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A B S T R A C T   

Objectives: To assess diagnostic accuracy and added value of dual time point 18F-FDG PET/CT after gastric 
distention using oral water in differentiating malignant from benign gastric lesions. 
Methods: Patients (n = 30, 19 males, mean age 58.6 ± 16.4 years). All patients are known or suspected oncology 
patients. All patients underwent whole body 18F-FDG PET/CT scan and 2 h delayed PET/CT abdominal images 
following oral water gastric distension. The best cut off values for early SUVmax (SUVmax1), delayed SUVmax 
(SUVmax2) and SUVmax2-SUVmax1 (ΔSUVmax) to differentiate benign from malignant lesions were set based 
on ROC analysis. Data analyzed included in addition; age, sex and 18F-FDG uptake pattern in delayed images. 
Suspicious gastric lesions were correlated with biopsy in 18 patients (60 %) and with clinical and follow-up 
imaging (18F-FDG PET/CT, CT or MRI) in 12 patients (40 %). Unpaired t-test was used to compare the mean 
deference in continuous variables between patients with gastric malignancy and those with benign gastric le-
sions. Fisher’s exact test was used to analyze categorical variables. Logistic regression analysis was performed to 
identify the most powerful factors to predict malignant lesions. 
Results: Fifteen patients (50 %) had confirmed malignant gastric lesions. Patients with confirmed gastric ma-
lignancy were older (65 ± 13 vs 52 ± 17; p = 0.023) and had significantly higher mean ΔSUVmax (1.29 ± 1.76 
vs − 0.89 ± 1.59; p = 0.003). The mean SUVmax1 (6.99 ± 6.66 vs 5.31 ± 2.53; p = 0.367) and SUVmax2 
(8.29 ± 7.41 vs 4.44 ± 3.34; p = 0.077) although both higher in patients with malignant lesions, they did not 
reach statistical significance. Sensitivity, specificity, PPV, NPV, and accuracy to detect malignant gastric lesions 
were highest for lesions with localized uptake pattern in delayed images post water oral contrast as well as for 
lesions with ΔSUVmax>0. Regression analysis revealed both variables as independent predictors for malignant 
lesions with odd ratios of 22.9 and 9.5 respectively and final model Chi-Square of 19.9 (p < 0.0001). The model 
correctly identified 12/15 (80 %) malignant lesions and 13/15 (86.7 %) benign lesions with 2 false positives 
confirmed as chronic active gastritis with helicobacter pylori and 3 false negatives including 1 signet ring gastric 
cancer and 1 low grade gastrointestinal stromal tumor (GIST), both with poor 18 F-FDG uptake. 
Conclusion: Localized uptake pattern in delayed PET/CT images following gastric distention with oral water 
contrast as well as ΔSUVmax>0 are powerful independent variables to identify malignant gastric lesions with 
fairly high sensitivity and reasonable accuracy. Malignancies with inherently low 18F-FDG avidity are the main 
cause of false negatives while active gastritis is the main cause of false positives.   
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1. Introduction 

Physiological gastric fluorine-18-fluorodeoxyglucose (18F-FDG) up-
take is a common phenomenon encountered on 18F-FDG positron 
emission tomography/computed tomography (PET/CT), especially 
noted at the gastroesophageal junction (GEJ), and gastric antrum (GA) 
[1–3]. This inhomogeneous physiological gastric mural 18F-FDG uptake 
may influence the diagnosis of a malignant gastric tumor [4]. 

As in a fasting state, the stomach is collapsed and wall is thickened; 
ingestion of water reduces the wall thickness, and tumor involvement of 
the gastric wall can be visualized more accurately in CT studies [5]. In a 
similar way, water intake just before 18F-FDG PET/CT scanning will 
result in gastric distention and thinning of the gastric wall, which in turn 
may lead to a reduction in the physiological 18F-FDG uptake in the 
gastric wall [4,6]. 

In addition to the patient-to-patient variation in the physiological 
gastric 18F-FDG uptake, the presence of mucosal inflammation, sub-
clinical infection with Helicobacter pylori, or secondary effects of 
chemotherapeutic agents are potential causes of this variable gastric 18F- 
FDG uptake [7,8]. 

Again, many clinicopathologic factors including the location, histo-
pathological type, size, and depth of invasion of the primary tumor were 
independently related to 18F-FDG uptake in gastric neoplasms [9]. Some 
histological subtypes of gastric cancer including signet-ring cell adeno-
carcinoma, mucinous adenocarcinoma, and poorly differentiated 
adenocarcinoma, have been shown to have significantly lower 18F-FDG 
avidity [10,11]. Thus, the usefulness of conventional 18F-FDG PET/CT 
imaging for evaluating and differentiating malignant and benign gastric 
lesions is limited [11–13]. 

Multiple recent studies have shown that Dual-time point (DTP) 18F- 
FDG PET/CT may provide more help in the differentiation of malignant 
lesions from benign ones [14,15], but few has addressed the use of DTP 
18F-FDG PET/CT together with water gastric distension to assess gastric 
lesions. 

The purpose of this study was to assess diagnostic accuracy and 
added value of DTP 18F-FDG PET/CT after gastric distention using oral 
water in differentiating malignant from benign gastric lesions. 

2. Materials and methods 

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation (insti-
tutional and national) and with the Helsinki Declaration of 1964 and its 
later amendments. 

2.1. Patients 

Following approval by the institutional ethics committee, 18F-FDG 
PET/CT scans of 30 patients who underwent DTP 18F-FDG PET/CT 
protocol after gastric distention using oral water due to suspicious or 
18F-FDG avid gastric lesions were retrospectively reviewed. All patients 
were known or suspected oncology patients including 19 males and 11 
females; mean age was 58.6 ± 16.4 years). 

2.2. Dual-phase 18F-FDG PET/CT image acquisition and reconstruction 

All patients underwent whole body 18F-FDG PET/CT scan and 2 h 
delayed PET/CT abdominal images following oral water gastric 
distension. 

