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Abstract
Purpose The study evaluated the role of preoperative 18F-
fluorodeoxyglucose (FDG) positron emission tomography
(PET)/CT in the prediction of recurrent gastric cancer after
curative surgical resection.
Methods A total of 271 patients with gastric cancer who
underwent 18F-FDG PET/CT and subsequent curative sur-
gical resection were enrolled. All patients underwent follow-
up for cancer recurrence with a mean duration of 24±
12 months. 18F-FDG PET/CT images were visually assessed
and, in patients with positive 18F-FDG cancer uptake, the
maximum standardized uptake value (SUVmax) of cancer
lesions was measured. 18F-FDG PET/CT findings were
tested as prognostic factors for cancer recurrence and com-
pared with conventional prognostic factors. Furthermore,
18F-FDG PET/CT findings were assessed as prognostic
factors according to histopathological subtypes.

Results Of 271 patients, 47 (17 %) had a recurrent event.
Positive 18F-FDG cancer uptake was shown in 149 patients
(55 %). Tumour size, depth of invasion, presence of lymph
node metastasis, positive 18F-FDG uptake and SUVmax were
significantly associated with tumour recurrence in univariate
analysis, while only depth of invasion, positive 18F-FDG
uptake and SUVmax had significance in multivariate analy-
sis. The 24-month recurrence-free survival rate was signif-
icantly higher in patients with negative 18F-FDG uptake
(95 %) than in those with positive 18F-FDG uptake (74 %;
p<0.0001). In subgroup analysis, 18F-FDG uptake was a
significant prognostic factor in patients with tubular adeno-
carcinoma (p00.003) or poorly differentiated adenocarcino-
ma (p00.0001). However, only marginal significance was
shown in patients with signet-ring cell carcinoma and mu-
cinous carcinoma (p00.05).
Conclusion 18F-FDG uptake of gastric cancer is an inde-
pendent and significant prognostic factor for tumour
recurrence. 18F-FDG PET/CT could provide effective
information on the prognosis after surgical resection of
gastric cancer, especially in tubular adenocarcinoma and
poorly differentiated adenocarcinoma.
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Introduction

Gastric cancer is the most common cancer in Korea [1].
Although 5-year survival rates for gastric cancer have mark-
edly increased recently, possibly due to an early diagnosis,
advanced gastric cancer still carries a poor prognosis with
high mortality rate [1–3]. The only available curative ther-
apy for gastric cancer is surgical resection involving
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gastrectomy with radical lymph node (LN) dissection [4].
However, cancer recurrence can occur after surgical resec-
tion, with rates ranging from 12 to 49 %, and the often
dismal results of treatment yield a poor prognosis [5–7].
The stage of gastric cancer, depth of tumour invasion and
extent of LN metastasis are the most significant factors for
predicting recurrence [6, 8–10].

18F-Fluorodeoxyglucose (FDG) positron emission to-
mography (PET) has been widely used to evaluate various
types of malignant tumours [11]. However, the role of 18F-
FDG PET in gastric cancer is debatable. Although 18F-FDG
PET is clinically useful in detecting recurrent gastric cancer
after surgical resection [12, 13], the role of 18F-FDG PET in
preoperative workup is limited due to its low sensitivity for
primary tumour and LN metastasis [14, 15]. Furthermore,
because only a few studies with a small number of patients
have been performed, the role of 18F-FDG PET in predicting
prognosis of patients with gastric cancer is still contentious
[13, 16–18].

This study aimed to investigate the role of 18F-FDG
PET/computed tomography (CT) as a prognostic factor
for gastric cancer recurrence and to compare the predic-
tive values with conventional prognostic factors. Fur-
thermore, we also evaluated the predictive value of
18F-FDG PET/CT findings according to histopathologi-
cal subtypes of gastric cancer.

