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tumors, since both have similar risk factors. Also, we acknowl-
Ovarian cancer is a commonly fatal disease for which pre- edge the potential heterogeneity between mucinous and other
vention strategies have been limited, in part because of a lack epithelial ovarian tumor type,7), but histology-specific con-

of understanding of the underlying biology. This paper re- siderations are beyond the scope of this review.

views the epidemiologic literature in the English language on  Studies were identified for this review by searching the En-
risk factors and protective factors for ovarian cancer and glish language literature in the MEDLINE® database and by an
proposes a novel hypothesis that a common mechanism un-extensive review of bibliographies from articles found through
derlying this disease is inflammation. Previous hypotheses that search.

about the causes of ovarian cancer have attributed risk to an

excess number of lifetime ovulations or to elevations in ste- =V/DENCE SUPPORTING THE PITUITARY

roid hormones. Inflammation may underlie ovulatory events GONADOTROPIN AND OVULATION HYPOTHESES

becau.?e anlinflamﬁsép_ry relaqtisr]: is indufced dur.ing the pro- The factors that afford the greatest overall risk reduction for
cess ot ovu ation. Itional risk factors for ovarian Cancer, - qarian cancer in female populations are parity (humber of live
including asbestos and talc exposure, endometriosis (i.e., €Chirths) (6,8—36), oral contraceptive Us¢6,8—16,24,31,32,35—
topic implantation of uterine lining tissue), and pelvic in- 45), and prolonged breast-feedir{@1,46). During pregnancy,

fIarr‘:]matory d|§eaze, cannotl be (Ijlrelct!y I_|nfll<ed to ov ulagon ?\r very high levels of estrogen and progesterone suppress levels of
to hormones but do cause local pelvic inflammation. On the luteinizing hormone (LH) and follicle-stimulating hormone

other hand, tubal ligation and hysterectomy act as protective (FSH) and disallow ovulation; during oral contraceptive use,

factors_, pe_rhaps_by diminishing the I|I_<eI|hood tha_‘t _the ovar- - staple levels of estrogens and progestins inhibit the gonadotro-
ian epithelium will be exposed to environmental initiators of - g a4 their ability to stimulate ovulation; and during breast-
inflammation. Inflqmmatlon entalls cell damage, ogldatlve feeding, low levels of estrogen and LH suppress ovulai).
stress, and elevations O.f cytokines a_m.d. prosta_glandlns, ‘.a” of That these reproductive and contraceptive factors are protective
Wh'Ch may be mutagenic. The possibility that inflammation suggests a common effect through ovulation or steroid hor-
IS a_pathophySIOIoglc Contrlbutor to the development of mones. Oral contraceptive use, parity, and breast-feeding each
ovarian cancer suggests a directed approach to future re- , q.iqe 4 reduction in risk for two to three decades after their
search [J Natl Cancer Inst 1999;91:1459-67] cessation, so that they must trigger biologic events that do not
clinically manifest themselves as cancer until many years there-

Ovarian cancer is the gynecologic cancer most likely to res@lfter (48).
in death among womefl), yet the pathophysiology underlying  If fertility drugs were found to influence the development of
epithelial ovarian cancer is not clearly established. For mafyarian cancer, this influence would also potentially support
years, two dominant hypotheses—the ovulation hypoth@sis both the ovulation and gonadotropin hypotheses, since these
4), which relates ovarian cancer risk to incessant ovulation, afltlgs both elevate gonadotropin levels and cause super-
the pituitary gonadotropin hypotheg(s), which implicates el- ovulation. However, the literatur@9,50)is conflicting regard-
evations in gonadotropin levels acting in concert with estré?g the association between the use of fertility drugs and ovarian
gen—have sought to explain the genesis of this disease. Epié@Acer.
m_lolog_|c and biologic data have not been entl_rely ConS'SteéERUTINIZING THE PITUITARY GONADOTROPIN
with either of these hypotheses. At the same time, a growi
body of epidemiologic evidence suggests that factors causg:_%POTHESIS

epithelial inflammation are involved in ovarian carcinogenesis. The pituitary gonadotropin hypothesis suggests that critical

