


_r 10 diagnose cpilI 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 1u~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.61 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- ■’

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.16 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.1* Within the United Stales, incidence rates for black, 
I lispanic, and American Indian women are approximately 40% lower than 
those for while women,61 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 Ihe 
SEER program: Cancer Incidence and Modality in the United States. 1973-1981. US 
Depadment of Health and Human Services, 1984.)

w om en1“ 11 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.' 11 "  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.16 27 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.65
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Figure 2. Ageadjusted ovarian cancer incidence by year and race lor 1973-1986. (Da(a 
Irom the SEER program: Cancer Statistics Review, 1973-1986. US Department ot Health 
and Human Services, 1989.)

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

O f 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.‘) 
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.4'T w o  case-control studies have found a lower self-reported history of 
mumps infection among cases’1 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” 41 
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.11 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 transmission41-4>; 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 al41 found 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 I 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,’ 40 ”  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 a l° reported overexpression of 
the p53 gene, a gene recently linked to familial breast cancer,44 in 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.*’• 14 44 ”  “  The 
relative risk associated with nulliparity ranged in several case-control studies 
from 1.5 to 3.2.1- *• “■ “■44 **•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.*•u' M a-4*-'* When controlled for 
number of pregnancies, however, age at first pregnancy does not appear to. 
affect risk.4- **■ “■74 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.71 A similar 
trend was noted in a study in Boston by Cramer et a l,1' 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.“ 
O f 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,70 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 
OCI'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)

CDC 197/439 2335/3867 0 6  (0.4-0.9)
Weiss" 21/112 207/552 0.57 (0 05-1.92)
Rosenberg1* 33/136 187/539 0.6 (0.4-09)
Wu" 188/299 619/1011 0 74 (0 52-1 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) I

I



between ovarian cancer risk and duration of ovulation.6 76 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.75

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,7* 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.23- “* It is also consistent with the 
previously described apparent protection afforded by O C I3 use, which is 
associated with suppression of pituitary gonadotropins.* In fact, a case-control 
study performed by Harlow et al27 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.61

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, M D , 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 47 These are designated " 
epithelial-stromal tumors" in the revised classification of ovarian tumor: 
World Health Organization (W H O ) (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.14 Although almost . 
types of surface epithelial-stromal tumor include those of borderline 
nancy, those of endometrioid,7■ “  clear cell,4 *“ and transitional cell'1
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 II 
all ovarian neoplasms, and their malignant forms for about 90% of 
cancers.46 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
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Abstract
Approximately 80-90% o f adult ovarian cancers are assumed to originate 
from ovarian surface cells. The morphology o f the ovarian surface epithelium 
changes constantly, exhibiting features such as crypts, inclusion cysts, villous 
processes and different forms o f 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 o f the ovarian surface epithelium 
Recent studies tend to emphasize oncogene activation, along w ith concomi­
tant cytogenetic changes, in the development o f ovarian cancer. This review 
focuses on the roles o f exogenous and endogenous factors and ov ulation in the 
pathogenesis o f ovarian cancer.

Introduction

Ovarian cancer is a disease that is s till 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 o f malignancies in women | l) .  
Every year, more women die in the industrialized nations 
from this cancer than from all types o f uterine cancer, 
which is three times as frequent [2|. The main reason for 
this discouraging situation is the fact that over 70% o f all 
ovarian cancers are first discovered at a stage that permits 
practically no curative therapy and no effective screening 
(.1). Less than 25% o f women with ovarian cancer survive 
the initial diagnosis by more than 5 years |4], Epithelial 
tumors account for 80-90% o f all ovarian cancers and are 
presumed to originate front the surface epithelium (5-7). 
They rarely appear before the age o f 10; .their frequency 
then increases exponentially until the age o f 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 o f 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 m u lti­
layered epithelium with occasional papillary projections 
and a basement membrane separating it from the neigh 
boring stroma develops out o f 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 o f nucleoli, and 
abundance o f free and bound ribosomes (9. 10). T he sepa­
ration o f the superficial epithelium from the cortical 
stroma by a basement membrane is not yet complete, 
since islands and strands o f surface epithelium are present 
in the cortex during the entire fetal and perinatal period 
(5. I0 | For this reason, conical inclusion cysts, which h>
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Fifl. 1 . Ovarian surface epithelium  w ilh C ilia . X -  3.420 
Fig. 2. C>ioplasm tacuo lc* ( * )  and macropinocxlosis (arrow) ¡n 

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 
t i l ]

The surface morphology o f the ovary changes con­
stantly during the whole course o f 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 o f 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. I ), 
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 o f material from the abdominal 
cav ity (14] It is possible that the uptake o f 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 o f the ovary . 
The epithelium at the base o f these crypts occasionally 
extends even deeper to form small cell nesls. w hich can

give rise to inclusion cysts, probably due to sealing o ff 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 o f the mature ovary is a characteristic pattern 
o f four polypeptides o f the intermediate filament cytoker- 
atin. which is also present in Muller’s tissue and in epithe­
lial ovarian cancers [15-17], It is noteworthy that M iel­
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 o f 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. I I ]  distinguishes two types o f inclusion 
cysts: an immature type with a prim itive celomic epithe­
lium that emerges during fetal development, as men­
tioned above, and a mature type that possibly forms 
around the time o f 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

F ig .1 . Desm osom c-ionofilam enl complex in  a human ovarian 
surface cell X -  16.400.

cysts and serous ovarian tumors [2 11. Blaustein el al. [2 1 ] 
found carcinocmbryonic-anligcn-posilive cells in some 
inclusion cysts, which can be taken as a sign o f the imma­
turity and undifferentiation o f certain cortical inclusion 
cysts. Elevated levels o f human chorionic gonadotropin 
and carcinoemhryonic antigen have been noted in the 
fluid o f 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 o f 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 o f 
neoplastic change under certain conditions However, not 
only do inclusion cysts develop around the time o f ovula­
tion. but prominent papillae also develop -  at least in ani­
mal experiments -  al the site o f the postovulalory defect 
|24|. These excrescences can result, under both physiolog­
ical and pathological conditions, in the formation o f 
superficial structures that resemble neoplastic lesions in 
most respects |2 5. 26]. Inclusion cysts derived from invag­
ination and entrapment o f ovarian surface cells in the cor­
tex are more frequently observed in the later reproductive 
years and after the menopause [27], Indirect evidence o f 
increased proliferative activity in the senescent ovarian 
surface epithelium is also provided by the presence o f cell

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

Exogenous Facto r*

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 o f ovarian cancer is very low in Asia, 
particularly in Japan, which has the lowest age-adjusted 
incidence rale (2.8/100.000) [31], T his lack o f uniform ity 
in incidence is most marked among women over the age 
o f 50. However, in women who emigrate from Japan to 
the USA. the risk o f contracting ovarian cancer increases 
above that o f their relatives who remain in Japan. In fact, 
the incidence among postmenopausal Japanese women 
liv ing in the USA is practically the same as that o f post 
menopausal women born in the USA [32|. W oodruff [331 
believes that the greater incidence o f ovarian 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 o f 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 o f 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 o f 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 w ith 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 o f carcinogenic polycyclic aro­
matics. e g . 7,12-dimelhylbenz|a]anlhracene [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 
o f 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- 
l iu m ?

Endogenous Factor*

The constantly changing external morphology o f the 
ovarian surface epithelium contrasts markedly with the 
consistent structural uniformity o f 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 
o f 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 o f 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 
w here there are high gonadotropin levels [9. 63. 64] The 
genesis o f papillary lesions appears to be enhanced by di- 
elhylstilbestrol but suppressed by oral contraceptives, 
cither directly or via negative gonadotropin feedback (56.

65). Various findings argue in favor o f the latter possibili­
ty: the increased incidence o f ovarian neoplasms in the 
postreproductive years, the proliferative response o f ovar­
ian superficial epithelial cells to gonadotropins in culture 
[66], and the presence o f gonadotropin binding sites in 
ovarian neoplasms [67], Two studies published in 1942 
showed an increased proliferation rate o f the superficial 
epithelium o f the mouse ovary in the pcriovulatory period 
and after estrogen application [68,69). The high prolifera­
tive potential o f the ovarian surface cells has also been 
noted in in v itro 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 o f 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 o f increased or altered gene prod 
ucts with lumorigcnic potential. A single case o f serous 
cystadenocarcinoma with known c-k-ra.s amplification 
was followed over a period o f several months [ 73). c-k-ra.t 
amplification did not change with tumor progression over 
this period, and the authors concluded that ras p2 l was 
most likely involved in the early stages o f carcinogenesis 
Kotyloet al. [74) found relatively higher Ibvels o f ras p21 
in ovarian tumors o f low malignant potential and serous 
cystadenocarcinomas. in contrast to normal ovaries and 
serous cystadenomas. No significant differences in ras 
p2 l expression distinguished tumors o f low malignant 
potential from serous cystadenocarcinomas. The overlap 
in p 2 l expression between these two groups is interesting 
and indicates that ras p2 l might be involved at an early 
stage o f tumor growth or carcinogenesis. Probably onco­
gene alteration or activation arc not sole determinants of 
tumor progression. ;

Ovulation and tha Ovarian Surface Epithelium

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

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

Tabt* 1. Fo llicu la r s tim u la tion  and development o f  ovarian cancer in 4 patients

Cue  No. Age, years O vula tion  induc tion  regime O varian carcinom a Reference*

1 26 elom iphene. I IC G ( I  cycle) borderline pap illa ry  serous carcinoma (F1GO stage lb ) 86
2 32 FSH. L .ll (8 cycles) . endom etrio id  carcinom a (F IG O  stage lla ) 87

1 -year lapse FSH. L H  (3 cycles)
3 25 elom iphene. F S H rL H  (Fcyclc) pap illa ry  serous carcinom a (F IG O ^tage  l l lb ) - 88-
4 34 elom iphene, FSH. L H  (1 cycle) pap illa ry  serous carcinom a (F IG O  stage I I lb ) 89

Ihelium and repair o f 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 o f cells 
already hearing allele loss and those carrying inactivated 
tumor suppressor genes. This may lead to uncontrolled 
cell division and malignant transformation |80, 8 1 ].

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

The technique o f in v itro  fertilization has steadily 
improved in recent years, w ith the goal o f achieving a 
pregnancy rate as high as possible. The fact that the prob­
ability of pregnancy rises in proportion to the number o f 
embryos implanted has led to the stimulation o f follicle 
maturation in the hope o f 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' o f 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 o f 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 o f excessive ovarian stimula­
tion. Three cases reported in the literature (86- 88) and I 
case of our own (89), in whom there was a direct chrono­
logical relationship between hormonal stimulation o f the 
ovanes and the development o f ovarian carcinoma, are

described in lahle I. Even though these individual reports 
are in no way proof o f a direct connection between hyper­
stimulation and the induction o f ovarian neoplasia, it is 
nevertheless quite conceivable that the growth o f a preex­
isting tumor is substantially accelerated by such hormonal 
therapy. It is a matter o f 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 o f ovulation, and the natural history o f the dis­
ease may have been interrupted with earlier intervention 
and diagnosis during the in fe rtility  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 o f 
m iillerian 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 o f the ovaries, e.g. as 
used in in v itro 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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I la c k g ro u n d .  In  th e o ry , a l l  I he c e ll ty p e s  th a t  c o m ­
p ris e  the  h u m a n  o v a ry  h ave  the  p o te n t ia l fo r  m a lig n a n t 
t ra n s fo rm a t io n .  The vast m a jo r ity  o f  m a lig n a n t o v a r ia n  
tu m o rs  iu  th e  h u m a n , h o w e v e r, a r is e  f ro m  th e  o v a r ia n  
s u rfa c e  e p ith e l iu m . These  c e lls  h ave  im |> o r la n t fu n c t io n s  
d u r in g  re p ro d u c tiv e  life :  th e y  c o n t r ib u te  to  f o l l ic u la r  
ru p tu re  and  hy c e ll d iv is io n  r e p a ir  th e  w o u n d  th a t a c c o m ­
p a n ie s  o v u la t io n .  T h e re  has been m u c h  s im u la t io n  th a t 
the  ra p id  cy c le s  o f  c e ll d iv is io n  a ssoc ia ted  w ith  w o u n d  
re p a ir  c o n tr ib u te  s ig n if ic a n t ly  to  th e  d e v e lo p m e n t o f  
o v a r ia n  c a n c e r. S u i l i  .s |»ecu lu lion is based o n  th e  o b s e r­
v a tio n  th a t  o v a r ia n  c a n c e r o c c u rs  m o s t f re q u e n t ly  a t th e  
end  o f  a w o m a n 's  re p ro d u c tiv e  l ife  a n d  is a sso c ia te d  w ith  
n u l l ip a r i ty .  It is  o f  |M ile n lie l s ig n if ic a n c e  th a t ,  u n l ik e  
m ost e p ilh e lia ,  these  c e lls  a re  n o t re p la c e d  th ro u g h  re ­
p le n is h m e n t s tem  c e lls  w ith  th e  d e v e lo p m e n t o f  o ne  e nd - 
stage c e ll a nd  o ne  c e ll w i t h  c o n tin u e d  g ro w th  p o te n t ia l.  
R a th e r, the  d iv is io n  o f  an o v a r ia n  s u r fa c e  e p ith e l ia l c e ll 
y ie ld s  tw o  d a u g h te r  c e lls  w ith  e q u a l p o te n t ia l fo r  s u b s e ­
q u e n t g ro w th .  Thus , a l l  |x i le n t ia l m u ta t io n s  as th e y  a c c u ­
m u la te  a re  passed on  to  n e a r -e x p o n e n t ia lly  e x p a n d in g  
su bse qu e n t g e n e ra tio n s  o f  c e lls  th a t  ( a n  a c q u ire  a d d i­
t io n a l m u ta t io n s  th a t c o u ld  c o n fe r th e  m a lig n a n t p h e ­
n o typ e .

M ethods. W e h ave  d eve loped  a m o d e l to  le s l th e  h y ­
p o th e s is  th a t re p e a le d  c e ll d iv is io n  b y  o v a r ia n  s u r fa c e  
e p ith e l ia l c e lls  c o n tr ib u te s  to  d e v e lo p m e n t o f  m a lig ­
n a n c y . In  th is  m o d e l, ra t o v a r ia n  s u r fa c e  e p ith e l ia l c e lls  
a rc  is o la te d  a nd  su b je c te d  in  v it r o  to  re p e t it io u s  c e ll d i v i ­
s io n  In  in ( in i(  in  a s im p le  w a y g rn w lh  n f  th e  s u r fu c e  e p i­
th e liu m  in  v iv o .

Ilt '.su lis . i hese ce lls  d eve lo p  u m a lig n a n t p h e n o ty p e  
based on  loss o f c o n ta l I in h ib i t io n ,  th e  a b i l i t y  f o r  sub-
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s lr a te  in d e p e n d e n t g ro w th ,  tu m o r ig e n ic it y  in  a th y m ic  
m ic e , a n d  c y to g e n e tic  ch an ge s.

C o n c lu s io n s . O u r  da ta  s u p p o r t th e  in v o lv e m e n t o f 
tu m o r  s u p p re s s o r genes in  th e  d e v e lo p m e n t o f  o v a r ia n
c a n c e r. C a n c r.r  199.'!; 7 l:S ; i( ) - t i.

K ey  w o rd s : o v a r ia n  c a n te r ,  m a lig n a n t t ra n s fo rm a t io n ,  
tu m o r  s u p p re s s o r  genes, c y to g e n e tic s , s u rfa c e  e p i­
th e l iu m .

The etiology of ovarian cancer is unknown,12 but 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 as a 
result o f 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 o f the Normal and M a lignan t 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 * 7,8 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 con tain enzymes that partic­
ipate in the breakdown of the tunica albuginea and thus 
aid in follicular rupture.1' The process o f ovulation re­
sults in a wound at the ovarian surface that is repaired 
by rapid growth of ovarian surface epithelial cells.11 
These surface epithelial cells also may participate in the 
production of a new tunica albuginea.12 The require­
ment for regulation of both processes (i.e., iysosome 
production and wound repair) suggests that the func­
tions o f 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 o f ovar­
ian surface epithelial cell origin.13,6‘ ,# The presence of 
estrogen receptors in the malignant counterpart o f 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.19 20 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.14 21 
In some estrogen receptor-positive human ovarian

cancer cell lines it recently has been shown that estro­
gen is a strong mitogen17,22 23 and promotes the capacity 
for substrate-independent growth.22 it is possible that 
these effects are mediated indirectly by transforming 
growth factor o and (1 production.24 In the PE04 ovarian 
cancer cell line, in which estrogen stimulated growth, it 
was observed that the hormone did not induce proges­
terone receptor synthesis,22 whereas in the OVCAR-3 
ovarian cancer cell line estrogen induced progesterone 
receptor but not growth.22 25 Thus, 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.26

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.27 Only very limited data suggestive of a 
role for testosterone in stimulation23-2* and antiandro­
gens on inhibition of growth16 2,1 of 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,3031 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.32 33 The age-related 
change in ovarian function results in loss o f 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.34 This 
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 I receptors 
in ovarian cancer specimens.35 36 In addition, peptide 
hormones have been shown to stimulate growth of 
normal rabbit ovarian surface epithelial cells in v itro37 
and cell lines derived from ovarian cancer specimens.26

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.36 39 Furthermore, EGF has been 
shown to be weakly to moderately mitogenic in rat40 
and human ovarian surface epithelial cells 41

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- 
la ic 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.

I here 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'Ii 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 o f 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 w ith 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 m u­
tations. the more likely it is that a mutation of signifi­
cant e to transformation w ill ( »ccur. It is straightforward 
to apply this pattern of replication It» the simple model

of antioncogene inactivation, where both alleles of the 
antioncogene must be inactivated to achieve malignant 
transformation.44 If replication increases the pool of 
cells w ith 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 o f 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 45 Alternatively, it has been sug­
gested that an underlying hormonal imbalance might 
be responsible for in fertility 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 50 It 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.51,52

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 be a 
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 o f cells carrying a potential first mutation (first hit), 
the probability of an additional mutation occurring in a 
cell w ith 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”56

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
m e n t . S u r f a c e  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 I Karyotype o f a Ciemsa banded ntelaphase cell from  early 
passage clone 7, Clonal changes include loss o f one chromosome 
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but molecular analyses indicate that a small segment, including the 
interferon-■> locus, is deleted from this chromosome (see Fig. 3). Loss 
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prolonged growth results in the spontaneous acquisi­
tion of multiple features consistent w ith malignant 
transformation. The cells show loss of contact inh ib i­
tion, acquisition o f 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 w ith onco­
gene activation or tumor suppressor gene inactivation. 
The most frequent changes involved chromosome 5 
and chromosome l .<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. I 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 o f carlv and late passage ral ovarian 
germinal ip id u liu m  (RlYVCiF) clone 7 evil lines fur loss ot .specific 
Ilk i ■>( genes lo tati'd  on iliromosonu' 5 High m olcm lar l)N A  (10 
vg per lam-) irnm  iht- carlv and la it* passage t loin* 7 tells (indicated 
above) ivjs  digested w ith 1.1 oKI I'U'Cirnphon-si'd on a 1% agarose 
gel and Ir.m s lr fin l in nylon m rinh i.iiii- fillers fille rs  were 
liy  hi n il/ is l s( .|<i i-i i Im U\ w ith I In1 lollowing ( ,,| '|  l.ib v liil im k 
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i l i n r  hands (M h m 2 and 4 0 kdebase pairs |kbpj). I he 4 0 kbp b<\pd 
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si/e maikeis (h r  (ragmcnl si/i- is mdu ated in kiluhase pairs lo  the 
left UNA from normal tat spleen ami lung is uuInded as ,i eonlrol 
lor normal gene dosage
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Figure 4. Schematic diagram ilInNtrating promised clonal evolution 
o í ROVGI: clone 7 cells. Normal surface epithelial cells (N ) con lam 
two normal copies o f chromosome 5 We hypothesize that on in 
v itro  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 ta r ly  passage clone 7 cells also display deletions of X and 4 
(Xq and 4q ). Late passage clone 7 cells have duplicated the 
defective chromosome "5 ."  and one o f these copies participates in 
a rearrangement w ith  a chromosome 12. der("S” ;12) The PNA 
signal intensity and allelic constitution o f three different genes 
residing on chromosome 5 (i e . * -put alleles J and I*, the 
inlerferon u gene locus |A /A *J. and in terferon-^ |B/B*J) are 
indicated Both alleles oí in terferon-« are lost in  early and late 
passage clone 7 cells. Percent sign indicates the approximate gene 
dosage o f the three genes as determined hy Southern blot analysis, 
mar indicates the presence of an unknown marker chromosome. 
The existence of the hypothetical suI»populalion o f cells noted above 
is suggested hv the presence of late passage clone 7 cells that do 
nol contain cytogenetic deletions o f 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 w ith  the features of late passage 
clime 7 This latter subpopolation (at the lim e o f early passage 
cytogenetic analysis) must have been a very small component o f 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 dom inant 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.57 58 In 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-/um.40 59 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 ind i­
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 o f 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 (SAI) growth is proposed to reside.60 Furthermore, 
this portion of rat chromosome 5 has synteny w ith the 
short arm of human chromosome 9,59 which reportedly 
shows frequent cytogenetic changes in human ovarian 
cancer61 and has been proposed as the site of a tumor 
suppressor gene.62-64

In conclusion, much work remains to be done to 
determine not only 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 o f 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.1,2 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.3 * i

I ’ re s e n lrd  at the  Perspectives on  O v a r ia n  C ance r in  O ld e r-A g e d  
W om en : C u rre n t K n o w le d g e  a nd  R e com m enda tions  fo r  Research 
W o rk in g  C onfe rence . Bethesda, M a ry la n d , N o v e m b e r 2 0 -2 1 , 1991.

i  ro n : the  L ab o ra to ry  o f  P a th o log y , N a tio n a l C ance r Ins titu te . 
N a tio n a l Ins titu tes  o f  H e a lth . Bethesda. M a ry la n d .

A dd ress fo r  re p rin ts : M a ria  |. M e rin o , M  l ) .  L a b o ra to ry  o f  P a­
th o lo g y . B u ild in g  10. R oom  2 N 2 I2 ,  N a tio n a l C ance r In s titu te , N a ­
tio na l Ins titu te s  o f H e a lth , Bethesda. M O  20892.
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Ovarian cancer may occur 
fancy and childhood. The ¡net 
creases with age, with the grcai 
being diagnosed in the fifth a 
ings et al.4 investigated the dis 
plasms by decades of life and 
mors were the most common 
more than 40% of all ovarian 
chance of a tumor being malig 
with an overall risk of maligna 
pausal women and 45% in eld' 
tients.

Predisposing Factors

Predisposing factors include:

Tumors occur predominantly t 
years of age 

Family history 
Mumps parotitis 
Low parity
Environmental factors such as 
Persistent ovulation

The ovary is a complex s 
present from different germ cel 
lignant neoplasms can develc 
ments, and therefore ovarian i 
cording to the cell of origin. I 
described in Table I. There al 
enegs in the type of tumors foi 
older populations; for exampl 
that germ cell neoplasms pred 
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origin are rare in this age grou 
derly postmenopausal women

Tumors Occurring in Young 
Premenopausal Women

Germ Cell Neoplasms

These neoplasms account for 
ovarian lesions and 15-20%
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A case-control study of epithelial ovarian cancer

Patricia lla rtge . ScD,‘ Mark H. Schiffm an, M D,‘ Robert Hoover, M D,‘
Larry McGowan, MD,‘  L inda Lesher, MHS,* and Henry J. N o rris , M D‘
H iihru ltt. M iiiy ftin /i. find  Washington. D C .

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 O bstct Gvneccx 1989;161:10-6.)

Key w o rds : < K .m u n  u n i c i .  c u r in g r tim is  estrogens, in fe r t i l i ty ,  o ra l contraceptives,
rp ii l rm io li ig v

I In* i .i i im 'S o l m . i i  i.m  cancel .ire  m a in ly  u n ­
know n 1 ■’ ‘ k n o w n  risk  I actors a re  age (inc idence  rises 
un i 11 a lx iiii age t i l l  seals), race (w h ile  w om en are at 
h ighe t risk ih .in  i io n w h i ir  w om en), low  parity , in fe r*  
li l i iv .  a h is tory  o l e n d o u ie li ial o r  Ineasl cancer, a fam ily  
h is to is  o l ovarian  c a m e l, and  exposure  to  ra d ia tio n . 
|* inh.ih le  prntcc m e  I.utens a re  o ra l contraceptives and 
s m g n .il m enopause. A lth o u g h  the  im iM ir ia n rc  o l re- 
p inch ii Inc- am i c o n li.ic  e p live  hisicnv lias lieen ( i im ly  
estahlished. questions ir m a i i i .  Mow do  p a rity , p re g ­
nane v. and  In a l loss jo in tly  a l ie n  risk? Does the t im in g  
o l ih e h iM  h ir i h a lle c i r is k ' Is in fe r t i l i ty  an in dependen t 
risk la c to i. separate Iro m  the  e l le n s  o f  low  parity?  In  
a d d itio n , m any n o n re p ro d u c tiv e  (actors have been sug­
gested. W ith  in te rv iew  and  m ed ica l reco rds data  fro m  
a c .ise -con ito l si in  I v. we have estim ated o va rian  cancer 
nsk a u e n d in g  to  various re p ro d u c tiv e  and o th e r sug­
gested risk la c to is  to  add to  «»in know ledge  w ith  regard  
to  these |KTsisie iu issues.

M e thods

Stuck m ethods a ie  dcst r i lx d  in  d e ta il elsewhere ’ A ll 
e lig ib le  cases invo lved  wom en aged 2d to  71) years who 
resided m the W ashington. I m e t l o p o l i t a n  area and 
who w e ir  lu s t d iagnosed In  o p e ra !io n  w ith  m ic roscop ­
ic allv < n ii l irm c d  p i nna i \ e p ith e lia l o va r ian  c ance r d u r ­
in g  the  pet tod August l!)7K  to  |u u e  JUKI. Cases in-

/  n . ; ,  the 1' u r ll im itir r i t„ l t  /.l.lrm u .lhifTS H in n r h . S u t  to n a l  C .a n rr r  I n -
i I ttn le . ■ th e  lit f lM .l l . „1 ( ; y , ,„ ., l u g i t  O n to lo g y . D e fitti t i n n i i  o f  O h-
O rlil i y .it i . l  ( .y u r t , .-/»CV (■<■“ ’£ ' lY n xIn u g t.ii i I l  in v e r s i  ty  M r i l u t t i
C e n tr i :  m i t i  liir  .1 r n in i  l o t t i  i / i ix titn lr  n f r 'ti lho lngy .'

X n f fh a l r , 1 Irt th r  S u i t ..H ui C u m  f t 1 in t i tu le .  Ci.o l i t a t i  S a .  N C .t-C .P -
S i n ’l l

l l r f i n i ’t  i.r r /u r ,l\ M m k 11 S th i f f tn m t .  S C I .  Aiu’t u l t v r  I ’ln u t  S t i t l h ,
H...,», ID .  A h.Miti'tr* .,/ i. I l et Ite uhi. M l)  2<>M2.

e luded  tu m o rs  o f  low  m a lig n an t p o te n tia l as w ell as 
fra n k ly  m a lig n an t tu m o rs  because risk  fac to rs  fo r  the  
tw o  g ro up s  were s im ila r. ' For a ll p a r tic ip a n ts  w ith  o va r­
ian cancer, we ob ta ine d  ih e  d iagnostic  m icroscop ic  
slides and  |>e rtinen i m ed ica l records. A f te r  rev iew  we 
e xc lud e d  30  w om en fo u n d  not to  have d e fin ite  p r im a ry  
o varian  cancer o f  the  e p ith e lia l type  by m icroscop ic  
(H .J .N .) o r  c lin ica l (I . .M .) eva lu a tion . Several o f  these 
cases had been classified as m u c in ou s  o va rian  cancer 
hut ac tua lly  were o f co lo rec ta l o r ig in .

We id e n tif ie d  400 cases and in te rv iew ed  296 wom en 
(74% ). Losses w ere  a resu lt o f  dea th  (n  =  44). d isab ility  
(n =  12), phys ic ian  s re fusa l (n = 8). p a tie n t’s re fusa l 
(n =  33), o r  o th e r reasons (n =  7). As show n in  Table  
I ,  serous and  e n d o m e tr io id  types p re do m in a te d .

fC ontro l p a rtic ip a n ts  w e ie  id e n tif ie d  fro m  h osp ita l 
d ischarge  lists and  were m atched  w ith  w om en w ith  ep ­
ith e lia l o varian  cancer a cco rd in g  to  hosp ita l, age. and  
race (Tab le  11). A  w om an w as no t e lig ib le  to  be a c o n tro l 
i f  Ite r d ischarge  d iagnosis was psych ia tric  o r  was po­
te n tia lly  re la ted  to  the  m a jo r exposures o f  in te rest. For 
a ll p o te n tia l c o n tro l p a rtic ipa n ts , we c o n firm e d  in  (he 
physic ian and  h osp ita l re to id s  tha t the  w om en had at 
least one  ova ry  in tact and  e xc lud e d  those w ho  d id  not 
l>ecause they were m u  at risk  o l o varian  cancer. We 
id e n tif ie d  4 39  c o n tro ls  o l w h om  wc in te rv iew ed  343 
(7H%). Losses were a resu lt o f  death (n  =  13). d isab ility  
(n =  8). phys ic ian 's  re fusa l (n =  11), pa tie n t's  re fusa l 
(n  =  50), o r  o th e r  reasons (n — 14).

T ra in e d , expe rie n ced  m ed ica l in te rv iew ers  obta ined  
in fo rm e d  consent a nd  a d m in is te re d  a standard ized  
q ue s tion n a ire  in  the  s tud y  p a rtic ip a n t's  hom e shortly  
a fte r d iagnosis. (Q u e s tio n n a ire  is availab le  on re ­
quest.)

E ffects o f  o varian  ta m e r  risk  were m easured by the

i

;

Table I .  O v a ria n  cancer cases a ccord ing  to 
h is to lo g ic  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 o f ovarian cancer inci-i 
dence in an exposed group to that in the corresponding 
unexposed group. A  rate ratio o f 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 o f parity, difficulty conceiving, recent administra­
tion o f oral contraceptives, surgical menopause, meno­
pausal estrogen use, or family history of ovarian cancer, 
and we adjusted the estimates accordingly. I f  the num­
ber o f 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 o f hos­
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 H I) , and pregnancies that ended in spon­

Table I I .  Discharge diagnoses am ong 
c o n tro l g ro u p

Disease category Number Percentage

Infectious disease 6 2
Neoplasm 22 5
Endocrine-metabolic diseases 19 5
Disease o f blood o r blood-form ing 4 1

organa
Disease o f  nervous syilcm 20 8
Disease o f  eye. ear, o r mastoid 26 8
Varicose veins, hemorrhoids 5 1
Respiratory diseases 27 8
Digestive system diseas« 55 16
U rina ry diseases 18 5
Skin disorders 6 2
Musculoskeletal diseases 75 22
Congenital anomalies 4 1
Ill-defined conditions 18 5
Fractures and other in juries 38 1 )

TOTAL 343 100

taneous or induced abortion or stillbirth did not, as a 
group, confer any protection. When the effects o f 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 o f months preg­
nant with the different outcomes, adjusted for the ef­
fects o f 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 o f 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 o f 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 
o f progestogen showed no excess ovarian cancer risk 
(data not shown). Those who quit after only 1 or 2 
months, usually because o f side effects, were not at
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T able  I I I .  f  « iin i:ile«l i . i ic  i alios .m o ld in g  io  ¡»repliai n ies, b in  lis . and  lé ta l lm.se*

(•roup with 
r tinier ('ontrol Croup

Estimated 
rale ratio*

95%  Confidence 
inter t i l l

l"« a l |M« KM.m< it «
II 70 71 1.0
1 57 45 14 OH-2 4
2 19 71 0.7 0 4 -1 .2
3 49 65 0.8 11.5-1.4
•1 35 37 1.0 0.4-1.2

1 M in i 1« M
35 54

p ( tre n d ) » 0 .10
(1.7 0  4-1.2

l . l ' f  t i l l  l l , \
(1 89 HI 1.0
1 51 53 I I I 0.6-1.7
2 71 H5 0.8 0 5  13
t 43 1.0 0.7 0  4 1 2

1 le n d  l.-«t
39 61

p ( ire i id )  »  0 .03
<1 6 0 4 -11

1 n««r«. adju«U d  lo i live t i l l  ill«
II 206 238 1.0
1 5-t 62 1.0 0  6 -1 6
2 24 29 1 0 0.5-1 H
:i «
I n - i i i l  i« «i

13 14
p ( tre n d ) » 0  70

1.2 0.5-2.7

* \d|H«l«d I..I ,.K< .111.1 |. , , i

Table V. Estimated rale ratio« according to oral contraceptive use f«>r women younger than age 60 years

Group
cancer Control group

Estimated 
rate ratio•

95% Confidence 
interval

Never look oral contraceptives 115 131 1.0
. Ever took oral contraceptives 74 78 1.0 0 7-1.7
’ Duration (months)
i  I I I 23 16 1.6 0 7  34

12-35 16 19 1.0 0 4 2.2
■ 36-59 >0 12 0.8 0 3-2.3
. 60 + 25 31 0.8 0.4-1.5

Trend test p (trend) -  0 76
i Latency (years since first taken)
' 0-5 2 3 0.4 0 0-4.3

5-9 12 15 0.7 0.2-2.2
• 10 14 29 31 10 0.3-2.3
. 15 + 30 29 I I 0 6-2.1

1 rend test p (trend) -  0.72
i  Recency (years since last taken)

10 + 28 24 14 0 7 -2 6
1-9 38 41 0 9 0.5-1.6

. <1 7 13 0.5 0 1-1.6
Trend test p (trend) -  0.75

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

:

• Table V I. Estimated rate ratios according to reported difficulty conceiving*

Ta b le  IV . hM im .ilc ri i . i l r  ra tios ¿unnng | 
n i l>rr.i«i feed ing

¿linns w om en a c c o rd in g  in  age at firs t b ir th  and m on ths

i rouf) ii'l/J 
confer Control group

EttimiUed 
rate ratio*

VJ1 Confttinic 
interval

Age al Inst I>■ il i t .  adjusted lo i |i.u ily  
• „'(I 
211-VI

¿ .itl
T ie n d  test

Months o| IxeaSlIreiling. ,id|ii«trd lo i parilv

I!»
10 IK 
19-111»
I lend  test

12
72
5H
34

112
62
lb
i i

52
108
62
55

p (trend) -  0.22

121
81
37
I5

p (trend) -  0,11

I 0 
0.7 
I.O 
I 0

1.0 
OH 
0.5
1.1

0 1 1 2  
0 5 1 7
0.5-2 0

0 5-12
0 .2-0 9 
0.5-2 6

‘  \ ' l | " d l..i age and i.ue In logisn. irg iessiu ii

im  leased risk. I he r f f e i l  n | o ra l < m i ll;«  e p liv rs  was 
s im ii.ii fn t p a io n s a n ti n iilh p a in t is  wom en, b il l ii va ried  
som e* lr.it w ith  age at diagnosis. A m o ng  w om en y o ii l l-  
gei than 10 ve.ii«  o ld . o ra l c o u tia t e p liv rs  were weakly 
p rn te i I i \e  (rate  ra tio  ~ 0  7). h u t am ong  w om en aged 
-10 to  59 seats, ilies* w e ie  not ( la ie  ra tio  -  1.1). O n ly  
one wom an n ld e i than  f»*l ve.n« o l age had taken o ia l 
i u i i i i .i i eptive«

l lie  c lle c is  o l in le it i l i ts  were ;i««e««ed in  several 
w a \s  M .n r ied  n n lln M id tis  w om en had a 70%  ln g l ie r  
risk 11i.i11 m im a i'i ietl in illipa co us  wom en, an excess re l­
a tive  risk that was Ihn iied  to  those w ho  re p o rte d  d i f ­
fic u lt*  <on«e is ing  ( L ilile  V I) .  A m o n g  the m a rr ie d  n u l- 
lip a rm is  p a tlie tp ,n its  t l in e  was lit t le  d iffe re n c e  in  risk  
Ik-I vs ecu those svho had Ik v ii  p ie g n a n t and those w ho

had not. in  a separate c o n firm a to ry  que s tion , we asked 
m a rr ie d  w om en w ho had never conce ived w h y the y  had 
never been p re gn an t W om en w ho p lanned  not lo  have 
c h ild re n  showed no  increased risk  co m pared  w ii l i  n o n ­
m a rr ie d  n u ll ip a ro u s  w om en (ra te  ra tio  =* 1.0 .9 5 %  c o n ­
fidence  in te rv a l =  0.4 to  2 .4 ) h u t w om en w ho  were u n ­
able to  l ie ro m r  p re gn an t had  a c o rre s p o n d in g  ra te  ra tio  
o f  2 .8  (95%  co n fid en ce  in te rv a l =  1.1 to  7.3). So few 
w om en re p o rte d  each s jie rific  cause o f  in fe r t i l i ty  w ith  
c o n firm a tio n  by a phys ic ian  tha t cause-specific estimates 
were q u ite  unstable . A m o n g  p ;im u s  w om en, a h is to ry  
o f  tro u b le  conce iv ing  was u n re la te d  to  r isk  (T a b le  V I) .

P artic ipan ts  were asked about a va rie ty  o f  m edical 
facto rs  fo u n d  in  p re v iou s  stud ies to  be re la ted  to  risk  
o f  o v a r ia n  cance r O u r  data  o n  iiie n o p a iis ;il factors.

Group with 
cancer Control group

Estimated 
rate ratio t

95% Confidence 
interval

Nulliparous women
Never married 30 37 1.0
Ever married 59 47 1.7 0.9-3 4

No trouble conceiving or never 32 32 1.3 0.6-3.4
tried

Had trouble conceiving 26 13 2.8 1.1-7.3
Parous women

No trouble conceiving 164 209 1.0 __
Had trouble conceiving 42 50 10 0.6-1.7

'W omen with incomplete responses excluded, 
t  Adjusted fo r age and race.

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

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 6 f  asthma was also protective, but

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, a difference that was not statistically significant.

A family history o f 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’s index 
(weight ♦  height*) divided into quaniies. T he  rate ra-
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Ta b le  V I I .  Estimated ra le  ra tios .u ro rd in g  10 h is to ry  o f  selected c h ild h o o d  a m i a d u li diseases

M unher of porlinpanli who ret tilted disease*

IJivnw
(¿roup irilh 

(timer Control group
Estimated 
rule ttilioT

95% Confidence
intenti!

M tlllllH
No H7 '.»2 1.0
Ve» 192 22« 0.9 0 6  14

(•iT in.in mc.iMis
Nu »•?» 124 10 _
Yet 112 136 1.» 0.7 1.5

Measles
No «II» 47 1.0
Yes 1 H 1 222 0.8 0 5 1 3

( In, L< iiix n
No 4!> 59 1.4»
Yes ■¿'¿X 257 1.0 0 7 1 6

Shingles
No 273 28-1 11» _
Yes 18 38 0 5 0 3 0 9

lli^ h  l.lixxl (M osu lr
No 18'.» 213 1.0 _
Yes '.Hi 97 1.2 0.81.8

1 lo 101,1 il o r. isr
No 237 236 1.0
Ws 51» 78 0.7 0.5-1.1

D i.iIm'Ics
No 271 274 10 _
No 21 27 OH 0.4-15

A 'lln n .i .
No 27'.» 260 I t ) _
Y«s 13 26 0 4 0.2-0,9

H i, .......... , i
N» 278 337 1.0 _
Yes 17 A 4 2 1.4-19.2

* l ’.u iu i|M n i\ wnli uiKOiiaiu ie '|M iii«ct excluded.
t.\d |usir<l lo r age and I'.nr.

iios in im  leasing ( jua u iles  were 1.0. I .<1. 1.0, and 1.1, 
le s p e n iv d y .

As shown in l. ih le  V I I I .  ovarian  earner risk was rc- 
l.n rd  io  d rin k in g  Inn was m n  ■ e la ted  to  c igare tte  sm ok­
ing. A lcoho l use was m easured  as the  typ ica l weekly 
n u in h e i o l shot glasses o l a li o lm i, ta il (It's n i Itec i, and 
glasses n f w ine lo iis iim e d  ove i the  past 10 years, 
w nh  to ta l .ilcoho l to n s in i ip i in i i  lo m p ii ie d  as the  sum 
o l the  lin e e  snhintals. T h e  iu te  ra tio  rose s lig h tly  
w ith  ine teasing m ia i al« o lm i c o n s n iiip t io ii.  and  w ith  
e.K h o l I he l in e e  kinds «>l a lt o lm i « on  si« I r  red separately. 
I lie  iu te  ratios weie  h ighest fo r  w hiskey (rate  

ra tio  = !.(», 059f confidence  in te rv a l =  l . l  to  2 3), fo l­
io w«-d by w ine (»ate rati«) = 1.3. 05%  confidence  in te r ­
sal = O.y to  1.0) and l>err (ra te  iati«» = I I ,  9 5 CA co n ­
fidence in te rva l = 0.7 to  I t>).

Comment
I h«' results o l il i is  in v e s iig .it io n  to n l i r m  the  in i|>or- 

U i i i r  id  p a r ilv . in le i i i l i iy ,  la in ily  h is io i y. and  p rev ious 
breast i¿nicer in  the  cause o f  e p ith e lia l o varian  cancer. 
I h r  le s iilts  also suggest t l ie  i e la tive  iin iu i|M > na ticc  of

some o th e r facto rs  associated w ith  risk  in  p rev ious  ep ­
id em io log ic  investiga tions.

