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Abstract
Objectives Early gastric cancer with ulceration (EGC-U)
mimics advanced gastric cancer (AGC), as EGC-Us and
ACGs often have similar endoscopic appearance to ulceration.
The purpose of this retrospective study was to determine
whether multiphasic dynamic multidetector CT (MDCT) can
help differentiate EGC-Us from AGCs.
Methods Patients with EGC-Us with ulcer stages Ul-III or IV
and AGCs with tumour stages T2 to T4a were enrolled.
MDCT images were obtained 40 s (arterial phase), 70 s (portal
phase) and 240 s (delayed phase) after injection of non-ionic
contrast material. Two readers independently measured the
attenuation values of the lesions by placing regions of interest.
We compared the EGC-Us and AGCs using the mean attenu-
ation values in each phase and peak enhancement phase. We
analysed the diagnostic performance of CT for differentiating
EGC-Us from AGCs.
Results Forty cases (16 EGC-Us and 24 AGCs) were
analysed. The mean attenuation values of the EGC-Us were
significantly lower than those of the AGCs in both the arterial
and portal phases (all p<0.0001 for each reader). The peak

enhancement was significantly different between the EGC-Us
and AGCs for both readers (Reader 1, p=0.0131; Reader 2,
p=0.0006).
Conclusion Multiphasic dynamic contrast-enhanced MDCT
can help differentiate EGC-Us from AGCs.
Key Points
• Early gastric cancer with ulceration and advanced gastric
cancer have similar endoscopic appearances.

• EGC-U shows significantly lower attenuation values in both
arterial and portal phases.

• Multiphasic dynamic contrast-enhanced MDCT differenti-
ates EGC-U from AGC.

Keywords Gastric cancer . Gastric ulcer . Computed
tomography . Three-dimensional image . Gastroscopy

Abbreviations
3D Three-dimensional
AGC Advanced gastric cancer
EGC-U Early gastric cancer with ulceration
EUS Endoscopic ultrasound
FOV Field of view
MDCT Multidetector computed tomography
NPV Negative predictive value
PPV Positive predictive value
ROC Receiver operator characteristics
ROI Region of interest

Introduction

It is sometimes difficult to differentiate malignant from benign
gastric ulcers on the basis of macroscopic endoscopic findings
[1, 2]. Most early gastric cancers involve a depressed or
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ulcerated component believed to go through a ‘malignant cy-
cle’ consisting of ulceration followed by healing and re-ulcer-
ation, which then grow as early gastric cancer with ulceration
(EGC-U) [3]. According to a previous report, EGC-U mimics
advanced gastric cancer (AGC), as EGC-U and AGC have
similar endoscopic appearances with ulceration [4].

It is crucial to differentiate EGC-U from AGC, because the
depth of tumour invasion of gastric cancer is associated with
the survival rate: the deeper the tumour invasion, the lower the
survival rate [5]. In addition, the treatment options for EGC-U
and AGC differ. Deeper lymph node dissection or neoadju-
vant chemotherapy may be needed for the curative treatment
of patients with AGC. Endoscopic ultrasound (EUS) is
regarded as the best diagnostic method for the tumour-stage
diagnosis of gastric cancer; however, accuracy rates of only
63–70 % were reported for the tumour-stage diagnosis of
EGC-U by EUS [6, 7].

Computed tomography (CT) is a standard preoperative ex-
amination for the staging of gastric cancer, used mainly to
determine the presence/absence of nodal or distant metastases.
In recent years, multidetector CT (MDCT) with air distension
of the stomach has improved the imaging resolution and fa-
cilitated three-dimensional (3D) image reconstruction [8, 9].
With the use of a contrast agent, MDCT has performed well at
diagnosing the depth of cancer invasion, comparable to EUS
[10, 11]. In addition, the periulcer enhancement pattern on
MDCT was shown to be a good indicator for differentiating
malignant from benign gastric ulcers [1].

