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vasive epithelial tumors of the ovary, which constitute the more
In the United States, ovarian cancer is the fourth most fre- than 90% of all nonbenign ovarian neoplasms of adult woméh.
quent cause of cancer death among women, following lung, Germ cell, stromal, and other kinds of primary tumors also occur
breast, and colorectal cancers. Each year, approximately but are not the main focus here. Even among the epithelial tur@or
26 000 women are diagnosed with ovarian cancer and 14 000types, there may be some etiologic heterogeneity accordin@to
die of it. Germline mutations in BRCA1, BRCA2, or other histologic subtype; this has been discussed by the authoraln
genes have been implicated in a small fraction of cases.detail elsewheré2).

However, it has been suggested that, for the great ma- In 1971, Fathallg3) suggested that chronic repeated ovulg—
jority of patients, the risk of epithelial ovarian cancer could tion without pregnancy-induced rest periods contributes to ngo
be related to “incessant ovulation” (i.e., to the chronically plasia of the ovarian epithelium. Fathalla noted that the ovargn
repeated formation of stromal epithelial clefts and inclusion surface epithelium—a single-cell layer surrounding the ovaty
cysts following ovulation) or to some type of hormonal and derived from the same mesodermal celomic ep|the||umoas
stimulation of ovarian epithelial cells, either on the surface of that lining the peritoneal cavity and other Mullerian structures@—
the ovary or within ovarian inclusion cysts, possibly medi- undergoes rapid proliferation during 24 hours after ovulatio?
ated through excessive gonadotropn’] secretion. From the evi- and that |nvag|nat|0ns of the eplthellum to form clefts and |B‘
dence to date, the relative importance of these two hypoth- clusion cysts within the ovarian stroma are most pronounced jBSt
eses—incessant ovulation and gonadotropin stimulation— after ovulation. Casagrande et &) extended this concept tos
cannot be distinguished. While either or both may play a role decreased cancer risk associated with anovulation resulting flzem
in the development of ovarian cancer, it appears that an oral contraceptive use. Those authors postulated that prollf@sa-
additional major factor must also be involved. The purpose tion or malignant transformation of the surface epithelium oé—
of this review is to evaluate evidence for and against the CUrs because of exposure to estrogen-rich follicular fluid folIovR'

incessant ovulation and gonadotropin hypotheses, as well as"d ovulation. In 1983, Cramer and Wel¢8) organized what &

to consider the possibility that risk of ovarian cancer may be Was then known about the etiology of ovarian cancer in 81
increased by factors associated with excess androgemdmportant paper on its pathogenesis that still merits attent|0n@|n

stimulation of ovarian epithelial cells and may be decreased brief, they noted that the ovarian epithelium repeatedly |nvag|-

by factors related to greater progesterone stimulation. Many nates throughout life to form clefts and mc!usmn .cysts gnd S
features of the evidence bearing on the pathophysiology of gested that, under excessive gonadotropin (follicle-stimulatifng

. . ; hormone [FSH] or luteinizing hormone [LH]) stimulation of the>
ovarian cancer appear to support a connection with andro- S

gens and progesterone. [J Natl Cancer Inst 1998;90:1774—86]0\/arlan stroma an(_JI res_ultmg stimulation by e_strog_en or estrogen
precursors, the epithelium may undergo proliferation and mal

nant transformation. They concluded that factors affecting siﬁs-
In the United States in 1997, it has been estimated that thégenic estrogen regulation would therefore influence gonadot@-
were more than 26 000 new cases of ovarian cancer and that stimulation and indirectly the paracrine estrogen
approximately 14000 women died of (). Close to 2% of environment of the ovarian epithelial cells. The gonadotropin
women are affected over the lifetime. It is the fourth most fremodel is consistent with the known protective effects of parity
quent cause of cancer death among women, after lung, breast] oral contraceptive use, inverse associations seen in the great
and colorectal cancers. Ovarian cancer is difficult to treat b@ajority of ovarian cancer studies [three studies evaluaté®)in
cause patients frequently present late in the course of the dised&ein (7); and many other studies]. Both pregnancy and oral
which may be asymptomatic until advanced stages. The estab-
lished risk factors (low parity, nonuse of oral contraceptives, and
family history) account for a portion of disease incidence, butCorrespondence taHarvey A. Risch, M.D., Ph.D.. Department of Epidemi-
the possible mechanisms by which these factors affect risk gy and Public Health, Yale University School of Medicine, 60 College St.,
developing ovarian cancer are not fully understood. P.O. Box 208034, New Haven, CT 06520-8034.
In this review, the term “ovarian cancer” has generally been See“Notes” following “References.”
used to denote the borderline (low malignant potential) and i@-Oxford University Press
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contraceptive use suppress ovulation and may lower basalfregjuently in the right ovary than the left, and others have also
well as peak gonadotropin stimulation. Postmenopausally, tteported a higher frequency of right-sided ovarian carftay,
Cramer—Welch model relates extraovarian estrogensakthough this finding was not confirmed in the large Surveil-
exogenous or through obesity or possibly diet—to estrogenamce, Epidemiology, and End Results (SEEREidence data-
stimulation of the ovarian epithelium. The main point stressdxhse(14). Ovulation has also been reported to occur somewhat
by Cramer and Welch was that it is excessive gonadotropimore often in the right ovary than in the I1€ft5), but this finding
secretion, leading ultimately to increased estrogenic stimulatitoo has not been confirmgd6).
of the epithelial cells, which is responsible for the increased risk
of cancer. p53 and Ovulation

