
ORIGINAL ARTICLE

Prognostic Value of Metabolic Information in Advanced Gastric
Cancer Using Preoperative 18F-FDG PET/CT

Hye Ryeong Kwon1
& Kisoo Pahk1 & Sungsoo Park2 & Hyun Woo Kwon1

& Sungeun Kim1

Received: 27 May 2019 /Revised: 22 October 2019 /Accepted: 23 October 2019
# Korean Society of Nuclear Medicine 2019

Abstract
Purpose This study evaluated the usefulness of semiquantitative and volumetric PET parameters for predicting prognosis in
patients with advanced gastric cancer (AGC).
Methods We enrolled 213 patients who underwent 18F-fluoro-2-deoxyglucose positron emission tomography/computed tomog-
raphy (18F-FDG PET/CT) prior to curative surgery for AGC.Maximum standardized uptake value (SUVmax) and tumor-to-liver
uptake ratio (TLR) were measured in all patients. Metabolic tumor volume (MTV) and total lesion glycolysis were measured in
volume-measurable patients. For further quantification of FDG uptake, we developed PET prognostic scores by combining
SUVmax andMTV (1: low SUVmax/lowMTV; 2: high SUVmax/lowMTV; 3: high SUVmax/high MTV). Comparison of PET
parameters between recurrence and non-recurrence groups was performed. Univariate and multivariate analyses for recurrence-
free survival (RFS) and overall survival (OS) were subsequently performed.
Results The recurrence rate was 32.4% (69/213 patients). Mean SUVmax and mean MTVof the recurrence group were signif-
icantly higher than those of the non-recurrence group (p = 0.026 and p = 0.025). TLR showed marginal significance (p = 0.051).
In multivariate analysis for RFS including all patients, SUVmax (p = 0.022), TLR (p = 0.010), and PET score (p = 0.003) were
independent prognostic factors. In post hoc analysis of PET score, significant differences in RFS were observed between PET
scores 2 and 3 as well as scores 1 and 3. No significant difference in RFS was observed between scores 1 and 2. Only PET score
was statistically significant for OS in univariate analysis. None of the PET parameters were statistically significant for OS in
multivariate analysis.
Conclusion High SUVmax and high MTV of the primary tumor suggest a high risk of recurrence for AGC patients. Even if
SUVmax is similar, the prognosis may vary depending on MTV. Combining PET parameters results in a better prediction for
prognosis.
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Introduction

Gastric cancer is one of the most common cancers in Korea,
especially in men aged 35 to 64 years [1]. Despite the de-
creased incidence and mortality rates over the past decade,
gastric cancer still ranks fifth in incidence rate and third in

mortality rate globally [2–4]. Moreover, its incidence and
mortality rates in both sexes are the highest in East Asia, and
about half of the world’s patients are East Asians [3, 5]. The
treatment for gastric cancer is a radical resection, but local
recurrence or distant metastasis often occurs even after sur-
gery. The prognosis is poor in case of recurrence.

18F f luoro-2-deoxyglucose posi t ron emiss ion
tomography/computed tomography (18F-FDG PET/CT)
is useful for initial staging and recurrence evaluation in
most malignant tumors [6]. However, gastric cancer
shows variable FDG uptake according to histopathologic
type and tumor aggressiveness, with detection rates rang-
ing from 40 to 90% [7–10]. Additionally, the gastric wall
may show high physiologic uptake and may also show
focally increased uptake under benign conditions such as
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visceral thickening or inflammation [9]. Despite its vary-
ing sensitivity, PET/CT shows high specificity and high
positive predictive value for gastric cancer and it is excel-
lent in evaluating distant metastasis [11, 12]. Therefore,
PET/CT has diagnostic value in preoperative staging of
gastric cancer.

