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INTRODUCTION

The prognosis of advanced gastric cancer (AGC) depends on 
a variety of different factors, including tumor size, depth of inva-
sion, nodal metastases, and pathological type. Among these fac-
tors, depth of tumor invasion and nodal metastases are regarded 
as crucial for treatment planning, as well as determining patient 
prognosis (1-3). Many investigators have reported that gross 
classification of Borrmann type may also be a valuable clinico-

pathological factor. Li et al. (4) reported that the prognoses of 
patients with Borrmann type IV AGCs (infiltrative type) are sig-
nificantly worse than those of patients with Borrmann type III 
AGCs (ulceroinfiltrative type), the 5-year survival rates of Bor-
rmann types III and IV were 55.2 and 31.8%, respectively. Fur-
thermore, presence of Borrmann type IV AGC is accepted as an 
independent prognostic factor of decreased patient survival (4-
6). The vast majority of gastric cancers are characterized endo-
scopically prior to treatment; however, due to the lack of grossly 
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Purpose: To characterize Borrmann type IV from Borrmann type III advanced gas-
tric cancer (AGC) by two-phased multi-detector row computed tomography (MDCT) 
using the water filling method.
Materials and Methods: A total of 143 patients (pathologically confirmed Bor-
rmann type III and IV - 100 and 43 patients), who underwent preoperative MDCT, 
were enrolled. Two radiologists, retrospectively and independently, determined tu-
mor enhancement pattern using a 5-grade scale without clinical information. A 
weighted kappa test was applied for interobserver variability. The score of tumor 
enhancement pattern correlated with Borrmann type as determined by Spearman’s 
correlation coefficient. The accuracy of differentiation of Borrmann type using 
MDCT was determined by receiver operating characteristic curves.
Results: Interobserver agreement (weighted kappa = 0.683) was substantial. The tu-
mor enhancement pattern score showed a significant correlation with Borrmann 
type (reviewer 1, r = 0.591, p < 0.001; reviewer 2, r = 0.616, p < 0.001). The accuracy 
for differentiation of Borrmann type on MDCT was 0.86 (p < 0.001) in both review-
ers. The sensitivity and specificity of the diagnosis of Borrmann type IV were 79% 
and 82% in reviewer 1, and 88% and 78% in reviewer 2, respectively.
Conclusion: Dual-phased MDCT using the water filling method can differentiate 
between Borrmann type IV and III AGC with high accuracy.
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CT Techniques

Two-phased (arterial and portal) contrast enhanced dynamic 
CT was performed with a 4-MDCT scanner (LightSpeed, GE 
Healthcare, Milwaukee, WI, USA) and 16-MDCT scanner (So-
matom Sensation 16, Siemens Medical Solutions, Forchheim, 
Germany). Patients fasted for at least 6 hours before examination 
and then ingested between 600 to 1000 mL of water to distend 
the stomach immediately prior to CT examination. Because of 
the middle or distal gastric locations of the primary lesions, most 
patients were placed in prone position on the scanning table. 
However, patients with known primary lesions in the fundal por-
tion of the stomach were placed in supine position. All patients 
received 150 mL of IV nonionic contrast material (iopromide, 
Ultravist 300, Bayer Health Care, Berlin, Germany) by means of 
a power injector (Envision CT, Medrad, Indianola, PA, USA) at a 
rate of 3 mL/s. Scans were acquired in a craniocaudal direction 
with the following parameters: detector collimation, 16 × 0.75 
mm; table feed, 12 mm per rotation; section width, 5 mm; re-
construction increment, 5 mm with 5-mm-thick sections; pitch, 
1.2; tube current, 120 kVp; and 160 mAs. Acquisition of arterial 
phase scans was initiated 15 seconds after enhancement of the 
thoracic aorta, until 100 Hounsfield unit was reached as mea-
sured with a bolus-tracking technique after injection of the con-
trast material. Portal venous phase scans were acquired 70 sec-
onds after the start of the contrast injection.

Image Analysis  

Two radiologists with 6 and 7 years of experience in abdomi-
nal CT interpretation reviewed all patient CT images without 
any clinical information. Before the review, Borrmann type IV 
lesions were presumed to exhibit layered patterns of contrast en-
hancement of the diseased gastric wall with time-dependant 
gradual thickening of an inner layer of contrast enhancement. 
Conversely, Borrmann type III lesions were assumed to exhibit 
rather inhomogeneous contrast enhancement throughout the 
diseased gastric wall with little difference between the arterial 
and portal phases. The radiologists retrospectively and indepen-
dently scored tumor enhancement patterns of two-phased dy-
namic CT images on a picture archiving and communication 
system monitors using a five-grade scale. The presence or size of 
ulcerations was not considered as a determinant of the score for 
each lesion. The five-grade scale was as follows: Grade 1 - defi-

distinguishable mucosal lesion, lesion detection and determin-
ing the extent of Borrmann type IV lesions have been challeng-
ing for endoscopists (7, 8).  

