years. Most of the tumors were squamous
cell carcinoma (76%) and most of the patients had a well-
differentiated or moderately differentiated tumor (90%).
The majority of the tumors originated from the middle and
lower esophagus (93%). In the population included in this
study, 51% of the patients had an early stage disease (stage
I or IIa), while 58% of the patients had a T3 primary lesion.
Twenty patients (48%) had lymph node metastases (N1) at
presentation.

At the time of the last follow-up, 31 patients were alive,
18 with no evidence of disease, and 13 with recurrence. The
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recurrence rate was 56% and the mean time to recurrence
was 8 months (5–39 months). With a mean follow-up of
46 months (30–55 months, median of 48 months), the
median survival for all patients was 51 months. The 1- and
2-year survival rates were 80% and 65%, respectively, for
patients with negative margins. The Kaplan–Meier curves
on disease-free survival and overall survival are in
presented in Figs. 1 and 2.

The mean time after surgery for the first PET scan was
6.3 months. It was positive for all six patients with involved
margins. Two patients had regional nodal uptake and FDG-
avid distant metastases (involving either the liver or
vertebrae). Two patients had evidence of local recurrence
and regional nodes on PET images; while for the two
remaining patients, only local uptake evoking progressive
residual disease was described. This first FDG-PET was
considered as positive in 18 patients, demonstrating local
recurrence in 13 cases and distant metastases in 12 cases.
Seven of these patients had both local and distant lesions
avid for FDG. In case of regional recurrence, 7 out of 18
patients had more than one abnormal foci corresponding to
involved nodes. Confirmed distant metastases occurred in
distant lymph nodes (five out of 12), bones (five out of 12),
liver (three out of 12), lung (two out of 12), and adrenal

gland (one out of 12). Seven patients had more than one
distant metastatic site.

A second FDG-PET scan was performed within a mean
delay of 12 months after surgery (12±2 months). One
year after surgery, only one more patient, in comparison to
the results of the first PET examination, had a true-
positive scan for recurrence corresponding to locoregional
disease without distant metastasis. For the third systematic
evaluation, FDG-PET was performed with a mean delay
of 19 months after surgery (19±1.6 months). In four
patients, FDG-PET was abnormal, demonstrating local
recurrence in one patient and both local disease and
distant metastases in three patients. Those late scans were
all confirmed to be true-positive findings (using the
assessment criteria described in the “Positron Emission
Tomography” section).

Table 1 Patients Characteristics

Characteristics All patients N=41 (%)

Gender
Male 38 (93)
Female 3 (7)
Age at diagnosis
Median 59
Range 43–83
Primary site
Upper esophagus 3 (7)
Middle esophagus 20 (49)
Lower esophagus 18 (44)
Tumor cell type
Squamous cell carcinoma 31 (76)
Adenocarcinoma 10 (24)
Histologic grade
Well-differentiated 22 (54)
Moderately differentiated 15 (36)
Poorly differentiated 4 (10)
Treatment
Surgery alone 25 (61)
Surgery+adjuvant CT±RT 7 (17)
Surgery+neoadjuvant CT+RT 9 (22)
Pathological stage
I 6 (14)
IIa 15 (37)
IIb 5 (12)
III 15 (37)

RT radiotherapy, CT chemotherapy

__    negative margins 
----  positive margins 

Figure 1 Kaplan–Meier analysis of the overall survival of esophageal
cancer patients according to the margin status (negative of positive).

0 10 20 30 40 50 60 70

100

80

60

40

20

0

Time (months)

S
ur

vi
va

l p
ro

ba
bi

lit
y 

(%
)

Figure 2 Kaplan–Meier analysis of the disease-free survival of
esophageal patients with negative margins after initial surgery.
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On a patient-by-patient analysis, sensitivity, specificity,
and accuracy were, respectively, 65%, 91%, and 81% for
CT and 100%, 85%, and 91% for FDG-PET (Table 2). The
performance of the two modalities were statistically
significantly different (p=0.02).

Local or regional recurrence was observed in 15 patients
(seven with no distant metastases and eight with associated
distant metastases). For the detection of locoregional
recurrence, FDG-PET had a better accuracy than CT
(96% vs. 89%, p=0.05) due to a higher sensitivity (93%
vs. 60%) with similar specificity (97% vs. 100%; Table 2).
There were two false-positive results on PET at 6 months,
one in the gastroplasty and one in a perigastric node
(abdominal). In both cases, abnormal uptake was moderate
(SUVmax<3) and disappeared on the subsequent scans.
False-positive results were confirmed based on a favorable
outcome and no evidence of disease on the biopsy.