The quantified values of FDG uptake are clinically impor-
tant for malignancy assessment, treatment response evalua-
tion, and prognostic prediction. In particular, prognostic pre-
diction based on PET parameters helps cancer patients accu-
rately understand their condition and also helps medical phy-
sicians determine the treatment direction [13]. There have
been many studies on the prognostic role of 18F-FDG PET/
CT in non-metastatic and metastatic gastric cancer [14–20].
These studies reported a significant correlation between me-
tabolism and prognosis. However, most of these studies have
investigated using FDG avidity or a semiquantitative param-
eter such as standardized uptake value (SUV). Few have dealt
with volumetric PET parameters. This may be because FDG
avidity and SUV have fewer inter-observer variations, and it is
often difficult to measure metabolic volumes in case of FDG-
negative tumors or infiltrative tumors. Despite these charac-
teristics, volumetric parameters are useful in that they reflect
the size and metabolic information of the entire tumor, not just
the hottest point of the tumor. We hypothesized that the eval-
uation by combining FDG uptake intensity and metabolic vol-
ume enabled us to predict gastric cancer patients’ prognosis
more precisely. Since semiquantitative and volumetric param-
eters have different advantages, we assumed that evaluating
the two parameters together would complement each other.

This study aimed to investigate useful PET parameters for
predicting recurrence and overall survival of advanced gastric
cancer (AGC) and to verify the benefits of evaluating different
types of PET parameters together.

Materials and Methods

Patients

Patients with gastric cancer who underwent 18F-FDG PET/CT
within 1 month prior to curative resection were included. We
excluded patients with early gastric cancer (EGC), gastroin-
testinal stromal tumor (GIST), recurred case, palliative sur-
gery, neoadjuvant chemotherapy, and follow-up loss within
3 months after surgery (Fig. 1). EGC (T1 stage tumor) was
inadequate to examine the relationship between metabolism
and recurrence because of its low FDG uptake and low recur-
rence rate [7, 14, 21]. Finally, 213 patients between April 2008
and March 2016 were enrolled in this study. Ninety-six pa-
tients underwent total gastrectomy, 91 underwent subtotal gas-
trectomy, and 26 underwent distal gastrectomy. A total of 116
patients received postoperative adjuvant chemotherapy. This

retrospective study was approved on August 24, 2017 by the
Institutional Review Board of our institution (AN17196-001),
and the requirement for informed consent was waived.

18F-FDG PET/CT Imaging

18F-FDG PET/CT images were acquired using a Gemini TF
16 PET scanner (Philips Medical Systems, Cleveland, OH,
USA) with a 4-mm spatial resolution and 18-cm axial field
of view. Patients fasted for at least 6 h and received 18F-FDG
injections of approximately 5.18MBq/kg when blood glucose
levels were less than 200 mg/dL. PET/CT images were ac-
quired 60 min after the injection. Low-dose CTscans (50 mA,
120 kVp, 512 × 512 matrix size) were acquired for attenuation
correction. PET scans were subsequently acquired for 1 min
per bed position. PET image reconstruction was performed
using a three-dimensional iterative algorithm with TOF
function.

Measurements of PET Parameters

It was considered a detectable case when the primary tumor
uptake was clearly distinguished from the surrounding phys-
iologic uptake, and its site matched the pathologically proven
cancer location. It was considered an undetectable case when
the primary tumor uptake was indistinct from the surrounding

2,385 patients

who underwent surgery due to gastric tumors 

between December 2004 and December 2016

335 patients

who were first-selected

213 patients

who were enrolled in this study

between April 2008 and March 2016

Excluded

1) Patients with EGC

2) Patients who did not undergo preoperative PET/CT

Exclusion criteria

1) GIST

2) Recurred case

3) Palliative surgery (stage patients)

4) Neoadjuvant chemotherapy before surgery

5) Shor-term follow up loss (within 3 months)