Such factors include asbestos and talc exposures, endometriggignts in the transformation to ovarian cancer are the entrapment
and pelvic inflammatory disease (PID). Conversely, there appear

to be protective effects of tubal ligation and hysterectomy, which
may reduce the exposure from local genital tract irritants. WeAffiliations of authors:R. B. Ness, Department of Epidemiology, University
first briefly review evidence for and against the ovulation an?f Pittsburgh Graduate School of Public Health, University of Pittsburgh Cancer
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gonadotropin hypotheses. We then propose that inflammat ol NS i
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cussed because they account for about 90% of all ovarian careeNote” following “References.”
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case patients with ovarian cancer than among control subjects,

Epithelial inflammation Persistently high levels of steroid whereas the androgens androstenedione, dihydroepiandosterone,
initiators hormones, gonadotrophins and dihydroepiandosterone sulfate were associated with an in-
N Ko creased ris_,k._These results d_o not support the hyp(_)thesis that
elevated pituitary gonadotropin levels increase ovarian cancer
INFLAMMATION _ risk. However, limitations of the study were the measurement of
Hysterectomy and | © ® hormones at a single point in time, the inclusion of premeno-
tubal ligation > |- DNA damage and < pausal women without precise determination of timing of blood
repair collection within the menstrual cycle, the small number of cases
- Oxidative stress of ovarian cancer, and the limited adjustment for confounding
- Elevated cytokines factors. . . L .
) A more complex issue that is somewhat difficult to reconcile
and prostaglandins with the gonadotropin hypothesis is that postmenopausal estro-

N/ gen use has been modestly, albeit inconsistently, associated with
increased risk for ovarian cand@t,8,11,12,14,18,24,36,55-62).
OVARIAN CARCINOGENESIS A recent meta-analysi$3),including 11 articles with data from

21 studies, did show a small increase in overall risk with HRT
use (relative risk [RR]= 1.15; 95% confidence interval [CH
1.05-1.27) with a somewhat higher risk, albeit of borderline
significance, among users for more than 10 years’ duration (RR
= 1.27; 95% Cl= 1.00-1.61). Rodriguez et a{62) in the

8; tsﬁéfzcrfr:p'tgglgnﬁﬁglzﬂﬂu{:‘ 'ogsctﬁljtz:,ogfvgsg obéf]tm:ggtt:g ré)spective Nurses Health Study found 18 cases in 5000 person-
. pp P y estrog strogen p ears among long-term users (>11 years), for an RR of 1.7 (95%
particularly in the presence of high and persistent levels of

: . 1 = 1.1-2.8). Postmenopausal estrogens reduce gonadotropins
nadotropins (LH and FSH}). Several observations do not COMnd increase estrogen levels. To the degree that the gonadotropin

pletely fit the pituitary gonadotropin hypothesis. High estrogeﬁ pothesis predicted that excess LH and FSH stimulate muta-

levels alone could not be the whole story behind mUtagenICI%nesis, these findings would seem to counter the predictions of

because Qstrogen Ievels are at their h'gh?St during pregnanc eahypothesis. However, if the hormonal mechanism more rel-
reproductive event that is strongly protective for ovarian cancer

o . “evant to the thesis of the gonadotropin hypothesis were that of
(48). In addition, one study51)found no estrogen receptors Inestrogen elevation, then these findings would indeed fit the data.

epithelium on the surface of the ovary or in inclusion CyStﬁ"aken together, the literature reviewed above does not fully

Cramer and Welch?5) illustrated the nature of the proposedS ort the gonadotropin hypothesis, although it is quite pos-

interplay between gonadotropins and estrogens and sugge : . ;
that disruption of negative feedback to the pituitary in the pre%{iJSD that steroid hormones do play some role in pathogenesis.

