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Abstract Since April 2010, the Japanese Public Health
Insurance System has covered the costs incurred for per-
forming '®F-fluoro-2-deoxyglucose positron emission
tomography (FDG-PET) imaging for patients with
advanced gastric cancer. The aim of this review was to
evaluate the clinical impact of PET for patients with gastric
cancer. A systematic literature search was performed in
PubMed/MEDLINE using the keywords “gastric cancer”
and “PET” to search for relevant articles published from
January 2000 to September 2010. The clinical impact of
selected articles was assessed by the authors to evaluate the
following: (a) tumor staging, (b) diagnosis for recurrent
disease, (c) evaluation of treatment response, and
(d) screening for gastric cancer. FDG uptake increases in
papillary adenocarcinoma, tubular adenocarcinoma, and
solid-type poorly differentiated adenocarcinoma. This
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uptake is also associated with glucose transporter 1
expression. The sensitivity and specificity of FDG-PET for
metastatic lymph node detection were 21-40% and
89-100%, respectively. The sensitivity and specificity for
distant metastasis detection were 35-74% and 74-99%,
respectively. Treatment response can be detectable at an
earlier stage by PET than by computed tomography (CT),
because FDG uptake by cancer cells decreases according to
the treatment response. In summary, although PET has
limitations such as frequent false-negative cases in signet-
ring cell carcinoma and non-solid type poorly differenti-
ated carcinoma, it can contribute to the selection of a more
appropriate treatment modality by detecting distant
metastases and treatment response.
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Introduction

Since April 2010, the Japanese Public Health Insurance
System has covered the costs incurred for performing
'8E_fluoro-2-deoxyglucose positron emission tomography
(FDG-PET) imaging for patients with advanced gastric
cancer. Because the medical expense of a PET examination
is more than 100,000 yen (1,200 US dollars), appropriate
indications for PET examination should be used to maxi-
mize the clinical impact of this modality. Therefore, the
Japanese Gastric Cancer Association Task Force for
Research Promotion (directed by Dr. Motoki Ninomiya)
assigned the authors to evaluate the clinical impact of PET
examination by reviewing recent publications. On the basis
of the present systematic review, prospective clinical
studies can be planned to elucidate the clinical utility of
PET.
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Article selection

A computer-aided search of the PubMed website (http://
www.ncbi.nlm.nih.gov/sites/entrez) was conducted to find
relevant articles on PET imaging used for gastric cancer.
The keywords “gastric cancer” and “PET” were used to
search for relevant articles published from January 2000 to
September 2010. Studies investigating the clinical impact
of PET and/or PET/computed tomography (CT) fusion
used for assessing patients with gastric cancer were
selected. Several articles, focusing on the esophagogastric
junction, included many cases of squamous cell carcino-
mas. Therefore, we excluded those articles that included
squamous cell carcinomas, which accounted for more than
50% of the total number of cases in the literature. Fur-
thermore, case reports, non-English-language articles, and
studies that investigated other tracers such as methionine
were also excluded.

Four researchers (H.S., S.0., M.K., and K.M.) reviewed
all the articles, and after applying the inclusion and
exclusion criteria, we arrived at a consensus about articles
to be selected at a working meeting. A total of 198 articles
were selected from the PubMed database. After exclusions
as per the criteria, 96 articles were selected, of which 52
articles were selected as references for the present review
article.

Physiological FDG uptake in gastric mucosa

Focal FDG uptake in normal gastric mucosa and signifi-
cantly different accumulation levels that depend upon the
histological type of gastric cancer are crucial issues in
assessing a PET image of gastric cancer. Focal FDG uptake
in the gastrointestinal tract with a standard uptake value
(SUV) of approximately 2.5 can generally be detected by
PET/CT even in patients without known gastrointestinal
malignancy [1]. In other studies, the SUV in the upper third
of the stomach was significantly higher than that in the
lower third of the stomach. Furthermore, a significant dif-
ference in FDG uptake was observed among the three
portions of the stomach: upper third > middle thir-
d > lower third; the physiological gastric FDG uptake was
significantly higher at the oral end. Therefore, stronger
gastric FDG uptake at the anal end would suggest patho-
logical uptake [2, 3].