Early whole body 18F-FDG PET/CT (E) was acquired at 60 min 
(range, 45–76 min; mean, 61.7 ± 9.1 min), and delayed limited 18F-FDG 
PET/CT (D) on the abdomen was acquired at 120 min (range, 
108–153 min; mean, 126.2 ± 12.6 min) after the tracer injection after 
drinking 500 mL water for gastric distension. All imaging and data 
acquisition were performed using a Gemini TF 16 slice PET/CT scanner 
with patient port of 70 cm (Philips Medical Systems). The patients fasted 

except for water for 4− 6 hours, and had blood glucose levels <165 mg 
immediately prior to IV administration of approximately 5.18 MBq/kg 
(0.14 mCi/kg) of 18F-FDG, with a maximum dose of 444 MBq (12 mCi) 
of 18F-FDG. During the subsequent 40− 60 min following injection (up-
take phase), patients were advised to remain seated or recumbent calmly 
in a quiet room, covered with a blanket to avoid uptake of the radio-
tracer at physiological sites as brown fat, which can result in image 
artifacts. 

During image acquisition patients were instructed to avoid motion 
and were allowed to breathe normally without specific instructions. 
Emission data were acquired for 11–14 bed positions. Emission scans 
were acquired in a three-dimensional (3D) mode at 1 min/bed position 
and increased up to 2 or 3 min/bed position in case of obese patients 
according to patient’s body mass index (BMI). The 3D whole body 
acquisition parameters consisted of a 128 × 128 matrix and an 18 cm 
FOV with a 50 % overlap. An imaging field of view (FOV) from the base 
of the skull to mid-thigh with the arms above the head whenever 
possible was used or otherwise the arms were positioned over the chest. 
Low dose CT scans were used for attenuation correction purposes and to 
help in anatomic localization of 18F-FDG uptake. 

The CT scan was performed as a single sweep adjusted to 
120− 140 kV, 50− 100 mA (based on BMI), 0.5 s per CT rotation, pitch - 
1.675:1, slice thickness of 5 mm and 512 × 512 matrix. CT acquisition 
was performed before the emission acquisition. CT data were used for 
image fusion and the generation of the CT transmission map. No intra-
venous contrast was used. 

2.3. Image analysis and semi-quantitative evaluation 

Visual and semi-quantitative analysis were performed on both early 
and delayed images. All 18F-FDG PET/CT scans in our study population 
were reviewed by two nuclear medicine physicians. Any suspicious 18F- 
FDG avid gastric lesion in 18F-FDG PET/CT was evaluated and either 
correlated with biopsy in 18 patients (60 %) or with clinical and follow- 
up imaging (18F-FDG PET/CT, CT or magnetic resonance imaging 
[MRI]) in 12 patients (40 %) and recorded and tabulated. Localized 
uptake pattern in delayed images post water oral contrast, early 
maximum standardized uptake value (SUVmax1), delayed SUVmax 
(SUVmax2) and interval changes in SUVmax (ΔSUVmax) between early 
(E) 18F-FDG PET/CT at 60 min post injection and delayed (D) limited 
18F-FDG PET/CT of abdomen at 120 min post injection following oral 
water gastric distension were recorded. 

In the current study the pattern of uptake in 18F-FDG avid lesions was 
analyzed as follows:  

• True Positive (TP): if the lesion show localized uptake pattern in 
delayed images post water oral contrast, and confirmed to be ma-
lignant on biopsy.  

• False Positive (FP): if the lesion show localized uptake pattern in 
delayed images and there was no evidence of malignancy on biopsy 
or follow-up.  

• True Negative (TN): if the lesion did not show localized uptake 
pattern in delayed images and there was no evidence of malignancy 
on biopsy or follow-up.  

• False Negative (FN): if the lesion did not show localized uptake 
pattern in delayed images and confirmed to be malignant on biopsy. 

2.4. Statistical analysis 

All data were analyzed using SPSS software (SPSS 20.0) and MedCalc 
version 11 software (MedCalc, Mariakerke, Belgium). Data are pre-
sented as mean and standard deviation (SD) (mean ± SD). The best cut 
off values for early SUVmax (SUVmax1), delayed SUVmax (SUVmax2) 
and SUVmax2-SUVmax1 (ΔSUVmax) to differentiate benign from ma-
lignant lesions were set based on ROC analysis. Data analyzed included 
in addition; age, sex and 18F-FDG uptake pattern in delayed images 
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(localized versus diffuse). 
Suspicious gastric lesions were correlated with biopsy in 18 patients 

(60 %) and with clinical and follow-up imaging (18F-FDG PET/CT, CT or 
MRI) in 12 patients (40 %). Only histopathology is accepted as a proof of 
malignancy. 

Unpaired t-test was used to compare the mean deference in contin-
uous variables between patients with gastric malignancy and those with 
benign gastric lesions. Fisher’s exact test was used to analyze categorical 
variables. The sensitivity, specificity, negative predictive value (NPV), 
positive predictive value (PPV), and accuracy of localized uptake pattern 
in delayed images post water oral contrast, early SUVmax (SUVmax1), 
delayed SUVmax (SUVmax2) and (ΔSUVmax) in differentiation be-
tween malignant and benign lesions were calculated. Logistic regression 
analysis was performed to identify the most powerful parameters to 
predict malignant lesions. Forward stepwise method was performed 
with entry significance level set to p < 0.05 and removal significance 
level set to p > 0.10. A P value <0.05 was considered statistically 
significant. 

3. Results 

Fifteen patients (50 %) had confirmed malignant gastric lesions 
including 8 cases (26.67 %) with gastric adenocarcinoma, 4 cases (13.33 
%) with gastric lymphoma, 2 cases (6.67 %) with metastatic lesions and 
one case (3.33 %) with gastrointestinal stromal tumor (GIST) (Fig. 1). 

Patients with confirmed gastric malignancy were older (65 ± 13 vs 
52 ± 17; p = 0.023) and had significantly higher mean ΔSUVmax 
(1.29 ± 1.76 vs − 0.89 ± 1.59; p = 0.003). The mean SUVmax1 
(6.99 ± 6.66 vs 5.31 ± 2.53; p = 0.367) and SUVmax2 (8.29 ± 7.41 vs 
4.44 ± 3.34; p = 0.077) although both higher in patients with malig-
nant lesions, they did not reach statistical significance. 

