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Abstract
AIM: To evaluate the application of magnetic resonance imaging 
(MRI) to the preoperative staging of advanced gastric cancer.

METHODS: An MRI (SE sequence) was preoperatively performed on 
34 patients with advanced gastric cancer. The tumors were located 
at the cardia fundus in 11 patients, the corpus in 14, the antrum in 
ten and throughout the entire stomach in two. The images were ana-
lyzed and staged on the basis of the criteria proposed by Matsushita 
M. The results were compared with the corresponding histopatho-
logic findings to analyze the rate of diagnostic accordance.

RESULTS: The diagnostic rate accuracy by MRI was 77.8% (seven 
out of nince) for T2 tumors; 77.3% (17 out of 22) for T3 tumors and 
100% (three out of three) for T4 tumors, with the overall accuracy 
equaling 79.4%. When grades T3 and T4 tumors were considered as 
a single group to determine the presence or absence of extraserosal 
invasion using MRI technology, the diagnostic accuracy was 88.3%. 
Statistically, MRI staging showed a significant correlation with the 
corresponding histopathologic staging using the Spearman correla-
tion test (r s′ = 0.743, P  < 0.01). When the concordance between 
MRI and histopathologic staging results were studied according to 
tumor location, the staging accuracy was highest (90.9%) in tumors 
located in gastric cardia fundus.

CONCLUSION: MR imaging is moderately valuable when staging 
advanced gastric cancer, especially for tumors located in gastric car-
dia fundus.
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INTRODUCTION
Endoscopy and barium studies are two main methods for clinical 
diagnosis of gastric cancer. Nevertheless, computed tomography 
and ultrasonography are used for diagnosis in patients with known 
gastric cancer as well as in complementary studies for the evalua-
tion of extraserosal invasion, metastasis to lymph nodes and other 
organs[1-3]. However, there have only been a few studies that have 
utilized magnetic resonance imaging (MRI) for gastric cancer. The 
purpose of this study was to evaluate the utility of MR imaging in the 
preoperative staging of gastric cancer by analyzing the MR images 
from 34 patients with advanced gastric cancer.

MATERIALS AND METHODS
Patients
MR imaging was performed on 34 patients (26 men and eight wom-
en; mean age 55.6 years) with advanced gastric cancer. The lesions 
of all the patients were diagnosed pathologically following surgery. 
The interval between MRI and surgery ranged from three to 21 d. 
Gastrectomy was performed on 29 patients and exploratory lapa-
rotomy was performed on five patients. The tumors were located at 
the cardia fundus in 11 patients, the corpus in 14, the antrum in ten 
and the entir estomach in two. The degree of tumor invasiveness 
was evaluated according to the criteria[4] of the Tumor Node Metas-
tasis (TNM) classification formulated by the China National Coopera-
tive Group of Gastric Cancer. Nine patients had stage T2 cancer, 19 
had stage T3, and six had stage T4.

Imaging technique
The patients fasted for 10-12 h. Before undergoing the MRI exami-
nation, the patients drank 600-1000 mL of water and were admin-
istered 10 mg of 654-2 intramuscularly to relax their stomachs. All 
patients were imaged in the supine position. MR imaging was per-
formed on a 0.15 tesla MRI unit (ASM-015P Analogic Scientific Inc.) 
using body coil, a T1-weighted spin echo (SE) sequence (TR 700 
ms/TE 30 ms), and a T2-weighted SE sequence (TR 1800 ms/TE 90 
ms). The slice thickness was 8-10 mm. Axial and coronal images 
were routinely obtained. When necessary, sagittal imaging was also 
conducted.



with MRI corresponded to the gastric cancer lesion observed during 
surgery. On the T-1WI, thickened gastric wall ranged from 1.3-3.9 
cm (mean 2.29 cm). The stomach was sometimes deformed and 
stenosed. In patients with advanced gastric cancer, the moderate 
low signal of the tumor extended to contiguous organs through 
hyperintense fat intervals. On the T-2WI, moderate high tumor sig-
nal did not contrast sharply with the high signal of inside water and 
outside fat, so the tumor margin could not be easily identified. MRI 
results were compared with findings from pathologic examination 
(Table 1).

From the Table, we can see that the MR diagnostic accuracy was 
77.8% (seven out of nine) for T2, 77.3% (17 out of 22) for T3, and 
100% (three out of three) for T4 tumors, with the overall accuracy 
equaling 79.4%. Moreover, the accuracy in determining the degree 
of serosal invasion was 88.2% (27 out of 34) when T3 and T4 lesions 
were regarded as a single group. Statistically, MRI staging showed a 
significant correlation with histopathologic staging using the Spear-
man correlation test (rs′ = 0.743, P < 0.1). However, seven of 34 
cases were staged incorrectly using MR imaging. Two of the stage 
T3 tumors were understaged as stage MRT-2 because there were 
no hyperintense signals of fat plane in emaciated patients. Two of 
the stage T2 tumors were overstaged as stage MRT-3 due to motion 
artifacts. Three of the stage T4 tumors were understaged as stage 
MRT-3 because peritoneal and omentum invasion were not detect-
ed. Analysis of the concordance between MRI and histologic staging 
results based on tumor location (Table 2), revealed that the staging 
accuracy was highest in gastric cardia fundus tumors.

