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Aim: To discover the value of contrast-enhanced CT parameters in predicting the prognosis 
of gastric adenocarcinoma (GAC) patients after radical gastrectomy.
Methods: The patients with a clinical diagnosis of GAC were retrospectively enrolled. Two 
radiologists drew the regions of interest (ROIs) in CT images and measured the CT attenuate 
value (CAV) in each phase and the corrected CAV (cCAV) in each contrast-enhanced phase. 
Patients were divided into two groups (high/low-enhancement) according to receiver operat-
ing characteristic (ROC) curve. Kaplan–Meier curve and Cox proportional hazards regres-
sion analysis were performed to evaluate correlation between prognosis and variables. 
Subgroup analysis was used to further analyze the prognostic value of variables.
Results: In total 435 patients were included. According to ROC curve, the cCAV in delayed 
phase (DP-cCAV) with maximum AUC and Youden index was chosen. A total of 312 
patients (71.7%) entered DP-cCAVlow group and remaining 123 (28.3%) patients were in 
DP-cCAVhigh group. According to univariate (high vs low, HR=2.120, p<0.001) and multi-
variate (high vs low, HR=1.623, p<0.001) Cox regression analysis, the low-enhancement 
state was considered as an independent protective factor. Subgroup analysis was based on 
age, maximum diameter of tumor, differentiation, vascular invasion status, and TNM staging. 
In most subgroups, the overall survival (OS) of DP-cCAVlow group was overwhelmingly 
satisfactory (all HR >1, expect TNM stage I, IV and differentiated type subgroups).
Conclusion: The prognostic effectiveness of CT parameters as biomarkers for OS in GAC 
patients treated with radical gastrectomy has potential value.
Keywords: gastric adenocarcinoma, radical gastrectomy, contrast-enhanced CT, overall 
survival, prognosis

Introduction
Gastric cancer (GC) is one of the most common cancers, with an estimated 27,600 
new cases and 11,010 deaths in the US in 2020.1 Over the recent few decades, the 
worldwide incidence of GC has declined rapidly owing to the discovery of some 
risk factors, such as Helicobacter pylori, dietary and environmental risks.2–4 

However, GC still is the third cause of cancerous deaths in the world, with up to 
40–78% patients dying at five years.5,6 It is obvious that the prognosis remains 
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poor.7 For patients with GC, radical gastrectomy remains 
the best intervention for long-term survival.8,9 Besides, 
many factors have been confirmed to be related to the 
prognosis of GC, including the extent of tumor invasion, 
tumor pathological classification, degree of tissue differ-
entiation, distant metastasis, and clinical TNM 
staging.10,11

At present, gastroscopy biopsy is commonly used to 
acquire several pathological characteristics as described 
above before surgery. However, there are several factors 
that could affect the accuracy of gastroscopy biopsy 
results. For example, gastroscopy biopsy sampling is 
limited and the small specimens are restrictive to com-
prehensively cover GC lesions with high heterogeneity. 
And the perspective of gastroscopy biopsy is also limited, 
making evaluation of lesions outside the stomach wall out 
of the question.12,13 Contrast-enhanced computed tomo-
graphy (CE-CT), as a noninvasive imaging technique, can 
comprehensively and conveniently evaluate the lesion, its 
adjacent structures, and distant metastases at the same 
time,14,15 which makes up for these shortcomings of 
gastroscopic biopsy to a certain extent. In recent research, 
CT parameter analysis shows great potential in identify-
ing pathological characteristics and predicting clinical 
outcomes of tumors. Ba'Ssalamah et al indicated the 
radiologists could distinguish different types of common 
gastric tumors by CT texture analysis.16 Liu et al held that 
CT parameters could noninvasively predict certain patho-
logical features of GC, including the degree of differen-
tiation, Lauren classification as well as vascular 
invasion.14 Giganti et al critically reviewed the latest 
research progress of MRI and 18F-FDG PET/CT in GC. 
They reported that dynamic contrast-enhanced MRI 
reflects tumor angiogenesis, which was inversely propor-
tional to the prognosis of GC, and the apparent diffusion 
coefficient of diffusion-weighted MRI could be consid-
ered as a prognostic biomarker as well.17,18 Important 
results of the relationship between other biomarkers 
such as standardized uptake value from PET/CT and 
overall survival in GC were also reported.18 To date, 
there have been few studies on the application of para-
meters analysis from CE-CT as predictive biomarkers of 
survival in GC.

