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Abstract Cancers arise as a consequence of multiple
genetic and epigenetic alterations. Many genes aberrantly
methylated in cancers have been identified in recent years,
and their use in cancer diagnosis and therapy is currently
under investigation. During our genome-wide screening for
a novel tumor-suppressor gene in gastric cancers, we found
that only a small amount of aberrant methylation was
present, even in non-cancerous gastric mucosae. A sub-
sequent large-scale analysis of the gastric mucosae of
healthy individuals and gastric cancer patients using quan-
titative methylation-specific PCR (qMSP) revealed that
Helicobacter pylori infection potently induced aberrant
DNA methylation in non-cancerous gastric mucosae and
that these high methylation levels can decrease following
cessation of the H. pylori infection. Helicobacter pylori
infection induced the methylation of specific genes among
48 genes that can be methylated in gastric cancer cell lines.
Most importantly, the methylation levels in the gastric
mucosae of individuals without H. pylori infection corre-
lated with their risk of gastric cancer. These findings show
that a field for cancerization is formed by H. pylori infection
and that this field can be measured using DNA methylation
as a marker. The concept of an “epigenetic field for canc-
erization” has been also demonstrated for colon and breast
cancers, and it is possibly present for other cancers and
other diseases. Applied knowledge of cpigenctic changes in
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human diseases has now started to make an impact on the
prevention, diagnostics, and therapeutics of these diseases.
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Introduction

Epigenetic modifications are defined as DNA-associated
modifications that are faithfully inherited upon somatic cell
division, such as DNA methylation at CpG sites, histone
modifications, and polycomb complex formation [1]. DNA
methylation, in particular, is faithfully replicated upon cell
division [2, 3], and is known to serve as a machinery for
cellular memory [4]. At the same time, epigenetic modi-
fications show plasticity during development, adaptation,
and discases. Epigenetic modifications are reprogrammed
during the formation of germ cells, and dynamic and
coordinated changes take place during development and
differentiation [5]. Epigenetic changes are also physiolog-
ically induced in somatic cells to maintain the memory of
exposure to environmental stimuli [6, 7].

Our increasing knowledge of epigenetic changes in
human discases has now started to make an impact on the
prevention, diagnostics, and therapeutics of these diseases.
From a viewpoint of environmental health and preventive
medicine, epigenctic alterations in non-disease tissues are
becoming important because it is becoming clear that they
can be used as markers for disease risk and past exposure to
some disease-inducing factors. In this review, we provide a
brief introduction to aberrant DNA methylation in cancers,
describe our experimental findings on the presence of
aberrant DNA methylation in non-cancerous gastric
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mucosae, including a description of its use as a marker
for both the risk of gastric cancers and past exposure to
Helicobacter pylori, an established gastric carcinogen and,
finally, discuss the concept of field cancerization and its
usefulness an a diagnostic marker in other cancers,

Aberrant DNA methylation in cancers
Aberrant DNA methylation in carcinogenesis

The existence of aberrant DNA methylation in cancer tis-
sues has been known since the early 1980s, but it was not
until the early 1990s that it was shown to have a causal
involvement in human cancers [1, 8]. Aberrant DNA
methylation in cancers is often summarized as (1) genome-
overall hypomethylation and (2) regional hypermethylation.
Genome-overall hypomethylation is mainly due to hy-
pomethylation of repetitive DNA sequences, such as LINE
and Alu (SINE), that constitute a major part of the genome
and are normally methylated [9]. Such hypomethylation can
cause chromosomal instability and, consequently, tumors
[10] as well as aberrant expression of normally methylated
genes, such as melanoma antigen genes (MAGEs) [11]. The
aberrant activation of oncogenes due to promoter demeth-
ylation (hypomethylation) has as yet not been established.

Regional hypermethylation refers to the aberrant meth-
ylation of normally unmethylated sequences, most of which
are clusters of CpG sites, denoted CpG islands (CGls).
Importantly, when a CGI is located in a genc promoter
region, its methylation consistently leads to transcriptional
silencing of its downstream gene (Fig. 1). This also applies
to many tumor-suppressor genes, such as CDKN2A (various
cancers), CDH1 (gastric cancers), APC (colorectal cancers),
and BRCAI (breast cancer), Methylation-silencing of
tumor-suppressor genes is now known to be involved in
various human cancers [1]. In addition to aberrant DNA
methylation being causally involved in carcinogenesis
(driver methylation), recent genome-wide studies have
revealed the presence of many genes whose methylation is
considered to be a consequence of carcinogenesis (passen-
ger methylation) [12-14). This fact clearly demonstrates the
need to carefully analyze the role of any newly detected
gene in terms of its role in carcinogencsis.

Clinical use of aberrant DNA methylation

Both diagnostic and therapeutic applications of aberrant
DNA methylation in cancers are being developed [15]. One
diagnostic application is the use of cancer-specific patterns
of aberrant DNA methylation to detect cancer cells and
cancer-derived DNA. Different from mutations, aberrant
DNA methylation can be detected with high sensitivity —
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Fig. 1 Methylation of a promoter CpG island (CG/) and transcription
of its downstream gene. Open and closed circles Unmethylated and
methylated CpG sites, respectively. a In a normal cell, most CpG sites
within a p CGl are hylated. b Methylation of most CpG
sites (dense hylation) of the p CGI completely blocks
transcription. If such methylation occurs in a tumor-suppressor gene,
it leads to inactivation of the tmor-suppressor gene

for example, at a sensitivity of one aberrantly methylated
DNA molecule among 1000 molecules. The chemical
stability of DNA is also an advantage in this application. A
second diagnostic application is the association of patterns
of aberrant DNA methylation in cancer tissues with tumor
characteristics, such as histological type, risk of discase
progression, sensitivity to chemotherapy, and molecular
alterations [15, 16]. An example of this can be found in
neuroblastomas, where the methylation pattern is very
closely associated with survival risk [17]. Thirdly, meth-
ylation in non-cancerous tissues is now recognized as a
marker for cancer risk and exposure to carcinogenic fac-
tors, which will be the main topic of this review.

In terms of therapeutic purposes, epigenetic abnormali-
ties are now used as promising targets. The Federal Drug
Agency has approved two demethylating agents, 5-aza-
cytidine (5-aza; Vidaza) and 5-aza-2'-deoxycytidine (5-
aza-dC; Decitabine), for hematological malignancies [18].
In addition, preclinical trials are ongoing for solid tumors.
Demethylating agents currently seem to have therapeutic
windows, being active in tumor cells but having few side-
effects in normal cells. The concept of “maximum toler-
ance dose™ is not valid for demethylating agents, and an
optimal dose for maximum demethylating activity should
be achieved [18]. Further investigations are necessary on
the most suitable dosing, including the identification of
appropriate marker genes and tissue, and on the target
specificity in cancer and normal cells.

Aberrant methylation in non-cancerous
gastric mucosae

Presence of “aberrant” DNA methylation
in non-cancerous gastric mucosae

In human gastric cancers, CDKN2A (pl6), CDHI (E-cad-
herin), and AMLH| are inactivated more frequently by the
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aberrant methylation of promoter CGI than by mutations or
chromosomal losses [19]. During previous study carried
out in our laboratory in which we identified a novel tumor-
suppressor gene, LOX [20], we observed that aberrant DNA
methylation was present even in non-cancerous gastric
mucosae of gastric cancer patients, although at a very
low level [21, 9]. It is unlikely that these cancer cells
contaminated non-cancerous samples because aberrant
methylation in non-cancerous gastric mucosae was
observed too often to be contamination.

Methylation in non-cancerous gastric mucosae
and H. pylori infection

To clarify the meaning of “a small amount” of aberrant
methylation in non-cancerous gastric mucosae, we quan-
tified the methylation levels in gastric mucosac of healthy
volunteers and in non-cancerous gastric mucosae of gastric
cancer patients [22]. Healthy volunteers (individual
without gastric cancer) and gastric cancer patients were
classified according to their status of H. pyleri infection, a
major etiological factor for gastric cancers [23, 24], at the
time of sampling. The numbers of methylated and unme-
thylated DNA molecules were counted, using quantitative
methylation-specific PCR (qMSP), for eight regions of
seven genes, all of which can be methylated in gastric
cancers. Methylation levels were calculated as the number
of methylated molecules present among the total number of
DNA molecules. This value was considered to represent
the fraction of cells with methylation in a gastric mucosa.

All of the eight regions showed a similar tendency in
terms of methylation levels. Among healthy volunteers,
methylation levels were 5.4- to 303-fold higher in
H. pylori-positive individuals than H. pylori-negative
individuals [22]. This finding strongly indicates that
H. pylori infection can potently induce aberrant DNA
methylation in non-cancerous gastric mucosae, In addition,
H. pylori-positive individuals had higher methylation lev-
els than H. pylori-negative gastric cancer cases, most of
whom were considered to have had prior exposure to
H. pylori infection (Fig. 2a).

Temporary and permanent components of methylation
level induced by H. pylori

The above results indicate that high methylation levels will
decrease to certain levels after cessation of the H. pylori
infection. Since endogenous DNA demethylase has not
been established and active demethylation in a cell was
unlikely to take place, this decrease is considered to be
passive demethylation due to cell turnover. A gastric gland
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consists of one stem cell, multiple progenitor cells, and
many differentiated cells [25]. and it is expected that
methylation in stem cells will persist forever (permanent
component) while methylation in progenitor and differen-
tiated cells will disappear (temporary component). It is
therefore likely that H. pylori infection induced both per-
manent and temporary components of methylation, and that
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Fig. 2 Methylation induction by Helicobacter pylori infection and

gastric cancer risk. a Schematic representation of methylation levels
in the gastric mucosae of individuals with and without gastric cancer,
and with and without H, pylori infection. Methylation levels were
measured in DNA extracted from gastric biopsy specimens. Without
H. pylori infection, there is a significant difference between healthy
volunteers (group 1) and gastric cancer cases (growp 2). With
H. pylori infection, the methylation level is high in both healthy
volunteers (group 3) and gastric cancer cases (group 4). H. pylori-
positive individuals had higher methylation levels than H. pylori-
negative gastric cancer cases, most of whom were considered to have
had prior exposure to H. pylori infection, Modified from Maekita
et al. [22]. b A hypothetical temporal profile of gastric methylation
levels during the course of H. pylori infection in years to decades.
Time point 1: Without H. pylori infection, the methylation is initially.
Time points: 2-3, H. pylori infection ind both p (closed
bax) and temporary (open box) components of methylation, and the
total methylation level fi due to fluctuation of the temporary
component. Time points 6-8: afier M. pylori infection discontinues,
the porary p lisapp and the increase in the
permanent component stops. It is speculated that the permanent
component is due to methylation in stem cells and that the temporary
component is due to methylation in progenitor and differentiated
cells. The permanent component is correlated with damage in stem
cells, and thus with gastric cancer risk
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the temporary component disappeared after cessation of the
H. pylori infection (Fig. 2b).

