


_r 10 diagnose cpill i tumors at a time when they are still confined to
pelvis and highly curable.

i paliehts with advanced cancer, treatment approaches are also changing,
v combination chemotherapy regimens are under evaluation in clinical (rials
vhich issues such as high-dose chemotherapy and dose intensity are being
lied. It is our hope that this issue will provide to the reader an overview of
current approach to the management of this disease. In addition, we have
d to provide a Framework lu~hetp~tmderstand the forthcoming new thera-
itic developments that are based on an ever-increasing understanding of the
logy of this complex disease.
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THE EPIDEMIOLOGY OF
OVARIAN CANCER

Mary B. Daly, MD, PhD

Ovarian cancer is (lie leading cause of dealh from a gynecologic malignancy
among women in the United Slates and accounts for approximately 12,500
deaths per year.6l Although the etiology and pathophysiology of ovarian
carcinogenesis are unknown, there is a growing body of epidemiologic literature
that has identified several potential contributing factors. This article explores
these findings, with a particular emphasis on the genetic and reproductive
features characteristic of the disease.

GENERAL FEATURES

Ovarian cancer is a disease of older age, with incidence rales increasing
with each decade of life and peaking in the mid to late 70s” (Pig. 1). The rale
of rise in incidence appears to accelerate coincident with the time of natural
menopause.1*w Malignant ovarian tumors do occur in childhood and represent
1% to 3% of all pediatric malignancies, but approximately two thirds of these
are of the germ cell type.3,7-n

Age-adjusted rates for ovarian cancer have remained relatively stable over
the last two decades (Pig. 2), although mortality rates have climbed as a result
of the aging of the population, and possibly owing to changing reproductive
patterns.’ Significant geographic and ethnic variations in rates have been
observed. Kates are highest for while women in the industrialized countries of
northern and western Europe and North America, and lowest in India and
Asia.5* The wide geographic variation observed is roughly correlated with
average family size.’* Within the United Stales, incidence rates for black,
| lispanic, and American Indian women are approximately 40% lower than
those for while women,6l and among whites, rates are highest for Jewish
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Figure 1. Ovarian cancer rales by age lor 1973-1977 and 1978-1981. (Data Irom lhe
SEER program: Cancer Incidence and Modality in the United States. 1973-1981. US
Depadment of Health and Human Services, 1984.)

womenl 1 These ethnic differences in rates may be partially explained by
variations in reproductive factors.

ENVIRONMENTAL FEATURES

Both the observed international and ethnic variations, and the shift in risk
to that of the host country among migrant populations,” suggest a role for an
environmental component such as diet in the etiology of ovarian cancer.
Numerous case control studies, however, have failed to show an association
between either weight or dietary fat intake and the risk for ovarian can-
cer.! 1" M A positive association between ovarian cancer risk and lactose
consumption has, however, been found in a number of studies. Cramer"
correlated ovarian cancer incidence with both per capita milk consumption and
lactase persistence worldwide and found both to be significantly positively
associated. A case-control study conducted in 10 Boston-area hospitals dem-
onstrated both higher levels of lactose consumption and lower levels of galactose
converting enzymes in cases than in controls.’6 2 Although these data are very
preliminary, there is theoretic support from the observation that women who
suffer from galactosemia, an inborn error of metabolism resulting in elevated
levels of serum galactose, often develop premature ovarian failure and hyper-
gonadotropic hypogonadism.“ A series of animal studies has also documented
ovarian failure in rodents fed a high galactose diet.%
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Other environmental factors that appear to be unrelated to risk for ovarian
cancer are occupation, alcohol, and smoking history.” “ The noted increased
incidence among women of higher socioeconomic status most likely reflects
the combined effects of reproductive history and differential access to health
care."1

Of all the environmental factors implicated as causative agents in ovarian
cancer, none has generated as much interest as talc and asbestos particles. Tal.
is a specific hydrous magnesium silicate that is chemically related to asbestos
Asbestos fibers are often found as contaminants of talc consumer products 1
Interest in these compounds as causative agents for ovarian cancer stems from
the recognition of asbestos as a cause of pleural and peritoneal mesothelioma
a disease that shares a common embryologic origin with ovarian cancer.
I lenderson et al" first reported finding talc particles in ovarian tissue obtaino
from nine women, three of whom had ovarian cancer. Cosmetic talc is though
to gain access to the ovaries by absorption through the vagina or cervix. In
case-control study in Boston, Cramer et al'® reported a relative risk of 1.9)
among individuals who used talc directly on the perineum or on sanitary pail:
Whittemore et al” also showed a weak association between talc use and risl
for ovarian cancer, but there was no dose-response relationship. Allhoitgl
these data are provocative, they offer only indirect evidence for an associalioi
between these products and ovarian cancer. With the removal of talc froi
most cosmetic preparations over the last decade, the issue may remain unr<
solved.

Likewise, with the introduction of widespread vaccination among childn
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against mumps, the causative role of this virus may never be clarified. First
thought of as a potential eliologic agent for ovarian cancer because of its known
association with clinical orchitis in males, mumps also belongs to the para-
myxovirus family, which is associated with a number of rare but fatal chronic
diseases.4Two case-control studies have found a lower self-reported history of
mumps infection among cases’l however, when scrum antibody levels were
measured, they were similar for cases and controls, suggesting that ovarian
cancer patients with mumps were more likely to have experienced subclinical
disease, which may have led to subsequent chronic damage to the ovaries,
depletion of oocytes, and alterations in gonadotropin levels.4

Finally, there is evidence from the survivors of the atomic bomb experience
that high doses of radiation increase the risk for ovarian cancer, particularly
among those women who were less than 20 years of age at the time of exposure,
with a latent period of approximately 20 years.4

GENETIC FACTORS

Although the recognition of a hereditary component to ovarian cancer is
very recent, heredity is emerging as one of the most important aspects of (he
disease. The number of known multicase ovarian cancer families has increased
several fold over the last 10 years. Extensive pedigree analysis by Lynch et al” 4
has led to the recognition of three patterns of familial ovarian cancer: (1) site-
specific ovarian cancer only; (2) families in whom both breast and ovarian
cancer predominate; and (3) the cancer family syndrome characterized by
multiple cases of ovarian, breast, colon, and uterine cancer. Through careful
analysis of these pedigrees, an autosomal dominant mode of inheritance with
variable penetrance is postulated. A subset of approximately 5% to 10% of all
ovarian cancers are thought to fit this genetic pattern.” The most common
relationship reported among cases is sibship, followed by mother-daughter.l M
Among these pedigrees, there is a significant reduction in risk for breast/
ovarian cancer for relatives as their levels of coancestry decrease.” Other
characteristics of familial ovarian cancer include an earlier age at onset and
evidence of both paternal and maternal transmission4t4s however, there does
not appear to be a significant difference in stage at presentation, histologic type
or grade, dr bilaterally between familial and sporadic cases.” ” The familial
aggregation of ovarian cancer demonstrated by these pedigree analyses has
been confirmed in numerous case-control studies. Data from the Alberta Cancer
Registry have documented a statistically significant increase in affected family
members among cases of ovarian cancer.” Tzonou et al4 found a familial
aggregation of ovarian cancer among women with breast, ovarian, and uterine
cancer in Greece. In japan, Mori et aldlfound a family history of breast, uterine,
and ovarian cancer to be more common in cases than in controls. Using the
mullicentcr data base assembled by the Surveillance, Epidemiology, and End
Results (SEER) Program of the National Cancer Institute, Scluldkraut and
Thompson" demonstrated an odds ratio for ovarian cancer of 3.6 in first-degree
relatives, and 2.9 in second-degree relatives, as compared with relatives of
controls. The excess of affected relatives was seen in both maternal and paternal
lines Of interest is the fact that neither the SEER data nor a case-control study
conducted by | larlow el aP* in Washington state could demonstrate an increased
risk of ovarian cancer for relatives of women with borderline tumors, suggesting
a different carcinogenic pathway for this subtype of ovarian cancer.

The familial aggregation of breast and ovarian cancer is supported by data



from the Cancer and Steroid Hormone (CASH) Study," a population based
case control study conducted by the Centers for Disease Control, in which
Thompson and Schildkraut* were able to demonstrate an elevated risk of
developing breast cancer among first degree relatives of women with ovarian
cancer.

Dually, lending further support to a proposed genetic mechanism for
ovarian cancer is the finding of clustering of both breast and ovarian cancer in
the patients themselves. Data from the Birmingham Cancer Registry in England
found a significant excess of second primaries in premenopausal women with
either breast or ovarian cancer. Prior and Waterhouse” and Greggi el al” report
a fivefold increase in rates of breast cancer occurring as a second primary
among familial ovarian cancer cases, as compared with sporadic ovarian cases.

Although the precise genetic defect(s) associated with familial ovarian
cancer has not yet been identified, a number of genetic alterations and
associations have been described. Several investigators have noted decreased
levels of a-L-fucosidase among women with ovarian cancer and their first-
degree relatives,” 4 ” suggesting close linkage of the genetic loci that control
a-L-fucosidase activity and ovarian carcinogenesis. Cytogenetic characterization
of surgical specimens from ovarian tumors reveals extensive and complex
structural chromosome abnormalities involving chromosomes 1, 3, 6," " chro-
mosome 14,” and chromosome 17.’1” Marks et al° reported overexpression of
the p53 gene, a gene recently linked to familial breast cancer,4in 50% of 107
tumor samples. This growing body of evidence points to a mullistep model of
ovarian carcinogenesis in which a complex series of genetic events result in the
initiation, development, progression, and metastatic potential of the disease.

REPRODUCTIVE FACTORS

Because the ovary is the major source of reproductive hormones in women,
it is only natural that a great deal of attention has been paid to the role of
reproductive factors in trying to understand the etiology of the disease. The
one overwhelming observation that has emerged from almost every study in
the literature is the relationship between pregnancy experience and risk for
ovarian cancer. Women who develop ovarian cancer are significantly more
likely to be nulliparous and to have had fewer pregnancies.*«¥4 #4” “ The
relative risk associated with nulliparity ranged in several case-control studies
from 15 to 3.2.k*% “w“mld **74 Furthermore, there is a clear dose-response
relationship associated with pregnancy history, with most studies reporting a
sternly decrease in risk with increased parity.*su' M a-4-"* When controlled for

number of preghancies, however, age at first pregnancy does not appear to.

affect risk.4 *m“w7 The role of oral contraceptive pills (OCI’s), which mimic
some of the physiologic changes induced by pregnancy, has also been carefully
studied with regard to ovarian cancer. OCRs were first introduced in the United
Stales in the 1960s. Most formulations include estrogen, progesterone, or a
combination of the two, and they have been shown to suppress ovulation
Women with a history of OCR use have an overall reduction in risk of ovarian
cancer of 40%.“ The largest case-control study to document this effect was that
conducted by the Centers for Disease Control, using the population-based
cancer registry data of the eight SEER regions, and age-matched and area ol
resilience-matched community controls. Ever-users of OCRs had a relative lisk
for ovarian cancer of 0.6. Risk reduction was apparent with as little as 3 months
of use, increased in magnitude with duration of use, and persisted for as long
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as 10 years after discontinuation of use.” The observed reduction in risk applied
to all histologic subtypes, including borderline tumors, and was not dependent
on age at use, menopausal status, or measures of fertility or parity, although
nulliparous women experienced a greater decrease in risk titan did parous
women ’ A summary of similar findings from a number of case-control studies
is-sluuunJu. Table 1, Note that the majority of these studies failed to show a
relationship between replacement hormone therapy for menopausal symptoms
and risk for ovarian cancer.' * " * One exception is a case-control study in
Washington slate in which replacement hormone use was associated with a
relative risk of 3.1 for the histologic subset of endometrioid tumors.7L A similar
trend was noted in a study in Boston by Cramer et al,I and in a case-control
study in Washington, DC." Endometrioid tumors of the ovary are similar in
appearance to tumors of the endometrium and may share common risk factors.
No clear-cut relationship between age at menarche or age at menopause and
risk for ovarian cancer has emerged from these studies.

Another series of studies investigated the role of sterilization procedures
on subsequent risk of ovarian cancer. Irwin et al" examined the data from the
Centers for Disease Control study to compare histories of tubal sterilization
and hysterectomy with or without unilateral oophorectomy between cases and
controls. A significantly reduced risk for ovarian cancer was seen in women
who had undergone these procedures, particularly if they were performed at
younger ages. Data from a case-control study in Washington, DC, demonstrated
a 30% risk reduction in women undergoing hysterectomy with preservation of
the ovaries.” Similarly, a case-control study performed in japan, where inci-
dence of ovarian cancer is low, found that a significantly lower proportion of
ovarian cancer patients than controls had undergone permanent sterilization.*
Of note is the observation by Cattanach of decreased estrogen excretion in
women who had undergone tubal ligation, a finding that he suggested may be
related to localized procedure-induced vascular changes.7

Two alternative hypotheses have been advanced to explain the findings
related to reproductive history that were described previously. One theory,
first proposed by Falhalla,© contends that constant, uninterrupted ovulation
leads to an increased risk for ovarian cancer by virtue of the repetitive trauma
to the ovarian epithelium and resultant cellular proliferation associated with
the ovulatory cycle, the potential for entrapment and transformation of epithe-
lial inclusion cysts, or the repetitive exposure of the epithelium to steroid-rich
follicular fluid or pituitary gonadotropins * 7 Thus, events such as pregnancy
and OCI' use, which suppress ovulation, would decrease this risk. A number
of investigators have actually calculated measures of duration of ovulation by
subtracting anovulatory time during pregnancy and lactation and while taking
OCl's from time at risk for ovulation, and found a significant correlation

Table 1. RELATIVE RISK OF OVARIAN CANCER BV ORAL CONTRACEPTIVE USE

Cases/Controls

Reference (No.) Users Nonusers (95% Confidence Interval)
CDhC 197/439 2335/3867 06 (0.4-0.9)
Weiss" 21/112 207/552 0.57 (005-1.92)
RosenbergT* 33/136 187/539 0.6 (0.4-09)
Wu" 188/299 619/1011 074 (052-1 06)
Cramer" 34/144 48/139 0.38 (0 15-0.96)
Harlow" 66/194 82/193 0.7 (0.4-1.2)

LaVecchia" 39/178 367/1104 0.68 (0 48-0.97)



between ovarian cancer risk and duration of ovulation.6 ® Support for this
theory also comes from a little-known experiment in which epithelial ovarian
cancers were induced in hens by using prolonged fluorescent lighting to indue;
ovulation and maximize egg production.®

The alternative hypothesis contends that nulliparity, rather than failing to
offer protection against ovarian cancer, is actually a manifestation of an
underlying reproductive disorder, 'which also predisposes to'the development’
of the malignancy. At least four case-control studies have found a significantly
increased prevalence of infertility among cases as compared with controls,
whether infertility is measured by self-reporting of difficulty in conceiving," ¢ ?
physician-diagnosed infertility,? or number of years of unprotected intercourse
without conception.*6 *' Incidence of abortion, stillbirth, and congenital malfor-
mation do not appear, however, to be related to ovarian cancer risk.*6 “ A role
for altered pituitary gonadotropin levels, which may be the basis for subferiility
in many women, is supported by the epidemiologic observation that incidence
rates for ovarian cancer accelerate around the time of menopause, when
gonadotropin levels also show a sharp rise.B3** It is also consistent with the
previously described apparent protection afforded by OCI3 use, which is
associated with suppression of pituitary gonadotropins.* In fact, a case-control
study performed by Harlow et alZ described an interactive effect between high
lactose intake and the protection afforded by oral contraceptive use They
propose that it is in the setting of a hypergonadotropic state induced by high
galactose levels that OCPs exert their protective, gonadotropin-lowering effect.
The altered gonadotropin theory is also consistent with the observed reduction
in risk following sterilization procedures, which have been shown to alter
ovarian blood flow and hormonal activity.1“ There are also some data from
murine models in which elevated gonadotropin levels are associated with
ovarian tumor promotion, but the applicability of this model to human carci-
nogenesis is questionable.6l

SUMMARY

The epidemiologic data collected to date have provided some important
and provocative clues as to the etiology of ovarian cancer. The recognition of
familial clustering of this disease has led to exciting advances in understanding
the genetics involved. The contribution of endocrine factors has been well
documented in the epidemiologic literature, leading to important insights into
the process of carcinogenesis. Clearly, additional information is needed to
further explain the interplay of genetic, physiologic, and life style factors, to
lead to a better understanding of the disease, and ultimately to a means of
prevention and control.
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OVAKIAN CANCER

PATHOLOGY
EPITHELIAL TUMO

Robert H. Young, MD, and Robert E. Scull)

This article reviews the pathology of epithelial tumors of the ovar\
particular emphasis on newer information in the literature. Most
discussion is devoted to the most common category of malignant <
tumors, which have usually been referred to in recent years as "c<
epithelial™ or "surface epithelial" cancers.*6 4 These are designated "
epithelial-stromal tumors" in the revised classification of ovarian tumor:
World Health Organization (WHO) (Table I) that is currently being fin
Also discussed briefly is a recently described highly malignant epithelial
that does not appear to belong in this category, but that is import
oncologists to recognize, the small cell carcinoma.4 Although almost .
types of surface epithelial-stromal tumor include those of borderline
nancy, those of endometrioid,m *“ clear cell,4* and transitional cell'l
are rare and will not be discussed. Some particularly important probl
differential diagnosis of epithelial cancers of which the clinician sin
aware will be mentioned; these problems have been discussed in great«
elsewhere, along with others.”

Surface epithelial-stromal tumors account for approximately two I
all ovarian neoplasms, and their malignant forms for about 90% of
cancers.% In the designation given to a neoplasm in this category,
criteria are considered. The two most important are the cell type, i.e.,
mucinous, and soon—and whether the tumor is benign, of so-called bo.
malignancy, or frankly malignant. The final two criteria are architectui
pertains to whether the tumor is exophytic, endophytic, or both
exophytic growth is present, the word "surface" is added to the desij
e g., serous surface papillary carcinoma. The second relates to the
proportions of the epithelial and stromal components of the neoplasi,
surface epithelial-stromal tumors are predominantly epithelial, with
minor portion derived from the ovarian stroma; when a tumor has a p

From the Department of Pathology, Harvard Medical School; and James Horn
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Ovarian Surface Epithelium and
Human Ovarian Cancer

Approximately 80-90% of adult ovarian cancers are assumed to originate
from ovarian surface cells. The morphology of the ovarian surface epithelium
changes constantly, exhibiting features such as crypts, inclusion cysts, villous
processes and different forms of miillerian epithelium. The unique nature uf

ovarian surface features and their absence in the immediately adjacent perito-
neal mesothelium suggest that local factors may play an important part in
modifying the growth and morphology of the ovarian surface epithelium

Recent studies tend to emphasize oncogene activation, along with concomi-
tant cytogenetic changes, in the development of ovarian cancer. This review
focuses on the roles ofexogenous and endogenous factors and ov ulation in the
pathogenesis of ovarian cancer.

Introduction

Ovarian cancer is a disease that is still largely uname-
nable to curative treatment. Although accounting for only
4% of all cancers, ovarian cancer causes an estimated 6%
of deaths from all types of malignancies in women |[I).
Every year, more women die in the industrialized nations
from this cancer than from all types of uterine cancer,
which is three times as frequent [2]|. The main reason for
this discouraging situation is the fact that over 70% of all
ovarian cancers are first discovered at a stage that permits
practically no curative therapy and no effective screening
(.1). Less than 25% ofwomen with ovarian cancer survive
the initial diagnosis by more than 5 years |4], Epithelial
tumors account for 80-90% ofall ovarian cancers and are
presumed to originate front the surface epithelium (5-7).
They rarely appear before the age of 10;.their frequency
then increases exponentially until the age of 40. and the
highest incidence is in women in their early 60s.
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Dynamic Morphology ol the Ovarian Surfaca
Epithelium

The serosa-like cell layer of the ovary develops front
the celomic epithelium. During the fetal period, the sur-
face epithelium is subject to constant morphological
changes. After approximately the 10th fetal week, a multi-
layered epithelium with occasional papillary projections
and a basement membrane separating it from the neigh
boring stroma develops out of a single-layered epithelium
with no basement membrane (8). The increase in prolifer
alive activity is associated with a high nucleo-cytoplasmic
ratio, nuclear polymorphism, prominence of nucleoli, and
abundance of free and bound ribosomes (9. 10). T he sepa-
ration of the superficial epithelium from the cortical
stroma by a basement membrane is not yet complete,
since islands and strands of surface epithelium are present
in the cortex during the entire fetal and perinatal period
(5. 10| For this reason, conical inclusion cysts, which h>
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Fifl. 1. Ovarian surface epithelium wilhCilia. X - 3.420

F|g 2 C>ioplasm tacuolc* (*) and macropinocxlosis (arrow) in
an ovarian surface-cell. X - 14.400.

iheir nature have (he same proliferative activity as the
superficial epithelium, arc also found in the fclal ovary
til]

The surface morphology of the ovary changes con-
stantly during the whole course of life (9]. A single-layered
ovarian surface epithelium with a regular cuboidal cell
structure is usually found resting upon the lunica albugi-
nea and the stroma below it. Since this epithelium pos-
sesses the characteristics of the mullerian duct, endome-
trioid and endoccrvical cell forms can also develop from
it |5. 8|. At various points, the ovarian surface cells
exhibit not only microvilli but also numerous cilia (fig. 1),
whose surfacedistribution is regionally diverse in one and
the same ovary and whose emergence is both cyclical and
age related (12). Frequent caveolae also indicate that the
ovarian surface cells have high absorptive activity [l.J].
These caveolae can be regarded as morphological evi-
dence of the endocytosis of material from the abdominal
cavity (14] It is possible that the uptake of substances by
the ov arian surface cells is further aided by macropinocy-
tosis. in which cytoplasmic evaginations entrap the mate-
rial to be incorporated, forming small vacuoles (fig 2).
Numerous crypts are present on the surface of the ovary .
The epithelium at the base of these crypts occasionally
extends even deeper to form small cell nesls. which can

riierl'Mamivh

give rise to inclusion cysts, probably due to sealing off at
the surface epithelium. IT there is proliferation in the
opposite direction, papillary excrescences form on the
surface. Also biochemically detectable in the superficial
epithelium of the mature ovary is a characteristic pattern
of four polypeptides of the intermediate filament cytoker-
atin. which is also present in Muller'stissue and in epithe-
lial ovarian cancers [15-17], It is noteworthy that Miel-
tinen et al. [18] found the intermediate filament prekera-
tin in normal superficial epithelium, in inclusion cysts
and in epithelial ovarian tumors. Ullrastructurally, scat-
tered desmosome-tonofilament complexes (fig. 3) are
found in the superficial epithelial cells of the mature ova-
ry According to studies by Fcrcnzy and Roth [19], such
complexes appear with predilection in endometrioid
ovarian carcinomas and Brenner tumors: moreover, these
tumor forms have very dense intermediate filaments.
Blaustein [5. |1] distinguishes two types of inclusion
cysts: an immature type with a primitive celomic epithe-
lium that emerges during fetal development, as men-
tioned above, and a mature type that possibly forms
around the time of ovulation and in which the epithelium
is quite variable. Cysiadcnomas and cystadcnocarcino-
mas arc believ ed to develop from inclusion cysts [20], and
certain tumor markers have been found in both inclusion

Ovarian Surface fpilhclium and ( anccr

Fig.1. Desmosomc-ionofilamenl complex in a human ovarian
surface cell X - 16.400.

cysts and serous ovarian tumors [2 11 Blaustein el al. [21]
found carcinocmbryonic-anligcn-posilive cells in some
inclusion cysts, which can be taken as a sign of the imma-
turity and undifferentiation of certain cortical inclusion
cysts. Elevated levels of human chorionic gonadotropin
and carcinoemhryonic antigen have been noted in the
fluid of some inclusion cysts, cystadenomas and cyslade-
nocarcinomas [5]; this suggests that all three have the
primitive embryonic celomic epithelium as Iheir origin. It
has also been reported that CA 125. an antigen associated
with ovarian carcinoma and present in nearly all serous
tumors of the ovary, is also to be found in inclusion cysts,
but not in normal ovarian surface cells (22. 23]. Inclusion
cysts form an actively proliferating cell compartment that
is responsive to hormonal stimulation and is capable of
neoplastic change under certain conditions However, not
only do inclusion cysts develop around the time of ovula-
tion. but prominent papillae also develop - at least in ani-
mal experiments - al the site of the postovulalory defect
|24]. These excrescences can result, under both physiolog-
ical and pathological conditions, in the formation of
superficial structures that resemble neoplastic lesions in
most respects |2 5. 26]. Inclusion cysts derived from invag-
ination and entrapment ofovarian surface cells in the cor-
tex are more frequently observed in the later reproductive
years and after the menopause [27], Indirect evidence of
increased proliferative activity in the senescent ovarian
surface epithelium is also provided by the presence of cell

stratification and papillary projections |27], It remains to
be seen whether these morphological changes, which coin
cide with the peak age of ovarian carcinoma [28]. arc
compensatory to cortical shrinkage or secondary to other
stimuli |29).

Exogenous Factor*

Ovarian carcinoma exhibits marked differences in fre
quency throughout the world. For example, it is three to
seven times more common in western countries, such as
the USA. Great Britain, and Scandinavia than in Japan
[30]. The incidence of ovarian cancer is very low in Asia,
particularly in Japan, which has the lowest age-adjusted
incidence rale (2.8/100.000) [31], This lack of uniformity
in incidence is most marked among women over the age
of 50. However, in women who emigrate from Japan to
the USA. the risk of contracting ovarian cancer increases
above that of their relatives who remain in Japan. In fact,
the incidence among postmenopausal Japanese women
living in the USA is practically the same as that of post
menopausal women born in the USA [32|. Woodruff[331
believes that the greater incidence ofovarian cancer noted
in many industrialized countries 130. 34) is attributable to
exogenous factors. Exogenous substances can ascend into
the abdominal cavity via the genital tract in less than
30 min [35], and there have been a few reports that the
risk of ovarian cancer is lower after hysterectomy [36. 37)
and tubal ligation [38], but other studies have been unable
to confirm this [39]. Talc granules have frequently been
found in epithelial ovarian cancers. Cramer et al. [40]
found that the risk of ovarian cancer was three times
higher among women who regularly dusted Iheir perinea
or underclothing with talcum powder for cosmetic rea-
sons than among women who did not do so. Keal [41]
found a tenfold increase in incidence of ovarian cancer
among women working in the asbestos industry, but
Newhouse el al. [42] were unable to confirm this in a pro-
spective study. Talc and asbestos are chemically similar
magnesium silicate compounds, and talcum powder is
often slightly contaminated with asbestos [43|. Pleural
and peritoneal mesotheliomas have repeatedly been ob-
served in persons exposed to asbestos or talcum powder
[44,45], On the other hand, reports rejecting a connection
between talc and epithelial ovarian tumors have also
appeared (46. 47|. Ovarian tumors have been induced in
mice by the application of carcinogenic polycyclic aro-
matics. eg . 7,12-dimelhylbenz|alanlhracene [48], which
undergoes hormone-dependent metabolism to reactive
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intermediates in the rat ovary [49). In vivo, the activity of
this carcinogen was found to increase livefold during
stimulated cycles in human granulosa tissue compared
with human granulosa cells from natural cycles [50J.

The possibility that carcinogenic substances enter the
ovarian surface epithelium via the genital tract should he
seriously considered [51]; however, exogenous factors are
difficult to record in a cancer register, and investigations
of this suhject are often speculative in nature.

Although both ovarian and peritoneal surface cells are
exposed to exogenous factors, peritoneal mesothelioma is
much less common than epithelial ovarian carcinoma
|52|. Also extremely rare are the so-called 'extraovarian
serous carcinomas' [26. 53], What is it, then, that mates
the ovarian surface epithelium so much more susceptible
to malignant transformation than the peritoneal mesolhe-
lium ?

Endogenous Factor*

The constantly changing external morphology of the
ovarian surface epithelium contrasts markedly with the
consistent structural uniformity of the bordering perito-
neal mesothelium (54. 55|. This strongly suggests that
local factors govern the morphogenesis o f the ovarian sur-
face epithelium Some authors believe that the superlicial
epithelium of the ovary reacts like the endometrium to
steroid hormones and may tend towards hyperplastic or
even neoplastic reactions [8J Proliferative lesions (papil-
lary adenomas and adenocarcinomas) have been pro-
duced in animal experiments by the long-term application
of dicthylstilbestrol [56],

It has been shown that the ovarian surface cells possess
17-(3-hydroxysieroid dehydrogenase activity [5. 57] and
hormone receptors [58. 59). In addition, estrogen and
progesterone receptors have been found in certain ovar-
ian superficial neoplasms [60. 61). Hamilton el al. [59]
hare reported that the growth of ovarian surface cells in
cell cultures is stimulated by androgens and inhibited by
antiestrogens. However, treatment of advanced ovarian
carcinoma with antiestrogens has rarely been successful
I«]. The formation of so-called papillary excrescences'
appears to be a hormone-dependent process: such papil-
lary structures in man are more often found in polycystic
ovaries and after the menopause, i.c. in circumstances
where there are high gonadotropin levels [9. 63. 64] The
genesis of papillary lesions appears to be enhanced by di-
elhylstilbestrol but suppressed by oral contraceptives,
cither directly or via negative gonadotropin feedback (56.
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65). Various findings argue in favor of the latter possibili-
ty: the increased incidence of ovarian neoplasms in the
postreproductive years, the proliferative response ofovar-
ian superficial epithelial cells to gonadotropins in culture
[66], and the presence of gonadotropin binding sites in
ovarian neoplasms [67], Two studies published in 1942
showed an increased proliferation rate of the superficial
epithelium of the mouse ovary in the pcriovulatory period
and after estrogen application [68,69). The high prolifera-
tive potential of the ovarian surface cells has also been
noted in in vitro cell cultures [70], During proliferation.
Structures such as intracytoplasmic lumina and cysts ap-
peared. which are frequently found in epithelial ovarian
tumors [71],

Oncogenes, including those of the ras family, are
highly regulated to maintain and control cellular prolifer-
ation (72). Oncogene activation can occur through point
mutations, gene rearrangements or amplification and can
result in the production of increased or altered gene prod
ucts with lumorigcnic potential. A single case of serous
cystadenocarcinoma with known c-k-ra.s amplification
was followed over a period of several months [ 73). c-k-ra.t
amplification did not change with tumor progression over
this period, and the authors concluded that ras p2| was
most likely involved in the early stages of carcinogenesis
Kotyloet al. [74) found relatively higher Ibvels ofras p2L
in ovarian tumors of low malignant potential and serous
cystadenocarcinomas. in contrast to normal ovaries and
serous cystadenomas. No significant differences in ras
p2l expression distinguished tumors of low malignant
potential from serous cystadenocarcinomas. The overlap
in p21 expression between these two groups is interesting
and indicates that ras p21 might be involved at an early
stage of tumor growth or carcinogenesis. Probably onco-
gene alteration or activation arc not sole determinants of
tumor progression.

Ovulation and tha Ovarian Surface Epithelium

| be fact that pregnancy and hormonal contraceptives
(75] reduce the risk ofdeveloping ovarian carcinoma sup-
pons the theory that continuously repeated ovulation is
an important factor in the pathogenesis of this neoplasm
[76, 77J.

It may be the repeated rupture of the superficial epithe-
lium of the ovary during ovulation that increases the risk
of neoplasia. The development of crypts and inclusion
cysts in the ovarian stroma may be due to continuously
repeated periovulalory traumatization of the surface epi-

Ovarian Surface F.piltielium and Cancer

Tabt* 1. Follicular stimulation and development of ovarian cancer in 4 patients

Cue No. Age, years Ovulation induction regime Ovarian carcinoma Reference*
1 26 elomiphene. 1IC G (I cycle) borderline papillary serous carcinoma (F1GO stage Ib) 86
2 32 FSH. L.II (8 cycles) . endometrioid carcinoma (FIG O stage lla) 87
1-year lapse FSH. LH (3 cycles)
3 25 elomiphene. FSHrLH (Fcyclc) papillary serous carcinoma (FIGO”"tage lllb)- 88-
4 34 elomiphene, FSH. LH (1 cycle) papillary serous carcinoma (FIG O stage Illb) 89

lhelium and repair of the surface defect [78. 79). These
ruptures are repaired by cell division, and growth cases
when repair is complete. It is proposed that these repeated
episodes of proliferation allow the promotion of cells
already hearing allele loss and those carrying inactivated
tumor suppressor genes. This may lead to uncontrolled
cell division and malignant transformation |80, 81].

fhe suppression of ovulation and the inhibition of
gonadotropin secretion have been interpreted as protec-
tive mechanisms, since oral contraceptives have a protec-
tive effect against the development of ovarian carcinoma
(75). It remains to be established whether ovulation also
has an effect on the formation of germ cell tumors or sex
cord stromal tumors [65. 82).

The technique of in vitro fertilization has steadily
improved in recent years, with the goal of achieving a
pregnancy rate as high as possible. The fact that the prob-
ability of pregnancy rises in proportion to the number of
embryos implanted has led to the stimulation of follicle
maturation in the hope of obtaining many follicles and
many conceptions [83|. Due to improvements in freezing
techniques, follicle stimulation is used in grand style in
order to provide a certain supply' of embryos. Gonado-
tropins. either with or without anliestrogens (clomi-
phene), are used in the first line for follicle stimulation.

Excessive estrogen secretion has been found in associa-
tion with ovarian, endometrial and breast carcinomas,
and excessive gonadotropin secretion has been noted with
ovarian cancer [84). Persistent stimulation of the ovary
with gonadotropins may have a direct carcinogenic effect
or may act in conjunction with elevated estrogen concen-
trations (2. 85). Since currently employed stimulation
protocols have been in use for only a few years, it is
obvious that nothing conclusive can yet be said about the
possible later consequences of excessive ovarian stimula-
tion. Three cases reported in the literature (86- 88) and |
case of our own (89), in whom there was a direct chrono-
logical relationship between hormonal stimulation of the
ovanes and the development of ovarian carcinoma, are

described in lahle I. Even though these individual reports
are in no way proofofa direct connection between hyper-
stimulation and the induction of ovarian neoplasia, it is
nevertheless quite conceivable that the growth of a preex-
isting tumor is substantially accelerated by such hormonal
therapy. It is a matter of particular concern that the
tumors described developed with remarkable rapidity in
all 4 cases. On the other hand, it may he coincidental that
ovarian carcinoma developed in this subgroup after in-
duction of ovulation, and the natural history of the dis-
ease may have been interrupted with earlier intervention
and diagnosis during the infertility treatment [90).

Conclusion

The ovarian surface epithelium is a dynamic tissue
with considerable morphological variety. It can grow ver-
tically downwards to form crypts and inclusion cysts and
can also form superficial papillary excrescences. More-
over, metaplaslic transformation to the various types of
miillerian epithelium can occur. These growth processes
appear to be affected by endogenous and/or exogenous
factors, and it is conceivable that these factors also induce
neoplastic lesions on the ovarian surface epithelium.
What effect exogenous stimulation of the ovaries, e.g. as
used in in vitro fertilization, may have, is unclear. It
remains for future research to identify endogenous and/or
exogenous factors responsible for triggering neoplastic
processes in the ovarian surface cells.
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The Biology of Ovarian
Cancer Development

Antlrcw K Godwin. PhD.. foseph R. Testa. Ph D., ami Thomas C. Hamilton, Ph D.

llackground. In theory, all Ihe cell types that com-
prise the human ovary have the potential for malignant
transformation. The vast majority of malignant ovarian
tumors iu the human, however, arise from the ovarian
surface epithelium. These cells have im|>orlant functions
during reproductive life: they contribute to follicular
rupture and hy cell division repair the wound that accom-
panies ovulation. There has been much simulation that
the rapid cycles of cell division associated with wound
repair contribute significantly to the development of
ovarian cancer. Sui li .s|»ecululion is based on the obser-
vation that ovarian cancer occurs most frequently at the
end ofawoman's reproductive life and is associated with
nulliparity. It is of |Milenliel significance that, unlike
most epilhelia, these cells are not replaced through re-
plenishment stem cells with the development of one end-
stage cell and one cell with continued growth potential.
Rather, the division of an ovarian surface epithelial cell
yields two daughter cells with equal potential for subse-
quentgrowth. Thus, all [xilential mutations as they accu-
mulate are passed on to near-exponentially expanding
subsequent generations of cells that (an acquire addi-
tional mutations that could confer the malignant phe-
notype.

Methods. We have developed a model to lesl the hy-
pothesis that repealed cell division by ovarian surface
epithelial cells contributes to development of malig-
nancy. In this model, rat ovarian surface epithelial cells
arc isolated and subjected in vitro to repetitious cell divi-
sion In in(ini( in a simple way grnwlh nfthe surfuce epi-
thelium in vivo.

Ilt.sulis. ihese cells develop u malignant phenotype
based on loss of contal | inhibition, the ability for sub-
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slrate independent growth, tumorigenicity in athymic
mice, and cytogenetic changes.

Conclusions. Our data support the involvement of
tumor suppressor genes in the development of ovarian

cancer. Cancr.r 199."; 71:S;i()-ti.

Key words: ovarian canter, malignant transformation,
tumor cytogenetics, surface epi-

thelium .

suppressor genes,

The etiology of ovarian cancer is unknown,12but there
are some data that suggest that multiple factors may
contribute to the initiation and progression of the dis-
ease. The vast majority of ovarian carcinomas arise asa
result of malignant transformation of the ovarian sur-
face epithelium 3* This simple epithelium, composed
of a single layer of cells, often is described as modified
peritoneal mesothelium.

This paper is divided into two parts. The first part
summarizes some of the information available on the
role of hormones and growth factors in regulation of
normal and malignant ovarian surface epithelium in
the context of how regulatory substances may affect
disease etiology and progression The second part con-
tains experimental data supportive of the long-standing
hypothesis that incessant or repetitious ovulation con-
tributes to the initiation of ovarian cancer.

Features of the Normal and Malignant Ovarian
Surface Epithelium

In adult life, the ovarian surface epithelial cells are a
single layer of nondescript cells that vary from squa-
mous to cuboidal and low- columnar * 78 The generally
unremarkable features of these cells suggest that they
might have little role in normal ovarian function, but
this does not appear to be the case. The ovary has two
major functions: (1) the production of steroid hor-
mones, and (2) the timely release of ova. Based on data
from several species, ovarian surface epithelial cells are
believed lo have a pivotal role in the latter process 2810

As the time of ovulation approaches, ovarian sur-
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face epithelial cells (in the area of the ovulation fossa)
produce large lysosomal bodies that migrate to the ba-
sal region of the cells. These large bodies are excreted
from the cells' basal surfaces before ovulation. It is be-
lieved the lysosomal bodies contain enzymes that partic-
ipate in the breakdown of the tunica albuginea and thus
aid in follicular rupture.l The process of ovulation re-
sults in a wound at the ovarian surface that is repaired
by rapid growth of ovarian surface epithelial cells.1l
These surface epithelial cells also may patrticipate in the
production of a new tunica albuginea.’2 The require-
ment for regulation of both processes (i.e., iysosome
production and wound repair) suggests that the func-
tions of ovarian surface epithelial cells are controlled in
complex ways.

There is potential for a diverse range of regulatory
molecules to influence function and growth of ovarian
surface epithelial cells. These signals may reach their
target by autocrine, endocrine, or paracrine routes. The
latter of these mechanisms (i.e., paracrine) may have
special significance to the surface epithelium in that the
ovarian surface is bathed by follicular fluid at the time
of ovulation. Direct experimental evidence on the roles
of various hormones and growth factors in control of
ovarian surface epithelial cells, however, is limited. The
potential for hormones and growth factors to regulate
growth and function of these cells is suggested by the
presence of appropriate receptors for many of these reg-
ulatory substances in both the normal and malignant
ovarian surface epithelial cells. Estrogen receptors, for
example, have been detected in both normal and malig-
nant ovarian surface epithelial cells.” ,3*;s Independent
laboratories have reported estrogen receptors in the
normal rat ovarian surface epithelium, whereas there is
less evidence for the presence of estrogen receptors in
human ovarian surface epithelial cells.” There have
been numerous studies, however, showing the pres-
ence of estrogen receptors in malignant tumors of ovar-
ian surface epithelial cell origin.13,6' # The presence of
estrogen receptors in the malignant counterpart of a
given cell type generally is considered to result from
retention of a differentiated feature of the normal pro-
genitor cell, rather than de novo synthesis as a result of
malignant transformation. The complexity of ovarian
surface epithelial cell regulation is indicated by the find-
ing of estrogen production by ovarian cancer ceil
lines. 92D Thus, estrogen, which generally is considered
to mediate its effects through the endocrine route, may
also have effects by both paracrine mechanisms (i.e.,
estrogen in follicular fluid) and autocrine mechanisms.
The exact function of estrogen in ovarian surface epithe-
lial cell regulation is not known. Limited evidence in the
rat and mouse suggest estrogen is a weak mitogen. 42
In some estrogen receptor-positive human ovarian
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cancer cell lines it recently has been shown that estro-
gen is astrong mitogen17223and promotes the capacity
for substrate-independent growth.22 it is possible that
these effects are mediated indirectly by transforming
growth factor o and (Lproduction.24In the PEO4 ovarian
cancer cell line, in which estrogen stimulated growth, it
was observed that the hormone did not induce proges-
terone receptor synthesis,2 whereas in the OVCAR-3
ovarian cancer cell line estrogen induced progesterone
receptor but not growth.225Thus, it is possible that the
divergent signals that mediate these two markers of es-
trogen action are uncoupled readily in ovarian cancer.
This could explain why antiestrogen therapy is effective
only in a small subset of patients with ovarian cancer.®

The significance of progestagens and androgens to
the regulation of normal and malignant ovarian surface
epithelial cells is limited essentially to the findings of
receptors for these two sex steroid hormone classes in
ovarian tumors.ZOnly very limited data suggestive of a
role for testosterone in stimulation232* and antiandro-
gens on inhibition of growth1621of ovarian cancer cells
are available. It is noteworthy that the postmenopausal
ovary is a net producer of androgens due to the contin
ued formation of functional secondary interstitial tissue
in the organ,3BlL and thus, if androgens stimulate
growth of either normal or malignant ovarian surface
epithelial cells, they may well contribute to disease etiol-
ogy or progression (see below).

The roles of peptide hormones and growth factors
in the regulation of the ovarian surface epithelium are
not completely defined. It has been shown that the age-
specific incidence of ovarian cancer increases abruptly
at the time of the menopause.23 The age-related
change in ovarian function results in loss of feedback
inhibition on pituitary peptide hormone synthesis such
that the pituitary produces constant increased amounts
of follicle-stimulating hormone (FSII) and luteinizing
hormone (LH) (15- and 5-fold normal levels, respec-
tively) for a number of years after the climacteric.34This
suggests that FSH and LH may somehow contribute to
the development of ovarian cancer. The potential for
direct effects of peptide hormones on the surface epithe
lium is shown by the existence of FSH and LI | receptors
in ovarian cancer specimens.3®3 In addition, peptide
hormones have been shown to stimulate growth of
normal rabbit ovarian surface epithelial cells in vitro37
and cell lines derived from ovarian cancer specimens.%

Receptors for epidermal growth factor (EGF; the
best known of the peptide growth factors) have been
found in both the normal and malignant human ovar-
ian surface epithelium.33 Furthermore, EGF has been
shown to be weakly to moderately mitogenic in ratd
and human ovarian surface epithelial cells 4

It is of interest to consider how mitogens may come
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info the proximity of the surface epithelium. This tissue
is avascular .uul normally is separated from the ovarian
cortex hy a well defined tunica albuginea Ovarian
cancer is believed to arise most frequently in surface
epithelial inclusion cysts. These cysts result from the
proliferation of surface epithelial cells that either in
wide tlu* ovarian cortex or are trapped within the cortex
during ovulation or remodeling of the ovarian sur-
face “ 1 Such cysts increase in number in relation to
ovulatory activity, and thus are more prevalent in
oldei aged women ,M* It should be noted that the sur-
laic epithelial cells pning these inclusion cysts in the
ovarian cortex are theoretically in close proximity to the
mitogen producing components of the ovary, including
the functional seiomlarv interstitial tissue of the older
aged women.

Ihere is a reasonable amount of information sug-
gestive that diverse regulatory molecules have the po-
tential to stimulate growth of both normal and malig-
nant ovarian surfa* e epithelial cells. The question arises
is io how growth stimulatory effects might relate to
disease etiology or manifestation The potential for
growth-stimulatory factors to influence disease mani-
testation appears straightforward. An alteration in the
concentrations or patterns of production of growth-re-
gulatory suhstanccscould stimulate slowly growing ma-
lignant cells mk'li that tumor rapidly becomes manifest
clinically. Alternatively, malignant transformation
might include an altered responsiveness to such sub-
stances and thus more rapid growth.

The issue of how hormones and growth factors
may duectlv influence the etiology of ovarian cancer is
mote complex. The simplest explanation is that any in-
crease in DNA replication increase's the likelihood of a
mutation. Such mutations could be dominant, activat-
ing a prolooiK ogene or producing an altered antionco-
gene product. Alternatively, recessive mutations could
inactivate antioiuogenes. Stimulation of mitotic activity
may be ol special significance in the ovarian surface
epithelium. Ovarian surface epithelial cells, unlike most
epilhelia, behave as generative stem cells.2 Thus, the
division of one of these cells is believed to yield two
cells with equivalent potential for future growth. This is
m contiast to replicative stem cells that simplistically
yield two cells, one with loss of growth potential (i.e.,
destined for iliffeienliation) and one stem cell with con-
tinued replicative potential. In the case of ovarian sur-
face epithelial cells, a single mutation could be passed
on to exponentially expanding progeny, and since
transformation is essentially a game of numbers, the
larger the number of cells available for additional mu-
tations. the more likely it is that a mutation of signifi-
cant e to transformation will (»ccur. It is straightforward
to apply this pattern of replication It» the simple model
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of antioncogene inactivation, where both alleles of the
antioncogene must be inactivated to achieve malignant
transformation.4 If replication increases the pool of
cells with one inactivated allele (first hit) and also in-
creases the likelihood of additional mutations (second
hit), the process of replication in generative stem cells
becomes doubly (or perhaps exponentially) dangerous
Thus, any growth-promoting stimuli could increase the
possibility to accumulate combinations of potentially
devastating mutational events that eventually result in
malignancy.

