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ABSTRACT

Background: High-density barium sulfate was recommended by the Japan Society of
Gastroenterological Cancer Screening (JSGCS) in 2004. The aim of this study is to evaluate the
diagnostic validity of gastric cancer screening with high-density barium sulfate.

Methods: The study subjects were 171,833 Osaka residents who underwent gastric cancer screening
tests at the Osaka Cancer Prevention and Detection Center during the period from January {, 2000 to
December 31, 2001. Screening was conducted using either high-density barium sulfate (n = 48,336)
or moderate-density barium sulfate (n = 123,497). The subjects were followed up and the medical
records were linked to the Osaka Cancer Registry through December 31, 2002. The results of
follow-up over 1 year were defined as the gold standard; test performance values were calculated.
Results: Sensitivity and specificity of the screening test with moderate-density barium sulfate were
92.3 and 91.0%, respectively, while sensitivity and specificity of the high-density barium test were

91.8 and 91.4%, respectively. The results of area under receiver-operating characteristic (ROC) curve
2
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(AUC) analysis revealed no significant difference between the two screening tests.
Conclusion: Both screening tests with high-density and moderate-density barium sulfate showed

similar validity in terms of sensitivity, specificity, and ROC curves.

Key words: gastric cancer screening * barium sulfate - sensitivity « specificity - area under ROC curve

(AUC) analysis

INTRODUCTION

The gastric cancer mortality rate remains high in Japan, having the second highest cancer
mortality rate among men after lung cancer, and the second highest mortality rate among women
after colorectal cancer in 2007.' However, the rate has been decreasing in recent years, with gastric
cancer screening cited as one reason for the decrease.” > The research group responsible for a
previous report entitled “Assessment of Effectiveness of New Screening Techniques for Cancer”
concluded that there exists reasonable evidence of a reduction in gastric cancer mortality following
mass screening for gastric cancer using ﬂuoroscopy.4

High-density barium sulfate was recently developed and is used in many medical facilities; the
guidelines of the Japanese Society of Gastroenterological Cancer Screening (JSGCS) in 2005

recommended its use for gastric cancer screening.” There is no clear definition of high-density
3
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barium sulfate, but the suggestion of 180 w/v% and 150 ml, as provided by Doi et al.®is generally
accepted. The temperature of the barium, and the pH and volume of gastric juice have little influence
on the viscosity of high-density barium sulfate,”® and it has better acid resistance and fluidity than
does moderate-density barium sulfate.’ As a result, high-density barium sulfate has the advantage of

10-13

superior depiction of the gastric mucosa, and it is easy for screenees to drink.> ¥ 1t has the

disadvantages of rapid outflow from the stomach'®!” and increased incidence of mis-swallowing."
" Hamashima et al.'® conducted a systematic review of existing data and reported that the superiority
of high-density barium sulfate could not be confirmed because there has been no improvement in the
rate of gastric cancer detection or early gastric cancer detection,'® %22 They recommended further
appropriate research to clarify the diagnostic validity of the new method.

The aim of the present study is to analyze whether the new method using high-density barium
sulfate has better diagnostic validity for gastric cancer than does the conventional method using
moderate-density barium sulfate, in terms of sensitivity, specificity, and area under receiver-operating
characteristic (ROC) curves (AUC).” Linkage of the records with the Osaka Cancer Registry
enabled follow-up of screenees.” The diagnostic validity of the gastric cancer screening test has been
reported by Murakami et al., using this system.” Although evaluations of the diagnostic validity of
the gastric cancer screening test have also been performed in other prefectures in Japan,zﬁ‘ 7
evaluation of the diagnostic validity of screening with high-density barium sulfate has yet to be

conducted using AUC analysis. The present study is the first in Japan to clarify the diagnostic

validity of the gastric cancer screening test with high-density barium sulfate.
4
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METHODS

Subjects

The protocol for this study was approved by the Ethical Committee of the Osaka Cancer
Prevention and Detection Center. The study subjects were 171,833 Osaka residents who underwent
gastric cancer screening tests at the Center between January 1, 2000 and December 31, 2002. The
subjects were screened by either the new method using high-density barium sulfate (n = 48,336),
conducted at the Center or at mobile units, or by the conventional method using moderate-density

barium sulfate (n = 123,497) at mobile units.

Materials and Radiographic Methods

The moderate-density barium sulfate suspensions used in this study were Barytgen sol 145
wiv% sol, 200 ml (FUSHIMI Pharmaceutical Co., Ltd., Marukame, Japan) and Baritop sol 150
w/v% sol, 200 ml (Kaigen Co., Ltd., Osaka, Japan). The high-density barium sulfate suspensions
were Baribright P 185 w/v% powder, 160 ml (Kaigen Co., Ltd.) and Barytgen HD 200 w/v%
powder, 145 ml (FUSHIMI Pharmaceutical Co., Ltd.). Gastric cancer screening was performed
using 10 mobile screening units and 2 fluoroscopic devices at the Osaka Cancer Prevention and

Detection Center; U-MASN (Hitachi Medical Co., Ltd. Tokyo, Japan) and ZS-40 (Shimadzu Co.,
5
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Ltd Kyoto, Japan). Radiographs were obtaned using image-intensifier fluorography with 100 mm
roll film. Kodak PFH-T FILM (Eastman Kodak Co., Ltd, Rochester, NY)) and Fup MLFA
(FUJIFILM Corporation, Kanagawa, Japan).