To support this hypothesis, we eradicated H. pylori and
measured methylation levels 6 weeks after the eradication,
When the eradication was successful, FLNe (filamin C)
methylation levels decreased o certain levels. When
eradication failed, methylation levels fluctuated, depending
upon the individual (Nakajima, in preparation). The
decreased methylation levels in individuals following
successful eradication of H. pylori was considered to be
due to disappearance of the temporary component, leaving
only the permanent component in place.

Methylation levels in gastric mucosae as a marker
for gastric cancer risk

In the study described above [22], individuals without H.
pylori infection, whose methylation levels were considered
to reflect the fraction of stem cells with methylation, had
methylation levels that were 2.2- to 4.9-fold higher in cases
of gastric cancer than in healthy volunteers. We also newly
collected non-cancerous gastric mucosae of patients with a
single gastric cancer and those with multiple gastric can-
cers. Patients in the latter group, who were considered to
have a higher risk of gastric cancers [26], had a signifi-
cantly higher FLNc methylation level than patients with a
single gastric cancer (P < 0.01, 1 test) [27]. These results
strongly indicate that methylation levels in non-cancerous
gastric mucosae are a good candidate biomarker for gastric
cancer risk. In order to confirm their clinical usefulness, a
prospective study is currently being planned.

Methylation of specific genes in gastric mucosae
by H. pylori infection, and its promising potential

In the initial study where eight regions of seven genes were
analyzed [22], all eight regions were methylated in the
presence of H. pylori infection, There are two possibilities
explaining this result: (1) these eight regions are regions
that can be methylated in gastric cancers, or (2) H. pylori
infection induces genome-wide, non-specific methylation
of CGls. To distinguish between these two possibilities, we
analyzed the methylation of 48 genes in gastric mucosae of
individuals with and without H. pylori infection. These 48
genes were selected because they can be methylation
silenced in gastric cancer cell lines [14]. Some genes were
resistant to methylation induction, and some were consis-
tently methylated in individuals with H. pylori infection
(unpublished data; for review, see [28]. Since low tran-
scription levels are known to trigger promoter methylation
[12, 29], it was concluded that H. pylori infection can

induce decreased transcription of specific genes and that
some of these can be methylated. This concept can be
expanded to one in which some carcinogenic factors have
the potential to induce methylation of specific genes in
non-cancerous tissues and that the specific methylation
profile of an individual can be used as a marker for past
exposure lo specific carcinogenic factors.

Epigenetic field for cancerization

The finding that methylation levels in non-cancerous gas-
tric mucosae correlate with gastric cancer risk has the
potential to be generalized to cancers of other tissues, Since
this finding is closely related with the concept of field
defect, or field for cancerization, which has a long history,
we first provide a short review of the concept of field for
cancerization and then discuss “epigenetic field for
cancerization™.

The concept of field for cancerization

The concept of “field for cancerization” was first used by
Slaughter et al. in 1953 for describing oral cavity cancer
[30] and was based on the phenomenon that, even after
curative resection of a primary cancer, metachronous
(secondary multiple) primary cancers developed further,
This occurrence indicated that the background mucosae of
a cancer patient were already predisposed to cancer
development, providing a field for cancerization. In recent
decades, the concept has been applied to cancers of many
other organs, especially squamous cell carcinomas of the
head and neck (HNSCC) [31, 32], squamous cell carcino-
mas of the esophagus [33, 34], adenocarcinomas from the
Barrett's esophagus [35], stomach cancers [36], breast
cancers [37], and skin cancers [38]. The presence of cells
with mutations of tumor-related genes, such as p53, in the
field for cancerization has been shown for head and neck
cancers (21-52%) [31, 32] and skin cancers (5/8) [38].

Epigenetic field for cancerization

As the deep involvement of aberrant DNA methylation in
human cancers became clear, the occasional presence of
aberrant DNA methylation in non-cancerous tissues was
recognized in the colon [39, 40], liver [41], Barrett’s
esophagus [42], and stomach [43]. The presence of aberrant
methylation in  non-cancerous tissues suggested the
involvement of the former in the field for cancerization.
However, since DNA methylation can show non-significant
fluctuation, analysis of control non-predisposed tissues
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from healthy individuals (or patients with cancers at other
sites) is essential to demonstrate the association between
DNA methylation and the ficld for cancerization. This was
first achieved in the liver [41] and subsequently in the
colon [44], stomach [22], and breasts ([45]; Table 1). Our
study of the stomach is characterized by a marked differ-
ence achieved by quantitative methylation analysis and by
the clear presence of an inducing factor, H. pylori, in
addition to the systemic collection of non-predisposed
tissues, These reports from multiple institutions strongly
support the existence of an “epigenetic field for cancer-
ization” in addition to a genetic field for cancerization,

Advantages of DNA methylation as a marker for a field
for cancerization

There are several advantages to using DNA methylation as
a marker of a field of cancerization. First, for some cancers,
such as gastric cancers, aberrant DNA methylation of
tumor-suppressor genes is more commonly observed than
mutations [19]. In such cancers, an epigenetic field for
cancerization is likely to be present and can be detected
using appropriate marker genes. Second, the fractions of
cells with aberrant methylation of marker genes can be
much larger than those with mutations. In the case of non-
cancerous gastric mucosae of human gastric cancers, the
former were in the range of 107°-10"' [22, 27]. In con-
trast, the fractions of cells with mutations of a Lacl marker
gene were in the range of 107*-107 in the colon and liver
of mice heavily exposed to a carcinogen [46]. Third, novel
marker genes can be easily isolated because techniques for
genome-wide screening for changes in DNA methylation
are now available [12]. An ideal marker gene should be
methylated in association with methylation of tumor-

suppressor genes, but at much higher frequencies (Fig. 3).
Finally, methylated DNA molecules can be precisely
quantified, even when present at a frequency of 1 x 10°*
[22]. For an assessment of the cancer risk in an individual,
plus-minus judgment has limited meaning, and quantita-
tive analysis is essential. Using ¢gMSP of biopsy materials,
we were able to predict the gastric cancer risk of
individuals.

Inducing factors of aberrant DNA methylation
and their detection

Helicobacter pylori was involved in the induction of the
field for gastric cancers. Infection by H. pylori is known to
induce severe chronic inflammation. Chronic inflammation
is also present in ulcerative colitis for colon cancers, chronic
hepatitis for liver cancers, and Barrett's csophagus for
esophagus adenocarcinomas. Therefore, chronic inflam-
mation, possibly specific types, is likely to induce aberrant
DNA methylation in normal tissues and thus form a field for
cancerization. Interestingly, interleukin 6, whose polymor-
phisms are involved in the susceptibility of various cancers,
is known to induce expression and activity of DNA meth-
yltransferase [18]. Further investigations are necessary to
clarify which cytokines are really involved.

Epilogue

The presence of an epigenetic field for cancerization,
induced by H. pylori infection, is now evident for human
gastric cancers. For gastric cancer patients with H. pylori
infection, we fortunately have a realistic choice: eradica-
tion therapy for H. pylori. This will prevent further

Table 1 Reports on epigenetic

Seld for cancerization (modified o' Tdicing Factor Anslyzed grpe Roferentes
from [53] Liver HBV and/or HCV  CDKN2AhMLH1,THBS-1 Kondo et al. [41]
and five MINT loci
Colorectal cancer
Sporadic Unknown MGMT Shen et al. [44]
UC associated  UC CDKN2A Hsich et al, [40]
UC associated  UC ER, MYOD, CDKN2A, and CSPG2  Issa et al. [52]
Barrett's cancer Barreit's esophagus APC,CDKN2A, and ESRI Eads et al. [48)
Lung cancer Smoking? CDKN2A, MGMT, DAFPK, SOCS1, Guo et al. [49]
RASSFIA. COX2, and RARP
Gastric cancer H. pylori CDKN2A,LOX,THBD, Maekita et al, [22]
HRASLS,FLNc, HAND1,
and p4IARC
Breast cancer Unknown CYP26A1 Yan et al. [45)
&lﬁm‘;"ﬂg gﬂfﬁm Renal cancer Unknown cmemfﬁss-t. Arai et al, (47]

C virus
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exacerbation of an epigenetic field for cancerization and
also enable us to measure the risk of metachronous gastric
cancers accurately. Follow-up procedures will be modified
depending upon the risk. Even if a high risk has already
accumulated, there is a possibility that demethylating
therapy could reduce the risk. If this scenario is eventually
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Fig. 3 Gene function and a good marker gene. Genes 4 and 5 are
tumor-suppressor genes and, when both are methylated, cell trans-
formation takes place. a In a normal tissue, no or little methylation is
present. b After exposure to a carcinogenic factor, such as chronic
inflammation, specific genes become methylated. Good marker genes
(genes 2 and 3) are those readily methylated upon exposure 1o the
carcinogenic factor in association with the methylation of tumor-
suppressor genes, which are generally resistant to methylation.
Specific methylation of genes 2 and 3, not gene 1, is a candidate
marker for to the carci factor. ¢ After repeated
exposure to the carcinogenic factor, the fractions of cells with
methylated marker genes increase, and some cells (cell no. 2) can
acquire  methylation of Itiple tumor-supp genes  and
transform

realized, clinical management of gastric cancers will
experience a great change,

The concept of epigenetic field cancerization also seems
to be valid for colon and breast cancers [44, 45] and,
possibly, for liver cancers, esophageal adenocarcinomas,
lung cancers, and renal cancers [41, 47-49]. Since the
involvement of epigenetic alterations scems not to be
limited to cancers [50, 51], there is even a possibility that
an epigenetic field defect could be identified for various
diseases. It is clear that if disease risk at a time point can be
measured by a DNA methylation marker, it will help
people to change their lifestyles for more intensive disease
prevention,

The clarification of just how much individual carcino-
genic factors can contribute to human cancers is an
important issue in public health, It is known that some
carcinogenic factors leave their fingerprint in the tissues
damaged by them — even if they themselves are no longer
present — as specific DNA methylation patterns. If more
fingerprints could be identified that are as distinct as that
left by H. pyleri, these could be used to identify carcino-
genic factors involved in individual cancers. This would
enable the appropriate efforts and resources to be focused
on the elimination of carcinogenic factors at both indi-
vidual and public levels.

Research in epigenetics is now very active world-wide.
Sweeping changes in the clinical management of cancer
patients and elimination procedures of carcinogenic factors
are in sight.

References

. Baylin SB, Ohm JE. Epigenetic gene silencing in cancer — a
mechanism for early oncogenic pathway addiction? Nat Rev
Cancer. 2006;6:107-16.