ROC analysis yielded a ΔSUVmax >0 as an optimal cut-off to identify 
malignant lesions with area under the curve (AUC) of 0.8240 (95 % CI 
642 to 0.938, p = 0.0003). The cut-off for the SUVmax2 to detect ma-
lignant lesions was 4.1 with AUC of 0.733 (95 % CI 0.560 to 0.889, 
p = 0.0054). The best cut-off for SUVmax1 to detect malignant lesions 
was 5.5, however was poor to discriminate between malignant and 
benign gastric lesions with AUC of 0.542, (95 % CI 0.352 to 0.724, 
p = 0.692). The presence of localized uptake pattern in delayed images 
post gastric distension was more superior in differentiating between 
malignant and benign lesions with AUC of 0.833, (95 % CI 0.61 to 0.92, 
p = 0.0001). 

Sensitivity, specificity, PPV, NPV, and accuracy to detect malignant 
gastric lesions based on SUVmax1 cutoff >5.5, SUVmax2 cutoff >4.1, 

ΔSUVmax cutofff >0 and localized uptake pattern are shown in Table 2 
with highest accuracy for lesions with localized uptake pattern in 
delayed images post water oral contrast followed by ΔSUVmax>0. 

Comparison of ROC curves for SUVmax1 > 5.5, SUVmax2 > 4.1, 
ΔSUVmax cutoff >0 and presence of localized uptake pattern as binary 
variables in differentiating malignant from benign lesions is shown in 
Fig. 2. The last 3 variables revealed highly significant p-values in 
differentiating benign from maligant lesions with frequency of patients 
in each category demonstrated in Fig. 3. 

Variables tested in this regression analysis model included 
SUVmax1 > 5.5, SUVmax2 > 4.1, ΔSUVmax >0 and presence of local-
ized uptake pattern in delayed images post water oral contrast. The final 
regression model revealed both the localized uptake pattern and 
ΔSUVmax >0 as independent predictors for malignant lesions with odd 
ratios of 22.9 and 9.5 respectively and final model Chi-Square of 19.9 
(p < 0.0001) (Table 3). The model correctly identified 12/15 (80 %) 
malignant lesions (Fig. 4) and 13/15 (86.7 %) benign lesions corre-
sponding to sensitivity, specificity, PPV, NPV and an overall accuracy of 
80.0 %, 86.7 %, 85.75, 81.3 % and 83.3 % respectively, with 3 false 
negatives including 1 signet ring gastric cancer and 1 low grade GIST 
tumor (Fig. 5), both known by frequent association with poor 18F-FDG 
uptake while only 2 false positives were identified and confirmed as 
chronic active gastritis with helicobacter pylori (Fig. 6). 

4. Discussion 

A remarkable number of publications have described the added 
value of 18F-FDG PET/CT in differentiating malignant from benign le-
sions in cancer patients [14–19]. However, differentiation between 
malignant and benign gastric lesions can represent a diagnostic chal-
lenge and is particularly difficult in cancer patients, who frequently have 
a history of gastritis, subclinical infection with Helicobacter pylori, or 
secondary effects of chemotherapeutic agents [7,8]. 

Difficult evaluation of the stomach especially if it is contracted on 
conventional 18F-FDG PET/CT requires some novel modifications to the 
standard oncologic protocol to reduce the number of false-positive or 
false negative results, predominantly related to physiological gastric 
wall or mucosal uptake. Expanding the stomach with gas, liquids, 
diluted barium or foods are simple and rapid methods that had been 

Fig. 1. Nature of Detected Gastric lesions.  

Fig. 2. Comparison of ROC curves for SUVmax1 cutoff >5.5, SUVmax2 cutoff 
>4.1, ΔSUVmax cutoff >0 and localized uptake pattern as binary variables in 
differentiating malignant from benign lesions. 

H. Farghaly et al.                                                                                                                                                                                                                               



European Journal of Radiology Open 7 (2020) 100268

4

Fig. 3. Stratification of gastric lesions based on post gastric distension uptake pattern, ΔSUVmax>0 and SUVmax2 > 4.1 (p-values for Fisher’s Exact test).  

Fig. 4. 59 years old male with gastric carcinoma of distal stomach (moderately differentiated adenocarcinoma intestinal type). Early PET/CT images (upper panel) 
revealed a gastric pyloric FDG avid focal lesion (arrows) with SUVmax of 5.7 that increased to 6.9 in post gastric distension delayed images (lower panel). 

Fig. 5. 69 years old male with recently discovered gastric mass. Early PET/CT (upper panel) revealed no obvious gastric lesion. A non-FDG avid lesion (arrows) 
became visible at lesser curvature in gastric distension delayed images (lower panel). A well defined submucosal lesion seen on low dose CT (F). Biopsy revealed low 
grade GIST tumor. 
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utilized to achieve gastric distention, thinning of the gastric wall and to 
reduce the physiological 18F-FDG uptake in the gastric wall [4,6,20–23]. 
These maneuvers help to delineate the lesions more clearly, however the 
improvement in diagnostic accuracy is still controversial [23,24]. 

Other approaches have tried to use pharmaceutical intervention to 
reduce 18F-FDG uptake of the gastric wall. However, the potential effects 
of these medications on uptake of 18F-FDG by the stomach and other 
organs are still not well defined [25,26]. 

The usefulness of DTP 18F-FDG PET/CT protocol in differentiation of 
malignant from benign lesions has been reported in some studies of 
certain body regions and certain cancer types [15,27–29] 

In the present study we are evaluating the usefulness of both visual 
and quantitative parameters related to DTP 18F-FDG PET/CT after 
gastric distention using oral water, in differentiating malignant from 
benign gastric lesions. Such parameters included the lesional uptake 
pattern, early SUVmax (SUVmax1), delayed SUVmax (SUVmax2) and 
difference in SUVmax between early and delayed imaging (ΔSUVmax). 

The AUCs of localized uptake pattern in delayed images, ΔSUVmax, 
and SUVmax2 were greater than that of SUVmax1. Localized uptake 
pattern in delayed images, and ΔSUVmax, had the largest AUC and 
higher overall accuracy respectively among the four indices. Table 1 
summarizes these results and shows that the localized uptake pattern in 
delayed images post water oral contrast followed by ΔSUVmax were the 

best parameters to differentiate benign from malignant lesion. As binary 
variables SUVmax2 > 4.1, ΔSUVmax >0 and localized uptake pattern 
were all statistically significant in differentiating benign from malignant 
lesions on the contrary to SUVmax1 > 5.5 which did not reach statistical 
significance (Table 2 and Fig. 2). 