Several exp la n a tio n s  o f  the  p ro te c tive  e ffe c t o f  c h ild ­
b ea rin g  have l>een p i o f fe re d , a m ong  the m  tha t p re g ­
nancy p reven ts  o v u la tio n , tha t it in h ih its  p itu ita ry  se­
c re tio n  o f  g o n a d o tro p in s , o r  tha t an u m ic i ly in g  p ro b ­
lem  leads b o th  to  l«»w p a r ity  and  increased risk. 
E s tim a tion  o f the  e ffects  o f d if fe re n t  p regnancy  o u t­
comes may h e lp  revea l how  < h ild l> ca rin g  reduces risk  
o f  o va r ian  cancer. I I  p a ii ty  p ro te c ted  aga inst ovarian  
cancer s im p ly  by the  in h ib it io n  o f  o v u la tio n , the n  a 
p regnancy  w o u ld  reduce  risk a p p io x itn a te ly  in  p ro ­
p o r tio n  to  its le n g th , regard less o f  outcom e . O u r  data 
suggest tha t pregnancies tha t lead to  live  b ir th s  o ffe r  
p ro te c tio n  b u t those tha t lead to  losses m ay no t. Inas­
m uch  as w om en w ith  m o re  live  b ir th s  ten d  to  have had 
m o re  losses, a d ju s tm e n t fo r  p a r ity  is c ritic a l. O ne  p re ­
vious estim ate  o f  th e  ra te  ra t io  ad justed  fo r  p a r ity  was 
0.8 per m isca rr ia ge .1 O th e r  inves tiga tions  o f  fe ta l loss 
are not d ire c t ly  c o m p ara b le , e ith e r because the y  were 
n o t ad justed  fo r  the  e ffe c t o f  p a r ity  o r  because they 
m easured (he fra c tio n  o f  p regnancies (hat ended in

C«M-controJ study of »plthnllaJ ovarian caricar 15

Table V I I I .  Estimated rate ratios according to cigarette and alcohol use*

Group uitk 
cancer Con&ol group

Estimated 
rate ratio t

93% Confidente 
interval

Giga re lic smoking
128 130 1.0Never smoked —

Q uit 91 69 IS 0.9-2.0
Current 70 83 0 8 0.6-1.3

Cigarette smoking (duration)
Never smoked 128 130 I.U —
10 years or leu 28 23 1.1 06-2.2
11-30 years 65 66 0.9 0.6-1.5
31 + years 
Trend  test

66 64
p (trend) -  0.87

11 0.7-1 8

Alcohol (average weekly consumption)
0 109 122 I.U —
Occasional d rink 49 49 I I 0.7-1.9
1-6 drinks 63 54 1.4 0.82.3

36 32 1.2 0.7-2.2
14 ♦  drinks 
T rend  test

34 26
p (trend) -  0.14

1.3 0.8-2.8

•Three participants w ithout d a u  on smoking duration o r currency were deleted. 
tAd jusied fo r age and race.

.7

m
yd.

miscarriage rather than the number or months o f 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 w o m e n W 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 o f  
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 o f 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 o f  
ovarian cancer from the general population of parous 
and nulliparous women, so the effeett o f parity and 
Infertility could not be separated. A long-term follow­
up study o f a large cohort o f infertile women could 
discriminate between the effects o f 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 o f studies indicate 
that the number o f live births and not their timing is 
the key factor. O ur finding of reduced risk to women

who breastfed their children confirms a previous 
observation1* 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 as age at menarche, menstrual symp­
toms. and age at menopause do not appear to be 
strongly related to risk o f 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 o f 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.11

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 
o f 0.5. to 6 .1  We know o f no biases in the current study 

, that would diston our estimate o f 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 d au  we infer that oral con­
traceptives pro tea  some women from ovarian cancer.

A history o f mumps infection has been found to be 
a weak protective faaor in several previous investiga­
tions.' * This efTect, i f  real, is certainly not strong. The  
biologic meaning is in doubt because recall o f  mumps

1
i

?
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l ih ln iv  has Ix e n  ( l i i ih i i  i «i  In- ,i p oo l in d ic a to ! o l u n ­
t il hmIv i i le i .1'  A  ». u r l i l i  exam ina tio n  o l m u m p s rx|M>- 
M ito . se io logu  a llv . w o u ld  Ik* w o n  h u l l  ill*. Most
o l (he o th e r < h il» I ho tid  a m i a d u li diseases tha t w r  t on- 
si« I r io d  p iohah lv  «1«» not i i i l lu c 'i i io  i l io  d eve lopm en t »>f 
o v j i ia u  ta m e r .  T h e  a p p a im i p io ic c tio n  c o n fe rre d  by 
a h is to ry  o l shingles. in  ih r  .i I is c ik r  o l an e lic c i o f  
< h u k rn p o x .  lias n o  ir . id v  c x p l. in a lim i N o r does d ie  
e lle » l « >1 asiluua. I In I n k  *i| o llr« t  o l I iv | h -i ir n s io ii.  
n lx -s iiv  aii dialM’Irs . .u c o id ' n id i d i r  in»»m sislrn i liu d -  
ings o l p iev ion s  sim lios In a i medic al c o n d itio n *  tha t 
n a ira n t  h ird io t  M inis a i r  d iv io id  disease a n ti a d im a l 
disease. Ih e  e xam ina lio n  o l adu lt disease» as risk  la t ­
in i s in  a hospital-based ta s r -c o m io l s tu d y  is d i l l ic u lt  
In t u i i*? d ie  to n im i g io u p  "-hnuld in» l iu ie  o n ly  pa tiem s 
whose adm ission diagnosis is n o i re la ted  (|>osi(isely o r  
negai n e h  | lo  d ie  adu li disease l is k  la t to r .  Data f ro m  
p op u l.il lam-I taso I sin« lies n id i  w e ll-»lo» u n ie n le tl m rd i-  
• al I i M o i irs  in n i a l.u ilv  vv lie d  h i  ille se  tw o  associations 
a ie  lea l.

Women n id i a p iev iou s  h is io iv o l  Incast ta m e r  w e ie  
at suhsian lia llv  im  leased usk  o l ovarian  Cancer. T h is  
»alisei\aliaH i is m il n e w " a m i ap|M*ais in  le p ie s rn t  a t in e  
asso» i.iiia iii. t >iit- goal o l ami pa ins tak ing  patholog ic and  
» Im ita i le s ie w  was io  ex» Inde m etastatic breast a m i co ­
lon  ta m e r ;  we lie liese  m isdiagnosis does not e xp la in  
d ie  liu d in g . A  la m ilv  h is to iy  o l o va r ian  ca n te r seems 
to  pose at least a three- to  h m r io ld  increased risk , as 
ind icated  bv o u r  results a m i d ie  resu lts o f  o th e rs .7

S m oking  was jm i ic l. iie d  to  « tv.n i.u i c a n te r in  th is  
inves tig a iio ii. as in  most p rev ious  w o rk , b u t the  e l le fts  
«»I al« o lm i ic m iu i i i  unclear. O u t s tudy and  » ilhers 
(e g ., I-a soli and  Fi am est h i ) '  estimate s ligh tly  in ­
creased inc idence  o l o varian  ea rne r am ong d r in k e rs , 
Inn m h r i studies o l m a iia n  c a n te i Id illic i reduced  in - 
cideiu  r  am ong d i inkers (e.g., C iu in ii el al. and Byers 
r i  al ) I he available data  suggest d ia l i l  d in e  is an 
association, ii is weak.

D in in g  d ie  past decade, t a%e-t o l i l i  o l in te rv iew  s tu d ­
ies w ith  LMJO to  rim i wom en w ith  o varian  cancer have 
o l le ic d  n um erous  leads, ( à in ip a i isous am ong  e x is ting  
Studies suggest d ia l some o l d ie  leads w a r ia n i lu r lh e r  
p in  suit. Despite ih c i i  cost. I.ug e i studies are  needed to

give the  s ia tis iica l |x *w c i to  d isem ang le  the  e ffec ts  o f 
S ic i l i e  causes o f  in fe r t i l i ty ,  va ry in g  p a le rn s  o f  o ra l co n ­
tracep tives. and  s|>ecific p i eguali» y outcom es.
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R eview

Epidem iology  a n d  etiology of 
ovarian c a n c e r : a review

A. Peter M. Hciitlz. MO. Neville F. Under, MO. 
and I wo C). Layaasv, MD

Ovarian cancer is »he most frequent cause o f death from  
gynecologic m a lignancies in  the western w o rld . M uch  e ffo rt 
has been pu t in to  attem pts to  correlate d iffe rences in  in c i­
dence rales w ith  e nv ironm en ta l, endocrino log ic , and genetic 
factors. A rev iew  o f the lite ra tu re  reveals that there is 
currently no evidence to in c rim ina te  any single  e tio log ic  
factor fo r th is  g roup  o f tum ors. There is g ro w in g  evidence o f 
fam ilia l p re d isp o s ition  in  a sm a ll g roup  o f patients and o f a 
relationship w ith  reproductive  h is to ry . I f  current k n o w l­
edge of the e p id e m io lo gy  o f ovarian  cancer is to  be trans la t­
ed into disease p reven tion , more a ttention  shou ld  be paid  to 
women at r is k  because o f the ir fa m ily  h is to ry , and more 
awareness shou ld  be made o f the p ro tective  effect o f oral 
contraceptives. (Obster G ym xo l 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 l) Results ol I he 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
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Northwestern Europe and North America1 * ( I able 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 SO lo 5‘i v»*ars with a median age *»1 
y»*ars The mortality for ovarian earner h i  Ni«'thuest- 
»■rn Europe and the United Stales i*. about 7.T lo I.T per 
100,(KH1, 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.ltI there has been a steady increase in 
both the incidence and mortality ol ovarian tam er.1 
Epidemiologic investigations have not produced an 
adequate explanation for this phenomenon.

Environm ental Fa it ora

That an environmental factor might b»* 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.1 1,1 A 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 IUI.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. T his 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 foa isnl on diets with a high intake »»I 
meat and animal fat, because these aie the ino**t 
significant areas in which di»*ts of indusliia li/cd ami 
nonindustriali/ed countries differ, flu* results of these 
investigations are contradictory.4 1 1 livers el ar
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Im in d  no re la t io n s h ip  b e tw e e n  l. i t  in ta k e  a n d  o v a r ia n  
cancer risk . C M in e r  e t a l."*  h o w e v e r. fo u n d  th a t w o rn - 
en  above  (ho  h ig h e s t qua  ru le  o l a m n i. i l l.n  c o n s iu n p - 
non  had  .1 tw o fo ld  inc rease  in  r is k  co m p a re d  w ith  
those  b e lo w  (ho lo w e s t q u a rh le . T h e  m e c h a n is m s  hv 
w h ic h  « in in i.il i . i l  c o u ld  c o n tr ib u te  to  the  g enesis  o f 
o v a r ia n  cance r m ig h t In* d in v ( .  e ia c a rc in o g e n ic  o>n- 
t.u n in .iiH s  in  ( l ie  fa t. o r in d ire c t  v ia  th e ir  a h il itv  to  
c o n tr ib u te  to  e x tra g e n ita l e s tro g e n  p ro d u c t io n  fro m  
g u t b a c te r ia .1" A  re la t io n s h ip  b e tw e e n  s m o k in g  a n d 'o r  
a lcoh o l c o n s u m p tio n  a n il o v . i r i. in  cance r has n o t h o rn  
ro u n d .1 T h ere  a re  severa l re p o rts  C o nce rn in g  th e  
re la t io n s h ip  b e tw e e n  o v .ir i. in  ca nce r .u u l c a rte ine  con- 
s m n p d o n . T h is  p oss ib le  re la t io n s h ip  w a s  f irs t  re p o rte d  
hv S i.H k s - 1 h i  1970 .u u l la te r c o i i l i r m e d  h v  I r ic h o p o u - 
los et a l . "  l iv e rs  e l .»I,* h o w e v e r, c o u ld  n o t  l in d  a n y  
re la t io n s h ip  b e tw e en  c a tle in e  c o n s u m p t io n  a n il  o v a r i­
an cancer r isk  I he poss ib le  re la t io n s h ip  has been  
based on  the  fact tha t the  lu s h e s t in c id e n c e  ra les a nd  
m o rta lity  lo r  o v a r ia n  cance r a re  to u n d  in  S w e de n ,

Table 2. In icm a tion  Inu d i'iicc  and Death Kale <»f O v.iri.n i
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w h ic h  a lso  has th e  h ig h e s t ra le  o t c o lle e  ro n sum p tii*n  
A  s im p le  re la t io n s h ip  b e tw e e n  c o fle e  c o n s u m p tio n  and 
o v a r ia n  ca nce r is c o n fo u n d e d  b y  th e  fa d  tha t coffee ic a 
m ix tu re  o f m a n y  d if fe re n t  n a tu ra l ch em ica ls  and many 
p e o p le  a d d  p ro d u c ts  such  as a r t if ic ia l sw eeteners and 
a r t if ic ia l c re a m  to  th e ir  co ffee  b e fo re  c o n s u m p tio n . The 
c a rc in o g e n ic ity  o f the se  in d iv id u a l chem ica ls  has not 
been in v e s tig a te d . A t th is  t im e  th e re  is n o  conclusive 
e v id e n c e  fo r  a causa l re la t io n s h ip  b e tw e en  caffeine 
c o n s u m p t io n  a nd  o v a r ia n  ca nce r. A n  in te re s tin g  fin d ­
in g  is th a t o t B yers  e t a l, '  w h o  re p o rte d  an increased 
ris k  fo r  o v a r ia n  ca nce r in  a sso c ia tio n  w ith  decreased 
in g e s tio n  o f  v ita m in  A  f ro m  f r u i t  and  vegetables 
sources , t h is  f in d in g  o c c u rre d  o n ly  in  the  3(1 to  49 year 
age g ro u p .

E x o g e n o u s  C h e  h u m  I  >

The h ig h e s t in c id e n c e  o f o v a r ia n  cance r in  indus tna l 
i /e d  c o u n tr ie s  su gg ests  a re la t io n s h ip  be tw een  th i* 
tu m o r  a n d  p ro d u c ts  o f  in d u s t ry  U n t i l  n o w  there  has 
been  l i t t le  e v id e n c e  to  in c r im in a te  s p e c if ic  products.
C u r re n t ly ,  m u c h  a tte n t io n  is b e in g  focused  on a possi­
b le  re la t io n s h ip  b e tw e e n  o v a r ia n  ca nce r a nd  materials 
o f  th e  ta lc -a sbe s tos  g ro u p  (h y d ro u s  m a g ne s iu m  s ili­
c a t e s ) . ' *  T h e  c le ar re la t io n s h ip  b e tw e e n  asbestos 
e x p o s u re  a nd  p le u ra l a n d  p e r ito n e a l m esothe liom as 
a n d  th e  s im ila r i ty  o f o v a r ia n  ca nce r to  m esothe liom as 
a re  in  s u p p o r t  o f  th is  th e o ry . G ra h a m  a nd  G raham 2* 
(1967) fo u n d  p a r tic le s  s im ila r  to  ta lc  in  ova r ies  w ith  
o v a r ia n  c a rc in o m a . N c w h o u s e  ot a l lv fo u n d  a s ligh tly  
e le v a te d  fre q u e n c y  o f  o v a r ia n  ca rc in o m a  in  female 
asbestos w o rk e rs . O th e rs * 4 27 h ave  n o t c o n firm e d  this 
o b s e rv a tio n  C ra m e r e t a l“*1 fo u n d  fh . it  42.8*3 o f ovan- 
an ca nce r p a tie n ts  re g u la r ly  used  ta lc  p o w d e r in  the 
p e r in e a l area, in  c o n tra s t to  2K.4*/r o f a c o n tro l g ro u p  of 
w o m e n . H e  c o n c lu d e d  th a t users  o f  ta lc  p o w d e r were 
a t in c re ase d  r is k  to  d e v e lo p  o v a r ia n  cance r. It is  of 
s ig n ific a n c e  th a t in  th is  s tu d y  th e  m a jo r ity  o f  patients 
w h o  s u b s e q u e n tly  d e v e lo p e d  o v a r ia n  cance r had  no 
h is to ry  o f  e x p o s u re  to  ta lc ,* 1 s u g g e s tin g  a t best a 
p oss ib le , b u t s m a ll,  ro le  as a p ro m o t in g  a ge n t. P resum ­
a b ly  the  ta lc  co n ie s  in  co n ta c t w ith  th e  ova ries  after 
passage th ro u g h  the  va g in a , u te ru s , a nd  fa llop ian  
tub e s  (p e lv ic  c o n ta m in a t io n  th e o ry ) .2’4 T h a t th is  route 
o l c o n ta m in a t io n  is feas ib le  w a s s h o w n  in  I9 M  by Kgli 
a nd  N e w to n '"  u s in g  c a rb o n  p a r tic le s  a nd  in  1981 by 
V e n tc i“  u s in g  la be le d  h u m a n  a lb u m in  m ic ro s p h rre s . 
I la r lg e  e t a l . ’"  h o w e v e r, lo u ld  n o t d e m o n s tra te  anv 
e ffect o f  th e  use  o t ta lc  o n  th e  re la t iv e  r is k  o t ovarian  
i  .n ice r, l iv e n  p a tie n ts  w h o  used  ta lc  on  th e ir  d ia ­
p h ra g m  d id  n o t s h o w  a n v  inc reased  r is k  com pared  
w ith  c o n tro ls . T h is  o b s e rv a tio n  n o tw ith s ta n d in g ,  talc 
lia s  n o t b ee n  s h o w n  lo in d n c e  tu m o rs  in o th e ra n im a ls .14
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*  I  talc p la y s  . in v  ro le  in  l lu *  cause o f  ca nce r, i i  s t i l l  is  n o t 
7 dear w h e th e r  th e  a c tive  age n t is th e  ta lc  p e r sc o r  the  

; *  asbestos p a r tic le s  th a t are p re s e n t in  ta lc  p o w d e r.  T h is  
} possible ro le  becom es e v e n  less im p o r ta n t  because  o f 

the decreased in c lu s io n  o f ta lc  in  c o s m e tic  p ro d u c ts  
alter 1977.

Genetic ami Familial Factors
> Several s tu d ie s  re p o r t fa m ilie s  in  w h ic h  m o re  th a n  

one m e m b e r d e v e lo p e d  a m a lig n a n t tu m o r  o f  the  
, ovary T h is  p h e n o m e n o n , h o w e v e r, is m o re  the
‘ exception th a n  th e  ru le  M o s t w o m e n  w ith  o v a r ia n  

carcinoma h ave  n o  fa m ily  h is to ry  o f  th e  d isease , a l ­
though accu ra te  d a ta  o n  fa m ily  h is to ry  f re q u e n t ly  a re  
not a va ilab le .

A h ig h e r  th a n  e xp e c te d  in c id e n c e  o f  o v a r ia n  tu m o rs  
is fo u n d  in  w o m e n  w ith  IV u lz -J o g h e rs  s y n d ro m e ,4*  
basal n a e vu s  s y n d ro m e ,4'  a nd  g o n a d a l d y s g e n e s is 4"  4* 

i (Table 3). M o s t o f  these  tu m o rs  a re  n o t  o f e p ith e l ia l 
orig in, h o w e v e r. O n e  h u n d re d  fo r ty  fa m ilie s  have  
been re p o rte d  w ith  fa m ilia l o v a r ia n  c a n c e r . O f  
these, 9*1 w e re  p u b lis h e d  re c e n tly  b y  th e  F a m ilia l 
O varian C a n c e r R e g is try .4'  T h e  n u m b e r  o f  o b s e rv e d  
generations va rie s  f ro m  tw o  to  fo u r  p e r fa m ily .  In  131 
of these NO  fa m ilie s , 321 w o m e n  d e v e lo p e d  o v a r ia n  
cancer

There  a re  severa l fe a tu re s  th a t a re  c h a ra c te r is tic  o f 
fam ilia l o v a r ia n  ca rc in o m a s . T h e re  is a te n d e n c y  to ­
ward e a r lie r  o n s e t, m e a n  age  b e in g  4 7 .7  years, c o m ­
pared w ith  59 years  fo r  e p ith e l ia l o v a r ia n  ca n ce r in  
g en e ra l.”  T h e  se ro us  ty p e  o f  tu m o r  p re d o m in a te s  (90 
to 97 '*.), a n d  th e re  is a t re n d  to w a rd  m o re  p o o r ly  
d iffe re n tia te d  a d e n o c a rc in o m a s . ”  4S A  h ig h  p e rc e n t­
age o f cases is b ila te ra l (70 to  8 0 % ).”  T h e  h e re d ita ry  
pattern  in  these  fa m ilie s  is c o n s is te n t w i th  an  a u to s o ­
mal d o m in a n t g en e  w ith  v a r ia b le  p e n e tra t io n , tra n s ­
m itted  th ro u g h  m e n  o r  w o m e n . I I  ' 4 M,4J l y n ch  e l 
a l'4 **’ h ave  p e r fo rm e d  th e  m o s t c o m p re h e n s iv e  re ­
search in  th is  f ie ld , A fte r  a n a ly s is  o f  ten  fa m ilie s  in  
w h ich  25 w o m e n  d e v e lo p e d  o v a r ia n  ca nce r o v e r  th ree  
or fo u r g e n e ra tio n s , th e y  c o n c lu d e d  th a t th re e  d if fe re n t  
h e re d ita ry  s y n d ro m e s  e x is te d : 1) s ilc -s p e c it ic  fa m ilia l 
ovarian  ca nce r s y n d ro m e — w o m e n  in  the se  fa m ilie s  
are at r is k  o f  d e v e lo p in g  o v a r ia n  c a n c e r o n ly .  H e nce , a

Table 3. Genetic S yndrom e* Associated W ith  O varian 
Tum ors

Syndrome Tumor

Peni/-je^hers syndrome** Sex cord tumor
Multiple basal cell carcinoma4’ Ovarian fibroma
Gonadal dysgenesis*“'4'* Dysgerminoina

(ionadoblasioma in streak (xy)
gonads

w o m a n  m a y he at r is k  i f  h e r m o th e r  o r  s is te r has 
o v a r ia n  c a tu v r ;  2) b re a s t-o v a r ia n  ca nce r s y n d ro m e — 
th e  p e d ig re e  o f  these* fa m ilie s  is c h a ra c te r iz e d  b y  th e  
p resence o f fem a le  m e m b e rs  w ith  b reas t a n d  o v a r ia n  
cance r, a lo n e  o r  in  c o m b in a t io n .  I le nce , a w o m a n  m a y  
h ave  a 50% r is k  fo r  o v a r ia n  ca nce r i f  h e r  m o th e r  o r  
s is te r had  b reast ca nce r a n d /o r  o v a r ia n  cance r; a n d  3) 
th e  cance r fa m ily  s y n d ro m e — in  th e  p e d ig re e  o f these  
fa m ilie s , m a les  a n d  fe m a les  a re  a t r is k  o f  d e v e lo p in g  
c o lo n  cance r a n d , to  a le sse r e x te n t, o th e r  a d e n o c a rc in ­
om as (o v a ry , e n d o m e tr iu m ) .  C o n s is te n t w i th  an  a u to ­
so m a l d o m in a n t in h e r ita n c e  fa c to r fe m a le s  in  these  
fa m ilie s  s h o u ld  a lso  h a v e  a 50%  r is k  fo r  o v a r ia n  ca nce r. 
H e nce , a w o m a n  m a y  be  a l r is k  fo r  o v a r ia n  c a n c e r i f  
o ne  o f  h e r  re la tiv e s  has o ne  o f  th e  cance rs  o f  th e  ca nce r 
fa m ily  s y n d ro m e .

T h e  r is k  o f fe m a le  o ffs p r in g  d e v e lo p in g  o v a r ia n  
cance r in  these  a u to s o m a l d o m in a n t fa m ilia l s y n ­
d ro m e s  m a y he* as h ig h  as 50% in  th e  f irs t-d e g re e  
fem a le  re la tiv e s . A lth o u g h  th e  exact p a th o g e n e s is  o f 
these  s y n d ro m e s  is  n o t  u n d e rs to o d , th re e  th e o re tic a l 
e x p la n a tio n s  a re  p o s s ib le u : d if fe re n t  g c n e iit  s u s c e p ti­
b i l i t y  o f  o v a r ia n  tissu e  to  c a rc in o g e n ic  in f lu e n c e s , a 
g e n e tic  d e fe c t th a t in d u c e s  a h o rm o n a l im ba la nce  
w h ic h  m a y be p o te n t ia lly  c a rc in o g e n ic , o r  a g e n e tic  
d e fe c t c a u s in g  an  a lte re d  im m u n o lo g ic  re sp on se  re s u lt ­
in g  in  o v a r ia n  cancer.

O f  m a jo r  s ig n ific a n c e  fo r  le m a le  o ffs p r in g  in  these  
fa m ilie s  is th e  q u e s tio n  o f  p ro p h y la c t ic  o o p h o re c to m y  
A l l  a u th o rs  a d v is e  th a t c o n s id e ra tio n  s h o u ld  be g iv e n  
to  th is  p ro c e d u re  as s o o n  as c h ild b e d  r in g  is  c o m p le te d . 
H o w e v e r , i t  is  e v id e n t f ro m  th e  w o rk  o f T o b a c h m a n  et 
a l '1 th a t p ro p h y la c tic  o o p h o re c to m y  d o e s  n o t g iv e  to ta l 
p ro te c t io n  a ga in s t s u b s e q u e n t d e v e lo p m e n t o f  o v a r ia n  
cancer. T h e y  d e s c r ib e  lb  fa m ilie s  w i t h  se c o n d -d e g re e  
re la tiv e s  w h o  h a d  d o c u m e n te d  o v a r ia n  c a nce r. T w e n ­
ty -e ig h t  w o m e n  in  the se  16 fa m ilie s  u n d e r w e n t  p ro ­
p h y la c t ic  o o p h o re c to m y  a n d  w e re  o b s e rv e d  fo r  p e r i­
o d s  ra n g in g  f ro m  o n e  to  20 years . T h e  re m o v e d  o v a r ie s  
w e re  h is to lo g ic a lly  n o rm a l. D u r in g  th e  fo l lo w  u p  p e r i­
o d , th ree  o f th e  2H w o m e n  d e v e lo p e d  in lia a b d o m m a l 
c a rc in o m a to s is  H is to lo g ic  e x a m in a tio n  re ve a le d  le ­
s io ns  in d is t in g u is h a b le  I ro m  o v a r ia n  ca nce r These  
cases a re  C o ns is ten t w i th  the  h y p o th e s is  th a t e p ith e l ia l 
o v a r ia n  c a rc in o m a  m a y  a ris e  f ro m  a n y  tis s u e  o r ig in a lly  
d e r iv e d  f ro m  c o e lo m ic  e p ith e l iu m .-N

G ra h a m  e l a l ’ *  w e re  th e  f ir s t  to  d esc r ibe  h y p e rp la s tic  
e p ith e l ia l fo c i in  th e  o v a r ie s  o f  an  a s y m p to m a t ic  w o m ­
a n , re m o ve d  p ro p h y la c lic a lJ v  because  o f  a l .u n i lv  h is  
lo ry  o f  o v a r ia n  cancer. S im ila r  c h a n g e s  h a v e  U -en  
re p o rte d  b y  1‘T a u m e n i e t a l ”  w h o  lo u iu l  th e s e  lo c i in  
th re e  o f  e ig h t  a s y m p to m a tic  w o m e n  o l c a in c r  p ro itc  
fa m ilie s . R e ce n tly , G u s b e rg  a n d  D e l ig d is c h '’ re p o r te d  
a s im ila r  f in d in g  in  g ro s s ly  n o rm a l o v a r ie s  re m o v e d
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Iro m  th ree  nn>H O /vj{ous sets o f tw in  s is te rs  o j th re e  
p a tie n ts  w i ih  in v a s iv e  c a rc in o m a  «>1 lln *  « ivarv . T h e v  
lo m u l h y p e rp la s tic  .i ih I tlv s p la ** lic  11u'i i l t . i l  w e re  n o t 
Um iiu I in  c o n tro l «»varies Iron» o th e r  w o m e n  a m i s u g ­
gested  d ia l these  leg ions m a v  re p re se n t a p re c u rs o r «>f 
o v a r ia n  cance r. Unis w o u ld  s u p p o r t  th e  eon ee p t o f 
p io p h v la e lie  re m o v a l o t th e  ova iw *s le w is  a m i O av i- 
s o n .1' l.v ru h  e l a l . '4 T h o r  e l a l . " '  S k in n e r  e l a l . ,/ a m i 
1’ iv e r et a l4'  re p o rte d  .1 to ta l o l 18 a s v in p to n ia t ie  
w o m e n  w h o  u n d e rw e n t p ro p h y la c tic  o o p h o re c to m y . 
N o n e  o l th e m  re p o r te il h is lo lu g u  a h n o i n n .ililie s  m  th e  
le m o v e j «»varies. 1 V ia s i f i ia l lv .  on«» «an lu u l b e n ig n  
im ’s o th e lia l p ro life ra t io n  in  th e  p e r ito n e a l c a v itv  o f 
h e a llln  w« im en. T h is  m a ke s  it e v e n  m o re  « li l l ie u ll to  
« lete rnnne  the  s ig n i ltc a fn v  o i  these  lesi«»ns in  a w o m a n  
w h o  is p ro b a b le  at h ig h  ris k  lo r  o v a r ia n  e a rn e r. Im p o r ­
tan t. h o w e v e r, is the  f in d in g  o l l- ra u m c m  et a l "  a n d  
( .u s b iT g  and  P c h g il is c h '’ tha t th e  re m o v e d  «»varies 
w e ie  in a c ro sco p ica llv  n o rm a l. It th e  le s io n  th e v  de- 
senbe pr«»ves t«> I v  e h a ra c te ris tic  «>| th e  d y s p la s ia  th a t 
p i «‘cedes o v a r ia n  ca rc in o m a , th e n  lh«‘ o n lv  w a v  to  
«liagn«*se the  le s io n  is t«» re n u iv e  b o th  ovaru*s.

It is n o t «‘a s \- t«i « le te rm in« ' h o w  m a n v  w o m e n  w il l  
ben e fit Iro m  p ro p h vK ic iu * o opho re«  lo m v . If the  m o th e r 
o l a la n n lv  lia s  an «111U1som .1l « lo n im a n t o v a r ia n  «'aticer, 
the  chance o l her d a u g h te rs  in h c i i t in g  th e  gene  to r  th is  
tu m o r is S ib ; . In  th e  absence  o l a g e n e tic  m a rk e r, the re  
is no  w a v  to  s h o w  if it is  a g e n e tic  o r rand«nn p h e n o m e ­
n on  it tw o  n u 'in b e rs  m  o ne  la n n lv  are a lfecte«i. It the  
«ham'«* o l o v a r ia n  e a rne r « h ir in g  a l i le t im e  is o ne  in  70, 
the  «h .ince  o l (h is  h a p p e n in g  tw u v  in  o ne  la m ilv  is 
a lw iu t (o n e  in  7 0 ) \  «ir o n ly  0 .02 ‘ ‘i  . Cuven the  l«»w 
m «»rbiditv o l p ro p h y la c tic  o o p h o re c U u n y  a nd  th e  h ig h  
m o rta tity  o l o v a r ia n  cancer, it w o u ld  seem  p ru d e n t l«» 
«■«»iisider th is  o p e ra tio n  a t th e  c o m p le t io n  o l c h ild b e a r­
in g  m a n v  w t» n i.in  w h o  has Iw«* «»r m o re  firs t-d e g re e  
re la tives  a hee le d  w ith  ca rc in o m a  o l the  o v a ry , ««r in  
w h ose  la rm lv  the re  is s u i ln ie n l  e v u le n c e  «»I the  breast- 
o v a r ia n  «’a nce r s v n d ro m e  o r tin* « a im -r  l.n m lv  s y n ­
d ro m e . H o w e v e r, t i le  w o rn , in  « o n c e m c d  has to  be 
aw are  «it the  in c o m p le te  «lata e x is t in g  a t th is  tim e .

I.iuloi rinolo^ic /’lU fo/s
M a n v  a u th o rs  r«*port « h lte re m e s  m e n d o rn n e -re la te d  
c u n d it io n s  m  w o m e n  w ith  o v a r ia n  ca nce r c o m p a re d  
w ith  n o rm a l ««m tro l sub |ects . M,l4,,% " ' 4’< ' ‘ |«»lv «*t
a l '"  a n a lv / i ’i l  .T9U w o m e n  w ith  o v a r ia n  e a rn e r a nd  
fo u n d  tha t w 'om en  w ith  th e  «liseas«* ha«l .111 im rc a s c d  
in c id e n ce  o l m i l l ip a n tv .  .1 lo w e r  m e a n  n u m b e r o l 
p regnanc ies . <md an unieas«-«| incidcn««- o l mis«Mr- 
nag«‘

Mc< .o w .u i «*1 a l . '1' on th«* bas is  o i ,1 s iu d v  «»I 197 
w o m e n  w ith  o v a r ia n  e arne r, estim ate« ! tha t n u ll ig ra v i-

das w e re  2.4S t im e s  m o re  l ik e lv  to  d e v e lo p  malignant 
o v a r ia n  tu m o rs  a n d  2 .9  t im e s  m o re  l ik e ly  to  develop 
o v a r ia n  c a rc in o m a  o f lo w  p o te n t ia l m a lig n a n c y  than 
w e re  w o m e n  w h o  h ad  been  p re g n a n t th re e  o r more 
tim e s . The r is k  o f  o v a r ia n  ca nce r in  th e ir  series was 
re d uce d  to  l 27 am«>ng w o m e n  w h o  h ad  at least one 
p re g n a n c y . T h is  lig u re  w a s  n o t  a n a lv /e d  fo r  fu ll-te rm  
p re g n a n c ie s , p re m a tu re  b ir th s , a n d  a b o rtio n s . In  g«’n- 
e ra l in  h is  se ries , w o m e n  w ith  o v a r ia n  cancer dem on­
s tra te d  a m a rk e d  d ecrea se  in  th e  n u m b e r o f liv e  births 
S im ila r e x p e rie n c e  has been  re p o r te d  b v  o th e rs .7 "  
U n to r tu n a le lv .  in  th e  s tu d y  o l IV m o p o u lo s  et a l,"  
p a r itv  w a s  c a lc u la te d  as th e  s u m  o f  a ll fu l l- te rm  gesta 
lio n s , p r« 'm a tu re  d e liv e r ie s , a n d  a b o rt io n s  d iv id e d  hv 
the  to ta l n u m b e r  o f  p a t ie n ts . W h e th e r  o r n«il the 
p re g n a n c ie s  in  th e  s tu d y  o f  H ild r e th  «’t a l4"  were full- 
te rm  is n«it m e n tio n e d . K isch  e t a lMI ana lyzed  the 
re p ro d u c tiv e  h is to r y  o f  th e ir  p a t ie n ts  in  m o re  detail 
a n d  re p o r te il th a t p a t ie n ts  w ith  o v a r ia n  cancer, in 
a d d it io n  to  less fu l l  te rm  p re g n a n c ie s , h a d  fe w e r mis- 
ca rriages a n d  less to ta l t im e  b re a s t-fe e d in g . Casa- 
g ra n d e  et a l' re p o r te d  s im ila r  re s u lts  fo r  l iv e  b irth s , but 
a lso  re p o rte d  a d ecrea sed  r is k  in  a ssoc ia tio n  w ith  an 
in c re a s in g  n u m b e r o f  in c o m p le te  p re g n a n c ie s . Cramer 
et a l 'v fo u n d  th a t th e  re la t iv e  r is k  (o r  o v a r ia n  canciT 
decreased  s ig n i l ic a n t ly  w ith  in c re a s in g  p a r ity . Thev 
re p o rte d  th a t c o m p a re d  w i t h  n u ll ip a ro u s  women, 
w o m e n  w ith  o n e  o r  tw o  c h ild re n  h ad  o n e -h a lf  the  risk, 
w o m e n  w ith  th re e  o r  lo u r  c h ild re n  o n e - th ird  the  risk, 
and  w o m e n  w ith  f iv e  o r  m o re  c h ild re n  h ad  one -fourth  
the  risk  fo r  o v a r ia n  ca n« vr.

I 11 c o n tra s t w i th  the se  re s u lts . W i jn d e r  e t a l' and 
W e s t1,1 fo u n d  n o  d iffe re n c e s  in  p a r ity  o r  m a rita l status 
b e tw e e n  o v a r ia n  ca nce r p a tie n ts  a m ! c o n tro l subjects. 
O n e  e x p la n a tio n  fo r  the se  d if fe re n t  f in d in g s  m av be 
the  n a tu re  o f  th e  c o n t ro l g ro u p s . l ;o r  e xa m p le . West 
use«! p a t ie n ts  w ith  b e n ig n  o v a r ia n  tu m o rs  as contro ls. 
A lso , th e  r is k  o l o v a r ia n  «'«nicer is  re p o r te il b y  I lild re th  
e t a l4"  to  in c re ase  w ith  in c re a s in g  age  a t l ir s t  p regnan ­
cy H o w e v e r , m  th e ir  s tu d y  i t  is  n o t c lear i f  this 
inc reased  age is an  in d e p e n d e n t r is k  fa c to r o r  a result 
«»I th e  o fte n  a ssoc ia ted  lo w e r  p a r itv .  In  a ll reported 
series the  n s k  o f  o v a r ia n  « a iu e r  fo r  w o m e n  wh«* had 
d if f ic u lt ie s  w ith  c o n c e p tio n  w a s  g re a te r. Jo ly  et a f p 
fo u n d  th a t th e  r is k  a ls o  w a s  in c re ase d  in  m a rr ie d  but 
n e ve r p re g n a n t w o m e n  in  c o m p a ris o n  w ith  wom en 
w h o  n e v e r m a rr ie d  a n d  w e re  n e v e r p re g n a n t, and  that 
th is  la t te r  g ro u p  in  so m e  in s ta n c e s  h a il a sm aller 
re la tiv e  r is k  th a n  w o m e n  w ith  o n e  o r  tw o  pregnancies, 
jo lv 's  re s u lts  su gg est .1 re l . i t io n - h ip  In -tw ee n  th e  in a b il­
ity  to  g e t p re g n a n t a n d  o v a r ia n  ca nce r O n e  p»»ssible 
in te rp re ta t io n  w o u ld  he  th a t th e  c n d o c rm o lo g ic  status 
in  p re g n a n t v p ro te c ts  a g a in s t o v a r ia n  cance r, a nd  that 
the  lack o l th is  p ro tc c tu m  m a ke s  in fe r t i le  w o m e n  a
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higher r is k  fo r  o v a r ia n  cance r. A  second  e x p la n a tio n  
could be th a t in fe r t i l i t y  a nd  o v a r ia n  ca nce r a re  the  
result o f th e  sam e a b n o rm a l g o n a d a l s ta tu s . T h is  
theory c o u ld  e x p la in  w h y  in fe r t i le  w o m e n  a rc  m o re  at 
risk th a n  n e v e r m a rr ie d  a nd  n e v e r p re g n a n t w o m e n . 
Because th e  p a tie n ts  s tu d ie d  w e re  d ia g n o s e d  b e tw e e n  
1957 a n d  1966. o ra l c o n tra c e p tiv e s  c a n n o t h ave  been  o f 
any im p o rta n c e  in  th is  g ro u p . H o w e v e r , these  p re g ­
nancy-associa ted  h o rm o n a l fa c to rs  a n d  a b n o rm a l g o ­
nadal s ta tu s  h ave  n o t been  id e n t if ie d .  C ra m e r e t a l 'v 
could n o t d e m o n s tra te  a n y  d iffe re n c e  in  re la t iv e  r is k  o f  
ovarian  ca nce r a m o n g  in fe r t i le  w o m e n  a nd  n u ll ip a ro u s  
w om en in  g e n e ra l. T h e y  h y p o th e s iz e  th a t p re g n a n c y  
may in d u c e  c h an ge s  in  th e  p itu ita ry  g la n d  re s u lt in g  in  
a lte ra tio ns  o f th e  s e c re tio n  o f tro p ic  h o rm o n e s  a n d  so 
in s t im u la t io n  o f  th e  o v a r ie s . T h e  e ffec t o f  n u ll ig ra -  
v id ity  o n  th e  r is k  o f  o v a r ia n  cance r is s u m m a riz e d  in  
Table 4.

H ild re th  e t a lJO re p o rte d  an  in c reased  r is k  o f  o v a r ia n  
cancer in  w o m e n  w ith  a la te  o nse t o f m e n o p a u s e  a nd  
decreased r is k  in  w o m e n  w ith  a h is to ry  o f  h e a v y  
m e n strua l f lo w . T h ese  re s u lts  are in  c o n tra s t w i th  the  
fin d in g s  o f  W i jn d e r  e t a l , '  w h o  re p o rte d  an  in c re ase d  
risk o f  o v a r ia n  ca nce r assoc ia ted  w ith  e a r ly  m e n o p a u s e  
and a h is to ry  o f h e a v y  m e n s tru a l f lo w . W e s t,1*  N e w - 
house e t a l , ,v C ra m e r e t a l , 'v a nd  A n n e g e rs  e t a l* 1 
found  n o  re la t io n s h ip  b e tw e e n  th e  age a t m e n o p a u s e  
and «he o c c u rre n c e  o f  o v a r ia n  cancer.

