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Abstract
Purpose The aim of this study was to characterize the
patterns of fluorodeoxyglucose (FDG) uptake on F-18 FDG
positron emission tomography/computed tomography
(FDG PET/CT) at the anastomotic site of gastroduodenos-
tomy after distal subtotal gastrectomy in patients with
gastric cancer.
Methods From May 2007 to May 2010, two or more
follow-up measurements using FDG PET/CT scans were
done for 19 patients (11 men, 8 women; mean age, 62.0±
10.3 years) who underwent distal subtotal gastrectomy with
gastroduodenostomy between February 2006 and March
2008 for detecting gastric cancer recurrence at our medical
center. The FDG PET/CT images were retrospectively
reviewed. Patients with local recurrence, regional nodal
metastasis or distant metastasis on follow-up studies were
excluded. CT and endoscopy were done within 1 month
before or after the FDG PET/CT scan. Eight patients had
two follow-ups of FDG PET/CT, and 11 patients had three
follow-ups. The mean interval between surgery and the first
follow-up FDG PET/CT was 12.9±0.8 months (n=19);
between the first and second it was 12.3±1.0 months (n=
19); between the second and third it was 11.6±0.7 months
(n=11). The F-18 FDG uptakes at the anastomotic site and
fundus in the remnant stomach were measured by maximum
standardized uptake value (SUVmax) using a region of
interest technique.

Results The SUVmax at the anastomotic site was signifi-
cantly higher than that of the fundus on all series of first,
second and third follow-up studies (3.3±1.1 vs. 2.1±0.7,
p<0.001: 3.1±0.9 vs. 2.2±0.7, p=0.001: 3.0±0.6 vs.
2.1±0.7, p=0.006, respectively). The SUVmax for the
anastomotic site and fundus, and SUVmax ratio for the
anastomotic site over the fundus were not significantly
different throughout the series.
Conclusion The SUVmax at the anastomotic site is
significantly higher than that of the fundus and does not
decrease significantly over time. Therefore, the local
recurrence of gastric cancer after surgery could not be
definitely differentiated from physiologic uptake or postop-
erative inflammatory change.
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Introduction

Gastric cancer is the fourth most common cancer
worldwide and a very aggressive neoplasm with a poor
prognosis [1, 2]. In Korea, gastric cancer is the most
common malignancy and a major cause of cancer death
despite improved prognosis as a result of early diagnosis,
radical operations and the advancement of adjuvant
therapy [1, 3–5].

The primary curative therapy for early and advanced
gastric cancer is radical surgery [1, 6–8]. Total gastrectomy
is commonly performed for advanced gastric cancer of the
proximal or middle third of the stomach, while subtotal
gastrectomy is preferred for patients with distal gastric
cancer because no survival benefit has been proven for total
gastrectomy [9].
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However, many patients with gastric cancer present
recurrent disease in the follow-up period even after
complete resection [5]. When a recurrent tumor develops
in the remnant stomach after subtotal gastrectomy, treat-
ments such as chemotherapy and an additional operation
with curative intent can be offered. However, despite
advances in the management of recurrent gastric cancer,
several studies have reported a poor prognosis for patients
with recurrent gastric cancer [2, 5, 7, 9, 10]. Imaging
modalities, including contrast-enhanced computed tomog-
raphy (CECT) and endoscopy, have been used for the
detection of gastric cancer recurrence [4, 11, 12]. However,
a gold standard modality has not been established.

Endoscopy is one of the most commonly used
modalities for detecting recurrent gastric cancer after
subtotal gastrectomy. Its utility has been well demon-
strated in many studies, especially in cases of intra-
luminal recurrence [13–17]. However, there are some
limitations to endoscopy. Anatomical deterioration of the
remnant stomach after the operation and mucosal changes
at the gastric stump due to bile reflux are commonly
observed [13, 14, 17]. Also, endoscopy cannot detect
extraluminal recurrence.

On the other hand, CECT has been the modality of
choice for detection of extraluminal recurrence in patients
with gastric cancer, recurrences such as regional lymph
node metastasis, hepatic metastasis and peritoneal seeding
[4, 18]. However, CECT also has limitations to its ability to
detect recurrence because it uses size criteria [1, 18].
Furthermore CECT, similar to endoscopy, could not
differentiate locoregional tumor recurrence from morphologic
changes after surgery [18].

