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ABSTRACT Though its incidence and mortality have
declined, gastric cancer is still the most common type of
cancer in Japan. The cause of gastric cancer appears to
be both genetic and environmental, with the possibility
that the differentiated (internal) type is more environ-
mentally determined than the non-differentiated (dif-
fuse) type. Prior to this study, no formal segregation
analysis of gastric cancer in Japan has been performed.
Segregation analysis of gastric cancer that allowed for
variable age of onset was performed on 851 two-genera-
tional pedigrees ascertained via gastric cancer probands
collected from the Hospital based Epidemiological Re-
search Program in the Aichi region of Japan. Families
were classified based on the proband’s histopathological
classification of having either differentiated type or non-
differentiated type of cancer. A random no major effect
hypothesis was rejected, as was a purely recessive or
dominant hypothesis. The most parsimonious model
was one of purely multifactorial inheritance with males
having a higher susceptibility than females. Under a
model where genotype influences age of onset, a domi-
nant or recessive mode of inheritance with multifacto-
ria effects also fitted the data. In addition, the analyses
were performed separately for the differentiated type
and the non-differentiated type and homogeneity was
not rejected.

INTRODUCTION

Gastric cancer isthe most common type of
cancer in Japan, though the incidence and
mortality have markedly decreased during the
past several decades. Many authors have
indicated several etiologic factors in the
development of gastric cancer (Kato et al. 1981,
Young et al. 1988; Powell et al 1990; Blot et al.
1991, Lauren 1965; Lauren and Nevalainen 1993;
Tredaniel et al. 1997; Fleischauer et al. 2000). It
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has been hypothesized that the so-called
intestinal (differentiated) type of gastric cancer
ismore dependent on environmental factorsand
the diffuse type (non-differentiated) type more
on host-related factors. Inoue et al.(1999) found
a significantly increased odds ratio of gastric
cancer for habitual smokers, and thiswas higher
both for the differentiated type than for the non-
differentiated type, and at younger than at older
ages. These authors also pointed out that these
risk factorswereless pronounced in femal e than
in male patients. The cause of gastric cancer
appearsto be multifactorial.

Familial aggregation of gastric cancer has
been documented for many years (Creagan et al.
1973; Gar' kavtsevaet d. 1987; Janerich et a. 1990;
La Vecchia et a. 1992; Mecklin, et al. 1988;
Triantafillidiset al. 1993; Zanghieri et a. 1990;
Zhaoetal. 1994; Munoz et a. 1997; Caldaset al.
1999) but there have been few systematic studies.
Common dietary habits, such as intrafamilial
exposure to food carcinogens, and Helicobacter
pylori infection have been suspected as
contributory factors. Genetic aspects have only
been recently considered, especialy in the case
of hereditary non-polyposis colorectal cancer,
with which gastric cancer is one of the most
frequently associated neoplasms second only
to uterine cancer. Several studies have been
performed examining the microsatellite insta-
bility of familial gastric cancer, but the contri-
bution of this phenotype does not seem to be as
important as in hereditary non-polyposis
colorectal cancer (Shinmura et a. 1997; Shin-
muraet d. 1998). Therearegtill no genetic markers
for gastric cancer predisposition except inasmall
subset of familial casesin Maori (Guilford et al.
1998).

The mode of inheritance for gastric cancer
in Japan has not been previously studied. The
purpose of thisanalysisisto investigate the mode
of inheritance of gastric cancer in a Japanese
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population with particular attention to differences
between men and women.

