Table 1.

Epithelial-mesenchymal transition (EMT)-associated markers in clinical samples predict patient prognosis

EMT-associated gene Characteristics

Cancer types

Reference (author)

Epithelial marker

E-cadherin Type | cell—cell adhesion glycoprotein

Claudin-1 Tight junctions restrict lateral diffusion of lipids

and membrane proteins

Mesenchymal marker

Vimentin Intermediate filaments represent a third class of
cytoskeletal elements

N-cadherin Type | cell—cell adhesion glycoprotein

Fibronectin High-molecular weight extracellular matrix glycoprotein

Transcription factor

Snail Zinc finger transcriptional repressor
Slug Zinc finger transcriptional repressor
Twist Basic helix-loop-helix transcription factors

Breast cancer
Gastric cancer
Colorectal cancer
Lung cancer

Renal cell carcinoma
Ovarian carcinoma

Breast cancer
Lung cancer
Gastric cancer
Esophageal cancer
Lung cancer
Urothelial tumor
Bladder tumor
Colorectal cancer
Ovarian carcinoma

Adenocortical carcinoma
Esophageal cancer
Hepatocellular carcinoma
Lung cancer

Colorectal cancer
Esophageal cancer
Cervical cancer

Ovarian carcinoma
Breast cancer
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metastatic lung adenocarcinoma (with evidence of mutant K-ras
and p53) could transit reversibly between epithelial and mesen-
chymal states, a property that was regulated by the miR-200
family.“** Furthermore, two recent independent studies showed
that members of the miR-200 family can induce the EMT pro-
cess and regulate the sensitivity to epidermal growth factor
receptor (EGFR) in bladder cancer cells and to gemc1tab1ne in
pancreatic cancer cells.“>*® As for regulating TGF-B, micro-
RNAs related to TGF-P signaling such as miR-155 and miR-29a
have been identified in breast cancer tissues.¢ It is important
to identify microRNAs involved in EMT to elucidate up-stream
regulators of various known signal pathways.

Microenvironment and EMT

The tumor microenvironment is composed of the extracellular
matrix (ECM), cancer-associated fibroblasts, myofibroblasts,
immune cells, and soluble factors required for cancer progres-
sion and metastasis. Interaction among cancer cells in the tumor
microenvironment can induce EMT by auto- and/or paracrine
secretion of mediators such as growth factors, cytokines, and
ECM proteins.*" Media conditioned by cultures of cancer-
associated fibroblast induce EMT in breast cancer cells.“” In a
comparison of the central areas of primary colorectal cancer and
corresponding metastases, nuclear B-catenin was found in dedif-
ferentiated mesenchyme-like tumor cells at the mvaswe front
and it was localized to the membrane and cytoplasm.®® This
study suggested that the tumor microenvironment may induce
or maintain EMT (Fig. 2). For instance, cancer-associated
fibroblasts may be supplied from cancer cells undergoing
EMT.®V Similarly, oral squamous cancer cells can directly
induce a myofibroblastic phenotype via secretion of TGF-B.
TGF-p signaling by stromal myofibroblast can induce secretion
of hepatocyte growth factor (HGF) which promotes cancer cell
proliferation and invasion.®?
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Drug Resistance and EMT

Cells undergoing EMT become invasive and develop resistance
to anticancer agents (Fig. 2). In fact, EMT can be induced by
anticancer agents, and stress condmons such as exposure to radi-
ation and hypoxic conditions. 4 Up- regulauon of TWIST was
associated with cellular resistance to paclitaxel in human naso-
pharyngeal, bladder, ovarian, and prostate cancers.®> In colo-
rectal cancer, stable oxaliplatin-resistant cells established by
chronic exposure to oxaliplatin can acquire the ability to migrate
and invade with phenotypic changes resembling EMT (spindle-
cell shape, loss of gaolanty, intercellular separation, and pseudo-
podia formation).®® In pancreatic and ovarian cancer, stable
cell lines resistant to gemcitabine and paclitaxel established by
continuous exposure can undergo EMT with increased expr-
ession of Snail and Twist, EMT-regulatory transcription
factors.7%®

Various types of molecularly targeted agents have been
developed and used against many carcinomas with or without
combination of traditional anticancer agents, leading to
improved clinical outcome and survival rate. However,
EMT reportedly confers resistance to these targeted agents.
For example, lung cancer cell lines having undergone EMT,
expressing vimentin and/or fibronectin, were insensitive to
the growth 1nh1b1tory effects of EGFR kinase inhibition (eroti-
nib) in vitro and in xenografts®? as well as other EGFR
inhibitors such as gefitinib and cetuximab.®*%® We have
often encountered patients who have suffered relapses after
drug treatment, even when the tumors were initially highly
sensitive. Thus, EMT can lead to resistance to multiple drugs
and permit rapid progression of the tumor. These clinical
findings may be attributed to the inherent characteristics of
EMT. Clarifying the correlation between EMT and drug resis-
tance may help clinicians select an optimal anticancer drug
treatment.
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Cancer Stem Cells and EMT

Cancer researchers have recently found a minor fraction of
cells (cancer stem cells [CSC]) with the ability to self-renew
and give rise to differentiated tumor cells. CSC have been iden-
tified in breast, colon, and pancreatic cancer.®%9 CSC as well
as cells undergoing EMT are considered to be more resistant to
toxic injuries and chemoradiation therapy than differentiated
daughter cells.*”*® Furthermore, cancer cells under hypoxic
conditions acquire the properties of CSC.©>™ Eyen though
evidence indicates a relationship between EMT and cancer cells
with the traits of stemness,””? CSC are rare in whole tumor tis-
sues.®®? However, it remains controversial among patholo-
gists whether CSC as well as cells undergoing EMT exist in
human cancer tissues.”’> Intriguingly, Mani et al. initially dis-
closed that immortalized human mammary epithelial cells
(HMLEs) undergomg EMT are CSC-like as characterized by
their CD44"%/CD24™% phenotype.'® These investigators
induced EMT in HMLEs by ectopic expression of Twist or
Snail, known inducers of EMT. The cells undergoing EMT
acquired a fibroblastoid mesenchymal appearance. Furthermore,
Mani et al. observed down-regulation of epithelial markers
such as E-cadherin and up-regulation of mesenchymal markers
such as N-cadherin, vimentin, and fibronectin. They also noted
a CD44"e"/CD241o™ expression pattern associated with human
breast CSCs. Furthermore, they revealed that the cells undergo-
ing EMT had the properties of CSC, including self-renewal and
the capacity to form mammospheres. These findings suggest
that EMT may play a role in the development of CSC and
properties of invasiveness, metastasis, recurrence, and chemore-
sistance (Fig. 2).

Clinical Significance of EMT

EMT-associated markers in clinical samples and their effects on
prognosis are summarized in Table 1. Most EMT-associated
markers have been identified in histological specimens. How-
ever, the ex1stence of EMT cells in clinical specimens has been
challenged.”® In response, Voulgari er al. suggested that the
controversy between experimental and clinical studies is due to
the ‘spatial’ and ‘temporal’ heterogenelty of EMT (Fig. 3).¢

Cells undergoing EMT may gain metastatic potential but may
constitute only a small proportion of the total population of
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Fig. 2. The epithelial-mesenchymal transition (EMT)
and mesenchymal-epithelial transition (MET) are
involved in cancer metastasis. Cancer cells
undergoing EMT in a primary tumor disseminate
through the fragmented basement membrane and
acquire the characteristics of drug resistance and
cancer stem cells. They can be recognized in tumor
buds in histological specimens. EMT cells invade into
tumor stroma and enter the circulation, allowing
transport to distant organs. At metastatic sites,
solitary cancer cells form the new metastatic focus
through MET.

tumor cells. Tumor budding is commonly observed in clinical
practice, and it consists of a single cancer cell or small cell clus-
ter at the invasive front of tumor tissues. Indeed, cancer cells in
tumor buds have down-regulated E-cadherin® and have char-
acteristics of CSC."® Therefore, identification of cancer cells
undergoing EMT in clinical specimens is difficult for patho-
logists.

The temporal heterogeneity of EMT (and the reverse, MET)
is readily explained. MET is observed in vitro following addi-
tion of bone morphogenetic protein 7 (BMP7), removal of an
EMT-inducer such as TGF-P, and establishment of hypoxic
conditions.®*”” A similar process may occur at metastatic
sites which require cancer cells to recover the expression of
E-cadherin for cell adhesion. The phenotypes of metastatic spec-
imens are often compared with primary specimens to confirm
the diagnosis by hematoxylin—eosin staining. The presence of
the same cancer cell characteristics or phenotypes in both
primary and metastatic lesions can provide the diagnosis of can-
cer metastasis. Therefore, the occurrence of MET could make it
difficult to prove that EMT, a transient phenomenon that
involves only a minority of cells, has occurred in human cancer
specimens. However, EMT-associated genes obviously are use-
ful as predictive biomarkers (Table 1). Clinical verification of
EMT will require advanced techniques such as in vivo imaging.

Treatments Targeting EMT

As shown in Figure 1, EMT-related pathways provide targets
for therapy. For instance, inhibition of integrin-linked kinase
(ILK) increases the sensitivity of mesenchymal cells to
EGFR-target therapy in hepatocellular carcinoma.®®® In in vitro
studies, Src kinase 1nh1b1tors effectively inhibit the growth of
cells undergoing EMT.”® Furthermore, the inhibition of hedge-
hog signaling can prevent pancreatic cancer cells from acquiring
tumor-initiating property and undergoing EMT."®

RNA interference and microRNA are new technologies in
drug development. For instance, silencing of Snaﬂ by shRNA
induced MET and reduced in vivo tumor growth.®? As for micro-
RNA, Krutzfeldt et al. disclosed that specific silencers of endog-
enous miRNAs, antagomlrs, are powerful tools to silence
specific miRNAs in vivo.®? Therefore, microRNAs associated
with EMT such as the miR-10b and miR-200 family could be
exploited as therapeutic strategies in the future.
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Fig. 3. Spatial and temporal heterogeneity of the
epithelial-mesenchymal transition (EMT). Cancer
cells undergoing EMT are expected to be only a
small proportion of primary tumor tissues. EMT cells
transported to metastatic sites are expected to
undergo and mesenchymal-epithelial transition
(MET). Therefore, the spatial and temporal
heterogeneity of EMT/MET severely restricts the
ability of pathologists to detect cancer cells
undergoing EMT in histological sections.

Furthermore, the tumor microenvironment, which contributes
to the maintenance of EMT, could be targeted. A small-interfer-
ing RNA targeted at TGF-B reportedly reduces metastasis
in vivo,®® and this observation could be applied to TGF-f
secreted by tumor stroma. Note that reducing EMT could also
lessen the occurrence of anticancer drug resistance and thereby
improve the efficacy of conventional therapy. To eradicate can-
cer cells effectively and cause minimal toxicity to normal cells,
further studies are required to define the molecular differences
between EMT in embryological development and that in cancer
progression.