Heusner et al. [4] evaluated esophagogastric FDG
uptake in 546 patients without esophagogastric malignan-
cies. They concluded that elevated esophagogastric FDG
uptake does not predict cancer development and should not
be investigated further if CT shows no unusual features.
Takahashi et al. [5] reported the association between the
endoscopic view, Helicobacter pylori infection, and FDG
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accumulation in 272 patients who underwent a PET
examination during a health check-up. They found FDG
accumulation in 81 cases (30%), which they classified
according to the following 2 patterns: (a) localized accu-
mulation only in the fornix (Group A, n = 32) and
(b) diffused accumulation throughout the stomach (Group
B, n = 49). The H. pylori infection rate was higher in
Group B than in Group A. Considering the endoscopic
view, FDG uptake corresponded largely to mucosal
inflammation, including superficial gastritis and erosive
gastritis, and therefore, inflammatory mucosa was assumed
to be the main cause of non-specific FDG accumulation.
To reduce non-specific FDG accumulation in the gastric
mucosa, Kamimura et al. [3] proposed that the patient
should consume additional water to distend the stomach
before PET examination. The mean SUVs in each portion
of the stomach before and after the consumption of addi-
tional water were as follows: upper-third portion, 2.41 £
0.75 versus 1.82 £ 0.66; middle-third portion, 2.28 + 0.73
versus 1.73 £ 0.56; and lower-third portion, 1.61 £ 0.89
versus 1.48 £ 0.49, respectively. The mean SUVs in the
upper-third portion and middle-third portion after the
consuming of additional water decreased significantly.
Additional milk intake immediately before PET imaging is
also an effective method for suppressing physiological
FDG uptake in the stomach [6]. Ingestion of milk
approximately 1 h after FDG injection had no significant
influence on FDG accumulation in the heart, mediastinum,
and liver, whereas the percentage of FDG uptake in the
stomach decreased from 60 to 11%. With the normal
gastric wall distended, malignant lesions were observed
with higher contrast and clearer outlines. In addition, some
small (~12 mm) malignant lesions were detected at an
early stage with mild uptake. The recommended conditions
for PET imaging for gastric cancer are shown in Table 1.

Differences of histology and glucose transporter 1
expression in gastric cancer

Cellular FDG uptake is predominantly related to glucose
transporter 1 (GLUT1) expression. GLUT1 is ubiquitously

Table 1 The recommended conditions for '*F-fluoro-2-deoxyglucose
positron emission tomography (FDG-PET) imaging of suspected
gastric cancer

No inflammation around the tumor
Serological, bacteriological, and endoscopical tests are needed
Appropriate distension of the gastric wall

Appropriate tumor size according to the resolution of the PET
apparatus

Cohesive histological type
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expressed in almost all cell types, but is frequently over-
expressed in malignant tissue, leading to the intracellular
accumulation of FDG, which can then be visualized by
FDG-PET. In gastric carcinoma, GLUT1 is expressed late
in carcinogenesis, and increased amounts are associated
with tumor progression and patient survival [7-9].

Kawamura et al. [7] analyzed GLUT1 protein expres-
sion in 617 carcinomas and 50 tubular adenomas of the
stomach. None of the adenomas expressed GLUTI,
whereas 182 of the 617 carcinomas (30%) were positive for
GLUT1 expression. Furthermore, signet-ring cell carci-
noma and mucinous adenocarcinoma showed very low
positive values for GLUT1 expression (2 and 6%, respec-
tively). Among the other histological types, papillary ade-
nocarcinoma (44%) showed slightly higher positive values
for GLUT1 expression than tubular (32%) or poorly dif-
ferentiated adenocarcinomas (28%).