2. Ushijima T, Watanabe N, Okochi E. Kaneda A, Sugimura T,
Miyamoto K. Fidelity of the methylation pattern, its variation in
the genome. Genome Res. 2003;13:868-74,

3. Riggs AD, Xiong Z. Methylation and epigenetic fidelity. Proc
Natl Acad Sci USA. 2004:101:4-5.

4. Bird A. DNA methylation patterns and epigenetic memory.
Genes Dev, 2002;16:6-21.

5. Li E. Chromatin modification and epigenetic reprogramming in
mammalian development. Nat Rev Genet, 2002;3:662-73.

6. Murayama A, Sakura K, Nakama M, Yasuzawa-Tanaka K, Fujita
E, Tawishi Y, et al. A specific CpG site demethylation in the
human interleukin 2 gene p is an epigenclic memory,
EMBO J. 2006;25:1081-92,

7. Weaver IC, Cervoni N, Champagne FA, D' Alessio AC, Sharma
S, Seckl JR, et al. Epigenetic programming by maternal behavior,
Nat Neurosci, 2004,7:847-54,

. Feinberg AP, Tycko B, The history of cancer epigenetics. Nat
Rev Cancer. 2004:4:143-53,

9. Kaneda A, Tsukamoto T, Takamura-Enya T, Watanabe N,

Kaminishi M, Sugimura T, et al. Frequent hypomethylation in

multiple promoter CpG  islands s associated with  global

o

@ Springer



Environ Health Prev Med (2008) 13:8-15

20.

21.

. Miyamoto K, Ushijima T. Diagr

hypomethylation, but not with freg P

29.

nhyper ¥

tion. Cancer Sci. 2004;95:58-64.

. Gaudet F, Hodgson JG, Eden A, Jackson-Grusby L, Dausman J,

Gray JW, et al. Induction of tumors in mice by genomic
hypomethylation, Science. 2003;300:489-92,

. De Smet C, Lurquin C, Lethe B, Martelange V, Boon T. DNA

methylation is the primary silencing mechanism for a set of germ

line- and tumor-specific genes with a CpG-rich promoter. Mol
Cell Biol. 1999:19:7327-35.
. Ushijima T. Dx and interp of altered methylati

patterns in cancer cells. Nat Rev Cancer. ZU)S.SZB—-SI

. Weber M, Davies JJ, Wittig D, Oakeley EJ, Haase M, Lam WL,

et al. Chromosome-wide and promoter-specific analyses identify
sites of differential DNA methylation in normal and transformed
human cells. Nat Genet. 2005;37:853-62.

. Yamashita 8, Tsujino Y, Munguchl K. Tlizmntsu M, Ush:jlmn T

Chemical genomic g for ed genes in
gastric cancer cell lines usms S—Ma—z‘-dw:ymudane treatment
and oligonucleotide microarray. Cancer Sci. 2006;97:64-71.

ic and therapeutic applica-
tions of epigenetics. Jpn J Clin Oncol. 2005;35:293-301.

. Weisenberger DJ, Siegmund KD, Campan M, Yoc.mg L I.amg TI

Faasse MA, et al. CpG island methyl
sporadic microsatellite instability and is ug]uly nssomam:d with
BRAF mutation in colorectal cancer. Nat Genet. 2006;38:787-93.

. Abe M, Ohira M, Kaneda A, Yagi Y, Yamamoto S, Kitano Y,

et al. CpG island methylator phenotype is a strong determinant of
poor prognosis in neuroblastomas, Cancer Res. 2005;65;828-34,

. Hodge DR, Xiao W, Clausen PA, Heidecker G, Szyf M, Farrar

WL. Interleukin-6 regulation of the human DNA methyltrans-
ferase (HDNMT) gene in human erythroleukemia cells. J Biol
Chem. 2001;276:39508-11.

. Ushijima T, Sasako M. Focus on gastric cancer, Cancer Cell,

2004;5:121-5.

Kaneda A, Wakazono K, Tsukamoto T, Watanabe N, Yagi Y,
Tatematsu M, et al. Lysyl oxidase is a tumor suppressor gene
inactivated by methylation and loss of heterozygosily in human
gastric cancers. Cancer Res. 2004,64:6410-5,

Kaneda A, Kaminishi M, Yanagihara K, Sugimura T, Ushijima T.
Identification of silencing of nine genes in human gastric cancers.
Cancer Res. 2002;62:6645-50.

22, Maekita T, Nakazawa K, Mihara M, Nakajima T, Yanaoka K,

24,

27,

28.

Iguchi M, et al. High levels of aberrant DNA methylation in
Helicobacter pylori-infected gastric mucosae and its possible
association with gastric cancer nsk. Clin Cancer Res.
2006;12:989-95.

. Ekstrom AM, Held M, Hansson LE, Engstrand L, Nyren O.

Helicobacter pylori in gastric cancer eslablished by CagA
immunoblot as a marker of past infection. Gastroenterology.
2001;121:784-91,

Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi
S, Yamakido M, et al. Helicobacter pylori infection and the
development of gastric cancer. N Engl ] Med. 2001;345:784-9.

. Tatematsu M, Tsukamoto T, Inada K. Stem cells and gastric

cancer: role of gastric and intestinal mixed intestinal metaplasia.
Cancer Sci. 2003;94:135-41.

. Nakajima T, Oda I, Gotoda T, Hamanaka H, Eguchi T, Yokoi C,

et al. Metachronous gastric cancers after endoscopic resection:
how effective is annual endoscopic surveillance? Gastric Cancer,
2006;9:93-8.

Nakajima T, Maekita T, Oda [, Gotoda T, Yamamoto S,
Umemura §, et al. Higher methylation levels in gastric mucosae
significantly correlate with higher risk of gastric cancers. Cancer
Epidemiol Biomark Prev. 2006;15:2317-21.

Ushijima T, Nakajima T, Maekita T. DNA methylation as a
marker for the past and future. J Gastroenterol. 2006:41:401-7.

) springer

30.

3L

32

3%

35.

7.

38,

39.

41.

42,

45,

Ushii

T, Okochi-Takada E. Aberrant methylations in cancer
cells: Where do they come from? Cancer Sci. 2005;96:206-11.

Slaughter DP, Southwick HW, Smejkal W, Field cancerization in
oral stratified squamous epithelium; clinical implications of
multicentric origin. Cancer. 1953,6:963-8.

Brennan JA, Mao L, Hruban RH, Boyle JO, Eby YJ, Koch WM,
et al. Molecular assessment of histopathological staging in
squamous-cell carcinoma of the head and neck. N Engl J Med.
1995;332:429-35.

Tabor MP, Brakenhoff RH, van Houten VM, Kummer JA, Snel
MH., Snijders PJ, et al. Persistence of genetically altered fields in
head and neck cancer patients: biological and clinical implica-
tions. Clin Cancer Res. 2001;7:1523-32.

Muto M, Nakane M, I-imm\' YushndlS,SmkiS Ohtsu A,

et al. Association | B gmepoly-
morphi and the ph o!'ﬁe]d.r-n- ization in §
wilhlmdmdmck cancer. Carcinogenesis, mzama-ﬁs

. Braakhuis BJ, Tabor MP, Ki IAL CR, Brakenhoff

RH. A genetic explanation of Slaughter’s concept of field canc-
erization: evidence and clinical implications. Cancer Res.
2003;63:1727-30.

Barrett MT, Sanchez CA. Prevo IJ. Wong DI, Galipeau PC,
Paulson TG, et al. Evolution of ic cell li in Barrett
oesophagus. Nat Genet. 1999; 22:106-9,

Kang GH, Kim CJ, Kim WH, Kang YK, Kim HO, Kim YL
Genetic evidence for the multi ic origin of synch
multiple gastric carcinoma. Lab Invest. 1997,76:407-17.
Heaphy CM, Bisoffi M, Fordyce CA, Haaland CM, Hines WC,
Joste NE, et al. Telomere DNA content and allelic imbalance
demonstrate field cancerization in histologically normal tissue
adjacent to breast tumors. Int J Cancer. 2006;119:108-16.
Kanjilal 8, Strom SS, Clayman GL, Weber RS, el-Naggar AK,
Kapur V, et al. p53 mutations in nonmelanoma skin cancer of the
head and neck: molecular evidence for field cancerization. Cancer
Res. 1995;55:3604-9.

Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson NE,
Baylin SB. Methylation of the oestrogen receptor CpG island
links ageing and neoplasia in human colon. Nat Genet.
1994;7:536-40.

Hsieh CJ, Klump B, Holzmann K, Borchard F, Gregor M,
Porschen R. Hypermethylation of the pl6INK4a promaoter in
colectomy specimens of patients with long-standing and exten-
sive ulcerative colitis. Cancer Res. 1998;58:3942-5.

Kondo Y, Kanai Y, Sakamoto M, Mizokami M, Ueda R,
Hirohashi S. Genetic instability and aberrant DNA methylation in
chronic hepatitis and cirrhosis — A comprehensive study of loss of
heterozygosity and microsatellite instability at 39 loci and DNA
hypermethylation on 8 CpG islands in microdissected specimens
from patients with hepatoceliular carcinoms. Hepatology.
2000;32:970-9.

Eads CA, Lord RV, Wickramasinghe K, Long TI, Kummboot
SK. Bemstein L, et al. Epigenetic p in the progr
esophageal adenocarcinoma. Cancer Res. 2001;61; 3410—8

. Waki T, Tamura G, Tsuchiya T, Sato K, Nishizuka S, Motoyama

T. Promoter methylation status of E-cadherin, hMLHI, and pl6

genes in  nonneoplastic  gastric  epithelia. Am J Pathol.
2002;161:399-403.

. Shen L, Kondo Y, Rosner GL, Xiao L, Hemandez NS, Vilay-

thong J, et al. MGMT promoter methylation and field defect in
sporadic colorectal cancer. J Natl Cancer Inst. 2005;97:1330-8.
Yan PS, Venkataramu C, Tbrahim A, Liu JC, Shen RZ, Diaz NM,
et al. Mapping geographic zones of cancer risk with epigenetic
biomarkers in normal breast tissue. Clin Cancer Res.
2006;12:6626-36.

, Nagao M, Ochiai M, Okochi E, Ushijima T, Sugimura T. Lacl

transgenic animal study: relationships among DNA-adduct levels,



Environ Health Prev Med (2008) 13:8-15

15

47.

48.

49.

mutant frequencies and cancer incidences. Mutat Res.
2001;477:119-24,

Arai E, Kanai Y, Ushijima S, Fujimoto H, Mukai K, Hirohashi S.
Regional DNA hypermethylation and DNA methyliransferase
{DNMT) | protein overexpression in both renal tumors and
comesponding nontumorous  renal  tissues. Int ] Cancer.
2006;1 19:288-96.