Perspectives

During the past few decades, an increasing number of studies
have shown that EMT is associated with cancer progression,
metastasis, and drug resistance. Furthermore, improved under-
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Gastric carcinogenesis may be under the combined influence of
factors related to the host, Helicobacter pylori bacterial virulence
and the environment. One possible host-related factor is the in-
flammatory or immune response. To clarify this point, we inves-
tigated the association between plasma levels of C-reactive protein
(CRP) and serum amyloid A (SAA) and the subsequent risk of
gastric cancer in a population-based nested case~control study.
Subjects were observed from 1990 to 2004. Among 36 745 sub-
Jjects who answered the baseline questionnaire and provided blood
samples, 494 gastric cancer cases were identified and matched to
494 controls for our analysis. The overall distribution of CRP and
SAA was not apparently associated with the development of gas-
tric cancer. However, a statistically significant increased risk was
observed when subjects were categorized dichotomously. The ad-
justed odds ratio (OR) for the development of gastric cancer for
the CRP-positive group (CRP > 0.18 mg/dl) compared with the
CRP-negative group was 1.90 [95% confidence interval (CI):
1.19-3.02, P = 0.007]. The OR for the SAA-positive group (SAA >
8 pg/ml) compared with the SAA-negative group was 1.93 (95%
CI: 1.22-3.07, P = 0.005). In conclusion, our results suggest that
those who react strongly to inflammation or who have a high host
immune response, as reflected by extremely elevated plasma levels of
CRP and SAA, are at a high risk to develop gastric cancer.

Introduction

It is well established that cancer arises in chronically inflamed tissue,
and one of the classic examples is Helicobacter pylori-associated
gastric cancer (1). Helicobacter pylori persistently colonizes the gas-
tric mucosa, leading to chronic inflammation, atrophic gastritis and,
finally, gastric cancer. There are high interindividual differences in the
extent of gastric inflammation among H.pylori-infected subjects, and
only a small proportion of them develop clinical consequences. This
indicates that gastric carcinogenesis may be under the combined in-
fluence of factors related to the host, bacterial virulence and the en-
vironment. One possible host-related factor is the inflammatory or
immune response. Many studies have reported an association between
serum proinflammatory cytokines [e.g. interleukin (IL)-6, IL-8 and
IL-1P] levels (2—4) or polymorphisms (such as IL-1, IL-2 and IL-8)
and gastric cancer risk (5-8), but the results are controversial. The
lack of consensus may be partly due to the nature of cytokines, which
are components of a large, complex signaling network, and difficulties
in measuring their levels and interactions. Measurement of cytokines
in plasma is difficult because of their short plasma half-lives and the
presence of blocking factors (9). Additionally, combinations of cyto-

Abbreviations: BMI, body mass index; CagA, cytotoxin-associated gene A;
CI, confidence interval; CRP, C-reactive protein; ICD-O, International Classi-
fication of Diseases for Oncology; Ig, immunoglobulin; IL, interleukin; JPHC,
Japan Public Health Center; OR, odds ratio; PG, pepsinogen; PHC, public
health center; SAA, serum amyloid A.

kines have been found to have additive, inhibitory or synergistic
effects. Therefore, more useful or systematic indicators of host
inflammatory or immune response are needed.

C-reactive protein (CRP) is a well-established indicator of inflam-
mation in the body (10). It is an acute-phase reactant that reflects low-
grade systemic inflammation and has been studied in a variety of
cardiovascular diseases. CRP production by the liver is regulated by
cytokines, principally IL-6 and tumor necrosis factor «, which is the
main trigger for the production of IL-6 by a variety of cells. In fact,
strong positive associations between IL-6, tumor necrosis factor o and
CRP were observed (11). Serum amyloid A (SAA) is another major
acute-phase reactant. It is a putative serum precursor of the amyloid A
protein, which constitutes amyloid fibrils in secondary amyloidosis
and is an apolipoprotein associated with the high density lipoprotein
3 fraction of serum (12). In most studies, a parallel increase of SAA
and CRP has been observed, although some studies have delineated
acute-phase SAA as the more sensitive parameter (13,14). Therefore,
to indicate the host inflammatory or immune response systematically,
CRP and SAA may be useful markers.

In this large-scale nested case-control study, we aimed to examine
whether the host inflammatory or immune response has any associa-
tion with the development of gastric cancer. To clarify this point, we
explored the relation of plasma levels of CRP and SAA to risk of
developing gastric cancer. As far as we know, this is the first study to
prospectively seek this association in a population,

Materials and methods

Study population

The Japan Public Health Center-based prospective study (JPHC Study) is an
ongoing cohort study to investigate cancer, cardiovascular disease and other
lifestyle-related diseases. The first group (Cohort I) of the JPHC Study was
started in 1990 and the second group (Cohort IT) in 1993 (15). The JPHC Study
included 140 420 subjects (68 722 men and 71 698 women), defined as all
inhabitants in the study areas [27 cities, towns or villages served by 11 public
health centers (PHCs)] who were 40-59 years old (Cohort I) or 40-69 years old
(Cohort II). Among the study subjects, those registered at one PHC area in
Cohort T were excluded from the present analysis because data on cancer
incidence were not available. Additionally, one subcohort in Cohort II was
excluded because the selection of subjects differed from that of other cohort
subjects, i.e. random sampling of residents from a municipality population
registry for one city, stratified by 10 year age—gender groups. We thus defined
123 576 subjects (61 009 men and 62 567 women) for the present study. The
JPHC Study was approved by the institutional review board of the National
Cancer Center, Tokyo, Japan.

Baseline survey

In 1990 for Cohort I and in 1993-1994 for Cohort II, subjects were asked to
reply to a lifestyle questionnaire that covered sociodemographic characteris-
tics, medical history, smoking and drinking habits, diet and so on. Details of the
food frequency questionnaire included in the baseline survey have been de-
scribed previously (16). A total of 99 808 (81%) subjects—47 525 men and
52 283 women—responded to the questionnaires.

We excluded subjects who self-reported cancer at baseline (n = 2136), those
who were not Japanese (n = 18) and those who were later discovered to have
moved away at baseline (n = 11). This left 97 644 eligible subjects (46 803
men and 50 841 women). Among them, 36 745 subjects (38%; 13 467 men
and 23 278 women) donated blood samples at health checkups conducted by
the PHC in each area. Each subject voluntarily provided 10 ml of blood during
the health checkups. As customary, subjects were asked to avoid having a meal
Tater than 21:00 on the day before the examination. The last time of either
consuming a meal or drinking water or tea was recorded. The plasma and buffy
layer were divided into four tubes, with each tube holding 1.0 ml (3 tubes for
plasma and 1 for the buffy layer) and stored at 80°C. Blood was collected from
1990 to 1992 in Cohort I and from 1993 to 1995 in Cohort TI.

Follow-up and identification of gastric cancer

In Japan, at the time the study was conducted, a PHC played a role as an
organization that provided primary health care, including health checkups,
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All subjects registered in JPHC Study
n = 140,420

Excluded from present study:
1 PHC area for lack of available cancer incidence data (o = 7,097)
1 PHC area for different selection method of subjects (n = 9,747)

Subjects defined for the present study
n = 123,576

Y

A

n = 99,808 (81%)

Baseline questionnaire responders

Nonresponders
n=23,768

Self-reported cancer at baseline (n = 2,136)

Already moved away at baseline (n = 11)

Ineligible subjects:

Not Japanese (n = 18)

Eligible subjects
n= 97,644
Provided blood No blood samples
samples n = 60,899

n = 36,745 (38%)

v

512 gastric cancer cases and their

matched controls
Final eligible Exclusion due to:
subjects Error in H. pylori measurement (1 pair)
494 pairs Inadequate volume of blood for CRP and SAA
measurement (17 pairs)

Fig. 1. Flow of study population.

or other health promotion activities for all inhabitants of the municipalities
supervised by the PHC. In this study, the main role of the PHC was to collect
and report data on mortality, relocation and cancer cases.

Death and relocation

We observed study subjects until 31 December 2004. The changes in residency
status, including death, were identified annually through the residential registry
in each area. To confirm causes of death, we used mortality data from the
Ministry of Health, Labour and Welfare. Residence and death registration
are required by law in Japan, and the registries are believed to be complete.
Among 36 745 study subjects, 1423 (3.9%) moved away from the study area,
1610 (4.4%) died and 11 (0.03%) were lost to follow-up within the study
period.

Cancer registry for JPHC Study

Data on newly diagnosed cases of cancer were collected from two sources:
active patient notification from the local major hospitals in the study area and
data linkage with population-based registries (usually prefecture-wide). Death
certificate information was used as a supplementary information source. In our
cancer registry system, the proportion of cases of gastric cancer for which
information was based on death certificate notification was 7.6% and on in-

formation available from death certificates only was 2.1%. This level of quality
for the information was considered satisfactory for the present study.

Identification of gastric cancer and selection of control subjects

Cases of gastric cancer were extracted from the cancer registry for the JPHC
Study on the basis of site [International Classification of Diseases for Oncology
(ICD-0) code C160-169] (17). Up to the end of the study period, 512 new
gastric cancer cases were identified. Until quite recently in Japan, the upper
third of the stomach has been called the ‘cardia’ on the basis of the guidelines
for gastric cancer classification (18). Because it seemed difficult to distingnish
the cardia, which is mainly located in the esophagogastric junction, from the
upper third of the stomach, we combined tumors at these sites into one group
for analysis (ICD-O code C160-161). A tumor located on the lower side of the
stomach was classified as distal gastric cancer (ICD-O code C162-167). Sub-
sites that could not be classified because of a diffuse lesion (ICD-O code C168)
or those with no information (ICD-O code C169) were categorized as an un-
classified subsite. Histologic classification was based on one author’s (S.S.)
review, in consultation with a pathologist, of the record reported by each
hospital. The subdivisions were made on the basis of a classification derived
by Lauren (19). For each case, one control was selected from subjects who had
no history of gastric cancer and who lived in the study area when the case was
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diagnosed. Each control was matched to a case for gender, age (23 years), PHC
area, blood donation date (+2 months) and fasting time at blood donation
(5 h). Because of a technical error in measurement of H.pylori and inadequate
volume of blood available for CRP and SAA measurements, 1 case with its
matched control and another 17 pairs (8 cases with their matched controls and
10 controls with their matched cases) were excluded. Finally, we had 494 sets
each of cases and controls for use in the present analysis. A flowchart of the
study subjects is provided in Figure 1.

Laboratory analysis

CRP and SAA concentrations were determined by the latex agglutination
nephelometric immunoassay test (LZ test ‘Eiken’ CRP-HG; Eiken Kagaku
Co. Ltd, Tokyo, Japan; and LZ test ‘Eiken’ SAA; Eiken Kagaku Co. Ltd,
respectively). For the CRP test, based on 10 replicated measurements of three
concentrations of blood samples (0.07, 0.50 and 4.41 mg/dl) at the time of
analyses, the coefficients of variation were 1.69%, 0.59% and 0.76%, respec-
tively. For SAA, 10 replicated measurements of two concentrations of blood
samples (22 pg/ml and 110 pg/ml) yielded a coefficient of variation of re-
producibility values of 1.53% and 1.17%. Normal values for the examined
parameters were <0.18 mg/dl for CRP and <8 pg/ml for SAA according to
the kit’s protocol. Both cutoff values were based on data from reports for the
same kit. The cutoff value of CRP was set by the iterative truncation method
among 478 health checkup samples (20). In brief, after repeated deletion of
outliers, mean + 1.96 SD was considered the normal range. For SAA, after
being converted to a logarithm, the value was set as the upper 95th percentile of
the distribution of 1056 normal subjects (0—70 years old) (21).

