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ﬂGastr c cancer 1s a pamcularly |mportant

pan, where |ncr ence rates‘ arek mong the hlghest observed ln thrs work

_we provrde a rlsk predrctlon model allowmg the estrmatron of the 10- year cumulatlve probablllty of gastrrc cancer occurr’ence :
The study populatron consrsted of 19 0 8,md|v1duals rom the lapanese Publlc Health Center cohort 1 who were followed-ﬂp o

from 1993 to. 2009 A parametnc survrval model w

5 used to assess. the !mpact on the probabllrty of. gastnc cancer of clinical

~and llfestyle related risk factors in combmatron wrth serum ann Heln:obacter pylorl antxbody tltres and pepsinogen I and pep- :
sinogen lI levels. Based on the resultmg model cumulatrve probabrlrty estlmates were calculated anda srmple l’lSk scormg
Vsystem was developed A total of 412 cases of gastrrc cancer occurred durmg 270, 854 person- years of l’ollow-up The final
model mcluded (besrdes the blologlcal markers) age gencler, smokmg status famlly hrstory of gastnc cancer and consump-
tion of hrghly salted. food. The developed predlctlon model showed good predrctwe performance in terms of drscnmlnatron k
(optlmlsm -corrected c-mdex 0. 768) and. calrbratlon (Nam and d’Agostino’s ¢* test: 14.78; p values = 0. 06) ‘Estimates of the
10-year. probabrllty of gastnc cancer occurrence ranged from 0.04%. (0 02, 0.1) to 14. 87% (8.96, 24, 14) for men and from
-0.03% (0 02 0.07) to 4. 91% (2 71, 8. 81) for women. in conclusron, we developed a risk predlctron model for gastric cancer
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Stomach cancer is currently the fifth most common cancer,
with approximately 1 million new cases diagnosed worldwide
each year, and ranks as the third leading cause of cancer-
related death.' It represents a particularly important public
health issue in East Asian countries, where incidence rates
are among the highest observed. In Japan, although the age-
standardized incidence rate has been continually decreasing
for a few decades, the number of new cases still exhibits an
increasing pattern that is thought to be mainly attributable to
the ageing of the population.” According to recently pub-
lished national cancer statistics,” gastric cancer was the most
commonly diagnosed cancer, accounting for 15.6% of cancer
cases diagnosed in 2010, and still represented the second
most important cause of cancer-related death in 2012.

Gastric carcinogenesis is a well-studied process thought to
be mainly related to chronic infection with Helicobacter
pylori,* resulting in atrophic gastritis, intestinal dysplasia,
metaplasia and, finally, adenocarcinoma.® A recent update of
the worldwide global burden of gastric cancer related to
infections® estimated that almost 90% of noncardia gastric
cancers were attributable to H. pylori” It is thought that H.
pylori might be almost a necessary condition for gastric can-
cer development and that negativity of H. pylori infection in
gastric cancer cases reflects the inability of the bacteria to
develop on the mucosa of patients with severe atrophic
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Gastric cancer is still one of the most common and deadly cancers, especially in Japan. in this study, the authors deveioped a
model and a simple scoring system to estimate an individual’s risk of developing gastric cancer, based on factors such as

H. pylori antibodies, serum pepsinogen levels, and lifestyle habits. This predictive model may encourage people to modify -
their habits or participate in screening programmes, and may also enhance our understanding of H. pylori infection and
atrophic gastritis as contributing factors in long-term gastric cancer risk. ‘ :

gastritis.5~'® Nonetheless, H. pylori is not a sufficient cause of
gastric cancer, and other risk factors that may modulate the
impact of the infection, such as cigarette smoking'*™** and
dietary habits (highly salted food consumption,'® intake of
fruit and vegetables'>'®), have been identified."”

Because the symptoms associated with the development of
gastric cancer are nonspecific, diagnosis is often made at an
advanced stage of the disease, resulting in a poor survival
rate.” However, the situation is slightly different in Japan,
where the 5-year relative survival rate is more than two times
higher than that observed in other countries; this difference
is considered to be mainly attributable to early-stage diagno-
sis.® From the standpoint of prevention, gastric cancer thus
represents a particularly important target.

Several risk prediction models for gastric cancer have
already been developed. For example, Buckland et al. devel-
oped a prognostic model based on a large cohort population
to assess the impact of lifestyle factors on the risk of occur-
rence of gastric cancer;'® Lee et al. proposed a prognostic
tool aimed at predicting cumulative incidence of gastric can-
cer in patients with peptic ulcer,' while Tata et al. developed
a diagnostic scoring system based on clinical variables.”’
However, these models do not take into account information
on the presence of H. pylori infection and atrophic gastritis,
which are strong predictors of the risk of gastric cancer
occurrence, especially in the Japanese population.’ Miki pro-
posed a test for risk stratification based on anti-H. pylori IgG
antibody and serum pepsinogen levels called the “ABC meth-
0d,” which allows the classification of individuals in four
categories of increasing risk. Several studies have demon-
strated its usefulness in discriminating high-risk individuals
who may benefit from further gastric cancer screening proce-
dures."**** These studies are nonetheless of relatively small
size and do not consider the concomitant effect of lifestyle
risk factors.

A screening programme based on an X-ray method with
photofluorography is currently used in Japan.”> However,
applying this screening method to all Japanese individuals
after a certain age would not be cost-effective.’’ On the other
hand, informing individuals on their risk of gastric cancer is
an important aspect of prevention.”® In that respect, the
recent development of the “ABC method™ constitutes a
promising tool. Besides, risk stratification might be further
enhanced by taking into account risk factors known to
impact on gastric cancer occurrence, such as smoking habits

Int. J. Cancer: 138, 320-331 (2016) © 2015 uicc

or salt consumption. Therefore, there is a need for the devel-
opment of a simple tool that allows the estimation of the risk
of gastric cancer occurrence based on simple clinical,
biological and lifestyle-related factors. It might help clinicians
to persuade their patients to modify their lifestyle habits,
attend regular check-up visits or participate in more specific
screening programmes.

The aim of this work was thus to improve on existing
studies by constructing a prognostic risk prediction model
and a simple scoring system allowing the estimation of the
10-year cumulative probability of gastric cancer occurrence
based on a large cohort population with information on eas-
ily obtainable clinical and lifestyle-related characteristics in
combination with serum measurements of anti-H. pylori 1gG
antibodies and levels of pepsinogen I and pepsinogen II.

Material and Methods

Study population

The participants in our study were Japanese residents
included in the Japanese Public Health Center (JPHC)-based
Prospective Study Cohort II*° recruited during the period
1993-1994 who answered a self-administered baseline ques-
tionnaire distributed at study entry and provided a blood
sample collected at the same time or during the year after
completion of the questionnaire (mean time between ques-
tionnaire and blood sample collection: 0.44 years). The start-
ing point was then defined for each subject as the date of
completion of the baseline questionnaire or the date of blood
sample collection, whichever came last, and age at the start
of the study was recalculated accordingly. Subjects were
followed-up until 31 December 2009. Supporting Information
Figure S1 describes the study population selection process.
The Institutional Review Board of the National Cancer Cen-
ter, Tokyo, Japan, approved the study.

