Table 5 No. glands with gastric and intestinal mixed endocrine cells/total glands

Total
53/1030 (5.1%)

347/2004 (17.3%)

-IM-Pa(+)

4/308 (1.3%)*
11/105 (10.5%)*****

-IM-Pa(-)
3/145 (2.1%)*

GHM
44/265 (16.6%)
306/1290 (23.7%)

Pseudo-P
1/98 (1.0%)*

23/569 (4.0%)*
F, fundic glandular duct; GI-IM, gastric and intestinal mixed phenotype IM; I-IM-Pa(-), solely intestinal phenotype 1M without Paneth cell; I-IM-Pa(+), solely intestinal phenotype IM with Paneth cell;

IM, intestinal metaplasia; P, pyloric glandular duct; pseudo-P, pseudo pyloric glandular duct.

1/214 (0.5%)*

Fundic mucosa
Pyloric mucosa

7/40 (17.5%)

0.0012, compared with P.

*P < 0.0001, compared with GI-IM. **P < 0.01, compared with GI-IM. P
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markers such as MUC5AC, MUC6, MUC2, and villin. Jenny
et al. have previously demonstrated that neurogenin3d is
required for endocrine cell fate specification in multipotent
intestinal progenitor cells, whereas gastric endocrine devel-
opment is both neurogrnind dependent and independent.®
In addition, we consider that Cdx2 might be important in the
regulation of the intestinal endocrine cell markers such as
glicentin, GIP, and GLP-1, because its expression can be
detected at the bottom of small intestinal and colonic glan-
dutar ducts. Recently, L.a Rosa et al. demonstrated that Cdx2
may be a sensitive and specific marker of midgut endocrine
cells and endocrine tumors.® Thus specific transcription fac-
tors, including Cdx2, might play an important role in the
intestinalization of both mucous and endocrine cells.

In pyloric glanduiar ducts with chronic gastritis, expression
of the intestinal endocrine cell marker was low but present,
in contrast to the normal pyloric mucosa without inflamma-
tion. With regard to the mucous cell markers, we earlier
demonstrated the mRNA expression of Cdx2 and villin in
glandular ducts that are regarded as typical of G-type glands
in the stomach of chronic gastritis.?® Eda et al. have previ-
ously suggested that Cdx2 triggers the initiation and devel-
opment of IM in chronic gastritis, from analysis of mRNA
levels.®® Satoh et al. described the expression of this in gas-
tric epithelium of H.pyloriFinfected patients without IM.%
Ishihara et al. proposed that H. pylori infection is a factor
inducing glicentin in the gastric mucosa.”’” We therefore
consider that change in transcriptional elements responsible
for intestinal phenotypic expression of both mucous and
endocrine cells might be the initial event in intestinalization
of gastric mucosa in cases of chronic gastritis.

We have here demonstrated that the phenotype of endo-
crine cells in pseudopyloric glandular ducts is similar to those
in the normal pyloric glandular ducts rather than those in the
fundic glands. Furthermore, no gastrin-positive .endocrine
cells have been found in I-IM including both I-IM-Pa(-) and
I-IM-Pa(+), resembling normal fundic glands. Thus, we
consider the hypothesis that Gi-IM in fundic mucosa could
be preceded by pseudopyloric metaplasia with a similar
pathogenesis occurring in pyloric glands, whereas some of
the I-IM developing in fundic glands might be emerging
directly from normal fundic glands without passing through
pseudopyloric metaplasia. Pancreatic—duodenal homeobox
1 (Pdx1) is a ParaHox gene, which contributes to genesis
and development of pancreas, duodenum, and antrum. Pdx1
plays an important role in the development of pseudopyioric
glands.® Thus, we consider that it is very important to clarify
the regulation of mucous and endocrine cell markers from
the viewpoint of transcriptional elements, discriminating
pseudo-P glands from fundic mucosa in the human stomach.
in the light of the clonal findings with C3H/HeN<BALB/c
chimeric mice, we consider that the alteration from fundic to
pseudopyloric glands must be derived at the stem cell level.
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In conclusion, our results suggest that the phenotypes of
endocrine cells might be determined in tandem with those of
their mucous counterparts in stomach glands. The alterna-
tion of phenotypes in mucous cells also involves those in
endocrine cells and our results provide support for the con-
cept that all of the different types of mucous and endocrine
cells in normal and intestinal metaplastic glands might be
derived from a single progenitor cell in each gland.
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Suppressive Effects of Fruit-juice Concentrate of Prunus Mume
Sieb. et Zucc. (Japanese apricot, Ume) on Helicobacter Pylori-
induced Glandular Stomach Lesions in Mongolian Gerbils

Takafumi Otsuka'?, Tetsuya Tsukamoto', Harunari Tanaka!, Kenichi Inada',
Hirotoshi Utsunomiya®, Tsutomu Mizoshita!, Toshiko Kumagai*, Tsutomu
Katsuyama‘, Kazumasa Miki?, Masae Tatematsu®

Abstract

Helicobacter pylori (Hp) infection is an important factor in human gastric disorders, including chronic active
gastritis, peptic ulcers, intestinal metaplasia and cancer. Since epidemiologic studies overwhelmingly agree on a
-protective influnence-of frnits and vegetables in reducing the rigk-of gastric neoplasia and processed fosds made from
Prunus mume Sieb. et Zucc. (Japanese apricot or "Ume"' in Japanese) are traditionally known for their miscellaneous
medical effects, in the present study we investigated the efficacy of a fruit-juice concentrate of Japanese apricot
(CJA) in the glandular stomach of Hp-infected Mongolian gerbils. Hp-inoculated gerbils were given CJA in their
drinking water at concentrations of 1 and 3% for 10 weeks. The microscopic scores for gastritis and mucosal
hyperplasia in the CJA groups were significantly lower than in the Hp-inoculated control group, with dosc-dependence.
Real-time PCR was performed to quantitate Hp by demeonstrating urease A gene amount using gerbils’
glyceraldehyde-3-phophate dehydrogenase (GAPDH) gene as an internal control. Average relative urease A gene
dosage in the glandular stomach in the 1 and 3% CJA and Hp-inoculated control groups was 26.6 + 11.6% (average
+ SE), 30.3 + 10.5%, 100 + 40.9%, vespectively, the fruit-juice concentrate causing significant lowering (P<0.01 and
P<0.05, respectively, with 1 and 3%). These findings suggest that suppressive effects on gastric cancer development
might also be expected as a vesult of decreased numbers of Hp and improvement of Hp-induced chronic active
gastritis on administration of CJA.

Key Words: Helicobacter pylori - Mongolian gerbils - Prunus mume Sieb. et Zucc. (Japanese apricot, Ume) - glandular
stomach - inflammation

Asian Pacific J Cancer Prey, 6, 337-341

Introduction

Helicobacter pylori (Hp) is a major causative factor for
gastric disorders and epidemiological evidence has
accumulated indicating a significant relationship with
chronic active gastritis, peptic ulcer, atrophic gastritis,
intestinal metaplasia, and lymphoma or cancer development
(Marshall and Warren, 1984; Nomura et al., 1991; Uemura
et al, 2001). In 1994, the World Health Organization/
International Agency for Research on Cancer concluded that
Hp is a *definite carcinogen’ based on the epidemiological
findings (IARC Working Group on the Evaluation of
Carcinogenic Risks to Humans, 1994). However the

pathogenic roles of Hp are still not fully understood.
Eradication of Hp reduces the relapse rate of peptic ulcers
and also results in histological resolution of chronic active
gastritis (Hunt, 1996). The standard regimen for this purpose
is adoption of triple therapy with a proton pump inhibitor in
combination with two antibiotics, clarithromycin and
amoxicillin (Misiewicz et al., 1997). Although the currently
most effective treatment regimens cure about 90% of
infections, 10% of patients remain Hp positive. Several
factors contributc to trcatment failurc. Thesc include paticnt
compliance, bacterial resistance to antibiotics, and treatment
related issues (Graham, 1998; Huang and Hunt, 1999).
Therefore, it is important to find alternative approaches to
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control which are both effective and safe in terms of
gastrointestinal protection from Hp associated diseases.