Immunoglobulin (Ig) G antibodies to H.pylori were measured with a direct
enzyme-linked immunosorbent assay kit (E Plate ‘Eiken’ H.pylori Antibody;
Eiken Kagaku Co. Ltd). Levels of IgG were categorized as seropositive and
seronegative for H.pylori according to a selective cutoff value (<10 or >10).
The cutoff value was based on the results of sensitivity and specificity calcu-
lated with the urea test, which is the gold standard (report by company). Assays
of cytotoxin-associated gene A (CagA) were performed with the use of an
enzyme-linked immunosorbent assay kit, in which horseradish peroxidase
was used as the enzyme tracer (CagA IgG EIA; Sceti Co. Ltd, Rome, Italy).
According to the manufacturer’s protocol, samples with IgG values <10
RU/ml must be considered non-reactive for anti-CagA IgG antibodies; samples
with IgG values within 10-15 RU/ml must be considered weakly reactive and
samples with IgG values >15 RU/ml must be considered reactive for anti-
CagA IgG antibodies. With regard to interpretation of these results, reactive
and/or questionable samples are considered positive for anti-CagA IgG anti-
bodies, i.e. values >10 are regarded as CagA positive. Serum levels of pep-
sinogen I and IT (PGI and PGII, respectively) were measured by commercial
kits based on a two-step enzyme immunoassay (E Plate ‘Eiken’ Pepsinogen I;
Eiken Kagaku Co. Ltd; and E Plate ‘Eiken’ Pepsinogen II; Eiken Kagaku Co.
Ltd). Results were defined as ‘atrophic’ when the criteria of both PGI level <70
ng/ml and PGI : PGII ratio <3.0 were fulfilled. Comparing the PG levels
between gastric cancer cases and healthy controls retrospectively, Miki (22)
reported that applying a PGI level <70 ng/ml and a PGI : PGII ratio <3.0 as
cutoff values was most effective in distinguishing cases from controls. Using
these criteria, other authors have showed an extremely high correlation (r =
0.999) between atrophy and age-adjusted gastric cancer mortality among in-
habitants of five areas in Japan (23). Among atrophic cases, more severe cases
with a PGI level <30 ng/ml and PGI : PGII ratio <2.0 were defined as severe
atrophy.

All measurements were conducted by a person blinded to the case—control
situation.

Statistical analysis

Statistical analysis included chi-square test, analysis of variance, analysis of
covariance and conditional logistic model. Multiple conditional logistic re-
gression analyses were conducted to control for potential confounding factors.
For cardia cancer, smoking status, alcohol consumption (for SAA analysis),
intake of salt, body mass index (BMI), family history of gastric cancer, history
of infectious or inflammatory disease (i.e. cardiovascular disease, ischemic
heart disease, liver disease and kidney disease) and current use of analgesics
for lumbago, neuralgia, common cold, arthrosis and joint pain were controlled.
For all gastric cancer, all non-cardia cancer, differentiated-type non-cardia
cancer and undifferentiated-type non-cardia cancer further adjustment was
applied for H.pylori infection, atrophy and CagA seropositivity. Smoking sta-
tus was divided into four groups: never smoker, past smoker, current smoker
with <20 cigarettes per day and current smoker with >20 cigarettes per day).
Alcohol consumption was defined as drinker (>1 day/week) and non-drinker
(<1 day/week). BMI was categorized into three groups so that each category
included an approximately equal number of controls. Salt was treated as a con-
tinuous variable. Family history of gastric cancer was regarded as positive if at
least one parent or sibling had gastric cancer. CRP and SAA status (positive/
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negative) were determined according to the protocol’s normal value. Addition-
ally, the non-linear continuous models of the association between CRP and
SAA and gastric cancer risk were tested by PROC GAM. Odds ratios (ORs)
were calculated relative to the cutoff points of CRP and SAA. Because the
distribution was skewed, log transformation was conducted for CRP, SAA,
H.pylori titer, CagA titer, PGI level and PGII and PGI : PGII ratio, which
altered the distribution close to normal in comparisons of the mean values
between groups.

Reported P-values were two sided, and all statistical analyses were done
with SAS software version 9.1 (SAS Institute Inc., Cary, NC).

Results

Baseline characteristics of cases and controls are shown in Table 1.
Among listed factors, predominance of H.pylori positivity, CagA sta-
tus, atrophy and family history of gastric cancer were apparent in
cases compared with controls.

Table IT summarizes the distribution of lifestyle factors and plasma
biomarkers according to the CRP and SAA status among controls.
Forty-seven (9.5%) and 63 (12.8%) subjects met the criteria for being
positive for plasma CRP and SAA, respectively. For CRP status, no
factors were differently distributed other than SAA levels; the mean
value of SAA among CRP-positive subjects was >10 times that of
CRP-negative subjects (P < 0.0001). Plasma CRP level among SAA-
positive subjects was 13 times that among SAA-negative subjects
(P < 0.0001). Correlation of the log-transformed CRP and SAA
was 0.55 (P < 0.0001). Mean daily salt intake was higher in SAA-
negative subjects compared with SAA-positive subjects. This may be
due to the predominance of male gender and alcohol consumption
among SAA-negative subjects, which contribute to high salt intake.
When gender and alcohol consumption were adjusted (analysis of
covariance), the difference in salt intake was no longer significant
(P = 0.40). Compared with positive subjects, SAA-negative subjects
had a significantly higher H.pylori titer against IgG antibody and more
frequent distribution of male gender, alcohol consumption, H.pylori
positivity and atrophy.

Table I. Baseline characteristics of cases and controls

Case Control P-value®
n 494 494
Age 57.3 (0.3) 57.3(0.3) Matching
value
Men (%) 329 (66.6%) 329 (66.6%) Matching
value

Cigarette smoking
Never smoker (%)
Past smoker (%)
Current smoker with <20
cigarettes per day (%)
Current smoker with >20
cigarettes per day (%)
Alcohol consumption
Never or occasional (%)
>1 day, <300 g/week (%)
>1 day, >300 g/week (%)

228 (46.2%) 245 (49.6%)
91 (18.4%) 98 (19.8%)
133 (26.9%) 109 (22.1%)

42 (8.5%) 42 (8.5%) 0.35

245 (49.6%) 244 (49.4%)
187 (37.9%) 203 (41.1%)
62 (12.6%) 47 (95%)  0.26

BMI

<25 396 (80.2%) 369 (74.7%)

25-29.9 89 (18.0%) 113 (22.9%)

>30 9 (1.8%) 12 (2.4%) 0.12
Family history of gastric cancer (%) 60 (12.2%) 40 (8.1%) 0.03
Salt (g/day) 53(0.1) 5.1 (0.1 0.40

Helicobacter pylori positive (%)°
Helicobacter pylori positive (%)°
CagA (+) (%)

Atrophy (%)

463 (93.7%) 371 (75.1%) <0.0001
489 (99.0%) 445 (90.1%) <0.0001
375 (75.9%) 346 (70.0%)  0.04

406 (82.2%) 285 (57.7%) <0.0001

Values are mean (SE) except where specified otherwise.

*Based on chi-square test or analysis of variance.

*Based on IgG antibody.

“Based on CagA positive and/or Helicobacter pylori IgG antibody positive.
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Table II. Distribution of lifestyle factors and plasma biomarkers according to CRP and SAA status among control

CRP status SAA status
Negative (CRP < Positive (CRP > P-value® Negative (SAA < Positive (SAA > P-value®
0.18 mg/dl) 0.18 mg/dl) 8 pg/ml) 8 pg/ml)
n 447 47 431 63
Age 57.1 (0.3) 58.6 (1.1) 0.20 57.2 (0.3) 58.1 (0.9) 0.35
Men (%) 296 (66.2%) 33 (70.2%) 0.58 296 (68.7%) 33 (52.4%) 0.01
BMI
<25 336 (75.2%) 33 (70.2%) 327 (75.9%) 42 (66.7%)
25-29.9 100 (22.4%) 13 (27.7%) 93 (21.6%) 20 (31.8%)
>30 11 (2.5%) 1(2.1%) 0.71 11 (2.6%) 1(1.6%) 0.19
Cigarette smoking
Never smoker (%) 225 (50.3%) 20 (42.6%) 207 (48.0%) 38 (60.3%)
Past smoker (%) 91 (20.4%) 7 (14.9%) 90 (20.9%) 8 (12.7%)
Current smoker with <20 97 (21.7%) 12 (25.5%) 98 (22.7%) 11 (17.5%)
cigarettes per day (%)
Current smoker with >20 34 (7.6%) 8 (17.0%) 0.12 36 (8.4%) 6 (9.5%) 0.23
cigarettes per day (%)
Alcohol consumption
Never or occasional (%) 218 (48.8%) 26 (55.3%) 204 (47.3%) 40 (63.5%)
>1 day, <300 g/week (%) 184 (41.2%) 19 (40.4%) 185 (42.9%) 18 (28.6%)
>1 day, >300 g/week (%) 45 (10.1%) 2 (4.3%) 0.39 42 (9.7%) 5 (7.9%) 0.05
Family history of gastric cancer (%) 36 (8.1%) 4 (8.5%) 091 36 (8.4%) 4 (6.4%) 0.85
Salt (g/day) 520.1) 4.9 (0.3) 0.43 520.1) 4.6 (0.3) 0.04
CRP (mg/dl)/SAA (ug/ml)® 3.6 (1.8) 38.6 (5.6) <0.0001* 0.05 (0.03) 0.65 (0.07) <0.0001*
Helicobacter pylori positive (%)° 338 (75.6%) 33 (70.2%) 042 332 (77.0%) 39 (61.9%) 0.01
Helicobacter pylori positive (%)° 403 (90.2%) 42 (89.4%) 0.86 390 (90.5%) 55 (87.3%) 0.43
Helicobacter pylori titer 439 (2.3) 36.1 (7.1) 0.31° 44.0 (2.3) 37.1 (6.1) 0.02°
CagA (+) (%) 314 (70.3%) 32 (68.1%) 0.76 302 (70.1%) 44 (69.8%) 0.97
CagA titer 85.1 (4.2) 74.7 (12.9) 0.72° 84.6 (4.3) 80.8 (11.1) 0.82°
PGI 28.6 (0.8) 29.7 (2.5) 0.55° 28.5 (0.8) 30.1 (2.1) 0.52°
PGII 11.2(0.3) 10.8 (1.0) 0.60° 11.2 (0.3) 11.0 (0.8) 0.71°
PGI : PGII 3.5 (0.6) 29(1.8) 0.83° 3.5 (0.6) 3.2 (1.6) 0.28°
Atrophy (%) 260 (58.2%) 25 (53.2%) 0.51 256 (59.4%) 29 (46.0%) 0.04
Severe atrophy (%) 122 (27.3%) 9 (19.2%) 0.23 119 (27.6%) 12 (19.1%) 0.15

Values are mean (SE) except where specified otherwise.
“Based on chi-square test or analysis of variance.

®Mean plasma CRP level for SAA status and mean plasma SAA level for CRP status.

“Based on IgG antibody.
9Based on CagA positive and/or Helicobacter pylori IgG antibody positive.
“Based on analysis of variance of log biomarkers.