ence of an otherwise normal ovarian steroidal environment (e §sruTiNIZING THE OVULATION HYPOTHESIS
by transplanting the ovary to the spleen wherein ovarian hor-
mones would be degraded by the liver) would elevate gonado-The ovulation hypothesis states that excessive ovulation dam-
tropins and stimulate ovarian mutagenesis. A pharmacologiges the ovarian epithelium, from which epithelial ovarian can-
equivalent to this would be use of medications, such as barber ariseq?2). This hypothesis proposes that repeated cell dam-
turates, halogenated hydrocarbon pesticides, anti-inflammatage translates into an enhanced potential for aberrant DNA
medications, and antihistamines, that would degrade estrogenegiir, inactivation of tumor-suppressor genes, and subsequent
a greater than normal rate. However, to our knowledge, there Imagtagenesi§3,4). Perhaps the most complex issue to reconcile
not been any evidence that such medications increase the riskvith the ovulation hypothesis is whether ovulatory infertility
ovarian cancer52). These authorg5,53) also proposed that increases the risk for ovarian cancer. Ovulatory infertility is the
premature ovarian failure or early menopause could be assaesult of a lack of ovulation and so should not elevate the risk of
ated with elevated ovarian cancer risk via high gonadotropavarian cancer according to this hypothesis. Although several
levels. However, there is little evidence that age at natural merstudies [reviewed at length elsewhgi9)] have shown that
pause influences ris32,46). ovarian cancer is associated with difficulty in achieving preg-
Furthermore, in the only prospective study to examine thigncy(8,21,31,64-69)there has been inconsistency regarding
question directly54),gonadotropin levels measured from serurthe type of infertility associated with risk. With regard to ovu-
stored many years prior to outcome were not associated with tamry infertility, Rossing et al(64) examined records of women
occurrence of ovarian cancer. Helzlsouer et(84) analyzed who presented to infertility clinics in Seattle, WA, during the
levels of LH, FSH, and other hormones among case patieptriod from 1974 through 1985 and who were subsequently
with ovarian cancer and control subjects arising from a prospedentified through cancer registry information if they developed
tive population-based serum bank study. Of 20 305 participamtgarian cancer. Based on small numbers, the RR for ovulatory
from whom serum had been collected and frozen, 31 who wexknormalities was 3.7 (95% Gt 1.4-8.1) when compared with
not taking hormone replacement therapy (HRT) at baseline gmpulation-based expected rates of ovarian cancer. This analysis
veloped ovarian cancer a mean of 8 years after blood collectiovas limited by the likelihood that the external comparison popu-
These case patients were matched to 62 control subjects on &g@n would likely be more parous, more likely to have used oral
menopausal status, and, for premenopausal women, numbecaftraceptives, and therefore at a lower ovarian cancer risk—
days from the beginning of the last menstrual period. Medrence, resulting in an inflation of the observed RR. In fact, when
levels of FSH, LH, and estrogens were somewhat lower amoRgssing et al. compared women with ovulatory infertility with

Fig. 1. Inflammation as a common mechanism underlying ovarian cancer.
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internal control subjects who had other infertility diagnoses, the Although household-related asbestos exposure may be related
risk of ovarian cancer was 1.8 (95% &1 0.5-6.1). Venn et al. to dust on the clothing, with those who launder the clothing at
(65) published data from a larger retrospective cohort study mfcreased risk of cancer, it is also possible that exposure occurs
women attending aim vitro fertilization clinic and compared through sexual intercourse with particles traveling from the
their rates with population-based ovarian cancer rates. Agdiower to the upper genital tract. Traffic of endogenous cells and
infertility was associated with ovarian cancer, but only fopathogens from the lower to the upper genital tract has been
women with unexplained infertility (odds ratio [OR} 19.2; shown to be commo(i79). This fact links cervicitis, i.e., sexu-
95% Cl = 2.2-165) and not for women with ovulatory infer-ally transmitted infection of the lower genital tract epithelium, to
tility. In summary, because anovulation is only one among seiWiD. It may also link asbestos exposure and talc use to ovarian
eral possible causes of infertility, this limited literature neithegpithelial inflammation.
supports nor refutes the ovulation hypothesis. Talc, which is structurally similar to asbestos, has repeatedly
Factors that reduce ovulation do not proportionally reduce theen related to ovarian cancer. Prior to 1976, talc was commonly
risk of ovarian cance24,46).First proposed by Risch et §24) contaminated with asbestos, so that the early studies relating talc
and later demonstrated by Whittemore et @6), 1 year of to ovarian cancer may have been confounded by the asbestos—
delayed menarche or of early menopause was associated witivarian cancer relationshif80). More recent findings are less
much less marked reduction in ovarian cancer risk than wadikely to be solely driven by the asbestos relationship.
year of term pregnancy, 1 year of breast-feeding, or 1 year of At least 12 epidemiologic studig8,81-91)have evaluated
oral contraceptive use. Were the ovulation hypothesis to hote use of talc in relationship to ovarian cancer. Eight of these
there is no reason to imagine that various sources of ovulatistudies (81-87,90)reported an elevated cancer risk among
cessation would differentially impact risk. However, age at memomen whose powder exposure was described as a “dusting of
arche and age at menopause may less accurately reflect ovthile-perineum,” with ORs ranging from 1.3 to 3.9. Two other
tory function than does pregnancy or oral contraceptive use; stedies(8,88)found a very small elevation in risk with the use
initiation and cessation of menses do not reflect the initiatiaf a more general exposure definition, and one st{@®) found
and cessation of ovulatio(r0). Nevertheless, suppression oho association. In the most extensive and focused analysis to
ovulation cannot fully account for the risk reductions observeathte, Cook et al81) interviewed 313 case patients with ovarian
in epidemiologic studies. Assuming that ovulations occur overcancer and 422 control subjects regarding exposure to a variety
period of at least 20 years, a full-term pregnancy would k# powder products used in a series of ways (e.g., perineal dust-
expected to reduce ovarian cancer risk by 5%, whereas Whitigg, diaphragm storage, powder on sanitary napkins, and genital
more et al(46) observed about a 15% reduction in risk for eacieodorant spray). Both talc-containing and non-talc-containing
pregnancy after the first. baby or bath powder products were associated with an elevated
risk of ovarian cancer; each way of using it, with the exception
EPIDEMIOLOGIC DATA SUPPORTING THE ROLE OF of diaphragm storage, was also associated with an elevated risk
LocAL INFLAMMATION IN  OVARIAN CANCER RIsk of ovarian cancer. A limited number of studig81,90,92have