Materials and methods

Patients

This study was approved by the Institutional Review Board
in our medical centre. Between June 2006 and December
2010, the records of 299 patients with gastric cancer who
underwent preoperative 18F-FDG PET/CT scan and subse-
quent curative surgical resection were retrospectively
reviewed. Patients who had a previous history of another
malignancy or received any neoadjuvant therapy prior to
surgical resection of gastric cancer were excluded. Of the
299 patients, 14 patients were excluded from this study due
to loss to follow-up, and 10 patients were excluded due to
death from cancer-unrelated causes. Furthermore, four
patients had rare pathological types of gastric cancer
(adenosquamous carcinoma, squamous cell carcinoma and
leiomyosarcoma) and were excluded from statistical analy-
sis. The remaining 271 patients with gastric cancer were
enrolled in this study.

18F-FDG PET/CT scan and image analysis

All 18F-FDG PET/CT scans were performed with a dedicat-
ed PET/CT scanner (Gemini, Philips, Milpitas, CA, USA)

within 1 month before surgical resection of gastric cancer.
All patients were instructed to fast at least 6 h before the 18F-
FDG PET/CT scans. Furthermore, they were also requested
to drink at least 500 ml of water just prior to scanning to
distend the stomach. Patients were intravenously injected
with 5.18 MBq/kg of 18F-FDG 1 h prior to imaging. At first,
a CT scan was performed at 80 mA and 140 kVp for
attenuation correction without contrast enhancement. After-
wards, an emission scan was performed from the skull base
to the proximal thigh in one bed position for 2.5 min.
Emission scan images were reconstructed into a matrix of
128×128 using an iterative algorithm (ordered subset ex-
pectation maximization), and attenuation as well as scatter
correction was performed.

All of the 18F-FDG PET/CT images were evaluated by
two nuclear medicine physicians. The evaluation of 18F-
FDG PET/CT images was performed in two steps. First,
18F-FDG PET/CT images of all patients were visually
assessed and the patients were classified as positive or
negative with respect to 18F-FDG cancer uptake. Lesions
showing focally increased 18F-FDG uptake exceeding the
uptake of the surrounding normal stomach wall and
corresponding with cancer lesions on contrast-enhanced
CT images and gastroduodenoscopies were read as posi-
tive 18F-FDG uptake. No visible focally increased 18F-
FDG uptake or diffusely increased 18F-FDG uptake that
was unable to differentiate cancer uptake from physiolog-
ical gastric wall uptake was judged to be negative 18F-
FDG uptake. Furthermore, focally increased 18F-FDG
uptake that did not correspond with cancer lesions on
contrast-enhanced CT images, gastroduodenoscopies and
histopathological findings were also read as negative 18F-
FDG uptake. Afterwards, for quantitative analysis, the
maximum standardized uptake value (SUVmax) was mea-
sured only in patients with positive 18F-FDG cancer
uptake. The SUV was calculated as decay corrected
activity (kBq) per tissue volume (ml)/injected 18F-fluoride
activity (kBq) per body mass (g). The SUVmax was
measured by drawing a circular region of interest (ROI)
at the site of the maximum 18F-FDG uptake on the
transaxial 18F-FDG PET images.

Surgery and follow-up

All patients underwent subtotal or total gastrectomy with
regional LN dissection (at least D1+ dissection) according to
the treatment guidelines of the Japanese Gastric Cancer
Association (JGCA) [19]. In histopathological evaluation
of surgical specimens, the JGCA system and the Lauren
classification were applied [20, 21]. The histopathological
subtypes of gastric cancer were categorized into papillary
adenocarcinoma, tubular adenocarcinoma (TAC, well-
differentiated and moderately differentiated types), poorly

1426 Eur J Nucl Med Mol Imaging (2012) 39:1425–1434



differentiated adenocarcinoma (PAC), signet-ring cell carci-
noma (SRC) and mucinous adenocarcinoma (MAC) accord-
ing to the JGCA system [20]. Furthermore, the Lauren
classification was used to differentiate intestinal and
non-intestinal tumours [21]. The categories “diffuse
type”, “mixed type” and “non-classifiable” in the Lau-
ren classification were included within the non-intestinal
type [16, 21].

