
Role of (18F) 2-fluoro-2-deoxyglucose positron emission 
tomography in upper gastrointestinal malignancies

Elizabeth C Smyth, Manish A Shah

Elizabeth C Smyth, Manish A Shah, Department of Gastrointes-
tinal Oncology, Weill Cornell Medical College, Memorial Sloan-
Kettering Cancer Center, New York, NY 10065, United States
Manish A Shah, Department of Gastrointestinal Oncology, Weill 
Cornell Medical College, New York-Presbyterian Hospital, New 
York, NY 10065, United States
Author contributions: Smyth EC and Shah MA contributed 
equally to this paper.
Correspondence to: Manish A Shah, MD, Director, Depart-
ment of Gastrointestinal Oncology, Weill Cornell Medical Col-
lege, New York-Presbyterian Hospital, 1305 York Avenue, New 
York, NY 10065, United States. manish.a.shah.md@gmail.com
Telephone: +1-646-9622547  Fax: +1-646-9621607
Received: February 13, 2011  Revised: June 9, 2011
Accepted: June 16, 2011
Published online: December 14, 2011 

Abstract
The role of whole-body FDG [(18F) 2-fluoro-2-deoxy-
glucose] positron emission tomography (PET) scan-
ning as an imaging modality in the management of 
patients with malignancy has evolved enormously over 
the past two decades. FDG-PET has demonstrated 
significant efficacy in the staging, prognostication and 
detection of occult metastatic disease in malignancies 
of the gastrointestinal tract, in addition to assessment 
of the response to cytotoxic chemotherapy in a more 
timely manner than has traditionally been possible by 
more conventional imaging tools. The sensitivity and 
specificity of FDG-PET for the detection and staging of 
malignancy depend not only on the site and size of the 
primary tumor and metastases, but also on histologi-
cal cell type, reflecting underlying disparities in glucose 
metabolism. The metabolic response to neo-adjuvant 
chemotherapy or to chemo-radiotherapy in cancers of 
the gastro-esophageal junction or stomach has been 
demonstrated in several prospective studies to correlate 
significantly with both the histological tumor response 
to treatment and with consequent improvements in 
overall survival. This may offer a future paradigm of 

personalized treatment based on the PET response to 
chemotherapy. FDG-PET has been less successful in 
efforts to screen for and detect recurrent upper gastro-
intestinal malignancies, and in the detection of low vol-
ume metastatic peritoneal disease. Efforts to improve 
the accuracy of PET include the use of novel radiotrac-
ers such as (18F) FLT (3-deoxy-3-fluorothymidine) or 
11C-choline, or fusion PET-CT with concurrent high-res-
olution computed tomography. This review focuses on 
the role of FDG-PET scanning in staging and response 
assessment in malignancies of the upper gastrointesti-
nal tract, specifically gastric, esophageal and pancreas 
carcinoma. 
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INTRODUCTION
Whole-body positron emission tomography (PET) scan-
ning after the administration of  (18F) 2-fluoro-2-deoxy-
glucose (FDG) has emerged as a promising new imaging 
modality in the management of  patients with malignancy. 
The role of  FDG-PET scanning in upper gastrointestinal 
(GI) malignancies has evolved tremendously over the 
past two decades. Like most imaging modalities, FDG-
PET initially made its mark in staging for preoperative 
risk assessment, prognostication, and in evaluation of  

REVIEW

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v17.i46.5059

5059 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

World J Gastroenterol  2011 December 14; 17(46): 5059-5074
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2011 Baishideng. All rights reserved.



distant metastatic disease. FDG-PET scanning has also 
improved our ability to identify occult metastatic disease 
in a number of  malignancies, including malignancies of  
the upper GI tract. When considering glucose uptake as a 
surrogate for metabolic activity, another important appli-
cation of  FDG-PET scanning is therapeutic response as-
sessment. Traditional computed tomography (CT) scanning 
has been the mainstay for assessment of  the effectiveness 
of  cytotoxic therapy in solid tumor oncology; however 
with the advent of  FDG-PET, it has been increasingly 
apparent that this new modality may also provide an as-
sessment of  the therapeutic effectiveness of  cytotoxic 
therapy, and possibly at an earlier time point.

This review focuses on the role of  FDG-PET scan-
ning in staging and therapeutic response assessment in 
malignancies of  the upper GI tract, specifically gastric 
and esophageal carcinoma. 

SCIENCE OF FDG-PET AND CHANGES IN 
FDG UPTAKE
FDG uptake is considered as a surrogate for the metabol-
ic activity of  a malignancy, specifically linked to glucose 
metabolism in malignant cells[1]. The role of  FDG-PET 
imaging, in fact, may be related to the Warburg effect-
the observation made by Otto Warburg in 1924 that 
suggested that cancer cells metabolize glucose differently 
from normal non-malignant cells[2]. Specifically, cancer 
cells tend to grow and metabolize nutrients independent 
of  growth factor stimulus, but not in the most efficient 
manner for ATP generation, but rather in a manner that 
would support the acquisition of  building blocks for con-
tinued, uncontrolled cell division and growth[2]. Central 
to this hypothesis is dysfunction of  the phosphoinosit-
ide 3-kinase signaling pathway, commonly identified as 
pathologic in a majority of  malignancies, and which is 
central to both growth control and glucose metabolism. 
A change in glucose metabolism, as identified by FDG-
PET serial imaging, may therefore uniquely predict sub-
sequent cell death[1]. 

Glucose uptake by malignant cells is largely mediated by 
the GLUT-1 transporter[3]. In a study of  60 patients with 
squamous cell carcinoma of  the esophagus, Hiyoshi et al[4] 
demonstrated that GLUT-1 expression was correlated 
with the depth of  tumor, lymph node metastasis and 
pathological stage, in addition to FDG avidity on PET im-
aging. Mu et al[5] correlated the standardized uptake value 
(SUV) with the expression of  GLUT-1 and the Ki-67 
proliferative marker, and found that with increasing clini-
cal stage and pathological dedifferentiation, the expression 
of  both markers increased concurrently, indicating an 
association with tumor aggressiveness. Tohma et al[6] dem-
onstrated that FDG uptake may have a more significant 
association with the intracellular enzyme hexokinase-2 ex-
pression than with GLUT-1 expression. In contrast, FDG 
uptake is not associated with cyclin D1, p53, epidermal 
growth factor receptor or vascular endothelial growth fac-
tor expression in esophageal tumors[7]. 

ESOPHAGEAL CARCINOMA
Role of PET in staging the depth of disease-esophageal 
carcinoma
Clinical significance of  T stage: Penetration of  the pri-
mary tumor through successive layers of  the walls of  the 
esophagus is described using the T stage of  the tumor. 
Deeper levels of  mucosal involvement are associated with 
a higher risk of  nodal and distant metastasis, and dimin-
ishing overall survival. The location of  the primary tumor 
within the esophagus has particular relevance to the drain-
ing lymph node stations for that area. Nodal metastasis 
beyond the locoregional nodes may render the patient 
unresectable as a result. Early cancers (T2 or less) may un-
dergo primary surgical resection. Those tumors with T3 
or greater depth of  penetration may undergo preoperative 
chemotherapy or chemoradiotherapy with a view to future 
resection, or definitive combined modality therapy. 

FDG-PET and T stage
In an initial study of  FDG-PET in the assessment of  
esophageal cancer by Flamen et al[8], FDG-PET detected 
70 out of  74 esophageal lesions. It failed to detect 4 small 
(< 8 mm) T1 lesions. This study demonstrated no correla-
tion between the SUV and the T stage. A retrospective se-
ries from Japan similarly demonstrated superior sensitivity 
of  PET for the detection of  T2 or greater disease; 25/25 
patients with T2 or greater tumors had FDG uptake, com-
pared to 0/7 with T1 tumors. Significant correlations with 
increased SUV uptake were seen with both the size of  the 
primary and with the depth of  tumor invasion[9]. 

In a prospective series of  81 patients who underwent 
surgery with no preoperative treatment, PET detected 
the primary lesion in 43% of  pT1 tumors. Sensitivity 
was significantly better for pT1b disease at 61%, com-
pared with 18% for pT1a. PET positivity increased with 
increasing levels of  tumor invasion, being 83% at T2, 
97% at T3 and 100% at T4[10]. Importantly, in another 
study examining patients with early stage tumors who un-
derwent primary surgical treatment, PET-CT could not 
distinguish between those with carcinoma in situ (Tis) vs 
those with T1 disease, with FDG uptake in 5/11 (45%) 
and 26/47 (55%) respectively. The investigators noted a 
trend towards both increased frequency of  FDG uptake 
and increased SUV with increasing depth of  invasion. 

It may be concluded from this data that PET, and 
indeed PET-CT, is an inadequate modality for assessing 
depth of  tumor penetration within the mucosal wall of  
the esophagus, and also that it cannot distinguish ad-
equately between carcinoma in situ and invasive disease. 
However, with increasing depth of  invasion, an FDG-
PET scan is increasingly likely to identify the malignancy. 

In addition, FDG avidity on FDG-PET scans should 
be taken in context due to the small but real rate of  false 
positive scans. Specifically, areas of  increased FDG up-
take within the esophagus may have an alternate cause 
such as chemotherapy or radiation-induced esophagitis, 
candida or other benign causes[11-14]. PET lacks the speci-
ficity to differentiate between these conditions, under-
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scoring the inadequacy of  this approach. Due to these 
factors, endoscopic ultrasound (EUS) is the preferred 
method for assessment of  the depth of  invasion of  the 
primary tumor through the wall of  the esophagus. This 
has been demonstrated in a meta-analysis of  49 stud-
ies to have a sensitivity of  81%-90% for T staging and a 
specificity of  99%[15]. EUS is limited by inability to pass 
through stenotic tumors in these cases, PET or PET-CT 
based imaging may serve as a useful adjunct.

Role of PET in staging nodal disease-esophageal cancer
Clinical significance of  nodal stage: Nodal status in esoph-
ageal cancer is determined by the presence or absence of  
involved locoregional lymph nodes. The regional designa-
tion of  a lymph node relates to its anatomical relation-
ship to the primary tumor. Tumors of  the upper third of  
the esophagus drain to superior mediastinal and cervical 
lymph nodes. Tumors of  the middle third drain both 
superiorly and inferiorly to paratracheal, hilar, subcarinal, 
periesophageal, and pericardial lymph node stations. Tu-
mors of  the lower third of  the esophagus drain to lymph 
node basins in the lower mediastinum and celiac areas Pa-
tients with non-regional lymph node spread have a worse 
prognosis than those with locoregional spread only, but 
better than those with distant metastases. 

Initial reports of  PET showed promise due to appar-
ent increased sensitivity in the detection of  lymph node 
metastasis when compared to CT[16]. However this may 
have been due to the use of  outdated CT technology and 
techniques, and this initial promise with respect to in-
creased sensitivity has not been sustained in well designed 
prospective studies.

In an initial report, Flamen et al[8] reported that 74 pa-

tients demonstrated a lower sensitivity of  PET for the de-
tection of  regional lymph node metastasis when compared 
to EUS (81% vs 33%) but with a non-significant trend 
towards higher specificity (84% vs 69%). PET showed a 
higher specificity than CT and EUS combined when stag-
ing both regional and non-regional lymph node metastases 
for esophageal cancer. In a prospective study of  58 pa-
tients comparing CT and PET in the detection of  lymph 
node metastasis within the abdomen by Kneist et al[17], the 
investigators observed a sensitivity of  only 24% for PET 
compared to 73% for CT. Sensitivity of  PET was sig-
nificantly less in the area of  the lesser curvature and the 
celiac trunk. Specificity was 75% and 95%, respectively. 
Within the thorax, PET demonstrated an improved but 
still inferior sensitivity (42% vs 75%) and again a superior 
specificity to CT. A prospective evaluation of  CT, EUS 
and PET by Sihvo et al[18] demonstrated that EUS had a 
higher sensitivity for the detection of  nodal disease (85%) 
than CT or PET (42% and 35%). The combination of  
CT, EUS and PET did not appreciably increase the sen-
sitivity of  the assessment. Neither was there any synergy 
between modalities with respect to specificity. A 2005 
study performed by Lowe et al[19] comparing CT, PET and 
EUS for the staging of  esophageal cancer showed com-
parable sensitivities between the three modalities for the 
detection of  nodal disease (82%-86%). Specificity was 
also not significantly different at 67% for CT and EUS, 
and 60% for PET. 

