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PET with 18F-FDG has been widely used in oncology, but its
application for stomach neoplasms has been limited. The aim of
this study was to evaluate the visual diagnostic accuracy of
18F-FDG PET for advanced, metastatic, or recurrent gastric
cancer and to generate semiquantitative values for lesions.
Methods: 18F-FDG PET scans were obtained on 42 patients (29
men, 13 women; age, 27–78 y; median age, 63 y): 20 patients
with a PT931/04 scanner and 22 patients with a SET2400W
scanner. The PT931/04 has a spatial resolution of 6.0 mm at full
width at half maximum (FWHM) and covers 15 cm above and
below the targeted lesion, and the SET2400W has a spatial
resolution of 3.9 mm at FWHM and images the entire body. All
PET images were interpreted visually, and tracer uptakes
were quantitated as standardized uptake values (SUVs) on
SET2400W images. Results: The sensitivity, specificity, and
accuracy as a whole were as follows: 71%, 74%, and 73%,
respectively, with the SET2400W scanner and 47%, 79%, and
62%, respectively, with the PT931/04 scanner. Values were high
for primary lesions, liver, lymph node, and lung metastases, but
were low for bone metastases, ascites, peritonitis, and pleuritis
carcinomatoses. SUVs were 8.9 � 4.2 (primary lesions, 19
patients/19 lesions), 6.5 � 2.2 (liver, 9/55), 6.1 � 2.5 (lymph
nodes, 14/38), 6.5 � 1.8 (abdominal wall, 4/7), 3.9 � 2.0 (bone,
3/27), and 4.7 � 2.6 (lung, 2/3). Comparing SUVs and histologic
findings for 17 untreated patients, values for well-differentiated
and moderately differentiated adenocarcinomas versus poorly
differentiated adenocarcinomas and signet ring cell carcinomas
were 13.2 � 6.3 (4/4) versus 7.7 � 2.6 (13/13) (P � 0.05) for the
primary lesions, 7.0 � 2.4 (5/39) versus 5.6 � 2.8 (2/2) for the
liver, and 5.5 � 1.9 (9/28) versus 8.8 � 3.3 (3/8) (P � 0.05) for
the lymph nodes. Conclusion: Our results indicate that 18F-FDG
PET is a useful diagnostic modality for advanced, metastatic, or
recurrent gastric cancer but not for detecting bone metastases,
peritonitis, or pleuritis carcinomatoses. 18F-FDG uptake by gas-

tric cancers is relatively high but does not parallel histopatho-
logic features of malignancy.
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Gastric cancer continues to be the most common ma-
lignancy in Japan. The development of diagnostic modali-
ties and surgical techniques has improved the prognosis, but
associated mortality is still the second highest, next to lung
cancer (1). This is due to stage IV and postoperative recur-
rent cancers and, therefore, it is very important to develop
effective treatments, especially chemotherapy. In clinical
practice, success depends on the choice of adequate chemo-
therapeutic agents and it is essential to monitor their effi-
cacy in a decision-making process.

PET with 18F-FDG is a noninvasive approach for deter-
mination of the glycolytic status. PET is able to make an
image that shows the tissue distribution of the positron
emitter, 18F-FDG being a structural analog of glucose la-
beled with the short-lived positron-emitting 18F (2). 18F-
FDG is transported into the cell via a glucose-transporter
and then is converted to 18F-FDG-6-phosphate by hexoki-
nase in cells. However, it is not a substrate for further
metabolism nor is it permeable to the cell membrane; there-
fore, it accumulates within the cell (3). Enhanced glycolysis
is one of the most important characteristics of cancer cells
(4), and 18F-FDG PET has proven to be successful for
imaging various malignant neoplasms (5–16).

18F-FDG PET can serve as a diagnostic instrument for
follow-up after cancer treatment because it indicates the
viability of the tumor cells (17). Response to radiotherapy or
chemotherapy is recordable earlier and more exactly in
terms of 18F-FDG accumulation than by morphologic
changes (18,19); in fact, 18F-FDG PET has been found to
have wide application for treatment evaluation of malignant
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tumors (20–23). However, information on its use for gastric
cancer is limited (24–27), especially regarding advanced,
metastatic, or recurrent cases (28).