Epidemiologic studies overwhelmingly agree on the
protective effect of fruits and vegetables in reducing the risk
of gastric cancer (Serafini et al., 2002). In Japan, processed
foods made from fruits of Prunus mume Sieb. et Zucc.
(Japanese apricot or "Ume" in Japanese) are popular and
traditionally considered to have miscellancous medical
benefit, such as antibacterial and fungicidal propetties (Fujita
et al., 2002; Maitani et al., 1985). Nomura et al. (Nomura et
al., 1982) previously reported a significant negative
association of ume (pickled plum) intake with intestinal
metaplasia of the human stomach.

Mongolian gerbils can be easily infected with Hp,
providing a good experimental animal to clarify the role of
Hp in chronic active gastritis, peptic ulcers, intestinal
metaplasia, and gastric cancer (Hirayama et al., 1996). We
have established a gastric carcinogenesis model using these
animals, and demonstrated that gastric cancer development
is enhanced by Hp infection when they are ireated with
chemical carcinogens, like N-methyl-N-nitrosourea (MNU)
or N-methyl-N' -nitrosoguanidine (MNNG) (Shimizu et al.,
1999; Tatematsu et al., 1998). Hp eradication reduces the
enhancing effect of Hp on gastric carcinogenesis (Cao et
al., 2002; Nozaki ct al., 2003).

In the present study, we therefore, investigated the
efficacy of fruit-juice concentrate of Yapanese apricot (CJA)
in the glandular stomach of Hp-infected Mongolian gerbils.

Materials and Methods

Animals and Samples

A total of 60 specific pathogen-free male, (our-week-
old Mongolian gerbils (Meriones unguiculatus; MGS/Sea,
Seac Yoshitomi, Ltd., Fukuoka, Japan) were housed in steel
cages on hardwood-chip bedding in an air-conditioned
biohazard room with a 12-h light/12-h dark cycle. They
were given food (Oriental CRF-1, Oriental Yeast Co., Lid.,
Tokyo, Japan) irradiated with 30 Gy y-rays and autoclaved
distilled water. The experimental design was approved by
the Animal Care Committee of the Aichi Cancer Center
Research Institute, and the animals were cared for in
accordance with institational guidelines. CIA was obtained
from Minabegawa Village Office (Wakayama, Japan). CJA
dissolved in distilled water at concentrations of 1 and 3%
was freshly prepared three times per week for administration
as drinking water.

Bacteria

Hp strain ATCC 43504 (American Type Culture
Collection, Rockville, MD) was inoculated on Brucella agar
plates (Becton Dickinson Co., Cockeysville, MD) containing
7% viv heat-inactivated fetal bovine serum and incubated
at 37°C under microaerobic conditions using an Anaero Pack
Campylo (Mitsubishi Gas Chemical Co., Inc., Tokyo) at high
humidity. Two days later, the bacteria grown on the plates
were introduced into Brucella broth (Becton Dickinson Co.)

338 Asian Pacific Journal of Cancer Preventian, Vol 6, 2005

supplemented with 7% v/v heat-inactivated fetal bovine
serum and incubated under the same conditions for 24 h.
The broth cultures of Hp were checked under a phase contrast
microscope for bacterial shape and mobility. Samples
containing about 1.0 x 10* colony-forming wunits per milliliter
were used as the inoculum and delivered intra-gastrically
(1.g.) using an oral catheter to gerbils fasted for 24 h.
Uninfected gerbils underwent sham inoculation using the
same sterile Brucella broth,

Experimental Protocol

The experimental design is illustrated in Fig. 1. Sixty
gerbils were divided into 5 groups. Hp was inoculated into
three of these groups at 1 experimental week. The other 2
groups received Brucella broth. CJA was administrated to
Hp-inoculated and Hp-free animals in drinking water at the
concentrations of 0, 1 or 3%, in all cases until the end of
experiment at week 10. The gerbils were killed humanely
at the end of the study period. All animals were subjected
to deep ether anesthesia after 24 h fasting, laparotomized,
and exsanguinated from the inferior vena cava, followed by
excision of their stomachs. One half of each glandular
stomach was fixed in 4% paraformaldehyde in phosphate-
buffered saline (PBS) and routinely processed for
histopathological cxamination, and the other half was quick
frozen at -70°C for genomic DNA analysis.

Histopathological Analyses

Tissue sections were stained with hemotoxylin and eosin
(H&E), Giemsa, and by immunohistochemistry for
examination of Hp (anti-Hp serum, Dako Cytomation,
Copenhagen, Denmark). The degree of chromic active
gastritis was graded according to criteria modified from the
Updated Sydney System (Dixon et al., 1996) by scoring the
following parameters: mononuclear cell infiltration (0-3; 0,
normal; 1, mild infiltration into lamina propria; 2, moderate
infiltration into lamina propria; 3, marked infiltration into
lamina propria and multiple lymphoid follicle formation);
neutrophil infiltration (0-3; 0, none; 1, number of neutrophils
in the pyloric mucosa in a line from the forestomach to the

10 {(weeks)
] I} g
¥ ¥ I |

Group A

Group B

Group ©

Group D

Group E ‘ l

Figure 1. Experimental Design. Four week-old male
Mongolian gerbils were used. Tntragastric inoculation of Hp (closed
triangles) or Brucella broth (open triangle). 3% (closed bar) or 1%
(hatched bar) fruit-juice concentrate of Japanese apricot (CJA) was
given in the drinking water. Control groups received
unsupplemented water (open bar).
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Table 1. PCR Primer Sequnces used in the L-ight Cycler Analysis

Description Gene Sequences Product length (bp)  Accession No.
ual Urease A. S-TGTTGGCGACAGACCGGTTCAAATC-3' (sense) 120 M60398
ua? 5-GCTGTECCGCTCGCAATGTCTAAGC-3 (antisense)-

gal ‘GAPDH* S-AACGGCACAGTCAAGGCTGAGAACG-3" (sense) o118 AB040445
ga2 5-CAACATACTCGGCACCGGCATCG-3 (antisense):

* glyceraldehyde-3-phophate dehydrogenase

duodenum<50/mm; 2, 5¢-100/mm,; 3,>100/mm); Hp density
(0-3; 0, none; 1, mild Hp density; 2, moderate; 3, marked).
The thickness of the pyloric mucosa was also measured at
five randomly selected points in the foveolar epithelium.

Serology

Serum samples were used to measure the titer of anti-
Hp 1gG antibodies (GAP-IgG; Biomerica, Newport Beach,
CA) by enzyme-linked immunosorbent assay (ELISA) using
anti-gerbil IgG antibodies. The antibody titer was expressed
by means of an arbitrary index (AT). A value greater than
1.37 Al was considered to be positive for Ap infection in
both the infection and the control groups, as described earlier
{Kumagai et al., 2001). Serum gastrin levels were measured
using a gastrin radioimmunoassay kit (Gastrin-RIAkit IT;
Dainabot Co., Ltd., Tokyo).