The purpose of our present study was to (a) determine
whether multiphasic dynamic MDCT can help differentiate
EGC-Us from AGCs and (b) to evaluate the diagnostic per-
formance in differentiating these tumours.

Materials and methods

Patient population

This retrospective study was approved by our institutional
review board, and the requirements for informed consent were
waived. From January 2006 to December 2012, 186 consec-
utive patients with gastric cancer were preoperatively evalu-
ated by gastroscopy and contrast-enhanced MDCT at our in-
stitution. All the patients were pathologically confirmed to
have gastric adenocarcinoma after gastrectomy. Tumour
stages were stated on the patients’ operation records according
to the Japanese Classification of Gastric Carcinoma (third
English edition) [12]. Concomitant ulcerative change was also
stated on the postoperative pathological records. The depth of
the ulcers was classified into three grades: Ul-II, which in-
volves the submucosal layer of the stomach; Ul-III, which
involves the proper muscle layer; and Ul-IV, which penetrates
the proper muscle layer and involves the serosa [13].

Thirty-eight patients with EGC-Us with the ulcer stage of
Ul-III or IVand 68 patients with AGCs with the tumour stage
of T2 to T4a were enrolled in the present study for our exam-
ination of the correlation with the affected layer of gastric
wall. We excluded gastric cancers of the oesophagogastric
junction (n=21), protruding-type gastric cancers (Borrmann
type 1) (n=6), and diffuse infiltrative type gastric cancers
(Borrmann type 4) (n=11) because they defeated the purpose
of this study: cancers of the oesophagogastric junction cannot
be accurately analysed without optimal luminal distension
with the use of transcatheter air inflation [14]. Borrmann type
1 and 4 cancers were easily distinguishable from EGC-U on
endoscopy. Patients who underwent neoadjuvant chemother-
apy (n=10) or previous gastrectomy (n=4) were also exclud-
ed. Finally, 54 patients were included as the subjects of this
study.

CT protocol

All patients underwent imaging with a 64-MDCT system
(Aquilion 64, Toshiba Medical Systems, Tokyo, Japan).
After an overnight fast, each patient ingested 5.25 g of an
effervescent agent (Baros Effervescent Granules-S, Horii
Pharmaceutical Industries, Saitama, Japan) with a small
amount of water just before the scanning to achieve gastric
pouch distention. The patient was then given an intramuscular
injection of 20 mg of scopolamine (Buscopan, Boehringer
Ingelheim, Ingelheim am Rhein, Germany) to suppress peri-
stalsis. The scanning covered the entire stomach during a sin-
gle breath-hold.

The imaging parameters were as follows: rotation time,
0.5 s; section thickness and intervals, 1 mm; beam collima-
tion, 1 mm; pitch, 53; 120 kVp; 200 mAs; field of view
(FOV), 32 cm2; matrix, 512×512; voxel size, 0.625×
0.625×1 mm3. CT images were obtained 40 s (arterial phase),
70 s (portal phase) and 240 s (delayed phase) after an infusion
of 2 ml/kg of non-ionic contrast material (Iopamiron370;
Bayer Health Care, Osaka, Japan) at a rate of 3 ml/s. The
patient’s position was supine in the arterial and portal phases
for the clinical interpretation to obtain angiographic images
and to investigate the liver metastasis. In the delayed phase,
the regular patient position was supine, and in some cases the
position was prone if the lesion was hidden by intraluminal
fluid in the arterial or portal phases in the supine position. All
MDCT datasets were transferred to a commercially available
workstation equipped with image reconstruction software
(Synapse Vincent, Fujifilm, Tokyo).

CT image analyses

Analysis of the patients’ CT images was performed by two
gastrointestinal abdominal radiologists with 7 and 12 years of
experience. Both readers were blinded to all clinical and

Eur Radiol (2016) 26:1330–1337 1331



pathological data except for the endoscopic findings. They
independently reviewed and analysed the CT images on the
workstation. They identified a gastric lesion on virtual endos-
copy using optical endoscopic findings as a reference. The
lesion was determined to be cancerous when the gastric wall
showed focal thickening of ≥6mm [15]. Cases whichwere not
visible on virtual endoscopy due to a collapsed gastric lumen
or intraluminal fluid were excluded.

