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Abstract
AIM:  To eva luate the c l in ica l  usefu lness  of 
18F-f luorodeoxyglucose positron emission and 
computed tomography (18F-FDG PET/CT) in restaging 
of esophageal cancer after surgical resection and 
radiotherapy.

METHODS: Between January 2007 and Aug 2008, 
twenty histopathologically diagnosed esophageal 
cancer patients underwent 25 PET/CT scans (three 
patients had two scans and one patient had three 
scans) for restaging after surgical resection and 
radiotherapy. The standard reference for tumor 
recurrence was histopathologic confirmation or clinical 
follow-up for at least ten months after 18F-FDG PET/CT 
examinations.

RESULTS:  Tumor recurrence was conf i rmed 
histopathologically in seven of the 20 patients (35%) 
and by clinical and radiological follow-up in 13 (65%). 
18F-FDG PET/CT was positive in 14 patients (68.4%) 
and negative in six (31.6%). 18F-FDG PET/CT was 
true positive in 11 patients, false positive in three and 
true negative in six. Overall, the accuracy of 18F-FDG 
PET/CT was 85%, negative predictive value (NPV) was 
100%, and positive predictive value (PPV) was 78.6%. 

The three false positive PET/CT findings comprised 
chronic inflammation of mediastinal lymph nodes (n  
= 2) and anastomosis inflammation (n  = 1). PET/
CT demonstrated distant metastasis in 10 patients. 
18F-FDG PET/CT imaging-guided salvage treatment 
in nine patients was performed. Treatment regimens 
were changed in 12 (60%) patients after introducing 
18F-FDG PET/CT into their conventional post-treatment 
follow-up program.

CONCLUSION: Whole body 18F-FDG PET/CT is 
effective in detecting relapse of esophageal cancer 
after surgical resection and radiotherapy. It could also 
have important clinical impact on the management of 
esophageal cancer, influencing both clinical restaging 
and salvage treatment of patients.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Esophageal cancer is one of  the least studied and 
deadliest cancers worldwide and one of  the 10 most 
prevalent cancers worldwide and has an unfavorable 
prognosis among digestive tract malignancies[1,2]. 
The management of  esophageal cancer has evolved 
from surgery alone to definitive and preoperative 
chemotherapy-radiation therapy. The best option for 
curative treatment for patients with esophageal cancer is 
radical surgery; however, the long-term survival is only 
25%[3]. Postoperative tumor recurrence is not uncommon 
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in patients undergoing curative resection for esophageal 
cancer and can be categorized as either locoregional 
(locoregional lymph node metastases, anastomotic 
recurrence) or distant (hematogenous metastases, pleural 
or peritoneal seeding). Lymph node recurrence and 
hematogenous metastasis to solid organs (commonly to 
the lung) are the usual patterns of  recurrence[4,5].

18F-fluorodeoxyglucose positron emission tomography 
(18F-FDG PET) and, particularly, 18F-FDG positron 
emission and computed tomography (18F-FDG PET/CT) 
are widely accepted imaging methods in the management 
of  a wide variety of  cancers[6]. In the initial staging of  
esophageal cancer, a preoperative PET scan may be useful 
in detecting additional cases of  metastatic disease before 
costly and toxic definitive therapy[7]. Currently, 18F-FDG 
PET and PET/CT also seem to be the best available 
tool for neoadjuvant therapy response assessment in 
esophageal cancer[8,9]. However, the utility and limitation 
of  18F-FDG PET/CT in patients with esophageal cancer 
treated by surgical resection and post operation radiation 
is not clear. In this study, we aimed to analyze the value 
of  18F-FDG PET/CT scans in the follow up of  patients 
with esophageal cancer treated with combined surgical 
treatment and radiotherapy management.

MATERIALS AND METHODS
Patients
A retrospective review of  our electronic database of  20 
patients with esophageal cancer after surgical resection 
and following radiotherapy (15 males and 5 female; age 
range, 39-68 years; mean age, 55.1 years) imaged by 
18F-FDG PET/CT between January 2007 and Aug 2008 
was performed to select and analyze 18F-FDG PET/CT 
scans findings of  patients with or without clinically 
and/or radiologically suspicious findings for restaging. 
Twenty patients had undergone 25 PET/CT scans (three 
patients had two scans and one patient had three scans). 
The standard reference for tumor recurrence consisted 
of  histopathological confirmation or clinical follow-up 
for at least ten months after 18F-FDG PET/CT.