Real-time Polymerase Chain Reaction and Relative
Quantitative Analysis

Genomic DNA was extracted from glandular stomach
tisue of gerbils using a DNeasy tissue kit (QTAGEN, Hilden,
Germany). For Hp quantification, Hp specific urease A gene
dosage within glandular stomachs of Hp-inoculated gerbils,
relative quantitative real-time polymerase chain reaction
(PCR) of Urease A was performed with the LightCycler
system (Roche Diagnostics, Mannheim, Germany), using
gerbil specific glyceraldehyde-3-phophate dehydrogenase
(GAPDH) gene as an internal control. This was performed
basically as described (Tsukamoto et al., 2001; Tsukamoto
etal., 2004) using QuantiTect SYBR Green PCR (QIAGEN)
with the optimal Mg?** concentration at 2.5mM. The 5’-and
3’-primer sequences are listed in Table 1. Specificity of the

PCR reaction was confirmed using the melting program
provided with the LightCycler software. To further confirm
that there was no obvious primer dimer formation or
amplification of any extra bands, the samples were
electrophoresed in 3% agarose gels and visualized with
cthidium bromide after the LightCycler reaction. Relative
quantitative analysis of Hp urease A gene expression was
performed as earlier established using an internal control
without the necessity of external standards (Tsukamoto et
al., 2001; Tsukamoto et al., 2004), with values expressed as
the percentage urease A gene expression, relative to the 100%
in the Hp-inoculated control group (group C).

Statistics Analysis

The Mann-Whitney U test was applied to establish the
significance of differences in urease A gene expression for
corrected crossing points, microscopic score for gastritis,
mucosal hyperplasia, titers of anti-Hp TgG antibodics, scrum
gastrin levels. P values <0.05 were considered to be
statistically significant.

Results

Intake of CJA

Data for total intake of CJA per animal are shown in
Table 2. CJA administration did not affect food intake or
body weights. ,

Inflammation Score

Table 2 summarizes data for the efficacy of CJA in the
glandular stomach of Hp-infected Mongolian gerbils. All
animals of the fp-inoculated control group (group C)

Table 2 Eifects of Fruit-juice Concentrated of Japanese apricot (CJA) on Gastric Lesion of Mongolian Gerbils

Microscopic Mucosal Anti-Hp titer  Serum gastrin Total CJA
Group Administration No. of gerbils score hyperplasia (mm) titer (Al) (pg/mi) intake (g/gerbil)
[SD] [SD] [SD} [SD] [SD]
A 3% CIA 1 IIp 20 3.00* 0.34° 4.01 101.13% 10.54
[1.95] f0.111 [2.861 22.90] [0.67]
B 1% CJA +Hp 21 438 0.42 5.89 133.19 476
f1.91} [0.23] [3.36] [29.46] [0.60]
C Hp 10 8.00 0.50 6.47 150.31 0
[1.25] [0.23] [4.14] {40.00]
D 3% CJA 4 0 0.21 0.48 117.88 10.68
{0.02] [0.17) [18.54] 0
E Control 5 0 0.23 0.18 140.88 0
{0.03] [0.08] {26.28]

* P<0.0001 vs. group C b P<0.05 vs. group B

€ P<0.05 vs. group C

4 P<0.005 vs. group C < P<0.001 vs. group B

Asian Pacific Journal of Cancer Prevention, Vol 6, 2005 339
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i o feny taesier e , G T
Figure 2. Histopathological Findings in the Pyloric
Mucosa of Mongolian Gerbils Tnoculated with Hp. (A)
Hp-inocutated control group (group C). The glandular stomach
shows hyperplastic change and severe infiltration of inflammatory
cells (H&E, Original magnification, x50). (B) Hp-inoculated 3%
CJA group (group A). The glandular stomach shows mild
infiltration of inflammatory cells and mucosal hyperplasia (H&E,
Original magnification, x50).

microscopically demonstrated severe gastritis with moderate
to marked infiltration of inflammatory cells, mucosal
hyperplasia with hemorrhagic erosion and moderate to
marked Hp density mainly in the pyloric mucosa of glandular
stomachs (Fig. 2A). The microscopic scores for the 1 and
3% CJIA administrated group (groups A and B) were
significantly lower than for the Hp-inoculated control group,
with dose-dependence (Table 2). The thickness of the pyloric
mucosa was also reduced dose-dependently in CJA
administrated group, reaching significance in the 3% CIA
group (Fig. 2B). No evidence of gastritis and mucosal
hyperplasia was found in any Hp-free animals.

Antibody Titer and Serum Gastrin Level

Titer of anti-Hp antibodies in all Hp-inoculated groups
were greater than the cut off values expect in one animal in
group A, which was excluded from the analysis. There were
no significant differences in antibody titers among groups
A-C (Table 2). The values for serum gastrin were reduced
dose-dependently in the CJA groups, and significantly with
the 3% dose (group A) (Table 2).

*

160 - Aok
140 ¢ d
120 ¢

100 ¢

Relative urease A gene level (%)

A B Cc D E
Figure 3. Relative Expression Levels of the Urease A
Gene in Glandular Stomachs of Mongolian Gerbils.
Values were set at 100% in group C and expressed as mean + SE.
Note decrease in relative urease A gene levels in groups A and B
as commpared to group C. *P<0.05 and **P<0.01, by the Mann-
Whitney U test.
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Quantification of Hp

Real-time PCR was performed to demonstrate expression
of the urease A gene of Hp-inoculated groups using GAPDH
as an internal confrol. Average relative urease A gene levels
of glandular stomach in 1 and 3% CJA and Hp-inoculated
control groups were 26.6+11.6% (average +SE), 30.3+10.5%
and 100+40.9%, respeciively. The lowering by CJA was
significant (P<0.01 and P<0.05, respectively, of 1 and 3%)
(Fig. 3). Furthermore, no amplification of the urease A gene
was detected in 4 of 20 animals {20%) in group A and 1 of
21 animals (4.8%) in group B, in addition to all the Hp-free
animals.

Discussion

Our present data provide clear evidence that a fruit-juice
concenirate of Japanese plums administered in the drinking
water can suppress chronic active gastritis in the glandular
stomachs of Hp-infected Mongolian gerbils in a dose-
dependent manner, reducing urease A gene amount in the
Hp-inoculated glandular stomach. In the 20% of 3% CJA
and 4.8% of 1% CJA administered getbils without detectable
urease A gene, histological examination for Hp also proved
negative, indicating the possibility that Hp had been
eradicated in these animals. Rokbi et al. have previously
demonstrated that real-time PCR is a powerful tool for the
detection and quantification of Hp gene expression in the
gastric mucosa (Rokbi et al,, 2001) and PCR amplification
of the Hp urease A gene is a highly sensitive and specific
method for the diagnosis of Hp infection (Clayton et al,,
1992).

The Japanese plum (ume), Prunus mume Sieb. et Zucc.
(Rosaceac), has been traditionally used as a medical food in
Japan and in Chinese traditional medicine, various parts of
the plant are used. Although a number of reports have been
published with concrete evidence that Japanese apricots are
effective against discases (Maitani etal., 1985), information
on the mechanisms, for example of its antibacterial and
fungicidal properties, is limited. It hasbeen postulated that
antioxidants may reduced cancer risk by modulating red-ox
status, by preventing biologic oxidant, and by inhibiting the
formation of carcinogen (Serafini et al., 2002). Utsunomiya
et al. previously reported that fruit-juice concentrate of
Japanese plumr possesses a potent antioxidant activity
{Utsunomiya et al,, 2002). Timuro et al. have shown that
antioxidative effects of garlic may have suppressive effects
on Hp-induced gastrilis in Mongolian gerbils (Iimuro et al,,
2002). We therefore hypothesize that antioxidative effects
of CJA may have contributed to the suppression of chronic
active gastritis in glandular stomach of Hp-infected
Mongolian gerbils.

In addition, CJA harbors strong acids, including citric
and malic acid (Chuda et al., 1999; Fujita et al., 2002), which
may exert antibacterial action and cause environmental
change in the stomach. Suppressive effects on gastric cancer
development would be expected as a result of the decrease
of quantity of Hp and improvement of Hp-induced chronic
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active gaslritis by administration of CJA. Actual ingredients
which might be effective for Hp-induced chronic active
gastritis have not been clarified but warrant further
examination. Studics are now in progress to clarify the
suppressive effect of gastric cancer development in gastric
carcinogenesis model using Mongolian gerbils.