Recently, F-18 FDG PET, which is a non-invasive
imaging modality that reflects glucose metabolism in the
region of interest, especially in malignant cells, has been
widely used for staging and restaging of a malignancy,
determination of treatment response and detection of tumor
recurrence in various cancers [2, 12, 19, 20]. It is generally
accepted that integrated PET/CT provides superior perfor-
mance in the evaluation of a malignancy compared to PET
or CT alone [12, 19]. Several FDG PET and PET/CT studies
have reported variable FDG uptake of primary gastric
malignancies according to their histological subtypes [6].
However, only a few studies have been reported regarding
the use of PET in recurrent gastric cancer [2, 6, 12, 19]. In
addition, no reports have focused on the anastomotic site,
the most common site of local recurrence [5], with F-18
FDG PET/CT.

The aim of this study, therefore, was to evaluate, on
follow-up FDG PET/CT, the pattern of FDG uptake at
the anastomotic site of the gastroduodenostomy after
distal subtotal gastrectomy in patients with gastric
cancer.

Materials and Methods

Patients

We retrospectively analyzed date for 306 patients who
underwent curative gastrectomy and two or more annual
FDG PET/CT follow-up scans for detecting gastric cancer
recurrence at our medical center between May 2007 and
May 2010. Patients were included if they had two or more
FDG PET/CT follow-ups by 1 year after distal subtotal
gastrectomy with gastroduodenostomy and referral CECT
and endoscopy within 1 month before or after a FDG PET/
CT scan. We excluded patients with regional nodal
metastasis, distant metastasis and local recurrence on
follow-up studies.

Ultimately, 19 patients (11 men, 8 women) were enrolled
in our study. Mean age was 62 years old (range: 39–
79 years) (Table 1). These patients had surgery between
February 2006 and March 2008. Histological type, clinico-
pathologic tumor stage (following to AJCC 7th edition) and
follow-up periods are shown in Tables 1 and 2.

F-18 FDG PET/CT Technique

All patients were asked to fast for at least 6 h. Blood
glucose levels of patients were checked before F-18 FDG
injection. The mean blood glucose level at the time of FDG
PET/CT scanning was 97.6±12.1 mg/dl (range 72–137).
Three patients had a history of non-insulin-dependent
diabetes mellitus, but the blood glucose level did not
exceed 140 mg/dl. Patients received an intravenous injec-

Table 1 Patient characteristics (N=19)

Characteristics

Mean age, years 62.0±10.3

Range 39–79

Gender

Male 11

Female 8

Blood glucose level (mg/dl) 97.6±12.1

Range 72–137

WHO classification

Tubular adenocarcinoma 15

Signet-ring cell carcinoma 4

Tumor stage on initial diagnosisa

Stage I 12

Stage II 7

Stage III 0

Stage IV 0

a Following the AJCC 7th edition
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tion of 7.0 MBq/kg of F-18 FDG and rested in bed for
60 min.

PET image data acquisition was done using an integrated
PET/CT system (Discovery STE, GE Healthcare, Milwaukee,
WI) 60 min after F-18 FDG injection. The data
acquisition protocol was as follows: (1) we did a low
dose CT scan; we then did a PET scan, from the skull
base or top of the brain to mid-thigh, with 140 kV and
3.75 mm thickness at 30 mA (adjusted for PET section
thickness). All patients were allowed normal breathing
during CT scanning, and no oral or intravenous contrast
was administered. After CT scanning, a PET scan of the
identical transverse field of view was obtained without a
change in the patient's position. Acquisition time was
3 min per table bed. PET images were reconstructed
iteratively by an ordered subset expectation maximization
(OS-EM). CT data were used for attenuation correction.
All fused images were viewed using dedicated software
(eN-TEGRA; GE Healthcare) on a work station.

PET/CT Image Interpretation

For visual analysis, all PET and fused images were
retrospectively reviewed by two experienced nuclear
medicine physicians. These observers were fully aware
of the patient’s medical records, including age of
patients, histological type of tumor, type of operation,
levels of tumor marker at the time of FDG PET/CT
scanning and results of available imaging studies. In
patient with mis-registration of PET and CT images,
interpretation was made using PET images that corre-
lated with anatomic positions on CT. For semi-
quantitative analysis, we calculated the maximum
standardized uptake value (SUVmax) using a region of
interest (ROI) technique. The ROI was drawn as a circle
over the anastomotic site. A background ROI was
drawn as a circle of the same diameter as that of the
lesion-based ROI at the fundus in the remnant stomach
(Fig. 1).