After localization of the gastric lesion, the radiologists de-
termined the largest tumour section on transverse or coronal or
sagittal images using multiplanar reconstruction. They mea-
sured the attenuation value by placing circular regions of in-
terest (ROIs), as large as possible, in three different parts of the
tumour tissue excluding any areas of necrosis or vessel struc-
tures within the lesion. The mean attenuation values of the
circular ROI were used, and the mean values of the three
different areas were calculated.

Endoscopic image analyses

Endoscopic examination is performed first for diagnosing gas-
tric cancers, and the endoscopic diagnosis is usually thought
to be a reference standard. An analysis of the endoscopic
images was also performed in this study to compare the endo-
scopic diagnoses with the CT diagnoses. The endoscopic im-
age analyses was performed after the CT image analyses. Two
endoscopists with 6 and 9 years of endoscopic experience
blinded to the objective of this study interpreted the endoscop-
ic images of all cases except those that were excluded from the
CT image analyses described above because of non-
visualization on CT. The two endoscopists interpreted the en-
doscopic images independently and had to diagnose the lesion
as EGC or AGC according to the Japanese Classification of
Gastric Carcinoma [11].

Statistical analysis

We compared the mean attenuation values of the EGC-Us and
AGCs in each phase using Student’s t-test for two readers.
Interobserver variability for the attenuation measurements of
the two readers was analysed by calculating the intraclass
correlation coefficient (ICC) (0.00–0.20 poor, 0.21–0.40 fair,
0.41–0.60moderate, 0.61–0.80 good, and 0.81–1.00 excellent
correlation). We performed a receiver operating characteristic
(ROC) analysis to determine the optimal cut-off value of the
attenuation value for differentiating EGC-Us from AGCs for
each reader. We determined the ‘peak enhancement phase’ in
which the lesion showed the highest attenuation value among
the three phases for each case, and we compared the peak
enhancement of the EGC-Us and AGCs using Chi-square
tests. We calculated the sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV) and

accuracy of the CT for differentiating EGC-Us from AGCs
based on the above-described parameters.

We also analysed both the diagnostic performance of en-
doscopy in differentiating EGC-Us from AGCs and the inter-
observer agreement between the two endoscopists, using κ
statistics. A κ value of 0.00–0.20 indicated poor agreement,
0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 good and
0.81–1.00 excellent. Differences with p-values less than 0.05
were accepted as significant. The statistical analyses were

Table 1 Characteristics of 40 patients included for CT and endoscopic
analysis

ECG-U (n=16) AGC (n=24) p-value

Sex 0.55

Male 5 11

Female 11 13

Mean age (y, range) 67 (55–79) 63 (35–84) 0.049

Tumour stage

T1 16

T2 8

T3 10

T4a 6

Histology 0.94

Differentiated 5 6

Undifferentiated 11 18

Ulcer stage

III 13

IV 3

Location 0.28

U 2 4

M 12 13

L 2 7

Mean lesion size (mm, range) 35 (12–56) 45 (10–65) 0.033

EGC-U early gastric cancer with ulceration, AGC advanced gastric can-
cer, U upper, M middle, L lower