Exogenous Hormones

M ost o f  th e  s tu d ie s  re la t in g  to  e xo g e n o u s  h o rm o n e s  
and o v a r ia n  ca nce r h ave  fo u n d  n o  s ig n if ic a n t e tio lo g ic  
re la tio n s h ip  b e tw e e n  th e  tw o .4 I lo o v e re t  a l '*  o b se rve d  
900 w o m e n  w h o  u sed  c o n ju g a te d  e s tro g e n  fo r  s ix  
m o n th s  o r  m o re . T h e y  fo u n d  fo u r  cases o f  o v a r ia n  
cancer, w h e re a s  th re e  w o u ld  h ave  been  e xpe c ted . 
There is n o  e v id e n c e  o f  a re la t io n s h ip  b e tw e e n  d ie th y l-  
s iilb e s tro l a n d  o v a r ia n  c a n c e r . '* * 1 

S evera l a u th o rs 7 'MO * '  h ave  re p o rte d  a lo w e r  fre ­
q uency  o f  o v a r ia n  ca nce r a fte r  th e  use o f  o ra l c o n tra ­
cep tives, a lth o u g h  o n ly  fo u r  s tu d ie s " ’* * 2 *4 reached

Table 4. Familial Neoplasm s o f 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 w ith  mucinous cyslaJedoma and thyroid 
adenoma

Table 5. Effect o f N u llig ra v id ily  on  the  Risk o f O v.tri.tn  
Cancer

Ki’l.iliv r risk 
(Niilligr.ivid*)'.iavid

Aullioi Year women'

July el 1*74 1 H
New t«h im - .1 .i»*- 1*7/ 2 V
Annegers el .it*'1 N7V 1 X
CjKsagrjmlr el .it' N7V 1 X*
Demopotilos el a l" |S7V 2 3
McCäiwan r l ¿I1* 1*7* 13  2 4
Hiltlrelh ct al*" NX) 1 7

* Nulliparity versus paniv

s ta tis tic a l s ig n ific a n c e  (T a b le  5). T h e  m o s t im p re s s iv e  
s tu d y  w a s  re p o rte d  b y  I he C e n te rs  fo r  D isease  C o n tro l 
C a n ce r a n d  S te ro id  I lo rm o n e  S tu d y .M In  th e ir  case 
c o n tro l s tu d y  th e y  s tu d ie d  179 w o m e n  w ith  o v a r ia n  
cancer. T h e ir  m a jo r  f in d in g  w a s  th a t w o m e n  w h o  h ad  
e v e r u sed  o ra l c o n tra c e p tiv e s  h ad  a s ig n if ic a n t ly  lo w e r  
r is k  o f  o v a r ia n  ca nce r. T h e  decrease  in  r is k  w as d ire c t ly  
re la ted  to  th e  d u ra t io n  o f  o ra l c o n tra c e p tiv e  use: a fte r  a 
m in im u m  o f th re e  m o n th s , th e  re la t iv e  r is k  is d e c lin e d  
fro m  1.0 to  0 .6 , a n d  it  d e c lin e d  fu r th e r  to  0.4 lo r  
w o m e n  w h o  u sed  o ra l c o n tra c e p tiv e s  fo r  m o re  th a n  
f iv e  years. T h is  lo w e r  re la tiv e  r is k  p ro v e d  to  U * a lo n g ­
te rm  e ffe c t. T h is  is in  a g re e m e n t w ith  e a r lie r  le jM ir ls .*4 
T h e y  e s tim a te d  th a t th e  in c id e n c e  o f  o v a r ia n  cance r 
a m o n g  w o m e n  b e tw e e n  2(1 a n d  54 y e a rs  o f age  in  the  
U n ite d  S ta les m ig h t  be TO'J. h ig h e r  i f  o ra l c o n tra c e p ­
tiv e s  h ad  n o t been  used . A n o th e r  in te re s t in g  l in d in g  in  
th e  s tu d y  w a s  th a t th e  use o f  o ra l c o n tra c e p tiv e s  by 
n u ll ip a ro u s  w o m e n  decreased  th e ir  re la t iv e  r is k  b e lo w  
th a t lo r  p a ro u s  w o m e n . A  p ro te c t iv e  e lle c t o l o ra l 
c o n tra c e p tiv e s  a m o n g  n u ll ip a ro u s  w o m e n  a ls o  w as 
fo u n d  b y  R o sen b e rg  e t a l*4 a n d  C ra m e r et a l / '  b u t o n lv  
in  v e ry  s m a ll sa m p les . C o n t ra ry  to  th e  C e n te rs  fo r  
D isease C o n tro l s tu d y ,  R o s o n lv rg  e t a I*4 a n d  C ra m e r 
e l a lv fo u n d  a fu r th e r  decrease  o f  th e  re la t iv e  r i - k  in  
o ra l c o n tra c e p tiv e s  use rs  w ith  in c re ase d  p a r ity  I Ins  

p ro te c t iv e  e ffec t c o u ld  n o t be c o n t in u e d  b y  Vessev 
e t a I** a nd  K o m c h a rs o n  e t a l. * 7

U n t i l  n o w  m e n o p a u s a l e s tro g e n  use has n o t ln -en  
s h o w n  to  h ave  a s ig n if ic a n t  in f lu e n c e  in  o v a r ia n  c a n ­
cer. H o w e v e r , W e iss  e l al*"’ fo u n d  m o re  m e n o p a u s a l 
e s tro g e n  users  a m o n g  w o m e n  w ith  e n d o m e tr io id  c a n ­
cers o f  th e  o v a ry . C ra m e r et a lv fo u n d  th e  sam e lo r  
e n d o m e tr io id  ca nce rs  a nd  c le a r-ce ll cancers. C ra m e r 
a lso  o b se rve d  a n e a r ly  s ta t is t ic a lly  s ig n i l ic a n t  in c re ase d  
ris k  in  w o m e n  w h o  h ad  used  m e n o p a u s a l e s tro g e n  in  a 
c y c lic  ra th e r  th a n  c o n tin u o u s  fa s h io n , a n d  in  w o m e n  
w h o  had  u sed  these  d ru g s  fo r  m o re  th a n  l iv e  ye a rs  

Because o l th e  c o n l l i t tm g  le s u l ts  t in  th e  t .m m o g e  
n ic ity  o l lo n g -a c t in g  p ro g e s te ro n e s , l . ia n g  e t a l '-* p e r ­
fo rm e d  a fo l lo w -u p  in v e s t ig a tio n  a m o n g  500(1 w o m e n
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h‘l1' r‘,a',u '1' ■|'r.>tii>u.r..iil . Inr „„H r.» ,,.
..................M m lu x l lo r  lo u r  lo  n  rv . ir s  M „

'P" 'L " •  " ' - i r i .m .  u n J o ii iu ir i . i l .  ,,r  | . „ . . ,s l  , . „ H l.r 
l'«*S IlM llllI

o o , . | ,o r , t ,s  o f  o i . lv  » 1  to  < l> ;  ’ • »  U n io r lu n a lu lu . ih , 
I r i lu n a  lo r  l l iu  d ia g n o s is  o l o o p l io r i l is  aru n o i Kiv m  in 

v i l l iu r  M o d y . T i l ls  f iu v in s  l l i .u  w i l l ,  an  i iw id . i i »  .« 
m u m p s  Ol 6.11 p u r IO.ll) y u .ir. I I .u  in o d u n u u  o i is ip h o  
r ih s  m u s i be  .ih o c ji 1.2 p e r HNI.iu k i.

C ramur ul a l"  proposud l lu l ihu mumps uiru. 
dainajíus Ilio ovarios and ll.urol.v causus prum.iiui, 
Juplution ol oo.vl.-s, u liu li rosoli in in.reas.-d 
< , K"n-«‘ l"'ropi.. Oowto loss in iho animal
modol is ass.Kialod .s ill. tumor growth.1* As Ihe 
avail.iblo data rovual an inoi.l.-nto ol oophoritis dial n 
■mu I. lower than llu- moldo,,.,, ol ovarian .amor ih,. 
tlioorv romains highly spot .ilativo.

M cC -.nvan  ut a l '"  ru p o r lo d  III.»  ru h u lla  m luulinn 
b u tw o o n  ih o  1211, a n d  tin - IMO, v .-a r increases the risk,a  
o v a r ia n  .a r . in o n ia  lo u r lo ld .  I I . -  . - „u ld  n o i hnd  this 

.......... . *»•«■*' a i l  i n l i r l i . i l .  in  c h ild h o o d . Th is  obser­
v a tio n  has n o t been  e o n firm e d  in  p u b lic a t io n s  o t ulh

l m i '  I n h ' i  l i , i i i

........... .... , ', ,n ,v r  bas boon s lu d u -. l m o s t in  o o n n o c lio
,,,U " ' I 'S  v iru s  VV.-sl1'- w as Ih u  l. r s l „ - p o r t  Ih, 

m a . ia n  e a rn e r p a t,u n is  had  a ducr.-asod  , n . , d . . , „ . .  , 
- h n n a l m u m p s  „■ th e n  h is lo rv ,  w h u n  u o m p a ro .l w il l 
. 0,11,01 s u h i.v ts  H o  suW -slud p oss .h lu  p ro lu . t.v  
Ullu, t iro n ,  m u m p s  v iru s  in to , l io n  M u ii.v o r  u t aT'
« ■ I. l.n iiu d  lh . i l  th e  in v i.lo nc .- u l , .................... n ip s  a m o u,
o '-u .-m  .a m o r  p a tio n is  w as lo w u r, h u t  ru p o rlo d  i|,a
Ihu  lru . |„u n o v  o l s i iK lu . ic a l .......... ... w a s  lu y h .- r  L v i
d .-n .u  lo , Ihu  In l lu r  is basu.l „ „  p ru s u n ..-  ,. | p „ s „ iv ,
su n -lo y ,. Ovid.-n.-u in  ........... is  w i l l ,  a n u y a liv u  m u m p -
h 'M o rv  l l u  a lso  to o ,u l ih .,1 m u m p s  , o n ,p lu n .u n M is in .
......... .. ............ ... . p a l,u n is  w .- lu  lo w e r. Men. Co,
V  - I  h o p , ilh e s , /o d  Ih .,1 II,use r .-s o ils  „H u e .  an
u s is im y  i in m i . i i . i in .o n i | iu io n .u  ih .,1 i. i.- , lu ,,iu s  th e  du- 
,  e l i 'p in i- i "  Ol o v a , .J „  cancer p ro b a b le  l l i r o u g h  a d in v l  
O holo^ic ro le  o l m u m p s  v iru s  ( „ . I n n  .-i n l ' "  c o u ld  n o t 
. . . „ in n ,  ih oso  re s u lts  I ,u p . , , , . , , , '  s ,w .-s ,u ,l „

m u m p s  V ir u s  is in v o lv e d  in  ih u  cause  o l o v a r ia n  
. . " „ e ,  a decrease  ih o  „ „  i . l .  n , ,- o i th is  d isease  a lte r

........ ..  " 'V  w in d .-  p o p i i l . i l io i l  0,0 be uspoc lod
" a  to n c u rn in y  m u m p s  u llu c lio n  m  c o u n ln u s  w i l l ,  ., 

“ lv ,u u l , , u 'den « e  o l o v a r ia n  »« line r .ire  n o t
k , ‘ ° ' vn  M l ,m Ps ' ' ¡ n r .  has m . im  a t lm . tu s  Ik s n U 's  llu -  
p a ro t id  A la n d . , l n ,.,v  a llo o l u .h u r  g l . , . „ K  , „ . | , , . l i „ g  .he  
yo na .ls  M u m p s  o r.- l. ih s  ,s k n o w n  lo  i n  u r  in  a b o u t 
-> • o l u lt.-otud  m a les I he in o iilu n c u  o l s im ila r  m e o lv e - 

" w  V '-a n rs  is lo w e r „ „ . I  u s lim a l.- . l lo  he S-; . "  
>» t. o lic ^ c  o f ( . t - in - i . i l  I ’r.u  t i l io n e rs  «uni llu -

................... l l , r  S l l“ lv  Ol In lu u h o u s  D iseases, h o w -
."••ui p u b lis h e d  an  l l i . i . le r , , . -  ra le  o l „ lu m p s

'  l " {" 1 a nd  an  i i ie id e u .v  „1 m u m p s

H2 h e in i/  i t j | / /"./ewialayil

l i l i l í ¡ I I I  ¡ ( II I

A llh n u K h  a n o th e r  p o ss ib le  reason  lo r  p re m a tu re  n o  

CM.- loss a n d  o v a r ia n  fa i lu re  is ir ra d ia l iu n  o i pelvic 
o rn -in s . n o  in c re ase d  in e ,d en .-,• o f  o v a r ia n  carcinoma 
has K -e n  re p o r le d  in  w o m e n  w h o  u n d e rw e n l Ihu  
th e ra p y .4

I  t  in i t ia l /  , , i  O iu im in  C m i i  i r

I ."  India w-„s the first lo propose Ilial I he 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 w ill, each ov.ilaiu,,,. wlu. I , . .imulaliv. lv could 
eoi.lnbuie 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 
" "  1 Aonadolropin levels 11„- Ingl, g.inad.ilronin 
levels I I I  II,e carlv p.islnie„op„us.,l years have K-en 
snyyesk-d i „  K- ol |mssible siyni«c,m.e I,, the 
espeninental model, excess yonadolropm secrelion 
seems to be relalert lo .he develop,,,..,,. „1 ovaoan 
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 II ,s „01 in aivorda.Hv w ill, a high.-r risk of 
ovarian eancer in palienis w ill, eieessive ulerine bin d 
mp insolar as lh,s hkv.h.ig ,s ., resull of am.e,.lali..n 
I he iJieones ol .ll.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

< V's/l /fltN  ¿V <»'|/»»O i>/«|yy

l* e r  r is k  in  w o m e n  w h o  ¿re n u ll ip a ro u s  b y  d e s ire  a nd  
N*ve used o ra l c o n tra c e p tiv e s  fo r  lh . it  reason . | io w e v -  
it. the th e o rie s  a re  a lso  in  a g re e m e n t w ith  th e  h ig h e r  
in i obse rved  in  u n d e s ire d  in fe r t i le  w o m e n  w h o  are 

nullipari n is .
Based o n  these  e n d o c r in o lo g ie  d a ta , th e  a u th o rs  

must co n c lu d e  tha t p re g n a n c y  a n d  th e  use o f  o ra l 
(vnlraceptives m a y  p ro te c t a g a in s t o v a r ia n  cance r, 
ilthough u n d e s ire d  in fe r t i l i t y  in  w o m e n  w h o  o v u la te  
n'gularly inc reases  th e  r is k  o f  o v a r ia n  cance r. 1‘ rc g n a n - 
c\ and th e  use o f  o ra l c o n tra c e p tiv e s  d if fe r  Iro m  
vndcsired in fe r t i l i t y  to  th e  ce ssa tio n  o f  o v u la t io n  a n d  
the su p p re s s io n  o f g o n a d o tro p in  re lease.

pjlhotfcncfiis of Ovarian Cancer
Cramer a n d  W e lc h 7'  h ave  t r ie d  to  u n ite  th e  d if fe re n t  
riHilugic fa c to rs  in  o n e  th e o ry . In  th is  th e o ry  th e  f irs t  
tiep to w a rd  m a lig n a n t g ro w th  is th e  fo rm a tio n  o f 
n du sum  c ys ts  b y  e n tra p m e n t o f s u rfa c e  e p ith e l iu m  in  

thr o v a r ia n  s tro m a , l  lu* se con d  s te p  is d ire c t o r  in d i ­
rect s t im u la t io n  o f th e  in c lu d e d  e p ith e l iu m  b y  g o n a d ­
otropins a n d  e x tra - o r in tra g la n d u la r  estrt>gen, re s u lt ­
ing in  d if fe re n tia t io n ,  p ro li le ra t io n ,  a n d  s o m e tim e s  
m alignant t ra n s fo rm a t io n .  H o w e v e r ,  th e  f in a l s t im u lu s  
lo m a lig n a n t t ra n s fo rm a t io n  re m a in s  u n k n o w n  ( f  ig u re  
1). In  th is  th e o rv  a ll fa c to rs  th a t cause  in c lu s io n  c ys t 
form ation , h ig h  e x tra - o r  in tm g la n d u la r  e s tro g e n  a nd  
factors th a t cause  h ig h  g o n a d o tro p in  le v e ls , m a y  m a ke  
i  w o m a n  at r is k  fo r  o v a r ia n  eancer. C o n s e q u e n tly , 
factors th a t p re v e n t o n e  o r m o re  o f  th o s e  s t im u li  m a y 
protect a ga in s t th is  d isease.

Prophylaxis fo r Ovarian Carcinoma

T h e  g ro u p  o f p a tie n ts  w h o  a re  «it h ig h  r is k  fo r  o v a r ia n  
ca rc in o m a  ca n  o n ly  he  d e te c te d  h v  a c a re fu l fa m ily  
h is to ry . T h e  use o l o ra l lo n t r .u e p l iv e s  fo r  b ir th  c o n tro l 
m a y h e lp  to  decrease  th e ir  r is k , a n d  p ro p h y l. ie t i i 
o o p h o re c to m y  a fte r  c h ild b e a r in g  a p p e a rs  to  be ju s t i ­
f ie d . H o w e v e r , th e  a u th o rs  a gree  w ith  C .u she rg  a nd  
D o lig d is c h ': th a t th e  w o m e n  c o n c e rn e d  h a v e  lo  he 
aw«ire o f the  in c o m p le te  d a ta  e x is t in g  at th is  tu n e .

D ie ta ry  m easures  lo  p re v e n t o v a r ia n  c . in in o n i. i  
c o u ld  in c lu d e  a lo w  m t« ike o f  a n im a l t . it ,  a n d  >i h ig h  
in ta k e  o f v ita m in  A . « ilth o u g h  t lu - e v id e n c e  to  s u p p o r t  
these  re c o m m e n .la lio n s  is  m i u I I . 1

|*or th e  g e n e r.il p o p u la t io n .  «1 p ro p h v l. ic t ic  a ffe c t o n  
th e  in c id e n c e  »*f o v a r ia n  ca nce r m ig h t  be  e x p e c te d  
s h o u ld  b ila te ra l o o p h o rc c to n tv  be p e r fo rm e d  in  a ll 
p a t ie n ts  40 years  o f  age o r  o ld e r  re c e iv in g  p e lv ic  
la p . iro tn m v  fo r  In - iu g n  le s io ns . *' l ln w c v e r ,  as 
S chw eppc- a n d  I V t le r "  calc i i la le d .  to  preve n t o n e  o v a r ­
ia n  c a rc in o m a  700  w o m e n  w o u ld  h ave  to  Ih * ca s tra te d . 
So d e c is io n  m a k in g  a b o u t th is  su b je c t ln -co m e s a 
m a tte r  o f  p h ilo s o p h y  a n d  |H *rsonal a l t i t u d e . "  In  the  
a u th o rs ' o p in io n  th e  d e c is io n  s h o u ld  I h- w e ig h e d  
a g a in s t th e  r is k s  a n d  th e  p e rs o n a l a n d  g e n e ra l p ro b ­
le m s  a r is in g  o f  th e  im p o s it io n  o f  necessary  lo n g - te rm  

e s tro g e n  s u b s t itu t io n .

Conclusions
l ip id e m io lo g ic  a n d  e n o lo g ie  research  o n  o v a r ia n  ca nce r 
lia s  h ith e r to  in f lu i te t i  a ll t e l l  iv p c s . A s  th e  la rg e  
m a jo r ité  o f d ie  Uiiiic»»s «ire o l i- p ith e l i. i l  o r ig in ,  th e
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in c id en ce  o l e p ith e lia l o v d r i.m  c a rc in o m a  is c lose  to  
tha t o t o v a r ia n  ca nce r in  g e n e ra l. l :.p id e n iin lo g ic  and  
é tio lo g ie  s tu d ie s  have  id e n t if ie d  a g ro u p  o t r is k  (actors 
tha t a pp ea rs  to  ho d ire e t lv  o r  m d ire c l lv  re la te d  to  
o v a r ia n  cancer. These  la c to rs  can  he g ro u p e d  in  lo u r  
m am  ca tegones, gene tic , e n v iro n m e n ta l,  h o rm o n a l, 
a nd  v ira l In  th e  p ie s e n l s la te  o t k n o w le d g e , it a pp ea rs  
( l iâ t the  e tio lo g y  o t o v a r ia n  ca nce r is  n u il t i fd c to r i. i l .  
I (to rts  to r  e a r lv  d ia g n o s is  a nd  p ro p h y  la x is , w h ic h  
seem to  he e xp e n s ive  (o r th e  w h o le  p o p u la t io n ,  are  
jv is tihed  in  th e  sm a ll g ro u p  o i  w o m e n  w h o  m .iv  he at 
h ig h  i is k  to r t in s  le th a l d isease . F ro m  a c lin ic a l v ie w ­
p o in t. it is im p o rta n t to re a lize  th a t a ca re fu l fa m ily  
lu s to rv  s h o u ld  he taken  to  id e n t ity  d a u g h te rs  w h o  are 
at h ig h  ris k  o t d e v e lo p in g  o v a r ia n  c a n c e r l ;o r th is  
g ro u p  ot p a tie n ts  th e  use o l m a l t o n lr . i te p l iv e s  lo r  
I 'n Ih lo n i r o l  n ia v  h e lp  todecreas«* the  risk  . i iu f  p ro p h v -  
lactic  o o p h n iv d i im v  a lte r  c o m p le t io n  o l c h ild K -a r in g  
appea rs  to  hi* |u s t i l ie d ,  a lth o u g h  e v e n  w ith  o o p h o re c - 
lo t i iv  these p a tie n ts  re m a in  a t r is k  lo r  c a rc in o m a s  o f 
e x trag o na da l co e lo n uc  e p ith e l iu m
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In i I 5-1. n '  s .n » M in i l i
1 ,s- I ik

Ulc,

an /.v nino  Moni i. or ovarian eimtiihliai. carcinoc.enesis:
( H A N O I S  IN CEl.l.-CELf. C O M M U N IC A T IO N  A N D  A D IIH S IO N  
(H 'CU R RING  DURINO N liO I’ LASTIC RROGRLSSION
Arili>n ( > II« »I i vi \ n"‘ . U n iv i i ( ì t f i u . i i  v u o i 1 '."R o jjcPTT iTTS r *~aml N c lly  A p i  KM’i lo . '

'P t /hu im i tu •>/1 ■ <i u m ili in a lin ii\ m u l 1‘uhht Hca lih , lc \a \  . IA A / l'nnvr.u iv . (  iil lc i j i ' S iaimn. TX  77S4 I. US. 1. 
a ih l :lK '/u iilim -nt <•! Inaloniw U n ii a u l ì  o f H n li\h  Colum bia, l i  m enine;. H.C.. C iin iiih i.

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 pSVlneo plasmid (SV40 T-antigen) 
yielded transformed lines which retained epithelial morphol- 
ogy. In vivo selection of these pSVlneo cell populations resulted 
in further phenotypic transformation. Transfection of ROSE 199 
with pSV2neo/c-H-rot *' (ra t11 p 2 l) 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-ro tC|- 
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.

/W l II//. i /h v  hi,

O v.i M.iH c.meei is I lie  leading s’,him / o i dea th  slue to  
iii.ilip i.m e v  i>! ihe  g v in t. il ir iiv 'l .nisi ihe t ilth  most com m on 
e.mse h i cancel ile . iih  m e i. i l t  in A n ic iic .in  women (Ito rm g e f 
a l.  l* /*0 ). A  m jjiiiIu .m i l. is im  c o n iiib n im g  to  the  h igh m o rta l­
ity i a le is l lie  lack «>1 specific early symptoms m .u n les lc il by I lie 
ilise.ise ( 'o iisc ijin  n ils , niosi p .ilic u ls  a ie diagnosed w ith  slagc- 
I I I  in  stage-IV  disease when meiasiases beyond I lie  pelvic 
easily .lie  co in inon .un i SO in  9 .V , ol iliese vvoinen w ill she 
vviilim  ve.ns ( I ’e iie is o n  c l a l . 1‘ isS). I ‘n lo iIn n a te ly , f ills  la ic  
p ie s e iil.iliu n  lias liim ic t l u n i iin d c i stand ing ««I the ce llu la r 
m eih .in isn is  o l ov .u i.m  carcinogenesis and metastasis ia  m u
O l ihe diverse cell types whieh comprise ih e  ovary, a ll have lhe 
capacity io  und c ico  neoplastic ir .in s lo rm a iio n : however, ihe 
eonniion ep iihe h .il m inors are the most prevalent o l ihe 
histologic l v|x:s o l ov.m an I llin o is  w inch have Itccn  desenbesl. 
accounting lo i Sii io  1 o l a ll ovatian  m alignancies (Scully. 
W?‘J| These cp nh e lia l tum ors are thought to  arise fro m  the 
neoplastic ir .in s liu m a iio n  o l the ovarian surface ep ith e liu m  
(O S I.) (Scully. l*»7«/j, a derivative  o l the ec lom ic  ep ith e liu m  
winch covers the em bryonic gonadal ridge d u ring  deve lop ­
ment Despite its im po it.inee . the num ber o f  stud ies investiga t­
ing Ihe in H in t s iil lm e  «•! ihe in a iiiiu a lia n  ( )S1 * is lim ited  
(11.1111111011 cl a l.  in s il; A d.m is a n il A ne isperg . I*>K■. |9.H$; 
(■o.lwm , i  a l . |'i'i_ '|. WInJc 11 i t  s i si tid ies have p io v iile d  
v.iluable iiis ighls in to  our evolving knowledge o l ihe  b io logy o l 
Ihe OSI . lew li. iw  in v is iig .iied  ihe neopl.is iie  li.u ts lo rn i. i l io il 
ol the t >S 1 - in ia n i  (A d .mis and A iie tspe ig . |W | ;  ( io d w iu  .7 
a l.  I ‘»‘ »2.1 lo in  In |«I92|.

Most, ti not . ill hm n.in and anim al cancers deve lop hi a 
sicpw ist in .um ei hom  ihe aecuniu la iion o l m u ltip le  genetic 
lesions w it Inn the i  a a c tio n s  cells, thus e on le rriu g  several nevy 
phenoiyp ieehaiae iensties which d istingu ish them  Irom  noi mal 
cells ( K le in  ami K le in. |9K>). |*ei haps the most serious o l these 
is the ability ol ind iv idua l cells to detach Iron) a p iim a ry  tum or 
and spread to  d is i.m l Mies; the process o l metastasis. It has 
K e n  suggested i l u l  loss u|' gap jm ic iio ns  and o th e r ce ll-

adhesion mechanisms between tum or ce lls may p e rm it de ta ch ­
m ent a iu l d issem ination  d u r in g  m alignan t progression inwards 
metastasis ( Larsen r ia l . .  I9K7; la k c id i i .  1991) (¡a p  junc tions , 
w h ich  consist o l m em brane channels w h ich  connect the  cy to ­
p lasm ic co m partm en ts o f  a d jo in in g  cells, are thought to  
fun c tio n  p i ¡m an ly  in  the m ain tenance o f tissue hom eostasis 
and the exchange o l re g u la io iy  m olecules necessary fo r the 
c o u iio l o f  n orm a l c e llu la r g ro w th  ( I  ocw cns tc iii. 1979). I i lias 
thus been hypothesized that loss o f  gap ju n c tio n a l in lc rc c llu la r  
e on m um ica lion  ((¡JIC  ) may in ie ile re  vv itli n o in ia l c e llu la r 
g low th  re g u la tio n  (l.n c w c n s ic in . 1979). Indeed  th is  theo ry has 
been su pported  by o bse iva lions  that many, but not a ll. tum or 
ce lls d isp lay reduced f iJ IC  ( I .ocw cns lc iit. 1979; K lann  <7 a l.  
|9X«;j. I iowever. studies w hich ile in o iis ira ie  reduced (» J IC  in 
cells tha t are a lready neopl.is iie  may no i be sulDcieni lo r 
precise u iid c rs ia n d in g o l bow e o m m im ie .iiiiu i is u ltc ic d  d u r ing  
I lie  n a tu ra l ca rc inogenic  progression fm m  n orm a l to  neoplas­
tic  cells. Ana lvs is  o l ( i J I ( ‘ characte ristics am ong p iogressive ly 
tra n s lo riu c d  ce ll lines niuy p iovu le  u se ltil in lo im a iio il regard ­
ing how. . i i i i  1 at vvli.it stage, c o iiim im ic a iio n  is a lte re il d in in g  
neoplastic p iog icss ion .

C e ll-ce ll adhesion plays an m ip n iia n l p a r i m m o ip ho g c iie - 
sis. m a in tenance  o l tissue n rc h ilc c iu ie  and inum m o log ic  fu n c ­
tion  (Shim oyam a c l a t.  19X9; T .ike ich i. 1991). As neoplastic 
pop u la tio n s  p iog ie ss  tow ards m alignancy, in d iv id u a l ce lls 
acipure ihe  a b il ity  to  detach lo m i the p rim a ry  tu m o r and 
metastasize. D is tu rbances in adhesion-m olecu le  ac tiv ity  may 
play a significan t ro le  in the release o f  tum or cells (T .ike ich i. 
19U |j. O ne m a jo r class o l ca lcum i-d cpe m len i lio m o p liih c  
ce ll adhesion m olecules, ihe  e .u lhc im s, have recently  received 
e o iis id c ia h le  a l le n t ton lega l d ing  th e ir  ro le in tu m o r p iog ies- 
sion. l ;.-eadherin  (u v o m o iu lin ) .  a tra iis  n iem brane  120-kDa 
p ro te in  expressed p r im a rily  in  e p ith e lia l tissues, m ediates early  
events in c e llu la r adhesion necessary fo r the fo rm a tio n  o f  
ju n c tio n a l complexes, in c lu d in g  gap junc tio n s  (T a ke ich i. 1991; 
Jongcn <7 a l.  1991). Reduced li-c a d h c rm  expression may be 
associated w ith  enhanced tt im o iig e n ie iiy  ( N avarro  c l a t.  1991) 
am i invasiveness( I tc h rc n s e /at.. ¡9X9).

T h e  d e te c tion  o l m u ltip le  genetic  d e lects  w ith in  Ihe  ce lls o f  
ovarian  tum ors supports  the hypothesis d ia l ovarian  cancer 
may deve lop  in a m u ltis tc p  m anner ( l.e e  c l al.. 1990). The 
deve lopm ent o l in ta n /  m u ltis tc p  m odels has been a recent 
a pp io .ich  used by investiga to rs  to  study the b io logy o f  hum an 
e p ith e lia l c e ll carcinogenesis ( Khun  i t al.. I*i9 f)j. Such models 
a ie  genet ally based upon  d ie  in  i i t m  m u n o iia liz a lio n  and 
i i . i i is lo i in .it inn o l n o im a l e p ilh e li. il ce ll c u ltu ie s  by co m b ina ­
tions o l oncogenic Ir .m s lc c iio ii ju o c e ilu lc s  ailvl cvposm c Io  
la u i i io g e n s  (K h im . 1**92) In  th is study, a seiies o l p rog ics - 
sivelv ira iis lo im e d  i. t l ve il lines was developed to  si in ly  ovarian

'( in re'll! .itkliess' I )epai im eiil o l Itmlugv. A im siiong Si.iie ( 'allege. 
S .i\.iin ia li.<¿A J U l ' i .  l»SA

' I n  whom coiies|>iiidciice and ic p in il ici|iiests should he ad­
di esse d

Keieivcd: Jaiiuary I.V 199.1 and in icviscd lo im  March 22. 199.1.
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C.llcillOgCIICsisf/l l /l/ i*  III lll/ingOIICOgCIlC-IUedi.Ilcil t ia n s lo r ilia
turn. SV4U r . ih t ig c n  ( I -A g )  am i c - I I -m/ v1 1 i»neocenes were 
em ployed, based on  the lindm gs d ia l T -A g  is a com plete  
tra ns fo rm ing  p io le in  mi lo d c it l fe lls ,  tha t l l -m v  lias been 
im p lica te d  m the  pathogenesis o f  ovarian  cancel t l.e e  c l ul.. 
I1»1«)), and l l ia i both  have ic c c tid y  been e inp luyed  in liun ian  
e p ith e lia l ce ll systems to  m odel ca icm oge iics is  (K li im . I ’W2). 
C e ll lines, w hich range Irom  n o m ia l to  m a lignan t. vveie all 
de rived  lio m  the  n a in i. i l t.u g c l tissue lo i most ovanan cancels, 
the O S F . T o  address d ie  to le  o l ce ll-ce ll m tc ra c lio iis  m 
neoplastic progression o l d ie  O S I;. lin te l ion  a I (¡.11C. cell 
adhesion and P.-cadherm cvp icss ion  were analy/.cd. T he  m odel 
may piovc' useful in studies focusing  on the mechanisms ol 
m etasta tic progression d u r in g  ovarian  ca ic inogcnesis.

M A I I K IA I AND M l. I l i t  IDS 
(  e ll lines i i iu l  culture c o riil il io il'i

T issue-cu ltu re  lla sksw e ie  purchased lio m  C o rn in g  ((>110011 
ta. N Y ): cu llu re  dishes w c ie  o b ta ined  lio m  Uccton D ick inson  
(H ou ston . T X )  and  l.al> I'ek slides were o b ta ined  Iro n i Nunc 
(N ap e rv ille . II ). C u ltu re  m ed ia , senn it, genera l chem ical 
reagents and o i l ie r  m edia  add itives were purchased front 
Sigma (St. l.m iis . M O ), u n le s s o tlic iw is e  specified.

P rim ary rat ovarian  su ilaee  e p ith e liu m  (K O SP .) cu ltu res  
were iso la ted fro m  norm al F isher 344 rats ( 2s to  42 d ) u tiliz in g  
the e u /y m a lie  p rocedure  described by I la m il lo n  c l ul. ( l l>Nd). 
A  spontaneously im in o r ta li/e d  ce ll lin e  d erived  lio m  the 
co n tinuous  passage o l a p iim a ry  K O S P  c u ltu re . K O S P  l ‘>‘>. 
has been described (A dam s and A ue isp e rg . I ‘»x5). ( ’OS-1, an 
SV,4 (t-lran s lo nn ed  sim ian kidney ce ll line . l lA l .H / .V n .  a co il- 
lin u ou s  mouse lib io b la s i cell hue. am i 124. .1 hum an ii.u iM iio n  
a l-eell-eareiuo iua line co n ta in ing  d ie  a c tiva ted  c-11 o n 11 ( T ahin  
c l ul.. IW 2 ) oncogene vveie ob ta ine d  Iro m  die A  T O C  (R o c k ­
v ille . M O ). COS-1 and T24 were u tih /.cd  as positive  e on lro l 
ce ll lines lo r  T -A g  and ras1 1 p 2 l expression ics|>cclivcly. 
H A I.H /3 T 3  was used as a negative c o n tro l ce ll line  lo i 
expression o l both  oncogenes.

P iuna ry  KO SP c t iliiu e s  w c ie  g row n m D u llv c c o 's  m o d ilicd  
Magic's m ed ium  n u ll le n t n m iu ic  I 12 ( D M F M T I 2 )  c o n ta in ­
ing I fe ta l bovine s c it im  (P U S ) and  s iip p lc in e n tc d  w ith  100 
ID  m l 1 p e n ic illin  ( i .  K ill pg  m l 1 s lic p lo m v c ii i am i 0.2^ pg 
m l 1 a m p lio le n cm  11 ( I ' *  P S A ) . (  '< >S I. U A l .U /3 F*. and 124 
were a ll m a in ta ined  in D M F .M  I 12 w ith  ICJ'V I IIS and IS  
PSA. A ll o th e r ce ll m im ic s  w e ie  grown in  D M P M T ’ 12 w ith  
S 'i newborn c a lf  scrum  (N C S ) and IS  l*SA. C u ltu res  were 
incuba ted  at 37“C  in  5r i  C ()2 :l>51 • a ir  at 100'« Im m id ity  and 
lo ii i in e ly  passageil 1:1(1 p i io r  to  reaching con llucney. I iving 
cu ltu res  w e ie  exam ined by phase e on iia s i m icroscopy on an 
in v e rte il m icroscope (C a ll Zeiss. New Y o rk . N Y ) .m il p h o to ­
g raphed on techn ica l pan lilm  (P astm an k o d a k . Rochester. 
N Y ).

(¡en cn ilio n  o f tu im fcc iC il ce ll lines
The P S V .W .* p lasm id (A  P( ’( ) was g c iic io u s ly  p rov ided  by 

l ) i .  I) . Husbec (Texas A .V M  l In ivc rs tly . C o llege S ta tion . T X ). 
Phis p lasnm l is a d c itv .i iiv v  o l d ie  l*SV2/»co p lasm id , w hich 
conta ins the iico n ivc iu  a n tib io tic  resistance ( / ir o )  gene as w i l l  
as scvc ia l ic s i i ie l io i i  e ii/v m e  sites, in to  w h ich  d ie  SV4II 
c .u ly -ic g io n  genes have been im o rp o ia ie d  (S o u lh e m  ami 
Ucig . I ‘W2). The pSV h im  p lasm id  was traus lec led  (via e lectro- 
p o ia iio n )  in to  K O S P  I'm  and early passage R O S P  cu ltu ie s . 
B ric lly . 1 O'* ce lls w e ie  ro u tin e ly  co llected  Iron) m onolayer 
cu ltu res  by iry p x ii i i /a i io n ,  t ia iis le rre d  to  a s te r ile  cu v c lle . and 
ch ille d  on ice h»r Id  nun in  I m l ice -co ld  C a - '/M g  ’ l ic e  
D u lbecco ’s phosphate b u lte rc il saline (D P B S ). T w en ty  m iero- 
grants o l p lasm id were added to  the ce lls and transfected  by 
e lec trop o ra tio n  perfo rm ed  w ith  a Ira n s le e to r 3(H) system 
(B io techno log ies &  P x p e rim c n ia l Research. San D iego . C A ) 
at 300V . 2dd pF . Cells expressing the nco  and SV40 genes were

selected m media s iippK  nu n i i  i l  vv iili 4(KI (ig  m l ‘ • ■ I l ln  
am inoglycoside .m lib io lu  ( i c i ie lu in  ((> 4 IS ) (C IU C l) .  ( i i .u u l 
Island. N Y  ). P o lliiwm g 21 days o l se leetiou. cu ltu res  were 
m a in ta ined  in  Idd pg  m l 1 ( D IN  and 1 lo n e il w ith e lo u u ig  1 mgs.

T h e  activated m \  «me«»gene. i - H / i n 11. lias been ile n v i- il 
l io m  the l l (  124) hum an b la d d e i- ia i i  u ion i.t ce ll Ime ( I a b ili cl 
u l . I*>K2) pSV2/nvi.‘e I I  /./» ' a pSV2/ir«* p lasnm l in to  w h ich  
ib is  ,ie liv .ilc il e lV / io r i  oncogene lias h c c if"  in s c ilcd7~\v",is 
p rov ided  by |) r .  (¡ . Nieolson (M .D  A m ic i sun C a m e l C e n ic i 
H ouston, T X ) .  T h e  p lasm ili was i i .n is lc ite d  in to  R O S I l*m  
ce lls ¡is described above As a c o i i l io l.  K O S P  l ‘>‘> te l ls  we ie  
¡ilso traus lec led  w ith  d ie pSV2»i«v> p la sm ili t A  1 ( ’( don a te d  by 
D r. I) . Bushce) w inch conta ins no  oncogenes.

( ¡nncih  f itin in ic lcrs
Po assess d ie  ta lc  o l c e llu la i p io l i lc ia l io n .  p o p u la tio n  

ilo u h lin g  tim es were d c le im in c d  lo i  a ll ce ll lines. C u ltu res  
were seeiled at low  density  ( Id 1 c e lls /w e ll)  in each w e ll ( Ih  mm 
i l ia )  o l a 24-well plate. T iip lic . i tc  ce ll coun ts  w e ie  then 
d e le im in e d  ila ilv  lo r S days w ith  a C o u lie i c o u n ic i a p p a ia ius 
((  m ille r .  I h a lc a li. I I ).

.•Iv.vuv ¡oru n i  h on ij'c - itu lc /fi'n iicn i ^ l im i l i
The p o te n tia l o l ce lls to  lo rm  co lon ics  in  sem i-so lid  m ed ium  

was measured by s tandard  p ro c e d ilics 111 ic ily , esponen ti.dly 
g row ing  cells w e ie  lo u lin c ly  harvested w ith  tixp s iu  am t mis 
pem led ( I d 1 ce lls m l ')  in  a lo p  agar consisting  o l 11..(.s'. 
Haclo -agar ( I.akew ood B iochem ica l*. Irv in g . T X )  in D M i M 
P I2  w ith  I d '.  1‘liS . T o p  agar (2  m l) was p la ted  o n to  3 m l o l 
so lid ified  b o ttom  agar, cons is ting  u l 0.75'« lia e tu -a g iir m 
D M P .M -F I2 . T r ip lie ; iie  dishes w ere  sei up  lu i each ce ll line 
exam ined. A l le i III days, d ie  d ishes we ie  cva im iied  am i 
co lon ies - S(t fun  in d ia in e le i w c ie  v o m ite d  < ton ing  e lh i ic u  
eies w e ie  d e lc iu iu ie d  by d ie  ra tio : (co lon ies  >0 | i in  dia 
n u ii ih e i o l ce lls seeded) x  I d ll' ;

iu nn in i;cn n  ilv  < m im  u n ii ilccc lo /m icn i **/ I io m u -J c in c il 
cell Hues

C o ngen ita lly  ad iyu iie  in n  h m )  m ice (H a i Ian. Ind ianapo lis . 
IN )  were in ic c le il s.e. w ith  Id "  ce lls harvested lio m  sul» 
co n tin en t m onolayers suspended in  D M I M -P 12 w il l lou t p lu  
m il red. T h e  mice w e ie  m on i lo u d  daily lo i c v u lc m c  o l 
palpable  tum ors, ( ‘e ll lines were c o its id c ic d  non iim io n g c im  
ii they la ilc d  to  lo rm  palpable  I l l in o is  vv 11 Inn 4 m onths a lle i 
in jec tion . T m iio is  w h ich  lo u n c il w e ie  a llow ed  lo g io w  in  | m i 
d ia m c ic i,  .11 w h ich  tim e  the  anim als  w ere hum anely k ille d : d ie  
tum ors were excised, r iu s c ii s cvc ia l lim es  in  I >PUS and cut in to  
sm all pieces Several pieces lio m  each tu m o r w e ie  lived  in  .V, 
g lu tu ia ld eh yde . 2 '< p .11 atm  m ah lchvdc in Idd  111M  sodium  
caeoilyl.ilv ' (F le c t io n  M ie ro s io pv  S uc iiccs . f o i l  W ash ing ton . 
I 'A ) .  sectioned at I u rn  and s tam e li w ith  lo li in lin e  b lue  lo i 
eva lua tion  o l m m o i h isto logy. T u m o i-d e n ie d  ce ll lines w e ie  
estab lis lied  l»y e vp l.m i cu lt m e  o l the  re m a in ing  iiu n o i pieces, 
fo llow ed  by se lection w ith  ( i4 lN  (4(HI ug  ml ') .  A l l  ce ll lines 
d ia l fo rm ed I l lin o is  in ad iym ic  n in e , and the re su lt.m i ttn n o i-  
d c liv e d  1 e ll lines, w e ie  s iim i.u lv iii|e e te tl in to  P is lic i *44 ia ts  to 
assess neoplastic p o te n tia l m u itiiu u ii»co iit|> c icn i hosts

/tn inu iu  »1 \u u h c m i\ l i\
P un ì.us a iit i lu t i ly  used lo i the  in d i ie e l lu u n iin o llu o ie s ic m  

dete c tion  o l k e ia lin  im e im e d i. iie  lila n ie ii is  was |>uie li.ised 
lio m  S igim i (c lone  KN. I.*|. P itm a n  a n tib od y  to r the ile i c i t im i 
o f  f  Ag was i le i n v d  Iro m  a m o noc lona l ce ll Im e. Pah Ids. a g iti 
fro m  D i. V. W ilson  (Texas AiV iM  U n ive rs ity . Co llege S ta tion. 
I X )  C e ll e u ll iirc s  were g row n at low  ile n s ity  on la b  le k  

cham ber slides p rim  to  lix a iio u . C u liu rc s  e v a iiu u c il Im  T -A g  
were lix e il Im  Id  m in  w ith  2 ' i pa raN n n t.ildch ydc  ut 2d n iM  
PUS, pH  7.3. washed in PUS a lone, a m i then  p e iiu e a b ili/e d  
w ith  P i  T r ito n  X -100  in PUS. C u ltu re s  exam ined lo r ke ra tin  
in te rm ed ia te  filam ents  vveie s im ila rly  tre a te d , cvccp l d ia l they 
were fixed in  Id d '*  m e thano l ( -  2 d ’C ) and  d ia l the  p e rm ea b ili



H u l l  MAN / / 1/

/.11!• mi step «.!' ■ •mined hashing and iihlibation steps weie 
p c i I • >i n i l ' l l  .is destiilvd In  Su n) t i <tl ( |W |). Slides wi'ic 
mounted in ghieiol vsiili p phemlenedi.immc (‘*.25 niM p- 
plu'iivleiieJiaiimu. 'Mi's glveetol id rilS. pi I X.ll). and lho 
s.lllipU's M i l l  V|s|l.||l/0il Will) .1 /oiss I'ilOlOiniciOsCOpC III 
equipped loi opiiUimoNicute iliimiiii.ili««it.