Yamada et al. [8] evaluated the association between FDG
uptake and histopathological type in 40 patients with gastric
carcinoma among whom 19 patients (48%) showed detect-
able FDG uptake. Cohesive carcinomas (papillary adeno-
carcinoma, tubular adenocarcinoma, and solid-type poorly
differentiated adenocarcinoma) were more significantly
detectable than non-cohesive carcinomas (signet-ring cell
carcinoma and non-solid type poorly differentiated carci-
noma) (65 vs. 14%, respectively). Multiple regression
analysis revealed that the depth of invasion and histological
types were independent factors associated with the detection
rate of FDG uptake, and GLUT1 expression was the most
important factor for determining the degree of FDG uptake.
Alakus et al. [9] supported this significant association
between FDG uptake and GLUT1 expression in 35 patients
with gastric cancers. Only 4 of 17 (24%) signet-ring cell
carcinoma cases showed GLUT-1 expression. GLUTI-
positive signet-ring cell carcinomas revealed higher median
SUVs than GLUTI1-negative tumors (6.9 vs. 3.1). The
authors concluded that the FDG uptake in gastric cancer
depended on GLUT-1 expression. It is important to note that
early or non-cohesive gastric carcinoma may not show
sufficient FDG uptake to produce a positive PET image.

Clinical utility of PET for staging of gastric cancer

According to the data of the National Comprehensive
Cancer Network [10], the accuracy of PET/CT, PET alone,
and CT alone to evaluate tumor stage is 84, 63, and 64%,
respectively. In the National Oncologic PET Registry,
21,000 patients underwent 23,000 scans. Of these, 24%
were for cancer diagnosis, 28% for initial staging, 24% for
restaging after treatment, and 24% for the evaluation of
suspected recurrence. The investigators reported that PET
resulted in a change in intended management in 37% of

3025 scans for gastric cancer [11]. PET is relatively more
sensitive than CT for detecting stage IV disease (74 vs.
47%) with distant lymph node involvement and/or acci-
dental double cancer. However, the sensitivity of PET for
the detection of locally advanced gastric carcinomas is
dependent on the microscopic growth type of the tumor.
Stahl et al. [12] showed that only 24 of 40 (60%) locally
advanced gastric carcinomas were detected by PET. The
detection rate for intestinal tumors was significantly higher
than that for non-intestinal tumors (83 vs. 41%). The
overall low detection rate (30-50%) of gastric carcinomas
is attributable to the frequent occurrence of diffusely
growing and mucus-containing tumors. A marked increase
in FDG uptake is more commonly observed in the carci-
nomas with intestinal growth than in the non-intestinal
carcinomas (83 vs. 41%), probably because of the abun-
dance of intra- and extracellular mucus content and the
lack of GLUT1 expression on the cell membrane of the
non-intestinal carcinomas. Namely, in poorly differentiated
adenocarcinoma, the sensitivity of PET to detect tumors is
low, and FDG uptake is not associated with biological
malignant potential [13, 14]. A summary of the clinical
utility of FDG-PET imaging for gastric cancer is shown in
Table 2.

Depth of tumor

Tumor detection rates for early tumors have been reported
to be 0-44% [15—17]. Even for advanced tumors, detection
rates have been reported to range from 34 to 94% [18-20].
These studies found a significant association between FDG
uptake and the depth of tumor invasion and tumor size.
Because of the limitations of resolution and physiological
FDG accumulation, tumor depth could not be accurately
evaluated. Mochiki et al. [21] reported an association
between primary tumor depth and PET positivity in 85
patients. Detection rates of PET for each tumor depth were
40% for T1 tumors (n = 25), 88% for T2 tumors (n = 32),
90% for T3 tumors (n = 21), and 100% for T4 tumors
(n = 7). Although detection rates of various levels were

Table 2 Clinical utility of FDG-PET imaging for gastric cancer

Assessment variables Clinical utility

Depth of tumor Not useful

Lymph node metastases Useful for distant lymph nodes
Distant metastases Low sensitivity but high specificity
Peritoneal metastases Useful and high specificity
Recurrent disease May be useful, but controversial
Treatment response May be useful

Screening Not useful
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reported , specificity was reported to be consistently around
90% [16-18, 20, 21]. Although PET-positive tumors were
more likely to be classified as T2 or above, the tumor
detection rate even for advanced tumors was not sufficient
for evaluating tumor depth.