Progress in the development of  both CT and PET 
imaging may lead to improvements in the diagnostic ac-
curacy of  both modalities. A recent study comparing thin 
slice CT to PET-CT in the detection of  subclinical lymph 
node metastasis in patients with operable squamous cell 
carcinoma demonstrated the superiority of  CT for the 
detection of  disease at all lymph node stations, with the 
caveat that sensitivity appeared to decrease from the cer-
vical area (100%) to the abdominal area (22%). Specificity 
was high for both CT and PET in the cervical and ab-
dominal lymph node basins, with superior specificity for 
PET demonstrated only within the mediastinum[20]. 

The results of  the above studies are described in Table 1. 
In order to better characterize these heterogenous results, 
a meta-analysis was performed by van Westreenan et al[50]. 
This included both prospectively and retrospectively ob-
tained data. Pooled sensitivity for the detection of  locore-
gional lymph node metastases was 51% (range, 8%-92%) 
with pooled specificity of  84% (range, 67%-100%)[21]. 
The low sensitivity of  PET in prospective studies may be 
due to a selection bias in many cases. These results may 
be biased by the inclusion only of  apparently early stage 
patients who proceeded immediately to surgery. Those 
who required preoperative chemotherapy and/or radia-
tion were excluded, leading to an over-representation of  
solely micrometastatic foci, which are less reliably detect-
ed. For reasons of  this relatively low sensitivity of  PET 
for locoregional disease, and due to its excellent specific-
ity, FDG-PET is better as an adjunct to conventional 
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Table 1  Prospective studies comparing the accuracy of 
positron emission tomography with computed tomography 
and/or endo-ultrasonography for the detection of lymph-
node metastases

Ref. Yr Histology n Imaging Sensitivity 
(%)

Specificity 
(%)

Flamen et al[114] 2000 SCC/AC 74 PET 39 97
CT 63 88

EUS 22 96
EUS/CT 54 90

Lerut et al[115] 2000 SCC/AC 42 PET 22 91
CT/EUS 83 45

Yoon et al[116] 2003 SCC 81 PET 30 90
CT 11 95

Sihvo et al[18] 2004 AC 55 PET 35 91
CT 42 45

EUS 85 60
Lowe et al[19] 2005 SCC/AC 75 PET 82 60

CT 84 67
EUS 86 67

Shimizu et al[20] 2009 SCC 20 PET-CT 11-50 85-100
Thin slice CT 22-100 69-100

PET: Positron emission tomography; CT: Computed tomography; 
EUS: Endoscopic ultrasound; SCC: Squamous cell carcinoma; AC: 
Adenocarcinoma.
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DETECTION OF METASTATIC 
ESOPHAGEAL CANCER USING FDG-PET
PET finds a niche in the detection of  metastatic disease, 
where its performance is superior than in the detection of  
the depth of  the primary lesion or of  locoregional lymph 
node involvement of  esophageal carcinoma (Table 2).

An initial prospective study by Luketich et al[24] demon-
strated a sensitivity of  PET for detection of  metastatic dis-
ease of  69% with a specificity of  93.4% and an overall ac-
curacy of  84%. Following this, Flamen et al[8] demonstrated 
that FDG-PET had a superior accuracy for the detection of  
metastatic disease compared to combined CT and EUS (82% 
vs 64%), largely driven by the higher sensitivity of  PET (74% 
vs 47%). PET correctly upstaged 15% of  patients from M0 
to M1 disease. The study by Lowe et al[19] demonstrated 
similar sensitivity of  PET and CT at 81%, and superior 
specificity for PET. This may relate to improvements in 
CT scanning techniques in recent years. 

A 2004 study by Heeren et al[25] demonstrated that 
PET upstaged up to 20% of  patient to M1 disease. The 
accuracy of  CT was 86% compared to CT/EUS at 69%. 
All three modalities combined provided an accuracy of  
92%. In this study 13% of  patients in whom M1 disease 
was detected on PET were spared an unnecessary surgi-
cal procedure, however 87% did require laparoscopy to 
confirm PET positive findings underscoring the impor-
tance of  cytological confirmation of  metastatic disease. 
In a combined analysis of  452 patients from 11 studies 
the pooled sensitivity and specificity for the detection of  
metastatic disease by PET was 67% (95% confidence in-
terval (CI): 58%-76%) and 97% (90%-100%) respectively. 
Figures 1 and 2 demonstrate the detection of  occult liver 
(Figure 1) and bone (Figure 2) metastases by FDG-PET/
CT not seen on conventional CT imaging. 

IS PET PREDICTIVE OF SURVIVAL IN 
ESOPHAGEAL CANCER?
Many studies have examined the relationship between 

imaging modalities for the detection of  lymph node me-
tastases rather than a comprehensive staging investigation 
in its own right. 

Efforts to improve accuracy of PET in the detection of 
lymph node metastasis
The limited spatial resolution of  PET may lead to dif-
ficulties due to the fact that uptake within lymph nodes 
close to the primary tumor may be difficult to distinguish 
from the tumor itself. Fusion PET-CT and correlation 
with metabolic and tumor-related parameters may offer 
superior sensitivity for the detection of  nodal disease. A 
2009 study by Roedl et al[22] compared fusion PET-CT 
with PET viewed side by side with CT images, in addi-
tion to axial tumor area, tumor width diameter and SUV 
uptake. Fusion PET-CT was more sensitive and more 
specific for the detection of  lymph node metastasis at 
70% vs 62% and 95% vs 91%, respectively. Sensitivity and 
specificity of  87% and 85% were increased by the addi-
tion of  tumor diameter measurements. However when 
qualitative visual analysis was added to quantitative tumor 
dimension measurement in addition to PET-CT the sen-
sitivity was 96% and the specificity 95%.

Dual time PET may assist in the differentiation between 
benign and malignant lesions, and may also improve 
the accuracy of  detection of  lymph node metastasis in 
esophageal cancer. Small malignant lesions and malignant 
lymph nodes show an increase in SUV uptake over time, 
whereas benign disease does not, and shows an early peak 
only. An improvement in diagnostic accuracy from 83% 
to 91% was seen with dual time imaging of  squamous 
cell carcinomas of  the thoracic esophagus. In addition, 
false positive uptake in the lung hilum due to inflamma-
tory processes was distinguished from malignant disease 
in 19/42 (45%) of  patients using this method[23]. 

Table 2  Prospective studies comparing the accuracy of 
positron emission tomography with computed tomography 
and/or endo-ultrasonography in the detection of distant 
metastases

Ref. Yr Histology n Imaging Sensitivity 
(%)

Specificity 
(%)

Flamen et al[8] 2000 SCC/AC 74 PET 71 90
CT 41 83

EUS 42 94
EUS/CT 47 78

Lerut et al[115] 2000 SCC/AC 42 PET 77 90
CT/EUS 46 69

Sihvo et al[18] 2004 SCC 81 PET 35 91
CT 42 45

Heeren et al[25] 2004 SC/AC 74 PET 71 98
CT 21 98

CT/EUS 29 96
Lowe et al[19] 2005 SCC/AC 75 PET 81 91

CT 81 82
EUS 73 76

Figure 1  (18F) 2-fluoro-2-deoxyglucose-positron emission tomography/
computed tomography image of a patient with a proximal gastric cancer 
and occult liver metastasis. The liver lesion was not identified on the corre-
sponding staging computed tomography.

PET: Positron emission tomography; CT: Computed tomography; 
EUS: Endoscopic ultrasound; SCC: Squamous cell carcinoma; AC: 
Adenocarcinoma.
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SUVmax and survival. In a recent systematic review, all 12 
studies selected for inclusion demonstrated that a higher 
SUVmax of  the primary tumor was associated with infe-
rior survival, however only seven of  these reached statis-
tical significance. In a meta-analysis of  disease-free and 
overall survival, the hazard ratios for disease recurrence 
and death were 2.52 and 1.86, respectively, for those with 
a higher than median SUV[26]. This correlation with peak 
SUV and survival may hold true even for those with ap-
parently early stage disease[27].

SUVmax is also often significantly correlated with 
pathological stage, acting as a potential confounder. On 
multivariate analysis in several smaller studies, peak SUV 
was significantly associated with survival in univariate 
but not multivariate analysis, and thus did not emerge as 
an independent risk factor[28,29]. However in a large retro-
spective study of  184 patients with operable esophageal 
cancer, where SUVmax was significantly correlated with 
the stage of  the primary tumor, lymph node status, and 
presence of  metastasis in univariate analysis, on multivari-
ate analysis SUV remained independently and significant-
ly associated with overall survival when correcting for 
pathological stage of  disease. The 5-year overall survival 
for those with an SUVmax ≥ 4.5 was 47% compared to 
76% in those with an SUV ≤ 4.5[30]. It should be noted 
that the majority (91%) of  patients in this study had a 
diagnosis of  squamous cell carcinoma, and that these re-
sults contrast sharply with those published by Rizk et al[31] 
in a retrospective series of  189 patients with adenocarci-
noma of  the distal esophagus or gastro-esophageal (GE) 
junction who underwent chemoradiation as a primary 
treatment, in which they failed to show any association 
between survival for those with a high or a low SUVmax. 
Those with a high SUVmax did however show a superior 
response to chemoradiation This led the authors to con-
clude that although high SUVmax was correlated with 
inferior survival following resection in their earlier study, 
because high baseline SUVmax was also associated with 
a superior response to chemoradiation, this acted as an 
equalizing factor with respect to survival. 

Altogether, these data suggest that high SUVmax is 

most likely to be associated with increased tumor stage 
and size of  lesion. Whether SUVmax is an independent 
predictor of  patient outcome (specifically independent of  
tumor stage) is not sufficiently validated. 

ROLE OF FDG-PET IN RADIOTHERAPY 
TREATMENT PLANNING FOR 
ESOPHAGEAL CANCER
The gross tumor volume (GTV) must be accurately 
delineated in order to successfully treat the area of  
malignancy. However, conventional CT scanning has a 
low discriminatory value for this purpose. FDG-PET 
has been investigated in order to assess whether this 
improves the accuracy of  this delineation. Excellent cor-
relation has been demonstrated between preoperative 
FDG-PET and EUS measurements of  tumor length and 
measurements of  the same resected surgical specimen[32]. 
The addition of  FDG-PET to conventional CT plan-
ning may lead to increases or reductions in the GTV of  
up to 20%, and changes in the planning target volume 
in over half  of  patients[33,34]. Modifications of  GTV are 
most often seen in the longitudinal direction[35], however 
this may also change based on detection of  suspicious 
lymphadenopathy outside the original planned treatment 
field[36]. Improved accuracy in GTV delineation may lead 
to changes in radiation dose intensity to critical structures 
such as the heart and lungs[33,37], whereas utilization of  
CT alone may lead to undertreatment of  FDG-PET avid 
disease[34]. However, due to a lack of  standardization of  
FDG-PET assessments of  GTV and the presence of  sig-
nificant interobserver variation, the use of  FDG-PET is 
not routine in radiotherapy treatment planning, nor has 
this been validated in terms of  improved outcomes such 
as survival or locoregional tumor control. A prospective 
trial is ongoing in this regard (NCT01156831)[38].

DOES SUV PREDICT RESPONSE TO 
CHEMORADIOTHERAPY?
Several studies have examined whether the change 
in SUV of  the primary tumor with chemotherapy or 
chemoradiotherapy is useful in determining the response 
to the intervening therapy. A large proportion of  studies 
have been prospective, but were limited in their scope 
of  analysis to some extent by small numbers. Each study 
evaluated a different treatment regimen. Most stud-
ies used pathological response as the gold standard for 
evaluation of  chemotherapy efficacy. This is commonly 
measured using the Mandard system[39] or a simple modi-
fication of  this system, where pathological response is 
classified according to the percentage of  viable tumor 
cells remaining, with non-responders having > 10% tu-
mor cells remaining, partial response 0%-10%, and com-
plete responders 0% viable tumor cells. 