Follow-up and identification of gastric cancer cases
Residency registration and death registration are required by
the Basic Residential Register Law and Family Registry Law,
respectively, and the registries are thought to be complete.
We identified incident gastric cancer cases by active patient
notification from major local hospitals in each study area and
from data linkage with population-based cancer registries.
Cancer cases were coded according to the International Clas-
sification of Diseases for Oncology, 3rd edition,?® gastric can-
cer corresponding to codes C-160 to C-169.
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Laboratory analyses

Serum levels of IgG antibodies to H. pylori were measured by
enzyme immunoassay (E plate “Eiken” H. pylori Antibody II;
Eiken Kagaku, Tokyo, Japan). Seropositivity for anti-H. pylori
antibodies was defined as an IgG titre > 10 U/mL. Serum
levels of pepsinogen I and pepsinogen II were measured by
latex agglutination (LZ test “Eiken” Pepsinogen I, II; Eiken
Kagaku). “Atrophic gastritis” was defined when the criteria of
both a pepsinogen I level <70 ng/mL and a pepsinogen I/I
ratio <3.0 were fulfilled. The four categories of the “ABC
method™ were then defined as follows: category A repre-
sented individuals negative for both anti-H. pylori IgG and
atrophic gastritis; category B represented individuals positive
for only anti-H. pylori IgG; category C represented individu-
als positive for both anti-H. pylori IgG and atrophic gastritis
and category D represented individuals positive only for
atrophic gastritis.

Preliminary selection of risk factors

In the following, we list the potential risk factors that were
considered in preliminary analyses, and explain, for each of
them, the reasons for selecting them or not in the subsequent
model building procedure.

Smoking status. Smoking has been identified as a risk factor
for gastric cancer.'*™ In our work, preliminary analyses
showed that past smokers had the same risk as never smok-
ers, so smoking status was defined as a dichotomous variable
in the final analysis (never and past smokers vs. current
smokers).

Alcohol consumption. Although the role of alcohol in the
development of gastric cancer has long been debated, a recent
meta-analysis showed that heavy drinking was significantly
associated with non-cardia gastric cancer.”’ However, the
analysis restricted to Asian studies suggested an absence of
excess risk, because the aldehyde dehydrogenase and alcohol
dehydrogenase polymorphisms present in Asian populations
might somewhat limit alcohol consumption levels. Prelimi-
nary analyses were also consistent with the absence of effect
of alcohol in our study population, so we did not consider it
further in our model building procedure.

Salt and highly salted food consumption. Total salt and
salted food consumption have been classified as “probable”
risk factors for gastric cancer occurrence in the second expert
report on diet and cancer of the World Cancer Research
Fund.” In a cohort study in the Japanese population, Tsugane
et al.™ found an association between the consumption of var-
ious highly salted food items and the risk of gastric cancer.
In our study, we assessed in preliminary analyses the effect of
various salted food items (pickled green vegetables, other
pickled vegetables and salted fish roe) as well as the estimated
total salt consumption. Only salted fish roe consumption was
associated with an increased risk of gastric cancer. Salted fish
roe is not part of the everyday diet and the distribution of
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the frequency of salted fish roe consumption was highly
skewed with almost 45% of individuals never consuming it
and 45% eating it less than once a week. We thus decided to
dichotomize salted cod roe consumption into never vs. at
least sometimes in subsequent analyses. More than the actual
consumption of salted cod roe, we believe that this variable
indicates an inclination for highly salted food in general.

Fruit and vegetable consumption. Fruit and vegetable have
previously been found to be associated with gastric can-
cer.'>'%% In particular, fruits, nonstarchy and allium vegeta-
bles were classified as “probable” risk factors for gastric
cancer in the second expert report on diet and cancer of the
World Cancer Research Fund.®’ However, preliminary analy-
ses in our study population failed to find any effect of fruit
and vegetable consumption. Moreover, the questionnaire
used in the JPHC Study Cohort II does not allow us to iso-
late nonstarchy or allium vegetable consumption. Finally, our
aim was to develop a risk prediction model that should be
easy to use and therefore could not be based on detailed
questionnaires assessing food consumption. Consequently, we
did not consider fruit and vegetable consumption in the
model building procedure.

Family history and hereditary cancer syndromes. Family
history of gastric cancer has been described as a risk factor
for gastric cancer. However, it appears that known hereditary
cancer syndromes [such as Lynch syndrome, familial adeno-
matous polyposis (FAP) and Peutz-Jeghers syndrome]
account for only a small proportion of familial gastric cancer
cases aggregations and it is thought that familial clustering is
mainly related to shared environmental exposures and
genetic  susceptibilities associated with low-penetrance
alleles.” Tn our study, we defined family history as a history
of gastric cancer for at least one first-degree relative (parents
and siblings).

Statistical analysis
Person-years of follow-up for each individual were calculated
from the starting point to the date of gastric cancer diagnosis,
date of emigration from the study area, date of death or end
of follow-up (31 December 2009), whichever came first.
Semi-parametric Cox proportional hazards models were
used for covariate selection. Variables corresponding to
already known and validated risk factors (i.e, age, gender,
the categories defined by the combined anti-H. pylori IgG
antibody and serum pepsinogen status) were introduced in
the model without prior selection step. In addition, we con-
sidered three factors that have been found to be associated
with gastric cancer: smoking status,''™* consumption of
highly salted food'* and family history of gastric cancer.””
The various combinations of one or more of these factors
were added in turn to the basal linear predictor and selection
of the appropriate combination was performed by comparing
the Akaike information criteria (AIC) of the different models
obtained. Statistical interaction between age and the selected

Int. J. Cancer: 138, 320-331 (2016) © 2015 UICC
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Table 1. Baseline demographic and clinical characteristics of the study population consisting of 19,028 individuals from the JPHC Cohort Il

Individuals free of gastric cancer

Gastric cancer cases

Proportion (%) n=412 Proportion (%)

59.

Baseline characteristics n=18,616
Age

Gender

Women 11,979
Men 6,637
Smoking status

Never 13,161
Past 2,128
Current 3,327
Family history (parents or siblings)

No i 17,390
Yes 1,226
‘F‘ish roe, fish gut consumption

No 8,275
Yes 10,341
Atrophic gastritis?