Lymph node status (Table 3)

Regarding the detection of lymph node involvement, it is
important to note that multidetector CT (MD-CT) can cover
almost all positive lymph nodes. Tsujimoto et al. [17]
reported that 85% of cNO patients were staged correctly and
no stage of cN1 patients was underestimated by MD-CT.

Lerut et al. [22] reported that for the diagnosis of
locoregional nodes, PET had lower accuracy than the
conventional combination assessment by CT and endo-
scopic ultrasound (48 vs. 69%) because of a significant lack
of sensitivity (22 vs. 83%). However, the accuracy for
distant nodal metastasis was significantly higher for PET
than that for the combined use of CT and endoscopic
ultrasound (86 vs. 62%). Mochiki et al. [21] also reported
that PET scans had lower accuracy for diagnosing locore-
gional lymph nodes than CT because of a significant lack
of sensitivity (23 vs. 65%). These authors reported that
although some of the patients were upstaged by PET with
the detection of distant lymph node metastases, PET was
not useful for evaluating the number of metastatic lymph
nodes and perigastric nodes.

Kim et al. [23] reported that 70 of 73 (96%) patients
with advanced gastric cancer had PET-positive tumors.
The sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of PET for lymph
node metastasis were 40, 95, 91, and 56%, respectively.
Employing multiple logistic regression, the authors

Table 3 Diagnostic ability of FDG-PET to detect lymph node
metastases

References Number of Sensitivity Specificity Accuracy
patients (%) (%)
Tsujimoto 205 21 89 85%
et al. [17]
Kim 73 40 95 46%
et al. [23]
Mukai 62 35 97 68%
et al. [20]
Lerut 42 22 90 Regional = 48%
etal. [22] Distant = 86%
Mochiki 85 23 100 69%
et al. [21]
Yang 78 31 97 55%
et al. [24]
Yun 81 34 96 72%
et al. [25]

concluded that the SUV for primary tumors was the only
independent variable that was significantly related to the
sensitivity of lymph node metastasis. Furthermore, two
Korean groups [24, 25] have reported a similar tendency
(sensitivity 31 and 34%, specificity 97 and 96%, and
accuracy 55 and 72%). These two groups concluded that
PET exhibited good specificity for lymph node staging of
gastric cancer.

Regarding the detection of lymph node involvement in
patients with T1 tumors, Mukai et al. [20] assessed FDG
uptake in 27 patients with T1 tumors and found that 7
(26%) patients were PET-positive and 20 patients were
PET-negative. Two of the 7 PET-positive patients had
nodal involvement, and the primary tumors of both patients
were the intestinal type. In contrast, none of the 20 PET-
negative patients had nodal involvement. The sensitivity of
detection of nodal involvement by PET was lower than that
of CT (35 vs. 62%). However, the specificity of PET was
higher than that of CT (97 vs. 88%), while the accuracy of
CT was higher than that of PET (68 vs. 76%). The most
recent report by Kim et al. [26] compared the value of PET/
CT with that of contrast-enhanced CT in an evaluation of
metastatic lymph nodes in 71 patients with advanced gas-
tric carcinoma. For regional lymph node metastasis, the
sensitivity, specificity, PPV, NPV, and the accuracy of
PET/CT versus contrast-enhanced CT were 41 versus 75%,
100 versus 92%, 100 versus 98%, 26 versus 42%, and 51
versus 77%, respectively. Overall, the sensitivity and
accuracy of PET/CT were inferior to those of contrast-
enhanced CT in the diagnosis of regional lymph node
metastases. The diagnostic ability of PET to detect lymph
node metastases is summarized in Table 3.

Distant metastases (Table 4)

Positron emission tomography (PET) is useful for detecting
distant metastases, including metastases to organs, and
metastases more than 10 mm in size to peritoneum and
distant lymph nodes. Yoshioka et al. [27] reported that the
overall sensitivity, specificity, and accuracy of PET to
detect distant metastases were 71, 74, and 73%, respec-
tively. The sensitivities and specificities were 85 and 74%
for the detection of liver metastasis, 67 and 88% for lung

Table 4 Diagnostic ability of FDG-PET to detect distant metastases

References Number of Sensitivity Specificity Accuracy
patients (%) (%) (%)

Yoshioka et al. [27] 22 71 74 73

Lim et al. [28] 112 35 99 89

Turlakow et al. [29] 24 57 93 96

Yang et al. [30] 141 74 93 88
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metastasis, 24 and 76% for ascites, 4 and 100% for pleural
carcinomatosis, and 30 and 82% for bone metastasis,
respectively.