The purpose of this study was to evaluate the clinical
usefulness of 18F-FDG PET in a series of patients with
advanced gastric cancers and to prepare a basis for using
this modality to monitor the efficacy of chemotherapy.

MATERIALS AND METHODS

Patients
Between December 1986 and September 2001, 42 patients (29

men, 13 women; age, 27–78 y; mean age, 59.2 y) with advanced,
metastatic, or recurrent gastric cancers were studied with 18F-FDG
PET. Thirty-six patients had biopsy-proven malignancies with
sampling of primary lesions and 6 had histologically proven ma-

TABLE 1
Patient Characteristics, with Macroscopic Classification, Histology, and Metastatic Sites and Treatment Before PET

Scanner Patient
Age
(y) Sex

Primary
(Borrmann) Histology Metastases

Chemotherapy
before PET

Recent
surgery

PT931/04 E01 72 F IV Sig Liver, Lym (abd) Yes
E02 62 M III Well Liver, Lym (abd), PC, ascites Yes
E03 72 M No Poor Liver, PC, ascites No
E04 78 M III Mod Lym (abd) Yes
E05 69 M III Poor Liver, Lym (abd) No
E06 35 F IV Poor PC No Exp
E07 56 M III Mod Liver, Lym (abd), PC, ascites Yes
E08 60 M No Mod Liver Yes
E09 50 M III Well Lym (abd) Yes
E10 63 M No Muc Liver Yes
E11 78 M IV Poor Lym (abd) Yes
E12 45 F II Sig PC, ascites Yes
E13 60 F IV Sig PC, ascites No Exp
E14 35 M IV Poor PC, ascites No
E15 62 F IV Poor No No
E16 46 M IV Mod Liver, Lym (abd) No
E17 63 F III Sig Lym (abd) No
E18 66 M III Mod Liver, Lym (abd), PC, ascites No
E19 76 M III Mod Liver, Lym (abd) Yes
E20 71 F I Well PC, ascites Yes

SET2400W S01 68 M II Well Liver, Lym (abd) Yes
S02 69 M III Poor Lym (abd) No
S03 42 M No Sig PC Yes Ileus
S04 66 M III Poor Liver, Lym (abd) No
S05 63 M III Well Lung, PC, ascites No
S06 69 M II Poor Liver, Lym (abd) No
S07 49 M III Poor Liver, Lym (abd), bone (cost) No
S08 27 F V Sig PC, ascites No
S09 42 F No Poor PC, ascites, PIC No
S10 64 M III Mod Lym (abd) No
S11 69 M III Poor Liver, Lym (abd), PC Yes Bypass
S12 72 M No Mod PC (schnitzuler) No Ileus
S13 48 M I Poor No No
S14 59 M IV Sig PC, ascites No Exp
S15 34 F V Sig Lym (abd, Virchow), PC, ascites, PIC No
S16 74 M II Poor Liver, Lym (abd, mediastinal), Lung, PC,

ascites, PIC
No

S17 64 F II Well Liver, Lym (abd) No Bypass
S18 61 M I Poor No No
S19 63 M II Mod Liver, Lym (abd), PIC No
S20 73 M III Poor Liver, Lym (abd, Virchow), PC, ascites,

bone (multiple)
No

S21 41 F V Poor Lym (abd), bone (multiple) No
S22 52 M III Poor Lym (abd) No

Sig � signet ring cell carcinoma; Lym � lymph node metastasis; abd � abdomen; Well � well-differentiated adenocarcinoma; PC �
peritonitis carcinomatosis; Poor � poorly differentiated adenocarcinoma; Mod � moderately differentiated adenocarcinoma; Exp �
exploratory laparotomy; Muc � mucinous adenocarcinoma; Ileus � operation to relieve ileus status; cost � costae; PIC � pleuritis
carcinomatosis; Bypass � gastrointestinal bypass.
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lignancies from prior surgical excision of the primary tumors. Of
the total, 28 patients had no prior chemotherapy, including 3 after
exploratory laparotomy and 1 after gastrointestinal bypass. A total
of 14 patients had prior chemotherapy but, in all cases, they were
studied �4 wk after the prior chemotherapy and just before a new
regimen because the prior regimen had failed. One patient under-
went surgery to relieve an ileus state 4 wk before 18F-FDG PET,
which was caused by peritonitis carcinomatosis during chemother-
apy. Another patient underwent gastrointestinal bypass surgery 4
wk before 18F-FDG PET because he had ascites but this disap-
peared with chemotherapy. There were no diabetic patients. Pa-
tient characteristics are presented in Table 1.