In Table III, ORs and 95% confidence intervals (CIs) of CRP
positivity for development of gastric cancer are presented by tumor
subsite and histologic types. CRP ranged from 0 to 19.1 mg/dl (mean:
0.14 mg/dl, median: 0.033 mg/dl) among cases and from 0 to
9.3 mg/dl (mean: 0.13 mg/d], median: 0.032 mg/dl) among controls.
The risk of developing gastric cancer increased by ~36% among
those who were CRP positive; the crude OR equaled 1.36 (95% CIL:
0.91-2.02, P = 0.13), although with no significance. After being
adjusted for potential confounding variables, the point estimate
altered substantially and reached the level of statistical significance;
the adjusted OR equals 1.90 (95% CI: 1.19-3.02, P = 0.007). Among
the adjusted covariates, H.pylori infection contributed the most to the
elevation of risk; adding only H.pylori infection to the model elevated
the OR to 1.67, which was much higher than the OR for adding CagA
seropositivity (adjusted OR = 1.39), atrophy (adjusted OR = 1.48) or
even all other lifestyle factors [i.e. cigarette smoking, BMI, family
history, history of infectious or inflammatory disease, current drug use
of analgesics and salt intake (adjusted OR = 1.47)]. When the cancers
were stratified by tumor location and histologic type, the largest OR
was demonstrated for cardia cancers, but it failed to reach statistical
significance; adjusted OR equaled 3.14 (95% CIL: 0.51-19.39, P =
0.22). Among non-cardia cancers, the association did not differ much
by histologic type. When the analyses were repeated with subjects
divided into quartiles according to control distribution of the CRP
level (<0.012, 0.012-0.032, 0.032-0.081 and >0.081 mg/dl), no ap-
parent association was observed. Compared with the lowest (refer-
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ence) group, the adjusted ORs (95% Cls) for development of gastric
cancer for the second, the third and the highest group were 0.85
(0.56-1.29), 0.96 (0.62-1.47) and 1.35 (0.88-2.07), respectively
(P for trend = 0.0496). When CRP was treated as a continuous mea-
sure, the adjusted OR for development of gastric cancer was 1.06
(0.87-1.28), for 1 mg/dl increase of log-transformed CRP. Further-
more, non-linear continuous models did not reveal any evidence of
dose response.

SAA among cases and controls ranged from 0 to 319.7 pg/ml
(mean: 5.9 pg/ml, median: 2.6 pg/ml) and from 0 to 847.5 pg/ml

(mean: 7.0 pug/ml, median: 2.5 pg/ml), respectively. For SAA positiv-

ity, about a 2-fold increased risk was observed for total gastric cancer
and non-cardia cancer; the adjusted ORs (95% CIs) were 1.93 (1.22—
3.07, P = 0.005) and 2.13 (1.14-3.98, P = 0.02), respectively
(Table IV). Among adjusted covariates, atrophy as well as H.pylori
infection contributed most of the elevation of risk. Among non-cardia
cancers, no difference was observed by histologic type. The largest
OR was demonstrated for cardia cancers, although it failed to reach
the level of statistical significance; the adjusted OR equaled 3.84
(95% CI: 0.82-17.99, P = 0.09). When results for SAA status were
shown separately for men and women, there was no material differ-
ence; the adjusted ORs for developing total gastric cancer were 1.95
and 2.15 for men and women, respectively. The adjusted OR for
cardia cancer among women could not be calculated because of the
small sample size; therefore, all analyses were conducted for men and
women combined. No apparent association was observed when SAA
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Table III. ORs and 95% CIs of CRP positivity (CRP > 0.18 mg/dl) for development of gastric cancer by tumor subsite and histologic type

No. of CRP- Crude OR P-value Adjusted OR P-value

positive cases/ (95% CI) 95% CI)*

controls
All (494 pairs) 62/47 1.36 (0.91-2.02) 0.13 1.90 (1.19-3.02) 0.007
Cardia (39 pairs) 712 3.50 (0.73-16.85) 0.12 3.14 (0.51-19.39) 0.22
Non-cardia (355 pairs) 44/33 1.36 (0.85-2.16) 0.20 2.18 (1.24-3.84) 0.007
Differentiated type (232 pairs) 30/23 1.32 (0.76-2.29) 0.33 1.77 (0.89-3.52) 0.10
Undifferentiated type (107 pairs) 9/8 1.14 (0.41-3.15) 0.80 2.01 (0.53-7.62) 0.30

*Cardia cancers, adjusted for cigarette smoking, BMI, family history of gastric cancer, history of infectious or inflammatory disease, current drug use of analgesics
and salt intake. All gastric cancers, all non-cardia cancers, differentiated-type non-cardia cancer and undifferentiated-type non-cardia cancer, further adjusted for

Helicobacter pylori infection, CagA positivity and atrophy.

Table IV. ORs and 95% CIs of SAA positivity (SAA > 8 pg/ml) for development of gastric cancer by tumor subsite and histologic type

No. of SAA- Crude OR P-value Adjusted OR P-value

positive cases/ (95% CI) (95% CI)*

controls
All (494 pairs) 75163 1.26 (0.86-1.86) 0.24 1.93 (1.22-3.07) 0.005
Cardia (39 pairs) 11/5 3.00 (0.81-11.08) 0.10 3.84 (0.82-17.99) 0.09
Non-cardia (355 pairs) 45/39 1.21 (0.74-2.00) 0.45 2.13 (1.14-3.98) 0.02
Differentiated type (232 pairs) 27/25 1.11 (0.59-2.06) 0.75 1.73 (0.81-3.72) 0.16
Undifferentiated type (107 pairs) 12/11 1.14 (0.41-3.15) 0.80 1.80 (0.41-7.92) 0.44

“Cardia cancers, adjusted for cigarette smoking, alcohol consumption, BMI, family history of gastric cancer, history of infectious or inflammatory disease, current
drug use of analgesics and salt intake. All gastric cancers, all non-cardia cancers, differentiated-type non-cardia cancer and undifferentiated-type non-cardia cancer,

further adjusted for Helicobacter pylori infection, CagA positivity and atrophy.

level was divided into quartiles (<1.3, 1.3-2.5, 2.5-5.1 and >5.1
pg/ml). Compared with the lowest (reference) group, the adjusted
ORs (95% ClIs) for development of gastric cancer for the second,
- the third and the highest group were 0.81 (0.53-1.24), 1.06 (0.70—
1.61) and 1.19 (0.77-1.85), respectively (P = 0.20). When SAA was
treated as a continuous measure, the adjusted OR for development of
gastric cancer was 1.00 (0.995-1.00) for 1 mg/dl increase of log-
transformed SAA. Similar to the analysis of CRP, non-linear contin-
uous models did not reveal any evidence of dose response.

Because of the high correlation between CRP and SAA, we in-
cluded only the values for the marker being analyzed (Tables III
and IV). When CRP and SAA were included in the model simulta-
neously, the OR was attenuated and was no longer significant for CRP,
but was still significant for SAA (data not shown). This may not
contradict previous reports that suggest overlapping of the roles
of the two markers and delineation of SAA as the more sensitive
parameter (13,14).

The observed association did not differ for stratification by smok-
ing status (never/past + current) for SAA; however, for CRP, the
association was clearer among never smokers [2.50 (1.13-5.53)] com-
pared with past and current smokers [1.15 (0.56-2.33)]. Using the
‘World Health Organization category to adjust BMI did not alter the
results essentially. When the interactions between each covariate in
the model and CRP and SAA status were tested, no significant in-
teraction was observed. )

‘When all analyses were repeated in only those who were H.pylori
positive (seropositive for IgG antibody and/or CagA), the associations
were slightly attenuated, although they did not differ essentially; the
adjusted ORs (95% Cls) for developing total gastric cancer were 1.72
(1.07-2.78, P = 0.03) for CRP-positive status and 1.82 (1.13-2.94,
P = 0.01) for SAA-positive status, respectively.

Discussion

In this study, the overall distributions of CRP and SAA were not
apparently associated with the development of gastric cancer. How-
ever, when subjects were divided on the basis of dichotomous cate-
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gorization of positive versus negative, an increased risk was observed
for positive subjects. The association was statistically significant even
after adjustment for H.pylori infection, CagA status, atrophy and
lifestyle factors. Elevated levels of CRP and SAA reflect a generalized
host reaction that is either localized or systematic with regard to the
initial event. Mechanisms of inflammation-associated tumor develop-
ment are well described. These include stimulation of cellular pro-
liferation (e.g. in cellular proto-oncogenes, DNA and cellular repair),
inhibition of apoptosis, cellular adhesion, stimulation of angiogenesis
and cellular transformation (1). In our data set, under the conditions
that most subjects were infected with H.pylori, only those who reacted
strongly to inflammation or had a high host immune response, as
reflected by extremely elevated plasma levels of CRP and SAA,
showed an elevated risk of developing the malignancy. The propor-
tions of those who were categorized as positive were small; therefore,
the findings should be interpreted with caution. However, this may be
one of the explanations for why only a small proportion of H.pylori-
infected subjects develop clinical consequences. CRP and SAA were
useful markers to detect these high-risk groups.

Several clinical studies have shown that, compared with controls,
gastric cancer patients have elevated CRP levels (24-26). Previous
studies have even revealed that CRP has an impact on gastric cancer
prognosis (24,27). It has been observed in previous studies that the
SAA level increases in patients with stomach, lung, renal, colorectal,
breast and other forms of cancers (28-35). With regard to gastric
cancer, Chan et al. (28) demonstrated that patients with gastric cancer
have higher SAA concentrations than do patients with gastric ulcers
and healthy subjects and that levels of SAA correlate with tamor
status, prognosis and recurrence. In our study, the average duration
between blood donation and cancer diagnosis among cases was 5.4
years. When subjects who developed gastric cancer within 2 years of
blood donation and their matched controls were excluded, the ob-
served associations were strengthened; the adjusted ORs (95% ClIs)
for the association between development of gastric cancer and CRP
and SAA positivity were 2.25 (1.31-3.85, P = 0.003) and 2.29 (1.32—
3.95, P = 0.003), respectively. Furthermore, when subjects were
stratified by the median duration between blood donation and
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diagnosis (5.12 years), the adjusted ORs (95% Cls) for the association
between development of gastric cancer CRP and SAA positivity
within 5.12 years were 1.38 (0.69-2.73, P = 0.36) and 1.59 (0.82~
3.09, P = 0.17), respectively. The values for CRP and SAA diagnosed
after 5.12 years were 2.42 (1.23-4.77, P = 0.01) and 2.25 (1.12-4.52,
P = 0.02), respectively. Therefore, our findings cannot be explained
by the effect of preclinical samples among cases. Rather, our findings
suggest that CRP and SAA may be useful markers for predicting the
malignancy.

In our study, H.pylori seropositivity, H.pylori titer and atrophy were
not distributed differently according to CRP status. Surprisingly,
H.pylori seropositivity and atrophy were more frequent, and higher
H.pylori titer was observed among SAA-negative subjects than
among SAA-positive subjects. When the values were compared on
the basis of tumor location, CRP did not show any difference; mean
value (SE) was 0.09 (0.16) for cardia and 0.15 (0.05) for non-cardia
cancer, respectively (P = 0.75). The value for SAA was 6.77 (1.87)
for cardia, which was higher than that for non-cardia, 5.12 (0.62) (P =
0.03). High SAA level with an upper tumor site compared with a mid-
dle or a lower site was also observed by Chan et al. (28). Furthermore,
the largest OR was observed for cardia cancer for both CRP and SAA.
1t is well known that H.pylori infection is related to non-cardia gastric
cancer. As the majority of our subjects were infected with H.pylori,
we were unable to show the results among H.pylori-seronegative
subjects. Therefore, we cannot clarify whether the observed phenom-
enon was independent of H.pylori. We can state only that the observed
elevated risk of gastric cancer with high levels of CRP and SAA is
probably a phenomenon that cannot be totally explained by H.pylori;
this conclusion is in line with that of previous studies (26,36). Com-
paring 153 preoperative gastric cancer patients with 19 healthy sub-
jects, Tsavaris et al. (26) observed high serum levels of CRP,
ceruloplasmin and al-acid glycoprotein in cancer patients; however,
among cancer patients, CRP level did not differ by status of H.pylori
infection. Also, Delanghe et al. (36) showed that neither SAA nor
other acute-phase proteins, including CRP, correlated with Chlamydia
pneumoniae 1gG, H.pylori IgG and IgA and cytomegalovirus IgG. On
the other hand, the reason for the large OR observed in the cardia for
both CRP and SAA positivity is unknown. One recent study reported
that plasma CRP levels were associated with high BMI and other
indicators of obesity (37). On the other hand, some studies, but not
all, have proposed that elevated body weight may increase the risk of
gastroesophageal reflux, which has been associated with adenocarci-
nomas of the gastroesophageal junction (38). Therefore, it is possible
that elevated CRP and SAA were strongly associated with cardia
cancer because of BMI status. However, in our data set, BMI did
not differ by either CRP status or SAA status. The observed high
OR in cardia cancer may be due to factors other than BMI or may
be a mere chance finding.