Two patterns of FDG uptake are known to be indicators
of peritoneal metastasis, as follows: (a) diffuse uptake
spreading uniformly throughout the abdomen and pelvis,
obscuring visceral outlines; and (b) discrete foci of uptake
located randomly and anteriorly within the abdomen or
independently within the pelvis and unrelated to solid
viscera or nodal stations [28, 29]. Lim et al. [28] demon-
strated that although the sensitivity of PET to detect peri-
toneal metastasis was significantly lower than that of CT
(35 vs. 77%), the specificity of PET was significantly
higher than that of CT (99 vs. 92%).

Turlakow et al. [29] compared the sensitivities of PET
and CT in 24 patients with suspected peritoneal tumors.
PET was positive in 14 patients, of which one was false-
positive; CT was positive in 10 patients; and either PET or
CT was positive in 18 patients. This yielded sensitivities of
57, 42, and 78% and uniformly high positive predictive
values of 93, 100, and 95% for PET, CT, and PET or CT,
respectively. PET provides additional information com-
pared with that obtained from conventional imaging in
staging peritoneal carcinomatosis. Yang et al. [30] com-
pared the diagnostic impact of PET/CT to detect peritoneal
dissemination with that of CT. PET/CT had an accuracy of
88%, sensitivity of 74%, specificity of 93%, PPV of 81%,
and NPV of 91%; these values were significantly higher
than those of CT, at 78, 39, 94, 72, and 79%, respectively.
The authors concluded that PET/CT was useful for pre-
dicting peritoneal metastasis. Because peritoneal dissemi-
nation is more likely to be the non-cohesive type rather
than distant metastatic lymph nodes, the diagnostic impact
of PET was reported to be relatively low.

To summarize the clinical utility of PET for staging,
PET has high specificity for detecting distant metastases,
but it is not useful for the detection of regional lymph
nodes or T1 tumors.

Utility of PET in detecting recurrent gastric cancer

Positron emission tomography (PET) is often useful for
detecting different patterns of recurrence, such as local
recurrence involving the remnant stomach, regional lymph
nodes, peritoneal dissemination, liver metastases, and
remote metastases. PET is an advantageous imaging tool
because it enables the evaluation of the entire body at once.
Physiological FDG accumulation in remnant gastric
mucosa can be excluded by inducing gastric distension by
having the patient drink a glass of water before scanning.
This seems to be a simple, cost-effective method to
improve the diagnostic accuracy of PET. Visual analysis

with special attention to the configuration of FDG activity
after water ingestion seems to be more useful than the
change in SUV for the evaluation of remnant stomach [1, 3,
31]. De Potter et al. [32] retrospectively assessed the
accuracy of PET for diagnosing gastric cancer recurrence
in 33 patients. The sensitivity and specificity of PET to
detect recurrence were 70 and 69%, respectively. PPV was
78%, and NPV was 60%. In the patient group with proven
recurrence, the mean survival for the PET-negative group
was 18.5 £ 12.5 months, which was significantly longer
than that for the PET-positive group (6.9 £ 6.5 months).