A first prospective study in 2001 by Weber et al[40] of  

Figure 2  (18F) 2-fluoro-2-deoxyglucose-positron emission tomography/
computed tomography detects diffuse bony metastases not seen on stag-
ing computed tomography. 
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40 patients with adenocarcinoma of  the GE junction and 
gastric cardia demonstrated a median reduction in SUV 
of  responders of  more than three times that of  non-re-
sponders and was significantly correlated with pathologi-
cal response (P < 0.001). Response was also significantly 
associated with survival. Those with no response had a 
2-year survival of  37% vs 60% in responders. Figure 3 
demonstrates a sample FDG-PET/CT response for a 
patient with a proximal gastric adenocarcinoma.

A prospective trial by Ott et al[41] used a predetermined 
level of  reduction in SUV to determine the cut-off  point 
for metabolic responder vs non-responder. This had been 
previously determined to be a reduction of  35% from 
baseline, which had been demonstrated to have a sensitiv-
ity and specificity of  93% and 95%, respectively, for the 
detection of  a pathological response[40]. Sixty five patients 
with locally advanced GE junction tumors undergo-
ing preoperative chemotherapy were enrolled. Baseline 
tumor FDG uptake was 8.1 ± 3.4 SUV for assessable 
patients. SUV uptake significantly decreased to 5.4 ± 2.0 
(approximately 33%) in the follow-up scan. Eighteen 
patients were classified as metabolic responders and 38 
as metabolic nonresponders. The pathological response 
was highly significantly correlated with the metabolic 
response (P < 0.001); 44% of  patients with a metabolic 
response had a pathological response, compared to 5% 
of  metabolic non-responders. Median overall survival 
for non-responders was 18 mo, significantly shorter than 
overall survival for the group as a whole at 32 mo. Me-
dian survival for metabolic responders had not yet been 
reached at the time of  publication. 

A similar study was performed at Memorial Sloan 
Kettering Cancer Center as a validation study, and report-
ed in abstract form in 2007[42]. In this study, patients with 
locally advanced but resectable gastric/GE junction ad-
enocarcinoma received preoperative chemotherapy with 
irinotecan and cisplatin for two cycles. An FDG-PET CT 
scan was performed at baseline and again at day 15 and 
day 35. This study confirmed the results initially reported 
by Weber et al, demonstrating that a significant drop in 
SUV from baseline was associated with the pathologic 
response to therapy as well as with patient survival[42]. 

The primary utility of  a change in FDG-PET SUV 
from baseline as a marker for response to chemotherapy 
and subsequently survival is that this information is avail-
able early in the treatment plan, and thus could poten-
tially be used in order to guide future management. This 
approach was taken by Lordick et al[43] in the MUNICON 
trial. This study recruited 119 patients with locally ad-
vanced tumors of  the GE junction undergoing preop-
erative chemotherapy. Patients who did not meet a pre-
defined metabolic response level on FDG-PET of  a 35% 
reduction from baseline SUVmax 2 wk after commenc-
ing treatment did not continue with chemotherapy but 
proceeded directly to surgery. Metabolic responders com-
pleted the course of  preoperative chemotherapy and then 
proceeded to surgery; 49% of  patients were metabolic 
responders and 51% were metabolic non-responders. Of  
the metabolic responders, 58% achieved a major histolog-
ical response, with 0% in the non-responders. R0 surgical 
resection was possible in 96% of  metabolic responders 
and in 74% of  metabolic non-responders. On pathologic 
assessment, metabolic responders demonstrated earlier 
stage tumors than metabolic non-responders. Metabolic 
non-responders had a median event-free survival of  14.1 
mo compared to 29.7 mo in metabolic responders. It 
was noted that metabolic responders who did not have a 
pathological response had survival comparable to those 
who were metabolic non-responders, implying that a 
metabolic response was necessary but not sufficient for 
improved survival[43]. 

In a cross trial comparison between the original study 
by Ott et al, where chemotherapy was continued despite 
a metabolic non-response, and MUNICON where non-
responders proceeded directly to surgery, amongst those 
patients that went on to complete surgical resection, sur-
vival between non-responders in both groups was similar. 
This suggests that, amongst metabolic non-responding 
patients, patient survival was unaffected (either adversely 
or positively) by continuing with ineffective chemo-
therapy or by stopping ineffective chemotherapy and 
proceeding early to surgery. These results have led to an 
ongoing clinical trial in which failure to respond to initial 
induction chemotherapy with a reduction in SUV on 

Figure 3  (18F) 2-fluoro-2-deoxyglucose-positron emission tomography response in a patient with a proximal gastric cancer receiving chemotherapy. 
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PET is followed by introduction of  a salvage regimen of  
non-cross resistant chemotherapy in an effort to improve 
outcome (NCT00737438 on clinicaltrials.gov; Memorial 
Sloan Kettering study, IRB 08-081). 

In contrast, in a study of  32 patients with esopha-
geal/GE junction adenocarcinoma, a FDG-PET scan 
performed following a week of  chemoradiation failed 
to detect any significant difference between pathologic 
responders and non-responders with respect to changes 
of  SUVmax on PET[44]. This may in fact be due to the 
timing of  the PET as radiation is known to have a “stun-
ning” effect with respect to FDG uptake, irrespective of  
further cell kill, which may cause bias in an interpretation 
performed at an early interval following radiation. 

These studies suggest that the utility of  FDG-PET in 
response assessment in esophageal/GE junction adeno-
carcinoma remains to be verified at this time, but that it is 
a potentially promising modality to begin “individualized” 
care for patients with upper GI malignancies (namely 
esophageal and gastric adenocarcinoma). It should be 
noted that the response of  PET to chemotherapy when 
compared with that of  CT may lead to clinical confu-
sion, such as when a lesion improves by PET criteria, but 
fails to shrink or may even enlarge slightly by traditional 
RESIST criteria[45]. Recently proposed guidelines for re-
sponse assessment in solid tumors suggest that PET pro-
gression may be defined as an SUV increase of  ≥ 20% 
in a region 1 cm or larger in diameter, whereas a response 
be defined as a decline in SUV of  ≥ 30% in such a re-
gion[46]. Such a guideline would seem to be a good starting 
point for evaluation of  the PET response in many solid 
tumor malignancies, but will need prospective validation.

FDG-PET FOR THE DETECTION OF 
ESOPHAGEAL CANCER RECURRENCE
The accuracy of  CT and magnetic resonance imaging (MRI) 
for the detection of  recurrent disease, particularly within 
the area of  the initial primary tumor may be decreased by 
post-surgical or post-chemoradiation related changes such 
as fibrosis, edema, and inflammation. Guo et al[47] followed 
112 patients with resected squamous cell carcinoma of  
the esophagus for recurrence with FDG-PET/CT. PET 
demonstrated excellent sensitivity at local, regional and 
distant sites of  metastases (96.9%, 85.9% and 90.5%, 
respectively), but lower specificity for local-regional 
recurrence (50%, 92.2% and 89.9%, respectively). Of  
note, five out of  nine false positive FDG-PET scans 
were identified in the area of  the surgical anastomosis. 
A French study examined the routine use of  FDG-PET 
in the prospective follow-up of  resected esophageal 
cancer patients[48]. This study demonstrated that for the 
detection of  locoregional recurrence, PET had a higher 
sensitivity, slightly lower specificity and a superior accu-
racy than CT (100% vs 65%, 85% vs 91%% and 91% vs 
81%, respectively). PET was also superior to CT in the 
detection of  local metastasis. No patient had a negative 

PET and a recurrence detected by another modality, i.e., 
there were no false negative PET scans in this study, lead-
ing to a 100% negative predictive value. As this recently 
published study is the first examining the prospective use 
of  PET to detect recurrence in asymptomatic patient, it 
is too early to comment on whether changes in manage-
ment based on this strategy will lead to improvements in 
patient outcomes. 

COMPARISON OF FDG-PET AND OTHER 
PET TRACERS IN THE DIAGNOSIS 
AND MANAGEMENT OF ESOPHAGEAL 
CANCER 
FDG is not a tumor specific radiotracer, and this leads to 
the drawback of  false positive uptake in areas of  inflam-
mation or infection by neutrophils and macrophages, i.e., 
when there is contamination of  the malignancy with other 
actively dividing or metabolically active cells. An alterna-
tive to FDG-PET is (18F) FLT (3-deoxy-3-fluorothymidine) 
which is trapped intracellularly following phosphorylation 
by thymidine kinase 1 into (18F) FLT-monophosphate, 
forming the rationale for the use of  FLT as a proliferation 
tracer[49]. A study by Westreenan et al[50] compared the ef-
ficacy of  FLT vs FDG in the detection of  esophageal can-
cer and demonstrated increased uptake for FDG rather 
than FLT (FLT-PET missed 20% of  primary esophageal 
tumors in this study). FDG-PET also detected a syn-
chronous primary rectal tumor in one patient, which was 
not detected by FLT-PET. In addition, there was no cor-
relation between uptake of  FLT and Ki-67, a marker of  
proliferation. For this reason, FDG remains the preferred 
radiotracer for use in the diagnosis and management of  
patients with esophageal cancer[50]. 

11C-choline is a small molecule that is integrated into 
the cell membrane as phosphatidylcholine and serves as 
a marker of  cell membrane metabolism. Because of  late 
urinary excretion, it has been examined in genitourinary tu-
mors such as prostate cancer[51]. 11C-choline has been inves-
tigated in two studies of  esophageal cancer. Kobori et al[52] 
studied squamous cell carcinoma of  the upper esophagus 
and claimed a superior sensitivity for choline-PET in the 
detection of  primary tumors and nodal metastases in the 
mediastinum (94% and 88%, respectively). Specificity 
was not reported. In this study the sensitivity of  FDG-
PET was 34% and 38% for the primary tumor and nodal 
involvement, which is somewhat lower than the literature 
median. These results contrast with those of  Jager et al[53], 
who studied a more diverse group of  esophageal and 
GE junction adenocarcinomas in addition to squamous 
cell carcinoma of  the esophagus and GI stromal tumors. 
They demonstrated the superiority of  FDG-PET, with a 
sensitivity of  100%, 67%, and 100% for the detection of  
primary tumor, locoregional and lymph node metastases, 
respectively, compared to 73%, 60%, and 75%, respec-
tively, for choline-PET. Imaging in the abdominal area 
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using choline-PET is limited by the high background up-
take of  this agent by the liver.

GASTRIC ADENOCARCINOMA
Gastric cancer remains the most common GI malignancy 
worldwide, responsible for approximately 934  000 new 
diagnoses annually (8.6% of  new cancer cases) and 
700  349 deaths worldwide annually[54]. Gastric cancer may 
be distinguished anatomically such that proximal tumors 
(associated with chronic reflux and obesity) have worse 
prognosis than distal tumors which are more commonly 
associated with chronic infection by Helicobacter pylori[55]. 
Alternatively, gastric cancer may also be distinguished 
histopathologically as diffuse, intestinal, or mixed histol-
ogy which describes the pattern of  spread of  the pri-
mary tumor[56]. Based on these distinctions, an emerging 
concept in understanding the biology and physiology of  
gastric cancer is that it likely reflects not one disease, but 
several[55]. How these distinctions impact on FDG-PET 
imaging is still evolving.

IMAGING PRIMARY GASTRIC 
CARCINOMA WITH FDG-PET
Unlike esophageal carcinoma, in which the majority of  
tumors (particularly T2-T4) are identified on FDG-PET 
imaging, the primary gastric lesion is less well imaged by 
FDG-PET. This has been demonstrated in several series 
with sensitivity for detection of  gastric lesions ranging 
from 21% to 100%[57-65]. Specificity ranged from 78% to 
100%. There are several factors that affect the sensitiv-
ity and specificity to detect a primary gastric carcinoma. 
Significantly, there is a variable and occasionally intense 
uptake of  FDG of  a physiological nature within the gas-
tric wall[61,63,66]. FDG uptake may also correspond to acute 
inflammation such as superficial or erosive gastritis[67]. 

This leads to two disadvantages in the detection of  gastric 
cancer. Firstly, an awareness of  this phenomenon must 
exist in order to avoid a high number of  false positive di-
agnoses. Conversely, over-awareness may lead to failure to 
detect weakly enhancing and diffuse malignant lesions. 