Repetitious Ovulation and Ovarian
Cancer Etiology

The observation that ovarian cancer is more prevalent
in nulliparous women served as the basis for the devel
opment of a hypothesis that repetitious ovulatory activ-
ity is a factor in malignant transformation of the ovarian
surface epithelium 4 Alternatively, it has been sug-
gested that an underlying hormonal imbalance might
be responsible for infertility and that this, rather than
ovulatory activity, may be responsible for the increased
incidence of ovarian cancer observed in nulliparous
women.46 The fact that birth control pill use reduces
ovarian cancer risk supports the former, more widely
touted hypothesis.47 DIt also is noteworthy that tumors
of the ovary derived from the surface epithelium are
rare in animals Germane to this, in nature animals
ovulate seasonally and most frequently become preg-
nant shortly after ovulatory activity commences in the
spring. Thus, the number of ovulations during life is
quite low The only exception to this is the incessantly
ovulating domestic hen. which has a high incidence of
ovarian cancer.5122

It is tempting to speculate how ovulatory activity
could contribute to ovarian cancer etiology If surface
epithelial inclusion cysts are important in disease etiol-
ogy, it is obvious that there would be a greater opportu-
nity for such cysts to form in the more frequently ovu-
lating person In addition, the surface epithelial cell mi-
totic activity required to repair the wound created by
the follicular rupture accompanying ovulation may bea
factor in disease initiation. As noted above, mutations
are more likely to occur in dividing as opposed to quies-
cent cells Furthermore, because growth increases the
pool of cells carrying a potential first mutation (first hit),
the probability of an additional mutation occurring in a
cell with a preexisting mutation is increased It is of
interest to speculate whether certain mechanisms to vig-
orously assure the fidelity of DNA replication, repair,
and of chromosomal segregation might be inactive in
surface epithelial cells because these cells would have
been under little selective pressure from the standpoint
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of evolution. In nature, such cells have a very limited
requirement for replication, in contrast to the selective
pressure placed on the skin or gastrointestinal mucosa,
which during evolution might be expected to have been
rigorously selected for the capacity for wound repair
and lumenal replenishment, respectively. In fact, pro-
teins have been identified that are believed to have a
role in the fidelity of DNA replication and chromo-
somal segregation and, thus, act to reduce the possibil-
ity of recombination errors and malignancy.53'%

Over the years, there has been a rather strong case
made for the role of incessant ovulation in ovarian
cancer etiology. Beside the recapitulation of the original
hypothesis, however, previously there has been little
more supportive epidemiologic data and even less bio-
logic evidence. Recently, we have described a model in
which ovarian surface epithelial cells from the rat un-
dergo malignant transformation in association with
prolonged exposure to a growth promoting environ-
ment.Surface epithelial cells isolated from the rat
ovary by selective trypsin treatment are placed in cul-
ture These cells rapidly grow to cover the culture sur-
face as if to cover the wound created by follicular rup-
ture and, at confluence, mitotic activity ceases. These
cells may then be repetitiously subcultured to mimic in
vitro in a simple way the repeated requirement for
growth produced by incessant ovulation in vivo. This
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Figure | Karyotype of a Ciemsa banded ntelaphase cell from early
passage clone 7, Clonal changes include loss of one chromosome

5 and partial deletions of chromosomes 4 and X. Note that the
remaining copy of chromosome 5 appears normal cytogenetically,
but molecular analyses indicate that a small segment, including the
interferon->locus, is deleted from this chromosome (see Fig. 3). Loss
of a chromosome 11 is a nonclonal «lunge seen in this cell «inly
Arrows indicate structural alterations ol 4 aiul X.
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Figure 2. Karyotype of a C'icmsa banded mrlaphabil(.ell from late
passage clone 7. Clonal «lunges include an unbalanci-d 5; 12
derivative chromosome (arrow) and an unidentified marker (mar).
Inset: chromosome pairs 5 and 12 from another celt; der(S;!2) is
arrowed

prolonged growth results in the spontaneous acquisi-
tion of multiple features consistent with malignant
transformation. The cells show loss of contact inhibi-
tion, acquisition of the capacity for substrate indepen
dent growth, and. when injected intraperiloneally or
subcutaneously into nude athymie mice, form tumors
consistent with serous cystadcnocarcmoma of ovarian
origin.

We have examined the karyotypes of two spontane-
ously transformed clonal cell lines derived from ovarian
surface epithelial cells and one spontaneously trans-
formed mixed population surface epithelial cell line. In
each cell line, the karyotypes revealed several cytoge-
netic abnormalities that could be consistent with onco-
gene activation or tumor suppressor gene inactivation.
The most frequent changes involved chromosome 5
and chromosome |.<0

One of the clonal rat ovarian surface epithelial cell
lines, clone 7, compared for cytogenetic changes be-
tween early (normal phenotype) and late passage
(transformed phenotype), showed cytogenetic changes
of theoretical interest (Figs. | and 2) This cell line in
early passage showed monosomy for chromosome 5
(Fig. 1), whereas late passage cells contained two copies
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of cliriMnoMimi’ 3. one apparently normal homologue
and one defective copy consisting of an unbalanced de-
rivative between chromosomes 5 and 12 (Fig. 2). We
interpret thi* observation to indicate that there has been

Figure \ t>NA hint analysis of carlv and late passage ral ovarian
germinal ipidulium (RIYVCIF) clone 7evil lines fur loss ot .specific
liki ®{ genes lotati'd on iliromosonu' 5 High molcmlar )NA (10
vg per lam-) irnm iht- carlv and lait* passage t loin* 7 tells (indicated
above) ivjs digested with Lloki I'U'Cirnphon-si'd on a 1% agarose
gel and Ir.mslrfinl in nylon mrinhi.iiii- fillers fillers were

liy hinil/isl s(.|<ii4ilmU\ with lInllollowing (,,|'] Libvliil imk
liartsliini tINA pmtvs. (A) ini«iii'ion it, (H> interferon = ((.") ¢ tun,
and (I)] I (.(+ iis I'ptoi  IIn- ral fcl»l; receptor i )N A probe detects
ilinr hands (Mh m2 and 4 0 kdebase pairs |kbpj). The 40 kbp b<\pd
(I*1h. ivtmh isi Insist ni si/e lo interferotwfand ¢ /nn, and the 9 b
and M2 hands pigltl) an- shovsii lot comparison ul UNA loading and
liaiislci IInid 11 iligi-sifd A phage UNA was iim-J as inoleiul.tr
sile maikeis (hr (ragmcnl si/i- is mdu ated in kiluhase pairs lo the
left UNA from normal tat spleen ami lung isuulnded as ,i eonlrol
lor normal gene dosage
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Figure 4. Schematic diagram illnNtrating promised clonal evolution
oi ROVGI: clone 7 cells. Normal surface epithelial cells (N) conlam
two normal copies of chromosome 5 We hypothesize that on in
vitro culture, a single cell loses one copy of chromosome 5; the
second copy ("5") appears normal cytogenetically hut has a
microscopic deletion of a segmmi that include the interferon-n
locus tarly passage clone 7 cells also display deletions of X and 4
(Xg and 4q ). Late passage clone 7 cells have duplicated the
defective chromosome "5." and one of these copies participates in
a rearrangement with a chromosome 12. der("S";12) The PNA
signal intensity and allelic constitution of three different genes
residing on chromosome 5 (i e . *-put alleles Jand I*, the
inlerferon u gene locus |A/A*J. and interferon-* |B/B*J) are
indicated Both alleles oi interferon-« are lost in early and late
passage clone 7 cells. Percent sign indicates the approximate gene
dosage of the three genes as determined hy Southern blot analysis,
mar indicates the presence of an unknown marker chromosome.
The existence of the hypothetical sul»populalion of cells noted above
is suggested hv the presence of late passage clone 7 cells that do
nol contain cytogenetic deletions of chromosome X and
chromosome 4 This would indicate that the hypothetical population
(" V / )gave rise to the early passage clone 7 cells ( 5"/ -, Xq ,
4q )and to another subpopolation with the features of late passage
clime 7 This latter subpopolation (at the lime of early passage
cytogenetic analysis) must have been a very small component of the
culture, and thus was not observed in the chromosomal preparations
examined and did not influence gene dosage This latter
subpopulation. however, apparentlv had a distinct growth
advantage, and by late passage became dominant if not the entire
population

duplication of the single chromosome 5 of early passage
cells. This view is supported by molecular data (see be
low). It has been hypothesized by others that one mech-
anism by which predisposing recessive somatic or germ
line mutations could be unmasked is by the loss of a
normal (wild type) chromosome (by mitotic nondis-
junction) and reduplication of the remaining homo-
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logue containing the aberrant allele.573In our example,
we examined the DNA of early and late passage clone 7
cells for three genes that reside on the long arm of chro-
mosome 5: the interferon-« family, interferon-0, and
c-lum. 0P It would be anticipated in early passage clone
7 cells, which had one cytogenetically normal chromo-
some 5, that there would be one-half the diploid dosage
for these genes This was the case for c-juti and inter

feron-0 (Fig 3). Unexpectedly, all members of the inter

feron-or family were totally absent (Fig. 3). This indi-
cates that there was a submicroscopic deletion in this
apparently "normal ' chromosome 5. A strong indica-
tion that the chromosome 5 portion of the unbalanced
5;12 derivative seen in late passage cells originated
from the defective chromosome 5 of early passage cells
is given by a doubling of the gene dosage for inter-
feron-0 and c-jun and the continued total absence of
the interferon-« family in DNA of late passage cells
(Fig. 3). This is perhaps the first experimental proof by a
combination of cytogenetic and molecular methods,
that the process of reduplication that returns a cell to
disomy does indeed occur in transformed cells, and the
process is summarized in Figure 4 along with the gene
dosage evidence.

The cytogenetic and molecular changes in rat chro-
mosome 5 we observe are in an area where a yet-to-be-
doned gene for the suppression of anchorage-depen
dent (SAIl) growth is proposed to reside.6 Furthermore,
this portion of rat chromosome 5 has synteny with the
short arm of human chromosome 9,9 which reportedly
shows frequent cytogenetic changes in human ovarian
cancer6l and has been proposed as the site of a tumor
suppressor gene.62-4

In conclusion, much work remains to be done to
determine notonly those genes involved in the develop-
ment of the growth-dependent acquisition of the trans-
formed phenotype in our rat model, but also to show
the relationship of those findings to human ovarian
neoplasms. Nonetheless, the development of this
model has provided the first experimental evidence to
support a role for repetitious ovulation in ovarian
cancer etiology, and has proved a starting point to ex-
perimentally unravel potential genes involved in dis-
ease etiology.
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Age Contrast in Ovarian Pathc

Maria ]. Merino, M.D., and Gitie Jaffe, M.D.

Background. Ovarian cancer accounts for approxi-
mately 23% of all gynecologic tumors and is the most
common fatal gynecologic malignancy. These tumors can
occur in women of all ages, but there are differences in
the histologic types during various decades of life.

Conclusions. During infancy and childhood, the
predominant type of neoplasms are those of germ cell ori-
gin, such as teratomas, dysgerminomas, and endodermal
sinus tumors. In adults, epithelial neoplasms, or tumors
that originate from the epithelium that covers the ovar-
ian surface, are the most common, accounting for almost
85% of all neoplasms after the age of 50 years. The peak
incidence of benign epithelial tumors occurs between the
ages of 20 and 40 years. Young women (30 to 40 years of
age) are frequently affected by the so-called “tumors of
low malignant potential,” which have excellent progno-
sis. Older women, on the other hand, usually have the
most aggressive forms of ovarian cancer, present with
advanced disease, and have a dismal prognosis. Cancer
1993; 71:537-44.

Key words; ovarian cancer, germ cell and epithelial tu-
mors.

Ovarian cancer is the fifth leading cause of death in
women in the United States, with an estimated inci-
dence of 50 cases per 100,000 women and nearly
12,000 deaths annually.12 Approximately 25% of all
gynecologic malignant tumors are of ovarian origin, but
ovarian cancer is the most common fatal gynecologic
malignancy.

Unfortunately, these neoplasms remain asymptom-
atic until massive ovarian enlargement causes compres-
sion of pelvic structures, ascites, abdominal distention,
or distant metastasis. Only in a small percentage of pa-
tients will the tumors be found at an early stage, con-
fined to the ovaries.¥
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Predisposing Factors
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A case-control study of epithelial ovarian cancer

Patricia llartge. ScD,” Mark H. Schiffman, MD,* Robert Hoover, MD,*
Larry McGowan, MD,* Linda Lesher, MHS,* and Henry J. Norris, MD*

Hiihrultt. Miiiyftin/i. find Washington. DC.

Wuh data from a sludy ot 296 patients with primary epithelial ovarian cancer and 343 patients hospitalized
because ot other conditions, we estimated ovarian cancer risk in accordance with reproductive and other
(actors. Risk was greatest among women of lower parity, especially among women who said they planned
to have children but could not. The protective effect of oral contraceptives seen In other studies was
observed only m subgroups ot our study population. Women who had breastfed their children had
decreased risk, but the number ot months of breastfeeding was not related to risk. Incomplete pregnancies
did not provide the protection seen tor live births A family history of ovarian cancer and a medical history
of breast cancer were both strong risk factor» None of the nonreproductive factors thet we examined,
including childhood illnesses, tobacco and alcohol consumption, obesity, and selected adult diseases, was
convincingly associated with risk. (Am J Obstct Gvneccx 1989;161:10-6.)

Key words: <K.mun unici. curingrtimis estrogens, infertility, oral contraceptives,
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I'In* i.iiim'S ol m.iii.m cancel .ire mainly un-
known 1@‘ known risk lactors are age (incidence rises
uni 1 alxiiii age till seals), race (while women are at
highet risk ih.in iionwhiir women), low parity, infer*
liliiv. a history ol endouieliial or Ineasl cancer, a family
histois ol ovarian camel, and exposure to radiation.
|*inh.ihle prntcc me l.utens are oral contraceptives and
smgn.il menopause. Although the imiMirianrc ol re-
pinchii Inc- ami conli.ic eplive hisicnv lias lieen (iimly
estahlished. questions irmaiii. Mow do parity, preg-
nanev. and Inal loss jointly alien risk? Does the timing
ol ihehiM hirihalleci risk' Isinfertility an independent
risk lactoi. separate Irom the ellens of low parity? In
addition, many nonreproductive (actors have been sug-
gested. With interview and medical records data from
a c.ise-conitol siinlv. we have estimated ovarian cancer
nsk auending to various reproductive and other sug-
gested risk lactois to add to «»in knowledge with regard
to these |KTsisieiu issues.

Methods

Stuck methods aie dcstrilxd in detail elsewhere ' All
eligible cases involved women aged 2d to 71) years who
resided m the Washington. Im e tlo p o litan area and
who weir lust diagnosed In operalion with microscop-
icallv <niilirmcd pinnai\ epithelial ovarian cancerdur-
ing the pettod August I!)7K to |uue JUKI. Cases in-

/'n.;, the Lurllimitirrit, 1t ZLIrmu.lhiffS Hinnrh. Suttonal C.anrrr In-
ilttnle. mthe 1itfIM 1. .1 (;y......lugit Ontology. Defittitinnii of Oh-
Orliliy .iti.l (yurt, s,V (wats " IYnxInugtiii Ilinversity M rilutti
Centri: miti liir .1rnini lottii /iixtitnlr nf r'tilholngy."

Xnffhalr,11rt thr Suit.Hui Cum ft lintitule. Ciolitati Sa. NC.t-C.P-
sin1l

Hrfini’tirr/ur, A Mmk 11 Sthifftnmt. SC1. Aiutultvr I’Inut Stitlh,
H.» ID. A h.Miti'tr* .,/ i. lletliteuhi. M 1) 2<>M2.

eluded tumors of low malignant potential as well as
frankly malignant tumors because risk factors for the
two groups were similar.’ For all participants with ovar-
ian cancer, we obtained ihe diagnostic microscopic
slides and |>ertineni medical records. After review we
excluded 30 women found not to have definite primary
ovarian cancer of the epithelial type by microscopic
(H.J.N.) or clinical (I..M.) evaluation. Several of these
cases had been classified as mucinous ovarian cancer
hut actually were of colorectal origin.

We identified 400 cases and interviewed 296 women
(74%). Losses were a result of death (n = 44). disability
(n = 12), physician s refusal (n = 8). patient's refusal
(n = 33), or other reasons (n = 7). As shown in Table
I, serous and endometrioid types predominated.

fControl participants weie identified from hospital
discharge lists and were matched with women with ep-
ithelial ovarian cancer according to hospital, age. and
race (Table 11). A woman was not eligible to be acontrol
if Iter discharge diagnosis was psychiatric or was po-
tentially related to the major exposures of interest. For
all potential control participants, we confirmed in (he
physician and hospital retoids that the women had at
least one ovary intact and excluded those who did not
I>ecause they were mu at risk ol ovarian cancer. We
identified 439 controls ol whom wc interviewed 343

(7H%). Losses were a result o f death (n = 13). disability
(n = 8). physician's refusal (n = 11), patient's refusal
(n = 50), or other reasons (n — 14).

Trained, experienced medical interviewers obtained
informed consent and administered a standardized
questionnaire in the study participant's home shortly
after diagnosis. (Questionnaire is available on re-
quest.)

Effects of ovarian tamer risk were measured by the

Volume 161
Number t

Table I. Ovarian cancer cases according to
histologic type

Hulologv typt Number Percentage
Scrou» 84 28
Serous, low malignant potential 35 12
Mucinous 17 6
Mucinous, low malignant potential 9 3
Endometrioid 76 26
Endometrioid, low malignant potential 8 3
Clear ceU 12 4
Mixed epithelial 25 8
Undifferentiated 30 10
TOTAL 296 100

estimated rate ratio— the ratio of ovarian cancer inci-i
dence in an exposed group to that in the corresponding
unexposed group. A rate ratio of 2.0 for nulliparity,
for example, indicates that the incidence rate is twice
as great among the nulliparous women as among the
parous women; conversely, a rate ratio of 0.5 indicates
that the incidence is half as great. The rate ratio esti-
mates were adjusted for the effects of confounding
variables by stratified contingency table analysis (pre-
sented in the tables) and by logistic regression models,
which gave similar results.” All trend tests used scored
categorized datst and were two-tailed.

For each estimate presented we adjusted for age and
race. We assessed whether there were confounding ef-
fects of parity, difficulty conceiving, recent administra-
tion of oral contraceptives, surgical menopause, meno-
pausal estrogen use, or family history of ovarian cancer,
and we adjusted the estimates accordingly. If the num-
ber of eonfounders held constant exceeded three, we
used a logistic regression model to produce smoothed
estimates.

To derive unbiased estimates of the efTects of to-
bacco, alcohol, and adult medical conditions, it was nec-
essary to include in the control group only women who
were admitted for conditions not caused by (or pro-
tected by) the exposure under assessment. Without
such exclusions, a hospital-based control series would
produce spurious results because the population ofhos-
pitalized women generally includes, for example, more
smokers than the whole population of women at risk
for ovarian cancer. —

Result«

- A total of 12% of the patients with ovarian cancer
and 14% of the controls were black, and the remainder
were white. The mean age at diagnosis was 54.4 years
among women with cancer”nd 54.7 years among eon-
trols. Because the control participants were chosen
from the same hospitals as were the women with cancer,
they were similar in social dais and religion- '

f Greater parity was related to reduced risk in our
study (Table H1), and pregnancies that ended in spon-

C«9*-oontroi study of «pithoJial ovviar canc*r 11

Table Il. Discharge diagnoses among
control group

Disease category Number  Percentage
Infectious disease 6 2
Neoplasm 22 5
Endocrine-metabolic diseases 19 5
Disease of blood or blood-forming 4 1

organa

Disease of nervous syilcm 20 8
Disease of eye. ear, or mastoid 26 8
Varicose veins, hemorrhoids 5 1
Respiratory diseases 27 8
Digestive system diseas« 55 16
Urinary diseases 18 5
Skin disorders 6 2
Musculoskeletal diseases 75 22
Congenital anomalies 4 1
lll-defined conditions 18

Fractures and other injuries 38 1)
TOTAL 343 100

taneous or induced abortion or stillbirth did not, as a
group, confer any protection. When the effects of the
different pregnancy outcomes were further separated,
stillbirths appeared to increase risk, induced abortions
appeared to slightly decrease risk, and spontaneous
abortions appeared not to affect risk, but the estimates
for the specific outcomes were rather unstable. There
was also no clear pattern of risk when women were
categorized according to the number of months preg-
nant with the different outcomes, adjusted for the ef-
fects of parity. It was necessary to adjust for the effects
of parity in the examination of fetal loss because the
two were correlated: about one fifth of the nulliparous
women had some fetal loss, whereas about one half of
the women with five or more live births had fetal loss.
The strong protective effect of parity was seen in almost
all subgroups and was strongest among women aged
20 to 39 years and weakest among those aged 60 to 79
years.

The protection afforded by greater parity was not
explained by an effect of earlier first birth. On the other
hand, as shown in Table IV, the apparent protection
associated with earlier first birth, when this variable was
considered alone, was eliminated by adjusting for par-
ity. Also shown in Table IV is reduced risk among
women who had breastfed their children, but an erratic
relationship is shown between lifetime months of
breastfeeding and risk.

The total group of women who had taken oral con-
traceptives showed no altered risk (Table V), but
women who had taken them as3 years were at slightly
reduced risk, as were women who had uken them re-
cently. Women who took compounds with high levels
of progestogen showed no excess ovarian cancer risk
(data not shown). Those who quit after only 1 or 2
months, usually because of side effects, were not at
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Table Ill. f «iiniiile«l i.iic ialios .molding io j»repliainies, bin lis. and létal Im.se*
(eroup with Estimated 95% Confidence
rtinier (‘ontrol Croup rale ratio* intertill
I"«al M« KMm< it «
U} 70 71 10
1 57 45 14 OH-2 4
2 19 71 0.7 04-1.2
3 49 65 0.8 115-1.4
o 35 37 10 0.4-1.2
35 54 @7 04-1.2
iMini kM p (trend) » 0.10
MRS UINTA
[@ 89 HI 10
1 51 53 [ 0.6-1.7
2 n HS5 0.8 05 13
t 43 1.0 0.7 0412
39 61 <46 04-11
Llend l-«t p (ireiid) » 0.03
In«ar«. adju«U d loi live tillill«
I 206 238 1.0
1 5t 62 10 06-16
2 24 29 10 0.5-1 H
i« 13 14 1.2 0.5-2.7
I'n-iiil i ad p (trend) » 0 70
*\d[H«l«d 1.1 K< 111 .,
Table IV. hMim.ilcri i.ilr ratios ¢unnng | ¢linns women according in age at first birth and months
ni I>rriifeeding
irouf) ilJ EttimiUed VJ1 Confttinic
confer Control group rate ratio* interval
Age al Inst Ilit. adjusted loi [i.uily
i 12 52 10
211-Vi 72 108 0.7 0112
) 5H 62 1.0 0517
¢-itl A 55 10 0520
Tiend test p (trend) - 0.22
Months o| IxeaSlireiling. ,idii«trd loi parilv
112 121 10
I'» 62 81 OH 05-12
10 IK Ib 37 0.5 0.2-09
19-111» i 15 11 0.5-26
Ilend test p (trend) - 0,11
“\r dl.i age and i.ue In logisn. irgiessiuii

im leased risk. |he rffeil n| oral <mill;« eplivrs was
simii.ii fnt paionsanti niilhpaintis women, bill ii varied
some*Ir.it with age at diagnosis. Among women yoiill-
gei than 10 ve.ii« old. oral coutiateplivrs were weakly
prnteilil\e (rate ratio ~ 0 7). hut among women aged
-10 to 59 seats, ilies* weie not (laie ratio - 1.1). Only
one woman nldei than % ve.n« ol age had taken oial
iuiiii.ii eptive«

I lie cllecis ol inleitilits were ;i««e««ed in several
wals M.nried nnlinMidtis women had a 70% Inglier
risk 11i.ill mimai'i ietl inillipacous women, an excess rel-
ative risk that was lhniied to those who reported dif-
ficult* <on«eising (Lilile VI). Among the married nul-
liparmis patlietp,nits tline was little difference in risk
Ik-Iwsecu those svho had Ikvii piegnant and those who

had not. in a separate confirmatory question, we asked
married women who had never conceived why they had
never been pregnant Women who planned not lo have
children showed no increased risk compared wiili non-
married nulliparous women (rate ratio = 1.0.95% con-
fidence interval = 0.4 to 2.4) hut women who were un-
able to lieromr pregnant had acorresponding rate ratio
of 2.8 (95% confidence interval = 1.1 to 7.3). So few
women reported each sjierific cause of infertility with
confirmation by a physician that cause-specific estimates
were quite unstable. Among p;imus women, a history
of trouble conceiving was unrelated to risk (Table VI).

Participants were asked about a variety of medical
factors found in previous studies to be related to risk
of ovarian cancer Our data on iiienopaiis;il factors.
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Table V. Estimated rale ratio« according to oral contraceptive use fer women younger than age 60 years

Group
cancer
Never look oral contraceptives 115
Ever took oral contraceptives 74
Duration (months)

(N 23
12-35 16
36-59 >0
60 + 25
Trend test

Latency (years since first taken)

- 2
5-9 12
10 14 29
15+ 30
1rend test

Recency (years since last taken)

10+ 28
1-9 38
<1 7

Trend test

Estimated 95% Confidence
Control group rate ratios interval
131 10
78 10 07-1.7
16 16 07 34
19 10 0422
12 0.8 03-2.3
31 0.8 0.4-1.5
p (trend) - 076
3 0.4 00-43
15 0.7 0.2-2.2
31 10 0.3-2.3
29 I 06-2.1
p (trend) - 0.72
24 14 07-26
a1 09 0.5-1.6
13 0.5 01-16

p (trend) - 0.75

*Adjusted for age and race; referent group for all comparison* a women who never took oral contraceptive*.

Table VI. Estimated rate ratios according to reported difficulty conceiving*

Group with
cancer
Nulliparous women
Never married 30
Ever married 59
No trouble conceiving or never 32
tried
Had trouble conceiving 26
Parous women
No trouble conceiving 164
Had trouble conceiving 42

‘Women with incomplete responses excluded,
t Adjusted for age and race.

including protective effects of hysterectomy and meno-
pausal estrogen, are detailed elsewhere. The results for
selected childhood and adult diseases are given id Table
VIl. None of the childhood diseases influenced risk,
regardless of whether it occurred before, after, or
around the lime of menarche. An extensive analysis of
mumps revealed only that the protective effect of parity
was absent among women who did not recall having
had mumps. 3

Among the adult diseases, shingles was significantly
protective but chickenpox was not. High blood pressure
was weakly associated with increased risk. Thyroid
disease was apparently protective, and hyperthyroid-
ism was more protective than hypothyroidism (rate
ratio — 0.5 and 0.9, respectively), but patients could
not reliably make this distinction. Adrenal disease was
reported by five women in the control group but no
patients with cancer reported it. Diabetes was weakly
protective. A history 6f asthma was also protective, but

Estimated 95% Confidence
Control group rate ratiot interval
37 1.0
47 17 0.9-34
32 13 0.6-3.4
13 2.8 1.1-73
209 1.0 —
50 10 0.6-1.7

the effects of the illness and the asthma medication
could not be distinguished because nearly all women
with asthma had taken multiple medicines for their
condition. Previous breast cancer was strongly related
to risk but nulliparity, a strong risk factor for breast
cancer and ovarian cancer, was present in only one of
the 17 cases with previous breast cancer. There were
only two histories of endometrial cancer among pa-
tients with cancer compared with four in the control
group, adifference that was not statistically significant.

A family history of ovarian cancer in a sister, daugh-
ter or mother was reported by 13 patients with cancer
and by only five women in the control group, which
equals an elevated rate ratio of 3.3 (95% confidence in-
terval - 1.1 to 9.4). No excess risks were seen for first-
degree family histories of breast or endometrial cancer.

Obesity was not related to risk. We considered usual
adult weight adjusted for height using Quetelet’sindex
(weight ¢ height*) divided into quaniies. The rate ra-
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Table VII. Estimated rale ratios .urording 10 history of selected childhood ami aduli diseases

(¢roup irilh
1Jivhw (timer

MtllliH

No H7

Ve» 192
(+iTin.in mc.iMis

Nu »3

Yet 112
Measles

No b

Yes 1H1
( In, L<iiixn

No 4>

Yes X
Shingles

No 273

Yes 18
lli*h Llixxl (Mosulr

No 18»

Yes “H
1lo 1011 ilor.isr

No 237

Ws 5b»
Di.ilm'lcs

No 271

No 21
Allinn.i

No 27»

Yes 13
Hi, e i

N» 278

Yes 17

*I"uiuilMni\ wnli uiKOiiaiu ie'|Miii«ct excluded.
t.\d|usir<I lor age and I'.nr.

iios in im leasing (juauiles were 1.0. 1< 1.0, and 1.1,
lespenivdy.

As shown in lLihle VIII. ovarian earner risk was rc-
l.nrd io drinking Inn was mn melated to cigarette smok-
ing. Alcohol use was measured as the typical weekly
nuinhei ol shot glasses ol aliolmi, tail(lt's ni Iteci, and
glasses nf wine loiisiimed ovei the past 10 years,
wnh total .ilcohol tonsiniipiinii lom piiied as the sum
ol the linee snhintals. The iute ratio rose slightly
with ineteasing miai alkolmi consniiiptioii. and with
e.Khol lhelinee kinds «4 alt olmi«onsi«irred separately.
I lie iute ratios weie highest for whiskey (rate
ratio = L(», 059f confidence interval = 1.1 to 2 3), fol-
iow«d by wine (»ate ratix) = 1.3. 05% confidence inter-
sal = Oy to 1.0) and I>err (rate iatix» = I, 95@ con-
fidence interval = 0.7 to | t).

Comment

| h«' results ol iliis invesiig.ition tonlirm the ini|>or-
U iiir id parilv. inleiiiliily, lainily hisioiy. and previous
breast i¢nicer in the cause of epithelial ovarian cancer.
I hr lesiilts also suggest tlie ielative iiniuilM>naticc of

Munher of porlinpanli who rettilted disease*

Estimated 95% Confidence
Control group rule ttilioT intenti!
2 1.0
22« 0.9 06 14
124 10 —
136 1» 0.7 15
47 10
222 0.8 0513
59 14
257 10 0716
281 11»
38 05 0309
213 10 —_
97 12 0.81.8
236 10
78 0.7 05-1.1
274 10 —_
27 OH 0.4-15
260 It) _
26 04 0.2-0,9
337 10 —_
A 42 1.4-19.2

some other factors associated with risk in previous ep-
idemiologic investigations.

Several explanations o f the protective effect o fchild-
bearing have I>een pioffered, among them that preg-
nancy prevents ovulation, that it inhihits pituitary se-
cretion of gonadotropins, or that an umicilying prob-
lem leads both to kow parity and increased risk.
Estimation of the effects of different pregnancy out-
comes may help reveal how <hildl>caring reduces risk
of ovarian cancer. Il paiity protected against ovarian
cancer simply by the inhibition of ovulation, then a
pregnancy would reduce risk appioxitnately in pro-
portion to its length, regardless of outcome. Our data
suggest that pregnancies that lead to live births offer
protection but those that lead to losses may not. Inas-
much as women with more live births tend to have had
more losses, adjustment for parity is critical. One pre-
vious estimate of the rate ratio adjusted for parity was
0.8 per miscarriage.1Other investigations of fetal loss
are not directly comparable, either because they were
not adjusted for the effect of parity or because they
measured (he fraction of pregnancies (hat ended in
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Table V I11. Estimated rate ratios according to cigarette and alcohol use*
Group uitk Estimated 93% Confidente
cancer Con&ol group rate ratiot interval
Gigarelic smoking
Never smoked 128 130 1.0 —
Quit 91 69 IS 0.9-2.0
Current 70 83 08 0.6-1.3
Cigarette smoking (duration)
Never smoked 128 130 LU —
10 years or leu 28 23 11 06-2.2
11-30 years 65 66 0.9 0.6-1.5
31+ years 66 64 11 0.7-18
Trend test p (trend) - 0.87
Alcohol (average weekly consumption)
0 109 122 LU —
Occasional drink 49 49 I 0.7-1.9
1-6 drinks 63 54 14 0.82.3
36 32 12 0.7-2.2
14 ¢ drinks 34 26 1.3 0.8-2.8
Trend test p (trend) - 0.14

*Three participants without dau on smoking duration or currency were deleted.

tAdjusied for age and race.

miscarriage rather than the number or months of var-
ious pregnancy outcomes.

Apart from the reduced risk associated with higher
parity, there clearly seems to be a separate link between
infertility and risk evident among the nulliparous
women in our investigation. Previous studies have
shown that married nulliparous women have a higher
risk than single nulliparous wo menW e clarified this
observation by showing that married nulliparous
women who chose not to become pregnant were not at
increased risk, but women who tried and failed defi-
nitely were at increased risk. Case-control studies of
ovarian cancer cannot easily assess infertility as a risk
factor, because older women must recall often ill-
defined diagnoses from decades earlier. One follow-up
study of infertile women found increased ovarian can-
cer risk among subjects with nonhormonal infertility
(rate ratio - 3.2. 95% confidence interval + 0.3 to
32.9).* but another did not.* Both studies observed very
few cancers and both derived the expected rates of
ovarian cancer from the general population of parous

nd nulliparous women, so the effeett of parity and
Irfertility could not be separated. A long-term follow-
uB study of a large cohort of infertile women could
discriminate between the effects of different kinds of
Infertility and could provide useful étiologie dues. For
example, anovulation that leads to infertility should
protect against ovarian cancer if Incessant ovulation is
a key mechanism.

Several reproductive/factors probably are not
strongly related to risk. A majority of studies indicate
that the number of live births and not their timing is
the key factor. Our finding of reduced risk to women

who breastfed their children confirms a previous
observation¥ and supports the hypothesis that anovu-
lation reduces risk. The absence of dose response may
reflect the poor correlation between the number of
months a woman breastfeeds and the months of ovu-
lation suppression because of other’ factor» such as body
mass and variability in breastfeeding regimens. Men-
strual factors such asage at menarche, menstrual symp-
toms. and age at menopause do not appear to be
strongly related to risk of ovarian cancer in these or
other dau. although the plateau in age-spedfic ind-
dcnce around menopause strongly suggests a change
in risk broadly related to cessation of ovarian function.
It is not dear whether menopausal estrogen use affects
risk. Hysterectomy does appear to decrease risk, but
the association may reflea increased clinical surveil-
lance radier than decreased risk.1l
An anomalous finding in this study was that women
who uke bral contraceptives had only a very slight re-
duction in ovarian cancer risk. The estimated rate ratios
from many studies have been in the protective range
of0.5.to 6.1 We know of no biases in the current study
, that would diston our estimate of the efTecis of oral
contraceptives. Other known risk factors showed the
same patterns in this study as in other studies, and
women with diagnoses potentially related to oral con-
traceptives were not selected as control participants.
From all of the available dau we infer that oral con-
traceptives protea some women from ovarian cancer.
A history of mumps infection has been found to be
a weak protective faaor in several previous investiga-
tions.' * This efTect, if real, is certainly not strong. The
biologic meaning is in doubt because recall of mumps
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lihlniv has Ixen (liiihii i« In- ,i pool indicato! ol un-
tilhmlv iilei. A ».urlili examination ol mumps rx|M>-
Mito. seiologu allv. would Ik*won hullill*. Most
ol (he other <hil»lhotid ami aduli diseases that wr ton-
sikiriod piohahlv «ke not iiilluc'iiio ilio development »f
ovjilau tamer. The appaimi pioicction conferred by
a history ol shingles. in ihr .iliscikr ol an elicci of
<hukrnpox. lias no ir.idv cxpl.inalimi Nor does die
elle»l «d asiluua. |In Ink *i| ollr«t ol liv|h-iirnsioii.
nix-siiv aii dialM’lrs. .ucoid’ nidi dir in»»msisirni liud-
ings ol pievions simlios Inai medic al condition* that
nairant hirdiot Minis air divioid disease anti adimal
disease. Ihe examinalion ol adult disease» as risk lat-
inis in a hospital-based tasr-comiol study is dillicult
Intuii*? die tonimi gioup “-hnuld in» liuie only patiems
whose admission diagnosis is noi related (|>osi(isely or
negaineh | lo die aduli disease lisk lattor. Data from
popul.illam-ltaso | sin«lies nidi well-»lo» unienletl mrdi-
cal liMoiirs inni al.uilv wliedn i illese two associations
aie leal.

Women nidi a pievious hisioivol Incasttamer weie
at suhsianliallv im leased usk ol ovarian Cancer. This
»alisei\aliaHi is mil new" ami ap|M*ais in lepiesrnt atine

asso» i.iiiaiii. t >iit- goal ol ami painstaking pathologic and

»Imitai lesiew was io ex» Inde metastatic breast ami co-
lon tamer; we lieliese misdiagnosis does not explain
die liuding. A lamilv histoiy ol ovarian canter seems
to pose at least a three- to hmriold increased risk, as
indicated bv our results ami die results of others.7

Smoking was jmi icl.iied to «tv.ni.ui canter in this
investigaiioii. as in most previous work, but the ellefts
@ al«olmi icmiuiii unclear. Out study and »ilhers
(eg., l-asoli and Fiamesthi)' estimate slightly in-
creased incidence ol ovarian earner among drinkers,
Inn mhri studies ol maiian cantei Idillici reduced in-
cideiu r among diinkers (e.g., Ciuinii el al. and Byers
ri al) | he available data suggest dial il dine is an
association, ii is weak.

Dining die past decade, ta%e-tolili ol interview stud-
ies with LMIO to rimi women with ovarian cancer have
olleicd numerous leads, (ainipaiisous among existing
Studies suggest dial some ol die leads wariani lurlher
pin suit. Despite ihcii cost. l.ugei studies are needed to
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give the siatisiical |x*wci to disemangle the effects of
Sicilie causeso finfertility, varying palernsoforalcon-
traceptives. and s|>ecific pieguali» y outcomes.
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Review

Epidemiology and etiology of

ovarian cancer:. a review

A Peter M. Hciitlz. MO. Neville F. Under, MO.
and lwo O). Layaasv, MD

Ovarian cancer is »he most frequent cause of death from
gynecologic malignancies in the western world. Much effort
has been put into attempts to correlate differences in inci-
dence rales with environmental, endocrinologic, and genetic
factors. A review of the literature reveals that there is
currently no evidence to incriminate any single etiologic
factor for this group of tumors. There is growing evidence of
familial predisposition in a small group of patients and of a
relationship with reproductive history. If current knowl-
edge of the epidemiology of ovarian cancer is to be translat-
ed into disease prevention, more attention should be paid to
women at risk because of their family history, and more
awareness should be made of the protective effect of oral
contraceptives. (Obster Gymxol 66.127, J9b5J]

The* American Cancer Society indicates that cancer of
the ovary is the sixth common malignancy in women
in the United Stales (Table I) Results ol lhe third
Nation.il Cancer Survey of the United States indicate
that one »if every 70 newborn females will develop the
disease.1 The highest incidence rates are reported in

friiwi ihr l)in<innnfC v > (Huiduyv- fV/ViriMir»if.»/1Wnsrrfriis
and (ivN.'o'f.’XV- UO A Nfii'ni i/ Ali'i/i. me lavA . »<ifif »mn

Northwestern Europe and North Americal* (lable 2).
The age-specitic incidence rate increases Iron* two per
100,(MX) lor women in their 20s to 5" per 100.000 at the
age of 70." The greatest nuinher ol new patients »»»urs
in the age group SOlo 5'i w*ars with a median age *4
y»*ars The mortality for ovarian earner ni Ni«'thuest-
>am Europe and the United Stales i*. about 7.T lo |.Tper
100,(KHL, making ovarian cancer the most Ireipienl
cause of death from gynecologic inahgnaiu ies. aiul the
fifth leading cause ol death from cancer in women
(Table 1). The age-adjtisled death rale show*, an in-
crease from 0.5 per 100.000 at age 20 to 45 per 100,000
at 75." Since 19.ltl there has been a steady increase in
both the incidence and mortality ol ovarian tamer.1
Epidemiologic investigations have not produced an
adequate explanation for this phenomenon.

Environmental Faitora

That an environmental factor might bs of importance
in ovarian cancer is suggested by the tact that the
highest incidence of ovarian earner incurs in industri-
alized countries, the only exception to this observation
being Japan.0 *

The hypothesis that environmental factors play an
important role is strengthened bv the observation that
the incidence of ovarian cancer in Japanese women
born in Japan and emigrating to the United Stales
increases. In the postmenopausal age group it approxi-
mates the incidence of American women.111A similar
observation has been made lor |e\vish women in Israel:
The incidence of ovarian earner in Jewish women horn
in Europe or the United Stales is 14.1 per 1U1.000 and
much higher than that reported for Jewish women
born in Africa In several studies, a higher imidemv
has been reported among women with higher educa-
tion, which correlates with higher incomes and differ-
ent dietary habits ' f This, in conjunction with the
higher incidence in industrialized countries and tin-
increased incidence among certain racial groups alter
migration to a country with a high incidence ol the
disease, is also strongly in support of an environmon
tal influence.

It is clear that not everyone is equally susceptible lo
these environmental factors. This variation m suscepti-
bility mav be dependent on genetically controlled
factors. Most of the investigations in this field have
been focused on alimentation, products of industry,
and extrinsic hormones. Alimentation research has
mainlv been foaisnl on diets with a high intake »1
meat and animal fat, because these aie the ino*t
significant areas in which di»*s of indusliiali/cd ami
nonindustriali/ed countries differ, flu* results of these
investigations are contradictory.41 1 livers el ar
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Imind no relationship between I.it intake and ovarian
cancer risk. CMiner et al."* however. found that worn-
en above (ho highest quarule ol amni.il .Ln consiunp-
non had .1 twofold increase in risk compared with
those below (ho lowest quarhle. The mechanisms hv
which «inini.il i.il could contribute to the genesis of
ovarian cancer might In* dinv(. eia carcinogenic o>n-
t.unin.iiHs in (lie fat. or indirect via their ahilitv to
contribute to extragenital estrogen production from
gut bacteria.1' A relationship between smoking and'or
alcohol consumption anil ov.iri.in cancer has not horn
round.l There are several reports Concerning the
relationship between ov.iri.in cancer .uul carteine con-
smnpdon. This possible relationship was first reported
hv Si.Hks-1nhi 1970 .uul later coiilirmed hv Irichopou-
los et al." livers el .»I,* however, could not lind any
relationship between catleine consumption anil ovari-
an cancer risk lhe possible relationship has been
based on the fact that the lushest incidence rales and
mortality lor ovarian cancer are tound in Sweden,

Table 2. Inicmation Inudiliicc and Death Kale <f Ov.iri.ni
Cailier' * "
i iil'lut' 1U-iK min-
111 jx
tun.urn 1INI HU»
Sh .-i-li Hv 12 &
K.lU41 u Vs
US\ mlui.-i no» 71
Imo.1 u x
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which also has the highest rale ot collee ronsumptii*n
A simple relationship between coflee consumption and
ovarian cancer is confounded by the fad that coffee ica
mixture of many different natural chemicals and many
people add products such as artificial sweeteners and
artificial cream to their coffee before consumption. The
carcinogenicity of these individual chemicals has not
been investigated. At this time there is no conclusive
evidence for a causal relationship between caffeine
consumption and ovarian cancer. An interesting find-
ing is that ot Byers et al," who reported an increased
risk for ovarian cancer in association with decreased
ingestion of vitamin A from fruit and vegetables
sources, this finding occurred only in the 3(1 to 49 year
age group.

Exogenous Chehum |>

The highest incidence of ovarian cancer in industnal
iled countries suggests a relationship between thi*
tumor and products of industry Until now there has
been little evidence to incriminate specific products.
Currently, much attention is being focused on a possi-
ble relationship between ovarian cancer and materials
of the talc-asbestos group (hydrous magnesium sili-
cates).'* The clear relationship between asbhestos
exposure and pleural and peritoneal mesotheliomas
and the similarity of ovarian cancer to mesotheliomas
are in support of this theory. Graham and Graham2
(1967) found particles similar to talc in ovaries with
ovarian carcinoma. Ncwhouse ot allv found a slightly
elevated frequency of ovarian carcinoma in female
asbestos workers. Others*4 27 have not confirmed this
observation Cramer et al*1found fh.it 42.8*3 of ovan-
an cancer patients regularly used talc powder in the
perineal area, in contrast to 2K.4*/r of a control group of
women. He concluded that users of talc powder were
at increased risk to develop ovarian cancer. It is of
significance that in this study the majority of patients
who subsequently developed ovarian cancer had no
history of exposure to talc,*1 suggesting at best a
possible, but small, role asa promoting agent. Presum-
ably the talc conies in contact with the ovaries after
passage through the vagina, uterus, and fallopian
tubes (pelvic contamination theory).24 That this route
ol contamination is feasible was shown in I9M by Kgli
and Newton™ using carbon particles and in 1981 by
Ventci® using labeled human albumin microsphrres.
Ilarlge et al.” however, lould not demonstrate anv
effect of the use ot talc on the relative risk ot ovarian
i.nicer, liven patients who used talc on their dia-
phragm did not show anv increased risk compared
with controls. This observation notwithstanding, talc
lias notbeenshown loindnce tumors inotheranimals.14
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* | talc plays .inv role in llu* cause of cancer, ii still is not

7 dear whether the active agent is the talc per sc or the

;* asbestos particles that are present in talc powder. This

possible role becomes even less important because of
the decreased
alter 1977.

inclusion of talc in cosmetic products

Genetic ami Familial Factors

in which more than
of the
This phenomenon, however, is more the

Several studies report families

one member developed a malignant tumor
ovary
exception than the rule Most women with ovarian
carcinoma have no family history of the disease, al-
though accurate data on family history frequently are
not available.

A higher than expected incidence of ovarian tumors
is found IVulz-Joghers syndrome, 4
basal naevus syndrome,4' and gonadal dysgenesis4" 4
(Table 3). Most of these tumors are not of epithelial
origin, however. One hundred forty
been reported with familial ovarian c a nc e r .
these, 91 were published recently by the

in women with

families have
o f
Familial
Ovarian Cancer Registry.4 The number of observed
generations varies from two to four per family. In 131
of these NO families, 321 women developed ovarian
cancer

There are several features that are characteristic of
familial ovarian carcinomas. There is a tendency to-
ward earlier onset, mean age being 47.7 years, com-
pared with 59 years for epithelial ovarian cancer in
general.” The serous type of tumor predominates (90
to 97'*.), toward more poorly
differentiated adenocarcinomas.” 45 A high percent-

and there is a trend
age of cases is bilateral (70 to 80%).” The hereditary
pattern in these families is consistent with an autoso-
mal dominant gene with variable penetration,
mitted women.ll '4 M4J
al'4® have performed the most comprehensive
in this field, After analysis of ten families in
which 25 women developed ovarian cancer over three
orfour generations, they concluded that three different
hereditary syndromes existed: 1) silc-specitic familial
ovarian cancer syndrome—women
are at risk of developing ovarian cancer only. Hence, a

trans-

through men or I 'ynch el
re-

search

in these families

Table 3. Genetic Syndrome* Associated With Ovarian
Tumors
Syndrome Tumor

Peni/-je~hers syndrome** Sex cord tumor
Multiple basal cell carcinoma4’

Gonadal dysgenesis*'4*

Ovarian fibroma

Dysgerminoina

(ionadoblasioma in streak (xy)
gonads

VCI m.no i |O1Y MH«

woman may he at risk if her mother or sister has
ovarian catuvr; 2) breast-ovarian cancer syndrome—
the pedigree of these* families is characterized by the
presence of female members with breast and ovarian
cancer, alone or in combination. llence, a woman may
have a 50% risk for ovarian cancer if her mother or
sister had breast cancer and/or ovarian cancer; and 3)
the cancer family syndrome—in the pedigree of these
families, males and females are at risk of developing
colon cancer and, to a lesser extent, other adenocarcin-
omas (ovary, endometrium). Consistent with an auto-
somal dominant inheritance factor females in these
families should also have a 50% risk for ovarian cancer.
Hence, a woman may be al risk for ovarian cancer if
one of herrelatives has one of the cancers of the cancer
family syndrome.