Fig. 1 Flowchart of patient enrollment
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physiologic uptake. In detectable cases, the volume of interest
(VOI) was manually adjusted to the tumor and maximum
SUV (SUVmax) was obtained. The VOI was set slightly larg-
er than the distinguishable tumor boundary and did not in-
clude adjacent organs or lymph nodes in the case of irregularly
shaped or extensive tumor. Since even the low tumor uptake
was visually slightly higher than the surrounding physiologic
uptake in detectable cases, we carefully set the VOI along the
uptake margin based on the tumor extent identified by abdom-
inal CT. SUV is the accumulated radioactivity in the tissue of
the VOI divided by the dose injected per body weight.
SUVmax is the one-pixel value with the highest SUV. In un-
detectable cases, the tumor site was determined by enhanced
abdominal CT finding and endoscopic finding. SUVmax was
obtained by setting a 2-cm spherical VOI at the presumed
location. We used this method because we considered that
indistinguishable low uptake also reflected tumor aggressive-
ness [15].We alsomeasured tumor-to-liver uptake ratio (TLR)
by dividing SUVmax of the tumor by SUVmean of the liver.
SUVmean of the liver was obtained by setting a 3-cm VOI in
the right hepatic lobe [22].

Additionally, in detectable cases, we measured metabolic
tumor volume (MTV) which is the sum of the volume of
voxels with SUVs exceeding 2.5 threshold [15]. The VOI
was drawn to include the tumor, and the contour was set au-
tomatically along the voxel above SUV 2.5. Total lesion gly-
colysis (TLG) was calculated by multiplying MTV by
SUVmean of the tumor. We also developed PET prognostic
scores by combining SUVmax and MTV for further quantifi-
cation of FDG uptake. The optimal cut-off values for
SUVmax (3.49) andMTV (18.34) were obtained from receiv-
er operating characteristic (ROC) curve analysis. We then
classified all patients into three PET score groups (score 1:
low SUVmax/low MTV; score 2: high SUVmax/low MTV;
score 3: high SUVmax/high MTV) (Fig. 2). No patients were
included in the low SUVmax/high MTV group. Patients with
unmeasurable MTVs were included in the low MTV groups
(68 patients in score 1 group and 3 patients in score 2 group).
Image analysis was performed using a dedicated workstation
(Extended Brilliance Workspace 4.0, Philips Healthcare).

Definition of the Recurrence Group
and Clinical/Pathologic Factors

Patients were considered to have recurrence in the following
cases: (1) Suspicious lesion was observed in follow-up images
or endoscopy and the lesion was pathologically confirmed by
biopsy or cytology. (2) Various imaging studies or serial im-
aging studies strongly suggested recurrence and the patient
started chemotherapy under clinical decision. In the second
case, there was an improvement or aggravation in follow-up
images of the alleged lesion/serum tumor marker level during
chemotherapy, which could confirm that the lesion was a

recurrence without pathologic confirmation. Thirty-one pa-
tients were determined by pathology, and 38 patients were
determined by non-pathologic proof. Recurrence-free survival
(RFS) was defined as the period from the date of surgery to the
date of first imaging or endoscopy of the recurrent lesion.
Overall survival (OS) was defined as the period from the date
of surgery to the date of death or to the date of last clinical visit
without death. We reviewed electronic medical records for
clinical information. Clinical factors included age, sex, type
of gastric resection, and adjuvant chemotherapy. We also
reviewed postoperative pathology reports to obtain histopath-
ologic information of the primary tumor, pT stage, and pN
stage. Pathologic factors included histologic type, Lauren
classification, differentiation, Bormann type, lymphovascular
invasion, tumor location, and tumor size. We used the seventh
edition of American Joint Committee on Cancer (AJCC) stag-
ing manual to classify TNM stage [23].

Statistical Analysis

In the comparison between recurrence and non-recurrence
groups, continuous variables were analyzed using Student’s t
test and Fisher’s exact test. Categorical variables were ana-
lyzed using Pearson’s chi-square test and Kruskal-Wallis test.
Univariate analysis for RFS and OSwas performed using Cox
proportional hazard test, including clinical/pathologic factors
and PET parameters. Multivariate Cox regression models for
each PET parameter (SUVmax, TLR, PET score) were subse-
quently performed to avoid multicollinearity between PET
parameters. Cut-off values obtained from ROC curve analysis
were used for dichotomization of continuous variables in uni-
variate and multivariate analyses. Kaplan-Meier method and
log-rank test were performed to calculate cumulative RFS in
post hoc analysis of PET score. We used SPSS statistics soft-
ware (version 19.0, SPSS Inc., Chicago, IL, USA) and con-
sidered p < 0.05 as statistically significant.