In conclusion, in this present study, we found CJA to
suppress chronic active gastritis in the glandular stomachs
of Hp-infected Mongoliau gerbils. Therefore, CTA may have
potential as a safe and inexpensive agent to control Hp-
associated gastric disorders in Japan, including gastric
neoplasia.
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With the aim of developing more efficient gastric cancer
screening programs for use in Japan, we studied a new screening
program that combines serum pepsinogen (PG) testing and
barium digital radiography (DR). A total of 17 647 middle-aged
male subjects underwent workplace screening over a 7-year
period using a combination of PG testing and DR. This program's:
effectiveness, as well as other characteristics of the program,
was analyzed. Forty-nine cases of gastric cancer were detected
(comprising 88% early cancer cases). The detection rate was
0.28%, and the positive predictive valué was 0.85%. The PG test
detected 63.3% of cases, DR detected 69.4% of cases, and both
tests were positive in 32.7% of cancer cases. The two methods
were almost equally effective, and were considerably more
effective than conventional screening using photofiuorography.
Each screening method detected a distinct gastric cancer
subgroup; the PG test efficiently detected asymptomatic small
early cancer with intestinal type histology, while DR was
efficient at detecting cancers with depressed or ulcerated
morphology and diffuse type histology. The cost for the
detection of a single cancer was much less than that for
conventional screening. In fact, it is possible to further reduce the
cost of detecting a single cancer to a cost comparable to that of
surgically resecting a single gastric cancer. Thus, it is probable
that a highly efficient gastric cancer screening system can be
implemented by combining the two screening methods. Such a
screening program would be beneficial in a population at high
risk for gastric cancer. (Cancer Sci 2005; 96: 713-720)

G astric cancer has been one of the leading causes of
cancer-related deaths worldwide and in Japan.®~* The
Japanese population is at especially high risk for gastric
cancer, with a prevalence that is markedly higher than that in
other industrialized nations. In Japan, 49 213 people died
from gastric cancer in 2002.°) To cope with this serious
public health problem, a gastric cancer screening system
using double contrast barinm X-ray was introduced in the
1960s throughout Japan. Annually, more than five million
people undergo screening and, as a result, thousands of
gastric cancers are detected every year.®® However, the
present gastric cancer screening system leaves much to be

© japanese Cancer Association doi: 10.1111/.1349-7006.2005.00098.x

desired; the number of subjects screened has recently been
reported to be decreasing, and the screening program itself
covers less than 10% of the at-risk population.®® Furthermore,
conventional barinm X-ray by photofluorography with a
10 cm X 10 cm sized film is used to screen nearly 80% of the
subjects screened annually, so its resolution is by no means
high; in fact, itis abi to detect no more than 39% of early
gastric cancers."? Thus, low cost-effectiveness and the risk
of X-ray exposure have become issues of concern. Therefore,
a more efficient screening system has been sought.

In high incidence areas, such as_Japan, stomach carcino-
genesis is considered to begin with gastritis that proceeds to
extensive atrophy together with intestinal metaplasia, then
to dysplasia, and finally to cancer.%*!® We have previously
reported that serum pepsinogen (PG) levels provide a precise
measure of the extent of gastric atrophy, and that the serum
pepsinogen test is useful in identifying subjects with wide-
spread atrophic gastritis, which is presumed to be a precan-
cerous lesion, especially for intestinal type gastric cancer.!
The serum PG test is considered to be suitable for cancer
screening because it is low-cost, easy to perform, provides quick
resulgg, and produces no patient discomfort.®>1% Recently,
serological cancer screening using the PG test followed by
endoscopy was introduced on an experimental basis by
some local communities and workplaces in Japan.®’-2 This
screening strategy has received widespread attention because
of its significantly increased cancer detection rate. In addition,
the number of subjects undergoing screening has also increased
dramatically in the target populations. However, although the
PG test is a reliable test for extensive atrophy, it does not
directly detect cancer, but only identifies individuals who
need further screening by endoscopy. As suggested by vari-
ous pathological and epidemiological data, the association
between atrophic gastritis and intestinal type gastric cancer is
very strong, whereas there is only a weak association, if any,
between atrophic gastritis and diffuse-type gastric cancer.®'?
Thus, it is probable that non-gastritis based cancers, especially
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of the diffuse type, escape detection by the PG test. Indeed,
as several preliminary reports published by us and others
have indicated, quite a few cancers, including those in the
advanced stage, tend to be missed by serological cancer
screening.®*~* Thus, it is essential that the design of a stable
and efficient cancer screening system includes a strategy that
deals with such PG test-negative cancers. Recent reports have
indicated that barium X-ray with digital radiography (DR)
has a high diagnostic value in the detection of gastric can-
cers. Therefore, it is considered to be a good alternative to
conventional barium X-ray.??® Thus, to overcome the
drawbacks of gastric cancer screening using the PG test, we
introduced gastric cancer screening using a combination of
the PG test and DR as the first-step screening tool. In the
present study, we analyzed the results of 7 years of screening,
and we evaluated not only the validity of the screening Sys-

tem itself, but also the particular characteristics of each of the
two screening methods.

Materials and Methods

The subjects were male employees who underwent gastric
cancer screening in a workplace in Wakayama City, which is
in the western part of Japan. In 2000, the gastric cancer
mortality rate for the area was 45.7/100 000 for men and
18.0/100 000 for women, compared to 39.1/100 000 for men
and 15.3/100 000 for women for the whole country. In fact,
Wakayama ranks third among the 47 administrative divisions
of Japan in terms of gastric cancer mortality.

From April 1995 through to the end of March 2002, a total
of 17 647 male subjects (mean age [+ SD}: 50.4 + 5.4 years
old; range: 40-60 years old) were screened with a PG test
and barium DR. The number of those screened for the first
time in 1995 was 3068, and among them, 2160 were
screened repeatedly with the two screening tests during the
following years. If either or both of the tests were positive,
the subjects were further examined by upper gastrointestinal
endoscopy (XQ-200, Olympus, Tokyo, Japan). Subjects who
required prompt medical care or who had previously under-
gone gastric resection were excluded and were analyzed sep-
arately. Serum PG levels were measured using a modification
of the RIA method (Riabeads Kit, Dainabott Co., Tokyo),
which we reported on previously.®” Subjects were screened
on the basis of the following PG-test positive criteria: PG 1
level of less than 50 pg/L and PG I/I ratio of less than
3.0.9%*) While taking into account the amount of manpower
required for conducting thorough endoscopic examinations,
the criteria were established so that the sensitivity would be
maximized with a positive rate of approximately 20%.

The criteria had a sensitivity of 69% and a specificity of
80%.°% In the analysis of the PG test results, subjects who
had been prescribed any medications that might affect gas-
trointestinal function (e.g. proton pump inhibitors or non-
steroidal anti-inflammatory drugs) prior to the examination
were excluded. For upper-gastrointestinal barium X-ray,
remote controlled X-ray fluoroscopy (TU-230XB, Hitachi
Medico, Japan) and real-time digital radiography (DR-
2000H) were used. A total of 150 mL of high concentration
barium (200%) was used for the double contrast upper-
gastrointestinal X-ray series, and 11 films were taken for each

714

subject. All subjects were followed for the duration of the
study period to determine gastric cancer-related deaths. Gas.
tric cancer-related deaths were determined on the basis of
information collected about the terminal event. Standardized
mortality ratios (SMR) of gastric cancer among participants
during the 7-year observation period were calculated based
on sex, age, and year-specific gastric cancer mortality, using
the male population aged 40--60 years in Wakayama city ag
the standard population. For the standard population, the
expected number of deaths for each 10-year age category was
calculated for each of the screening years and then combined
to obtain the overall expecied number of deaths. Then, the
ratio of the observed number of deaths to the expected
number of deaths (SMR) during the study period was calcu-
lated. The 95% confidence intervals of the SMR were calcu-
lated using Poisson regression models.