All 271 enrolled patients underwent clinical follow-up
that included blood tests and diagnostic imaging studies
after surgical resection of gastric cancer. The mean duration

of follow-up was 24±12 months (range 7–61 months).
In the first 3 years after operation, all patients were
clinically assessed every 3–4 months and blood tests,
contrast-enhanced CT scan and gastroduodenoscopy
were performed every 6–8 months. Afterwards, the
patients were clinically assessed every 4–6 months and
diagnostic studies were performed every 10–12 months.
If the clinical assessment or diagnostic studies showed
an abnormal finding, additional diagnostic studies and
pathological confirmation were performed to assess can-
cer recurrence.

Table 1 Patient characteristics
according to recurrence

aThe values of SUVmax were
calculated only in patients with
positive 18F-FDG uptake (total,
149 patients; recurrence, 43
patients; no recurrence, 106
patients)

Characteristics Total Recurrence No recurrence p value
(n0271) (n047) (n0224)

Age (years) 60±12 62±12 59±12 0.1

Sex (M:F) 171:100 35:12 136:88 0.1

Tumour location

Upper 7 3 (43 %) 4 (57 %) 0.09

Middle 108 14 (13 %) 94 (87 %)

Lower 156 30 (19 %) 126 (81 %)

Operation type

Total gastrectomy 204 29 (14 %) 175 (86 %) 0.03

Subtotal gastrectomy 67 18 (27 %) 49 (73 %)

Adjuvant chemotherapy

Yes 73 22 (30 %) 51 (70 %) 0.002

No 198 25 (13 %) 173 (87 %)

Histopathology

Tubular 99 14 (14 %) 85 (86 %) 0.5

Poorly differentiated 141 28 (20 %) 113 (80 %)

Signet-ring cell/mucinous 31 5 (16 %) 26 (84 %)

Lauren classification

Intestinal 93 13 (14 %) 80 (86 %) 0.4

Non-intestinal 178 34 (19 %) 144 (81 %)

Tumour size (cm) 3.7±2.4 5.1±3.1 3.3±2.1 0.001

Depth of invasion (T stage)

T1 128 7 (5 %) 121 (95 %) < 0.0001

T2 98 17 (17 %) 81 (83 %)

T3 41 20 (49 %) 21 (51 %)

T4 4 3 (75 %) 1 (25 %)

Regional LN metastasis

Positive 111 34 (31 %) 77 (69 %) < 0.0001

Negative 160 13 (8 %) 147 (92 %)

TNM stage

I 170 14 (8 %) 156 (92 %) < 0.0001

II 63 17 (27 %) 46 (73 %)

III 38 16 (42 %) 22 (58 %)
18F-FDG uptake

Positive 149 43 (29 %) 106 (71 %) < 0.0001

Negative 122 4 (3 %) 118 (97 %)

SUVmax
a 7.3±6.1 9.3±7.2 6.5±5.4 0.01
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Statistical analyses

All enrolled patients were classified as patients with cancer
recurrence and with no evidence of cancer recurrence. Tu-
mour factors and the results of 18F-FDG PET/CT scans were
compared between patients with recurrence and no recur-
rence using Student’s t test, chi-square test and Fisher’s
exact test. Kaplan-Meier survival analysis was performed
to calculate cumulative recurrence-free survival rates
according to the tumour factors and 18F-FDG PET/CT find-
ings. For tumour size and SUVmax, the optimal cutoff values
for the Kaplan-Meier method were determined by receiver-
operating characteristic (ROC) curve analysis. Survival time
was defined as the time from the surgical resection to the
day of detection of cancer recurrence or to the day of last
clinical follow-up. The significance of the predictive value
of the tumour factors and 18F-FDG PET/CT findings was
analysed by log-rank test in univariate analysis and by Cox
proportional hazards regression test in multivariate analysis.