Results

Patient Characteristics

The average follow-up period was 36.3 ± 1.4 months (range,
4–96 months). The recurrence rate was 32.4% (69/213). Of
them, 54 patients (78%, 54/69) had recurrence within 2 years.
Mean RFS of the recurrence group was 15.2 ± 1.4 months
(range, 2–58 months). The recurrence sites were as follows:
anastomosis site/duodenal stump, 6 (9%); peritoneum/ascites,
29 (42%); LN, 10 (15%); liver, 8 (12%); lung, 2 (3%); bone, 3
(4%); leptomeninges, 1 (1%); liver and LN, 2 (3%); duodenal
stump and liver, 1 (1%); anastomosis site and peritoneum, 1
(1%); peritoneum and pleura, 1 (1%); peritoneum, liver, adre-
nal gland, and LN, 1 (1%); anastomosis site, peritoneum, and
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liver, 1 (1%); anastomosis site, peritoneum, bone, and LN, 2
(3%); and anastomosis site, peritoneum, liver, and bone, 1
(1%). First, we compared the clinical and pathologic factors
between groups with and without recurrence (Table 1). Mean
age of the patients was 63.2 years. Mean age at diagnosis was
significantly lower in the recurrence group than in the non-
recurrence group (p = 0.023). We classified the histologic
types into cohesive and non-cohesive types because the two
types had different underlying pathophysiology [7, 24].
Cohesive types included 185 patients with tubular adenocar-
cinoma, one with papillary adenocarcinoma, one with
papillotubular adenocarcinoma, and four with unclassified ad-
enocarcinoma. Non-cohesive types included 12 patients with
signet ring cell carcinoma and 10 with mucinous carcinoma.
No difference was observed between these two groups (p =
0.367). For Lauren classification, non-intestinal type was sig-
nificantly more frequent in the recurrence group than in the
non-recurrence group (p = 0.005). The proportion of patients
with lymphovascular invasion was significantly higher in the
recurrence group (p < 0.001). Mean tumor size was also

significantly larger in the recurrence group (p < 0.001).
Differentiation was classified into three types: well, moderate-
ly, and poorly differentiated. Twenty-two patients with non-
cohesive type, one with tubular adenocarcinoma, one with
papillary adenocarcinoma, and two with unclassified adeno-
carcinoma were classified as non-classifiable according to pa-
thology reports. There was no significant difference according
to differentiation (p = 0.542). The proportions of patients with
high pT, pN, and TNM stage were all significantly higher in
the recurrence group (p < 0.001).

Comparison of PET Parameters Between Recurrence
and Non-recurrence Groups

Intergroup comparisons of semiquantitative and volumetric
PET parameters are presented in Table 2. Mean SUVmax of
the recurrence group (6.2 ± 4.1) was significantly higher than
that of the non-recurrence group (5.0 ± 3.4) (p = 0.026). TLR
showed marginal significance (p = 0.051). Volumetric param-
eters were compared in 142 detectable cases (55 in the

Fig. 2 Representative images according to PET scores. 18F-FDG PET
images, PET/CT fusion images, and enhanced abdominal CT images
are presented. The top row shows tumor uptake with a low SUVmax/
low MTV (score 1) in an 82-year-old woman. The middle row shows

tumor uptake with a high SUVmax/low MTV (score 2) in a 68-year-old
man. The bottom row shows tumor uptake with a high SUVmax/high
MTV (score 3) in a 71-year-old man. The patients with scores 1 and 2 had
no recurrence but the patient with score 3 had a recurrence
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Table 1 Patient characteristics
according to recurrence Variable Recurrence

(n = 69)
No recurrence
(n = 144)