SUBJECTSAND METHODS
Study Subjects

The present study consisted of probandswith
gastric cancer and their families collected between
January 1988 and June 1995 by the Hospital
based Epidemiol ogic Research Program at Aichi
Cancer Center (HERPACC) inAichi prefecture,
thecentra areaof Japan. Information onlife-time
family history was routinely collected from
patients on their first visit, using a self-
administered questionnaire checked by atrained
interviewer. Each patient was asked about the
health of his or her first degree relatives. The
data procedures used here are as described by
Inoueet al.(1997, 1998, 1999). Therewasatotal
of 879 gastric cancer probands, newly diagnosed
on the basis of histopathologic examination
determined by the Japanese classification of
gastric carcinomas (Kanehara, 1996), who
responded to the HERPACC questionnaire
during thistime period. In accordance with this
system, each tumor in this study was originally
classified as one of the following: papillary
adenocarcinoma; tubular adenocarcinoma; well-
differentiated adenocarcinoma; moderately
differentiated type; poorly differentiated
adenocarcinoma; solid type; non-solid type;
signet-ring cell carcinoma; mucinous adeno-
carcinoma; adenosquamous carcinoma;
squamous-cell carcinoma or carcinoid tumor.
These histological typeswere then grouped into
two major categories according to the degree of
structural differentiation: “ differentiated type” or
“non-differentiated type”. We used aconversion
table (Hanai and Fujimoto 1982) of the Lauren
(1965) and Japanese classifications for the
grouping. Those histological types that fitted
neither of the 2 major categories, e.g.,
adenosquamous carcinoma, squamous-cell
carcinoma, or carcinoid tumor, wereexcluded from
the analyses.

There was one proband per family. For
other family members (on average 5.65 per
family), information on gastric cancer status,
age of onset, age at examination (the last
identified age at which a person is known to be
affected or unaffected), and whether they were
dead or alive was provided by the proband and
any other relative(s) present at the time of the
visit.

A total of 28 probands were excluded from
the analysis; 8 probands had unclassified type
and 20 probands had no information on
histopathological type. Of the 851 probands
whose families were analyzed, 387 had
differentiated type and 464 had non-differentiated
type (see Table 1). Each pedigree member was
classified as one or the other type based on the
proband’s histopathological type. In other
words, all affected family memberswere assigned
the same type as the proband. For those affected
family memberswhose actual histopathological
type was determined, the type was usually
consistent with the assigned type. Positive
gastric cancer statusfor first degreerelatives (the
parents and siblings) were validated in asample
of the reported cases by medical record review
and found to be accurate.

STATISTICALMETHODS

Segregation analysiswas performed using the
REGTL program that is part of the Statistical
Analysis for Genetic Epidemiology (S.A.G.E.)
computer package (S.A.G.E. 1998). REGTL
performs maximum likelihood segregation
analysis of a dichotomous trait with a variable
age of onset that follows, possibly after
transformation, a logistic distribution. REGTL
uses a modified Class A regressive model
(SA.G.E., 1998) that alowsfor aresidua sibling
correlation (Karunaratneet a. 1998). The models
inREGTL alow for upto3‘types of individuals
(AA, AB and BB), where type refers to the
presence of some factor (A or B) that can be
transmitted from generation to generation. Type
is defined in terms of transmission: two people
areof the sametypeif and only if their offspring
by amate of given type have the same phenotypic
distribution. The probability that this factor is
transmitted from parent to offspring is a
transmission probability which depends on the
parent’s type: the probability that a person of a
given type transmits factor A to offspring.
Mendelian inheritance, if it occurs, is assumed
to be through a single autosomal locus with 2
aleles(A and B), where A istheallele associated
withthedisease. Thewordtypeisused generdly,
whatever the mode of transmission, Mendelian
inheritance being aspecific mode of transmission
in which the types are genotypes and the
transmission probabilitiesfor the three genotypes
(AA,AB andBB) are1, .5and O, respectively.
We assume that a proportion of people in the
population are susceptible to the disease and a



SEGREGATION ANALY SIS OF GASTRIC CANCER

proportion are not susceptible; the latter would
never become affected, however long they lived,
and so for them age of onset isirrelevant. Let
susceptibility, y, be the probability that a person
issusceptible. The likelihood for an individual
who isaffected at ageaistakentobeyf(a), that
for anindividua affected by age at examination
a’ (if ageof onsetisunknown) tobeyF (a"), and
for an individual who isunaffected by agea” to
be 1-y y F(a"), where f is a power transformed
logistic density and F is the corresponding
cumulative distribution. The density functionis
thus of the form
oexp[B+aa+covariates + familia effects]

1+exp[B+aa+covariates + familial effects]?