Table 2 Mean CTattenuation value of EGC-U and AGC in each phase

EGC-U (n=16) AGC (n=24) p-value

Arterial

Reader 1 68.6 (56.0–81.3) 113.0 (102.6–123.3) <0.0001

Reader 2 64.2 (51.1–77.3) 107.4 (96.7–118.1) <0.0001

Portal

Reader 1 76.5 (65.4–87.7) 117.1 (108.0–126.2) <0.0001

Reader 2 78.3 (65.0–91.6) 122.5 (111.6–133.4) <0.0001

Delayed

Reader 1 93.5 (83.6–103.4) 101.1 (93.0–109.1) 0.24

Reader 2 93.4 (83.8–102.9) 99.5 (91.7–107.4) 0.32

Data are mean attenuation values in Hounsfield units, with 95 % confi-
dence intervals in parentheses
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Fig. 1 Attenuation values of
early gastric cancer with
ulceration (EGC-U) and
advanced gastric cancer (AGC)
measured by two readers.
Scatterplots illustrate the
attenuation values of the (a)
arterial, (b) portal and (c) delayed
phases of EGC-U and AGC
according to both readers. The
mean attenuation values of the
EGC-Us were significantly lower
than those of the AGCs in both
the arterial and portal phases
(both p<0.0001) according to
both readers. There was no
significant between-group
difference in the delayed phase
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performed using SPSS 18 for Windows software (SPSS,
Chicago, IL, USA).

Results

Of the 54 cases, 40 (16 EGC-Us and 24 AGCs) were available
for attenuation value measurement. Eight of the EGC-Us and
six of the AGCs were not detectable on virtual endoscopy by
CT due to a collapsed gastric lumen or intraluminal fluid. The
patients’ characteristics are presented in Table 1. The mean
age of the patients was 67 years for EGC-U and 63 years for
AGC. The mean lesion size was 35 mm for the EGC-Us and
significantly larger for the AGCs at 45 mm (p=0.033). The
histology type (differentiated vs. undifferentiated) was not
significantly different between the two groups.

In the CT image analyses, the mean attenuation values of
the EGC-U cases were significantly lower than those of the
AGC cases in both the arterial and portal phases (both
p<0.0001) according to both readers. There was no significant
between-group difference in the delayed phase. The results of

the CT image analyses are shown in Table 2 and Fig. 1. The
interobserver reproducibility for measuring the attenuation
values between the two readers was good (both ICCs, 0.77)
for the arterial and delayed phase, and excellent (ICC 0.89) for
the portal phase. The Chi-square test results showed that the
peak enhancement was significantly different between the
EGC-Us and AGCs for both readers (reader 1, p=0.0131;
reader 2, p=0.0006); most of the EGC-U cases had peak en-
hancement in the delayed phase (Table 3).

The results of diagnostic performance of CT for differenti-
ating EGC-Us from AGCs based on the mean attenuation
values and the peak enhancement phase are shown in
Table 4. When the optimal cut-off was set at 84.7
Hounsfield unit (HU) and 83.7 HU in the arterial phase, the
values obtained by Reader 1 and Reader 2, respectively, were
as follows: sensitivity 81.3 % and 100.0 %, specificity 83.3 %
and 75.0 %, PPV 76.5 % and 72.7 %, NPV 87.0 % and
100.0 %, and accuracy 82.7 % and 85.0 %.

When the cut-off value in the portal phase was set at 87.4
HU and 85.3 HU, the values obtained by Reader 1 and Reader
2, respectively, were as follows: sensitivity 87.5 % and
81.3 %, specificity 95.8 % and 95.8 %, PPV 93.3 % and
92.9 %, NPV 92.0 % and 88.5 %, and accuracy 92.5 % and
90.0%.When the peak enhancement in the delayed phase was
a positive finding for EGC-U, the values obtained by Reader 1
and Reader 2, respectively, were as follows: sensitivity 75.0%
and 75.0 %, specificity 70.8 % and 83.3 %, PPV 63.2 % and
75.0 %, NPV 81.0 % and 83.3 % and accuracy 72.5 % and
80.0 %.