No 10,900
Yes 7,716
Anti-H. pylori igG seropositivity®

No 5,967
Yes 12,649
Atrophic gastritis and anti-H. pylori IgG status®

Category A 5,396
Category B 5,504
Category C 7,145
Category D 571

3 (51.5, 64.9) 63.3 (57.9, 67.1)*
64.3 1572 38.1
35.7 255 61.9
70.7 199 483
11.4 82 19.9
17.9 131 ° 31.8
93.4 373 905
6.6 39 9.5
44.5 150 36.4
55.5 262 63.6
58.6 116 ©28.2
41.4 296 71.8
32.1 36 8.7
67.9 376 91.3
29.0 12 2.9
29.5 104 25.3
38.4 272 66.0
3.1 24 5.8

*Median (interquartile range).

2ptrophic gastritis was defined as a pepsinogen | level <70 ng/mL combined with a pepsinogen I/l ratio <3.0.
3Anti-H. pylori 1gG seropositivity was defined as alevel of serum IgG >10 U/mL.
“Category A: Atrophic gastritis (AG) negative ((—]) and H. pylori antibodies (HPA) [—], Category B: AG [—]/HPA positive ([+]), Category C: AG [+]/HPA

[-+], Category D: AG [+]/HPA [-].

covariates was tested and included if appropriate. Non-pro-
portionality of the covariates included in the final model was
tested by the Grambsch and Therneau test®® Age was
defined as the age in years at the beginning of the follow-up
and was used as a continuous variable. Smoking was defined
as current smokers compared with never or past smokers.
Highly salted food consumption was defined as consumption
of salted fish roe at least sometimes compared with never.
Family history of gastric cancer was defined as the presence
of at least one case of gastric cancer among the parents or
siblings.

To estimate the cumulative probability and to model non-
proportional effects, we then wused a fully parametric
model>** The logarithm of the baseline hazard was
described by a parametric B-spline of time and non-propor-
tional effects were modelled through the inclusion of interac-
tion terms with the logarithm of the baseline hazard. The

Int. J. Cancer: 138, 320331 (2016) © 2015 UICC
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selection of the appropriate function of time for the baseline
hazard was based on the AIC.

The predictive performance of the final model was
assessed in terms of discrimination and calibration.*® Dis-
crimination was estimated using the generalization of Har-
rell’s c-index®®® to non-proportional hazard models
described by Antolini et al.>® using 10 years as the reference
follow-up time. Internal validation was provided by estimat-
ing the optimism-corrected c-index: 500 bootstrap samples
were generated; for each of these, we performed the afore-
mentioned two-step modelling procedure. Using the esti-
mated parameters from the selected model, the c-index was
calculated for the bootstrap sample and estimated for the
original dataset. The optimism was then estimated as the
average of the difference between the two c-index values over
all the bootstrap samples. Finally, the optimism-corrected c-
index was obtained by subtracting the estimated optimism
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Table 2. Summary of the parameter estimates of the survival model developed in the whole study population of 19,028 individuals from the

JPHC Cohort Il

“Coefficient (SE) * Hazard ratios (95% CI)

Effect of age!

Men - ' ‘

5 years of follow-up

10 years of'fybl‘low-yupy“, .

15 years of foliow-up h

'Womenk e -

5 years of fdllow-up k

10 years of follow-up

15 Yeérs of’ﬁ’)llmk/v-ub‘ k

Gender V(mkén)",‘ '

Smdkiné ététus (Wcﬁrkrekﬁt)’

“Fish roe, fish gut ﬁdn,\suhip‘tié‘n

Family history o

Atrophic gastritis and H. pylori infection status®
Category A k k
Category B

Category C

Category D

1.09 [1.06;1.11]%3
-~ 1.07 [1.05:1.09]
1.05 [1.02;1.08]

1.05 [1.03;1.08]
1.03[1.01;1.06]
1.01 [0.99:1.04]
. 218[1.70,278]
136 [1.08:1.72]
[
[

0777 (0126)
0310 0.120)
0.248 (0.104)
0.313 (0.169)

128 [1.04:157]
1.37 [0.98;1.90]
- ' Ref
7.58 [4.16;13.79]
13.86 [7.76;24.75]
14.09 [7.03;28.26]

2.025 (0.305)
2.629 (0.296)
2.646 (0.355)

“The effect of age being time-dependent and gender-specific (i.e., the model

includes an interaction term between age and gender), we do not pres-

ent the model coefficients because they do not have a straightforward interpretation. Instead, we present a few hazard ratios obtained separately

for men and women for different follow-up times.
Hazard ratio for a 1-year increment of age.

395% confidence intervals were obtained by sampling 100,000 times in the multivariate normal distribution of the coefficients of the parametric sur-
vival model and taking the 2.5th and 97.5th percentiles of the empirical hazard ratio distribution generated.

“Effect of gender for individuals aged 58 years.

SCategory A: Atrophic gastritis (AG) negative ((—]) and H. pylori antibodies (HPA) [—], Category B: AG {—1/HPA positive ([+]), Category C: AG [+]/HPA

[+], Category D: AG [+]/HPA [—].
Abbreviations: SE: standard error; Cl: confidence interval.

from the apparent c-index (i.e., that obtained with the origi-
nal model on the original dataset).>* Calibration was assessed
through the analogue of Hosmer-Lemeshow’s 3* test for sur-
vival analysis developed by d’Agostino and Nam®” using 10
years as the endpoint and partitioning the study population
into deciles of predicted risk.

Using the obtained parametric survival model, we esti-
mated the age-, gender- and category-specific 10-year comu-
lative probability of occurrence of gastric cancer for the
various combinations of smoking status, family history of
gastric cancer and consumption of highly salted food. Corre-
sponding 95% confidence intervals (Cls) were estimated by
taking the 2.5th and 97.5th percentiles of the empirical 10-
year cumulative probability distribution obtained by sampling
100,000 times from the distribution of the model parameters
and calculating the corresponding cumulative probability esti-
mates. Moreover, to provide a simple tool allowing clinicians
and patients to estimate the risk of cancer without the need
for actual survival probability computation, we developed a
simple scoring system based on the final model using the
method described by Sullivan et al.”® We calculated the pro-
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portion of individuals in the highest tertile of predicted score
who developed gastric cancer during the first 10 years of
follow-up in order to provide a measure of sensitivity of the
score. Similarly, specificity was assessed by estimating the
proportion of individuals not classified in the highest tertile
of predicted score who did not develop gastric cancer within
10 years.39

All analyses were performed with the SAS software (version
9.3; SAS Institute, Cary, NC) and the R statistical software (ver-
sion 2.15.0; R Development Core Team, 2012).

Results

Among the study population of 19,028 individuals, a total of
412 cases of gastric cancer occurred during 270,854 person-
years of follow-up, corresponding to an annual incidence rate
of 1.52%, (95% CI: 1.38, 1.67). The baseline characteristics of
the subjects are summarized in Table 1.