Several types of exposure that do not directly affect ovulati(ﬁ%(""r_n'nerfI the photentlal for a dose—re_spo_nlie r_erllatlonsh:cp. Some
or steroid hormone levels but that do enhance local inflammgrdies have shown some increase in risk with more frequent
(posurg83,86),longer exposuréd6), and greater total number

tion have been implicated as ovarian cancer risk factors. ReXPOSL S .

duced passage of inflammatory toxins from the lower to tf¥l lifetime applications(86). However, other studie,81,90)

upper genital tract may also reduce risk. ave not shown any dose—response rela}tlopshlp. The link be-

tween talc exposure and ovarian cancer is limited by a lack of

TALC AND ASBESTOS EXPOSURE supportive animal data and an inconsistency in the detection of

Ic in the ovarian tissue of women who reported heavy(9%g

vertheless, the consistency of an association between talc use
ovarian cancer in a series of well-conducted studies of vary-

In the early 1960s, it was recognized that female asbesf&@i
workers had an increased risk of developing ovarian cancer Eyle

other intra-abdominal neoplasr(i&l, 72). Subsequent retrospec-ing design suggests that talc use may represent another environ-

:[/Ivvheefeoirr:cftﬁesuﬁileﬁtinvgglrpnetgrmgg We;ibirgggiid c'(r;g:éu;)tn?ﬁental exposure that enhances epithelial inflammation and
y mig VY ¢ P thereby either initiates or promotes ovarian carcinogenesis.
found about a twofold excess of ovarian cancers over what was

expected, with a dose-response relationship suggested. Hellgr ghomeTrIOSIS

al. (76) documented that substantial amounts of asbestos fiber

could be detected in the ovarian tissues of women whose fathersEndometriosis is the presence of endometrial tissue outside
or husbands worked in occupations in which asbestos expostine lining of the uterus. Although the cause of endometriosis is
was high. The rates of finding asbestos in ovarian tissue weneknown, it is clear that the implantation of ectopic endometrial
twice as high in women with household exposure as in woméasue is associated with a local inflammatory reaction, including
without such an exposure history. Animal modéFs3,77,78) macrophage activation, and elevation of cytokines and growth
provide some support for the suggestion that asbestos expogactors.