The risk of female offspring developing ovarian
cancer in these autosomal dominant familial syn-
dromes may he* as high as 50% in the first-degree
female relatives. Although the exact pathogenesis of
these syndromes is not understood, three theoretical
explanations are possibleu: different gcneiit suscepti-
bility of ovarian tissue to carcinogenic influences, a
genetic defect that induces a hormonal imbalance
which may be potentially carcinogenic, or a genetic
defect causing an altered immunologic response result-
ing in ovarian cancer.

Of major significance for lemale offspring in these
families is the question of prophylactic cophorectomy
All authors advise that consideration should be given
to this procedure as soon as childbedring is completed.
However, it is evident from the work of Tobachman et
al'lthat prophylactic oophorectomy does not give total
protection against subsequent development of ovarian
cancer. They describe Ib families with second-degree
relatives who had documented ovarian cancer. Twen-
ty-eight women in these 16 families underwent pro-
phylactic oophorectomy and were observed for peri-
ods ranging from one to 20 years. The removed ovaries
were histologically normal. During the follow up peri-
od, three of the 2H women developed inliaabdommal
carcinomatosis Histologic examination revealed le-
indistinguishable
cases are Consistent with the hypothesis that epithelial
ovarian carcinoma may arise from any tissue originally
derived from coelomic epithelium.-N

Graham el al’* were the first to describe hyperplastic

epithelial foci in the ovaries of an asymptomatic wom -

sions Irom ovarian cancer These

an, removed prophylaclicalJv because of a l.unilv his
lory of ovarian cancer. Similar changes have U-en
reported by ITaumeni et al” who louiul these loci in
three of eight asymptomatic women ol caincr proitc
families. Recently, Gusberg and Deligdisch" reported

a similar finding in grossly normal ovaries removed

Ifeint/ et « 1 of (Inn Mil ( i



Irom three nn>HO/vj{ous sets of twin sisters oj three
patients wiih invasive carcinoma «l lin* «ivarv. Thev
lomul hyperplastic .iih| tlvspla**lic ui ilt.il were not
Umiiul in control «»varies Iron» other women ami sug-
gested dial these legions mav represent a precursor «f
ovarian cancer. Unis would support the eoneept of
piophvlaelie removal ot the ovaiw*s lewis ami Oavi-
son.l L.vruh el al.'4Thor el al."* Skinner el al.,/ ami
Tiver et al4'" reported 1 total ol 18 asvinptoniatie
women who underwent prophylactic oophorectomy.
None ol them reporteil hislolugu ahnoinn.ililies m the
lemovej «»varies. lviasifiiallv. on« «an luul benign
im’sothelial proliferation in the peritoneal cavitv of
heallln w«imen. This makes it even more «lillieull to
«leternnne the signiltcafnv oi these lesik»ns in a woman
who is probable at high risk lor ovarian earner. Impor-
tant. however, is the finding ol I-raumcm et al" and
(.usbiTg and Pchgilisch” that the removed «»varies
weie inacroscopicallv normal. It the lesion thev de-
senbe pr«»ves ke |v eharacteristic «f the dysplasia that
pi<cedes ovarian carcinoma, then Ih«' onlv wav to
«liagn«*se the lesion is to renuive both ovaru*s.

It is not «as\- t«i «letermin«’ how manv women will
benefit Irom prophvKiciu* oophore« lomv. If the mother
ol alannlv lias an dllukom.ll «lonimant ovarian «'aticer,
the chance ol her daughters inhciiting the gene tor this
tumor is Sib;. In the absence ol a genetic marker, there
is no wav to show if it is a genetic or rand«nn phenome-
non it two nu'inbers m one lannlv are alfecte«i. It the
«ham'«* ol ovarian earner «hiring a liletime is one in 70,
the «h.ince ol (his happening twuv in one lamilv is
alwiut (one in 70)\ «ir only 0.02‘f Cuven the lwow
m«»rbiditv ol prophylactic oophorecUuny and the high
mortatity ol ovarian cancer, it would seem prudent ko
«mw»iisider this operation at the completion ol childbear-
ing m anv wt»ni.in who has Iw«* «r more first-degree
relatives aheeled with carcinoma ol the ovary, « in
whose larmlv there is suilnienl evulence «l the breast-
ovarian «ancer svndrome or tin* «aim-r Lnmlv syn-
drome. However, tile worn,in «oncemcd has to be
aware «it the incomplete «lata existing at this time.

Liuloi rinolonic /1Ufols

Manv authors r«*port «hlteremes m endornne-related
cunditions m women with ovarian cancer compared
M14,% "' 4<

with normal ««mtrol sublects. Jerlv <t

al™ analv/i'il .T9U women with ovarian earner and
found that w'omen with the «liseas«* ha«l 1l imrcascd
incidence ol millipantv. 1l lower mean number ol
pregnancies. <md an unieas«-«| incidcn««- ol mis«Mr-
nag«'

Mc< .ow.ui «1 al.'l on th«* basis oi ,1 siudv «i 197

women with ovarian earner, estimate«! that nulligravi-

HO Ileintz el al [/ /»/i/rwiiileyi/ </ 1K'iirn/il ( ti/ht’i

das were 2.4S times more likelv to develop malignant
ovarian tumors and 2.9 times more likely to develop
ovarian carcinoma of low potential malignancy than
were women who had been pregnant three or more
times. The risk of ovarian cancer in their series was
reduced to | 27 am«>ng women who had at least one
pregnancy. This ligure was not analv/ed for full-term
pregnancies, premature births, and abortions. In g«n-
eral in his series, women with ovarian cancer demon-
strated a marked decrease in the number of live births
Similar experience has been reported bv others.7"

Untortunalelv. in the study ol IVmopoulos et al,”
paritv was calculated as the sum of all full-term gesta
lions, pr«'mature deliveries, and abortions divided hv
the total number of patients. Whether or n«il the
pregnancies in the study of Hildreth <t al4" were full-
term is n«it mentioned. Kisch et alM analyzed the
reproductive history of their patients in more detail
and reporteil that patients with ovarian cancer, in
addition to less full term pregnancies, had fewer mis-
carriages and less total time breast-feeding. Casa-
grande et al' reported similar results for live births, but
also reported a decreased risk in association with an
increasing number of incomplete pregnancies. Cramer
et al'v found that the relative risk (or ovarian canciT
decreased signilicantly with increasing parity. Thev
reported that compared with
women with one or two children had one-half the risk,

nulliparous women,

women with three or lour children one-third the risk,
and women with five or more children had one-fourth
the risk for ovarian can«vr.

11l contrast with these results. Wijnder et al' and
Westllfound no differences in parity or marital status
between ovarian cancer patients am! control subjects.
One explanation for these different findings mav be
the nature of the control groups. l;or example. West
use«! patients with benign ovarian tumors as controls.
Also, the risk ol ovarian «'«nicer is reporteil by |lildreth
et al4" to increase with increasing age at lirst pregnan-
cy However, m their study it is not clear if this
increased age is an independent risk factor or a result
«l the often associated lower paritv. In all reported
series the nsk of ovarian «aiuer for women wh«* had
difficulties with conception was greater. Joly et afp
found that the risk also was increased in married but
never pregnant women in comparison with women
who never married and were never pregnant, and that
this latter group in some instances hail a smaller
relative risk than women with one or two pregnancies,
jolv's results suggest 1 rel.ition-hip In-tween the inabil-
ity to get pregnant and ovarian cancer One p»»ssible
interpretation would he that the cndocrmologic status
in pregnantv protects against ovarian cancer, and that
the lack ol this protcctum makes infertile women a

(V'-fcbiC™* 2* (“iVMCulliyv



higher risk for ovarian cancer. A second explanation
could be that infertility and ovarian cancer are the
result of the same abnormal gonadal status. This
theory could explain why infertiile women arc more at
risk than never married and never pregnant women.
Because the patients studied were diagnosed between
1957 and 1966. oral contraceptives cannot have been of
any importance in this group. However, these preg-
nancy-associated hormonal factors and abnormal go-
nadal status have not been identified. Cramer et al'v
could not demonstrate any difference in relative risk of
ovarian cancer among infertile women and nulliparous
women in general. They hypothesize that pregnancy
may induce changes in the pituitary gland resulting in
alterations of the secretion of tropic hormones and so
in stimulation of the ovaries. The effect of nulligra-
vidity on the risk of ovarian cancer is summarized in
Table 4.

Hildreth et alJlOreported an increased risk of ovarian
cancer in women with a late onset of menopause and
decreased risk in women with a history of heavy
menstrual flow. These results are in contrast with the
findings of Wijnder et al," who reported an increased
risk of ovarian cancer associated with early menopause
and a history of heavy menstrual flow. West,* New-
house et al,v Cramer et al,'v and Annegers et al*1
found no relationship between the age at menopause
and «he occurrence of ovarian cancer.

Exogenous Hormones

Most of the studies relating to exogenous hormones
and ovarian cancer have found no significant etiologic
relationship between the two.41looveret al'* observed
900 women who used conjugated estrogen for six
months or more. They found four cases of ovarian
cancer, whereas three would have been expected.
There is no evidence of a relationship between diethyl-
siilbestrol and ovarian cancer.**1

Several authors7'MO *' have reported a lower fre-
quency of ovarian cancer after the use of oral contra-
ceptives, although only four studies"**2*4 reached

Table 4. Familial Neoplasms of the Ovary*

Cysuden<K jrcinuma
Sile-apecific ovarian cancer
Breast ovarian earner syndrome
Cancer family syndrome
Dermoid lumor or teratoma
Sometimes associated with twinning
Dytgcnnmoim
Arrlienoblanloma
Sometime* associated with mucinous cyslaJedoma and thyroid
adenoma

VOIl. aa. NO 1 IULY Ivhs

Table 5. Effect of Nulligravidily on the Risk of Ov.tri.tn

Cancer
Ki'Lilivr risk
(Niilligr.ivid*)".iavid

Aullioi Year women"
July el 1*74 1H
Newt«him-.1 .i»* 17/ 2V
Annegers el .it"1 N7V 1X
CjKsagrjmlr el .it* N7V 1X*
Demopotilos el al” |s7v 23
McCaiwan rl ¢1¥ 7 13 24
Hiltlrelh ct al*" NX) 17

* Nulliparity versus paniv

statistical significance (Table 5). The most impressive
study was reported by Ihe Centers for Disease Control
Cancer and Steroid Ilormone Study.M In their case
control study they studied 179 women with ovarian
cancer. Their major finding was that women who had
ever used oral contraceptives had a significantly lower
risk of ovarian cancer. The decrease in risk was directly
related to the duration of oral contraceptive use: after a
minimum of three months, the relative risk is declined
from 1.0 to 0.6, and it declined further to 0.4 lor
women who used oral contraceptives for more than
five years. This lower relative risk proved to U*a long-
term effect. This is in agreement with earlier lejMirls.*4
They estimated that the incidence of ovarian cancer
among women between 2(1 and 54 years of age in the
United Stales might be TOJ. higher if oral contracep-
tives had not been used. Another interesting linding in
the study was that the use of oral contraceptives by
nulliparous women decreased their relative risk below
that lor parous women. A protective ellect ol oral
contraceptives among nulliparous women also was
found by Rosenberg et al*4and Cramer et al/' but onlv
in very small samples. Contrary to the Centers for
Disease Control study, Rosonlvrg et al*4and Cramer
el alv found a further decrease of the relative ri-k in
oral contraceptives users with increased parity |Ins
protective effect could not be continued by Vessev
et al* and Komcharson et al.*7

Until now menopausal estrogen use has not In-en
shown to have a significant influence in ovarian can-
cer. However, Weiss el al* found more menopausal
estrogen users among women with endometrioid can-
cers of the ovary. Cramer et alv found the same lor
endometrioid cancers and clear-cell cancers. Cramer
also observed a nearly statistically signilicant increased
risk in women who had used menopausal estrogen in a
cyclic rather than continuous fashion, and in women
who had used these drugs for more than live years

Because ol the conllittmg lesults tin the tmmoge
nicity ol long-acting progesterones, l.iang et al'* per-
formed a follow-up investigation among 500(1 women

litrinU et al /pi.lran./ayi/ ,if fhuiruin <iiihc» lit
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AllhnuKh another possible reason lor premature no
CM.- loss and ovarian failure is irradialiun oi pelvic

orn-ins. no increased ine,den.-,» of ovarian carcinoma

has K-en reporled in women who underwenl Ihu
therapy.4
| tinitial/ ,,i Oiuimin Cmiiir

I." India w-,s the first lo propose llial lhe elioloev.if

ovarian eancer was relai.il i, ioeessanl ..vulnti..,, Ih,
hvpolhesis is Ih.,1 the ovarian surl.l.e incurs mm,a
ua,,,a will, each ov.ilaiu,,,. wlu. I,..imulaliv. Iv could

eoi.Inbuie to llu- .l.-velopmen, ol  ovarian neopl.ism

>" uvul.ili.in by preyi,an,v or oral ,-,nlr.,,-p.
live use mierrupis this process ol repealed traun,., and
mav thus pr.ilecl ayamsl ovarian earner I'rcyiumcv
m,1 the use of oral contra,-cplives also are ass.Kialed
"l Aonadolropin levels 11,- Ingl, g.inad.ilronin
levels 11 Il,e carlv p.islnie,op,us.,| years have K-en
snyyesk-d i, K- ol |mssible siynicc,m.e 1,, the
espeninental model, excess yonadolropm secrelion
seems to be relalert lo .he develop,,,..,,. ,1 ovaocan
lumors ll.e- meessant ovulalion the,in- is also in
accordance with those who have reported a higher nsk
ol ovarian cancer m women with a laic onset ol
menopause and a lower risk in ihose with an carlv
onset Il ,s,01 in aivorda.Hv will, a high.-r risk of
ovarian eancer in palienis will, eieessive ulerine bin d
mp insolar as Ih,s hkv.h.ig ,s., resull of am.e,.lali..n
I he iJieones ol .l.essaol ovolalj,,,, ,,nd ,.,-,.ssive g,.
nadoiropm seerelion are m .iyr.i-.m-ol will, the lower
risk ol ovarian eancer in p.y,,.. Women, and wi,h the
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I*errisk in women who ¢re nulliparous by desire and
N've used oral contraceptives for Ih.it reason. |iowev-
it. the theories are also in agreement with the higher
ini observed in undesired infertile women who are

nulliparinis.

Based on the authors

these endocrinologie data,
pregnancy and the use of oral

ovarian cancer,

must conclude that
(vnlraceptives may protect
ilthough undesired infertility in women who ovulate
n'gularly increases the risk of ovarian cancer. Ircgnan-
c\ and the contraceptives differ lrom
vndcsired infertility to the cessation of ovulation and

against

use of oral

the suppression of gonadotropin release.

pjlhotfencfiis of Ovarian Cancer

Cramer and Welch7 have tried to unite the different
In this theory the first
is the formation of

riHilugic factors in one theory.

tiep toward malignant growth
ndusum cysts by entrapment of surface epithelium in
thr ovarian stroma, | lu* second step is direct or indi-
rect stimulation of the included epithelium by gonad-
otropins and extra- or intraglandular estrt>gen, result-
ing in differentiation, prolileration, and sometimes
malignant transformation. However, the final stimulus
lomalignant transformation remains unknown (f igure
1). In this theorv all factors that cause inclusion cyst
formation, high extra- or intmglandular estrogen and
factors that cause high gonadotropin levels, may make
i woman at risk for ovarian eancer. Consequently,
factors that prevent one or more of those stimuli may

protect against this disease.

Prophylaxis for Ovarian Carcinoma

The group of patients who are «it high risk for ovarian
carcinoma can only he detected hv a careful family
history. The use ol oral lontr.ueplives for birth control
may help to decrease their risk, and prophyl.ietii
oophorectomy after childbearing appears to be justi-
fied. However, the authors agree with C.usherg and
Doligdisch': that the women concerned have lo he
aw«ire of the incomplete data existing at this tune.

Dietary measures lo prevent ovarian c.ininoni.i
could include a low mt«ike of animal t.it, and > high
intake of vitamin A. «ilthough tlu- evidence to support
these recommen.lalions is miull.1

|*or the gener.il population. d prophvl.ictic affect on
»f ovarian cancer might be expected
oophorcctontv be performed in all
receiving pelvic

liInwcver, as

the incidence
should bilateral
patients 40 years of age or
lap.irotnmv for In-iugn lesions. *
Schweppc- and IVtler" calciilaled. to preve nt one ovar-
ian carcinoma M0 women would have to Ih*castrated.
making about this subject In-comes a
|H*rsonal altitude." In the
should Ih- weighed

older

So decision
matter of philosophy and
authors' opinion the decision
against the risks and the personal and general prob-
lems arising of the imposition of necessary long-term

estrogen substitution.

Conclusions

lipidemiologic and enologie research on ovarian cancer
influiteti all tell ivpcs. As the large
i-pitheli.il origin, the

lias hitherto
majorité of die Uiiicy»s «ire ol
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ovarian failure
reactive Oi

in the liver,
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incidence ol epithelial ovdri.m carcinoma is close to

that ot ovarian cancer in general. I:pideniinlogic and

étiologie studies have identified a group ot risk (actors

that appears to ho direetlv or mdirecllv related to
ovarian cancer. These lactors can he grouped in lour
mam categones, genetic, environmental, hormonal,

and viral In the piesenl slate ot knowledge, it appears
(liat the etiology ot ovarian cancer is nuiltifdctori.il.
| (torts tor

earlv diagnosis and prophy laxis, which

seem to he expensive (or the whole population, are
jvistihed in the small group oi women who m.iv he at
high iisk tor tins lethal disease. From a clinical view-
point. it is important to realize that a careful family
lustorv should he taken to identity daughters who are
at high risk ot developing ovarian cancer Il;or this
group ot patients the use ol mal tonlr.iteplives lor
I'nth lonirol niav help todecreas«* the risk .iiuf prophv-
lactic oophnivdiimv alter completion ol childK-aring
appears to hi* |ustilied, although even with oophorec-
lotiiv these patients remain at risk lor carcinomas of

extragonadal coelonuc epithelium
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an /vnino Moni i. or ovarian eimtiihliai.carcinoc.enesis:
(HANOIS IN CELIL-CELf. COMMUNICATION AND ADIIHSION
(H'CURRING DURINO NIiOI'LASTIC RROGRLSSION

Arili>n (> ll«divi\n". Univii (

‘Pt/huimi tu «>/1m<umili
aihl :IK*/uiilim-nt <!

To investigate the cellular mechanisms of ovarian epithelial
carcinogenesis, a series of progressively transformed rat ovarian
surface epithelial (ROSE) cell lines were developed and studied.
Transfection of primary ROSE cells and an immortalized ROSE
line (ROSE 199) with the pSVineo plasmid (SV40 T-antigen)
yielded transformed lines which retained epithelial morphol-
ogy. In vivo selection of these pSVIneo cell populations resulted
in further phenotypic transformation. Transfection of ROSE 199
with pSV2neo/c-H-rot* (ratllp2l) resulted in a malignant line
which appeared fibroblast-like and formed invasive sarcomas
both in athymic mice and in immunocompetent rats. Gap
junctional intercellular communication (G|IC) and cell-cell adhe-
sion were studied in this series of ROSE lines. Both c-H-rotQ-
transformation and in vivo selection resulted in a significant
reduction of GJIC between adjoining cells and a transition of in
vitro migration as continuous epithelial sheets to the dissocia-
tion of individual cells. This apparent shift in cell adhesiveness
was associated with reduced expression of the E-cadherin
adhesion molecule. Our data suggest that neoplastic progres-
sion of the ovarian surface epithelium may be associated with
concomitant reductions in GJIC, E-cadherin expression and
functional adhesiveness.

IW 1N/ Thy hi,

Ov.iMiH c.meei is lIlie leading s,him/ oi death slue to
iii.ilipi.mev i>! ihe gvint.il iriiv’l .nisi ihe tilth most common
e.mse hi cancel ile.iih mei.ilt in Aniciic.in women (ltormgef
al. I*/*0). A mjjiiilu.mi Lisim coniiibnimg to the high mortal-
ity iale is llie lack &1 specific early symptoms m.unleslicil by Ilie
ilise.ise (‘oiiscijin nils, niosi p.iliculs aie diagnosed with slagc-
Il in stage-IV disease when meiasiases beyond llie pelvic
easily .lie coininon .uni SO in 9.V, ol iliese vvoinen will she
vviilim  ve.ns (I'eiieison cl al. 1isS). | ‘nloilnnately, fills laic
pieseiil.iliun lias liimictl uni iindcistanding «d the cellular
meih.inisnis ol ov.ui.m carcinogenesis and metastasis ia m u
Ol ihe diverse cell types whieh comprise ihe ovary, all have Ihe
capacity io undcico neoplastic ir.inslormaiion: however, ihe
eonniion epiiheh.il minors are the most prevalent ol ihe
histologic lv|x:s ol ov.man lllinois winch have Itccn desenbesl.
accounting loi Sii io 1ol all ovatian malignancies (Scully.
W?'J| These cpnhelial tumors are thought to arise from the
neoplastic ir.insliumaiion ol the ovarian surface epithelium
(OSI.) (Scully. "»7«/j, a derivative ol the eclomic epithelium
winch covers the embryonic gonadal ridge during develop-
ment Despite its impoit.inee. the number o fstudies investigat-
ing lhe in Hint siillme «! ihe inaiiiiualian ()S1* is limited
(11111101 cl al. insil; Ad.mis anil Aneisperg. I*>Km [9.H$;
(mo.lwm i al. [ii_']l. WInJc litsi sitidies have pioviiled
v.iluable iiisighls into our evolving knowledge ol ihe biology ol
lhe OSI . lew li.iw invisiig.iied ihe neopl.isiie li.utslorni.ilioil
ol the t>S1-in iani (Ad.mis and Aiietspeig. |W |; (iodwiu .7
al. I'$»2.1loinIn |«192].

Most, ti not .ill hmn.in and animal cancers develop hi a
sicpwist in.umei hom ihe aecuniulaiion ol multiple genetic
lesions witInn the iaactions cells, thus eonlerriug several nevy
phenoiypieehaiaeiensties which distinguish them Irom noi mal
cells (Klein ami Klein. |9K>). |*ei haps the most serious ol these
is the ability ol individual cells to detach Iron) a piimary tumor
and spread to disi.m| Mies; the process ol metastasis. It has
Ken suggested ilul loss u|' gap jmiciions and other cell-

itfiu .ii vuoi 1"."RojjcPTTIiTTSr *~aml Nclly Api KM'i lo."
inalinii\ mul 2'uhht Hcalih, Ic\a\ .IAA/ I'nnvr.uiv. (iillciji* Siaimn. TX 77S41. US. 1
Inaloniw Uniiauli of Hnli\h Columbia, limenine;. H.C.. Ciiniiihi.

adhesion mechanisms between tumor cells may permit detach-
ment aiul dissemination during malignant progression inwards
metastasis (Larsen rial.. 19K7; lakcidii. 1991) (jap junctions,
which consist ol membrane channels which connect the cyto-
plasmic compartments of adjoining cells, are thought to
function piimanly in the maintenance of tissue homeostasis
and the exchange ol regulaioly molecules necessary for the
couiiol of normal cellular growth (I ocwcnstciii. 1979). li lias
thus been hypothesized that lossofgap junctional inlcrccllular
eonmumicalion ((jJIC ) may inieilere vvitli noinial cellular
glowth regulation (l.Lncwcnsicin. 1979). Indeed this theory has
been supported by obseivalions that many, but not all. tumor
cells display reduced fiJIC (l.ocwcnslciit. 1979; Klann <7 al.
|9X«;j. liowever. studies which ileinoiisiraie reduced (»JIC in
cells that are already neopl.isie may noi be sulDcieni lor
precise uiidcrsiandingol bow eommimie.iiiiui is ultcicd during
Ilie natural carcinogenic progression fmm normal to neoplas-
tic cells. Analvsis ol (iJI(‘characteristics among piogressively
transloriucd cell lines niuy piovule useltil inloim aiioil regard-
ing how. .iiiilat vvli.it stage, coiiimimicaiion is altereil dining
neoplastic piogicssion.

Cell-cell adhesion plays an mipniianl pari m moiphogciie-
sis. maintenance ol tissue nrchilcciuie and inummologic func-
tion (Shimoyama cl at. 19X9; T.ikeichi. 1991). As neoplastic
populations piogiess towards malignancy, individual cells
acipure ihe ability to detach lomi the primary tumor and
metastasize. Disturbances in adhesion-molecule activity may
play a significant role in the release of tumor cells (T.ikeichi.
19U |j. One major class ol calcumi-dcpemleni liomopliihc
cell adhesion molecules, ihe e.ulhcims, have recently received
eoiisidciahle allentton legalding their role in tumor piogies-
sion. |;-eadherin (uvomoiulin). a traiis niembrane 120-kDa
protein expressed primarily in epithelial tissues, mediates early
events in cellular adhesion necessary for the formation of
junctional complexes, including gap junctions (Takeichi. 1991;
Jongen <7 al. 1991). Reduced li-cadhcrm expression may be
associated with enhanced ttimoiigenieiiy (Navarro clat. 1991)
ami invasiveness(ltchrcnse/at.. j9X9).

The detection ol multiple genetic delects within Ihe cellsof
ovarian tumors supports the hypothesis dial ovarian cancer
may develop in a multistcp manner (l.ee cl al.. 1990). The
development ol in tan/ multistcp models has been a recent
appio.ich used by investigators to study the biology of human
epithelial cell carcinogenesis (Khun it al.. 1*i9f)j. Such models
aie genetally based upon die in iitm munoiializalion and
tions ol oncogenic Ir.mslcciioii juoceilulcs ailvl cvposmc lo
lauiiiogens (Khim. 1**92) In this study, a seiies ol progics-
sivelv iraiisloimed i.tl veil lines was developed to siinly ovarian

‘( inre'll .itkliess' I)epaiimeiil ol Itmlugv. Aimsiiong Si.iie (‘allege.
S.i\iiniali.<¢cAJU I'i. I»SA

‘In whom coiies|>iiidciice and icpinil iciliiests should he ad-

diessed

Keieived: Jaiiuary LV 199.1 and in icviscd loim March 22. 199.1.



(IVAId VNI TIM € MU IM KM Ms MIEH>L L

C.licillogClICsisf/l 1/I/i* 1T I/ingO1ICOgCIIC-1Uedi.llcil tianslorilia
turn. SV4U r.ihtigecn (1-Ag) ami c-ll-m/vlli»neocenes were
employed, based on the lindmgs dial T-Ag is a complete
transforming piolein mi lodcitl fells, that [I-mv lias been
implicated m the pathogenesis of ovarian cancel tl.ee cl ul..
1%)), and lliai both have iccctidy been einpluyed in liunian
epithelial cell systems to model caicmogeiicsis (Kliim. 1'W2).
Cell lines, which range Irom nomial to malignant. vveie all
derived liom the naini.il t.ugcl tissue loi most ovanan cancels,
the OSF. To address die tole ol cell-cell mtcraclioiis m
neoplastic progression ol die OSI;. lintelional (j.11C. cell
adhesion and P.-cadherm cvpicssion were analy/.cd. The model
may piovc' useful in studies focusing on the mechanisms ol
metastatic progression during ovarian caicinogcnesis.

MALI KIAI AND MI. Ilit IDS
( elllines iiiul culture coriililioil'i

Tissue-culture llasksweie purchased liom Corning ((>11(D].1
ta. NY): cullure dishes wcie obtained liom Uccton Dickinson
(Houston. TX) and lLal> I'ek slides were obtained Ironi Nunc
(Naperville. Il ). Culture media, sennit, general chemical
reagents and oilier media additives were purchased front
Sigma (St. I.miis. MO), unlessotliciwise specified.

Primary rat ovarian suilaee epithelium (KOSP.) cultures
were isolated from normal Fisher 344 rats (2s to 42 d) utilizing
the eu/ymalie procedure described by Ilamillon cl ul. (II>Nd).
A spontaneously iminortali/fed cell line derived liom the
continuous passage ol a piimary KOSP culture. KOSP ‘3>
has been described (Adams and Aueisperg. I‘»x5). ('OS-1, an
SV (t-Iranslonned simian kidney cell line. IIAI.H/.V n. a coil-
linuous mouse libioblasi cell hue. ami 124. lhuman ii.uiMiion
al-eell-eareiuoiua line containing die activated c-11 on 11(Tahin
clul.. IW2) oncogene vveie obtained Irom die ATOC (Rock-
ville. MO). COS-1 and T24 were utih/.cd as positive eonlrol
cell lines lor T-Ag and rasll p2l expression ics|>cclivcly.
HAI.H/3T3 was used as a negative control cell line loi
expression ol both oncogenes.

Piunary KOSP ctiliiues wcie grown m Dullvcco's modilicd
Magic's medium nulllent nmiuic | 12(DMFMTI2) contain-
ing | fetal bovine scitim (PUS) and siipplcinentcd with 100
ID ml 1penicillin (i. Kill pg ml 1slicplomyvciii ami 0.2* pg
ml lampliolencm 1 (1I'* PSA).('<>S |. UAI .U/3 F*. and 124
were all maintained in DMF.M | 12 with ICIV | IS and IS
PSA. All other cell mimics weie grown in DM P M T'12 with
S'i newborn calf scrum (NCS) and IS [*SA. Cultures were
incubated at 37“C in 5ri C()2:I>51+ air at 100'« Immidity and
loiiiinely passageil 1L:1(1 piior to reaching conllucney. | iving
cultures weie examined by phase eoniiasi microscopy on an
inverteil microscope (Call Zeiss. New York. NY) .mil photo-
graphed on technical pan lilm (Pastman kodak. Rochester.
NY).

(iencnilion of tuimfcciCil cell lines

The PSV.W.* plasmid (A P('( )was gciiciously provided by
1)i. 1). Husbec (Texas A.VM I Inivcrstly. College Station. TX).
Phis plasnml is a dcitv.iiivv ol die 1*SV2/»co plasmid, which
contains the iiconivciu antibiotic resistance (/iro) gene as will
as scvcial icsiiielioii eii/vme sites, into which die SV4ll
c.uly-icgion genes have been imorpoiaied (Soulhem ami
Ucig. I'W2). The pSV him plasmid was trauslecled (via electro-
poiaiion) into KOSP I'm and early passage ROSP cultuies.
Briclly. 10* cells weie routinely collected Iron) monolayer
cultures by irypxiiii/aiion, tiaiislerred to a sterile cuvclle. and
chilled on ice h»r Id nun in | ml ice-cold Ca-'/Mg ' lice
Dulbecco’s phosphate bultercil saline (DPBS). Twenty miero-
grants ol plasmid were added to the cells and transfected by
electroporation performed with a Iransleetor 3(H) system
(Biotechnologies & Pxperimcnial Research. San Diego. CA)
at 300V. 2dd pF. Cells expressing the nco and SV40 genes were

selected m media siippK nu niiil vviili 4(KI (ig ml ‘ <& lIn
aminoglycoside .mlibiolu (iciieluin ((>41S) (CIUCI). (ii.uul
Island. NY ). Polliwmg 21 days ol seleetiou. cultures were
maintained in Idd pgml 1(DIN and lioneil withelouuig lmgs.

The activated m\ «me«gene. i-H /in 11. lias been ilenvi-il
liom the | I( 124) human bladdei-iaii uioni.t cell Ime (I abilicl
ul. I"™>K2) pSV2/nvi.‘'e Il [./»" a pSV2/ir«* plasnml into which
ibis ,ieliv.ilcil e IV/iori oncogene lias hccif" inscilcd7~\v" is
provided by |)r. (i. Nieolson (M.D Amicisun Camel Cenici
Houston, TX). The plasmili was ii.nislcited into ROSI I'm

cells jis described above As a coiiliol. KOSP |‘3>tells weie
iilso trauslecled with die pSV2»i«v>plasmilitA 1('( donated by
Dr. 1). Bushce) winch contains no oncogenes.
(inncih fitininiclcrs

Po assess die talc ol cellulai piolilcialion. population

ilouhling times were dcleimincd loi all cell lines. Cultures
were seeiled at low density (Id1cells/well) in each well (Ih mm
ilia) ol a 24-well plate. Tiiplic.itc cell counts weie then
deleimined ilailv lor S days with a Couliei counici appaiaius
(( miller. I'halcali. I I).

elvvuv joru ni honij'c-itulc/fi'niicni A lim ili

The potential ol cells to lorm colonics in semi-solid medium
was measured by standard procedilics ]]licily, esponenti.dly
growing cells weie loulincly harvested with tixpsiu amt mis
pemled (ld1lcells ml ') in a lop agar consisting ol ]l.(.s'.
Haclo-agar (l.akewood Biochemical*. Irving. TX) in DMi M
P12 with Id'. I1iS. Top agar (2 ml) was plated onto 3 ml ol
solidified bottom agar, consisting ul 0.75'« liaetu-agiir m
DMP.M-FI2. Triplie;iie dishes were sei up lui each cell line
examined. Allei |Ill days, die dishes weie cvaimiied ami
colonies -S(t fun in diainelei wcie vomited <toning elhiicu
eies weie delciuiuied by die ratio: (colonies >0 |iin dia
nuiiihei ol cells seeded) x IdIl';

iunnini;cnn ilv <mim uniiilccclo/micni */ liomu-Jcincil
cell Hues

Congenitally adiyuiie inn hm) mice (Hailan. Indianapolis.
IN) were iniccleil s.e. with Id" cells harvested liom sul»
continent monolayers suspended in DMI M-P12 willlout plu
mil red. The mice weie moniloud daily loi cvulcmc ol
palpable tumors, (‘ell lines were coitsidcicd non iimiongcim
i they lailcd to lorm palpable Illinois wilinn 4 months allei
injection. Tmiiois which louncil weie allowed logiow in | mi
diamcici, Il which time the animals were humanely killed: die
tumors were excised, riuscii scvcial limes in 1>PUS and cut into
small pieces Several pieces liom each tumor weie lived in .V,
glutuialdehyde. 2'< p.]lalm mahlichvdc in Idd 1M sodium
caeoilylilv' (Flection Mierosiopv Suciiccs. foil Washington.
I'A). sectioned at | urn and stameli with loliinline blue loi
evaluation ol mmoi histology. Tumoi-denied cell lines weie
establislied by evpl.mi cultme ol the remaining iiunoi pieces,
followed by selection with (i4IN (4(HI ug ml ‘). All cell lines
dial formed lIllinois in adiymic nine, and the result.mi ttnnoi-
dclived lell lines, weie siimi.ulv iiileetetl into Pislici *44 iats to
assess neoplastic potential m uitiiuuii»coiit|>cicni hosts

tninuiwi\uuhem itliv

Puni.us aiitilutily used loi the indiieel luuniinolluoiesicm
detection ol keialin imeimedi.iie lilanieiiis was |>uieli.ised
liom Sigimi (clone KN. L*|. Pitman antibody tor the ileicitimi
of f Ag wasileinvd Irom amonoclonal cell Ime. Pah Ids. a giti
from Di. V. Wilson (Texas AiViM University. College Station.
IX) Cell eullircs were grown at low ilensity on lab lek
chamber slides prim to lixaiiou. Culiurcs evaiiuucil Im T-Ag
were lixeil Im Id min with 2'i paraNnnt.ildchydc ut 2d niM
PUS, pH 7.3. washed in PUS alone, ami then peiiueabili/ed
with Pi Triton X-100 in PUS. Cultures examined lor keratin
intermediate filaments vveie similarly treated, cvccpl dial they
were fixed in Idd™* methanol (- 2d'C) and dial the permeabili
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/.l step «.!' mmined hashing and iihlibation steps weie
peitsinitn Lis destiilvd i Sun) ti <« (W |). Slides wi'ic
mounted in ghieiol vsiili p phemlenedi.immc (*25 niM p-
pluiivleiiediaiimu. 'M's glveetol id rilS. pil XII). and Iho
slilipUs m i VsILJI/0il Wil 1 /oiss IHIOIOiniciGsc0pC Il
equipped loi opiiUimoNicute iliimiiii.ili«dt

S/)v ' Uil. ifiii/fimrnnniiblolimii

(oil lines eviiiuued Im ill, piesclice cl i.is p2l s|)ocicn and
| i.iilliomi wiie smi.itled .is described by (iuiiieilock ci nl.
(I'lsnj .mil N.iv.iim «/ ill (I’*M]j rcs|VCiivclv Alter washing
iho cultures unit DI'lIS. ihe cells weie seiapeil Iron) ihe dish
suihue will) .irul'bei policeman andceninlugcd (1.SIMli»). (lie
cell pelleis weie Ivsed in lIvsis butler lor 15 min on ice with
oiC.ision.il voricMiic. FxIt.iCls were then ccnirilugcd (ii.lHMI g)
loi 15 nun at 4 ( to pellet insoluble material The .soluble
piolcin evtr.ict (supeinataiit) was removed and ipianiilated
with a inodilicd Ihadlord anal>sis (Pierce. Kocklord. II.).
lviracis weie unveil with an ei(ual volume ol sample bnHer.
boiled loi 2nun and lio/cn at -SO (' until analy/cd.

Sih luiiii dodccvl suli.no |n>lvaer>l.nmde gel electrophoresis
(Si>V|'.-\(.1 ) .hiilims ol piolcin samples was conducted with
ainuiigel app.ti.nils Illoclici. San It.incisco. ( A). F-cadhcrin
and las p2l piotents were scpaiatcd on N/ ami I5ri gels
U'spcciively They weie then electtobloited with a TF.42
Ti.msphor eleetiophoiesi' unit (lloeiter) onto niliooclhilo.se
niembiaiies (lloellei) at a constant dll V overnight Mem-
hi aiios were blocked overnight at loom iem |vr,iiure in "blotto"
(5(L inNf I'ris-11( L 2 niM (‘a( I>. X mM Na( I. pil H.(I with 5r<
( arnation non-i.it dry milk.(1.2*/ NIM tt and HU5'«* Naalidc).
The niembiaiies u hiili were probed bn ras p2l species weie
ineiibated with abio.nllv icaetive aiiti rasaiuilnKly (pai) ras(Ab-
2). Oncogene Science. |Imund.ile. NN ). MemlInanes which
weie probed loi | cadhcim were liisl cut hoii/onl.illy approx-
im.ilelv at the loci ol 7>kl >a yielding high amilow-molccular-
vieight sections ol the blots. The high-molecular-weight sec-
tions weie incubated with a monoclonal antibody (|)I: (‘M A -1,
Sigma) which selectively hinds F-cadhcrm (uvoniorulin). The
low-uioleeui.ii-iveight sections were ptohed with an anti-u-
(iiluilni amiboilv (Ah I. Oikogcne Seieiue) to ensure equal
protein loading Alter incubation with alkaline pliosph.ituse-
eoiiliigated secondary antibody (Hio-K.id. Kiehmond. (‘A) the
proteins were visuali/ed by the addition ol the cliioniogcnic
substrate S-bioino-4 -chloio-5-indoly Iphosphate/ilitro blue lel-
ra/olniiu Resulting bands were ipiantilied by relleetive sean-
miig detiMtonieiiy

o iiiuri'/i/ nf Inn.imriiil fiu/i tint* lunnil inurt cllulai
(uininunu'iiiitm i(JH )

CiJIC’ was measured by lluoreseence recovery ¢liter phoio-
bleaihing (gap | RAF) technique (Wade clill. *)Kb) with a
Meridian A( AS >70 work station (Okcntos. M) Approxi-
mately | x |n «ells were plated into 55-mni dishes and
ineuhaied loi 4N hr prior to analysis The cells were washed
several times with DIM1S prior to labeling with It) pg ml 1
>(b)-eaibovylluoresceiu di.iccl.itc (C'I'DA) (Molecular Probes,
f.ugeiie. OH) in seium Iree. phenol red-free DMFM-FI2 lor
10 nun at 17 ( Ilie cells were then washed 5 times with the
same media without ('II)A. prior to gap | KAP analysis.
Mieiosiopii liclds loiil.iimng several adgneiii cells were cho-
sen lor analysts ol (j.IK An argon lasci beam (4NS mil) was
focused through the objective lens ol ilie mveiled epilluorcs-
cent iilicrosiopc <nto a I-pm* area Scanning pattimelers were
opniiii/fed lor ni.ivim.il lluoieseence detection and miuiuial
celliil.Ln photoble.illling Selected cells were marked and pho-
lohlcachcd with a series of laser |xtim bleaches ai sullieient
inieiisiiy to retime ccllul.u tUioresccncc to 20 to 5IP7 of
pre-hieach. but vnthout causing visible cell ttaniagc at the
microscopic level Isolated cells were bleached as negative
controls; isolated cells and cells contacting others were marked
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ami lell unbleached as positive conliols. Altci hle.iehing,
lluoiesieiiee recovery in the pltoiobleaehed cells was nioni-
loied lor 5 secpiential scans hegmnmg immediately postbhleaeh.
ami then at | min intervals Kesulis ol gap I-HAP experiments
weie expiesseil as the avciage (petcent) iceovery ol lluorcs-
eence slaiulaiil erior ol the mean (SI'M). Statistical
significance -. i)Jt5) hc.IMxxuJhejiie.jiuccovcry tales ol the
KOSI: cell lines was assessed with Dune.id's multiple i.uigc
list.

In vinn t:\/>liiiil anti nuamiion «»win

The ni niro migration ami cellular detachment patterns ol
the KOSI: cell lines was chaiacicrt/cd with a head cxphiiit
assay (Stein <7nl., ">2) and a wounding assay (Boyer i7 til.,
IW “>). according to previous descriptions. In the bead explain
assay. ( ytodex 5 microcairier heads (Pliarmaeia. PiscMtaway.
NJ). covered with cells, were suspended m culture medium
hclorc addition to 55 mm culture dishes at low density (5(1 to
HKI be¢tils to each of 10 dishes per cell line) Dishes were
returned to the ineuh;ilor anil mignihon ol cells oil the he.ids
onto the snrlaee ol ihe culture dish was monitored ¢it (» 12. 24
ami 4H hr by phase-eonlHist microscopy- In the wounding
¢iss;iy. cells were plated on 55 nun euliuie dishes ¢uul allowed
to ieach confluence prior to "wounding" with a sterile 100-pl
rppcndorl pipette up to create a uiiilorni linear cell-Iree area.
Migration of the cells onto the aeellulai siibstralc Iron) the
wounded edge was then monitored at 12. 24 and 4H hr.

KIMII IS
(inmill j»ni/Hiins nfS1'40 anil t-11- r;is/ 'tnitislimucil R()SK
fill s

Primary K(>Si: cultures which were en/ymtilieiilly generated
Imm juvenile Fisher 544 nil ovaries lonticd small colonies of
relatively Hal |xilygonal cells with debited borders after 2 or 5
days incubation, typical of pimiaiy KOSI: ciillmcs (Adams
and Auetspcrg. I‘'W ). ( ontmiied meub.ilion resulted in "cob-
blestone-like" monolayers with few contaminating stromal
cells, which were eliminated Irom KOSI: cells (it lirsi passage
iis described (Adams ¢md Aueispeig. I'W]). l:arly-passage
KOSI: cultures grew relatively slowly, with an appmxiinale
population doubling time ol 2‘t hr during log-phase growth
(Table 1). reaching a saturation density of approximately 5 x
10* cclls/cniv Indirect immunofluorescence with a broadly
reactive anti kcniim antibody revealed strong perinuclear and
cytoplasmic lil.mient networks m the majority (> W i) of
piimary KOSI: cells (diita not shown), substantiating the
surlace-epitheli.il origin of the primary cultures (llornhy <ttil.,
1*w2).

( ells in primary culture are considered normal: however, as
they develop into neoplastic;illy lianslormed cells they acquire
several additional propellies ol which iinmortali/ation is
considered most important. KOSI: I'W is a spontaneously
iinmorl.thicd cell line developed from (he continuous passage
ol KOSI: cultures which exhibits epiibelial-likc morphology in
culture (Adams and Auerspcrg. |[W5). In developing a mill-
listep iransformaiion model of the O Sf:. transfomieil cell lines
cellular (pSV2nr«> e-lI-r</\"") oneogenes into the immorlah/cd
KOSI: I'W cell line.

Additiomtlly. an early passtige (p2) KOSI: culture was
iranslceicd with pSV.Wn. Hie cell fines resulting from
pSX'.Vico (ransieeiion ol KOSI: PW and KOSf: were desig-
nated sv-KOSI: IW and sv-I<()SI: respectively. A contiol cell
line. nco-KOSf: 14WN. vvas developed from pSViic'o transfec-
tion «if KOSF. IW. Sv-KOSF )'W. sv KOSI: and neo KOSF
1Pl all exhibited epithelial morphology in culture (Fig. ).
closely resembling the parental cell lines Iron) which they were
derived. Incorporation of SV'4l) early-region genes ¢md subse-
quent expression ol T-Ag in the pSV5nco cell lines was



ISV AKIAWN En HHE e

KOSI 2»it TIX-  IfO NDr N il
KOSI: I'M 17.1 » 114 10 04 NT)
m'n KOSI 1700 17" M 0/4 N1)
X KOSI [Su=*2V- 117 01 4/4 (1) 04
T o KOSI 124 (4¢ lIx «jtv NA" 0.4
o KOSI I'M las | 12" 4M* 02" 4/4 ((»)  tl-l
1xi-KOSI: I'M  lit @i 12% Mil) t 0.2- NA 0/4
no KOSI MM Hi» ¢ 0.I' 47V £112* T4 (1)  m«/el( 1)
Tno KOSI I'M 'HI TOK* 4K5 ¢ (L.V NA 4.4 (1)

‘All cell lines »vie analyzed jit comparable passages except
KOSI: (lirsi passage). Topululum doubling tunes weic deter-
mined liming log-phase growth ami arc expressed as mean hr £
SI M lor triplicate cultures, fell lines xxith the same letiet weic
not significantly dilleieitl | /< ™ (MIS. Duncan's multiple lunge
tesi.)- t lonin” eilicicucv m soli agar - (number oi clones >50
tun/niunhci ol cells seeded) x HIM'». expressed as mean percent-
age - SI M lor tiinln.ate assays Cell lines with the same letter
were not significantly dilleienl (/> > H.IS. Ihmcaii's multiple range
lest]| - 4N1). not done. ( ell lines which laded to lorm tumors within
‘JO days in aihymic mice were not tested lor liimoiigenicily in
lisher .144 rats. -'Numheis in parenihcscs = latent pcriiMI (weeks)
until tumors were palpable.-"NA. not applicable.

in 100r ol lhe cells (data not shown). This expression
appeared stable, since there were no changes in labeling
uniformity or inieuMly in Inter passages (15 10 2d ).
T-Ag was not delected in neo-KOSI: IW or KOSI: [‘M. or in
KOSIi lines Mihiccicd to similar inmmnocyiochcniisiry (data
not shown). Ibe veil line developed fit’m pSViieo/c-II-/«ol 1
iranslcelion ol KOSI: I'M was designated ra.s-KOSf- [‘M.
Unlike KOSIi I'M, this population grew in culture jis randomly
oriented librohlast likc cells lacking extensive cell cell associa-
tions (I ig 1) and exhibited loss ol contact inhibition (i.r, cell
piling) prior to icaching coniinelice. Inummohloi analysis ol
c-ll-m x*1explosion in ras-KOSIi I'W deinotisiraied an ahnn-
dani level ol the slower migrating rasll1p2l species ((iumcr-
loek ct ui. IMH>) in ras-KOSIi I'M total cellular extracts (big.
2)

Population doubling times during log-phase growth of the
transfected cell lines (sv-KOSIli "> ras-KOSIli MM. neo-
KOSI7 MW. and s\-KO Sli). as well as the normal (KO S1.) and
immorlalilcd (KOSIi I‘Mj lines, were determined (Table I).
No signilieant cldloronce in growth rales was delected between
KOSn MM and s\-KOSIli MM. implying no effect on in Mini
growth rale due to T-Ag expression in imnioriaii/led KOSIi
cells. On the olhci hand, sliible expression of c-ll-nix* 1in
KOSIi I'M resulted in a sigmltcant increase ingrowth tale. The
doubling lime ol sx KOSIi was signilicantly shoticned as
compared with KOSI: cultures. To dale, sv-KOSIi has under-
gone over Mil population doublings without exhibiting crisis or
a decrease in growth tale, and retpmes much lowci scrum
concentrations than KO.SI- cultures (5'i NCS % 15< I;HS
respectively), indicating that pSV.W/» iscapable ol uimiuiluli/-
mg early-passage KOSI- cultures.