Data Analysis

The SUVmax of the anastomotic site and fundus in the
remnant stomach of each patient was measured, and the

SUVmax was calculated as the mean ± standard deviation.
The difference between the mean SUVmax values for the
anastomotic site and that for the fundus was evaluated
using the Mann-Whitney U test.

The repeated measures analysis of variance (RM
ANOVA) was used to compare SUVmax values of the
anastomotic site and fundus at different follow-up times.
Also, the ratio of SUVmax values for the anastomotic site
over the fundus was obtained, and the difference for each of
the follow-ups was evaluated using the RM ANOVA.

Statistical significance was set at p<0.05. Statistical
calculations were done using Predictive Analytics software
(PAWS)(version 18.0, IBM Corp., Somers, NY).

Results

A total of 49 FDG PET/CT studies for 19 patients were
reviewed, and SUVmax values for 98 ROIs at the
anastomotic site or fundus in the remnant stomach were
measured.

The SUVmax at the anastomotic site was significantly
higher than at the fundus on all series of first, second and
third follow-up studies (3.3±1.1 vs. 2.1±0.7, p<0.001:
3.1±0.9 vs. 2.2±0.7, p=0.001: 3.0±0.6 vs. 2.1±0.7, p=
0.006, respectively). In addition, RM ANOVA with a
sphericity assumed correction determined that the SUV-
max at the anastomotic site of each patient was not
significantly different throughout the series [F(2, 20)=
1.234, p=0.312]; also the SUVmax at the fundus of each
patient was not differed statiscally significantly between
time points [F(2, 20)= 0.864, p=0.079](Table 3).

The ratio of the SUVmax at the anastomotic site over
that of the fundus was calculated, and a RM ANOVAwith a
Greenhouse-Geisser correction determined that there was
no significant difference between all follow-up series [1.5±
0.7, 1.3±0.6 and 1.5±0.4, respectively, F(2, 20)= 0.728, p=
0.441] (Table 3).

Discussion

The high diagnostic performance of FDG PET/CT has been
demonstrated in the diagnosis of recurrent gastric cancer.
Nakamoto et al. [21] reported that the sensitivity, specificity,
positive predictive value, negative predictive value and
accuracy of FDG PET/CT for recurrent gastric cancer were
78%, 91%, 90%, 78 and 84%, respectively. Park et al. [19]
reported that the sensitivity, specificity, positive predictive
value, negative predictive value and accuracy of PET/CT
for diagnosing true recurrence of gastric cancer were 75%,
77%, 89%, 55% and 75%, respectively. In a study of
contrast-enhanced FDG PET/CT, Bilici et al. [12] reported

Table 2 Mean interval of follow-up F-18 FDG PET/CT after surgery

Follow-ups Interval (months)

Operation and first (n=19) 12.9±0.8

First and second (n=19) 12.3±1.0

Second and third (n=11) 11.6±0.7
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superior diagnostic performance of FDG PET/CT over
CECT.

Although FDG PET/CT has been used for detecting
recurrent gastric cancer, several limitations have been
suggested for evaluating the remnant stomach. Mild F-18
FDG uptake is commonly seen in the normal stomach [8,
22]. In addition, a variable degree of contracted or non-
uniform F-18 FDG uptake is occasionally observed in the
stomach, and it could be misinterpreted as a pathological
finding. The same is true for the remnant stomach in
subtotal gastrectomy patients [8]. Accumulation of F-18
FDG in the gastrointestinal smooth muscle due to acceler-
ated gastric peristalsis or inflammatory changes have been
suggested as possible causes for physiological and diffuse

F-18 FDG uptake in the remnant stomach [23]. Also, the
mechanism is not clear. Several studies suggested that
specific or non-specific gastritis is one of the causes of
diffuse F-18 FDG uptake in the stomach, and these findings
have a positive relationship with Helicobacter pylori
infection [23, 24]. Yun et al. [8] reported that gastric
distension due to ingestion of a glass of water is an
effective way to diagnose in a patient with suspected gastric
tumor recurrence. In their study, physiological F-18 FDG
uptake in a linear or curvilinear configuration disappears
after water ingestion.