may cause ovarian cancer. Intraperitoneal injection of asbestogvarian tumors arise out of ovarian endometriosis in 0.3%—
into guinea pigs and rabbits results in changes in the ovarid:8% of case patients who are followed clinicg9B,94).In the
epithelium similar to those seen in early ovarian cancer most extensive epidemiologic study to date, Brinton e{(28)
women; similar changes were found among 20% of the exposesbessed cancer outcomes among 20686 women with endome-
and 0% of the unexposed animdl&r). However, whereas as- triosis who were hospitalized in Sweden. Hospitalizations were
bestos was cytotoxic to hamster ovary cétlvitro (78), it had identified through the nationwide Swedish Inpatient Registrar,
no effect on the ovaries of mice and hamstersivo (77). and outcomes were identified through the National Swedish
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Cancer Registry after a mean of 11.4 years of follow-up. Thigation. Furthermore, Whittemore et al. showed that tubal liga-
risk of ovarian cancer was elevated 2.5-fold for women followetibn protected against the effect of talc. Women who used talc
for 10 or more years, and the risk rose to more than fourfolsit had never had surgical sterilization were at 30% increased
among women whose endometriosis was located in the ovarigsk of cancer, whereas women who used talc but had a tubal
Unfortunately, this study did not control for parity or oral contigation had a 50% reduction in risk. Thus, talc exposure may
traceptive use, which might have led to an inflated estimate @¢cur via ascension of particles from the lower to the upper part
risk. However, there is also substantial clinical support for asf the genital tract and tubal ligation severs this route of ovarian
association between endometriosis and ovarian cancer. exposure. However, the risk reduction associated with tubal li-
Several case serig93,96-101)have demonstrated cancelgation or hysterectomy may be larger than would be expected,
tumorigenesis that arises from endometriosis. Sami§s68), presuming that these procedures protect the ovarian epithelium
who documented the first case, outlined a set of criteria fom exposure to known inflammants, particularly because only
establishing the existence of such a cancerous transformatigrybset of women is exposed to talc or asbestos. The probable
These criteria include the following: 1) demonstration of botgypjanation for the fact that risk reduction for tubal ligation
cancerous and benign endometrial tissues in the same ovang@ierectomy is larger than expected lies in the role of as yet
demonstration of cancer arising in the tissue and not invadifgigentified environmental exposures. For example, sexually
from another source, and 3) demonstration of a histologic refasngmitted pathogens may act via inflammation to increase risk

tions_hip between invasive and benign components. Reviewg&e beloy The inflammation hypothesis challenges investiga-
thebll'lt?]raéurﬁ, Heaps (het a(l93).no'ged£rllat 165 %jsefs Eave bee;, rs to search for other exposures that may gain access to the
published that meet these criteria. Almost 80% of these maligs o genital tract through the lower genital tract and initiate an