The KOSli cell lines were evaluated lor their ability to form
colonies in soft-agar suspension cultures, jin in Mtn> iiuliealor
of transformation (Table Il. KOSI: and KOSIi I'M failed Iti
form colonies alter MI davs. remaining as single-cell suspen-
sions. Stable expression ol T-Ag m KOSIi confined an
anchorage-independent phenotype as sv-KOSli lormeil colo-
nics in soft agar; however the cloning ellicieney was not
signilicantly dillerenl from the iion-transfcctcd KOSI: lines.
Sv-KC)SIli IW exhibited a significantly higher cloning ellicieney
than ils parental line, thus tieinoiistrating the ability of T-Ag
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expiessiim to coulei
ilcd KOSI: cells. Alici Il tlixs. ras-KOSI: I'M exhibited a
.significantly giealtT eliuiuig cllim-iicy ili.ui all i»thet lines
Neo-KOSI- MM lLuled io bum colonies ui soli .ig.u. itiling oui
the possibility that the nnii uiuogcnn eompimeiits ol the
pSV.Wo and pSViim'c Il i*id 1 plasmids or.. p.NV2/ii-0)
were icspoiisihlc fnrrhc acquirer! chr.naetciisikvni-xx KOSI .
sv KOSI MMand ias KOSI MM.

The liallmaik of in Mini neoplastic li.msloim .ilion is die

abilily ol cells to lot Ul lllinois when ill|tt ied into amnials | lie
capacity ol the continuous KOSI cell lines (KOSI. I'M.
neo-KOSI MM. sv KOSI: MM. ras KOSI I'M and sx KOSI t

to lorm tumors in aihymic mice was investigated (Table I)
While KOSI MM ainlneo-KOSI: MM failed to hum tumors at
any ol the injection sites. sv-KOSIli ami sx-KOM- I'M both
formed palpable Humus jit all sites alici latent pciimls ol Ml
weeks and > weeks respectixelv. lirossly. the mmois wen-
solid, rounded and smooth on the surbice. with no ohxioiis
attachments to the skin or mnlerlymg body xxall. K.is-KOM

MM lormeil rapidly growing Illinois winch wcie inegiilai.
highly vasculan/ed and linuly atflieieiil to the oxeilxlug -bin
and underlying thoiaeic musculature. Most moiiem ex.uiuii.i-
lion revealed no visible niciastases to dunning lyinphoccntcis
or iniernal organs second.uy to any tuniois. llistologieallv. the
neoplasms formed by sv-KOSIli MM xxcrc coni|>oscd ol cools
and large nests of lightly packed eulxmlLil to oxal cells, xxnli
scant amounts of cytoplasm interspersed with numerous capil-
laries (Tig. 5)- These poorly dillcicollated earcinomas histolog-
ically resembled ovarian serous pupillary adcnoearcimun.i. as
well as the midillueuMated ovarian earcinomas (Scully. M*7'>)
Ras-KOSIli MM formed umlilicicniiaicd sarcomas composed
of lightly packed lusilorm cells xxith niodetaie aimmnis ol
cytoplasm and exhibiting abundant mitotic ligines (I ig 5).
This neoplasm xvas capable of invading host tissue, as exi
deuced by numerous aicas ol skeletal muscle xxiihin llu tiuiioi
sections. Sv-KOSI: also loiiiied pooilv dillcrciiliulcJ s.ueo
mas. made up of xvhoils ol lusilorm cells xxith stain to
moderate amounts of cytoplasm (lig .

Tumoi-dciived explain ctilliucs xxeic gi-in-ialcd liom c.n h
of the Illinois ilesciilvd jilxoxe. lolloxxmg sclcthou ill (i4|S
(4IH) pg/m1) lor 21 days, in jin attempt to develop K()S1- cell
lines which were fm tlier iranslorineil. Tumoi-denied cell lines
were subsequently cloned and xlIcsignuicd T-sv-KOSI MM.
T-i;is-KOSI:I'M and I-sv-ROSI (I'’"miror-dcnxed") Kelen-
lion ol T-Ag expiession in the T-sx-KOSI. I'M and | sx ROM-
lilies xvas conlirmed by indirect imniiniolluoicscciicc (ilat.i not
slioxxn); ias*1 (»21 expiession in I'-i.is KOSI [I'M xs.is urn
firmed by imimiuoblolling (I'ig. 2). Unlike then paiental cell
lines. Imth T-s\-K(>SJs MM.nul T-sv-K( JSI: exhibited a distinct
fibroblast like morpliology in culime. growing in a xlisoiga
ni/cd fashion xxith less exleiisixe cell-cell usm* iulions (I ig. 1)
result ol tumorigcmc selection; hoxxcvcr. loiiiiation ol mote
frex|uciit jH4l huger colonies in soli agai was observed (Table
). T-ias-KO Sr I'M ixas pheiioivpieallx indistinguishable from
the paiental ras KOSI: I'M population, with virtually the same
morphology (ilai.i not shown), giowili talc ami cloning clli
cicney in soli agai (Table 1).

W hile iiimor bnmillion in miiminc delicient lodvnis is a
valid indicaioi o] m inm iiansjorm.iuon. the ability ol a cell
line to lorm lllinois ni imiminocoinpeienl hosts is u mote
stiiiigenl iiuliealor of true nialigiiant polenlial All ol the cell
lines which loinicd tumors in ailiyinic mice, and the lines
derived Iheielioni. were assayed lor their liniioiigenic capitcity
in syngeneic | isher 544 rats (Table ). Kas-KOSI|: MM ami
T-ras KOSI: I'M were Ihconlvcell lines which lormeil tuniois.
wiih alatent |X*riiHl similar to th.it seen in aihymic mice. These
Illinois xxeic gmssly and histologieally indistinguishable Iroin
those formed in jilhymie mice (data not shown).
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tic.t it»

'v ROSE tilt. sx-KOSI- I»w (hi nco KOSi: 1w f«J.

i - M«*ipinili»gic ili;uil!CN ;i\mkuU'(l with progressive traitslormation oi
IsvROSI wutl

KOStl cell lines. Phase microscopic images of

f sv-ROSh |w tel and ras ROSI: 1w (f) cultures,

e-11-fin1'-irjiisiiHin.ilion nl R()SI-. I'W aiul tumorigenic selection of ihc SV4U-iranslorincxl lines resulted in a shill in morphology from
cpnltcli.il in lihroM.isi hive ('«mcnmiiam with ihis shill in morphology xxis an apparent reduction in celi celi associations. Scale har, 100

tint.

Fita nr 1 - liiiiminoH.ii analysis oi ras p2l expression in c-H-
rio 1'mli.uislccied ami control cell lines, liipial .miounls of cellular
extract Iront the | 24 Madder carcinoma (lane 1). BAI.H/J ridane
). ras ROSI I'»*»tlane )). ROSI' I'<{ «Linc 4> and | ras ROSIi
Iw liane 5) cell lines xxetc separateli (1*'i M)S-PA<il.). electro-
Hotted and probed with a pan-re.u tixe .«llti-r.is antibody.

Inow /livii <jJitiH Inmolim>jum lumal tnlcrt'tilulur
(omnuoiuatum f(»7/(")

(lap TRAP, the ability of cells to recover carhoxyfluorescein
((T) luorcsceiue alter phoiohlcnching via gap junctions
(Wade <7 al.. I*>8h). was employed lo Mudy ihc relationship
between progressive transformation of ROSE cells and pertur-
bations in functional (JJIC. (iJIO in ROSE cultures was first
examined lo appraise recovery characteristics in the most
normal cell type of those constituting the group of progres-
sed) transformed ROM: cell lines. All pholnhlcachcd ROSE
cells ¢n comact with neighboring cells exhibited ('F lluorcs-
cence recovery; this recovery xvas rapid, with most occurring in
the lirst | to 2 min after bleaching (Fig. -1). The mean recovery
rateal | min was 21.72 r 1. (WO (SEM).

The continuous ROSE cell lines were similarly subjected to
gap FRAP analysis (Fig. 5). PSV.Wo transformation of ROSE
did not result in any appreciable reduction of GJIO, as
sx-ROSIi recovered al rates indistinguishable Irom normal
ROSE cultures. The inimoitalt/cd ROSE IW line exhibited
recovery rales significantly loxxcr than ROSE cultures, axerag-
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KiM'Kt: 3- [liMologic appearance of- (he luniiirs formed B>
sv ROSIL. I'W, sv-ROSf. .uni ras-KOSF [I'W in ;iih)mie miee.
Tumors restiliiii|* from sv-ROSF IMV (at were poor!) diiicrcnii
;dcd carcinomas. lindi sv-KOSF (bt :md ras-KOSF IMMpj lormcd
poorly dillcrcniiaicil s;ireom;is. Note (lie jillusion ol skeletal
muse'll' lissue exhibited hy ras-KOSF. IMM Se:de h:ir. 5i) fini.

hi.i'Ki 4-(iraphic display of gap FRAP m piunary ROM
eells. Primary ROSLi cullurcs were lluoresecnily labeled wuli
('FDA and subjected (o gup FRAP. The recovery characteristics
displayed in lhis figure arc typical lor normal KOSF cells hi
primary eullurc. Two KOSI cells (diamond and citclc) weic
plioioNeaehed lo a level ol 211lo 51« ol pic hlc.uh levels A
control KOSF! cell (square) was also m.ukcd and momloied mei
lie 4011 scanning period.

ing h55 r O.M2V (SI4M) per mimile. Similari). pSV.Wn
iranslormaiionolilie ROSI: Inline did noi appreciably ailed
CiJIC. as sv-ROSF! |[W and ROSI' IMM recovered al miiiil.ii
rales. However, (lie highly transformed ras ROSI! I'M Ime
exhibited a significantly lower rale of Cl: dye iransler. To
deleniline die dieci of I'urdier neoplasiic piogressum upon
CiJIC'.gap FICAI'was perloniiedon die minor derived po(>ula
lions. Passage ol the pSV.Wn-liailslormcd cell lines ihiongh
alhyniic mice (sv-ROSf: — T-sv-KOSflandsv-ROSI! IMM =« |
sv-KOSI! IMU) led lo a signilie.ini redueiion in lunciional
communication. Similai passage ol ias-ROSI. I'M diiongIT
alhyniic mice (i.in-ICC>Sl: I'M « T-ias-ROSf*. I'M) i.-sidicd in
a popolaiion with lower gap FRAP jales; however, iin-
decrease was noi statistically sigmlicant \j> — O.dfi).

1ff,0 fputire.will'iittiifonntilitni <m «cllulur <nilh\inn
amininfraliim iharavW n\Ui\ in vitio

Necessary stc'ps in the metastatic cascade aie detachment
and dissemination ol indiviilu.il cells horn die primaiy lunioi
Two migraiion assays were used lo evaluate the ability ol
progressively transformed KOS!-, cells to disseminate Irom a
primary population. In the lirst assay, cells where grown on
spherical Cytodcx heads ami transferred lo 35-mm culline
dishes where they alladled lo Ihi* surface and migiolcd away
troni die pnmaiy imputation (Fig. (. This assay has been used
lo investigale cell diilachmciii and migration paiicins in
tiaiisformeii giamtlosa eell lines (Sieiu <7 al.. IMM2). S\-R()SI
cullurcs grew Irom die Cyiodcx beads aseoniiniionsepiiheli.il
sheets m a fashion iilenlicai to dial exhibited by m »im.il ROSI
eulliires. Similarly, both die ROSI! I'M and m -ROSI! I'i'ta Il
lilies migrateli as com jmums sheets Irom the cell-coated beads.
Il contrast. ras-ROSF! IMMdetached and migrated as indivie!
ual cells away Irom the primary head cell population. As a
result ol in rivo passage. T-sv-R()SI: IMMaciliiireil die ability lo
dissociate and migrate as individual cells. Much like jis
parental sv-ROSf: line. T-sv-RC)Sl!continued in migrate as an
epithelial sheet: however, glowill was mote disorganized and
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r.(\*l]l.in\ioiiiu'il ROSE cell lines fcpicscnl laic siages ol
neoplastic piogicsMon ol Ilie ()SI

The lllinois (mlimed hs ns-ROSE |¥) * ere histologically
eoiiMsfeni 'Mill seious .ulenoe.iieinonia ol the osary Tumors

®| Minilii liis|nli»i!\ li.ive been repoileil lo develop in alhymie
nine iiiikill.iii il "iili s|tniii.nieoiisl) li.nislornicd U()SE eells
(‘ftoil'i'iiiivi*/ «ffiirtiim hitiiy oHrnnstnrmed ROM: eells to

loim lumois ictciiihliiig human osariati malignancies ol clini-
e.il significance sup|>orls (lie iisclulncss ol the in Mint KOSI:
model system. The ras-ROSE IW populalion indueed highly
in.then.mi sarcomas m athsmic mice anil normal rais. ki-M SV -
iranslornied ROSE eells have also hecn shown (o form
sareonias jn ininm no.suppressed rodents (Adams and Auer-
sperg. IW1). The mesenchymal nature of the tumors formed
hs n/'-lraiisloimed ROSH cells is eonsistent with the EMT
observed in cullitie. As ras-ROSE IW exhibits a mesenchymal
phenolspe in nuo. n is not surprising that it forms sarcomas in
imi' Ilie inmoi histoliigs ol the s'«ROSE, tumors was not
tousistcni ‘«-iili the assumption that iiaiislormcd epithelial
eells beget epithelial tumors. S'-R()SE. "liieh appears epilhe-
lul m culture, lailed to lorni epithelial tumors in alhymie mice.
This ability ol iiaiisloimcd ROSE eells to lorm tumors ol
ineseuehwu.il ehaiaeiei mas he related to the embryonic
inesoeleim.il oiigm ol the OSE. Alihough the OS|I dillcrculi-
.mUsiiiioepithelialiissue.il mas retain the ability to revert to a
nioie prnmii'c mesenchymal «hllerenitaiioii ptogram when
progicssi‘cls ii.nisioimeii The plastic nature exhibited by the
<)Sls mas account lor the histogenesis of the mesenchymal
component' otteii observed in osarian Illinois (Scully. [17).

I he lesuhs ot the eh.iraeieii/.tiion cxpciimcnis ol the
U( >SE model system suggest that neoplastic Iratisloiillation ol
the cell t>|K' responsible lor the majority ol osarian malignan-
cies may develop in a stepwise manner. Progressive in inro
irailslornwmon ol ihc OSE was accomplished through oneo-
gcne-niediaied ti.uislorniaiion and in vivo selection proce-
dures When the entire series of ROSE cell lines is viewed as a
progression Irmn normalcy lo malignancy, some degree of
older becomes apparent. Rased upon their growth charactcris-
iics. Kith in iv/io and in mo. the ROSE, cell lines can be
ordered js lollows normal (ROSE) —immortalization (ROSE,
pin) —e.uls tiansioinution (s' ROSE ami s'-ROSE |
inieimediaie tr.mslomiaiion (T-sx-ROSE anil T-sv-KOSE
|'/>i) — late lianslormalinn (ras-KOSE IW and T-ras-ROSE
r>ll|. Thisoidenng is based ii|>0oii die phenolspc of the ROSE,
cell lines and is employed In illustiale the levels ol progressive

>

lines cited parenthetically aie examples ol die particular levels
ol ii.iiislormatiou

Although studies eontparing CiJIC ol normal and fully
transformed Cells suggest that alterations in CiJIC* arc associ-
ated will] neoplastic trarislornialion (Yamasaki. IWO; Laiewen-
stein. 1777). information available on (iJIC'iliirm g the progres-
sive stages of neoplastic development is limited (klann vlill,
IWM Studies focusing on (»JIC during mouse-skin carcinogen-
esis have demonstrated an association between neoplastic
progression m m o and the progressive loss of homologous
GJIC lklann i-r ul. I'WM) Reduced CiJIC- has also been
reported duniig progiessive traiisloriiialion in inro (Stein cl
il 110111

Tiimaiv ROM cells were junciioiiall) coupled in culture, as
demonstrated by i.ipid dye transfer between contacting cells
"iihin the first lew minutes alter photobleaehing. The rate of
dye tiansler between coupled ROSE cells was comparable to
rates reported lor other highly coupled cells (Stem ciul.. [W |)
I he rale of dye coupling in sv-ROSE was not signilicantly
dilleienl from that observed in ROSE cultures, indicating
retention ol a high level of CiJK . Similar!, dye coupling in

ns-ROSE IW w.is not signilicantly dilierent from that mea-
suicd in ROSE IW cells In a recent report. pSV.%ii-o
irauslorniation of primary rat granulosa cell cultures was not
associated with any significant reductions in CiJIC in the
tiansformed populations (Stein ct ul. IW2). consistent with
the observations noted with the piHilary U(ESI |x>pulalinns. In
iih « passage-*»! both pSV.W-fr-tranviormed-RC JSE-Cell-Hues
through alhymie mice (sv-ROSE — T-sv-ROSE and sv-ROSE
|W — T-ss-ROSE IW) resulted in cell lines which were
Uirthcr translornied ami exhibited reduced CiJIC These re-
sults suggested that pSV.Wu Iransformalion of ROSE cells
had no immediate clicci on GJIC. but dial further neoplastic
progression was associated with a significant reduction in
CiJIC'. Similar observations of a reduction in GJIC upon in vivo
passage of pSV.Wo-transformed cell lines have been reported
(Stein ft at., IW I. IW2).

c-ll-rus*1transformation ol ICC)SE |I'W induced a significant
decrease in the rate of dye tiansler between adjoining cells in
culture. The correlation between Il-o/s expression in trans-
formed cells and decreased CiJIC has been reported by other
investigators (I)e Pcijicrcrj/.. (WO). Passage of ras-ROSE IW
in vivo (ras-ROSE. IW -* T-ras-ROSE IW ) appeared to some-
what reduce CiJIC'. however, this drop was not statistically
significant. Considering the losv rate of dye transfer displayed
hs die ras-ROSE. IW population, any lurtlier reductions may
he rather subtle. Passage ol ras-ROSE |'W in vivo did not
appear to further transform the resultant population apprecia-
bly. since ras-ROSE IW and T-ras-ROSE IW were phenolyp-
ieally indistinguishable. A siniilai observation lias been rc-
lwtried lor c-1l-/m-transformed rat liver epithelial cells passaged
in vivo; Uiinoi -dcitved populations displayed growth eharaeter-
isties ami CiJIC similar lo that before in vivo passage (De
Ecijlcr clul.. IWO). Thus, the observation that in vivo passage
of ras-ROSE IW did statistically decrease CiJIC is not in
conlhci with the observations noted with sv-ROSE and sv-
ROSE that neoplastic progression in vivo was accompa-
nied by a reduction in GJIC. Taken together, the results of the
gap TRAP studies performed on ROSE cell lines strongly
suggest that progressive transformation o fthe C)SP. is accompa-
nied by a progressive decrease in CiJIC and dial this reduction
may occur very early, before the appearance of anchoragc-
imlepemlenec. luinorigcnicily and EM |. as evidenced by the
dillerence in CiJIC between ROSE and ROSI: IW.

Results ol in vitro cell-ailliesiveiiess assays demonstrated
dial, whereas sv-ROSE ami sv-ROSE IW migrated ascontinu-
ous epithelial sheets, die in iivVn-selected T-sv-ROSE and
| sv-ROSE IW lines dissoeiated ami migialcd much nioie as
individual cells. A similar transition in growth pattern was
observed with e-ll-ni.vll transformation ol ROSE! IW. This
transition in cell adhesiveness may represent progression
towards a metastatic phenotype, as a teduction in lunior-ccll
adhesiveness in vivo is thought to contribute to cellular
detachment Iron) the primary tumor, a necessary step in
metastasis (Takeiehi. IW ). Similar transitions of in vitro
grow th patterns from adherent epithelial morphology to disso-
ciated fibroblast-like morphology hase been observed during
transformation and neoplastic progression‘ol other epithelial
cell types (ficiiiens etul. IWW; De Eeijter ci ul. IWO; Stein cl
ul. IW2) and are thoughi to represent a modul.ition in
dillcrcntialion (lloyer «/</l.. IW9; Frixen etul.. IW |; Takeiehi.
W 1).

Considerable evidence has aeeuimilaled dial cellular adhc
sion ol epithelial cells, both in vitro and in vivo, is mediated by
the E-cadherin cell-adhesion molecule (Takeiehi. IW I; Sliim-
oyauia clul.,, IWV). Modulation of eadherin-niedialed intercel-
lular adhesion is hypothesized to occur during the neoplastic
progression of epithelial cells in uu/, resulting in malignant
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cells c;ip.ihlc ol detachment .nul metastasis (ltchrcns et at,
IW9; Takcichi. IW |). Several studies have indeed demon-
slraieti Ihal reduced F.-eadhcrin expression may play a signili-
canl r«le in the progression of caicinonta cells towards a
malignant phenotype (I;ri\eil«7 til. |1 | : Navarroelai. I'WI).
lit The present study, reduction in cell adhesiveness observed
ihtring neoplastic progiessionul It< )SH eelHmes was aecoinpa-
med hy a reduction in imimmologically detectable f. cadheiin
expression on blots. Taken together with the results of previ-
ous studies, the results of our study suggest that neoplastic
progression of the OSH may involve modulation of L-cadhcrin-
mediated cell adhesion.

The observation of aconcomitant reduction in R-cadhcrin-
mcdialcd cell adhesiveness and (iJIC in the ROSE system is of
particular interest. Recent studies have suggested a link
between cadhcrin-mediated cell adhesion and the formation
of junctional complexes, including gap junctions, reporting
that transfection ol cadhcrin cONA into communication-
incompetent cell lines results in the formation ol functional
gap junctions between iransleclcd cells (Musil et ai. ['WO;
Jongcn el at. |‘'WI) Furthermore, the formation ol gap
junctions induced hy R-cadhcrin expression appeared to in-
volve post-translational modilicalion (phosphorylation) of ihe
gap-junction protein to a hum capable of assembling into
functional junctions (Musil et ut.. IWII). The observation lhal
reduced ({-cadhcrin expression in KOSF cells is associated
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DIFFERENTIAL METABOLISM AND TRAFFICKING OF SPHINGOLIPIDS IN
DIFFERENTIATED VERSUS UNDIFFERENTIATED HT29 CELLS

Teresa Bahial Jan Willem K«»k', Caesar Mui siaiki*. llenk 1)1 Wi i kd'.iul Dick i 1« k.MUA1*

Wniversity ofUfiinin~en. f.ahtirtiltin- of fhvuolotiietil Chenu\tn. /tloetnsnivel 10. 0712 K/. iin>nini;en; anti :t'nnersii\ oj (ironingen.
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Trafficking and metabolitrn of sphingolipids were examined in
undifferentiated (G*) and differentiated (G* reversed) HTI9
human colon adenocarcinoma cell lines. Metabolic experiments
employing a fluorescently labeled sphingofiptd precursor, 6-[N-
(7-nitro-1, 1,)-benzoxadiaxol-4-yl)amino]hexanoylceramide (C,-
NBO-ceramide) revealed that both qualitative and quantitative
differences exist in sphingolipid synthesis between the 2 cell
lines. One ofthe C4NBO-sphingolipids synthesized in G* cells is
not found in the G’ reversed cells. Furthermore, the ratio of the
2 main products, C4NBO-glucosylceramide and C4-NBD-
sphingomyelin, differs: in G* cells glucosylceramide is by far the
main product, whereas G* reversed cells synthesize C*»NBD*
sphingomyelin in slight excess. Once established, these ratios of
sphingolipids are quickly restored metabolically when distortion
of the ratio » caused by experimental manipulation. This
indicates that they represent a true metabolic equilibrium
situation of the 2 sphingolipids in these cells, while the distinct
ratios are mainly determined by the NBD-Itpld pool in the
plasma membrane. Preferential synthesis and transfer of gluco-
sylceramidc from its site of synthesis to the cell surface do not
occur when the plasma membrane pool of glucosylceramide is
selectively removed. This suggests that instantaneous replenish-
ment via specific signalling is probably not involved as a
mechanism in re-establishing perturbed lipid pooh. In conjunc-
tion with observations on distinct lipid trafficking pathways of
glucosylceramide in C' and G* reversed cells, the present
metabolic studies emphasize arelation between the expression
of this glycolipid and the state of differentiation of HT29 ceils,

0 /9V.? Wtky-Liss. hu .

Glycosphingolipids arc involved in ccilain pr«*ccsscs such as
cell Uitfcrcniialion and transformation (Makomori. 1981; Man-
nun and Bell. 1989). These processes may he accompanied by
changes in glycolipid composition. Quantitatively, changes in
ihc relative amounts of various glycolipid* may occur. In a
qualitative sense, a certain type of glycolipid may (dis)appcar.
which can then be used as a dillcrcniialion marker, h remains
to be established, however, whether these changes arc It» be
considered as a cause or a consequence ol the differentiation
process.

In the present study, scvcial aspects of glyeosphingolipiil
trailieking and metabolism were examined in the human colon
adenocarcinoma cell line 1IT29. From the HT29 G" cell
population, a well-differentiated cnicrocylc-likc cell popula-
tion defined as HT29 Ci can he selected by completely
withholding sugars from the growth medium (Zwcihautncfal,
1985). When this [1IT29 Ci cell line is again supplied with
glucose, another differentiated cell line. Cr reversed, can be
obtained (Zweibaunt; personal communication). As such, this
cell line has been used to study various processes in relation to
differentiation (Garnet ct al.. 1991; Viullard et al.. 1991). We
have employed the latter system to study trafficking anil
metabolism of (glyco)sphingoljpids. ami addressed the ques-
tion whether differentiation oi the cells could affect these
processes.

In studies concerning (lie trailieking of lipids in iclalioii to
iheir metabolism, the use ol lluorcscently lagged lipids has
proved to he of great value (Pagann and Sleight, 1985;
ilockslra and Kok. 1992). We have employed (VNBD -lipiils
m aminthcr of lipid transport and melalxilism studies (Kok ft
al.. 1989, 199(1. 1991. 1992).

in a previous study (Kok ft til. 1991) we have shown that
differences exist in endoeylie trailieking of (( . NBD-)glucosyl-
ccramidc between Ci* and (»' reversed cells, as this glycolipid
is specifically salvaged and recycled via the Golgi apparatus to
the cell surface in G' cells, hut not in (»* reversed cells. The
present study shows that there is also a pronounced diflcrenee
in the synthesis of glucosylceramide in G * rerun G ' revciscd
cells, as revealed hy monitoring sphingolipid metabolism in
cells incubated with a fluorescent ecranmle dern alive ((',-NBD-
eeramidc). a common sphingolipid precursor. It appeals that
long-term metabolic differences are reflected m short-term
differences in trailieking of (NItl)-)sphiugoiipids in the endo-
eylie pathway.

Taken together, life results indicate that the expression and
trailieking of glucosylceramide may he related to the stale ol
cell differentiation, as. in contrast to its fate in the Ci' reversed
cells, the lipid is not only specifically sorted but also specifically
metabolized in the HT29 G * cell line.

M/MTUIAI AND MI IHODS

Mutfrial

1-JJ-D-glucosylsphingosine. eercbrosiile type Il, N-palnuloyl-
DL-dihydrolaclocerebroside. sphingosylphosphorylcholinc and
D-sphingosmc were purchased from Sigma (Si Louis. MO).
6-|A/-(7-niiro-2.1.3-benzoxadiazi»l-4-y|[)amino|hexanoie acid was
obtained from Molecular Probes (F.ugenc. OR). Uridine
diphospho-0-|//-N C'lglueose, ammonium sail (> 2(N) mCi/
mmol) was supplied by Amcrshani (Aylesbury. UK).

Synthesisof i N HD-loM etl \y>/iui,i;r»/r/;iriv

C'(-NBl)-glucosyleeramide, C,-NBI) galaetosyleeramide.
Ch-NB|)-lactosyleeran»ide. C.-NBD-sphingomyelin and
NBD-ceramidc were synthesized from (',,-NHI) and |
glueosylsphingosine. 1-(J-U-galaciosylsphingosme. 1-Ji-|)|.-
laetosyldihyiirosphingosine. sphingosylphosphoiyleholine ami
D-sphingosine. respectively, as described (Kishirmtio. 1975).
| B-D-galactosylsphingosincami I-|M )| -laciosyldihydiosphiri-
gosine were prepared (Cioila et al. 1987) horn ccichiosidc
(type Il1)ami N-pnimiloyl-1)I.-dihydroi:icloccichrosidc.respee-
tively. The CVNHD-lipkls were quantified speeiropliotonietri-
eally in afluoromcier (Perkin-f:imcr-MP1:-47) with an cxcita
(ion wavelength o( 4(>5 nm and an emission wavelength ol 5711
nm, by reference to known amounts of <VNH!)-phosphatidyl-
choline.

Cellfailure
Monolayer cultures ol HT29 cells were grown in DM IiM
containing 25 mM glucose, supplemented with 10'i (voi/voi)

*luwhom correspondence amt reprint requests should he sent

Ahhiniminto USA. Innine scrum albumin: (,N I11). (7-iiuro
2.1.7-bcn/oxadi.i2ol 4-y|),iiiiiioJhex.movl oi -lievanoic acid. [)M IM .
Dulhccco's modification of minimal essential ined Ci'Ailuc’.

(1IT2V) cells growing in the presence of glucose; (i /Glue . (HT2'5)
cells growing hi the absence of glucose; (I N*)TI(higfi-perloiinance)
lliin-Hiver chrom.ilogiaphy; #( Si. fetal cell h'iiiiii.
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many individuals and organizations if we are to meet our
ultimate goal-health for all our citizens.
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Epidemiology and Primary Prevention of Cancers of the Breast,

Endometrium, and Ovary
A Brief Overview

JENNIFER L. KELSEY, PnD, AND ALICE S. WHITTEMORE, PnD

ABSTRACT

Gmcm of the breast, endometrium, and ovary account for 4 J% of incident concert among women.
Many risk factors for breast Conor have been identified, but mo« are associated with only modest
elevations in risk. Also, ofall the ruk factors identified, few are likely to he affected by intervention
programs. The pathogenesis of breast cancer is not well understood, but estrogen and possibly estrogen
/>1uj progesterone are likely to he etioJogicaUy involved. For endometrial cancer, a major etiologic
pathway is exposure to estrogen without cyclic exposure to progesterone. Most of the established risk
factors for endometrial cancer appear to affect risk at least in part through this pathway. Only a
few risk factors for ovarian cancer have been identified. The two most commonly suggested etiologic
mechanisms for ovarian cancerare (a)thatsuppression ofovulation reduces risk and (b) that suppression
of pituitary gonadotropins reduces risk. Each hypothesis is consistent with some, bsU not all, of the
data. Prospects for the primary prevention of these cancers are discouraging at present because few
of rhe risk factors identified to date are readily subject to modification, especially for breast cancer,
and the underlying etiologies of these cancers are not well understood, particularly for breast and
ovarian cancers. Ann Epidemiol 1994;4:89-95.

kby words: Breast cancer, endometrial cancer, ovarian cancer, epidemiology, prevention.

INTRODUCTION

Cancers of the breast, corpus uteri, and ovary account for
about 41% of newly diagnosed cancers and about 26% of
cancer deaths among women (1). Thus, identification of
risk factors in the hope that means of prevention can be
suggested is of considerable societal importance. This review
summarizes what currently is known of the epidemiology
of cancers of rhese three sites, discusses the possible roles
of hormones in their etiology, and briefly describes ongoing
and planned randomized trials to evaluate possible preven-
tive measures. Since far more epidemiologic research has
focused on breast cancer than cancers ofthe other two sites,
breast cancer receives the greatest emphasis. Most of the
material on breast cancer epidemiology can be found in
more detail in a recenr issue of Epidemiologic Reviews (2),
while much of the description of ovarian cancer epidemiol-
ogy Isderived from arecent series of articles by W hittemore
and colleagues (3-7). W ith the exceptions ofage and Interna-
tional variation, descriptive epidemiologic characteristics
are nor considered because of space limitations.

From the Department of Health Research and Policy, Stanford Univer-
lity School of Medicine. Stanford, CA.

Addrete reprint,requem to: Jennifer L. Kel*ey, PhD, Division of Epide-
miology, Department of Health and Reaearch Policy, Stanford Unlvetilty
School of Medicine, Stanford, CA 94305-5092
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BREAST CANCER
Epidemiology

In the United States, breast cancer incidence rates increase
steeply with age through the 40s, then continue to increase,
but at a slower rate, through the rest of the life span (8).
Generally accepted risk factors for breast cancer (8-16) are
summarized in Table laccording to the approximate magni-
tude of the relative risk associated with them (9), Most of
the characteristics associated with relative risks higher than
2.0 are relatively uncommon. Also, of all these generally
accepted risk factors, only obesity might be affected by inter-
vention programs, and an effect from weight reduction is
unlikely to be large.

Other attributes might be categorized as "probable"” risk
factors for breast cancer. Although they have been identi-
fied in several studies, either the supporting evidence is
somewhat inconsistentor there isconcern that unidentified
confounding may account for the association. Tallness, for
instance, has been associated with increased risk in many
studies, but not all (16). Most studies, although there are
exceptions, suggest that high parity protects against breast
cancer diagnosed after the age of 50, even after taking into
account the association between high parity and early age
at first full-term pregnancy (15). However, multiparity may
be associated with an Increased risk for breast cancer diag-
nosed before the ages of 40 to 50 (15). A relatively short

I(M7-2W/IX/K'7.00
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TABLE |. Established risk factors for breast cancerl

I\h bec Urf.rriHc)

High-risk group

Relative risk >4.0

Age (Si
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North America,
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Densities occupying < 75%

of breast volume
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Low-risk group

< 30y
A*ia, Africa

No

No

No fluid produced

Parenchyma composed
entirely of fat

Relative risk of 1.5-2.0

Krmiic.il >l ocance hetnre *ee -fi' (151
NufllpIMI V. Ihcim cancer al age > 40 v (IS)
Arc m iic<fullinm prem»amv [IM
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fkvjy nuv turasi i»ncer ai age > Wy (It>)
KJy ma»« bica» earner at age < 50 y (16)

*Al...nt fom Krhrv (9)

number ®»f days hocween menstrual perioJs appears i«i he
associated with an increased risk, although more study of
this i>Mie is needed before conclusions are reached (15).
Most studies that included relatively large numbersofyoung
women who used oral contraceptives for 10 to 15 years
or longer suggest that the risk for breast cancer is slightly
increased among these long term users (17). Likewise, most
of the relatively small number of studies that included sulfi-
<lent numbers of women who used estrogen replacement
therapy lor 10to IS years or longer indicate that such long-
term ns« is associated with a slightly elevated risk (IS). 1 he
limited data presently available suggest that useof hormone
replacement therapy with both estrogen and progestin in-
crease” risk at least as much as use of estrogen alone (19).
Women who used diethy 1stilhcstrol (DES) in the 1940s
through ihe 1960s to prevent early termination of preg-
nant v appear to have an elevated risk, but the possibility
that tin- reasons for its use were the important factor rather
than the IM’'S itselfsannul be ruled out (20). Most studies
indn ate that alcohol Consumption is associated with a mod-
estly iiuteased risk, but in the abseiue of a generally nc
leptcd t.nival mechanism, confounding by a hitherto un-
identified nsk factor canno! he e \luded (21). Some evidence,
hut noi all, suggests that lactation, particularly if it is prac-

ticed fm many years as m certain Asian countries, protects

Ye* No
Ye* No
Ye* No
Yc* No fluid produced
Ye* No

No Ye*
Ye* No

> 10y <20y
<1y > 15y
> 55V <45y
Ye* No
Obese Thin
Thin Obese

against breast cancer, independently of the association of
duration of lactation with early age at first birth and multi-
parity (15). Most of these potential etiologic factors appear
to confer only modest changes in risk, with relative risks
in the high-risk group compared to the low-risk group gener-
ally less than 2.0.

Finally, exposures that might be categorized as “possible*
etiologic factors, and that arc probably at most weakly asso-
ciated with breast cancer risk, include lack of physical activ-
ity (22), exposure to electromagnetic fields (22), and certain
components of diet, such as a low intake of vitamin A and
a high intake ofcalories during childhood and adolescence
(16). Although an increased risk from a high-fat diet has
been hypothesized on the basis of animal experiments and
variation in incidence rates among countries, most evidence
from epidemiologic studies does not support this hypothesis
(16), at least in respect to a high-fat diet in adulthood. Rela-
tively few studies have evaluated the etiologic role of these
"possible” risk factors other than diet, and no firm conclu-
sions can lie reached at this lime.

Possible Etiologic Pathways

The biology of breast cancer is not well understood and is
undoubtedly complex, but evidence strongly indicates that
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ovarian hormones are important in its pathogenesis (23).
The increased risks associated with early menarche and late
menopause and the protection afforded by early removal
of the ovaries suggest that longer exposure to ovarian hor-
mone* increases risk. The elevation in risk from postmeno-
pausal obesity is consistent with involvement of estrogen,
since most estrogen in postmenopausal women is derived
from conversion from androstenedionc in adipose tissue,
and the greater the amount of adipose tissue, the higher
the concentration of circulating estrogen. Also, in obese
individuals, less estrogen is bound to sex hormone-binding
globulin and is more available to target tissue than in thin-
ner women. Possible associations of breast cancer risk with
shorter length of time between menstrual periods, long-term
use of hormone replacement therapy, long-term use of oral
contraceptives, parity, and lactation also suggest hormonal
involvement.

It is believed that ovarian hormones affect breast cancer
risk by increasing mitotic activity, which in turn increases
the likelihood that DN A damage will be convened into a
stable genetic error (24). Estrogen alone induces some cell
division, but estrogen and progesterone together (as during
the luteal phase of the menstrual cycle) may induce more cell
division. Thus, exposures associated with elevated estrogen
levels, and possibly elevated levels of both estrogen and
progesterone, are at present of considerable Interest as po-
tential risk factors for breast cancer. Evidence for a role of
other endogenous hormones, such as prolactin and andro-
gens, is less compelling, but further study is needed.

Heredity appears to be important in the etiology of some
breast cancers, especially breast cancers diagnosed at early
ages (9). As breast cancer susceptibility genes are identified
with new technologies in molecular biology, the study of
gene-environment interactions will be of great interest. Lit-
tle is known about etiologic pathways for increased risk
related to disease susceptibility genes.

ENDOMETRIAL CANCER

Epidemiology

Endometrial cancer is rare before the age of 40 years, after
which incidence rates increase steeply with age until 60 to
64 years and then decrease somewhat (25). Several risk fac-
tors for endometrial cancer, shown in Table 2, are well
established, and relative risks are generally higher than 2.0
(13, 25-32). Although estrogen replacement therapy with-
out progestin increases the risk for endometrial cancer (see
Table 2), risk appears not to be increased if progestin is
added cyclically for 10 days or more per month to estrogen
as a hormone replacement regimen (33). Use of sequential
oral contraceptives (34), early age at menarche (35), and
tallness (35) are probably also risk factors, while cigarette
smoking is probably protective (35). Some evidence suggests
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that a family history ofendometrial cancer (29) and a history
of diabetes increase risk (25), while late age at last pregnancy
may be protective (36). However, studies of these factors
have either been few (family history of cancers, late age at
last pregnancy) or inconsistent (diabetes), and no conclu-
sions can be reached at this time.

Etiologic Pathway of Several Risk Factors

Most of the risk factors identified for endometrial cancer
involve exposure to estrogen with insufficient cyclic expo-
sure to progesterone, and this explanation is generally ac-
cepted as a major etiologic pathway for the development
of endometrial cancer. Unopposed estrogen increases the
frequency of mitosis in the endometrial cells, while progesto-
gens markedly reduce mitotic activity (37). All of the gener-
ally accepted factors associated with an increased risk (ex-
cept pelvic irradiation and possibly pregnancy) are believed
to contribute to the development of endometrial cancer at
least in pan through this pathway, while combination oral
contraceptives and particularly exposure to depot-medroxy-
progesterone acetate (DMPA) provide greater exposure to
progesterone and are thereby protective. Cigarette smoking
may be protective because of a possible association with
lowered circulating estrogen levels (37). A late age at last
pregnancy could be a marker for decreased risk; being able
to become pregnant at a late age may indicate that awoman
has more normal ovulatory function and thus sufficient
exposure to progesterone compared to a woman who is
unable to become pregnant relatively late in her reproduc-
tive life (36). Hereditary predisposition to endometrial can-
cer has not been well studied.

EPITHELIAL OVARIAN CANCER

Epidemiology

Cancer of the ovary has been less well studied than breast
and endometrial cancers, and only a few risk factors have
been identified with any degree of certainty (3). Epithelial
ovarian cancer, the most common histopathologic type, Is
uncommon before the age of 40, after which incidence rates
increase until the ages of 70 to 79 and then decrease some-
what (25). Established risk factors for epithelial ovarian can-
cer are listed in Table 3 (4. 13. 25. 26, 36). The femilial
aggregation is believed to be in part attributable to heredi-
tary susceptibility (39, 40). A gene located to chromosome
17921 has been found to predispose to breast and ovarian
cancer in some families as well as to some early-onset breast
cancers (41). Possible risk factors that have not been exten-
sively studied or for which the evidence is inconsistent or
difficult to interpret include perineal talc use (42), fertility
drugs (4), galactose from lactose in milk (43), caffeine con-
sumption (44), and a history of mumps (45), while tubal
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TABLE 2. Established risk factors for endometrial cancer

r-ci... (iclcrerur)

High-risk group

Relative risk > 4.0

AEP \Voi 4. No 2
Mare* 1994 89-95

Low-risk group

Arc (25) 60-64 y <40y
Geographic area (26) North America, northern Europe Asia, Africa
U»< of cmr«-urn replacement therapy (27) >5y None
Relative risk of 2.1-4.0
Body man (28) Obese Thin
No. of pregnancies (2°) > 4 0
Age at m.-iKipaux ()0) > 55y <45y
I'<< of combination oral contraiepcives 0 1) No >4y
I ¥ of PM PA 021 No Yes
Relative risk of 1.3-2.0
Motori ot primary carnet in bieast (H) Yes No
Awxiation* that appear strong, from clinical
observations, but are difficult to quantify exactly
lin_Ixnirui.il livlv-rpLiMj [2S) Ye. No
F'liiitrii pr.duerna ov liuti« tuition (?5) Yes No
Stem Lcirnclial syndrome (25> Yes No
IVIm itcullatimi (25) Yes No

PMP.\. lej nirilin>v['i»||r>Iriuii( kruir

ligation and hysterectomy possibly are protective(4). Age at
mcnarchc, age at menopause, age at first birth, and estrogen
replacement therapy appear to have little or no effect on
risk (4).

Possible Etiologic Pathways of Some Risk Factors

Two main biologic explanations have been put forward to
explain the associations between reproductive variables and
risk ofepithelial ovarian cancer. The first is that suppression
of ovulation reduces risk. Fathalla (46) hypothesized that
ovarian carcinogenesis involves some mechanical sequelae
ofovulation, such as trauma or mitotic stimuli to the ovar-
ian epithelium. This hypothesis suggests that pregnancy
and otal contraceptive use protect against ovarian cancer
by inhibiting ovulation. The second is that suppression of
secretion ofpituitary gonadotropins decreases risk. Gardner
(47) and Stadd (48) hypothesized that exposure of the ovar-
ian epithelium to |K*rsistently high circulating levels of pitu-
itary gonadotropins increases the likelihood of malignancy.
Thi* hypothesis suggest«, that pregnancy and oral contracep-
tive use protect against ovarian cancer by inhibiting pitu-
itary secretion of gonadotropins.

W hile a number of epidemiologic observations support
both hyfxithcscs, there are exceptions. Differential risk re-
duction associated with pregnancy and oral contraceptive
use (pregnancy appearing to be the more effective, particu-
larly in young women) (4) conflicts with che first hypothesis;
this hy|xxhcsis predicts equal protection per year of preg-
nancy and per year of oral contraceptive use, since these
conditions arc equally effective in suppression of ovulation.
This difference is more consistent with the second hypothe-
sis, because the low-potency oral contraceptives may he less

effective than pregnancy in inhibiting pituitary secretion
of gonadotropins.

On the other hand, observations of reduced ovarian can-
cer risk associated with lactation conflict with the second
hypothesis, because lactation increases secretion of follicle-
stimulating hormone. This result supports the first hypothe-
sis, since lactation induces partial inhibition of ovulation.
Also in conflict with the gonadotropin suppression hypoth-
esis is the absence of protection associated with estrogen
replacement therapy, since conjugated estrogens suppress
pituitary hormones in postmenopausal women, although
not to premenopausal levels.