On the basis of self-reported information, we adjusted for any
condition that might alter the plasma levels of CRP or SAA. When
these subjects were deleted (61 pairs; corresponds to 12% of total
subjects), the overall findings did not change essentially, except when
CRP values were divided into quartiles; the P for trend then became
not significant (P = 0.44). Alternatively, when subjects with an ex-
tremely high level of CRP (>0.5 mg/dl) or SAA (>16.5 pg/ml) were
excluded (55 pairs; corresponds to 11% of total subjects), the ob-
served ORs became slightly higher, although the overall findings
did not change essentially. To ensure the generalizability of findings
and statistical power, we retained these subjects in the analyses.

Our study has several limitations. First, among 97 644 eligible
subjects of the JPHC Study cohort, 36 745 (38%) men and women
participated in the survey and provided blood samples. As reported
previously, compared with non-participants, participants in the health
checkup survey, especially women, had a different socioeconomic
status and a favorable lifestyle profile, such as less smoking and
alcohol consumption, greater participation in physical exercise and
greater consumption of fruits or green vegetables (39). These findings
mean that caution is needed in generalizing or interpreting the results
in this report. Second, because of the relatively small sample size,
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further studies are needed to test our findings in analyses conducted by
tumor location and histologic subtype.

The advantage of this study is its population-based prospective
design and analysis of prediagnosed blood samples. Also, detailed
information including H.pylori infection, CagA status, atrophy and
environmental factors contributed to the detection of the relationships
independent of these factors. Other strengths include negligible loss to
follow-up and the satisfactory quality of our cancer registry system
during the study period.

In conclusion, the overall distribution of CRP and SAA was not
apparently associated with the development of gastric cancer. How-
ever, it was suggested that those who react strongly to inflammation or
who have high host immune response, as reflected by extremely ele-
vated plasma levels of CRP and SAA, were at high risk to develop
gastric cancer.
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ABSTRACT

Background: To estimate an individual’s probability of developing colorectal cancer (CRC) may aid health
professionals and individuals in improving lifestyle behaviors or deciding the screening regimens. As
fewer studies on cancer risk prediction were seen so far, we initially developed an assessment tool with
synthesizing key information from a variety of CRC risk factors through a large population-based cohort
study. Method: The prediction model was derived from 28,115 men in the Japan Public Health Center-
based (JPHC) Prospective Study Cohort II (follow-up: 1993-2005), with risk factors selected by Cox
proportion hazard regression. 18,256 men in the JPHC Study Cohort I (follow-up: 1995-2005) were used
to evaluate the model’s performance. Results: 543 and 398 CRCs were diagnosed during the follow-up
period in Cohorts Il and I, respectively. The prediction model, including age, BMI, alcohol consumption,
smoking status, and the daily physical activity level, showed modest discrimination ability for CRC
(C=0.70; 95% confidential interval, 0.68-0.72) in Cohort I and well calibrated in Cohort I (Hosmer-
Lemeshow x2=14.2, P=0.08). Conclusion: The 10-year CRC risk prediction model may be used to
estimate CRC risk in Japanese men. It may also play a role in the promotion of CRC prevention strategies.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Colorectal cancer (CRC) was the second most commonly
diagnosed cancer in the Japanese population in 2002 [1,2].
Approximately 11% of total cancer deaths in men and 14% in
women were from CRCs in 2005 [2]. The high morbidity and
mortality noted in the Japanese population were similar to those in
North American and European counties [3].

Some risk factors for CRC were documented in the revised
expert report from the World Cancer Research Fund, including
physical activity, alcohol consumption, body and abdominal
fatness, and consumption of vegetables and foods containing fiber
[4]. A recent meta-analysis confirmed that smoking was signifi-
cantly associated with CRC incidence and mortality [5]. In
epidemiologic studies of the Japanese population, the risk factors
of physical activity [6,7], alcohol consumption [8,9], smoking habit
[8,9], and body mass index (BMI) [9,10] were consistently
identified, whereas consumption of vegetables [11] and foods
containing fiber [12] were not. Systematic reviews of large studies
in Japan also verified the findings for alcohol consumption [13] and

* Corresponding author. Tel.: +81 3 3542 2511x3378; fax: +81 3 3547 8578.
E-mail address: ssasazuk@ncc.go.jp (S. Sasazuki).

1877-7821/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.canep.2010.04.021

smoking habit [14]. In the Japanese population, however, these risk
factors were more prevalent in men than in women, and little
evidence of modifying CRC risk by reproductive factors has been
found among Japanese women [15,16]. Nevertheless, most of these
established risk factors for CRC are modifiable, and their
improvement has been incorporated into primary cancer preven-
tion strategies in Japan [17].

Given the high incidence of CRC and its significant cost to
society, it is critical to reduce the identified risk factors in order to
prevent CRC in a population. An individual's risk probability of
developing CRC could be estimated by using information on
established factors, which would aid physicians and individuals in
improving lifestyle behavior and/or deciding on screening regi-
mens for CRC prevention [17-19]. Moreover, from the public
health point of view, risk prediction tools could also be used to
effectively disseminate information on cancer prevention.

Several studies estimated the absolute risk probability of
developing CRC, although they were based on case-control study
[18], expert opinion [20], or specific populations [21,22]. In this
paper, we present a CRC risk prediction model in Japanese men,
derived and validated by two large cohorts from the Japan Public
Health Center-based (JPHC) Prospective Study. We also present a
simplified score model that can be easily used to estimate an
individual’s absolute CRC risk based on lifestyle information.
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2. Materials and methods
2.1. Study participants

Inthe JPHC Study, Cohort I, with participants aged 40-59 years,
was launched in 1990 and Cohort II, with participants aged 40-69
years, was added in 1993. A total of 48,448 men were initially
identified in 11 public health center-based (PHC) areas through-
out Japan. The details of the study design and baseline response
have been described elsewhere [23,24]. The study was approved
by the Institute Review Board of the National Cancer Center,
Tokyo, Japan.

The baseline survey for Cohort Il had more comprehensive data
on physical activity and the food frequency questionnaire (FFQ) (52
food items) than those and the FFQ (44 food items) for Cohort I. In
the 5-year follow-up survey, all investigations including the FFQ
(138 food items) were the same for both cohorts. Considering the
inconsistency of questionnaires and follow-up periods of the two
cohorts, in the present study we used the baseline survey of Cohort
I1 men to derive the risk prediction model of CRC and the 5-year
follow-up survey of Cohort I men to validate the model.

Participants who reported a history of cancer or cardiovascular
disease, were diagnosed with cancers, or were censored before the
start of the follow-up survey were excluded, leaving 28,115 eligible
subjects for model derivation in Cohort Il and 18,256 for model
validation in Cohort I.

2.2. Risk factor measurements

Self-administered questionnaires contained items on demo-
graphic characteristics, medical history, smoking habit, alcohol
consumption, physical activity, occupation, and other factors, as
well as diets by validated FFQs [25,26].

BMI was calculated as weight in kilograms divided by the
square of height in meters. Physical activity levels, measured by
metabolic equivalent (MET) hours per day, were estimated by
multiplying the reported time spent at each activity per day by its
assigned MET intensity: heavy physical work or strenuous exercise
(4.5), walking or standing (2.0), sedentary (1.5), and sleep or others
(0.9)[6,27]. Daily physical activity level was the sum of MET-hour
scores across all activities.

Smoking habit was grouped into never, former, and current
smokers. Alcohol consumption was categorized into four groups
(never, occasional, regular <300 gfweek, and regular >300 g/
week), in which regular drinkers were categorized by multiplying
the frequency per week by the usual daily amount of alcohol
consumed [8].

Daily food intake was calculated by multiplying the frequency
by standard portion size and relative size for each food item in the
FFQ. Daily intake of nutrients was calculated using the 5th revised
edition of the Standard Tables of Food Composition in Japan [28].

2.3. Follow-up and case assessment

Participants were followed until 31 December 2005. Residence
status, movement of households, and survival were confirmed
annually using the residential registers. Information on the cause
of death was obtained by examining the death -certificates
provided by the Ministry of Health, Labour, and Welfare. The
occurrence of cancer was identified by active patient notification
through the major local hospitals in the study areas and data
linkage with population-based cancer registries. The site and
histology of each cancer were coded using the International
Classification of Diseases for Oncology, 3rd edition (ICD-0-3), with
C18-C20 for CRC, C180-C189 for colon cancer, and C199 and €209
for rectal cancer.

2.4. Statistical analysis

Person-years of follow-up were counted from the date of survey
response (1993 for Cohort Il and 1995 for Cohort I) until the date of
CRC diagnosis, the date of moving out of a study area, the date of
death, or the end of 2005, whichever came first. Persons lost to
follow-up were censored on the last confirmed date of their
presence in the study area. Extreme values of height (<100 or
>199 cm), weight (<20kg), and BMI (<14 or >40 kg/m?) were
removed from this analysis. Nutrient intakes were categorized into
tertiles for all study participants, with the lower tertile as the
reference.

2.4.1. Prediction model derived by JPHC Cohort I

Cox proportional hazards models were derived after testing for
the assumptions underlying its use. Then the model of predictive
risk of developing CRC was fitted, in which the average survival
rates at follow-up time points were estimated by baseline hazard
function with mean values of potential predictors. Hazard ratios
(HR) and 95% confidential interval (CI) of each risk factor were also
estimated. Based on the previous publications in Japanese
populations and age-adjusted univariate analysis performed for
available variables in this study (including more than 30 food items
and nutrients), the potential predictors were applied for building
the full multivariate model, which including age, BMI, daily
physical activity, alcohol consumption, smoking habit, family
history of CRC, and diabetes diagnosed, and interested interaction
terms with biological plausibility between alcohol and smoking,
and physical activity and BMI. PHC areas were treated as strata in
the analysis; assessment of likely shrinkage (over-fitting) was
evaluated for the reduced models by [LR-(p—q)—ql/
[LR — (p — q)], where LR denotes the likelihood ratio x?, and p
and q denote the regression degrees of freedom for the full model
and for a reduced model, respectively [29]. Non-linear relation-
ships (transformations) of age, BMI, or daily physical activity were
tested by using multiple fractional polynomial method of two
degree [30,31], however, none of which had been statistically
significant for leaving in the model.