According to our results, the early SUVmax as a binary variable 
(SUVmax1 > 5.5) had high false negative rate, poor sensitivity, PPV, 
NPV and overall accuracy though with relatively high specificity. This 
high false negative rate and poor sensitivity can be related to two main 
factors: First the high physiological uptake within the contracted gastric 
wall, probably masking low or moderately hypermetabolic neoplastic 
lesions and second the histopathological factors affecting the visibility of 
gastric cancers on 18F-FDG PET/CT. The underestimated 18F-FDG uptake 
due to a partial volume averaging effect on PET/CT as a result of small 
tumor size in early gastric cancer is an important reason [9]. Cancer cells 
have accelerated metabolism and high glucose requirements. The 
up-regulation of specific glucose transporters may represent a key 
mechanism by which malignant cells may achieve increased glucose 
uptake to support the high rate of glycolysis [30]. Kawamura et al. [31] 
reported that the expression level of glucose transporter-1 (GLUT-1) 
protein in stomach carcinomas was 30 %, and its expression in signet 
ring cell carcinoma and mucinous adenocarcinoma was especially low at 
2 % and 6 %, respectively. Hence, low 18F-FDG uptake is more often seen 
in signet ring cell and mucinous types of gastric cancer [32]. Also 
poorly-differentiated types of gastric cancers show low 18F-FDG uptake 
[33] as a result of the reported lower GLUT-1 expression levels in 
poorly-differentiated types of gastric cancers than that in moderately 
and well-differentiated types [34]. Furthermore, Borrmann type IV 
gastric cancer often undiagnosed on 18F-FDG PET/CT due to the 
abounding mucin content [35]. Other tumors such as low-grade 
neuroendocrine, lymphomas and carcinoids as well as extensive super-
ficial lesions, such as those with central necrosis may have a low 
18F-FDG uptake [1,36]. Moreover, several studies reported a lower 
18F-FDG -avidity and a lower SUV for diffuse subtype gastric cancer than 
for tumors of the intestinal type [11,37–41]. A lower delectability of 
tumors in the proximal and middle thirds of the stomach had also been 
described due to the higher incidence of diffuse type tumors at these 
locations while more incidence of intestinal type tumors in distal third 
[9]. 

Fig. 6. 77 years old female with history of treated right heel melanoma. Early PET/CT images (A, B & C) revealed diffusely increased gastric FDG uptake that 
significantly decreased in post gastric distension delayed images (D, E & F). Endoscopic biopsy indicated moderate degree of chronic active gastritis with Heli-
cobacter Pylori. 

Table 1 
Comparison of clinical characteristics and PET metabolic parameters between 
patients with malignant gastric lesions and benign lesions.   

Confirmed gastric 
malignant lesions 

No gastric 
malignancy 

p- 
value 

Age 65 ± 13 52 ± 17 0.023  

Sex 
Male 9 (47.4 %) 10 (52.6 %) 

1.000 Female 6 (54.5 %) 5 (45.5 %) 
Mean SUVmax1 6.99 ± 6.66 5.31 ± 2.53 0.367 
Mean SUVmax2 8.29 ± 7.41 4.44 ± 3.34 0.077 
Mean ΔSUVmax 1.29 ± 1.76 0.89 ± 1.59 0.003 
Localized Uptake 

Pattern 
14 (73.7 %) 5 (26.3 %) 0.0001  
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In our study, the sensitivity of early 18F-FDG PET/CT 
(SUVmax1 > 5.5) in differentiating malignant from benign gastric le-
sions was 40 %, and specificity was 80 % with AUC of only 0.600 (95 % 
CI 0.41− 0.77, p = 0.3389). There has been a wide range of reported 18F- 
FDG PET/CT sensitivities (21 %–100 %) and specificities (78 %–100 %), 
for detection of gastric cancer [11–14,37,42–46], probably related to 
variations in imaging techniques, physiological and histopathological 
factors affecting the visibility of gastric tumors on 18F-FDG PET/CT. 

Cui et al. studied the value of DTP 18F-FDG PET/CT imaging 
following water drinking in differentiating malignancy from benign 
gastric disease and reported sensitivity, specificity, and AUC of 65.2 %, 
64.3 % and 0.635 (95 % CI 0.507–0.764) respectively on early imaging, 
which is comparable to our findings, but they reported numerous benign 
cases had increased 18F-FDG uptake indistinguishable from that of ma-
lignancy; and again they did not find an acceptable SUVmax cut-off 
value on early imaging [14]. 

Our study showed improved sensitivity, PPV, NPV, and overall ac-
curacy to detect malignant gastric lesions on the delayed 18F-FDG PET/ 
CT images after gastric distention using oral water contrast, with the 
highest accuracy for lesions with localized uptake pattern in delayed 
images as well as for lesions with more tracer retention (ΔSUVmax>0). 
This is probably due to better delineation of the gastric lesions on the 
delayed images as a result of gastric distention and thinning of the 
gastric wall, reduction in the physiological 18F-FDG uptake in the gastric 
wall and probably more 18F-FDG retention by malignant lesions 
compared to benign lesions. 

Considerable overlap between the SUVmax of malignant and benign 
lesions had been previously reporting, causing frequent false positive 
results on conventional F-18F-FDG PET/CT imaging [47–49]. Fortu-
nately, malignant and inflammatory lesions exhibit a differential 
18F-FDG uptake pattern over time. The high hexokinase/phosphatase 
ratio in malignant cells with relatively decreased expression of 
glucose-6-phosphatase, results in gradual 18F-FDG uptake by malignant 
cells [50]. In contrast, mononuclear cells, which represent the major cell 
population in chronic inflammation and infection, express high levels of 
glucose-6-phosphatase [51] and therefore, 18F-FDG -6-phosphate can be 
rapidly dephosphorylated and cleared after reaching a certain level 
[50]. Consequently, most malignant lesions will have increased 18F-FDG 
uptake on delayed imaging, leading to a higher lesion-to-background 
ratios, and higher sensitivity in comparison to inflammatory lesions 
[52]. Based on these differences between malignant and inflammatory 
cells, the DTP 18F-FDG PET/CT protocol have gained a considerable 
interest in the recent literature as an important approach to improve the 
diagnostic performance of 18F-FDG PET/CT in differentiating malignant 
from benign lesions [53]. 