S/)v / '  U il .  i / i i i/im rnn n iib lo llm ii 
( o i l  lines ev iiiuued lm  ill«, pi esc lice c l i .is p 2 l s|)ocicn and 

I i. i i l l io m i w iie  s m i .i t  led .is described by ( iu iiie i lock c l  n l.  
( I ' ls n j .m il N .iv .iim  «•/ i l l  ( l ’>‘M j rcs|VC iivclv A lte r  washing 
iho cultures u n it  D I'IIS . ihe cells weie  se iape il Iron) ihe dish 
su ihue  w ill) .i ru l'b e i policem an a n d c e n in lu g c d  ( I.SIMli»). ( lie 
cell pelleis weie  Ivsed in Ivsis b u tle r lo r 15 m in on ice w ith  
oiC.ision.il vo ricM iic. Fxlt.iC ls were then c c n ir ilu g c d  (ii.lHMl g) 
lo i 15 nun at 4 ( to  p e lle t insolub le  m a te ria l The .soluble 
p io lc in  evtr.ict ( s u p e in a ta iit) was removed and ip ia n ii la te d  
w ith a in od ilicd  Ih a d lo rd  anal>sis (P ierce. K o c k lo rd . I I.) . 
I.v irac is  weie  unve il w ith  an ei(ual vo lum e o l sample bn Her. 
boiled lo i 2 nun and l io /c n  at -SO ( '  u n til ana ly /cd .

Sih Iu iiii dodccvl su li.no |n>lvaer>l.nmde gel e lectrophoresis 
(S i >V |’ .-\( .1 ) .h i.i l i ms o l p io lc in  samples was conducted w ith  
a inuiige l app .ti.n ils  I l lo c l ic i .  San It .incisco. ( A ). F -cadhcrin  
and las p2 l p iotents were scpa ia tcd  on N' /  am i I5 r i gels 
U’spcciivcly They weie  then elect to b lo i ted  w ith  a TF.42 
T i.m sphor e le e tio p h o ie s i' un it ( l lo e ite r )  o n to  n iliooclh ilo.se 
n iem b ia iies ( l lo e l le i)  at a constant d ll V  overn igh t Mem- 
hi aiios were b locked overn igh t at lo o m  ie m |v r , i iu re  in " b lo t to "  
(5(1 in Nf l'ris-11( 1. 2 n iM  ( ’a( l>. X m M  Na( I. p i I H.(l w ith  5r < 
(  a rnation  non -i.it dry m i lk . (1.2*/ N IM tt  and HU5'«‘ N a a / id c ) .  
The n iem bia iies u h i i l i  were probed bn ras p 2 l species weie 
ineiibated w ith  a b io.n llv icaetive  a iit i rasa iu ilnK ly  (pa i) ras(Ab- 
2). Oncogene Science. I Im und.ile . NN ). M em lnanes which 
we ie  probed lo i I cadhc im  were li is l cut h o ii /o n l. i l ly  approx - 
im .ilelv at the lo c i  o l 7> k l >a. y ie ld ing high am i low -m olccu la r- 
vieight sections o l the blots. The h igh-m olecu la r-w e ight sec­
tions weie  incubated w ith  a m onoclonal an tibody  ( | ) I : ( 'M A - I ,  
Sigma) w hich selectively h inds F -cadhcrm  (u v o n io ru lin ). The 
low -u io leeu i.ii- ive igh t sections were p tohed  w ith  an an ti-u - 
( i ilu iln i am iboilv (A h  I. O ik o g c n e  S eie iue) to  ensure equal 
p ro te in  load ing A lte r  incuba tion  w ith  a lka line  p liosph .it use - 
eo ii|iiga ted  secondary antibody (H io -K .id . K iehm ond. ( ‘A )  the 
p ro te ins were v isu a li/ed  by the  a dd itio n  o l the c liio n io g c n ic  
substrate S-bioino-4 -ch lo io -5-indo ly  I phosphate/ i l i t r o  b lue le l-  
ra /o ln iiu  Resulting bands were ip ia n tilie d  by re lleetive  sean- 
m iig  detiM ton ieiiy

. l o i ’iiu r i '/i /  nf Inn . im riiil fiu /i tint* lu n n il in u r t c llu la i 
( u in inunu 'iiiitm  i ( J H  )

CiJIC’ was measured by lluoreseence recovery ¿liter pho io - 
b lea ih in g  (gap I R A F ) techn ique (W ade cl i l l .  l*)Kb) w ith  a 
M e rid ian  A ( AS >70 w ork s ta tion  (O kcntos. M l)  A p p ro x i­
mately I x |n «.ells were p la ted  in to  55-mni dishes and 
ineuhaied lo i 4N hr p r io r  to  analysis The ce lls  were washed 
several times w ith  DIM1S p r io r to  labe ling w ith  It) pg  m l 1 
>(b)-eaibovylluoresceiu d i. ic c l. itc  (C 'I 'D A ) (M o le c u la r Probes, 
f.ugeiie. O H ) in se ium  lree. phenol red -free D M F M -F I2  lo r 
10 nun at 17 ( I lie cells were then washed 5 tim es w ith  the 
same media w ithou t ( ’I I ) A .  p rio r to gap I K A P  analysis. 
M ie io s io p ii lic lds lo iil. iim n g  several a dg n e iii ce lls were ch o ­
sen lo r analysts o l (¡.IK  An argon lasci beam (4NS m il)  was 
focused through the objective lens o l ilie  m ve ile d  e p illuo rcs- 
cent iiiic ro s io p c  <>n to  a I -pm * area Scanning p a ttim e le rs  were 
o p n iiii /e d  lo r n i.iv im .il lluoieseence de tection  and m iu iu ia l 
ce lliil.n  photob le .il llin g  Selected cells were m arked  and pho- 
loh lcachcd  w ith  a series o f laser |x tim  bleaches ai su llie ient 
in ie iis iiy  to  re tim e  cc llu l.u  tUioresccncc to  20 to  5IP7 o f 
pre-hieach. but vnthout causing visible ce ll ttaniagc at the 
m icroscopic level Isolated cells were bleached as negative 
contro ls; isolated cells and cells contacting o thers were m arked

S i l l

am i le ll unb leached as positive  c o n lio ls . A ltc i h le.ieh ing, 
I lu o ie s ie iie e  recovery in  the p lto iob leaehed ce lls was n ion i- 
lo ie d  lo r  5 secpiential scans hegm nm g im m ed ia te ly  postbleaeh. 
am i then at I m in  in te rva ls  K esu lis  o l gap I-H A P  experim ents 
we ie  exp iesse il as the avciage (pe t c e n t) iceove ry o l lluo rcs- 
eence s la iu la i i l e r io r  o l the m ean (S I ’ M ). S ta tistica l 
s ignificance -. i)J t5 ) h c .lM x x u J h e jiie .jiu c c o v c ry  ta les o l the 
K O S I: ce ll lines was assessed w ith  D une.id's m u ltip le  i.u igc 
l is t .

In  v in n  t:\/> liiiil a n ti nuam iion  «»win
The h i  n i r o  m ig ra tio n  am i c e llu la r detachm ent patterns ol 

the K O S I: cell lines was c h a ia c ic r t/c d  w ith  a head cxp h iiit 
assay (S te in  <7 n l., l*J‘>2) and a w ound ing  assay ( Boyer i7 t il., 
IW ‘>). according to  previous descrip tions. In  the bead exp la in  
assay. (  y todex 5 m ic ro c a ir ie r heads (P lia rm ae ia . PiscMtaway. 
NJ). covered w ith  ce lls, were suspended m c u ltu re  m edium  
h c lo rc  a d d itio n  to  55 mm c u ltu re  dishes at low density (5(1 to  
HKl be ¿tils to  each o f  10 dishes per ce ll lin e ) D ishes were 
re tu rne d  to  the  in e u h ;ilo r a n il m ig n ih o n  o l ce lls o il the he.ids 
o n to  the snrlaee o l ihe  cu ltu re  dish was m o n ito re d  ¿it (». 12. 24 
am i 4H h r by phase-eonlH ist m icroscopy- In the wound ing  
¿iss;iy. cells were p la ted  on 55 nun e u liu ie  dishes ¿uul a llowed 
to  ieach confluence p rio r to  "w o u n d in g " w ith  a sterile  100-pl 
rp p c n d o r l p ipe tte  u p  to  create  a u ii i lo rn i lin e a r ce ll- lree  area. 
M ig ra tio n  o f the ce lls o n to  the aee llu la i s iib s tra lc  Iron) the 
wounded edge was then m o n ito re d  at 12. 24 and 4H hr.

K IM I I  IS
( in  m i l l  ¡»n i/H iins n fS l  '40 a n il t - l l -  r;is/ 'tn i t is l im u c il  R ( )SK
f i l l  I l l t i 'S

P rim ary K ( >Si: cu ltu res  w h ich  were e n /y m til ie iilly  generated 
I m m  ju ven ile  F isher 544 n il ovaries lo n tic d  sm all co lon ies o f 
re la tive ly  Hal |x ilyg o na l cells w ith  deb ited borders a fte r 2 o r 5 
days incuba tion , typ ica l o f  p im ia iy  K O S I: c iil lm c s  (A dam s 
and A ue tspcrg . I ‘W I).  (  o n tm iie d  m eub.ilion  resu lted  in "c o b ­
b les to ne -like " m onolayers w ith  few co n ta m in a tin g  strom al 
cells, w h ich were e lim ina ted  Irom  K O S I: cells ¿it lirs i passage 
¡is described (A d a m s ¿md A u e is p e ig . I ‘W |). I:arly-passage 
K O S I: cu ltu res  grew  re la tive ly  s low ly, w ith  an a pp m xiina le  
p o p u la tio n  d o u b lin g  tim e  o l 2‘t h r d u r in g  log-phase g row th  
(Tab le  I) . reach ing  a sa tu ra tio n  density  o f  app rox im a te ly  5 x  
10* c c lls /c n iv  In d ire c t im m unofluorescence  w ith  a broad ly  
reactive a n ti k c n iim  a n tib od y  revealed s trong  perinuc lear and 
cytop lasm ic lil .m ie n t n etw o rks m the m a jo rity  ( > W i )  o f 
p iim a ry  K O S I: ce lls (d iita  not shown), substan tia ting  the 
su rla ce -ep ith e li.il o rig in  o f the p rim a ry  cu ltu res  ( I lo rnhy < t til.,
I*w2).

( e lls in p rim a ry  c u ltu re  are considered  norm a l: however, as 
they deve lop  in to  n eo plastic ;illy  lia n s lo rm e d  ce lls they acquire 
several a d d itio n a l p ro p e l lie s  o l w h ich  iin m o rta li/a t io n  is 
considered  most im p o rta n t. K O S I: I'W  is a spontaneously 
i in m o r l. th ic d  c e ll line  deve loped fro m  (he co n tinuous  passage 
o l K O S I: cu ltu res  w h ich  e xh ib its  e p iib e lia l- l ik c  m orpho logy in 
cu ltu re  (A dam s and A ue rspcrg . |W 5 ). In  deve lop ing  a m ill-  
lis te p  ira n s fo rm a iio n  m odel o f  the O S f:. tra n s fo m ie il ce ll lines 
were generated hv in e o rp o riit ii ig  v ira l (pS V 5m v/) and activated 
ce llu la r (pSV2nr«> e-l l- r< / \ ' ')  oneogenes in to  the im m o r la h /c d
K O S I: I ‘W cell line .

A d d itio m tlly . an early  passtige ( p 2 )  K O S I: cu ltu re  was 
ira n s lce icd  w ith  p S V .W n . H ie  ce ll fines resu lting  from  
pSX’.V/co (ran s ie e iion  o l K O S I: PW and K O S f: were desig­
nated s v -K O S I: IW  and sv-l< ()S I: respectively. A  c o n tio l ce ll 
line . n c o -K O S f: l 4W. vvas deve loped fro m  p S V iic 'o  transfec­
tio n  «if KOSF. IW . S v-K O S F  ) ‘W. sv K O S I: and neo K O S F  
1‘PI a ll e xh ib ite d  e p ith e lia l m orpho logy in  cu ltu re  (F ig . I) . 
closely resem bling the paren ta l ce ll lines Iron) w h ich  they were 
derived . In c o rp o ra tio n  o f SV’41) early-reg ion  genes ¿md subse­
quent expression o l T -A g  in the pS V 5nco  ce ll lines was
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KOSI 2'» it T J X - I f  O' N D r N i l
KO S I: I'M 17.1 .• 114"“ 11.0' 0  4 N l)
m'n  KOSI 17 'I ! 1 7" IM1* 0/4 N l)
X. KOSI |S u • 2 V- l l  7 0  1' 4/4 ( I I I ) ' 0  4
T o KOSI 12 4 (l 4 •' ll x • It v N A " 0.4
o  KOSI I'M 1« s l  12" 4.M ± 0.2" 4/4 ((») tl.-l
1 x i-K O S I: I'M li t  (1 i  1.2"* M il) t 0.2- N A 0/4

no  KOSI MM Hi» ♦ o . l ' 47 V £ 11.2* T 4  (1) ■«/•!( 1)
T  n o  KOSI I'M 'H I T O K*' 4K 5 £ (I..V N A 4.4 (1)

'A l l  cell lines » v ie  analyzed ¡it comparable passages except 
KO S I: (lirs i passage). T o p u lu lu m  doubling tunes w e ic  de te r­
mined lim in g  log-phase growth ami arc expressed as mean hr £ 
SI M lo r trip lica te  cultures, f e l l  lines xxith the same le tie t weic 
not significantly d ille ie it l | /< "* (MIS. Duncan's m ultip le  lunge 
tesi.)- t  lon in^ e ilic icucv m soli agar -  (num ber o i clones >50 
tun /n iun hc i o l cells seeded) x HIM'». expressed as mean percent­
age -  SI M lo r tiin ln .a te  assays C ell lines w ith  the same le tte r 
were not significantly d ille ie n l (/> > H.llS. I hm ca ii's  m ultip le  range 
lest | - 4N I). not done. ( e ll lines which laded to  lo rm  tumors w ith in  
‘JO days in aihym ic mice were not tested lo r liim o iig e n ic ily  in 
lis h e r  .144 rats. - 'N um heis  in parenihcscs = latent pcriiM l (weeks) 
until tum ors were palpab le .-"N A . not applicable.

co n lirm e d  by iii iim in o llu o ie s c c i ii d e te c tion  o f  the v ira l p ro te in  
in lOO'-r o l lhe  cells (da ta  not shown). T h is  expression 
appeared stable, since there were no changes in  labe ling  
u n ifo rm ity  o r in ie uM ly  in In te r passages (15 10 2d passages). 
T -A g  was not d e le c ted  in n e o -K O S I: IW  o r K O S I: l ‘M. o r in  
K O S li lines M ih icc icd  to  s im ila r in m m n o cy io ch cn iis iry  (data  
not shown). I be ve il line  deve loped f i t  »m p S V iie o /c - l  l- /« o l 1 
ira n s lc e lio n  o l K O S I: I 'M  was designated ra.s-KOSf- l ‘M. 
U n lik e  K O S li I'M , th is pop u la tio n  grew in c u ltu re  ¡is random ly 
o rie n te d  lib roh las t lik c  cells lack ing  extensive ce ll ce ll associa­
tions ( l  ig I )  and  e xh ib ite d  loss o l contact in h ib it io n  ( i . r ,  ce ll 
p ilin g )  p r io r  to  i caching  co n iine  lice . Inu m m oh lo i analysis o l 
c - l l-m x * 1 e x p lo s io n  in  ra s -K O S li I'W  d e in o tis ira ie d  an ahnn- 
d an i level o l the slower m ig ra tin g  ras1 1 p 2 l species ( ( iu m c r-  
loek ct u i .  IMH‘>) in ra s -K O S li I 'M  to ta l c e llu la r extracts (b ig .
2 ) .

P opu la tion  d o u b lin g  tim es d u r in g  log-phase g ro w th  o f  the 
transfected  ce ll lines (s v -K O S li I *>*>. ra s -K O S li MM. neo- 
K O S I7. MW. and s \-K O S li) .  as w e ll as the  n o rm a l (K O S I.)  and 
im m o r la li/c d  (K O S li l ‘M j lines, were de te rm in e d  (Tab le  I). 
N o  signiliean t cl d lo r once in  g row th  ra les was de lec ted  between 
K O S n  MM and s \ -K O S li MM. im p ly ing  no  e ffect on in  M in i  
g row th  ra le  due to  T -A g  expression in  im n io r ia ii /e d  K O S li 
cells. O n  the o lh c i hand, s liib le  expression o f  c - l l-n ix *  1 in 
K O S li I 'M  resu lted  in a s igm ltcant increase in g ro w th  ta le . The 
d ou b lin g  lim e  o l sx K O S li was s ig n ilica n tly  sh o tlcn e d  as 
com pared  w ith  K O S I: cu ltures. T o  da le , s v -K O S li has u n d e r­
gone over Mil p o p u la tio n  doub lings  w ith o u t e x h ib it in g  crisis o r 
a decrease in  g row th  ta le , and re tpm es much low ci scrum  
co nce n tra tio ns  than  KO.SI- cu ltu res  ( 5 ' i  N C S  r%. 15'< l ;HS 
respective ly), in d ica tin g  tha t p S V .W /»  is capable  o l u im iu ilu li/ -  
mg early-passage K O S I- cu ltures.

The K O S li ce ll lines were evaluated lo r  th e ir  a b il ity  to  form  
co lon ies  in soft-agar suspension cu ltures, ¡in in  Mtn> iiu lie a lo r 
o f  tra ns fo rm a tio n  (T a b le  l l .  K O S I: and  K O S li I 'M  fa iled  I t i 
fo rm  co lon ies a lte r Ml davs. re m a in ing  as s ing le-ce ll suspen­
sions. S table expression o l T -A g  m K O S li c o n f in e d  an 
anchorage-independent phenotype as s v -K O S li lo rm e il co lo ­
n ics in soft agar; however the c lon ing  e llic ieney was not 
s ign ilica n tly  d ille re n l fro m  the iio n -tra n s fc c tc d  K O S I: lines. 
S v-K C )S li IW  e xh ib ite d  a s ign ifican tly  h igh e r c lo n ing  e llic ieney 
than  ils  paren ta l lin e , thus t ie in o iis tra tin g  the  a b il ity  o f  T -A g

expiessiim  to  co u le i anchorage ‘ iii t lc p c ii i lc i ic c  on iiiiin « * ila l 
i/c d  K O S I: cells. A l ic i  I I I  tl.ixs. ra s -K O S I: I 'M  e xh ib ite d  a 
.significantly g ie a ltT  e liu iu ig  c llim - iic y  i l i .u i a ll i»thet lines 
N eo-K O S I- MM l.u led  i o  b u m  co lon ie s  ui so li .ig .u . it i l in g  o u i 
the possib ility  that the  n n ii u iu o g c n n  eom pim e iits  o l the 
p S V .W o  and p S V i im 'c  l l  i* id  1 p lasm ids o r . .  p.NV2/ii-o) 
were icsp o iis ih lc  fn r rh c  acqu ire r! c h r.n a e tc iis ikvn i-xx  K O S I . 
sv K O S I MM and i as K O S I MM.

The lia llm a ik  o f  in  M in i neoplastic  l i.m s lo im . il io n  is die 
a b il ily  o l cells to  lot UI I llin o is  when i l l | t t  ie d  in to  am n ials I lie 
capacity o l the continuous K O S I ce ll lines (K O S I.  I'M . 
neo -K O S I MM. sv K O S I: MM. ras K O S I I 'M  and  sx K O S I t 
to  lo rm  tum ors in a ihym ic  mice was investiga ted  (T a b le  I) 
W h ile  K O S I MM a in  I n eo -K O S I: MM fa iled  to  h u m  tu m o rs  at 
any o l the  in je c tion  sites. s v -K O S li am i sx -K O M - I 'M  bo th  
fo rm e d  palpable  Hum us ¡it a ll sites a lic i la ten t p c i im ls  o l Ml 
weeks and 1» weeks respectixelv. liro s s ly . the m m o is  wen- 
so lid , rounded and sm ooth on the  surbice. w ith  no ohx io iis  
a ttachm ents to  the skin  o r m n le rlym g  body xxall. K .is -K O M  
MM lo rm e il ra p id ly  g row ing  I l l in o is  w inch  w c ie  in e g ii la i .  
h igh ly  vascu lan /ed  and lin u ly  a tf l ie ie ii l to  the ox e i lx lug -b in  
and u nd e rly in g  tho ia e ic  m uscu la tu re . Most m o iie m  ex .u iu ii.i- 
lio n  revealed no vis ib le  n iciastases to  d u n n in g  ly in p h o c c n tc is  
o r in ie rn a l organs second.uy to  any tu n io is . I lis to lo g ie a llv . the 
neoplasm s fo rm e d  by s v -K O S li MM xxcrc coni|>oscd o l co o ls  
and large nests o f  lig h tly  packed e u lx m l. il to  ox a I ce lls, xxnli 
scant am ounts o f  cytop lasm  in terspersed  w ith  num erous c a p il­
la ries ( Tig. 5)- These poorly d il lc ic o l la te d  earcinom as h is to lo g ­
ica lly  resem bled ovarian  serous p u p illa ry  adcnoea rc im un .i. as 
w e ll as the m id il lu e u M a te d  ovarian  earcinom as (S cu lly . M*7‘>) 
R a s -K O S li MM fo rm ed  u m lil lc ic n i ia ic d  sarcomas com posed 
o f lig h tly  packed lu s ilo rm  ce lls xxith n io d e ta ie  a im m n is  o l 
cytoplasm  and e x h ib it in g  abundant m ito t ic  lig in e s  ( l  ig  5). 
T h is  neoplasm  xvas capable o f  invad ing  host tissue, as ex i 
deuced by num erous a icas  o l ske le ta l muscle xxiih in  l lu  t iu iio i 
sections. S v-K O S I: also lo ii i ie d  p o o ilv  d i l lc r c i i l iu lc J  s.ueo 
mas. m ade up o f  xvhoils o l lu s ilo rm  ce lls xxith s ta in  to 
m oderate  am ounts o f  cytoplasm  ( l ig .

T u m o i-d c iiv c d  exp la in  c t i l l iu c s  xxeic g i- in -ia lc d  lio m  c.n h 
o f  the  I l l in o is  i le s c i i lv d  ¡ilxoxe. lo lloxxm g s c lc th o u  i l l  ( i4 |S  
(4IH) p g /m l)  lo r 21 days, in  ¡in a ttem pt to  deve lop  K ( )S 1 -. ce ll 
lines w h ich  were fm  t lie r ira n s lo rin e il. T u m o i -d e n ie d  ce ll lines 
were subsequently c loned  and xlcsignuicd T -sv -K O S I MM. 
T - i;is -K O S I : I 'M  and l-sv -R O S I ( I ’, "m iro r -d c n x e d " )  K e len - 
lio n  o l T -A g  expiession in  the  T -s x -K O S I. I 'M  and I sx R O M - 
lil ie s  xvas co n lirm e d  by in d ire c t im n iin io llu o ic s c c iic c  ( i la t . i not 
slioxxn); ia s *1 (»21 expiession in I ’-i .is K O S I I 'M  xs.is u rn  
firm ed  by im im iu o b lo llin g  ( I 'ig . 2). U n lik e  then p a ie n ta l cell 
lines. Im th  T -s \-K (> S J• M M .nul T -s v -K ( JSI: e xh ib ite d  a d is tin c t 
fib roblast like  m o rp lio logy  in  c u lim e . g row ing  in  a xliso iga 
n i/c d  fash ion xxith less ex le iis ixe  ce ll-ce ll usm* iu lio n s  ( I  ig . I ) 
N c i l l ic i  ce ll line  a c i| iiiic d  a s ig n ilit  u n t i l  lo g in  i g io w il i  u ilc  as a 
resu lt o l tum origcm c se lection; hoxxcvcr. lo i i i ia t io n  o l m o te  
frex |uc iit ¡HI4.I huger co lon ies in s o li agai was observed (T a b le  
I ). T - ia s -K O S r  I 'M  ixas p he iio ivp ie a llx  ind is ting u isha b le  from  
the p a ie n ta l ras K O S I: I 'M  p o p u la tio n , w ith  v ir tu a lly  the  same 
m orpho logy ( i la i.i not show n), g io w il i  ta lc  a m i c lo n in g  c l l i  
cicncy in  so li agai (T a b le  1).

W h ile  i i im o r bn  m illio n  in m iim in c  d e lic ien t lo d v n is  is a 
va lid  in d ic a io i o | m i nm  iia n s jo rm .iu o n . the a b il ity  o l a cell 
line  to  lo rm  I llin o is  h i  im im in o c o in p e ie n l hosts is u m ote 
s t i i i ig c n l iiu lie a lo r o f  true  n ia lig iia n t p o le n lia l A l l  o l the  ce ll 
lines w h ich  lo in ic d  tum ors  in  a il iy in ic  m ice, and  the  lines 
derived  Ih e ie lio n i.  were assayed lo r  th e ir  lin iio iig e n ic  cap itc ity  
in syngeneic l isher 544 rats (T a b le  I) . K a s -K O S I: MM am i 
T -ras  K O S I: I 'M  were Ih c o n lv c e l l lines w h ich  lo rm e il tu n io is . 
w iih  a la ten t |X*riiH l s im ila r to  th .it seen in a ihym ic  m ice. These 
I l l in o is  xxeic gmssly and h is to log iea lly  ind is tingu ishab le  Iro in  
those fo rm e d  in  ¡ilhym ie  m ice (da ta  not shown).
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t  ic.t it» i -  M«*i pin ili »gic ili;ui|!CN ;i\ m k u U'(I w ith  progressive tra its lo rm ation  oi K O S tl cell lines. Phase microscopic images o f 
' V ROSE t i l t .  sx-KOSI- l»w ( h i  nco K O S i: I W  f«J. I s v R O S l u t l  f  sv-ROSh | W  t e l  and ras RO S I: I W  ( f )  cultures, 
e-11- f in 1 ’ -ir jiis iiH in .iiio n  n l R( )SI-. I ‘W aiul tum origenic selection o f ihc SV4U-iranslorincxl lines resulted in a sh ill in m orphology from 
cpnltc li.il in  lihroM.isi hive ( '«mcnmiiam with ih is sh ill in morphology xx.is an apparent reduction in celi celi associations. Scale har, 100
tint.

1 2 3 4 5

Fit a nr 1 -  lii iim in o H .ii analysis o i ras p2l expression in c-H- 
r io 1 '■ li.uislccied ami contro l cell lines, liip ia l .m iounls o f ce llu lar 
extract Iront the I 24 Madder carcinoma (lane I ). B A I.H /J  r id a n e  
ü). ras ROSI l ‘»*»tlane )) . RO SI’ I'<«| «l.inc 4>. and I ras ROSI i 
I w  liane 5) cell lines xxetc separateli ( l * ' i  M)S-PA< i l . ) .  electro- 
Hotted and probed with a pan-re.u tixe .«llti-r.is antibody.

/ I n o w / l iv i i  <>j JitiH In m o l im > ju m  lum a l  tn lc rt 't ilu lu r  
(o m n u o iu a tu m  f(»7/ ( ')

( la p  T R A P , the a b il ity  o f  ce lls to  recover carhoxy fluoresce in  
( ( T )  llu o rc s c e iu e  a lte r pho io h lcnch in g  v ia  gap junc tio n s  
(W ade <7 a!.. I*>8h). was em ployed 1o Mudy ih c  re la tion sh ip  
between progressive tra ns fo rm a tio n  o f  R O SE cells and p e r tu r­
bations in fun c tio na l (JJIC . ( iJ IO  in R O S E  c u ltu res  was first 
exam ined lo  appraise recovery characte ris tics  in  the most 
norm a l ce ll type o f  those const it u ting  the g roup  o f  p rogres­
s e d )  trans fo rm ed  R O M : ce ll lines. A l l  p ho ln h lcach cd  R O S E  
cells ¿n com  act w ith  ne ighbo ring  cells e xh ib ite d  ( ’ F lluo rcs- 
cence recovery; th is recovery xvas ra p id , w ith  most o ccu rrin g  in 
the lirs t I to  2 m in  a fte r b leach ing (F ig. -1). The  mean recovery 
ra te a l I m in was 21.72 r  I .(WO (S E M ).

The  co n tinuous  R O S E  ce ll lines were s im ila rly  subjected to  
gap F R A P  analysis (F ig . 5). P S V .W o  tra ns fo rm a tio n  o f  R O S E  
d id  not result in  any appreciable  reduc tion  o f  G JIO , as 
sx -R O S li recovered al rates ind is tingu ishab le  Iro m  norm al 
R O S E  cu ltures. The in im o ita lt /c d  R O SE IW  line exh ib ited  
recovery ra les s ign ifican tly  loxxcr than R O S E  cu ltu res , axerag-
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KiM'Kt: 3 -  I liM ologic appearance of- (he lu n iiirs  formed l>> 
sv RO S I. I'W, sv-ROSf. .uni ras-KOSF I'W in ;iih )m ie  miee. 
Tumors re s tiliiii|* from  sv-ROSF I MM (a t were poor!) d iiic rc n ii 
;dcd carcinomas. lin d i sv-KOSF (b t :md ras-KOSF IM M pj lo rm cd 
poorly d illc rc n iia ic i l s;ireom;is. Note (lie ¡illusion o l skeletal 
muse'll' lissue exhib ited  hy ras-KOSF. I MM Se:de h:ir. 5i) fin i.

h i. i 'K i 4 - ( i r a p h ic  display o f  gap FR A P  m p i unary R O M  
eells. Prim ary ROSLi cu llu rcs were lluoresecnily labeled w u li 
( ’F D A  and subjected (o gup FRAP. The recovery characteristics 
displayed in I his figure arc typical lo r norm al K O SF cells hi 
p rim ary eu llu rc . Two KOSI cells (d iam ond and c itc lc ) w eic 
p lio ioNeaehed lo  a level o l 2(1 lo  5(1' •  o l p ic  h lc .uh  levels A 
contro l KOSF! cell (square) was also m .ukcd and m o m lo ied  m e i 
I lie *1-01111 scanning period.

ing h.55 r  O.M2'V ( S I-!M ) per m im ile . S im ila r i) .  p S V .W n  
ir a n s lo rm a iio n o li lie  R O S I: I n l i n e  d id  no i appreciably a ile d  
C iJIC . as sv-ROSF! |W  and R O S I' IMM recovered al m ii i i I.i i 
rales. H owever, (lie  h igh ly  trans fo rm ed  ras R O S I! I 'M  Ime 
e xh ib ite d  a s ig n ifican tly  low er ra le  o f  C I : dye ira n s le r. T o  
de le  n i l  ine d ie  d ie c i o f  I'u rd ie r neop las iic  p iogressum  upon 
CiJIC’.ga p  F IC A I’ was p e r lo n iie d o n  d ie  m in o r derived  po(>ula 
lions . Passage o l the  p S V .W n -lia ils Io rm c d  ce ll lines ih io n g h  
a lhyn iic  mice (sv -R O S f: — T -sv -K O S f! a n d sv -R O S I! I MM • I 
s v -K O S I! I MU) led  lo  a s ig n ilie .in i re d ue iio n  in  lu n c iio n a l 
co m m u n ica tio n . S im ila i passage o l ia s -R O S I. I 'M  d iio n g lT  
a lhyn iic  m ice ( i .in-ICC>SI: I 'M  • T-ias-RO Sf*. I 'M )  i.-s id ic d  in  
a p o p o la i ion w ith  lo w e r gap F R A P  ¡ales; how ever, i In- 
decrease was no i s ta tis tica lly  s igm lican t \j> — O.dfi).

I f f , o f  p u t ire .w ill ' i i t t i i \ f o n n t i l i t n i  <m « c l lu lu r  < n ilh \ in n  
a m i n  in fra li i m  ih a ra v W n \U i\  in v it io

Necessary stc'ps in the m etasta tic cascade a ie  de tachm ent 
and d issem ination  o l in d iv iilu .il ce lls horn  d ie p r im a iy  lu n io i 
Tw o  m ig ra i ion assays were used lo  evaluate  the  a b il ity  o l 
progressively trans fo rm ed  KOS!-, ce lls to  d issem inate  Iro m  a 
p rim a ry  p op u la tio n . In the  lirs t assay, ce lls  w here  g row n  on  
spherica l C’y todcx heads a m i tra ns fe rre d  lo  35-m m  c u llin e  
dishes where they al la d le d  lo  I hi* surface and  m ig io lc d  away 
tro n i d ie p n m a iy  im p u ta tio n  (F ig . (>). T h is  assay has been  used 
lo  investiga le  ce ll d iia c h m c iii and m ig ra tio n  p a iic in s  in 
t ia iis fo rm e ii g iam tlosa  eel! lines (S ie iu  <7 a l.. I MM2). S\ -R ( )SI 
c u llu rc s  grew  Iro m  d ie  C y io dcx  beads a s e o n iin iio n s e p iih e li . i l  
sheets m a fash ion iile n lic a i to  d ia l e xh ib ite d  by m » im .il R O SI 
e u lliire s . S im ila r ly , both  d ie  R O S I! I 'M  and  m - R O S I! I ' i ' t  a  ll 
lil ie s  m ig ra te li as com ¡mums sheets Irom  the ce ll-coa ted  beads. 
I l l  co ntrast. ras-RO SF! I MM detached and m ig ra ted  as indivie! 
ual ce lls away Iro m  the p rim a ry  head ce ll p op u la tio n . As a 
resu lt o l in  r iv o  passage. T -sv-R ( )S I: I MM a c i|iiire il d ie  a b il ity  lo  
dissociate and m igra te  as in d iv id u a l cells. M uch  lik e  ¡is 
p a ren ta l sv -R O S f: line . T-sv-RC )SI ! co n tin ue d  in  m ig ra te  as an 
e p ith e lia l sheet: however, g low  i l l  was m o te  d iso rgan ized  and
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M ill I M A N  I I  I I .

r . ( \ * 1 11 .in \ io i iiu 'i l  ROSE cell lines fc p ic s c n l la ic  si ages o l 
neoplastic p iogicsM on o l I lie  ( )SI

The I llin o is  (■limed hs ns-ROSE I1*) * ere h is to log ica lly  
eoiiMsfeni 'M ill seious .ulenoe.iie inon ia  o l the os ary Tum ors 
■ •I M inil.ii liis|nli»i!\ li.ive been re p o ile il lo  deve lop in a lhym ie 
n in e  i i i ik i l l . i i i  i l  " i i l i  s |tn iii.n ieo iis l) li.n is lo rn ic d  U( )SE eells 
( 'f to il ' i ' i i i iV i* /  • f f i i r t i i m h i t i i y  o H rn ns tn rm e d  R O M : eells to  
lo im  lu m o is  ic tc ii ih li i ig  hum an osariati m alignancies o l c lin i- 
e.il significance sup|>orls ( lie iisclulncss o l the in  M int K O S I: 
model system. The ras-ROSE IW  p op u la lion  indueed h igh ly 
in.then.mi sarcomas m athsm ic mice anil norm al rais. k i-M S V -  
irans l’o rn ied ROSE eells have also hecn shown (o form  
sareonias jn in inm  no.suppressed rodents (A dam s and A ue r- 
sperg. IW I ) .  The mesenchymal nature  o f  the tum ors fo rm ed  
hs n /'- lra iis |o im e d  ROSH cells is eonsistent w ith  the E M T  
observed in cu ll it i e . As ras-RO SE IW  exh ib its  a m esenchymal 
phenolspe in  nuo . n is not surpris ing that it form s sarcomas in 
i m i ' I lie in m o i h istoliigs o l the s'«ROSE, tum ors was not 
tou s is tcn i '«-iili the assum ption that iia iis lo rm c d  e p ith e lia l 
eells beget ep ith e lia l tum ors. S ' -R( )SE. " I i ie h  appears ep ilhe - 
lu l  m cu lture , la iled  to lo rn i e p ithe lia l tum ors in a lhym ie  m ice. 
This ability  ol i ia iis lo im c d  ROSE eells to  lo rm  tum ors o l 
ineseuehwu.il eha iae ie i mas he related to  the em bryon ic 
inesoeleim.il o iig m  o l the O SE. A lih ou g h  the OS I d il lc r c u li -  
.■ U s iiiio e p ith e l ia l iis s u e .il mas re ta in  the a b il ity  to  revert to  a 
n io ie  p rn m ii'c  mesenchymal « h lle ren ita iio ii p tog ram  when 
p ro g icss i'c ls  ii.n is io im e ii The p lastic nature exh ib ited  by the 
< )S l• mas account lo r the histogenesis o f the mesenchymal 
co m p on en t' o tte ii observed in osarian I llin o is  (Scu lly. I ll7 ‘l).

I he lesuhs ot the e h .ira e ie ii/.tiio n  c x p c iim c n is  o l the 
U( >SE model system suggest that neoplastic I ra tis lo iilla t io n  o l 
the cell t>|K' responsible lo r the m a jo rity  o l osarian  m a lig n an ­
cies may develop in a stepwise manner. Progressive in  i nro  
i ra ils I or nwmon o l ihc O SE was accom plished th rough  oneo- 
gcne-n iedia ied  ti.u is lo rn ia iio n  and in v ivo  se lection p roce ­
dures W hen the entire  series o f  ROSE ce ll lines is v iewed as a 
progression Irm n norm alcy lo  malignancy, some degree o f 
o lde r becomes apparent. Rased upon the ir g row th  charactcris- 
iics. K ith  in  iv/io  and in  m o . the ROSE, cell lines can be 
ordered  js lo llow s norm al (R O S E ) — im m orta liza tio n  (ROSE, 
p in ) — e.uls t ia n s io in u tio n  (s ' ROSE am i s '-R O S E  I > —• 
in ie im e d ia ie  tr.m s lo m ia iio n  (T -sx-R O S E  a n il T -sv-K O S E  
| ‘/>i) — late lia n s lo rm a lin n  (ras-K O S E  IW  and T -ras-R O S E  
r> ll | .  This o id e n n g  is based ii|>oii die phenols pc o f  the ROSE, 
cell lines and is em ployed In  illu s tia le  the levels o l progressive 
i i . i i is h i i in a i io i i which was ul»served in v ino  The speeilie cell 
lines c ited paren the tically a ie examples o l d ie p a rticu la r levels 
o l ii. ii is lo rm a tio u

A lthough studies eontparing CiJIC o l norm a l and fu lly  
transform ed Cells suggest that a lterations in CiJIC* arc associ­
ated w ill] neoplastic tra ris lo rn ia lio n  (Yam asaki. I WO; Laiewen- 
stein. 1^7^). in fo rm a tio n  available on ( iJ IC 'i l i irm g  the p rogres­
sive stages o f neoplastic developm ent is lim ite d  (k la n n  vl ill., 
IW M  Studies focusing on (»JIC during  mouse-skin carc inogen­
esis have dem onstrated an association between neoplastic 
progression m m o  and the progressive loss o f hom ologous 
GJIC I k la n n  i-r u l . I'WM) Reduced CiJIC- has also been 
reported d u n iig  progiessive tra iis lo r ii ia lio n  in  i nro  (S te in  cl 
i l l .  1*1*111.

1‘iim a iv  R O M  cells were ju n c iio iia ll)  coup led  in cu ltu re , as 
dem onstrated by i. ip id  dye transfe r between con tac ting  cells 
" i ih in  the first lew m inutes a lte r photobleaehing. The ra te  o f  
dye tia ns le r between coupled RO SE cells was com parab le  to 
rates reported lo r o ther highly coupled cells (S tem  ci ul.. | W | )
I he ra le o f dye coupling in sv-ROSE was not s ign ilican tly  
d ille ie n l from  that observed in ROSE cu ltures, in d ica ting  
re ten tion  o l a high level o f CiJK . S im ila r!', dye co up lin g  in

ns-ROSE IW  w.is not s ign ilica n tly  d i lie  rent fro m  tha t mea- 
s u icd  in ROSE IW  cells In  a recent re p o rt. pSV .^ii-o  
ira u s lo rn ia tio n  o f  p rim a ry  rat granu losa ce ll cu ltu res  was not 
associated w ith  any significant reductions in C iJ IC  in the 
tia ns fo rm e d  popu la tions (S te in  ct u l . IW 2 ). consistent w ith  
the observations noted w ith  the p i H ilary U( ESI |x>pulalinns. In  
i ih «- passage-*»! bo th  pSV.W -f^-tranviorm ed-RC JSE-Cell-Hues 
through  a lhym ie m ice (sv-R O S E  —•  T -sv-R O S E  and sv-ROSE 
|W  — T-ss-R O S E  IW )  resu lted in  ce ll lines w h ich  were 
U ir thc r tra ns lo rn ie d  am i exh ib ited  reduced C iJIC  These re ­
sults suggested that p S V .W u  I rans fo rm a l ion  o f  R O SE cells 
had no im m ed ia te  c llc c i on G JIC . but d ia l fu r th e r neoplastic 
progression was associated w ith  a s ign ifican t reduc tion  in 
CiJIC'. S im ila r observations o f a reduc tion  in  G J IC  upon  in  vivo 
passage o f p S V .W o -tra n s fo rm e d  ce ll lines have been reported  
(S te in  f t  at., IW I .  IW 2 ).

c - l l- ru s * 1 tra ns fo rm a tio n  o l ICC )SE l ‘W induced a s ignifican t 
decrease in the ra te  o f  dye tia n s le r between a d jo in in g  cells in 
cu ltu re . The c o rre la tion  between l l-o /s  expression in tra ns ­
form ed cells and decreased C iJ IC  has been reported  by o th e r 
investigators ( I )e  P c i j ic r c r j / . .  (W O). Passage o f ras-R O S E  IW  
in vivo (ras-ROSE. IW  - *  T -ras-R O S E  IW )  appeared  to  som e­
what reduce CiJIC'. however, this d ro p  was not s ta tis tica lly  
significan t. C ons ide ring  the  losv ra te  o f  dye tra ns fe r d isplayed 
hs d ie ras-ROSE. IW  p op u la tio n , any lu r t l ie r  reductions may 
he ra the r subtle. Passage o l ras-RO SE l ‘W in  vivo  d id  not 
appear to  fu r th e r tra ns fo rm  the resu ltant p o p u la tio n  a pp rec ia ­
bly. since ras-R O S E  IW  and T -ras-R O S E  IW  were pheno l yp- 
iea lly  ind is tingu ishab le . A  s in iila i o bse rva tion  lias been rc- 
|w tried  lo r  c -II-/m -tra n s fo rm e d  rat live r e p ith e lia l cells passaged 
in vivo; U iino i -dc i tved popu la tions d isplayed g row th  eharaeter- 
isties am i C iJIC  s im ila r lo  that befo re  in  vivo  passage (D e  
E c ijlc r  c l ul.. I WO). Thus, the observa tion  that in vivo  passage 
o f  ras-R O S E  IW  d id  s ta tis tica lly  decrease C iJIC  is not in 
con lhc i w ith  the observations noted w ith  sv-R O S E  and sv- 
R O S E  tha t neoplastic progression in  vivo  was accom pa­
n ied by a reduc tion  in G JIC . Taken  toge ther, the results o f  the 
gap T R A P  studies perfo rm ed  on R O S E  ce ll lines strong ly 
suggest that progressive tra ns fo rm a tio n  o f  the  C )SP. is accom pa­
n ied by a progressive decrease in C iJ IC  and d ia l th is  re d uc tio n  
may occur very early, before  the appearance o f  anchoragc- 
im lepem lenec. lu in o r ig c n ic ily  and E M  I . as evidenced  by the 
d ille re nce  in  C iJIC  between RO SE and R O S I: IW .