TUMOR SIZE AND DEPTH (T STAGE) 
AND FDG-PET
Tumor size and T stage may influence the sensitivity 
of  PET imaging in the detection of  the primary gastric 
lesion. In one study, sensitivity was as low as 21% for 
detecting tumors < 30 mm in size, and increased to 76% 
for lesions over 30 mm[62]. Gastric cancer limited to the 
mucosa or submucosa (T1 lesions), are less likely to be 
detected by PET than more advanced T2-T4 lesions. Sen-
sitivity for detection of  early gastric cancers (T1) ranges 
from 26% to 63%, whereas that for more advanced 
disease (T2-T4) ranges from 83%-98%[57,61,62,65]. Figure 4 
graphically depicts the range of  sensitivity in diagnosis of  
early and advanced gastric cancer.

Histological subtype variants also influence glucose 
uptake and therefore the ability of  PET to detect the 
primary lesion. The ability of  FDG-PET to detect non-
intestinal gastric primary tumors can range from 0% for 
T1 non-intestinal primaries to 77% for advanced non-
intestinal disease. For intestinal type tumors, sensitivity 
ranges from 44% for T1 tumors to 92% for T2 or greater 
disease[62,63,68]. This may relate to the fact that the GLUT-1 
transporter has been shown to be preferentially expressed 
on the intestinal type gastric carcinoma cell subtype, with 
decreased expression on mucous-secreting and signet 
ring type cells[69,70]. GLUT-1 expression has been shown 
in multivariate analysis to be the most influential factor 
relating to FDG uptake in gastric carcinoma, although 
the relationship between histological subtype and SUV 
uptake and sensitivity of  FDG-PET has not been consis-
tent across studies[71,59-61]. 

TECHNIQUES TO IMPROVE DETECTION 
OF THE PRIMARY GASTRIC LESION 
Simple measures such as distention of  the stomach by 
water or, less commonly, food have been shown to im-
prove the accuracy of  detection of  gastric lesions both 
pre-operatively and in the post-operative remnant stom-
ach[72-74]. In an effort to improve detection of  gastric 
cancer by PET, the pyrimidine analog FLT has been used 
as an alternative radiotracer. One study demonstrated 
increased sensitivity of  FLT-PET for detection of  gastric 
tumors, especially if  those tumors which were not FDG 
avid[58]. This may improve detection of  previously diffi-
cult-to-detect tumor types such as mucin-producing and 
signet ring cell tumors. A second smaller study showed 
comparable efficacy between the two moieties[59]. In both 
studies, mean SUV uptake was lower for FLT-PET than 
for FDG-PET. Additional improvements may be made 
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possible by improving spatial resolution of  the imaging 
equipment[75]. 

SCREENING FOR GASTRIC CARCINOMA 
WITH FDG-PET
FDG-PET has not been shown to be an effective screen-
ing tool for the diagnosis of  gastric cancer. In one study, 
combined with endoscopy in asymptomatic individu-
als, PET-CT detected 2/20 cancers from 2861 patients 
screened giving a sensitivity of  only 10% and a positive 
predictive value of  8.3%; 18/20 cancers were early gastric 
cancers (T1). There were 22 false positives on this study. 
There was no significant difference between the SUV val-
ues of  the false positives and the true positives[76]. A sec-
ond study of  1336 asymptomatic patients detected two 
gastric cancers in addition to nine other malignancies. 
The rate of  false positive in this study was three times the 
rate of  true positive findings[77]. Therefore, the screening 
sensitivity of  FDG-PET in an asymptomatic population 
is less again than that in a diseased population. 

FDG-PET AND LYMPH NODE STATUS: 
GASTRIC ADENOCARCINOMA
Survival in gastric cancer patients decreases with lymph 
node involvement, and with the number of  lymph nodes 
involved. Knowledge of  lymph node status therefore is 
not only of  importance with respect to prognosis, but 
may also guide surgical treatment planning and which pa-
tients may benefit from neoadjuvant chemotherapy. 

FDG-PET has been examined both alone, in compari-
son with CT imaging, and combined as CT-PET, in the 
preoperative assessment of  the nodal status of  gastric can-
cer (see Table 3). The sensitivity of  PET is generally low 
for the detection of  lymph node metastases, ranging from 
22% to 60% for normal resolution scans[57,60-62,64,65,75,78,79]. It 
is possible that this may reflect the low spatial resolution 
of  PET at 7 mm-9 mm which leads to difficulty discrimi-
nating perigastric lymph nodes from the gastric primary 
tumor, as sensitivity has been shown to increase to up 
to 73% with a higher resolution scan[75]. This compares 

poorly with the sensitivity of  CT which ranges from 52% 
to 77% in the same series. By contrast the specificity of  
PET is higher than that of  CT, ranging from 62%-100%, 
compared to CT (range, 62%-94%)

The sensitivity and specificity of  PET are also influ-
enced by lymph node staging status (i.e., N1, N2, or N3 
nodal metastases). In three studies which stratified sen-
sitivity by lymph node status, CT was significantly more 
sensitive for N1 disease[60,61,65], whereas similar levels of  
sensitivity and specificity were seen in N3 disease for 
both imaging modalities; however, this may have reflected 
the low prevalence of  N3 disease in the study groups. 
Increased SUV of  the primary tumor was correlated 
positively with lymph node metastases in two studies[57,61], 
possibly indicating increased glucose transport capacity 
which may in turn correlate with increased aggressiveness 
of  the primary tumor[69].

PERITONEAL DISEASE 
A common site of  spread for gastric adenocarcinoma is 
the peritoneum. As many as 25% of  patients with locally 
advanced tumors on EUS will have sub-radiographic 
occult peritoneal disease that may be identified only at 
laparoscopy[80]. PET is not a reliable indicator of  perito-
neal disease, with sensitivity for detection of  peritoneal 
carcinomatosis of  between 9% and 30% with normal 
resolution scans, and increased to 50% sensitivity with 
the use of  a higher resolution 3.9 mm slice. This com-
pares unfavorably with CT which demonstrates a sensi-
tivity of  76%-80% for peritoneal cancer[57,75,81]. Peritoneal 
lesions are often small and diffuse in nature, which may 
go some way to explaining the low detection rate. Speci-
ficity remains high at 79%-98% in the same series, with 
less specificity with higher resolution imaging. Due to 
the need to confirm the absence of  metastatic peritoneal 
spread prior to definitive surgery, staging laparoscopy 
may still be necessary, as this is the most sensitive modal-
ity to evaluate the peritoneum[82,83].

RESPONSE TO TREATMENT
With the introduction of  neoadjuvant or perioperative 

Table 3  Gastric cancer lymph node staging by positron emission tomography

Ref. n Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)
PET PET CT CT

Chen et al[57] 61 61   92 77 62
Kim et al[60] 73 40   95 71 71
Mochiki et al[61] 85 23 100 65 77
Mukai et al[62] 62      34.50   97      62.10      87.90
Yeung et al[64] 23 22   97
Yoshioka et al[75]            Low resolution 42 47   62
                                        High resolution 41 73   78
Yun et al[65] 81 35   97 52 94
Tian et al[78] 38 60 100
Yang et al[79] (PET-CT) 78 37        97.20       60.50      83.30

PET: Positron emission tomography; CT: Computed tomography.
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chemotherapy it is of  interest to try to determine those 
who may respond to such chemotherapy, and those who 
are likely to fail to respond. This may be crucial in future 
in order to spare non-responders further potentially toxic 
chemotherapy, or to switch to another, non cross resistant 
regimen. The advantage of  PET over CT in this regard is 
that the CT response by RECIST (Response Evaluation 
Criteria in Solid Tumors) as measured by the change in 
size may be a late manifestation of  a response. PET may 
demonstrate a decrease in FDG uptake at an earlier stage 
than could be demonstrated by conventional imaging. 

In one study of  44 pure gastric carcinoma patients 
treated with neoadjuvant cisplatin and 5-fluororuacil, 35 
showed FDG uptake at baseline, before the initiation of  
chemotherapy. The PET response at 14 d post-chemo-
therapy was correlated with histopathological response at 
the time of  surgery. The PET response was defined as > 
35% reduction in the SUV value of  the target lesion. A 
histopathological response was defined as < 10% viable 
tumor cells remaining in the operative surgical specimen. 
A metabolic response correctly predicted the histologi-
cal response after completion of  chemotherapy in 10/13 
responding and 19/22 non-responding tumors, corre-
sponding with a sensitivity of  77% (95% CI: 46%-95%) 
and a specificity of  86% (95% CI: 65%-97%)[41]. Meta-
bolic response appeared to correlate significantly with 
survival. At 2-year follow-up, survival in the metabolic 
responder group was 90%, compared with 25% in the 
metabolic non responder group. A second smaller study 
in the setting of  metastatic gastric cancer using chemo-
therapy and the biologic agent cetuximab demonstrated 
in this study, PET demonstrated a sensitivity of  83% and 
a specificity of  75% for the prediction of  ultimate best 
response by RECIST. There was also a significant corre-
lation between metabolic response and progression-free 

survival in this cohort[84]. 

FDG-PET AND PREDICTION OF 
PATIENT SURVIVAL: GASTRIC 
ADENOCARCINOMA
Data on survival with respect to PET-positive tumors 
may be confounded by the fact that PET-negative tu-
mors in most studies may represent earlier stage disease. 
For example, in one study, The 2-year survival rate for 
patients with PET-positive cancers was 65.9%, and for 
those with PET-negative cancers was 94.4%, but a sig-
nificant proportion of  PET-negative tumors were T1/T2 
vs T3/T4 for the tumors visible on PET[61]. One study 
on recurrent gastric carcinoma with 33 patients showed 
a higher median survival for those with PET negative 
recurrence vs PET positive recurrence of  18.5 mo vs 6.9 
mo respectively, however, other studies have failed to cor-
roborate this finding[63,85]. 

FDG-PET TO DETECT RECURRENCE 
OF RESECTED DISEASE: GASTRIC 
ADENOCARCINOMA
When compared to contrast CT, PET showed a non-sig-
nificant trend towards decreased sensitivity and increased 
specificity in the detection of  recurrent disease. Contrast-
enhanced CT was significantly more sensitive for the 
diagnosis of  peritoneal recurrence (87% vs 47%)[86]. This 
concurs with another series demonstrating a high sensi-
tivity of  78% and 67% for liver and lung lesions, respec-
tively, with a lower sensitivity of  30% for bone metastases. 
Sensitivity for pleural carcinomatosis and ascites were 
also similarly low[75]. As FDG also demonstrates uptake in 
acute inflammation and fractures in addition to physiolog-
ical uptake in the abdomen, this may lead to false positives 
in the detection of  boney disease[87]. Table 4 summarizes 
these data.

Notably, the utility of  FGD-PET in the detection of  
recurrent gastric cancer is largely dependent on the prev-
alence of  recurrent disease in the screened population. In 
a population undergoing routine screening examination 
following definitive primary therapy the sensitivity of  
screening may be as low as 50%-70%. In contrast, posi-
tive predictive value is high in a high prevalence popula-
tion (i.e., those in whom disease is suspected). This is il-
lustrated when comparing the positive predictive value of  
100% in a population with a suspicion of  disease based 
on previous radiological imaging vs 25% in a population 
with no clinical or radiological suspicion of  recurrent dis-
ease[85,86,88]. If  the population undergoing testing has an a 
priori suspicion of  disease based on previous imaging or 
tumor markers, then sensitivity for detection may reach 
94%-100%. Specificity is generally high at 70%-100% for 
PET in the detection of  recurrent disease[89,90]. 