Therefore, our research was dedicated to discover the 
value of CE-CT parameters in predicting the prognosis of 
patients with gastric adenocarcinoma (GAC) after radical 
gastrectomy.

Methods
Patients
From June 2013 to January 2018, all patients with 
a clinical diagnosis of GAC in our hospital (First 
Affiliated Hospital of Wenzhou Medical University) were 
screened. The inclusion criteria were: (1) adult patients; 
(2) a history of radical gastrectomy and lymphadenectomy 
at our hospital; (3) a diagnosis of GAC proved by post-
operative pathology; (4) measurable intraoperative lesion; 
(5) completing CE-CT examination before radical exci-
sion. The exclusion criteria are listed as follows: (1) lost 
follow-up patients; (2) any treatment before surgery and 
CE-CT examination including chemotherapy, radiotherapy 
and targeted agents; (3) unavailable postprocessing due to 
the artifacts of the CT image; (4) limited area to outline 
regions of interest (ROIs) owing to small tumor size with 
maximum diameter <5 mm.

All data on clinical characteristics were extracted and 
analyzed according to the Declaration of Helsinki. This 
study was approved by the ethics committee of the First 
Affiliated Hospital of Wenzhou Medical University. 
Because it was a noninterventional retrospective study, 
the requirement for patient consent to review the medical 
records was waived.

Acquisition of CT Image
After signing the informed consent, all patients underwent 
CE-CT examinations (64-slice multidetector, Light Speed 
Plus 16, GE Healthcare, Waukesha, WI, USA) before 
radical gastrectomy. To ensure that the gastric cavity was 
fully dilated and expanded, they were asked to fast for at 
least six hours and drink 600–1000 mL of water before the 
examination. During a single breath-hold, the scan covered 
the entire and upper abdomen with the patient in the 
supine position. Following a noncontrast scan (0s), the 
examiner intravenously injected 100–120 mL iodinated 
contrast agent (Omnipaque 350 mgI/mL, GE Healthcare, 
Shanghai, China) into the patient at a flow rate of 3.0 mL/ 
second using an automatic injector. After the infusion of 
contrast agent, arterial, portal, and delayed phase images 
were obtained at 40, 70, and 240 seconds, respectively. 
Picture archiving and communication system (PACS) 
transferred all datasets.

The following were the parameters of the abdomen CT: 
64 detector rows, tube voltage 120 kVp, tube current 200 
mA, rotation time 0.4 second, section thickness 0.625 mm, 
pitch 1.375 mm and reconstruction interval 0.625 mm.
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Evaluation of CT Image
Two experienced radiologists (both with more than seven 
years experience in gastroenterology imaging), who only 
knew the clinical information of gastroendoscopic find-
ings, checked the images and identified the gastric lesions 
on PACS independently.

The window level (WL) and the window width (WW) 
were set as 50 and 250. The gastric wall which showed 
focal thickening of ≥6 mm was determined to be 
cancerous.19 First, the polygonal region of interest (ROI) 
was manually drawn along the margin of the GC on the 
image slice displaying the tumor in its largest cross- 
sectional area (Figure 1). Vessel structures, ulceration, 
necrosis, gastric lumen, artifacts should be avoided in the 
ROIs. Then, approximately the same size ROIs were out-
lined in the same place of the tumor on images of arterial, 
portal, delayed and nonenhanced phases. The two readers 
independently drew the ROIs which had been verified 
without any significant difference between them. After 
that, the PACS automatically read all of pixels’ CT values 
within the ROI and calculated average CT attenuate value 
(CAV). Finally, a series of parameters including the CAV 
of ROI in arterial, portal, delayed, noncontrast phase and 
the cCAV of ROI in arterial, portal, delayed phase was 
recorded. Moreover, in order to eradicate patient-related 
confounding factors like the difference in contrast agent 

and individual’s ability to absorb its, two readers also 
measured the CAV on the same slice of aortic canal to 
calculate cCAV. The algorithm was as follows: (the CAV 
of ROI in each contrast-enhanced phase–the CAV of ROI 
in noncontrast phase)/CAV in aortic canal.