Results o l in  v itro  ce ll-a illies ive iiess assays dem onstra ted  
d ia l, whereas sv-R O SE am i sv-ROSE IW  m igra ted  as c o n tin u ­
ous e p ith e lia l sheets, d ie  in  i'iVn-selected T -sv-R O S E  and 
I sv-R OSE IW  lines dissoeiated am i m ig ia lc d  m uch n io ie  as 
in d iv idu a l cells. A  s im ila r tra ns ition  in g ro w th  p a tte rn  was 
observed w ith  e -ll-n i.v11 tra ns fo rm a tio n  o l ROSE! IW . T h is  
tra ns ition  in ce ll adhesiveness may represent progression 
tow ards a m etasta tic  phenotype, as a te d u c tio n  in  lu n io r-c c ll 
adhesiveness in  v ivo  is though t to  c o n trib u te  to  c e llu la r 
detachm ent Iron) the p rim a ry  tum or, a necessary step in 
metastasis (Take ieh i. IW I ) .  S im ila r tra ns ition s  o f  in  vitro  
grow th patterns fro m  adherent e p ith e lia l m orpho logy to  d isso­
c ia ted  fib ro b la s t-like  m orpho logy hase been observed d u ring  
tra ns fo rm a tio n  and neoplastic p ro gress ion 'o l o th e r e p ith e lia l 
ce ll types ( f ic i i ie n s  et u l.  IWW; De E e ijte r c i u l.  I WO; S te in  cl 
u l . IW 2 ) and are though i to  represent a m o d u l.it ion in 
d illc rc n t ia lio n  ( I  lo yer «•/<//.. IW 9 ; F rixen  et ul.. I W l ; Take ieh i. 
IW I ) .

C ons iderab le  evidence has aeeuim ila led  d ia l c e llu la r adhc 
sion o l e p ith e lia l cells, both  in vitro  and in  vivo, is m ed ia ted  by 
the E -cadherin  ce ll-adhesion m olecule  (T a ke ieh i. IW I ;  S liim - 
oyauia cl ul., IW V ). M o d u la tio n  o f ead he rin -n ie d ia led  in te rc e l­
lu la r adhesion is hypothesized to  occur d u r in g  the neoplastic 
progression o f  e p ith e lia l cells in  u u /,  re su lting  in m alignant
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cells c ;ip .ih lc  o l detachm ent .nu l metastasis (Itc h rc n s  et a t, 
IW 9 ; T a k c ic h i. I W | ) .  Several stud ies have indeed dem on- 
s lra ie ü  lh a l reduced  F.-eadhcrin expression may play a s ign ili- 
canl r««le in  the  progression o f  ca ic inon ta  cells tow ards a 
m alignant phenotype  ( l ;r i\e il« 7  t i l .  I I  : N a v a rro el a i.  I ‘W I). 
l it  I he present study, re d u c tio n  in cell adhesiveness observed 
ih tr in g  n eop las tic  p ro g i e ss ion u l lt< )SH eelHmes was aecoinpa- 
med hy a re d uc tio n  in im im m o lo g ica lly  detectab le  f. ca dh e iin  
expression on b lots. Taken  toge ther w ith  the resu lts o f  p re v i­
ous studies, the results o f  o u r study suggest that neoplastic 
progression o f  the OSH may involve m o d u la tio n  o f L -ca dh c rin - 
m ediated ce ll adhesion.

The observa tion  o f  a concom itan t re d uc tio n  in  R -cadhcrin- 
m cd ia lcd  ce ll adhesiveness and ( iJ IC  in the R O S E  system is o f 
p a rticu la r in te rest. Recent studies have suggested a lin k  
between c a dh c rin -m ed ia te d  ce ll adhesion and the fo rm a tion  
o f ju n c tio n a l com plexes, inc lu d in g  gap ju nc tio n s , re p o rtin g  
that tra ns fe c tion  o l ca dh crin  c O N A  in to  com m unication - 
incom peten t ce ll lines results in the fo rm a tio n  o l fun c tio na l 
gap ju nc tio n s  between ira n s le c lcd  cells (M u s il et a i.  I ‘WO; 
Jongcn e l at.. I ‘W I)  F u rthe rm ore , the fo rm a tio n  o l gap 
ju nc tions  induced  hy R -cadhcrin  expression appeared to  in ­
volve p os t-tra n s la tio n a l m o d ilic a lio n  (p h o sp h o ry la tio n ) o f  ihe 
gap -junc tion  p ro te in  to  a h u m  capable o f  assem bling in to  
fun c tio na l ju nc tio n s  (M u s il et ut.. IW II). The observa tion  lha l 
reduced ({-ca d h c rin  expression in K O S F  ce lls is associated

w ith  a reduc tion  in ( iJ IC  s tip p o its  the resu lts o l p i o  ions 
studies suggesting that specific  c e l ic e l i  adhesion may m o d u ­
late gap -junc tion  fo rm a tion  and thus lu n c lin n a l co up lin g  id  
cells. H ow ever. ( i J IC  may not always co rre la te  w ith  I! ca d ­
h e iin  e x p iessim i, since l : -c . id h c iiii appeared su n ila i l*o th  in 
lt ( )S I {  and in  ROS|-{ IW . but ( ¡ . l ie  Was d is s iim l.ii m the 2 
pop o la  rions
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Trafficking and metabolitrn of sphingolipids were examined in 
undifferentiated (G*) and differentiated (G* reversed) H T I9  
human colon adenocarcinoma cell lines. Metabolic experiments 
employing a fluoresce ntly labeled sphing ofiptd precursor, 6-[N- 
(7-n itro-I, I ,)-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 of the C4-NBO-sphingolipids synthesized in G * cells is 
not found in the G ’ reversed cells. Furthermore, the ratio  of the 
2 main products, C4-NBO-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 w ith  observations on distinct lipid trafficking pathways of 
glucosylceramide in C ’  and G* reversed cells, the present 
metabolic studies emphasize a relation between the expression 
of this glycolipid and the state of differentiation of HT29 ceils, 
o /9V.? Wtky-Liss. hu  .

G lyco sph in go lip id s  arc invo lved  in c c ila in  pr«*ccsscs such as 
ce ll U it fc rc n iia lio n  and tra ns fo rm a tio n  (M a k o m o ri. 1981; Man- 
nun and Bell. 1989). These processes m ay he accom panied by 
changes in g lyco lip id  com pos ition . Q u a n tita tiv e ly , changes in 
ihc  re la tive  am ounts o f  va rious g ly c o lip id *  may occur. In  a 
q u a lita tive  sense, a ce rta in  type o f  g lyco lip id  may (d is )a p pca r. 
w h ich  can then be used as a d i l l  c rc n iia l io n  m arke r, h  rem ains 
to  be estab lished, however, w h e th er these changes a rc It» be 
conside red  as a cause o r  a consequence o l the  d if fe re n tia tio n  
process.

In  the  present study, scvc ia l aspects o f  g lyeo sp h ing o lip iil 
tra ilie k in g  and  m e tabo lism  were exam ined in  the hum an co lon 
adenocarc inom a ce ll line  I IT 2 9 . F rom  the H T 2 9  G "  cell 
p o p u la tio n , a w e ll-d iffe re n tia te d  c n ic ro c y lc - lik c  ce ll p op u la ­
tio n  de fined  as H T 2 9  Ci can he selected by com p le te ly  
w ith h o ld in g  sugars fro m  the g ro w th  m ed ium  (Z w c ih a u tn c f a l,
1985). W hen th is  I IT 2 9  Ci ce ll line  is again supp lied  w ith  
glucose, a no the r d if fe re n tia te d  ce ll line . C r  reversed, can be 
o b ta ined  (Z w e ib a un t; personal c o m m u n ica tio n ). A s  such, this 
ce ll lin e  has been used to  study va rious processes in  re la tio n  to 
d iffe re n tia tio n  (G arnet ct al.. 1991; V iu lla rd  et al.. 1991). We 
have em p loyed  the la tte r system to  s tudy tra ffick in g  a n il 
m e tabo lism  o f  (g lyco )sph ingo ljp ids . am i addressed the ques­
tion  w h e th e r d iffe re n tia tio n  o i the ce lls co u ld  a ffect these 
processes.

In  stud ies conce rn ing  (lie  tra ilie k in g  o f  lip id s  in ic la l io i i  to  
ih e ir  m etabo lism , the use o l llu o rcsce n tly  lagged lip id s  has 
proved to  he o f  great va lue (Pagann and S le igh t, 1985; 
i lo c k s lra  and  K ok. 1992). We have em p loyed  ( V N B D - l ip i i ls  
m a m in th c r o f  lip id  transpo rt and m e la lx ilism  s tud ies (K o k  f t  
al.. 1989, 199(1. 1991. 1992).

in  a previous study (K o k  f t  t i l .  1991) we have shown that 
d iffe rences exist in endoeylie  tra ilie k in g  o f  ( (  ,. N B D -)g luco sy l- 
cc ram idc  between Ci* and (» ' reversed cells, as th is  g lyco lip id  
is spec ifica lly  salvaged and  recycled via the  G o lg i appara tus  to  
the ce ll surface in G ' cells, hut not in (»* reversed cells. The  
present s tudy shows tha t there is also a p ro no un ce d  d iflc re ne e  
in the synthesis o f  g lucosylceram ide in G  * re ru n  G  ' re vc iscd  
cells, as revealed hy m o n ito rin g  sp h in g o lip id  m e tabo lism  in 
cells incubated w ith  a fluorescent ecranm le d e rn  a live  ( ( ’„ -N B D - 
eeram idc). a com m on sp h in g o lip id  p recurso r. I t  a pp ea ls  that 
long -te rm  m e tabo lic  d iffe rences are re flec ted  m sh o rt- te rm  
d iffe rences in tra ilie k in g  o f (N lt l) - )s p h iu g o iip id s  in  the e n d o ­
eylie  pathway.

T aken  toge the r, life  results ind icate  tha t the  expression and 
tra ilie k in g  o f  g lucosylceram ide m ay he re la ted  to  the stale o l 
ce ll d if fe re n tia tio n , as. in  con trast to  its fate in the C i' reversed 
cells, the  lip id  is not o n ly  specifica lly  so rted  b u t also specifica lly  
m e tabo lized  in the H T29  G '  ce ll line .

M /M TU IA I AND M l I HODS
M u t f  r ia l

1 -JJ-D-glucosylsphingosine. eercbros iile  type I I ,  N -p a ln u lo y l- 
D L -d ih yd ro la c lo ce reb ro s id e . sph ingosy lphosphory lcho linc and 
D -sph ingosm c were purchased fro m  Sigma (S i L ou is . M O ). 
6-|A /-(7-n iiro-2 .1.3-benzoxadiazi» l-4-y|)am ino|hexanoie  acid was 
ob ta ine d  fro m  M o le cu la r Probes (F.ugenc. O R ). U r id in e  
d ip h o s p h o -0 - |/ /-N C'lglueose, a m m o n ium  sail ( > 2(N) m C i/ 
m m o l) was supp lied  by A m crsh a n i (A y lesbu ry . U K ).

Synthesis o f i  N H D -lo M e tl .\y>/iui,i;r»/r/;ir/v
C.’(,-N B I)-g lu c o s y le e ra m id e , C’„ - N B I)  g a la e tosy lee ram ide . 

C h-N B |)-lactosy leeran» ide . C .-N B D -sp h in g o m ye lin  and 
N B D -ce ra m id c  were synthesized fro m  ( ’,,-N H I) and  I 
g lueosy lsphingosine. 1 -(J-U -ga lac iosy lsph ingosm e. I - J i- |) | . -  
lae tosy ld ihy iirosph ingosine . sph ingosy lphospho iy leho line  am i 
D -sph ingosine. respective ly, as described  (K is h irm tio . 1975).
I B -D -ga lactosy lsph ingosincam i I - |M ) I  -lac io sy ld ih yd io sp h iri- 
gosine were prepared  (C io ila  et a l.  1987) h orn  c c ic h io s id c  
(type  I I ) am i N -p n lm ilo y l- l) I.-d ih y d ro i: ic lo c c ic h ro s id c .re s p e e - 
tive ly. T h e  C V N H D -lip k ls  were q u a n tif ie d  s p e e iro p lio to n ie tr i-  
eally in  a flu o ro m c ie r ( P e rk in - f : lm c r-M P I: -47) w ith  an cxc ita  
(ion  wavelength o(’ 4(>5 nm and an em ission waveleng th  o l 5711 
nm, by re ference  to  know n am ounts o f  < V N H !)-p h o s p h a tid y l­
cho line .

C ell fa ilu re
M o n o la ye r cu ltu res  o l H T 2 9  ce lls w ere  g ro w n  in  D M IiM  

co n ta in ing  25 m M  glucose, supp lem ented  w ith  1 0 'i (v o i/v o i)

*’l u whom correspondence amt reprint requests should he sent

Ahh in im in to  USA. In nine scrum albumin: ( „ N l l l ) .  (7-iiuro 
2.1.7-bcn/oxadi.i2ol 4-y|),iiiiiiioJhex.movl oi -lievanoic acid. | )M !M .  
Dulhccco's modification o f minimal essential inediiiin; C i 'A i lu c ’ . 
(IIT2V) cells growing in the presence o f glucose; ( i  /G lue . (HT2‘>) 
cells growing hi the absence o f glucose; (I N *)T I(h ig f i-p e r lo iin a n c e )  
lliin-Hiver chrom.ilogiaphy; !•'( Si. fetal cell h ' i i i i i i .
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m any in d iv id u a ls  and o rgan iza tions i f  we are to  meet o u r 
u lt im a te  g o a l-h e a lth  fo r a ll o u r citizens.
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Epidemiology and Primary Prevention of Cancers of the Breast, 
Endometrium, and Ovary 
A Brief Overview

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

A B S T R A C T G m c m  o f  th e  b rea s t, e n d o m e tr iu m , a n d  o va ry  account fo r  4  J % o f  in c id e n t co n c er t a m o n g  w o m e n .  
M a n y  risk fa c to rs  fo r  b rea st C o n o r  h a ve  b een  id e n t i f ie d , b u t  mo« a re  a sso c ia ted  w ith  only m o d e s t  
e le va tio n s  in risk. A ls o ,  o f  a ll  th e  ruk fa c to rs  id e n tif ie d , f e w  a re  like ly  to he a ffe c te d  b y  intervention 
p ro g ra m s . T h e  p a th o g en e sis  o f  b rea st cancer is not w ell u n d e rs to o d , b u t  es trogen  a n d  p o ss ib ly  estrogen 
/>1u j  p ro g estero n e  a re  l ik e ly  to he etioJogicaUy involved. F or e n d o m e tr ia l  ca n c er , a  m a jo r  etio log ic  
pathway is exposure to  es trogen  w ithout cyc lic  exposure to p rogesterone . Most o f  the e s ta b lish e d  risk 
fa c to rs  fo r  e n d o m e tr ia l  ca n c er  a p p e a r  to a ffec t risk a t lea s t in p a r t  th ro u g h  th is  p a th w a y .  O nly  a 
f e w  risk fa c to rs  fo r  o va r ia n  cancer have been id e n tif ie d . T h e  two most commonly sug g ested  e tio lo g ic  
m e c h a n ism s  fo r  ovarian ca n c er  a r e  (a) th a t  su p p ressio n  o f  ovulation reduces risk and (b ) that suppression 
o f  p i tu ita r y  g o n a d o tro p in s  reduces  risk. Each h yp o th e sis  is c o n s is ten t w i th  so m e , bsU n o t  a l l ,  o f  th e  
d a ta .  P rospec ts fo r  the primary prevention o f  th e se  cancers a re  d isco u ra g in g  a t present because f e w  
o f  rhe risk fa c to rs  id e n tif ie d  to date are readily s u b jec t to  m o d if ic a t io n , e sp e c ia lly  fo r  b rea st cancer, 
and the underlying etiologies o f  these  cancers  a re  n o t well understood, p a r tic u la r ly  fo r  b rea s t a n d  
o va r ia n  cancers. A nn  E p id e m io l 1 9 9 4 ;4 :8 9 -9 5 .

k b y  w o r d s : Breast cancer, endom etria l cancer, ovarian  cancer, epidem iology, preven tion .

I N T R O D U C T I O N

Cancers o f  the  breast, co rpus  u te r i, and ova ry  accoun t fo r 
a b o u t 41% o f  n ew ly  d iagnosed  cancers a nd  a b o u t 26% o f 
cancer deaths a m ong  w o m e n  (1). T h u s , id e n tif ic a tio n  o f 
risk  facto rs  in  the  hope  th a t means o f  p re v e n tio n  can be 
suggested is o f cons ide rab le  societa l im po rtan ce . T h is  rev iew  
sum m arizes w h a t c u rre n tly  is k n o w n  o f  the  ep idem io logy 
o f cancers o f  rhese th ree  sites, discusses the  possible roles 
o f  horm ones in  th e ir  e tio lo g y , a nd  b rie fly  describes o n g o in g  
and  p lanned  ra n do m ize d  tr ia ls  to  eva lua te  possible p reven ­
tiv e  measures. S ince fa r m o re  e p id e m io lo g ic  research has 
focused o n  b reast cancer th a n  cancers o f  th e  o th e r tw o  sites, 
breast cancer receives th e  greatest emphasis. M o s t o f  the  
m a te ria l o n  b reast cancer e p id e m io lo gy  can be fo u n d  in  
m ore  d e ta il in  a recenr issue o f  E p id e m io lo g ic  R e v ie w s  (2), 
w h ile  m uch  o f  the  d e s c r ip tio n  o f  o v a r ia n  cancer e p id e m io l­
ogy Is d erived  fro m  a recent series o f  artic les by W h itte m o re  
and  colleagues (3 -7 ). W ith  th e  e xcep tions o f  age and In te rn a ­
t io n a l v a r ia t io n , desc r ip tive  e p id e m io lo g ic  characte ris tics  
are n o r considered  because o f  space lim ita tio n s .

From  th e  D epartm en t of H ealth  Research and  Policy, S tan fo rd  U niver- 
lity  School of M edicine. S tan fo rd , C A .

A ddrete  reprin t, re q u e m  to: Jennifer L. Ke1*ey, PhD , D ivision of Epide­
m iology, D epartm en t of H ealth  an d  Reaearch Policy, S tan fo rd  U n lve tilty  
S chool of M edicine, S tan fo rd , C A  94305-5092.
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B R E A S T  C A N C E R  

Epidemiology

In  the  U n ite d  S tates, breast cancer inc idence  rates increase 
steep ly w ith  age th ro u g h  the  40s, th e n  c o n tin u e  to  increase, 
b u t  a t a s lower ra te , th ro u g h  the  rest o f  th e  life  span (8). 
G e n e ra lly  accepted risk  facto rs  fo r  breast cancer (8 -1 6 ) are 
sum m arized  in  T a b le  1 a cco rd in g  to  the  a p p ro x im a te  m a g n i­
tud e  o f  th e  re la tive  risk  associated w ith  th e m  (9), M o s t o f  
the  charac te ris tics  associated w ith  re la tive  risks h ig h e r th a n  
2 .0  are re la tiv e ly  u n c o m m o n . A ls o , o f  a ll these genera lly  
accepted risk  fac to rs , o n ly  o besity  m ig h t be a ffected b y  in te r ­
v e n tio n  p rogram s, and  an effect fro m  w e ig h t re d u c tio n  is 
u n lik e ly  to  be large.

O th e r  a ttr ib u te s  m ig h t be categorized as "p ro b a b le " r isk  
fac to rs  fo r  breast cancer. A lth o u g h  the y  have been id e n t i­
fied  in  several studies, e ith e r the  su p p o rtin g  ev idence  is 
som ew ha t in con s is te n t o r the re  is c once rn  th a t  u n id e n tif ie d  

c o n fo u n d in g  m ay account fo r  the  associa tion. T a llness , fo r 
instance, has been associated w ith  increased risk  in  m a n y  
stud ies, b u t n o t a ll (16). M o s t studies, a lth o u g h  the re  are 
excep tions , suggest th a t h ig h  p a r ity  p ro tec ts  aga inst b reast 
cancer d iagnosed after the  age o f  50, even a fte r ta k in g  in to  
accoun t the  associa tion betw een h ig h  p a r ity  and  e arly  age 
at firs t fu ll- te rm  pregnancy  (15). H o w e ve r, m u lt ip a r ity  m ay 
be associated w ith  an Increased risk  fo r breast cancer d ia g ­
nosed before th e  ages o f  40 to  50 (15). A  re la tiv e ly  s h o rt
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T A B L E  I. Established risk factors for breast cancer1

l \h  !»•« Ur f.rriH c) High-risk group Low-risk group

Age (Si
t  leogt -«I'lu. -irr.i (JO

Relative risk > 4 .0
>  50 Y
N o rth  A m erica,

<  30 y 
A*ia, Africa

M ollic i .<••J MctCT u n i .  h , cM fi of hrc .i'i m in e r , « p e n a lly
n o rth e rn  Europe

Y « N o
il diaglineed al :m carle 

illum ed Iv iiirii

ace |9 l
proliferane e 1 •rea» J ic c a x  » u fi Ye* N o

a u p i.. i 
A i\ pi» .«I .

Ic'l
.jn f.c li..f .clU  in1 nipple .op in ile filli J  (111 Ye* N o fluid produced

Nu.lnl.ir . j. IIMI|C, w iiW M n tl? !
Relative ride of 2 . 1-4.0

Densities occupying <  75% Parenchym a com posed

Mi.lorc o'1 . .iikci in one 1'r e a »  ( 1 1 »
o f breast volum e 

Ye*
entire ly  of fat 

N o
M->«li- 1  ...' Mclcr U.11H Kim.•tv of b re a d  m in e r  (9) Ye* N o

.......... u lu lim i benign |>ioliler.itivc b read  di>c:ise Ye* N o
•Mlll.m 

1 lv|<rf|.|
a», p ia t i i»  

i.. r p i lh r lu l .r l l . i ecu in mi at j pia in  mjiplc n p i r a i r Yc* N o  fluid produced
fini,1 III 

IU I .  . I i . f l
1)
I...I.CM  ... nm lletale lo  high d o c «  ( | 4) Ye* N o

Krmiic.il >•1 oc ance hetnre *ee -fi' (I5 l
Relative risk of 1 .5 -2 .0  

N o Ye*
NufllpIMI v. Ihcim  cancer al age >  40 v (IS) Ye* N o
A rc m  iic-< full i n m  prem »am v I I M > 10  y <  20  y
A rc un■ii.li» lie 113) <  II y >  15 y
A rc al ihi-||op.Hl«C (I*») > 55 V <  45 y

H imoiv ,-f primary earner hi ciidoiiH 'iriiim . ovary  (1 ll Ye* N o
fkvjy n u v tu ra s i i »nccr ai age > W y  (lt>) Obese T h in
K  J y  ma»«, b ic a »  earner at age <  50 y (16) T h in Obese

• AJ..,.. n t f.om Krhrv (9)

num ber ■ »f days hoc ween m enstrua l perioJs appears i«i he 
associated w ith  an increased risk , a ltho ug h  m o re  s tudy o f  
th is i>Mie is needed before conclusions are reached (15). 
M ost studies tha t in c lu de d  re la tive ly  large num bers  o f  yo un g  
w om en w ho  used o ra l contraceptives fo r  10 to  15 years 
o r longer suggest tha t the  risk fo r breast cancer is s lig h tly  
increased am ong these lo n g  te rm  users (17). L ikew ise, most 
o f the  re la tive ly  sm all num ber o f  studies th a t in c lu de d  sulfi- 
< lent num bers o f wom en w h o  used estrogen rep lacem ent 
therapy lo r 10 to  IS years o r  longer in d ica te  th a t such lo n g ­
term  ns«- is associated w ith  a s lig h tly  e levated risk (IS ). 1 he 
lim ited  data presently availab le  suggest th a t use o f  h o rm on e  
replacement therapy w ith  b o th  estrogen and  p roges tin  in ­
crease^ risk at least as m uch as use o f  estrogen a lone (19). 
W om en w ho  used d ie th y  1stilh cs tro l (D ES ) in  the  1940s 
th rou g h  i he 1960s to  p reven t early te rm in a tio n  o f  p reg­
nant v appear to  have an elevated risk, b u t the  p o ss ib ility  
that tin- reasons fo r its use were the im p o rta n t fa c to r ra the r 
th a n  the  lM ’ S itse lf • a n n u l be ru led  o u t (20). M o s t studies 
in dn  ate that a lcoho l Consum ption is associated w ith  a m o d ­
estly i i u teased risk , but in  the  abseiue o f  a genera lly  nc 
le p tc d  t .nival m echanism , co n fo u n d in g  b y  a h ith e r to  u n ­
iden tified  nsk factor c anno! he e \ luded (21). Som e evidence, 
h u t no i a ll, suggests tha t la c ta tio n , p a r tic u la rly  i f  it is prac­
ticed fm  m any years as m certa in  Asian  co u n trie s , p ro tects

against breast cancer, in d e p e n d e n tly  o f  the  associa tion o f 
d u ra t io n  o f  la c ta tio n  w ith  early  age at firs t b ir th  and  m u lt i-  
p a r ity  (15). M o s t o f  these p o te n tia l e tio lo g ic  factors appear 
to  con fe r o n ly  m odest changes in  risk , w ith  re la tive  risks 
in  th e  h igh -r isk  g ro up  com pared  to  th e  lo w -risk  g ro up  gener­
a lly  less th a n  2.0.

F in a lly , exposures th a t m ig h t be categorized as “ possib le“  
e tio lo g ic  facto rs , and th a t arc p ro b a b ly  at m ost w eakly asso­
c ia ted w ith  breast cancer risk , in c lu de  lack o f  phys ica l a c tiv ­
ity  (22), exposure to  e lec trom a g ne tic  fie lds (22), and  ce rta in  
co m p on en ts  o f  d ie t, such as a lo w  in ta k e  o f  v ita m in  A  and  
a h igh  in take  o f  ca lories d u r in g  c h ild h o o d  and  adolescence 
(16). A lth o u g h  an  increased risk fro m  a h ig h -fa t d ie t has 
been hypo thes ized  o n  the  basis o f  a n im a l expe rim en ts and  
v a r ia tio n  in  inc idence  rates a m ong  co u n trie s , m ost evidence 
fro m  e p idem io log ic  stud ies does n o t su pp o rt th is  hypo thes is  
(16), at least in  respect to  a h ig h -fa t d ie t in  a d u lth o o d . Rela­
tiv e ly  few studies have eva lua ted  the  e tio lo g ic  ro le  o f these 
"possib le" risk facto rs  o th e r th a n  d ie t, and  no  firm  c o n c lu ­
sions can lie  reached at th is  lim e .

P oss ib le  E tio lo g ic  P a th w a y s

T h e  b io lo g y  o f  breast cancer is n o t w e ll und e rs too d  and  is 
u nd o u b te d ly  co m p lex , b u t evidence s tro n g ly  ind icates th a t
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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 o f 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 D N 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 o f 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.

E N D O M E T R IA L  C A N C E R  

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 of endometrial 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 o f 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). A ll o f 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 (D M PA ) 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 a woman 
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.

E P IT H E L IA L  O V A R IA N  C A N C E R  

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 
17q21 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



92 Kebev and Whitremorr
BREAST. HNlW M tl RIAL. AND OVARIAN GANGERS

A£P Voi 4. No 2
Mare* 1994 89-95

T A B L E  2. Established risk factors for endometrial cancer

r - c i . . .  ( ic lc re ru r) High-risk group Low-risk group

Relative risk >  4.0
A rc (25) 60-64  y <  40 y
G eographic  area (26) N o rth  A m erica, n o rth e rn  Europe A sia, Africa
U»< of c m r«-urn replacem ent therapy  (27) > 5 y N one

R elative risk o f 2 .1-4 .0
Body m a n  (28) Obese T h in
N o. of pregnancies (2°) >  4 0
Age at m .- iK ip a u x  ( )0 ) >  55 y < 4 5  y
l'<< of com bina tion  oral c o n tra iepcives 0 1 ) N o > 4  y
I 1*  of P M  PA 021 N o Yes

R elative risk o f 1 .3-2.0
M otori ot prim ary carn e t in  b ieast (H ) Yes N o

A w x ia tio n *  th a t appear strong , from  clinical 
observations, b u t are  difficult to  q uan tify  exactly

lin .lx n iru i.il liv|v-rpl.iMj |2S) Ye. N o
F 'l i i i t r i i  p r.d u e rn a  ov,liuti« tu it io n  (?5) Yes No
Stem  L cirnclia l syndrom e (2S> Yes N o
IV Im  it cu lla tim i (25) Yes N o

P M P .\. .I«-|»j* nirilin>v|'i»||r>lriuii( k r u i r

l ig a tio n  and  hysterectom y possibly are p ro te c t iv e (4). A ge  at 
m cnarchc, age at menopause, age at first b ir th ,  a nd  estrogen 
replacem ent therapy appear to  have lit t le  o r n o  effect o n  
risk (4).

P ossib le  Etiologic P a th w a y s  o f  Som e Risk Factors

T w o  m a in  b io log ic  exp lana tions have been p u t fo rw a rd  to  
exp la in  the  associations between rep roductive  variables and 
risk o f  e p ith e lia l o varian  cancer. T h e  firs t is th a t suppression 
o f  o v u la t io n  reduces risk. Fa tha lla  (46) hypothesized th a t 
o v a r ia n  carcinogenesis invo lves some m echan ica l sequelae 
o f  o v u la t io n , such as traum a  o r m ito tic  s t im u li to  the  o v a r­
ia n  e p ith e liu m . T h is  hypothesis suggests th a t p regnancy 
and o ta l con tracep tive  use p ro tect against o v a r ia n  cancer 
by in h ib it in g  o v u la tio n . T h e  second is th a t suppression o f  
secretion o f  p itu ita ry  g on ad o trop in s  decreases risk. G a rd n e r 
(47) and  St a d d  (48) hypothesized tha t exposure o f  the  o v a r­
ian  e p ith e liu m  to  |K*rsistently h igh  c irc u la tin g  levels o f  p itu ­
ita ry  gon ad o trop in s  increases the  lik e lih o o d  o f m a lignancy. 
T h i*  hypo thes is  suggest«, th a t pregnancy and o ra l co n tra ce p ­
tive  use p ro tec t against o va r ian  cancer by in h ib it in g  p itu ­
ita ry  secretion o f  gonado trop ins.

W h ile  a num ber o f  epidem io log ic  obse rva tions support 
b o th  hyfx ithcscs, the re  are exceptions. D if fe re n tia l risk re­
d u c tio n  associated w ith  pregnancy and o ra l con tra ce p tive  
use (pregnancy appearing to  be the  more e ffective, p a rtic u ­
la rly  in  young  w om en) (4) con flic ts  w ith  che firs t hypo thesis; 
th is  hy |xxhcs is  predicts equal p ro te c tio n  per year o f  preg­
nancy and per year o f  o ra l contraceptive  use, since these 
c o n d itio n s  arc equally effective in  suppression o f  o v u la tio n . 
T h is  d iffe rence is m ore consistent w ith  the  second h y p o th e ­
sis, because the  low -po tency o ra l contraceptives m ay he less

effective than pregnancy in inhibiting pituitary secretion 
of gonadotropins.

O n  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

T A B L E  3. Established risk factors for epithelial ovarian
cancer

F acto r (reference)
High-risk

group
Low-risk

group

Relati vc risk >  4.0
Age (25) 70-79  y <  40 y
G eograph ic  area (26) N o rth  A m erica, 

n o rth e rn  Europe
A sia, Africa

Relative risk of 2 .1 -4 .0
Fam ily h iito ry  u f o varian  

cancer (38)
Yes N o

N o. of p regnancies (4) 0 >  4
O ta l con tracep tive use (4) N o n e > 6 y

Relative risk of 1 .3-2.0
B reast-feeding (4) N one >  1 V
H istory o f p rim ary  cancer in 

breast (1 3) or 
endom etrium  (25)

Yes N o
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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.
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A  C O M P A R IS O N  O F  S E L E C T E D  R IS K  F A C T O R S

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 of oral contraceptives may slightly increase the risk 
for breast cancer, use of combination oral contraceptives 
decreases the risk o f endometrial and ovarian cancers. While 
use of estrogen replacement therapy strongly increases the 
risk for endometrial cancer, long-term use is probably 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, o f course, have an adverse effect on other body 
organs.

P R O S PEC TS FO R  P R IM A R Y  P R E V E N T IO N  

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 of oral contraceptives and of hormone 
replacement therapy that contains progestin as well as estro­
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 is known of the 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 o f 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 of contralateral 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 loas of bone mass in the vertebrae 
(but not the forearm) of postmenopausal women with breast 
cancer. However, little is known of the effects of tamoxifen 
in healthy women; potential side effects o f 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



94 k flx y  and V'hui«m<<((
HKbAST. ENDOMETRIAL. A M -» OVARIAN CANCERS

lew  o f hone mass in  premenopausal wom en, and (here is 
concern ih a i its  effect on  cardiovascular disease risk in  pre­
menopausal women, in w hom  endogenous estrogen levels 
are h igh , could  be d ifferent from  its effect in  postmenopausal 
women, in  w hom  endogenous estrogen levels are low .

F in a lly , a small randomised tr ia l in  Los Angeles (50) is 
evaluating a pro to type horm ona l contraceptive  regimen 
that conta ins ( I )  a gonadotropin-re leasing agonist to  sup­
press o vu la tio n , (h) a low-dose estrogen, and (c) a short 
course o f progestogen every fo u rth  m o n th , in  the  hope that 
th is com b ina tion  o f agents w ill decrease the  risk for breast, 
endom etrial, and ovarian cancers. T h is  fo rm u la tio n  is based 
on the assumptions tha t the “ unopposed estrogen hypo the ­
sis" account» for endom etria l cancer risk factors, the to ta l 
f tr i|u e iu  v o f o vu la tio n  is an itn |>orta iit dete rm inant o f o v a r­
ian c a m rr risk, and an “ estrogen-plus-progrsiogen hypo the ­
sis" explains breast cancer risk. However, w-ith the  exception 
o f the "unopposed estrogen hypothesis,“  there is consider­
able uncerta inty about the o th e r e tio log ic parhways, and 
also about the  effects o f th is  regim en on  o th e r body systems, 
such as hone and the cardiovascular system.

In summary, for the  m a jo rity  o f wom en there is n o t much 
cause for optim ism  at present fo r p rim ary  preven tion  o f 
these cancers by m od ifica tion  o f the  e nv iron m e n t o r life ­
style. except for weight loss in  postmenopausal women. P ri­
mary p reventions by pharm acologic agents are being evalu­
ated. hut such in te rven tions are risky m  view o f the ir largely 
unknow n mechanisms o f action  and u nkn ow n  effects on 
o ther body systems.
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Dietary Factors and the Risk of Epithelial Ovarian Cancer12

Cvto L a  V acch l* * , 3 A d rlano  D a c a rtl ,4 5 Eva N a g r t,3 8 Fab lo  P arazz in i, 3 A n lo n a lla  G a n lH a ,3 
Qabrtala C a cch attl, 3 M on ica  F aa o ü ,3 and S llv la  Francaachl '■*

ABSTRACT—Dietary factors in the e tio logy o f ovarian cancer 
aere investigated w ith  the uae o f data from  a case-con tro l study 
conducted in Northern Italy on 4S5 h isto log ica lly confirm ed 
aptlhellal carcinomas and 1.385 contro l subjects In the hospital for 
acuta cond itions unrelated to  any o f tha known o r potentia l risk 
factors lo r cancer o f tha ovary. Women w ith  ovarian cancer 
reported sign ifican tly  elevated frequency o f consum ption o f meat 
lieleiive risk (RR) *  1.« fo r 2 7  vs. < 4  portiona/w k). ham (RR>=1.9 
tor 24 va. < 2  portiona/wk). and higher subjective ecoree o f fat 
Intake (RR =  2 1 for highest vs lowest scores), particu la rly  butter. 
In contrast, consum ptions o f hah. green vegetables, carrots, and 
•holemeal bread or pesta were less frequent in  cases; the co r­
responding risk estimates for highest versus lowest frequencies 
ranged between 0.6 and 0 6. These results ware not materially 
modified by adjustment fo r indicators o f socioeconom ic status, 
parity, and o the r identified  determ inants o f ovarian cancer. No 
relation a merged between a lcohol consum ption and ovarian can­
cer risk. The present study provides Interesting indications that 
help to explain the considerable variations In ovarian cancer rates 
In d ilfarant populations and. If confirm ed, could , in  p rincip le, have 
Important pub lic health im plications. Due caution, however. Is 
required in in terpre ting the present results because of the lim ita ­
tions o f available Inform ation and o f tha uncerta inties o f other pub­
lished material concerning d iet and ovarian cancer — JNCI 1667; 
79 663-669

There are considerable variations in  in» idence and  
mortality rates from canter of the ovary. O n  an interna­
tional scale, the cum ulative incidence was sixfold higher 
in Denmark than in Japan ( / ) ,  and also w ith in  Italy  
mortality rates were about 2.5 times higher in Northern  
areas than in the South (2, 5). Therefore, the N o rth -  
South gradient in Ita ly  was greater for ovarian cancer 
titan for any other neoplasm in females (2). These broad 
variations can be explained in  p an  in  terms of reproduc­
tive variables; for instance, ovarian cancer m orta lity  
rates in various Ita lia n  regions were strongly and nega­
tively related w ith  the average num ber o f births per 
woman of reproductive age (r  =  —0.76) (¥). Strong corre­
lations, however, were evident also w ith  economic in d i­
cators and dietary variables, on an in ternational (5) and  
Italian scale (i.e., —0 .8 1 foi bread, —0.84 for jiasta, +0 .62  
for meal, and + 0 .7 9  for m ilk  consum ption), w hich  
could not be tom ple ie ly  accounted for by confounding  
(or reproductive vat tables after com pulation  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, w hich  should be thor­
oughly tested in ad hoc studies. A  few case-control 
studies conduc ted in N o rth  Am erica reported that a n i­
mal fat consum ption increased the risk (6 ), whereas 
beta carotene (7) or elevated alcohol (8) consum ption

m ig ht provide some protection against ovarian  catc b io ­
genesis. However, available evidence is rather controver­
sial. and the results from  the dataset analyzed more in 
detail (from  the Roswell Park M em oria l Institu te) were 
largely inconclusive (7).

Using data from  a case-control study conducted in  
N orthern Ita ly , we decided, therefore, to reconsider the 
potential role o f a few selected dietary items or ind ica­
tors in the etiology of ep ithelia l ovarian cancer.

SUBJECTS AND M ETHODS

Since 1979, we have been conducting a case-control 
study of ovarian cancer. T h e  general design and m eth­
odology of the study have been previously described (V).

Tra ined  interviewers identified and questioned women  
adm itted for ovarian cancer and for a w ide spectrum of 
other conditions to university and general hospitals in  
the areas under surveillance. O n  the average, less than  
2% of the e lig ib le wom en (cases and controls) refused to 
be interview ed

A standard questionnaire was used to  obtain in fo rm a­
tion on sociodemographic characteristics and habits; 
medical histories w ith  special emphasis on horm onal 
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 b irth; history of

A U K Z v ia t io n s  used : C l =» confidence in te rva l; RR =  re la tive  r i ik .

‘ Received January 7. 1967, revived M ay H . 1967; ac<e|>ted M ay IV  
1987

* T h is  w o rk  waa conducted w ith in  the fram ew ork  o f the I ta lia n  
N a tio n a l Reaeatch C o u n c il A p p lie d  Project« "O n c o lo g y "  (contract 
No. 65.02209.41) and  "P reven tive  and R e h a b ilita tive  M e d ic in e " (co n ­
tra cu  No. 85.00487.56 and 85.00549.56)

* la t itu to  d i R ice iche F a rm a co ln g ith e  " M a r io  N e g r i,"  V ia  E ritrea , 
6 2 -2 0 I5 7  M ila n o , Ita ly .

‘ l i t i t u io  d i B io m e u ia  r  S lat i n ic a  M edica. U n i ver « n i d i M ila n o  e 
la t itu to  N a iio n a le  T u m o r i,  V ia  Venenan. I. 20IS3 M ila n o . Ita ly .

J la t itu to  d i S u t i i t ic a  e R icerca O p e ia liva , U n iv m it k  d i T re n to . 
38100 T re n to , Ita ly .

‘ C o n s o r iio  In te ru n iv e n ita r io  lo m b a «  do per r  E laborar ¡ocie A u to ­
m ática. 20090 Segrate, M ila n o . Ita ly .

TC e n u o  d i R i le r im rn to  O n co ló g ico , 33081 A v iano . Purdenone. 
Ita ly .