Eads CA, Lord RV, Kurumboor SK, Wickramasinghe K, Skinner
ML, Long TI, et al. Fields of aberrant CpG island hypermethy-
lation in Barrent’s esophagus and associated adenocarcinoma.
Cancer Res. 2000;60:5021-6.

Guo M, House MG, Hooker C, Han Y, Heath E, Gabrielson E,
et al. Promoter hypermethylation of resected bronchial margins: a
field defect of changes? Clin Cancer Res. 2004;10:5131-6.

50.

-3 18

53

Robertson KD. DNA methylation and human disease. Nat Rev
Genet. 2005;6:597-610,

Mihara M, Yoshida Y, Tsukamoto T, Inada K, Nakanishi Y, Yagi
Y. et al. Methylation of multiple genes in gastric glands with
intestinal metaplasia: A disorder with polyclonal origins. Am J
Pathol, 2006;169:1643-51.

. Issa JP, Ahuja N, Toyota M, Bronner MP, Brentnall TA.

Accelerated age-related CpG island methylation in ulcerative
colitis. Cancer Res. 2001;61:3573-7.

Ushijima T. Epigenetic field for cancerization. ] Biochem Mol
Biol. 2007;40:142-50,

& Springer



838
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Abstract

Background: Gastric cancer screening using the pep-
sinogen filter test is receiving wide recognition in
Japan owing to convenience, freedom from discomfort
or risk, efficiency, and economy. Because the long-term
outcomes of cancer development in extensive atrophic
gastritis detected by pepsinogen test are unclear, test-
positive and test-negative subjects were investigated in
a longitudinal cohort study.

Methods: Subjects comprised 5,209 middle-aged men
with d se pepsinogen levels who were
followed for 10 years. Cancer development based on
“atrophy-positive” and “atrophy-negative” criteria
used for cancer screening was investigated.

Results: During the study, 63 cases of cancer devel-
oped in the cohort, representing an incidence rate
of 125 per 100,000 person-years. Pepsinogen test
screening using the most widely used atrophy-positive
criterion (pepsinogen I, =70 ng/ml; pepsinogen I/l
ratio, <3.0) displayed 58.7% sensitivity, 73.4% specific-
ity, and 2.6% positive predictive value, Cancer inci-
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dence rate was 276 per 100,000 person-years for the
atrophy-positive group and 70 per 100,000 person-
years for the atrophy-negative group. Incidence rate
was higher in groups fulfilling stricter positive cri-
teria detecting more extensive atrophy, reaching 424
per 100,000 person-years. In addition, 9.2% of atrophy-
negative subjects with pepsinogen I of >70 ng/mL and
pepsinogen I/l ratio of <3.0 (reflecting putative
inflammation-based high pepsinogen Il level) are
at high risk for cancer, particularly diffuse-type
cancer, with a cancer incidence rate comparable with
atrophy-positive subjects (216 per 100,000 person-
ears).

%onclusirm: Atrophy-positive subjects by pepsinogen
filter test, particularly those fulfilling stricter criteria,
and atrophy-negative subjects with low pepsinogen /Il
ratio reflecting putative extensive active inflammation
constitute populations at high risk for gastric cancer,
requiring thorough endoscopic examination, (Cancer
Epidemiol Biomarkers Prev 2008;17(4):838-45)

Introduction

Gastric cancer, despite a recent decline in incidence, is
still one of the most common mali cies worldwide
and remains a leading cause of cancer death not only in
Japan but also in China, Korea, Central and Southern
America, and some European countries (1-5). To reduce
high mortality and morbidity rates in Japan, mass
screening for gastric cancer has been conducted as a
public health service since the mid-1960s. The screening
program is currently done throughout the country,
and ~6 million people annually undergo screening
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provided by either a community health service or the
work place (6-8). Thousands of stomach cancer cases
are detected each year, with 5,859,697 people under-
going screening and 5529 cancers detected in 2004
(detection rate, 0.094%; ref. 8). Cancer screening has thus
greatly contributed to reductions in cancer mortality
rates in our country (9-13). Although nationwide
stomach cancer screening has achieved unparalleled
success, the number of people screened has not increased
in recent years, with the same people appearing to
receive gastric cancer screenings each year; in 2004, the
cancer screening covered only 12.9% of the cancer-prone
aged population throughout Japan. In addition, cancer
screening programs have most commonly adopted

trophotofluorography with an image intensifier as a

ter test. The low resolution of this test is considered
problematic because gastrophotofluorography is usually
only indicative of abnormalities in the gastric mucosa.
More than half of early cancer cases go undiagnosed;
whereas sensitivity for advanced cancer is 92%, that for
early-stage cancer is as low as 39% (14). Furthermore,
gastrophotofluorography is expensive and requires
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technical skills on the part of the radiographic techni-
cians and expert diagnostic abilities on the part of the
radiologist. Although the incidence of leukemia has
reportedly not increased among participants in the
screening program, the risks of X-ray exposure are
considered to represent another problem (15, 16). A
more efficient screening system is thus sorely needed.

As a trial to improve the screening system, we recently
introduced a serum pepsinogen test into gastric cancer
screening as an alternative to gastrophotofluorography
(17-19). This screening system is b on the hypothesis
that chronic atrophic gastritis, including intestinal
metaplasia, is a preneoplastic lesion of the stomach
(20), together with the results of previous studies
indicating that low serum pepsinogen levels reflect the
extent of chronic atrophic gastritis (21, 22). In the
screening system, individuals positive for extensive
atrophic gastritis based on serum pepsinogen levels are
further screened by endoscopy. Since 1992, when
pepsinogen assay kits became commercially available, a
number of screening services provided by work places or
by community health services have adopted this serum
test as a filter test (23-28). The results of the screening for
the past 15 years have shown that addition of the serum
test to the screening strategy has markedly increased the
number of subjects undergoing screening and has also
significantly improved detection rates of gastric cancer
and early cancer, in particular, com with conven-
tional screening using gastrophotofluorography.

The effectiveness of the pepsinogen filter test is thus
receiving wide recognition, and the observed high
efficiency of the serum test in cancer detection strongly
indicates that gastric cancer tends to develop from the
atrophic stomach as detected by low serum inogen.
However, the long-term prognosis of subjects with
extensive chronic atrophic IEigmitriti.-; identified by pepsin-
ogen filter test is not fully known, including cancer
incidence rates. In addition, various studies on cancer
screening with the pepsinogen filter test have reported
a nonnegligible number of test-negative cancers (17-19,
23-28), and the risk for cancer development among
pepsinogen test-negative subjects has likewise not been
fully elucidated. The present study investigated long-
term outcomes of gastric cancer development among
pepsinogen test-positive and test-negative subjects based
on a 10-year follow-up study.

Subjects and Methods

Study Subjects. Subjects comprised 5,706 male
employees ages 40-60 years (mean + SD, 49.2 + 4.7 years)
who participated in an annual multiphasic health screen-
ing program in Wakayama City, Japan, between April
1994 and the end of March 1995. This type of screening
program is generally done by various work places
throughout Japan to detect incident diseases in the early
stages. Subjects with specific symptoms were thus guided
to receive medical attention and were excluded from
screening. Subjects who had previously undergone gastric
resection were also excluded and were examined sepa-
rately. Symptom-free subjects underwent a series of
screening tests and procedures: an interview to ascertain
general state of health, physical examination, chest
radiography, electrocardiography, blood laboratory tests,

urinalysis, and fecal occult blood test. Some of these
subjects had been investigated in a previous cohort
study (28).

All subjects were followed for the study period of
10 years, from April 1994 to the end of March 2004.
Subjects underwent the afor tioned health screeni
program annually and were also screened to identify
incident gastric cancer, as described in the following
Gastric Cancer Screening section. The incident day of
gastric cancer was defined as the day of the health
checkup when the cancer was detected. Duration of the
observation period was calculated for each subject from
the time of the baseline survey to the diagnosis of gastric
cancer.

Analysis of Serum Pepsinogen Levels. Aliquots
of separated sera from fasting blood samples collec-
ted as routine laboratory tests for general health
checkup were stored below —~20°C until measurement
of serum pepsinogen levels. Serum pepsinogen levels
(pepsinogens [ and 1I) were measured using a modifica-
tion (RIAbeads kit, Dainabott) of our previously reported
RIA (29). Subjects with renal failure were excluded from
analyses of the results of serum pepsinogen levels.
Subjects who had been prescribed medication that might
affect gastrointestinal function, such as proton pump
inhibitors or nonsteroidal anti-inflammatory drugs,
before examination and subjects who had undergone
eradication therapy for Helicobacter pylori were also
excluded.

Gastric Cancer Screening. Cancer screening was done
by double-contrast barium X-ray with digital radiogra-
phy and by serum pepsinogen as filter tests. For upper
gastrointestinal barium X-ray, a remote controlled X-ray
fluoroscope (TU-230XB, Hitachi Medical Corp.) and real-
time digital radiography (DR-2000H; Hitachi Medical)
were used. The double-contrast upper gastrointestinal
X-ray series used 150 mL of high-concentration barium at
200%, and 11 films were taken for each subject as
described previously (28). Subjects were also screened
using the serum pepsinogen filter test. Among several
test-positive criteria of the pepsinogen filter test used for
cancer screening in our country, the criterion of
pepsinogen 1 of <70 ng/ml. and pepsinogen /11 ratio
of <3.0 is the most widely applied, with atrophy-positive
defined when the criterion is fulfilled and atrophy-
negative defined when the criterion is not fulfilled
(19, 30-33). Additional and stricter criteria of pepsi
I of <50 ng/mL and pepsinogen I/II ratio of <3.0 or
pepsinogen I of <30 ng/mL and pepsinogen 1/II ratio of
=2.0 are also used to detect subjects with more extensive
atrophy (18, 23, 24). The latter two criteria are used
variously, independently or in combination with the
aforementioned atrophy-positive criteria, depending on
the purpose of screening. When used in combination,
each criterion constitutes pepsinogen index 1+ to 3+
within the atrophy-positive group according to the first
criterion of pepsinogen I of <70 ng/mL and pepsinogen
I/11 ratio of <3.0,

The third criterion, pepsinogen I of <30 ng/mL and
pepsinogen /1l ratio of <2.0, is defined as pepsino-
gen index 3+. The second criterion, pepsinogen I of
<50 ng/mL and pepsinogen 1/1l ratio of <3.0 but not
meeting the criterion for pepsinogen index 3+, is defined

Cancer Epidemiol Biomarkers Prev 2008;17(4). April 2008
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as pepsinogen index 2+. The first criterion, but not
meeting the criteria for pepsinogen index 2+ or 3+, is
defined as i index 1+ (ref. 34; Fig. 1A). In the
present study, data on serum pepsinogen levels of
subjects were classified basically using the atrophy-
positive criterion and pepsinogen index. If a subject was
identified as test-positive by serum inogen test,
fulfilling the atrophy-positive criterion, that is, pepsin-

ogen index 1+ to 3+, or by barium digital radiography,
further examination was conducted by upper gastroin-
testinal endoscopy (XQ-200, Olympus).
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Resected specimens of gastric cancer og'dhjnad I'.;y
endoscopy or surgery were assessed histopathologically
and dasgiyﬁeﬁ according to the classification of Lauren
(34) as intestinal or diffuse type. Location of the cancer in
the stomach was classified as cardia or noncardia based
on clinical or histopathologic records. The ethics com-
mittee of Wakayama Medical University approved the
study protocols, and informed consent was obtained
from all participating subjects.