Data were analyzed using SPSS 11.0 (SPSS Inc., Chicago,
Hlinois, USA). Differences were tested for statistical signifi-
cance using Student’s z-test and analysis of variance for com-
parisons among multiple values.

The ethics committee of Wakayama Medical University
approved the protocol, and mformed consent was obtained
from all participating subjects.

Results

The results of gastric cancer screening from 1995 through to
2002 were analyzed and are summarized in Table 1. The
effectiveness of the two primary screening methods was
compared. During the 7-year study period, 17 647 middle-
aged male subjects underwent screening. The PG test results
were positive in 3441 subjects (19.5%), and DR was positive
in 3971 subjects (22.5%). Endoscopy was performed in 2771
(78.8%) of the PG test-positive cases and 3341 (84.1%) of
the DR-positive cases. During the study period, 49 cases (52
lesions) of gastric cancer were detected, a detection rate of
0.28%. The positive predictive value of the two combined
cancer screening tests was 0.85%. Of the patients with
cancer, 63.3% (31 cases) were detected by the PG test, 69.4%
(34 cases) by DR, and 32.7% (16 cases) were positive for
both screening tests. The two screening methods were almost
equally effective, with similar detection rates PG test,

Table 1. Results of gastric cancer screening

T .
Method WO screening methods

(PG plus DR) PG bR
A 17 647
B 7147 (40.5%) 3441 (19.5%) 3971 (22.5%)
C 5802 (81.2%) 2711 (78.8%) 3341 (84.1%)
D 49 31 34
D/A (%) 0.28 0.18 0.19
D/B (%) 0.69 0.9 0.86
D/C (%) 0.85 1.14 1.02

A, total number of subjects screened; B, total number of subjects
requiring further tests (% of the total screened subjects, A); C, total
number of the subjects who underwent endoscopy (% of the total
subjects who required further tests, B); D, number of cancers
detected; PG, pepsinogen test; DR, barium X-ray with digital
radiography.

© Japanese Cancer Association doi: 10.1111/.1349-7006.2005.00098 x
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Table 2. Clinicopathological profiles of gastric cancers detected by screening

| 1t h

Age in years

Size of the cancer

5+ 3. 1+ 44 A4+ 36" 122+7. 188 +13.9* i
(mean + SD) 555+3.4 541+ 44 534+ 36 (mm) (mean + SD) 22+74 88 £13.9* 231159
No. of cancer cases 15* 18 16
. Depth of cancer invasion
No. of lesions 18 18 16 (no. of lesions [%])
Locus (no. of :
18 00 0, 0,

lesions [%]) Early cancer (100%) 15 (83%) 13(81%)

C S (28%) 6 (33%) 2 (13%) Mucosa 16 (89%) 10 (56%) 8(50%)

M 8 (44%) 9 (50%) 8 (50%) Submucosa 2 (11%) 5 (27%) 5(31%)

A S (28%) 3 (17%) 6 (37%) Advanced cancer 0 (0%) 3 (17%) 3(19%)
Macroscopic type . . o o o
(no. of lesions [%]) Muscularis Propria 0 (0%) 0 (0%) 1(6%)

lla 4 (22%) 0 (0%) 1 (6%) Subserosa 0 (0%) 3{17%) 2(13%)

Histological type
0, @, [V

la+lic 1 (5%) 0 (0%) 1 (6%) (no. of lesions [%1)

b 0 (0%) 1 (5%) 0 {0%) Intestinal type 15 (83%) 10 (56%) 13(81%)

Hb+lc 0 (0%) 1 (5%) 0 (0%) Diffuse type 3(17%) 8 (44%) 3(19%)

Treatment
0 9, 0,

{d 10 (56%) 10 (56%) 10 {64%) (no. of lesions [%])

e+l 3 (17%) 3 (17%) 1 (6%) EMR 8 (44%) 4 (22%) 2(12%)

‘c';:'c‘: advanced 6 00%) 0 (0%) 1(6%) Surgery 10 (56%) 14 (78%)  14(88%)

Borrmann 2 0 (0%) 1(5%) 1 (6%)

Borrmann 3 0 (0%) 2 (12%) 1 (6%) ,

PG, pepsinogen test; DR, barium X-ray with digital radiography; 1, cancer cases detected only‘bf; the PG test; lI, cancer cases detected only
by barium X-ray with DR; Hl, cancer cases detected by both methods. C, upper third of the stomach; M, middie third; A, lower third. lla,

superficial-elevated type; lib, superficial-flat type; llc, superficial-depressed type. EMR, endoscopic mucosal resection. "Not significant (NS) vs
1 and HE; *'NS vs | and 1I; *NS vs I; P < 0.05 vs . *Two cases had synchronous mucosal cancers, and one case had metachronous mucosal and

submucosal cancers.

0.18%; DR, 0.19%) and positive predictive values (PG test,
1.14%; DR, 1.02%).

The clinicopathological profiles of the detected cancers
based on the results of the initial screening method are sum-
marized in Table 2. There was no significant difference in the
mean age among the three cancer subgroups (the single PG
test-positive group, the single DR-positive group, and the two
test-positive group). Of the 52 detected cancer lesions, 46
(88%) were in the early stage (confined to the mucosa or sub-
mucosa). The cases detected by the PG test alone were all
asymptomatic early cancers, while the cases detected by DR
were by no means asymptomatic. In fact, 22% of the cases
had some abdominal symptoms. There tended to be a smaller
proportion of early cancer among the cases detected by DR
alone (83%), and among the cases in whom both tests were
positive (81%); the difference from those detected by the PG
test was not statistically significant. We found that 89% of the
cancers (16 lesions) detected by the PG test alone were local-
ized to the mucosal layer, whereas 56% of those detected by
DR alone and 50% of those in whom both screening tests
were positive were mucosal cancers. As expected given these
findings, the cancers detected by the PG test alone were
considerably smaller in size. In particular, the mean (SD)
diameter of the cancers detected by a positive PG test
was 12.2 (7.4) mm, and for those detected by a positive DR
test the mean diameter was 18.8 (13.9) mm, and with
both screening methods positive the mean diameter was
23 (15.9) mm; the difference in the diameters between the

Ohata et al.

PG test-positive group and the two test-positive group was
statistically significant (P < 0.05). Overall, most of the can-
cers were located in the middle third of the stomach, irre-
spective of the screening method. However, the cancers
detected by DR alone tended to be located more frequently
in the upper third of the stomach, where the degree of
atrophic change is less severe. According to macroscopic
classification, most cancer cases were of the depressed type.
Of the 46 garly cancer lesions, 37 (80.4%) were llc or
Tic + I, and all but one of the advanced cancers were either
Borrmann 2 or 3. The remaining case was a Iic-like advanced
cancer. Elevated [la lesions were detected in 22% of the
cases that were PG test-positive alone, 0% of the cases that
were DR positive alone, and 6% of cases in which both tests
were positive. Of the two histological types of gastric cancer,
the intestinal type was the most prevalent detected on screen-
ing. This tendency was quite pronounced in the cases
detected by the PG test alone, as 83% of these cancers were
of the intestinal type, while the proportion of the diffuse type
cancers was the highest in those identified by DR alone
(44%). Therefore, the PG test is good at detecting small,
early, intestinal type cancers among asymptomatic subjects,
which tend to escape screening by barium X-ray.