For each risk factor, the regression coefficients of two cohorts
were compared by a 2-tailed Z statistics, Z = (B4 — Bj,1)/SE, where
Brar and By, are the regression coefficients of Cohort Il and Cohort],
respectively, and SE is the standard error of the difference in the
coefficients, calculated as /(SE2 ) [32]. The Z statistic was
used to test the differente in di-IR otﬂ each risk factor/category
between the two cohorts [32]. The individual risk of CRC was
estimated based on the baseline hazard function of the Cox
regression model derived from Cohort II, which method was same
as one developed in Framingham heart study [33], where
P=1-S(t)*PUxMD  and  fx,M) = B1(x1 — M1) +.. .+ Bi(xj — Mj).
B1,...B8j are the regression coefficients, x1,...Xj represent an
individual’s risk factors, M1,...,Mj are the mean values of the risk
factors in the cohort (for category variables, x1,...xj are the
dichotomous value of the created dummy variable for each
category, entering 1 if the individual's value fits that certain
category and 0 otherwise, and M1,...,Mj are the proportion of the
certain category of the variable in the cohort), and S(t) is the
average survival rate at time t of subjects with the mean values of
the risk factors used in the Cox model. This procedure performed a
better validity than prepared by Ederer method [34]. The predicted
10-year risk of CRC, therefore, was estimated by the baseline
hazard function of Cohort II with mean values of each predictor at
the 10-year follow-up time.

2.4.2. Prediction model validated by JPHC Cohort I
Discrimination, the ability of a predictive model to separate
those who experience an event from those who do not, was
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Table 1

Full and reduced predicative models for estimation of developing colorectal cancer events in Cohort Il men, Japan Public Health Center-based Prospective Study, 1993-2005.

- BMIx physical ac

Removed interactions.

Further removed family history and diabetes diagnosed for CRC and colon cancer; diabetes diagnosed, BMI, and smoking habit for rectal cancer.

a

b

€ CRC, colorectal cancer; MET, metabolic equivalent.

9 Occasional alcohol consumption was as the reference.

assessed using the C statistic, the area under the receiver operating
characteristic curve [32]. The overall C statistics and its 95% Cls
were calculated by logistic regressions. Calibration is another
measure of performance of a prediction model that tests how
closely predicted outcomes agree with actual outcomes [32,35].

The calibration was conducted in Cohort I, using the B coefficients,
the mean of each risk factor, and the average survival rate at 10-
year from the original Cohort II. Participants in Cohort I were
divided into 10 deciles of individual predicted risk, and in each
decile the expected events were the sum of individual predicted

— 551 —



E. Ma et al./Cancer Epidemiology 34 (2010) 534-541 537
Table 2
Characteristics of risk factors, person-years of follow-up, and colorectal cancer events in men, Japan Public Health Center-based Prospective Study, 1993-2005"
Risk factor ~ Cohort I’ e Cohertle P ;

S _ Participants, No.of ~ Person-years No.ofevents = Participants, No.of Person-years No. of events ’
L mean (D), % participants off0lOWUD o Coion Rectum Me3N(SD)E participants of flloW P e Crion Rectum
Age, year 529(88) 28115 310059 543 329 214  547(60) 18256 184496 389 239 - 150
BML kg/m? <~ . .. 23.4(29) 28115 310,059 5437329 214 - 236(28) 18256 . 184496 389 239 150
Physical activity, MET-h/d = 28.7(7.3) 27,284 300982 523314 209 268(70) - 17112 173,159 361 219 142
Alcohol consumption S o E . : . Sl
 Never s 235 6,355 68,967 9% 60 36 232 4192 41652 83 51 32
- Occasional 77 2,087 23,652 26 15 11 8.6 : 1,565 . 16,013 22 100 12
. Regular: <300g/w . 481 13,038 143999, 248 155 93 .. 354 6403 65130 108 64 44

Regular: >300g/w 208 5,623 62,184 - 146 85 61 329 5948 - 60,187 171 111 60
Smokﬁng status : e : BN : : i 5
- Never 236 6579 74,342 111 64 47 361 . 6483 66,178 110 68 . 42
- Former 239 6,657 73,238 142 -89 53 162 2,901 29256 78 5721

Current 52.5 14,601 159,481 284 174 110, 47.7 8,555 85,836 185 112 83

3 CRC, colorectal cancer; MET, metabolic equivalent.
b Cohort II (follow-up: 1993-2005) was used to develop the prediction model.

¢ Cohort I {follow-up: 1995-2005) was to evaluate the prediction model’s performance.

risk [36]. The Hosmer-Lemeshow x? test was applied to analyze
the difference between the observed and estimated risk by groups
of deciles [37]. The ratio of observed and expected CRC events (the
sum of individual predicted risk probability in a certain risk
category) was used to test the model predictive capability for each
risk factor in Cohort . The 95% Cls for O/E ratio was calculated as
(O/E) x exp[£1.96,/(1/0)]; the prediction model underestimated
the CRC risk if the O/E ratio was >1, while it overestimated the risk
if the O/E ratio was <1 [36].

2.4.3. Simple point score model

A simple point score model (risk sheet) for CRC was developed
based on the original prediction model, with the transference of
continuous variables of age, BMI, and physical activity into
category variables [38,39]. The B coefficients were newly fitted
by the Cox model with each of category variables. The first step was
to round regression coefficients to scores, and in this analysis, we
multiplied coefficients by three, and round them [38,40]. Further,
the risk score of each participant was assigned by summing the
points from each risk factor present. The score sheets provide
comparison 10-year absolute risks for persons of the same age
from average and low-risk CRC.

All analyses were conducted using SAS version 9.01 (SAS Inc.,
Cary, NC, USA).

3. Results

As of December 2005, newly diagnosed cases of CRC were 543 in
Cohort Il and 389 in Cohort L. In total, 310,059 and 184,496 person-
years were observed in the average follow-up periods of 11.0 and
of 10.1 years in Cohorts II and I, respectively.

Comparisons of model constructions among the full predic-
tive model and the models with reduced variables were shown
in Table 1, in which the reduced multivariate model with age,
BMI, physical activity, smoking habit and alcohol consumption
was the optimal one (the global test for model non-proportion-
ality, P=0.984, 0.597, and 0.093 for CRC, colon, and rectal
cancer, respectively). Numbers of participants, person-years of
follow-up, and CRC events, as well as the risk factors of CRC are
listed in Table 2. The respective B coefficients and HRs for CRC
risk factors obtained from Cox regression of Cohorts II and I,
with baseline survival rate at 10-years, are shown in Table 3.
Risk factors showed similar relationships to CRC, colon, and
rectal cancer.

In the discriminatory analysis of Cohort II, the C statistics were
0.70 (95% (I, 0.68-0.72) for CRC, 0.71 (95% Cl, 0.68-0.74) for colon
cancer, and 0.68 (95% (I, 0.64-0.71) for rectal cancer, showing a
good ability to distinguish cases from non-cases. In Cohort I, the C
statistics were 0.64 (95% (I, 0.61-0.67) for CRC, 0.66 (95% CI: 0.62~
0.70) for colon cancer, and 0.62 (95% CI: 0.57-0.66) for rectal
cancer, showing a modest ability to distinguish cases from non-
cases.

In the calibration analysis, x* was 14.2 (P =0.08) for CRC, 11.0
(P=0.20) for colon, and 11.2 (P = 0.19) for rectum cancer, showing
that the actual rates of CRC in Cohort I were similar to the rates
predicted by the Cohort II function (Fig. 1). The overall O/E ratios
were 1.09 (95% CJ, 0.98-1.23) for CRC, 1.19 (95% CI, 1.03-1.37) for
colon cancer, and 0.94 (95% Cl, 0.78-1.12) for rectal cancer.
Agreement between the predicted and the observed number of
events was good in most risk factor categories with several
exceptions (e.g., underestimation for CRC in the “never” alcohol
consumption category and overestimation for rectal cancer in the
age group of 45-49) (Table 4).

In addition, when participants who had a history of diabetes
(1991 in Cohort Il and 1332 in CohortI) or a family history of CRCin
first-degree relatives (475 in Cohort II and 157 in Cohort I) were
excluded, the same predictive risk factors were identified, and
similar discrimination and calibration values were observed for
CRC, colon, and rectal cancer, respectively, in Cohort I (data not
shown).

The simple point score model (risk sheet) was developed for
CRC in Cohort II (Fig. 2), for which the C statistic was 0.69 (95% (I,
0.67-0.71). In Fig. 2, the average and the lowest risk probability by
age groups in Cohort Il are also shown. Correspondingly, validation
was performed in Cohort I for the simple point score model: the C
statistic was 0.61 (95% CI, 0.58-0.64) for CRC, with similar O/E
ratios and 95% Cls in each category of risk factors (data not shown).

4. Discussion

We developed a CRC risk prediction mode] with established risk
factors of age, BMI, alcohol consumption, smoking status, and
physical activity level for middle-aged Japanese men. The
prediction model was well calibrated in an external cohort. We
also presented a simple point score model (risk sheet) for CRC risk
estimation.

Cancer is a multifactorial disease involving a variety of factors in
the development of clinical manifestations. This recognition has
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Hosmer-Lemeshow »°= 14.2 (P = 0.08)
0.05

0O0bserved
& Predicted
0.04

0.03

0.02

Probability of events

0.01

0.00

1 2 3 4 5 6 7 8 9 10
Deciles of predicted risk based on Cohort Il function

Fig. 1. The 10-year observed and predicted colorectal cancer events in Cohort I men,
Japan Public Health Center-based Prospective Study, 1993-2005.

led the development of risk assessment tools that attempt to
synthesize the values of numerous variables into a single
statement about the risk of developing a cancer [41]. In this
prediction model, age, alcohol consumption, and daily physical
activity level were identified as the most important CRC risk
factors, consistent with other reports [4,18,20]. Although body
weight was also a potential predictor in this analysis, BMI was
arbitrarily selected in the model building as a relevant compre-
hensive risk factor of CRC [10,18,20].

Dietary factors such as consumption of red meat, green
vegetables, fibers, dairy, calcium supplement use, or intake of
folate were not identified in this population, although they were
previously reported as possibly related to CRC risk [4,18,42].
Moreover, no dietary food combinations, including total meat
(pork, beef, bacon, ham, and sausage) [42], processed meat (bacon,
ham, and sausage) [42,43], total white meat (fish and poultry)[42],
ratio of red meat to vegetable, or ratio of red meat to white meat
[44] were risk predictors of CRC in this study population. Although
in recent years the dietary pattern in the Japanese population has
tended toward the western pattern, the traditional dietary habits
were substantially maintained, especially in older people [45]. This
may account for the lack of foods or dietary nutrients serving as
significant factors for predicting CRC in men. Alternatively, it might
be possible that data in this study population were insufficient to
support a quantitative statement about the exact magnitude of risk
from these diets.

A previous CRC risk prediction model was developed by means
of larger case-control studies and included CRC screening during
the previous 3 years and number of relatives with CRC [18]. In our
study, sigmoidoscopy/colonoscopy and fecal occult blood test were
not available in the Cohort II questionnaire, although these are
known as indicators for the secondary prevention for CRC [46]. The
personal history of diabetes was reported as a possible risk factor of
CRC [26]. In the present study, however, diabetes showed
statistical significance for colon cancer in the univariate analysis
but not in the multivariate analysis. In addition, few participants
reported a family history of CRC, such that this factor could not be
considered for entering into the prediction model. In the analysis
for participants without history of diabetes or family history of
CRC, a similar predictive ability for CRC was observed. This may
indicate that these two factors were not powerful enough for
prediction of CRC in this population. Nevertheless, most CRC risk
factors included in this prediction model represent lifestyle choices
that can be modified with the aim of preventing the disease.