and the cumulative distribution is

1
1+exp{-[B+aa+covaiates + familial effects]}

fla)=

F(a) =

a denotes power transformed age, B isabaseline
parameter, & is the age coefficient, the mean of
thedistribution conditional onfamilial effectsand
covariates is -(B + familia effects)/@, and the
variance of the conditional distributionis . The
familial effects include spouse and parental
effects quantified by regressive coefficients in
order to model multifactorial transmission
(Bonney 1986). REGTL also allows for the
inclusion of a sibling covariate equal to the
proportion of other siblings in the sibship who
areaffected. Magjor effect transmissionismodeled
by thethreetransmission probabilitiest (U=AA,
AB or BB), the probability that aperson of type
utransmitsA to an offspring. If Hardy - Weinberg
equilibrium is assumed, then the relative
frequencies of the 3 types of individuals in the
population are ¢, 2q(1-q) and (1-g)?for AA, AB
and BB, respectively, so that q is the frequency
of allele A when thereisMendelian transmission.
Two different biological modelsfor how types
determinediseaseareavailablein REGTL. Inthe
first method (Model 1), types (or genotypes in
the case of Mendelian inheritance) influencethe
age of onset distribution. Hereall three types of
individuals have the same susceptibility to
disease y, and there can be a separate baseline
parameter 3 associated with eachtype (B, . B,
Bgg)- There may be acommon age coefficient ¢,
or & can also be made type-dependent.
Alternately, in the second method (Model 2), type
influences susceptibility. There are therefore up
to 3 different susceptibilities (y, , Ygs)s DU
a single age of onset dlstrfbutlon ?or all
individuals, so that the parameters 3 and & are
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common to al types. When there is only one
type, Model 1 and Model 2 are necessarily
equivalent. In both models, the baseline
parameter(s) and susceptibility(ies) can be made
sex-dependent.

Because families were ascertained via a
proband, a correction for ascertainment was
included. Single ascertainment was allowed for
by conditioning the likelihood on the proband’s
actual age of onset. It is advantageous to
condition on the probands being affected by
their agesat examination (or, if ageat examination
isunavailable, their ages of onset) because this
retains more information. However, in these
familiesageat examination and age of onset were
highly correlated and so it was more appropriate
to condition on age of onset. In addition, because
there was heterogeneity across generations,
conditioning on thefounderswas also employed.

A random, no mgjor effect (NME) hypothesis
and hypotheses corresponding to either a
dominant mode or recessive mode of inheritance
were fitted to the data. Hypotheses were also
tested that allowed for multifactorial effects of
spouses, mothers, fathers, and siblings. When
estimating the multifactorial effects, restrictions
were placed on the parameters such that the effect
of an unaffected parent or spouse could not be
greater than 0, and that of an affected parent or
spouse could not be less than 0. Similarly, the
coefficient of the sibling covariate wasrestricted
to be non-negative. Multifactorial effects were
added to the dominant and the recessive
hypothesis. A purely multifactorial hypothesis
with no major effect, allowing for multifactorial
effects of spouses, mothers, fathers, and siblings,
was also fitted to the data.

The likelihoods of two hypotheses were
tested, one against the other, when one could be
considered as a specia case of the other. Under
certain conditions, twice the difference in log,
likelihoods is asymptotically distributed as chi-
square when the more restricted hypothesis
holds, with degrees of freedom (d.f.) equal to the
difference in the number of functionally
independent parameters being estimated between
the two hypotheses. We use this distribution as
an approximation in the upper tail for all cases
(Atwood et al. 1995) to test general departure
from the restricted hypothesis, although
sometimestheasymptotic distributionisamixture
of chi-squaredistributions (Self and Liang 1987).
All hypotheseswere compared to ageneral model
withmultifactorial effectswherethetransmission
probabilitiesare estimated, but with therestriction
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of homogeneity of the trait distribution across
generations (Demenais and Elston 1981). In
addition, the hypothesis that included both a
major gene and amultifactorial component was
compared to the hypothesis with only a
multifactorial component (no major gene
component) and to the hypothesis with only a
major gene component.

In addition to the significance testsindicated
above, Akaike's (1974) information criterion
(AIC), definedasAIC =-2 Log Likelihood + 2 x
(number of independent parameters estimated)
was used to compare maximum likelihoods of
different hypotheses. Of all the hypotheses
tested, that with the smallest AIC value is
considered the most likely to explain the data.