All patients underwent physical examination, ultrasonography,
double-contrast barium radiography, upper endoscopy, and CT
within 2 wk before 18F-FDG PET. CT scans were obtained on the
upper abdomen of all patients and in the range from the neck to the
pelvis for those undergoing whole-body PET. Bone scintigraphy
(n � 3) was performed when clinically indicated. Cytology was
performed when ascites or pleural effusion existed and samples
could be collected. All patients were monitored by physical ex-
aminations, upper endoscopy, ultrasonography, and CT after 18F-
FDG PET for �4 mo, every 1 or 2 mo, except for 1 patient who
died within 1 mo of 18F-FDG PET.

The study protocol was approved by the Ethics Committee for
Clinical Research of Tohoku University and informed consent was
obtained from each patient.

Radiopharmaceuticals
18F-FDG was synthesized using an automated synthesis system

by the method described by Shiue et al. (29). Radiochemical purity
was �99%. Quality assurance tests for clinical use were performed
according to the safety guidelines of our university. The mean
injected dose of 18F-FDG was 222 � 72 MBq (range, 103–400
MBq) (2.8–10.8 mCi).

PET
All patients fasted for at least 4 h before PET, and blood glucose

levels were measured before injection of 18F-FDG. PET scans were
obtained using a PT931/04 scanner (Siemens-CTI, Knoxville, TN)
from 1986 to 1996 (20 patients) and a SET2400W scanner (Shi-
madzu Inc., Kyoto, Japan) from 1996 onward (22 patients).

The PT931/04 scanner provides seven 7.15-mm-wide slices,
featuring simultaneous acquisition with a 50-mm axial field of
view, a spatial resolution of 6.0 mm at full width half maximum
(FWHM), and a sensitivity per slice of 157 kilocounts/second
(kcps)/MBq/mL (30). A CT scan was obtained and a line indicat-
ing the site of the targeted lesion was drawn 1 d before 18F-FDG
PET. After transmission scanning was performed for 10–15 min
with a 68Ge/68Ga ring source for attenuation correction, emission
imaging was performed in one 7.5- to 10-min frame above the
drawn line and 1 or 2 frames below the line, beginning 30 min after
injection of 18F-FDG. Axial PET images were reconstructed after
correction for dead time, decay, and photon attenuation.

The SET2400W scanner acquires 66 planes simultaneously
over a 200-mm axial field of view with a spatial resolution of 3.9
mm at FWHM and a sensitivity per slice of 97 kcps/MBq/mL (31).
Emission scans were obtained from head to thigh for 5 min per
frame, 45 min after injection of 18F-FDG. A transmission scan was
obtained for 5 min per frame with the 68Ge/68Ga ring source for
attenuation correction after the emission scan. PET images were
reconstructed using measured attenuation, dead time, and decay
correction factors.

Visual Analysis
Qualitative evaluation of PET scans was performed blinded and

independently by 3 PET specialists with images from the patients
with gastric cancers but without knowledge of any other clinical
information.

Most of the image data obtained by the PT931/04 and all data
obtained by the SET2400W were converted to the analysis format
with special software packages, adjusting the cross-calibration
factors between PT931/04 and SET2400W. The calibration factors
were calculated on both machines twice every month, and we
converted the analysis formats to the standardized uptake value
(SUV � activity concentration/injected dose per body weight)
images with the window range of 0–5 for the SUV, using each
calibration factor and the patient’s body weight. Hard copies of
consecutive transaxial sections with a linear gray scale were
printed out using the image data from the PT931/04. The image
data from the SET2400W proceeded to the process of transaxial
and coronary 12-mm reslices, and hard copies of consecutive
transaxial and coronary sections covering from the top of the head
to the thigh were printed out with a linear gray scale.