The purpose of this review is to evaluate pathologic, endo-
crinologic, and epidemiologic evidence for and against the in- Somatic mutation and/or inactivation of the p53 cell cycle
cessant ovulation and gonadotropin hypotheses. In addition, @ieckpoint regulatory gene (also known as TP53) has been im-
will discuss a new hormonal hypothesis, in which risk of ovariagplicated in carcinogenesis in a number of organs. Aside from a
cancer is increased by factors associated with excess androggeiteral ability to cause increased rate of cancer progression, p53
stimulation of ovarian epithelial cells and decreased by factaratations appear to be involved early in the neoplastic process
related to greater progesterone stimulation. Many of the findingsglioblastoma(17), esophageal cancét8), and hepatocellular §
bearing on the etiology of ovarian cancer appear to support ttercinoma(19) but late in the development of colon can€20). 3
involvement of androgens and progesterone. Mutation in or inactivation of p53 is found in about 46%

invasive ovarian tumor§21-45)but in only 8% of borderline

REViEW METHODS (low malignant potential) tumor&5,32,36,38,39,46,4%nd is

A MEDLINE® search from 1966 was used as a starting pc)ir\{grtually nonexistent in benign tumors or normal ovarian epithe-

. . : s lium (21,26,32,33,37,46,47Thus, p53 inactivation is likely to g
to identify papers relevant to our review. Additional papers wefe ; . : . LD
a late event in ovarian carcinogenesis, although as ewdergced

found by exgmlnatlon of refergnce !IS'[S and by perusal of curre[pitlT a high degree of expression concordance between prirgary
and recent issues of appropriate journals. Our purpose was 10

. . [0}
) . : ; . mors and metastaséa?,38,48),t may frequently occur prior
examine suitable evidence in a number of fields, rather than to ) ) y Ireq y Irprior s -
o . .10 metastatic spread. Nevertheless, the types of mutations se€n in
calculate quantitative estimates of effect. Thus, formal quantita-_ . . =
. N : varian cancers suggest that many p53 mutations are caused by
tive methods have generally not been used in this review. We . 9 o . s}
S . . €neralized genomic instability, rather than being the causesof
have attempted to be comprehensive in exploring the evidente

and have included for discussion all relevant papers identifie € instability(49). The same appears to be true in breast cange

r
[e]

) . . L S 0). Ry
Qons@eraﬂon has begn given to applicability of findings, but A recent report by Schildkraut et gb1) asserted that expo—%
inclusion/exclusion criteria have been employed based on qual- . L o
ity of individual reports. sure tq a high 'calgulated Ilfetlme number of ovulatory _cycles was

associated with increased risk of p53-overexpressing ovaran
| NCESSANT OVULATION cancer but not of p53-negative ovarian cancer. On the basisof

the supposed specificity of the association for p53-positive f@i-

It seems evident that the proliferative behavior of the ovarianors only, the authors concluded that both repeated ovulation

epithelium following ovulation could support a role for ovulaand p53 inactivation were involved in the etiology of ovariafi
tion in the etiology of ovarian cancer. Poultry hens kept hypecancer. However, the analysis by Schildkraut e{%l) indeed £
ovulatory under continuous, long-term photostimulation are eghowed that the principal reproduction factors affecting the cal-
tremely likely to develop ovarian or tubal adenocarcinotf@s culated lifetime number of ovulatory cycles—attained parity ar§d
and repeatedly recultured rat ovary epithelial cells—forced turation of oral contraceptive use—were equally associated v@'th
proliferate—spontaneously acquire features of malignant trap$3-positive and p53-negative ovarian cand@2). Only the
formation and produce serous cystadenocarcinomas whentérm “age at menopause/interview,” which for the case subjegts
jected into nude athymic mic®). After ovulation, besides re- was essentially the same as age at diagnosis, differed bet\fgen
pairing the ovulatory wound, the epithelium has an increasp83-positive and p53-negative subjects. It is also known that,
tendency to form clefts extending into the cortical strofBa except for the factors age at diagnosis and presence ofagem@ne
Clefts may occur through retraction of a corpus albicans or froBRCA1 or BRCA2 mutation, borderline ovarian tumors have
collapse of a cystic follicle, by direct spread of the surface epghe same risk factor associations (including low parity and non-
thelium into the cavity of a corpus luteum or through othause of oral contraceptives) as invasive tum@$3,54),yet the
processe$l10). The clefts frequently appear to close off, beconborderline tumors rarely show p53 mutations. As well, the re-
ing ovarian inclusion cysts. The cysts may then remain in tisalts of Schildkraut et a{51) showed p53-positive ovarian can-
stroma for long periods of time or for unknown reasons maers to be more associated with distant rather than local/regional
regress and disappe@r0). Prevalence of inclusion cysts in con-stage at diagnosis in comparison with p53-negative cancers.
tralateral ovaries of women with unilateral ovarian cancers pré¢hat is more, p53 positivity was strongly associated with tumor
vides some evidence that these germinal inclusion cysts maygoade (P<10°) (51), and this relationship has been seen in a
associated with cancer developmémi). However, increased number of other studie@8,41,44,45)Thus, the data of Schild-
frequency of inclusion cysts among cancer cases was not seekraut et al. (51) provide support for the view that p53-
another, larger studgl?2). The latter study found that both ger-overexpressing ovarian tumors are likely to be those diagnosed
minal inclusion cysts and unilateral ovarian cancers occur mdager in the neoplastic process, when more genetic errors have
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accumulated, and not evidence for a role of ovulation in causidgcrepancies have been seen for other ovarian cancer risk fac-
p53 damage leading to ovarian cancer. tors (69).