Development of multi-detector row computed tomography 
(MDCT) has resulted in the ability to obtain improved abdomi-
nal imaging resolution with decreased scan time. In addition, 
the multiplanar capability of MDCT allows for very high quality 
stomach imaging. Currently, two-phased (arterial and portal 
phases) dynamic contrast-enhanced MDCT is generally used 
for the staging of gastric cancers (9, 10). Takao et al. (11) report-
ed that 28% of AGCs on triphasic spiral CT demonstrate gradu-
al enhancement, and that 73% of these tumors consist of scir-
rhous carcinoma. Thus, we hypothesized that there may be 
different enhancement patterns to characterize Borrmann IV 
AGCs showing the poorest prognosis from other types of AGCs, 
including Borrmann III lesions with literally-similar infiltrative 
pattern of tumor growing on different dynamic phases of con-
trast enhanced CT. The purpose of our study was to investigate 
the capability of two-phased dynamic MDCT, using the water 
filling method to discern between Borrmann type IV and type 
III AGCs by evaluating the enhancement patterns. 

MATERIALS AND METHODS

Patient Populations

We obtained approval for this study from the institutional re-
view board at our hospital, and the requirement for informed 
consent from individual patients was waived. After reviewing 
electronically stored clinical records from January 2002 to De-
cember 2005, we identified a total of 225 patients who had 
pathologically proven Borrmann type III (n = 160) and type IV 
(n = 65) AGCs. All of the pre-operative CT images were initially 
reviewed by a study coordinator with 10 years of experience 
with abdominal imaging, and 82 patients including the majority 
of referred patients from other hospital were excluded because 
they were not examined by a dual phase CT or water-filling 
method of gastric lumen by the standard pre-operative protocol 
of gastric cancer in our institution. Finally, a total of 143 patients 
[Borrmann type IV, n = 43 (M : F = 25 : 18, 32-75 years old, 
mean = 56 years old); Borrmann type III, n = 100 (M : F = 65 : 
35, 21-87 years old, mean = 54 years old)] were selected for the 
retrospective analysis of imaging features. 
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rmann types was substantial (weighted kappa = 0.683) between 
the two reviewers for each lesion. The grade of tumor enhance-
ment pattern showed a significant correlation with Borrmann 
types (reviewer 1, r = 0.591, p < 0.001; reviewer 2, r = 0.616, p < 
0.001), which suggested Borrmann type IV lesions tend to ex-
hibit more uniformly layered enhancement patterns, while Bor-
rmann type III lesions exhibit more inhomogeneous enhance-
ment patterns. 

The area under the ROC curve (Az) for differentiation of Bor-
rmann type by two-phased dynamic MDCT was 0.86 (p < 0.001) 
in both reviewers. Using an optimal threshold (Grades 3-5) for 
the diagnosis of Borrmann type IV distinguished from Bor-
rmann type III lesions, the sensitivity and specificity were 79% 
and 82% in reviewer 1 and 88% and 78% in reviewer 2, respec-
tively (Figs. 1-3, Table 1). 

DISCUSSION

In Western countries, more than 80% of patients with gastric 
cancer have AGC, and the prognosis of gastric cancer is still un-
satisfactory, even after radical gastrectomy (15). Morphological 
classification of AGC using the Borrmann classification system 
(types I through IV) was described in 1926, and since then, it 
has been widely used (16, 17). Borrmann type IV has shown an 
independent poor prognostic factor, and An et al. (5) reported 
that the 5-year survival rate of Borrmann type IV patients is sig-
nificantly lower than that of patients with other Borrmann types 

nite heterogeneous enhancement of the entire tumor lesion on 
arterial and portal phase images; Grade 2 - probably heteroge-
neous enhancement of the entire tumor lesion on arterial and 
portal phase images; Grade 3 - undetermined enhancement pat-
tern of the entire tumor on arterial and portal phase images; 
Grade 4 - probably homogeneous enhancement of the entire tu-
mor lesion with a gradually layered pattern of contrast enhance-
ment on arterial and portal phase images; and Grade 5 - definite 
homogeneous enhancement of the entire tumor lesion with a 
gradually layered pattern of contrast enhancement on arterial 
and portal phase images.

Data Analysis

SPSS software (version 15.0; Statistical Package for the Social 
Science, Chicago, IL, USA) was used for statistical analyses. A 
weighted kappa test was applied to measure interobserver vari-
ability. The analysis of the correlation between the score of tumor 
enhancement pattern and the macroscopic Borrmann type was 
determined using Spearman’s correlation coefficient. For evalua-
tion of the accuracy of differentiation of Borrmann type IV using 
MDCT in each reviewer, receiver operating characteristic (ROC) 
analysis was used (12-14). In all statistical analyses, differences 
were considered significant when the p value was less than 0.05. 