The following parameters were evaluated: visibility of the pri-
mary lesion; presence of liver and lymph node metastases; and
presence of ascites and peritonitis carcinomatoses in images from
the PT931/04 and SET2400W and presence of lung and bone
metastases and pleuritis carcinomatoses in images from the
SET2400W. The lesions were designated as positive (P), question-
ably positive (QP), negative (N), or questionably negative (QN).
The accumulations were assigned QP when they were thought to
be malignant but the possibility of physiologic accumulations
could not be ruled out; they were assigned QN when they were
thought to be physiologic but the possibility of the malignancy
could not be ruled out. Questionnaires involving all items and
figures for the whole body were prepared. If there were other
findings in addition to the items or multiple lesions for liver, lymph
nodes, lung, and bone metastases, each was added to the figure and
evaluated.

The gold standards used for verifying lesion malignancy were
as follows: upper endoscopy for primary lesions; CT and clinical
course for liver, lymph node and lung metastases; CT, cytology,
and clinical course for ascites, peritonitis carcinomatoses, and

TABLE 2
Numbers of Patients with Primary Lesions and

Metastases, PC, PIC, or Ascites

Primary lesions
or metastases

No. of patients (no. of lesions)

PT931/04 SET2400W

Prim 17 19
Liver 10 (40) 9 (55)
Lym 11 (20) 14 (38)
Lung 2 (3)
PC 9 10
Ascites 8 7
PIC 4
Bone 3 (27)

Prim � primary lesions; Liver � liver metastases; Lym � lymph
node metastases; Lung � lung metastases; PC � peritonitis carci-
nomatosis; PIC � pleuritis carcinomatosis; Bone � bone metasta-
ses.
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pleuritis carcinomatoses; 99mTc-methylene diphosphonate (99mTc-
MDP) bone scintigraphy and clinical course for bone metastases.
“Clinical course” means all of the follow-up examinations and
autopsies. Suspected lesions were compared between the initial
and follow-up examinations and were designated as actual lesions
chiefly on the basis of change of sizes. The number of lesions was
counted individually. If the lesions were clumped or could not to
divided, they were counted as a single lesion.

Sensitivity, specificity, and accuracy were calculated on the
basis of the results of visual analysis. QP and QN were dealt with
by having the importance to each side of trueness and falseness set
at half and half, and the following equations were used:

True-Positive �TP� � P(�) � 0.5 � QP(�),

False-Positive �FP� � P(�) � QP(�) � 0.5 � QN(�),

False-Negative �FN� � N(�) � QN(�) � 0.5 � QP(�),

True-Negative �TN� � N(�) � 0.5 � QN(�),

where P(�) � P in the presence of a malignant lesion, P(�) � P
in the absence of a malignant lesion, QP(�) � QP in the presence
of a malignant lesion, QP(�) � QP in the absence of a malignant
lesion, N(�) � N in the presence of a malignant lesion, and
N(�) � N in the absence of a malignant lesion.

Sensitivity �%� � TP � �TP � FN� � 100.

Specificity �%� � TN � �TN � FP� � 100.

Accuracy �%� � �TP � TN� � �TP � TN � FP � FN� � 100.

For discrimination of malignant lesions in patients with gastric
cancer on PET, a receiver operating characteristic (ROC) curve of

FIGURE 1. ROC curves for sites of primary lesions (A), liver
(B), lymph node (C), and lung (D) metastases. SET �
SET2400W; 931 � PT931/04. Each curve reflects high detect-
ability of these lesions.

FIGURE 2. ROC curves for lesions of peritonitis carcinoma-
tosis (A), ascites (B), pleuritis carcinomatosis (C), and bone
metastases (D). SET � SET2400W; 931 � PT931/04. Each
curve reflects low detectability of these lesions.

TABLE 3
Sensitivity, Specificity, and Accuracy of 18F-FDG PET Overall and for Each Separate Lesion on Visual Analysis

Scanner Overall Prim Liver Lym Lung PC Ascites PIC Bone

PT931/04
Sensitivity (%) 47 70 78 47 9 2
Specificity (%) 79 78 82 62 79 93
Accuracy (%) 62 71 80 54 48 57

SET2400W
Sensitivity (%) 71 91 85 73 67 50 24 4 30
Specificity (%) 74 100 74 78 88 63 76 100 82
Accuracy (%) 73 92 79 75 86 57 59 83 57

Overall � all lesions; Prim � primary lesions; Liver � liver metastases; Lym � lymph node metastases; Lung � lung metastases; PC �
peritonitis carcinomatosis; PIC � pleuritis carcinomatosis; Bone � bone metastases.