Yoo et al. [5] reported that the most common site of
locoregional recurrence was the anastomotic site. In their
study of 501 patients with recurrent gastric cancer, 80

Fig. 1 A 63-year-old male who
underwent gastroduodenostomy
after distal subtotal gastrectomy
in April 2007 for gastric cancer
had three annual follow-up FDG
PET/CT scans in May 2008,
May 2009 and April 2010 for
detecting tumor recurrence. In
fusion images of the first (A-1
and A-2), second (B-1 and B-2)
and third (C-1 and C-2) follow-
up FDG PET/CT scans, the
SUVmax values at the anasto-
motic site were 4.2, 4.0 and 4.1,
and the SUVmax values at the
fundus were 3.0, 3.7 and 2.5,
respectively. The ratios of
SUVmax values at the
anastomotic site over the
fundus of this patient were
1.4, 1.1 and 1.5, respectively.
There was no evidence of
tumor recurrence during
follow-up (37 months)

Table 3 The mean SUVmax
at the anastomotic site and the
fundus on follow-up series

aRatio of the SUVmax of the
anastomotic site over fundus

First (n=19) Second (n=19) Third (n=11) p-value

Anastomotic site 3.3±1.1 3.1±0.9 3.0±0.6 0.312

Fundus 2.1±0.7 2.2±0.7 2.1±0.7 0.079

RAFa 1.5±0.7 1.3±0.6 1.5±0.4 0.441
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showed local recurrence at the anastomotic site. Therefore,
evaluation of the anastomotic site of gastroduodenostomy
in the remnant stomach is important for detection of
locoregional recurrence of gastric cancer. No available data
focus on the anastomotic site, and the reported studies of
FDG PET/CT for detecting gastric cancer recurrence
focused only on the focal increased F-18 FDG uptake
lesion relative to the normal biodistribution of background
F-18 FDG uptake in the remnant stomach [3, 6, 8, 12, 19,
25].

In this study, we focused on the anastomotic site in the
remnant stomach, and to our knowledge, this study is the
first to evaluate SUVmax of the anastomotic site using
FDG PET/CT. At the beginning of this study, we expected
that F-18 FDG uptake into the anastomotic site would be
decreased with time, but SUVmax of the anastomotic site
showed no significant difference on follow-up. In addition,
the SUVmax of the anastomotic site was significantly
higher than that of the fundus of the remnant stomach at all
follow-up times. Such patterns of F-18 FDG uptake at the
anastomotic site could help in the differential diagnosis of
locoregional recurrence.

The normal physiologic biodistribution of F-18 FDG
was reported for brain, reactive lymphoid tissues, liver,
spleen, stomach, bowel, kidney, bladder, ureter, uterus,
ovary, blood vessels, muscles, etc. [22, 26]. Increased F-18
FDG uptake in inflammatory and infectious lesions is well
established [23, 27, 28]. It is well documented that patients
with a gastroduodenostomy have reflux of duodenal
contents into the remnant stomach due to the absence of
the pyloric sphincter, leading to gastritis [14, 17]. There-
fore, several factors such as normal physiologic uptake,
inflammation and fibrosis after surgery could contribute to
the persistent increase in F-18 FDG uptake at the
anastomotic site.

In this study, F-18 FDG uptake at the anastomotic site in
the remnant stomach of patients without recurrent gastric
cancer showed a diffusely increased uptake pattern. A few
studies reported that most cases of locally recurrent gastric
cancer showed a focal increased F-18 FDG uptake pattern
[8, 12, 19]. Bilici et al. [12] reported SUVmax values for 23
patients with true-positive FDG PET/CT findings and 1
patient with a false-negative FDG PET/CT: the mean was
11.1±4.8 (range, 4.3–20.3). In a follow-up series to this
study, the mean SUVmax value at the anastomotic site was
3.1±0.9 (range 1.3–5.1), and it was lower than that of the
aforementioned study [12]. These imaging findings and
analyses are compatible with those in the literature.

The present study has certain limitations such as the
small sample size and being a retrospective study. A
prospective study with a large number of patients and
histopathological confirmation of the anastomotic site is
recommended for further evaluation of the F-18 FDG

uptake pattern on follow-up FDG PET/CT after gastric
cancer surgery.

In conclusion, the SUVmax of the anastomotic site in
follow-up FDG PET/CT after gastric cancer surgery is
significantly higher than that of the fundus in the
remnant stomach and does not decrease significantly
over time. Therefore, early detection of the local
recurrence at the anastomotic site of the gastric cancer
patient after surgery could not be definitely differentiat-
ed from physiologic uptake or postoperative inflammatory
change.
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