Total
(n = 213)

p value

Age (years, mean ± SD) 60.3 ± 13.8 64.6 ± 11.0 63.2 ± 12.1 0.023c

Sex 0.249
Male

Female

45 (65%)

24 (35%)

105 (73%)

39 (27%)

150

63

Histologic type 0.367
Cohesive

Non-cohesive

60 (87%)

9 (13%)

131 (91%)

13 (9%)

191

22

Lauren classification 0.005c

Intestinal

Non-intestinal

26 (38%)

43 (62%)

84 (58%)

60 (42%)

110

103

Differentiationa 0.542
Well differentiated

Moderately differentiated

Poorly differentiated

4 (6%)

19 (28%)

36 (52%)

10 (7%)

60 (42%)

58 (40%)

14

79

94

Bormann typeb 0.382
1

2

3

4

4 (6%)

6 (9%)

44 (64%)

13 (19%)

3 (2%)

23 (16%)

104 (72%)

10 (7%)

7

29

148

23

Lymphovascular invasion < 0.001c

Yes

No

48 (70%)

21 (30%)

60 (42%)

84 (58%)

108

105

Tumor location 0.996
Upper

Middle

Lower

9 (13%)

37 (54%)

23 (33%)

24 (17%)

76 (53%)

44 (30%)

33

113

67

Tumor size (cm, mean ± SD) 7.4 ± 3.8 5.3 ± 2.4 6.0 ± 3.1 < 0.001c

pT stage < 0.001c

T2

T3

T4

15 (22%)

30 (43%)

24 (35%)

61 (42%)

68 (47%)

15 (11%)

76

98

39

pN stage < 0.001c

N0

N1

N2

N3

4 (6%)

9 (13%)

20 (29%)

36 (52%)

59 (41%)

34 (24%)

33 (23%)

18 (12%)

63

43

53

54

TNM stage (AJCC 7th edition) < 0.001c

I

II

III

1 (2%)

16 (23%)

52 (75%)

29 (20%)

72 (50%)

43 (30%)

30

88

95

Adjuvant chemotherapy < 0.001c

Yes

No

52 (75%)

17 (25%)

64 (44%)

80 (56%)

116

97

Type of gastric resection 0.082
Total gastrectomy

Subtotal or distal gastrectomy

37 (54%)

32 (46%)

59 (41%)

85 (59%)

96

117

a Twenty-six patients could not be classified into any category (10 in the recurrence group and 16 in the non-
recurrence group)
b Six patients could not be classified into any category (2 in the recurrence group and 4 in the non-recurrence
group)
c Statistically significant
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recurrence group and 87 in the non-recurrence group). Mean
MTVof the recurrence group (43.2 ± 48.3) was significantly
higher than that of the non-recurrence group (26.7 ± 30.0) (p =
0.025). TLG was higher in the recurrence group but showed
no statistically significant difference (p = 0.071). Cut-off
values of SUVmax, TLR, andMTVobtained fromROC curve
analysis were 3.49 (sensitivity, 0.754; specificity, 0.431; area
under the curve [AUC], 0.604), 1.86 (sensitivity, 0.754; spec-
ificity, 0.438; AUC, 0.602), and 18.34 (sensitivity, 0.673;
specificity, 0.598; AUC, 0.615), respectively.

Prognostic Factors for RFS and OS

The recurrence rates of PET prognostic score groups were
21.5% (17/79) for score 1, 24.2% (15/62) for score 2, and
51.4% (37/72) for score 3. Univariate analysis for RFS includ-
ing SUVmax, TLR, and PET score is presented in Table 3 and
multivariate analysis for RFS in Table 4. Clinical and patho-
logic factors included age, Lauren classification,
lymphovascular invasion, tumor size, T stage (depth of inva-
sion), and regional lymph node (LN) metastasis. These factors
were statistically significant in previous comparisons of recur-
rence and non-recurrence groups. In univariate analysis, six
clinical/pathologic factors and three PET parameters were

statistically significant (SUVmax, p = 0.004; TLR, p =
0.003; PET score, p < 0.001). In multivariate analysis, age,
Lauren classification, and regional LN metastasis were inde-
pendent prognostic factors. Tumor size was also statistically
significant except for the PET score model. All three PET
parameters were independent prognostic factors for RFS
(SUVmax, p = 0.022; TLR, p = 0.010; PET score, p =
0.003). The risk of recurrence gradually increased by 1.737
times from PET score 1 to 3. In post hoc analysis using log-
rank test, there were significant differences in RFS between
PETscores 2 and 3 as well as scores 1 and 3 (Fig. 3). However,
there was no significant difference in RFS between scores 1
and 2.