Author Yr n Discriminating 
factor

Sensitivity (%) Specificity (%)
PET PET

De Potter et al[85] 2002   33   70   69
Jadvar et al[90] 2003   16   94 100
Yoshioka et al[75] 2003 Liver 78-85 82-74

Lung   67   88
Bone   30   82

Pleural     4 100
Ascites   24   76

Patriti et al[89] 2007   51 100
Nakamoto et al[88] 2009   44 Previous 

suspicious 
imaging

  80 100

  14 Tumor 
markers 
positive

  73   83

  26 Routine   50   88
Park et al[117] 2009 105   75   77
Sim et al[86] 2009   52        68.40        71.40
Sohn et al[118] 2009 212 Post ablation    0

PET: Positron emission tomography.
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PANCREAS ADENOCARCINOMA
Pancreatic cancer ranks as one of  the most lethal ma-
lignancies and only 20% are suitable for resection at 
presentation. Accurate delineation of  tumoral extent and 
anatomy are crucial prior to surgery in order to avoid po-
tentially futile laparotomy. Conventional work up includes 
abdominal ultrasound, CT, EUS and MRCP. 

PET AND THE DIAGNOSIS AND 
MANAGEMENT OF PANCREATIC 
MALIGNANCY
As the normal pancreas exhibits low FDG uptake, and 
pancreatic tumors have been demonstrated to have high 
GLUT-1 expression, the expectation is that pancreatic 
tumors should not be difficult to differentiate from the 
normal parenchyma by FDG-PET[91]. In an initial study 
in 1997 by Zimny et al[92], 106 patients with pancreatic 
lesions were examined using FDG-PET; 85% of  pancre-
atic carcinomas were correctly identified, and in 84% of  
cases of  chronic pancreatitis it was possible to exclude 
malignancy. Ten of  11 false negatives were due to el-
evated plasma glucose. In patients with normal plasma 
glucose the sensitivity, specificity, positive and negative 
predictive values were 98%, 84%, 96% and 93%, respec-
tively. The SUV of  carcinoma was significantly higher 
than that of  chronic pancreatitis (6.4 ± 3.6 for pancreatic 
carcinoma vs 3.6 ± 1.7 for chronic pancreatitis (P < 0.001). 
Inokuma et al[93] examined the utility of  PET in the diag-
nosis of  pancreas cancer in comparison to CT and EUS. 
In a study of  45 patients PET had a lower sensitivity than 
EUS, but a higher specificity than all other modalities, 
and highest positive predictive value and overall accuracy. 
In a larger study, comparing PET with CT and MRI, the 
sensitivity of  PET was lower than that of  CT but higher 
than that of  MRI (91% CT vs 82% PET vs 78% MRI), 
and PET had the highest specificity and positive predic-
tive value among the three modalities. There was no cor-
relation between the SUV of  the tumor and the degree 
of  differentiation. The ability of  PET to detect disease 
was improved by the correction of  SUV for blood glu-
cose[94]. The ability of  PET to detect pancreatic cancer 
may be greater than CT at smaller lesion sizes[95]. In the 
differentiation of  benign vs malignant cystic disease of  
the pancreas, Sperti et al[96] showed that PET was superior 
to CT with respect to sensitivity, specificity, positive and 
negative predictive value, and diagnostic accuracy at 94%, 
94%, 89%, 97%, and 94%, respectively; these figures for 
CT were 65%, 88%, 73%, 83%, and 80%. A review by 
Gambhir et al suggested a sensitivity of  94% and a speci-
ficity of  90% for PET when compared with that of  CT 
(84% and 75%, respectively)[97]

FDG-PET AND STAGING: PANCREAS 
ADENOCARCINOMA 
FDG-PET is not the preferred modality to stage the 

depth of  invasion or invasion of  local-regional structures 
the primary tumor of  the pancreas due to its poor spatial 
resolution. At this time, thin slice CT or EUS are better 
able to delineate the anatomical boundaries of  the prima-
ry tumor and thus resectability. Similarly, PET is poorly 
sensitive for the detection of  loco-regional lymph node 
metastases, which may be due to their proximity to the 
primary lesion. Sensitivity has ranged from as low as 49% 
to as high as 76% for the detection of  local field lymph 
node involvement[98,99]. For pancreatic tumors, similar to 
gastric adenocarcinoma, FDG-PET is sensitive for the 
detection of  metastatic disease to the liver and bone, 
but less so to the peritoneum. In a series of  168 patients 
Fröhlich et al[100] determined PET had a sensitivity of  
97% for hepatic lesions > 1 cm, but only 43% for those 
< 1 cm, with 95% specificity. Three quarters of  false 
positives were due to intrahepatic cholestasis. A study of  
59 patients by Diederichs et al[99] confirmed these find-
ings, with an overall sensitivity for the detection of  he-
patic metastases of  70%, again missing some metastases 
< 1 cm in diameter. The sensitivity for the detection of  
peritoneal disease was 25%.

IS SUV UPTAKE PROGNOSTIC IN 
PANCREATIC CANCER?
An SUV cut-off  of  ≥ 4.0 was used by Sperti and col-
leagues to characterize patients with pancreatic cancer 
into two groups. Those with an SUV ≥ 4.0 had an overall 
survival of  only 7 mo, compared to 32 mo in the lower 
SUV group. This applied also to those who underwent re-
section. Tumor SUV was confirmed in multivariate analy-
sis to be an independent predictor of  survival[96]. This 
is in agreement with data published by Nakata et al[101] 
for patients with inoperable pancreatic tumors, in which 
those with a tumor SUV of  > 3.0 were shown to have 
inferior survival to those with SUV uptake of  < 3.0. In 
contrast to many other malignancies, proliferative activ-
ity as measured by the Ki67 index did not correlate with 
FDG uptake in pancreatic tumors[102].

PET AS A PREDICTOR OF RESPONSE 
TO CHEMOTHERAPY: PANCREAS 
ADENOCARCINOMA
PET has been used in an attempt to measure the response 
to neoadjuvant chemoradiotherapy in pancreatic cancer. In 
a study of  20 patients with locally advanced pancreas ade-
nocarcinoma, of  those who had > 50% reduction from the 
baseline SUV, 10% had a complete surgical resection, com-
pared to 6% of  those who had < 50% reduction. Those 
with a significant response also had a 23.2 mo survival 
compared to 11.3 mo in those who did not respond[103]. 
This is in agreement with a study by Bang et al which dem-
onstrated the superiority of  PET in the detection of  a 
treatment response to chemoradiotherapy, detecting a 
response in one-third of  patients, where conventional 
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CT failed to detect any response. Those who developed 
a response on PET also had significantly longer survival 
than those who did not. The PET and tumor marker 
response following palliative chemotherapy were also cor-
related positively with patient survival in a recent Japanese 
study[104] which contrasts with results of  a study by Ko-
bayashi et al[105] in which only a fall in tumor markers and 
not SUV was correlated with survival. 

DETECTION OF RECURRENT DISEASE
Ruf  et al[106], in a study of  31 patients with suspected re-
currence after surgery, demonstrated that PET was supe-
rior to the combination of  CT and MRI in the detection 
of  recurrence (96% vs 39%). CT/MRI failed to detect 
any local recurrence, but did perform well in the detec-
tion of  small hepatic metastases when compared to PET 
(92% vs 42%). Thus PET may be superior in the detec-
tion of  recurrence within the tumor bed, but CT/MRI 
may have better discriminatory power within the hepatic 
parenchyma. PET may also complement the use of  tu-
mor markers or CT for the detection of  recurrent disease 
when CT findings are equivocal, as demonstrated in a 
small study by Rose et al[95], where PET detected 100% of  
recurrences felt to be equivocal on CT. In a recent study 
of  45 patients with suspected recurrent disease, PET 
fused with contrast CT was shown to have a sensitivity 
of  94.7% for the detection histologically proven meta-
static disease. Notably there was also a high sensitivity 
in this study for the detection of  all sites of  recurrence, 
with sensitivity for detection of  local recurrence, abdomi-
nal lymph node metastasis, and peritoneal dissemination 
being 83.3%, 87.5%, and 83.3%, respectively[107]. 

METHODS OF IMPROVING THE 
ACCURACY OF PET IN PANCREAS 
CANCER
Although PET is superior to CT for the differentiation 
of  benign vs malignant lesions, false positives may occur, 
most commonly due to pancreatitis, post instrumenta-
tion of  the biliary tree, due to retroperitoneal fibrosis or 
hemorrhage or inflammation of  a pancreatic pseudocyst. 
If  C-reactive protein serum levels are elevated, the speci-
ficity of  PET may fall to 50%[108]. Using delayed PET may 
aid in the differentiation of  benign vs malignant lesions as 
evidenced in a prospective series of  47 patients where the 
diagnostic accuracy for malignant vs benign disease was 
91.5% using this method[109]. Optimal glycemic control 
is also an important factor in the accuracy of  PET scan-
ning in pancreatic disease as noted in the study by Zimny 
where 91% of  false negative results were due to hypergly-
cemia reducing the sensitivity of  PET from 96% to 63% 
in those with an abnormally high serum glucose[92]. 

The fusion of  PET-CT may show promise. A retro-
spective study by Lemke et al[110] showed that use of  PET-
CT improved the sensitivity of  either individual imaging 

modality. Sensitivity was 76% for CT, 84% for PET and 
89% for PET-CT but this came at a cost of  a loss of  
specificity. Addition of  CT imaging to fusion PET-CT 
may lead to further gains. In another study the sensitivity 
for the detection of  metastatic disease by PET-CT, CT, 
and PET-CT plus CT was 61%, 57%, and 87%, respec-
tively[111]. Enhanced PET-CT has also been shown to be 
superior to PET alone compared to unenhanced PET-
CT imaging in two studies[107,112]. Use of  the alternative 
radiotracer FLT has not been shown to be of  benefit in 
pancreas cancer. In a small pilot study, FLT-PET demon-
strated low levels of  uptake in the primary tumor and de-
tected only 40% of  primary pancreatic tumors compared 
to 100% with FDG-PET[113].

CONCLUSION
FDG-PET imaging is now a standard practice in staging 
cancers of  the esophagus. The role of  FDG-PET/CT 
imaging in staging gastric carcinoma, however, is compli-
cated by the higher rate of  FDG-non-avid malignancies 
and by the false positive rate within the stomach due to 
inflammatory conditions. For each upper GI malignancy, 
depth of  invasion and nodal status are not well evalu-
ated by FDG-PET scans. However, for locally-advanced 
malignancies, an FDG-PET scan may be used to identify 
occult metastatic disease which may then significantly 
then change the treatment plan. A newer application of  
this imaging modality is the assessment of  metabolic 
response, which correlates with chemotherapy sensitiv-
ity and survival. Preliminary prospective clinical studies 
suggest FDG-PET scans can predict response to therapy. 
With these data, the utility of  FDG-PET scanning in up-
per GI malignancies is increasingly commonplace. With 
the identification of  new FDG-PET tracers, we expect a 
further expansion of  the application of  PET imaging in 
upper GI malignancies. 