Ovulation and Breast-feeding HORMONAL FACTORS IN GENERAL

Breast-feeding can suppress ovulation, particularly if the ) ) ] ) ) ) )
breast-fed infant is not supplemented with bottle feeding. Total EVen if ovulation or inclusion cysts are involved in the eti-
duration of breast-feeding or average amount of breast-feedfi§9y ©f ovarian cancer, additional mechanisms must also be

per pregnancy has been observed to be associated with red@¥é@/ved. These mechanisms are probably hormonal, as some

risk of ovarian cancer in a number of studigs55,56). recent _ewdence suggests. _Salazar el(&0) obs_,erved signifi- _
cantly increased frequencies of hyperplastic or metaplastic

Ovulation and Menstrual Variability changes in the ovarian epithelium and excessive ovarian stromal
activity in women with family histories of ovarian or breast

Certain aspects of the menstrual cycle bear upon the preliycer Resta et g[71), examining a total of 200 oophorectomy

ability of ovulation or anovulation. Cycles less than 25 days Qhecimens, found hyperplastic or metaplastic changes in the sur-
more than 35 days in length or with more than 8 days of flow aggce epithelium or in inclusion cysts in 92% of ovaries of women

appreciably more likely to be anovulatory [reviewed(BV)]. \yith epithelial tumors of the contralateral ovary (benign ar#
Moderate physical activity can induce menstrual alterations a lignant), in 76% of ovaries of women with endometrial ad

is examined in the “Progesterone” section below. Aside fror@nocarcinomas, in 68% of women with polycystic ovary sy@-
ages at menarche and menopause, few epidemiologic studieg8fne but in only 22% of control women whose ovaries h&d
ovarian cancer have considered factors relate_d_ to the menstgal, removed during surgery for uterovaginal prolapse or otfer
cycle. In a large case—control study, Parazzini e(&8) ob- ,n_negplastic conditions of the fallopian tubes, uterus, or \za
served significantly decreased risk (adjusted odds ratio [OR] gina Since excessive ovulation is not associated with polycystic
0.45; 95% confidence interval [ClE= 0.31-0.65) _assomatedovary syndrome [e.g., shown {@#2)], some other factor must bes
with cycles less than 21 or more than 35 days in length. N@gnonsiple for the proliferative changes. It should be noted that
case—control difference in menstrual cycle length was seengiy" \vomen with polycystic ovary syndrome in the study lﬁ/
studies by Wynder et a59) and McGowan et al60), although - gesta et al(71,73)were on average 10 or more years younggr
those mvestlggtors apparently did not conS|d¢r that excess_lvg{gn the women in the three other subject groups, making this
long cycles might have the same effect on risk as excessiVelseration somewhat uncertain. Resta ef78) also observed g
short cycles. In two other studies, nonsignificantly reduced OR§qgs of surface epithelium more frequently in the ovaries of the
0f 0.75 (95% Cl= 0.43-1.32) and 0.87 (95% Gt 0.65-1.18) (onpregnant) control women without neoplastic conditions than
were seen for irregular cycld§1,62),and nonsignificantly in- 5mang those of the other three groups. While other authors have
creased risk (relative risk= 1.12) with this factor was seen in ag,ggested that the surface epithelium is so fragile that it is easily
prospective study63) and in three other case—control St“d'eaestroyed by surgical handling or by delay in fixatigh#), this
(OR = 1.4[95% Cl = 0.83-2.50], 2'_7 [95% Ci= 0'8__9'01’ and yould not account for its differentially more frequent preseneg
1.3 [95% CI = 0.5-3.2])(64-66). Finally, an ovarian cancer i, the three case groujgl) nor would it account for increasing=
case—control study by the auth@6) found that menstrual |os5 with increasing age among older ovulatory won(és).
cycles less than 25 days or greater than or equal to 35 days l0fge greater presence of epithelium on the ovarian surface inhe
generally irregular, or with more than 8 days of flow all werg,ee case groups seems not to be attributable to ovulation bit to
associated with ORs less than unity (OR0.65 [95% Cl = q5mne other facto(73). Ovaries of women with luteinized un<s

0.43-0.98], 0.67 [95% CE (_)'46_0'99]’ and _0'39 [95% C+ ruptured follicles typically have completely intact, highly pro§
0.15-0.99], respectively) (Risch HA: unpublished data). liferative surface epitheliung7s). -

Magnitude of Effect of Ovulatory Events In addition, epithelial cancers of the ovary appear to ariée
most frequently within the cortical stroma, in epithelial inclusion

While ovulation still could have some role, it is clear that itysts, compared with the same cells of the ovarian surface gai-
(or inclusion-cyst formation) by itself is insufficient to accounthelium (76) and even less often in the related pelvic peritongal
for the pathogenesis of ovarian cancer. Ovulations occur ovemasothelium, which comprises a much larger surface area. In@we
period of at least 20 years [see (57)]. On average, each full-testndy by Resta et a[71), hyperplastic or metaplastic changes
pregnancy suppresses ovulation for perhaps a year, at most\séte observed more frequently in inclusion cysts than in surface
of the total number of ovulations. Even including a latency effeepithelium in all four subject groups. Inclusion cysts are not
as in the methods of Pik@7), we calculate this would corre- affected by the trauma and repair processes of ovulg#8i.
spond to only a 6% risk reduction, using recent SEER (B8® Within the cortex of the ovary, the epithelial cells of the inclu-
Epidemiologic studies demonstrate that the reduction in rision cysts are brought into closer proximity to the vasculature
among parous women for each additional pregnancy after twed to the steroid hormone-producing cells and acti(itg).
first is about 14%-16%7,56),an amount statistically inconsis-Hormonal effects are similarly seen during the fourth and fifth
tent with the 5% [e.g.P<107 for the data o{7)]. As well, each months of fetal development, when the ovarian surface epithe-
year of oral contraceptive use also suppresses ovulation foliuen undergoes diffuse multilayered proliferation, in intimate
year, but the risk reduction for an additional year of use amowrgntact with the interstitial cells, which appear to be active in
ever users is only about 9%, and that too is inconsistent with tsieroidogenesis at the same tir€7). By the 24th week of
reduction in risk for each pregnandy [= .001 for(7)]. Similar gestation, the surface epithelium is reduced to a single layer and
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proliferation terminates, following the formation of a tunica al- In addition, ovarian epithelial cells near the time of ovulation
buginea separating the epithelium from the underlying cortexe receptive to human chorionic gonadotropin (hCG) stimula-
(77). Thus, the evidence appreciably points to hormonal infldion, in that they progress with lysosomal secretory activity and

ences on the behavior of the ovarian epithelial cells. ovulation (95). Proliferative behavior is not seen thou¢®b).
About 25% of benign ovarian tumors have been observed to
SPECIFIC HORMONES bind hCG (and by implication, LH, which is very similar in

protein sequence(96). However, in that study, the epithelial
binding was very weak, in all cases less than 5 fmol/mg protein