Outcome
All patients were followed by means of landline telephone. 
The follow-up program mainly consisted of survival and 
the time of death, which were traced until September 1, 
2019. The primary outcome was death from any reasons. 
And clinical information collectors were blinded to the 
survival data.

Statistical Analysis
Continuous variables were represented as median and 
range and compared by Mann–Whitney U-test, whereas 
categorical variables were expressed as frequency and 
percentage and compared by Fisher’s exact test. As pre-
processing, a receiver operating characteristic (ROC) 
curve analysis was used to evaluate the diagnosis perfor-
mance of seven CT parameters and develop corresponding 
cutoffs associated with the survival status at three years. 
As shown in part of Table 1, the area under the ROC curve 
(AUC) of PP-CAV (CAV in portal phase), PP-cCAV 
(cCAV in portal phase), DP-CAV (CAV in delayed 

Figure 1 NC-CT and CE-CT scans of GACs with different DP-cCAV. CT images in the noncontrast phase (A), arterial phase (B), portal venous phase (C) and delayed phase 
(D) showed a thickened gastric wall in a patient of DP-cCAVhigh group. CT images in the noncontrast phase (E), arterial phase (F), portal venous phase (G) and delayed 
phase (H) showed a thickened gastric wall in a patient of the DP-cCAVlow group.
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phase), and DP-cCAV (cCAV in delayed phase) were 
0.567 (p=0.038), 0.565 (p=0.042), 0.590 (p=0.005), and 
0.620 (p<0.001) with statistical significance, respectively. 
The DP-cCAV with maximum AUC and Youden index 
was chosen. Thus, the patients were divided into DP- 

cCAVlow group and DP-cCAVhigh group (cutoff 
value=0.425, sensitivity=0.409, specificity=0.831). The 
association between clinical and radiographic variables 
and overall survival (OS) was identified by univariable 
and multivariable Cox proportional hazards regression 

Table 1 Baseline Characteristics of Patients with GAC According to CT Value Stratification

Variables Total (n=435) DP-cCAVlow(n=312) DP-cCAVhigh(n=123) p-value

Sex
Male 334 (76.8) 250 (80.1) 84 (68.3) 0.011

Female 101 (23.2) 62 (19.9) 39 (31.7)

Age at diagnosis (years)

Median (range) 65 (29–87) 66 (29–86) 65 (31–87) 0.713

Location

Cardia and fundus 82 (18.9) 61 (19.6) 21 (17.1) 0.392
Body 111 (25.5) 78 (25.0) 33 (26.8)

Antrum and pylorus 227 (52.2) 165 (52.9) 62 (50.4)

Whole stomach 15 (3.4) 8 (2.6) 7 (5.7)
Maximum diameter of tumor(cm) 4.0 (0.5–14.0) 4.0 (0.5–14.0) 5.0 (0.5–12.5) 0.001

Differentiation degree
Differentiated type 94 (21.6) 75 (24.0) 19 (15.4) 0.003

Mixed type 104 (23.9) 83 (26.6) 21 (17.1)

Undifferentiated type 237 (54.5) 154 (49.4) 83 (67.5)

Vascular invasion status

Yes/no 155/280 100/212 55/68 0.015

Neural invasion status

Yes/no 141/294 85/227 56/67 <0.001

Pathological T stage

T1 54 (12.4) 51 (16.3) 3 (2.4) <0.001
T2 63 (14.5) 50 (16.0) 13 (10.6)