PT931/04 scanner has spatial resolution of 6.0 mm at FWHM and sensitivity per slice of 157 kcps/MBq/mL. SET2400W scanner has
spatial resolution of 3.9 mm at FWHM and sensitivity per slice of 97 kcps/MBq/mL.
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FIGURE 3. Cases with primary lesions. (A)
Borrmann type II lesion with liver, lymph node
metastases, and pleuritis carcinomatosis (pa-
tient S19). Primary lesion is shown as elevated
mass with rolled margin on barium radiograph
image (arrows, a), accompanying large central
ulceration in endoscopic image (arrows, b).
Low-density area of 5 mm in diameter in liver
(arrow, c) and pleural effusion (arrow, d) are
evident on CT image. They have been proven to
be liver metastasis and pleuritis carcinomatosis
in clinical course. CT image also shows abdom-
inal lymph node metastases. Primary lesion (ar-
rows, e), liver (arrows, f), and abdominal lymph
node metastases (arrows, g) are clearly visual-
ized by 18F-FDG PET but pleuritis carcinoma-
tosa is not. (B) Borrmann type III lesion with
abdominal, cervical lymph node metastases,
and peritonitis and pleuritis carcinomatosis and
ascites (patient S15). Endoscopic image shows
ulcerated lesion (arrow, h) and infiltration to gas-
tric mucosa (arrows, i). CT images show cervical
and abdominal lymph node metastases. They
also show pleural effusion and ascites that were
diagnosed as malignancy by cytology. Primary
lesion (arrows, j), cervical lymph node (arrow, k),
and abdominal lymph nodes (arrows, l) are de-
tected by 18F-FDG PET, but no findings indicate
peritonitis and pleuritis carcinomatosis or as-
cites. (C) Borrmann type IV lesion with peritoni-
tis carcinomatosis and ascites (patient S14).
Barium radiographic image shows hard wall of
stomach without extension (arrows, m), and en-
doscopic image shows diffusely thickening
folds (arrows, n). CT images show thickening
wall of stomach and small amount of ascites in
pelvis. Patient had undergone exploratory lap-
arotomy that revealed dissemination of small
nodal lesions in peritoneum. 18F-FDG PET indi-
cates no findings of Borrmann IV lesion, perito-
nitis carcinomatosis, or ascites.
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each lesion was drawn. Each data point was plotted, changing the
degree of the importance of QP and QN to true and false sides.

Quantitative Analysis
Quantitative analysis was performed using image data for the 22

patients who underwent 18F-FDG PET with the SET2400W. The
reconstructed image data were converted to the analysis format
with the window range of 0–5 SUVs, transferred to the UNIX
machine, and analyzed with Doctor View (Mitsubishi Kasei, Co.,
Japan), a software package that autocalculates SUV maximum,
mean, minimum, and SDs by setting the region of interest (ROI).
A small circular ROI, 8 mm in diameter (8 or 9 pixels), was used
for all patients. Transaxial slices of tomographic images were
displayed and ROIs were set on the areas that were thought to be
tumors showing high 18F-FDG activity. Adequate numbers of
ROIs were sampled from each lesion, and the mean SUV of each
ROI was calculated. The maximum mean SUV of tumor areas was
recorded as a representative value.

Statistical Analysis
Statistical analysis was performed using the Mann–Whitney U

test when quantitative results were compared between groups. P �
0.05 was considered statistically significant.

RESULTS

Details for macroscopic classification, histology, meta-
static sites, and pretreatment as well as patient characteris-
tics are summarized in Table 1. The numbers of patients
with primary and secondary lesions are shown in Table 2.

