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The aim of this study is to evaluate the diagnostic validity of gastric
cancer screening with high-density barium sulfate. More, it is to evaluate
relation among sex and age distribution and sensitivity and specificity.
Previously, the authors reported both screening tests with high-density and
moderate-density barium sulfate showed similar wvalidity in terms of
sensitivity, specificity, and receiver-operating characteristic (ROC) curves.
This study’s subjects were 171833 Osaka residents who underwent gastric
cancer screening tests at the Osaka Cancer Prevention and Detection Center
during the period from January 1, 2000 to December 31, 2002. Screening was
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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, 2003. Sensitivity and specificity were also calculated by age
group (=50, <50) and (255, <55). Results, No significant differences were
observed in terms of sensitivity in all categories. Specificity was a no
significant difference between the two barium groups by age group (=250, <50,
<55), significant differences were found by age group (255) (P = 0.047).
However, both screening tests with high-density and moderate-density barium
sulfate showed similar validity in terms of sensitivity, specificity. Sex and
age distribution and sensitivity and specificity did not show a constant
tendency.

Key words: sensitivity, specificity, Osaka Cancer Registry, high-density
barium sulfate, sex and age distribution,

I. Introduction

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 [1]. Many previous studies reported that The
temperature of the barium, and the pH and volume of gastric juice have little
influence on the viscosity of high-density barium sulfate, [2, 3] and it has
better acid resistance and fluidity than does moderate-density barium
sulfate[4]. As a result, high-density barium sulfate has the advantage of
superior depiction of the gastric mucosa[5, 6], and it is easy for screenees to
drink.[4, 6] No significant difference has been found regarding gastric
cancer detection rate [7] between high- and moderate-density barium
sulfates [5]. Regarding early gastric cancer detection rate, four articles
reported no significant differences [5] between the two preparations, and
three articles reported a significantly higher rate for high-density barium
sulfate [8-10]. Yamamoto et al. found no significant difference in radiation
dose between screening conducted using high- and moderate-density barium
sulfate[11, 12]. Previously, the authors reported that the 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 ROC curves (AUC) [13]. There was a significant difference
in the sex and age distributions (all subjects) of screenees between the
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high-density and moderate-density barium sulfate (P< 0.05) [13]. When
sensitivity and specificity of the two density barium sulfates were calculated
by sex (male, female) and age group (=60, <60) [13]. Results, trends
regarding sex (male, female) and age group (260, <60) were much the same
as those in the all subjects [13]. Both screening tests with high-density and
moderate-density barium sulfate showed similar validity in terms of
sensitivity, specificity, and ROC curves [13].

The aim of this study is to evaluate relation among sex and age
distribution and sensitivity and specificity. This study, sensitivity and
specificity were also calculated by age group (=50, <50) and (255, <55). We
inspect whether diagnostic validity affected by relation of sex and age
distribution and sensitivity and specificity.

II. Materials and Methods

1. 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.
Table 1 shows the sex and age distributions of the screenees by all subjects.

2. Radiographic Methods

The moderate-density barium sulfate suspensions used in this study were
Barytgen sol 145 w/v% 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., Ltd.
Kyoto, Japan). Radiographs were obtained using image-intensifier
fluorography with 100 mm roll film: Kodak PFH-T FILM (Eastman Kodak Co.,
Ltd., Rochester, N.Y.) and Fuji MI-FA (FUJIFILM Corporation, Kanagawa,
Japan). The new method (high-density barium sulfate) was recommended by

the Japan Society of Gastroenterological Cancer Screening (JSGCS) [1]. The
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conventional method (moderate-density barium sulfate) was recommended by
the Japan Society of Gastroenterological Cancer Screening (JSGCS) [14].

3. Follow-Up Methods

The gastric cancer screening was examined by 19 radiographer and 20
radiologists at the Osaka Cancer Prevention and Detection Center. Images
from the new method (high-density barium sulfate) and the conventional
method (moderate-density barium sulfate) were examined by the same
radiographer and by the same radiologists. All radiologists and radiographer
examined images produced from both radiographic methods. 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.
Table 2 shows a comparison of the results of follow-up with linkage of
records with the Osaka Cancer Registry [13]. Table 3 shows the test
performance values of screening with the two barium sulfates by all subjects
[13].

4. Evaluate on age distribution

Sensitivity and specificity were also calculated by age group (=50, <50),
(=255, <55). Sensitivity and specificity of high-density barium sulfate
screening was compared with that of moderate-density barium sulfate
screening. It is to evaluate relation among age distribution (=50, <50, >55,
<55) and sensitivity and specificity.

5. Statistical analysis

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. 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).