Statistical Analysis. Data were analyzed using SPSS
11.0 (SPSS) and STATA (STATA Corp.). Differences were
tested for significance using the t test for comparisons
between two groups, ANOVA for comparisons among
multiple groups, and Scheffe’s least significant dlffemuce
test for comparisons of pairs of groups. The 7 test was
used to compare categorical variables. Long-term effects
of pepsinogen test-positive or test- tive criteria on
gastric cancer development were evaluated using Cox
proportional hazards models.

Results

A total of 5,706 eligible subjects were examined. Of these,
489 subjects who declined to participate in the study
p m or who met the exclusion criteria described
were excluded from the study. In addition, eight cases of
gastric cancer that developed within the 1st year of the
study were also excluded. The remaining 5,209 subjects

Figure 1. Gastric cancer development based on criteria of
pepsinogen filter test used for cancer screening in Japan. A.
Schematic presentation of the awrophy-positive criterion and
pepsinogen index, which are widely used for the pepsinogen
filter test in Japan. Pepsinogen index is used to detect subjects
with severe gastric atrophy by subdividing the atrophy-positive
criterion identified by pepsinogen | of <70 ng/mL and
pepsinogen VI ratio of <3.0 into three groups (1+ to 3+), as
described in the text. In addition, the figure illustrates three
subgroups, groups a, B, and , in the atrophy-negative criterion,
which is used in the present analysis. The atrophy-negative
criterion was further classified into the three subgroups as
follows: group a, pepsinogen | of <70 ng/mL and pepsinogen
111 ratio of >3.0; group B, pepsinogen | of >70 ng/mL and
pepsinogen Il ratio of >3.0; and group v, pepsinogen | of
>70 ng/mL and pepsinogen V11 ratio of <3.0. B. Kaplan-Meier
analysis of gastric cancer development in subjects classified
using the criteria of the pepsinogen filter test. Subjects were
classified into four groups according to the atrophy-positive
criterion and pepsinogen index and then followed for cancer
development for 10 y. Cancer incidence rates for the atrophy-
negative group and pepsinogen indices of 1+, 2+, and 3+ were
70 per 100,000, 166 per 100,000, 242 per 100,000, and 424 per
100,000 person-years, respectively. C. Kaplan-Meier analysis of
diffuse-type gastric cancer development among subjects fulfill-
ing the atrophy-negative criterion. Atrophy-negative subjects
were classified into three subgroups, group a, 3, and v,
according to the criteria described in the text and in A, and were
followed for the study period of 10 y. Among these subgroups,
incidence rate of diffuse-type cancer was significantly higher in
group y than in groups o and §, at 120 per 100,000 person-years
(P =0.019). PG, pepsinogen.
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Table 1. Gastric cancer incidence rate by various criteria of pepsinogen filter test

Screening criteria PGl=Mand PGI/H <30 PGIs<50and PGI/II <30 PGI=30and PGI/I1<20 Total
Negative Positive Negative Positive Negative Positive Subjects
Sub)ecfs 3,802 1,407 4,176 1,033 4,782 427 5,209
37,0100 13,416.0 40,6265 9,799.5 46,419.0 4 426
lmn (SD)] 48.8 (4.8) 50.3 (4.4)* 489 (4.7) 50,6 (4.3)" 49.0 (4.7) 513 (4.2)* 49.2 (4.7)
FCI low- -up years [mean (SD)) 9.7 (0.8) 95(1.1) 9.7 (0.8) 95(12) 9.7 (0.8) 94(12) 97(09)
Total gastric cancer
A‘ﬁg 50.7 (43) 509 (3.4) 50.3 (42) 51.4 (3.2) 50.5 (4.0) 51.8 (2.9) 508 (3.7)
Follow-up Imtqn (SD)) 6.3 (2.6) 59 (26) 6.5 (1.5) 5.6 (2.6) 6.0 (2.7) 6.1 (2.4) 6.0 (2.6)
Cases/ 26/70 37/276 32/7 31/316 46/99 17/424  63/125
Intestinal gastric cnmr
[mean (SDj] 511(40) 514(34)  506(36 516034 50636 524 (3.0) 51135
—up Eam Imea,n (SD)] 6.0 (2.7) 5.7 (2.5) 6.2 (2.6) 5.7 (24) 5.8 (2.7) 58(2.2) 58(5)
ra'te 16/41 26/194 18/44 24/245 30/65 12/299  42/83
me Imuu (SD)] 50.2 (4.8) 49.7 (3.2) 50.0 (5.0) 50.6 (2.0) 50.3 (4.8) 50.2 (1.9) 50.3 (4.2)
pé:a:! [meq'l (SDH] 6.8 (2.5) 6.2 (28) 6.7 (24) 54 (3.3) 6.4 (2.6) 67 (29) 65 (2.6)
10/30 11/82 14/35 7in 16/34 5/125 21/42
.i\ccumcy of scrcening criteria
Sensitivity (95% CI) 58.7% (45.6-70.8) 49.2% (36.5-62.0) 27.0% (16.9-39.9)
Specificity (95% CI) 73.4% (72.1-74.6) B0.5% (79.4-81.6) 92.0% (91.3-92.8)
I‘os:hvr redictive value 2.6% (1.9-3.6) 3.0% (2.14.3) 4.0% (2.4-6.4)
)
li\'él redictive value 99.3% (99.0-99.5) 99.2% (98.9-99.5) 99.0% (98.7-99.3)
thi;eslni&huéd ratio of a positive test  2.21% (1.78-2.73) 2.53% (1.95-3.27) 3.39% (2.23-5.14)
)
Likelihood ratio of a negative test  0.56% (0.42-0.76) 0.63% (0.49-0.80) 0.79% (0.68-0.92)

(95% CI)

Abt ion: PG, pepsinog,
“Significantly different from each counterpart (P < 0.05),
! Per 100,000 person-years.

(mean age, 49.2 + 4.7 years) were followed for 10 years
and investigated for gastric cancer development. During
50,426 person-years of follow-up, 63 cases of cancer
devel , representing an incidence rate of 125 of
100,0(%-,@;;8& cohort (Table 1). Histopath-
ologic features of the detected cancer revealed intestinal
type in 42 cases (65%) and diffuse type in 21 cases (35%).
Most cases (61 cases, 96.8%) were noncardia cancer, and
only 2 cases (3.2%) were located in the gastric cardia.
Fifty-four cases (86%) were in the early stage and
confined to the mucosa or submucosa. The remaining
nine cases were in the advanced stage. Mucosal cancers
comprised 74% (40 of 54) of early cancers and were
treated by endoscopic resection. The remaining 14 early
cancers and 9 advanced cancers underwent surgical
resection, and all cases were successfully treated.

Of 5,209 study subjects, 27.0% (n = 1,407) were
positive according to the first criterion, pepsinogen | of
<70 ng/mL and pepsinogen I/l ratio of <3.0, that is
atrophy positive. Likewise, 19.8% (n = 1,033) and 8.2%
(n = 427) were positive by the second criterion,
pepsinogen 1 of <50 ng/mL and pepsinogen I/II ratio
of <3.0, and third criterion, pepsinogen 1 of <30 ng/mL
and pepsinogen [/1I ratio of <2.0, respectively (Table 1).
Among, the atrophy-positive group, 27.0% (n = 374) were
categorized as pepsinogen index 1+, 43.0% (n = 606) as

inogen index 2+, and 30.0% (n = 427) as pepsinogen
index 3+ (Table 2). Mean age was significantly higher in
test-positive subjects than in test- tive subjects in
eachpg? the three criteria and mcrﬂ“f‘;d in a stepwise
manner with increasing pepsinogen index, whereas no
significant difference was seen in mean follow-up period

among subjects irrespective of test positivity or differ-
ences in index. Of 63 cases of gastric cancer
that deveioped during the study period, 58.7% (n = 37)
develo in the atrophy-positive up and the
mnainﬁte; 41.3% (n = 2%)yd§veloped fr?t}fe atrophy-
negative group. With the second and third criteria, 49.2%
(n = 31) and 27.0% (n = 17) of cancer cases were test-
positive, respecuvely (Table 1). The accuracy of cancer

the three criteria was thus as
follows: ?ur pepsmogen I of =70 ng/mL and pepsinogen
I/Il ratio of <3.0, 58.7% sensitivity [95% confidence
interval (95% Cl1), 45.6-70.8%], 73.4% specificity (95% CI,
72.1-74.6%), and 2.6% positive predictive value (95% CI,
1.9-3.6%); for pe ogen | of <50 ng/mL and pepsino-
gen [/1l ratio of =3.0, 49.2% sensitivity (95% CI, 36.5-
62.0%), 80.5% specificity (95% CI, 79.4-81.6%), and 3.0%
positive predictive value (95% CI, 2.1-4.3%); and for
pepsinogen I of <30 ng/mL and pepsinogen I/II ratio of
=2.0, 27.0% sensitivity (95% CI, 16.9-39.9%), 92.0%
specificity (95% CI, 91.3-92.8%), and 4.0% positive
predictive value (95% CI, 2.4-6.4%). The cancer incidence
rate of the atrophy-negative group was 70 per 100,000
person-years compared with 276 per 100,000 person-
years for the atrophy-positive group.

Among 37 cancers developed from atrophy-positive
subjects, 16.2% (n = 6) were from the pepsinogen index
1+ group, 37.8% (n = 14) from the pepsinogen index 2+
group, and 46.0% (1 = 17) from the pepsinogen index 3+
group (Table 2). Kaplan-Meier analysis showed that after
6 years of follow-up, cancer development occurred in the
order of inogen index and was highest in the 3+
group, fo ed by the 2+, 1+, and atrophy-negative
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groups (Fig. 1B). A significant stepwise increase in cancer
incidence rate was seen with increases in pepsinogen
index among the atrophy-positive group from 166 to 424
per 100,000 person-years, and hazard ratio also increased
significantly and in a stepwise manner from atrophy-
negative to i index 3+, reaching 5.16 (95% CI,
2.779.51; P <0.01; Table 2). Of the two histologic types of
cancer, a significant positive correlation between cancer
incidence rate and pepsinogen index was observed only
for intestinal-type cancer.