With respect to cancer therapy, all the cancer cases were
successfully treated either surgically or endoscopically. Since
endoscopic mucosal resection (EMR) is less invasive and
produces a better quality of life compared with surgical
resection, it has been widely accepted in Japan as the primary

CancerSci | October2005 | vol.96 | no.10 | 715

—123—



Table 3. Cost-effectiveness analysis of gastric cancer screening according to the screening methods used

Method Two screening methods (PG plus DR) PG. . DR
Total number of subjects screened 17 647

Total number of subjects undergoing further tests 5 802 2711 3341
Number of cancer cases detected 49 31 34
Total cost (¥) 198 955 000 70 537 000 131 668 000
Cost for detecting a single cancer (¥) 4 060 306 " 2275387 3872588

PG, pepsinogen test; DR, barium X-ray with digital radiography. Cost for PG test: ¥2000/subject; cost for barium X-ray with DR:

¥5000/subject; cost for endoscopy: ¥13 000/subject.

therapeutic strategy for the treatment of early gastric cancer.
EMR is particularly indicated for intestinal type mucosal
cancers of the elevated type no larger than 2 cm in size and
for cancers of the depressed type no larger than 1 cm without
ulceration.®” Many cancer cases detected by the PG test
alone were small mucosal cancers with no sign of lymph
node or distant metastasis, and thus were especially well
suited for EMR. As a result, 44% of the cases detected by the
PG test alone underwent EMR, and this percentage was
higher than in the other two groups: EMR was used to treat
22% of gastric cancers in the single DR-positive group and
12% in the two test-positive group.

Table 3 shows the costs for the cancer screening program
using the two methods. Taking into account both the primary
and secondary screening costs, the total cost for the present
screening approach was ¥198 955 000, which included
¥35 294 000 for the initial PG test screening, ¥88 235 000 for
the DR, and ¥75 426 000 for endoscopy. Using the present
screening approach, the cost to find a single cancer case was
¥4 060 306. Using the PG test alone, the cost to find a single
cancer case was ¥2 275 387, while the calculated cost to find
a single cancer case by using the DR method alone was
¥3 872 588.

Figure 1 shows examples of gastric cancer cases detected
by the PG test alone. Case (a) had a 10-mm type Ila lesion
located in the anterior wall of the gastric angle, and case (b)
had an 8-mm type Ila lesion located in the lesser curvature of
the proximal antrum. These cases had an intestinal type
mucosal cancer and were successfully treated by EMR. Case
(c) had a 5-mm IIc + IT lesion located in the anterior wall of
the lower gastric body. Partial gastrectomy was performed,
and pathological examination of the resected stomach
revealed a minute, diffuse type mucosal cancer. It is note-
worthy that these three cases had been essentially symptom-free
and that the DR did not document any abnormalities that
would indicate the existence of these lesions. In these three
cases no recurrence has been observed to date. These cases
clearly indicate that the PG test is especially useful in detect-
ing minute lesions that escape diagnosis by barium X-ray.

Figure 2 shows examples of gastric cancer cases detected
only by DR. Case (a) had a 10-mm type Ilc + I lesion
located in the lesser curvature of the gastric angle. A partial
gastrectomy was performed, and pathology revealed a diffuse
type mucosal cancer. Currently, no recurrence has been
observed. Case (b) had a 30-mm type Ilc + IHI lesion located in
the greater curvature of the gastric angle. A partial gastrectomy
was performed, and the resected stomach revealed a diffuse
type submucosal cancer. Case (c) had a 45-mm Borrmann 3

lesion located in the gastric cardia. Total gastrectomy was
performed, and pathology revealed a large, ulcerated,
advanced intestinal type cancer invading the subserosa.
There have been no signs of recurrence in any of these three
cases to date. In these three cases, although they were not
symptom-free at screening, the lesion could have been missed if
the primary screening was conducted using the PG test alone,
because the background mucosa was.not atrophic, and thus,
the serum pepsinogen level was high. These cases clearly
show that gastric cancers, irrespective of stage, can easily
escape detection by the PG test alone; for such cancers, bar-
ium X-ray is the preferred screening strategy.

In the workplace in which the screening was done, six
employees died from gastric cancer during the period from
1991 to 1994 when cancer screening was conducted by con-
ventional barium X-ray using photofluorography. With the
introduction of the new screening program, there was no
significant reduction in the number of gastric cancer deaths
during the first 4 years between 1995 and 1998, as seven
employees died. The SMR (95% confidence interval) of
gastric cancer in the workplace compared with the same aged
male population living in the same area during the period
was 2.74 (1.20-5.92). However, in the following 3 years
(1999-2001), there was a drastic reduction in cancer deaths,
with only one employee dying from gastric cancer; the SMR
for this period decreased to 0.87 (0.22-2.76).

Discussion

Previous seroepidemiological studies have clearly indicated a
significant correlation between gastric cancer mortality and
the prevalence of extensive atrophic gastritis as determined
by serum PG testing.“**¥ Therefore, PG test-positive subjects
are considered to constitute a population at high risk for
gastric cancer, and the PG test is a valuable tool for selecting
a population that needs further examination by endoscopy. It
has also been reported that barium X-ray with DR is superior
to conventional barium X-ray in image quality and diagnostic
accuracy for detecting gastric cancer, especially when a high
concentration bartum meal is used.®5*9 Furthermore, DR has
the following advantages over the conventional screen-film
system: (i) digital imaging allows image quality to be
optimized and radiation dose to be reduced; (ii) DR provides
rapid data acquisition, digital image processing, and instant
image display; and (iii) DR is compatible with a picture
archiving and imaging network.®-?® Given these features,
DR can be particularly useful for barium X-rays using the
double-contrast imaging method.?*?® To improve the

© Japanese Cancer Association doi: 10.1111/.1349-7006.2005.00098.X .
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Case a Case b

Case ¢

Fig. 1. Representative gastric cancer cases in which only the pepsinogen (PG) test was positive. The PG test efficiently detected small early
cancers, especially those with an elevated type morphology and intestinal type histology. (3} A 10-mm type lia fesion located in the anterior
wall of the gastric angle (arrow heads). The serum PG levels were: PGl 27.2 pg/L, PGH 22.6 ng/L, and the PGI/PGI ratio was 1.2. (b) An 8-mm
type lla lesion located in the lesser curvature of the proximal antrum as indicated by the arrow heads (b-1). The indigo carmine dye-spraying
method revealed the existence of the tiny elevated lesion more clearly as shown by the arrow heads (b-2). The serum PG levels were: PGt
39.5 ng/L, PGH 39.5 ng/L, and the PGI/PGII ratio was 1. {c) An 8-mm type lc + Hl lesion located in the anterior wall of the lower gastric body
(arrow heads). The serum PG levels were: PGI 48.5 ug/L, PGli 30.3 pg/L, and the PGYEGI ratio was 1.6. All three cases had been essentially
symptom-free at detection. (a) and (b) were intestinal type mucosal cancers and were successfully treated by endoscopic mucosal resection
(EMR). (c) was treated with a partial gastrectomy, and pathological examination revealed a diffuse type mucosal cancer. In all these cases,
the background mucosa revealed extensive atrophy, as would be expected with a positive PG test.

efficiency of gastric cancer screening, we introduced the PG
test and the barium X-ray with DR as initial screening tools.
The results of the present study clearly indicate that both the
PG test and DR effectively detect gastric cancer. According
to the 2001 annual report of gastric cancer screening
prepared by the Japanese Association of Gastrointestinal ~ with photofiuorography had been done until the present
Mass Screening, the cancer detection rate of nationwide  screening system was introduced. In the initial year, the can-
screening using the conventional barium X-ray method was  cer detection rates of the PG test and DR were at the same
0.10%.“” Thus the 0.28% cancer detection rate found in the  high level (0.38%). The mean detection rates of the two
present screening over a 7-year period was considerably  methods for the first 3 years and the next 4 years were: PG
higher than that of the nationwide gastric cancer screening  test, 0.28% first 3 years, 0.14% next 4 years; DR, 0.29% first
program using conventional barium X-ray examination. 3 years, 0.17% next 4 years. Because the PG test was a new
Based on their positive predictive values, the PG test and DR type of screening test applied for the first time in that work-
are almost equally efficient, and both of them are superior to  place, the test may have detected prevalent cancers in the

conventional barium X-ray examination. The detection rate is
1.8 times higher with the PG test and 1.9 times higher with
DR than with conventional barium X-ray examination.