RESULTS

Interobserver agreement for the CT pattern scores of Bor-

Fig. 1. ROC curve for differentiation of Borrmann type using MDCT. The Az was 0.85 (p < 0.001) in both reviewers. 
Note.-ROC = receiver operating characteristic
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pattern of normal gastric wall and early gastric cancer are mostly 
visualized in the arterial dominant phase, and the depth of tu-
mor invasion, in the case of AGC, is well verified in the equilib-
rium phase (11, 21). On two-phased dynamic MDCT using the 
water filling method, the arterial phase has a role in detection 
and differentiation of early gastric cancer and AGC. Likewise, 
the portal phase has a role in evaluation of depth of invasion (T 
staging). In this study, the arterial phase almost always revealed 
prominent enhancement of the luminal portion of AGC, while 
the portal phase identified depth of tumor invasion through the 
deeper portion of the stomach wall; thereby, allowing the deter-
mination of tumor extension by the degree and pattern of en-
hancement. 

Borrmann type IV AGC tends to be pathologically defined as 
an infiltration into the serosal layer without any distinct eleva-
tion or crater, resulting in a rigid and thick gastric wall with gi-

(5-year survival rate on Borrmann type IV versus other Bor-
rmann types, 27.6% versus 61.2%, respectively). At the time of 
diagnosis, Borrmann type IV tend to show more advanced T-
stages of gastric cancer, compared to the other Borrmann types 
and the rate of T4 lesions are 11.9%, 6.3%, 16.4% and 30.7% in 
Borrmann types I, II, III and IV, respectively (6). Meanwhile, the 
overall incidence of Borrmann type IV is reported to represent 
11-13% of all AGCs (18, 19).

Dynamic MDCT with the water filling method has several 
merits, such as clear depiction of the gastric wall, prominent tu-
mor enhancement, inexpensive material, good toleration, and 
lack of overshooting artifacts by air in the lumen. Shimizu et al. 
(20) reported that the detection rate of AGC is high (96.2%) 
when using MDCT with the water filling method and that the 
accuracy of the depth of invasion of gastric cancer is also high 
(85%). On dynamic MDCT scan with water filling, the layered 

Fig. 2. A 76-year-old woman with advanced gastric cancer (Borrmann type III).
A. Arterial phase of contrast enhanced MDCT scan shows inhomogeneous enhancement in mucosa and submucosa areas of the thickened pos-
terior wall of the stomach (arrows).
B. Portal phase of contrast enhanced MDCT scan shows inhomogeneous enhancement in the entire posterior wall of the stomach (arrows).
C. Photomicrograph of the specimen shows mucosal ulceration (*) with tumor cell infiltration into the muscular layer (arrows) (hematoxylin and 
eosin stain, × 10).
D. Schematic illustration of Borrmann type III represents a protruded or elevated lesion with ulceration and diffuse margins.
Note.-MDCT = multi-detector row computed tomography
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layers, and desmoplastic infiltrations are rather prominent (Fig. 
3). Monzawa et al. (24) reported that delayed enhancement is 
also frequently demonstrated in tumors with abundant fibrous 
tissue stoma. Further, Takao et al. (11) reported that 28% of 
AGCs exhibit gradual enhancement on triphasic spiral CT scan, 
and that 73% of these tumors have pathologically demonstrated 
marked fibrous tissue stroma (scirrhoous carcinoma, Borrmann 
type IV). Based on these previous reports, we hypothesized that 
Borrmann type IV tumors would show early enhancement of 

ant mucosal folds. In the early stages of tumor growth in Bor-
rmann type IV AGC, tumor cells individually invade the lamina 
propria without changing the mucosal surface, grow into the 
submucosal plane, and invade the whole stomach wall without 
distinct borders. Thus, Borrmann type IV lesions are not usually 
detected early and are generally associated with a poor progno-
sis (22, 23). Especially during the spread of a tumor into the sub-
mucosa and proper muscle layers of the stomach wall, tumor 
burdens are poorly visualized in the submucosa and muscular 

Fig. 3. A 55-year-old woman with advanced gastric cancer (Borrmann type IV).
A. Arterial phase of contrast enhanced MDCT scan shows homogeneous enhancement in the inner layer (arrows).
B. Portal phase of contrast enhanced MDCT scan shows homogeneous enhancement in the entire thickened stomach wall (arrows).
C. Endoscopy image demonstrates focal ulcer (arrows) at the antrum of the stomach, suggested by an endoscopist as early gastric cancer. 
D. Photomicrograph of the specimen shows maintenance of stomach wall structures with minimal tumor cell infiltration, desmoplastic reaction 
and reactive lymphoid follicles (hematoxylin and eosin stain, × 10).
E. Schematic illustration of Borrmann type IV represents a diffuse, rather flat lesion with limited ulceration.
Note.-MDCT = multi-detector row computed tomography
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Table 1. CT Scores of Each Reviewer, According to the Pathologic Results of Borrmann Type 