Univariate analysis for OS including SUVmax, TLR, and
PET score is shown in Table 3 and multivariate analysis for
OS in Table 5. In univariate analysis, age, lymphovascular
invasion, tumor size, and regional LN metastasis were statis-
tically significant. Among the three PET parameters, only
PET score showed a significant difference in OS (p =
0.015). In multivariate analysis including four clinical/
pathologic factors that showed significant differences in uni-
variate analysis, age and regional LN metastasis were signif-
icant prognostic factors for OS. None of the PET parameters
was statistically significant.

Table 2 Comparison of PET
parameters between recurrence
and non-recurrence groups

PET parameter Recurrence No recurrence p value

SUVmax 6.2 ± 4.1 (n = 69) 5.0 ± 3.4 (n = 144) 0.026b

TLR 3.2 ± 1.9 (n = 69) 2.7 ± 1.8 (n = 144) 0.051

MTVa (cm3) 43.2 ± 48.3 (n = 55) 26.7 ± 30.0 (n = 87) 0.025b

TLGa (g) 187.1 ± 262.1 (n = 55) 115.4 ± 159.1 (n = 87) 0.071

The results are presented in mean ± SD
a The values are measured only in volume-measurable detectable cases (55/69 patients in the recurrence group and
87/144 in the non-recurrence group).
b Statistically significant

Table 3 Univariate analysis for
recurrence-free survival (RFS)
and overall survival (OS)

Factor RFS OS

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

Age (≤ 58 vs > 58 years) 0.024a 0.581 (0.362–0.931) 0.033a 0.484 (0.249–0.942)

Lauren classification 0.009a 1.921 (1.180–3.128) 0.106 1.749 (0.888–3.443)

Lymphovascular invasion < 0.001a 2.588 (1.549–4.325) 0.018a 2.365 (1.157–4.834)

Tumor size (≤ 6 vs > 6 cm) < 0.001a 3.299 (2.030–5.360) < 0.001a 3.411 (1.719–6.768)

T stage (T2 vs T3-4) 0.002a 2.492 (1.404–4.422) 0.115 1.816 (0.866–3.810)

Regional LN metastasis < 0.001a 8.997 (3.274–24.722) 0.00a 5.771 (1.763–18.892)

SUVmax (≤ 3.49 vs > 3.49) 0.004a 2.251 (1.301–3.896) 0.134 1.752 (0.841–3.652)

TLR (≤ 1.86 vs > 1.86) 0.003a 2.318 (1.339–4.014) 0.096 1.870 (0.895–3.908)

PET score < 0.001a 1.992 (1.470–2.699) 0.015a 1.681 (1.108–2.550)

a Statistically significant
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Discussion

This study suggested that AGC patients with high FDG up-
take of the primary tumors had a higher risk of recurrence.
SUVmax and TLR were significant prognostic factors in uni-
variate and multivariate analyses for RFS. Several studies
have shown that patients with high tumor uptake have a sig-
nificantly higher recurrence rate and a lower survival rate
compared with those with low tumor uptake, and our results
are consistent with these studies [14–17]. It is generally
known that FDG uptake of gastric cancer increases in tumors
with large size, deep invasion, high cellularity, and low mucin
content [14, 25]. Additionally, high FDG uptake is associated
with elevated GLUT1 expression [26]. GLUT1 overexpres-
sion promotes glycolysis and increases tumor aggressiveness,
which may result in lower patient survival [27]. In summary,

high FDG uptake may be associated with higher tumor ag-
gressiveness and worse prognosis.