T3 297 (68.3) 199 (63.8) 98 (79.7)

T4 21 (4.8) 12 (3.8) 9 (7.3)

Pathological N stage

N0 138 (31.7) 117 (37.5) 21 (17.1) <0.001
N1 82 (18.9) 63 (20.2) 19 (15.4)

N2 109 (25.1) 73 (23.4) 36 (29.3)

N3 106 (24.4) 59 (18.9) 47 (38.2)

Pathological M stage

M0 418 (96.1) 302 (96.8) 116 (94.3) 0.271
M1 17 (3.9) 10 (3.2) 7 (5.7)

TNM stage
I 104 (23.9) 88 (28.2) 16 (13.0) <0.001

II 131 (30.1) 104 (33.3) 27 (22)

III 184 (42.3) 111 (35.6) 73 (59.3)
IV 16 (3.7) 9 (2.9) 7 (5.7)

Chemotherapy after surgery
Yes/no 311/124 220/92 91/32 0.556

Abbreviation: cCAV, corrected CT attenuate value.
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models. Variables with the p<0.10 in univariate analyses 
were included in subsequent multivariate analyses. To see 
the accuracy of the multivariate Cox model by internal 
validation, C-index was calculated. Survival curves were 
estimated by using Kaplan–Meier method, and the log 
rank test was used for evaluating the differences.

Besides, we analyzed interobserver agreement for the 
measurements of CE-CT parameters of two readers with an 
intraclass correlation coefficient (ICC) (0.000–0.200 means 
poor; 0.201–0.400 means fair; 0.301–0.600 means moderate; 
0.601–0.800 means good; 0.801–1.000 means excellent).

All of the tests were two-sided and the statistical sig-
nificance was considered at p<0.05. Statistical analyses 
were conducted using R 3.6.0 (https://www.r-project.org/).

Results
Patients’ Clinicopathological 
Characteristics
A total of 435 patients participated in this study. Three 
hundred and twelve patients (71.7%) showed low cCAV in 

the delayed phase, while the remaining 123 (28.3%) 
patients displayed high cCAV. Baseline demographic and 
clinical data were presented in Table 2. Compared with the 
DP-cCAVlow group, the patients with high DP-cCAV 
tended to show larger tumor diameters (p=0.001), more 
vascular (p=0.015) and neural (p<0.001) invasion status, 
more undifferentiated types and less differentiated types, 
higher grades of T stage (p<0.001), N stage (p<0.001) and 
TNM stage (p<0.001). In addition, males made the larger 
majority of patients in the DP-cCAVlow group (p=0.011).

Intra-observer Reproducibility
There were no significant differences between two inde-
pendent measurements of each CT parameters measured 
by two readers. The ICCs of CAV were 0.686 in noncon-
trast phases, 0.831 in arterial phases, 0.844 in portal 
phases, and 0.856 in delayed phases. The ICCs of cCAV 
were 0.799 in arterial phases, 0.821 in portal phases, and 
0.824 in delayed phases. All of them were in good or 
excellent agreement.

Table 2 Univariable and Multivariable Cox Proportional Hazards Regression Analyses of Clinical and Radiographic Features for 
Overall Survival in Patients with Gastric Adenocarcinoma

Variable Univariate Analysis Multivariate Analysis

Crude HR (95%CI) p-value Adjust HR (95% CI) p-value

Gender (male vs female) 1.126 (0.787–1.612) 0.515
Age (≥65 vs <65 years) 1.709 (1.266–2.307) <0.001 1.805 (1.319–2.469) <0.001

Location
Cardia and fundus 0.540 (0.260–1.122) 0.099 1.030 (0.469–2.266) 0.941

Body 0.523 (0.256–1.069) 0.076 1.053 (0.493–2.248) 0.893
Antrum and pylorus 0.458 (0.230–0.910) 0.026 0.880 (0.423–1.833) 0.733

Whole stomach 1.0

Maximum diameter of tumor (cm) 1.156 (1.098–1.218) <0.001 1.082 (1.018–1.150) 0.012