We have noted that lower basal as well as peak gonadotropmmogenate, values that are routinely considered negative in
stimulation may occur during pregnancy and oral contraceptisaudies of receptor binding. In analogy with testicular surface
use(5,78-80)and that both of these factors reduce risk of ovaepithelium development, Gond¢s7) concludes that it is some-
ian cancer. Additional evidence bearing on gonadotropins in ttieng other than hCG that stimulates the ovarian epithelial cell
pathogenesis is as follows. proliferation during weeks 12—-20 of fetal gestation. Alsojrin

Historically, the gonadotropin hypothesis arose from obsaeritro cell culture, high concentration of hCG has been seen to
vations that ovarian tumors occurred in rodents following bilastimulate the proliferation of rabbit ovarian epithelial cells, but
eral oophorectomy and ovary transplantation under the spleRi8H and LH applied together did not result in growth stimul&*
capsulg81). Intact ovarian function in such animals suppresseibn (97). The applicability of this finding to human epitheliaé
the tumor formation, apparently by reducing the gonadotropaellsin vivo is uncertain however (more discussion below).
hypersecretion(82). Aside from chronic photostimulation of  Finally, a recent prospective study provides some direct e¥i-
poultry hens, ovarian tumors may also be produced in animdksnce bearing on the effects of gonadotropins. Among partﬁi—
by treatment with chemical carcinogens or x irradiat{8B8) or pants to a specimen bank who were followed for more than 25
by neonatal thymectomy84), the three methods causing deyears after providing blood samples, 31 cases of ovarian car?y';er
struction of follicles and ovarian failure. In addition, ovariaroccurred(98). These case subjects were compared with %2
tumors occur spontaneously in animal strains (e.g/WVY and matched noncancer cohort control subjects on baseline (prgdl—
SISt mice) that are congenitally deficient in or that rapidly losagnosis) serum hormone levels. Case subjects were found to
oocytes(85,86). These animals are subject to excessive gonaaave significantly lower FSH levels than control subje@s< o
otropin stimulation, and tumor occurrence is reduced or blockd#t), but significant differences were not observed for serum @4
by treatment with depot gonadotropin-releasing hormone adevels. Altogether, the evidence thus seems to suggest thatothe
nists, which suppress the gonadotrop(i83,88). The tumors gonadotropins, while involved in the feedback regulation ‘Ef
seen in animals are tubular adenomas, benign epithelial newarian steroid hormones, may not in themselves be responﬁale
plasms that grow within and replace the ovarian stroma, kot alterations in ovarian cancer risk but could reflect certa@
which do not invade in the uncontrolled fashion characteristic bbrmonal circumstances that are related to risk.
malignant cancers and do not metastasize. Nonepithelial tumcg
particularly granulosa cell tumors, are also seen. Thus, the gen-
eralizability of the various animal models to human epithelial In general, much of the evidence in support of hormonﬂl
ovarian cancer is uncertain. Nevertheless, Cra(@8) has ar- mechanisms is indirect. The ovarian surface epithelium is avas-
gued that the presence of epithelial inclusion cysts within thelar, suggesting a largely paracrine rather than endocrine&n-
stroma of human ovaries could lead to a different spectrum flience of hormonal factoré74). With regard to estrogens, the?
tumor types than would occur in rodents, under the same physiarian epithelium is not itself normally (i.e., in the nonmaligk
ologic stimuli. nant state) hormonally acti(89), save for the presence of 7 §

In North America, the mean age of incidence of ovariahydroxysteroid dehydrogenase (which reversibly converts esga—
cancer (borderline and invasive in total) is about 57-59 yeat®I to estrone and testosterone to androstenedifi®)) and
[(56); also calculated fronf68,90)], while childbirths and oral possiblyA®>-~3p-hydroxysteroid dehydrogenase (which, e.g., con-
contraceptive use are frequent at ages 25-35 years, suggestarts pregnenolone to progestero®)1). Neither of these en- g
some 25-30 years of latency. Follow-up of the atomic bon#dymes converts androgens to estrogens. Most of ovarian §te-
survivors cohort also provides a consistent estimate of 25 yeasglogenesis occurs under the control of the gonadotropins F@H
of latency among the most heavily exposed women, particuladpd LH in the granulosa and theca interna cells of developing
those less than 40 years of age at the time of the bon(8ihly and mature follicle74), under LH stimulation within second-
Serum FSH and LH reach maximal values in the perimenopauaay interstitial stromal cells, which are derived from the theca cells
and immediately postmenopausal years with the depletion foflowing follicular atresia(92), and within the granulosa- and
oocyteg92) and remain highly elevated thereafteB,94).Age- theca-lutein cells of the corpus luteum under trophoblast hCG
specific ovarian cancer incidence rates peak in the mid- to lagtimulation during the first 8-9 weeks of pregnar(@p?2). Es-
70s(68,90),the same 25 years of latency after the menopausegen biosynthesis peaks sharply in the granulosa cells prior to
This suggests that a relationship may exist between the riseoirulation(92), again somewhat in the midluteal phase, and de-
gonadotropins and the later peak in cancer incidence. Howewdines after cycle day 2¢74). As follicular growth distends the
given the mean age of ovarian cancer occurrence in the late-5lisface of the ovary, the epithelial cells multiply and flatten in
perimenopausal and postmenopausal exposure to high gonatape(103) until ovulation, when epithelial cell proteases dis-
tropin levels would be related to incidence mostly after age Bdlve the follicle apex and rupture(it04). The epithelium, up to
years, well after the majority (75%) of cases have occurred. this point possibly exposed to more indirect paracrine influences