Afterwards, all enrolled patients were categorized into
three subgroups: patients with TAC, patients with PAC
and patients with SRC or MAC (SRC/MAC). The val-
ues of SUVmax between these three subgroups were
compared using the Kruskal-Wallis test. Further, Fisher’s

exact test and Mann-Whitney test were used to compare
18F-FDG PET/CT findings between patients with recur-
rence and no recurrence for each subgroup. For each
subgroup, the Kaplan-Meier method with log-rank test
was used to calculate the cumulative recurrence-free
survival rate according to 18F-FDG PET/CT findings.
SPSS software for Windows (SPSS, Chicago, IL,
USA) was used for all statistical tests and p values<
0.05 were considered statistically significant.

Results

Characteristics of the patients and 18F-FDG PET/CT
findings

Of the 271 patients enrolled, 99 patients (37 %) were
diagnosed with TAC, 141 patients (52 %) with PAC, 25
patients (9 %) with SRC and the remaining 6 patients
(2 %) with MAC. During follow-up, cancer recurrence
was found in 47 patients (17 %). Of these 47 patients,
distant organ metastases and/or peritoneal carcinomatosis
were observed in 35 patients, abdominal LN metastases
in 5 patients, local recurrence with distant organ metas-
tases or peritoneal carcinomatosis in 5 patients and only
local recurrence in 2 patients. The characteristics of the
enrolled patients are shown in Table 1. Of the 271
patients, 128 patients (47 %) has early gastric cancer
(T1 tumours irrespective of LN metastasis). Overall, pos-
itive 18F-FDG uptake of primary tumours was shown in
149 patients (55 %), and the values of SUVmax were
measured only in these 149 patients. Positive 18F-FDG
uptake was observed in 44 patients (34 %) of 128
patients with early gastric cancer; meanwhile, positive
18F-FDG uptake was shown in 105 patients (73 %) of
the remaining 143 patients with advanced gastric cancer.
Furthermore, the ratio of patients with positive 18F-FDG
uptake was 59 % in patients with intestinal type (55 of
93 patients) and 53 % in patients with non-intestinal type
(94 of 178 patients).

Fig. 1 Distribution of SUVmax on
18F-FDG PET/CT in patients with

recurrence (n043) and no recurrence (n0106) among 149 patients with
positive 18F-FDG cancer uptake. Patients with recurrence showed
significantly higher SUVmax than patients with no recurrence (p00.01)

Fig. 2 18F-FDG (a), CT (b) and fused 18F-FDG PET/CT (c) images of
a 68-year-old male patient with early gastric cancer. Focal 18F-FDG
uptake of gastric cancer lesion is shown in the antrum with an SUVmax

of 3.6 (arrow). The patient was diagnosed as having poorly differen-
tiated adenocarcinoma of T1 stage without regional LN metastasis. The
cancer recurred 9 months after curative surgery
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In the comparison between the recurrence group and non-
recurrence group, operation type, adjuvant chemotherapy,
depth of tumour invasion, presence of regional LN metasta-
ses, TNM stage, tumour size, ratio of patients with positive
18F-FDG uptake and SUVmax showed significant differen-
ces (p<0.05; Table 1). The distributions of SUVmax in the
recurrence and non-recurrence group among 149 patients
with positive 18F-FDG uptake are shown in Fig. 1. Of the
149 patients with positive 18F-FDG uptake, recurrence was
found in 43 patients (29 %; Fig. 2). In contrast, only 4
patients (3 %) among 122 patients with negative 18F-FDG
uptake had recurrence (p<0.0001; Fig. 3).