Differentiation degree

Differentiated type 0.645 (0.425–0.981) 0.040 0.886 (0.573–1.370) 0.587
Mixed type 1.153 (0.824–1.615) 0.406 1.164 (0.824–1.645) 0.388

Undifferentiated type 1.0

TNM stage

I 0.036 (0.017–0.077) <0.001 0.048 (0.021–0.110) <0.001

II 0.113 (0.062–0.205) <0.001 0.120 (0.063–0.229) <0.001
III 0.246 (0.142–0.427) <0.001 0.222 (0.124–0.398) <0.001

IV 1.0

Vascular invasion status (yes vs no) 1.952 (1.454–2.62) <0.001 1.323 (0.956–1.832) 0.091

Neural invasion status (yes vs no) 1.550 (1.146–2.096) 0.004 0.957 (0.681–1.345) 0.799

Chemotherapy after surgery (yes vs no) 0.815 (0.594–1.119) 0.207
DP-cCAV (high vs low) 2.120 (1.569–2.866) <0.001 1.623 (1.181–2.230) <0.001

Abbreviations: CAV, CT attenuate value; DP-cCAV, corrected CT attenuate value in the delayed phase.
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Univariable and Multivariable Cox 
Proportional Hazards Regression 
Analyses
Results of univariable and multivariable Cox regression ana-
lyses for OS were presented in Table 3. According to results of 
univariate analysis, age (≥65 vs <65 years, HR=1.709, 95% 
CI=1.266–2.307, p<0.001), location (antrum and pylorus vs 
whole stomach, HR=0.458, 95%CI=0.230–0.910, p=0.026), 
tumor maximum diameter (HR=1.156, 95%CI=1.098–1.218, 
p<0.001), differentiation degree (differentiated type vs undif-
ferentiated type, HR=0.645, 95%CI=0.425–0.981, p=0.040), 
TNM stage (I vs IV, HR= 0.036, 95%CI=0.017–0.077, 
p<0.001; II vs IV, HR=0.113, 95%CI=0.062–0.205, p<0.001; 
III vs IV, HR=0.246, 95%CI= 0.142–0.427, p<0.001), vascu-
lar invasion (yes vs no, HR=1.952, 95%CI=1.454–2.620, 
p<0.001), neural invasion (yes vs no, HR=1.550, 95% 
CI=1.146–2.096, p=0.004), DP-cCAV (high vs low, 
HR=2.120, 95%CI=1.569–2.866, p<0.001) were associated 
with OS, significantly.

In multivariate analysis, age (≥65 vs <65 years, 
HR=1.805, 95%CI=1.319–2.469, p<0.001), tumor maxi-
mum diameter (HR=1.082, 95%CI=1.018–1.150, p=0.012), 
TNM stage (I vs IV, HR=0.048, 95%CI=0.021–0.110, 
p<0.001; II vs IV, HR=0.120, 95%CI=0.063–0.229, 
p<0.001; III vs IV, HR=0.222, 95%CI=0.124–0.398, 
p<0.001) and DP-cCAV (HR=1.623; 95%CI=1.181–2.230, 
p<0.001) remained as the independent risk factors for OS in 
patients with GAC. C-index for multivariate Cox propor-
tional hazards model was 0.736 by internal validation.

Survival Analysis and Subgroup Analysis
A total of 180 deaths (41.4% of 435 events) were observed 
at the end of study. As Kaplan–Meier curve (Figure 2) 
showed, lower mortality rate was observed in the DP- 
cCAVlow group than the high group by September 1, 
2019; 109 of 312 patients (34.9%) vs 71 of 123 patients 
(57.7%). Median OS was not reached for the DP-cCAVlow 

group and was 28.5 months in the DP-cCAVhigh group 
(Figure 3). Compared with the DP-cCAVlow group, there 

Table 3 Univariate and Multivariate Analysis of Clinical and Radiographic Features for Overall Survival in Patients with Gastric 
Adenocarcinoma