Several validation studies on cancer risk prediction models also
showed modest discriminatory accuracy as measured by C
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~Never
- Former .

Never

" Occasional . . .
# CRC, colorectal cancer; HR, hazard ratio; Cl, confidential interval; MET, metabolic equivalent.

b Cohort II (follow-up: 1993-2005) was used to develop the prediction model.

¢ Cohort I (follo

Physical activity, MET-h/d
d

- Regular: <300g/w

Risk factor

‘Age, year.

BMI, kg/m?
‘Current.

B-Coefficients and hazard ratios with 95% confidence intervals of colorectal cancer risk factors in men, Japan Public Health Center-based Prospective Study, 1993-2005°

: Be,t‘s(eli‘r‘le""surv'iv:al*f‘u‘, tion at 10-year, St(10)

~Alcohol consumption
- Smoking "s"ta‘tus -

Table 3

- 553 —



E. Ma et al./ Cancer Epidemiology 34 (2010) 534-541 539

Table 4
10-Years of observed and expected colorectal cancer events, ratios and 95% confidential intervals in Cohort | men, Japan Public Health Center-based Prospective Study, 1993~
2005°.

CRC o Colon Rectum BERE ;

§ , Observed Expected OJEratio 95% Cl - - Observed Expected OJE ratio 95 %Cl  Observed Expected  OJE ratio 95%  CI
Overall 322 294 1.09 098 123 215 181 119 103 137 107 114 094 078 112
Age, years o : - S

45-49 45 39.0 1.15 0.84 158 35 22.8 1.53 1.02° 231 10 164 0.‘6’1 -.038. 0.99
50-54 62 53.2 1.17 0.89 153 41 31.8 1.29 - 0.91 1.82 21 - 214 0.98 0.64.° 1.50
55-59 : 95 - 76.1 1.25 1.00° 1.56 - 55 46.7 1.18 0.88 157 40 295 1.36 2095 195
60-64 112 1198 0.93 078 1.12 78 75.9 1.03 082 129 34 447 076 . 057 1.02
65-69. : 8 : 6.2 1.30 0.59 2.86 6 4.0 1.52 057 4.07 2 : 23 - ‘0487, 024 314

BMI, kg/m? ' k S S T

<25 230 200.9 1.14 1.00 131 153 123.6 1.24 1.04 1.48 - = B - .
=25 : . 92 1935 0.98 0.80 1.21 62 57.6 1.08 0.83 1.39 L= = - ; - -

Physical activity, MET-h/d b : : : sy .

<22.0 g 118, 1093, .. 1.08 . 0.89 130 .92 67.8 1.36 1.07 172 33 41.9 0.79. - 0.58 - 1.07
22.0-<28.9 95 1014 0.94 077 114 70 62.4 1.12 0.87 - 144 34 394 0.86 10637 1.18
=289 83 83.6 0.99 080 123 57 50.9 1.12 0.85 147 33 33.1 1.00 - 071 140
Alcohol consumption : ) ' . ; ; S
Never ¥ 66 42,5 1.55 115 210 48~ 26.0 1.84 126 2.71 18 16.5 1.09 0.67 - 1.77
Occasional = - 19 17.7 1.07 067 171 9. 10.6 0.85 047 1,56 10 64 1.57. 0.72 3.42
; Regular: '<300ng 95 ©..103.0 092 - 076 112 59 65.5 0.90 071 1.15 - 36 379 0.85 - 069131
Regular: 2300g/w 137 129.6 1.06° ) 0.89 ‘1.26 96 78.2 1.23 098 1.53 41 53.1 0.77 ’0.59 1.01
Smoking status - : ; , : ] G :
Never 87 916 095 077 117 58 527 110 084 144 - - L AR
Former 69 48.9 141 107 187 52 = 31.5 1.65 1.16 234 - - - - -
Current = 160 149.7 1.07 091 125 103 94.6 1.09 0.89 1.33 - - - - -

2 CRC, colorectal cancer; OJE, observed/expected; Cl, confidential interval; MET, metabolic equivalent.

Step 1: Assign a score Step 2: Add sum of scores

Age, year Score Risk factors Score
40-44 0 Age
45-49 1 BMI
50-54 3 Smoking habit
55-59 4 Alcohol consumption
60-64 5 Physical Activity
65-69 8 Total

BMI, Kg/m? Score
<25 0 Step 3: Determine absolute risk of colorectal cancer
=25 1

BMI, Body Mass Index Total score 10-year risk, %

-1 0.2
0 0.3

Smoking habit Score 1 0.5
No 0 2 0.7
Former 0 3 0.9
Current 1 4 1.3

5 1.8
6 24

Alcohol consumption Score 7 3.3
No 0 8 4.6
Occasional 0 9 59
Regular <300 g/w 1 10 7.4
Regular 2300 g/w 2

Reference standard of 10-year absolute
risk of colorectal cancer, %

Physical activity, MET-h/day Score Age Average risk_ Lowest risk
<247 0 40-44 0.5 0.1
24.7-<34.6 -1 45-49 0.9 0.2
234.6 -1 50-54 1.4 0.3

MET, metabolic equivalent 55-59 19 0.5

60-64 27 0.7
65-69 3.0 0.7

Fig. 2. Simple point score model (risk sheet) for evaluation of 10-year risk of colorectal cancer incidence in men.

— 554 -



540 E. Ma et al./Cancer Epidemiology 34 (2010) 534-541

statistics, including 0.61 for CRC [36], 0.60-0.63 for breast cancer
[47,48], and 0.60-0.69 for lung cancer [49,50]. Similarly, the
modest ability to predict CRC in this study suggested that in future
studies stronger risk predictors need to be found [18], for instance,
dietary nutrient intake or genotypes.

The overall predicted number of CRC events was close to the
actual number, with several exceptions in the validation. The
differences between the observed and the predicted CRC events in
Cohort I may be due to a different distribution of participants with
higher risk in the two cohorts. For example, more elderly men and
smokers were in Cohort II than in Cohort I, while more heavy
alcohol drinkers were in Cohort [ than in Cohort II. The
discrepancies in the questionnaires used in the two cohorts also
may partly account for the difference [36].

The validation in this study was done in an external cohort
(Cohort I); however, risk factor profiles and measurement were
similar to those of the population for model development (Cohort
IT). Therefore, the generalizability of the prediction model needs to
be tested in other populations to provide more external valida-
tions. Another limitation of this study was that the simple point
score model (risk sheet) for estimation of CRC risk included not
only simple frequency components (age, body weight, and
smoking) but also those based on calculation (alcohol consump-
tion by gram per week and physical activity by MET-hour per day).
This may make it inconvenient for an individual to use the sheet
directly. In addition, because the 5-year follow-up measurement
was used as the baseline for Cohort I in this analysis, the smaller
relevant population might reduce its validation capability.

In summary, the CRC risk prediction model was developed
based on a large cohort study; it showed modest discrimination
power and was well calibrated in another large cohort. This model
may be used by clinicians, public health professionals, and
individuals to estimate the CRC risk for Japanese men, which
could play a role in the promotion of CRC prevention strategies.
Further validation in other populations, with the addition of more
established factors, is necessary.

Conflict of interest statement
None declared.
Acknowledgments

This study was supported by a Grant-in-Aid for Cancer Research
(19 shi-2) and for the Third Term Comprehensive 10-year Strategy
for Cancer Control (H21-Sanjigan-Ippan-003) from the Ministry of
Health, Labour and Welfare of Japan and Grants-in-Aid for
Scientific Research for Young Scientists (A) (19689014) from the
Ministry of Education, Culture, Sports, Science, and Technology of
Japan and Japan Society for the Promotion of Science.

We thank all staff members in each study area for their
painstaking efforts to conduct the baseline survey and follow-up.
Members of the JPHC Study Group (principal investigator: S.
Tsugane) include: S. Tsugane, M. Inoue, T. Sobue, and T. Hanaoka,
Research Center for Cancer Prevention and Screening, National
Cancer Center, Tokyo; J. Ogata, S. Baba, T. Mannami, A. Okayama,
and Y. Kokubo, National Cardiovascular Center, Suita; K. Miya-
kawa, F. Saito, A. Koizumni, Y. Sano, I. Hashimoto, T. Ikuta, and Y.
Tanaba, Iwate Prefectural Ninohe Public Health Center, Ninohe; Y.
Miyajima, N. Suzuki, S. Nagasawa, Y. Furusugi, and N. Nagai, Akita
Prefectural Yokote Public Health Center, Yokote; H. Sanada, Y.
Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y.
Watanabe, Y. Miyagawa, Y. Kobayashi, and M. Machida, Nagano
Prefectural Saku Public Health Center, Saku; Y. Kishimoto, E.
Takara, T. Fukuyama, M. Kinjo, M. Irei, and H. Sakiyama, Okinawa
Prefectural Chubu Public Health Center, Okinawa; K. Imoto, H.

Yazawa, T. Seo, A. Seiko, F. Ito, F. Shoji, and R. Saito, Katsushika
Public Health Center, Tokyo; A. Murata, K. Minato, K. Motegi, and T.
Fujieda, Ibaraki Prefectural Mito Public Health Center, Mito; T. Abe,
M. Katagiri, M. Suzuki, and K. Matsui, Niigata Prefectural
Kashiwazaki and Nagaoka Public Health Center, Kashiwazaki
and Nagaoka; M. Doi, A. Terao, Y. Ishikawa, and T. Tagami, Kochi
Prefectural Chuo-higashi Public Health Center, Tosayamada; H.
Doi, M. Urata, N. Okamoto, F. Ide, and H. Sueta, Nagasaki Prefectural
Kamigoto Public Health Center, Arikawa; H. Sakiyama, N. Onga, H.
Takaesu, and M. Uehara, Okinawa Prefectural Miyako Public Health
Center, Hirara; F. Horii, . Asano, H. Yamaguchi, K. Aoki, S.
Maruyama, M. Ichii, and M. Takano, Osaka Prefectural Suita Public
Health Center, Suita; S. Matsushima and S. Natsukawa, Saku
General Hospital, Usuda; M. Akabane, Tokyo University of
Agriculture, Tokyo; M. Konishi, K. Okada, and 1. Saito, Ehime
University, Toon; H. Iso, Osaka University, Suita; Y. Honda, K.
Yamagishi, S. Sakurai, and N. Tsuchiya, Tsukuba University,
Tsukuba; H. Sugimura, Hamamatsu University, Hamamatsu; Y.
Tsubono, Tohoku University, Sendai; M. Kabuto, National Institute
for Environmental Studies, Tsukuba; S. Tominaga, Aichi Cancer
Center Research Institute, Nagoya; M. lida, W. Ajiki, and A. Ioka,
Osaka Medical Center for Cancer and Cardiovascular Disease,
Osaka; S. Sato, Osaka Medical Center for Health Science and
Promotion, Osaka; N. Yasuda, Kochi University, Nankoku; K.
Nakamura, Niigata University, Niigata; S. Kono, Kyushu University,
Fukuoka; K. Suzuki, Research Institute for Brain and Blood Vessels
Akita, Akita; Y. Takashima and M. Yoshida, Kyorin University,
Mitaka; E. Maruyama, Kobe University, Kobe; M. Yamaguchi, Y.
Matsumura, S. Sasaki, and S. Watanabe, National Institute of Health
and Nutrition, Tokyo; T. Kadowaki, Tokyo University, Tokyo; M.
Noda and T. Mizoue, International Medical Center of Japan, Tokyo;
Y. Kawaguchi, Tokyo Medical and Dental University, Tokyo; H.
Shimizu, Sakihae Institute, Gifu.