18FDG PET/CT technique
The patients were asked to fast for at least 4 h before 
undergoing 18F-FDG PET/CT. Their blood glucose 
levels were within the normal range (70-120 mg/dL)  
prior to intravenous injection of  18F-FDG. The patients 
received an intravenous injection of  370-666 MBq (10- 
18 mCi) of  18F-FDG. Data acquisition by an integrated 
PET/CT system (Discovery STE; GE Medical Systems, 
Milwaukee, WI, USA) was performed within 60 min 
after injection. The procedure for data acquisition was 
as follows: CT scanning was performed first, from the 
head to the pelvic floor, with 110 kV, 110 mA, a tube 
rotation time of  0.5 s, a 3.3-mm section thickness, which 
was matched to the PET section thickness. Immediately 
after CT scanning, a PET emission scan that covered 
the identical transverse field of  view was obtained. 
Acquisition time was three minutes per table position. 
PET image data sets were reconstructed iteratively by 

applying the CT data for attenuation correction, and 
coregistered images were displayed on a workstation.

Definitive diagnoses of positive and negative findings
Reviewer 1 and reviewer 2, who were aware of  other 
clinical or imaging information, read the 18F-FDG PET/
CT images on a high-resolution computer screen. The 
reviewers reached a consensus in cases of  discrepancy. 
Reviewer 1 had 20 years of  experience in both nuclear 
medicine and radiology, and reviewer 2 had 5 years of  
experience in both nuclear medicine and radiology. On 
the basis of  knowledge of  the normal biodistribution of  
FDG, lesions were identified as foci with increased tracer 
accumulation relative to that in comparable normal 
contralateral structures and surrounding soft tissues. The 
lesions were qualitatively graded as definitely or probably 
abnormal (i.e. representing tumors) if  the accumulation 
of  FDG was markedly to moderately increased. Diffuse 
mildly increased activity or no increased activity (in the 
case of  an abnormality identified on CT for which no 
corresponding abnormality was present on PET) was 
considered normal or as benign disease. Quantification 
of  the tumor metabolic activity was obtained using the 
Standardized Uptake Value (SUV) normalized to body 
weight. mean ± SD of  maximum-pixel SUV (SUVmax) 
of  the lesions were calculated.

RESULTS
The characteristics of  the patients are summarized in 
Table 1. For suspected recurrent esophageal cancer, 
the mean patient age was 55.1 years with a tendency 
of  male gender distribution (75%). 18F-FDG PET/CT 
was positive in 14 patients (68.4%) and negative in six 
(31.6%). When correlated with final diagnosis, which 
was confirmed by histopathological evidence of  tumor 
recurrence in seven of  the 20 patients (35%) and by 
clinical and radiological follow-up in 13 (65%), 18F-FDG 
PET/CT was true positive in 11 patients (Table 2, 
Figures 1 and 2), false positive in three and true negative 
in six. The three false positive PET/CT findings were 
chronic inflammation of  mediastinal lymph nodes  
(n = 2) and anastomosis inflammation (n = 1) (Figure 3), 
which were confirmed by at least 11 mo of  clinical and 
radiological follow-up. There were no false negatives in 
our group. Overall, the accuracy of  18F-FDG PET/CT 
was 85%, negative predictive value (NPV) was 100%, 
and positive predictive value (PPV) was 78.6%.

Notably, 18F-FDG PET/CT demonstrated true 
positive distant metastasis in 90.9% (10/11) patients. 