The new method (high-density banium sulfate) was recommended by the Japan Society of
Gastroenterological Cancer Screening (JSGCS) ¥ The images obtamed using thus method were as
follows: (1) double-contrast view 1n the supine position, (2) double-contrast view (lower) m the
prone position, (3) double-contrast view (upper) in the prone position, (4) nght anterior obhque
posttion, (5) left antenior oblique position (lower), (6) left anterior oblique position, (7) serm-erect m
the left anterior obhique position, and (8) semi-erect 1n the nght anterior oblique position. The 1mages
obtained using the conventional method (moderate-density barium sulfate®®) were as follows. n
anterior mucosal view m the prone position, (2) barum-filled view 1 the prone position, (3)
double-contrast view in the supme position, (4) left antenor oblique position, (5) night anterior
oblique position, (6) semi-erect left anterior oblique position, and (7) barmum-filled view 1n the erect
position. The above-mentioned seven or eight shots were used as the basis of the mmaging

examination; extra shots were obtained by the radiological technologists when necessary.

Screening Test and Follow-Up Methods
The gastnc cancer screening was examined by 19 radiological technologists and 20
radiologists at the Osaka Cancer Prevention and Detection Center Images from the new method

(hugh-density banum sulfate) and the conventional method (moderate-density barium sulfate) were
6
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examined by the same radiological technologists and by the same radiologists. All radiologists and
radiological technologists examined images produced from both radiographic methods. A
double-check system with two radiologists was used for film reading. The radiographic findings
were divided into five groups as follows: A: definitely cancer, B: probably cancer, C: possibly cancer,
D: suspicious of a benign lesion, E: workup tests for confirmation.”

To detect false-negative cases, we conducted follow-up by linking the gastric cancer screening
records from the Screening Center with the files of the Osaka Cancer Registry through December 31,
2003. References for individual identification were name, sex, birth date, and address. Cases of
cancer detected within 1 year of the screening day were considered as cancer present at the time of
screening, and the sensitivity and specificity were calculated Sensitivity and specificity were also
calculated by sex group (male, female), age group (260, <60) and all subjects (both sexes and age
groups). Sensitivity and specificity of high-density barium sulfate screening was compared with that
of moderate-density barium sulfate screening. We evaluated the diagnostic validity of gastric cancer

screening for high-density and moderate-density barium sulfate.

Statistical analyses

The Cochran—Mantel-Haenszel test was used to analyze the age and sex distribution of the
subjects. The chi-square test was used to analyze the results of the screening, sensitivity and
specificity. AUCs were compared using the algorithm developed by Del.ong et al.” The diagnostic

validity of high-density barium sulfate screening compared with moderate-density barium sulfate
7
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screening was analyzed using AUC values. Difference with P < 0.05 was considered significant.
These statistical analyses were performed using SPSS 15.0 J for Windows (SPSS Japan Inc., Tokyo,
Japan). AUC for the two barium sulfate screening were analyzed using Stata 9.2 for Windows

(StataCorp LP, College Station, TX).

RESULTS

Table 1 shows the sex and age distributions of the screenees in the high- and
moderate-density barium sulfate tests. The male/female ratio was greater than 1 in the high-density
test, and less than | in the moderate-density test. The mode for age in the high-density test was
50-59 years among both males and females; in the moderate-density test, the mode for age was
50-59 years among females and 60-69 years among males. There was significant difference in the
sex and age distributions of screenees between the high- and moderate-density bartum sulfate tests (P
<0.05).

Comparison of the results of screening between the two barium sulfates is shown in Table 2.
The proportion of screenees for whom workup examination was recommended (screening positives)
was lower for high-density (8.7%) than for moderate-density barium sulfate (9.2%) (P = 0.001). The
proportion of screenees who underwent workup examinations was 86.8% for the moderate-density

barium sulfate test and 85.6% for the high-density test (P = 0.044). The gastric cancer detection rate
8
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was 0.17% for moderate-density and 0.13% for high-density barium sulfate, and the proportion of
early gastric cancer detected was 67.6% for moderate-density and 62.9% for high-density barium
sulfate.

Table 3 shows a comparison of the results of follow-up with linkage of records with the Osaka
Cancer Registry, and Table 4 shows a comparison of the results of follow-up by sex (male, female)
and age (260, <60). All false-negative cases (6 cases in the high-density test and 19 cases in the
moderate-density test) were detected by follow-up using the record linkage to the cancer registry.
Some true-positive cases (5 cases in the high-density test and 20 cases in the moderate-density test)
were not known by routine collection of data regarding examination work-ups, but were discovered
for the first time via follow-up with the record linkage to the cancer registry.

Table 5 shows the test performance values of screening with the two barium sulfates by all
subjects. The predictive value of positive tests was 2.00% for moderate-density barium sulfate and
1.59% for high-density barium sulfate. No significant difference was found for sensitivity (92.28%
for moderate-density barium sulfate and 91.78% for high-density barium sulfate). Significant
difference was found for specificity (91.43% for high-density barium sulfate and 90.98% for
moderate-density barium sulfate; P = 0.003). Table 6 compares sensitivity and specificity between
the two barium sulfates by sex (male, female) and age group (260, <60). No significant differences
were observed in terms of sensitivity in all categories. Although specificity was a significant
difference between the two barium groups by sex group (male, female) (P = 0.000, P = 0.031),

significant differences were not found by age group (260, <60).
9
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