As described previously, 41.3% (26 of 63) of detected
cancers developed from the atrophy-negative group. Of
the two histopathologic types of cancer, 10 cancers
(38.5%) derived from this group were diffuse-type,
meaning that nearly half (47.6%) of the 21 diffuse-type
cancers detected during the study period developed from
nonatrophic stomachs. Whereas the aunpl‘;z;ﬁositive
group comprised subjects with low values for serum
pepsinogen | and i I/11 ratio, the negative
group was com of not only subjects with high
serum pepsinogen I and pepsinogen 1/l ratio but also

jects with low serum i [ or low i
1/11 ratio. The atrophy-negative group can thus be further
classified into the foﬁmvl.ng three groups: group a, with
pepsinogen | of <70 ng/mL and pepsinogen 1/1l ratio of
>3.0; group B, with pepsinogen I of >70 ng/mL and
pepsinogen I/1l ratio of >3.0; and group y with

pepsinogen [ of >70 ng/mL and pepsinogen 1/11 ratio of
<3.0 (Fig. 1A). Because previous studies (including our
own) have suggested that a low serum peps Ilevel
or low i 1/11 ratio is related to risk for gastric
cancer (18, 35, 36), long-term outcomes of cancer
development may differ among these three subgroups.
Table 2 shows cancer development in the three
duﬁngﬂwshxdypuiod.hiunagewassi?\lm
higher for group y than for group «, but no difference in
mean follow-up years was seen among the three groups.
Mean serum levels of pepsinogens | and II increased
significantly and in a stepwise manner from group a toy,
and the elevation was particularly marked for pepsinogen
IL Pepsinogen [/11 ratio was lowest in group <. Groups a,
p, and y comprised 58.4% (n = 2,219), 32.4% (n = 1,234),
and 9.2% (n = 349) of atrophy: tive subjects, and
p of cancers that dev in each were
46.2% (n = 12), 269% (n = 7), and 269% (n = 7) of
proportions in the atrophy-negative group, respectively.
Cancer incidence rates for groups a s were 55 and
58 per 100,000 -years, respectively, lower than that
in the atrophy-negative group owi (70 100,000
person-year), whereas group vy showed a high incidence
rate of 211 per 100,000 person-years. A significant
increase in hazard ratio was seen from o toy
(hazard ratio, 3.49; 95% Cl, 1.37-8.93), reflecting a
significant increase in the hazard ratio of diffuse-type

Table 2. Gastric cancer incidence rate in atrophy-negative and atrophy-positive groups

Group Atrophy-negative group Piwa Atrophy-positive group P
Total a ] 5 PG index 1+ PG index 2+ PG index 3+
3,802 2,219 1,234 349 374 606 427
- 37,010.0 21,7025 11,976.5 3,324.0 3,616.5 57925 N 4,007.0 '
w [mean (SDj) 48.8 (48) 485 (4.8) 49247 49.8 (4.6)* 495 (44) 502 (4.5 51.3 (42)
hw?.sn& 9.7 (0.8) 98 (0.7 9.7 (0.8) 95 (1.0) 9.7 (0.9) 95(1.2) 94 (12)
PG | [mean (SD)] 693 (296) 519 (10.1) 931 (304)* 96.2 (295" 595(58) 381(81)) 16777,
PG Il [mean (SD)] 162 (11.4) 104 (3.9) 199 (8.4) 40.7 (14.2)* 266 (6.8) 185 (6.7) 14.0 (56)
EEII, [mean (SD)] 5.1 (1.8) 54 (1.6) 51(17) 2.4 (04) 24 (05) 2.2 (0.5) 1.2 (0.4)
Ti cancer
Aﬁ mean (SD)] 50.7 (4.3) 515(29) 510(55) 49.1 (5.1) 485 (3.7) 509 (3.6) 51.8(29)
ﬂu&gﬂi 6.3 (2.6) 59 (2.6) 5.6 (22) 78(27) 7.0 (22) 5.1 (2.8) 6.1 (24)
[mean (SD)] .
Jincidence rate 26/70 12/55 7/58 7/211 6/166 14/242 17/424
HR (95% CI)° 1 1 099 349 0019 360 455 516  «<0.0001
(0.39-2.54)  (1.37-8.93) (217-596) (262-743) (2.779.51)
Intestinal gastric cancer
ﬁ: [mean (SD)] 511(40) 518(26) S517(61) 463 (15)° 485(47) 506(37)  524(3.0)
[ low-u 6.0 (2.7) 5.8 (28) 40 (1.3) 9.0 (1.0) 7.0 (23) 5.6 (2.8) 5822
mean ]
Cases/incidence rate * 16/41 9/91 3/25 3am 2/55 12/207 12/299
HR (95% CI)! 1 1 057 1.99 031 4.47 5.54 662 <0001
(0.15-211) (0.53-7.39) (237-842) (291-1055) (3.18-13.74)
Diffuse cancer
m[:mn (SD)) 502 (4.8) 507 (4.0) 50.5 (5.9) 51.3 (6.1) 485 (0.7) 53.0 (14) 50.2 (1.9)
[ - ] rs 6.8 (2.5) 6.1 (2.3) 68 (3.0) 7.0 (34) 7.1@28) 1.8 (0.7) 6.7 (2.9)
mean
Cases/incidence rate " 10/29 3/14 4/33 4/120 4/111 2/35 5/125
HR (95% CT)! 1 1 2.29 804 0021 241 1.96 3.16 023
(0.51-10.24) (1.78-36.25) (1.02-571)  (0.72536) (0.99-10.06)
Abbreviation: HR, hazard ratio.
* Significantly different from group a subjects (P < 0.05).
7 Significantly different from pepsinogen index 1+ subjects (P < 0.05).
* Per 100,000 person-years.
i In the atrophy-positive . b is ratio was calculated in rison with cancer rate of the atrophy -negative group (total) and, in the

Broup. F
atrophy-negative group, was calculated in comparison with that of group a.

Cancer Epidemiol Biomarkers Prev 2008;17(4). April 2008



Cancer Epidemiology, Biomarkers & Prevention

cancer but not that of intestinal-type cancer (Table 2).
Kaplan-Meier analysis revealed that after 5 years of
follow-up, cumulative incidence of diffuse-type cancer
was in the order of groups v, 8, and « (Fig. 1C), with an
incidence rate of 120 per 100,000 person-years for gro 'g
v and significantly increased hazard ratio compared wi
that in group « (hazard ratio, 8.04; 95% Cl, 1.78-36.25).

Discussion

In the present study, 5209 middle-aged male subjects
with measured serum pepsinogen levels were followed
for 10 years, and gastric cancer development was
investigated on the criteria of the pepsinogen
filter test widely used for gastric cancer screening in
jf:lan. For cancer screening in our cot;lt;try, b;:ne
owing pepsin test-positive criteria have
used degmding ;gmffemtft? in target population and
the purpose of pepsinogen I of <70 ng/mL
and pepsinogen I/Il ratio of =<3.0; pepsinogen | of
<50 ng/mL and pepsinogen 1/11 ratio of <3.0; or

pepsinogen [ of <30 ng/mL and pepsinogen I/l ratio

of =2.0.
Among these, the first criterion (| inogen | of <70
ng/mL and i I/11 ratio og <3.0) is considered

both the most efficient for identifying extensive atrophic
gastritis and the best cancer screening criterion based on
the results of previous studies (19, 26, 30-33). In addition,
the results of a recent meta-analysis of seven studies
analyzing o ulation-based cancer screenin

indic);zll::f thr::sta"pwlecro ssnsmwty and specificity of thg
criterion were 77.3% and 73.2%, offering a better
sensitivity /specificity balance than any other criteria
and also providing strong s ‘rport for the use of
pepsinogen [ of <70 ng/mL and pepsinogen 1/11 ratio
of 3.0 (37). In our observation over 10 years, pepsinogen
I of <70 ng/mL and pe I/11 ratio of =3.0 was
considered the best among the criteria currently used for
cancer screening, showing 58.7% sensitivity (95% CI,
45.6-70.8%) and 73.4% specificity (95% Cl, 72.1-74.6%).

As for the other two criteria, i I of <50 ng/mL
and pepsinogen 1/1I ratio of <3.0 or pepsinogen | of
<30 ng/mL and pepsinogen I/Il ratio of <20, the
sensitivity of ing is <50%, at 49.2% (95% CI,
36.5-62.0%) and 27.0% (95% CI, 16.9-39.9%), respectively.
Cancer screening using either of these criteria as an
independent criterion for the filter test thus does not
seem feasible. As a whole, the sensitivity of these criteria
analyzed in the present study was considerably lower
than that re in other studies (37). This is probably
due to the fact that previous studies analyzed an initial
phase of screening when the pepsi filter test was
newly applied, in cross-sectional evaluations, whereas
the present study analyzed the subsequent phase of
screening by prospective evaluation, with eight cases of
cancer detected during the lst year of investigation
excluded from the analysis.

The present results strongly indicate that the sensitiv-
ity of pepsinogen filter test, which is high on initial
prevalent screening, is not equally high for noninitial
incident screenings in subsequent years. The reported
high sensitivity in these studies was likely caused by
overestimating the accuracy of the inogen filter test.
Nonetheless, the present results clearly show that the

atrophy-positive criterion of 1 of <70 ng/mL
and pepsinogen /11 ratio of <3.0 detects 58.7% of cancers
developing over 10 years and also identifies a group of
subjects susceptible for gastric cancer. The incidence rate
of gastric cancer in the group defined by this criterion
was 276 per 100,000 person-years and increased in a
stepwise to a maximum level of 424 per 100,000 person-
years with an increase in pepsinogen index from 1+ to
3+. The observed correlation between incidence rate of
gastric cancer and grade of atrophy as indicated by
pepsinogen index verifies the hypothesis that risk for
cancer increases with progression of chronic atrophic
gastritis (20) and that serum pepsinogen level offers a
reliable marker for cancer development and coexisting
atrophic gastritis.

Meanwhile, a nonnegligible proportion (41.3%) of
gastric cancers developed in the atrophy-negative
group during the study period. In this group, the
percentage of diffuse-type cancers (38.5%) was signif-
icantly higher than that in the atrophy-positive group
(29.7%), and nearly half of diffuse-type cancers (47.6%)
developed in this group during the study period, in
good accordance with the hypothesis that this type of
cancer develops in the stomach following chronic
inflammation without g through an intermediate
step of atrophic gastritis together with intestinal
metaplasia (38-40).