Results of 18F-FDG PET by visual analysis are given in
Table 3 and ROC curves are illustrated in Figures 1 and 2.
Sensitivity, specificity, and accuracy were 71%, 74%, and
73% for the SET2400W and 47%, 79%, and 62% for the
PT931/04 images. They were high for the primary lesions,
liver, lymph node, and lung metastases but were low for the

bone metastases, ascites, peritonitis, and pleuritis carcino-
matoses (Table 3; Figs. 1 and 2).

Findings for representative cases are shown in Figures
3–5. With regard to macroscopic features of primary le-
sions, gastric cancers of Borrmann types I, II, and III were
readily visible but the Borrmann type IV was not (Fig. 3).
Furthermore, in the case classified as Borrmann V (32), for
which the tumor was mainly infiltrating diffusely like Borr-
mann IV, accompanied by ulcerated lesions in part, hot foci
of 18F-FDG corresponded only with the ulcer sites (Fig. 4).
Liver and lymph nodal metastases could be visualized (Figs.
3A and 3B), but it was difficult to diagnose peritonitis and
pleuritis carcinomatosis except where nodal lesions were
present on the peritoneal or pleural walls (Fig. 5). Also, it
was not easy to detect bone metastases by 18F-FDG PET
(Fig. 4).

Quantitative analysis was performed with the image data
obtained from 22 patients by the SET2400W. The primary
tumors, and metastatic liver, lymph node, abdominal wall,
bone, and lung lesions had SUVs of 8.9 � 4.2, 6.5 � 2.2,
6.1 � 2.5, 6.5 � 1.8, 3.9 � 2.0, and 4.7 � 2.6, respectively
(Fig. 6). A comparison of values and histologic findings for
17 untreated patients with well-differentiated and moder-
ately to poorly differentiated adenocarcinomas, as well as
signet ring cell carcinomas, is given in Table 4. The SUVs
for primary lesions and lymph node metastases in the well-
differentiated group proved to be higher than those for the
poorly differentiated cases, with significance (P � 0.05 and
P � 0.05, respectively) (Table 4).

DISCUSSION

Our study demonstrated the sensitivity, specificity, and
accuracy of 18F-FDG PET for primary lesions, liver, lymph

FIGURE 4. Borrmann type V lesions with
multiple bone metastases. On endoscopic
images, primary lesion is shown as scir-
rhous infiltration (arrows, a) accompanying
some ulcerated areas (arrows, b). 18F-FDG
demonstrates hot foci (arrows, c) corre-
sponding to ulcerated areas. On images of
bone scintigraphy, there are many hot
spots corresponding to metastases on
skull, scapula, vertebrae, costae, and ster-
num, but 18F-FDG PET image suggests
bone metastases only in sternum (arrows,
d) and part of scapula (arrow, e) and verte-
brae (arrows, f ).
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node, and lung metastases to be high, whereas values for
ascites, peritonitis, pleuritis carcinomatosis, and bone me-
tastases were low. Detectability was clearly better with the
SET2400W than with the PT931/04. We can conclude that

18F-FDG uptake by gastric cancers is relatively high, but
without any parallel to the histologic type.

Higashi et al.(17) reported 18F-FDG uptake to reflect the
number of viable tumor cells. We speculate that Borrmann

FIGURE 5. Cases with peritonitis or pleu-
ritis carcinomatosis. (A) Recurrence to peri-
toneal and thoracic cavities after total gas-
trectomy (patient S09). CT images show
large amount of pleural effusion and ascites
that were diagnosed as malignancy by cy-
tology, but 18F-FDG PET shows no findings.
(B) Borrmann type III lesion with peritonitis
carcinomatosis (patient S05). Barium radio-
graphic image shows pyrolic stenosis (ar-
rows, a). CT images show large amount of
ascites and nodal masses on peritoneal wall
(arrows, b). 18F-FDG accumulates in sites
corresponding to primary lesion (arrows, c)
and nodal masses (arrows, d) on peritoneal
wall.
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types I, II, and III are easily visible because the malignant
cells are densely packed, whereas with the Borrmann type
IV they infiltrate into the gastric wall with much intermin-
gled stromal tissue. Regarding the tumor that was infiltrat-
ing diffusely, accompanied by ulcerated lesions in part, the
fact that hot foci of 18F-FDG corresponded with the ulcer-
ated sites (Fig. 4) is in line with the report of Kubota et al.
(33) that macrophages and granulation tissues demonstrate
marked accumulation of 18F-FDG.