nant transformations arose fror_n ovarian endo_metriosis, and_ ammatory response.
rest came from extragonadal sites. Endometrioid adenocarcino-
mas accounted for 69% of lesions, followed by clear-cell carci-
nomas (13.5%) and sarcomas (11.6%). This is a far higher pfFLVIC |NFLAMMATORY DISEASE
portion of endometrioid and clear-cell tumors than is found
among ovarian cancers in general (10%—20% and 3%—10%, rePID is a condition consisting of inflammation of the endo-
spectively), which again points to a possible transformation frometrium, tubes, and ovaries as a result of sexually transmitted
endometriosis to specific types of endometrial car{t@B).One infections that ascend from the lower to the upper part of the
case report99) documented the experience of a woman who, ajenital tract. Two case—control studi@s#,116)have linked PID
biopsy, first showed atypia within ovarian endometriosis angliith ovarian cancer risk. A third studgd17),in which a very
then 3 years later had a clear-cell ovarian carcinoma arising frgmall proportion of women (and, therefore, total number of
the same ovary. Finally, Sainz de la Cuesta et(@6) found women) reported previous PID, did not. The latter st(y7)is
endometriosis among about 40% of women with stage | endgkely limited not only by power but also potentially by under-
metrioid or clear-cell ovarian carcinoma, about one third @gporting of prior PID. Shu et a(34) first reported a substantial
which were carcinomas arising out of endometriosis. Czernohigt statistically nonsignificant relationship (OR 3.0; 95% ClI
sky and Morris(104) also showed that mild cytologic atypia— (.3-30.2) among a handful of affected case patients and
occurred in about 20% of endometriosis lesions and that sevgggtrol subjects in Shanghai, China. Risch and HoWis) sub-
atypia, a probable precursor of ovarian cancer, occurred in 3.638quently demonstrated the relationship in a study involving 450
Taken as a whole, these data strongly support a temporal pat{g{8e patients with ovarian cancer and 565 control subjects re-
of 'transmon. from simple endometriosis to atypical endometré-lding in and around Toronto, Canada. They found an increased
Osis to ovarian cancer. risk of ovarian cancer among women who had had an episode of
PID (OR =1.5; 95% Cl= 1.1-2.1). The relationship between
PID and ovarian cancer was most evident in women who had
Hysterectomy without oophorectomy and tubal ligation bothad PID at an early age, were nulliparous, and were infertile.
have been associated with reductions in the risk for ovaridoreover, there was an increasing trend in risk with increasing
cancer(105-115).0Rs have ranged from 0.03 to 0.8 for hysaumber of PID episodes. Each episode of PID promotes a
terectomy and from 0.2 to 0.9 for tubal ligation. Some authoggeater and greater inflammatory response, resulting in increas-
(105-107)found that the protective effect for hysterectomyng damage to ovarian and tubal structures and a greater chance
waned after 5-20 years and suggested that the observed pratédubal infertility (which, if occurring before the first birth,
tion afforded by these procedures might result from screenimguld manifest itself as nulliparity). Indeed, in the previously
whereby ovaries examined at the time of surgery and found tofpentioned retrospective study of the cohort of infertile women
abnormal were removed. However, other auth@d08,114) (64),those with tubal infertility were at a threefold increased risk
found that the protection afforded by hysterectomy or tubal Iof ovarian cancer. The RR for tubal infertility was of the same
gation continues for 20-25 years after the procedure. Green ebatler of magnitude as it was for ovulatory infertility, albeit
(114) proposed that the mechanism whereby hysterectomy andolving a smaller number of individuals and not reaching sta-
tubal ligation protect against ovarian cancer is by cutting off thestical significance. PID produces infertility by causing inflam-
pathway between the lower and the upper parts of the genitahtion of and damage to the fallopian tube wherein the ovum
tract, thereby disallowing proinflammatory exposures fromeaches the uterus, rather than by any effect on ovulatiea (
reaching the ovarian epithelium. This may account for the fintbelow). Thus, the finding that PID is associated with ovarian
ing by Whittemore et al106),who reported no protective effectcancer, particularly when there has been resultant chronic in-
of hysterectomy in women who had a prior bilateral tubal ligdlammation and infertility, is consistent with an inflammatory
tion but found a reduction in risk for women with no prior tubabrigin for ovarian cancer.

HyYSTERECTOMY AND BILATERAL TUBAL LIGATION
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ANTI-INFLAMMATORY M EDICATIONS overexpression of prostaglandins increases the invasiveness of
) o ~ tumor cells, and inhibitors of cyclooxygenase activity (and

One way to evaluate the role of inflammation in ovariaherefore prostaglandin formation) protect against a variety of

cancer is to examine the effect of anti-inflammatory medicatioggncers in animalk 24). Epidemiologic studies have shown that

on risk. Cramer et al52) asked 563 case patients with ovariafyng-term use of nonsteroidal anti-inflammatory medications

cancer and 523 population-based control subjects about thelherally reduces the risk of colon cancer in both men and

lifetime history of anti-inflammatory medication use. The O omen(118,126,127pand breast cancer in womgh28).

for ovarian cancer associated with at least 6 months of once-q,,jation may be mutagenic. The process of ovulation re-

per-week aspirin use was 0675 (95% €10.52-1.10) and for q,ires disruption of the ovarian epitheliu29,130).Degen-
ibuprofen use was 1.03 (95% Gt 0.64-1.64). Limitations of o a¢e epithelial cells adjacent to the site of follicular rupture are

this study included the modest number of case patients eXPO§RHy from the ovarian surface, presumably through apoptosis

to long-term aspirin use and the smaller number exposed 9 Sroarammed cell death). The wound that ensues from cell
ibuprofen, which resulted in broad Cls around ORs; the incly-__ brog ) ou .