* T h e  c o n tr ib u tio n  o f the I ta lia n  League againat T u m o r* , M ila n . 
I ta ly , ia g ra te fu lly  acknow ledged. Data processing and analyaia were 
pe rfo rm ed by meana o f the c o m p u tin g  fa c ilit ie a  o f the In te r-U n ive rs ity  
C o n so rtiu m  o f L o m bardy  (o r A u to m a tic  Data Processing (O L E A ) .  We 
th a n k  M i.  Judy  Baggott, M t. F lav ia  R on ia td t, and the O. A P ie if lr r  
M e m o ria l L ib ra ry  n a ff  (or e d ito r ia l a ia iitance
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T a h I.K \ . —D istribution  o f  455 o im *  o f  ep ith e lia l a ra r ia n  cancer  
a n d  1.885 contrôle according to aye. M ila n . Ita ly . 1988-86

Age group, yr
Ovarian cancer Controls

No. Percent No. Percent

'  :to 14 3.1 f»3 4 5
:tii 39 25 5 5 182 13 1
40 40 104 22.9 271 19.6
f»o 59 154 33.8 347 25 1
BO 69 I I I 24 4 353 255
711 74 47 10.3 169 12 2

lifetime iim* <»( oial cmiriaerptivcs ami female hoi inoncs 
Im eiihe-t indieaiioiiv

i n »111 Jaiiuaiv 1983. tin* subjre is writ* also asked about 
i In*ii f i y  of Miiisuinplioii | h - i wrrlc of ten selected 
loexl items, 11 u bid ini' ib r majoi sources ill the Italian 
iliei of iciuioitts (m ilk ami dairy pioclucis. meat, fish, 
Iivet. and eggs), and caiolenoids (cauots. green vegeta­
bles. and fiu ii). Subjec live stores (low. inieimediate, and 
high} weie used to obtain in fo iu ia lio il 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.

C a s e s .—The < uses studied weie women below the age 
of 75 with histologically confirmed epithelial ovarian 
cancel diagnosed w ithin 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 m eriojxdiijn 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.

C o n t r o l s . — The controls were women admitted for 
ac me conditions to several sjiet iali/ed University Clinics 
and to the Ospedalr Maggioie of M ilan for diseases 
oihci than malignant, hormonal, or gynecologic, diag­

nosed w ith in  the yeai befoie the- inte rview. The <*tuh- 
mem aiea of cases and contiols was well coinfrarabk, 
since over 85% of the subjec is iniei viewed tesided in thr 
same region—I.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 was 
well compaiable will» dial of the cases (table I). Among 
die coniio l 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.

D a ta  analysis. —We computed the mean ftecjuenc ies of 
consumption of available dietary items among cases and 
controls, logeihei with their standard errors. For the 
food items showing significant differences between cases 
and contiols, we calculated the RRs of ovarian cancer, 
together w ith their 95% apptoxiinate CIs, according to 
three levels of consumption itu  hiding, as far as jxissible, 
comparable numbers of cases and contiols combined 
(i.e., approximate let tiles).

An index of fat intake was simply derived by adding 
the scores (low — I; intermediate =  2; high =  3) of 
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 Agi icultme ( ¡ 0 )  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-1laenuel 
pi ex ed ure ( 1 2 ) . For multip le 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

T a M.R 2 . - /4  rerage frequencies o f in ta ke  o f selected food  item s am ong  455 cases o f  ep ith e lia l  oca r ia n  cancer  a n d  1.885 conlnds,
M ila n , Ita ly . 1983-86

Food item
Average frequency of 

intake, portions per week D ifference
P  value4

Cases Controls Cases -  controls SR

M ilk 60 6.2 -0 .2 032 NS
Meat 5.4 50 + 0.4 0.13 <001
Liver 0.6 06 -0 .1 0.06 NS
Carrots 1.2 1.5 -0 .3 0.10 < 0 0 1
Green vegetables 7.8 8.5 - 0  7 0.22 < 0 0 1
Fresh fru it 12 1 119 + 0.2 0.78 NS
Eggs 1.8 2 0 -0 .2 0.13 NS
Ham 2.5 2.3 +0.2 0.10 < 0 6
Pish 09 11 -0 .2 0.09 < 0 6
Cheese 4.8 5 1 -0 .3 0.16 NS

* NS = not significant.
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m u lt ip le  lo g is tic , re g re s s io n , w i t h  m a x im u m  l ik e l ih o o d  
l i l t in g  {1 4 ). In c lu d e d  in  th e  re g re s s io n  e q u a t io n s ,  besides 
the d ie ta ry  fa c to rs  c o n s id e re d , w e re  te rm s  fo r  age  ( i n  c a r- 
din a I fo r m ) ,  in te r v ie w e r ,  m a r i t a l  s ta in s , s o c ia l c lass , 
e d u ca tio n , p a r i t y ,  a ge  a t l i r s t  b i r t h ,  age  a t m e n a rc h e , 
m e n op au sa l s ta tu s , age a t m e n o p a u s e , b o d y  m ass in d e x ,  
and o ra l c o n tra c e p t iv e  a n d  o th e r  fe m a le  h o rm o n e  use.

RE8ULT8

T h e  a ve rag e  w e e k ly  f re q u e n c ie s  o f  c o n s u m p t io n  o f 
a v a ila b le  d ie ta ry  ite m s  a re  re p o r te d  in  ta b le  2 . C o n *  
s u m p t io n  o f  m i lk ,  cheese, l iv e r ,  e gg s , a n d  fre sh  f r u i t  d id  
n o t  s ig n i f i c a n t ly  d if fe r  (o r  cases a n d  c o n t to ls  b u t  a l ­
th o u g h  d if fe re n c e s  in  a b s o lu te  te rm s  w e re  s m a ll (e .g ., 5.4

TABLE 3 .— LH stribution o f 655 cate* o f ep ithe lia l o va r ia n  ca n cer  a n d  1.S86 contro l< according  to freq u en c ie t o f  co n su m p tio n  o f  *elected
food  Hem*, M ila n . Ita ly , 1983-88

Pood item  and Ovarian cancer Controls* RR estimates (95% C l)

portions per week No. (%) No. ( v M H> M u lt iv a r ia te '

Meat
<4 114 (26.1) 466 (32.9) 1 ' l d
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

i f  (trend)
(1.26-2.12) (1.21 2.12)

12.93 16.76
(P C 0 01 ) (PC.OOl)

Ham
< 2 136 (29 9) 487 (36.2) I ' i -
2-3 227 (49.9) 706 (610) 1.17 1.13

(0.91-1.49) (087-1.46)
>4 92 (20 2) 192 (13 9) 1.85 1.66

i f ( t r e n d )
(1.36-2.68) (1.11-2.16)

12.00 4.67
(PC.001) (P = 0 3 )

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

i f  (trend)
(0.43-0.90) (0.61-1.16)

6.68 0.69
(P = .01) (N S)

Carrots
<1 197 (43.3) 667 (40.2) 14 1 4
1 129 (28.4) 319 (23.0) 1 11 1.19

(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)
i f  (trend) 6.41 2.29

(P = .01) (N S)
Green vegetab les

< 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

X? (trend)
(0.46-0.78) (0 48-0.82)

17.01 13.99
(PC.001) (PC.OOl)

W holegrain bre a d  o r 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? ( t re n d ) 6.62 4.46

<P=.01>

§lla.

* In some items, the sum o f the s tra ta  does not add up to the  to ta l because o f m issing values.
* Mantel-Haensxel estimates adjusted fo r age in decades.
'  Estimates from  m u ltip le  log istic regression equations in c lu d in g  te rm s fo r age. In te rv iew er, m a rita l status, social class, education, p a r ity , 

age at f irs t  b ir th , age at menarche, menopausal status, age a t menopause, body mass index, o ra l contraceptive and other fem ale hormone use, 
retinol and carotene indices, added score o f fa t consumption and alcohol in take, besides d ie food items considered in  th is  table. NS =  not 
significant.

* Reference category.
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vs. 5 tim e 's | k t  w eek fo r  m eat <o n s u m p t io n ) ,  w o m e n  
w i i l i  o v a i ia n  ca nce l ie |> m ie d  m o re  fre q u e n t c o n s u m p - 
i i «»11 o f  m e a l a n d  f la m  a n d  less f re q u e n t c o n s u m p t io n  o f  
f is h , t a i io is .  a n d  i4ic*«*n vegetab les.

1 lie  i  ( iiie s |N > n d iitK  R R e s tim a te s  a ie  s h o w n  in  ta b le  S. 
I lie  |H ) i i l l  e s i¡m a tes  fo i h ig h e s t v r is u s  least f re q u e n t 

c o n s u m p t io n  leve ls  w e ie  1.63 lo t  m e a l. 1.85 fo i h a m , 
0 (iti fo i f is h . 0 .70  fo i ( a l lo t s ,  a n d  0 .5 9  fo r  g re en  ve ge ta ­
bles, a nd  a l l  t i le  a g e -a d ju s te d  tests f o i  l in e a r  tre n d  in  r is k  
w e ie  s ta t is t ic a l ly  s ig n i f ic a n t .  M o te o v e i,  fre < |u en t c o n ­
s u m p t io n  o l w h o le -g ra in  h ie a d  o i pas ta  was assoc ia ted  
w ith  s ig n i f ic a n t ly  ic d in c d  o v a r ia n  (a n c e i t is k  (R R  — 
OtiO. 95% C l = 0 .1 1 -0 .8 8 , ta b le  2).

A llo w a n c e  lo t  id e n t if ie d  |x > ie m ia l d t s io i t in g  fa c to rs , 
as we l l  as iec ip io «  al a llo w a n c e  fo r  v a i io u s  d ie ta ry  ite m s  
in c lu d e d  i l l  ta b le  .1. d id  n o t m a tc i ia i ly  m o d ify  th e  e s t i­
m a ted  R R s  io i m e a t, g ie e u  vege tab les , a n d  w h o le g ia in  
lo o d s . r i i c  a s s o c ia tio n  w ith  h a m  was less e v id e n t, a n d  
a s s o c ia tio n s  w ith  f is h  a n d  c a r to ts  w e ie  n o  lo n g e r  s ig ­
n if ic a n t  a fte i im ih iv a i  ia te  a na lys is .

In d ic e s  o l m o n th ly  in ta k e  o f le t in o l  ( p ie lo n n e d  v i t a ­
m in  A ) a n d  heta-c a to te n e  were c n in p u te d  o n  tin - bas is  o f 
th e  f i r c | i i r i ic  ies o f c o n s u m p t io n  o f  fo o d  ite m s  lis te d  in  
tab le  2 ( m i lk .  m e a l. I i \ e t ,  eggs, f is h ,  a n d  cheese fo r  
te im o l;  c a l lo ts ,  g ir e n  vege tab les, a n d  Irt-sh f r u i t  fo r  c a ro ­
tene). In  th e  u n iv a i ia te  a n a ly s is , n o  te la t io n  e m e rge d  
be tw e en  in d ic e s  o f i c i i n o l  in ta k e  a n d  o v a iia n  ca nce r 
i is k ,  fu n  a s ig n i f ic a n t  im e is e  assm ia t io n  w as rv id e n t  
w ith  heta-c a to te n e  in ta k e  ( io m p a ie d  w i t h  w o m e n  w h ose  
c a io te n e  in d e x  w as n n d r i  150,1)00 fU  jk -i m o n th ,  the* i is k  
e s tim a te  was 0 .62 Io i those  w hose  in d e x  was o ve r 200 ,000  
l (  *, a nd  the  i ie n d  in  r is k  was h ig h ly  s ig n i f ic a n t  ( ta b le  4). 
H o w e v e r, a fie r  m u l t iv a i ia ie  a n a ly s is  w ith  in c lu s io n  o f  
d ie ta ry  fa c to rs  js  w e ll as o i l ie i m a jo r  ic le i i i i f ie d  co va r-

ia tes . i l ie  in v e is e  re la t io n  o f  o v a r ia n  c a n c e r r is k  w ith  
b e ta -c a ro te n e  was n o  lo n g e r e v id e n t.

I n  ta b le  5. sub jec t iv e  sco te s  o f  fa t in ta k e  in  cases and 
c o n t ro ls  a r r  re p o rte d . F lr v a ie d  b u i i r i  c o n s u m p t io n  w u  
a sso c ia te d  w ith  a b o u t tw ic e  th e  o v a r ia n  ca nce r risk 
( R R = 2 . 3  u n iv a r ia te .  1.9 m u lt iv a r ia te ) .  T h e  la ig c  m a jo r­
i t y  o f  th e  s u b je c ts  in te rv ie w e d  re |> o rte d  lo w  scores ol 
m a rg a r in e  c o n s u m p t io n ;  c o n s e q u e n tly , l i t t le  re la tio n  
w as e v id e n t b e tw e e n  m a rg a r in e  in ta k e  a n d  ovarian  
c a n c e r r is k .  N o  a s s o c ia t io n  w a s  o b se rve d  w i t h  o i l  con­
s u m p t io n  e ith e r ,  e ven  th o u g h  o i l  w as i h r  fa t  ite m  w ith  
h ig h e s t in ta k e  scores. C o n s e q u e n tly ,  th e  p o s it iv e  asso­
c ia t io n  b e tw e e n  a dded  fa t c o n s u m p t io n  score  w as ch ie fly  
a t t r ib u ta b le  to  th e  in f lu e n c e  o f  b u t le r  o n  th e  overall 
in d e x .  The  m u lt iv a r ia te  R R s  p re s e n te d  in  ta b le  5 were 
d e iiv e d  f r o m  tw o  d if fe re n t  m o d e ls , o n e  in c lu d in g  ih r 
th re e  s in g le  fa t ite m s  a n d  i h r  o i l ie r  inc lu d in g  th e  added 
in d e x  o n ly .

T h e  d is t r ib u t io n  o f  o v a r ia n  canc er cases a n d  th e  corn 
p a iis o n  g ro u p  a c c o rd in g  to  to ta l a lc o h o lic  le v e ra g e  con­
s u m p t io n  (w ine -, here, a n d  s p i i i i s )  is  g iv e n  in  ta b le d  
C o m p a re d  to  w o m e n  w h o  d id  n o t  d r in k  a lc o h o l,  the 
R R s  w e re  s l ig h t ly  a bo ve  u n i t y  fo r  d r in k e rs ,  b u t  there 
w a s n o  te n d e n c y  fo r  (he  r is k  to  ¡u n e a s e  w i t h  h igher 
a lc o h o l c o n s u m p t io n .

DISCUSSION

f ile  f in d in g s  o f th e  p re s e n i s tu d y  in d ic a te  th a t  th e  d in  
o f I t a l ia n  w o m e n  w i ih  e p i t h e l ia l  o v a i ia n  ca nce r differ» 
in  severa l a q x 'c  is f r o m  th a t  o f  a h o s p ita l-b a s e d  c o m p a r i­
so n  g r o u p  o f  s u b je c ts  w i t h  a c u te  n o n n e o p la s t ic  co n d i­
t io n s .  In  p a r t ic u la r ,  m o re  f re q u e n t m e a t a n d  h a m  con 
s u m p t io n  a n d  h ig h e r  fa t in ta k e  ( i n  p a r t ic u la r ,  b u t te r )  in

T aim.k 4. Ih x tr ib u tiim  u /  ¿.VS oist-s o f  r fii lh f l ia l  o i’a r ia n  cancer a n d  i..*85  contro lit accord ing  tv  cut ¿m ated M o n t h l y  in ta k e  o f  retinol
and beta-carotene. M ilan . Ita ly , I9H3-M6

Index
Ovarian cancer Controls RR estimates (95% C l)

No (%) No. (%) M H - M u ltiv a ria te 6

Relm or 
<r 1 no 149 M2.7) 470 (33.9) l 4 l 4
to n -1 Mi i :u (29.5) 341 (24.6) 1.23 1.18

>  1 Ml 172 (37.8) 574 (41 4)
(0.94-1.61)

0.96
(0 89-1.67) 

094

c i (trend)

Carotene'
-  IMI 215 (47 3> 508 (3C.7)

10.75-1.24) 
0 18 

(NS)

14

(0.72 1.22) 
0.14 
(NS)

1-
[M l 2cio |C 19 (24 0) 377 (27.2) 068 0.76

200 M l 128 Ml MM) CM>. 1
(0 52 0.88) 

0 62
<0 53 1.10) 

094

(tren d )
10 48 -11.80) 

14.73 
< / '< .0 0 l)

(0 66 -1.61) 
0.17 
(NS)

" Mann-I llacnftzt-l estimate« adjusted for age in decades.
Kslim ates from  m u ltip le  logistic regression. A llow ance was m ade for id en tified  |>olenlial d is to rtin g  factors (*er "S ub ject* and Method»’ 

and footnote r. table It).
'  In thousand international units 
rf Reference category.
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T able 6 — D istrib u tio n  o f 155 caeca o f e p ith e lia l ovarian  cancer amd 1,385 contro le acco rd in g  to »abjective »corea o f fo i in ta ke, 
_______________________________ .___  M ila n , Ita ly . 1983-84 ________________________  _____________

Ovarian cancer Controla RR estimates (96% Cl)
consumption score No. <%> No. <*> M H * Multivariate*

Butter
Low 241 (63.0) 879 (63.6) 1* 1'
Intermediate 179 (39.3) 449 (32.4) 1.47

(1.17-1.84)
1.41

(1.11-1.80)
High

X? (trend)

36 (7.7) 67 (4.1) 2Ú27
(1.47-3.61)

20.52
(/»C.OOl)

1.93
(1.20-3.11)

12.61
(/><00l>

Margarine
Low 370 (81.3) 1,167 (83.6) 1* r
Intermediate-high 86 (18.7) 228 (16.5) 1.16

(0.88-1.62)
l.n

(0.83-1.49)
Oil

Low 90 (198) 221 (16.0) r 1*
Intermediate 291 (M 0) 1,002 (72.8) 0.73

(0.66-0.96)
0.71

(0.66-0.96)
High 

Xi (trend)

74 (16.3) 162 (11-7) 1.17
(0.80-1.69)

0.21
(NS)

1.29
(0.87-1.92)

0.64
(NS)

Combined-
Low 198 (43.6) 738 (63.3) 1* 1‘
Intermediate 160 (33.0) 469 (33.1) 1.22

(0.96-1.66)
1.16

(0.90-1.48)
High

X* (trend)

107 (236) 188 (13.6) 2.12
(1.60-2.82) 

28.78 
(/*<  .001)

2.14
(1.69-2.88)

18.63
(#»<.001)

‘  M ante)-H senate! estimates adjusted for age in decadea.
' 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-lo w ; 2 = intermediate; 8-h ig h ) o f the various fat items and subdivided as follows: 8-4=*low; 

6=intermediate; 6-9=high.

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

We were unable to exp la in  these find ings in  terms of 
selection bias, since cases and controls were draw n from  
similar catchment areas, and the partic ipation  rate was

practically complete. W ith  regard to confounding, a l­
lowance for several identified potential distorting factors, 
inc lu d in g  measures o f body w eight and indicators of 
socioeconomic status, parity , oral contraceptive use, and  
other know n determinants of ovarian cancer risk failed  
to exp la in  the observed associations w ith various dietary

Table 6.—Lh a trib u lion  o f 155 catea o f c jn tk e iio l o va ria n  can cer and 1,385 con tro la acco rd in g  to to ta l a lcoholic beverage consum ption ,
M ila n , Ita ly , 1983-84 ___________

Ovarian cancer Controls RR estimate (96% C l)
•umplion. drinks per day No. <*> No. <%) M -H* Multivariate*

0 134 (29.6) 606 (36.5) 1* 1*
<2 162 (33.4) 391 (28.2) 1.46

(1.11-1.89)
1.24

(0.94-1.66)
2-3 138 (30.3) 397 (28.7) 1.31

(1.00-1.72)
1.06

(0.80-1.40)
>8

xf (trend)

81 (6.8) 91 (86) 1.30
(0.82-2.04)

8.44
(NS)

1.32
(0.78-2.37)

0.40
(NS)

*Manlel-H senate! estimates adjusted for age in decade«.
' ‘ Estimates from multiple logistic regression. Allowance was mad« for Idantiflad potential distorting factors (sm “Subjects and Methods" 
| sad footnote c, table 3).

'Reference category.
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i . id o i s .  n a m e ly  m e a t, g ie r i i  ve ge tab le s , w h o le g ra in  
fo o d s . a n d  Ih i i u i . I .ik rw i.se , a m a jo r  im p a c t  o f  in fo r in a -  
l io h  h i, is  is  u n l ik e ly ,  .s im e  ih e  ( ro s s d ile  i r l a l i o u  o f  d ie t  
w i t h  o s ,u ia n  m i k c i  r is k  w a s p to h a b ly  u n k n o w n  to  th e  
i i i a f n i i t y  o f  th e  s u b je c ts  i n i r i  v ic w r t l.

I In  i ( 's u its  o l t h is  s tu d y  a rc  in  a g ie e m e n i w i t h  e v i­
d en ce  l im n  d e s c r ip t iv e  e p id e m io lo g y  s h o w in g ,  o n  b o th  
a n  in te r n a t io n a l  (9 )  a n d  a n  I t a l ia n  n a t io n a l  ( d )  sca le , 
s i l t in g  jM i.s iiive  c o n e la lic m s  b e tw e en  m e a su re s  o f  fat 
in ta k e  a n d  o v a i ia n  c a n c e l m o ita l i t y .  In  t h is  sense, th e y  
p io v id e  u s e fu l < lu es  to  e x p la in  r e g io n a l a n d  in te r n a ­
t io n a l d if fe re n c e s  in  o v a r ia n  ca nce r inc id e n c e  a n d  m o i-  
t a l i t y  ( / - I ) .

U re y  a ls o  c o n f in n  th e  f in d in g s  o f  a s tu d y  c o n d u c  ted 
in  N o t i l l  A m e i ic a a n d  u t i l i z in g  p o p u la t io n  c o n t r o ls  (6 ), 
w h ic h  s h o w e d  s ig n i f i c a n t ly  l i ig h e i o v a i ia n  c a n c e r r is k  
in  w o m e n  r e p o t t in g  m o re  f ie c p ie it t  c o n s u m p t io n  o f  b u i ­
l d .  a n d  a n  a p p ro x im a te ly  t w o fo ld  e le v a te d  r is k  e s tim a te  
in  th e  h ig h e s t c ju a i t i le  o f  a n im a l (a t c o n s u m p t io n .

I l ie  ne g a t iv e  le la t i o i i  w i t h  v e ge tab le s  a n d  w h o le g ra in  
f i le .u l <ii p a s ta  is a ls o  o f  p o te n t ia l  iii te re .s l in  r e la t io n  to  
d e f in in g  a lo w - i is k  d ie t  fo i o v a i ia n  c a n c e r in  c o n tra s t  
w i t h  a h ig h  t is k  o n e  c ha tac  le r i /e d  by e le v a te d  m e a l a n d  
a n im a l h it  in ta k e .

In  th is  rc 'g a id , d a ta  c o lle c te d  in  a n  I t a l i a n  p o p u la t io n  
m a y  he p a i i i t u la r l y  h e lp f u l  in  s tu d ie s  o f  d ie t  a n d  c a n c e r, 
o n  a c c o u n t o f  th e  c o n s ic ie ia b le  h e te ro g e n e ity  o f  these 
c o n i|N M ie m s  i l l  th e  I t a l ia n  d ie t.

A p la u s ib le  b io lo g ic  e x p la n a t io n  fo i  th e  p re s e n t f i n d ­
in g s  ca n  he te la ie d  to  th e  lo w e r  u i i n a iy  le v e ls  o f  e s tr o ­
g ens  a n d  h ig h e r  p la s m a  s e x -h o n n o iie  b in d in g  g lo b u l in  
le ve ls  in  v e g e ta r ia n  w o m e n  (7 5 ), s in ce  fe m a le  h o rm o n e s  
a n d  th e i i  ( u n a v a i la b i l i t y  a ie  p io h a b ly  re la te d  to  o v a r ia n  
c ate iitn g e u c s is ,  a l t h o u g h  at p re s e n t i t  is  d i f f i c u l t  to  
d e l in e  c le a r ly  th e  to le  o f  v a i io t is  h o rm o n e s . F u r th e r ,  
s tu d ie s  in  ro d e n ts  s h o w e d  p o s it iv e  r e la t io n s  b e tw e e n  
h ig h - lu i  d ie ts  a n d  p io m o t io i i  fo i a n o th e r  fe m a le  h o r -  
in o n e  ie la te d  n e o p la s m , i.e ., h iea s t c a n c e r, a l t h o u g h  th e  
le la l io n  w as n o t  h o m o g e n e o u s  fo r  v a r io u s  ty|>es o f  fa ts , 
o l iv e  o i l  ( w h i t  It is  th e  m o s t c o m m o n ly  u sed  o i l  in  I t a ly ) ,  
a n d  o th e r  m o iio im s a im a ie d  la ts  in  p a n ic t i la i  s h o w in g  
l i t t le  p io m o t in g  e ffe c t ( h S). T h is  e v id e n c e  f r o m  a n im a l 
s iu c lie s  s h o u ld  lie  c a ie lu l l y  c o iis id e ie d  in  l ig h t  o f  the  
se ve ia l s i in i la i t t ie s  in  th e  e p id e m io lo g y  o f  b ic a s i a n d  
o v a iia n  c a n c e l (V, 17).

T h e  p ir s e n t  e p id e m io lo g ic  f in d in g s ,  i f  a c c u ra te , w o u ld  
h ave  i in p o i i a m  p u b lic  h e a lth  im p l ic a t io n s ,  s in c e  th e  
d ie ta iy  lac to ts  a n a ly z e d  a ie , a t least in  p r in c ip le ,  m o d i f i ­
a b le . a n d  th e  m a g n itu d e  o l th e  R R s  in  t h is  s tu d y  is 
s i in i la i  to  th a t  o f  th e  best id e n t if ie d  r e p ro d u c t iv e  c o r re ­
la tes o f  ov at ra il c aic b io g e n e s is  (9 ). w h ic h  a ie .  o b v io u s ly ,  
m a ir  c iv  a m e n a b le  to  in te r v e n t io n .

T h e  re s u lts  o l  t h is  s tu d y ,  h o w e v e i.  s h o u ld  be c o n -  
s id e ie d  w i t h  c a u t io n ,  s in c e  a v a ila b le  in f o r m a t io n  w as 
l im ite d  to  m e n  ly  s u b je c t iv e  scenes o f  fa ts  o t w h o le g ra in  
fo o d  in ta k e  a n d  to  th e  n u m b e r  o f ( t o r t io u s  p e r  w e ek  o f  a 
re s t11« le d  l is t  o f d ic ia iy  ite m s , w i t h  n o  a ssessm en t o f  
i lo  ir  size. C o n s e c p ir iu ly .  m a jo r  u n c e r ta in t ie s  a re  o b v i ­
o u s ly  m h e ie i i i  in  a n y  e v a lu a iio n  o f  s |x *c if ic  in ic r o -  
m i i i  in n s  i lS ,  ¡9 ) ,  a n d . p a n ic  u la i iy .  in  d ie  n e g a t iv e  le la i

t io n  b e tw e e n  in d ic  es o f  b e ta -c a ro te n e  a n d  o v a r ia n  cancel 
r is k .  F u r th e r ,  th e  o b s e rv a t io n  th a t  in c lu s io n  o f  .specific 
fo o d  ite m s  ( i .e ..  g re e n  v e g e ta b le s , c a r ro ts ,  a n d  fru it*) 
s u b s ta n t ia l ly  re d u c e d  th e  r e la t io n  b e tw e e n  b r ta -c a io irn r  
a n d  o v a r ia n  c a n c e r r is k  su g g e s ts  th a t  l i t t l e  re s id u a l effect 
f o r  t h is  in d e x  w a s  e v id e n t  bes id e s  th a t  a t t r ib u ta b le  to  iu 
v a r io u s  c o m (K » n e n ts . I t  is  th u s  p o s s ib le  th a t  o th e r  com 
p o n e n ts  o f  a v e g e ta b le -r ic  h  d ie t  a re  in d e e d  p ro te c t iv e  in 
th e  a bse nce  o f  a n y  s |K *( if ic  p ro te c t io n  c o n v e y e d  b y  lieu 
c a ro te n e  o n  o v a r ia n  c a rc in o g e n e s is .

F u r th e r  c a u t io n  in  d r a w in g  in fe re n c e s  f r o m  th e  find 
m g s  o f  th e  p re s e n t in v e s t ig a t io n  is  in d ic a te d  b y  a stud) 
o f  d ie ta ry  fa c to rs  a n d  o v a r ia n  c a n c e r based  o n  th e  Rur 
w e l l  P a rk  M e m o r ia l  I n s t i t u t e  d a ta s e t. T h e  re s u lts  o i that 
s tu d y ,  in  fa c t,  w e re  la rg e ly  in c o n c lu s iv e  in  re la t io n  to 
la ts , v e g e ta b le s , f ib e r s ,  a n d  a ls o  v i t a m in  A ,  w i t h  the  sob 
e x c e p t io n  o f  a n e g a t iv e  a s s o c ia t io n  w i t h  beta -ca io iew  
th a t ,  h o w e v e i,  w a s  re s tr ic te d  to  th e  s u b g ro u p  o f  w o iik i 
b e lo w  age  50  (7 ).

h i  ib is  s tu d y ,  th e re  w a s  n o  r e la t io n  b e tw e e n  alcohol 
c o n s u m p t io n  a n d  o v a r ia n  c a n c e r r is k .  T h u s  these find 
m g s  d o  n o t  c o n f i r m  th e  s u g g e s t io n  o f  a lo w e r  ovarian 
c a n c e r  r is k  in  h e a v y  d r in k e r s  r e fx m c d  in  th e  C ente rs  la 
D ise a se  C o n t r o l  s ( la n c e r  a n d  S te ro id  H o rm o n e  Studi 
a n d  te n ta r iv e ly  e x p la in e d  in  te rm s  o l  d e p re sse d  levelsd 
g o n a d o tr o p in s  a n d  h e n c e  a n o v u la t io n  in d u c e d  by larp 
doses o f  a lc o h o l (8 ).

In  c o n c lu s io n ,  a l t h o u g h  th e  p re s e n t s tu d y  has suk 
s ta n t ia l  l im i t a t io n s ,  c h ie f ly  in  te n n s  o f  th e  restricted 
a m o u n t  o f  in f o r m a t io n  a v a ila b le ,  i t  o ffe rs  in teresiinf 
in d ic a t io n s  th a t  h e lp  to  e x p la in  p e c u l ia r  fe a tu re s  o f dr 
d e s c r ip t iv e  e p id e m io lo g y  o f  o v a r ia n  c a n c e r, a n d , i f  cot 
f irm e d ,  c o u ld  h a v e  im p o r t a n t  p ra c t ic a l  p u b l ic  heald 
im p l ic a t io n s .
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Frequent Loss of Heterozygosity on Chromosomes 6q, 11, and 17 in Human 
Ovarian Carcinomas1
Je H . Lee, John J . Kavanagh, David M . W ild rick , J . Taylor W harton, and M a rk  B lick2
Department o f Medical Oncology ¡J. II. L.. J. J. K.. D. M. W.J. Department o f Gynecology ]J. T. W.J, and Department o f C linical Immunology and Biological The, 
JM. H ], The University o f Texas M. D. Anderson Cancer Center, Houston. Texas 77030

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 (E S R ) gene locus on chromosome 6q. On chromosome 17p at 
the D I7S28  and D I7S30  loci, allelic losses were also detected in 6 of 8 
(75%) and 9 of 14 (64%) cases, respectively. Allelic loss at the H RA S1  
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 l ip  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.

IN TR O D U C TIO N

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

Received 6/9/89; revised 12/21/89.
The costs o f publication o f this article were defrayed in part by the payment 

o f page charges. This article must therefore be hereby marked advertisement in 
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' Supported by an Institutional Research Grant, The University o f Texas 
M . D. Anderson Cancer Center. Houston. TX, and the Bessie Frisch Memorial 
Fund.

1 To whom requests for reprints should be addressed, at Molecular Analysis 
Incorporated. 8000 El Rio. Houston. TX 77054.

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 6q 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.

M A TER IA LS AND M ETHO DS

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 fat a 
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 s< 
tions. The histological grading was performed according to a systi 
described by Mauch e ta l. (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.lx 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 
pYNZl 5 (Taql) (24) and IMR-6 (£coRI) (25); chromosome 5, pHGR 
(Bell) (26); chromosome 6, pHHH 157 (BamHI) (27), pHM2.6 (EcoRl 
(28), and pOR3 (PvuII) (29); chromosome 7, HER-A64-1 and HER 
A64-3 (H ind III) (30); chromosome 11, c-Ha-rasl (BamHI) (31) 
pHINS300 (EcoRl) (32), and SS6 (BamHI) (33); chromosome 12 
pSW480-cDNA-5 (Taql) (34); chromosome 17, pYNH37.3 (Taql)(35) 
pYNZ22 (M spl or BamHI) (36), and cEFD52 (PvuII) (37); chromo 
some 19, pHP450 (5ocI) (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 
 ̂ disp'luyedlin Figs. 1-3. Loss of heterozygosity was observed 

K  ,ci o n  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 M Y B  locus on

A)

D

C)

a

Ch. 6q
Case Case

10 12
N T  N T  kb

- 1.5

• 1.0

0.7

ESR
(Pvull)

Ch. 17p
Case Case

11 12
N T  N T  kb

m  • - 4

D17S28
(Taql)

B) Ch. l i p  
Case Case 

10 11 
N T  N T  kb

- 8.8
■ M  « m m  *

» •  -  ■  —  - 6.5

HRAS1
(BamHI)

D) Ch. 17p 
Case Case 

4 16
N T  N T  kb

D17S30
(BamHI)

Tig. I . Southern blot analysis demonstrating loss o f heterozygosity on chro­
mosomes 6q (A. cases 10 and 12), 1 lp (B . cases 10 and 11), and 17p(C  cases 11 
mil 12 \D. cases 4 and 16) in patients w ith ovarian carcinomas. ON A 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 I.S7 (BamHI), D17S28 ( Taql). and DI7S30 (Mspl or BamHI), respectively. 
Mlelic forms are designated to the left o f each panel: a is the longer and b the 
Muirier fragment. The size in kilobases o f each allele is given to the right o f each 
I'.mel '. the allelic fragment lost in tumor ONA sample in each panel. In this 
inure, eases 10. 11. and 12 show loss o f alleles on more than one chromosome.

chromosome 6q to six of eight (75%) at the D I7 S 2 8  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 l ip  
(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 (M Y 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. O f six individuals heterozygous at both 
the ESR and M Y B  loci, five (83%) showed an allelic loss at 
only the ESR jocus. A polymorphic D NA  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 D N A  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 IN T2  locus (on 1 lq) suggests that 
the H R A S I allelic loss was largely due to subchromosomal 
structural changes.

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

C a s e  1 5 C a s e  1 9

K b  N  T  N T  K b  m ,  N T

FiR. 2. Case 15 has a terminal deletion with 
" f  nn allele at D l 7S2S but retained geno- 

141*111DI7S30 in tumor tissue. Similarly, case 
14 has an interstitial deletion with loss o f one 
hide at DI7S30 but retained genotype at 
l>l S28. These two loci are separated by only 
■ centimorgans at the tip o f !7p. *. the allelic 
iragment lost in tumor D N A  sample in each 
panel.

N T  K b

- 1.1
-0.7

D17S28
(Taql)

D17S30
(BamHI)

D17S28
(Taql)

D17S30
(BamHI)
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C a s e  1 4C a s e  1 3

Fig. 3. Cases 13 and 14 have partial dele­
tions With loss o f one allele at ESR locus 
(6q24T27) in tumor tissue but retained geno­
type at M YB  locus (6q22-23). *. the allelic 
fragment lost in tumor DNA sample in each 
panel.

2 . 6 -  £  Ü  

1 .5 - §  H

1 . 1 -  t i ' «

MYB ESR 
(EcoRI) (Pvull)

MYB ESR 
(EcoRI) (Pvull)

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 H R A S1  
locus, as well as other 11 p 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 H R A S 1  locus on 
chromosome 1 Ip 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
quency (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 E S R ) and 
17p (75% at D 1 7 S 2 8 , 64% at D 1 7 S 3 0 ) 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 6q 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 E S R  gene locus (6q24-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 6q might

2726

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 and 
borderline cancers before trying to classify such genetic changes 
as early or late events.

The fact that the more distal E S R  allelic marker on 6q is lost 
more frequently (65%), compared to the more proximal MYB  
marker (13%), suggests that the E S R  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 M Y B  locus had concordant loss of 
heterozygosity at the E S R  locus. Of further interest, other 
investigators in our laboratory have analyzed breast cancer 
DNA samples from 15 informative patients and observed an 
E S R  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 chromosome 
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 1 lp) 
in mechanisms of tumorigenesis or disease progression. Fur­
ther, the high incidence of concordant allelic losses from chro­
mosomes 6q 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
mosomes.

In conclusion, whereas allele loss from chromosome 1 lp has 1
1 E. H. Koh el a/., personal communication.
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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

B io log ica l Therapies lu ih o ra lo ry . Im peria l Cancer Research Fond. L inco ln 's Inn Fields. I jm ilo n  I f f  2 A .IPX.

O vanan cancer is the commonest cause o f  death fro m  gynae­
co log ica l cancer in the developed w o rld  (S ilve rbcrg  e i at., 
1990, B oo th  Sc Beral. 1985). The age adjusted death rates 
fro m  ovarian  cancer have continued  to  increase since 1955 
(S ilve rbcrg  r i  a I.. 1990). A  m a jo r cause o f  the h igh m o rta lity  
rate fro m  ovarian  cancer is the late presentation o f  the 
disease in over 60%  o f  patients, w ith  an associated 5-year 
su rv iva l rate o f  a pp rox im a te ly  5%  (O zols e l at.. 1980).

Several factors have been im plica ted  in  the aetio logy o f 
o varian  cancer, inc lu d in g  a genetic p red isposition , rep roduc­
tive  h is to ry , sm oking, in fection  w ith  m um ps v irus , d ietary 
factors, and the use o f  ta lc (P iver, 1987). The most conv inc­
ing  fac to r to  emerge as an influence on the deve lopm ent o f  
o varian  cancer is horm ona l. Several studies have shown that 
the risk o f  ovarian  cancer in nu llipa ro u s  wom en is 1 .5 -3 .3  
times greater than tha t o f  parous wom en (S ilve rbcrg  et at., 
1990; P iver, 1987). The incessant o v u la tio n ' hypothesis p ro ­
posed in it ia lly  by Fa tha lla  (1971), and expanded by others 
(Casagrade et aI.. 1979) a ttem pted to  exp la in  the p ro tective  
effect o f  pregnancy as being due to  the rest periods a fforded 
by pregnancy fro m  incessant o vu la tio n . The incessant o vu la ­
tio n  hypothesis is supported by the m ore com m on occurrence 
o f  m a lignan t change in the righ t ovary w hich ovulates m ore 
frequently  (C ru ickshank. 1990). C ram er and W elch (1983) 
suggested tha t wh ils t incessant o vu la tio n  led to  the fo rm a tio n  
o f  inc lus ion  cysts, excessive and con tinued  gon ad o trop in  
s tim u la tio n  co n tribu ted  to  m a lignan t tra ns fo rm a tio n  by 
tro ph ic  effects on ovarian  ep ithe lium . Thus, suppression o f  
gon ad o trop in  release by o ra l contraceptives cou ld  exp la in  the 
decreased incidence o f  ovarian  cancer in  wom en tak ing  o ra l 
contraceptives. T h is  hypothesis presents the case fo r  the 
invo lvem ent o f  ano ther g roup  o f  peptide cell regula tors, the 
cytokines, in the pathogenesis o f  ovarian  cancer.

C ytok ines are lo w  m olecular weight (< H 0 k D a )  peptide 
cell regu la tory  factors tha t have w ide ranging  effects on 
d iffe ren t cell p opu la tions  (B a lk w ill Sc Burke. 1989). Some 
cytok ines can d ire c tly  o r ind ire c tly  in h ib it  tu m o u r g ro w th  
and have been used in cancer therapy (B a lk w ill.  1989). H o w ­
ever. in ap p ro pria te  cytok ine  a c tiv ity  has been im plica ted  in 
the pathogenesis o f  in fectious, in flam m a to ry  and a u to im ­
mune diseases, and there is now  increasing evidence that 
cy tok ine  p roduc tion  bv tum ours m ay con tribu te  to  the patho­
physio logy o f  cancer F o r example, in te rleu k in -6  has been 
shown to  be an ttu tocrinc g row th  fac to r in  m yelom a, and 
o ve rp roduc tion  o f  IL -6  causes the systemic sym ptom s and 
the im m uno log ica l abnorm a lities  in  C astlem ans disease 
(K is h im o to , 1989) T u m o u r necrosis fac to r (T N F ) has been 
im plica ted  in  the suppression o f  haematopoesis in  h a iry  cell 
leukaem ia, and in bone m arrow  necrosis in  cancer patients 
(L indem ann  et a l.. 1989; K n u p p , Pekala &  V orne lius. 1988). 
Experim enta l studies also suggest roles fo r  cytok ines in 
cancer cachexia and the hypcrcalcaemia o f  cancer (D a rlin g  et 
at . 1990; Sato  et a l.. 1987)

C o n s titu tive  p ro du c tion  o f  several cy tok ines by hum an 
ovarian  cancer cell lines and fresh tu m o u r b iopsy m ateria l
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has been dem onstrated. N a y lo r et a l. (1990) have shown 
T N F  m R N A  and p ro te in  is expressed by o varian  tun  
cells in  biopsies fro m  patients w ith  ep ith e lia l ovarian  cat 
In  contrast, in the n o rm a l the rut and  bovine o \ 
im m unorcac livc  TN F ' has been detected in  granulosa 
and s trom a l macrophages, but not o va r ian  ep ith e liu m  (N 
St Terranova , 1989). C o n s titu tive  p ro d u c tio n  o f  m acropl 
co lon y  s tim u la ting  fac to r (M -C S F ) and expression o l 
c-fms oncogene (encoding the M -C S F  recepto r) has I 
dem onstrated in  hum an o varian  cancers and ovanan  c.v 
cell lines (R am akrishnan  et a l.. 1989; Kasc irtsk i et a l.. I ‘> 
but not in  norm a l o varian  ep ith e liu m . Indeed, v  
measurements o f  scrum M -C S F  in  patients  w ith  ova 
cancer may be useful in m o n ito r in g  disease a c tiv ity  (K a c r  
et a l.. 1989). A  m onocyte  chem otactic  fa c to r produced 
ovarian  cancer cell lines (B o tta zz i et a l.. 1985), is now  kn< 
to  be the T N F  and IL - I  in duc ib le  c y to k in e  mono, 
chem otactic p ro te in  (M C P - I )  (B o tta zz i et a l.. l lJ 
In te rle u k in -6  p ro du c tion  is tra ns ien tly  induced 
g on ado trop in -pnm ed  h ype rs lim u la ied  ovaries (M o tro  et 
1990), can be detected in  the ascitic  flu id  o f  o va r ian  c:n 
patients (E rro i el a l.. 1989), and is c o n s titu tiv e ly  produced 
hum an ovarian  cancers and o varian  cancer cell lines (W ;n  
et a l.. 1990). Interleukin-1  has also been detected in  a p ro [ 
lio n  o f  human ovarian cancers by in s itu  h yb r id isa tio n  
im m unohis tochem istry  (unpublished  observations). The t 
found  cell regu la tory  effects o f  cytok ines at p icom o la r i 
cent radons in  v itro , suggest tha t the expression o f  c y to k i 
by hum an ep ithe lia l ovarian  cancers m ay have an im po rt 
ro le in  the ir in vivo p a thophys io logy.