In our study, there was significant improvement of sensitivity, 
overall accuracy and AUC in the delayed 18F-FDG PET/CT images after 
gastric distention using oral water contrast to 80 %, 73.3 % and 0.733 
(95 % CI 0.54–0.88, p = 0.0118) respectively with SUVmax cut-off of 

4.1 on delayed images. Further improvement of sensitivity, overall ac-
curacy and AUC in the delayed 18F-FDG PET/CT images to 86.7 %, 80 %, 
and 0.800 (95 % CI, 0.65–0.94, p = 0.0003) when the retention 
parameter ΔSUVmax>0 was used for analysis, and to 93.3 %, 80 %, and 
0.833 (95 % CI, 0.61–0.92, p = 0.0001) when localized uptake pattern 
was used for analysis. Again, Cui et al. reported that the sensitivity and 
AUC had significant improvement to 86.7 % and 0.873 (95 % CI, 
0.786–0.961) in delayed images; which is similar to our findings [14]. 
Also, our findings were concordant with those reported by Xu et al. who 
studied the value of DTP 18F-FDG PET/CT in differentiation of malignant 
from benign gastrointestinal diseases and found significantly higher 
accuracy of DTP 18F-FDG PET/CT imaging than that of single-time point 
18F-FDG PET/CT imaging. They also found that the SUVmax in delayed 
imaging was significantly higher in malignant lesions than those in early 
imaging, while no significant differences between early and delayed 
SUVmax for benign lesions. The ΔSUVmax were also significantly higher 
for malignant lesions than for benign ones [54]. On the other hand, it 
had been reported that some inflammatory, granulomatous and active 
infectious diseases may show higher 18F-FDG uptake on delayed PET 
imaging, similar to malignant lesions, possibly due to 18F-FDG -avidity 
of activated inflammatory cells involved [55]. 

On multivariate analysis, a regression model including both the 
localized uptake pattern and ΔSUVmax >0 as independent predictors, 
had further boosted the specificity and overall accuracy of delayed im-
aging to detect malignant lesions. The current study is one of few studies 
to assess diagnostic accuracy and added value of DTP 18F-FDG PET/CT 
following gastric distention using oral water contrast in differentiating 
malignant from benign gastric lesions. Importantly, unlike previous 
studies that had emphasized only on evaluation of quantitative and/or 
visual parameters individually to assess the value of DTP 18F-FDG PET/ 
CT following gastric distension, the current study, in addition incorpo-
rated both quantitative and visual parameters into multivariate analysis 
in order to identify the best predictive model for gastric malignancy. 

4.1. Limitations 

First, the retrospective design of the study may render selection bias 
unavoidable. Second, this is a single-center study with a limited number 
of subjects, probably due to exclusive application of the current imaging 
technique in patients with controversial early images. Third, the degree 
of chronic atrophic gastritis was not separately evaluated in current 
study, because the endoscopic diagnosis was qualitative and operator 
dependent. Further prospective multi-center studies using both DTP 18F- 
FDG PET/CT after gastric distention using oral water contrast as well as 
upper gastrointestinal endoscopy in a larger group of patients, may be 
considered to validate our findings in order to avoid unnecessary more 
invasive procedures. 

Table 2 
Results of the 4 stratification methods to detect malignant gastric lesions.   

Sens. Spec. PPV NPV Acc. TP TN FP FN p-value 

Localized Uptake 93.3 % 73.3 % 77.8 % 91.7 % 80.0 % 14 10 5 1 0.002 
ΔSUVmax>0 86.7 % 73.3 % 76.5 % 84.6 % 80.0 % 13 11 4 2 0.003 
SUVmax2 > 4.1 80.0 % 66.7 % 70.8 % 76.9 % 73.3 % 12 10 5 3 0.025 
SUVmax1 > 5.5 40.0% 80.0 % 66.7 % 57.1 % 60.0 % 6 12 3 9 0.427  

Table 3 
Regression model for prediction of malignant lesions.  

Variable Coefficient Std. Error Odds Ratio (95 % CI) p-value Total Model χ2 p-value 

ΔSUVmax>0 2.2565 1.1347 9.549 (1.033− 88.289) 0.0468 
19.889 P < 0.0001 Uptake Pattern 3.1317 1.2749 22.913 (1.883− 278.779) 0.0140 

Constant − 3.4190       
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5. Conclusion 

Localized uptake pattern in delayed 18F-FDG PET/CT images 
following gastric distention with oral water contrast as well as 
ΔSUVmax>0 as an indicator of tracer retention are both powerful in-
dependent predictors of malignant gastric lesions with fairly high 
sensitivity and reasonable accuracy, especially if combined. Malig-
nancies with inherently low 18F-FDG avidity were the main cause of false 
negatives while active gastritis was the main cause of false positives. 

Declaration of Competing Interest 

The authors report no declarations of interest. 

References 

[1] P.D. Shreve, Y. Anzai, R.L. Wahl, Pitfalls in oncologic diagnosis with FDG PET 
imaging: physiologic and benign variants, Radiographics 19 (1) (1999) 61–77. 

[2] B.A. Gordon, F.L. Flanagan, F. Dehdashti, Whole-body positron emission 
tomography: normal variations, pitfalls, and technical considerations, AJR Am. J. 
Roentgenol. 169 (6) (1997) 1675–1680. 

[3] G.J.R. Cook, M.N. Maisey, I. Fogelman, Normal variants, artefacts and 
interpretative pitfalls in PET imaging with 18-fluoro-2-deoxyglucose and carbon- 
11 methionine, Eur. J. Nucl. Med. 26 (10) (1999) 1363–1378. 

[4] K. Kamimura, S. Fujita, R. Nishii, H. Wakamatsu, S. Nagamachi, T. Yano, M. Ogita, 
Y. Umemura, T. Fujimoto, M. Nakajo, An analysis of the physiological FDG uptake 
in the stomach with the water gastric distention method, Eur. J. Nucl. Med. Mol. 
Imaging 34 (11) (2007) 1815–1818. 