Variable Univariate Analysis Multivariate Analysis

Crude HR (95%CI) p-value Adjust HR (95%CI) p-value

Gender (male vs female) 1.126 (0.787–1.612) 0.515
Age (≥65 vs <65 years) 1.709 (1.266–2.307) <0.001* 1.805 (1.319–2.46) <0.001*

Location
Cardia and fundus 0.540 (0.260–1.122) 0.099 1.030 (0.469–2.26) 0.941

Body 0.523 (0.256–1.069) 0.076 1.053 (0.493–2.24) 0.893

Antrum and pylorus 0.458 (0.230–0.910) 0.026* 0.880 (0.423–1.83) 0.733
Whole stomach 1.0

D-max of tumor (cm) 1.156 (1.098–1.218) <0.001* 1.082 (1.018–1.15) 0.012*

Differentiation degree

Differentiated type 0.645 (0.425–0.981) 0.040* 0.886 (0.573–1.37) 0.587

Mixed type 1.153 (0.824–1.615) 0.406 1.164 (0.824–1.64) 0.388
Undifferentiated type 1.0

TNM stage
I 0.036 (0.017–0.077) <0.001* 0.048 (0.021–0.11) <0.001*

II 0.113 (0.062–0.205) <0.001* 0.120 (0.063–0.22) <0.001*

III 0.246 (0.142–0.427) <0.001* 0.222 (0.124–0.39) <0.001*
IV 1.0

Vascular invasion status (yes vs no) 1.952 (1.454–2.62) <0.001* 1.323 (0.956–1.83) 0.091

Neural invasion status (yes vs no) 1.550 (1.146–2.096) 0.004* 0.957 (0.681–1.34) 0.799

Postoperative chemotherapy (yes vs no) 0.815 (0.594–1.119) 0.207
DP-cCAV (high vs low) 2.120 (1.569–2.866) <0.001* 1.623 (1.181–2.230) <0.001*

Note: *p<0.05 statistically significant. 
Abbreviations: D-max, maximum diameter; DP-cCAV, corrected CAV in the delayed phase.
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was a 112% rise in the risk of death in the DP-cCAVhigh 

group (HR=2.120, 95%CI=1.569–2.886, p<0.001). 
Moreover, accounting for the effects of confounding fac-
tors, which are reflected in Tables 2 and 3, we carried out 
a subgroup analysis based on age, maximum diameter of 
tumor, differentiation, vascular invasion status, and TNM 
staging (Figures 3 and 4). In most subgroups, the OS of 
the DP-cCAVlow group was overwhelmingly satisfactory 
(all HR >1, except TNM stages I, IV, and differentiated 
type subgroups).

Discussion
In our study, the preoperative CT parameters were relevant 
to the prognosis of patients with GAC after surgery. Both 
univariate and multivariate Cox regression analysis 
demonstrated the low-enhancement state was an indepen-
dent protective factor (Table 3) and C-index revealed 

a good predictive ability. Survival analyses showed the 
prognosis of patients in the low-enhancement group was 
better than in the high-enhancement group, significantly 
(Figure 2). Besides, the ROC curve analysis suggested that 
other CT parameters such as PP-CAV, PP-cCAV, and DP- 
CAV also seemed to be related to the prognosis of GC 
(Table 1).

In our sample, undifferentiated GC was the majority 
tissue type for 54.5% of total, 49.4% of the DP-cCAVlow 

group and 67.5% of the DP-cCAVhigh group. Varying degrees 
of mature and immature fibrosis were manifestations of 
undifferentiated-type GC, which affected the enhancement 
pattern of CT. Tsurumaru et al found in the delayed phase, 
undifferentiated-type GCs displayed the peak of enhance-
ment, which was significantly higher CAV than other 
types.20 In other words, undifferentiated GC showed 
a delayed enhancement pattern. It was corresponding with 

Figure 2 Overall survival for GAC patients according to CT value stratification.
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our study: the best diagnostic performance in distinguishing 
the three-year survival rate was the CT parameters of the 
delayed phase (Table 1).