Hypotheses were fitted simultaneously
estimating apower parameter () (Box and Cox
1964) to transform for the age of onset
distribution. Several setsof initial estimateswere
used for each hypothesis fitted in order to find
theglobal maximum, rather than alocal maximum,
of the likelihood. Segregation analysis was
performed both for all families together and
separately for families grouped by histo-
pathological type. Tests for homogeneity were
performed using the best fitting hypothesis by
comparing twice the sum of the maximum log
likelihoods for the two separate subgroups of
familiesto twicethe maximumlog, likelihood for
all familiescombined.

RESULTS

Table 1 shows the number of affected and
unaffected subjects by histological type of
gastric cancer and sex. For the differentiated type,
therewere 154 affected femal es (28.8%) and 380
(71.2%) affected males. Therewere 1065 (50.2%)
unaffected femalesand 1057 (49.8%) unaffected
males. For the undifferentiated type, there were
243 affected femal es (41%) and 350 (59%) affected
males. There were 1222 (50.7%) unaffected
femalesand 1188 (49.3%) unaffected males. For
both types of cancers there were more affected
males than females, but the numbers of
unaffected males and females were similar (see
Table2).

Table 3 givesthe mean age of onset and mean
age at examination by histological typeof gastric
cancer and sex. For the differentiated type, the
mean age of onset was61.7 yearsand 60.81 years
for females and males, respectively. For the
undifferentiated type, the mean age of onset was
56 and 56.4 years for males and females,
respectively. The age of onset for males and
females was similar regardless of histological
type. The mean age of onset for the differentiated
type was lower than for the non-differentiated
type. For unaffected individuals, the mean age at
examination was similar for both types and
slightly younger for males than females.

Table 4 shows the results under Model 1,

Table 1: Number of affected and unaffected subjects by type of gastric cancer and sex

Type Female Male Total
No. (%) No. (%) No.
Differentiated

Affected 154(28.8) 380(71.2) 534
Unaffected 1065(50.2) 1057(49.8) 2122
Total 1219(46.0) 1437(54.0) 2656

Non-differentiated
Affected 243(41.0) 350(59.0) 593
Unaffected 1222(50.7) 1188(49.3) 2410
Total 1465(49.0) 1538(51.0) 3003
Combined 2684(47.0) 2975(53.0) 5659

Table 2: Number of family members by relationship to proband, type of cancer, affection status and sex

Differentiated

Non-differentiated

Affected Unaffected Affected Unaffected
Relationship Male Female Male Female Male Female Male Female
Probands 286 101 0 0 271 193 0 0
Parents 44 22 323 345 39 28 412 423
Children 15 3 29 34 10 2 12 16
Siblings 35 28 702 669 30 20 761 773
Spouses 0 0 3 17 0 0 3 10
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Table 3: Mean Age of Onset (and Standard Deviation) in years for Affected Subjects, and Mean Age at
Examination (and Standard Deviation) in years for Unaffected Subjects, by Sex Separately for
Differentiated and Non-Differentiated Gastric Cancer

Mean Age of Onset

Mean Age at Examination*

Females Males Females Males
Differentiated 61.71 (11.95) 60.81 (9.89) 60.17 (17.59) 58.47 (17.61)
N=154 N=380 N=1059 N=1049
Non-differentiated 56.00 (11.88) 56.37 (11.32) 59.18 (17.11) 57.53 (17.40)
N=243 N=350 N=1210 N=1179
Combined 58.21 (12.21) 58.68 (10.82) 59.64 (17.34) 57.97 (17.50)
N=397 N=730 N=2269 N=2228

*35 subjects has missing information

Table 4. Parameter Estimates and -2 Log, Likelihoods for Model 1 Hypotheses. Hypotheses are tested

against the General Model

Parameter General NME Dominant Dominant with Recessive with Multi-
Model Multifactorial Multifactorial factorial?