III. Results

Table 4 and table 5 shows a comparison of the results of follow-up by age
(250, <50) and age (=55, <55). Table 6 and table 7 compares sensitivity and
specificity between the two barium sulfates by age group (=50, <50) and (=55,
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<55). Sensitivity was higher for the high-density barium sulfate test than for
the moderate-density barium sulfate test when calculated for age (250, 255).
Specificity was lower for the high-density barium sulfate test than for the
moderate-density barium sulfate test when calculated for age group (250,
<50) and (=55, <55). No significant differences were observed in terms of
sensitivity in all categories. Specificity was a no significant difference
between the two barium groups by age group (=50, <50, <55), significant
differences were found by age group (=55) (P = 0.047). Trends regarding
specificity of age group (250, <50) and (=55, <55) were not much the same as
those in the all subjects.

I1V. Discussion

Hamashima et al.[7] 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 [5, 7]. They recommended
further appropriate research to clarify the diagnostic validity of the new
method. Previously, the authors reported 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) [13]. Sensitivity was higher for the
moderate-density barium sulfate test than for the high-density test when
calculated for males, and higher for the high-density barium sulfate test than
for the moderate-density test when calculated for females. Sensitivity was
higher for the moderate-density barium sulfate test than for the high-density
test by age (<60), and higher for the high-density barium sulfate test than for
the moderate-density test by age (260); however, the difference found for
sensitivity was not significant [13]. A significant difference was found for
specificity, but the individual values for specificity showed no remarkable
differences [13]. This study’s sensitivity was higher for the high-density
barium sulfate test than for the moderate-density barium sulfate test when
calculated for age (250, >55), and higher for the moderate-density barium
sulfate test than for the high-density barium sulfate test when calculated for
age (<50, <55). Specificity was higher for the moderate-density barium
sulfate test than for the high-density barium sulfate test when calculated for
age group (250, <50) and (=55, <55). No significant differences were
observed in terms of sensitivity in all categories (male, female, =50, <50, =55,
<55, 260, <60). Trends regarding specificity of except sex (male) were not
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the same as those in the all subjects. Sex and age distribution and sensitivity
and specificity did not show a constant tendency. Both screening tests with
high-density and moderate-density barium sulfate showed similar validity in
terms of sensitivity and specificity.

V. Acknowledgement

We express our deepest gratitude to Dr. Hideaki Tsukuma, Director of the
Cancer Prevention Information Center, Osaka Medical Center for Cancer and
Cardiovascular Diseases, and to the staff of the Osaka Cancer Registry for
their cooperation in the follow-up of screenees by record linkage to the Osaka
Cancer Registry file. Furthermore, we would like to thank for Dr. Akira
Oshima, Cancer Information Services, Osaka Medical Center for Cancer and
Cardiovascular Diseases. This study was supported in part by the Research
Project from Daiwa Securities Health Welfare Foundation, Japan.

References

[1] Imamura K, Kitagawa S, Gotou H, et al: A New Stomach Radiography
Guideline, Stomach Radiography Standardization Committee. The Japan
Society of Gastroenterological Cancer Screening. Medical Review
Company. Tokyo: 2005.

[2] Yamamoto K, Takeda Y, Azuma M, et al: Studies on high concentration
barium sulfate used in gastric cancer mass screening: Viscosity change
dependent on pH and temperature. Mem. Osaka Kyoiku Univ.
57:15-22,2008

[3] Yamamoto K, Yamazaki H, Azuma M, et al: Viscosity change of high
concentration barium sulfate dependent on the volume of artificial gastric
juice. Mem. Osaka Kyoiku Uni, 57:1-7, 2009.

[4] Yamamoto K, Takeda Y, Azuma M, et al: Studies on high-concentration
barium sulfate used in gastric cancer screening —Acid resistance, fluidity
and ease of consumption. Mem. Osaka Kyoiku Univ, 58: 37-43, 2009.

[S] Yamamoto K, Yamazaki H, Kuroda C, et al: New technique for gastric
cancer screening using high-concentration barium and a large quantity of
gas-producing powder. J Gastroenterol Mass Surv, 42:163-68, 2004. (in
Japanese)

[6] Abe S, Noguchi T, Shibuya D, et al: A study for indirect X-ray

examination with high-density barium sulfate. J Gastroenterol Mass Surv,
3:579-86, 2000. (in Japanese).

—163—



[7] Hamashima C, Sasaki S. A critical appraisal of the studies concerning
gastrofluorography using high-density barium meal. J Jpn Assoc Cancer
Detect & Diag, 13:123-34, 2006. (in Japanese).

[8] Noguchi T, Konno Y, Shimada T, et al: A study of gastric mass survey with
high-density barium: Clinical comparison with the previous method. J
Gastroenterol Mass Surv, 39:5-14, 2001. (in Japanese).

[9] Tsuchigame T, Ogawa I, Nishi J, Urata J, Saito R, Nakamura I, et al. The
results of mass screening for gastric cancer using high-density barium
—On the basis of results from the past 10 years. J Gastroenterol Mass Surv.
42:498-502, 2004. (in Japanese).

[10] Fukuhara K, Sekine N, Sato S, Togashi S, Yamagishi Z, Baba Y, et al.
Relationship between the detectability for gastric cancer and the
concentration of contrast media in indirect gastric mass survey. J
Gastroenterol Mass Surv. 35:764-73, 1997. (in Japanese).