One of the parameters measured in the form of CAV is the 
tumor density.21 The contrast enhancement of tumor density in 
the ROI under enhanced CT closely matches the physiological 
effect of tumor angiogenesis.22 The state of visceral mass 
contrast enhancement on CT images which could reflect 
tumor vascularity state is an important parameter.23 And the 
tumor angiogenesis, closely related to tumor development, 
invasion as well as metastasis, is a key course of events.24 

Several studies have been suggested that tumor enhancement 
status in CE-CT is a long-term prognostic factor.25,26 The 
findings of our study provided strong evidence for this. 
Compared with the DP-cCAVlow group, prognoses of the high- 
enhancement group were almost consistently unfavorable 
across the great majority of subgroups, including all ages, 
tumor sizes, vascular invasion status, etc (Figure 3).

At present, TNM staging of GC is the most widely 
used clinical reference to guide patient treatment and 

prognosis.27 Kunisaki et al held that tumor diameter in 
GC was a reliable prognostic factor which might be 
a candidate for use in the staging system.28 Our research 
also found that the maximum diameter of tumor was 
inversely related to the prognosis (Table 3). It was worth 
noting that in Table 2, maximum diameter of tumor in the 
DP-cCAVhigh group was significantly larger than in the 
DP-cCAVlow group. We speculated that it might be some 
underlying correlation between CT parameters and max-
imum diameter, which required further research.

In some previous studies, clinicians have been attracted 
by the high-resolution images of dynamic multi-detector 
CT, which contributed a noninvasive method for differen-
tial diagnosis and tumor staging.23 However, in order to 
choose the best treatment method for personalized treat-
ment according to the guidelines, we need to test the 
patient’s prognosis and prediction information with higher 
accuracy. Our study quantified the functionality of CE-CT 
by delayed phase parameters and found it was valuable in 
predicting the prognosis of patients with GAC after 

Figure 3 Subgroup analysis for GAC patients. 
Abbreviation: NR, not reached.
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surgery. Moreover, although there are many studies that 
explore imaging parameters such as PET/CT parameter to 
predict tumor prognosis,29,30 CE-CT may be more clini-
cally valuable because it is affordable and available.

There were several limitations in this study. First, 
further prospective studies were needed to validate its 
worth because this study was retrospective. Second, it 
was a single institution study without a large sample 
size. Third, we only drew the greatest area of lesion for 
analysis, which may not be enough to represent the entire 
tumor. Although the ROIs of the largest area reflect the 
angiogenesis more comprehensively, minimize the effect 
of necrotic tissue, and analyze the heterogeneity of the 
entire lesion at the highest level,31 further studies that 
analyze the total volume obtained by drawing the tumor 
contour on each slice need to be carried out.

Conclusion
In conclusion, the findings of our research indicated the 
prognostic effectiveness of CT parameters as biomarkers 
of OS in GAC patients treated with surgery may be valu-
able. The patients with higher DP-cCAV (high- 
enhancement) tended to have a higher risk of postsurgical 
disease progression, which could guide them to receive 
more aggressive treatment early to improve their prognosis 
as well as allow the clinician to select the most appropriate 
therapy and maximize the likelihood of benefit from the 
selected treatment.

Abbreviations
AUC, area under the curve; CAV, CT attenuate value; 
cCAV, corrected CAV; CE-CT, contrast-enhanced 
computed tomography; DP-CAV, CAV in delayed phase; 

Figure 4 Subgroup analysis for GAC patients based on TNM stage. Figures display overall survival for patients with TNM stage I, II, III, IV GAC.
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DP-cCAV, cCAV in delayed phase; GAC, gastric adeno-
carcinoma; GC, gastric cancer; ICC, intra-class correlation 
coefficient; OS, overall survival; PACS, picture archiving 
and communication system; PP-CAV, CAV in portal phase; 
PP-cCAV, cCAV in portal phase; ROC, receiver operating 
characteristic; ROI, region of interest; WL, window level; 
WW, window width.
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