Table 2 summarizes the results of the parametric survival
regression procedure. The final model included age and gen-
der, as well as their interaction, smoking status, highly salted
food consumption, family history of gastric cancer and the

Int. J. Cancer: 138, 320-331 (2016) © 2015 UICC
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Table 3. Ten-year probability (expressed in %) of gastric cancer occurrence in men according to age, clinical characteristics and H. pylori infection and serum pepsinogen status Q
: : Men : : i %
Risk factors Age Category Al 'Category B Category C Category D Risk factors Category A+ 'Categofy B Category C Category D f:u:
None 40 0.04 0.31 0.57 0.58 Currently 0.06 0.43 0.79 0.80 2

[0.02;0.09] [0.19;0.54] [0.34;0.98] [0.30;1.14] smoking [0.03;0.13] [0.23;0.80] [0.43;1.46] [0.39;1.67]
50 -0.09 0.70 1.28 1.30 0.13 0.96 1.75 1.77
 10.05;0.18] [0.48;1.02] [0.89;1.84] [0.77;2.21] [0.06;0.26] [0.59;1.56] [1.09;2.79] [0.96;3.26]
60 0.21 1.58 2.86 2.91 0.29 2.15 3.90 3.96
[0.11;0.38] [1.20;2.07] [2.26;3.63] [1.87;4.53] [0.15;0.56] [1.43;3.24] [2.66;5.69] [2.31;6.75]
70 0.48 : 3.56 6.41 6.51 0.65 : 4.83 : ©8.66 8.80
-{0.26;0.88] [2.63;4.82] [4.97;8.27] [4.18;10.09] [0.33;1.30] [3.16;7.39] [5:89;12.67] + [5.17;14.79]
Salted roe 40 0.05 0.40 0.74 0.75 Family 0.06 0.43 0.78 0.80
[0.03;0.11] [0.24;0.68] [0.44;1.24] [0.39;1.44] history [0.03;0.12] [0.25;0.74] [0.46;1.34] [0.41;1.55]
50 012 0.90 1.64 1.66° 0.13 0.96° 1.74 1.77
[0.06;0.23] [0.63;1.29] . [1.17;2.30] [0.99;2.79] [0.07;0.24] - [0.65;1.41] [1.21;2.52] [1.04;3.01]
60 0.27 2.02 3.65 3.72 0.29 2.14 3.89 3.95
[0.15;0.49] [1.56;2.61] [2.95;4.52] [2.41;5.72] [0.16;0.52] [1.61;2.86] [3.02;4.99] [2.52;6.16]
70 061 4,53 o 8.4 8.27 0.65 4.82 8.64 .8.78
[0.33;1.13] [3.37;6.11] [6.39;10.37] [5.35;12.71] [0.35;1.21] [3.50;6.63] [6.59;11.32] [5.62;13.60]
Currently smoking + 40 0.07 0.55 1.01 1.02 Currently smoking -+ 0.08 0.59 1.07 1.09
salted roe [0.03;0.16] [0.30;1.01] [0.56;1.82] [0.50;2.10] family history [0.03;0.18] [0.32;1.10] [0.58;1.99] [0.52;2.26]
50 0.16 1.23 223 2.27 0.17 130 2.37 2.41
[0.08;0.33] [0.77;1.95] [1.43;3.49] [1.25;4.11] [0.08;0.36]} [0.80;2.14] [1.48;3.82] [1.31;4.44]
60 0.37 2.75 4.96 5.05 0.39 2.92 5.27 5.36
[0.19;0.72] [1.86;4.05] [3.48;7.06] [2.99;8.45] [0.20;0.77] [1.92;4.44] [3.57;7.76] [3.12;9.14]
70 0.83 6,15 01096 11.13 0.89 6.53 11.62 11.80
: [0.42;1.65] [4.08;9.26] [7.62;15.69] [6.64;18.38] [0.44;1.78] [4.22;10.07] [7.84;17.11] [6.92;19.73]
Salted roe + 40 0.07 0.55 1.00 1.02 All 0.10 0.75 1.37 1.39
family history [0.03;0.15] [0.33;0.92] [0.61;1.67] [0.54;1.94] [0.04;0.22] [0.42;1.36] [0.77;2.46] [0.69;2.83]
. 50 016 122 0 222 2,260 0.22 1.67 - 3.03 3.08
[0.09;0.31] -~ [0.86;1.74] =~ [1.60;3.10] [1.36;3.75] [0.11;0.45] [1.05;2.64] [1.96;4.69] [1.71;5.52]
60 0.37 2.74 4.95 5.03 0.50 3.72 6.71 6.82
[0.20;0.66] [2.12;3.53] [4.03;6.08] [3.29;7.66] [0.26;0.971 [2.53;5.47] [4.73;9.48] [4.07;11.29]
70 083 6.13 10.93 11.10 1.14 8.29 14.64 14.87
[0.45;1.54] [4.57;8.23] [8.62;13.85] [7.25;16.85] [0.57;2.25] [5.51;12.43] {10.23;20.78] [8.96;24.14]

Category A: Atrophic gastritis (AG) negative (—])/H. pylori infection (HPA) [—], Category B: AG [—]/HPA positive ([-+]), Category C: AG [+]/HPA [+], Category D: AG [+]/HPA [—]. 95% confidence inter-
- vals were obtained by sampling 100,000 times in the multivariate normal distribution of the model parameter estimates and taking the 2.5th and 97.5th percentiles of the empirical distribution of
the 10-year probability of gastric cancer occurrence estimates generated.
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Table 4. Ten-year probability (expressed in %) of gastric cancer occurrence in women according to age, clinical characteristics and H. pylori infection and serum pepsinogen status