[5] A.L. Baert, L. Roex, G. Marchal, P. Hermans, D. Dewilde, G. Wilms, Computed 
tomography of the stomach with water as an oral contrast agent: technique and 
preliminary results, J. Comput. Assist. Tomogr. 13 (4) (1989) 633–636. 

[6] A. Imperiale, S. Cimarelli, D.B. Sellem, C. Blondet, A. Contantinesco, Focal F-18 
FDG uptake mimicking malignant gastric localizations disappearing after water 
ingestion on PET/CT images, Clin. Nucl. Med. 31 (12) (2006) 835–837. 

[7] L.S. Elting, C. Cooksley, M. Chambers, S.B. Cantor, E. Manzullo, E.B. Rubenstein, 
The burdens of cancer therapy: clinical and economic outcomes of chemotherapy- 
induced mucositis, Cancer: Interdisciplinary Int. J. Am. Cancer Soc. 98 (7) (2003) 
1531–1539. 

[8] Y.-Y. Chen, D.A. Antonioli, S.J. Spechler, J.M. Zeroogian, R.K. Goyal, H.H. Wang, 
Gastroesophageal reflux disease versus Helicobacter pylori infection as the cause of 
gastric carditis, Mod. Pathol. 11 (10) (1998) 950–956. 

[9] J.-K. Yoon, C. Byun, K.S. Jo, H. Hur, K.M. Lee, S.K. Lim, D. Lee, S.J. Lee, Y.-S. An, 
S.-U. Han, Clinicopathologic parameters associated with the FDG-avidity in staging 
of early gastric cancer using 18F-FDG PET, Medicine 98 (31) (2019). 

[10] A. Maman, A. Sahin, A.K. Ayan, The relationship of SUV value in PET-CT with 
tumor differentiation and tumor markers in gastric cancer, Eurasian J. Med. 52 (1) 
(2020) 67. 

[11] A. Stahl, K. Ott, W. Weber, K. Becker, T. Link, J.-R. Siewert, M. Schwaiger, U. Fink, 
FDG PET imaging of locally advanced gastric carcinomas: correlation with 
endoscopic and histopathological findings, Eur. J. Nucl. Med. Mol. Imaging 30 (2) 
(2003) 288–295. 

[12] E.Y. Kim, W.J. Lee, D. Choi, S.J. Lee, J.Y. Choi, B.-T. Kim, H.S. Kim, The value of 
PET/CT for preoperative staging of advanced gastric cancer: comparison with 
contrast-enhanced CT, Eur. J. Radiol. 79 (2) (2011) 183–188. 

[13] E. Mochiki, H. Kuwano, H. Katoh, T. Asao, N. Oriuchi, K. Endo, Evaluation of 18F- 
2-deoxy-2-fluoro-D-glucose positron emission tomography for gastric cancer, 
World J. Surg. 28 (3) (2004) 247–253. 

[14] J. Cui, P. Zhao, Z. Ren, B. Liu, Evaluation of dual time point imaging 18F-FDG PET/ 
CT in differentiating malignancy from benign gastric disease, Medicine 94 (33) 
(2015). 

[15] H.R.S. Farghaly, M.H.M. Sayed, H.A. Nasr, A.M.A. Maklad, Dual time point 
fluorodeoxyglucose positron emission tomography/computed tomography in 
differentiation between malignant and benign lesions in cancer patients. Does it 
always work? Indian J. Nucl. Med. 30 (4) (2015) 314. 

[16] H.J. Lee, J. Lee, Differential diagnosis of adrenal mass using imaging modality: 
special emphasis on f-18 fluoro-2-deoxy-d-glucose positron emission tomography/ 
computed tomography, Endocrinol. Metab. 29 (1) (2014) 5–11. 

[17] S.K. Kim, M. Allen-Auerbach, J. Goldin, B.J. Fueger, M. Dahlbom, M. Brown, 
J. Czernin, C. Schiepers, Accuracy of PET/CT in characterization of solitary 
pulmonary lesions, J. Nucl. Med. 48 (2) (2007) 214–220. 

[18] M. Charest, M. Hickeson, R. Lisbona, J.-A. Novales-Diaz, V. Derbekyan, R. 
E. Turcotte, FDG PET/CT imaging in primary osseous and soft tissue sarcomas: a 
retrospective review of 212 cases, Eur. J. Nucl. Med. Mol. Imaging 36 (12) (2009) 
1944. 

[19] Y. Demura, T. Tsuchida, T. Ishizaki, S. Mizuno, Y. Totani, S. Ameshima, 
I. Miyamori, M. Sasaki, Y. Yonekura, 18F-FDG accumulation with PET for 
differentiation between benign and malignant lesions in the thorax, J. Nucl. Med. 
44 (4) (2003) 540–548. 

[20] J. Tian, L. Chen, B. Wei, M. Shao, Y. Ding, D. Yin, S. Yao, The value of vesicant 18F- 
fluorodeoxyglucose positron emission tomography (18F-FDG PET) in gastric 
malignancies, Nucl. Med. Commun. 25 (8) (2004) 825–831. 

[21] M. Yun, H.S. Choi, E. Yoo, J.K. Bong, Y.H. Ryu, J.D. Lee, The role of gastric 
distention in differentiating recurrent tumor from physiologic uptake in the 
remnant stomach on 18F-FDG PET, J. Nucl. Med. 46 (6) (2005) 953–957. 

[22] C. Cohade, M. Osman, Y. Nakamoto, L.T. Marshall, J.M. Links, E.K. Fishman, R. 
L. Wahl, Initial experience with oral contrast in PET/CT: phantom and clinical 
studies, J. Nucl. Med. 44 (3) (2003) 412–416. 

[23] Z. Zhu, F. Li, H. Zhuang, Gastric distension by ingesting food is useful in the 
evaluation of primary gastric cancer by FDG PET, Clin. Nucl. Med. 32 (2) (2007) 
106–109. 

[24] Q. Ma, J. Xin, Z. Zhao, Q. Guo, S. Yu, W. Xu, C. Liu, W. Zhai, Value of 18F-FDG 
PET/CT in the diagnosis of primary gastric cancer via stomach distension, Eur. J. 
Radiol. 82 (6) (2013) e302–e306. 