Gonadotropins
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of the granulosa and theca cells [perhaps through intercellutaceptors, a study of 35 normal ovaries showed no estrogen
gap junctions that allow small molecules to pé&s) or through receptors in surface epithelial cells or in inclusion cysts, but
diffusion (105)], is now bathed in follicular fluid that may con-more than 85% of the sections of surface epithelium and 100%
tain estradiol in concentrations some 10000 times higher thafthe epithelial inclusion cysts contained progesterone receptors
circulating levels(74). After ovulation, epithelial cells prolifer- (127) (relevant for the progesterone hypothesis below). Another
ate at the edges of the ovulatory wound, migrate over it, astudy found exceedingly low levels of estrogen-receptor mes-
contribute to wound repaif104). Estrogen receptors frequentlysenger RNA in the ovarian epithelial cell line IOSE-VEI28).
appear to be present in the cytosol of normal ovaries and ovarigsally, with respect to serum hormone levels, the cohort
with benign lesion$106—111) Whether this finding applies spe-study of Helzlsouer et al98) (mentioned above) observed at
cifically to the epithelium is uncertain, although it is possiblehaseline slightly lower estradiol levels for case subjects com-
since receptor presence seems similar in normal ovaries angh@med with matched control subjects.
benign epithelial tumorg106,108,109).As a whole, during
] : . Androgens

menstrual cycles, the epithelium proliferates at times when es-
trogenic influences are relatively greater, and the increased mi-Appreciable evidence implicates androgens in the pathogen-
totic activity is likely to enhance the risk of mutations occurringgsis of ovarian cancer. To start with, in normal nonpregnant
which could then propagate clonally with additional epitheliakomen of reproductive age, the overwhelming majority &f
cell divisions in further cycles. Ovarian surface epithelial celislasma estradiol comes from direct ovarian secretion, whergas
appear not to differentiate into end-stage cells but remain develasma estrone is produced by extraglandular (adipose) aro§1a-
opmentally relatively uncommitted 04); cell division results in tization of androstenedione, about half of the latter ovarian ahd
daughter cells with the same potential for further gro@tB). half adrena(92). Androstenedione is a relatively weak androgeig]

Additional epidemiologic evidence bears on the role of e€92), but ovarian epithelial cells express the enzymes-17=
trogens in the pathophysiology of ovarian cancer. Breastydroxysteroid dehydrogena&k0), which converts it to testos5
feeding, which appears protective in a number of studies [e.gerone. Plasma concentrations of androgens—even during ﬁhe
(7,55,56)], is associated with reduced serum concentrationslate follicular phase of the menstrual cycle when estrogens argat
estradiol (and also LH, but elevated levels of F$H)2).Meno- their peak—are greater than estrogens. For example, typical ¢on-
pausal conjugated estrogen therapy raises serum estradiol @emtrations of androstenedione, testosterone, and dehydraépi-
estrone levels somewhat and lowers levels of the gonadotropgmglrosterone (in nmol/L) are 5.6, 1.3, and 17, respectively, a§1d
(113). While increased risk of ovarian cancer with menopaustiose of estradiol and estrone, 1.2-2.6 and 0.5-1.1, respectigely
estrogen replacement was not generally seen in older studies(@®). Circulating estrogens and androgens are mostly boun@to
studies in(7); (114-116)], a number of recent large studieplasma albumin and sex hormone-binding globulin, leaviag
(117-120)do suggest increased risk with usage, and one old@me 2%—-3% fre¢92). The free hormones are presumed to e
study (121) found significantly increased risk with use of precompletely active, but the bound hormones also have some a%il—
marin and especially with diethylstilbestrol. In addition, the esty to enter target tissue@®2,129).Within the ovaries, the se-3
tablished protective effect of oral contraceptive use on risk ofetion rate of androgens is higher than that of estrogens. The
ovarian cancer, if greater than that attributable to suppressiortwb ovaries produce about 0.8—-2.8 mg/day of androstenediate,
ovulation, may be due in part to reduction in endogenous estfa3—3.0 mg/day of dehydroepiandrosterone, and 0.06—0.10 Mg/
diol production(122), through suppression of the mid-cycle LHday of testosterone compared with late-follicular (peak) 0.4-&8
peak(80), and possibly by some lowering of basal LH and FSihg/day of estradiol and 0.25-0.50 mg/day of estr(3%130). 2
levels(78,79).It seems unlikely that reduction of risk associate@he more steady-state early follicular- and luteal-phase estragiol
with combined oral contraceptive use would be directly due tmd estrone production rates are one quarter to one half t@se
the estrogen absorbed from the pill (i.e., that estrogen could &mountg92). Thus, the epithelial cells, particularly those withi@
protective), since low serum ethinyl estradiol (or equivalentjclusion cysts, appear to be appreciably exposed to paracgne
levels (24-hour average) comparable to the low estradiol levelgarian androgens, if not circulating androgens. Postmenopatis-
of the early- through mid-follicular phases of the menstrually, the ovary is also relatively androgenic, as evidenced %y
cycle are maintained during usagé8,123-126).Due to the 15-fold higher testosterone concentrations seen in ovarian \J@In
progestin as much as the estrogen component of the pill, the loempared with peripheral vein seruih31). w
estrogen levels are lower than late follicular- or luteal-phase Androgens are also present in follicular fluid and are the
estradiol levels. If estrogens are indeed related to increased oyaincipal sex steroid of fluid in growing follicle$132). The
ian cancer risk, an overall lower estrogen climate could medidtdlicular fluid concentration of androstenedione in follicles less
some of the protective effect of oral contraceptive use. than 10 mm in diameter is more than 10 times greater than that