Albeit only in volume-measurable cases, MTV was signif-
icantly higher in the recurrence group than in the non-
recurrence group. We used SUV 2.5 as the cut-off value be-
cause this value was generally known as the reference value
for discriminating malignancy, and this value was used in
many previous studies [15]. We considered this method well
reflected the amount of malignant parts of the tumor. Volume-
based PET parameters are good indicators of prognosis by
reflecting tumor burden. They are useful in many cancers
including lung cancer, head and neck cancer, esophageal can-
cer, gallbladder cancer, ovarian cancer, and cervical cancer
[13]. MTV was a significant prognostic factor also in AGC.

PETscore was an independent prognostic factor for RFS in
multivariate analysis. It implies that the risk of recurrence
increases as the PET score increases. Score 3 showed a signif-
icantly poor prognosis in post hoc analysis as expected. This
result strongly indicated that patients with high levels of both
SUVmax and MTV have a high risk of recurrence. It was also
noteworthy that there was a difference in prognosis between
scores 2 and 3. Even if SUVmax is similarly high, the prog-
nosis may vary depending on MTV. This result can explain
when the prognosis is different despite the same SUV max.
PET score suggested the possibility of a more accurate prog-
nosis prediction when combining two parameters rather than
using only one parameter. Additionally, PET score was the
only significant prognostic factor among PET parameters in
univariate analysis for OS. PET score demonstrated the supe-
riority of combining various types of metabolic information.

In post hoc analysis of PETscore, a significant difference in
RFS was observed between PET scores 1 and 3. Score 2 was
also expected to show a worse prognosis than score 1 because
their SUVmax was higher than score 1. However, no signifi-
cant difference in RFS was observed between scores 1 and 2.

Table 4 Multivariate analysis for recurrence-free survival (RFS)

Factors SUVmax model TLR model PET score model

p value Hazard ratio p value Hazard ratio p value Hazard ratio

Age (≤ 58 vs > 58 years) 0.023a 0.551 (0.329–0.921) 0.019a 0.540 (0.323–0.902) 0.019a 0.547 (0.330–0.907)

Lauren classification 0.042a 1.700 (1.020–2.833) 0.028a 1.781 (1.064–2.983) 0.024a 1.808 (1.082–3.020)

Lymphovascular invasion 0.277 1.344 (0.789–2.292) 0.198 1.422 (0.832–2.432) 0.328 1.304 (0.766–2.221)

Tumor size (≤ 6 vs > 6 cm) 0.012a 1.952 (1.161–3.281) 0.024a 1.832 (1.081–3.104) 0.139 1.544 (0.868–2.748)

T stage (T2 vs T3-4) 0.160 1.533 (0.845–2.782) 0.195 1.484 (0.817–2.699) 0.264 1.410 (0.772–2.576)

Regional
LN metastasis

0.002a 5.197 (1.803–14.979) 0.002a 5.141 (1.785–14.807) 0.002a 5.326 (1.857–15.275)

SUVmax (≤ 3.49 vs > 3.49) 0.022a 2.062 (1.110–3.832)

TLR (≤ 1.86 vs > 1.86) 0.010a 2.312 (1.222–4.375)

PET score 0.003a 1.737 (1.211–2.490)

The value in parentheses is 95% CI in the hazard ratio
a Statistically significant

Time (month)

PET score 1

PET score 2

PET score 3

1 vs 2: p=0.625

2 vs 3: p=0.001

1 vs 3: p<0.001

C
u

m
u

la
ti

v
e 

su
rv

iv
al

Fig. 3 Cumulative recurrence-free survival curves according to PET
scores
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Because AGC generally has a poor prognosis [28, 29], pa-
tients without early recurrence eventually experienced recur-
rence over time, even with score 1. The recurrence rate of
score 1 group was higher than we expected and the difference
between scores 1 and 2 decreased especially after 2 years. We
performed an additional 2-year RFS analysis (Fig. 4).
Recurrence-free survival rate tended to decrease from score
1 to 3, but the difference between scores 1 and 2 was still not
statistically significant (p = 0.571). Nevertheless, it is mean-
ingful that the analysis showed a tendency for worse progno-
sis from score 1 to score 3, especially within 2 years.