e i o o : ’ : S .. Women : S !
Risk factors ~ Age  CategoryA'  CategoryB  Category C  CategoryD Risk factors _ Category A Category B . Category C Category D
None 40 0.03 0.26 0.47 0.48 Currently smoking 0.05 0.35 0.64 0.65
[0.02;0.07] [0.15;0.44]  [0.28;0.80]  [0.25;0.93] [0.02:0.11]  [0.19;0.66]  [0.351.19]  [0.32;1.36]
50 006 042 076 0.78 008 057 104 1.06
 [0.03,010]  [0.29;0.60]  [0.54;1.07]  [0.46;1.30] (0.04;0.15]  [0.36;,0.92]  [0.66;1.64]  [0.58;1.93]
60 0.09 0.68 1.24 127 0.12 0.93 1.70 1.73
[0.05;0.16] [0.52;0.89]  [1.00;1.55]  [0.81;1.97] [0.06;0.24]  [0.62;1.40]  [1.17;2.47]  [1.01;2.95]
70 015 113 205 2.08 , 020 154 279 2.84
e ~ [0.080.28]  [0.80;1.59]  [1.52;2.76]  [1.29;3.36] (0.10;0.41]  [0.97;2.43]  [1.83;4.25]  [1.61;4.99]
Salted roe 40 0.04 0.33 0.60 0.61 Family 0.05 0.35 0.64 0.65
[0.02;0.09] [0.20;0.56]  [0.37;1.01]  [0.32;1.18] history [0.02;0.10]  [0.20;0.64]  [0.36;1.15]  [0.33;1.32]
50007 .. 053 . 098 099 008 . 057 104 106 ;
L [0.040.13]  [0.38,076]  [0.71;1.34]  [0.60;1.65] [0.04;0.15]  [037;0.88]  [0.69;1.57]  [0.60;1.85]
60 0.12 0.87 1.59 1.62 0.12 0.93 1.69 1.72
[0.06;0.21] [0.68;1.13]  [1.30;1.95]  [1.05;2.50] [0.07;0.23]  [0.65:1.33]  [1.23;2.34]  [1.05;2.82]
70019 . 144 . 262 266 : 020 153 278 283
. [010;036]  [1.03;2.03]  [1.953.52]  [1.654.29]  [010;040]  [1.01;2.32]  [1.91;4.06]  [1.67;4.79]
Currently smoking + 40 0.06 0.45 0.82 0.84 Currently smoking + 0.06 0.48 0.88 0.89
salted roe [0.03;0.13) [0.25;0.83] [0.46;1.49] [0.41;1.71] family history [0.03;0.15] [0.25;0.94] [0.46;1.69] [0.42;1.92]
. 500 00400 073 00 33 35 o0 ogel L Uy o0 al
10050200 [0.47;1.15]  [0.87;2.05]  [0.75:2.43] (0.05022]  [046;1.33]  [0.85236]  [0.76;2.74]
60 0.16 1.19 217 2.21 0.17 1.27 231 2.35
[0.08;0.31]  [0.81;1.76]  [1.53;3.09]  [1.30;3.72] [0.08;0.34]  [0.79;2.03]  [1.49;3.58]  [1.31;4.19]
70 026 196 . 356 362 028 0 209 379 385 0
S ’ 10130531 [1.263.08]  [237:5.36]  [2.07:6.31] , . [0.43;058]  [1.2: 234611 [2.09;7.05]
Salted roe + 40 0.06 0.45 0.82 0.84 All 0.08 0.62 1.12 1.14
family history [0.03;0.13]  [0.26;0.80]  [0.48;1.43]  [0.43;1.65] [0.04;0.19]  [0.33;1.17]  [0.61;2.10]  [0.55;2.40]
: B0 c010 0 073 0 133 igdse S 03 099 - gl Cotes
o o0s039] . [0.49;1.10] - [0.91;1.95] [0.78;2.32] . [0.06;0.28] . [0.60;1.65] [1.13;2.92]  [0.99;3.41]
60 0.16 1.19 2.17 2.20 0.22 1.62 2.95 3.00
[0.08;0.30] [0.851.66]  [1.62;2.90]  [1.36;3.55] [0.11;0.43]  [1.04;2.53]  [1.96;4.44]  [1.71;5.24]
70026 o196 355 361 036 267 a3l agna o
013051 [131;2.93]  [2.49;5.09]  [2.16;6.05] [0.17;0.74]  [1.63;438]  [3.06;7.61)  [2.71;8.81]

‘Category A: Atrophic gastritis (AG) negative ((—))/H. pylori infection (HPA) [—], Category B: AG [—]/HPA positive ([-+]), Category C: AG [+]/HPA [+]; Category D: AG [+]/HPA [—]. 95% confidence
intervals were obtained by sampling 100,000 times in the multivariate normal distribution of the model parameter estimates and taking the 2.5th and 97.5th percentiles of the empirical distribution
of the 10-year probability of gastric cancer occurrence estimates generated.
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Table 5. Equations derived from the parametric survival regression model and used to estimate the 10-year probability of cancer occurrence
according to the pattern of exposure to the included risk factors

10-year cumulative probability of gastric cancer occurrence as a function of the vector of risk factors X = (Age, Sex, Smoking, Salt,
Family, Category).

CumPr (10, X)=1—5(10; Age)=*® (7r edtinX))

with?
. o 16.88 ¢ exp (”9.4832) 0.2417—~0.0593 (Age—SS) AT
S(t,Age) ¢Xp( 0.2417-0.0593 (Age—58) \" " 16.88 tnt

and

PredLin(X)=0.0675 - (Age—58)+0.7773 - Sex+0.0321 - (Age—58) - Sex+0.3102

. Smoking+0.2kl478_- Sa[t+0‘3130‘- Family+2.0251 - (Category=B)
- +2.6289 - (Category=C)+2.6456 - (Category=D)

where:

- Age is the age (in years) at the beginning of the follow-up;
~ Sex is 0 for women and 1 for men;
~ Smoking is O for never and past smokers and 1 for current smokers;
- Salt is 0 for individuals who do not eat fish roe and 1 otherwise;
— Family is 0 for individuals with no family history of gastric cancer (parents or siblings) and 1 otherwise;

- (Category = “”) takes the value 1 if the individual is in category “/” and the value 0 otherwise.

it should be noted that the survival function takes a particularly simple form in this case because the baseline hazard was modelled with a linear
B-spline (hence, the survival function has an analytical form). In general, when using B-splines to model the baseline hazard, the estimation of the

survival function at a particular point in time requires numerical integration.

categories defined by the anti-H. pylori IgG and serum pepsin-
ogen statuses. The logarithm of the baseline hazard was
modelled by a linear B-spline and the effect of age was
modelled as linear and non-proportional. The two most impor-
tant risk factors of gastric cancer occurrence were atrophic gas-
tritis [category D, HR (hazard ratio) = 14.09 (7.03, 28.26)] and
H. pylori infection [category B, HR = 7.58 (4.16, 13.79)]. Indi-
viduals positive for both atrophic gastritis and H. pylori infec-
tion (category C) had a risk very similar to that of individuals
with atrophic gastritis only [category D, HR = 13.86 (7.76,
24.75)].

The developed prediction model showed good predictive
performance. The generalized c-index at 10 years was esti-
mated at 0.777 (optimism-corrected value: 0.768). The cali-
bration analysis revealed reasonably good agreement between
the observed and predicted number of gastric cancer cases in
groups defined by the deciles of the predicted risk distribu-
tion (Nam and d’Agostino’s y? test: 14.78; p value = 0.06; see
Supporting Information Fig. S1).