However, other evidence suggests that estrogens may noobestradiol(133,134).Appreciable amounts of testosterone are
the most relevant etiologic factor. Pregnancy raises serum ako found in follicular fluid(133). Toward ovulation, follicular
trogen levels about 100-fold02), yet is protective; thus, somefluid in the principal large follicle that will ovulate becomes
other hormone must be involved. If ovarian epithelial cells werstrogenic through FSH stimulation of granulosa cell aromatase
responsive to estrogenic stimulation, then estrogen recept(k85). However, the smaller follicles that undergo atresia con-
should be present in them. As we have noted, early studigsie to synthesize androgefis35).Since even small (<5 mm in
(108,109)did suggest that estrogen receptors are detectablediameter) preovulatory growing follicles have huge androstene-
cytosols of normal human ovaries. However, using monoclor@ibne concentrationgl34), we infer that steroid production in
antibodies directed against human estrogen and other hormonech of the ovary during the follicular part of the menstrual
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cycle is relatively androgenic and that epithelial cells withifOR = 2.4;95% Cl= 1.0-5.9)141).Polycystic ovary syndrome
stromal inclusion cysts located near developing follicles may Ibeay have more than one causal defect, but in general, it results
particularly exposed to high levels of androgens. in elevated serum LH, normal or low FSH, and elevated andro-
Androgen receptors are also frequently seen in normal owsdenedione and testosterone le@42—-145).Third, in the only
ries and have been directly identified within ovarian epitheligtudy that appears to have considered the following possibly
cells (109). As we have noted, androstenedione does not bimdidrogen-related factors, both a history of acne OR.6; 95%
with high affinity to the androgen recept(®2), but the epithe- Cl = 0.7-3.3) and having a diagnosis of hirsutism (6R2.0;
lial cells are able to convert it to testosterone, which does birdb% Cl = 0.4-10.) have been somewhat associated with in-
The exact function of androgens within ovarian epithelial cells tseased risk of ovarian cancés9). Fourth, oral contraceptive
currently unknown, but the presence of receptors suggestus¢ (which is protective) is known to suppress ovarian testos-
least that the epithelial cells are exposed to and respond to tarene production 35%—70%79,146-149).
drogens(136). Finally, in a prospective cohort study of 31000 lowa
Do androgens (or other sex steroids) directly stimulate epiromen followed more than 7 years, a significantly increasing
thelial cell proliferation? One recent study by Karlan et(aB7) trend in risk of epithelial ovarian cancer was seen with increas-
examinedn vitro proliferation of human epithelial cells treatedng waist-to-hip ratio (P= .03) (150). Waist-to-hip ratio and
with estradiol, progesterone, or dihydrotestosterone. In the asher measures of truncal adiposity or central obesity have bgen
say, estrogen receptor-positive, progesterone receptor-posisignificantly associated with serum levels of both ovarian and
cells were thinly plated on plastic substrate, and all of the treadrenal androgens among both premenopausal and postm@no-
ment groups showed exponential growth curves for 10 dayspausal womei(151-159)Only two other studies appear to havé
culture (137). The authors stated that compared with controlsxamined central obesity and ovarian cancer. A very small §o
without hormone treatment, none of the hormones significantiprt study (160) did not observe an association; however, :a
increased the rate of cell growth, and they concluded that the smse—control studfi161)in which subjects were matched on ag;’e_*
hormones do not affect epithelial cell proliferatift87). How- and body mass index showed significant® £ .005) increas- :
ever, by a week in culture, all of the three hormone-treatmeing risk with increasing waist-to-hip ratio among premenopau&l
groups showed sustained greater cell numbers than the contrneismen.
about 25% more, and the combined result was significant. Ig?ogesterone
addition, it has been pointed out that ovarian epithelial cells
proliferate on plastic much more rapidly than on collagen gel, Evidence for a possible protective role of progesterone in @e
fibrin clot, or Matrigel (basement-membrane componentgliology of ovarian cancer starts with consideration of the rg—
(104).Even on plastic, the epithelial cells grow until forming areased sex hormone activity during pregnancy. Over the fist
confluent monolayer, at which time proliferation cea$&38). month of pregnancy, maternal LH and FSH decline strondly
Thus, normal ovarian epithelial cells appear subject to contadith the increase in trophoblast hGE62).The hCG also stimu- <
inhibition, and the conditions employed for the experiment détes the corpus luteum to continue producing progesterone gnd
Karlan et al.(137)do not seem relevant for evaluating hormonaot regresg102). After the seventh week, the luteal-placentai
stimulation of growthin vivo. Indeed, animal models do indicateshift occurs in which the functional capacity of the corpus Iy
that testosterone stimulates the groirtlvivo of ovarian surface teum of pregnancy drops, while the massive placental prodtic-
papillomas and cystadenom@s39) and that dysgenetic ovariestion of progesterone during pregnancy bedib82).In addition, &
of neonatally thymectomized mice (which develop tubular adthe placenta extracts maternal (and later, fetal) adrenal andfo-
nomas) produce abnormally large amounts of androstenedigiems, which remain at stable maternal serum concentratigns
and testosterone, but not estrogens, prior to tumor occurremddle both production and utilization rates increase; mater@al
(140). serum estrone and estradiol are made from the adrenal androgens
Available epidemiologic evidence also generally supports(&02). During pregnancy, the placental synthesis thus causes
relationship between androgens and risk of ovarian cancer. Fifd;fold increases in maternal circulating progesterone levels
in the prospective cohort study of Helzlsouer et @8) de- (102).Maternal testosterone and androstenedione levels incr@se
scribed above, in addition to case subjects having approximategme twofold to threefold, although most of the testosteronejs
normal prediagnostic serum LH levels and lower FSH level®und to the pregnancy-induced higher levels of sex hormoﬁe-
than control subjects, they were found to have significant elevainding globulin, preventing virilization of female fetusg9?2).
tions (about 50% higher levels) of androstenedione and deffjrese maternal ovarian androgens are in any case dwarfed by
droepiandrosterone (B .03 and .02, respectively). This patterrthe huge estrogen and progesterone concentrations. In terms of
appeared for both premenopausal and postmenopausal subfbetgpathogenesis of ovarian cancer, we suggest that the addi-
in the study. It is uncertain whether the excess androgens wtomal protective aspect of pregnancy not mediated through sup-
due to an ovarian or adrenal source; the lower FSH may beession of ovulation may be due to the 8-9 months of elevated
feedback response required to maintain the relatively nornpabgesterone. As we have noted, it seems unlikely to be due to
estrogen levels as were seen. A second piece of evidence dber- pregnancy estrogens, since most of the evidence relating
cerns the association observed between history of polycyst&trogens to risk of ovarian cancer (as well as to endometrial
ovary syndrome and risk of epithelial ovarian cancer. In thmancer and perhaps breast cancer) points either to no effect or to
Cancer and Steroid Hormone case—control study, case subj@utsease in risk.