The sensitivity, specificity, and accuracy of 18F-FDG PET
for liver, lymph node, and lung metastases were here found
to be high. The smallest lesion detected by 18F-FDG PET

was a liver metastasis of 0.5 cm in diameter in patient S19
(Fig. 3A), and 18F-FDG PET for metastatic lesions in nodes
appears to be reliable. However, in our study, 18F-FDG PET
did not detect locoregional lymph node metastases. Lerut et
al. (34) reported that the regional lymph node metastases
were not detected with high accuracy, in line with findings
of our study. On the other hand, no 18F-FDG PET images
revealed the existence of malignant ascitic fluid or pleural
effusion (Fig. 5A). In patients E06, E13, S03, S11, and S14,
dissemination of small nodal lesions in the peritoneum was
confirmed by previous palliative surgery, but they were not
detected by 18F-FDG PET and the diagnosis of peritonitis or
pleuritis carcinomatosis was possible only when deposits
were present on the peritoneal or pleural wall (Fig. 5B) and
their sizes were �2 cm in diameter. Potter et al. (28)
reported earlier that 18F-FDG PET was not suited for screen-
ing purposes in the follow-up of treated gastric cancer
because of its moderate accuracy. They pointed to incorrect
PET diagnoses of recurrent gastric cancers caused by peri-
toneal metastases, in line with our study findings. We spec-
ulate that 18F-FDG exudes from vessels into the peritoneal
or thoracic cavity and the actual concentrations may be very
low. If possible, ascitic fluid or plural effusion should be
examined for 18F-FDG activity.

Our study group included 3 patients with bone metastases
(Fig. 4), suspected on the basis of hypercalcemia, hyperal-
kaline phosphatasenemia, or bone pain, for which 99mTc-
MDP bone scintigraphies were performed. The number of
bone metastases detected with 18F-FDG PET was fewer than
that with bone scanning. 18F-FDG PET appears to be supe-
rior to bone scintigraphy at detecting bone metastases from
lymphomas (35) and breast cancers (36) but is disappointing
with prostate cancer (37). Cook et al. (38) reported that
18F-FDG PET gave more accurate results than scintigraphy
for osteolytic but not osteoblastic breast cancer metastases.
They speculated that osteoblastic metastases might be acel-
lular with low volumes of viable tumor. In addition, osteo-

FIGURE 6. SUVs of each lesion. Prim � primary lesions (E);
Liver � liver metastases (F); Lym � lymph node metastases (�);
Bone � bone metastases (■ ); Abd w. � abdominal wall tumors
(‚); Lung � lung metastases (Œ). SUVs are 8.9 � 4.2, 6.5 � 2.2,
6.1 � 2.5, 3.9 � 2.0, 6.5 � 1.8, and 4.7 � 2.6, respectively.
SUVs of primary lesions, liver, and lymph node metastases
involve data from 2 patients who had prior chemotherapy. SUVs
from patients who were chemotherapy naive are given in Table
4. SUVs of bone, abdominal wall, and lung metastases are all
from patients who were chemotherapy naive.

TABLE 4
Comparison of SUVs Between Different Histologic Types

Primary
lesions or

metastases

Overall Untreated Well � mod Poor � sig

No.* SUV No.* SUV No.* SUV No.* SUV

Prim 19 (19) 8.8 � 4.2 17 (17) 9.0 � 4.3 4 (4) 13.2 � 6.3 13 (13) 7.7 � 2.6

P � 0.05

Liver 9 (55) 6.5 � 2.2 7 (41) 6.9 � 2.4 2 (2) 5.6 � 2.8 5 (39) 7.0 � 2.4
Lym 14 (38) 6.1 � 2.5 12 (36) 6.2 � 2.6 3 (8) 8.8 � 3.2 9 (28) 5.5 � 1.9

P � 0.05

*No. � no. of patients (no. of lesions).
Overall � all lesions; Untreated � untreated lesions; Well � well-differentiated adenocarcinoma; mod � moderately differentiated

adenocarcinoma; Poor � poorly differentiated adenocarcinoma; sig � signet ring cell carcinoma; Prim � primary lesions; Liver � liver
metastases; Lym � lymph node metastases.