Score*
Reviewer 1 Reviewer 2

Borrmann Type III Borrmann Type IV Borrmann Type III Borrmann Type IV
1   69   4   49   3
2     9   1   33   6
3     2   1     5   1
4   10 12     7 10
5   10 25     6 23

100 43 100 43

Note.-*Scores are as follows: Grade 1 – definite heterogeneous enhancement of the entire tumor lesion on arterial and portal phase images; Grade 2 – 
probably heterogeneous enhancement of the entire tumor lesion on arterial and portal phase images; Grade 3 – undetermined enhancement pattern of the 
entire tumor on arterial and portal phase images; Grade 4 – probably homogeneous enhancement of the entire tumor lesion with a gradually layered pattern 
of contrast enhancement on arterial and portal phase images; Grade 5 – definite homogeneous enhancement of the entire tumor lesion with a gradually 
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image analysis. Specifically, if prediction of tumor gross appear-
ance had been evaluated, the reviewers would have had a pre-
conception during subsequent analysis of tumor enhancement 
patterns. To minimize such bias, reviewers analyzed only tumor 
enhancement patterns on images and were not aware of any ad-
ditional information. Lastly, for endoscopists, the most impor-
tant clinical issue of Borrmann type IV may be lesion delinea-
tion rather than differentiation from Borrmann type III lesions; 
and, the impact of our present imaging study may be limited to 
MDCT characterization of Borrmann type IV lesions. However, 
our results could be helpful for the endoscopically suspicious 
cases of Borrmann type IV with negative endoscopic biopsy re-
sults due to little tumor burden with fibrosis at thickened gastric 
wall (Fig. 3). 

In conclusion, two different tumor enhancement patterns of 
diffusely heterogeneous versus homogeneous with gradual thick-
ening of enhancing portion (layered pattern) were considerably 
matched with Borrmann type III versus IV, respectively, on du-
al-phased dynamic MDCT using the water filling method. Based 
on the results of this study, with considering the exception of 
SRCC lesions, MDCT characteristics may offer useful informa-
tion for diagnosing Borrmann type IV in AGC, which could be 
helpful for detection of inexpectant Borrmann type IV and sus-
picious Borrmann type IV with negative biopsy by endoscopy.
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진행성 위암: 물을 경구조영제로 사용한 역동적 CT 검사에서 
Borrmann 제4형과 제3형 간의 감별1

김대중1,2 · 유정식1 · 이상민1,3 · 강해윤4 · 김주희1 · 정재준1 · 김기황1

목적: 물을 경구조영제로 사용한 역동적 CT 검사가 진행성 위암 Borrmann 제4형과 제3형의 감별의 유용성을 알아보기 

위해 연구를 시행하였다.

대상과 방법: 진행성 위암 환자 143명(조직학적 Borrmann 제3형과 제4형 - 100명, 43명)이 후향적 연구에 포함됐으며 

모두 술전 CT 검사를 시행하였다. 영상의학과 의사 두 명이 임상 정보 없이 독립적으로 병변의 조영 양상을 다섯 단계로 

나누어 평가하였다. 측정자들의 통계적 일치는 가중 kappa를 사용하였고 병변의 조영 양상 단계와 Borrmann 분류의 통

계적 관계분석은 Spearman 상관 분석을 시행하였다. 수신기작동특성곡선으로 CT를 이용한 Borrmann 제4형과 제3형

의 감별의 정확도를 알아보고자 하였다.

결과: 측정자 간의 일치도는 가중 kappa값이 0.683으로 통계적으로 충분하였다. 병변의 조영 양상의 단계와 Borrmann 분

류는 통계학적으로 유의있는 관련성을 보였다(관찰자 1, r = 0.591, p ＜ 0.001; 관찰자 2, r = 0.616, p ＜ 0.001). 역동적 

CT 검사의 Borrmann 제4형과 제3형의 감별의 정확도는 모두 0.86(p ＜ 0.001)의 결과를 보였으며 적정한 기준점으로 

Borrmann 제4형의 진단의 민감도와 특이도는 관찰자 1에서 79%와 82%, 관찰자 2에서 88%와 78%의 결과를 보였다. 

결론: 물을 경구조영제로 사용한 역동적 CT 검사는 진행성 위암의 Borrmann 제4형과 제3형 간의 감별에 높은 정확성

을 보인다.
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