Prognostic factors in prediction of recurrence

The significance of prognostic factors in univariate and
multivariate analyses is shown in Table 2. Although
operation type and adjuvant chemotherapy showed sig-
nificant differences between patients with recurrence and
non-recurrence, these factors were excluded from sur-
vival analysis. Because operation type and adjuvant
chemotherapy are determined by other tumour factors
such as tumour location, depth of tumour and TNM
stage, they were not considered as independent factors.
The optimal cutoff values of SUVmax and tumour size
for the Kaplan-Meier method determined by ROC curve
analysis were 8.2 and 2.7 cm, respectively. The depth of

tumour invasion, presence of regional LN metastases,
tumour size, positive 18F-FDG uptake and SUVmax were
significant prognostic factors for tumour recurrence in
univariate analysis (Table 2). In the multivariate analy-
sis, only depth of tumour invasion and positive 18F-
FDG uptake were determined to be significant in all
patients. Furthermore, in 149 patients with positive
18F-FDG uptake, only depth of tumour invasion and
SUVmax were significant prognostic factors (Table 2).
The cumulative recurrence-free survival curve according
to the 18F-FDG uptake, SUVmax and depth of tumour
invasion by the Kaplan-Meier method is shown in
Fig. 4a–c, respectively. Patients with negative 18F-FDG
uptake showed better survival and higher 24-month
recurrence-free survival rate (95 vs 74 %) than those
with positive 18F-FDG uptake (p<0.0001). Patients with
T1 stage also showed higher 24-month recurrence-free
survival rate (92 vs 78 %) than those with T2–T4 stage
(p<0.0001). Moreover, in 149 patients with positive
18F-FDG uptake, patients with SUVmax below the cutoff
value had better survival and higher 24-month
recurrence-free survival rate (79 vs 58 %) than those
with SUVmax above the cutoff value (p00.001).

Combined depth of tumour invasion with 18F-FDG up-
take could enhance the predictive value of the patients
(Table 3). In patients who showed T1 stage cancer and
negative 18F-FDG uptake, there was no recurrence.

Fig. 3 18F-FDG (a), fused 18F-FDG PET/CT (b) and contrast-
enhanced CT (c) images of a 66-year-old female patient with advanced
gastric cancer. Contrast-enhanced CT image shows well-enhanced
gastric cancer lesion in the gastric body (arrow); however, no abnormal

focal 18F-FDG uptake is seen in PET image. The patient was diagnosed
as having moderately differentiated TAC of T3 stage with regional LN
metastases. There was no recurrence during follow-up of 31 months
after curative surgery

Table 2 Prognostic factors in univariate and multivariate analyses

Factors Univariate Multivariate (n0271) Multivariate (n0149)a

p value Hazard ratio (95 % CI) p value Hazard ratio (95 % CI) p value

Tumour size (> 2.7 vs < 2.7 cm) 0.007 1.00 (0.53–1.91) 0.9 0.91 (0.47–1.78) 0.8

Depth of tumour invasion < 0.0001 2.87 (1.40–5.88) 0.004 2.73 (1.33–5.59) 0.006

Regional LN metastasis < 0.0001 1.58 (0.72–3.46) 0.2 1.35 (0.60–3.01) 0.5
18F-FDG uptake < 0.0001 7.01 (2.07–23.81) 0.002

SUVmax (≥ 8.2 vs < 8.2) 0.001 2.00 (1.03–3.86) 0.04

CI confidence interval
a Performed only in patients with positive 18 F-FDG uptake
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However, even though the gastric cancer lesion was T1
stage, the recurrence rate was 16 % in patients with positive
18F-FDG uptake. Furthermore, in patients who showed T2–
T4 stage cancer and positive 18F-FDG uptake, the recur-
rence rate was 34 %. The patients with negative 18F-FDG
uptake in both T1 stage and T2–T4 stage showed signifi-
cantly higher recurrence-free survival rate than those with

positive 18F-FDG uptake (Fig. 5a, b; p00.001 for T1 stage
and p00.01 for T2–T4 stage).