Some findings, including the observations that age at
menarche and age at menopause are not at all or only weakly

TABLE 3. Established risk factors for epithelial ovarian
cancer

High-risk Low-risk
Factor (reference) group group

Relativc risk > 4.0
Age (25) 70-79 y <40y

Geographic area (26) North America, Asia, Africa
northern Europe

Relative risk of 2.1-4.0

Family hiitory uf ovarian Yes No

cancer (38)

No. of pregnancies (4) 0 > 4

Otal contraceptive use (4) None > 6y
Relative risk of 1.3-2.0

Breast-feeding (4) None > 1V

History of primary cancer in Yes No

breast (13) or
endometrium (25)
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related to risk, are inconsistent with both hypotheses. Odds
ratio attenuation resulting from error* in reporting personal
characteristics may be responsible for some of these inconsis-
tencies. Further research is needed to clarify the étiologie
roles of ovulation and gonadotropin stimulation, both of
which may enhance carcinogenesis in the ovarian epithe-
lium. Identification of interactions between genetic and en-
vironmental factors will also be of great interest.

A COMPARISON OF SELECTED RISK FACTORS

The incidence rates of cancers of the breast, endometrium,
and ovary in various countries around the world are rela-
tively highly correlated (26), and the demographic charac-
teristics of high-risk women are somewhat similar for the
three cancer* (white women after ages 40 to 50, never-
married women, and probably Jewish women, and women
of high social class) (25). In addition, multiple primary can-
cers involving these three sites occur somewhat more often
than would be expected by chance (13). It therefore used
to be thought that they might to some extent have similar
etiologies. However, comparison of other risk factor* indi-
cates that there arc in fact many differences. Whereas long-
term use oforal contraceptives may slightly increase the risk
for breast cancer, use of combination oral contraceptives
decreasesthe risk ofendometrial and ovarian cancers. While
use of estrogen replacement therapy strongly increases the
risk for endometrial cancer, long-term use isprobably associ-
ated with only a slightly increased risk for breast cancer
and no alteration in risk for ovarian cancer. Although data
are limited at this time, hormone replacement therapy with
both estrogen and progestin is probably associated with an
increased risk of breast cancer, but no alteration of risk for
endomentrial cancer. After the age of 50 years, obesity is
associated with a modestly increased risk for breast cancer,
a more marked increased risk for endometrial cancer, and
no alteration in risk for ovarian cancer. Below the age of
50 obesity appears to be protective against breast cancer,
increases the risk for endometrial cancer, and has no effect
on ovarian cancer risk.

Thus, in formulating ideas for preventive measures, care
must be taken that while attempting to reduce the frequency
of one of these cancers, the incidence of another is not
increased. Also, preventive measures for one of these can-
cers could, of course, have an adverse effect on other body
organs.

PROSPECTS FOR PRIMARY PREVENTION

Prospects for primary prevention of these cancers are dis-
couraging at present. Most attention has focused on the
prevention of breast cancer. As noted above, of all the
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established risk factors for breast cancer, only postmeno-
pausal obesity might be amenable to intervention efforts,
and it is associated with only a modest elevation in risk. If
such exposures as long-term use of hormone replacement
therapy, long-term use of oral contraceptives, and alcohol
consumption are firmly established as ruk factors, then
some preventive efforts may be applied, although other ad-
verse and beneficial effects of these agents, including those
related to risk of endometrial and ovarian cancer, will need
tobe considered. Use oforal contraceptives and of hormone
replacement therapy that contains progestin as well asestro-
gen could reduce the incidence of endometrial cancer com-
pared to the incidence when replacement estrogen alone is
used, but use of such a combined regimen could adversely
affect risk for other diseases, such as breast cancer and coro-
nary heart disease. Sufficiently little isknown ofthe epidemi-
ology of ovarian cancer that it is difficult to suggest many
preventive measures-, use of oral contraceptives provides
some protection and could be recommended for women at
very high risk.

Despite the apparent lack of primary prevention mea-
sures suggested by analytic epidemiologic studies, three pri-
mary prevention trials in which breast cancer is a major
end point are now underway or are about to start in the
United States. The randomized trial component of the
Women's Health Initiative will have as its primary objective
to determine whether a low-fat diet, hormone replacement
therapy, and a calcium/vitamin D regimen in adulthood
affect the risk for coronary heart disease, breast cancer,
colon cancer, and hip fracture. However, observational epi-
demiologic studies provide little evidence that a high-fat
diet in adulthood increases the risk for breast cancer, so it
is unlikely that a low-fat diet in adulthood will decrease
risk. Pharmacologic interventions also are being tried, in
part because of the lack of feasible methods of primary pre-
vention by environmental or behavioral change. A large
randomized trial, the Breast Cancer Prevention Trial, has
already begun in the United States and Canada; in this
trial the chemotherapeutic agent tamoxifen, which has been
shown to reduce the frequency ofcontralateral breast cancer
and to increase the length of disease-free survival in women
with cancer in one breast, is being administered to appar-
ently healthy women 35 years and older, exclusive of women
at very low risk of breast cancer. There is some evidence
that tamoxifen also may favorably affect mortality from
coronary heart disease and loasofbone massin the vertebrae
(but not the forearm) of postmenopausal women with breast
cancer. However, little isknown of the effects of tamoxifen
in healthy women; potential side effects of concern Include
such rare but serious complications as thromboembolism,
endometrial cancer, liver toxicity, and ocular changes, and
such common but lets serious tide effects as hot flashes,
vaginal dryness, and irregular menstrual periods (49). Also,
there U evidence that tamoxifen may be associated with a
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lew of hone mass in premenopausal women, and (here is
concern ihai its effect on cardiovascular disease risk in pre-
menopausal women, in whom endogenous estrogen levels
are high, could be different from its effect in postmenopausal
women, in whom endogenous estrogen levels are low.

Finally, a small randomised trial in Los Angeles (50) is
evaluating a prototype hormonal contraceptive regimen
that contains (l) a gonadotropin-releasing agonist to sup-
press ovulation, (h) a low-dose estrogen, and (c) a short
course of progestogen every fourth month, in the hope that
this combination of agents will decrease the risk for breast,
endometrial, and ovarian cancers. This formulation is based
on the assumptions that the “unopposed estrogen hypothe-
sis" account» for endometrial cancer risk factors, the total
ftrilueiu vofovulation isan itn|>ortaiit determinant ofovar-
ian camrr risk, and an “estrogen-plus-progrsiogen hypothe-
sis"explains breast cancer risk. However, w-ith the exception
of the "unopposed estrogen hypothesis,* there is consider-
able uncertainty about the other etiologic parhways, and
also about the effects of this regimen on other body systems,
such as hone and the cardiovascular system.

In summary, for the majority of women there is not much
cause for optimism at present for primary prevention of
these cancers by modification of the environment or life-
style. except for weight loss in postmenopausal women. Pri-
mary preventions by pharmacologic agents are being evalu-
ated. hut such interventions are risky m view of their largely
unknown mechanisms of action and unknown effects on
other body systems.
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Dietary Factors and the Risk of Epithelial Ovarian Cancer®

Cvto La Vacchl*,3Adrlano Dacartl,45Eva Nagrt,38 Fablo Parazzini,3Anlonalla GanlHa,3
Qabrtala Cacchattl,3Monica Faaoii,3 and Sllvla Francaachl 'w*

ABSTRACT—Dietary factors in the etiology of ovarian cancer
aere investigated with the uae of data from a case-control study
conducted in Northern Italy on 4S5 histologically confirmed
aptlhellal carcinomas and 1.385 control subjects In the hospital for
acuta conditions unrelated to any of tha known or potential risk
factors lor cancer of tha ovary. Women with ovarian cancer
reported significantly elevated frequency of consumption of meat
lieleiive risk (RR) * l.«for 27 vs. <4 portiona/wk). ham (RR>=1.9
tor 24 va. <2 portiona/wk). and higher subjective ecoree of fat
Intake (RR =2 1 for highest vs lowest scores), particularly butter.
In contrast, consumptions of hah. green vegetables, carrots, and
*holemeal bread or pesta were less frequent in cases; the cor-
responding risk estimates for highest versus lowest frequencies
ranged between 0.6 and 0 6. These results ware not materially
modified by adjustment for indicators of socioeconomic status,
parity, and other identified determinants of ovarian cancer. No
relation amerged between alcohol consumption and ovarian can-
cer risk. The present study provides Interesting indications that
help to explain the considerable variations In ovarian cancer rates
Indilfarant populations and. If confirmed, could, in principle, have
Important public health implications. Due caution, however. Is
required in interpreting the present results because of the limita-
tions of available Information and of tha uncertainties of other pub-
lished material concerning diet and ovarian cancer —IJNCI| 1667;
79663-669

There are considerable variations in in»idence and
mortality rates from canter of the ovary. On an interna-
tional scale, the cumulative incidence was sixfold higher
in Denmark than in Japan (/), and also within Italy
mortality rates were about 2.5 times higher in Northern
areas than in the South (2, 5). Therefore, the North-
South gradient in Italy was greater for ovarian cancer
titan for any other neoplasm in females (2). These broad
variations can be explained in pan in terms of reproduc-
tive variables; for instance, ovarian cancer mortality
rates in various lItalian regions were strongly and nega-
tively related with the average number of births per
woman of reproductive age (r = —0.76) (¥). Strong corre-
lations, however, were evident also with economic indi-
cators and dietary variables, on an international (5) and
Italian scale (i.e., —0.81foi bread, —0.84 for jiasta, +0.62
for meal, and +0.79 for milk consumption), which
could not be tompleiely accounted for by confounding
(or reproductive vattables after compulation of first-
order partial correlation coefficients (4).

Analysis of geographical variations in cancer rates or
correlational studies can only provide suggestive hy-
potheses on underlying causes, which should be thor-
oughly tested in ad hoc studies. A few case-control
studies conduc ted in North America reported that ani-
mal fat consumption increased the risk (6), whereas
beta carotene (7) or elevated alcohol (8) consumption

might provide some protection against ovarian catc bio-
genesis. However, available evidence is rather controver-
sial. and the results from the dataset analyzed more in
detail (from the Roswell Park Memorial Institute) were
largely inconclusive (7).

Using data from a case-control study conducted in
Northern Italy, we decided, therefore, to reconsider the
potential role of a few selected dietary items or indica-
tors in the etiology of epithelial ovarian cancer.

SUBJECTS AND METHODS

Since 1979, we have been conducting a case-control
study of ovarian cancer. The general design and meth-
odology of the study have been previously described (V).

Trained interviewers identified and questioned women
admitted for ovarian cancer and for a wide spectrum of
other conditions to university and general hospitals in
the areas under surveillance. On the average, less than
2% of the eligible women (cases and controls) refused to
be interviewed

A standard questionnaire was used to obtain informa-
tion on sociodemographic characteristics and habits;
medical histories with special emphasis on hormonal
and gynecologic features; obstetric data, including age at
menarche and at menopause and menstrual pattern;
number of births, miscarriages, and induced abortions,
age at first pregnancy, at first and last birth; history of

AUKZviations used: C| =confidence interval; RR = relative riik.
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TahlK \.—Distribution of 455 oim* ofepithelial ararian cancer
and 1.885 contrdle according to aye. Milan. Italy. 1988-86

Ovarian cancer Controls
Age group, yr
No. Percent No. Percent
' to 14 31 3 45
ti 39 25 55 182 131
40 40 104 229 271 19.6
o 59 154 33.8 347 251
BO 69 [ 24 4 353 255
m 74 47 10.3 169 122

lifetime iim*<{ oial cmiriaerptivcs ami female hoiinoncs
Im eiihet indieaiioiiv

in » Jaiiuaiv 1983. tin* subjre is writ* also asked about
iln®i fiy of Miiisuinplioii 1n-i wrrlc of ten selected
loex! items, uubidini® ibr majoi sources ill the Italian
iliei of iciuioitts (milk ami dairy pioclucis. meat, fish,
livet. and eggs), and caiolenoids (cauots. green vegeta-
bles. and fiuii). Subjec live stores (low. inieimediate, and
high} weie used to obtain infoiuialioil on fat intake
(bunu. muigatiiie, and oil) and on tniiMimplicm of
wholemeal bread or pasta.

Thus ihe present lepoit is based on data collected
between January 1983 and June 1986.

cases.—The <uses studied weie women below the age
of 75 with histologically confirmed epithelial ovarian
cancel diagnosed within the year preceding the inter-
view. who bad been admitted to the Obstetiics and
Gynecology Clinics of the University, the National
(winter Insiituie. and the Osjx-dalr Maggiore of Milan
(which nullities the foul iaigest leaching and general
hospitals in the meriojxdiijn aiea). A total of 455 cases,
aged 22-74 (median age = 55 yr) weie included Among
them. 81% had scions care inoinas; 3% endometrioid: 5%
mucinous: 3% clear cell; and 5%, poorly differentiated
epithelial carcinomas.

Controls.— The controls were women admitted for
acme conditions to several sjietiali/ed University Clinics
and to the Ospedalr Maggioie of Milan for diseases
oihci than malignant, hormonal, or gynecologic, diag-

nosed within the yeai befoie the- inte rview. The <tuh-
mem aiea of cases and contiols was well coinfrarabk,
since over 85% of the subjecis iniei viewed tesided in thr
same region—l.oinhaidy Afiei exclusion of women who
had undergone oophorectomy, a total of 1.385 control},
aged 21-74, wereconsidcied in the piesent analyses. Thfil
median age was 54 years, and iheir age distribution wes
well compaiable will» dial of the cases (table 1). Among
die coniiol subjects. 31% were admitted (or traumatic
conditions (mostly ftacitites and spiains). 25% had non-
(rautnalic ortho|>edic disorders (mostly low back pain
and disk disorders), 16% were admitted for acute sutgicai
conditions (mostly abdominal, such as acute appendici-
tis or strangulated hernia), and 28% had other illness«,
such as ear. nose, and ilitoat or dental disorders.

Data analysis.—We computed the mean ftecjuenc iesof
consumption of available dietary items among cases ad
controls, logeihei with their standard errors. For te
food items showing significant differences between cases
and contiols, we calculated the RRs of ovarian cancer,
together with their 95% apptoxiinate Cls, according to
three levels of consumption itu hiding, as far as jxissible,
comparable numbers of cases and contiols combined
(i.e., approximate lettiles).

An index of fat intake was simply derived by adding
the scores (low — I; intermediate = 2; high = 3)d
self-reported intake of the three major types of dietary
fat (butter, margarine, and oil).

Indices of retinol and beta-caroienr (pro vitamin A)
intake were computed with the use of tables of nutrient
values of the Italian Department of Agiicultme (jo) or.
in tire absence of Italian data, standard American tables
(/). These indices should clearly be interpreted as rela-
tive estimates of vitamin A intake, since the limited die-
tary information available did not cover all the possible
sourc es of vitamin A

In the compulation of RRs, decade of age was con
(tolled lot by stiatification and the Mantel-1llaenuel
piexedure (12). For multiple levels of rx|>osure, signifi-
cance was assessed by means of the linear trend test
given by Mantel (/?). Ter allow simultaneously for the
effects of several potential confounding factors, wc used

TaM.R 2.-/4 rerage frequencies of intake of selected food items among 455 cases of epithelial ocarian cancer and 1.885 conlnds,
Milan, Italy. 1983-86

Average frequency of
intake, portions per week

Food item
Cases Controls
Milk 60 6.2
Meat 54 50
Liver 0.6 06
Carrots 12 15
Green vegetables 7.8 8.5
Fresh fruit 121 119
Eggs 18 20
Ham 25 23
Pish 09 11
Cheese 4.8 51

* NS = not significant.

INC G Vi M »-LIM il sHUH PP

Difference
P value4
Cases - controls SR
-0.2 032 NS
+0.4 0.13 <001
-0.1 0.06 NS
-0.3 0.10 <001
-0 7 0.22 <001
+0.2 0.78 NS
-0.2 0.13 NS
+0.2 0.10 <06
-0.2 0.09 <06
-0.3 0.16 NS
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multiple logistic, regression, with maximum likelihood RE8SULTS8

lilting {14). Included in the regression equations, besides

the dietary factors considered, were terms for age (in car- The average weekly frequencies of consumption of
dinal form), interviewer, marital stains, social class, available dietary items are reported in table 2. Con*
education, parity, age at lirst birth, age at menarche, sumption of milk, cheese, liver, eggs, and fresh fruit did
menopausal status, age at menopause, body mass index, not significantly differ (or cases and conttols but al-
and oral contraceptive and other female hormone use. though differences in absolute terms were small (e.g., 5.4

TABLE 3.—LHstribution of 655 cate* of epithelial ovarian cancer and 1.586 control< according to frequenciet of consumption of *elected
food Hem*, Milan. Italy, 1983-88

pood item and Ovarian cancer Controls* RR estimates (95% C1)
portions per week No. (%) No. (v M H> Multivariate’
Meat
<4 114 (26.1) 466 (32.9) 1 Id
4-6 131 (28.8) 409 (29 6) 1.30 1.30
(0.98-1.73) (0.96-1.86)
>7 210 (46.2) 621 (37 6) 1.63 1.60
(1.26-2.12) (1.21 2.12)
if (trend) 12.93 16.76
(PCO01) (PC.0O0I)
Ham
<2 136 29 9 487 (36.2) " i-
2-3 227 249-9} 706 (610) 117 113
(0.91-1.49) (087-1.46)
>4 92 (20 2) 192 (13 9) 1.85 1.66
(1.36-2.68) (1.11-2.16)
if(trend) 12.00 4.67
(PC.001) (P=03)
Pish
<1 220 (48.4) 691 (42.7) i I
1 162 (36.6) 496 (36.8) 0.87 0.94
(0.69-1.10) (078-1.21)
>2 73 (16.0) 298 (21.6) 0.66 0.84
(0.43-0.90) (0.61-1.16)
it (trend) 6.68 0.69
(P=.01) (NS)
Carrots
<1 197 (43.3) 667 (40.2) 14 14
1 129 (28.4) 319 (23.0) i1 119
(0.86-1.45) (0.90-1.68)
>2 129 (28.4) 608 (36.7) 0.70 0.81
(0.66-0.91) (0 62-1.06)
it (trend) 6.41 2.29
(P=.01) (NS)
Green vegetables
<7 126 (27.6) 342 (247) 1
7 185 (40.7) 419 (30.3) 1.18 1.10
(0.90-1.66) (0.83-1.47)
>8 146 (31.9) 624 (46.1) 0.69 061
(0.46-0.78) (0 48-0.82)
X? (trend) 17.01 13.99
(PC.001) (PC.00I)
Wholegrain bread or pasta
Never 336 (73.8) »64 (69.1) 1* 1
Occasionally 82 (18.0) 268 (18.7) 0.88 0.96
(0.66-1.16) (0.71-1.77)
Frequently 37 (8.1) 169 12.2) 0.60 0.63
(0.41-0.88) (0.42-0.93)
X? (trend) 6.62 4.46
<P=.01> L =w

*In some items, the sum of the strata does not add up to the total because of missing values.

*Mantel-Haensxel estimates adjusted for age in decades.

' Estimates from multiple logistic regression equationsincluding terms for age. Interviewer, m arital status, social class, education, parity,
age atfirst birth, age at menarche, menopausal status, age at menopause, body mass index, oral contraceptive and other female hormone use,
retinol and carotene indices, added score of fat consumption and alcohol intake, besides die food items considered in this table. NS = not
significant.

* Reference category.

JNCI. VOL. 79. NO i. OCIOHV X 197
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vs. 5 time's |kt week for meat <onsumption), women
w iili ovaiian cancel ie|[>mied more frequent consump-

iiwllof meal and flam and less frequent consumption of
fish, taiiois. and idicren vegetables.

1lie i (iiies|[N>ndiitKk RR estimates aie shown in table S.
I lie [H)iill esijmates foi highest vrisus least frequent
consumption levels weie 1.63 lot meal. 185 foi ham,
0 (iti foi fish. 0.70 foi (allots, and 0.59 for green vegeta-
bles, and all tile age-adjusted tests foi linear trend in risk
weie statistically significant. Moteovei, fre<|uent con-
sumption ol whole-grain hiead oi pasta was associated
icdincd ovarian (ancei tisk (RR
0.11-0.88, table 2).
identified |x>iemial dtsioiting factors,
as we ll as iec ipio« al allowance for vaiious dietary items
ill table .1. did not matciiaily modify the esti-
mated RRs ioi meat, gieeu vegetables, and wholegiain
loods. riic association with ham was less evident, and
associations with fish and cartots weie no

with significantly
Oti0. 95% C1 =
Allowance lot

included

longer sig-
nificant aftei imihivaiiate analysis.

intake of letinol (pielonned vita-
min A) and heta-c atotene were cninputed on tin- basis of
the fircliiriic ies of consumption of food items listed in
table 2 (milk. li\et, eggs, fish, and cheese for
teimol; callots, giren vegetables, and Irt-sh fruit for caro-

Indices ol monthly

meal.

tene). In the univaiiate analysis, no telation emerged
between indices of iciinol intake and ovaiian cancer
iisk, fun a significant imeise assm iation was rvident

with heta-c atotene intake (iompaied with women whose
caiotene index was nndri 150,1)00 fU jk-i month, the* iisk
estimate was 0.62 loi those whose index was over 200,000
I( *, and the iiend in risk was highly significant (table 4).
However, afier multivaiiaie analysis with inclusion of
dietary factors js well

as oiliei major icleiiiified covar-

Taimk 4. lhxtributiim u/ ¢VS oist-s o f rfiilhflial oiarian cance
and beta-carotene
Ovarian cancer
Index
No (%) No.
Relmor
< no 149 M2.7) 470
ton-1Mi iu (29.5) 341
> 1Ml 172 (37.8) 574
ci (trend)
Carotene’
- IMI 215 473> 508
[MI 2cio [c19 (24 0) 377
200 Ml 128 M MM)
(trend)

" Mann-l llacnftzt-l estimate« adjusted for age in decades.

iates. ilie inveise relation of ovarian cancer risk with
beta-carotene was no longer evident.

In table 5. subjective scotes of fat intake in cases and
controls arr reported. Flrvaied buiiri consumption wu
associated with about twice the ovarian cancer risk

(RR=2.3 univariate. 1.9 multivariate). The laigc major-

ity of the subjects interviewed re|>orted low scores ol
margarine consumption; consequently, little relation
was evident between margarine intake and ovarian

No association was observed with oil con-
sumption either, even though oil was ihr fat item with
highest intake scores. Consequently, the positive asso-
ciation between added fat consum ption score was chiefly
attributable to the influence of butler
index. The multivariate RRs presented in table 5 were
two different models, one including ihr
three single fat items and ihr oilier inc luding the added
index only.

The distribution of ovarian canc er cases and the corn

cancer risk.

on the overall

deiived from

paiison group according to total alcoholic leverage con-

sumption (wine-, here, and spiiiis) is given in tabled
Compared to women who did not drink alcohol, the
RRs were slightly above unity for drinkers, but there

was no tendency for (he risk to

alcohol consumption.

junease with higher

DISCUSSION

file findings of the preseni study indicate that the din
of Italian women wiih epithelial ovaiian cancer differ»
in several agx'c is from that of a hospital-based compari-
son group of subjects with acute nonneoplastic condi-
tions. In particular, more frequent meat and ham con
sumption and higher fat intake (in particular, butter) in

r and i.*85 controlit according tv cut;mated Monthly intake of retinol
. Milan. Italy, I9H3-M6

Controls RR estimates (95% CI)

(%) M H- Multivariate6
(33.9) 14 14
(24.6) 1.23 1.18

(0.94-1.61) (0 89-1.67)
(41 4) 0.96 094
10.75-1.24) (0.72 1.22)
0 18 0.14
(NS) (NS)
(3C.7) 14 1-
(27.2) 068 0.76
(0 52 0.88) <053 1.10)
aw. 1 062 094
10 48 -11.80) (0 66 -1.61)
14.73 0.17
</'<.001) (NS)

Kslimates from multiple logistic regression. Allowance was made for identified |>olenlial distorting factors (*er "Subject* and Method»’

and footnote r. table It).
' In thousand international units
rfReference category.

<< inline I'w7
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Table 6 —Distribution of 155 caeca ofepithelial ovarian cancer amd 1,385 controle according to »abjective »corea offo i intake,

Ovarian cancer

consumption score No. %

Butter
Low 241 (63.0)
Intermediate 179 (39.3)
High 36 (7.7)
X? (trend)

Margarine
Low 370 (81.3)
Intermediate-high 86 (18.7)

Oil
Low 20 (198)
Intermediate 291 (M0)
High 74 (16.3)
Xi (trend)

Combined-
Low 198 (43.6)
Intermediate 160 (33.0)
High 107 (236)
X* (trend)

‘ Mante)-Hsenate! estimates adjusted for age in decadea.

Milan, Italy. 1983-84

Controla RR estimates (96% Cl)
No. <> M H* Multivariate*
879 (63.6) 1* 1
449 (32.4) 147 141
(1.17-1.84) (1.11-1.80)
67 (4.1) 227 1.93
(1.47-3.61) (1.20-3.11)
20.52 .
(/»C.00l) (/><00I>
1,167 (83.6) 1>
228 (16.5) 1.16 .
(0.88-1.62) (0.83-1.49)
221 (16.0) r 1
1,002 (72.8) 0.73 0.71
(0.66-0.96) (0.66-0.96)
162 (11-7) 117 1.29
(0.80-1.69) (0.87-1.92)
0.21 0.64
(NS) (NS)
738 (63.3) 1* T
469 (33.1) 122 1.16
(0.96-1.66) (0.90-1.48)
188 (13.6) 212 214
(1.60-2.82) (1.69-2.88)
28.78 18.63
(/%< .001) (#»<.001)

' Estimates for multiple logistic regression. Allowance was mads for major identified potential distorting factors. (Sss “Subjects and
Methods" and footnote c. table 3; two aquations were fitted, one including various types of fat and the other the combined score only.)

* Reference category.

‘ Computed as the simple sum of scores (1-low; 2=intermediate; 8-high) of the various fat items and subdivided as follows: 8-4=*low;

6=intermediate; 6-9=high.

seasoning were associated with elevated ovarian cancer
risk, whereas more frequent vegetable consumption
showed a protective effect.

We were unable to explain these findings in terms of
selection bias, since cases and controls were drawn from
similar catchment areas, and the participation rate was

practically complete. With regard to confounding, al-
lowance for several identified potential distorting factors,
including measures of body weight and indicators of
socioeconomic status, parity, oral contraceptive use, and
other known determinants of ovarian cancer risk failed
to explain the observed associations with various dietary

Table 6.—Lhatribulion of 155 catea ofcjntkeiiol ovarian cancerand 1385 controla according to total alcoholic beverage consum ption,
Milan, Italy, 1983-84

Ovarian cancer
eumplion. drinks per day No.

<>
0 134 (29.6)
<2 162 (33.4)
2-3 138 (30.3)
>8 81 (6.8)
xf (trend)

*Manlel-H senate! estimates adjusted for age in decadex.

| sad footnote c, table 3).
‘Reference category.

Controls RR estimate (96% CI)
No. <% M-H* Multivariate*
606 (36.5) 1* 1*
391 (28.2) 1.46 124
(1.11-1.89) (0.94-1.66)
397 (28.7) 131 1.06
(1.00-1.72) (0.80-1.40)
91 (86) 1.30 .
(0.82-2.04) (0.78-2.37)
8.44 0.40
(NS) (NS)

‘ Estimates from multiple logistic regression. Allowance was mad« for Idantiflad potential distorting factors (sm “Subjects and Methods"
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i.idois. namely meat, gierii vegetables, wholegrain
foods. and Ihiiui. |.ikrwi.se, a major impact of inforina-
lioh hi,is is unlikely, .sime ihe (rossdile irlaliou of diet
with os,uian mikci risk was ptohably unknown to the
iiiafniity of the subjects inirivicwrtl.

I'In i('suits ol this study arc in agieemeni with evi-
dence limn descriptive epidemiology showing, on both
an international (9) and an Italian national (d) scale,
silting jMi.siiive conelalicms between measures of fat
intake and ovaiian cancel moitality. In this sense, they
piovide useful <lues to explain regional and interna-
tional differences in ovarian cancer inc idence and moi-
tality (/-1).

Urey also confinn the findings of a study conduc ted
in Notill Ameiica and utilizing population controls (6),
which showed significantly liighei ovaiian cancer risk
in women repotting more fiecpieitt consumption of bui-
Id. and an approximately twofold elevated risk estimate
in the highest cjuaitile of animal (at consumption.

| lie negative lelatioii with vegetables and wholegrain
file.ul <ii pasta is also of potential iiitere.sl in relation to
defining a low-iisk diet foi ovaiian cancer in contrast
with a high tisk one chatac leri/ed by elevated meal and
animal hit intake.

In this rc'gaid, data collected in an Italian population
may he paiiitularly helpful in studies of diet and cancer,
on account of the consicieiable heterogeneity of these
conilNMiems ill the Italian diet.

A plausible biologic explanation foi the present find-
ings can he telaied to the lower uiinaiy levels of estro-
gens and higher plasma sex-honnoiie binding globulin
levels in vegetarian women (75), since female hormones
and theii (unavailability aie piohably related to ovarian
cate iitngeucsis, although at present it is difficult to
deline clearly the tole of vaiiotis hormones. Further,
studies in rodents showed positive relations between
high-lui diets and piomotioii foi another female hor-
inone ielated neoplasm, i.e., hieast cancer, although the
lelalion was not homogeneous for various ty|>es of fats,
olive oil (whit It is the most commonly used oil in Italy),
and other moiioimsaimaied lats in panictilai showing
little piomoting effect (hS). This evidence from animal
siuclies should lie caielully coiisideied in light of the
seveial siinilaitties in the epidemiology of bicasi and
ovaiian cancel (V, 17).

The pirsent epidemiologic findings, if accurate, would
have iinpoiiam public
dietaiy lac tots analyzed aie, at least in principle, m od ifi-
able. and the magnitude ol the RRs in this study is
siinilai to that of the best identified reproductive corre-
lates of ov atrail caic biogenesis (9). which aie. obviously,
mairciv amenable to intervention.

health implications, since the

The results ol this study, howevei. should be con-
sideied with caution, since available information was
limited to men ly subjective scenes of fats ot wholegrain
food intake and to the number of (tortious per week of a
restllcled list of diciaiy items, with
ilo ir size. Consecpiriuly. major uncertainties are obvi-

no assessment of

ously mheieiii in any evaluaiion of s|x*cific inicro-

miiiinns ilS, {9), and. panic ulaiiy. in die negative lelai

It 7ono 10 inline I

tion between indic esof beta-carotene and ovarian cancel
risk. Further, the observation that inclusion of .specific
food items (i.e.. green vegetables, carrots, and fruit*)
substantially reduced the relation between brta-caioirnr
and ovarian cancer risk suggests that little residual effect
for this index was evident besides that attributable to iu
various com(K»nents. It is thus possible that other com
ponents of a vegetable-ric h diet are indeed protective in
the absence of any s|K*(ific protection conveyed by lieu
carotene on ovarian carcinogenesis.

Further caution in drawing inferences from the find
mgs of the present investigation is indicated by a stud)
of dietary factors and ovarian cancer based on the Rur
well Park Memorial Institute dataset. The results oi that
study, in fact, were largely inconclusive in relation to
lats, vegetables, fibers, and also vitamin A, with the sob
exception of a negative association with beta-caioiew
that, howevei, was restricted to the subgroup of woiiki
below age 50 (7).

hi ibis study, there was no relation between alcohol
consumption and ovarian cancer risk. Thus these find
mgs do not confirm the suggestion of a lower ovarian
cancer risk in heavy drinkers refxmcd in the Centers la
Disease Control s (lancer and Steroid Hormone Studi
and tentarively explained in terms ol depressed levelsd
gonadotropins and hence anovulation induced by larp
doses of alcohol (8).

In conclusion, although the present study has suk
stantial limitations, chiefly in tenns of the restricted
amount of information available, it offers interesiinf
indications that help to explain peculiar features of dr
descriptive epidemiology of ovarian cancer, and, if cot
firmed, could have important practical public heald
implications.
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ABSTRACT

Recently, tumor-specific allele loss has been shown to be an important
characteristic of some tumors. When such loss includes one or more
growth-regulatory genes, it may allow the expression of tumorigenicity.
Using Southern blots, we analyzed normal and tumor ONA samples from
19 ovarian cancer patients, using a series of polymorphic DNA probes
that map to a variety of chromosomal loci. Of 14 informative cases,
minor-specific allelic loss was observed in nine (64%) at the estrogen
receptor (ESR) gene locus on chromosome 6g. On chromosome 17p at
the D17528 and D17S30 loci, allelic losses were also detected in 6 of 8
(75%) and 9 of 14 (64%) cases, respectively. Allelic loss at the HRAS1
gene locus on chromosome lip occurred in 5 of 11 (46%) informative
cases. The relatively high incidence of these allelic losses observed on
chromosome 6q represents the first implication by molecular genetic
analysis of this chromosomal region in a human malignancy, and it thus
appears to be a genetic change specific to ovarian carcinoma. DNA
sequence losses on lip and 17p, also reported for other cancers, may
reflect the presence of tumor- or growth-suppressor genes on these
chromosomes that are important in the genesis of many tumor types,
including ovarian malignancies.

INTRODUCTION

Although ovarian carcinoma is the most frequent cause of
death from gynecological malignancies in the Western World
(1), the histogenesis and biological characteristics of these tu-
mors are not well understood. Furthermore, little is known
about potential molecular genetic alterations that may contrib-
ute to development of such tumors or to disease progression.

It is now well established that molecular genetic aberrations
can alter the expression of genes and may play a role in
malignant transformation (2). Recent studies indicate that loss
or inactivation of genes at specific chromosomal loci may
contribute to the development of certain childhood tumors such
as retinoblastoma (3), Wilms’ tumor (4), and rhabdo-
myosarcoma (4). It has been hypothesized that loss of hetero-
zygosity at a specific locus may indicate loss of genetic material
that suppresses the tumor phenotype. Such negative growth-
regulating genes have been called “tumor-suppressor genes” or
“anti-oncogenes” (5). Because these allelic losses occur not only
in hereditary but also in nonhereditary tumors, it has been
suggested that negative growth-regulating genes are commonly
lost in adult malignancies (6-12). It has been further suggested
that the inactivation of a gene is achieved more readily than its
activation through specific mutations. Consequently, the loss
of an important negative growth-regulating gene may occur
even more frequently during tumorigenesis than activation of a
positive growth-regulating gene (13).

Even though the identification of consistent chromosomal
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aberrations in fresh ovarian tumors has been very limit
nonrandom structural or numerical aberrations have been
ported for several different chromosomes (14-17). We, the * ?
fore, analyzed 19 fresh ovarian cancers for possible tum
specific allelic loss at 18 different chromosomal loci. Becai

of cytogenetic reports of 6qg deletions in this disease, we »,
particularly interested in the 6q region, as well as in otl

chromosomal regions that frequently show allelic loss in otl
tumors.

MATERIALS AND METHODS

Patients and Tissues. Primary and metastatic malignant ovar;
tumors from a total of 19 patients at the M. D. Anderson Cam
Center (Houston, TX) were obtained from surgical pathology imme
ately after surgery. The fresh solid tissues were dissected free of fata
necrotic tissue. The specimens were stored at -70*C until DNA »
extracted. The histological diagnosis of the tumors studied was esc
lished by the Department of Pathology, from paraffin-embedded x
tions. The histological grading was performed according to a systi
described by Mauch etal. (18). Peripheral blood samples were obtain
from the same patients from whom the tumor tissues were procurt
Stages of disease were assigned according to the classification schet
accepted by the general assembly of International Federation of Gyr
cology and Obstetrics (19).

Preparation of High Molecular Weight DNA. Tumor tissue, pulvt
ized in liquid nitrogen as described (20), and lymphocytes from perip
eral blood samples were lysed in EDTA/sodium dodecyl sulfate sol
lion, proteinase K digested, phenol/chloroform extracted, ethanol pr
cipitated, resuspended in sterile water, and spectrophotometries]
quantified as previously described (20).

Allelic Loss Analysis. Fifteen jig of high molecular weight DNA we:
digested to completion with the appropriate restriction endonudea:
as recommended by the supplier (Bethesda Research Laboratorie
Gaithersburg, MD), size fractionated in a 0.8-1.2% agarose gel, den:
tured, neutralized, and transferred to a nylon filter (21). Hybridizatio
to oligo-primed ” P-labeled (22) probes was conducted at 42*C for 48
72 h. The filters were then washed at 60"C for 60 min in O.Ix salin
sodium citrate (SSC = 0.15 m sodium chloride, 0.015 m sodium citrau
containing 0.1% sodium dodecyl sulfate and autoradiographed i
-70*C using intensifying screens. The following probes and restrictio
enzymes were used: chromosome 1, pAT3 (Pstl) (23); chromosome 1
pYNZI5 (Tagl) (24) and IMR-6 (EcoRlI) (25); chromosome 5, pHGR
(Bell) (26); chromosome 6, pHHH 157 (BamHlI) (27), pHM2.6 (EcoRI
(28), and pOR3 (Pvull) (29); chromosome 7, HER-A64-1 and HER
A64-3 (Hindlll) (30); chromosome 11, c-Ha-rasl (BamHI) (31)
pHINS300 (EcoRI) (32), and SS6 (BamHI) (33); chromosome 12
pSW480-cDNA-5 (Tagl) (34); chromosome 17,pYNH37.3 (Taql)(35)
pYNZ22 (Mspl or BamHI) (36), and cEFD52 (Pvull) (37); chromo
some 19, pHP450 (50cl) (38); and chromosome 22, L335 (Hindlll
(39).

Patients' constitutional DNA samples that were informative, Le..
heterozygous, for a given marker displayed restriction fragments cor-
responding to each of two alleles in the resultant autoradiograph. Allelic
loss from the matched tumor DNA was indicated by the disappearance
of restriction fragments specific for either allele.

RESULTS

Loss of heterozygosity occurred frequently at several chro-
mosomal loci in ovarian carcinomas. We examined a total of
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from 10 different chromosomes. Representative results

A disp'luyedlin Figs. 1-3. Loss of heterozygosity was observed
kK ,Cion seven different chromosomes: chromosomes 2, 6, 7,

U 19. and 22. The frequency of allele loss at individual
, ranged from one of eight (13%) at the MYB locus on
Ch. 6q B) Ch. lip
A) case Case Case Case
10 12 10 1
NT NT kb N T N T kb
-15
8.8
= M « mm *
1.0 »e - m — -65
. 0.7
ESR HRAS1
(Pvull) (BamHiI)
0 ch. 17 D) Ch.17p
Case ase Case Case
1 12 4 16
N T N T kb N TNT kb
a M ° - 4
D17S28 D17S30
(Taql) (BamHI)

Tig. I. Southern blot analysis demonstrating loss of heterozygosity on chro-
mosomes 6q (A. cases 10 and 12), 1Ip(B. cases 10 and 11), and 17p(C cases 11
mil 12\D. cases 4 and 16) in patients with ovarian carcinomas. ONA was isolated
iront tumors (T) and corresponding normal lymphocytes (.v). The loci analyzed
.mil restriction endonucleases used are indicated under each panel. ESR (Pvull),
HR 1.s7 (BamHI), D17S28 (Tagl). and DI7S30 (Mspl or BamHI), respectively.
Mlelic forms are designated to the left of each panel: a is the longer and b the
Muirier fragment. The size in kilobases of each allele is given to the right of each
I'mel '. the allelic fragment lost in tumor ONA sample in each panel. In this
inure, eases 10. 11. and 12 show loss of alleles on more than one chromosome.

C ase

Kb N T
FR. 2. Case 15 has aterminal deletion with
"f nn allele at D | 7S2S but retained geno-
141*1MDI7S30 in tumor tissue. Similarly, case
14 has an interstitial deletion with loss of one
hide at DI7S30 but retained genotype at
I>] S28. These two loci are separated by only
mcentimorgans at the tip of !7p. *. the allelic
iragment lost in tumor DNA sample in each

panel.
(Taql)

chromosome 6q to six of eight (75%) at the D17S28 locus on
chromosome 17p (Table 1). Loss of heterozygosity at one or
more loci was detected in 75% (14 of 19) of ovarian carcinomas.
The incidence of loss of heterozygosity was remarkably high on
chromosomes 6q (64% at the ESR gene locus), 17p (75 and
64% at the D17S28 and D17S30 loci, respectively), and lip
(46% at the HRAS1 gene locus).

Allelic Losses on Chromosome 6. To characterize allelic loss
on chromosome 6, we used three different polymorphic DNA
probes: one for the short arm (D6S29 locus) and two for the
long arm (MY B and ESR loci). Loss of heterozygosity occurred
at high frequency in the terminal region of the long arm of
chromosome 6, the area to which the ESR gene maps (Table 1
and Fig. 3). The frequencies of loss of heterozygosity were
similar in both primary tumors (63%) and metastatic lesions
(67%) at the ESR locus. Of six individuals heterozygous at both
the ESR and MYB loci, five (83%) showed an allelic loss at
only the ESR jocus. A polymorphic DNA probe (pHHH157)
for the D6S29 locus on the short arm detected nine informative
individuals, none of whom revealed an allelic loss.

Allelic Losses on Chromosome 17. On chromosome 17p at
the D17S28 and D17S30 loci, loss of an allele was observed in
6 of 8 (75%) informative individuals and in 9 of 14 (64%)
informative patients, respectively (Table 1 and Fig. 2). Among
14 samples that showed loss of heterozygosity on the short arm
of chromosome 17 (D17S28 or DI7S30) and that also were
informative at the D17S26 locus on the long arm, six (43%)
showed concurrent allelic losses. O f eight samples from inform-
ative individuals who revealed ESR gene allelic loss and also
were informative at a chromosome 17p locus (D17S28 or
D17S30), five (63%) showed simultaneous allelic losses on both
chromosomes.

Allelic Losses on Chromosome lip. Among the 19 normal/
tumor DNA sample pairs we examined, 11 (58%) individuals
were heterozygous and thus informative. In 5 of these 11 (46%)
cases, loss of heterozygosity occurred. The fact that we did not
observe any allelic loss at the INT2 locus (on 1lq) suggests that
the HRASI allelic loss was largely due to subchromosomal
structural changes.

Allelic Losses on Other Chromaosomes. To determine whether
these restriction fragment length polymorphism allelic losses
were specific for chromosomes 6q, lip, and 17p in ovarian

15

C ase 19
N T Kb m, N T NT Kb
211
-0.7
D17S30 D17S28 D17S30
(BamH]I) (Taql) (BamHlI)
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C ase
2.6- £ U
Fig. 3. Cases 13 and 14 have partial dele-
tions With loss of one allele at ESR locus
(6924T27) in tumor tissue but retained geno-
type at MYB locus (6g22-23). *. the allelic
fragment lost in tumor DNA sample in each 1.5- § H

panel.

MYB
(EcoRl)

carcinomas and not simply a result of widespread random losses
of genetic material, we employed other DNA probes capable of
detecting restriction fragment length polymorphisms at 14 ad-
ditional loci on chromosomes 1, 2, 5, 6, 7, 11, 12, 19, and 22
(see Table 1). Among these, at each chromosomal locus where
constitutional heterozygosity was observed, heterozygosity was
also maintained in the matched tumor tissue in most cases.

DISCUSSION

The demonstration of loss of heterozygosity at the HRAS1
locus, as well as other 11p markers, in a variety of human
cancers (reviewed in Ref. 40) including ovarian carcinomas (20)
suggests that their development or progression may involve loss
or inactivation of normal genes on lip. Previously we reported
that tumor-specific allele loss occurs at the HRAS1 locus on
chromosome 1lp in 50% of ovarian carcinomas (four primary
tumors, eight metastases, and five ascites samples) (20). The
current study extends that observation at about the same fre-
guency (46%) to an expanded sample, cases 1-9 in Table 1,
which includes five additional primary ovarian carcinomas, and
cases 10pl9 in Table 1, which includes two additional metas-
tases.

More significantly, our study clearly shows that tumor-spe-
cific allele loss occurs in ovarian carcinoma at an even higher
frequency for markers on chromosomes 6q (64% at ESR) and
17p (75% at D17s28, 64% at D17s30) than for lip. This is
the first report of tumor-specific allele loss from chromosomes
6 and 17 in ovarian carcinomas, suggesting the potential exist-
ence on these chromosomes of tumor- or growth-suppressor
genes whose loss promotes this disease.

Deletion of part of chromosome 6g has been observed in
several cytogenetic studies of ovarian carcinoma (14-17), which
prompted us to investigate the long arm of chromosome 6 at
the molecular level. Our finding of such a high incidence of
tumor-specific allele loss in both primary and metastatic tumor
tissues at the ESR gene locus (6024-q27) (41) suggests that
this loss might be a genetic event specific to ovarian cancer.
Because 6q deletions have been observed cytogenetically in early
gynecological malignancies, including a noninvasive ovarian
carcinoma (42) and an ovarian granulosal cell tumor (43) (a
borderline malignancy), loss of DNA sequences from 6g might

13 Case 1414
ESR MYB ESR
(Pwvull) (EcoRlI) (Pvull)

indicate that inactivation of a tumor- or growth-suppressor
locus located there is an earlier event in ovarian tumorigenesis.
However, this hypothesis needs to be tested by looking for
tumor-specific 6q allele loss in the DNA of such early ad
borderline cancers before trying to classify such genetic changes
as early or late events.

The fact that the more distal EsR allelic marker on 6q is lost
more frequently (65%0), compared to the more proximal MYB
marker (13%), suggests that the EsSr locus is closer to the
region possibly uniquely lost in ovarian cancer. This notion is
supported by the fact that the only tumor sample showing loss
of heterozygosity at the MmYB locus had concordant loss of
heterozygosity at the Esr locus. Of further interest, other
investigators in our laboratory have analyzed breast cancer
DNA samples from 15 informative patients and observed an
ESR gene allelic loss in tumor DNA from only one patient,
demonstrating that loss of 6q sequences is not common to all
cancer types.3

In addition to the cytogenetic reports of chromosome 6q
deletions, an isochromosome for the long arm of chromaosome
17 (i[17q]) was also reported in early gynecological malignan-
cies, indicating possible deletion of the short arm of chromo-
some 17 (42). Our results suggest that the mechanism of allele
loss from chromosome 17p resulted from partial or total loss
of chromosome 17, because in 6 of 14 (43%) instances there
were concurrent allele losses at both short and long arm loci
Because others have shown that tumor-specific allelic loss from
chromosome 17 occurs in several different tumor types (12,
44—46) and because our data imply frequent chromosome 17
losses in ovarian cancer, genes on this chromosome might be
involved in a cooperative role with other genes on 6q (or 1Ip)
in mechanisms of tumorigenesis or disease progression. Fur-
ther, the high incidence of concordant allelic losses from chro-
mosomes 6¢ and 17p in 7 of 14 (50%) patients informative for
both loci was, in our study, very impressive. Within the limits
of the present study, it would be very difficult to determine the
timing of these allelic losses from different chromosomes. The
target genes in ovarian cancer may be located on both chro-
MOosomes.

In conclusion, whereas allele loss from chromosome 1lp hasl

1E. H. Koh el al., personal communication.
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IN OVARIAN CARCINOMAS

been linked to at least eight cancer types and chromosome 17p
allele loss to three different neoplasms (see Ref. 40), loss of
chromosome 6 sequences has not been associated previously
with any cancer. This makes it more likely that the 6q allelic
losses uniquely observed here for ovarian cancer indicate the
presence on 6q of a putative tumor- or growth-suppressor gene
specific to this cancer.
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Epithelial ovarian cancer: a cytokine propelled disease?