FDG-PET was globally more accurate than CT for the
detection of distant metastases (92.5% vs. 84.9%, p=0.002;
Table 2). Considering the different sites of recurrence, we
found five false-negative PET results in the lung (two
patients), liver (one patient), and in a celiac node (one
patient). In all these cases, patients had substantial FDG-
avid recurrence on other sites. Therefore, not detecting one
small lesion (in the lung or liver) did not affect either the
overall conclusion of the PET study or patient management.

For example, at 6 months, thoracoabdominal CT demon-
strated small lung nodules in two patients confirmed to be
lung metastases which were missed by the first FDG-PET
scans corresponding to false-negative results in the lung.
However, for both those patients, the lung nodules were
associated to other metastatic foci correctly depicted by FDG-
PET. Lung nodules became FDG-avid on the following PET
examination as their size increased. On the other hand, PET
allowed to discover distant metastases involving the lung,
liver, or bones, which were not detected on CT in six patients
(15%), leading to a change in the patient management.

No patient had a negative PET and a recurrence detected
by another exploration. Therefore, considering a patient-by-
patient analysis, we had no false-negative PET scan,
corresponding to a 100% negative predictive value.

Of the 16 patients having a true-positive first PET
examination, seven patients underwent additional chemo-
therapy and four patients underwent additional combined
chemoradiotherapy. Because of poor medical condition,
only a palliative regime was proposed to five patients with
metastatic recurrence.

Discussion

To our knowledge, our study is the first report of a
prospective repeated and systematic use of FDG-PET in
the follow-up of asymptomatic esophageal cancer patients
after surgery. Esophagectomy remains currently an option
for the treatment of esophageal cancer. Several phase III
trials have been conducted over the past 10 years to
evaluate the potential interest of adding medical treatment
prior to surgery. Recently, Tepper et al. have presented the
final results of the CALGB 9781 study.38 In this prospec-
tive phase III trial, 500 patients were targeted for enrolment
and the primary endpoint was the overall survival.
However, the final result of this trial cannot be conclusive
due to poor recruitment rates (only 56 patients were finally
included). Therefore, surgery alone remains today a valid
option in the treatment of patients with squamous cell
esophageal neoplasm. This explains the relative limited
percentage among our patient population that underwent
neoadjuvant chemoradiation.

After esophagectomy with or without additional medical
treatment, the overall 3-year survival rate of our patients
was 56%. This result is compatible with those of previous
reports (40% to 56%).39–41 In addition, in our series, 23 of
the 41 patients (56%) developed recurrent disease. This

Table 2 Comparison of Sensitivity, Specificity, and Accuracy of FDG-PET and CT for the Detection of Recurrence in Esophageal Cancer

Site of recurrence PET CT

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

NPV
(%)

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

NPV
(%)

Alla* 100 85.3 90.7 100 65 91.2 81.5 81.5
Locoregional** 93.3 97.4 96.2 97.4 60 100 88.9 86.7
Distant* 100 89.4 92.5 100 66.6 92.1 84.9 87.5
Liver 75 100 98.1 98 50 96 92.5 96
Lung 57 97.9 92.5 93.8 71.4 95.7 92.5 95.7
Bone 100 100 100 100 33.3 100 92.5 92.3
Distant lymph node 88.9 95.5 94.4 97.7 55.5 100 92.5 91.8

NPV negative predictive value
*p=0.002; **p=0.05
a Patient-by-patient analysis
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result is also similar to the rate reported by Chen and
colleagues.40 Recurrence of esophageal cancer is known to
appear early after surgery, almost within the first year,
justifying an early follow-up. Indeed, in this study, we were
able to demonstrate that most of the recurrences (70%)
were diagnosed very early after operation (16 patients at
6 months and one at 12 months). All six patients with non-
R0 resection belonged to this early relapsing group and
none of them is still alive at the time of the last follow-up.
An additional ten patients also relapsed within the first
6 months after surgery. Those patients might have had
micrometastatic disease beyond the area of extensive
procedures at the time of resection and were unlikely to
be cured by surgery alone. In our study, recurrence was
classified as locoregional and/or distant recurrence. Half of
recurrences (47%) were both distal and locoregional, and
only one third (28%) were considered as only locoregional
relapse. FDG-PET was more sensitive than CT in detecting
recurrence on a patient-by-patient-based analysis (100% vs.
65%). For locoregional recurrence, FDG-PET was more
accurate than CT.

Since FDG is not a tumor-specific tracer and is known to
accumulate also in activated inflammatory cells, FDG-PET
may fail to differentiate postoperative changes from
recurrent tumor. As such, it is recommended not to scan
patients immediately after surgery, which is why we began
to perform FDG-PET only 6 months after surgery. For
similar reasons, Kato et al., studying FDG-PET for
postsurgery follow-up, only report on examinations per-
formed a year after initial surgery in a retrospective series
of 55 patients.30 In our study, the performance of early
scans, at an average 6 months after surgery, were not
significantly compromised by postoperative changes. Only
two false-positives were found due to moderate increased
uptake in the gastric tube and a perigastric node. These
findings, most probably due to postoperative inflammatory
changes, disappeared in the second PET examination.