L 727 1 1 1

Tas .361 .5 .5 .5

Tes .361 0 0 0

q .095 .001 .001 .031

Ban -3.757 -1.075 -9.220 -4.023 -2.884 -8.559 (2.103)

BAB :BAA :BAA :BAA :BAA :BAA :BAA

Bes -7.528 =Bya -16.352 -11.029 -9.661 =Bya

a .142 .096 .103 .108 .108 .104 (.008)

A 1.508 778 .344 .670 .683 .988 (.358)

Mother Unaffected -.889 -.663 -.662 -.631 (.348)

Mother Affected o* --- --- o* o* 0*

Father Unaffected -2.341 .- --- -.346 -1.597 0*

Father Affected 0* 1.324 .073 1.646 (.266)

Female y .375 .546 .548 372 377 .361(.105)

Male y 657 1.000 1 .625 658 .633(.170)

-2 Log, (likelihood) 1911.67 1968.09 1963.36 1914.29 1915.16 1918.64

X2 59.06 51.69 2.62 3.49 6.97

Degrees of freedom --- 8 6 2 2 4

P value --- <.001 <.001 .270 175 .137

AlC 1978.09 1977.36 1936.29 1937.16 1936.64

* Parameter estimate converged to a bound.
#Numbersin parentheses are gandard errors.
See text for definition of all symbols.

where (geno) type influences age of onset. In
the initial analyses, the sibling covariate and
spouse effects were estimated to be 0 and
therefore fixed at that value for all subsequent
analyses. Allowing the susceptibilities to be
dependant on sex resulted in much larger log,
likelihoods and so sex dependent susceptibilities
wereincluded in al models. However, allowing
the baseline parameter and/or the age coefficient
to depend on sex did not significantly improve
the likelihoods. The NME hypothesis was
rejected when compared to the general model
withmultifactorial effects. A dominant hypothesis
had a slightly larger log, likelihood than the

recessive hypothesis (datanot shown). Similarly,
the dominant hypothesis with multifactorial
effects had aslightly larger log, likelihood than
the recessive hypothesis with multifactorial
effects. Neither was rejected when compared to
thegeneral model with multifactorial effects. The
purely multifactorial hypothesis did not fit
significantly worse than the dominant with
multifactorial effects hypothesis (x2 = 4.35,
P=.114) but the purely dominant hypotgheﬂsdid
(x5 = 49.07, P<.001). The most parsimonious
hypothesis was one of purely multifactorial
inheritance where females were less susce-
ptible than males. However, the best fitting
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hypothesis according to the AIC was one of
dominance with multifactorial inheritance, but
there was only a very small difference in AIC
between this hypothesis and the purely multi-
factorial one.

Table 5 shows the results under Model 2,
where the (geno)types influence susceptibility.
As under Model 1, the sex dependant susce-
ptibilities were again highly significant, while
allowing the baseline parameter and/or age
coefficient to depend on sex did not significantly
improve the likelihood. Now the recessive
hypothesis had a slightly larger log, likelihood
than the dominant hypothesis (data not shown)
and the recessive with multifactorial effects
hypothesis had a dightly larger log, likelihood
than the dominant with multifactorial effects
hypothesis. The NME hypothesis was again
rejected. When compared to the general model
with multifactorial effects, the recessive with
multifactoria effectshypothesiswasnot rejected,
but the dominant with multifactorial effects
hypothesis was (barely) rejected. The purely
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multifactorial hypothesisdid not fit significantly
worse than the recessive hypothesis with
multifactorial effects( =4.32, P=.229), but the
purely recessive hypothesis did (x2=39.69,
P<.001). Themost parsimonious hypothesiswas
one of purely multifactorial inheritance where
females were | ess susceptible than males. Using
the AIC criterion, this was also the best
hypothesis.

Thefamiliesclassified asdifferentiated or non-
differentiated gastric cancer were analyzed
separately (data not shown) and homogeneity
between the two subtypes was not rejected
(P=.984).

DISCUSS ON

Our report isthe first segregation analysis of
Japanese gastric cancer families. Since gastric
cancer is the most common cancer in Japan,
multiple cases within a family could occur by
chance alone. The most parsimonioushypothesis
was one of multifactorial inheritance where
females are less susceptible than males and this

Table 5. Parameter Estimates and -2 log, likelihoods for Model 2 Hypotheses. Hypothesis were tested

against the General Model

Parameter General NME Recessive  Dominant with Recessive with Multifactorial?
Model Multifactorial Multifactorial

L 0* 1 1 1

Tas .914 .5 .5 .5

Tes .914 0 0 0

q .593 441 .099 475

B -6.861 -10.075 -7.839 -8.238 -8.301 -8.559(2.103)

a .103 .096 .106 .105 .105 .104 (.008)