S Malik & F. Balkwill
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Ovanan cancer is the commonest cause of death from gynae-
cological cancer in the developed world (Silverbcrg ei at.,
1990, Booth S Beral. 1985). The age adjusted death rates
from ovarian cancer have continued to increase since 1955
(Silverbcrg ri al.. 1990). A major cause of the high mortality
rate from ovarian cancer is the late presentation of the
disease in over 60% of patients, with an associated 5-year
survival rate of approximately 5% (Ozols el at.. 1980).

Several factors have been implicated in the aetiology of
ovarian cancer, including a genetic predisposition, reproduc-
tive history, smoking, infection with mumps virus, dietary
factors, and the use of talc (Piver, 1987). The most convinc-
ing factor to emerge as an influence on the development of
ovarian cancer is hormonal. Several studies have shown that
the risk of ovarian cancer in nulliparous women is 1.5-3.3
times greater than that of parous women (Silverbcrg et at.,
1990; Piver, 1987). The incessant ovulation' hypothesis pro-
posed initially by Fathalla (1971), and expanded by others
(Casagrade et al.. 1979) attempted to explain the protective
effect of pregnancy as being due to the rest periods afforded
by pregnancy from incessant ovulation. The incessant ovula-
tion hypothesis is supported by the more common occurrence
of malignant change in the right ovary which ovulates more
frequently (Cruickshank. 1990). Cramer and Welch (1983)
suggested that whilst incessant ovulation led to the formation
of inclusion cysts, excessive and continued gonadotropin
stimulation contributed to malignant transformation by
trophic effects on ovarian epithelium. Thus, suppression of
gonadotropin release by oral contraceptives could explain the
decreased incidence of ovarian cancer in women taking oral
contraceptives. This hypothesis presents the case for the
involvement of another group of peptide cell regulators, the
cytokines, in the pathogenesis of ovarian cancer.

Cytokines are low molecular weight (<HOkDa) peptide
cell regulatory factors that have wide ranging effects on
different cell populations (Balkwill S Burke. 1989). Some
cytokines can directly or indirectly inhibit tumour growth
and have been used in cancer therapy (Balkwill. 1989). How-
ever. inappropriate cytokine activity has been implicated in
the pathogenesis of infectious, inflammatory and autoim-
mune diseases, and there is now increasing evidence that
cytokine production bv tumours may contribute to the patho-
physiology of cancer For example, interleukin-6 has been
shown to be an ttutocrinc growth factor in myeloma, and
overproduction of IL-6 causes the systemic symptoms and
the immunological abnormalities in Castlemans disease
(Kishimoto, 1989) Tumour necrosis factor (TNF) has been
implicated in the suppression of haematopoesis in hairy cell
leukaemia, and in bone marrow necrosis in cancer patients
(Lindemann et al.. 1989; Knupp, Pekala & Vornelius. 1988).
Experimental studies also suggest roles for cytokines in
cancer cachexia and the hypcrcalcaemia of cancer (Darling et
at. 1990; Sato et al.. 1987)

Constitutive production of several cytokines by human
ovarian cancer cell lines and fresh tumour biopsy material
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has been demonstrated. Naylor et al. (1990) have shown
TNF mRNA and protein is expressed by ovarian tun
cells in biopsies from patients with epithelial ovarian cat
In contrast, in the normal the rut and bovine o\
immunorcaclive TNF' has been detected in granulosa
and stromal macrophages, but not ovarian epithelium (N
St Terranova, 1989). Constitutive production of macropl
colony stimulating factor (M-CSF) and expression ol
c-fms oncogene (encoding the M-CSF receptor) has |
demonstrated in human ovarian cancers and ovanan c.v
cell lines (Ramakrishnan et al.. 1989; Kascirtski et al.. ‘>
but not in normal ovarian epithelium. Indeed, v
measurements of scrum M-CSF in patients with ova
cancer may be useful in monitoring disease activity (Kacr
et al.. 1989). A monocyte chemotactic factor produced
ovarian cancer cell lines (Bottazzi et al.. 1985), is now kn<
to be the TNF and IL-lI inducible cytokine mono,
chemotactic protein (MCP-l) (Bottazzi et al. I
Interleukin-6 production is transiently induced
gonadotropin-pnmed hyperslimulaied ovaries (Motro et
1990), can be detected in the ascitic fluid of ovarian cin
patients (Erroi el al.. 1989), and is constitutively produced
human ovarian cancers and ovarian cancer cell lines (W;n
et al.. 1990). Interleukin-1 has also been detected in a pro[
lion of human ovarian cancers by in situ hybridisation
immunohistochemistry (unpublished observations). The t
found cell regulatory effects of cytokines at picomolar i
centradons in vitro, suggest that the expression of cytoki
by human epithelial ovarian cancers may have an import
role in their in vivo pathophysiology.

Tumour necrosis factor has antitumour effects in mui
and human tumour xenograft models (Haranaka et
1984) We have studied the effect of intrupcritoncal |
administration in intraperitoneal human ascitic ov.n
cancer xenograft models (Malik et a!.. 1989). TNF thn
prolonged survival in two out of three xenograft models. |
paradoxically, restored the ability of all three non-TNI p
ducing ovarian tumours to form peritoneal tumour impln
Exogenous TNF administration therefore led to a pathoiop
picture reminiscent of metastatic human ovarian cancel
the xenograft models To study the possible role of tuin-
produced TNF on peritoneal implantation and invasion,
behaviour of Chinese Hamster Ovary cells that had I>
transfected with the human 1 NF gene (CHO/TNF cells) *
compared to C'HO cells that contained the transfection \
tor alone (CHO/NEO cells) (OlilT et at. 1987). CHO/ I’
cells showed enhanced implantation to the surface of
peritoneum and liver, and also metasiasiscd to the Inn
Furthermore, the metastatic capability of CHO/TNF
could be specifically abrogated by injection of aniibodit-'
TNF (Malik et al, 1990) Other studies in expcrinicn
models have shown that TNF can enhance tumour metasi.'
(Giavazzi et al, 1990) Properties of TNF" that coi
potentially contribute to promotion of metastasis inch-
stimulation of angiogenesis (F'rater-Schroder et al. 19s
enhancement of tumour cell adhesion to host cells (Rice
al., 1988), and induction of tumour cell metalloprotein.i
(llo et al. 1990). The known procoagulant activities of 1’
(Pober, 1987), and the induction of platelet derived grov
factor (Hajjar el al. 1987). could contribute to the general.
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of tumour ‘iri‘iiu. .in linpoitanl >icp in the establishment of
tumour % m metastatic 'lie’; (Dvorak. 1986).

| lie oilier aiokim s lii.il are produced b> ovarian cancers
are miim.ilclv associated with TNI; m the cytokine network
iHaikuill \ Dmkc. 1”x9) Interleukin-1 and M-CSF both
induce INI- m m.'iioicies and mesenchymal cells (Philip &
f pstcin. 19X6. le « Vilcck. 19X7, Warren A Ralph,J986).
IN| imiiiccs the production ol INI'. M-CSF. Il.-1. 11.-6.
and M O '-1 in several cell populations (Haikuill. 1989). lhus
there exists a potential sell' perpetuating cytokine induction
network in the iicinuv ol'.« tuniour cell or a normal host cell
I'cncr.ilin® iviokmcs which can iiilhicncc tiunoui biology.
| oi example II | cnli.iikcd nict.isiasis ol niel.inoina cells
i(iiava//li/ til. and piouioted the peritoneal implant
Jdimn ol human ov.inan cancer xenografts (Malik e( ol
unpublished dai.it Il -n has been reported to enhance the
motility of breast cancer cells, a properly that is associated
with enhanced meiasiatie potential (Tamm r/ ol.. 1989). M-
(S| and MCI' m.iv contribute indirectly to metastasis by
tectlining macrophages to tumour sues. These could be a
further source of metastasis enhancing cytokines such as IL-I
and INI . and secrete other factors ih.n have growth stimu-
latoiv ellects on ovarian cancer cells (Wclandcr et oi. 1982).

( an le.isoii.ible loiielatioiis Ix* made between the elfecis of
cytokines m ov.nhi.m cancer models with some of the known
ri-k lictois aihl prognostic indicators m ovarian cancer?
I 'iguie | show* ilie potential sites of eytokine induced
tumour progu-NNion and the cytokines that could influence
these stages

(he damage involved m ovulation could lead to the local
release ol evtokiues. such as INT and TCiT-0 hy host macro-
phages. that contribute to the healing lihrotic response (Pos-
ihclw.tile & Sever. 1'*90j B.»ill these cytokines are capable of
inducing mciallopioiem.ise production h\ tumour cells, and
iiicie.ising then invasive potential (lio et oi. Iwo. Welch ct

fwni Ihere is mi evidence as \cl that cytokines can

c.ium* malignant lunslormution of normal epitlielia. although
INI c.m iause 1)\ \ strand damage in cells- susceptible to its
iviotovii ethvis IN1 also activates several putative
*sik ogeiics iiiiliidmi' t-)uo tlliciuiei ti ol. 19X9) which is
ovcicvpcesscd in sojuc human ovanan tumours tl)e Circve et
til. 19yu» Overexpiession of the c-itAH-2 oncogene is an
adveise piognosiic indicator m human ovarian cancer

i.-jir. 1oj-j-XTU)
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mUs ol cytokine inter.iclious m ovarian

(Slamon ft ai. 1989). and the similarity of the c-erbB-2
oncogene product to the epidermal growth factor receptor
suggests that an unidentified cytokine may be involved in
promoting ovarian cancer growth. Levels of c-er/jB-2 oncogene
expression correlate with resistance to the cytocidal effects of
TNI' (Hud/iak clui. 1988). Although there is no evidence as
yet that TNI' regulates «-er6B-2 «oppression, one could
speculate that c-erAB-2 positive tumours are TNF resistant
tumours that have emerged alter prolonged exposure to
INI

Current evidence indicates that t*e normal ovarian surface
epithelium, unlike epithelial ovarian cancer cells, docs not
express mMRNA or protein for 11.-6, M-CSF, or TNI*' (Roby
& ferranova. 1989: Motro et oi. 1990) Dysregulatcd
cytokine production could occur during the transformation
of normal epithelium lo malignant cells or due to oncogene
activation (Demeiri et ai. 1990). and subsequent constitutive
expression of cytokines and cytokine receptors may lead to
autocrine growth stimulation of tumour cells or to modula-
tion of their metastatic potential. The presence of M-CSF
and c-fms like receptor tanscripts. particularly in poorly
differentiated ovarian tumours suggest that M-CSF may be
an autocrine growth factor in some ovarian cancers. M-CSF
production can be increased by gonadotropins (Bartocci et
ol.. 1986). and this cytokine may be an important mediator in
the putative tumour promoting role of gonadotropins. The
protective effect of oral contraceptives could be mediated by
decreased M-CSF induction due to feedback inhibition of
gonadotropin release Reproductive homione/cyiokine interac-
tion may also involve the reported inhibitory effects of
ocNtrogens on TNF secretion (Ralston et oi. 1990). Loss of
oestrogen secretion coupled with high levels of gonadotropin
secretion could perpetuate the induction of TNF in the ovary
via M-CSF. and explain the increased incidence of ovarian
tumours with advancing age. Of relevance to this is the
observation that a high percentage of ovarian cancers have
specific deletions near to. and possibly involving, the oestro-
gen receptor locus on chromosome 6 (Lee el ui. 1990).

Cytokines released in the vicinity of the tuniour may
induce tumour cytokine production. For example, TNF has
been shown to induce INF mRNA and protein in epithelial
tumours in vitro and in i*»w (Niilsu et ai.. 1988; Malik &
Halkwill. 1990). Prolonged exposure to TNF led not only to
the development of resistance to TNI‘ but induced consti-
tutive secretion of TNT by tumour cell lines (Spriggs et ui,
1987). This could be relevant to the observation that tumours
from the more frequently ovulating right ovary have a higher
rate of metastasis at presentation ((Tuickshank. 1990). i.e.
these tumours may have acquired the ability to produce TNF
by more frequent exposure lo TNF released locally during
the wound healing process alter ovulation. A similar
phenomenon could explain the association between the use of
talc and occurrence of ovarian cancer in some studies, as talc
induces granulomatous lesions which are a source of TNF
(Kiudler et ol.. 1989). Alternatively, the invagination of
ovarian surface epithelium that leads to inclusion cyst forma-
tion. may lead to the epithelium being exposed to intra-
ovarian TNF being produced by macrophages and granulosa
cells (Robv & Terranova. 1989).

In conclusion, epithelial ovarian cancers and ovarian
cancer cell lines have been shown to innappropriately elabor-
ate a number of cytokines. These cytokines can potentially
perpetuate their own biological effects by recruiting cytokine
producing host cells and inducing further cytokine produc-
tion Recent experimental evidence indicates a potential role
for at least two cytokines (TNT and IL-1) in the promotion
of ovarian cancer metastasis, and two others (M-CSF and
the ligand for the c«t7>B-2 proto-oncogene) as putative auto-
crine growth factors in ovarian cancer. These cell regulatory
molecules may be acting to create a hormone modulated
tumour promoting environment in this disease. |f so. future
therapies for ovarian cancer may involve negating the effects
ol these cytokines, either by inhibition of cytokine secretion,
inhibition of the recruitment of cytokine producing cells, or
treatment with specific cytokine antagonists
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Liver transplantation for malignancy
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Tumour ablation by resection, when feasible, is the treatment
of choice for most patients with primary hepato-biliary
tumours and secondary malignancies of colo-rectal origin
(lwatsuki Si Starzl, 1988tf) As a result of the use of tumour
markers in the populations at risk and an increased use of
accurate non-invasive imaging techniques, improved detec-
tion of smaller lesions within the parenchyma or hilum has
occurred and this has led to a higher resectability rate
(Okuda St Ishak, 1987). although this rarely exceeds 30-40%
(Bismuth el at, 1986) Furthermore, a multidisciplinary
approach, improvements in patient selection and manage-
ment, and refined techniques in liver surgery, have contri-
buted both to a lower perioperative mortality and improved
long-term survival rates (Tang, 1985)

For small primary hepatocellular carcinomas, follow-up of
144 patients, who underwent resection, showed a 5-year sur-
vival of 63.2% (Tang et al. 1989). The best results were
found in patients with a tumour of less than 2cm and those
with an encapsulated tumour Similar results were found in a
French-ltalian cooperative study of 72 patients with cirrhosis
(Franco et al. 1990) However, where the tumour is bilobar
or central, where there is vascular invasion, or if the remain-
ing parenchyma is severely compromised from cirrhosis, sub-
total hepaiectomy may not be an option. In this situation,
the median post-operative survival is only 2 to 4 months.

For patients whose disease is not resectable by conven-
tional approaches, a total hepaiectomy and subsequent liver
replacement may offer the only true chance for survival,
although in practice only about one quarter of patients refer-
red to transplant centres will be suitable (Ismail et al.. 1990).

Hepatocellular carcinoma (HCC)

The value of liver replacement for HCC is still the subject of
much controversy The European Liver Transplant registry,
with results from 32 European centres, reported a 2-year
actuarial survival rate of 30% in 217 patients who underwent
liver replacement for HCC (Bismuth et al.. 1987). Centres in
Hannover. King's College/Cambridge and Pittsburgh report
similar 3-year survival rates of about 20% and the King's
College/Cambridge group report some limited early success
with subsequent chemotherapy (Ringe et al.. 1989; O'Grady
et al.. 1988; Koneru. 1988)

lwatsuki et al. (1989) have described the prognostic indi-
cators affecting survival and recurrence after transplantation.
In a group of 80 liver recipients with HCC. the tumour size
(greater than 5cm). multiple nodules, vascular invasion and
tumour shape (non-circumscribed) were poor prognostic
histopathologic;]l factors for recurrence in non-ftbrolamellar
HCC. They and others have confirmed the more favourable
prognosis associated with the fibrolamellar variant of HCC,
where the I-year survival rate was 100% with an overall

Correspondence: G.R. Giles

Received and accepted 3 June 199]|

recurrence rate of 50% (O'Grady et al..
1986).

The Hannover group report significant differences in
median survival time for different groups classified according
to TNM (Ringe et al. 1989). Stage Il (pT2 pNO pMO)
patients had a median survival of 120 months compared to
11.8 months for stage IIl (pTI-3 pNO-l pMO) and 8 75
months for stage IVA (pT4 pNO-I pMO). All patients group-
ed as stage IVB (pTi-4 pNO-I pM I) died within 2 months. In
this series pre-operative serum alpha-fetoprotein levels did
not have a significant correlation with post-operative out-
come. However tumour-free long-term survivors were noted
to have normal or only slightly elevated alpha-fetoprotein
levels before liver replacement. For these patients, coexistence
of cirrhosis did not influence the long-term survival rale but
the 30-day mortality was higher in the cirrhotic patients
However, of the ten patients transplanted for coexistent cirr-
hosis and HCC in Birmingham, none survived more than |
year (Ismail et al., 1990).

1988; Starzl et al..

Carcinoma of the biliary tract

The prognosis following liver replacement for tumours of the
biliary tract is uniformly poor. Peripheral cholungiocarcin-
omas appear incurable by this approach ax widespread dis-
tant metustases developed in all eight patients surviving more
then 30 days in the Hannover series (Ringe et al. 1989).
Similarly six of seven patients in the King's Collegc/Cam-
bridge series developed recurrence of tumour (the remaining
patient died at 4 months following a cerebro-vascular acci-
dent) (O'Grady et al., 1988).

Slightly more encouraging results are found in patients
with central lesions. The Hannover group report on 20
patients and found (he major influence on survival time was
the lymph node status (Ringe et al., 1989). Of the node
negative recipients, eight of 13 were alive (median survival
35 months) and the overall 2-ycar actuarial survival rate was
64.1%. All seven patients with regional lymph node metas-
tases, however, had a much more limited survival span
(median survival 7 months). However, of the 13 liver trans-
plants performed in King's College/Cambridge for central
cancers, only seven patients survived 3 months and 6 died of
recurrence of tumour (median survival 8.5 months). The
remaining patient was alive and well al 6.5 years (O'Grady et
al.. 1988). In a series of nine patients from Pittsburgh, Iwat-
suki reported that no patient with bile duct cancer had lived
2 years post-operatively (lwatsuki et al.. 19886).

There is no doubt that accurate staging of the tumour is
vital before transplantation and many centres routinely per-
form an exploratory laparotomy with lymph node sampling
The value of such a procedure has to be balanced against an
increased risk to the patient and the disadvantage of inierfer
ing at the site of transplant.

Some hope for these patients can be drawn from reported
results of a senes of six bile duct carcinomas treated by
‘abdominal cluster’ operations (Starzl el al.. 1989) The oper
ation consists of the removal of the liver, stomach, spleen,
pancreas, duodenum, proximal jejunum, terminal ileum, and
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REPRODUCTIVE, GENETIC, AND DIETARY RISK FACTORS FOR

OVARIAN CANCER
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Reproductive, genetic, and dietary risk factors for ovarian cancer. Am J Epidemiol
1988;128:771-7.

A case-control study of 110 women with ovarian epithelial carcinoma and 220
individually age-matched controls was conducted in Hokkaido, Japan, to identify
ovarian cancer risk factors. Both the cases and the matched controls were
surveyed either from 1980 to 1981 or from 1985 to 1986. Ovarian cancer risk was
increased in single women (p < 0.01), and in women with a family history of
breast, uterine, or ovarian cancer in a mother or sister (p < 0.001). Conversely,
risk was decreased in women who had experienced a livebirth (p < 0.001), an
induced abortion (p < 0.05), or who had had permanent sterilization by tubal
ligation (p < 0.05). Each of the reproductive factors remained significant when
adjusted for each other using logistic regression analysis. The odds ratio for
ovarian cancer decreased significantly with increasing number of livebirths (p <
0.001). Furthermore, a significant negative association between anovulatory
periods and ovarian cancer risk was noted (p < 0.01). No association was
observed for any types of contraceptive methods other than tubal ligation, but
the prevalence of oral contraceptive use was very low. A significant positive
association with daily fish consumption (p < 0.05) and a marginally significant
negative association with daily milk consumption (p = 0.05) were also observed.

anovulation; diet; neoplastic syndromes, hereditary; ovarian neoplasms; repro-

duction; retrospective studies

The age-adjusted mortality rate of ovar-
ian cancer has been gradually rising in Ja-
pan, although it is still among the lowest in
the developed countries (1)- Japanese
women have a number of different repro-
ductive experiences and dietary habits com-
pared with those of other populations. For
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example, more than a third of Japanese
married women have ex|>erieiiced an in-
duced abortion (2), but less than 5 per cent
have ever taken oral contraceptives. Hy
contrast, more than 50 per cent of their
partners have used a condom for contracep-
tion (2). The amount of daily meat con-
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sumpljuii per capita is lower in Japan than
in any ol ibe Western countries (3).

We conducted a case-control study of
ovarian cancer in Japan designed to evalu-
ate reproductive (4-17), genetic (5, 7, 9, 12,
17). and dietary risk factors (17-21), all of
which have been found to be associated
with the occurrence of ovarian cancer in
Western countries.

M aterials and methods

Cases

All hospitals in Hokkuido which treat
ovarian cancer patients were registered for
ilie survey. During the period of the survey,
£ contacted the chief gynecologist of each
if these hospitals. When an ovarian cancer
latient was identified, our interviewer vis-
ted the hospital within a week. None of
he doctors in charge or their patients re-
eded our request for an interview. The
mtients were surveyed from November
980 to June 1981 (n = 45) or from July
985 to February 1986 (n = 65) with the
«<e of a uniform questionnaire. All infor-
lation was collected through direct inter-
lews. The information obtained included
ie variables shown in table 1

The 110 patients with pathologically

Table 1
I ormblcs fur w s m * differences between mnriun
“icer patients and control women, Hokkaido, Japan
1980-1986

«»logit; variables

Itody height and weight, Quetelel'a index, blood
lype, sihship size. liirlh order

roily history

Health siaius of close relatives, occurrence of can
ers among close relatives

enstrual profile

Oenarclie, menstrual irregularity, dysmenorrhea
ut*nopause

i»roduciive history

m|nrital status, pregnancy, parity, lactation, contra-
epUve usage

«ary variables)

hat. lish. milk, colfee. alcohol, tobacco

mer variables $

asidenee. birthplace, sports activity. i,im ,eiics
“x&&. occupational history Y g
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confirmed primary epithelial ovarian can-
cer were interviewed at 35 gynecologic
wards which cover the entire Hokkaido geo-
graphic area. | he cases had adenocarcino-
mas with the following histologia classifi-
cations: 52 serous, 20 mucinous, three dear
cell, four endometrioid, 16 undifferentiated,
and 15 unspecified.

Controls

Two control series were obtained by
matching the cases on year of birth (within
three years) and the year of the survey. The
first control group (control group A) com-
prised 110 inpatients from the 37 gyneco-
logic wards in hospitals in Hokkaido,
mostly from the same wards as the cae
group. The control patients had gyneco-
logic complaints other than an ovarian tu-
mor. Forty-two (38 per cent) were admitted
for myoma uteri, 33 (30 per cent) for cer-
vical carcinoma, 11 (10 per cent) for various
gynecologic inflammatory disorders, seven
(6 per cent) for prolapsus uteri, and the
remainder for various other conditions.

The second group (control group B) com-
prised 110 women who were identified from
outpatients at the Department of Obstet-
rics and Gynecology, Sapporo Medical Col-
lege In = 39), from women screened by the
Papanicolaou test at three anti-cancer as-
sociations in the cities of Sapporo, Asahi-
kawa, and Kushiro (n = 61), or from women
who attended two senile welfare facilities
m the cities of Sapporo or Abashiri (n =
10). Women who were diagnosed as having
amalignant disorder or ovarian disease had
been excluded from this control group.
Fifty-four (49 per cent) were disease-free

gy»ecologically, 51 (46 per cent) had var-
ious kinds of vaginitis, and the remainder
had various benign disorders.

Controls, as with cases, were interviewed
in person, and no one who was selected as
a control declined our request for an inter-

view.
Statistical analyses

Differences in variables between the
cases and the controls were evaluated by

RISK FACTORS FOR

the univariate method of Miettinen (22).
That is, the maximum likelihood estimate
wes used for point estimations of odds ra-
tios, and exact interval estimations of odds
ratios were calculated. Multivariate anal-
yses were performed by the conditional lo-
gistic regression method (23) to adjust for
potentially confounding variables. The
paired i test and analysis of variance were
usd to assess differences between cases
and the two control groups for continuous
variables.

Results

The mean age at interview for the 110
cases was 51.1 years (standard deviation
(SD) = 12.2); for the 110 women in control
group A it was 50.6 years (SD = 12.0); and
for the 110 women in control group B it
wes 51.1 years (SD = 12.4). Eighty-seven
(79 per cent) of the cases were interviewed
within a year from the diagnosis.

Reproductive variables

The average ages at menarche were 14.7
years (SD = 2.2) for cases, 14.8 years (SD
m 2.1) for control group A, and 14.5 years
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(SD = 1.7) for control group B. The average
age at natural menopause of cases (48.9
years, SD = 3.7 (n = 48)) was younger than
that of either control group A (49.2 years,
4JD—-4.2 (n = 46)) or control group B (49.9
years, SD - 3.6 (n = 55)), but the differ-
ences were not statistically significant.
Seven cases and three controls in group A
and five controls in group B had had a
hysterectomy.

Table 2 shows odds ratios of variables
related to marital status and childbearing.
The proportion of cases who had never
married was significantly larger than that
of controls (p < 0.01). The average age at
first marriage of cases (23.6 years, SD =
3.8) was similar to that of both control
group A (23.1 years, SD = 3.9) and control
group B (23.3 years, SD = 2.8).

Analyses for various reproductive char-
acteristics were restricted to women who
had ever married. More cases than controls
were nulliparous (p < 0.001). Frequency of
miscarriages did not differ between the
cases and controls, but significantly fewer
cases had had induced abortions (p < 0.05).
The average age at first livebirth was sim-
ilar among cases (24.4 years, SD = 2.8),

Table 2

Odds ratios (ORs) (with 95 per cent confidence intervals (Cist) for ovarian cancer associated with reproductive
variables, Hokkaido, Japan, 1980-1986

Reproductive variables Cases (%)  Comrol

group A
(%)
Never married 8.2 1.8
Ever pregnant 88.8 94.9
Ever had a livebirth 81.6 93.9
Miscarriage 29.6 29.6
Induced abortion 38.8 59.1
Tubal ligation 91 245
Condom use by partner 41.8 429
Had ever breast-fed 86.3 89.0
Lactation &6 months per child 71.2 67.1
Anovulatory period &6 years 6.4 204
Anovulatory period >6 years 9.6 26.0

mMaximum likelihood estimates of odds ratio,
t 95% exact confidence intervals of odda ratio.

Comparative group
Combined control

Control group» A + H
group B
OH* (%> OK* OH* 95% C It
8.0 1.8 8.0 7.6 1.5-73.4
0.4 93.9 0.4 0.44 0.1-1.2
0.3 92.9 0.3 0.24 0.1-0.6
1.0 37.8 0.7 0.8J 0.5-14
0.3 45.9 0.5 0.54 0.3-0.9
0.4 184 0.4 0.41 0.1-0.8
1.0 51.0 0.6 0.84 0.4-1.4
0.8 90.0 0.7 0.78 0.3-1.9
13 60.3 17 1. til 0.7 34
0.1 17.3 0.3 0.2 0.1-0.7
0.1 19.2 04 0.38 0.1 0.8

t Baaed on 98 seta of a caae and two controls excluding never married women.
§Based on 73 Beta of a caae and two controls excluding non-parous women.



774 MOW KT AL

control group A (24.4 years, SD = 3.1), and
control group B (24.9 years, SD = 3.2).

Table 2 shows that a significantly lower
proportion of cases than controls had per-
manent sterilization by tubal ligation (p <
0.05). The average age at tubal ligation of
cases (31.5 years, SD = 4.1) was similar to
control group A (31.2 years, SD = 4.3) and
control group B (32.3 years, SD = 4.2). The
proportion of cases whose partners used
condoms was not significantly different
from controls. Only two cases and four
controls had ever taken oral contraceptive
pills. No difference was observed in the
frequency of use of any other types of con-
traceptive methods.

Nulliparous subjects were excluded when
comparisons were made concerning breast
feeding (table 2). There was no significant
difference in either the proportion of
women who had ever breast fed or the
period of breast feeding per child.

As shown in table 3, the odds ratio for
ovarian cancer decreased significantly with
increasing number of livebirths, either
crudely (linear tend, p < 0.001) or after
adjusting for marital status and age at first
livebirth (adjusted linear trend, p < 0.05).
Compared with nulliparous subjects,
women with one or two children had a third
of the risk of ovarian cancer, women with

Tahik :i

(kids ratios tOllsl for ovarian cancvr associated with
number of Iwcborn children. Hokkaido. Jafxin, IUHO-

Itm ti

Ne. <fliveborn children

o 12 A4 5+

Cases 29 45 32 4
Control group A 9 52 39 1t)
Control sroup 1 10 50 31 13
Unadjusted ok 100 019 017 003
(Linear irend, p <

0.001)
Adjusted OK* LUO  0.U 0.28 0.05
(Linear Irend, p <

0.05) L

* Adjusted for marital status and i first live-
birth

three or four children, a fourth the risk
and women with five or more children, a
20th the risk.

To assess the “anovulatory years” model
of Casagrande et al. (5), an anovulatory
period (in months) was individually calcu-
lated as follows: anovulatory months = (to-
tal months of pregnancies) + (total months
of oral contraceptive use) + (total anovu-
latory months caused by lactation). Total
months of pregnancies in this formula wes
calculated as follows: (parity *9) + (total
months of each abortion, miscarriage, or
ectopic pregnancy). Total anovulatory-
months caused by lactation were calculated
by the following formula provided by Risch
et al. (14): total anovulatory months b
lactation = (1.5 + 0.55 * mean lactation
months) * (number of livebirths). A signif-
icant negative association between anovu-
latory periods and ovarian cancer risk wes
observed whether it was examined in the
entire group (p < 0.01) or restricted to
subjects who had ever had a livebirth (p<
0.01) (table 2).

Conditional logistic regression analysis
was performed using the reproductive vari-
ables identified as risk factors in the uni-
variate analyses; they included marital sta-
tus, number of livebirths, experience of
abortion, and tubal ligation. Table 4 shows
that the number of livebirths (odds ratio
per child = 0.7, p = 0.002), experience of
ever having an abortion (odds ratio = 06,
p = 0.04), or tubal ligation (odds ratio =
0.5, p = 0.05), all remained significantly-
associated with ovarian cancer risk.

Genetic variables

The occurrence of various cancers among
parents and siblings of the cases and con-
trols was examined. As shown in table §
there were no differences in the occurrence
of cancers in parents and siblings of both
sexes combined. Although not significant,
more cases reported a cancer history in the
mother or a sister. Moreover, a family his-
tory of breast, uterine, or ovarian cancer in
a mother or sister was significantly more

KISK FACTORS FOR OVARIAN CANCKR 775

Tabie 4

Adjusted effects vt reproductive variables on ovarian cancer, Hokkaido, Japan, 1980-1986

Logistic regression

p value»
Unit Coefficient SR*
Never married Yes/No 0.943 0.725 2.6 0.19
No. of livebirths No. -0.365 0.117 0.7 0.002
Induced abortion Yea/No -0.544 0.270 0.6 0.04
Tuba) ligation Yes/No -0.764 0.396 0.5 0.05

* SE, standard error of logistic regression coefficient,

t Two-sided probability.

Table 5

Odds ratios (OHs) (with 95 per cent confidence intervals (Cls)i for ovarian cancer associated with genetic factors,
Hokkaido. Japan, 1980-1986

Comparative group

Genetic factor Cﬁ,‘}sﬁ Control cgntr9| C%Tngszcsngol
group A group it
(%) OR* <%) OK* OR* 95% CI*
Cancer in parents or siblings 345 « 30.9 1.2 381 0.9 1.0 06-1.6
Cancer in a mother or sister 20.9 9.1 32 16.4 13 19 0.9-3.7
Breast, uterine, or ovarian cancer in
mother or sister 109 3.6 37 1.8 11.0 53 1.6-22.9
Blood type A 455 37.3 14 345 1.6 1.6 0.9-25
Blood type O 20.9 30.9 0.7 32.7 0.6 0.6 0.3- 10

* Maximum likelihood estimates of odd» ratio,
t 95% exact confidence intervals of odds ratio.

common in the cases (p < 0.001). Three
breast cancers, eight uterine cancers and
one ovarian cancer were reported by cases;
one breast cancer, three uterine cancers,
and no ovarian cancers were reported by
control group A; and no breast cancers, two
uterine cancers and no ovarian cancers
were reported by control group B. It was
not specified whether the site of uterine
cancers was the cervix or endometrium.

A larger proportion of cases had blood
type A (odds ratio = 1.5), and a smaller
proportion had blood type O (odds ratio =
0.6); however, these results were not signif-
icant.

Dietary variables

Table 6 shows the distribution of cases
and controls by daily consumption of meat,
fish, milk, coffee, alcohol, and smoking
prior to diagnosis. There were no signifi-
cantdifferences between cases and controls
observed in meat, coffee, and alcoholic bev-

erage consumption, or smoking history.
However, the association between daily fish
consumption and the risk of ovarian cancer
was positive and significant (p < 0.05).
Conversely, there was a marginally signifi-
cant negative association between daily
milk consumption and ovarian cancer
(p = 0.05), but a dose-response relation was
not observed. The odds ratio of ovarian
cancer for Quetelet’s index (weight(kg)/
height(m)*) less than 20 was 1.7, but this
difference was not significant.

No additional medical history variables
investigated in this study revealed signifi-
cant associations with ovarian cancer.

Discussion

In this study, as with numerous other
case-control studies (4-12, 14, 16. 17), (he
number of livebirths was found to have a
strong negative association with the occur-
rence of ovarian cancer.

We have proposed previously (5) that
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TahiE 6

(Mds ratios (t>Hs) lii itfi .9 per cent confidence intervals (ClsJJ fur ovarian cancer associated with dietary
variables. Hokkaido, Japan, 19HO-I1It86

1hiliiry vttrinlilf ((PﬁZH
group A

R

Eats meat daily 27.3 20.9

Eats fish daily 63.6 60.9

Drinks milk daily 355 50.0

Drinks <200 ml milk daily 20.9 20.9

Drinks coffee daily 41.H 32.7
Drinks alcoholic beverages at

least once a u-eek 21.8 23.6

Smokes daily 14.5 16.4

Quetelet index <20$ 227 17.3

* Maximum likelihood estimates of odds ratio,
t 95% exact confidence intervals of odds ratio
x Weight (kgl/hpighi tin1).

(incessant) ovulation provides the stimulus
for division of epithelial ovarian cells, and
that ovarian cuncer risk is directly related
to the frequency of such periods of active
cell division. Under this hypothesis, total
duration of anovulatory periods would be
expected to reduce the risk. The total of
anovulatory periods was shorter among
ovarian cancer patients than among the
controls (even if the analysis was restricted
to parous women). This finding, in con-
junction with other reports (S, 11, 13),
which show a similar association with the
total duration of anovulatory period, would
suggest that number of livehirths directly
reduces the incidence of ovarian cancer.

A tubal ligation was found to be nega-
tively associated with the occurrence of
ovarian cancer, even after controlling for
marital status, number of livehirths, and
experience of induced abortion. A tubal li-
gation has been reported to reduce serum
levels of gonadotropins (24), and Heintz et
al. (25) have suggested that inclusion cysts,
produced by incessant ovulation (25-28),
may be induced to proliferate and trans-
form by high gonadotropin levoLs. There-
lore, it is possible that a tubal lijsilion may
indirectly reduce ovarian canfgr®risk by
diminishing the opportunity of malignant

comparative group

Combined control

group H
OK* Co) OR* OR* 98/Clt
14 21.8 13 1.4 0.8-2.5
19 50.9 1.6 1.7 1.0-2.9
0.6 46.4 0.7 0.6 0.4-1.0
1.0 19.1 11 11 0.6-1.9
1.6 36.4 1.3 1.4 0.8-2.5
0.9 19.1 1.2 1.0 0.6-1.9
0.8 10.9 1.3 11 0.5-2.3
15 12.7 2.0 1.7 0.9-3.3

transformation of inclusion cysts via n
duced gonadotropin stimulation.

Family history of breast, uterine, and
ovarian cancer was more frequently ob-
served in cases in this study. This result it
consistent with the reports of other case-
control studies (5, 7, 9) as well as with the
known familial aggregation of these cancers
(29, 30). Attention must be paid to the
possibility that recall bias may lie an expla-
nation for this finding. This seems unlikely,
given the site-specificity of the results.

We could not confirm the positive asso-
ciations of either alcohol consumption (17,
21) or coffee consumption (18) with ovarian
cancer, which have been reported previ-
ously. Studies on the role of dietary fa
have been inconclusive; one report showed
a significant association (20) while another
did not (19). Our study suggests no strong
association. The marginally significant as-
sociations of higher fish consumption and
less frequent milk consumption observed
here require further investigation, but we
can propose no mechanism to explain the
associations with these specific food items.

Despite the markedly dissimilar sources
used for identifying control groups A and
B, Lhe distribution of most variables of
interest was quite similar between the two
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control groups and risk factors tended to
be the same using either group for compar-
ison Since the major sources of both con-
trol groups were facilities that diagnosed
«dtreated gynecologic complaints, biased
risk estimates might exist for some vari-
dbles, especially the reproductive factors.
Population-based or neighborhood controls

aredifficult to identify in Japan, because a

dose protection of privacy is still common
among Japanese women. The similar re-
mits obtained using either control group

offer some reassurance of the validity of

our findings.
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Dietary and Other Risk Factors of Ovarian Cancer among Elderly Women

Mitsuru Mori and Hirotsugu Miyakl
Department of Public Health. Sapporo Medical College. South 1. Went 17, Chuo-ku. Sapporo 060

The age-specific mortality rate of ovarian cancer is increasing among women over 50 years of
age, but remaining at a stable level among women under 50. This case-control study of ovarian
cancer was undertaken to assess the environmental factors which may increase the mortality of the
disease in the elderly. Fifty-six women with primary epithelial ovarian cancer whose ages were 50
years old or over were compared with two age-matched control groups. The results of the
Mantel-llaenszel analysis were as follows. More cases were found to have never married than
controls (P< 0.051, a larger proportion of cases were nulliparous (/*<0.05), a smaller proportion
of cases had experienced an induced abortion (/*<0.05) or had undergone permanent sterilization
by tubal ligation </*<0.05), the occurrence of breast or uterine cancer was more common in the
mother or sisters of cases (P<0.0l), a larger percentage of cases used to eat meat daily (/'<0.01>
or used to eat fish daily </'<0.Q5), and a larger proportion of cases weighed under 40 kg (J®<0.05).
Daily meat consumption was significantly associated with the occurrence of ovarian cancer even
after adjusting for reproductive and other risk factors by conditional logistic regression analysis.
The attributable risk for ovarian cancer in the elderly was 19.2% for daily meat consumption. The
recent change in dietary habits might in part explain the rise of the mortality rate among the

Japanese elderly.

Key words: Ovarian neoplasms

The age-standardized mortality rale of
ovarian cancer is gradually rising in Japan.
The age-specific mortality rate of the disease is
increasing year after year among women over
50, but this rate remains stable among women
under 50 (Fig. 1). This divergence could not
be explained only by the difference in the
histological origins of primary ovarian cancer
in the different age groups. We suspected that
some environmental factors might contribute
to the increased incidence of ovarian cancer
among the elderly in Japan.

We have conducted a case-control study of
ovarian cancer in Hokkaido, and reported the
reproductive, genetic, and dietary risk factors
when all age groups were combined and
analyzed.0 In the present paper, we restrict
the analyses to the ovarian cancer patients
who were diagnosed at the age of 50 or above
in order to better assess the dietary risk
factors which might explain the recent in-
crease of the disease among the elderly in
Japan.

M aterials and M ethods
One hundred and ten cases with pathologically
conArmed primary epithelial ovarian cancer were

799) 1988

Retrospective study

Risk factor Diet

interviewed at 35 gynecological wards, covering
the entire Hokkaido geographical area The cases
were surveyed using a uniform questionnaire from
November, 1980, to June, 1981 (N 45), or from
July, 1985 to February, 1986 (N  65). because the
main author had gone abroad from 1982 to 1984
All information was collected through direct inter-
views. The information obtained included the vari
ables shown in Table 1 The questions asked about
dietary habits and consumption of tobacco and
alcoholic beverages are presented in Table II.

The analyses were restricted to 56 cases (50.9%)
of 110 ovarian cancer patients, who were diag-
nosed at or over 50 years of age. Histologically, all
the cancers were adenocarcinomas of common
epithelial origin; 27 serous, 11 mucinous. | clear
cell, 1 endometrioid, 8 undifferentiated, and 8
unspecified.

Cases were compared to two control series, indi-
vidually matched with cases by age (within 3
years) and the year of the survey. The lirst control
series (control group A) consisted of 56 in-patients
from the gynecologic (N - 53), ophthalmologic (N
=2), and dermatologic wards (N 1). Most of
control group A were selected from the hospitals
where the cases were identified and interviewed,
except for 4 women who were selected from two
other hospitals. Their primary diagnoses were 25
cervical carcinoma, 12 myoma of uterus, 7

\ 997
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Fig. I. The age-specific mor-
tality rate of ovarian cancer
per 1,000.000 population from
1971 to 1983 in Japan '.09
years; i i, 10 19years; .20
29 year»; . 30 39 years; °.
40 49 years; 50 59 years;
m. 60-69 years, a, 70 79
years; *, 80 years. (Data
source: Vital Statistics, Japan.
Volume 3).

Table I. Variables Surveyed

Biological factors
Age, blood group, height and weight

Family history
Mothers's parity, cause of death of close relatives

Menstrua] profile

1971 1973 1975 1977 1979 1981

1983

Menarchc, general menstrual, difficulties with menstruation, premenopausal

symptoms, menopause
Marital status

Reproductive history
Gravidity, parity, lactation

Contraceptive usage

Medical history
Chronic disease, surgery, X-ray examination, hormonal treatment

Social factors
Address, occupation, tobacco and alcohol, cosmetic usage, food intake
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Table II.
Alcoholic Beverages

Questions about Dietary Habits and Consumption of Tohacco and

Could you lell me your dietary habits and consumption of tobacco and alcoholic
beverages in several years before you had been notified of the disease ?

A . Did you eal meal almost every day 7

Did you smoke every day ?

mmoOO0O w

gynecological inflammation, 7 prolapsis of uterus, 2
cataract, | cytocele, 1tumor of palate, and | tumor
of vagina.

The second comparative group (control group
B) consisted of 56 women, who were identified
from among women screened by means of
Papanicolou’s test at three Anti-Cancer Associa-
tions in Sapporo. Asahikawa, and Kushiro cities
(N-42); from among outpatients at the Depart-
ment of Obstetrics and Gynecology, Sapporo Med-
ical College (N 9); or from among women who
attended two Senior Citizen Welfare Facilities in
Sapporo or Abashiri cities (N =15). We thus
«elected control group B from different institutions
fa Hokkaido. As a result, 34, 8, and 14 women of
control group B were from Sapporo and its adja-
cent areas, northern Hokkaido, and eastern or
southern Hokkaido, respectively, as compared with
3B, 10, and 13 women of the case group who were
from the respective areas. The disease status of
control group B was 29 with no gynecological
disorder, 26 with gynecological inflammation, and
1with cervical polyp.

The controls, like the cases, were interviewed in
person. All cases and most controls were inter-
viewed by two medical doctors who had been
trained for interviewing, except for 8 women ofcon-
trol group B who were interviewed by public nurses.

Differences in variables between the cases and
the controls were evaluated by the univariate
method of Mantel and Haenszel.” Multivariate
analytes were performed by the conditional logistic
regression method” to adjust for potentially con-
bunding variables. Population attributable risks of
be main risk factors were calculated by the

; method of Fleiss.”

Results

The mean age at the time of the interview
“Yorthe 56 cases was 60.2 years (SD=7.6); for

1%(») 1988

Did you eat fish almost every day ?

Did you drink milk almost every day 7
Did you drink coffee or tea almost every day 7
1 yes (

. yes 2. no
1lyes 2 no

1 yes (
l.cofTee 2. lea 3 neither

) ml/day 2. no

) cigarettes/day 2. no

Did you drink alcoholic beverages at least once a week?
1 yes What kind of beverages ? ()

2 no

the 56 women in control group A it was 59.6
(SD —7.6); for the 56 women in control
group B it was 60.8 years (SD 7.6). The
mean age at diagnosis for the cases was 59.7
years (SD = 7.2), and 48 cases (85.7%) were
interviewed within a year after the diagnosis.
Reproductive Characteristics Table 111 shows
the odds ratios (the estimated relative risks)
of variables related to marital status and
child-bearing. The proportion of cases who
had never married was significantly larger
than that of the controls (P<0.05). Analyses
for various reproductive characteristics were
restricted to women who had married. More
cases than controls were nulliparous (the odds
ratio, OR —3.75, P< 0.05). Frequency of mis-
carriages did not differ between the cases and
the controls, but significantly fewer cases had
experienced an induced abortion (OR —0.39,
F<0.05). Table |1l shows that a significantly
lower proportion of cases had had permanent
sterilization by tubal ligation than controls
(OR = 0.39, P< 0.05). The average age at the
time of tubal ligation for the cases (33.2 years,
SD=4.0) was similar to that of control group
A (33.0 years, SD = 4.7) and control group B
(33.1 years, SD—4.7). There were no sig-
nificant differences between the cases and the
control groups with regard to other contra-
ceptive methods. The prevalence of taking
oral contraceptives was rare in both the cases
(N = 1) and the controls (N —1).

Genetic Factors The occurrence of various
cancers among parents and sibling of the cases
and the controls was examined. As shown in
Table 1V, there were no differences in the
occurrence of cancers in parents and siblings

\
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Table Ill  Reproductive Factors
Cux Control
Item group group A
Never married 3.6% 00%
Never pregnant* 93 56
Never had a live birth* 148 56
Live births ' 3¢ 500 611
Miscarriage* 25.9 296
Induced abortion*’ 315 500
Tubal ligation* 11 22 2
Condom  use* 259 241

a) P 005

b) Analyzed 54 iriplcs excluding never-married women.

OK. odds raiio.

Table IV Genetic Factors

Case Control
licm 8roup group A
Cancer in parent 37 5% 37.5%
or sibling
Cancer in mother 28.6 107
or sister
Breast or uterine cuncer 107/ 1.8
in mother or sister /
a) P 005 b) P 001 OR odds ratio.

when a combined analysis was performed.
Allhough nol significant, more cases had
reported acancer history in a mother or sister
Moreover, a family history of breast or uter-
ine cancer among a mother or sister was
significantly more common in the cases than
in the controls (OR 110, P- 001) Two
breast and 5 uterine cancers were reported by
families of cases, 0 breast and | uterine cancer
by families of control group A; and 0 breast
and | uterine cancer by families of control
group B It was not specified whether the site
of uterine cancer was the cervi* or the en-
dometrium.