REFERENCES
1	 Wieder HA, Brücher BL, Zimmermann F, Becker K, Lordick 

F, Beer A, Schwaiger M, Fink U, Siewert JR, Stein HJ, We-
ber WA. Time course of tumor metabolic activity during 
chemoradiotherapy of esophageal squamous cell carcinoma 
and response to treatment. J Clin Oncol 2004; 22: 900-908

2	 Enestvedt CK, Mayo SC, Diggs BS, Mori M, Austin DA, 
Shipley DK, Sheppard BC, Billingsley KG. Diagnostic lapa-
roscopy for patients with potentially resectable pancreatic 
adenocarcinoma: is it cost-effective in the current era? J Gas-
trointest Surg 2008; 12: 1177-1184 

3	 Power DG, Schattner MA, Gerdes H, Brenner B, Markowitz 
AJ, Capanu M, Coit DG, Brennan M, Kelsen DP, Shah MA. 
Endoscopic ultrasound can improve the selection for lapa-
roscopy in patients with localized gastric cancer. J Am Coll 
Surg 2009; 208: 173-178  

4	 Hiyoshi Y, Watanabe M, Imamura Y, Nagai Y, Baba Y, 
Yoshida N, Toyama E, Hayashi N, Baba H. The relation-
ship between the glucose transporter type 1 expression and 
F-fluorodeoxyglucose uptake in esophageal squamous cell 
carcinoma. Oncology 2009; 76: 286-292 

5	 Mu DB, Wang SP, Yang WF, Fu Z, Chen XX, Sun XR, Yu 
JM. [Correlation between FDG PET /CT and the expression 

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5071 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

of glutl and ki-67 antigen in esophageal cancer]. Zhonghua 
Zhong Liu Za Zhi 2007; 29: 30-33 

6	 Tohma T, Okazumi S, Makino H, Cho A, Mochiduki R, 
Shuto K, Kudo H, Matsubara K, Gunji H, Ochiai T. Rela-
tionship between glucose transporter, hexokinase and FDG-
PET in esophageal cancer. Hepatogastroenterology 2005; 52: 
486-490  

7	 Taylor MD, Smith PW, Brix WK, Wick MR, Theodosakis N, 
Swenson BR, Kozower BD, Jones DR. Correlations between 
selected tumor markers and fluorodeoxyglucose maximal 
standardized uptake values in esophageal cancer. Eur J Car-
diothorac Surg 2009; 35: 699-705 

8	 Flamen P, Lerut A, Van Cutsem E, De Wever W, Peeters M, 
Stroobants S, Dupont P, Bormans G, Hiele M, De Leyn P, 
Van Raemdonck D, Coosemans W, Ectors N, Haustermans 
K, Mortelmans L. Utility of positron emission tomography 
for the staging of patients with potentially operable esopha-
geal carcinoma. J Clin Oncol 2000; 18: 3202-3210 

9	 Kato H, Kuwano H, Nakajima M, Miyazaki T, Yoshikawa M, 
Ojima H, Tsukada K, Oriuchi N, Inoue T, Endo K. Compari-
son between positron emission tomography and computed 
tomography in the use of the assessment of esophageal car-
cinoma. Cancer 2002; 94: 921-928 

10	 Kato H, Miyazaki T, Nakajima M, Takita J, Kimura H, 
Faried A, Sohda M, Fukai Y, Masuda N, Fukuchi M, Manda 
R, Ojima H, Tsukada K, Kuwano H, Oriuchi N, Endo K. 
The incremental effect of positron emission tomography on 
diagnostic accuracy in the initial staging of esophageal car-
cinoma. Cancer 2005; 103: 148-156 

11	 Bural GG, Kumar R, Mavi A, Alavi A. Reflux esophagitis 
secondary to chemotherapy detected by serial FDG-PET. 
Clin Nucl Med 2005; 30: 182-183 

12	 Bhargava P, Reich P, Alavi A, Zhuang H. Radiation-induced 
esophagitis on FDG PET imaging. Clin Nucl Med 2003; 28: 
849-850 

13	 Shrikanthan S, Aydin A, Dhurairaj T, Alavi A, Zhuang H. 
Intense esophageal FDG activity caused by Candida infec-
tion obscured the concurrent primary esophageal cancer on 
PET imaging. Clin Nucl Med 2005; 30: 695-697  

14	 Bakheet SM, Amin T, Alia AG, Kuzo R, Powe J. F-18 FDG 
uptake in benign esophageal disease. Clin Nucl Med 1999; 
24: 995-997  

15	 Puli SR, Reddy JB, Bechtold ML, Antillon D, Ibdah JA, An-
tillon MR. Staging accuracy of esophageal cancer by endo-
scopic ultrasound: a meta-analysis and systematic review. 
World J Gastroenterol 2008; 14: 1479-1490 

16	 Block MI, Patterson GA, Sundaresan RS, Bailey MS, Flana-
gan FL, Dehdashti F, Siegel BA, Cooper JD. Improvement in 
staging of esophageal cancer with the addition of positron 
emission tomography. Ann Thorac Surg 1997; 64: 770-776; 
discussion 776-777

17	 Kneist W, Schreckenberger M, Bartenstein P, Grünwald F, 
Oberholzer K, Junginger T. Positron emission tomography 
for staging esophageal cancer: does it lead to a different 
therapeutic approach? World J Surg 2003; 27: 1105-1112  

18	 Sihvo EI, Räsänen JV, Knuuti MJ, Minn HR, Luostarinen 
ME, Viljanen T, Färkkilä MA, Salo JA. Adenocarcinoma of 
the esophagus and the esophagogastric junction: positron 
emission tomography improves staging and prediction of 
survival in distant but not in locoregional disease. J Gastro-
intest Surg 2004; 8: 988-996  

19	 Lowe VJ, Booya F, Fletcher JG, Nathan M, Jensen E, Mullan 
B, Rohren E, Wiersema MJ, Vazquez-Sequeiros E, Murray 
JA, Allen MS, Levy MJ, Clain JE. Comparison of positron 
emission tomography, computed tomography, and en-
doscopic ultrasound in the initial staging of patients with 
esophageal cancer. Mol Imaging Biol 2005; 7: 422-430 

20	 Shimizu S, Hosokawa M, Itoh K, Fujita M, Takahashi H, 
Shirato H. Can hybrid FDG-PET/CT detect subclinical 
lymph node metastasis of esophageal cancer appropriately 

and contribute to radiation treatment planning? A com-
parison of image-based and pathological findings. Int J Clin 
Oncol 2009; 14: 421-425

21	 van Westreenen HL, Westerterp M, Bossuyt PM, Pruim J, 
Sloof GW, van Lanschot JJ, Groen H, Plukker JT. Systematic 
review of the staging performance of 18F-fluorodeoxyglu-
cose positron emission tomography in esophageal cancer. J 
Clin Oncol 2004; 22: 3805-3812  

22	 Roedl JB, Blake MA, Holalkere NS, Mueller PR, Colen RR, 
Harisinghani MG. Lymph node staging in esophageal ad-
enocarcinoma with PET-CT based on a visual analysis and 
based on metabolic parameters. Abdom Imaging 2009; 34: 
610-617  

23	 Hu Q, Wang W, Zhong X, Yuan S, Fu Z, Guo H, Yu J. Dual-
time-point FDG PET for the evaluation of locoregional 
lymph nodes in thoracic esophageal squamous cell cancer. 
Eur J Radiol 2009; 70: 320-324 

24	 Luketich JD, Friedman DM, Weigel TL, Meehan MA, 
Keenan RJ, Townsend DW, Meltzer CC. Evaluation of dis-
tant metastases in esophageal cancer: 100 consecutive posi-
tron emission tomography scans. Ann Thorac Surg 1999; 68: 
1133-1136; discussion 1136-1137 

25	 Heeren PA, Jager PL, Bongaerts F, van Dullemen H, Sluiter 
W, Plukker JT. Detection of distant metastases in esophageal 
cancer with (18)F-FDG PET. J Nucl Med 2004; 45: 980-987  

26	 Pan L, Gu P, Huang G, Xue H, Wu S. Prognostic significance 
of SUV on PET/CT in patients with esophageal cancer: a 
systematic review and meta-analysis. Eur J Gastroenterol 
Hepatol 2009; 21: 1008-1015  

27	 Rizk N, Downey RJ, Akhurst T, Gonen M, Bains MS, Larson 
S, Rusch V. Preoperative 18[F]-fluorodeoxyglucose positron 
emission tomography standardized uptake values predict 
survival after esophageal adenocarcinoma resection. Ann 
Thorac Surg 2006; 81: 1076-1081 

28	 van Westreenen HL, Plukker JT, Cobben DC, Verhoogt CJ, 
Groen H, Jager PL. Prognostic value of the standardized up-
take value in esophageal cancer. AJR Am J Roentgenol 2005; 
185: 436-440 

29	 Omloo JM, Sloof GW, Boellaard R, Hoekstra OS, Jager PL, 
van Dullemen HM, Fockens P, Plukker JT, van Lanschot 
JJ. Importance of fluorodeoxyglucose-positron emission 
tomography (FDG-PET) and endoscopic ultrasonography 
parameters in predicting survival following surgery for 
esophageal cancer. Endoscopy 2008; 40: 464-471  

30	 Kato H, Nakajima M, Sohda M, Tanaka N, Inose T, Mi-
yazaki T, Fukuchi M, Oriuchi N, Endo K, Kuwano H. The 
clinical application of (18)F-fluorodeoxyglucose positron 
emission tomography to predict survival in patients with 
operable esophageal cancer. Cancer 2009; 115: 3196-3203  

31	 Rizk NP, Tang L, Adusumilli PS, Bains MS, Akhurst TJ, 
Ilson D, Goodman K, Rusch VW. Predictive value of initial 
PET-SUVmax in patients with locally advanced esophageal 
and gastroesophageal junction adenocarcinoma. J Thorac 
Oncol 2009; 4: 875-879

32	 Mamede M, El Fakhri G, Abreu-e-Lima P, Gandler W, Nosé 
V, Gerbaudo VH. Pre-operative estimation of esophageal 
tumor metabolic length in FDG-PET images with surgical 
pathology confirmation. Ann Nucl Med 2007; 21: 553-562  

33	 Moureau-Zabotto L, Touboul E, Lerouge D, Deniaud-
Alexandre E, Grahek D, Foulquier JN, Petegnief Y, Grès B, 
El Balaa H, Kerrou K, Montravers F, Keraudy K, Tiret E, 
Gendre JP, Grange JD, Houry S, Talbot JN. Impact of CT 
and 18F-deoxyglucose positron emission tomography image 
fusion for conformal radiotherapy in esophageal carcinoma. 
Int J Radiat Oncol Biol Phys 2005; 63: 340-345 

34	 Muijs CT, Schreurs LM, Busz DM, Beukema JC, van der 
Borden AJ, Pruim J, Van der Jagt EJ, Plukker JT, Langendijk 
JA. Consequences of additional use of PET information for 
target volume delineation and radiotherapy dose distribu-
tion for esophageal cancer. Radiother Oncol 2009; 93: 447-453  

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5072 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

35	 Leong T, Everitt C, Yuen K, Condron S, Hui A, Ngan SY, 
Pitman A, Lau EW, MacManus M, Binns D, Ackerly T, 
Hicks RJ. A prospective study to evaluate the impact of 
FDG-PET on CT-based radiotherapy treatment planning for 
oesophageal cancer. Radiother Oncol 2006; 78: 254-261  

36	 Vrieze O, Haustermans K, De Wever W, Lerut T, Van Cut-
sem E, Ectors N, Hiele M, Flamen P. Is there a role for FGD-
PET in radiotherapy planning in esophageal carcinoma? 
Radiother Oncol 2004; 73: 269-275  

37	 Konski AA, Cheng JD, Goldberg M, Li T, Maurer A, Yu JQ, 
Haluszka O, Scott W, Meropol NJ, Cohen SJ, Freedman G, 
Weiner LM. Correlation of molecular response as measured 
by 18-FDG positron emission tomography with outcome 
after chemoradiotherapy in patients with esophageal carci-
noma. Int J Radiat Oncol Biol Phys 2007; 69: 358-363 

38	 http: //www.clinicaltrials.gov./
39	 Mandard AM, Dalibard F, Mandard JC, Marnay J, Henry-

Amar M, Petiot JF, Roussel A, Jacob JH, Segol P, Samama G. 
Pathologic assessment of tumor regression after preopera-
tive chemoradiotherapy of esophageal carcinoma. Clinico-
pathologic correlations. Cancer 1994; 73: 2680-2686 

40	 Weber WA, Ott K, Becker K, Dittler HJ, Helmberger H, 
Avril NE, Meisetschläger G, Busch R, Siewert JR, Schwaiger 
M, Fink U. Prediction of response to preoperative chemo-
therapy in adenocarcinomas of the esophagogastric junction 
by metabolic imaging. J Clin Oncol 2001; 19: 3058-3065  

41	 Ott K, Weber WA, Lordick F, Becker K, Busch R, Herrmann 
K, Wieder H, Fink U, Schwaiger M, Siewert JR. Metabolic 
imaging predicts response, survival, and recurrence in ad-
enocarcinomas of the esophagogastric junction. J Clin Oncol 
2006; 24: 4692-4698 

42	 van Vliet EP, Steyerberg EW, Eijkemans MJ, Kuipers EJ, 
Siersema PD. Detection of distant metastases in patients 
with oesophageal or gastric cardia cancer: a diagnostic deci-
sion analysis. Br J Cancer 2007; 97: 868-876  

43	 Lordick F, Ott K, Krause BJ, Weber WA, Becker K, Stein HJ, 
Lorenzen S, Schuster T, Wieder H, Herrmann K, Breden-
kamp R, Höfler H, Fink U, Peschel C, Schwaiger M, Siewert 
JR. PET to assess early metabolic response and to guide 
treatment of adenocarcinoma of the oesophagogastric junc-
tion: the MUNICON phase II trial. Lancet Oncol 2007; 8: 
797-805