Unlike the atrophy-positive group, this p.;mup displays
heterogeneous serum pepsinogen levels, containing
subjects with both high and low levels of serum
pepsinogen | and pepsinogen 1/l ratio, and can be
classified into three subgroups: group a, with ino-
gen | of <70 ng/mL and pepsinogen I/1I ratio of >3.0;
group B, with pepsinogen I of >70 ng/mL and
pepsinogen 1/1I ratio of >3.0; and group ¥y, with
pepsinogen I of >70 ng/mL and pepsinogen I/l ratio
of =3.0. Among these subgroups, cancer incidence rate
was highest in group vy at 216 per 100,000 person-years,
comparable with that in the atrophy-positive group and
even higher than that for index 1+ (166
100,000 person-years). Establishment of H. prlnn infec-
tion results in increased serum pepsinogen levels, and
this elevated pepsinogen level (particularly pepsinogen II
in the nonatrophic stomach) is considered to reflect the
severity of gastritis (41, 42). Gastric inflammation is thus
likely to be increasingly severe in groups a, {3, and v, in
that order, as revealed by respective pepsinogen levels.
In addition, the mean age in each of the three subgrou
increased in the order of groups a«, B, and vy, and
number of subjects in these subgroups decreased
in the same order.

Furthermore, the proportion of H. pylori-negative
subjects was in the order of group a (33%; 733 of
2,219), group 3 (19%; 229 of 1,234), and group vy (1%; 4 of
349). The process of gastritis thus seems to advance from
group a thorough group p and finally to group vy after
the establishment of H. pylori infection. These results
strongly indicate that a group of subjects with putative
extensive active gastritis in the nonatrophic stomach are
at high risk for cancer comparable with that in subjects
with extensive atrophy. These subjects comprised 9.2%
(349 of 3,802) of the atrophy-negative group and can be
identified using a criterion of pepsinogen [ of >70 ng/mL
and pepsinogen 1/11 ratio of <3.0.
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However, this criterion detects only about one quarter
of cancers (26.7%) developing in the nonatrophic
stomach. This is probably because serum pepsinogen
level, especially pepsinogen II, does not show marked
elevation in most H. pylori —related multifocal gastritis
unless H. pylori—induced active inflammation becomes
widespread, and we cannot detect subjects in whom the
active inflammatory process is focally severe enough to
commit epithelial celE to neoplastic transformation.

Taken together, the rresml results clearly indicate
that the atrophy-metaplasia-dysplasia-cancer sequence
described by Correa {20} represents the main route of
stomach carcinogenesis in Japan, and the pepsinogen filter
test using a criterion of pepsinogen I of <70 ng/mL and
pepsinogen 1/11 ratio of <3.0 offers a reliable method for
identifying individuals at high risk for the sequence-
derived cancer, with an incidence rate of 276 per 100,000
person-years. In addition, we have revealed another
group at high risk for cancer without gastric atrophy,
identified by a criterion of pepsinogen [ of >70 ng/mL and
pepsmugm 1/11 ratio of <3.0. The characteristics of this
minor group are that it comprises only 6.7% (349 of 5,209)
of total cancer-prone aged subjects, shows a high cancer
incidence rate comparable with that in subjects with
extensive atrophy (216 per 100,000 person-years), and
tends to develop diffuse-type cancers with higher malig-
nant potential. Based on the present results, screening
targeting both of these high-risk groups would provide
69.8% sensitivity (95% CI, 56.8-80.4%), 66.7% specificity
(95% CI, 65.4-68.0%), and 2.5% positive predictive value
(95% ClI, 1.8-3.3%).

The major aim of cancer screening is to detect treatable
early-stage cancer in asymptomatic individuals. For
early detection of premalignant or mali t lesions,
endoscopic visualization is considered the best method.
Endoscopy is invasive, uncomfortable, and expensive
and is thus only offered to subjects with positive results
on a filter test in cancer screening. In Japan, mass
screening for gastric cancer has primarily adopted

trophotofluorography as a filter test. Compared with
this traditional filter test, serum pepsinogen test is easier
to perform, provides quicker results, and produces no
patient discomfort (17, 19).

Furthermore, the test is inexpensive; the cost for
detection of a single cancer was much less than that for
conventional screening, comparable with that for surgi-
cal resection of a single cancer case (19, 28). Gastro-
photofluorography reportedly offers 57% to 90%
sensitivity, 77% to 91% specificity, and 0.9% to 2.0%
positive predictive value (43). The present results
indicate that specificity of the pepsinogen filter test
using the criterion of pepsinogen I of <70 ng/mL and

inogenl/llrahoofs}(]asammﬁlssh tly lower
(73. {%), representing a higher false-positive rate than
reported for gastrophotofluorography.

However, as clearly indicated in the present smdy,
pepsinogen test-positive subjects are at high risk for
cancer, and this low specificity (high false-positive rate)
may be partly attributable to the relatively long latency
between initiation of the carcinogenic step and clinically
established cancer development. The incidence rate of
cancer in pepsinogen test-positive subjects is 276 per
100,000 person-years, meaning that one cancer develops
in about every 36 subjects during the 10-year period.

Regular and strict long-term endoscopic surveillance of
this group thus seems warranted. Whether eradication of
H. pylori is effective for preventing cancer development
in these pepsinogen test-positive subjects warrants

further investigation.
In conclusion, atn:ﬁ -positive subjects and atrophy-
negative suhjech putative extensive active inflam-

mation as defined by test criteria constitute
populations at high risk for gastric cancer and need
thorough examination by end . Because the results
of previous studies have clearly indicated that use of the
same cutoff for pepsinogen test results in comparable
outcomes in different sets of individuals and in different
countries for the detection of preneoplastic or neoplastic
lesions (37), the present data are probably useful not only
for subjects in high-risk areas of gastric cancer outside
Japan but also for subjects in low-risk areas. Mass cancer-
screening p ms may not be feasible, but strict follow-
up of high-risk subjects will probably be effective even in
Western countries (44). Further studies are necessary,
particularly analyzing follow-up programs of subjects
identified by psmngen tests and including examina-
tion of cost-efgh
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Risk of gastric cancer in asymptomatic, middle-aged Japanese subjects based
on serum pepsinogen and Helicobacter pylori antibody levels
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A total of 5,209 asymplomatic, middle-aged subjects, whose serum
(PG}II"HCM antibody levels had been

were followed for 10 years, Subjects with positive serum

H. antibodies (>50 U.'ml.) had an increased cancer risk
(HR = 348 95% CI = 1.26-9.64). Risk of cancer
increased as the anti level increased; the H. -positive
group with antibody >500 U/mL had the incidence
rate  (325/100,000 ). Cancer development _also

=30 ng/mL (HR = 3.54.955(.!=I.95—6.40}w?6lmmb
<3.0 (HR = 4.25, 95% Cl = 2.47-7.32). Furthermore, the risk of
diffuse-lype ca increased as PG 11 level increased;

=30 had the lowest risk; none of these subjects de

Thus, serum PG levels and/or H. antibody levels can In
used to predict the risk of cancer in individuals with H. pylori-
related from the general population.
o:msﬁuqui.m.m,

Key words: gastric cancer; pepdm Helicobacter pylort; chronic
atrophic gastritis; intestinal metaplasi

Stomach carcinogenesis in high-risk populations, including the
Japancse population, is believed to begin with chronic active
inflammation of the stomach mucosa, proceeding to extensive at-

mgeﬂmmlhmmnﬂmupmmenmdysplmm
l’nul.ty to cancer.' Currently, Helicobacter pylori (H. pylori) is
considered a major factor in the establishment of the carcinogenic
sequence in the stomach.”'* H. pylori-related gastritis usually
starts in the antrum and expands proximally towards the body of
the stomach.'*'* During this process, both multifocal atrophy and
intestinal metaplasia develop, eventually leading to chronic
wophicgmm(CAGJ with exwuaummlmm Sev-
or chromoendo-

ic
%ﬂmupmgmmofCAG increases the
risk for cancer,'* Thus.mmurnlemdr:lmblcwu]uum of
the extent of CAG is idered to be imp for identifying
individuals at high risk of cancer. The diagnosis of CAG is based
on histopathology of the stomach mucosa. However, gastnc en-
doscopy with biopsy is an invasive test and inappropriate for mass
population screening. In addition, since CAG together with intesti-
nal metaplasia is a multifocal process, it is difficult to accurately
du;muﬂlecﬂ:ntofCAGbmdunlfcwhupsynmpksFur-

i is of gastric atrophy depends on
@ uicc

aftha A
e’ -

scomc testing

subjective judgment without a gold standard,”** Thus, a test for
CAG progression that is more convenient, free of discomfort or
risk, economical and based on obj ¢ par is needed,
There is agreement that serum pepsinogen (PG) levels
refiect the morphological and functional status of the stomach mu-
cosa. ™" We have previously shown that a reduction in the area
of fundic gland mucosa with CAG p ion was well correlated
mthuh:pmwmdmhmmlhemm?ﬁllwe]nrmmmu
am:llhxtlleGlevehlrE- idered reliabl kers for CAG
progression.” Therefore, it is highly probable that these scrum
tests can effectively Lde:mfy a_cancer-susceptible population.
Indeed, p ser ical studies led that the risk
of pstnc cancer was s:gluﬁcamtly increased in subjects with
extensive CAG diagnosed by PG levels.”® ™ These results
strongly indicate that the serum PG levels reflect an individual's
risk for gasiric cancer. However, there have been few reports
ducnbnnsﬂnmhﬁunhlpbcﬂcen?ﬂkvclswthemum-
dence rate. Meanwhile, the extent and severity of mucosal inflam-
mation is believed to be involved in a series of molecular events
l!mleadwunctrmdthndemdmmullmlehcluh!mm
factors, including the immune response.’'~*" To date, several ani-
mﬂmcdduﬂhmﬂudiuhummmmmmﬂpg_m
antibody levels reflect the severity of H. pylori-related gastritis.
Thus, cancer development may be related to the serum antibody
level. In the present study, the correlation between the gastric cancer
incidence rate and serum PG levels and/or /. pylori antibody levels
was assessed in a middle-aged, general male population based on
the results of a 10-year longitudinal cohort study.