T u m o u r necrosis facto r has a n titu m o u r effects in  m u i 
and hum an tu m o u r xenograft models (H a ra n aka  et 
1984) We have studied the effect o f  in tru p c r ito n c a l I 
a dm in is tra tio n  in in tra pe rito ne a l hum an ascitic  ov.n  
cancer xenograft models (M a lik  et a!.. 1989). T N F  th n  
pro longed su rv iva l in  tw o  o u t o f  three xenograft models. I 
paradoxica lly , restored the a b il ity  o f  a ll three n o n -T N I p 
ducing  ovarian  tum ours to  fo rm  peritonea l tu m o u r im pl:n  
Exogenous T N F  adm in is tra tion  therefore led to  a pat h o i op 
p ic ture  rem iniscent o f m etasta tic hum an o varian  cancel 
the xenograft models T o  s tudy the possible ro le  o f  tuin- 
produced T N F  on peritoneal im p la n ta tio n  and invas ion , 
behaviour o f  Chinese Ham ster O va ry  cells tha t had l> 
transfected w ith  the hum an 1 N F  gene (C H O /T N F  ce lls) '  
com pared to  C 'H O  cells that conta ined  the transfection  \ 
to r a lone (C H O /N E O  cells) (O lilT  et a t . 1987). C H O / I ’ 
cells showed enhanced im p la n ta tio n  to  the surface o f  
peritoneum  and live r, and also metasiasiscd to  the Inn 
Furthe rm ore , the metastatic ca p a b ility  o f  C H O /T N F  
co u ld  be specifica lly abrogated by in je c tio n  o f  a n iib o d it- ' 
T N F  (M a lik  et a l ,  1990) O the r studies in  expcrinicn 
models have shown tha t T N F  can enhance tu m o u r metasi.' 
(G iavazz i et a l ,  1990) P roperties o f  TNF" tha t coi 
p o te n tia lly  co n tribu te  to  p ro m o tio n  o f  metastasis inch- 
s tim u la tion  o f  angiogenesis (F 'ra te r-S chroder et a l . 19s 
enhancement o f  tum ou r cell adhesion to  host cells (R ice 
a l., 1988), and induc tion  o f  tu m o u r cell m e ta llop ro te in .i 
( l lo  et a l . 1990). The know n  p rocoagu lan t ac tiv ities  o f  1 ’ 
(Pober, 1987), and the in du c tio n  o f  p late le t derived grov 
fac to r (H a jja r el a l . 1987). co u ld  co n trib u te  to  the genera l.
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o f tum ou r ' i r i ' i i u .  .in  lin p o ita n l >icp in  the establishm ent o f  
tum our % m metastatic 'lie '; (D vo ra k . 1986).

I lie o ilie r a io k im s  l i i . i l  are produced b> ovarian  cancers 
are m iim .ilc lv  associated w ith  T N I ; m the cytok ine  network 
i Haiku i l l \  Dm kc. 1^x9) Interleukin-1  and M -C S F  both 
induce IN I -  m m .'iio ic ie s  and mesenchymal cells (P h ilip  &  
f pstcin. 19X6. le  «V V ilcck. 19X7, W arren A  Ra lph, J9 8 6 ). 
I N I  im iiiccs the p roduc tion  ol I N I ' .  M -C S F . I I . -1. 11.-6. 

and M O ’-1 in several cell populations (H a ik u il l .  1989). Ihu s  
there exists a potentia l sell' perpetuating cytok ine  induction  
netw ork in the iic in u v  ol'.« tun io u r cell o r a norm a l host cell 
I 'cncr.ilin ^  iv io k m c s  which can iiilh icncc  tiu n o u i b iology. 
I o i example II I c n li. iik c d  n ict.isiasis o l n ie l.ino ina  cells 
i ( iiava / / 1 i /  t i l . and p iou io ted  the peritoneal im plan t
.lim n  ol hum an o v .inan  cancer xenografts (M a lik  e( ol. 
unpublished d a i. it  II -n has been reported to  enhance the 
m o tility  of breast cancer cells, a p rope rly  that is associated 
w ith  enhanced meiasiatie potentia l (T a m m  r /  o l.. 1989). M - 
( S| and M C I’ m.iv con tribu te  ind ire c tly  to  metastasis by 
te c tlin in g  macrophages to  tum our sues. These could  be a 
fu rth e r source o f  metastasis enhancing cytokines such as IL - I  
and IN I  . and secrete o ther factors ih.n have g row th  stimu- 
la to iv  ellects on ovarian cancer cells (W clandcr et o i .  1982).

( an le .iso ii.ib le  lo iie la t io i is  lx* made between the elfecis o f 
cytokines m ov.h i .m  cancer models w ith  some o f  the known 
r i-k  l. ic to is  a ih I prognostic indicators m ovarian  cancer? 
I igu ie  I show* ilie  potentia l sites o f  eytokine  induced 
tum ou r progu-NNion and the cytokines that could  influence 
these stages

(he damage involved m ovula tion cou ld  lead to  the local 
release ol evtokiues. such as I NT and TC iT-0 hy host m acro ­
phages. that contribu te  to  the healing lih ro tic  response (Pos- 
ihc lw .tiie  &  Sever. l ‘*9oj B.»ill these cytokines are capable o f  
inducing m ciallop io iem .ise production  h \ tu m o u r cells, and 
iiic ie.is ing then invasive potentia l ( l io  et o i .  I w o . W elch ct

. fw n i  I here is m i evidence as \c l  that cytokines can 
c.ium* malignant lu n s lo rm u tio n  o f  norm al e p itlie lia . a lthough 
I N l c.m i a use 1 ) \  \  strand damage in cells- susceptible to its 

iv io to v i i  e thv is  I N I  also activates several puta tive  
• •ik  ogeiics i i i i l i id m i ' t-)uo  t l l ic iu ie i t i  o l . 19X9) w hich is 
ovcicvpcesscd in sojuc human ovanan tum ours  t l) e  Circve et 
t i l . 19yu» Overexpiession o f  the c-it AH-2 oncogene is an 
adveise p iognosiic ind ica to r m hum an ovarian  cancer

i .- j :r . 1 .-j-.j-.XTU)
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(S lam on f t  a i .  1989). and the s im ila rity  o f  the c-erbB-2  
oncogene product to  the epiderm al g ro w th  fa c to r receptor 
suggests that an unidentified  cy tok ine  m ay be invo lved  in 
p rom oting  ovarian cancer grow th. Levels o f  c-er/jB -2 oncogene 
expression corre la te  w ith  resistance to  the cy toc ida l effects o f 
T N I '  (H u d /ia k  c l u i .  1988). A lth o u g h  there is no evidence as 
yet th a t  T N I '  regulates « -e r6B -2 «oppression, one could  
speculate that c-erAB-2 positive  tum ours are T N F  resistant 
tum ours that have emerged a lte r pro longed exposure to 
I N I

C u rren t evidence indicates tha t t^e  norm al ovarian  surface 
epithelium , un like  ep ithe lia l ovarian  cancer cells, docs not 
express m R N A  o r p ro te in  fo r  11.-6, M -C S F , o r T N I* ’ (R oby 
&  fe rranova . 1989: M o tro  et o i . 1990) Dysregulatcd 
cy tok ine  p roduc tion  could  occur d u r in g  the tra ns fo rm a tio n  
o f  norm al epithe lium  lo  m alignant cells o r due to  oncogene 
a c tiva tion  (D em e iri et a i .  1990). and subsequent co ns titu tive  
expression o f  cytokines and cytok ine  receptors m ay lead to  
autocrine  g row th  s tim u la tion  o f  tum our cells o r to  m o d u la ­
tion  o f  the ir metastatic potentia l. The presence o f  M -C S F  
and c-fms lik e  receptor tanscripts. p a rtic u la rly  in  p oo rly  
d iffe ren tia ted  ovarian  tum ours suggest tha t M -C S F  may be 
an autocrine g ro w th  fac to r in some ovarian  cancers. M -C S F  
p ro du c tion  can be increased by gonado trop ins (B a rtocc i et 
o l.. 1986). and th is cy tok ine  may be an im p o rta n t m ed ia to r in 
the puta tive  tu m o u r p ro m o tin g  ro le  o f  gonado trop ins. The 
p ro tective  effect o f  o ra l contraceptives could  be mediated by 
decreased M -C S F  in du c tio n  due to  feedback in h ib it io n  o f  
gonado trop in  release Reproductive hom ione /cy iok ine  in terac­
tio n  may also invo lve  the reported in h ib ito ry  effects o f 
ocNtrogens on  T N F  secretion (R als ton  et o i .  1990). Loss o f  
oestrogen secretion coupled w ith  h igh levels o f  gon ad o trop in  
secretion cou ld  perpetuate the in du c tio n  o f  T N F  in the ovary 
v ia  M -C S F . and exp la in  the increased incidence o f  ovarian  
tum ours  w ith  advancing age. O f  relevance to  th is  is the 
observa tion  tha t a h igh percentage o f  o varian  cancers have 
specific dele tions near to. and possib ly in vo lv ing , the oestro ­
gen receptor locus on chrom osom e 6 (Lee e l u i .  1990).

C y tok ines  released in  the v ic in ity  o f  the tu n io u r may 
induce tu m o u r cy tok ine  p roduc tion . For example, T N F  has 
been shown to  induce I N F  m R N A  and p ro te in  in ep ithe lia l 
tum ours  in v itro  and in  i*»w (N iils u  et a i.. 1988; M a lik  &  
H a lkw ill. 1990). Prolonged exposure to  T N F  led n o t o n ly  to 
the developm ent o f  resistance to  T N I -', but induced co ns ti­
tu tive  secretion o f  T N T  by tum ou r cell lines (Spriggs et u i ,  
1987). Th is  could  be relevant to  the observation tha t tum ours 
fro m  the m ore frequently  o vu la tin g  righ t o va ry  have a higher 
rate o f  metastasis at presentation ((T u icksha nk . 1990). i.e. 
these tum ours  may have acquired the a b il ity  to  produce T N F  
by m ore frequent exposure lo  T N F  released loca lly  d u r ing  
the w ound healing process a lte r o vu la tio n . A  s im ila r 
phenom enon co u ld  exp la in  the association between the use o f 
ta lc and occurrence o f  ovarian  cancer in some studies, as talc 
induces g ranu lom atous lesions w hich are a source o f  T N F  
(K iu d le r  et o l.. 1989). A lte rna tive ly , the in vag in a tion  o f  
ovarian  surface ep ithe lium  that leads to  inc lus ion  cyst fo rm a ­
tio n . m ay lead to  the ep ithe lium  being exposed to  in tra - 
o varian  T N F  being produced by macrophages and granulosa 
cells (R ob v  &  Te rranova . 1989).

In  conclusion , ep ithe lia l ovarian cancers and ovarian 
cancer cell lines have been shown to  in na p p rop ria te ly  e lab o r­
ate a num ber o f  cytokines. These cytokines can p o te n tia lly  
perpetuate the ir own b io log ica l effects by recru iting  cy tok ine  
p roducing  host cells and inducing  fu rthe r cy tok ine  p ro d u c ­
tio n  Recent experim ental evidence indicates a p o te n tia l role 
fo r at least two cytokines (T N T  and I L - I )  in the p ro m o tio n  
o f  ovarian  cancer metastasis, and two others (M -C S F  and 
the ligand fo r  the c-«t7>B-2 p ro to-oncogene) as puta tive  a u to ­
crine g ro w th  factors in ovarian  cancer. These cell regu la tory  
molecules m ay be acting  to  create a horm one m odula ted  
tum ou r p ro m o tin g  env ironm ent in this disease. I f  so. fu tu re  
therapies fo r  ovarian  cancer may involve negating the effects 
o l these cytokines, e ithe r by in h ib it io n  o f  cy tok ine  secretion, 
in h ib it io n  o f  the recru itm ent o f  cytok ine  p roduc ing  cells, o r 
treatm ent w ith  specific cytok ine  antagonists
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Liver transplantation for malignancy

N.J. London & G.R. Giles

Univers ity  Department o f  Surgery. St James 's Un ivers ity  Hospita l. Leeds LS 9  7TF. UK.

T u m o u r a b la tio n  by resection, when feasible, is the treatm ent 
o f  choice fo r  most patients w ith  p rim a ry  hepa to -b ilia ry  
tum ours  and secondary malignancies o f  co lo -recta l o rig in  
( Iw a ts u k i Si S tarzl, 1988tf) A s  a result o f  the use o f  tum our 
m arkers in  the popu la tions at risk and an increased use o f  
accurate non-invasive im ag ing  techniques, im proved  detec­
tio n  o f  sm aller lesions w ith in  the parenchym a o r h ilu m  has 
occurred and th is has led to  a higher resectab ility  rate 
(O ku da  St Ishak, 1987). a lthough  th is ra re ly exceeds 3 0 -4 0 %  
(B ism u th  e l at., 1986) Fu rthe rm ore , a m u ltid isc ip lin a ry  
approach , im provem ents in  patient selection and manage­
m ent, and  refined techniques in  live r surgery, have c o n tr i­
buted bo th  to  a low er periopera tive  m o rta lity  and im proved 
lo ng -te rm  su rv iva l rates (Tang, 1985)

F o r small p rim a ry  hepatoce llu lar carcinom as, fo llo w -u p  o f  
144 patients, w ho  underwent resection, showed a 5-year su r­
v iva l o f  63.2%  (Tang et a l .  1989). The best results were 
fou n d  in  patients w ith  a tu m o u r o f  less than  2 cm and those 
w ith  an encapsulated tu m o u r S im ila r results were found  in a 
F re n ch -lta lia n  cooperative  s tudy o f  72 patients w ith  c irrhos is  
(F ranco  et a l .  1990) H ow ever, where the tu m o u r is b ilo ba r 
o r cen tra l, where there is vascular invas ion , o r i f  the rem a in ­
ing  parenchym a is severely com prom ised  fro m  c irrhos is , sub­
to ta l hepaiectom y may not be an o p tio n . In  th is  s itua tion , 
the m edian post-opera tive  su rv iva l is  o n ly  2 to  4 months.

F o r patients whose disease is not resectable by conven­
tio na l approaches, a to ta l hepaiectom y and subsequent live r 
replacement m ay o ffe r the o n ly  true  chance fo r  su rv iva l, 
a lthough  in practice on ly  abou t one qua rte r o f  patients re fer­
red to  transp lant centres w ill be su itab le  (Ism a il et a l.. 1990).

Hepatocellular carcinoma (H C C )

The value o f  live r replacement fo r H C C  is s till the subject o f  
much co ntrove rsy The European L ive r T ransp lan t registry, 
w ith  results fro m  32 European centres, reported a 2-year 
ac tu a ria l su rv iva l rate o f  30%  in  217 patients w ho underwent 
live r replacement fo r H C C  (B ism uth  et a l.. 1987). Centres in 
H annover. K in g 's  College /C am bridge  and P ittsburgh report 
s im ila r 3-year su rv iva l rates o f  about 20%  and the K in g 's  
College /C am bridge  g roup  report some lim ited  early success 
w ith  subsequent chem otherapy (R inge  et a l.. 1989; O 'G ra dy  
et a l.. 1988; K on e ru . 1988)

Iw a tsu k i et al. (1989) have described the p rognostic  in d i­
ca to rs  a ffecting  su rv iva l and recurrence a fte r transp lanta tion . 
In  a g ro up  o f  80 live r recip ients w ith  H C C . the tu m o u r size 
(greater than 5 cm ). m u ltip le  nodules, vascular invasion and 
tu m o u r shape (non-c ircum scribed) were p o o r p rognostic 
h is topatho log ic ;]I factors fo r  recurrence in  non -ftb ro la m e lla r 
H C C . They and others have confirm ed the m ore favourable  
prognosis associated w ith  the fib ro lam e lla r va riant o f  H C C , 
where the I-year su rv iva l rate was 100% w ith  an overall
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recurrence rate o f  50%  (O 'G ra d y  et a l.. 1988; Starzl et a l.. 
1986).

The H annover g roup  report s ign ifican t differences in 
median surv iva l tim e fo r  d iffe ren t groups classified according 
to  T N M  (R inge  et a l .  1989). Stage I I  (p T 2  pNO pMO) 
patients had a m edian surv iva l o f  120 m on ths  com pared to  
11.8 m onths fo r  stage I I I  (p T I-3  p N 0 - l pM O ) and 8 75 
m onths fo r  stage IV A  (pT4  p N 0 - l pMO). A l l  patients g ro up ­
ed as stage IV B  (p T i- 4  p N 0 - l p M I )  d ied w ith in  2 m onths. In  
th is series pre -opera tive  serum a lph a -fe to p ro te in  levels d id 
not have a s ign ifican t c o rre la tion  w ith  post-opera tive  o u t­
come. H ow ever tum our-free  long -te rm  su rv ivo rs  were noted 
to  have norm al o r  o n ly  s ligh tly  elevated a lph a -fe topro te in  
levels before live r replacement. F o r these patients, coexistence 
o f  c irrhos is  d id  n o t influence the lo ng -te rm  su rv iva l ra le  but 
the 30-day m o rta lity  was higher in  the c ir rh o t ic  patients 
However, o f  the ten patients transp lanted  fo r  coexistent c ir r ­
hosis and H C C  in  B irm ingham , none surv ived  m ore than I 
year (Ism a il et a l., 1990).

Carcinoma of the biliary tract

The prognosis fo llo w in g  live r replacement fo r  tum ours  o f  the 
b ilia ry  trac t is u n ifo rm ly  poor. Peripheral cho lung iocarc in - 
omas appear incurab le  by this approach ax widespread d is ­
tan t metustases developed in  all e ight patients su rv iv in g  m ore 
then 30 days in  the  H annover series (R inge  et a l . 1989). 
S im ila r ly  six o f  seven patients in  the K in g 's  C o llegc/C am - 
bridge series developed recurrence o f  tu m o u r (the  rem ain ing 
patient d ied at 4 m onths fo llo w in g  a cerebro-vascu lar acci­
den t) (O ’G ra dy  et a l., 1988).

S lig h tly  m ore  encourag ing results are fou n d  in  patients 
w ith  centra l lesions. The  H annover g ro up  re p o rt on 20 
patients and fou n d  (he m a jo r influence on  su rv iva l tim e was 
the lym ph node status (R inge et a l., 1989). O f the node 
negative recip ients, e ight o f  13 were a live  (m ed ian  surv iva l 
35 m onths) and the overa ll 2-ycar actuaria l su rv iva l rate was 
64.1% . A l l  seven patients w ith  regional lym ph  node metas- 
tases, however, had a much m ore lim ite d  su rv iva l span 
(m edian surv iva l 7 m onths). However, o f  the 13 live r trans­
p lan ts perfo rm ed in  K in g 's  C o llege /C am bridge  fo r  centra l 
cancers, o n ly  seven patients survived 3 m onths and 6 d ied o f  
recurrence o f  tu m o u r (m edian surv iva l 8.5 m onths). The 
rem ain ing patient was a live  and w ell a l 6.5 years (O 'G ra d y  et 
al.. 1988). In  a series o f  n ine patients fro m  P ittsburgh, Iw a t- 
suki reported tha t no patient w ith  bile duct cancer had lived 
2 years post-opera tive ly  ( Iw a tsu k i et a l.. 19886).

There is no d o u b t tha t accurate staging o f  the tu m o u r is 
v ita l before tra nsp la n ta tion  and many centres ro u tine ly  per­
form  an e xp lo ra to ry  la pa ro tom y w ith  lym ph  node sam pling 
The value o f  such a procedure has to  be balanced against an 
increased risk  to  the patient and the disadvantage o f  in ie rfe r 
ing  at the site o f  transp lant.

Some hope fo r  these patients can be d raw n  fro m  reported 
results o f  a senes o f  six bile duct carcinom as treated by 
'abd o m in a l c lu s te r’ opera tions (S tarzl e l a l.. 1989) T h e  oper 
a tion  consists o f  the rem oval o f  the live r, stom ach, spleen, 
pancreas, duodenum , p ro x im a l je ju nu m , te rm in a l ileum , and
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REPRODUCTIVE, GENETIC, AND DIETARY RISK FACTORS FOR
OVARIAN CANCER

M ITSURU M ORI,' IZUM I H A RABU C H I,' HIROTSUCU M IY A K E ,’
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Mori, M. (D e p t of Public Health, Sapporo M edical College, Sapporo 060, Japan),
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Reproductive, genetic, and dietary risk factors for ovarian cancer. A m  J  E p id em io l 
1988;128:771-7.

A case-control study of 110 women with ovarian epithelial carcinom a and 220  
individually age-m atched controls was conducted in Hokkaido, Japan, to identify 
ovarian cancer risk factors. Both the cases and the m atched controls w ere  
surveyed either from 1980 to 1981 or from 1985 to 1986. Ovarian cancer risk was 
increased in single wom en (p  <  0.01), and in wom en with a family history of 
breast, uterine, or ovarian cancer in a m other or sister (p  <  0 .001). Conversely, 
risk was decreased in wom en who had experienced a livebirth (p  <  0.001), an 
induced abortion (p  <  0.05), or who had had perm anent sterilization by tubal 
ligation ( p  <  0.05). Each of the reproductive factors rem ained significant when 
adjusted for each other using logistic regression analysis. The odds ratio for 
ovarian cancer decreased significantly with increasing num ber of livebirths (p  <  
0.001). Furtherm ore, a  significant negative association between anovulatory 
periods and ovarian cancer risk w as noted (p  <  0.01). No association was 
observed for any types of contraceptive m ethods 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 m arginally significant 
negative association with daily milk consumption ( p  =  0 .05) w ere 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

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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RISK FACTORS FOR OVARIAN CANCER

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.

confirmed primary epithelial ovarian can­
cer were interviewed at 35 gynecologic 
wards which cover the entire Hokkaido geo­
graphic area. I he cases had adenocarcino­
mas with the following histologia classifi­
cations: 52 serous, 20 mucinous, three clear 
cell, four endometrioid, 16 undifferentiated, 
and 15 unspecified.

M a t e r ia l s  a n d  m e t h o d s

Cases
All hospitals in Hokkuido which treat 

ovarian cancer patients were registered for 
i lie survey. During the period of the survey, 
•ve 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 
•se 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

T a b l e  1

l ormblcs fur w s m * * differences between m nriun  
"icer patients and control women, Hokkaido, Japan  

1 9 8 0 - 1 9 8 6

«»logit; v a r ia b le s

Itody height and weight, Quetelel'a index, blood 
lype, sihship size. Iiirlh  order 
roily history
Health siaius of close relatives, occurrence of can 
ers among close relatives 
•nstrual profile
Oenarclie, menstrual irregularity, dysmenorrhea
ut*nopause 
i» ro d u c iiv e  h is to r y

■Inrital status, pregnancy, parity, lactation, contra-
epUve usage
• ary variables)
hat. lish. milk, colfee. alcohol, tobacco 
■er variables $

aside nee. birthplace, sports activity. i, im „e iic s  
•'»«Kt’. occupational history ^4?

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 case 
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 
a malignant 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.

Statistica l analyses

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

the univariate method of Miettinen (22). 
That is, the maximum likelihood estimate 
was 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 
used to assess differences between cases 
and the two control groups for continuous 
variables.

R e s u l t s

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 
was 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 
■ 2.1) for control group A, and 14.5 years

(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),
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T a b l e  2

Odds ra tio s  (O R s)  (w i th  9 5  p e r  c e n t c o n f id e n c e  in te r v a ls  (C is t )  fo r  o v a r ia n  c a n c e r  a s s o c ia te d  w i th  r e p r o d u c tiv e  
v a r ia b le s , H o k k a id o , J a p a n ,  1 9 8 0 -1 9 8 6

Reproductive variables Cases (%)

Comparative group

Com rol 
group A

(% ) OH*

Control 
group B

(%>

Combined control 
group» A + H

OK* OH* 95% C lt

Never married 8.2 1.8 8.0 1.8 8.0 7.6 1.5-73.4
Ever pregnant 88.8 94.9 0.4 93.9 0.4 0.44 0 . 1 - 1.2
Ever had a livebirth 81.6 93.9 0.3 92.9 0.3 0.24 0. 1 - 0.6
Miscarriage 29.6 29.6 1.0 37.8 0.7 0 .8 J 0.5- 1.4
Induced abortion 38.8 59.1 0.3 45.9 0.5 0.54 0.3-0.9
Tubal ligation 9.1 24.5 0.4 18.4 0.4 0.41 0 .1 -0.8
Condom use by partner 41.8 42.9 1.0 51.0 0.6 0.84 0.4-1.4
Had ever breast-fed 86.3 89.0 0.8 90.0 0.7 0.7§ 0.3-1.9
Lactation &6 months per child 71.2 67.1 1.3 60.3 1.7 l . t i l 0.7 3.4
Anovulatory period & 6  years 6.4 20.4 0.1 17.3 0.3 0.2 0.1 -0.7
Anovulatory period > 6  years 9.6 26.0 0.1 19.2 0.4 0.3§ 0.1 0.8

■ Maximum likelihood estimates o f odds ratio, 
t  95% exact confidence intervals of odda ratio.
t  Baaed on 98 seta o f a caae and two controls excluding never married women. 
§ Based on 73 Beta o f a caae and two controls excluding non-parous women.
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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

T a h i.k  :i

( k id s  ra tio s  tO lls l  fo r  o v a r ia n  c a n c vr  a s so c ia te d  w ith  
n u m b e r  o f  Iw c b o rn  c h ild r e n . H o kka id o . J a fx in ,  IUHO- 

I t m t i

N<>. <>f liveborn children

O 1 2 :\ 4 5+

Cases 29 45 32 4
Control group A 9 52 39 It)
Control sroup 11 10 50 31 13

Unadjusted O K  

( Linear i rend, p  <

0 .0 0 1 )

1.00 0 .1 9 0 .1 7 0 .0 3

A d ju s te d  O K *  
( L in e a r  I r e n d , p  <  

0 .0 5 )

LUO o.:u 0 .2 8

L

0 .0 5

* Adjusted for marital status 
birth

and i first l iv e -

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 was 
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 by­
lactation = (1.5 + 0.55 * mean lactation 
months) * (number of livebirths). A signif­
icant negative association between anovu­
latory periods and ovarian cancer risk was 
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 
tha t the number of livebirths (odds ratio 
per child = 0.7, p = 0.002), experience of 
ever having an abortion (odds ratio = 0.6, 
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 5, 
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
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T a b i .e  4

A d j u s t e d  e f fe c ts  v t  r e p r o d u c tiv e  va r ia b le s  o n  o v a r ia n  ca n c e r , H o k k a id o , J a p a n ,  1 9 8 0 -1 9 8 6

Logistic regression
p  value»

Unit Coefficient SR*

Never married Yes/No 0.943 0.725 2.6 0.19
No. o f 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 o f logistic regression coefficient, 
t  Two-sided probability.

;

1

:

t

T a b l e  5

Odds ra tio s  (O H s) (w ith  9 5  p e r  c e n t c o n f id e n c e  in te r v a ls  (C ls ) i  fo r  o v a r ia n  c a n c e r  a s so c ia te d  w ith  g e n e tic  fa c to r s ,
H o k k a id o . J a p a n ,  1 9 8 0 -1 9 8 6

Comparative group

Genetic factor Cases
(%) Control 

group A 
(%)

Control 
group it

<%)

Combined control 
groups A + B

OR* O K * O R* 95% Cl*

Cancer in parents or siblings 34.5 • 30.9 1.2 38.1 0.9 1.0 0 .6 - 1.6
Cancer in a mother or sister 20.9 9.1 3.2 16.4 1.3 1.9 0.9-3.7
Breast, uterine, or ovarian cancer in 

mother or sister 10.9 3.6 3.7 1.8 1 1 .0 5.3 1.6-22.9
Blood type A 45.5 37.3 1.4 34.5 1.6 1.6 0.9-2.5
Blood type O 20.9 30.9 0.7 32.7 0.6 0.6 0.3- 1.0

• Maximum likelihood estimates of odd» ratio, 
t 95% exact confidence intervals o f 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.

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.

D ietary 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
cant differences between cases and controls 
observed in meat, coffee, and alcoholic bev­

D is c u s s io n

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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( M ds ra t io s  (t>H s) l ii  i t f i  .95 p e r  c e n t  c o n f i d e n c e  i n t e r v a l s  (C IsJ J  f u r  o v a r ia n  c a n c e r  a s s o c i a t e d  w i th  d ie ta r y  

v a r ia b le s .  H o k k a i d o ,  J a p a n ,  1 9 H 0 - I l t 8 6

C omparative group

1 hi-liirv vttrinlilf ( '|>J4«*H Combined control
—------------------- ’--------------------- ( f t

group A 
<%>

group H
Co)OK* OR* OR* 9«S% Clt

Eats meat daily 27.3 20.9 1.4 2 1 .8 1.3 1.4 0.8-2.5
Eats fish daily 63.6 60.9 1 9 50.9 1.6 1.7 1.0-2.9
Drinks milk daily 35.5 50.0 0.6 46.4 0.7 0.6 0.4-1.0
Drinks < 2 0 0  ml milk daily 20.9 20.9 1.0 19.1 1.1 1.1 0.6-1.9
Drinks coffee daily 
Drinks alcoholic beverages at

41.H 32.7 1.6 36.4 1.3 1.4 0.8-2.5

least once a u-eek 21.8 23.6 0.9 19.1 1.2 1.0 0.6-1.9
Smokes daily 14.5 16.4 0.8 10.9 1.3 1.1 0.5-2.3
Quetelet index < 20$ 22.7 17.3 1.5 12.7 2.0 1.7 0.9-3.3

* Maximum likelihood estimates o f odds ratio, 
t  95% exact confidence intervals o f 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

transform ation 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). A ttention must be paid to the 
possibility tha t 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 fat 
have been inconclusive; one report showed 
a significant association (20) while another 
did not (19). Our study suggests no strong 
association. T he 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

Z>
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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 
«nd treated gynecologic complaints, biased 
risk estimates might exist for some vari­
ables, especially the reproductive factors. 
Population-based or neighborhood controls 
are difficult to identify in Japan, because a 
close 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 M ori and Hirotsugu M iy a k l

D e p a r tm e n t  o f  P u b l ic  H e a l th .  S a p p o r o  M e d ic a l  C o lle g e . S o u th  1. W en t 17, C h u o - k u .  S a p p o r o  0 6 0

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 <0.0 l), a larger percentage o f 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 Retrospective study Risk factor Diet

The age-standardized m orta lity  rale o f 
ovarian cancer is gradually rising in Japan. 
The age-specific m orta lity  rate o f the disease is 
increasing year after year among women over 
50, but this rate remains stable among women 
under 50 (F ig. I) .  This divergence could not 
be explained only by the difference in the 
histological origins o f  p rim ary ovarian cancer 
in the different age groups. We suspected that 
some environmental factors might contribute 
to the increased incidence o f  ovarian cancer 
among the elderly in Japan.

We have conducted a case-control study o f 
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 o f  50 or above 
in order to better assess the dietary risk 
factors which might explain the recent in ­
crease o f the disease among the elderly in 
Japan.

M a t e r ia l s  a n d  M ethods

One hundred and ten cases with pathologically 
con Armed primary epithelial ovarian cancer were

79(9) 1988

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 
A ll 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 o f 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 o f age. Histologically, all 
the cancers were adenocarcinomas of common 
epithelial origin; 27 serous, 11 mucinous. I 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 o f the survey. The lirst control 
series (control group A ) consisted o f 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 o f ovarian cancer 
per 1 ,000.000 population from 
1971 to 1983 in Japan ' . 0 9  
years; i i, 10 19 years; . 20 
29 yean»; • . 30 39 years; • .  
40 49 years; 50 59 years; 
■ . 60-69 years, a , 70 79 
years; *, 80 years. (Data 
source: Vital Statistics, Japan. 
Volume 3). 1971 1973 1975 1977 1979 1981 1983 '

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
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. Questions about Dietary Habits and Consumption o f Tohacco and 
Alcoholic Beverages

Could you lell me your dietary habits and consumption o f tobacco and alcoholic 
beverages in several years before you had been notified o f the disease ?
A . Did you eal meal almost every day 7 I. yes 2. no 
B Did you eat fish almost every day ? 1. yes 2. no
C . Did you drink milk almost every day 7 1. yes ( ) ml/day 2. no
D .  Did you drink coffee or tea almost every day 7 l.cofTee 2. lea 3 neither 
E Did you smoke every day ? 1. yes ( ) cigarettes /day 2. no
F . Did you drink alcoholic beverages at least once a week?

1. yes What kind o f beverages ? ( ) 2 no

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

The second comparative group (control group 
B) consisted o f 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 -4 2 ); from among outpatients at the Depart­
ment o f 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  =  5). 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 
33, 10, and 13 women o f 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 
1 with cervical polyp.

The controls, like the cases, were interviewed in 
person. A ll cases and most controls were inter­
viewed by two medical doctors who had been 
trained for interviewing, except for 8 women o f con­
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 o f 
be main risk factors were calculated by the 

; method of Fleiss.”

R esults

The mean age at the time o f the interview 
 ̂for the 56 cases was 60.2 years (S D = 7 .6 ); for

1*(») 1988

the 56 women in con tro l group A it was 59.6 
(SD —7.6); fo r the 56 women in con tro l 
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 w ith in  a year after the diagnosis. 
Reproductive Characteristics Table 111 shows 
the odds ratios (the estimated relative risks) 
o f  variables related to m arita l status and 
child-bearing. The proportion o f  cases who 
had never married was significantly larger 
than that o f  the controls (P < 0 .0 5 ). Analyses 
fo r various reproductive characteristics were 
restricted to women who had married. M ore 
cases than controls were nulliparous (the odds 
ratio, OR — 3.75, P <  0.05). Frequency o f m is­
carriages d id not d iffer between the cases and 
the controls, but significantly fewer cases had 
experienced an induced abortion (O R  —0.39, 
F < 0 .05 ). Table I I I  shows that a significantly 
lower proportion o f cases had had permanent 
sterilization by tubal ligation than controls 
(O R  =  0.39, P <  0.05). The average age at the 
time o f tubal ligation fo r the cases (33.2 years, 
S D = 4 .0 ) was sim ilar to that o f contro l group 
A  (33.0 years, SD =  4.7) and contro l group B 
(33.1 years, SD —4.7). There were no sig­
nificant differences between the cases and the 
contro l groups w ith  regard to other con tra­
ceptive methods. The prevalence o f  taking 
ora l contraceptives was rare in both the cases 
(N  =  1) and the controls (N  — 1).
Genetic Factors The occurrence o f various 
cancers among parents and sibling o f the cases 
and the controls was examined. As shown in 
Table IV , there were no differences in the 
occurrence o f cancers in parents and siblings

\
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Table III Reproductive Factors

Cux Control
Item group group A

Never married 3.6% 0 0 %
Never pregnant*1 93 5 6
Never had a live birth*' 14 8 5 6
Live births ’ 3*' 500 61.1
Miscarriage*’ 25.9 29 6
Induced abortion*’ 31 5 500
Tubal ligation*’ I I I 22 2
Condom use*' 25 9 24 1
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 10.7
or sister

10.7 /  ,Breast or uterine cuncer 1.8
in mother or sister 

a )  P  005 b ) P  001 OR
/

odds ratio.

Compurvlivc group

Com ml Control A • It
OR group U OR OR

0 0 % -
1 33 1.9 3.00
2.67 3 7 7.00 3.75"
0 50 6 3 0 0 65 0 59
0.83 35 2 0.67 0.74
0  38 48 1 0 40 O 39"
0  46 25 9 0 3 3 0.39"
0  91 29.6 0 8 2 0.79

OR

Comparative group 

Control
group B OR

Control A i b 
OR

1.00 44 6% 0.77 085

4 33“* 21 4 1 44 2.17

6.00 18 I I  00"

when a combined analysis was performed. 
A llhough nol significant, more cases had 
reported a cancer history in a mother o r sister 
Moreover, a family history o f breast or uter­
ine cancer among a mother or sister was 
significantly more common in the cases than 
in the controls (OR 11.0, P- 0 01) Two 
breast and 5 uterine cancers were reported by 
families o f cases, 0 breast and I uterine cancer 
by families o f control group A; and 0 breast 
and I uterine cancer by fam ilies o f control 
group B It was not specified whether the site 
o f uterine cancer was the cervi* or the en­
dometrium.
Dietary Factors Table V shows the d istribu­
tion in cases and controls o f the daily con­
sumption o f meal, fish, m ilk, coffee, alcohol, 
and smoking prio r to diagnosis. There were 
no significant differences observed in m ilk, 
coffee, and alcoholic beverage consumption,

or even in the smoking history. However, (he 
positive association between daily meal con­
sumption and (he risk o f  ovarian cancer wu 
found to be significant (O R  3.11, P 0.01). 
Likewise, the positive relation o f  daily fish 
consumption to the disease was significant 
(OR 2.54, P 0.05). A significantly larger 
proportion o f cases weighed under 40 kg than 
that o f  the controls (O R  3.50, P <  0.05) 

Table VI indicates the correlation matria 
o f food consumption frequency among the 
women surveyed. There was a significant pos­
itive relationship o f da ily 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 m ilk drinking (r= 
0.22, P<  0.01), as well as between daily coffee 
d rink ing  and weekly alcoholic beverage con­
sumption ( r  0.28, P<  0.001).

10(10 Jpn. J. C a n c e r K c v  (Gann)
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Table V Dietary Factors

Comparative group
Case Control Control Control A i H

l ic in group group A OR group tí OR OR
Ealing meal daily 28 6% 8 9% 4.67“ 14.3% 2 33 3.11**
Ealing fish daily 73 2 60.7 2.40 500 2 63" 2.54"
Drinking milk daily 37.5 53.6 0.50 500 0.65 0.58
Daily milk i :  200 ml 8.9 17.9 0.50 19.6 0.40 0 45
Drinking coffee daily 23.2 26 8 0 82 32 1 0 58 0.70
Drinking alcoholic bever- 16.1 14.3 1.17 12 5 1 29 1.23

ages al least once a week
Smoking daily 16.1 16.1 1 0 0 5 4 3.00 1 67
Body weight < 40 kg 12.7 3.6 3.50 3.6 3 50 3.50"
o) P< 0.05. b ) P< 0 01 OR. odds ratio.

Table VI. Correlation Matrix of Dietary Habits

Item 1 . 2. 3. 4. 5. 6.
l. Eating meat 

daily
1.00

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 .2 2" 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 0 15 100
daily

o) P < 0  0 l  6) !><0.00>.

Adjustment of the Dietary Factors To adjust 
the possible confounding variables wilh each 
other, a conditional logistic regression analy­
sis 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 V II 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 Ihe 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 V III, the popula­
tion attributable risk for ovarian cancer

\
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Table V II Adjusted Risk Factors

Item
1

Unit
ogislic regression 
coefficients {ß ) SE </U

Relative
risk W ,  Cl

Number o f live births Number 0.34 0.15 0.7“ 0.5 0 9
Induced abortion Yes/No 0 74 047 05 0 8 5.3
Tubal ligation Ye*/No 0 69 0.56 0 5 0 2  15
Breast or uterine cancer Yes/No 2 55 1 19 1 2 .8“ 1.1 132 8

in mother or sister 
Eating meal daily Ycs/No 0 99 0 49 2 7“ 10 70
Body weight • 40 kg Yes/No 0.03 0.02 1 0 0 9 1.0
u) P  0.05. SK (/¿): standard error of logisi ic regression coefficient. CT confidence intervals.

Table V III Population Attributable Risk of Risk 
Factors

Populations 95%
Risk factor attributable confidence

risk intervals

Never had a 14 0% 0 2 24 4%
live-born child

Breast or uterine 9.1 0 0  17 3
cancer in mother 
or sister

Eating meat daily 19 2 3 4 32 4

/
/

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

D is c u s s io n

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

H irayam a'' reported a significantly positive 
association between daily meal consumption 
and ovarian cancer as a result o f a 13-year 
cohort study o f 142,857 women aged 40 years 
or over in Japan Snowdson10’ noted the pre­
lim inary result o f a cohort study o f 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 w ith daily fish consump­
tion but no relationship w ith meat consump­
tion when all age groups o f ovarian cancer 
patients were combined 11 However, when the 
analysis was restricted to the ovarian cancer 
patients who were diagnosed al o r over 50 
years o f age, there was a clear positive associ­
ation o f  the disease w ith daily meat consump­
tion as well as w ith daily fish consumpiion. 
This significant association was noied inde­
pendently o f nondielary risk factors such as 
decreased number o f live births and family 
history o f  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 o f the 
disease. Cramer el al.’ 1 have proposed that 
elevated gonadotropin levels brought about by 
ingesting high levels o f animal fal might in­
crease the ovarian cancer risk. However, this 
hypothesis is not consistent w ith  several sero­
logical studies o f the dietary-fat effect on 
gonadotropins. For instance. Armstrong ri 
a l. '"  indicated lha l postmenopausal vegetar­
ian (low -fa t d ie t) women did not have differ­
ent plasma gonadotropin levels when com­
pared to non-vegelarian women (high-fat

1002 Jpn. J Cancer Rev (Gann)
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d id )  Furthermore, H ill et a l . '"  reported that 
in postmenopausal black women in South 
A frica  a Western diet (h igh-fa t d ie t) de­
creased both plasma lute in izing and follicle- 
stimulating hormones as compared to a low- 
fat diet.

A lternatively, Cramer and W elch '“  have 
postulated that in view o f  the presence o f  
estrogen receptors in epithelial ovarian 
tumors, diets high in animal fat could pro­
mote tum or development by their purported 
ab ility to cause an increase o f  extragenital 
estrogen. This hypothesis is consistent w ith  
the serological study which has shown that 
postmenopausal vegetarian women have 
lower urinary estrogen levels in comparison 
w ith matched nonvegelarian w om en."’ Fu r­
ther investigations are needed to  c la rify  the 
mechanism o f  the relationship o f dietary 
factors to ovarian cancer by changing the 
hormonal milieu.