Recently, a combined PET/CT scanner has been more
commonly used rather than a dedicated PET scanner. Sun
et al. [33] evaluated the clinical role of PET/CT in the
detection of gastric cancer recurrence after initial surgical
resection in 23 patients. Overall, the accuracy of PET/CT
was 83%, NPV was 78%, and PPV was 86%. The 2 false-
positive PET/CT findings were actually chronic inflam-
matory tissue lesions. For the 2 patients with false-negative
PET/CT findings, the final diagnosis was recurrence of
mucinous adenocarcinoma. PET/CT revealed extraab-
dominal metastases in 7 patients and an additional esoph-
ageal carcinoma in one patient. Clinical treatment
decisions were changed in 30% of the patients after the
introduction of PET/CT into the authors’ conventional
postoperative follow-up program. Sim et al. [34] compared
the sensitivity and specificity of PET/CT and contrast CT
in 38 patients with confirmed recurrent gastric cancer. The
sensitivity was 68 and 89% and the specificity was 71 and
64%, for PET/CT and contrast CT, respectively. An addi-
tional PET/CT to contrast CT showed no further increase
of the PPV regardless of the site. The sensitivity and
specificity of PET/CT for the detection of gastric cancer
recurrence was similar to that of contrast CT, with the
exception of peritoneal seeding. However, an additional
PET/CT using contrast CT did not increase diagnostic
accuracy in the detection of recurrent gastric cancer.

Park et al. [35] analyzed 105 postoperative patients with
suspected gastric cancer recurrence. Among the 105
patients, 75 were confirmed to have true recurrence, at 108
sites. The sensitivity, specificity, PPV, NVP, and accuracy
of PET/CT in diagnosing true recurrence were 75, 77, 89,
55, and 75%, respectively. On a per-lesion basis, 75 of the
108 (69%) true recurrences showed positive FDG uptake,
while on a per-person basis, 75 of 84 (89%) patients with
positive FDG uptake were confirmed to have a true
recurrence. PET/CT may be helpful in confirming the
presence of recurrence, particularly in patients in whom
recurrence is highly suspected, because of its high positive
predictability. Bilici et al. [36] analyzed 34 patients with
suspected recurrent gastric cancer. In total, 23 of the 34
(68%) patients had documented recurrent disease, whereas
11 patients had no evidence of recurrent disease. PET/CT
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correctly confirmed recurrent disease in these 23 patients
with suspected recurrence. However, PET/CT was false-
negative in one patient, but recurrent disease was con-
firmed by histopathology. The overall sensitivity, speci-
ficity, accuracy, PPV, and NPV of PET/CT were
significantly superior to those of CT (96 vs. 63%, 100 vs.
10%, 97 vs. 47%, 100 vs. 63%, and 91 vs. 10%, respec-
tively) for the detection of recurrent gastric cancer. The
PET/CT results changed the patients’ management in 18
(53%) cases.

Sohn et al. [15] compared the clinical value of CT and
PET/CT in detecting recurrent gastric cancer after endo-
scopic submucosal dissection in 212 patients. The local
recurrence rate was 5% during the study period. However,
conventional CT and PET/CT scans could not detect local
recurrence of cancer in any patient. Nakamoto et al. [37]
performed a retrospective review of 92 consecutive
patients who underwent PET—either integrated PET/CT or
manual fusion of dedicated PET and CT—scans for post-
treatment surveillance of gastric cancer. Of these patients,
46 were suspected of having a recurrence based on the
findings of other imaging modalities (Group A), recurrence
was predicted in 19 patients by tumor markers without
definite findings (Group B), and the remaining 27 patients
underwent a PET scan without evidence of recurrence
(Group C). Gastric cancer recurrence was confirmed in 31
patients (67%) in Group A, in 11 patients (58%) in Group
B, and in 2 patients (7%) in Group C. On a per-patient-
basis, the sensitivity, specificity, and diagnostic accuracy of
PET for recurrence were 81, 87, and 83% in Group A; 73,
88, and 79% in Group B; and 50, 88, and 85% in Group C.
Therapeutic management was influenced by the PET
results in 22 patients (48%) in Group A, in 8 patients (42%)
in Group B, and in 2 patients (7%) in Group C, including
cases in which PET was helpful for detecting a second
primary cancer. Suga et al. [38] evaluated the prevalence of
positive findings of PET in 303 patients with high serum
carcinoembryonic antigen (CEA) levels. The prevalence of
PET-positive cases was higher with an increase in the
absolute CEA level, and more than 90% of the patients
were PET-positive when CEA levels were above 20 ng/
mL.

Therefore, PET is a useful modality for the diagnosis of
recurrent gastric cancer. However, PET also has limitations
such as frequent false-negative cases, either in early cancer
or in non-cohesive types.