[25] Y. Nakamoto, Y. Nakamoto, E. Tadamura, S. Saga, M. Ishimori, H. Mamede, 
J. Konishi, An Attempt to Reduce Physiological FDG Accumulation in the Heart and 
Stomach Using Heparin, SPRINGER, 233 SPRING ST, NEW YORK, NY 10013 USA, 
2001, pp. 1081-1081. 

[26] F. Yamamoto, K. Nakada, S. Zhao, M. Satoh, M. Asaka, N. Tamaki, Gastrointestinal 
uptake of FDG after N-butylscopolamine or omeprazole treatment in the rat, Ann. 
Nucl. Med. 18 (7) (2004) 637–640. 

[27] R. Kumar, V.A. Loving, A. Chauhan, H. Zhuang, S. Mitchell, A. Alavi, Potential of 
dual-time-point imaging to improve breast cancer diagnosis with 18F-FDG PET, 
J. Nucl. Med. 46 (11) (2005) 1819–1824. 

[28] M. Nakayama, A. Okizaki, S. Ishitoya, M. Sakaguchi, J. Sato, T. Aburano, Dual- 
time-point F-18 FDG PET/CT imaging for differentiating the lymph nodes between 
malignant lymphoma and benign lesions, Ann. Nucl. Med. 27 (2) (2013) 163–169. 

[29] H. Farghaly, Diagnostic accuracy of 18F-FDG PET/CT in detection of local 
recurrence in rectal cancer and the added value of dual time point scanning, Egypt. 
J. Nucl. Med. 8 (8) (2013) 15–29. 

[30] A. Krzeslak, K. Wojcik-Krowiranda, E. Forma, P. Jozwiak, H. Romanowicz, 
A. Bienkiewicz, M. Brys, Expression of GLUT1 and GLUT3 glucose transporters in 
endometrial and breast cancers, Pathol. Oncol. Res. 18 (3) (2012) 721–728. 

[31] T. Kawamura, T. Kusakabe, T. Sugino, K. Watanabe, T. Fukuda, A. Nashimoto, 
K. Honma, T. Suzuki, Expression of glucose transporter-1 in human gastric 
carcinoma: association with tumor aggressiveness, metastasis, and patient survival, 
Cancer: Interdisciplinary Int. J. Am. Cancer Soc. 92 (3) (2001) 634–641. 

[32] M. Yun, Imaging of gastric cancer metabolism using 18 F-FDG PET/CT, J. Gastric 
Cancer 14 (1) (2014) 1–6. 

[33] W. Song, C.-Y. Chen, J.-B. Xu, J.-N. Ye, L. Wang, C.-Q. Chen, X.-H. Zhang, S.-R. Cai, 
W.-H. Zhan, Y.-L. He, Pathological diagnosis is maybe non-essential for special 
gastric cancer: case reports and review, World J. Gastroenterol. WJG 19 (24) 
(2013) 3904. 

[34] B. Wei, L. Chen, J. Li, Expression of glucose transporter 1 in gastric carcinoma and 
metastatic lymph nodes and its association with prognosis, Zhonghua wei chang 
wai ke za zhi= Chinese J. Gastrointestinal Surg. 12 (3) (2009) 277–280. 

[35] F.Q. Zhu, H.J. Chu, Z.H. Gong, F.C. Du, J. Chen, L.X. Jiang, Undiagnosed Borrmann 
type IV gastric cancer despite repeated endoscopic biopsies and PET-CT 
examination: a case report, Oncol. Lett. 12 (2) (2016) 1485–1488. 

[36] H. Engel, H. Steinert, A. Buck, T. Berthold, R. Huch Böni, G.K. Von Schulthess, 
Whole-body PET: physiological and artifactual fluorodeoxyglucose accumulations, 
J. Nucl. Med. 37 (3) (1996) 441–445. 

[37] K. Mukai, Y. Ishida, K. Okajima, H. Isozaki, T. Morimoto, S. Nishiyama, Usefulness 
of preoperative FDG-PET for detection of gastric cancer, Gastric Cancer 9 (3) 
(2006) 192–196. 

[38] Y. Kaneko, W.K. Murray, E. Link, R.J. Hicks, C. Duong, Improving patient selection 
for 18F-FDG PET scanning in the staging of gastric cancer, J. Nucl. Med. 56 (4) 
(2015) 523–529. 

[39] J.S. Kim, S.Y. Park, 18F-FDG PET/CT of advanced gastric carcinoma and 
association of HER2 expression with standardized uptake value, Asia Ocean. J. 
Nucl. Med. Biol. 2 (1) (2014) 12. 

[40] E.J. Han, W.H. Choi, Y.A. Chung, K.J. Kim, L.S. Maeng, K.M. Sohn, H.S. Jung, H. 
S. Sohn, S.K. Chung, Comparison between FDG uptake and clinicopathologic and 
immunohistochemical parameters in pre-operative PET/CT scan of primary gastric 
carcinoma, Nucl. Med. Mol. Imaging 43 (1) (2009) 26. 

[41] S.Y. Oh, G.J. Cheon, Y.C. Kim, E. Jeong, S. Kim, J.-G. Choe, Detectability of T- 
Measurable diseases in advanced gastric cancer on FDG PET-CT, Nucl. Med. Mol. 
Imaging 46 (4) (2012) 261–268. 

[42] M. Yun, J.S. Lim, S.H. Noh, W.J. Hyung, J.H. Cheong, J.K. Bong, A. Cho, J.D. Lee, 
Lymph node staging of gastric cancer using 18F-FDG PET: a comparison study with 
CT, J. Nucl. Med. 46 (10) (2005) 1582–1588. 

[43] J. Chen, J.H. Cheong, M.J. Yun, J. Kim, J.S. Lim, W.J. Hyung, S.H. Noh, 
Improvement in preoperative staging of gastric adenocarcinoma with positron 
emission tomography, Cancer: Interdisciplinary Int. J. Am. Cancer Soc. 103 (11) 
(2005) 2383–2390. 

[44] S.-K. Kim, K.W. Kang, J.S. Lee, H.K. Kim, H.J. Chang, J.Y. Choi, J.H. Lee, K.W. Ryu, 
Y.-W. Kim, J.-M. Bae, Assessment of lymph node metastases using 18 F-FDG PET in 
patients with advanced gastric cancer, Eur. J. Nucl. Med. Mol. Imaging 33 (2) 
(2006) 148–155. 