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

Family history o f  breast or uterine cancer 
was more frequently observed in cases in this 
study. This result is consistent w ith  the 
reports o f a case-control study by McGowan 
el o/.14’ as well as w ith  the known fam ilia l 
aggregation o f  these cancers."’ I6)

About 45%  o f  ovarian cancers among the 
elderly women in our study was attributed to 
three risk factors: never having a live-bom 
child (14.0% ), fam ily history o f  breast or 
uterine cancer (9 .1% ), and the dietary factor 
o f daily meat consumption (19.2% ). In 
regard to this result, the recent rapid change 
of dietary habits among Japanese might partly 
explain the rise o f ovarian cancer m orta lity . A  
decreasing trend in the number o f  births may 
also account in part for the increasing m or­
tality o f  the disease.

A lthough we asked the patients about their 
dietary history before they had been notified 
o f the diseases, recall bias m ight exist. Fur­
thermore. the results concerning dietary his­
tory should be carefu lly interpreted, because 
the latent period between dietary exposure 
and the occurrence o f ovarian cancer has not 
yet been clarified.

Since the major sources o f both con tro l 
groups were facilities diagnosing and treating 
gynecologic complaints rather than the gen­
eral population, bias might exist. However, 
the sim ilarity o f the results obtained using the 
tw o contro l groups offers some reassurance as 
to the valid ity o f our findings.
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A Comparative Epidemiologic Study on Geographic Distributions of Cancers of the 
Lug and the Large Intestine in Japan
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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 - Cancer registry — Geographic correlation A ir
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U  Japan lung cancer has been rapidly in ­
’ m a ting  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  fou r times larger, respectively, than 
e in 1955. I t  is generally suspected that 

Ifct growing tobacco consumption in these 
i has made a significant con tribution to 

tb t past increase o f lung cancer." However, 
i incidence rate also shows a notable geo­

. graphic variation which mainly corresponds 

. la the urban-rural difference. I f  a ll geographic 
' dbtrict* are classified by their population size, 

lung cancer m orta lity  is highest in the 
|ts t cities and lowest in the rural areas. 

. t t k  urban-rural difference may be. as has 
‘ |am  «peculated from  epidemiologic findings 
Mported in other countries," ascnbable to 

ntial tobacco consumption rales. Never- 
k it is quite improbable that other kinds 

i  t f  hazardous factors in the urban environ- 
acM have nothing to do w ith  this disease.
■ fcveral authors in other countries have 

I that, even after age and smoking rate

, m r») D »

were standardized, a significant effect o f resi­
dence s till appeared in (hegeographic variation 
o f lung cancer m orta lity .’ "  The effect o f res­
idence could be due lo cither some feaiure(s) 
o f urban life  style or environmental pollu tion. 
Regarding ihe association o f these latter 
factors w ith  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.11 111

The present study attempted to obtain some 
clues concerning the geographic correlation 
between lung cancer m orb id ity  and those 
factors inherent to urbanization, especially 
environmental pollu tion or localization o f its 
sources. In  general, this type o f correlation 
study is rather in fe rio r to the more advanced 
analytical epidemiologic studies, because it 
can only demonstrate a correlation between 
the disease and regional traits. S till it should 
be useful i f  the factors to be studied arc o f 
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.

REFERENCES
1 Dudiick.S J . 1 .01142. J. M.. Steiger. H .and Rhoades. J. E. Intravenous hyperalimentation.Med.

C lin .  \ o .  A m e r .  54. 577 < 1970).
2 McKIrum. 1) R . Dhopcshwarkar. ( i. A . Lin. S..and Smith. M. 1. Essential fully acid deficiency

with long la in  hyperalimentation. G y n e c o l .  O n c o l .  4, 66 (1976).
V Aguirre. A.. Fischer. J E . and Welch. C. E. The role of surgery and hyperalimentation in therapy 

of gasiiointestinal-culaneoiis fistulae. A n n .  S in -ft. 180, 393 (1974).
4 Schwartz. Ci. R .G ioen. II. I... Hendon. M. L.. Graham. W. P. .and Blakemore. W. S. Combined 

paienici.il h\pet alimentation and chemotherapy in the treatment of disseminated solid tumors. 
A m ,  1 J  S i n .e 121. 169(1971).

5. Ford. J. II.. Mtidan. R. C . .  Bennett. J. S.. and Averette. H. E. Parenteral hyperalimentation in 
gynecologic oncology patients. G y n e c o l .  O n c o l  I, 70(1972).

Ryan. J. A. Complications of total parenteral nutrition, in T o ta l  p a r e n te r a l  n u t r i t i o n  (J E. Fischer. 
Ed.), l ittle. Brown. Boston, pp 55-100(1976).

7 Coian. A (». I otal intiaxenotts feeding of infants and children without the use of a central venous 
cnlhclci. A n n .  S u m  179. 445 (1974).

X Fleck. A., and Munro. II N. Protein metabolism after injury. M e t a b o l i s m  12, 783 (1963).
9. Moore. F. I). Convalescence: The metabolic sequence after injury, in M a n u a l  o f  p r e o p e r a t i v e  and  

p o s to p e r a t i v e  c a r e  t Kinney. Egdahl. and Zuidema. Eds.), W. B. Saunders. Philadelphia. 2nd 
ed.. pp 19-41 1 1971)

10 Siudley. H. O. Pcicent of weight loss: A basic imlicator of surgical risk in patients with chronic 
peptic ulcer. J .  A m e r .  M e ,! .  A s s o c .  106. 458 (1936).

11. Bistiian. B R . Blackbuin. G. L... Scrimshaw, N. S., and Flail. J. P. Cellular immunity in
semi-starved slates in hospitalized adults. A m e r .  J .  C l in .  N u t r .  28, 1148 (1975).

12. Daly. J. M . Vais. H M.. and Dudiick. S. J. Effects of protein depletion on strength of colonic
anastomoses. S u m .  ( ¡ \ n c c o l .  O b s t e t .  1.34, 15 (1972).

I V (iieenbcrg. G. K.. Mailiss. F.. H . Anderson. G H . Langer. B.. Spence. W.. Tovee. E. B.. and 
Jccjechhoy. K. N Pioicin sparing therapy in postoperative patients: EfTect o f added 
hypocaloiic glucose 01 lipid. A'. T o ta l. J .  M e d .  294, |4|2 (1976).

14 Blackburn. G. I.. Pcriphcial amino acid infusions, in T o ta l  p a r e n t e r a l  n u t r i t i o n  (J E Fischer. 
Ed ). Little. Brown. Boston, pp. 363-393 (1976).

15. Groite. (i . Jacobson. S.. and Wreilind. A. Lipid emulsions and technique of peripheral adminis- 
uation in paiemeial nuiiiiion. in I o t a l  p a r e n t e r a l  n u t r i t i o n  (J. E. Fischer. E d). Little. Brown. 
Boston, pp 335-362 (1976).

16 Wadstrom. I . K .. and Wiklund. P. F.. EfTect of fat emulsions on nitrogen balance in the postopera­
tive pcnotl. , \ (  ta  C h u  S i  a m i .  i S u p p l . l  325, 50 (I9M).



OYNECOLOCIC ONCOLOGY 7, 325-344 (1979)

The Woman at Risk for Developing Ovarian Cancer1-2

L arry McGo w a n , M.D., L inda Par ent .
Wayne L ednar , Ph .D., and 

H enry J. N orris. M.D.*
Division o f Gynecologic Oncology, Department o f Obstetrics and Gynecology.

George Washington University Medical Center. 2150 Pennsylvania Avenue,
N. W.. Washington, D. C. 20037. and * Department o f Gynecologic and Breast Pathology.

Armed Forces Institute o f Pathology, Washington. D. C. 20305 
Received July 18. 1978.

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 o f 197 women with histologic proven primary ovarian cancer o f the epithelial type 
reveals the typical patient to have a family history o f 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 o f 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 III, 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.
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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 40.4 
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 Ev a l u a t in g  D iffe r e n c e s jn  Ov a r ian  

Cancer  Pa t ie n ts  a n d  Co ntro l 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.

R eproductive H istory

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 (y rtn id iiy ). 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
M l  A N  N u M B I  r  <11 P R E G N A N C I E S  A M O N G  E V E R  M a R R I E D  W O M E N  A N D  C O N T R O L S

328

M a lig n an t 
o v a r ia n  tu m o r*  

N  = 144
C o n tro ls  
N  = 135

Low malignant 
potential 
N  = 33

Controls 
N  -  35

2.2
r  o.oi

3.0 1.9
P  <  0 05

2.8
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TABLE 3
G r a v id it y  am o ng  Ever :M a r r ied  Cases a n d  Controls

Times pregnant Total No. 
o f ever 
married0 1-2 3-4 5 +

Women with malignant ovarian tumors 35 47 47 15 144
Control group 17 44

P =
43 31 

0.008
135

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 S also 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
Re l a t iv e  R isk A ssociated w it h  N um ber  of Pregnancies 

am ong  Ever -M arr ied  Women

No. of 
pregnancies

Women with 
malignant 

ovarian tumors

Women with 
carcinomas 

o f LMP

None 2.45* 2.9
1-2 1.27 1.02
3 + LOO 1.00

Significan! at 0.03.
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TABLE 6
N um ber  of Pregnancies per 1000 Person-Y ears a t  R isk of Pregnancy

Risk status

Women with 
malignant 

ovarian tumors
Control
group

Women with 
carcinomas 

of LMP
Control
group

Mamed
(Total) 126 183 130 208
(Adjusted)“ 213 314 208 419

■ 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: 
(I) 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
N um ber  of Pregnancies am ong  E ver-M a r r ied  Subjects U sing  N o B ir th  Co ntrol

No. of 
pregnancies

Women with 
maJignant 

ovarian tumors Control Group

Women with 
carcinomas 

of LMP Control group

N % N % N % N %

0 18 38 11 29 4 44 0 —

1-2 14 30 10 26 4 44 2 29
3-4 13 28 7 18 1 11 3 43
5 + 2 4 10 26 0 — 2 29
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TABLE 8
Ac k n o w i edged  D if f ic u l t y  in  Becom ing  Pregnant  a m o n g  W o m en  w it h  

O v a r ia n  Cancer a n d  T heir  Controls

D if f ic u lty  
in  b eco m in g

Women with 
m a lig n a n t 

o v a r ia n  tu m o rs Conlrol group

Women w ilh  
carcinomas 

of L M P Conlrol group

pregnant tV % N % N % N %

Yes 66 43 35 23 19 45 8 19
No 6« 43 89 57 13 31 29 69
Unsure or unknown 21 14 31 20 to 24 5 12
Total 155 100 155 100 42 100 42 100

P  < 0.005 P  < 0.005

Age in pri yiuiru 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 II). 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

t a b l e  9
NllMRfcK OF PREGNANCIES AND RELATIVE RlSKS AMONG EVER-Ma RRIED WOMEN 

w m i Ac k n o w le d g e d  D if f ic u l t y  i n  Co n c eiv in g

Women wiih 
malignan!

No. of 
pregnancies

ovarian lumors Control group
Relative

iV % N % risk

Never pregnam 23 34 8 8 23.5 1.64
1-2 i ■> 33.3 14 41.2 0.897
3-4 16 24 2 4 11.8 1.00
5 + 5 7.6 8 23.5
Tolal U6 100.0 34 100 0

P  = 0 05
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TABLE 1 0 ___
D istr ibu tio n  by A oe a t  F irst Pregnancy

Age at first 
Pregnancy

Women with 
malignant ovarian 

tumors Control group

N % N %

Less than 20 16 10 18 12
20-24 35 23 53 35
25 + 57* 37 47 31
Never pregnant 45 30 34 22
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 o f equal risk for three or more live births 
indicated that the risk o f 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 o f risk o f developing ovarian cancer.

Women with ovarian cancer did not have more spontaneous abortions, 
stillbirths, o r 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 o f underlying infertility. 
Twenty-seven percent o f the cases with malignant tum ors (39) and 15% of controls 
(20) reported that they were childless; o f 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
M ean N umber  of L ive  B irths  am o no  E ver-M arried  

Wom en  a n d  T heir  Controls

Women with Women with
malignant 

ovarian tumors 
/V -  144

Control group 
N  -  135

carcinomas 
of LMP
N  = 33

Control group 
N  -  35

1.56 2.25 1.57 2.20
P < .05
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TABLE 12
N u m m i  m oi L iv i Hih m i [ ‘h i i .n a Ni i i s  among  E v fr -M a r m f d  Wo m fn

Women with
malignant ovarian tumors Control group

No. ol 
pregnancies N % N %

0 45 31 23 17
1-2 55 38 64 47
3-4 40 29 29 22
5 4 4 3 19 14

P = .0003

M c i l . \  I i i i i i I  1‘ m f i l t ■

M c iu m h c  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 
I «31.

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 o f age. In the group 
of women with carcinomas o f 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 t luinicn-ri.\/ii x. A comparison of a variety of menstrual 
characteristics revealed that the average length o f the menstrual cycle among 
ovarian cancer cases and their controls was quite similar (28 .1 versus 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.

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

TABLE 13
Ki i a i iv i  R isk A ssih iatf .d w it h  N umber of L ive  B irths  

A M O N G  F.VI.R-Ma RRIED WOMEN

Number of 
live births

Women with
malignant ovarian tumors

Women with 
carcinomas 

of LMP

0 2.13* 3 00
1-2 0.937 1.17
3 *■ 1.00 1.00

' Significant al 0.05.



T
A

B
LE

 1
4

R
e

p
o

r
te

d
 I

n
c

id
e

n
c

e
 o

f
 P

r
e

m
e

n
s

t
r

u
a

l 
Sy

m
p

t
o

m
s

WOMAN AT RISK: OVARIAN CANCER 335

t£ ¡S¡
g §•

I s =  sx: <3
s i

O
V

■a "S 
£

■5

C
! ^  
5 s

#

0
E

5 J  
j «—

1 3 0

* OCl
' > 3

§ 5u  ao i — O
' • * 1 O
| | V
5 '5; 
£  0

JC

! ¡ 5

* s  *■

8 ‘ 1 00
Í N

OnN
' 3 3

t
2 uV) M ^  O

1 1
d
V

! * I a C
# c 0-

c •* 03 c
i

■ c
5 2

vi
<0

# ONN

'
5 Q.

j 1»
0  £? VI

** O
3

1 : 1

d
V

S "8
JC C «•

O. 5 S e
C K -F Oü ■- a efc n
0 p 5 2

Z  e 4 NO



- . i ’i ... í .

336 M CGOW AN ET AL.

ness, and insomnia was similar in women with ovarian cancer a n d  in their con­
trols. Women with ovarian ca nce T , 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.

E xogenous H orm ones

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 a n d  Du r atio n  of D ysmenorrhea  a n d  M enorrhagia

Women with carcinomas
of LMP Control group

N % N %

P ercen tage  p o s it iv e
h is to ry  o f  
m e n o rrh a g ia 23 55 20 48

M e a n  d u ra t io n 16 years 7 years
(P  <  0.02)

P ercen tage  positive-
h is to ry  o f

d y s m e n o rrh e a 16 39 19 46
M ean d u ra t io n 17 years 9 years 

(P < 0.02)

i
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TABLE 16 
M enopausal Statu s

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

Still
menstrual mg" 81

P < 0.01 

52 46 30 33 79 23 55
P < 0.005 P <  0.05

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

Fam ily P regnancy H istory

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.

F am ily C ancer H istory

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 155 
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; ¡mil 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 
Do uch in g  H istorv

Women wiih 
malignan! 
ovarian 
tumors

Control
group

Women with
carcinomas Control

of LMP group

N % N % N % N %

Perce mage ever used 97 7K 112 72 23 70 36 86
Con sis le ill use only 61 49 70 45 14 42 18 43
Total 125 l(M) 155 100 33 100 42 100
Average age began

douching
Average number of

22.4 21.8 21.5 20.0

years douched 23.3 22.8 17.1 15.7
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TABLE 18
A ce of Ru b e lla  Infection

Age (years)

Women with
malignant ovarian tumors Control group

N % N %

Less than 12 35 54.7 54 75
12-18 17 26.6* 6 8.3
19+ 12 18.8 12 16.7
Total 64 100.0 72 100.0

• P < 0.02.

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 12 to 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 M a l ig n a n t  O v a r ia n  T umors Associated  w it h  

Selec ted  I nfectious  D iseases

A ge

6 - I I 1 2 -18 19 +

Mumps 1.08 1.35 0.90
Measles 0.82 2.67 0.82
Rubella 0.02 3.90* 1.38

Significant at 0.05.
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TABLE 20
ASSOt tA I ION OF AciL OF MENARCHE AN|> RUBELLA WITH -©VARIAN G*NCEft

Age a! menarche

Age of 
Rubella 
infection

II or younger 12 or older

Women with 
malignant 
ovarian 
tumors Control group

Women with 
malignant 
ovarian 
tumors Control group

M r 'r /V % /V % N %

11 or
younger 9 69 10 83 26 51 44 75

12 or
older 4 31 2 17 25 49 15 25

Total n 100 12 100 51 100 59 100
p  => 0.72 P  =■ .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 21
Co m p a r a b iih y  b e t w i.cn W omen  w it h  O v a r ian  Cancer  a n d  Co ntrol 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
Prcgnancy/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 H istory

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: ( I) 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.

Ftim ily  H is to ry  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. I6|.

V ira l 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 o f 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 19 out of 
31 patients, adriamycin in 4 out o f 6 patients, and methotrexate in 2 out o f 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 o f 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 o f ovarian cancer 
is reviewed, s ta rling  from  (he substantial geographical differences, 
w ith  high rales in  N orth  America and Europe and low rales in 
developing countries and Japan, a llhough, on a w orldw ide scale, 
almost 50% o f 140.000 tota l cases occur in developing countries. 
Over (he past decades, incidence and m orta lity  rates have re­
mained approxim ately stable in h igh-risk areas, but have gen­
era lly tended to rise in low -risk areas. In  the past, ovarian cancer 
was more common in  higher social classes, but sociocultura l d if ­
ferences seem to have flattened o ff  over recent decades. In  e tiolog­
ical terms, the protection afforded by m u ltip a r ity  and ora l con­
traceptive (O C) use is well established, w ith  relative risks (RRs) 
o f the order o f 0.5 for m ultlparae and OC users. There is also 
consistent evidence that risk increases w ith  late age at menopause. 
Less consistent and weak, i f  any, arc the effects o f age at men- 
arche and first b irth , although there is h in t that a first b irth  over 
age 35 is not protective. It is conceivable that diet can play an 
im portan t role in ovarian carcinogenesis, but only scattered data 
arc available to suggest that h igh fat consumption may represent 
an indicato r o f risk. Available knowledge on ovarian cancer ep­
idem iology is also discussed In re lation to models o f carcinogenesis 
and Implications fo r prevention and public health. iw i 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 li.ilta n  Association for ( '» lice t Research. M ilan , 
and the Ita lian League Against Tumour» and conducted w ith in  the 
fram ework o f the C N R  (Ita lian  National Research C ouncil) A pp lied  
Project "O nco logy”  (Contract Jt7.OI.S44.44) and Prevention and C ontro l 
o f  Disease Editors (Contract 9l.OU2Jt5.PE4l)

■ T o  whom reprin t requests should he addressed.

imatcly 1 -40,000, thus representing over 4r < o f 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 o f 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 <>! 
diet, has been suggested in some investigations, but is fat 
from established or well i|uaniilicd.

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.

III.STOI'ATTIOIXXiY

Three chief groups of Illino is  originate fiom the ovaix 
epithelial, sex-cord mcsenchimc. and germ-cell tumors.

According to Scully |4j, epithelial forms represent two 
thirds of all primary ovarian minors and 90% o f thesi 
are malignant, (icrm-ccll tumors account lor altotil 25 
30% of all ovarian tumors (dermoid cysts and dysgei 
minomas are Ihe 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 o f its cm

U M IK .'S S 'M  t l  '
« >>|i)itglil v  |v » | | t> A» I i l.  n ii.  1’n ‘ v*. 1».

A ll ligh t'. •>! ic |ii in li i i' i i> n i hi .my l - im  ii-M .it> a
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bcyonic 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
ian 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 1 and 2). The highest 
risk areas are European (especially Nordic countries and 
the United Kingdom) and North American countries, 
with a ratio o f 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 ( l j ,  higher rales of ovarian
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TAIU.K I
Incidence o f Ovarian Cancer (and Percentage o f A ll Incident Cases in Women) in Selected Developed Countries (W orld  

Population Age-Standard ¡red Kates). 1 ^7 8 -IVH2

Percentage ol all incident r clientage ol ail
Incide lice cancer eases lucilie nee i  alicer tas»

Country ratc/KXUtJn in women 3 ««unity ra le /ï 0 0 . 0 0 0 in women

Europe Switzer lami. Vaml •1 II 4 5
Norway 15.3 7.2 Ireland. Southern •i II S 0
Sweden 15.2 6 . 8 France. Doni» y  0 5 »
Denmark 14.5 6 . 0 France. Calvados K 2 5 1
Iceland 13.y 6 . 0 Italy. Ragusa 7 y S 5
UK. North East Scotland J32 6 . 1 France. Iscrc 7.8 4 I.
FRG. Hamburg 1 2 . 8 6  0 Romania. County Clii| 6 .(i 4 y
UK. Oxford 1 2 . 6 6 . 2 Spain. Tarragona 6.5 4 2
UK. Southeast Scotland 1 2  1 5 1 Spain. Navarra 6  4 4.2
GDK 1 2 . 1 6.5 Hungary. S/aholcs 5 8 S 1

Switzerland. Geneva 1 2 . 0 5 4 Spain, /.aiago/,i 5 4 4 2
Poland. Cracow 1 2 .1 » 6 6

Poland. Nowy Sacz l i  y y.5 Notili A lucina

UK. Trent II.H 5.7 ( anada

UK. South Western II.K 5.y Manitoba 1 2 . 8 4 y

UK. South Thames 11.7 6 . 2
( »muriti 1 2  (1 5 0

Italy. Parma 11.7 5.8 Duchee 11.4 4 8

Netherlands. Heindhoven 1 1 . 6 5.7 Alberta H 1 S 1

Switzerland. Neuchâtel 113 5 0 British Columbia 1 0 . 6 4 7

UK. North Western 1 1 . 2 5.5 United Stales

France. Has Rhin 1 1 2 5.5 law Angeles (Whites) n .s 4 y

UK. East Scotland I I I 4.y New York Stale (except

UK. Birmingham I l  I 5.y City) 1 2  h 5 o

UK. West Scotland 1 1 ( 1 5.0 Iowa 12 4 ** -
UK. Mersey 1 0  8 5.0 Detroit (Whites) 12 3 4 6

Switzerland. Zurich 10.5 5.2 Seattle 1 2  1 4 6

Poland. Warsaw 10.5 6 . 6
Conneciiciit (Whiles) 1 2  o 4 6

Italy. Varese 1 0 . 2 5.0 Japan
Finland y 8 5.6 Nagasaki 6  ‘7 4 1
Yugoslavia. Slovenia y.s 6 . 0 Osaka 4 4 2 .y
UK. North Scotland y.5 4.6 Miyagi 4.2 2  y
Hungary. Vas y .4 5.7
Czcchoslavakia. Slovakia y 2 5.6 Australia
Switzerland. Basel y.i 4.4 New /ca lam i (Marni) II).«) 3.7
FKG. Saarland y .i 4 3 New Zealand (non-Maori) 8  y 4 1

Source. M uir ei ul. | l |

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, lOj.

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-

ada, Scandinavia, and the United Kingdom, lemamcd 
over the period I95X-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 TABLE 3
* Incidence (World Population Age-Standardized Rates) of Ovar- Ovarian Cancer Incidence Rate/100,000 Women in Urban and 
lan Cancer and Percentage of All Incident Cues In Women in Rural Populations in Selected Countries (World Population Age- 
Selected Developing Are«. 1980 Standardized Rates) ,

j Percentage o f ail incident 1975 I960
Incidence cancer cases ------------------------ ----------------

Country rates/1 0 0 . 0 0 0 in women Country Urban Rural Urban Rural

Africa Japan, Fukouka 32 2 9
Middle Africa 5.3 5.0 Japan. Miyagi 4.2 2 . 6 4.9 33
Western Africa 4.6 7.8 Japan, Osaka 3.5 2 . 1

Northern Africa 4.1 4.7 Czechoslovakia, Slovakia 1 2 . 1 7.7 1 2 2 8 . 8

Eastern Africa 3.6 4.7 FRG, Saarland 1 0 2 6.9
Southern Africa 2.4 3.1 France, Calvados 7.9 8 . 8

7.2 5.7 9 9 7 1
Central/South America Hungary, Szaboles 9.0 6 . 0 7.2 54

Temperate South Amend 8.7 3.6 14.8 14.2 159 14 8
Tropica) South America 5.7 3.5 Romania, County Cluj 64 7.1
Caribbean 5.2 Switzerland. Vaud 1 2 . 6 149 6.9 10.3
Central America 1.9 2 4 UK, England and Wales 1 1 1 109

Asia Austria. North South West 9.2 79 9.2 7.8
USSR 93 5.2 Finland 1 1 . 8 9.8
Melanesia 5 5 5.8 France. Bas Rhin 113 107
South Eastern South Asia 5 4 6  1 Poland, Cleszyn 9 6 7.7
Micro/Polyncsia 4 6 5.3 Poland. Katowice 8 0 7.9
Western Asia 4.1 4 5 Poland. Warsaw 11.9 9.2
China 4.0 3.7 Spain, Zaragoza 5.2 5 3
Southern Asia 3 5 4.4 UK. North Western 10 3 6.7

2  8 2.4
— Source. Waterhouse et al. [10); Muir et al. [ I | .

Source. Parkin et a t. (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

j Sociocultural Indicators

i Education, as a sociocultural indicator, is examined in 
Table 6. In 5 out of 10 studies, cases were more educated 
than controls, and in 1 study, conducted in China (15), 
the difference was statistically significant (Table 6). Such 
a sociocultural 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 et al. (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.

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 1.5 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)

Area

1975 1980

Whiles Blacks Whites Blacks

Alameda 14.0 8.7 1 2 . 1 141.5
Bay Area 14.4 8.5 12.9 9.U
Los Angeles 139 9.6 13.5 8 . 0

Connecticut 1 2 . 0 7.3
Atlanta 1 2  2 69 1 2 . 6 84
New Orleans 9.3 5.5 ILO 7.2
Detroit 1 2 . 8 98 12.3 8 . 8

Source. Waterhouse et al |10|; Muir et al. | l | .
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T A B L E  5
Trends in  Incidence o f Ovarian Cancer in Selected Areas, 1960-1980 (W orld  Population A^e-Stand ardi red Hates)

Calendar period*

OVARIAN CANCER: DISTRIBUTION AND RISK I ACIOKS \.\

Country I95H-I962 1963-1967 |9hK 1972 1973 .1977 I97X 19X2

Canada
Newfoundland 9.0 9 9 II 7 9.2 X X
Manitoba 15.4 14.3 116 lu x 12 X
Ouebec — 7.5 9.6 9.2 11.4
Alberta 9.3 1 0 . 0 9.X 10 3 i l  1

Saskatchewan 1 (1 . 0 10.3 I I  0 10.7 I I  9
British Columbia — — 14.0 1 2 . 2 III 6

United States 
Hawaii

Caucasian LI 4 14.X 1 1.7 9.4 I I  0

Japanese 7.5 9.4 (1.9 7.0 X II
Chinese — 13 1 5 X 7.3 7 8

Hawatan 15.9 (6 . 6 1 1 . 6 I I I 14 1
Filipino — 4.X 9.(1 4.6 s s

Alameda
While — 1 2 . 6 13 5 14.(1 1 2  1

Black — 10 4 10 J X 7 10 5
Connecticut 13.2 113 12.5 1 2 . 1 1 2 . 0

Now York State 1 0 . 2 — 11.5 13.0 1 2  6

Colombia. Cali 1 2 . 8 9.2 8  0 1 0 . 1 7 X
Jamaica 7.4 X.3 ‘ X. 6 7.0
Puerto Rico 4.9 5 1 5.3 S 3 S U
Japan. Miyagi 2 . 2 19 2 . 8 3 4 4 2
India. Bombay — 6 . 1 4.X 7 2 7 2
Singapore

Chinese 32 — 6 . 0 S 7 X 6

Israel
A ll Jews 119 11.4 13.0 1 2  6 I I  9

FRG. Hamburg |7.6 — 11.5 13.3 1 2 .K
Slpvcma X 1 8 6 1 0 . 1 10.7 9.5
GDR — 11.3 1 2 . 1 1 2 . 2 1 2 . 1

Hungary
Sza boles — 5.6 5 6 6  6 5 X
Vas — 9.0 9.0 X 6 9 4

Poland
Warsaw — 1 1 . 2 11.4 11.9 10 5
Cracow — 6.3 9.1 11.4 1 2  0

Denmark 13. J 13 5 15 1 14.6 14.5
Finland 9.0 1 0 . 1 10 4 10 9 9  X
Norway 11.5 115 14 2 14.6 15 '
Sweden 13.1 14 4 IS 1 15 9 15 2
United Kingdom

Oxford — l(M II  7 II 4 1 2  6

Liverpool 9.7 10.4 l o i 9 9 III 8

South Metropolitan 1 0 . 6 — - —
Birmingham 1 (1 . 1 1 0 . 8 II 1 1 1 . 0 I l  1

New Zcaiand
Non-Maori 11.9 114 II  3 10 5
Maori 1 2  . 6 11.7 13 .1 12 7 III 9

‘ Data arc not necessarily lor the whole 5 years.
Source Doll el ut. ( I I ) ;  Doll et at. (I2 |; Waterhouse el at. 1131; Waterhouse el tit. |IO|; Muir cl til. | l |

A stronger inverse relation emerged from a study in 
Shanghai, China (15j, where very lute menarche (i.c., at 
age 18 or over) was not unusual. Finally, no apparent

relationship was found in ihrcc other studies from I he 
United Slates 12.1-25j and one from Norway |2h|. 

Available evidence thus indicates that age at menarche
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TABLE 6
Percentage Diatríbuüon of Ovarian Cancer C ano  and Controls 

la the Upper Educational Level (>  12 Yean o f Education) in 
Selected Cma Control Studies

Auibor [Ref.j Ovarian cancer Control

W o t |44| 113 (30)- 8.8 (18)
W yw kr a  Ml [23| 23.0 (38) 1511 (44)
Frawxachl et d  (21) 21.0 (34) 20.0 (113)
Cramer t* d . (49] 26.0 (38) 27.0 (38)
Tzonou et d . |29] 17.0 (26) 19 0 (48)
CASH Study [16) 47.0 (231) 52.2 (2207)
Harto» ar d. 153]* 50.9 (59) 61.4 (97)
Cramer et d . |72| 60.4 (142) 51.9 (124)
Shu et d . (I5r 14.5 (25) 2 9 (5)
Parazzini et d . (I7| 14.7 (93) 15 6 ( 254)

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

* Borderline tumor*.
'  f> < 0 01

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 
[21 j in the highest category of age at menopause. In four

T A B LE  7
Relative Risk Estimates o f Ovarian Cancer and 

Age at Menarche

Age at menarche

A u lhur |R cf| <12 12- 14 >14 >17

Wynder et al (23| 1* 1.5 I I
H ildreth et ut (24| Not «.igniricani
Franceschi a  al [2 l| 1.5 1 3 1"
Tzonou pr at. |29| r 1.2 1.5 1.9
Kvale et at [26|* r 1 o 1.0
Wu etaJ  |22| I* 0.9 0.6
Booth pr ul |20| 1.3 0.9 1-
Parazzini et al. 117] 1.1 1-
Shu et at. 115] 4 4 34 3 2 1*
G w inn et at. |25| 0 9 1* 1.0

Reference category. 
* Cohort study

T A B L E  8
Relative R isk Estimates o f Ovarian Cancer and Age 

at N atural Menopause

Age at natural menopause

Author |Ref.) <4iT 41-45 46-49 50-54 >55

Wynder t t  d . (23] No association
Anncgcn ei al. (28| 1.1 r
Hildreth et al. (24] 1* 2.0 23 2.9
Francetchi et ul. (211 1‘ 2.9 4 6
Tzonou et al. (29) 1* 0.7 1.6 IS
Ha rige el al. (30] No association
Kvale et al. |26]* r 1.0 10 1.0
Wu el al. |22r L I 1.3 1.4
Booth et al. (20) i* 2.0 2.5
Parazzini pr ut. (17] i* 13 IS 17
Shu et at. [IS] I* 28  16 2 1

‘  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 o f pregnancies. 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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T A B L E  9
Relative Risk Estimates o f Ovarian Cancer and Parity and Age at f irst B irth

Parity A,:e at lirst birth (years)

Author | Kef| ' 2 3 4 ,?5 -.20 2u 24 25 29 .30 34 • 35

Wyndcr etat: |23J 1* OH OvK 1.2 o.tc
lo ly  et at. |32| 2  1 1.3 1- 1“ 1 4 2 3
Ciiagrande et at. |33| r OH
McGowan et at. |34| i* 1 . 6 0.3* 1“ II 7 1 4
Hildrclh et at. (24 J r 0 . 0 1.(1 0 5* 1“ 1 9 3.0* 2.5*
Cramer ei at |36|

Unadjusted r 0.5* u.S* r l . l 1.2
Adjusted* i* 0.5* 0 S* r ID 1 . 0

Risch et at |.V7| r OH
U  Vccchia et at. [3X|

Unadjusted i •> t 7 r i- 2 T » 2* 4 O'
Adjusted 13 1.3 r i- 3 V 2 K* 3 t"

Nascu et at |39| i 1.0 1 ll II.H i U 7 t in  n r» 1 1
Tzonou et ut. [29| I" n.7
Lcshcr et at. (40)

Unadjusted r 0.9 0.7 0 . 6 r 0 H 1.2 1.2
Adjusted1 i* 0.9 0.7 ll 5 r OH 1 1 n *i

Voighl et ut |-411
Unadjusted r 0.9 0.7 U K r 1 ll <1 K 1.2
Adjusted r 1 1 .« 0 7 t i l l r 0 9 (Mi I I I

Kvalc et a tJ |2h|
Unadjusted 1.5 1 o 0.9 OH (1 fl* 0 7 0.9 0.9 1.4 1 0
Adjusted' 1.4 I I I 0.9 0.9 0.7* II.H 1 0 Cl 9 1.3 II X

Mori et at (4.3J r l . l 0.4
Wu et at. (22] r 0.9 0.9 1- 1.3 1 u 1.3
Gwinn et at. (251 i OK 11.7* 0.4* 0.4* 1 O.H 11.7 o 5

'  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- 
24,26,27,29,31-41.43J. 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

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 
¡20,29) 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 o f 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 II). Seven in­
vestigations 117.2II.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

Author 1 Ret. |

Abortions

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
O im grande et al. (33j 0:1 —

1:0 54
»2 0 54

McGowan et al. |34| — No difference No difference
Cramer et at. |3ô| — » 1 :0 .« —
Risch et al. [37] -  » 1 .0 7 —
Nasca et al. |3V| 0:1

2:11
»3 16

Tzonou et al (29J 0 1
10  9

»2:0.7
Kvale et al. \2t\- » 1 0 9 —
Morì 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
1:1 II
2:1 0

»3:1 1
Paraiiini et al. | l7 j 0:1

1:0.9
»2:0.7

Shu et al |15| 0:1 0: 1
1:0.7 t 1.3

»2:0.6 »2. 10
Whittcmorc et al. [45] No difference

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

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 21-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

Author | Ref. |
Relative risk (95% CI) 
(ever v t never users)

New hou se 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) 0 6(0.4-1 0)
W illett et al. (48) 0 8(04-1.5)
Cramer et al (49) 0 4(0.2-1.0)
Rosenberg et al. [35] 0 6 (04-0  9)
La Vecchia et al. (50) 0 6 (03 -1  0)
Tzonou et al. [29] 04(0.1-1 1)
Ca s h  study (i6 | 0 6 (0 4 -0  9)
Vcsacy et al. [511 0 3(0.1-0 7)
Bcral et al [52|* 0 6(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 -0 9 )
Hartgc et al. |46| 1 0(0 7-1.7)
Shu et al. [ ] S] 1 8(08-4 1)
WHO Study (54] 0 8(0 6-1 0)
Gwinn et al. ¡25) 0.5(04-0.7)
Par a n i ni et ul. (5S| 0 7(0 5-1 0)

'  Relative mortality from a cohort study. 
* Borderline tumors.



OVARIAN CANCI.K- |>IS I Mill  I'1 1ON AND RISK I At I OKS I

(20.55J (although a nonsignificantly reduced risk in IU I) 
users was reported in a Chinese study j i 51>.

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. A lter 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 (6I,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'>J and North America (69aJ 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 . 
C hinese study (151. Conversely, according to Slatleiy < 
a l. (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 t< 
confer protection. The mechanism ol action of these im 
trienls is. however, far Irom being understood.

Since worldwide ovarian cancer risk is strongly cone 
iated with per capita milk consumption and lactase pci 
sislcncc (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 (721 provides some biological basis f«> 
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 
|29.77|. 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 I 
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

i
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T A B L E  12
Relative Risk Estimates o f Ovarian Cancer and Eatrogen Replacement Therapy

Retali ve rink (*>15% Cl)
Author | Ref. | (ever v» never users) Comment

Annegert emf. -|28|- (J. 5(0.3-0.9) No trend in  risk with duration of use
Hildreth el at |24| 0 9(0 5-1 6 ) No trend in risk with duration of use
La Vccchi* f t  at. [60| 0 8(0 4-1.3)

Endometrioid 2 3(1 3-5.3)
Weiss ct at |5«| 1.3(09-1.8) No trend in risk

Endometrioid 3.1(1 0-9.8)
Cramer ft at. |3h| 1 6(0 9-2.9) RR for cyclic fashion. 2.5 (95% C l -  10-6  4); RR for duration
Tionou ei at |29| of use longer than 5 yean, 2.8 (borderline significance)

Postmenopausal women 1 . 6

Harlow ct at. | *»3| 0.9 Borderline iumori; no trend in ruk with duration of use
Harigc ct al |.T0| 0.6(0 4-0  8 ) No trend in risk with duration o f use
Endometrioid type 0 5 (0 3-0 8 )
Wu a  at. |22| 0  v (n.s.) No trend in risk with duration o f use
Booih ct at. 12tlJ

Post menopausal women 1 5(0 9-2 6 )
Women repining hysterectomy 10 9(1 7-69.0)
Nonhyslercctomizcd women 1 2(0 7-2 3)

Kaufman ct at. |59| 1 2(08-1 9) No trend in risk with duration of use
Endometrioid 0 9(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 1.1 to 1.5, for 
regular coffee users versus nonusers (78J. 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

TA BLE  13
Relative Risk Estim ile * o f Ovarian Cancer and Fat Intake

Level of fat intake

Author |Rcf| 1 “ 2 3 4

Byers cf at |67| 1 1.3 1 . 2 _
Cramer et al. |6 8 | 1 14 1.9 18
La Vecchia et at |69| 1 1  2 2  1 —
Shu et al. [I5J 1 I I 1 . 6 19

* Reference category

epithelial ovarian cancer have been published (79-81). 
Besides the clustering of ovarian cancer, an excess of

T A B L E  14
Relative Risk Estimates o f Ovarian Cancer and 

Coffee Consumption

Author |Rcf ]
Coffee consumption 

(cups/day) Relative risks* (95% Cl)

Harigc et al. |96j < 2 1.0(0 5-2 2)
2-3 1 6(0 9-3  6 )
»4 1.4(06-3.0)

Bycn el at (67| <3 1.3
* 3 10

Cramer el at. |6 8 | Regular drinkers 1.1
U  Vecchia el al. |97| <1 l.5(0.9-2.5)

2-3 1 9(12-3.0)
>4 2 2(1 2-3  9)

Tzonou ct u l |29| 0 5 1 0.9
1.5-2 1 . 6

2 5-3 0.9
» 3 5 15

Miller et al |98| 1 13
2 1 . 2

3 1.3
4 1.7
»5 1.1

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.

▼ » W m w
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T A B U i 15
M a in  R esults fro m  Selected C a s e -C o n tro l S tud ies  on F a m ily  H is to ry  o f  O v a r ia n  a nd  lir c a s i N e op lasm s a nd  R isk

o f  O v a r ia n  C ance r

Author | Kef. | Fam ily history o f  ovarian cancer Fam ily h is lo iy  o f Ih im m  ca in c r

W yndcr e l a t |2Af 
Casagrandc el ul. |33|

M cG owan ei ul. |34|

H ild re th  ei ul |241 

Cram er el ul. |.V>|

M ori ei ul. |43|

Schildkraut and Ifiiiinpson  |K4| 

Koch ei ul. 1851 

P a rau im  el ul. |M6|

N o  association
7 cases and no con tro l reported a la im ly  history ot 

ovarian cancer
14 cases and 2 contro ls reported a fa in tly h is to ry  o l 

cancer o f  the "fem ale  reproductive organs" 
(one-sided. P  = <1.01 >

RR IK 2 (95%  C l.  4.8-69.11) lo r  a fam ily  history 
o f ovarian cancer

RR 11.3 (95%. C l.  8 .9 - ID il)  lo r a fam ily  liism ry 
o f ovarian cancer

I case and no contro ls reported a fam ily history ol 
ovarian cancer

HR 3 6 (95%  C l.  1.8 -7 .1 ) fo r a h is lo iy  o f ovarian 
cancer in first- and second-degree relatives

RR 2 6 for a history o f  ovarian cancel m first- and 
second-degree relatives

RR 19  (95% C l.  1 .1 -3 .6 | fo r a history o l ovanan 
cancer in  first-degree relatives

Ni* association
RR I I. lor a lamily history ol h ica 'l cancer

RR 1 .0  (9 5 %  C l. u . 4 - 2  5) Io i  a history o f breast 
cancer in mother or sister 

RR 1.5 (95% C l. 118-2.9) f.«r a laimly hisloiy ol 
In east eam v i

3 cases ami I eomrol icporli-tl a l.mnlv history ol 
In cast caiK-ei (HR ii l .  95% ( i. it t Iti7.4»

RR I 5 lor a history ol hicast earner in Inst- an«l 
sccoml-ilegiee lelatives

RR I <i (95% C l. 1.1 2.A) lot a hisloiy ol breast 
vainer in liis i -degiee lelanves

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
III. 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|.

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 "lam ily risf 
factors" in a case-control study in Italy |N6| (as compared 
lor instance, with the 4 'r  esiimaled lor Ineasl cancer)

I'pidemiologieal 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 o f ovanan cancer in women ream ing familial 
bicasl cancer cases was found in tom |36. l 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.,so | 
(Table 15)

M n li c a l  H is to r y  a m i  O th e r  M is t  c lh u ic o u s  I  in  to r s

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 o f mumps |.36,441 or 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 al. (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 o f 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
ian 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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