In the workplace where this study was done, cancer
screening by using the conventional barium X-ray technique

Ohata et al. CancerSd | October2005 | vol.9 | no.10 | 717
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Fig. 2. Representative gastric cancer cases in which only barium digital radiography (DR) was positive. The DR efficiently detected cancers
with depressed or ulcerated type morphology and diffuse type histology. Images marked 1 show endoscopic views of each case, and images

marked 2 show the DR images of each case. (a) A 10-mm type llc + Il lesion located in th
levels were: PGI 44.6 ng/1, PGl 13.5 ug/L, and the PGI/PGH ratio was 3.3. (b) A 45-mm Borr,
PG levels were: PGl 43.1 ug/L, PGl 5.9 pg/L, and the PGI/PGit ratio was 7.3. (d) A 30-

e lesser curvature of the gastric angle. Serum PG
mann 3 lesion located in the gastric cardia. Serum
mm type Hc + it lesion located in the greater curvature

of the gastric angle. Serum PG levels were: PGl 77.9 ng/L, PGH 22.9 ug/L, and the PGUPGII ratio was 2.6. (a) and (c) were both treated by
partial gastrectomy, and both had diffuse type histology. (a) was a mucosal cancer, and (c) was a submucosal cancer. (b) underwent a total
gastrectomy, and the pathology revealed a large ulcerated advanced intestinal type cancer invading the subserosa. In all these cases, the
background mucosa was not atrophic, which would: be expected with a negative PG test.

initial year. Thus, it can be expected that by repeating the PG
test screening during subsequent years, the detection rate of
the serum test would decrease until it finally detected only
the annual incident cancers. In contrast, since DR screening
was essentially the same type of screening that had already
been done annually, it was quite unexpected that the detec-
tion rate would be high in the first year of screening, and that
it would then decrease in subsequent years. It is therefore
likely that, in the first year, DR detected cancers missed by
converntional screening, and in the following years, the DR
detection rate, although it did decrease, remained higher than
that of the conventional barium X-ray screening approach.
This clearly indicates the higher sensitivity of DR in compar-
ison with conventional barium X-ray. Thus, the sensitivity of
the two screening methods is almost equivalent, both in the
mitial phase of screening and on subsequent screening, indi-
cating that the combined approach is much better than con-
ventional screening using photofluorography.

718

In our screening, the overlap beiween the cancers détected
by the PG test and by DR was relatively small, accounting
for only 32.7% of the total cancer cases detected. The PG test
is a sensitive and specific indicator of extensive mucosal atro-
phy, while DR is a method that directly visualizes mucosal
abnormalities. As could be expected from the difference in
the diagnostic mechanisms of the two screening methods, the
PG test efficiently detected small early cancers with elevated
type morphology and intestinal type histology that tended
to be derived from atrophic gastric mucosa. In contrast, DR
was efficient at detecting cancers with a depressed or
ulcerated type morphology and a diffuse type histology. PG test-
positive cancers are usually asymptomatic, which is a reflection
of reduced acid secretion due to extensive atrophic gastritis.
However, DR-positive cancers, of which approximately a
half are PG test-negative and in whom acid secretion is not
impaired, are by no means asymptomatic. In our study, cases
detected only by the PG test were all asymptomatic early

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00098.x
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gastric cancers, 83% of which were intestinal type. Macro-
scopically, 22% of these cases had elevated morphology, and
89% were limited to the mucosa. These small intestinal type
mucosal cancers, especially the elevated type, are particularly
well suited for EMR. Thus, the PG test is a screening method
that can contribute greatly to the patients’ quality of life
(QOL) by detecting cancer in its early stages. In other words,
the PG test is especially good at screening asymptomatic
subjects, whereas symptomatic subjects or PG test-negative
subjects should be screened by barium X-ray examination.
In 2002, the Japanese Association of Gastroenterological
Mass Survey reported that 5843 904 subjects underwent
mass screening for gastric cancer nationwide, and that
379 965 underwent further examination.“” Given that initial
screening with conventional barium X-ray cost ¥3500 per
subject, and endoscopy cost ¥13 000 per subject, the total
cost for the screening program was estimated as
¥25 393 209 000 per year. During screening in 2002, 5410
subjects were identified as having gastric cancer. Based on
these data, the cost required to find a single case of gastric
cancer can be estimated as ¥4 408 543, simply by dividing
the total cost by the number of deiected cancers. In contrast,
using the screening system presented in this paper it would
cost ¥4 060 306 to find a single gastric cancer case. Using the
PG test alone, the cost to find a single cancer case was
¥2 275 3817, whereas it cost ¥3 872 588 to find a single gas-
tric cancer case using DR alone. Both of these screening
methods were found to be more cost-effective than conven-
tional barium X-ray. Furthermore, with the introduction

of DR, there has been a reduction in costs for films, reagents

for development, and waste disposal.?*?® The total cost
over 7 years for cancer screening using barium X-ray was
¥88 235 0600 (¥5000/subject), which includes the deprecia-
tion cost for the DR system (¥4 000 000/year), the cost for
the optical disk (¥250 000/year), hard copy paper (¥220 000/
year), the cost for barium meals, effervescent granules, anti-
cholinergics (¥1714 280/year, ¥680/subject) and other costs,
including personnel expenses. Since the cost of DR can be
decreased considerably, the total cost of DR could be reduced
to less than ¥3500/subject, in which case the cost to detect a
single case of cancer using a DR screening program would
be reduced to less than ¥3 094 044. Furthermore, the PG test
cost could be reduced to at least ¥1000/subject, so that the
cost would be ¥1 706 129 per cancer using the PG test alone.
Thus, it would cost ¥3 159 949 per cancer for a screening
program using both the PG test and DR. These figures
are comparable to the cost of doing a surgical resection
of a stomach cancer in Japan, for which the costs have
been calculated as ¥3 417 750 £ 19 982 per patient in
patients with preoperative disorders or complications
and ¥1 534 070 + 280 560 per patient in patients without any
preoperative disorders or complications.®” In order to estab-
lish a stable and efficient cancer screening system, it is
important to optimize the economic aspect of the screening
test program.®® However, neither the PG test nor DR can be
recommended as a single screening method for the general
population, because, as has been shown, more than 30% of
the cancers cannot be detected when these screening methods
are used separately. Asymptomatic early cancers, a consider-
able number of which are particularly suitable for minor

Ohata et al.

invasive endoscopic mucosal resection, escape diagnosis with
DR screening, while the PG test cannot detect non-gastritis
based cancers, especially those with a depressed type mor-
phology and diffuse type histology, including those in the
advanced stage, which can be easily detected by barium
X-ray and which have a higher malignant potential than
PG test-positive cancers. Becduse each of-the two screening
methods detect a distinct subgroup of gastric cancer with dis-
tinct clinicopathological characteristics, the combination of
the two methods has greatly improved screening sensitivity
and 1s more cost effective than conventional screening.

With the introduction of the new two test screening sys-
tem, the number of gastric cancer deaths has decreased mark-
edly, and there has been a steady decrease over time in the
SMR (using the same aged male population living in the
same area as the standard). As yet, the reduction in cancer
mortality has not been significant, although it is noteworthy
that there have been only two cancer deaths since 1999 in
this workplace: one cancer death occurred in a patient who
skipped the screening, and the other underwent gastrectomy
in 1990 and was thereafter excluded from the screening pro-
gram and followed separately. Thus, there have been no
cancer deaths in the population screened for the last 5 years,
and it is thus highly probable that our cancer screening systern
has successfully reduced gastric cancer mortality.