In the endoscopic image analyses, the values obtained by
Endoscopist 1 and Endoscopist 2, respectively, were as fol-
lows: sensitivity 93.8 % and 81.3 %, specificity 54.2 % and
66.7%, PPV 57.7% and 61.9%, NPV 92.9% and 84.2% and

Table 3 Peak enhancement phase of EGC-U and AGC

EGC-U (n=16) AGC (n=24) p-value

Reader 1

Arterial 2 6 0.0131
Portal 2 11

Delayed 12 7

Reader 2

Arterial 2 6 0.0006
Portal 2 14

Delayed 12 4

Table 4 Diagnostic performance of CT and endoscopy

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC

CT

Attenuation value

Arterial

Reader 1 81.3 (13/16) 83.3 (20/24) 76.5 (13/16) 87.0 (20/24) 82.5 (33/40) 0.91

Reader 2 100.0 (16/16) 75.0 (18/24) 72.7 (16/14) 100.0 (18/18) 85.0 (34/40) 0.90

Portal

Reader 1 87.5 (14/16) 95.8 (23/24) 93.3 (14/15) 92.0 (23/25) 92.5 (37/40) 0.93

Reader 2 81.3 (13/16) 95.8 (23/26) 92.9 (13/14) 88.5 (23/26) 90.0 (36/40) 0.93

Peak enhancement

Reader 1 75.0 (12/16) 70.8 (17/24) 63.2 (12/19) 81.0 (17/21) 72.5 (29/40)

Reader 2 75.0 (12/16) 83.3 (20/24) 75.0 (12/16) 83.3 (20/24) 80.0 (32/40)

Endoscopy

Endoscopist 1 93.8 (15/16) 54.2 (13/24) 57.7 (15/26) 92.9 (13/14) 70.0 (28/40)

Endoscopist 2 81.3 (13/16) 66.7 (16/24) 61.9 (13/21) 84.2 (16/19) 72.5 (29/40)

Numbers in parentheses are numerators and denominators and indicate the absolute numbers for calculation of the parameters
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accuracy 70.0 % and 72.5 %. The agreement was good for the
endoscopic diagnosis (κ, 0.72). The diagnostic performance
of endoscopy is also shown in Table 4. Examples of the CT
and endoscopic images of EGC-U and AGC are given in
Figs. 2 and 3.

Discussion

Our study results showed that the EGC-Us had significantly
lower attenuation values compared to the AGCs in both the
arterial and portal phases according to the attenuation mea-
surement by each reader. Several studies have revealed that
gastric cancers show neovascularity during the arterial to cap-
illary phase in vivo [16, 17], and that the use of contrast-
enhanced CT allowed the retrospective detection of moderate
to marked enhancement in the early phase in most gastric
cancers [18–20]. However, gastric cancers are affected by di-
verse pathological factors such as cell differentiation, the

amount of tissue stroma, the infiltration pattern, and the pres-
ence or absence of ulceration. Gastric cancers may thus show
diverse enhancement patterns on contrast-enhanced MDCT.
Takao et al. [21] reported that gastric cancers composed of
marked fibrous tissue stroma showed gradual enhancement
on triphasic spiral CT, and the entire tumour was depicted
most clearly in the equilibrium phase and was underestimated
for tumour invasion if only the arterial or parenchymal phases
were obtained.

EGC-Us contain varying degrees of fibrous tissue associ-
ated with ulceration, similar to benign gastric ulcers. Chen
et al. [1] evaluated the use of monophasic MDCTwith virtual
gastroscopy and multiplanar reconstruction (MPR) for differ-
entiating malignant gastric tumours from benign gastric ul-
cers. They reported that most of the gastric cancers had sig-
nificantly enhanced tumour parts in the portal venous phase,
whereas the benign gastric ulcers exhibited no significant en-
hancement on contrast-enhanced MPR images. Our present
findings revealed that most of the EGC-Us enhancement

Fig. 2 Early gastric cancer with
ulceration (EGC-U) (submucosal
tumour invasion with Ul-III ulcer)
in a 75-year-old man. (a)
Gastroscopy showed an
ulcerative lesion of the lesser
curvature of the gastric angle.
(b–d) Multidetector CT showed
wall thickening of the lesser
curvature of the stomach
(arrowheads). According to both
readers, the attenuation values
were 52.3 and 61.0 HU in the
arterial phase (b), 83.2 and 85.3
HU in the portal phase (c) and
100.7 and 90.0 in the delayed
phase (d). (e) A photomicrograph
(original magnification×100)
showed infiltration of
adenocarcinoma cells confined to
the mucosa (arrowheads) and
dense fibrosis within the
submucosal and the muscle layer
(below arrowheads)
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peaked in the delayed phase, with significant difference. This
enhancement pattern may be influenced by a fibrous compo-
nent associated with ulceration within the tumour.