Material and methods

Study population

The subjects were 5,706 male employees (mean age [SD], 50.4
[5.4] years; range, 40-60 years) who had an annual mult
health checkup at their workplace in Wakayama City, located in
the western part of Japan. In 2005, the gastric cancer mortality

Abbreviations: CAG, ch hi fidence interval;
DR, di,ghllndwgnpllrELlsa mmhndhmmmhcumy H.
;;gm Hdﬁm;g pyl'rn'f. HR. lm.mi ratio; 1gG, immunoglobulin G;
Mﬁm@ydmm nﬂ“:lfmd}qm

.canml ! 1-1 Kimﬁlhl, ‘akayama-shi, Waknyama
641 Hhml‘n. +8I734l§ 3616; +8173-447-1335,
Rnouved 17 J; after revision 27 February 2008
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GASTRIC CANCER DEVELOPMENT AND SERUM MARKERS

rate for the area was 53.0/100,000 person-years, compared with
399!100.&)0 -years for the whole of Japan. In fact, in the
akayama ranked fourth in terms of gastric cancer

rrmahty lmong the 47 administrative divisions of Japan.
Between April 1994 and March 1995, fasting blood samples were
collected as part of the routine laboratory tests for a general health
checkup (baseline). Aliquots of the sepamted sema were stored
below —20°C until they were used. In Japan, health checkup pro-
pmmdomwmufyoebcuddmmlhruﬁymg:nf
pment. Th j who had specific symptoms,
mquiredpmmplmedul]mnrhaﬂumvmpstmmcﬂm
were excluded from the study. Symptom-free subjects took part in
the following tests and procedures: an interview to determine their
general health status, a phymu] examination, chest X-rays. an
blood 1 y tests, urinalysis and a fecal

electrocardiogram,
occult blood test.

Serologic analysis

Serum PG levels were measured using PG I/PG 11 RIA-Bead
Kits (Dainabbot Co., Tokyo, Japan), which involve a modified ra-
dioimmunoassay method that we previously established.”” Sub-
jects with extensive CAG were diagnosed on the basis of the pre-
viously described PG test-positive criteria (PG | <70 pg/L. and PG
I/11 ratio <3.0).™ These criteria have a sensitivity of 70.5% and
a specificity of 97%."* Subjects who had been prescribed medica-
tions that might affect gastrointestinal function. such as proton
pmnp inhibitors or nonsteroidal antiinflammatory drugs, prior to

the examination, and subjects who had undergone H. pylori eradi-
cation therapy were excluded from the analysis of the PG test
results. Anti-#f. pylori IgG titers were measured using ELISA
(MBL, Nagoya, Japan). Subjects with antibody titers >50 U/mL
were classified as M. pylori-infected; those with antibody titers
<30 U/mL were regarded as infection negative: and subjects with
a titer level that was >30 and <50 U/mL were considered indeter-
minate. The sensitivity and specificity of the ELISA used in the
present study was 93.5% and 92.5%, respectively. ™ The H. pylori-

uﬁecwdgrmpwnfmmrdmdod into 2 subgroups depending on
the antibody titer: a low-titer group and a high-titer group, which
included subjects with titers >500 U/mL.

Surveillance method

The subjects were screened annually to identify incident gastric
cancer cases during the 10-year period between April 1994 and
March 2004, Gastric cancer surveys were conducted using a com-
bination of screening methods; all subjects were screened using
the PG test and double contrast barium digital radiography (DR).
The DR system includes remote-controlled X-ray fluoroscopy
(TU-230XB, Hitachi Medico, Tokyo, Japan) and real-time digital
radiography (DR-2000H, Hitachi Medico). A total of 150 mL of
high-concentration barium (200 w/v %) was used for the double
contrast upper-gastrointestinal X-ray series; 11 films were taken
for each subject. This system is superior to conventional barium
X-ray in image quality and diagnostic accuracy; the cancer detec-
tion rate by DR was 1.9 times higher than by conventional screen-
ing.*' Those with positive X-ray findings and/or a positive PG test
based on the aforementioned criteria were further examined by

specimens

copy or surgery istopathologically lnd:llnlﬁnd
using Lauren’s classification into intestinal-type or

Themdemdayofgmicamwdeﬁmduthedxynfth
health checkup when the cancer was detected. The length of the
observation period was calculated for each subject from the time
of the baseline survey to the diagnosis of gastric cancer. The inci-
dence of various cancers (including gastric cancer) and resultant
death in the cohort was determined and analyzed yearly and was
confirmed by workplace clinic and health insurance records. The
cthics committee of Wakayama Medical University approved the
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'fyl'on' infection, (a) The
pylori antibody levels,
Subjects were classified into 3 groups (H. pylori- m;fm" indetermi-

\ the pyleri antibody
level as described in the text. Thcm!udﬂive:m:d:m:ofglﬁhu:ﬂn

cer in the 3 groups was plotied using the -Meier analysis; the
differences between the groups were the log-rank test.
"!1:canner" Pﬂmmﬂlfwﬂ:ﬂ l':'a!’f w.nﬂumﬂnn;}

. pylori-positive were person-years, 7
100,000 and 157/100,000 person-years, respectively.
The differences b the H. pylori ive group and the other 2
groups were si {p = 0.0053). (b) The development of gastric
cancer in the pytm-pnntﬁ levels. The

based on antil
H. pyfm-pmuve;mupwudw! ded into 2 subgroups: the H. pylori-
po-imL(lw-lim)tnbpowmdd:H pylori-positive H (high-ti-
onﬂmwhwlandewibedinm:uuﬂum

the Kaplan-
mdl‘lmbpmpl were 107/100,000 person-years “and JWIN.WJ

person- The difference between the 2 subgroups
wuuguﬂcm(pcﬂ.wgl
protocol, and infi ic was obtained from all participating
subjects.
Statistical analysis

The data were using SPSS 11.0 (SPSS, Chicago, IL)

and STATA (STATA Corp., College Station, TX). The differen-
mmu;ﬁfw:imﬁmmuﬁng&ltm[wmm

2 groups, of variance (ANOVA) for comparisons
among mmdS:hﬂanSDmfwmwm
of pairs of The %° test was used to compare categorical

Broups.
variables. The long-term effects of the serum PG levels and the
H. pylori antibody titer levels on gastric cancer development were
evaluated using Cox proportional hazards models,
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Results

Among the 5,706 eligible subjects, those who met the exclusion
criteria were not included in the study. The 8 cases of gastric can-
cer that developed within the first year of the study were also
excluded. Table I shows the baseline characteristics of the remain-
ing 5,209 study subjects. The mean (SD) age of the subjects at the
start of the study was 49.2 (4.7) years, and the mean (SD) follow-
up period was 9.7 (0.9) years, During the study period, 63 cases of
gastric cancer developed (incidence rate = 125/100,000 person-
years) and 7 patients died from the cancer. To date, nearly 4 years
after the study, there has not been a single cancer case that is
believed to have escaped detection by the annual screening during
the study period. Macroscopically, only 2 cancers were located in

59 —_—
Vog-rank wst p- 00001 —_
Fe

14

YANADKA ET AL

the cardia; most (96.8%) were non-cardia cancers. Histopathologi-
cally, 66.7% (42/63) of the detected cancers were intestinal type,
and the remaining 33.3% (21/63) were diffuse type (Table I).

H. pylori antibody level and cancer risk

Irrespective of their histopathology, the majority (87.3% ([55/
63]) of cancers developed in the H. pylori-positive group (Table T).
H. pylori infection was associated with a significanily increased
risk of gastric cancer (HR = 3.48, 95% CI: 1.26-9.64). Figure |
shows the Kaplan-Meier analysis of the subjects stratified by serum
H. pylori antibody level. After 7 years of follow-up, there was a
stepwise increase in the cumulative incidence of gastric cancer as
the antibody level increased from negative to positive. The inci-
dence rates of gastric cancer in the 1. pylori-negative, the indeter-
minate, and the positive groups were 41/100,000, 72/100,000 and
157/100,000 person-years, respectively (Fig. 1a, Table I). In the
H. pylori-positive group, the cancer development was significantly
higher in the high-titer subgroup than in the low-titer subgroup
(Fig. 1b, Table I). In addition, there was also a significant stepwise
increase in the HR (95% CI) with an increase in the antibody level;
in the high-titer subgroup, the ratio was 9.56 (2.89-31.65), and the
p value for the linear trend was (0.0001. This dose-dependent posi-
tive association between antibody level and cancer risk was
observed in both histological cancer types.

PG I levels and cancer risk

Next, the relationship between the serum PG [ level and cancer
fevelopment during the study period was investigated. The study
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subjects were divided into 3 groups based on their PG I levels, as
follows: group 1-50 with PG I >30 ng/mL, group 1-30 with PG 1
>30 ng/mL and <50 ng/mL, and group 1-0 with PG I <30 ng/mL.
The Kaplan-Meier analysis of the subjects in the 3 groups showed
that after 5 years of follow-up, cancer development increased in a
stepwise manner as the PG [ level decreased (Fig. 2a); the inci-
dence rate of gastric cancer ranged from 85/100,000 person

in group 1-50 to 341/100,000 person-years in group I-0 (Table II).
Likewise, there was a stepwise increase in the HR (95%CI) for
cancer with reduction in PG 1 level, showing a significant eleva-
tion in group 1-0 (3.54 [1.95-6.40], p = 0,0001). With respect to
the histopathological cancer type, only in the intestinal-type can-
cer was a significant stepwise increase in the incidence rate and
HR noted with reduction in the PG I level. Next, the subjects were

Ficune 2 — Risk of gastric cancer and serum n (PG) level.
(@) Gastric cancer devclnpmenl and the P% ‘ vel. Subjects
were classified into 3 {1-50, 1-30, and 1-0) based on the serum
PG I level as descnbcds'oulg text. The cumulative incidence of gastric
cminﬂe!mwupluuedusiugﬂul: an-Meier analysis,
the differences among the the log-rank
test. The cancer incidence rales 1-50, 1-30, and I-0 were 85/
peso o et "“’n‘.‘i“u“"sm e Chivmas giowp 10 s s
erence between
other 2 groups was ant (p < 0.0001). (b]&ﬁﬁ:umrduml
! and the serum PG /1 ratio. Subjects were classified into 3
gmupnﬂﬂi,[ﬂllndlllﬂ)bludonﬂnmm?ﬁlfﬂmmn
described in the text. The cumulative incidence of cancer in
the ngupsmplomdminglhc Kaplan-Meier lysis; the differ-
ences among the groups were assessed using the log-rank test. The
cancer incidence rates for groups MI1-3, 111-2 and 100 were 60/
100,000 person-years, 209{1'[!).0’)0 person-years, and 302/100,000
person-years, respectively. The diff group I11-3 and the
other 2 groups was stgmﬁunl (p < 0.0001). (¢) Diffuse-type gastric
cancer development and the serum PG I level. Subjects were classi-
fied imo 3 groups (I1-30, 11-10 and 11-0) based on the serum PG 11
level as described in the text. The cumulative incidence of diffuse-
t astric cancer in the 3 was plotted using the -Meier
I{IPI:)FSIII. the differences &Pﬂm groups were mng the
log-rank test. The cancer incidence rates for groups 11-30, I1-10 and I1-
0 were 119/100,000 person-years, 35/100,000 person-years. and 7/
100,000 person-years, respectively. The difference between group I1-
30 and the other 2 groups was significant (p < 0,018),