Subgroup analysis according to the histopathology

The 18F-FDG PET/CT findings according to histopatholog-
ical subtypes are shown in Table 4. Although the ratios of
patients with positive 18F-FDG uptake were higher in TAC
(61 %) and PAC (55 %) groups than the SRC/MAC group
(39 %), the values of SUVmax in patients with positive 18F-
FDG uptake between the three groups showed no significant
differences (p00.5). In the TAC and PAC groups, the ratio
of patients with positive 18F-FDG uptake was significantly
different between patients with recurrence and non-
recurrence (p<0.05); meanwhile, there was a marginal sig-
nificant difference in the SRC/MAC group (p00.06).

The cumulative recurrence-free survival curve according
to the 18F-FDG uptake in the subgroup patients is shown in
Fig. 6a–c. In the TAC and PAC groups, patients with neg-
ative 18F-FDG uptake had a significantly higher recurrence-
free survival rate than patients with positive 18F-FDG up-
take (p00.003 for the TAC group and p00.0001 for the
PAC group). In contrast, only marginal significance was
shown in a comparison of the recurrence-free survival rate
for the SRC/MAC group (p00.05).

Discussion

To the best of our knowledge, this is the largest clinical
study to evaluate the role of 18F-FDG PET/CT for predicting
prognosis in patients with gastric cancer after curative sur-
gery. This study demonstrated that positive 18F-FDG uptake
of a primary gastric cancer lesion is an independent and
significant prognostic factor for cancer recurrence after cu-
rative surgical resection. Although the detection rate of 18F-
FDG PET/CT for gastric cancer was only 55 %, in a com-
parison with various prognostic factors by multivariate anal-
ysis, positive 18F-FDG uptake and SUVmax showed
significance in addition to the depth of tumour invasion.
Furthermore, in a subgroup of patients with TAC or PAC,
positive 18F-FDG uptake was a significant prognostic factor.
The results of our study suggest that preoperative 18F-FDG

Fig. 4 The cumulative recurrence-free survival curves according to
18F-FDG uptake (a), SUVmax (b) and depth of tumour invasion (T
stage) (c). Patients with negative 18F-FDG uptake or T1 stage showed
significantly better survival than those with positive 18F-FDG uptake
or T2–T4 stage, respectively (p<0.0001 for all). Furthermore, of 149
patients with positive 18F-FDG uptake, patients with SUVmax<8.2
showed better survival than those with SUVmax≥8.2 (p00.001)

Table 3 Recurrence rate according to the combination of depth of
tumour invasion (T stage) and 18F-FDG PET/CT findings

Depth of tumour invasion

T1 stage T2–T4 stage

18F-FDG uptake Positive 7/44 (16 %) 36/105 (34 %)

Negative 0/84 (0 %) 4/38 (11 %)
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PET/CT can play a significant role in predicting prognosis in
patients with gastric cancer, especially in patients with TAC
or PAC, although the diagnostic ability of 18F-FDG PET/CT
is limited.

Presently, 18F-FDG PET/CT displays a low detection rate
for primary gastric cancer (55 %), especially for early gastric
cancer (34 %) and SRC/MAC (39 %). Sensitivity for detect-
ing the primary tumour varies between 47 and 96 % due to
the different characteristics of enrolled patients [15, 16, 18,
22–26]. Similar to the results of our study, previous studies
have already documented very low sensitivity of 26–47 %
for detecting early gastric cancer [18, 22, 26] and 25 % for
SRC [16]. Furthermore, another study reported that 49 %
(20 of 41 patients) of patients with SRC had SUVmax<3.8
[24]. The variable and sometimes intense physiological 18F-
FDG uptake in the normal gastric wall and differences of 18F-
FDG uptake in cancer lesions according to histopathological
subtypes of gastric cancer are the most significant contributing
factors for the low detection rate of primary tumours. Normal
gastric wall devoid of malignant lesions can display an SUV
exceeding 2.5 and benign gastric mucosal inflammation can
show focal intense 18F-FDG accumulation, which restricts
detection of gastric cancer lesions [16, 27, 28]. 18F-FDG
uptake in mucinous carcinoma can be positively correlated

with tumour cellularity, but negatively correlated with the
amount of mucin within the tumour mass, which accounts
for low detectability of 18F-FDG PET for SRC andMAC [29].
Furthermore, an infiltrative growth pattern, high content of
mucus and low concentration of cancer cells lead to low 18F-
FDG uptake in poorly differentiated cancer and signet-ring
cell cancer, in spite of their aggressiveness [14].