In the CT image analyses, we observed that diagnostic
performance using the ROC method for differentiating the
EGC-Us from the AGCs showed high accuracy in both the
arterial phase (82.5 % and 85.0 %) and the portal phase
(92.5 % and 90.0 %). It is sometimes difficult to differentiate
EGC-Us from AGCs based on the endoscopic or fluoroscopic
appearance, because EGC-Us from AGCs can have a similar
endoscopic appearance associated with ulceration [4]. Our
present findings showed that the endoscopic evaluation had
lower accuracy values (70.0 % and 72.5 %) in differentiating
EGC-Us from AGCs.

EUS is the first-choice imaging modality for determining
the depth of gastric cancer invasion, and its tumour stage
accuracy has been reported to be 80–90 % [22, 23].
However, the diagnostic performance of EUS in diagnosing
the invasion depth of EGC-Us decreases to an accuracy rate of

63–70 % due to fibrous tissue stroma within the tumour [6, 7,
24]. In contrast, a sectional image examination such as CTcan
evaluate gastric cancers with or without ulcerative change.
Hwang et al. [11] reported that the diagnostic accuracies of
MDCT for the staging of gastric cancers with and without
ulcerative changes were not significantly different [11]. The
accurate diagnosis of the invasion depth is crucial for deciding
on the treatment strategy for gastric cancers.

Laparoscopic surgery [25] and endoscopic submucosal dis-
section [26] for early gastric cancer have been shown to im-
prove patients’ quality of life. The use of these procedures
requires a more accurate preoperative analysis of the depth
of invasion [9]. Our present findings demonstrate that multi-
phasic dynamic MDCTwas useful in differentiating EGC-Us
and AGCs via a comparison of their attenuation values in the
arterial and portal phases. There was no significant difference
in attenuation values between the EGC-Us and AGCs in the
delayed phase. However, most of the EGC-Us enhancement
peaked in the delayed phase, probably due to fibrous tissue

Fig. 3 Advanced gastric cancer
(AGC) (serosal tumour invasion)
in a 48-year-old woman. (a)
Gastroscopy showed an
ulcerative lesion of the lesser
curvature of the gastric angle.
(b–d) Multidetector CT showed
thickening of the anterior wall of
the stomach (arrowhead).
According to both readers, the
attenuation values were 153.9 and
173.0 HU in the arterial phase (b),
179.2 and 206.2 HU in the portal
phase (c) and 135.7 and 146.3 in
the delayed phase (d). (e) A
photomicrograph (original
magnification×100) shows
infiltration of adenocarcinoma
cells into the serosal layer
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stroma within the tumour. It may be useful to focus on the
peak enhancement for a more accurate differentiation of EGC-
Us and AGCs.

Our study has several limitations. First, the study was ret-
rospective with a small patient population. Second, we have
no data of unenhanced CT in this series. Greater accuracy may
be achieved if we analyse the enhancement pattern of gastric
cancer using unenhanced CT. Third, all of the cases in our
series were resectable gastric cancers. It is unclear whether
our results are applicable to unresectable gastric cancers.
Even with these potential limitations, our findings suggest that
the attenuation value measurements help differentiate EGC-
Us from AGCs.

Conclusions

The EGC-Us had significantly lower attenuation values com-
pared to the AGCs in both the arterial and portal phases. The
difference in enhancement pattern could be a key diagnostic
feature for differentiating EGC-Us fromAGCs onmultiphasic
dynamic MDCT when endoscopy or endosonography results
are not able to be confirmed.
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