References

[1] Matsuda T, Marugame T, Kamo K, Katanoda K, Ajiki W, Sobue T. Cancer
incidence and incidence rates in Japan in 2002: based on data from 11
population-based cancer registries. Jpn J Clin Oncol 2008;38:641-8.

[2] The Editorial Board of the Cancer Statistics in Japan, ed. Cancer statistics in
Japan 2007. Tokyo: Foundation for Promotion of Cancer Research (FPCR), 2007

[3] shibuya K, Mathers CD, Boschi-Pinto C, Lopez AD, Murray CJ. Global and
regional estimates of cancer mortality and incidence by site. II. Results for
the global burden of disease 2000. BMC Cancer 2002;2:37.

[4] Wiseman M. The second World Cancer Research Fund/American Institute for
Cancer Research expert report. Food, nutrition, physical activity, and the
prevention of cancer: a global perspective. Proc Nutr Soc 2008;67:253-6.

[5] Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB, Maisonneuve P.
Smoking and colorectal cancer: a meta-analysis. JAMA 2008;300:2765-78.

[6] Lee K], Inoue M, Otani T, Iwasaki M, Sasazuki S, Tsugane S. Physical activity and
risk of colorectal cancer in Japanese men and women: the Japan Public Health
Center-based prospective study. Cancer Causes Contr 2007;18:199-209.

[7] Isomura K, Kono S, Moore MA, Toyomura K, Nagano J, Mizoue T, et al. Physical
activity and colorectal cancer: the Fukuoka colorectal cancer study. Cancer Sci
2006;97:1099-104.

[8] Otani T, Iwasaki M, Yamamoto S, Sobue T, Hanaoka T, Inoue M, et al. Alcohol
consumption, smoking, and subsequent risk of colorectal cancer in middle-
aged and elderly Japanese men and women: Japan Public Health Center-based
prospective study. Cancer Epidemiol Biomarkers Prev 2003;12:1492-500.

[9] Shimizu N, Nagata C, Shimizu H, Kametani M, Takeyama N, Ohnuma T, et al.
Height, weight, and alcohol consumption in relation to the risk of colorectal
cancer in Japan: a prospective study. Br ] Cancer 2003;88:1038-43.

[10] Otani T, Iwasaki M, Inoue M. Body mass index, body height, and subsequent
risk of colorectal cancer in middle-aged and elderly Japanese men and women:
Japan public health center-based prospective study. Cancer Causes Contr
2005;16:839-50.

[11] Tsubono Y, Otani T, Kobayashi M, Yamamoto S, Sobue T, Tsugane S. No
association between fruit or vegetable consumption and the risk of colorectal
cancer in Japan. Br ] Cancer 2005;92:1782-4.

[12] Otani T, Iwasaki M, Ishihara J, Sasazuki S, Inoue M, Tsugane S. Dietary fiber
intake and subsequent risk of colorectal cancer: the Japan Public Health
Center-based prospective study. Int ] Cancer 2006;119:1475-80.

[13] Mizoue T, Inoue M, Wakai K, Nagata C, Shimazu T, Tsuji I, et al. Alcohol drinking
and colorectal cancer in Japanese: a pooled analysis of results from five cohort
studies. Am ] Epidemiol 2008;167:1397-406.

- 5565 —



E. Ma et al./Cancer Epidemiology 34 (2010) 534-541 541

[14] Mizoue T, Inoue M, Tanaka K, Tsuji I, Wakai K, Nagata C, et al. Tobacco smoking
and colorectal cancer risk: an evaluation based on a systematic review of
epidemiologic evidence among the Japanese population. Jpn J Clin Oncol
2006;36:25-39.

[15] Akhter M, Inoue M, Kurahashi N, Iwasaki M, Sasazuki S, Tsugane S. Reproduc-
tive factors, exogenous female hormone use and colorectal cancer risk: the
Japan Public Health Center-based Prospective Study. Eur J Cancer Prev
2008;17:515-24.

[16] Tamakoshi K, Wakai K, Kojima M, Watanabe Y, Hayakawa N, Toyoshima H,
et al. A prospective study of reproductive and menstrual factors and colon
cancer risk in Japanese women: findings from the JACC study. Cancer Sci
2004;95:602~7.

[17] Tsugane S. What we know about associations between diet and cancer. JMA]
2008;51:7.

[18] Freedman AN, Slattery ML, Ballard-Barbash R, Willis G, Cann B], Pee D, et al.
Colorectal cancer risk prediction tool for white men and women without
known susceptibility. J Clin Oncol 2008,

[19] Parkin DM, Olsen AH, Sasieni P. The potential for prevention of colorectal
cancer in the UK. Eur ] Cancer Prev 2009;18:179-90.

[20] Colditz GA, Atwood KA, Emmons K, Monson RR, Willett WC, Trichopoulos D,
et al. Harvard report on cancer prevention volume 4: Harvard cancer risk
index. Risk Index Working Group, Harvard Center for Cancer Prevention.
Cancer Causes Contr 2000;11:477-88.

[21] Selvachandran SN, Hodder R], Ballal MS, Jones P, Cade D. Prediction of
colorectal cancer by a patient consultation questionnaire and scoring system:
a prospective study. Lancet 2002;360:278-83.

[22] Imperiale TF, Wagner DR, Lin CY, Larkin GN, Rogge JD, Ransohoff DF. Using risk
for advanced proximal colonic neoplasia to tailor endoscopic screening for
colorectal cancer. Ann Intern Med 2003;139:959-65.

[23] Tsugane S, Sobue T. Baseline survey of JPHC study—design and participation
rate. Japan public health center-based prospective study on cancer and
cardiovascular diseases. ] Epidemiol 2001;11:524-9.

[24] Iwasaki M, Otani T, Yamamoto S, Inoue M, Hanaoka T, Sobue T, et al. Back-
ground characteristics of basic health examination participants: the JPHC
study baseline survey. ] Epidemiol 2003;13:216-25.

[25] Sasaki S, Kobayashi M, Ishihara ], Tsugane S. Self-administered food frequency
questionnaire used in the 5-year follow-up survey of the JPHC study: ques-
tionnaire structure, computation algorithms, and area-based mean intake. J
Epidemiol//pn Epidemiol Assoc 2003;13:513-22.

[26] Inoue M, Iwasaki M, Otani T, Sasazuki S, Noda M, Tsugane S. Diabetes mellitus
and the risk of cancer: results from a large-scale population-based cohort
study in Japan. Arch Intern Med 2006;166:1871-7.

[27] Inoue M, Iso H, Yamamoto S, Kurahashi N, Iwasaki M, Sasazuki S, et al. Daily
total physical activity level and premature death in men and women: results
from a large-scale population- based cohort study in Japan (JPHC study). Ann
Epidemiol 2008;18:522-30.

[28] Technology. CfSa, Ministry of Education C., Sports, Science and Technology the
Government of Japan, ed. Standard tables of food composition in Japan, the
fifth revised and enlarged edition. Tokyo: Printing Bureau, Ministry of Finance,
2005.

[29] Harrell Jr FE, Lee KL, Mark DB. Multivariable prognostic models: issues in
developing models, evaluating assumptions and adequacy, and measuring and
reducing errors. Stat Med 1996;15:361-87.

[30] Royston P, Ambler G, Sauerbrei W. The use of fractional polynomials to model
continuous risk variables in epidemiology. Int ] Epidemiol 1999;28:964-74.

[31] Sauerbrei W, Meier-Hirmer C, Benner A, Royston P. Multivariable regression
model building by using fractional polynomials: description of SAS, STATA and
R programs. Comput Stat Data Anal 2006;50:3464-85.

[32] LiuJ, Hong Y, D'Agostino Sr RB, Wu Z, Wang W, Sun J, et al. Predictive value for
the Chinese population of the Framingham CHD risk assessment tool com-
pared with the Chinese Multi-Provincial Cohort Study. JAMA 2004;291:2591-

[33] D'Aaostmo Sr RB, Grundy S, Sullivan LM, Wilson P. Validation of the Framing-
ham coronary heart disease prediction scores: results of a multiple ethnic
groups investigation. JAMA 2001;286:180-7.

[34] Therneau TM, Grambsch GP. Expected survival. Modeling survival data:
extending the Cox model. Springer; 2004. p. 280.

[35] D’'Agostino RB, Nam BH. Evaluation of the performance of survival analysis
models: discrimination and calibration measures. In: Balakrishnan NRC, ed.
Handbook of statistics, vol. 23. London, England: Elsevier, 2004.

[36] Park Y, Freedman AN, Gail MH, Pee D, Hollenbeck A, Schatzkin A, et al.
Validation of a colorectal cancer risk prediction model among white patients
age 50 years and older. ] Clin Oncol 2009;27:694-8.

[37] Lemeshow S, Hosmer Jr DW. A review of goodness of fit statistics for use in the
development of logistic regression models. Am J Epiderniol 1982;115:92-106.

[38] Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categories. Circulation
1998;97:1837-47.

[39] Wu Y, Liu X, Li X, Li Y, Zhao L, Chen Z, et al. Estimation of 10-year risk of fatal
and nonfatal ischemic cardiovascular diseases in Chinese adults. Circulation
2006;114:2217-25.

[40] Steyerberg EW. Clinical prediction models: a practical approach to develop-
ment, validation, and updating. Springer; 2009.

[41] Kannel WB, McGee DL. Composite scoring—methods and predictive validity:
insights from the Framingham Study. Health Serv Res 1987;22:499-535.

[42] Giovannucci E, Rimm EB, Stampfer MJ, Colditz GA, Ascherio A, Willett WC.
Intake of fat, meat, and fiber in relation to risk of colon cancer in men. Cancer
Res 1994;54:2390-7.

[43] Cross AJ, Leitzmann MF, Gail MH, Hollenbeck AR, Schatzkin A, Sinha R. A
prospective study of red and processed meat intake in relation to cancer risk.
PLoS Med 2007;4:e325.

[44] McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu FB,
et al. Diet quality and major chronic disease risk in men and women: moving
toward improved dietary guidance. Am J Clin Nutr 2002;76:1261-71.

[45] Kim MK, Sasaki S, Sasazuki S, Tsugane S. Prospective study of three major
dietary patterns and risk of gastric cancer in Japan. Int ] Cancer 2004,110:435~
42.

[46] Lee KJ, Inoue M, Otani T, Iwasaki M, Sasazuki S, Tsugane S. Colorectal cancer
screening using fecal occult blood test and subsequent risk of colorectal
cancer: a prospective cohort study in Japan. Cancer Detect Prev 2007;31:3-11.

[47] Chen ], Pee D, Ayyagari R, Graubard B, Schairer C, Byrne C, et al. Projecting
absolute invasive breast cancer risk in white women with a model that
includes mammographic density. ] Natl Cancer Inst 2006;98:1215-26.

[48] Barlow WE, White E, Ballard-Barbash R, Vacek PM, Titus-Ernstoff L, Carney PA,
et al. Prospective breast cancer risk prediction mode! for women undergoing
screening mammography. ] Natl Cancer Inst 2006;98:1204-14.

[49] Rosner BA, Colditz GA, Webb PM, Hankinson SE. Mathematical models of
ovarian cancer incidence, Epidemiology 2005;16:508-15.

[50] CroninKA, Gail MH, ZouZ, Bach PB, Virtamo ], Albanes D. Validation of a model of
lung cancer risk prediction among smokers. ] Natl Cancer Inst 2006;98:637-40.

— 556 —