With regards to distant metastases, FDG-PET was also
more accurate than CT on a patient-by-patient-based
analysis. Only small lung nodules less than 1 cm, con-
firmed to be lung metastases based on the follow-up in
three patients, were missed using PET. Those lesions
became significant on the following scan after their size
increased. This could also explain the miss of a small
hepatic lesion and a celiac node. This lack of sensitivity for
the detection of small lesions is a well-known technical
limitation of FDG-PET due to partial volume effects as a
result of limited spatial resolution leading to potential miss
of small structures with moderate uptake. However, this
limitation did not influence our results, since those small
lesions have been always associated with other metastatic
sites, leading to an overall positive for recurrence PET
examination. Nevertheless, in case of small pulmonary

lesions on CT without any evidence of recurrence on FDG-
PET images, further investigation such as biopsy could be
suggested since localized treatment could be considered.

For the detection of distant metastases elsewhere than in
the lungs, FDG-PET was also more accurate than CT in our
study. This is in accordance with data already available
concerning the use of PET for the initial staging of
esophageal cancer that can be explained by a larger field
of view considered when scanning PET, generally from
head to thigh. We found only one false-positive result due
to a moderate uptake in the celiomesenteric area 6 months
after initial surgery leading to a similar specificity with CT
for distant metastases.

Based on our PET results only, patient management has
been modified in five patients with recurrences been treated
using additional chemotherapy. However, this group of
patients is currently too small in order to determine the impact
on survival as a result of the observed changes in patient
management based on PET. On the other hand, it is interesting
to note that Raoul et al. demonstrated that early detection of
recurrence is of great interest because more aggressive
strategy can be considered leading to better outcome.42 It is
also by detecting recurrence earlier that patients will benefit
from the inclusion in prospective trials using new therapeutic
approaches as salvage surgery for single metastasis or new
chemotherapy agents.12–15 Consequently, a more accurate
assessment of patient status will contribute to a better
evaluation of such new therapeutic approaches. Based on
our results, FDG-PET is more accurate than CT for this
purpose as early as 6 months after surgery.

The major limitation of our study concerns the definition
of the truth as commonly encountered in studies addressing
the outcome of cancer patients. For obvious ethical and
practical reasons, we could not biopsy all identified lesions.
So, we designed our study as commonly done in such a
case by establishing the truth based on different options: if
a biopsy was feasible, then the truth was established by the
pathologist; if the biopsy of a lesion was not feasible, the
truth was established based on the follow-up. For example,
a lesion was considered as a metastasis (true-positive) if it
was found on repeated examinations and/or concordant on
different modalities and if it was associated with an
unfavorable outcome. Sensitivity, specificity, and accuracy
values were calculated after the truth has been established
as described. It is unsure whether we did depict all sites of
recurrence by the different imaging modalities we have
used. Most probably, it is not the case since it has been
already demonstrated in a different and more favorable
context of initial staging that none of the available imaging
modalities has 100% sensitivity.43 Therefore, the true
incidence of recurrence is unknown and we can only try
to estimate it by combining all available diagnostic tools as
we did in this study.
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This study has been performed using a dedicated PET
scanner. Combined PET/CT devices are now widely
available and increasingly used in clinical practice. Such
facilities offer, in a single study, the best of each
technology. Aside from the obvious gain of time, the gain
of performance in the follow-up of asymptomatic patients
after esophagectomy may be limited. Based on our results,
the most likely benefit may concern a better definition of
regional nodal involvement, since it is difficult to differen-
tiate between one or many coalescent nodes based on PET
images only. Combined PET/CTwill, therefore, be useful in
providing accurate anatomical information differentiating
between nodal uptake and nodal station involvement with
the potential impact of such distinction after initial surgery
still to be determined.

Conclusion

Surgery remains a major option in the management of
esophageal neoplasms. Early diagnosis of recurrence in
asymptomatic patients could be a good way to improve the
management of those patients. The present study is the first
prospective study systematically using FDG-PET in the
follow-up of surgically resected patients and it has shown
that FDG-PET is accurate for the detection of early
recurrence of esophageal cancer after initial surgery. Based
on the presented results, FDG-PET could be included in the
routine protocol for the evaluation of asymptomatic patients
after surgery, as early as 6 months after the initial operative
procedure. The use of FDG-PET in comparison with the
use of endoscopy, CT scan, and/or echography remains to
be demonstrated in terms of cost-effectiveness.
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