Dietary Factors Table V shows the distribu-
tion in cases and controls of the daily con-
sumption of meal, fish, milk, coffee, alcohol,
and smoking prior to diagnosis. There were
no significant differences observed in milk,
coffee, and alcoholic beverage consumption,

10010

Compurvlive group

Comml Control A <t
OR group U OR OR
00% -
133 19 3.00
2.67 37 7.00 3.75"
0 50 630 0 65 0 59
0.83 352 0.67 0.74
0 38 48 1 0 40 O 39"
0 46 259 033 0.39"
091 29.6 082 0.79
Comparative group
Control Control Ai b
OR group B OR OR
1.00 44 6% 0.77 085
4 33" 214 144 217
6.00 18 11 00"

or even in the smoking history. However, (he
positive association between daily meal con-
sumption and (he risk of ovarian cancer wu
found to be significant (OR 3.11, P 0.01).
Likewise, the positive relation of daily fish
consumption to the disease was significant
(OR 254, P 0.05). A significantly larger
proportion of cases weighed under 40 kg than
that of the controls (OR  3.50, P< 0.05)

Table VI indicates the correlation matria
of food consumption frequency among the
women surveyed. There was a significant pos-
itive relationship of daily meat consumption
to daily fish consumption (Pearson's correla-
tion coefficient r 0.25, P% 0.01). A positive
correlation was also observed between daily
coffee drinking and daily milk drinking (r=
0.22, P< 0.01), as well as between daily coffee
drinking and weekly alcoholic beverage con-
sumption (r 0.28, P< 0.001).

Jpn. J. Cancer Kcv (Gann)
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Table V. Dietary Factors
Comparative group
Case Control Control Control A i H
licin group group A OR group ti OR OR
Ealing meal daily 28 6% 8 9% 4.67¢ 14.3% 233 311+
Ealing fish daily 732 60.7 2.40 500 263" 2.54"
Drinking milk daily 375 53.6 0.50 500 0.65 0.58
Daily milki: 200 ml 8.9 179 0.50 19.6 0.40 045
Drinking coffee daily 23.2 268 082 321 058 0.70
Drinking alcoholic bever- 16.1 14.3 117 25 129 1.23
ages al least once a week
Smoking daily 16.1 16.1 100 54 3.00 167
Body weight < 40 kg 127 3.6 3.50 3.6 350 3.50"
0) P<0.05 b) P< 001 OR. odds ratio.
Table VI. Correlation Matrix of Dietary Habits
Item 1. 2. 3 4. 5. 6.
|. Eating meat 1.00
daily
2. Eating fish 0.25" 1.00
daily
3. Drinking milk 0.04 0.02 1.00
daily
4. Drinking coffee 0.07 0.02 0.22" 1.00
daily
5. Drinking alcohol 0.08 0.03 0.09 0.28" 1.00
weekly
6. Smoking 0.16 0.03 -0.03 0.05 015 100
daily
0) P<00I 6) !><0.00>.

Adjustment of the Dietary Factors To adjust
the possible confounding variables wilh each
other, a conditional logistic regression analy-
gs was performed. Six items included in the
multivariate formula were all significantly
associated wilh ihe disease according to uni-
variate analyses; number of live births, expe-
rience of induced abortion, status of tubal
ligation, familial history of breast or uterine
cancer, daily meat consumption, and a body
weight of less than 40 kg. Since daily fish
consumption was significantly correlated with
daily meat consumption, daily meat consump-
tion and daily fish consumption could not be
simultaneously involved In the regression
model.”

79(9] 1988

Table VIl shows Ihe result of ihe logistic
regression analysis when daily meal consump-
tion was included in the model. The associa-
tion between daily meat consumption and
ovarian cancer was still significant (/> 0 05)
even after adjusting for the other 5 variables,
although Ilhe estimated relative risk was
slightly reduced to 2.7 from 3.1 in the uni-
variate analysis.

Population Attributable Risk of the Main
Risk Factors The population attributable
risks were calculated for three factors, all of
which were found to be significantly
associated with the disease by multivariate
analysis. As shown in Table VII, the popula-
tion attributable risk for ovarian cancer

\
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Table VIl Adjusted Risk Factors
1 ogislic regression Relative

Item Unit coefficients {r) SE U risk w , Cl
Number of live births Number 0.34 0.15 0.7¢ 0509
Induced abortion Yes/No 074 047 05 08 53
Tubal ligation Ye*/No 069 0.56 05 02 15
Breast or uterine cancer Yes/No 255 119 12.8* 11 1328

in mother or sister

Eating meal daily Ycs/No 099 049 27 10 70
Body weight « 40 kg Yes/No 0.03 0.02 10 09 10

u) P 0.05. SK(/¢): standard error of logisiic regression coefficient. CT confidence intervals.

Table VIII  Population Attributable Risk of Risk
Factors
Populations 95%
Risk factor attributable confidence
risk intervals
Never had a 140% 02 24 4%
live-born child
Breast or uterine 91 00 173
cancer in mother
or sister
Eating meat daily 192 34 324

/
/

among the elderly women was 14.0% for
never having a live-born child, 9 1% for fa-
milial history of breast or uterine cancer, and
19.2% for daily meat consumption

D iscussion

A few case-control studies and cohort
studies have provided data on dietary factors
in ovarian cancer According to the result of a
case-control study conducted by La Vecchia
el alV in Italy, women with ovarian cancer
had a significantly elevated frequency of con-
sumption of meal and higher subjective scores
of fat intake The median age of the ovarian
cancer cases was 55 years in their study. Sim-
ilarly, Cramer el a/.”’ indicated that there was
a significant trend for increasing risk in ovar-
ian cancer with increasing animal fat con-
sumption. The average age of the cases was
53.2 years in their study. On the contrary,
Byers el al" reported that there was no sig-
nificant risk of ovarian cancer associated with
the consumption of fat

1002

Hirayama" reported a significantly positive
association between daily meal consumption
and ovarian cancer as a result of a 13-year
cohort study of 142,857 women aged 40 years
or over in Japan Snowdson10 noted the pre-
liminary result of a cohort study of 16,190
persons that women who ale fried food five or
more days per week had a significantly greater
risk (relative risk  2.9).

The analysis showed a marginally sig-
nificant association with daily fish consump-
tion but no relationship with meat consump-
tion when all age groups of ovarian cancer
patients were combined 11 However, when the
analysis was restricted to the ovarian cancer
patients who were diagnosed al or over 50
years of age, there was a clear positive associ-
ation of the disease with daily meat consump-
tion as well as with daily fish consumpiion.
This significant association was noied inde-
pendently of nondielary risk factors such as
decreased number of live births and family
history of breast or uterine cancer, as found
by the logistic regression analysis.

It is not entirely understood how dietary
factors such as high meat consumpiion and
high animal fat intake increase the risk of the
disease. Cramer el al.’1 have proposed that
elevated gonadotropin levels brought about by
ingesting high levels of animal fal might in-
crease the ovarian cancer risk. However, this
hypothesis is not consistent with several sero-
logical studies of the dietary-fat effect on
gonadotropins. For instance. Armstrong ri
al." indicated lhal postmenopausal vegetar-
ian (low-fat diet) women did not have differ-
ent plasma gonadotropin levels when com-
pared to non-vegelarian women (high-fat

Jpn. J Cancer Rev (Gann)
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did) Furthermore, Hill etal." reported that
in postmenopausal black women in South
Africa a Western diet (high-fat diet) de-
creased both plasma luteinizing and follicle-
stimulating hormones as compared to a low-
fat diet.

Alternatively, Cramer and Welch™ have
postulated that in view of the presence of
estrogen receptors in epithelial ovarian
tumors, diets high in animal fat could pro-
mote tumor development by their purported
ability to cause an increase of extragenital
estrogen. This hypothesis is consistent with
the serological study which has shown that
postmenopausal vegetarian women have
lower urinary estrogen levels in comparison
with matched nonvegelarian women." Fur-
ther investigations are needed to clarify the
mechanism of the relationship of dietary
factors to ovarian cancer by changing the
hormonal milieu.

In numerous other case-control studies, like
this study, the number of live births was
found to have a strong negative association
with the occurrence of ovarian cancer. The
references and discussions relevant to this
finding appeared in our previous report.”

Family history of breast or uterine cancer
was more frequently observed in cases in this
study. This result is consistent with the
reports of a case-control study by McGowan
el 0/.14 as well as with the known familial
aggregation of these cancers." 16)

About 45% of ovarian cancers among the
elderly women in our study was attributed to
three risk factors: never having a live-bom
child (14.0%), family history of breast or
uterine cancer (9.1%), and the dietary factor
of daily meat consumption (19.2%). In
regard to this result, the recent rapid change
of dietary habits among Japanese might partly
explain the rise of ovarian cancer mortality. A
decreasing trend in the number of births may
also account in part for the increasing mor-
tality of the disease.

Although we asked the patients about their
dietary history before they had been notified
of the diseases, recall bias might exist. Fur-
thermore. the results concerning dietary his-
tory should be carefully interpreted, because
the latent period between dietary exposure
and the occurrence of ovarian cancer has not
yet been clarified.

79(9) 1988

Since the major sources of both control
groups were facilities diagnosing and treating
gynecologic complaints rather than the gen-
eral population, bias might exist. However,
the similarity of the results obtained using the
two control groups offers some reassurance as
to the validity of our findings.
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A Comparative Epidemiologic Study on Geographic Distributions of Cancers of the
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To examine what kinds of factora could have caused the geographic variation observed in lung
cancer morbidity in Japan, a correlation study was performed comparing various regional traits.
The same study was also conducted on large intestinal cancer, aiming to distinguish the possible
urbaa factors associated with both cancers. Lung cancer was highly correlated with industrlaliza-
boa-related factors such as localization of manufacturing industries, automobile traffic and air
pollution, whereas colon cancer was correlated with the population density of workers in the
tertiary Industries such as services, trade and government. A multiple regression analysis could
not detect any single factor with an exceptionally strong influence on either cancer. The present
ladings suggest that the hazardous environmental condition of urban areas has, to some extent,
toatributed to the recent Increase of lung cancer cases in this country.

Key words:
pollution

Lung cancer  Colon cancer

U Japan lung cancer has been rapidly in-
"mating in recent years. The age-adjusted
*mortality rates were 27.4 in males and 7.7 in

tics per 10! population in 1985, nearly five
land four times larger, respectively, than
ein 1955. It is generally suspected that
Ifct growing tobacco consumption in these
i has made a significant contribution to

tht past increase of lung cancer." However,

i incidence rate also shows a notable geo-
. graphic variation which mainly corresponds
.lathe urban-rural difference. If all geographic
' dbtrict* are classified by their population size,

lung cancer mortality is highest in the

|tst cities and lowest in the rural areas.

.ttk urban-rural difference may be. as has

‘|lam «peculated from epidemiologic findings

Mported in other countries," ascnbable to

ntial tobacco consumption rales. Never-

kit is quite improbable that other kinds

itf hazardous factors in the urban environ-
acM have nothing to do with this disease.

mfcveral authors in other countries have

I that, even after age and smoking rate

,mr») D»

- Cancer registry — Geographic correlation Air

were standardized, a significant effect of resi-
dence still appeared in (hegeographic variation
of lung cancer mortality.” " The effect of res-
idence could be due lo cither some feaiure(s)
of urban life style or environmental pollution.
Regarding ihe association of these latter
factors with lung cancer, many epidemiologic
studies’  have been carried out and provided
apparently positive but inconclusive evidence
because other factors such as occupation and
smoking rate were not thoroughly stan-
dardized. 1 M

The present study attempted to obtain some
clues concerning the geographic correlation
between lung cancer morbidity and those
factors inherent to urbanization, especially
environmental pollution or localization of its
sources. In general, this type of correlation
study is rather inferior to the more advanced
analytical epidemiologic studies, because it
can only demonstrate a correlation between
the disease and regional traits. Still it should
be useful if the factors to be studied arc of
area-specific rather than person-specific kinds.
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lions of solutions will provide maximal nilrogen sparing and caloric supplementa-
tion.

CONCLUSION

Some patients who currently are being supported with central venous TPN
could benefit from I’NI’V with little attendant morbidity. Similarly, many patients
who might benefit from protein sparing therapy and caloric supplementation who
do not receive TPN because of risk ol complications, cost, or complexity of the
monitoring and delivery system are good candidates for PNPV. Even those
patients who appear to be at low risk for postoperative morbidity might benefit
from the infusion of amino acid solutions alone because of their nitrogen sparing
properties.
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Defining the woman at risk for developing ovarian cancer can identify factors that cause
the disease and lead to earlier diagnosis and improved survival. Our 3-year case-control
study of 197 women with histologic proven primary ovarian cancer of the epithelial type
reveals the typical patient to have a family history of gynecologic cancer, be exposed to
rubella in the peripubertal period, be nulliparous or of low parity, experience difficulty in
conceiving, have certain exacerbated premenstrual symptoms, and to rarely undergo surgi-
cally induced menopause. In women with carcinomas of low malignant potential a later
onset of menarche as well as menstrual disorders occur.

During the past three decades the persistently poor survival has made ovarian
cancer one of the most common causes of cancer deaths in American women. In
1979 there will be approximately 17,000 new cases of primary ovarian cancer with
approximately 11,100 deaths. Ovarian cancer is the fourth leading cause of cancer
deaths in American women 12). Because of our inability to consistently diagnose
the disease in its early stages, the usual ovarian cancer patient has widespread
disease, clinical stage Ill, at the time of operation 11,17,21). Improvements in
survival depend, in great measure, upon earlier detection of the disease. Even if
we had a near-perfect diagnostic aid for ovarian cancer, we would have to apply it
to those women who have the greatest likelihood of developing the disease. In
addition, the concept of preventing ovarian cancer or at least recognizing those,
causative or contributing factors in the development of the disease is one of our
more interesting clinical problems.

The purpose of this study was to identify risk factors of presumed etiologic and
diagnostic significance for ovarian cancers of the epithelial type.

1This investigation was supported by Grant ROI-CA-1494] 01-03 and in part by Grant RI0-CA-
13446 04-05. awarded by the National Cancer Institute, the Department of Health. Education and
Welfare.

* Presented at The Ninth Annual Meeting of The Society of Gynecologic Oncologists*. Miami. Fla..
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MATERIALS AND METHODS

Thé present study was designed specifically to address the methodological
deficiencies of prior epidemiological studies of cancer of the ovary.

Cose selection and putholouic confirmation. Our case-control study was con-
ducted from September 1974 to April 1977 in the Washington, D.C., metropolitan
area. One hundred ninety-seven cases of pathologically confirmed primary ovar-
ian cancers of the epithelial type were identified and included in the study. Of
these 42 (21%) were carcinomas of low malignant potential (LMP) and were
analyzed separately.

Operative reports, surgical pathology reports, and representative microscopic
slides of the tumor were obtained for each ovarian cancer case and were reviewed
by the study's pathologist (H.J.N.). Study eligibility was limited to the epithelial-
type primary cancer of the ovary as defined by the World Health Organization
122). The neoplasms included in this study were mainly serous, mucinous, or
endomclroid types, but the clear cell, Brenner, mixed, undifferentiated, or un-
classified epithelial tumors [1.19.22) were also identified. Within each type,
tumors of borderline malignancy (carcinomas of low malignant potential) as well
as malignant tumors were recognized [22).

Control selection. One hundred ninety-seven women were selected as controls
and were frequently-matched by age, race, and hospital of origin with the ovarian
cancer cases. The control group of women had no history of cancer and were
selected from general medical and surgical services so as to exclude obstetric,
gynecologic, psychiatric, and cancer patients.

Ditto collection. Information was collected through direct interviews conducted
by women trained as medical interviewers. In an attempt to minimize interob-
server variability, only live interviewers were used. The detailed interview was
administered in the same manner to all cancer patients and to those women in the
control group and took approximately 60 min to complete. The information
obtained included the categories of variables seen in Table 1

Differences in risk factors between cases and controls were statistically
evaluated using the Students t lest and the  for univariate comparisons. The risk
of ovarian cancer associated with various reproductive and menstrual characteris-
tics was calculated and evaluated for statistical significance using the Mantel-
Hacnszel method 115.231.

RESULTS
Socioilnnonropliii Characteristics

Ovarian cancer patients and their controls were comparable in age, race, and
sex due to the frequency-matching criteria utilized for control selection. The mean
age of women with malignant ovarian tumors was 52.1 years with a mean age of
52.2 years for their controls. Women with carcinomas of low malignant potential
and their controls were considerably younger with a mean age of 40.9 and 404
years, respectively. These age distributions are expected 11). White women with
malignant ovarian tumors comprised 87.1% of the group and blacks 12.9%; identi-
cal racial proportions were achieved in the control group. Among the women with
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TABLE 1
Categories for Evaluating Differencesjn Ovarian

Cancer Patients and Control Women

Sociodemographic data
Age. race, religious preference
Residence patlems
Years of completed education
Marital status
Socioeconomic status
Occupation
Family-relatives
Anthropometric measures
Menstrual profile
Menare he
General menstrual
Difficulties with menstruation
Premenstrual symptoms
Menopause
Reproductive history
Sexual history
Contraceptive usage
Past history
Benign cysts
Chronic disease history
Diet and weight
Exposure to loxic substances
Family cancer history
Hygiene
Infectious diseases
Medication usage
Substances abuse
Surgical history

carcinomas of low malignant potential and their controls, 76% were white and 24%
black.

The majority of women (92.9%) with malignant ovarian tumors had been mar-
ried at least once as compared with 87.1% of their controls. This high percentage
of "ever-married" women was also observed among patients with borderline
malignant ovarian tumors and their controls. 78.5 and 83.3% respectively.

Women with ovarian cancer and their controls were also observed to be com-
parable with regard to religious preference, social class (as measured through use
of the Hollingshead Social Index), and educational level. The majority of women
with ovarian cancer and their controls lived in the metropolitan Washington,
D.C., area for at least 10 years prior to their diagnosis or inclusion in this study.

Because of the small number (42) of low malignant potential cases included in
the study, statistical analyses could not be carried out for all variables. Statistical
data for this group will therefore be presented for selected variables only.

Reproductive History

The reproductive experience of the study participants was divided into mea-
surements of gravidity (the state of a woman after conception and until termina-
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lion of the gestation) and measurements of parity (the state of having given birth to
an infant or infants, alive or dead).

Prcuiunuy (yrtnidiiy). Comparative analyses of women with ovarian cancer
and their controls were carried out for the following variables: mean and categori-
cal number of pregnancies, person-years at risk of conceiving, number of preg-
nancies per 1000 persons-years at risk of pregnancy, and perceived difficulty in
conceiving.

Analyses for differences between cases and controls as related to various
reproduction characteristics were restricted to women who were ever married
(including all subjects who were currently married, widowed, divorced, or sepa-
rated). This allowed for the comparison of women whose risk of pregnancy was
considered to be more homogeneous. Confining the analyses to women who were
ever married did not alter the comparability of the case and control groups as this
subgroup was noted to be similar with respect to race, religious preference, age,
area of residence, and current marital status.

Ever-married women with ovarian cancer were found to have significantly
fewer pregnancies than their respective controls (Table 2). A comparison of the
mean number of pregnancies, although a useful general indicator of decreased
gravidity, disguises the fact that a large proportion of ever-married controls had
five or more pregnancies, whereas a similarly large proportion of ovarian cancer
cases were nulligravidas (see Table 3). The magnitude of difference in pregnancy
experience between the women with malignant ovarian tumors and their controls
is reflected in the strength of the P value (P = 0.008), a finding not likely to be
produced by an artifact secondary to small sample size (Table 3).

Calculations of relative risk indicated that nulligravidas were 2.45 times more
likely to develop malignant ovarian tumors and 2.9 times more likely to develop
carcinomas of low malignant potential than women who were pregnant three or
more limes. The risk of ovarian cancer was greatly reduced among women who
had at least one pregnancy (see Table 4).

Gravidity measurements are, of course, highly influenced by a number of
factors in addition to those which have been controlled for in frequency matching.
A number of pregnancy risk estimates have, therefore, been developed for pur-
poses of the present analysis and include: (I) Married risk which refers to a
composite person-years at risk of pregnancy while married. This index is com-
puted by subtracting the subject's age at marriage from the subject's age at
termination of marriage, menopause (surgical or natural), or adoption of perma-
nent birth control measures (e g., tubal ligation in self or vasectomy in husband)

TABLE 2
MI AN NuMBI r <1 PREGNANCIES AMONG EVER M aRRIED WOMEN AND CONTROLS
Malignant Low malignant
ovarian tumor* Controls potential Controls
N = 144 N = 135 N =33 N - 3D
22 3.0 1.9 2.8

r o.0i P <005
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TABLE 3
Gravidity among Ever:Married Cases and Controls

Times pregnant Total No.
of ever
0 (-2 34 5+ married

Women with malignant ovarian tumors »H 47 a7 15 144

Control group 7 M 43 3 135

P = 0.008

depending on which of these three events occurs first. (2) Adjusted married risk
which is computed by subtracting the total number of married years in which birth
control methods were used from the married risk index as described above.

Analysis of married risk and adjusted married risk indices indicates that the low
gravidity reported by both case groups cannot be attributed to fewer years at risk
of pregnancy as compared with their controls (see Table 5). Data presented in
Table Salso indicate that a large percentage of the nulligravidity among controls
can, perhaps, be attributed to significantly decreased (as compared with cases)
person-years at risk of pregnancy. Furthermore, when two additional indices
(number of pregnancies per 1000 years of married risk and number of pregnancies
per 1000 years of adjusted married risk) are computed, women with ovarian
cancer were found to have significantly fewer pregnancies per 1000 years of
married risk and adjusted married risk than their controls (Table 6). The actual
degree of difference, however, appears to be stronger in the study group com-
prised of women with low malignant potential ovarian tumors and their controls.

We compared gravidity of cases and controls who were equally "unprotected”
from the risk of pregnancy and the number of pregnancies among subjects who
reported that they had never used birth control measures of any kind. Thirty-three
percent (47/144) of the ever-married patients with malignant ovarian tumors and
28% (38/135) of their respective controls stated that they had never used birth
control. The average age of these subjects and years of married risk (or preg-
nancy) were comparable.

Women with malignant ovarian tumors who had never used birth control
methods had significantly fewer pregnancies than controls who also abstained
from the use of birth control (P < 0.02).

TABLE 4
Relative Risk Associated with Number of Pregnancies
among Ever-Married Women

Women with Women with
No. of malignant carcinomas
pregnancies ovarian tumors of LMP
None 2.45* 29
1-2 127 1.02
3+ LOO 1.00

Significan! at 0.03.
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TABLE 6
Number of Pregnancies per 1000 Person-Years at Risk of Pregnancy
Women with Women with
malignant Control carcinomas Control
Risk status ovarian tumors group of LMP group
Mamed
(Total) 126 183 130 208
(Adjusted)" 213 314 208 419

m Married years at risk unprotected by any method of birlh control.

The categorical pregnancy history among non-birth control users is presented in
Table 7 and further indicates that cases and controls have significantly different
pregnancy profiles, a difference which cannot be explained on the basis of unequal
pregnancy risk.

In order to explore the possibility that infertility per se may be associated with
the development of ovarian cancer, the subjects were asked whether or not they:
(1) ever had difficulty conceiving. (2) consulted a physician for fertility-related
disorders, and (3) whether or not the nature and source of the infertility problem
was known. Table 8 reveals that women with ovarian cancer report that they had
experienced difficulty in conceiving significantly more often than their controls.

Women with malignant ovarian tumors who stated they had difficulty in con-
ceiving reported significantly fewer pregnancies than their controls (Table 9). The
relative risk of developing ovarian cancer based on equal risk for three or more
pregnancies among those subjects stating difficulty in conceiving suggests that
nulligravidity may be highly associated with ovarian cancer development.

Among women with malignant ovarian tumors and their controls who had
reported difficulty in conceiving, slightly more controls attributed this difficulty to
themselves rather than to their spouses (65 versus 50%). However, this finding
may be the consequence that considerably more cases than controls indicated that
the source of the difficulty was unknown. Similar proportions of women with
tumors of low malignant potential and their controls attributed their apparent
infertility to themselves. More controls than cases reported that their infertility
had been confirmed by a physician.

TABLE 7
Number of Pregnancies among Ever-Married Subjects Using No Birth Control

Women with Women with

madignant carcinomas
ovarian tumors Control Group of LMP Control group

No. of

pregnancies N % N % N % N %
0 18 38 1 29 4 44 0 -
1-2 14 30 10 26 4 44 2 29
3-4 3 28 7 8 1 1 3 43
5+ 2 4 10 26 0 — 2 29
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TABLE 8
Acknowi edged Difficulty in Becoming Pregnant among Women with
Ovarian Cancer and Their Controls

Women with Women wilh

malignant carcinomas
Difficulty ovarian tumors Conlrol group of LMP Conlrol group

in becoming
pregnant v % N % N % N %
Yes 66 43 35 23 19 45 8 19
No 6« 43 89 57 13 3 29 8]
Unsure or unknown 21 14 3L 20 to 24 5 »
Total 155 100 155 100 42 100 42 10
P < 0.005 P < 0.005

Age in priyiuiru v. A comparison of the mean age of first pregnancy shows
women with malignant ovarian tumors to report their first conception at a some-
what older age than their controls (24.4 versus 23.7 years). Women with car-
cinomas of low malignant potential demonstrate a similar trend (23.7 versus 22.9
years). The age differences noted above were not statistically significant in either
study group. However, a significantly smaller proportion (P < 0.05) of the women
wiih malignant ovarian tumors were pregnant for the first time before age 25 (see
Table 10). The reported age at first sexual intercourse was approximately the same
for cases and controls.

Purity. When the mean number of pregnancies producing a live birth was
computed for ever-married subjects, women with ovarian cancer clearly demon-
strated a marked decrease in the number of live births relative to their controls
(see Table I1). Analysis of the pregnancy history by number of pregnancies
reveals that ever-married women with malignant ovarian tumors reported nullipar-
ity almost twice as often as their control group of women and the overall distribu-
tion of ihe number of live births is highly significant (see Table 12). This difference
in distribution of live birth pregnancies failed (due to small numbers of subjects) to

table 9
NIMRfcK OF PREGNANCIES AND RELATIVE RISKS AMONG EVER-MaRRIED WOMEN
wmi Acknowledged Difficulty in Conceiving

Women wiih
malignan!
i Control
No. of ovarian lumors ontrol group Relative

pregnancies \V % N % risk
Never pregnam 3 48 8 235 1.64
12 > 333 u 412 0.897
3-4 16 24 2 4 11.8 100
5+ 5 7.6 8 235
Tolal w6 100.0 4 1000

P =005
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TABLE 10
Distribution by Aoe at First Pregnancy
Women with
malignant ovarian
tumors Control group

Age at first .

Pregnancy N % N %
Less than 20 16 10 18 12
20-24 35 23 53 35
25+ 57* 37 47 3L
Never pregnant 45 30 34 2
Total 153 100 152 100

« P < 0.05.

reach significance in those women with carcinomas of low malignant potential and
their control group of women although the same trend was present.

Relative risks computed on the basis of equal risk for three or more live births
indicated that the risk of ovarian cancer was elevated for nulliparous women (see
Table 13). Women who were married and had at least one live birth were at similar
levels of risk of developing ovarian cancer.

Women with ovarian cancer did not have more spontaneous abortions,
stillbirths, or defective children than their controls. Therefore, although the
women with ovarian cancer demonstrated a significantly lower mean number of
live births as compared with their controls, this difference can be attributed to
decreased gravidity rather than to decreased fetal viability. There was also no
dissimilarity between "ever-pregnant” cases and controls with regard to problems
during their pregnancy.

We attempted to determine whether nulligravity among women with ovarian
cancer was in fact planned and therefore a reflection of conscious preference to
remain childless or unplanned and therefore suggestive of underlying infertility.
Twenty-seven percent of the cases with malignant tumors (39) and 15% of controls
(20) reported that they were childless; of this group of subjects, 21% of the cases
and only 11% of their controls stated that their childlessness was unplanned. The
difference in unplanned childlessness was statistically significant (P = 0.02) and
indicates that childlessness might be ascribed to fertility-related disorders (in self
or spouse) more often among ovarian cancer patients than among their controls.

TABLE 11
Mean Number of Live Births amono Ever-Married
Women and Their Controls

Women with Women with
malignant carcinomas
ovarian tumors Control group of LMP Control group
N - 144 N - 135 N =33 N - 35
156 2.25 157 2.20

P < .05
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TABLE 12
Nummi moi Livi Hihmi [‘hii.naNiiis among Evfr-Marmfd Womfn
Women with
malignant ovarian tumors Control group
No. ol
pregnancies N % N %
0 45 3L 23 g
1-2 5 38 64 &
3-4 40 29 29 2
54 4 3 19 “u
P = .0003
Mcil\liiiiil 1'm filtm

Mciumhc The metiii age til menarche was 12.8 years for women with malignant
ovarian tumors and 12.7 years for their controls. For women with carcinomas of
low malignant potential and their controls, the mean age at menarche was 12.7 and
12.2 years, respectively. Thus, the age at menarche was similar for all study
groups and parallels general menarche statistics available for the United States
1 3L

When relative risks based on equal risk for menarche between the ages of 11 and
13 were computed, no increased risk of ovarian cancer was found in subjects who
reached menarche at age 10 years or less or 14 or more years of age. In the group
of women with carcinomas of low malignant potential, those subjects who re-
ported iheir menarche at age 14 or older experienced a 3.8-fold risk of ovarian
cancel over subjects who reported menarche between the ages of 11 and 13 (P =
0 05).

(tent-nil iiieiixiriinl tluinicn-ri.\Vii x. A comparison of a variety of menstrual
characteristics revealed that the average length of the menstrual cycle among
ovarian cancer cases and their controls was quite similar (28.1versus 27.8 days).
Women with malignant ovarian tumors reported an average of 4.9 days of
menstrual (low as compared with their controls who reported an average duration
of 5.2 days of menstrual flow.

McnxlIriml niolinicn. The reported occurrence of specific types of premenstrual
symptoms including breast engorgement, headache, weight gain, mental cloudi-

TABLE 13
Kiiaiivi Risk Assihiatf.d with Number of Live Births
AMONG F.VI.R-MaRRIED WOMEN

Women with
Number of Women with carcinomas
live births malignant ovarian tumors of LMP
0 2.13* 300
1-2 0.937 117
3m 1.00 1.00

' Significant al 0.05.
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ness, and insomnia was similar in women with ovarian cancer and in their con-
trols. Women with ovarian canceT, however, reported a history of marked irrita-
bility and generalized malaise preceding their menstrual flow significantly more
often than did their controls (Table 14). These symptoms appeared to be highly
correlated as an equal number of subjects reported a history of both conditions.

Difficulties with menstruation. Women with ovarian cancer and their controls
reported a history of menstrual difficulties such as dysmenorrhea, menorrhagia,
and amenorrhea with approximately the same frequency. However, women with
carcinomas of low malignant potential who gave a positive history of dys-
menorrhea and menorrhangia reported that they experienced these disorders for
significantly longer periods of time than did the controls who also reported a
history of such disorders (see Table 15).

Menopause. Examination of data regarding menopause indicated that an equal
proportion of women with ovarian cancer and their controls experienced a natural
menopause prior to their cancer diagnosis or, in the case of the controls, study
interview. The mean age at which they experienced their natural menopause was
also very similar. When compulation of the percentage of subjects who were
menstruating at the time of cancer diagnosis (or at the lime of the interview) was
performed, it was found that significantly more women with ovarian cancer than
controls were menstruating despite similarities in age distribution (see Table 16).
This difference was due to the fact that 28% of the controls versus 1% of the
women with malignant ovarian tumors had undergone surgical menopause. None
of the women with carcinomas of low malignant potential versus 21% of their
control group hud undergone surgical menopause. The surgical menopause as
discussed here means only hysterectomy and not removal of (he ovaries.

Exogenous Hormones

There were no statistically significant differences in the incidence or duration of
use of oral contraceptives between women with ovarian cancer and controls;

TABLE 15

Incidence and Duration of Dysmenorrhea and Menorrhagia

Women with carcinomas

of LMP Control group
N % N %

Percentage positive

history of

menorrhagia 23 55 20 418
Mean duration 16 years 7 years

(P < 002

Percentage positive-

history of

dysmenorrhea 16 39 19 46
Mean duration 17 years 9 years

P <00
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TABLE 16
Menopausal Status
Women with
malignant Women with
ovarian Control carcinomas Control
tumors group of LMP group
N % N % N % N %
Natural
menopause 69 45 64 41 9 21 9 21
Surgical
menopause 2 ’ 43 28 0 9 21
Other
menopause 3 2 2 ) 0 1 2
P < o0.01
Still
menstrualmg" 81 52 46 30 33 79 23 55
P < 0.005 P < 0.05

' Percentage of subjects menstruating at time of diagnosis (for women with malignant ovarian
tumors and women with carcinomas of low malignant potential) or at lime of interview (for control
group of women).

however, women with ovarian cancer did report use of oral contraceptives less
frequently than their controls. Women who did not use oral contraceptives were
1.4 times more likely to develop malignant ovarian tumors and 1.78 times more
likely to develop carcinomas of low malignant potential than those women who
used oral contraceptives. The mean duration of oral contraceptive use among
ever-married birth control users was approximately 40 months for both cases and
controls.

The reported use of hormones for purposes other than birth control was quite
similar between women with ovarian cancer and their controls.

Family Pregnancy History

The average age at pregnancy for mothers of women who subsequently de-
veloped a malignant ovarian tumor was 27.7 years and for the control group, 28.3
years. Similar means were noted among the mothers of women with carcinomas of
low malignant potential (28.3 years) and their controls (27.4 years).

To determine whether or not the low gravidity noted among the cases could be
attributed to certain sociocultural factors which influence the size of a woman's
family, the mean number of siblings was determined for cases and controls. We
found that cases and controls came from families of the same average size which
indicates that the low-parity cases are not imitating low-parity mothers.

Family Cancer History
A family history of specific cancers such as ovarian, breast, and cervical was

not reported with any more frequency among women with ovarian cancer as
compared with their control groups. However, women with malignant ovarian
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tumors did report significantly more cancer of the "female reproductive organs"
in their relatives than did -their controls (14/T55 versus 2/155). (P = 0.01). Many
women could not recall the specific gynecologic organ affected by the cancer,
consequently the term "female reproductive organs" was used.

Benign Cysts

Only 7 out of 155 women with malignant ovarian tumors reported a (nonsurgi-
cully confirmed) history of benign ovarian cysts as compared with 21 of 1%
controls. This finding was significant at the 0.005 level. The reported incidence of
benign ovarian cysts among family members of women with malignant ovarian
tumors and women with carcinomas of low malignant potential was higher than
among relatives of their respective controls (e.g., 12/155 versus 5/155 and 6/42
versus 0/42. respectively).

In addition, women with malignant ovarian tumors reported a significantly
higher prevalence of breast cysts among female relatives than did those women
who were their controls (26/155 versus 12/155) (P = 0.01).

Surgical History

There was no difference between women with ovarian cancer and the control
women with regard to a past history of uterine suspension, cervical repair, tubal
ligation, cesarean section, or lyroidectomy.

Stress

Women with ovarian cancer and their controls also reported similar histories
with regard to exposure to stressful situations or duration of stress.
Pont hint; jmil Hygiene

Women with ovarian cancer and their controls did not differ in their reported
use of douches, consistency of use, average age first began douching, or average
number of years of douching (see Table 17).

TABLE 17
Douching Historv
Women wiih
malignan! Women with
ovarian Control carcinomas Control
tumors group of LMP group
N % N % N % N %
Percemage ever used 97 K 12 72 23 70 36 86
Consisleill use only 61 49 70 45 14 2 18 43
Total 125 (Y] 155 100 3 100 42 100
Average age began
douching 224 218 215 20.0

Average number of
years douched 233 22.8 171 157
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TABLE 18
Ace of Rubella Infection
Women with
malignant ovarian tumors Control group
Age (years) N % N %
Less than 12 b 54.7 A s
12-18 17 26.6% 6 8.3
19+ 12 188 12 16.7
Total 64 100.0 72 100.0

« P <002

No differences with regard to circumcision among male partners were noted
among cases and controls.

Infections Diseases

The subjects’ experience with a variety of childhood illnesses and other infec-
tious diseases was ascertained. Women with malignant ovarian tumors reported
having rubella infection during the 12- to 18-year age interval significantly more
often than the controls (see Table 18). The study subjects who reported infection
with rubella during the ages 12to 18 were 3.9 times more likely to develop ovarian
cancer than women who were infected during their early childhood years (Table
19). The prevalence (i.e., whether or not the subject ever had the disease) of
rubella infection is not a distinguishing risk factor but the reported age of the
infection does appear to be associated with risk of ovarian cancer development.

Perhaps secondary to the uncertainty in distinguishing rubella from measles for
these study subjects, measles demonstrates a similar trend of changing risk with
age. The reported age of mumps infection was not found to be strongly associated
with the development of ovarian cancer but does repeat the age-risk trend noted
for rubella and measles. This raises the question as to the specificity of the
association. Perhaps more than one virus may be contributing to later ovarian
neoplastic development.

The potential etiologic significance of the timing of the rubella infection and the
menarche to ovarian cancer prompted us to cross .ubulale age of rubella infection
and age of menarche (Table 20). Among women who experienced menarche at age

TABLE 19
Risk of Malignant Ovarian Tumors Associated with
Selected Infectious Diseases

Age
6 -1l 12-18 19 +
Mumps 108 135 0.90
Measles 0.82 2.67 0.82
Rubella 0.02 3.90* 138

Significant at 0.05.
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TABLE 20
ASSOttA IION OF AciL OF MENARCHE AN|> RUBELLA WITH -©OVARIAN G*NCEft

Age a! menarche

Il or younger 12 or older
Women with Women with
malignant malignant
ovarian ovarian
Age of tumors Control group tumors Control group
Rubella
infection M rr N % N % N %
1lor
younger 9 69 10 83 26 51 44
12 or
older 4 kil 2 7 25 49 15 2%
Total n 100 12 100 51 100 59 100
p =0.72 P =m.02

11 or younger, the age of rubella infection was not found to be associated with
malignant ovarian tumors [P - 0.72). In women experiencing menarche at age 12
or older, however, the age of rubella infection was associated with ovarian cancer
(P = 0.02).

In addition to the aforementioned, data analyses found cases and controls
similar in general identifying characteristics and in the majority of variables under
study (see Table 21).

TABLE 2

Comparabiihy betwi.cn Women with Ovarian Cancer and Control Women

Sex. age. race

Religious preference

Marital status

Socioeconomic status

Years of completed education

Residence patterns

Age at first coitus

Age at menarche and menopause

Length or menstrual cycle

Spontaneous abortions and stillborns

Problems during pregnancy

Prcgnancyl/live birth ratios

Defective children

Married years at risk of pregnancy

Mother s age when pregnant with her daughter who later developed ovarian cancer

Douching history

Exposure to stress

Operative procedures such as cesarean section, tubal ligation, uterine suspension, cervical repair, and
thyroidectomy

Circumcision in male partners
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DISCUSSION
Reproductive History

Significant differences were consistently noted between cases and controls with
respect to both gravidity and parity. Women with ovarian cancer had significantly
fewer pregnancies even when controlling for age. race, socioeconomic status,
residence, religion, marital status, number of years at risk of pregnancy, and use
of birth control measures; were more frequently nulligravidous; reported more
difficulty conceiving; and tended toward a later age at first pregnancy than their
controls. Calculations of relative risks indicated that nulligravidity per se is more
influential in establishing risk than the actual number of pregnancies.

In married, sexually active women decreased or zero gravidity could be attrib-
uted to ovarian-mediated infertility (either relative or complete), nonovarian-
mediated infertility, the conscious use of contraceptive techniques, or an infertile
husband.

Certain results of the present study tend to support the hypothesis advanced by
Pathalla [5] that "extravagant" and incessant ovulation in the woman may be an
inciting factor for ovarian cancer development of the epithelial type. It was noted
in our study that: (1) Cases reported use of oral contraceptives less often than their
controls, (2) decreased gravidity in cases seemed not to be attributable to anovula-
tory cycles, and (3) cases reported a history of surgical menopause significantly
less often than the controls. These three observations seems to indicate that the
cases ovulate for a greater proportion of their reproductive years than their
controls. Fraumeni et al. have observed that in white Catholic nuns (whose nearly
universal nulligravidity cannot be ascribed to infertility) there was a higher fre-
quency of ovarian cancer than in the national white female population |8J.
Furthermore, the experimental acceleration of ovulation and egg production in the
domestic fowl with the early appearance of ovarian adenocarcinoma and no
tumors developed in control hens under normal conditions lends supportive evi-
dence that continued ovulation may be associated with ovarian cancer develop-
ment.

Women with ovarian cancer demonstrate a significantly lower mean number of
pregnancies resulting in live births than their controls. This decreased parity can,
however, be attributed to decreased gravidity generally as there were essentially
no differences in the number of spontaneous abortions and voluntary interruptions
of pregnancies among cases and controls. Based on our study data it would seem
that women with ovarian cancer do not demonstrate excessive reproductive
handicaps if they do become pregnant.

Exogenous Hormones

Our study data found that women with ovarian cancer used oral contraceptives
less often than their controls. This finding is interesting in relation to the
hypothesis suggested by Stadel 124] of an association between increased pituitary
gonadotrophins and the subsequent development of ovarian cancer. The incidence
of ovarian cancer increases rapidly after age 40 which is also when significant
numbers of women began reporting natural menopause (14). The menopause is
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associated with a decline in estrogen production and a rise in pituitary gonadotro-
pins This association has been noted by McGowan and Davis as well as others in
the experimental production of ovarian neoplasms in animals 118]. The current
widespread use of estrogens for treatment of menopausal symptoms or estrogens
in oral contraceptives may decrease the risk of ovarian cancer in women by
suppressing pituitary gonadotrophin production. However, the present study did
not reveal decreased use of estrogen for menopausal symptoms among cases as
compared with their controls.

Ftimily History of Cum cr

The observation that significantly more cases than controls reported a family
history of "gynecologic cancer" may indicate a genetic predisposition toward the
development of ovarian cancer of the epithelial type. The literature has estab-
lished the occurrence of certain "familial cancers,-' among them gynecologic
cancers 16.7.11.12. 16|.

Viral Discuses

Extensive information regarding childhood diseases was collected in the present
study. It must be emphasized that these data represent the patients' subjective
reporting of their illness and therefore tire limited by the adequacy of recall,
completeness of the woman's knowledge of her disease experiences, and lack of
confirmation such ns with serology.

A previous study had noted the negative association between mumps and
ovarian cancer ti e., ovarian cancer patients reported a history of mumps signifi-
cantly less often than their controls) 1251. As previously stated, no differences
were noted in this study among cases and controls as to the reported incidence of
any of the childhood diseases. The strong association between reported age at
rubella infection and increased risk of ovarian cancer noted in the present study is,
however, of particular interest.

Children with congenital rubella harbor virus in the nasopharynx, lungs, and
spinal fluid for at least six months after birth. In a few children, the virus persists
until they are about a year old. If cataracts are removed from patients with
congenital rubella at age 3 to 4. the virus can often be cultured from the lens tissue
120). The rubella virus may lay dormant in the body for 12 to 15 years before it
manifests itself as a chronic progressive panencephalitis [4,20], With the ability of
the rubella virus to persist for years after the initial infection, one could theorize
that a change in ovarian function or morphology is produced which, although it
does not interfere with ovulation, might alter cell surfaces making impregnation
difficult or impossible.

It is also of interest that a (rend toward increased risk of ovarian cancer in
association with a reported history of measles and mumps in the 12- to 18-year age
range was also present among our study population. The measles virus has also
been associated with many years of dormancy |9], Although these findings in our
study did not carry the same strength of statistical association noted for rubella
infections, the possibility exists that the incidence of a variety of common child-
hood viruses in the peripubertal years may increase the risk of ovarian cancer.
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In this country required immunization for rubella for all children under 12 is
being even more rigidly enforced, in Sweden and elsewhere in Europe rubella
vaccination is carried out in girls, ages 11 to 14 years, without prior serologic tests
113). So far most of the cases of subacute sclerosing panencephalitis have involved
congenital rubella, although a case that was reported by Lebon and Lyon may
have resulted from acquired rubella 110). The establishment, maintenance, and
periodic review of immunization records by all responsible parties in this very
interesting and possibly serious link between rubella infection in the teenage girl
and ovarian cancer development are essential.

The importance of this study's findings to the clinician lies in our increased
ability to define the woman at risk of developing ovarian cancer of the epithelial
type. Although some of our results are tentative and require confirmation through
further study, a number of potentially important risk characteristics have been
identified. These are: A family history of gynecologic cancer and cystic ovaries;
exposure to an infectious disease such as rubella during the peripubertal period;
zero or low gravidity; stated difficulty in conceiving; premenstrual symptoms;
lack of exposure to oral contraceptives; menopause usually not surgically in-
duced; and for women with carcinomas of low malignant potential, a later onset of
the menarche as well as menstrual disorders.

Certainly, the era of preventive oncology is upon us.
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A review of published experience with chemotherapy for the treatment of recurrent or
metaxtalic squamous cell carcinoma of the vulva found data for nine different drugs used as
single agents. Only 75 patients have been treated. Bleomycin produced responses in 19out of
31 patients, adriamycin in 4 out of 6 patients, and methotrexate in 2 out of 5 patients. Seven
patients with squamous cell carcinoma of the vulva were treated with live different combina-
tion chemotherapy regimens. Responses only occurred with regimens which contained

bleomycin and methotrexate.

INTRODUCTION

Squamous cell carcinoma of the vulva accounts for 3-4% of all primary malig-
nancies of the genital tract. Radical vulvectomy and bilateral groin dissection with
or without pelvic lymphadenectomy is the standard method of therapy employed
in over 80% of all cases.