Tables 3 and 4 summarize the sex- and category-specific 10-
year cumulative probability estimates for various combinations
of the other risk factors. The 10-year probability of gastric can-

Int. J. Cancer: 138, 320-331 (2016) © 2015 UICC
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cer occurrence was generally higher in men than in women,
with estimates varying from 0.04 to 14.87% for men and from
0.03 to 4.91% for women. Age had an important effect in men,
with a more than fivefold increase for men aged 60 years and a
more than tenfold increase at age 70 years compared with men
aged 40 years (e.g, 1.58 and 3.56% vs. 0.31%, respectively, for
men in category B without any of the three other risk factors).
For women, the impact of age was less important, with a 2.5-
fold increase at age 60 years and a fourfold increase at age 70
years compared with women aged 40 years (e.g, 1.70 and
2.79% vs. 0.64%, respectively, for women in category C who are
current smokers). Ten-year probability estimates were also
found to vary greatly with category. Estimates ranged from
0.04 to 1.14% for men (0.03 to 0.36% for women) in category
A and from 0.58 to 14.87% for men (0.48 to 4.91% for women)
in category D. These results can be obtained by using the equa-
tion provided in Table 5.

The simplified scoring system derived from the described
risk prediction model is presented in Table 6. Based on their
age, category membership and status regarding the three risk
factors, individuals can be assigned a score ranging from 0 to
24. Individuals with a score of 10 or less have a predicted 10-
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Prediction model for gastric cancer in Japan

Table 6. Simplified scoring system for estimating the 10-year cumulative probability of gastric cancer occurrence based on the survival regres-

sion model developed

Age (Women)

Age (Men)

Family history

40-44 0 40-44 1 No 0
45-49 1 45-49 3 Yes 1
50-54 2 50-54 4
55-59 3 55-59 6 Category
60-64 4 60-64 8 A 0
65-71 5 65-71 10 B 8
C 11
Smoking status Salted roe D 11
Never, past 0 No 0
Current 1 Yes 1 Total /24
Score 10-year Score 10-year Score 10-year
probability (%) probability (%) probability (%)
0-10 <04 15 1.5 20 5.2
8 0.6 16 1.9 21 6.6
12 0.7 17 25 22 8.3
13 0.9 18 3.2 23 10.6
14 1.2 19 4.1 24 134
year cumulative probability of gastric cancer occurrence of Discussion

less than 0.4%, while this probability is >5% for individuals
with a score of 20 or more. Sensitivity, as assessed by the
proportion of the individuals who developed gastric cancer
during the first 10 years of follow-up in the highest tertile of
predicted score (score of 16 or more), was 69.7%. Specificity,
as assessed by the proportion of individuals free from the
disease during the first 10 years of follow-up who were not
classified in the highest tertile of predicted score, was 70.0%.
By comparison, using the original ABC categories without
any adjustment and defining positivity as being in categories
B, C or D, we estimated the sensibility to be 96.5% and the
specificity, 28.8%.

55

In this work, we developed a prediction model for estimating
the cumulative probability of gastric cancer occurrence based
on a cohort of 19,028 individuals combining demographic
and clinical variables (age, gender, smoking status, consump-
tion of highly salted food and family history of gastric can-
cer) as well as biological information (serum anti-H. pylori
IgG titres, levels of pepsinogen I and pepsinogen II). The
model showed good performance in terms of discrimination
and calibration.

In agreement with previous studies, we found that H. pylori
infection and atrophic gastritis were important risk factors of
gastric cancer occurrence. However, in contrast to Watabe

Int. ). Cancer: 138, 320~331 (2016) © 2015 UICC
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et al.'® we did not find any substantial difference between the

risk of individuals in categories C and D, suggesting that the
distinction between these two categories has little impact on
the estimated risk of gastric cancer occurrence. These results
are consistent with those of a recent meta-analysis of studies
conducted in East Asian populations.*®

Tatemichi et al*! suggested that the cut-off level used for
defining negativity of the serum anti-H. pylori antibody titre
was too high, so that a substantial number of individuals from
category C were wrongly classified as belonging to category D.
Indeed, they found that odds ratios for category D were much
higher than those of category C when reducing the anti-H.
pylori 1gG titre cut-off point to 5 U/mL, suggesting the use of a
more stringent level to define negativity of anti-H. pylori anti-
body titres. This could explain our failure to find a difference
between hazard ratios in the C and D categories.

Another concern related to the choice of the cut-off level
used for defining negativity of the serum anti-H. pylori anti-
body titre is that some individuals in category A may be in
fact infected with H. pylori and thus may have their risk of
gastric cancer occurrence underestimated. A comparison of
the crude annual gastric cancer incidence rate in category A
for individuals with an anti-H. pylori antibody titre of <5
U/mL vs. greater or equal to 5 U/mL revealed no significant
difference in our study population (0.162 vs. 0.098%,, respec-
tively, p = 0.52).

However, the aim of our study was to provide estimates
of the risk of gastric cancer occurrence associated with the
ABC categories—in conjunction with clinical and lifestyle-
related factors—as defined by the criteria already existing and
commonly used in routine. This, in particular, ensures the
comparability of our results with those of previous stud-
ies.)®** It should also be emphasized that the strategy of
determining an optimal cut-off point for an explanatory vari-
able based on the outcome is known to suffer from impor-
tant biases in the estimation of the effect of the variable as
well as in the associated significance test.**?

Our model also showed an important effect of age, partic-
ularly in men, and smoking and highly salted food consump-
tion were found to be independent predictors of gastric
cancer occurrence. Even if the impact of these latter two risk
factors was found to be very limited for individuals in cate-
gory A, they modified substantially the cumulative probability
of gastric cancer occurrence in other categories, particularly
in older men. While the inclusion of these lifestyle-related
risk factors does not justify a modification of the recommen-
dations for gastric cancer surveillance based on the ABC
method, the quantification of the actual cumulative probabil-
ities of gastric cancer occurrence associated with exposure to
these factors might provide an incentive for adopting health-
ier lifestyles, particularly for high-risk individuals. Nonethe-
less, we also provided in the Supporting Information the
results obtained with a minimal model including age, gender
and the ABC categories (see Supporting Information Tables

Int. J. Cancer: 138, 320-331 (2016) © 2015 UICC
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S1 and S2) that can be used when information regarding life-
style habits and family history is not available.

Our study has several strengths. First, the population used
in this work is the largest cohort with available information
for both H. pylori infection status and serologically defined
atrophic gastritis, as well as information on lifestyle charac-
teristics. This allowed us to confirm the results of previous
studies and to provide reliable estimates of the risk factor
effects. Second, the use of a flexible parametric model*"**
enabled us to give a complete description of the survival
model used to estimate the cumulative probability for a given
follow-up time. This is particularly interesting because it
allows other researchers to conduct an external validation
including the assessment of the model calibration.**

The major limitation of this work is the absence of exter-
nal validation of our prediction model. Although the model
showed good properties in terms of discrimination and cali-
bration and limited optimism because of the large sample
size, the generalizability of our results cannot be ascertained
without testing the model on an independent dataset.***’
Several mechanisms might have an influence on the general-
izability of our results. In particular, there might be differen-
ces in risk estimates between the study population and the
target (general) population arising from differences in the
distribution of unmeasured or unknown confounders. How-
ever, this concern might be partly alleviated by the fact that
our model included all risk factors known to have a strong
relationship with gastric cancer occurrence in the Japanese
population. It is also possible that, even in the absence of
residual confounding, the estimated effects of the risk factors
differ significantly from those of the target population.*® This
problem might be limited here by the fact that we used a
large sample and that the relationship between risk factors
and gastric occurrence is based on probable underlying
biological mechanisms thought to be similar in the study and
the general population. Be that as it may, external validation
presupposes the existence of an appropriate risk prediction
model. Because this work represents the first large-scale
attempt to combine biological, clinical and lifestyle-related
risk factors for predicting the risk of gastric cancer in the
Japanese population, we focused here on the development of
an appropriate model. Further work is thus needed to vali-
date the results of our study and confidently extend its use to
the general Japanese population.