[45] K. Herrmann, K. Ott, A.K. Buck, F. Lordick, D. Wilhelm, M. Souvatzoglou, 
K. Becker, T. Schuster, H.-J. Wester, J.R. Siewert, Imaging gastric cancer with PET 
and the radiotracers 18F-FLT and 18F-FDG: a comparative analysis, J. Nucl. Med. 
48 (12) (2007) 1945–1950. 

[46] R. Kameyama, Y. Yamamoto, K. Izuishi, R. Takebayashi, M. Hagiike, M. Murota, 
M. Kaji, R. Haba, Y. Nishiyama, Detection of gastric cancer using 18 F-FLT PET: 
comparison with 18 F-FDG PET, Eur. J. Nucl. Med. Mol. Imaging 36 (3) (2009) 
382. 

H. Farghaly et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0005
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0005
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0010
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0010
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0010
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0015
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0015
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0015
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0020
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0020
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0020
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0020
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0025
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0025
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0025
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0030
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0030
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0030
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0035
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0035
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0035
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0035
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0040
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0040
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0040
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0045
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0045
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0045
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0050
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0050
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0050
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0055
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0055
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0055
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0055
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0060
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0060
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0060
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0065
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0065
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0065
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0070
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0070
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0070
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0075
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0075
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0075
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0075
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0080
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0080
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0080
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0085
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0085
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0085
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0090
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0090
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0090
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0090
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0095
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0095
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0095
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0095
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0100
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0100
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0100
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0105
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0105
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0105
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0110
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0110
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0110
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0115
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0115
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0115
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0120
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0120
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0120
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0125
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0125
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0125
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0125
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0130
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0130
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0130
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0135
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0135
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0135
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0140
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0140
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0140
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0145
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0145
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0145
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0150
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0150
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0150
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0155
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0155
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0155
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0155
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0160
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0160
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0165
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0165
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0165
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0165
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0170
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0170
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0170
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0175
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0175
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0175
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0180
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0180
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0180
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0185
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0185
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0185
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0190
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0190
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0190
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0195
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0195
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0195
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0200
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0200
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0200
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0200
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0205
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0205
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0205
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0210
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0210
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0210
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0215
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0215
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0215
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0215
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0220
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0220
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0220
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0220
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0225
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0225
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0225
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0225
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0230
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0230
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0230
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0230


European Journal of Radiology Open 7 (2020) 100268

8

[47] A. Sonet, C. Graux, M.-C. Nollevaux, B. Krug, A. Bosly, T. Vander Borght, 
Unsuspected FDG–PET findings in the follow-up of patients with lymphoma, Ann. 
Hematol. 86 (1) (2007) 9–15. 

[48] P.L. Zinzani, M. Tani, R. Trisolini, S. Fanti, V. Stefoni, M. Alifano, P. Castellucci, 
G. Musuraca, G. Dalpiaz, L. Alinari, Histological verification of positive positron 
emission tomography findings in the follow-up of patients with mediastinal 
lymphoma, Haematologica 92 (6) (2007) 771–777. 

[49] H. Maayan, Y. Ashkenazi, A. Nagler, G. Izbicki, Sarcoidosis and lymphoma: case 
series and literature review, Sarcoidosis, vasculitis, and diffuse lung diseases, Off. 
J. WASOG 28 (2) (2011) 146–152. 

[50] H. Zhuang, M. Pourdehnad, E.S. Lambright, A.J. Yamamoto, M. Lanuti, P. Li, P. 
D. Mozley, M.D. Rossman, S.M. Albelda, A. Alavi, Dual time point 18F-FDG PET 
imaging for differentiating malignant from inflammatory processes, J. Nucl. Med. 
42 (9) (2001) 1412–1417. 

[51] S. Suzuki, T. Toyota, H. Suzuki, Y. Goto, Partial purification from human 
mononuclear cells and placental plasma membranes of an insulin mediator which 

stimulates pyruvate dehydrogenase and suppresses glucose-6-phosphatase, Arch. 
Biochem. Biophys. 235 (2) (1984) 418–426. 

[52] G. Cheng, D.A. Torigian, H. Zhuang, A. Alavi, When should we recommend use of 
dual time-point and delayed time-point imaging techniques in FDG PET? Eur. J. 
Nucl. Med. Mol. Imaging 40 (5) (2013) 779–787. 

[53] S. Basu, A. Alavi, Partial Volume Correction of Standardized Uptake Values and the 
Dual Time Point in FDG-PET Imaging: Should These Be Routinely Employed in 
Assessing Patients With Cancer? Springer, 2007. 

[54] X. Xu, J. Cheng, W. Xu, D. Dai, X. Song, W. Ma, L. Zhu, X. Zhu, Value of dual-time- 
point (18) F-fluorodeoxyglucose integrated positron emission and computed 
tomography in differentiation of malignant from benign gastrointestinal diseases, 
Zhonghua zhong liu za zhi [Chinese J. Oncol.] 34 (5) (2012) 364–368. 

[55] S.K. Kim, J.E. Shin, J.H. Lee, Peripheral tuberculous lymphadenitis masquerading 
as metastatic gastric carcinoma on F-18 FDG dual time point PET/CT, Nucl. Med. 
Mol. Imaging 46 (4) (2012) 316–317. 

H. Farghaly et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0235
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0235
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0235
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0240
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0240
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0240
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0240
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0245
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0245
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0245
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0250
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0250
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0250
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0250
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0255
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0255
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0255
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0255
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0260
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0260
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0260
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0265
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0265
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0265
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0270
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0270
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0270
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0270
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0275
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0275
http://refhub.elsevier.com/S2352-0477(20)30057-5/sbref0275

	Dual time point [18F]Flurodeoxyglucose (FDG) Positron Emission Tomography (PET)/Computed Tomography (CT) with water gastric ...
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Dual-phase 18F-FDG PET/CT image acquisition and reconstruction
	2.3 Image analysis and semi-quantitative evaluation
	2.4 Statistical analysis

	3 Results
	4 Discussion
	4.1 Limitations

	5 Conclusion
	Declaration of Competing Interest
	References