A .963 778 1.128 1.008 1.103 .988 (.358)

Mother Unaffected -.895 -.427 -.425 -.631 (.348)

Mother Affected 0* --- - 0= 0= 0*

Father Unaffected -1.664 - -.443 -.359 0*

Father Affected 0* --- 1.220 1.306 1.646 (.266)

Female y,, .781 .546 .700 1 1 .361 (.105)

Female yAB :yBB :yAA :yBB :yAA :yBB :yAA

Female v, .051 =Yan .058 .154 A =Yan

Male y,, .607 1.000 1.000 723 .743 .633 (.170)

Male yAB =yBB =yAA =yBB =yAA =yBB =yAA

Male v, .715 =Yan .216 .593 .573 =Van

-2 Log, 1909.03 1968.09 1958.33 1915.03 1914.32 1918.64

(likelihood)

X2 59.06 49.30 6.00 5.29 9.61

Degrees of freedom .- 9 6 2 2 5

P value <.001 <.001 .05 .07 .087

AlC 1978.09 1958.33 1939.03 1938.32 1936.64

* Parameter estimate convereged to a bound.
a2 Number in parentheses are standard errors.
See text for definition of all symbols.
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model is necessarily equivalent under either
biological model. Under both Model 1 and M odel
2, sex dependent susceptibilities and the
multifactorial effects were highly significant.
Under Model 1, a dominant with multifactorial
effects hypothesis and a recessive with multi-
factorial effects hypothesis also fitted the data.
Under Model 2, a recessive with multifactorial
effects hypothesis also fitted the data, but the
dominant with multifactorial effects hypothesis
was rejected. Except in those cases where the
two models must be the same (the NME and
multifactorial hypotheses) or where the
hypothesis does not fit the data (the purely
Mendelian hypotheses), the AIC criterion favors
Model 1. When the effect of the mother was set
equal to the effect of thefather (i.e. equal parent
effects) all modes of inheritance, including the
purely multifactorial, were rejected when
compared to the general model. Unfortunately,
environmental covariates such as smoking were
not availablein this analysis asthisinformation
was collected only for the probands.

A different risk profile has been reported for
the two subtypes of gastric cancer (Buiatti et al.
1991), and astrong familial history of early onset
gastric cancer (mostly diffusetype) hasalso been
reported (Mecklinet al. 1988). Carneiro reported
cases of the diffuse type of gastric carcinoma
that segregated in an autosomal dominant manner
inapolyposisfamily (1993). Bonney et . studied
the segregation of gastric pH, nitrate, and nitrites
inarandom sample of Columbian families, where
gastric cancer is common (1987). They found a
bimodal distribution of nitrite concentration
levels and suggested recessive Mendelian
inheritance for this phenotype. Nitrite is
implicated in the formation of carcinogenic N-
nitroso compounds, suggesting that elevated
gastric nitrite concentration could beabiological
marker for persons predisposed to gastric cancer.
Most cases of Japanese gastric cancer are
accompanied by intestinal metaplasia and
atrophic gastritis. Theresults of our analysisare
compatiblewith autosomal recessiveinheritance
together with multifactorial effectsfor both types
of gastric cancer families. Bonney et a. (1987)
estimated the frequency of a recessive alele
related to measurable gastric nitrite to be 0.57;
our estimates of gene frequency for arecessive
genewere0.31 under Model 1 (Table4) and 0.48
under Model 2 (Table 5). This pattern of mixed
inheritance is reasonable when we consider the
requirement of multi-step changes in the full
seguence of gastric carcinogenesis. Combined
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with recent documentation regarding a modest
contribution of environmental risk to familial
gastric cancer vs. sporadic gastric cancer,
(Shimuraet al. 1997). we can expect thefamilial
aggregation of gastric cancer to be partially
genetic in nature Larger pedigree structuresand
theinclusion of environmental covariatesin the
analysis would make the results of any
segregation analysis more discriminatory.
Biological markers such as Helicobacter pylori
infection, the details of pathol ogical information
about the background mucosa, genetic markers
in tumors and germlines, in addition to
information on the histological subtypes, would
further clarify the genetic and environmental
etiology of human gastric carcinogenesis(Oda
etal. 1994; lidaet a. 1999).
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