Clinical characteristics Data

Mean age (yr) 55.1 (39-68)
Gender
   Males 15
   Females   5
Mean time after treatment to PET/CT exam 1 mo-5 yr; mean 20 mo
Mean follow-up time after PET/CT exam  1 mo-18 mo; mean 11 mo

Table 1  Patient characteristics
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Except for 45.5% (5/11) patients who suffered from 
supraclavicular lymph nodes metastasis, the remaining 
54.5% (6/11) patients were asymptomatic, with no 
evidence of  relapse disease. These remaining patients 
underwent further PET/CT scans as part of  routine 
post-operative surveillance. 18F-FDG PET/CT imaging-
guided salvage treatment (surgical resections of  

metastasis lesions, additional radiotherapy, chemotherapy, 
and radiofrequency ablation of  hepatic metastatic 
tumors) in 10 patients was performed within two weeks 
after the 18F-FDG PET/CT scan. Clinical decisions 
of  treatment were changed in 12 (60%) patients after 
introducing 18F-FDG PET/CT into their conventional 
post-treatment follow-up program.

In our study, 90.9% (10/11) cases of  recurrence 
after curative resection occurred within 16 mo and 
9.1% (1/11) occurred within 5 years, respectively, 
after the initial resection. A high percentage of  first 
failures presented as supraclavicular lymph nodes and 
retroperitoneal lymph nodes metastases.

DISCUSSION
Surgery is still the main treatment option for esophageal 
cancer; however, long-term survival has remained 
poor, even when a curative operation is performed[10]. 
Despite increasingly extended radical esophagectomy for 
esophageal cancer, many patients continue to experience 
relapse of  the disease[11]. About one half  of  the patients 
develop recurrent disease within three years after the 
operation, and most of  them develop mediastinal lymph 
node, liver, bone, or lung metastasis[12]. Anastomotic 
recurrence is a major reason of  late mortality following 
esophago-gastrectomy for carcinoma of  the esophagus 
and esophago-gastric junction, using either the Ivor 
Lewis approach with intra-thoracic anastomosis[13]. 
However, neoplastic recurrence was most common at 
the supraclavicular lymph nodes and retroperitoneal 
lymph nodes (81.8%; 9/11); only one patient suffered 
from mediastinal lymph nodes recurrence and one 
patient suffered from anastomotic recurrence in our 
study results. Cooper et al[14] reported that concurrent 
postoperat ive chemotherapy and radiotherapy 
significantly improved the rates of  local and regional 

No. PET/CT findings SUV max Further treatment plan Interval time

1 Retroperitoneal lymph nodes      4.5 Surgical resection of metastases        5 yr
2 Retroperitoneal lymph nodes      6.5 Local radiotherapy        1yr

Lung metastasis      1.6 Chemotherapy
3 Mediastinal lymph nodes      5.2 Chemotherapy      13 mo
4 Supraclavicular lymph nodes      3.3 Local radiotherapy      11 mo
5 Retroperitoneal lymph nodes      6.0 Local radiotherapy        2 mo
6 Supraclavicular lymph nodes      8.4 Chemotherapy      11 mo

Retroperitoneal lymph nodes      3.6
Liver metastasis    10.6 RF-ablation

7 Retroperitoneal lymph nodes    12.1 Chemotherapy       14 mo
Liver metastasis    14.0 RF-ablation

8 Liver metastasis      8.4 RF-ablation      16 mo
Supraclavicular lymph nodes      3.6 Chemotherapy  
Retroperitoneal lymph nodes    10.6

9 Supraclavicular lymph nodes      3.2 Local radiotherapy        1 mo
10 Supraclavicular lymph nodes      6.7        1 mo

Osseous metastasis      5.3
Peritoneal carcinomatosis      7.9

11 Anastomosis recurrence      7.1 Stent implant        5 mo
Retroperitoneal lymph nodes      8.5 Chemotherapy

Table 2  PET/CT findings in 11 patients with true positive PET/CT scans

RF-ablation: Radiofrequency-ablation.

Figure 1  A 56-year-woman who had esophageal cancer resection 5 years 
ago. PET/CT displayed multi-retroperitoneal lymph node recurrence (arrows in 
A and B). The patient accepted retroperitoneal lymph node resection, which was 
later verified as esophageal cancer metastasis by histopathology. PET/CT Follow-
up 10 mo after her second operation demonstrated no new recurrent lesions (C, D).