[11] Yamamoto K, Azuma M, Katsuda T, et al: Exposure dose in gastric
cancer mass screening using high concentration barium sulfate:
Comparison with moderate concentration barium sulfate. International
Federation Medical and Biomedical Engineering, 22:1561-4, 2008.

[12] Yamamoto K, Azuma M, Katsuda T, et al: Radiation dose in mass
screening for gastric cancer with high-concentration barium sulfate
compared with moderate-concentration barium sulfate. Australas Phys.
Eng. Sci. Med, 32: 88-91, 2009.

[13] Yamamoto K, Yamazaki H, Oshima A, et al: The diagnostic validity of
high-density barium sulfate in gastric cancer screening —Follow-up of
screenees by record linkage with the Osaka Cancer Registry— Journal of
Epidemiology, 2010 (in press)

[14] The Japan Society of Gastroenterological Cancer Screening, A
fluorography standardization committee: Basis of gastric mass survey
photofluorography. J Gastroenterol Mass Surv,62:3-5, 1984. (in
Japanese).

—164—



Table 1. Sex and age distribution of screenees

High-density barium sulfate

Moderate-density barium sulfate

Age Male (%) Female (%) Male (%) Female (%)
<30 68  (0.2) 46  (0.2) 79  (0.2) 40  (0.1)
30-39 3,246 (11.1) 875  (4.6) 2,129 (4.4) 3,194 (4.2)
40-49 9,760 (33.4) 4,681 (24.5) 8,845 (18.3) 12,573 (16.7)
50-59 9,977 (34.1) 6,771 (35.4) 12,449 (25.8) 26,966 (35.8)
60-69 4,618 (15.8) 5,131  (26.9) 17,538 (36.4) 25903 (34.4)
70-79 1,371 4.7) 1,485  (7.8) 6,618 (13.7) 6,146  (8.2)
79< 183  (0.6) 124 (0.7) 588  (1.2) 429  (0.6)
Total 29,223 (100.0) 19,113 (100.0) 48,246 (100.0) 75,251 (100.0)

Cochran—Mantel-Haenszel test

Age and sex distribution between the two barium sulfates: P < 0.05

Table 2. Comparison of results of follow-up for all subjects

Screening Cancer
Present  Absent Total
High-density Positive 67 4,134 4,201
barium sulfate Negative 6 44,129 44,135
Total 73 48263 48,336
Moderate-density Positive 227 11,114 11,341
barium sulfate o ive 19 112,137 112,156
Total 246 123251 123,497

Period: Between January 1, 2000 and Decerﬁber 31,2002
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Table 3. Performance value of screening for the two barium sulfates
for all subjects

High-density Moderate-density P value

Sensitivity (%) 91.78 92.28 0.890

Specificity (%) 91.43 90.98 0.003
Chi-square test

High-density: High-density barium su

Moderate-density: Moderate-density barium sulfate

Table 4. Comparison of results of follow-up by age (250, <50)

Age
) 250 cancer <50 cancer
Screening

Present Absent Total Present Absent Total

High-density  positive 61 2972 3,033 6 1,162 1,168
barium sulfate .

Negative 5 26,623 26,628 1 17,506 17,507

Total 66 29,595 29,661 7 18,668 18,675

Moderate-density  positive 219 9453 9,672 8 1,661 1,669
barium sulfate i

Negative 19 86,944 86,963 0 25,193 25,193

Total 238 96,397 96,635 8 26,854 26,862

Period: Between January 1, 2000 and December 31, 2002
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Table 5. Comparison of results of follow-up by age (=55, <55)

Age
i 255 cancer <55 cancer
Screening

Present Absent Total Present Absent Total

High-density  positive 48 2,164 2212 19 1,970 1,989
barium sulfate i

Negative 3 18,046 18,049 3 26,083 26,086

Total 51 20,210 20,261 22 28,053 28,075

Moderate-density  positive 207 7,903 8,110 20 3,211 3,231
barium sulfate )

Negative 17 69,348 69,365 2 42,7780 42,791

Total 224 77251 77475 22 46,000 46,022

Period: Between January 1, 2000 and December 31, 2002

Table 6. Performance value of screening for the two barium sulfates by age (=250, <50)

Age
250 <50
High Moderate P value High Moderate P value

Sensitivity (%) 92.42 92.02 0.914 85.71 1.00 0.268
Specificity (%) 89.96 90.19 0.234 93.78 93.81 0.864

Chi-square test

High: High-density barium sulfate
Moderate: Moderate-density barium sulfate

10
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Table 7. Performance value of screening for the two barium sulfates by age (255, <55)

Age
255 <55
High Moderate P value High Moderate P value

Sensitivity (%) 94.12 92.41 0.672 86.36 90.91 0.635
Specificity (%) 89.29 89.77 0.047 92.98 93.02 0.828

Chi-square test

High: High-density barium sulfate
Moderate: Moderate-density barium sulfate
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