Previous studies also showed a lower detection rate for
non-intestinal tumours (41–52 %) than that for intestinal
tumours (66–83 %) [16, 26]. However, similar detection rates
in both types of tumours have been noted previously (78% for
non-intestinal type and 72 % for intestinal type) [18] and
presently (53 % for non-intestinal type and 59 % for intestinal
type). The detection rate for the non-intestinal type can be
influenced by the proportion of PAC, SRC and MAC because
the detection rates of 18F-FDG PET for TAC and PAC were
similar and higher than that for SRC/MAC in our study. Most
of the non-intestinal tumours in our study were PAC and only
16 % of non-intestinal tumours were SRC/MAC. Hence, 18F-
FDG PET findings according to the histopathological classi-
fication can reveal the characteristics of gastric cancer better
than those according to the Lauren classification.

18F-FDG PET has a significant role in predicting prog-
nosis for diverse malignancies [30–32]. In the present study,

Fig. 5 The cumulative
recurrence-free survival curves
according to 18F-FDG uptake in
patients with early gastric can-
cer (T1 stage) (a) and in
patients with advanced gastric
cancer (T2–T4 stage) (b). In
both patient groups, patients
with negative 18F-FDG uptake
showed significantly better sur-
vival than those with positive
18F-FDG uptake (p00.001 for
early gastric cancer and p00.01
for advanced gastric cancer)

Table 4 18F-FDG PET/CT
findings according to
histopathological
subtypes

Total Recurrence No recurrence p value

Tubular 99 14 (14 %) 85 (86 %)
18F-FDG uptake Positive 60 14 (23 %) 46 (77 %) 0.001

Negative 39 0 (0 %) 39 (100 %)

SUVmax 7.1±5.3 8.4±6.1 6.7±5.1 0.3

Poorly differentiated 141 28 (20 %) 113 (80 %)
18F-FDG uptake Positive 77 25 (32 %) 52 (68 %) < 0.0001

Negative 64 3 (5 %) 61 (95 %)

SUVmax 7.5±6.2 9.1±6.2 6.8±6.1 0.04

Signet-ring cell/mucinous 31 5 (16 %) 26 (84 %)
18F-FDG uptake Positive 12 4 (33 %) 8 (67 %) 0.06

Negative 19 1 (5 %) 18 (95 %)

SUVmax 7.4±9.3 13.9±15.2 4.2±1.5 0.6
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in addition to tumour size, depth of tumour invasion and
presence of LN metastasis, 18F-FDG uptake in gastric cancer
lesions was a significant prognostic factor in univariate anal-
ysis. The tumour size, stage and the status of LN metastasis
are regarded as representative of the progression and aggres-
siveness of gastric cancer and have already been reported as
significant prognostic factors [6, 8–10]. However, these prog-
nostic factors have limitations because they cannot be exactly