44	 Gillham CM, Lucey JA, Keogan M, Duffy GJ, Malik V, 
Raouf AA, O’byrne K, Hollywood D, Muldoon C, Reynolds 
JV. (18)FDG uptake during induction chemoradiation for 
oesophageal cancer fails to predict histomorphological tu-
mour response. Br J Cancer 2006; 95: 1174-1179  

45	 Yoon SY, Kim SY, Cho YH, Chung HW, So Y, Lee HM. He-
patic metastases of gastric adenocarcinoma showing meta-
bolic remission on FDG-PET despite an increase in size on 
CT. Cancer Res Treat 2009; 41: 100-103 

46	 Buck AK, Herrmann K, Stargardt T, Dechow T, Krause BJ, 
Schreyögg J. Economic evaluation of PET and PET/CT in 
oncology: evidence and methodologic approaches. J Nucl 
Med 2010; 51: 401-412 

47	 Guo H, Zhu H, Xi Y, Zhang B, Li L, Huang Y, Zhang J, Fu 
Z, Yang G, Yuan S, Yu J. Diagnostic and prognostic value 
of 18F-FDG PET/CT for patients with suspected recurrence 
from squamous cell carcinoma of the esophagus. J Nucl Med 
2007; 48: 1251-1258  

48	 Teyton P, Metges JP, Atmani A, Jestin-Le Tallec V, Volant A, 
Visvikis D, Bail JP, Pradier O, Lozac’h P, Cheze Le Rest C. 
Use of positron emission tomography in surgery follow-up 
of esophageal cancer. J Gastrointest Surg 2009; 13: 451-458  

49	 Wang Z, Chen JQ. Imaging in assessing hepatic and perito-
neal metastases of gastric cancer: a systematic review. BMC 
Gastroenterol 2011; 11: 19 

50	 van Westreenen HL, Cobben DC, Jager PL, van Dullemen 
HM, Wesseling J, Elsinga PH, Plukker JT. Comparison of 
18F-FLT PET and 18F-FDG PET in esophageal cancer. J Nucl 

Med 2005; 46: 400-404  
51	 Botet JF, Lightdale CJ, Zauber AG, Gerdes H, Winawer SJ, 

Urmacher C, Brennan MF. Preoperative staging of gastric 
cancer: comparison of endoscopic US and dynamic CT. Ra-
diology 1991; 181: 426-432 

52	 Kobori O, Kirihara Y, Kosaka N, Hara T. Positron emission 
tomography of esophageal carcinoma using (11)C-choline 
and (18)F-fluorodeoxyglucose: a novel method of preopera-
tive lymph node staging. Cancer 1999; 86: 1638-1648  

53	 Jager PL, Que TH, Vaalburg W, Pruim J, Elsinga P, Plukker 
JT. Carbon-11 choline or FDG-PET for staging of oesopha-
geal cancer? Eur J Nucl Med 2001; 28: 1845-1849 

54	 Fischer B, Lassen U, Mortensen J, Larsen S, Loft A, Bertelsen 
A, Ravn J, Clementsen P, Høgholm A, Larsen K, Rasmus-
sen T, Keiding S, Dirksen A, Gerke O, Skov B, Steffensen I, 
Hansen H, Vilmann P, Jacobsen G, Backer V, Maltbaek N, 
Pedersen J, Madsen H, Nielsen H, Højgaard L. Preoperative 
staging of lung cancer with combined PET-CT. N Engl J Med 
2009; 361: 32-39 

55	 Verboom P, van Tinteren H, Hoekstra OS, Smit EF, van 
den Bergh JH, Schreurs AJ, Stallaert RA, van Velthoven PC, 
Comans EF, Diepenhorst FW, van Mourik JC, Postmus PE, 
Boers M, Grijseels EW, Teule GJ, Uyl-de Groot CA. Cost-
effectiveness of FDG-PET in staging non-small cell lung 
cancer: the PLUS study. Eur J Nucl Med Mol Imaging 2003; 
30: 1444-1449 

56	 Lauren P. The two histological main types of gastric carci-
noma: Diffuse and so-called intestinal-type carcinoma. An 
attempt at a histo-clinical classification. Acta Pathol Microbiol 
Scand 1965; 64: 31-49 

57	 Chen J, Cheong JH, Yun MJ, Kim J, Lim JS, Hyung WJ, Noh 
SH. Improvement in preoperative staging of gastric adeno-
carcinoma with positron emission tomography. Cancer 2005; 
103: 2383-2390 

58	 Herrmann K, Ott K, Buck AK, Lordick F, Wilhelm D, Sou-
vatzoglou M, Becker K, Schuster T, Wester HJ, Siewert JR, 
Schwaiger M, Krause BJ. Imaging gastric cancer with PET 
and the radiotracers 18F-FLT and 18F-FDG: a comparative 
analysis. J Nucl Med 2007; 48: 1945-1950 

59	 Kameyama R, Yamamoto Y, Izuishi K, Takebayashi R, Ha-
giike M, Murota M, Kaji M, Haba R, Nishiyama Y. Detection 
of gastric cancer using 18F-FLT PET: comparison with 18F-
FDG PET. Eur J Nucl Med Mol Imaging 2009; 36: 382-388  

60	 Kim SK, Kang KW, Lee JS, Kim HK, Chang HJ, Choi JY, Lee 
JH, Ryu KW, Kim YW, Bae JM. Assessment of lymph node 
metastases using 18F-FDG PET in patients with advanced 
gastric cancer. Eur J Nucl Med Mol Imaging 2006; 33: 148-155  

61	 Mochiki E, Kuwano H, Katoh H, Asao T, Oriuchi N, Endo 
K. Evaluation of 18F-2-deoxy-2-fluoro-D-glucose positron 
emission tomography for gastric cancer. World J Surg 2004; 
28: 247-253 

62	 Mukai K, Ishida Y, Okajima K, Isozaki H, Morimoto T, 
Nishiyama S. Usefulness of preoperative FDG-PET for de-
tection of gastric cancer. Gastric Cancer 2006; 9: 192-196  

63	 Stahl A, Ott K, Weber WA, Becker K, Link T, Siewert JR, 
Schwaiger M, Fink U. FDG PET imaging of locally advanced 
gastric carcinomas: correlation with endoscopic and histo-
pathological findings. Eur J Nucl Med Mol Imaging 2003; 30: 
288-295 

64	 Yeung HW, Macapinlac H, Karpeh M, Finn RD, Larson SM. 
Accuracy of FDG-PET in Gastric Cancer. Preliminary Expe-
rience. Clin Positron Imaging 1998; 1: 213-221 

65	 Yun M, Lim JS, Noh SH, Hyung WJ, Cheong JH, Bong JK, 
Cho A, Lee JD. Lymph node staging of gastric cancer using 
(18)F-FDG PET: a comparison study with CT. J Nucl Med 
2005; 46: 1582-1588  

66	 Koga H, Sasaki M, Kuwabara Y, Hiraka K, Nakagawa M, 
Abe K, Kaneko K, Hayashi K, Honda H. An analysis of the 
physiological FDG uptake pattern in the stomach. Ann Nucl 
Med 2003; 17: 733-738 

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5073 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

67	 Takahashi H, Ukawa K, Ohkawa N, Kato K, Hayashi Y, 
Yoshimoto K, Ishiyama A, Ueki N, Kuraoka K, Tsuchida 
T, Yamamoto Y, Chino A, Uragami N, Fujisaki J, Igarashi 
M, Fujita R, Koyama M, Yamashita T. Significance of (18)F-
2-deoxy-2-fluoro-glucose accumulation in the stomach on 
positron emission tomography. Ann Nucl Med 2009; 23: 
391-397 

68	 Ott K, Fink U, Becker K, Stahl A, Dittler HJ, Busch R, Stein 
H, Lordick F, Link T, Schwaiger M, Siewert JR, Weber WA. 
Prediction of response to preoperative chemotherapy in 
gastric carcinoma by metabolic imaging: results of a pro-
spective trial. J Clin Oncol 2003; 21: 4604-4610  

69	 Kawamura T, Kusakabe T, Sugino T, Watanabe K, Fukuda 
T, Nashimoto A, Honma K, Suzuki T. Expression of glucose 
transporter-1 in human gastric carcinoma: association with 
tumor aggressiveness, metastasis, and patient survival. Can-
cer 2001; 92: 634-641  

70	 Kim WS, Kim YY, Jang SJ, Kimm K, Jung MH. Glucose 
transporter 1 (GLUT1) expression is associated with intes-
tinal type of gastric carcinoma. J Korean Med Sci 2000; 15: 
420-424 

71	 Yamada A, Oguchi K, Fukushima M, Imai Y, Kadoya M. 
Evaluation of 2-deoxy-2-[18F]fluoro-D-glucose positron 
emission tomography in gastric carcinoma: relation to his-
tological subtypes, depth of tumor invasion, and glucose 
transporter-1 expression. Ann Nucl Med 2006; 20: 597-604 

72	 Zhu Z, Li F, Zhuang H. Gastric distension by ingesting food 
is useful in the evaluation of primary gastric cancer by FDG 
PET. Clin Nucl Med 2007; 32: 106-109 

73	 Yun M, Choi HS, Yoo E, Bong JK, Ryu YH, Lee JD. The role 
of gastric distention in differentiating recurrent tumor from 
physiologic uptake in the remnant stomach on 18F-FDG 
PET. J Nucl Med 2005; 46: 953-957 

74	 Kamimura K, Nagamachi S, Wakamatsu H, Fujita S, Nishii 
R, Umemura Y, Ogita M, Komada N, Sakurai T, Inoue T, 
Fujimoto T, Nakajo M. Role of gastric distention with addi-
tional water in differentiating locally advanced gastric car-
cinomas from physiological uptake in the stomach on 18F-
fluoro-2-deoxy-D-glucose PET. Nucl Med Commun 2009; 30: 
431-439  

75	 Yoshioka T, Yamaguchi K, Kubota K, Saginoya T, Yamaza-
ki T, Ido T, Yamaura G, Takahashi H, Fukuda H, Kanamaru 
R. Evaluation of 18F-FDG PET in patients with advanced, 
metastatic, or recurrent gastric cancer. J Nucl Med 2003; 44: 
690-699 

76	 Shoda H, Kakugawa Y, Saito D, Kozu T, Terauchi T, Dai-
saki H, Hamashima C, Muramatsu Y, Moriyama N, Saito H. 
Evaluation of 18F-2-deoxy-2-fluoro-glucose positron emis-
sion tomography for gastric cancer screening in asymptom-
atic individuals undergoing endoscopy. Br J Cancer 2007; 97: 
1493-1498 

77	 Lee JW, Kang KW, Paeng JC, Lee SM, Jang SJ, Chung JK, 
Lee MC, Lee DS. Cancer screening using 18F-FDG PET/CT 
in Korean asymptomatic volunteers: a preliminary report. 
Ann Nucl Med 2009; 23: 685-691 

78	 Tian J, Chen L, Wei B, Shao M, Ding Y, Yin D, Yao S. The 
value of vesicant 18F-fluorodeoxyglucose positron emission 
tomography (18F-FDG PET) in gastric malignancies. Nucl 
Med Commun 2004; 25: 825-831 

79	 Yang QM, Kawamura T, Itoh H, Bando E, Nemoto M, Aka-
moto S, Furukawa H, Yonemura Y. Is PET-CT suitable for 
predicting lymph node status for gastric cancer? Hepatogas-
troenterology 2008; 55: 782-785 

80	 Dalal KM, Woo Y, Kelly K, Galanis C, Gonen M, Fong Y, 
Coit DG. Detection of micrometastases in peritoneal wash-
ings of gastric cancer patients by the reverse transcriptase 
polymerase chain reaction. Gastric Cancer 2008; 11: 206-213  

81	 Lim JS, Kim MJ, Yun MJ, Oh YT, Kim JH, Hwang HS, Park 
MS, Cha SW, Lee JD, Noh SH, Yoo HS, Kim KW. Compari-
son of CT and 18F-FDG pet for detecting peritoneal metas-

tasis on the preoperative evaluation for gastric carcinoma. 
Korean J Radiol 2006; 7: 249-256  