were significantly more likely than control subjects to report a With respect to oral contraceptive usage, it is uncertain
history of physician-diagnosed polycystic ovary syndromehether the synthetic progestational agents in these preparations
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directly convey the decreased risk consistently seen accordin@t®-8.5), although few subjects had ever been exposed, and even
duration of use; the magnitude of risk decrease is consistent witke of combined oral contraceptives was not found to be pro-
protection due to ovulation suppression or to androgen reductiective in that study. In a follow-up study of 5000 black Ameri-
(see above). The contraceptive progestins vary somewhatcan women, an OR of 0.8 (95% & 0.1-4.6) was seen for ever
their androgenic and estrogenic proper{ie$7,148).Those pro- use of DMPA(171). Last, the large and more definitive World
gestins considered to be relatively androgenic in terms of thélealth Organization international collaborative case—control
clinical side effects (e.g., norgestrel and levonorgesi{e3) study observed for nonmucinous ovarian cancer a significantly
also appear to lower total and free serum testosterone the nuestreased risk of 0.42 (95% G+ 0.15-0.96) with ever usage
(148). Epidemiologic studieg164,165)have shown no differ- (172). DMPA use may thus protect against the development of
ence in the reduction of ovarian cancer risk between norgestmarian cancer, although further studies are needed to confirm
type contraceptives and other combined agents. More than 78%6 fact.
of oral contraceptive usage during the 1960s—1970s was of pro-The effects of physical exercise may also bear on the hypoth-
gestins with “low androgenicity”(163,164).During oral con- esis of progesterone activity and ovarian cancer. We return to the
traceptive use, endogenous progesterone synthesis seems tomstepective study of 31000 lowa women followed for 7 years
as low as that during the early follicular phase of the menstry@ls0). In addition to the association observed with waist-to-hip
cycle, without follicle maturation or corpus luteum functiorratio, a significant increasing trend in risk of ovarian cancer wgs
(166). However, given that the progestational potency of th&een according to increasing value of an index of usual physial
synthetic 19-nortestosterone progestins is more than 100 tinaesivity. Other studies have also suggested increased risk v@th
that of progesterongl67,168)and that serum levels of proges-employment in jobs categorized as having moderate (compaf%ed
tins absorbed from oral contraceptives are comparable to lutealth low) physical activity levels: manual worke($73), physi-
phase progesterone levels [e.g., 5 ng/(@B)], the net proges- cal education teacherd74), and jobs with little sitting time
tational environment within the ovary is likely to be quite higl{175). Physical activity may not be related to serum androg€
(169).Thus, the decreased risk of ovarian cancer with oral cofer progesterone) postmenopausally76,177)but premeno-
traceptive use could also be due to the cyclic progestatiomausally is associated with a shortened luteal pl{a8-182),
climate. resulting in lower luteal progesterone levels83,184). This 3_
Another piece of evidence suggests that combined oral cdimding applies both to female nonathletes as well as athle@s
traceptives do offer ovarian cancer protection beyond that géven moderate recreational physical activity without amen@r-
tentially from suppression of ovulation. A case—contrahea or other menstrual disturbances is associated with gie—
study was large enough to have identified sufficient numbers afeased progesterone levgl$85). Women with menstrual =
subjects who had used progestin-only types of oral contracepeles shortened by decrease in length of the luteal phase w@uld
tives (165). These progestin-only formulations do not totallyalso spend relatively greater proportions of time in the folllcular
suppress ovulation and some ovulatory cycles typically occphase and therefore may have somewhat more ovarian exposure
(169); up to 40% of women using this method can have regulsr androgen productiofl86).Intense physical activity also pro-m
ovarian function, with normal estrogen and luteal-phase progelsices transient elevations of serum testosterone and otherEan-
terone synthesi§166). In the case—control study, relative todrogens(187). However, if ovulation is indeed involved in thes
never use of progestin-only contraceptives, the risks were 0@®logy of ovarian cancer, women whose regular physical &¢-
for use less than 3 years’ duration and 0.21 for use 3 yearstigity is intense or frequent enough to cause amenorrhea maybe
longer, with trendP = .009. These reduced risks appear conat decreased risk due to the suppression of ovulation. ©
parable to those of the combined oral contraceptives or perhapsAs we have noted above, a study using monoclonal antibgd-
a little more protectivg(165). Thus, these progestin-only con-ies methods showed that virtually all specimens of normal ovér—
traceptives create a progestational hormonal environment witiaa epithelium contained progesterone recep(®gy). Defects §
reduced risk that cannot in total be attributed to ovulation sujprthe progesterone receptor could lead to reduced effectiveness
pression. Given that combined oral contraceptives conveyohavailable progesterone and thus to increased risk of ovarian
similar degree of protection but with less ovulation, we infer thaancer according to our hypothesis. This finding has appare@ly
risk reduction associated with ovulation suppression canrmen seen: A relatively common germline polymorphism varight
comprise the total protection given by the combined prepatia-the hormone-binding domain of the progesterone receptor v%as
tions and that the net benefit is probably due to the progestssociated with twofold increased risR<.025) (188). While
tional component. this finding relating to the Alu insertion was not subsequently
Nevertheless, a similar degree of protection is not yet cleadgnfirmed by a second group of investigat(t89), preliminary
seen for usage of depot medroxyprogesterone acetate (DMPa)alysis of sister-matched ovarian cancer case—control study
DMPA is a long-acting 17-acetoxy progesterone compound ttdeta of the author also shows a 60% increased risk for women
suppresses endogenous progesterone synthesis and ovulatiih;this variant (Risch HA: unpublished data).
estradiol levels remain in the early- to mid-follicular-phase Finally, it is interesting to consider the effects of multiple
range (<100 pg/mL§170).Serum levels of DMPA stay about 1gestation. Women who have delivered (naturally occurring) di-
ng/mL for 3 months after injection; these levels inhibit the midzygotic twins appear to have higher gonadotropin levels during
cycle peak in gonadotropins but do not seem to change basalihidir reproductive year€l90-194)and in general may be more
and FSH levelg170). Only three studies have examined usadéely to double ovulat€195) compared with women who have
of DMPA and risk of ovarian cancer. A small case—control studyad singleton pregnancies only. Thus, they should be at in-
in Shanghai(65) found an elevated OR of 2.8 (95% G¢ creased risk of ovarian cancer according to either the incessant
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ovulation or gonadotropin hypotheses. Such does not appeactission has glossed over potential differences between premeno-
be the case. In a record-linkage study of mothers of dizygofiausal and postmenopausal women. However, the various find-
twins, no excess of ovarian cancer cases appdag8).In fact, ings in both of these two groug$51,214,217ps well as other