evaluated preoperatively. In contrast, 18F-FDG PET is nonin-
vasive and feasible to use and can provide effective informa-
tion on the prognosis before surgical resection. Furthermore,
combined depth of tumour invasion with 18F-FDG PET find-
ings could more appropriately predict prognosis of the
patients. The association between 18F-FDG uptake of gastric
cancer and prognosis can be explained by glucose transporter
1 (GLUT1) expression on gastric cancer cells. Previous stud-
ies have shown that the degree of 18F-FDG uptake in gastric
carcinoma is related to GLUT1 expression, and GLUT1 ex-
pression in gastric carcinoma is associated with tumour ag-
gressiveness and patient survival [25, 33]. Because 18F-FDG
uptake differs between different histopathological subtypes
[14, 34], we also investigated the role of 18F-FDG PET as a
prognostic factor according to histopathological subtypes. In
the subgroup of patients with TAC or PAC, patients with
negative 18F-FDG tumour uptake showed better recurrence-
free survival than those with positive 18F-FDG tumour uptake.
Subgroup patients with SRC/MAC also showed a tendency
toward better recurrence-free survival curve in patients with
negative 18F-FDG tumour uptake, but failed to be significant
in statistical analysis, which might be due to the small number
of the subgroup. Because the proportion of patients with SRC
is between 12 and 17 % in Korea [35, 36], 18F-FDG PET/CT
can be effectively used in most of the patients with gastric
cancer for predicting prognosis.

There have been a limited number of studies examining the
role of 18F-FDG PET as a prognostic factor in patients with
gastric cancer, and these studies have shown conflicting
results. Stahl et al. [16] reported that the survival rate was
not significantly different in patients with detectable tumours
on 18F-FDG PETand patients with non-detectable tumours. In
contrast, other previous studies showed that patients with high
18F-FDG uptake had a worse prognosis than those with low
18F-FDG uptake, and 18F-FDG PET could provide important
information concerning the prognosis of gastric cancer [13,
18, 37]. Furthermore, Pak et al. [17] investigated the role of
18F-FDG PET in 41 patients with SRC and showed that the
high SUVmax group had more frequent recurrence and a
shorter relapse-free survival than the low SUVmax group.
Our study also demonstrated that 18F-FDG uptake of gastric
cancer was an independent and significant prognostic factor
for cancer recurrence in multivariate analysis, in addition to
the depth of the cancer lesion. The differences between our
study and the study by Stahl et al. [16] could be derived from
the different patient populations. All of the patients in our
study and previous studies byMochiki et al. [18] and Pak et al.
[17] underwent curative surgical resection after 18F-FDG PET
without any neoadjuvant treatment. However, the patients in
the study by Stahl et al. [16] underwent chemotherapy after
18F-FDG PET, suggesting that the patients in their study had a
more advanced stage of gastric cancer than patients in our
study.

Fig. 6 The cumulative recurrence-free survival curves according to
18F-FDG uptake in subgroup patients with TAC (a), PAC (b) and SRC/
MAC (c). In patients with TAC and PAC, those with negative 18F-FDG
uptake showed significantly better survival than those with positive
18F-FDG uptake (p00.003 for TAC and p00.0001 for PAC). In con-
trast, marginal significance was shown in patients with SRC/MAC (p0
0.05)
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There were several limitations in the present study. First,
because we only enrolled patients who underwent curative
surgical resection, the proportion of patients with early
gastric cancer was high (47 %), which produced an overall
good prognosis. Second, the recurrence rate of patients with
early gastric cancer in our study was 5 %, which is slightly
higher than the results of previous studies performed in
Korea (2–3 %) [38–40]. This difference could be due to
the selection bias and relatively small number of patients in
our study. Third, the number of patients with SRC and MAC
was small in this study, and further studies with more
patients will be needed to elucidate the role of 18F-FDG
PET as a prognostic factor in patients with SRC and MAC.
Finally, our study was a retrospective single-centre study.
Further prospective multi-centre studies will be needed.

In conclusion, the results of our study demonstrated that
18F-FDG uptake in gastric cancer is an independent and
significant prognostic factor for predicting cancer recurrence
after curative surgical resection. Patients with negative 18F-
FDG uptake in gastric cancer had significantly better
recurrence-free survival than patients with positive 18F-
FDG uptake. Furthermore, in patients with TAC and PAC,
recurrence-free survival was significantly different between
patients with positive and negative 18F-FDG uptake. There-
fore, although the detectability of 18F-FDG PET/CT for
gastric cancer is low, preoperative 18F-FDG PET/CT could
provide effective information on the prognosis after curative
surgical resection of gastric cancer.
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