Another limitation pertains to the fact that we defined highly
salted food consumption as the occasional consumption of salted
fish roe, which is unlikely to account for the real consumption of
highly salted food items. In a study using a different questionnaire
in a different population, we showed that salted fish roe and salted
fish preserves were strongly associated with gastric cancer.'* How-
ever, we remarked that these findings could be explained by a
preference for highly salted food in individuals eating those food
items in general rather than a specific effect of those items on the
risk of gastric cancer occurrence. Moreover, in the preliminary
assessment of nutritional variables for our study, we found a
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consistent effect of salted roe consumption that was not dose-
dependent, which also suggests that this variable may act as a
marker of inclination for highly salted food items.

Finally, we did not consider subtypes of gastric cancer as
defined by the classical subdivision between cardia and non-
cardia gastric cancers. These cancers are associated with dif-
ferent risk factors, with cardia gastric cancer sharing risk
factors with oesophageal adenocarcinomas.® Until recently,
no distinction was made in Japan between gastric cancers
localized in the cardia or in the upper third of the stomach,
making it impossible to distinguish cardia from noncardia
cancers. However, cases coded C160 (cardia) or C161 (fun-
gus) represented only 8.3% of all gastric cancer cases that
occurred in the study population, so the impact of not having
considered subtypes in our analyses might have been limited.

In conclusion, we developed a risk prediction model for
gastric cancer based on clinical and lifestyle-related character-
istics in combination with biological variables that allows the
estimation of the 10-year probability of gastric cancer occur-
rence. This model and the simple scoring system derived
from it might provide incentive for individuals to modify
their lifestyle habits, attend regular check-up visits or partici-
pate in screening programmes.
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Reactive oxygen species (ROS) is a term used to describe a
number of reactive molecules and free radicals derived
from molecular oxygen [1]. ROS are produced in normal
biological processes in cells by means of either enzymatic
or nonenzymatic mechanisms and play beneficial and ad-
verse roles in an organism [2]. Oxidative stress, an im-
balance toward the pro-oxidative state, is caused by the
presence of free radicals or radical-generating agents in
concentrations that overwhelm natural radical-blocking or
radical-scavenging mechanisms [1]. Under oxidative stress
conditions, excessive ROS can damage DNA, cellular
proteins, and lipids, leading to fatal lesions in cells that
contribute to carcinogenesis [3].

The ROS include superoxide, hydrogen peroxide, hy-
droxyl radical, hydroxyl ion, and nitric oxide [1]. Heli-
cobacter pylori infection was regarded as a human gastric
carcinogen by the International Agency for Research on
Cancer, and the ROS level was higher in H. pylori—positive
than in H. pylori-negative patients with gastritis [4].
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However, H. pylori infection is not a sufficient factor for
development of gastric cancer. Previous studies have re-
ported that serum ROS levels among smokers increased
with the number of cigarettes smoked per day [2]. Other
environmental factors such as alcohol intake, obesity, and
chemicals also increase the ROS level [3, 5-7].

We conducted a case—control study nested within the
Japan Public Health Center-based Prospective Cohort
(JPHC) Study to investigate total serum levels of ROS in
relation to subsequent development of gastric cancer and
focused on exogenous factors of lifestyle.

The JPHC Study, included 140,420 subjects defined as
inhabitants of the study areas who were 40 years of age or
older, was approved by the Institutional Review Board of
the National Cancer Center, Tokyo, Japan. In 1990 (for
cohort I) and in 1993-1994 (for cohort II), subjects were
asked to reply to a lifestyle questionnaire including socio-
demographic factors (Fig. 1). Among eligible participants,
36,745 subjects (38 %) each voluntarily donated 10-mL
blood samples at health check-ups conducted by each PHC
[8]. Subjects were asked to avoid eating a meal later than
2100 hours (9:00 pm) the day before the examination. The
last time of either eating a meal or drinking water or tea
was documented. The plasma and buffy layer were divided
into four tubes, each holding 1.0 mL (three tubes for
plasma and one for the buffy layer), and then stored at
—80 °C.

The JPHC study was followed-up until 31 December
2004. Newly diagnosed cases of cancer were collected
from active patient notifications from the local major
hospitals in the study area and data linkage with popula-
tion-based registries (prefecture-wide), on the basis of site
by International Classification of Diseases for Oncology
(ICD-0) code C160-169. During the entire study period,
512 new gastric cancer cases were identified.

@ Springer



590

E. Ma et al.

Histologic classification was based on the review of the
record reported by each hospital [8]. 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 diagnosed. Each control was matched to a case
for gender, age (43 years), study area, blood donation date
(=2 months), and fasting time at blood donation (%5 h).
Because of a technical error in measurement of H. pylori
(one pair) and inadequate volume of blood available for
ROS measurements (six pairs), seven pairs of subjects were
excluded. Finally, we had 495 sets each of cases and
controls for use in the present analysis.

The ROS assay was established by modifying the assay
system for derivatives of reactive oxygen metabolites (D-
ROM), which had a high correlation coefficient of 0.94
with those measured by the conventional D-ROM test, and
the coefficients of variation were 2.4 to 2.5 % for within-
run reproducibility and 3.2 to 4.3 % for between-day re-
producibility [2]. Immunoglobulin (Ig) G antibodies to H.
pylori were measured with a direct enzyme-linked im-
munosorbent assay kit (E Plate “Eiken” H. pylori anti-
body; Eiken Kagaku Co. Ltd, Tokyo, Japan). Levels of IgG

were categorized as seropositive or seronegative for H.
pylori according to a selective cut-off value (492 nm).
Assays of cytotoxin-associated gene A (CagA) were per-
formed using an enzyme-linked immunosorbent assay kit
in which horseradish peroxidase was used as the enzyme
tracer (CagA IgG EIA; Sceti Co. Ltd, Rome, Italy). Serum
levels of pepsinogen I (PGI) and pepsinogen II (PGII) were
measured by commercial kits based on a two-step enzyme
immunoassay (E Plate “Eiken” Pepsinogen I; Eiken Ka-
gaku Co. Ltd; and E Plate “Eiken” Pepsinogen II; Eiken
Kagaku Co. Ltd). Results were defined as atrophy when the
criteria of both PGI level <70 ng/mL and PGI: PGII ratio
<3.0 were fulfilled [8]. All measurements were conducted
by a person blinded to the case~control situation.
Conditional logistic regression was used to measure the
association between ROS level and gastric cancer risk for
all paired study subjects, with multiple adjustments for
potential confounding factors, including smoking status,
alcohol consumption, intake of salt, body mass index
(BMI), family history of gastric cancer, history of diabetes,
H. pylori infection, and atrophy. Family history of gastric
cancer was regarded as positive if at least one parent or

Fig. 1 Flowchart on selected
study subjects and identified
gastric cancer cases controls

140,420 defined subjects
(68,722 men, 71,698 women)

during follow-up time between
1990 and 2004. ROS, reactive
oxidant species

Exclusion of unavailable cancer
incidence and a subcohort with
different selection criteria.