a case—control study that examined history of twin pregnancgnsiderationg159,214,218)suggest that the androgen alter-
found somewhat decreased risk with this factor (total paritgtions may stem from effects on both adrenal and ovarian hor-
adjusted OR= 0.68; 95% Cl= 0.33-1.38)62),and another by mone production.

the author(56) also suggests decreased risk for nonmucinous Thus, it is unclear whether (or which forms of) diabetes mel-
ovarian cancer (parity-adjusted OR 0.42; 95% Cl= 0.14— litus, as opposed to obesity, should be related to the hormonal
1.26) (Risch HA: unpublished data). Some evidence exists tltditnate of the ovary. We have omitted discussion of NIDDM in
premenopausal women with a history of twinning may haygolycystic ovary syndrome, since hyperandrogenism in this dis-
greater follicular-phase serum progesterone ley&B5b), and order is establishe®19-221). A number of epidemiologic stud-
serum progesterone appears to be higher after double compaeed222—-224)have shown significant positive associations be-
with single ovulations(197). Twin pregnancies also involve tween history of diabetes mellitus and risk of endometrial
greater daily production and serum levels of progeste(@®8— cancer, a disease considered to be related to unopposed estroger
199). Thus, reduced risk for women who have had twins couktimulation. However, the same and other studies have in gen-
be conveyed through greater ovarian progesterone exposuresal failed to show positive associations between history of dia-

betes and risk of ovarian cancer. One st{dly3) did find a 5
Insulin, Insulin-Like Growth Factors (IGFs), Diabetes significant positive relationship (OR= 3.4; 95% Cl = 1.08- §
Mellitus, and Obesity 10.7), a second stud®25)a nonsignificant positive relationship2

(OR 1.2; 95% Cl= 0.2-3.4), but all of the remaining 12 studie§

As we have described above, the gonadotropins LH and F$59,69,222-224,226—-232X)onsidering this association founcﬁ
are involved in the feedback regulation of ovarian steroidoge@®Rs slightly below unity. Few of the 14 studies apparently ccﬁ;ﬁ
esis. Work over the last decade has suggested that insulin &netled for parity or obesity, etc. Whether a negative associatign
IGFs may modulate the effects of the gonadotrof2®0).IGFs exists, and what the hormonal implications of this would bg,
are found at relatively high levels in serum and are producedriemain to be seen; stratification by obesity in assessing this
the ovaries as well as in the liver and elsewh@@0). In vitro, association is likely to be important. Obesity itself, if anythin%.e
both insulin and IGF-I enhance normal ovarian progesteromppears to increase the risk of ovarian cancer. A few stu ftes
production and stimulate granulosa and granulosa-lutein cetive shown little difference in this regard between case subjetts
aromatase to increase the conversion of androgens to estrogeh control subject$65,233,234)or only slight associations§
(200-207). In vivohowever, the relationships are less clea(66,235),but a number of large population-based studies have
Insulin-dependent diabetes mellitus is characterized by hypoobserved significant positive risk associations with body m%s
sulinemia and normal insulin sensitivity of target tissues. Amongdex or with obesity(4,62,69,164,173,236,237). @
insulin-treated postmenopausal diabetic women, increased se-
rum total estrone and estradiol are seen, but because sex FgPNCLUSION

mone-binding globulin also appears to be significantly elevated, g erq)l, it appears that incessant ovulation could be involvgd
the free fractions of these hormones (as well as of testosteropeha ; ;

androstenedione, and dehydroepiandrosterone_ sulfate_) remaifég?or, probably hormonal, must play a role. Independent eSi-
the normal rangg208). Nonobese women with noninsulin-yence for the gonadotropins as that factor is not apparent. Seme
dependentdlabe_tes mellltus.(NID_DM) tenq to have sllg_ht '_nSUIlé\/idence supports estrogen, although stronger evidence intEoIi-
resistance, with inadequate insulin secretion as the principal @liseg factors related to androgens and progesterone in the etiol-
normality, whereas obese women with NIDDM have severe |B—gy_ A number of interesting aspects of lifelong exposures %o

sulin resistance in the liver, skeletal muscles, etc., and hyperg}]—d manifestations of these hormonal factors remain to be &b-
sulinemia(209).Insulin resistance and chronic hyperinsulinemig,\ ad in future studies. >

are related to increased ovarian testosterone produ2iod),

although there is some contention about this [comd2dl) REFERENCES

versus(212)]. Obesity itself is associated with reduced glucose , , _ N
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