82	 Lowy AM, Mansfield PF, Leach SD, Ajani J. Laparoscopic 
staging for gastric cancer. Surgery 1996; 119: 611-614 

83	 Burke EC, Karpeh MS, Conlon KC, Brennan MF. Laparos-
copy in the management of gastric adenocarcinoma. Ann 
Surg 1997; 225: 262-267  

84	 Di Fabio F, Pinto C, Rojas Llimpe FL, Fanti S, Castellucci P, 
Longobardi C, Mutri V, Funaioli C, Sperandi F, Giaquinta 
S, Martoni AA. The predictive value of 18F-FDG-PET early 
evaluation in patients with metastatic gastric adenocarci-
noma treated with chemotherapy plus cetuximab. Gastric 
Cancer 2007; 10: 221-227 

85	 De Potter T, Flamen P, Van Cutsem E, Penninckx F, Filez L, 
Bormans G, Maes A, Mortelmans L. Whole-body PET with 
FDG for the diagnosis of recurrent gastric cancer. Eur J Nucl 
Med Mol Imaging 2002; 29: 525-529 

86	 Sim SH, Kim YJ, Oh DY, Lee SH, Kim DW, Kang WJ, Im 
SA, Kim TY, Kim WH, Heo DS, Bang YJ. The role of PET/
CT in detection of gastric cancer recurrence. BMC Cancer 
2009; 9: 73 

87	 Nakai T, Okuyama C, Kubota T, Ushijima Y, Nishimura T. 
FDG-PET in a case of multiple bone metastases of gastric 
cancer. Ann Nucl Med 2005; 19: 51-54  

88	 Nakamoto Y, Togashi K, Kaneta T, Fukuda H, Nakajima 
K, Kitajima K, Murakami K, Fujii H, Satake M, Tateishi U, 
Kubota K, Senda M. Clinical value of whole-body FDG-PET 
for recurrent gastric cancer: a multicenter study. Jpn J Clin 
Oncol 2009; 39: 297-302 

89	 Patriti A, Graziosi L, Baffa N, Pacifico E, Lamprini P, Val-
iani S, Gullà N, Donini A. [Postoperative follow-up of gas-
tric adenocarcinoma with neoplastic markers and 18-FDG-
PET/TC]. Ann Ital Chir 2007; 78: 481-485  

90	 Jadvar H, Tatlidil R, Garcia AA, Conti PS. Evaluation of re-
current gastric malignancy with [F-18]-FDG positron emis-
sion tomography. Clin Radiol 2003; 58: 215-221 

91	 Reske SN, Grillenberger KG, Glatting G, Port M, Hildeb-
randt M, Gansauge F, Beger HG. Overexpression of glucose 
transporter 1 and increased FDG uptake in pancreatic carci-
noma. J Nucl Med 1997; 38: 1344-1348  

92	 Zimny M, Bares R, Fass J, Adam G, Cremerius U, Dohmen 
B, Klever P, Sabri O, Schumpelick V, Buell U. Fluorine-18 
fluorodeoxyglucose positron emission tomography in the 
differential diagnosis of pancreatic carcinoma: a report of 
106 cases. Eur J Nucl Med 1997; 24: 678-682 

93	 Inokuma T, Tamaki N, Torizuka T, Magata Y, Fujii M, 
Yonekura Y, Kajiyama T, Ohshio G, Imamura M, Konishi 
J. Evaluation of pancreatic tumors with positron emission 
tomography and F-18 fluorodeoxyglucose: comparison with 
CT and US. Radiology 1995; 195: 345-352 

94	 Koyama K, Okamura T, Kawabe J, Nakata B, Chung KH, 
Ochi H, Yamada R. Diagnostic usefulness of FDG PET for 
pancreatic mass lesions. Ann Nucl Med 2001; 15: 217-224  

95	 Rose DM, Delbeke D, Beauchamp RD, Chapman WC, 
Sandler MP, Sharp KW, Richards WO, Wright JK, Frexes 
ME, Pinson CW, Leach SD. 18Fluorodeoxyglucose-positron 
emission tomography in the management of patients with 
suspected pancreatic cancer. Ann Surg 1999; 229: 729-737; 
discussion 737-738 

96	 Sperti C, Pasquali C, Chierichetti F, Ferronato A, Decet G, 
Pedrazzoli S. 18-Fluorodeoxyglucose positron emission to-
mography in predicting survival of patients with pancreatic 
carcinoma. J Gastrointest Surg 2003; 7: 953-959; discussion 
959-960

97	 Gambhir SS, Czernin J, Schwimmer J, Silverman DH, Cole-
man RE, Phelps ME. A tabulated summary of the FDG PET 
literature. J Nucl Med 2001; 42: 1S-93S 

98	 Bares R, Klever P, Hauptmann S, Hellwig D, Fass J, Cre-
merius U, Schumpelick V, Mittermayer C, Büll U. F-18 
fluorodeoxyglucose PET in vivo evaluation of pancreatic 

Smyth EC et al . FDG-PET in upper gastrointestinal cancers



5074 December 14, 2011|Volume 17|Issue 46|WJG|www.wjgnet.com

glucose metabolism for detection of pancreatic cancer. Radi-
ology 1994; 192: 79-86 

99	 Diederichs CG, Staib L, Vogel J, Glasbrenner B, Glatting 
G, Brambs HJ, Beger HG, Reske SN. Values and limitations 
of 18F-fluorodeoxyglucose-positron-emission tomography 
with preoperative evaluation of patients with pancreatic 
masses. Pancreas 2000; 20: 109-116 

100	 Fröhlich A, Diederichs CG, Staib L, Vogel J, Beger HG, 
Reske SN. Detection of liver metastases from pancreatic 
cancer using FDG PET. J Nucl Med 1999; 40: 250-255  

101	 Nakata B, Nishimura S, Ishikawa T, Ohira M, Nishino H, 
Kawabe J, Ochi H, Hirakawa K. Prognostic predictive value 
of 18F-fluorodeoxyglucose positron emission tomography 
for patients with pancreatic cancer. Int J Oncol 2001; 19: 
53-58  

102	 Buck AC, Schirrmeister HH, Guhlmann CA, Diederichs CG, 
Shen C, Buchmann I, Kotzerke J, Birk D, Mattfeldt T, Reske 
SN. Ki-67 immunostaining in pancreatic cancer and chronic 
active pancreatitis: does in vivo FDG uptake correlate with 
proliferative activity? J Nucl Med 2001; 42: 721-725 

103	 Choi M, Heilbrun LK, Venkatramanamoorthy R, Lawhorn-
Crews JM, Zalupski MM, Shields AF. Using 18F-fluorode-
oxyglucose positron emission tomography to monitor clini-
cal outcomes in patients treated with neoadjuvant chemo-
radiotherapy for locally advanced pancreatic cancer. Am J 
Clin Oncol 2010; 33: 257-261 

104	 Kuwatani M, Kawakami H, Eto K, Haba S, Shiga T, Tamaki 
N, Asaka M. Modalities for evaluating chemotherapeutic ef-
ficacy and survival time in patients with advanced pancre-
atic cancer: comparison between FDG-PET, CT, and serum 
tumor markers. Intern Med 2009; 48: 867-875 

105	 Kobayashi N, Fujita K, Fujisawa T, Takahashi H, Yoneda 
M, Abe Y, Inamori M, Kirikoshi H, Kubota K, Saito S, Naka-
jima A. [Which is the best monitoring study (tumor marker, 
computed tomography or 18F-fluoro-2-deoxy-D-glucose 
positron emission tomography) to evaluate efficacy of 
chemotherapy on unresectable pancreatic cancer?]. Gan To 
Kagaku Ryoho 2008; 35: 65-70 

106	 Ruf J, Lopez Hänninen E, Oettle H, Plotkin M, Pelzer U, 
Stroszczynski C, Felix R, Amthauer H. Detection of recur-
rent pancreatic cancer: comparison of FDG-PET with CT/
MRI. Pancreatology 2005; 5: 266-272 

107	 Kitajima K, Murakami K, Yamasaki E, Kaji Y, Shimoda M, 
Kubota K, Suganuma N, Sugimura K. Performance of in-
tegrated FDG-PET/contrast-enhanced CT in the diagnosis 
of recurrent pancreatic cancer: comparison with integrated 
FDG-PET/non-contrast-enhanced CT and enhanced CT. 
Mol Imaging Biol 2010; 12: 452-459

108	 Shreve PD. Focal fluorine-18 fluorodeoxyglucose accumu-
lation in inflammatory pancreatic disease. Eur J Nucl Med 
1998; 25: 259-264 

109	 Nakamoto Y, Higashi T, Sakahara H, Tamaki N, Kogire M, 
Doi R, Hosotani R, Imamura M, Konishi J. Delayed (18)F-
fluoro-2-deoxy-D-glucose positron emission tomography 
scan for differentiation between malignant and benign le-
sions in the pancreas. Cancer 2000; 89: 2547-2554 

110	 Lemke AJ, Niehues SM, Hosten N, Amthauer H, Boehmig 
M, Stroszczynski C, Rohlfing T, Rosewicz S, Felix R. Retro-
spective digital image fusion of multidetector CT and 18F-
FDG PET: clinical value in pancreatic lesions--a prospective 
study with 104 patients. J Nucl Med 2004; 45: 1279-1286  

111	 Farma JM, Santillan AA, Melis M, Walters J, Belinc D, Chen 
DT, Eikman EA, Malafa M. PET/CT fusion scan enhances 
CT staging in patients with pancreatic neoplasms. Ann Surg 
Oncol 2008; 15: 2465-2471 

112	 Strobel K, Heinrich S, Bhure U, Soyka J, Veit-Haibach P, 
Pestalozzi BC, Clavien PA, Hany TF. Contrast-enhanced 
18F-FDG PET/CT: 1-stop-shop imaging for assessing the 
resectability of pancreatic cancer. J Nucl Med 2008; 49: 
1408-1413 

113	 Quon A, Chang ST, Chin F, Kamaya A, Dick DW, Loo BW, 
Gambhir SS, Koong AC. Initial evaluation of 18F-fluoro-
thymidine (FLT) PET/CT scanning for primary pancreatic 
cancer. Eur J Nucl Med Mol Imaging 2008; 35: 527-531 

114	 Flamen P, Lerut A, Van Cutsem E, Cambier JP, Maes A, De 
Wever W, Peeters M, De Leyn P, Van Raemdonck D, Mor-
telmans L. The utility of positron emission tomography for 
the diagnosis and staging of recurrent esophageal cancer. J 
Thorac Cardiovasc Surg 2000; 120: 1085-1092 

115	 Lerut T, Flamen P, Ectors N, Van Cutsem E, Peeters M, 
Hiele M, De Wever W, Coosemans W, Decker G, De Leyn P, 
Deneffe G, Van Raemdonck D, Mortelmans L. Histopatho-
logic validation of lymph node staging with FDG-PET scan 
in cancer of the esophagus and gastroesophageal junction: 
A prospective study based on primary surgery with exten-
sive lymphadenectomy. Ann Surg 2000; 232: 743-752 

116	 Yoon YC, Lee KS, Shim YM, Kim BT, Kim K, Kim TS. Me-
tastasis to regional lymph nodes in patients with esophageal 
squamous cell carcinoma: CT versus FDG PET for presurgi-
cal detection prospective study. Radiology 2003; 227: 764-770  

117	 Park MJ, Lee WJ, Lim HK, Park KW, Choi JY, Kim BT. De-
tecting recurrence of gastric cancer: the value of FDG PET/
CT. Abdom Imaging 2009; 34: 441-447 

118	 Sohn YJ, Jang JS, Choi SR, Kwon HC, Jung GJ, Kim MC, 
Jeong JS. Early detection of recurrence after endoscopic 
treatment for early gastric cancer. Scand J Gastroenterol 2009; 
44: 1109-1114 

S- Editor  Sun H    L- Editor  Cant MR    E- Editor  Zhang DN

Smyth EC et al . FDG-PET in upper gastrointestinal cancers