There is to date no published review of results in treating squamous cell
carcinoma of the vulva with cytotoxic chemotherapy. This modality has rarely
been employed in treating squamous cell carcinoma of the vulva, because patients
are often considered to be too old with diminished performance status. Recently
new dosage schedules and newer drugs have been employed with a satisfactory
risk-benefit ratio for these elderly patients. Chemotherapeutic agents can have a
beneficial role in the management of selected patients with recurrent or metastatic
squamous cell carcinoma of the vulva, and reexamination of this treatment mo-
dality by gynecologic oncologists is now appropriate. A controlled comparison of

the most effective regimens may be feasible.
METHODS

A literature review was undertaken to discover which chemotherapeutic agents
have been used in the treatment of metastatic and/or recurrent squamous cell

1 To whom requests for reprints should be sent: Division of Gynecologic Oncology. Department of
Obstetrics and Gynecology. Mount Sinai Hospital. 1176 Fifth Avc.. New York. N. Y. 10029
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The descriptive and analytical epidemiology of ovarian cancer
is reviewed, starling from (he substantial geographical differences,
with high rales in North America and Europe and low rales in
developing countries and Japan, allhough, on a worldwide scale,
almost 50% of 140.000 total cases occur in developing countries.
Over (he past decades, incidence and mortality rates have re-
mained approximately stable in high-risk areas, but have gen-
erally tended to rise in low-risk areas. In the past, ovarian cancer
was more common in higher social classes, but sociocultural dif-
ferences seem to have flattened o ff over recent decades. In etiolog-
ical terms, the protection afforded by multiparity and oral con-
traceptive (OC) use is well established, with relative risks (RRs)
of the order of 0.5 for multlparae and OC users. There is also
consistent evidence that risk increases with late age at menopause.
Less consistent and weak, if any, arc the effects of age at men-
arche and first birth, although there is hint that a first birth over
age 35 is not protective. It is conceivable that diet can play an
important role in ovarian carcinogenesis, but only scattered data
arc available to suggest that high fat consumption may represent
an indicator of risk. Available knowledge on ovarian cancer ep-
idemiology is also discussed In relation to models of carcinogenesis
and Implications for prevention and public health. iwi A>«iraik

P»o.. lac

INTRODUCTION

In developed areas of the world ovarian cancer is a
common neoplasm, being among the five leading sites of
incidence and mortality [1,2]. On a worldwide basis the
tidal number of eases has been estimated to be approx-

1 Supported hy (he liiltan Association for (‘»licet Research. Milan,
and the Italian League Against Tumour» and conducted within the
framework of the CNR (ltalian National Research Council) Applied
Project "Oncology” (Contract Jt7.01.544.44) and Prevention and Control
of Disease Editors (Contract 91.0U2Jt5.PE4l)

®To whom reprint requests should he addressed.

1'1%1

imatcly 1-40,000, thus representing over 4r<of all cancers
in women and the seventh loading site of incidence 13J

Besides the observation that ovarian cancer is a disease
of afllucnl societies, a few aspects of its epidemiology are
well understood, such as iis inverse relationship with par
ity and oral contraceptive (OC) use. These factors c\
plain, however, only a minor proportion of the substantial
differences in worldwide ovarian eaneer incidence and
mortality. A role for other menstrual, reproductive, and
hormonal factors, as well as the potential influence <4
diet, has been suggested in some investigations, but is fat
from established or well ijuaniilicd.

In the present review, therefore, available knowlcdgi
on the epidemiology of ovarian cancer is .summarized and
discussed. In addition to a brief mention of histopathn
logical characteristics, the article includes four subdivt
sions: hisiopaihology, descriptive epidemiology, risk lac
tors, and conclusions and eliopalhogcnetie factors.

IIL.STOIATTIOIXXY

Three chief groups of Illinois originate fiom the ovaix
epithelial, sex-cord mcsenchime. and germ-cell tumors.

According to Scully |4j, epithelial forms represent two
thirds of all primary ovarian minors and 90% of thesi
are malignant, (icrm-ccll tumors account lor altotil 25
30% of all ovarian tumors (dermoid cysts and dysgei
minomas are lhe more common varieties in this group)
and sex-cord and stromal tumors account for an aildiliona
<i%. approximately.

The most common epithelial tumors derive from tin
surface epithelium of the ovary, the descendant of (hi
celomic epithelium of the embryonic gonadal ridge (i e.
Mullerian ducts). When a neoplasia develops from tin
surface epithelium, it acquires the potential of its cm

UMIK.'SS'M tI *
«>>[itglil v [v»| [ A» Ll nii. In'v. In
All light'. ! icliiinliiii>ni hi .my I-im ii-M.it>a
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beyonic neighbor 10 differentiate into epithclia resembling
those of various Mullerian duel derivates. Serous turnon
hi>tologically resemble fallopian tubes, endometrioid tu-
mors the endometrium, mucinous tumors the endocervix,
and clear-cell tumors the endometrium during pregnancy.

Since germ cells also are totipotential, a wide variety
of ncoplasms'may develop from-them tooHndeed gemT
cell tumors recapitulate stages of embryonic development:
dysgerminomas (from primitive germ cells), endodermal
sinus turnon (from yolk sac development), and various
kinds of turnon composed of or containing cytosyncytio-
trophoblastic cells. Teratomas also belong to this group
of turnon: they are solid and predominantly contain ma-
ture tissue.

Finally, sex-cord mesenchimc tumors derive from the
sex cord and stromal component of the developing gonad.
The embryonic sex cord develops into Sertoli cells in the
testis and granulosa cells in the ovary. The stroma de-
velops into Lcydig cells in the testis and stromal lutein
cells and fibroblasts in the ovary.

Population-based data on the histologic distribution of
ovarian cancer are scanty. In the United States Third
National Cancer Survey (1969-1971) (5) all newly diag-
nosed cases of ovarian cancer in nine areas of the United
Slates were identified and reported according to age and
histologic type. Nonepithclial types predominated in
younger women and their incidence did not change with
increasing age. whereas epithelial types rose rapidly with
age. overtaking in frequency nonepithclial types at 15-
24 years of age. The most common epithelial subgroups
were serous tumors (36.3%), followed by mucinous
(13.8%), endometrioid (2.0%), and clear-cell tumors
(0.6%). Sex-cord mesenchimal and germ-cell tumors ac-
counted for about 2% of all ovarian tumors. The
White/Black ratio was above unity in epithelial types but
below unity in nonepithclial tumors. Also in this study,
however, a large number of "not otherwise specified"
carcinomas, adenocarcinomas, and cystoadenocarcinomas
was recorded (i.e., approximately 1/3 of the total). Other
published material dealing with the relative frequency of
individual histologic types mostly derives from hospital-
based series, where, however, substantial discrepancies
may derive from chance or different referral patterns with
respect to age.

Another source of heterogeneity within epithelial ovar-
jian cancers is the presence of estrogen receptors (ER)
and progestin receptors (PGR). Although the ovary is
not a primary target tissue for estrogens. ER and PGR
have been found in benign and malignant ovarian neo-
plasms |6- 8. Extracts of more than 50% of epithelial
ovarian cancers contain at least 20 fmol ER per milligram
soluble cytosol protein, or at least 500 fmol ER per gram
tissue wet weight, in contrast to the much smaller quan-
tities of ER observed in normal ovarian tissue (6,7|. The

content of ER and PGR in ovarian carcinomas has not
been correlated consistently with the histologic type and
grade of the carcinoma. High levels of ER and PGR were
found to affect favorably survival in some reports [8| but
not in others (9). Therefore it has not been established
convincingly whether a correlation between ER or PGR
content and clinical prognosis comparable to that found
in breast cancer exists in ovarian cancer.

The considerable variety among and difficulty in di-
agnosing histologic types of ovarian tumors has always
hampered the interpretation of etiological data. Most ep-
idemiological work, including the present review, how-
ever, simply refers to ovarian cancer by and large, or, in
most recent analytical studies, epithelial ovarian cancer.

DESCRIPTIVE EPIDEMIOLOGY

Geographical Differences

There is a large variation in the incidence of ovarian
cancer in different countries (Tables 1and 2). The highest
risk areas are European (especially Nordic countries and
the United Kingdom) and North American countries,
with a ratio of approximately 4 between the highest and
the lowest incidence countries worldwide. Lower rates
are generally observed in South European areas. Devel-
oping countries and Japan have the lowest incidence rates
although registration deficiencies should always be con-
sidered in the interpretation of these findings (Table 2).

With respect to the incidence of ovarian cancer as a
percentage of all incident cancer cases in women, less
marked differences between various countries are ob-
served. Ovarian cancer, in fact, accounts for about 4-6%
of all incident cancer cases in women in most areas. It
seems, therefore, that ovarian cancer is a relevant pub-
lic health problem, especially in Westernized societies or
developed countries, but more than 50% of new cases
diagnosed every year worldwide occur in developing
countries (3).

A possible bias in the interpretation of international
difference is the influence of the number of ovaries at
risk. Where the rale of hysterectomy is high and bilateral
oophorectomy tends to be performed routinely also in
relatively young patients, such practice may affect per-
ceptibly the denominator and lead to a certain degree of
underestimation of ovarian cancer rates.

infracounfry Variability

The suggestion that ovarian cancer risk is directly as-
sociated with modem Western life-style is further con-
firmed by the consistent imracountry variation in inci-
dence rates. Considering the incidence data from 20
regions in the world where it has been possible to distin-
guish urban and rural areas (lj, higher rales of ovarian
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TAIUK |
Incidence of Ovarian Cancer (and Percentage of All Incident Cases in Women) in Selected Developed Countries (World
Population Age-Standard jred Kates). 1°78-IVH2

Percentage ol all incident

Incidelice cancer eases
Country ratc/KXUtIn in women
Europe
Norway 153 7.2
Sweden 152 6.8
Denmark 145 6.0
Iceland 13y 6.0
UK. North East Scotland J32 6.1
FRG. Hamburg 12.8 60
UK. Oxford 12.6 6.2
UK. Southeast Scotland 12 1 51
GDK 12.1 6.5
Switzerland. Geneva 12.0 54
Poland. Cracow 12.0» 66
Poland. Nowy Sacz liy y5
UK. Trent ILH 5.7
UK. South Western IL.K 5y
UK. South Thames 117 6.2
Italy. Parma 117 58
Netherlands. Heindhoven e 5.7
Switzerland. Neuchatel 113 50
UK. North Western 1.2 55
France. Has Rhin 112 55
UK. East Scotland I 4y
UK. Birmingham 1 5.y
UK. West Scotland (1 5.0
UK. Mersey 108 5.0
Switzerland. Zurich 10.5 52
Poland. Warsaw 105 6.6
Italy. Varese 10.2 5.0
Finland ys 5.6
Yugoslavia. Slovenia y.s 6.0
UK. North Scotland 5 4.6
Hungary. Vas 4 5.7
Czcchoslavakia. Slovakia Y2 5.6
Switzerland. Basel y.l 4.4
FKG. Saarland y.i 43

Source. Muir ei ul. |I]

cancer in urban populations were reported in 14. The
excess was about 20-50%. irrespective of whether the
region was in a low- or high-risk area (Table 3).

In (he United Stales the incidence of ovarian cancer
was approximately 50-70% higher among Whiles than
among Blacks in all seven areas covered by the Surveil-
lance Epidemiology and End Results (SEER) Programs
(Table 4) and in both premenopausal and postmenopausal
women 11, 10j.

Trends in Ovarian Cancer Incidence

Trends in ovarian cancer rales over the last 20 years
in selected ureas are presented in Table 5. Rales in the
highest risk areas, for example, the United Slates, Cun-

rclientage ol ail

lucilie nee i alicer tas»

3 ««unity rale/ico.o00 in women
Switzerlami. Vaml <l 45
Ireland. Southern eill S0
France. Doni» Yo 5»
France. Calvados K2 51
Italy. Ragusa 7y S5
France. Iscrc 78 41
Romania. County Clii| 6.( 4y
Spain. Tarragona 6.5 42
6 4 42

Spain. Navarra

Hungary. S/aholcs 58 S:
42

Spain, /.aiago/,i 54
Notili Alucina
( anada
Manitoba 12.8 4y
(»muriti 12 50
Duchee 114 45
Alberta H S:
British Columbia 10.6 47
United Stales
law Angeles (Whites) n.s 4y
New York Stale (except
City) 12 h 50
lowa 24 o
Detroit (Whites) 123 46
Seattle 121 46
Conneciiciit (Whiles) 2 0 456
Japan
Nagasaki 67 41
Osaka 44 2y
Miyagi 4.2 2y
Australia
New /calami (Marni) 11).«) 37
New Zealand (non-Maori) 8y 41

ada, Scandinavia, and the United Kingdom, lemamcd
over the period 195X-I9K2 alinosi constant while rising
values were observed in low-risk areas such as Japan,
India, and Smg;t|»orc (Chinese population) (1.10 13)

Besides improvements in diagnostic and registration ac-
curacy. which might have produced artilactual increases,
especially in less developed areas, an increased frequency
of oophorectomy (often performed together with hyster-
ectomy in peri- or postmenopausal women), especially in
develop'd countries, should be taken into account in the
interpretation of temporal trends

An additional difficulty stems from the presence of
complex cohort effects. In several developed countries
younger women lend to show substantial declines in ovar-
ian cancer risk, possibly due to the protection alloidcd
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TABLE 2
Incidence (World Population Age-Standardized Rates) of Ovar-
lan Cancer and Percentage of All Incident Cues In Women in
Selected Developing Are«. 1980

Percentage of ail incident

Incidence cancer cases
Country rates/ioo.000 in women
Africa
Middle Africa 53 5.0
Western Africa 46 7.8
Northern Africa 41 4.7
Eastern Africa 3.6 47
Southern Africa 24 31
Central/South America
Temperate South Amend 8.7 3.6
Tropica) South America 57 35
Caribbean 5.2
Central America 19 24
Asia
USSR 93 52
Melanesia 55 5.8
South Eastern South Asia 54 6 1
Micro/Polyncsia 456 53
Western Asia 41 45
China 4.0 3.7
Southern Asia 35 44
24

Source. Parkin et at. (3].

by OCs 114]. Ai older ages, conversely, upward trends,
which are probably partly real and partly due to improved
diagnosis or death certification, are still evident.

RISK FACTORS

Sociocultural Indicators

Education, as a sociocultural indicator, is examined in
Table 6. In 5out of 10studies, cases were more educated
than controls, and in 1study, conducted in China (15),
the difference was statistically significant (Table 6). Such
asociocultural gradient seems, however, to have Aattcned
off over more recent years, especially in studies from
developed areas of the world [ 16,17].

In other investigations different social indicators such
as annual income or social class were examined, with
rather inconsistent results. For instance, Slattery et al.
[18] reported a nonsignificant decrease in ovarian cancer
risk in the upper level of income, whereas Beral et al.
(19) and Booth etal. (20] found that cases belonged more
frequently to the higher social class. Generally the higher
proportion of women of upper social class among cancer
cases as compared to controls is interpreted in terms of
lower fertility in this group, as the number of children
and (he economic level appear to be in most instances
inversely related.

PAKAZZINI LT AL

TABLE 3
Ovarian Cancer Incidence Rate/100,000 Women in Urban and
Rural Populations in Selected Countries (World Population Age-
Standardized Rates) s

1975 1960
Country Urban Rural Urban Rural
Japan, Fukouka 32 29
Japan. Miyagi 42 2.6 49 33
Japan, Osaka 35 2.1
Czechoslovakia, Slovakia 12.1 7.7 122 8.8
FRG, Saarland 102 6.9
France, Calvados 79 8.8
72 57 99 71
Hungary, Szaboles 9.0 6.0 7.2 54
14.8 14.2 159 145
Romania, County Cluj 64 71
Switzerland. Vaud 2.6 149 6.9 103
UK, England and Wales 111 109
Austria. North South West 9.2 79 9.2 7.8
Finland 1.8 9.8
France. Bas Rhin 113 107
Poland, Cleszyn 96 7.7
Poland. Katowice 80 79
Poland. Warsaw 11.9 9.2
Spain, Zaragoza 5.2 53
UK. North Western 103 6.7

Source. Waterhouse et al. [10); Muir et al. [I].

Menstrual History

Age at menarche. The role of age at menarche in
ovarian cancer risk has been extensively investigated. The
majority of the studies (17, 20-22] found a moderately
increased risk in women with early menarche. The esti-
mated RRs were of the order of 1.2 to 15 in women
whose menarche occurred below age 12 as compared to
that of those with menarche at age IS or more (Table 7).

TABLE 4
Age-Adjusted Ovarian Cancer Incidence Rales/100.000
Women in Whites and Blacks in Selected SEER Areas: United
States (World Population Age-Standardized Rates)

1975 1980
Area Whiles Blacks Whites Blacks
Alameda 14.0 8.7 121 415
Bay Area 144 8.5 12.9 £AV)
Los Angeles 139 9.6 135 8.0
Connecticut 12.0 73
Atlanta 12 2 69 12.6 84
New Orleans 9.3 55 ILO 72
Detroit 12.8 98 123 8.8

Source. Waterhouse et al [10[; Muir et al. [I].
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TABLE 5

.. Jafifesk....

Calendar period*

Country 195H-1962 1963-1967 |19hK 1972
Canada
Newfoundland 9.0 99 nz
Manitoba 154 143 116
Ouebec - 75 9.6
Alberta 9.3 10.0 9.X
Saskatchewan 1o 10.3 Il o
British Columbia — — 14.0
United States
Hawaii
Caucasian Ll 4 14.X 117
Japanese 75 9.4 19
Chinese — 131 5X
Hawatan 159 (6.6 1.6
Filipino — 4.X 931
Alameda
While — 12.6 135
Black — 104 100
Connecticut 132 113 125
Now York State 10.2 — 115
Colombia. Cali 12.8 9.2 80
Jamaica 74 X3 ¢ Xs
Puerto Rico 4.9 51 53
Japan. Miyagi 2.2 19 2.8
India. Bombay - 6.1 4.X
Singapore
Chinese 32 — 6.0
Israel
All Jews 119 114 130
FRG. Hamburg |7.6 — 115
Slpvema X1 86 10.1
GDR —_ 113 12.1
Hungary
Szaboles — 5.6 56
Vas — 9.0 9.0
Poland
Warsaw — 1.2 114
Cracow — 6.3 9.1
Denmark 133 135 151
Finland 9.0 0.1 104
Norway 115 115 142
Sweden 131 144 IS 1
United Kingdom
Oxford — (M "7
Liverpool 9.7 104 loi
South Metropolitan 10.6 — -
Birmingham 1 0.8 (1
New Zcaiand
Non-Maori 119 114
Maori 126 117 131
‘Data arc not necessarily lor the whole 5 years.
Source Doll el ut. (11); Doll et at. (12|; Waterhouse el at. 1131 Waterhouse el tit. [IO[; Muir cl til.

A stronger inverse relation emerged from a study in

1973 .1977

9.2
lux

103
10.7

12.2

9.4
7.0

[N
4.6

141
X7
121
130
101
7.0
s3
34
72

S7

12 6
133
10.7
12.2

66
X6

119
114
146
109
14.6
59

14
99

13
127

1960-1980 (World Population A”e-Standardired Hates)

197X 19X2

XX

114
il
1o
e

1o
X

T8
1“1

ss
12 1
105

12.0
126

suU
42

72
X
1o

9.5
5X

105
120
145
9 X

152

126
s

105
1o

relationship was found in ihrcc other studies from Ihe

Shanghai, China (15j, where very lute menarche (i.c., at  United Slates 12.1-25j and one from Norway |2h|.

age 18 or over) was not unusual. Finally, no apparent

Available evidence thus indicates that age at menarche
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TABLE 6
Percentage Diatribution of Ovarian Cancer Cano and Controls
la the Upper Educational Level (> 12 Yean of Education) in
Selected Cma Control Studies

Auibor [Ref.j Ovarian cancer Control
Wot [44] 113 (30)- 8.8 (18)
Wywkr a Ml [23| 23.0 (38) 1511 (44)
Frawxachl etd (21) 21.0 (34) 20.0 (113)
Cramer t* d. (49] 26.0 (38) 27.0 (38)
Tzonou etd. |29] 17.0 (26) 190 (48)
CASH Study [16) 47.0 (231) 52.2 (2207)
Harto» ard. 153 50.9 (59) 61.4 (97)
Cramer etd. |72] 60.4 (142) 51.9 (124)
Shuetd. (I5r 145 (25) 29 (5
Parazzini etd. (17| 147 (93) 156 (254)

« The oorrciponding number» of eme» and control» arc »hnwn in
parentbeies.

* Borderline tumor*.

<001

has very little if any effect on ovarian cancer risk in de-
veloped countries. The possibility that very late menarche
may exert some protection deserves further attention in
studies from developing countries.

Age at menopause. At least 12 studies [15.17,20-
24,26-30] considered the relationship between age at
menopause and ovarian cancer risk (Table 8). In seven
(15,17,20-22,24,29] a direct relationship was found.

Such direct association with age at menopause tends to
be long lasting, being present also among older women
(17]. The strength of this association, however, seems to
vary across different studies, ranging from 1.4 [22] to 4.6
[21j in the highest category of age at menopause. In four

TABLE 7
Relative Risk Estimates of Ovarian Cancer and
Age at Menarche

Age at menarche

Aulhur [Ref| <12 12-14 >14 >17
Wynder et al (23] * 15 I

Hildreth et ut (24| Not «.igniricani

Franceschi a al [21] 15 13 1

Tzonou pr at. [29] r 1.2 15 19

Kvale et at [26]* r 1o 1.0

Wu etad [22| I* 0.9 0.6

Booth pr ul |20 13 0.9 1

Parazzini et al. 117] 11 1

Shu et at. 115 44 34 32 *
Gwinn et at. |25 09 * 1.0

Reference category.
* Cohort study

TABLE 8
Relative Risk Estimates of Ovarian Cancer and Age
at Natural Menopause

Age at natural menopause

Author |Ref.) <4iT 41-45 46-49 50-54 >55
Wynder tt d. (23] No association

Anncgcn ei al. (28| 11 r
Hildreth et al. (24] g 2.0 23 29
Francetchi et ul. (211 1 29 46
Tzonou et al. (29) 1+ 0.7 16 IS
Harige el al. (30] No association

Kvale et al. [26]* r 1.0 10 10
Wu el al. |22r LI 13 14
Booth et al. (20) i* 20 25
Parazzini pr ut. (17] i* 13 5 17
Shu et at. [IS] 1* 28 16 21

* Reference category.
* Cohort study.
' Reference category: premenopausal women.

other studies (23,26,28,30] no association emerged be-
tween age at natural menopause and ovarian cancer risk.
Such large differences are partially explainable by
means of potential methodological problems, including
definition of menopause or type of menopause, different
age distribution, or adjustment for age and other covar-
iates in the analysis. The overall evidence tends to weigh
in favor of a real, although moderate, direct relationship
between age at menopause and ovarian cancer risk.

Reproductive Factors

Number ofpregnancies. Nulliparity and, even earlier,
single marital status (see Wynder et al. (23]) have been
very consistently related to high risk of ovarian cancer.
A strong inverse association between completed family
size and mortality from ovarian cancer in different coun-
tries and for successive cohorts in the same country has
been reported (19].

The most debated issue is whether nulliparity and low
purity per se or difficulty in conceiving facilitates the de-
velopment of ovarian cancer. Unfortunately, infertility
cannot be measured accurately in most epidemiological
studies [31]. Many infertile women do not seek medical
care for this problem, and even more women receive only
an incomplete and inconclusive evaluation of the causes
of their infertility and/or are unable to report accurately
on them.

Some studies suggest, however, that pregnancies per
se reduce the risk of ovarian cancer. Of al least 20 studies
that have examined the question ]21-27,29.32—43]. 16
121.25-27,29.32,33,35-43] showed a further decline in
risk associated with full-term pregnancies beyond the first.
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TABLE 9

Relative
Parity
Author |Kef| 2 3 4
Wyndcr etat: |23] * OH OK 12
loly et at. [32] 2 1 13
Ciiagrande et at. |33| r OH
McGowan et at. |34| i* 6
Hildrclh et at. (24J r 0.0 11
Cramer ei at [36]
Unadjusted r 0.5
Adjusted* i* 0.5*
Risch et at |.V7| r OH
U Vccchia et at. [3X]
Unadjusted ie t7
Adjusted 13 13
Nascu et at [39] i 10 11
Tzonou et ut. [29] 1"
Lcsher et at. (40)
Unadjusted r 0.9 0.7
Adjustedl i* 0.9 0.7
Voighl et ut |-411
Unadjusted r 0.9 0.7
Adjusted r 1.4 07
Kvalc et atJ|2h|
Unadjusted 15 1o 0.9 OH
Adjusted’ 14 i 0.9 0.9
Mori et at (430 r 1.1
Wu et at. (22] r 0.9 0.9
Gwinn et at. (251 i OK unr 0.4*

' Reference category.

* 95% confidence interval dries not overlap I.

' Adjusted for parity or age at first birth, as appropriate.
4 Cohort study

thus suggesting (hut additional risk reduction was con-
ferred by events accompanying each pregnancy.

Table 9 summarizes RRs from studies allowing an as-
sessment of the effect of number of pregnancies and age
at first pregnancy in parous women only {29,21-
24,26,27,29,31-41.43] It is apparent that the reduction
in risk deriving from pregnancies beyond the first is weak
and, partly on account of limited study size, it reaches
statistical significance in only four investigations 124-
26,36).

Age at first pregnancy. The suggestion that early age
at first pregnancy may also protect against ovarian cancer
came from four case-control studies (24,32,34,38). Since
multiply pregnant women usually start reproduction early
in their life, independent effects of age at first pregnancy
and number of pregnancies are difficult to establish. An
Italian study (38] found a significant excess risk associ-
ated wilh age at first birth after adjustment for parity.
Conversely, in three case-control studies 136,40.41] and
one prospective investigation 126). no relationship wiih

Risk Estimates of Ovarian Cancer and Parity and Age at f irst Birth

A,e at lirst birth (years)

%5 -.20 2u24 2529 3034 *H
otc
1 T 14 23
0.3* r 17 14
0 5* I 19 3.0 2.5%
u.s* r Ll 12
0s r ID 1.0
r i- 2T »2* 40
r i 3V 2K 3t
ILH i u7 tin nm 11
n.7
0.6 r OH 12 12
II'5 r OH 11 n*
UK r 11 <K 12
till r 09 (Mi 1"
@fr 07 0.9 0.9 14 10
0.7* ILH 10 a9 13 X
0.4
1- 13 1lu 13
0.4* 1 OH nz 05

age at first birih remained after adjustment for parity.
Several other investigations did not find a consistent re-
lationship between risk of ovarian cancer and age at first
pregnancy )25,36,29j, but in at least two further studies
i20,29) the RR was elevated in women in whom first birth
had occurcd at age 35 or more. Furthermore, in these
two studies, nulliparous women were not at increased risk
over those who first bore a child at age 35 or more.

In conclusion, the effect of age at lirst pregnancy on
ovarian cancer is probably weak, if any, but there are
various suggestions that the protective effect of full-term
pregnancy depends on the age at which it lakes place,
and that this protection may be weak, or absent, above
age 35.

Incomplete pregnancies. Studies dial provided infor-
mation on ovarian cancer risk according to different oin-
comes of pregnancies are shown in Table IlI). Seven in-
vestigations  117.211.26.29.33.37.43| showed that the
decrease in ovarian cancer risk deriving from incomplete
pregancics is not appeeiahly dillcicnl from that confeired
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TABLE 10
Relative Risk Estimates of Ovarian Cancer and Different
Pregnancy Outcomes

Abortions
Author 1Ret. | Induced Spontaneous Stillbirths
West [44] No difference —
Wynder et at. [23| »1.1.1 »1:1.8 —
Joly et al (321 —_ No difference No difference
Oim grande et al. (33j 0:1 —
1:.0 54
»2 054
McGowan et al. |34| — No difference No difference
Cramer et at. |306| — »1:0.« —
Risch et al. [37] - »1.07 —
Nasca et al. |3V]| 0:1
2:11
»3 16
Tzonou et al (29 01
109
»2:0.7
Kvale et al. \2t\- »109 —
Mori et at. [43| »1:0.5*% »1:0.8 —_
Wu et at. [221 No difference —
Booth et al. (20) 0:1
1:1.0
»2:0.6
Hsrtgc et ai. |46] 0:1
i
210
»3:1 1
Paraiiini et al. |17] 0:1
1:0.9
»2:0.7
Shu et al [15] 0:1 0:1
1:.0.7 t 13
»2:0.6 »2. 10

Whittcmorc et al. [45] No difference

* Cohort study.
* 95% confidence interval does not overlap |

by full-term pregnancies. The comparability with a few
other studies in which no association emerged
(15,22.32,34,44-461 and others (23,39], which showed
nonsignificant inverse associations, is hampered by sub-
stantial differences in data analysis, such as inclusion of
ever pregnant women only [23,32), choice of hospital con-
trols with benign ovarian tumors or other gynecological
and obstetrical complaint or hormone-dependent cancers
(32.44), inclusion of stillbirths [15,39|, and, by and large,
intention to assess the role in cancer risk of predisposition
to miscarriages as a possible outcome of pregnancy rather
than pregnancy per se.

Oral contraceptives The protection afforded by com-
bined OCs against subsequent ovarian cancer risk is one
of the best established and most important, on a public

health scale, characteristics of epithelial ovarian cancer.
Available results on this relationship are shown in Table
11. Nineteen out of twenty-one studies [16,20,22,24,25,
27,29,33-35,47-551 found relative risks below unity, and
the sole apparent outlier was a study conducted in China
(15) that included only 2%-pill-users among the cases and
12 among the controls. The overall estimate of protection
is approximately 40% in ever users of OCs and such
protection increases with duration of use (56).

The favorable effect of OCs on lowering ovarian cancer
risk seems to persist for some time (at least 15 years)
after OC use has ceased, but the data do not provide
definitive RR estimates for longer periods or in relation
to latency or recency of use. Nulliparity (and perhaps
infertility) increases the risk of ovarian cancer and, there-
fore, the possibility that nonusers tend to be more fre-
quently infertile than OC users has been claimed to ham-
per the interpretation of the inverse association between
OC use and ovarian cancer [54].

Along this line, OCs were reported to have a more
limited protective effect in nulliparous than in parous
women in two investigations [34,51]. However, in six
other studies (22,29,46,47,49,55) no relations were found
between the magnitude of the protective effect of OC use
and strata of parity or marital status. Furthermore, no
association emerged in published studies between ovarian
cancer and barrier methods of contraception or 1UD use

TABLE 11
Relative Risk of Ovarian Cancer and Oral Contraceptives

Relative risk (95% CI)

Author |Ref.| (ever vt never users)
Newhouse et at. (27] 0.6(0.3-11)
Casagrande et al (33| 07(0.4-1 1)
McGowan et al. [34) 0.7(nonsignifk:ant)
Hildreth et al. (24) 0.5(0.2-1.7)
Weiss et al [47) 06(0.4-1 0)
Willett et al. (48) 08(04-1.5)
Cramer et al (49) 04(0.2-1.0)
Rosenberg et al. [35] 06(04-0 9)
La Vecchia et al. (50) 06(03-1 0)
Tzonou et al. [29] 04(0.1-1 1)
Cash study (i6] 06(04-0 9)
Vcsacy et al. [511 03(0.1-07)
Bcral et al [52]* 06(0 1-2.3)
Harlow et al [53]* 0.4(0.2-09)
Wu et at. [22] 0.7(0.5-11)
Booth et al (20| 05(0 3-09)
Hartgc et al. [46] 10(0 7-1.7)
Shu et al. []9] 18(08-4 1)
WHO Study (54] 08(0 6-1 0)
Gwinn et al. j25) 0.5(04-0.7)
Paranini et ul. (55| 0 7(0 5-1 0)

' Relative mortality from a cohort study.

* Borderline tumors.
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(20.55J (although a nonsignificantly reduced risk in 1UI)
users was reported in a Chinese study ji5%

Since the incidence of ovarian cancer is already appre-
ciable in middle age and survival is low, the protection
attributable to OC use corresponds to a far from negli-
gible number of deaths (i.c , probably several hundred
per year in countries like Britain (51j. where OC use has
been frequent for a long time).

Hormonal replacement therapy. Alter a first report in
the late 1970s |57|, several studies examined the rela-
tionship between hormone replacement therapy (in par-
ticular estrogens) and risk of ovarian cancer (Tabic 12).
Two studies 128-16] showed a lower but not significant
risk in women who have ever used estrogens in meno-
pause. whereas live studies (20,29.36.58.59) found a mod-
erate increase in risk that was significant only in subgroups
(i.c., women who underwent hysterectomy or in some
histological subgroups).

Some authors reported a significant increase in risk only
in tumors of endometrioid type (58,60), but this finding
was not confirmed by others (30,59|.

One study (151 investigated the association between
other female hormones and risk of ovarian cancer: ele-
vated RRs emerged in women who used medroxypro-
gesterone (2.8). dictil-stilhcstrol (5.4), or other hormones
for the treatment of fertility problems (2.1), but these
associations should again be discussed in relation to the
possibility of indication bias.

Dietary Factors

Most of the links between ovarian cancer and diet arc
based on international differences or correlational studies.
Positive correlations were observed with fats, proteins,
and total calorics and are in the same direction as those
of endometrial and breast cancer (61,62|.

Information from follow-up studies in selected popu-
lations is scanty and controversial: Seventh-Day Adven-
tists. many of whom are lactovegetarians. showed ovarian
cancer mortality 40% lower than that of the population
of California |63|, but Mormons in Utah had a standard-
ized incidence ratio of 1.7 compared to the general pop-
ulation of the United States (64|. In a cohort of British
nuns with very low intake pf meat and fats, no reduction
in risk was, however, apparent (65|.

The results of case-control studies arc somewhat more
consistent (see, as a review. J66|). Among four studies
(15,67-69) that considered various measures of fat intake
(Table 13), three |!5,68,69J found significant direct as-
sociations. In one of these |I5]|, which was based on a
Chinese population with wide ranges of consumption of
various foods and was able to provide estimates of intake
of several nutrients, the effect of fats persisted after ad-
justment for total calories, whereas, after allowance for

animal fat intake, no significant associations with calour
or proteins remained.

Within Seventh-Day Adventists, it has been reporter
that women who ale eggs or fried foods more frequently
had an approximately threefold elevated risk of ovariat
cancer |70|. An inereased-risk also emerged for daily men
consumption from a case-control study of 56 eases age«
above 50 conducted in Japan (43].

Studies in Italy |6 and North America (69a) showci
reduced risk with more frequent consumption of greet
vegetables and carrots and greater vitamin A intake. *Vi
lamin (' and total vegetables were protective also in .
Chinese study (151 Conversely, according to Slatleiy <
al. (18), calories, Ini, protein, liber, and vitamin A am
C dirt not appreciably alter the risk til developing ovariai
cancer, whereas high intake of /¢-carotene appeared
confer protection. The mechanism ol action of these im
trienls is. however, far Irom being understood.

Since worldwide ovarian cancer risk is strongly cone
jiated with per capita milk consumption and lactase pci
sislcnce (i.c.. the ability to digest lactose alter infancy
(711 it has been hypothesized that lactose consumption
rather than animal fat, may be a dietary risk for ovariat
cancer and low transferase activity a genetic marker fo
increased susceptibility (72j. The observation of hypci
gonadotropic hypogonadism in rodents fed with Inclose
rich diet and in galuctoscmic women or carriers with re-
duced transferase (721provides some biological basis &
the aforementioned associations. which however was no
supported by the results of an epidemiological investi
gallon (69a(.

Alcohol and coffee consumption.  Another componcn
of diet which has been found to be protective in a larg
ease-control study from the United Stales is ethanol |73|
This observation finds a possible biological interpretatio
in the reduced gonadotropin levels caused by high dost
of alcohol consumption with consequent anovulation an
hence protection against ovarian carcinogenesis 133.74
The results of other studies are. however, largely incot
sisteni. A similar suggestion of a direct association hi
tween alcohol and ovarian cancer emerged from a larg
American hospital-based study J75). but in three otlu
investigations from the United Slates (44,67,76), no sij
nilicani association was found In two European sludii
|129.77|. the relationship between alcohol consumplio
and ovarian cancer risk was above unity with a significai
positive trend with amount of alcohol ingested.

These apparent discrepancies could simply be diseussi-
as the results of random fluctuation, but also could |
viewed as reflections of a complex series of a sociocci
nomic. reproductive, dietary, or oilier correlates of a
cohol drinking in different countries.

bindings from epidemiological studies oil the rclalioi
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TABLE 12
Relative Risk Estimates of Ovarian Cancer and Eatrogen Replacement Therapy

Retalive rink (>15% CI)

Author |Ref. | (ever v» never users)
Annegert emf. -|28|- @.5(0.3-0.9)
Hildreth el at |24] 09(05-15)
La Vccchi* ft at. [60] 08(04-1.3)
Endometrioid 23(13-5.3)
Weiss ct at |5«| 1.3(09-1.8)
Endometrioid 3.1(1 0-9.8)
Cramer ft at. |3h| 16(09-2.9)
Tionou ei at |29|
Postmenopausal women L6
Harlow ct at. |3 0.9
Harigc ct al [.TO| 0.6(0 4-0 s)
Endometrioid type 05(03-08)
Wu a at. [22] oV (ns.)
Booih ct at. 121J
Postmenopausal women 15(009-26)
Women repining hysterectomy 109(1 7-69.0)
Nonhyslercctomizcd women 12(0 7-2 3)
Kaufman ct at. |59| 12(08-1 9)
Endometrioid 09(0.3-3 0)

ship between coffee consumption and risk of ovarian can-
cer are shown in Table 14. The risk estimates tended to
be systematically (although moderately) above unity, and
a pooled analysis based on crude data reached an RR of
1.3, with 95% confidence interval from 11 to 1.5, for
regular coffee users versus nonusers (781 Although con-
founding factors did not seem to be a major problem in
these studies, and significance was formally obtained with
such large numbers of cases, it is not possible to make
an inference of causality with such a moderate risk
elevation.

Family History

There are several clinical observations suggesting fa-
milial aggregations of ovarian cancer. Almost 150
kindreds in which (wo or more women were affected by

TABLE 13
Relative Risk Estimile* of Ovarian Cancer and Fat Intake

Level of fat intake

Author |Rcf| 2 3 4
Byers cf at |67| 1 13 1.2 —_
Cramer et al. |ss] 1 14 19 18
La Vecchia et at |69 1 12 21 -
Shu et al. [I5J 1 I 16 19

* Reference category

Comment
No trend in risk with duration of use
No trend in risk with duration of use
No trend in risk

RR for cyclic fashion. 2.5 (95% CI - 10-6 4); RR for duration
of use longer than 5 yean, 2.8 (borderline significance)

Borderline iumori; no trend in ruk with duration of use
No trend in risk with duration of use

No trend in risk with duration of use

No trend in risk with duration of use

epithelial ovarian cancer have been published (79-81).
Besides the clustering of ovarian cancer, an excess of

TABLE 14
Relative Risk Estimates of Ovarian Cancer and
Coffee Consumption

Coffee consumption

Author |Rcf ] (cups/day) Relative risks* (95% CI)
Harigc et al. |96j <2 1.0(005-2 2)
2-3 16(09-36)
»4 1.4(06-3.0)
Bycn el at (67] <3 13
*3 10
Cramer el at. |68 Regular drinkers 11
U Vecchia el al. |97] <1 1.5(0.9-2.5)
2-3 19(12-3.0)
>4 22(12-39)
Tzonou ct ul |29| 05 1 0.9
15-2 1.6
25-3 0.9
»35 15
Miller et al [98] 1 13
2 12
3 13
4 17
»5 11
Whiltemoie ei at. 1 24(1.2-5 1)
K»| 2-3 23(1.1-4.7)
»4 2 1(1.0-4.4)

* Never drinkers were the reference category.
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TABUI 15
Main Results from Selected Case-Control Studies on Family History of Ovarian and lircasi Neoplasms and Risk
of Ovarian Cancer

Author [Kef.|

Wyndcr el at |2Af No association
Casagrandc el ul. 33|
ovarian cancer

McGowan ei ul. [34]

Family history of ovarian cancer

7 cases and no control reported a laimly history ot

Family hisloiy of Ihimm caincr

Ni* association
RR | I. lor a lamily history ol hica'l cancer

14 cases and 2 controls reported a faintly history ol

cancer of the "female reproductive organs”

(one-sided. P = <101>

Hildreth ei ul 241

of ovarian cancer
RR 11.3 (95%. CI

of ovarian cancer

Cramer el ul. .v>|

Mori ei ul. |43]
ovarian cancer
Schildkraut and Ifiiiinpson |K4|

RR IK 2 (95% C1. 4.8-69.11) lor a family history
8.9-IDil) lor a family liismry

| case and no controls reported a family history ol

RR 1.0 (95% Cl. u.4-2 5) loi a history of breast
cancer in mother or sister

RR 1.5 (95% CI. 118-2.9) f«r a laimly hisloiy ol
Ineast eamvi

3 cases ami | eomrol icporli-tl a .Lmnlv history ol
Incast caiK-ei (HR ii I. 95% (i. it t Iti7.4»

HR 36 (95% CIl. 1.8-7.1) for a hisloiy of ovarian

cancer in first- and second-degree relatives

Koch ei ul. 1851
second-degree relatives
RR 19 (95% CI
cancer in first-degree relatives

Parauim el ul. |M6|

breast cancer (breast-ovarian cancer syndrome) or more
general excesses of several cancers (including colon and
endometrium, “cancer family syndrome" (K2J) have been
described, also. These hereditary patterns arc consistent
with an autosomal dominant gene with variable penetra-
tion. transmitted through men and women, probably ac-
couniing, however, for an extremely limited proportion
of eases [83]|.

Most case-control studies that included data on family
history have confirmed this association |23,24.33,34,
36.43.84-K6J and have provided a quantitative evaluation
of risks related to belonging to families prone to ovarian
cancer (Table 15). The estimated KRs range from 2 to
lll. It must, however, to he borne in mind that, in the
absence of a reliable gcnctical marker of susceptibility, a
“positive family history" includes both true genetically
determined familial eases and eases occurring by chance,
thus resulting in an underestimation of the actual impor-
tance of familial predis|)osilic>n.

Discrepancies in investigations on family history can be-
at least in part explained by chance (the confidence limits
largely overlap) and by selective publication of positive
results, particularly in earlier studies. Furthermore, po-
tential differences in baseline genetic characteristics of
various populations and in the prevalence of "hormonal*
risk factors should be considered, fhormonal factors can,
in fact, play a role in (he expression of an inherited en-
hanced susceptibility of ovarian (issue toward carcino-
genesis. Notably, no relationship emerged in a survey
conducted in Japan |43| and in a study on borderline
malignancies |K4|.

RR 2 6 for a history of ovarian cancel m first- and

1.1-3.6]| for a history ol ovanan

RR | 5 lor a history ol hicast earner in Inst- an«l
sccoml-ilegiee lelatives

RR 14(95% CIl. 11 2.A) lot a hisloiy ol breast
vainer in liisi-degiee lelanves

Despite convincing evidence of an increased risk «<
ovarian cancer in women with a positive lamily hisiorv
the percentage ol ovarian cancer cases explained by lamilx
history is limited and probably smaller than (lie propoi
lion for other female tumors. For example, less ihuti \' <
of ovarian cancers were attributable to the "lamily risf
factors" in acase-control study in Italy [N6| (as compared
lor instance, with the 4'r esiimaled lor Ineasl cancer)

I'nidemiologieal ilala on the relationship between ovai
tan cancer risk and family history of breast or endometriai
cancer arc scanty and not completely consistent. An in
creased risk of ovanan cancer in women reaming familial
bicasl cancer cases was found in tom |36. | 3.K5.N6] om
of seven case-control studies |2.3,24,.3.3.36.43.85.S6|. and
an association with a family history of endometrial cancel
was found in iwo |24.43| out ol lour studies 124.36.43.,50|

(Table 15)

Mnlical History ami Other Mistclhuicous Iin tors

The relationship between childhood infectious disease™
ami ovarian cancer was investigated in several studio
127.34..'36.441 Their results are not consistent, since some
hut not all. showed, among eases, more frequent pasi
history of mumps |.36,4410r occurrence of rubella in ad-
olescence 1341

The rationale lor suspecting ail association between tali
ami ovarian carcinogenesis comes from the similarity ami
the frequent contamination of tale with asbestos, an im-
portant factor in carcinogenesis ol pleural and periloueal
mesotheliomas. Case-control studies have. Itowcvci.
failed to provide convincing evidence |X7-SU|.
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CONCLUSION AND
ETIOPATHOGENETIC HYPOTHESES

The incidence of ovarian cancer is higher in more de-
veloped countries, although in the past years steady in-
crcasesjiavc been observed in the. areas where incidence
was low, while a battening off of upward trends in more
recent cohorts has been recorded in several developed
countries.

Many factors may be at the origin of such between-
country variations and their gradual decrease over the
past years. Nulliparity or low parity and late age at first
birth, oophorectomy, and OC use arc, for instance, more
common in industrialized, highest risk areas, but some of
these characteristics or medical procedures are increas-
ingly being adopted by other countries.

Besides OC use and parity (the two best ascertained
and quantified protective factors for ovarian cancer) case-
control and cohort studies have shown, or suggested, that
late menopause and lifelong regular menstrual periods
117] increase the risk of the disease. In terms of mech-
anisms, these factors arc thought to act on ovarian cancer
risk by affecting lifetime number of ovulations. Along
this line. Casagrande el a. (33). following the suggestion
of Fathalla (90), proposed that “incessant ovulation”
could be the relevant exposure that defines the incidence
of the neoplasm. Ovulation exposes ovarian epithelium
to recurrent minor trauma and contact with follicular fluid
and, according to Zajicek (91). may induce epithelial in-
clusions of the surface epithelium, relevant to cancer de-
velopment. Animal data have shown that ovarian epi-
thelium proliferates rapidly after ovulation and mitotic
figures are concentrated near the site of ovulation (92).
The subsequent model based on “ovulatory age" (i.e.,
period from starting to cessation of menses minus "pro-
tected time" constituted by pregnancies and OC use) is
not. however, at least at its present state (33). satisfactory,
perhaps on account of different proportions of ovulatory
years at different ages.

Others (36) have suggested that pregnancy, as well as
OCs, may protect against ovarian cancer by reducing total
exposure to pituitary gonadotropins (which stimulate the
growth of cell lines derived from human ovarian carci-
nomas (93J). The lack of protection from estrogen re-
placement therapy (37) provides, however, evidence
against the importance of gonadotropin stimulation.

Among the nonreproduclive or hormonal factors, diet
is likely to be the most relevant; it is still, however, very
poorly quantified. It may well explain part of the sub-
stantial international variability in the incidence of the
disease and. therefore, remains a priority in epidemiolog-
ical research on ovarian cancer, especially from a public
health viewpoint, since it is more amenable to modifi-
cation than reproductive and menstrual factors.

Despite the large number of epidemiological studies,
no clear associations between viral factors, chemical
agents, and ovarian cancer risk have emerged, thus con-
firming that the mechanisms of ovarian carcinogenesis
should be essentially searched in the hormonal and dietary
(together with genetic) fields.

Finally, relatively few epidemiological studies have
been able to subdivide reliably epithelial ovarian carci-
nomas according to histological types. Also, the epide-
miology of borderline tumors and benign cysts has seldom
been considered (53,94,95), suggesting, however, differ-
ences in risk factors between benign and malignant ovar-
jian tumors. Future epidemiological research should take
advantage of improvements in diagnostic standards in or-
der to cast more light on potential epidemiological dif-
ferences between ovarian tumors of different histological
types and degree of malignancies and, hopefully, to clarify
carcinogenetic pathways.
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