DISCUSSION
Preoperative staging in advanced gastric cancer is very important 
for surgeons to judge the probability of gastrectomy, select the 
appropriate operative approach and evaluate prognosis[7]. It is also 
helpful for patients who have to undergo radiotherapy[8]. There have 
been many reports about preoperative staging in advanced gastric 
cancer with CT[1,7,9] and endoscopic US[2,3]. The staging accuracy by 
CT and US is 42%-69% and 81%-92%, respectively. Anatomically, 
the stomach is obliquely in contact with the left lobe of the liver, 
which interferes with the accuracy of determining hepatic invasion 
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Image analysis
The MR images were analyzed by two radiologists before patients 
underwent surgery. The locations, appearances, sizes as well as the 
relation of the tumors to adjacent organs were evaluated. Loca-
tion was classified according to four areas: Cardia fundus, corpus, 
antrum and entire stomach. A gastric wall > 1 cm thick was con-
sidered abnormal[1,5,6]. According to the criteria[5]  proposed by Mat-
sushita M, the degree of serosal invasion observed by MR imaging 
was classified as MRT-1 (no abnormal findings), MRT-2 (presence of 
a clear hypointense band or clear fat plane surrounding the lesion) 
(Figures 1 and 2), MRT-3 (presence of irregular margin or fat signal 
blurring around the lesion) (Figures 3 and 4), or MRT-4 (presence of 
contiguous extention of lesion signal to adjacent organs or definite 
involvement of adjacent structures), (Figure 5). The evaluation of 
both the extent and depth of gastric cancer relied primarily on the 
observation of images on the T-1WI[6]. This was due to the excellent 
contrast between the hypointensity of water signal in the stomach 
lumen, the isointensity of the gastric wall, and the hyperintensity of 
the fat plane outside the stomach.

RESULTS
The findings of a thickened wall that was characterized as a lesion 
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Figure 1  Grade MRT2 tumor, T1WI. Axial images show a smooth low signal intensity band around 
the lesion (↑).

Figure 3  Grade MRT3 tumor, T1WI. Axial image shows an obscure hypointense band and blurring 
fat plane outside of the tumor (↑). 

Figure 2  Grade MRT2 tumor, T1WI. Coronal images show a smooth low signal intensity band 
around the lesion (↑).
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Figure 4  Same patient as in Figure 3, T2WI. The tumor was not as easily identifiable as that in 
Figure 3.
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Figure 5  Grade MRT4 tumor, T1WI. Fat interval between stomach and hepatic left lobe 
disappeared and was occupied by a isointense tumor.
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by CT due to its partial volume effect. Furthermore, the limited spa-
tial resolution often misses tiny metastases[1]. Cho JS suggested 
that dynamic CT be used to improve the diagnostic accuracy in 
the preoperative staging of gastric cancer[9]. As endoscopic US is 
invasive and its performance requires special skills[1], it is difficult 
to perform on patients with advanced gastric cancer. For MRI, how-
ever, no special preparation is required. MRI not only provides axial 
images, but also coronal, sagittal, and oblique images. The shape, 
size, tumor location and its relation with adjacent structures can be 
found easily by concurrently analyzing various images. Oral water 
administration can both distend the gastric wall as well as wash out 
the gastric juice attached to the gastric wall so that the advanced 
cancer wall area cannot be distended. As a result, is appears in an 
MRI as a thickened area and can be easily differentiated from the 
normal wall. Water also acts as a negative contrast agent. On T1 
WI, the gastric wall appears very well due to the sharp contrast 
between the inside hypointense water and the outside hyperintense 
fat plane. Slight extraserosal invasion, which is difficult to visualize 
with CT, causes blurring of the fat layer on an MRI and so it is easily 
identified. It is thus very helpful for staging gastric cancer. Our study 
shows that there is a significant correlation between preoperative 
MRIs and pathologic staging of gastric cancer. The staging accuracy 
was somewhat superior to the previously published results that used 
CT. The 88% accuracy in determining extraserosal invasion indicated 

that MRI staging was more valuable for advanced gastric cancer. 
The higher staging accuracy found for gastric cardia fundus tumors 
was likely due to the relative stability of the cardia region, resulting 
in minimal motion artifacts and enhanced image clarity[6].

In our study, preoperative staging with MRI was incorrect in sev-
en cases. Most of them were due to obvious motion artifacts or the 
emaciation of patients. For extremely emaciated patient, there is a 
minimal fat interval between the stomach and nearby organs, which 
might result in inaccurate staging[8]. In two cases, the metastases to 
the peritoneal and omentum were undetected, possibly due to the 
limited MR resolution of low field strength and the relatively small 
size of the lesions.

In conclusion, preoperative staging in advanced gastric cancer 
with MRI is particularly valuable for cardia fundus lesions. The evalu-
ation of both the extent and depth of tumors relies primarily on the 
observation of images on the T1WI.
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Table 2  Concordant rate between magnetic resonance imaging and histologic 
staging based on the location of tumors (%).

Table 1  Relationship between magnetic resonance imaging and 
histopathologic diagnosis of invasive depth (n  = 34).

Magnetic Resonance Imaging diagnosis Histologic diagnosis

T2 T3 T4

MRT2 7   2
MRT3 2 17 3
MRT4 3

Location Cases Concordant number Concordant rate

Cardia fundus 11 10 90.9
Corpus 14 11 78.6
Antrum   7   5 71.4
Entire stomach   2   1
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