Usefulness of PET in evaluation of treatment response
The glucose metabolism of cancer cells decreases

according to the level of treatment response. Therefore,
that response to treatment is expected to be apparent at
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an earlier stage on PET than on CT, allowing early
changes in treatment for responsive tumors. Several
recent reports involving patients with gastric cancer have
demonstrated that the response to preoperative chemo-
therapy can be predicted by PET early in the course of
therapy [39].

Chemotherapy is indicated for advanced cancer, and the
tumor size can easily be evaluated by several modalities,
especially by MD-CT using a three-dimensional (3D)
volume rendering high-resolution method [40, 41].
Because PET evaluates tumor activity by estimating rates
of glucose metabolism, this qualitative diagnostic charac-
teristic makes treatment evaluation possible even before
the morphological decrease of tumor size. Several articles
reported early treatment evaluation by PET that predicted
responders and non-responders [42, 43]. However, FDG
also accumulates in inflammatory cells, and false-positive
findings are found in the inflammatory stage after treat-
ment. Considering these characteristics of PET, the use-
fulness of early response evaluation after the initiation
of the treatment has been reported by several institutions
[40—44]. The ideal examination times and criteria have not
been determined [41]. Ott et al. [43, 44] reported that the
best evaluation time was 2 weeks after the initiation of
treatment. They classified the tumors that demonstrated
more than 35% reduction of FDG uptake as a responder
group and the tumors that demonstrated less than 35%
reduction of FDG uptake as non-responders. For these PET
responders, “metabolic responders”, the treatment should
be continued, and for non-responders another treatment
strategy should be employed [44]. On the other hand, PET
reassessment after the completion of neoadjuvant chemo-
therapy did not detect significant correlations between
the SUVs of the major and minor responder groups [45].
Therefore, PET may be considered to be a reliable
modality to reflect treatment response at an early phase.
A typical case of gastric cancer with uterine metastases was
detected by whole-body PET imaging before surgery.
Strong accumulation in the uterus was reduced after che-
motherapy according to the treatment response (Fig. 1).

Currently, evaluation of the response to chemotherapy
by PET is expected at an early stage of the treatment
course, but the ideal evaluation time and criteria remain to
be determined because several factors have to be studied
further, such as histological types and the choice of drugs
for treatment. On the other hand, the evaluation of neo-
adjuvant therapy requires not only the response of the main
tumor but also the response of metastatic lymph node. The
relationship between the prognosis of patients who have
received neoadjuvant treatment and FDG uptake in meta-
static lymph node after treatment should be studied, and
prognostic criteria of FDG uptake after neo-adjuvant
therapy should be established [46].
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Fig. 1 Diagnostic ability of
18F—ﬂuoro—2—deoxygluc0se
positron emission tomography
(FDG-PET) in detecting distant
metastases and evaluating
treatment response in patients
with scirrhous-type tumors.

a Weak FDG accumulation in
gastric cancers but strong
accumulation in uterine
metastases. b Decreased FDG
uptake according to treatment
response after chemotherapy

Efficacy of PET for the screening of gastric cancer

Although PET has recently been proposed as a promising
cancer screening test [47, 48], the utility of PET in
gastric cancer screening has not been evaluated. For
gastric cancer screening, the usefulness of PET is limited
because of physiological FDG uptake in the normal
gastric wall and differences of FDG uptake according to
the histological type of the tumor [1, 2]. Physiological
FDG deposits in the stomach may increase false-positive
findings, although these deposits can be decreased by
expanding the gastric wall by the patient consuming
water or milk just before imaging acquisition [4, 5]. As
Koga et al. [2] have reported, physiological gastric FDG
uptake was shown to be significantly higher at the oral
end; thus, strong gastric FDG uptake at the anal end
suggested pathological uptake. These authors [1, 2, 4, 5]
concluded that FDG accumulation in the stomach sug-
gested a high probability of the presence of inflammatory
change in the gastric mucosa froming a background for
the development of cancer or malignant lymphoma; thus,
FDG accumulation in the stomach requires further
endoscopic examinations.