A B

C D

←
←

←←
←
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control and disease-free survival among high-risk 
patients with resected head and neck cancer. All of  our 
patients accepted postoperative radiotherapy, which may 
be beneficial in the control of  mediastinum recurrence.

It was reported that PET/CT using the radiolabeled 
glucose analog, 18F-FDG, was valuable in detecting 
recurrence of  esophageal cancer, particularly when 
anatomic imaging modalities have presented equivocal 
interpretations[15]. 18F-FDG PET/CT is a metabolic 
imaging technique where the scope covers the whole body 
(from the skull to the lower limbs). Major advantages 

of  18F-FDG PET/CT are the ability to perform full 
body examinations, the potential to detect locoregionally 
recurrence and distant metastatic lesions in one single 
examination, and the possibility of  distinguishing new 

←
←←

←

←←
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Figure 2  A 62-year-women had esophageal cancer resection. She under-
went three PET/CT scans (1.5, 4.5 and 11 mo after treatment, respectively) as 
part of routine post-operative surveillance. The first PET/CT imaging (1.5 mo) 
revealed hypermetabolic activity in the anastomosis and supraclavicular lymph 
nodes (arrows, A, B). The second PET/CT imaging (4.5 mo) showed decreas-
ing of hypermetabolic activity at anastomosis and supraclavicular lymph nodes 
(arrows, C, D). The third PET/CT imaging (11 mo) showed no abnormal FDG 
uptake at anastomosis, but revealed new focal hypermetabolic activity at left 
supraclavicular lymph nodes (arrows, E, F). Inflammation of lymph nodes and 
anastomosis at the first and second PET/CT scan were confirmed by the third 
PET/CT examination. New relapse at the left supraclavicular lymph nodes was 
later verified by biopsy.

A B

C D

E F

←

←

←

←

←

←

2007-04-19

2007-06-14

2008-02-26

A

B

C

D

Figure 3  A 40-year-old asymptomatic man who had esophageal cancer 
resection 30 mo ago underwent PET/CT as part of routine post-operative 
surveillance. The first PET/CT revealed hypermetabolic activity at the anasto-
mosis (arrows, A, B) 5 mo after treatment. The second PET/CT showed hyper-
metabolic activity at the anastomosis (arrows, C, D) 30 mo after treatment. The 
final diagnosis by endoscopic biopsy was anastomotic inflammation.

2007-08-23

2008-04-30
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active disease from scar or necrotic tissue[16,17]. However, 
conventional CT and magnetic resonance imaging (MRI) 
examinations only cover local regions of  the body. The 
current study is the first that specifically focused on the 
utility of  18F-FDG PET/CT imaging for whole body 
diagnosis and staging of  recurrent esophageal cancer 
after curative resection and postoperative radiotherapy. 
Our preliminary results suggest that 18F-FDG PET/CT 
provides a highly sensitive diagnosis of  recurrent disease, 
both for locoregionally recurrence and distant metastasis.

Whether earlier diagnosis of  recurrent esophageal 
cancer would improve patient survival has not yet been 
reported[18,19]. The possibility of  a survival benefit, 
however, can be deduced indirectly from results obtained 
in our previous study with early detection of  recurrence 
in asymptomatic post-operation patients with gastric 
cancer, indicating a survival benefit of  nine months[20]. 
The available therapeutic modalities in recurrent 
esophageal cancer are radical re-resection, palliative 

resection and bypass, laser thermocoagulation, stenting, 
chemotherapy, brachytherapy, and radiotherapy, alone or 
in combination[21,22]. The choice of  a specific therapeutic 
modality depends on the extent  of  the recurrence. 
Patients with metastatic esophageal cancer have a 
median survival time of  six months[23,24]. However, one 
patient who suffered from retroperitoneal lymph node 
recurrence around the pancreas accepted retroperitoneal 
lymph node resection and partial excision of  the 
pancreas. The patient remained in a good condition over 
a 10-mo follow-up period.