The next.improvement of the present screening systern
will depend on target setting. Recent studies have clearly
indicated that H. pylori infection and the resulting severe
atrophic gastritis together with intestinal metaplasia are
involved in the developmeiit of gastric cancer. By following
approximately 5000 male subjects of cancei-susceptible age
for more than 7 years, we have found that it is quite rare for
gastric cancer to develop in H. pylori-free stomachs.®® In
Japan today, 20—30% of the middle-aged population (40—-60
years of age) is H. pylori free, and it is highly probable that
subjects from this group, if asymptomatic, could be excluded
from screening. In contrast, PG test-positive subjects are at
high risk of developing cancer, and according to our data the
cancer incidence in this group is 255/100 000 person-
years.®” This incidence increases in a stepwise manner with
the progression of atrophic gastritis and reaches 871/100 000
person-years’in the group with severe atrophic gastritis and
extensive intestinal metaplasia (mnetaplastic gastritis), which
can be easily identified because they are PG test-positive and
H. pylori antibody-negative.®® Such cancer high-risk groups,
especially the metaplastic gastritis group, should be the target
of regular screening by endoscopy. However, in target setting
we should pay special attention to the PG test-negative,
H. pylori antibody-positive group: the cancer incidence in
this group is by no means low (107/100 000 person-years),
and approximately half of the diffuse cancers that are clinically
and biologically more malignant occur in this group. There-
fore, this group should also be included in the screening
program, and DR should be used to screen this group. Thus,
initial screening requires the combination of the PG test and
bartum DR.

In conclusion, the present results strongly indicate that the
establishment of a cancer screening system with a high effi-
cacy is possible by using a combination of the PG test and
barium DR. The best way to combine the two methods needs
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further investigation, and this may vary significantly depend-

ing

upon the target population. It is probable that such

screening would be beneficial not only in Japan but also in
other high risk areas outside Japan, such as East Asia, Central

and

South America, and Eastern Europe.
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Summary

Serum pepsinogen (PG) levels-correlate closely with a precancerous
condition of developing gastric cancer, which can detect asymptomatic
gastric cancer patients from blood samples. Endoscopic submucosal
dissection (ESD) can be indicated, if the cancer is intramucosal and
intestinal-type. In 3,803 healthy individuals (a ratio of man to woman
= 2.7, a mean age of 44.5 years) at a workplace, 834 (22%) resulted in
positive PG tests (PGI < 70 ng/ml, PGI / PGII < 3). Gatroscopy was
practically performed for 543 (14.3%), which revealed 6 cancers in 5
individuals. Three cancers were curatively resected by ESD and the
other 3 were by gastrectomy with lymph node dissection. Combination
between serum PG levels and ESD, if possible, may be an attractive
strategy for gastric cancer patients to achieve better quality of lives.

Introduction

Serum pepsinogen (PG) levels provide a good surrogate marker for
the extent of atrophic gastritis, which is considered to be a precancerous
condition of developing gastric cancer. If the PGI level < 70 ng/ml and
the ratio of PGI to PGII <3 are defined as the positive PG test, that is
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extensive atrophic gastritis, it is reported that the sensitivity, the specificity,
and the positive predictive value of gastric cancer detection in Japanese
asymptomatic subjects were around 80%, 70%, and 1.5%, respectively.
(1, 2) It is important to detect gastric cancers in their early stages in
order to get better survival. Asymptomatic gastric cancer patients may
be detected in early stages, measuring serum PG levels from blood
samples in asymptomatic individuals at a workplace. Furthermore, a
newly developed endoscopic resection technique, that is endoscopic
submucosal dissection (ESD), enables us to resect large or ulcerative
lesions en bloc. (3-5) If the cancers are resected en bloc and the histo-
logical evaluation reveals the cancers’ conditions of node-negative tumors,
then, curative resection is obtained and a gastrectomy with lymph node
dissection is avoided to get a betier quality of life (QOL). In this study,
we investigated the feasibility of measuring serum PG levels in asymp-
tomatic individuals at a workplace for detection of gastric cancers and
the possibility of application of ESD for the detected cancers by posi-
tive PG tests.

Materials and Methods

Serum PG levels were measured in 3,803 asymptomatic individuals
at a workplace as a primary screening between April 2003 and March
2004. They consisted of 2,783 men and 1,020 women, with a mean age
of 44.5 years. Blood samples were taken after fasting, and serum PG
levels were assayed by a modified radioimmunoassay method using
PGI and PGII Riabeads Kits (Dinabot Co Ltd, Tokyo, Japan). (6) Those
with a PGI <70 ng/ml and PGI / PGII <3 were defined as having a
positive PG test and were recommended to undergo gastroscopy. Gas-
troscopy was performed at a clinic of the workplace with topical pha-
ryngeal lidocaine anesthesia by three skilled endoscopists, using GIF
XQ260 (Olympus, Tokyo, Japan). If endoscopical biopsies taken from
suspicious changes of cancers revealed the histological diagnosis of
cancers, then the individuals were referred to the affiliated hospitals
where ESD could be done, considering the patients’ desires. ESD was
planed, if the detail check-ups of the cancers revealed that they were
considered to be the following conditions; 1. intramucosal, intestinal-
type, and no ulcerative findings, 2. intramucosal, intestinal-type, less
than 3cm in size, and ulcerative findings. (7) Except for the above
conditions, gastrectomy with lymph node dissection was planed, if there
was no distant metastasis. Histological diagnosis of the resected speci-
mens by ESD was out of the above and/or with vessel infiltration, and
then, an additional gastrectomy with lymph node dissection was per-
formed. The procedures of ESD were carried out under conscious seda-
tion in an endoscopy room, using a single channel upper gastrointestinal
endoscope with water-jet system (EG-2931; Pentax, Tokyo, Japan, or
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Figure 1. Flex knife.

XGIF-1T240M (prototype); Olympus, Tokyo, Japan) and a high-fre-
quency generator with automatically controlled system (Endocut mode)
(Erbotom ICC 200; ERBE, Tiibingen, Germany). The procedures con-
sist of five steps; marking, submucosal injection, mucosal incision,
submucosal dissection, and treatment of the artificial ulcer. We used a
flex knife as a electrosurgical knife (8) (Figurel)and a mixture of a 1%
1900 KDa hyarulonic acid preparation (Suvenyl™, Chugai Pharmaceu-
tical Co., Tokyo, Japan) and 10% glycerin with 5% fructose and 0.9%
saline preparation (Glyceol™, Chugai Pharmaceutical Co., Tokyo, Ja-
pan) with a small amount of epmephnne (1:200000) as a submucosal
injection solution. (9) -

Results

Among 3,803 individuals, 834 (22%) (558 men and 276 women)
resulted in positive PG tests and 543 (14.3%) (364 men and 179 women)

A B

Figure 2. Case 1. A. Mucosal cancer with Illc+1II type, 27 mm in size, located in the
lesser curve of the middle gastric body. B. Resected specimen by ESD.
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Figure 3. Case 2. A. Mucosal cancer with Ilc type, 10 mm in size, located in the lesser
curve of the upper gastric body. B. Resected specimen by ESD.

A B

Figure 4. Case 5. A. Mucosal cancer with IIb type, 3 mm in size, located in the lesser
curve of the middle gastric body. B. Resected specimen by ESD.

A B

Figure 5. Case 6. A. Mucosal cancer with Ila type, 21 mm in size, located in the
anterior wall of the lower gastric body. B. Resected specimen by ESD.
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