P value; Mann–Whitney U test.
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lytic lesions might be expected to outstrip their blood sup-
ply, which renders them hypoxic, and this might increase
18F-FDG uptake. In our patients, obviously osteolytic le-
sions evident on radiography were also detected by 18F-
FDG PET, but the osseous lesions with no clear changes on
plain bone radiographs were missed. Small numbers of
malignant cells might induce an osteoblastic response to
bone metastases from gastric cancers and, therefore, 99mTc-
MDP bone scintigraphy might be superior to 18F-FDG PET
for their detection. However, because our study covered
only 3 cases, further investigations are needed for confir-
mation.

In the present comparison, the SET2400W was clearly
superior to the PT931/04 (Table 3). This is due to the
differences of machine performances, involving the special
resolution. But the postinjection transmission technique also
improved the results. 18F-FDG is trapped and converted to
18F-FDG-6-phosphate in the liver, dephosphorylated by a
key enzyme for glucogenesis, and excreted (3). The later the
emission scan starts after 18F-FDG injection, the better the
signal-to-noise ratio for liver metastasis. With the PT931/
04, patients had to wait on the bed of the scanner from the
start of the transmission to the end of the emission and
maintain the same supine position. Because this inflicts pain
on individuals suffering from severe disease, the total time
of the examination must be kept as short as possible. With
the SET 2400W, the use of postinjection transmission re-
moves this limitation. Because patients can relax after the
injection for the examination, the period after the injection
to emission scanning can be lengthened.

Our quantitative analysis revealed the SUVs for gastric
cancers to be relatively elevated compared with other kinds
of cancer (5–16). Primary lesions, liver and lymph node
metastases, as well as abdominal nodal metastases, demon-
strated higher values than bone metastases. The SUVs for
highly differentiated types were significantly greater than
with poorly differentiated types of primary lesions and
lymph node metastases. Stahl et al. (27) reported mucinous
and signet ring cell carcinomas to show significantly lower
18F-FDG uptake than other histologic types of gastric can-
cer. These results contrast with our previous findings using
human xenografts that 18F-FDG uptake increases with loss
of differentiation (39). However, in the latter, the volume
ratios of tumor parenchyma to stroma were almost the same
among all human xenografts. Poorly differentiated adeno-
carcinomas and signet ring cell carcinomas tend to infiltrate
into the gastric wall with much stromal tissue, whereas
well-differentiated and moderately differentiated adenocar-
cinomas form tumor masses. We speculate that low 18F-
FDG accumulation in poorly differentiated types of primary
lesions, in spite of their aggressiveness, occurs because of
the low concentration of cancer cells. The same might be
expected to occur with lymph node metastases, but it is well
known that the degree of differentiation of primary and
metastatic lesions with gastric cancers can be very different.
We conclude that further investigations are needed to com-

pare 18F-FDG uptake and the histologic appearance of met-
astatic lesions.

Recently, response evaluation criteria in solid tumors
have been widely applied for evaluation of cancer treatment
(40). This method is based on helical CT but ignores the
efficacy with regard to the primary lesion because it cannot
be measured with the approach in gastric cancer cases. Our
study revealed that 18F-FDG PET can detect and evaluate
semiquantitively primary lesions other than with Borrmann
type IV disease, as well as major metastatic sites, and,
therefore, could be used as an instrument for assessing
treatment, especially chemotherapy. However, 18F-FDG
PET may fail to detect primary lesions of Borrmann type
IV, peritonitis, pleuritis carcinomatosis, and bone metasta-
ses, despite those being high-grade malignancy. In the ap-
plication of 18F-FDG PET for gastric cancer, attention thus
should be paid to the risk of missing important lesions.

CONCLUSION

Our study indicates that 18F-FDG PET is a useful diag-
nostic modality for advanced, metastatic, or recurrent gas-
tric cancers but may have difficulty in detecting peritoneal
and pleural carcinomatoses and bone metastases. 18F-FDG
uptake of primary or metastatic gastric cancers is compar-
atively high but does not necessarily parallel the grade of
malignancy.
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