123,576 available subjects
(61,009 men, 62,567 women)

Exclusion of participants who self-
reported cancer (n = 2,136), not
Japanese (n = 18), and have moved

97,644 eligible subjects at baseline
(46,803 men, 50,841 women)

away (n=11).

10-ml blood samples were collected
from 1990 to 1992 in Cohort I and
from 1993 to 1995 in Cohort I

36,745 subjects with blood donation
(13,467 men, 23,278 women)

1,423 move away from study area,
1,610 died, and 11 were lost to
follow-up until 2004,

512 newly identified gastric cancer
cases during follow-up time period

Exclusion of 7 pairs from 512

paired cases and controls, due to
error in measurement of H. pylori
and inadequate volume of blood for

ROS measurements

495 gastric cancer cases

495 matched controls
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sibling had gastric cancer. ROS level was categorized
based on the distribution of control subjects. Odds ratios
(ORs) were calculated relative to the lowest quintile of
serum ROS level. Unconditional logistic regression was
applied for subjects stratified by smoking status (never/
ever), alcohol consumption (no/yes), BMI (<25/>25 kg/
m?), H. pylori infection (negative/positive), CagA ser-
opositivity (negative/positive), or atrophy status (no/yes).

The mean (SD) of study subjects were 57.4 (7.2) years
of age. Compared with controls, cases had more pre-
dominant positivity of H. pylori (93.9 vs. 75.0 %,
P < 0.0001), CagA (75.6 vs. 70.3 %, P = 0.063), atrophy
(81.8 vs. 58.4 %, P < 0.0001), family history of gastric
cancer (11.7 vs. 8.1 %, P = 0.016), and history of diabetes
(9.3 vs. 4.7 %, P < 0.01). There were more overweight
(BMI >25 kg/mz) subjects in the control group (25.3 %)
than in the case group (19.8 %, P = 0.04).

The medians of total ROS levels were 120 units (in-
terquartile range 36) in the case group and 119 units (in-
terquartile range 34) in the control groups (P = 0.94).
There were no significant associations with risk of devel-
opment of gastric cancer in subjects in the highest quintile
compared with the lowest quintile of ROS levels (Table 1).
The same analysis was performed for subjects without pairs
with cases diagnosed during the first 2 (14 pairs) or 3 years
(61 pairs) of follow-up and for paired subjects in each
tertile of follow-up years (<4.33/4.33 to <7.95/>7.95)
based on all subjects; no significant associations were
observed.

Multivariate analysis results with adjustment for life-
style and infection factors showed that significant asso-
ciations between ROS levels and gastric cancer risk were
seen in the highest quintile in ever-smokers and alcohol
drinkers. Significantly reduced risks of development of
gastric cancer were observed in the highest quintile of ROS
levels in women, never-smokers, and nondrinkers of al-
cohol in the model with adjustment for lifestyle factors, but
not in the model with adjustment for both lifestyle and
infection factors. There were no significant joint effects of
total ROS and sex, smoking status, alcohol consumption, or
BMI associated with gastric cancer development.

To our knowledge, this is the first prospective, cohort-
nested, case—control study to have investigated the asso-
ciation between total ROS level and the risk of gastric
cancer. Excessive ROS production in gastric epithelial cells
might be triggered and might enhance gastric carcino-
genesis. Our study supports the notion that exogenous
ROS-modulating agents are likely to cause elevations in
ROS above the toxic threshold level, leading to cell death
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There are several measurements to reflect ROS pro-
duction. The improved assay system based on the principle
of D-ROM allows high-throughput and automated analysis
of numerous serum samples in terms of high repro-
ducibility, consistent validity, and much smaller amounts
of sera and regents than the conventional D-ROM test [2].

In the H. pylori~infected gastric mucosa, high ROS (i.e.,
hypochlorous acid [HOCL] and hydroxyl radicals [[OH])
cannot eradicate bacteria and the phagocytes produce more
ROS [5]. Also, H. pylori has various defense mechanisms
against external ROS attacks to protect against elimination
[5]. Although the bacterium is categorized as a definite
carcinogen, it is not always associated with increased risk
of gastric cancer development. Infection with pathogenic
bacteria other than H. pylori can induce cancer-promoting
events, resulting in further damage to adenocarcinoma cells
in the stomach [6]. In our study, the similar levels in H.
pylori—positive and H. pylori-negative groups of subjects
may indicate that other sources of ROS (endogenous and
exogenous) were also critical in damaging gastric mucosa
when total ROS reached a certain level.

In a systematic review of a Japanese population, the
increased gastric cancer risk for tobacco users is convinc-
ing evidence [9], whereas evidence of increased risk of
gastric cancer attributable to alcohol consumption is in-
sufficient [10]. Ethanol metabolism is directly involved in
and facilitates ROS production and cytokine release and
forms an in vivo oxidative microenvironment, thus creating
suitable conditions for the development of pathologies di-
rectly related to oxidative stress [3]. After ethanol in-
toxication, the balance between pro-oxidants and
antioxidants is disturbed, thus resulting in oxidative dam-
age of biomolecules, including fats, proteins, and DNA,
and finally leading to cell injury [3]. Our study results show
that the higher incidence of risk of gastric cancer was found
in alcohol drinkers, and the higher ROS levels may support
this notion and help clarify the evidence of the risk of
gastric cancer attributable to alcohol intake.

Our study showed increased risk in those with BMI
<25 kg/m2 and decreased risk in those with BMI >25 kg/
m? regarding gastric cancer associated with ROS levels,
although this was not statistically significant. It had been
reported that mild oxidative stress caused by moderate
physical activity can activate cellular stress response sig- '
naling and potential cellular antioxidant defense ability [7].
Physical activity regulates a greater flux of oxygen free
radicals that could alter cellular redox status, depending on
the type, intensity, duration, and frequency of physical
activity and the type of diet consumed [7]. Because we did
not have comprehensive information regarding physical

@ Springer