The prognosis of  patients with post-operative 
loco-regional recurrence of  esophageal cancer is poor. 
However, long-term survival might be expected by 
definitive radiotherapy for the patients with small-size 
tumors and with a good performance status[25]. Raoul 
et al[26] reported the survival rates of  patients with 
postoperative recurrence treated with chemoradiotherapy 
to be 47.1% at one year, 17.1% at two years and 4.3% 
at three years. Although the average follow-up time of  
this group of  patients is only 11 mo, our study results 
of  nine patients also indicated that 18F-FDG PET/CT-
guided salvage therapy and earlier diagnosis of  recurrent 
esophageal cancer might improve patient survival. 
PET/CT also has advantages in individualized treatment 
for patients. Morphological imaging with CT or MRI 
after radiofrequency ablation of  malignant liver tumors 
is hampered by rim-like enhancement in the ablation 
margin, making the identification of  residual or local 
recurrent tumors in the ablation zone difficult[27,28]. In 
our study, three patients with hepatic metastatic tumors 
from esophageal cancer accepted radiofrequency-
ablation of  metastatic lesions. 18F-FDG PET/CT 
proved to be more accurate in morphological imaging 
with CT or MRI when making radiofrequency-ablation 
plans and assessing the liver for residual tumors after 
radiofrequency-ablation.

A noteworthy finding in the current study is the high 
incidence [21.4%; (3/14)] of  false-positive 18F-FDG 
PET/CT findings at the mediastinal lymph nodes (n 
= 2) and anastomotic inflammation (n = 1). False-

positive FDG uptake at inflammatory lesions is widely 
known and remains a major problem in the diagnosis of  
oncologic patients[29,30]. Three other patients had high-
moderate uptake at the mediastinal lymph nodes. The 

FDG uptake in the three patients probably reflected a 
normal inflammatory healing process after operation and 
radiation. In our experience, the presence of  the stomach 
in the thoracic cavity after the operation induces focal 
atelectasis and lung inflammation in many of  patients 
after treatment, which might be also contribute to the 
increasing FDG uptake in mediastinal lymph nodes.

PET scans for response assessment should also be 
timed correctly[31,32]. Treatment with surgical resection 
and radiation often results in temporary inflammatory 
changes that may show up positive on a PET/CT 
scan when there is no real disease. These changes 
take some time to subside[33,34]. In our experience, it is 
recommended that PET/CT scans be performed only 
after at least two weeks of  chemotherapy and five-
six weeks of  radiation for the true picture to emerge. 
Thus, the sophisticated surgical procedures used in 
esophagectomy and radiation treatment after operation 
can result in anatomical and functional changes. 
Clinicians at PET/CT centers must understand how 
these procedures can affect imaging data and be familiar 
with the appearances of  postoperative anatomical 
changes, complications, and tumor recurrence, to ensure 
accurate evaluation of  affected patients.

In conclusion, 18F-FDG PET/CT has the potential 
to be a highly sensitive diagnostic tool for accurate 
whole-body staging of  asymptomatic and symptomatic 
recurrent esophageal cancer. 18F-FDG PET/CT-guided 
salvage treatment to the early recurrent lesion might 
improve patient survival in a considerable proportion 
of  patients. Due to the false-positive findings based 
on 18F-FDG accumulation in areas of  inflammation, 
interpretation of  18F-FDG PET/CT results is optimized 
by understanding the diagnostic limitations and pitfalls 
that may be encountered, together with knowledge of  
the natural history of  esophageal cancer and the staging 
and treatment options available.
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Background
The incidence of esophageal cancer has steadily increased over the past three 
decades. The best option for curative treatment for patients with esophageal 
cancer is radical surgery, with a long-term survival of only 25%. Postoperative 
tumor recurrence is not uncommon in patients undergoing curative resection 
for esophageal cancer. The outcome of esophagectomy could be improved by 
optimal diagnostic strategies leading to adequate guided salvage treatment. In 
this study, we aimed to analyze the value of 18F-fluorodeoxyglucose positron 
emission and computed tomography (18F-FDG PET/CT) scans in the follow up 
of patients with esophageal cancer treated with combined surgical treatment 
and radiotherapy management.
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methods in the management of a wide variety of cancers. However, the utility 
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