In multivariate analysis for RFS, age, Lauren classifica-
tion, tumor size, and regional LN metastasis were statisti-
cally significant. Lauren classification is a known prognos-
tic factor and diffuse type generally shows a worse progno-
sis than intestinal type [30, 31]. TNM stage is a good

prognostic factor for gastric cancer, and lymph node metas-
tasis is one of the strong prognostic factors for long-term
survival [10, 32]. These factors, however, have disadvan-
tages in that their preoperative predictions are inaccurate.
18F-FDG PET/CT provides biological information before
surgery unlike other factors such as pT stage, pN stage,
exact tumor size, lymphovascular invasion, and Lauren
classification [10, 14]. Tumor metabolism is a comprehen-
sive indicator reflecting prognostic factors such as tumor
size and T stage (invasive depth). Furthermore, 18F-FDG
PET/CT can be performed easily and noninvasively. It can
be a good imaging modality for preoperative prognostic
prediction.

Unlike RFS, independent PET prognostic parameters were
not identified in multivariate analysis for OS. In this study
with a small-sized cohort, some patients survived for more
than 20 months after recurrence and had a relatively long-
term OS (10/69). This may have reduced the difference in
OS between recurrence and non-recurrence groups.
Additionally, we thought that OS could be affected by other
factors not evaluated in this study (such as treatment after
recurrence and patient's general condition), compared to
RFS. This made it difficult for us to compare overall survival.

This study has several limitations. First, it was a retrospec-
tive small-sized study. Further studies including more patients
with increased homogeneity are needed to derive advanced
results for OS and PET score. Second, we did not use gastric
distention method with water intake. FDG uptake can increase
when the empty stomach shrinks or the gastric wall thickens.
Gastric distention improves diagnostic accuracy by reducing
such physiologic uptake and increasing tumor delineation [33,
34]. This method may be useful to improve the result of TLG
by delineating tumor boundaries more accurately. Since PET
score, including semiquantitative and volumetric information,
was a significant prognostic factor, TLG of the same type is

Table 5 Multivariate analysis for overall survival (OS)

Factors SUVmax model TLR model PET score model

p value Hazard ratio p value Hazard ratio p value Hazard ratio

Age (≤ 58 vs > 58 years) 0.041a 0.477 (0.234–0.972) 0.035a 0.467 (0.230–0.948) 0.041a 0.486 (0.243–0.972)

Lymphovascular invasion 0.493 1.302 (0.612–2.768) 0.448 1.340 (0.629–2.854) 0.522 1.280 (0.601–2.724)

Tumor size
(≤ 6 vs > 6 cm)

0.059 2.050 (0.973–4.318) 0.088 1.937 (0.906–4.144) 0.138 1.839 (0.821–4.117)

Regional
LN metastasis

0.037a 3.821 (1.081–13.513) 0.036a 3.849 (1.091–13.585) 0.036a 3.848 (1.091–13.571)

SUVmax (≤ 3.49 vs > 3.49) 0.339 1.485 (0.660–3.341)

TLR (≤ 1.86 vs > 1.86) 0.231 1.655 (0.726–3.772)

PET score 0.232 1.323 (0.836–2.095)

The value in parentheses is 95% CI in the hazard ratio
a Statistically significant

1 vs 2: p=0.571

2 vs 3: p=0.001

1 vs 3: p<0.001
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Fig. 4 Two-year cumulative recurrence-free survival curves according to
PET scores
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expected to be a significant factor in further studies with more
volume-measurable patients.

Conclusion

High tumor metabolism implies a high risk of recurrence in
patients with AGC. Combining SUVmax and MTV helps to
make a better prediction for prognosis. Therefore, preopera-
tive 18F-FDG PET/CT is useful for prognostic evaluation of
patients with AGC.
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