Israel et al. [49] retrospectively analyzed unexpected
focal FDG uptake in the gastrointestinal tract. They found
that 58 of 4390 (1%) patients had unexpected focal uptake.
Of the 34 cases for which follow-up data were available
(4 with sites in the stomach, 2 in the small bowel, and 28 in
the colon), gastrointestinal tumor was confirmed in 24
patients (71%). Of these, 11 were malignant tumors,
including 3 gastric cancers, 2 small bowel cancers, and 6
colon cancers. Shoda et al. [SO] compared the sensitivity of
PET with that of upper gastric endoscopy in gastric cancer
screening for 2861 asymptomatic subjects. Positive PET
results were obtained in only 2 of 20 (10%) patients with
gastric cancer, including 18 T1 tumors.
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Lee et al. [51] reported that of 1336 asymptomatic
subjects who underwent PET/CT as part of a cancer
screening program, along with some other diagnostic tests,
malignant tumors were found in 16 participants (thyroid
cancer 9, lung cancer 2, stomach cancer 2, and 3 other
cancer types). The 47 cases of positive PET/CT findings
were as follows: 11 cases were true-positive, 36 were false-
positive, and 5 cases were false-negative. Two cases of
early gastric cancer, which were found on endoscopy, were
included in the false-negative group. The overall detection
rate of PET/CT was 0.8%, and the sensitivity, specificity,
PPV, and NPV of PET/CT were 69, 97, 23, and 99%,
respectively.

In addition, Terauchi et al. [16] demonstrated that
among 2911 asymptomatic subjects, PET detected cancer
in 28 subjects, although 129 cases of cancer were PET-
negative. The overall detection rate, sensitivity, specificity,
and PPV were estimated to be 1, 18, 95, and 11%,
respectively. In conclusion, the efficacy of screening gas-
tric cancers using PET is not high. When PET shows
accumulation in the stomach (especially in the lower part
or as localized uptake), a subsequent endoscopy or close
follow-up study for the patient is indispensable.

According to a multi-institutional study conducted by
the Japanese Society of Nuclear Medicine and the Japan
Radioisotope Association for cancer screening including
PET, 30 cases of gastric cancer were found in 50,558
healthy subjects [47]. PET showed a relative sensitivity of
27% and PPV of 16%. Twenty-two of the 30 gastric can-
cers were detected by gastric endoscopy, 2 cases of gastric
cancer were detected by PET alone, and 6 cases with
positive findings were detected by PET and tumor markers.
Eight cases of PET-negative Stage I and 1 case of Stage III
cancer were found. The most common benign diseases that
were PET-positive were gastritis (29 cases) and polyps
(9 cases).
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Based on these results, it was concluded that PET is a
poor detector of gastric cancer, and that additional endos-
copy and other diagnostic methods are to be recommended
to avoid overlooking early gastric cancer.

Conclusions and suggestions for future clinical research
topics in clinical utility of PET in gastric cancer

In conclusion, based on the present systematic review of
the literature, PET may be useful for detecting distant
metastases and/or recurrent disease with high specificity
and high PPV. Furthermore, it may be useful for evaluating
treatment response. However, PET is not useful for gastric
cancer screening because of its low ability to detect cancer
at an early stage. Because FDG uptake is affected by
GLUT1 expression and/or the histological type of cancer
cells, the NPV of PET is unreliable. Currently, CT is the
most frequently used imaging modality for the preoperative
staging and follow-up of affected patients. However, PET
may be superior to anatomic imaging modalities for
detecting distant and significant nodal metastases. In
addition, PET may play a valuable role in monitoring
treatment response and patient survival, because FDG
uptake has been reported to be associated with biological
malignant potential and/or the viability of cancer cells [52].

Based on the present systematic review, the following
clinical research topics should be investigated in future:
(a) determine how often the PET finding led to changes in
the treatment modality, (b) the clinical utility of the SUV in
predicting patient survival, (c) whether the clinical ability
of PET in detecting suspected recurrent disease improves
patients’ survival, and (d) the optimal timing of PET
examination and optimal criteria to evaluate treatment
response.
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