sion of women with modest use of nonsteroidal ant _'ss and follicular extrusion is repaired by the proliferation of
inlflamma;lcv)r medi\::\/;tions as ex gsed' and the Iackl of dosele rithelial cells from the perimeter of the ruptured follicle. In the
: Y s exp ’ . -process, inclusion cysts are formed as surface epithelial cells
duration data for aspirin or ibuprofen use. Previous studlgs . . .
. . ) s ecome entrapped in the ovarian wound created during ovula-
showing a protective benefit of aspirin use for colon cancer ha\{en There has been speculation that inclusion cvsts are amon
typically used a more restrictive definition of exposure, such %% ' P Y 9

aspirin use at least two to three times per week, and have m g ovarian surface changes that represent a path of differentia-

clearly shown an effect for aspirin use than for other nonsterdo" Fhat is_less. plastic than th? relatively pleuripotentigl norme_ll
dal medications, predominantly because only for aspirin hafgaran gplltgglufrrnland more.hkely to pr;)ceed to oE)/arlan carcl-
the number of exposed individuals been sufficient to provitﬂé’genes'$ )'. h IS suggestion comes rorr:.lzwlo ° iervat_lor;s.
stable estimatefl 18).Indeed, in the only other published stud)F,'rSt' women with ovarian cancer are more Ikely tq ave inciu-
examining the role of analgesics on ovarian cancer (&%), SION cysts in t_he con_tralateral ovaiy31); however, th_|s finding
among 189 women with epithelial ovarian cancers, the adjusi¥gS not confirmed in another stud32). Second, in an un-
RR for infrequent use was 0.78 (not statistically significantplinded study(133), ovaries of women at high familial risk of
whereas the adjusted RR for frequent use was (F5% (.05). eveloping ovarian cancer, compared with ovaries of normal
Thus, further investigation of the impact of anti-inflammatoryvomen, were more likely to have multiple inclusion cysts as

medications on ovarian cancer is warranted. well as papillomatosis, deep invaginations, epithelial pseu-

dostratification, and/or hyperactive stroma. Women with a ge-
BioLoGIC RATIONALE FOR THE ROLE OF netic predisposition to ovarian cancer may thus have ovarian
| NFLAMMATION IN  OVARIAN CANCER RIsk epithelium that is already committed to ovarian carcinogenesis,

a feature of which is an excess of inclusion cysts.

Ames et al.(119) argued that carcinogenesis in general may There are also data from animal studies and limited human
be mediated by oxidative damage to DNA. The general theastudies to support the hypothesis that ovulation may trigger cel-
was based on the finding that mutations in several critical genkgar events that result in carcinogenesis. Hyperovulatory hens
such as the p53 tumor suppressor gene, can lead to tumbesie a markedly increased likelihood of developing ovarian ad-
Damage to the DNA constituting these genes may contributednocarcinomas, as do rats with hyperproliferating ovarian epi-
mutagenicity, to a degree that depends on the degree of damégeljal cells(134,135).In women, mutations of the p53 tumor
the effectiveness of endogenous repair mechanisms, and shppressor gene were associated with an increased number of
rates of cell division. More rapidly dividing cells would be mostifetime ovulations in a study by Schildkraut et £.20). Muta-
prone to errors in DNA replication and repir20). tions of the p53 gene are the most common molecular alterations

Inflammation, by its nature, produces toxic oxidants meant io ovarian cancer and are thought to result from spontaneous
kill pathogens. These oxidants cause direct damage to DN&rors of DNA synthesis during cell proliferatiqd36). Risch
proteins, and lipids and may, therefore, play a direct role {137) questioned the validity of these results on the basis that
carcinogenesigl21). At the same time, chronic inflammation iscase patients with p53 mutations were older, had poorer tumor
associated with increased cell division. Rapid cell division givekfferentiation, and had disease of distant rather than of local or
rise to the potential for replication errors with resultant DNAegional stage at diagnosis, perhaps indicating that p53-positive
repair; aberrant DNA repair, particularly at key regulatory sitésimors are diagnosed later in the neoplastic process. Schildkraut
(e.g., tumor suppressor DNA regions), may increase the risk fral. (138) reanalyzed the data matching on age and then on
mutagenesi$119). Finally, bioactive substances, such as cytstage and replicated the original findings. However, a more re-
kines, growth factors, and prostaglandins, that are synonymaest case—control studiL39) was unable to confirm the asso-
with inflammation may play an important role in ovarian mutaeiation between lifetime ovulations and p53 mutations.
genesis. Ovarian epithelial cells secrete cytokines, including in- Mutagenicity induced by ovulation may be mediated by in-
terleukin 1, interleukin 6, and macrophage colony-stimulatiftammation. Ovulation is associated with a marked inflamma-
factor, among other§l122). Auersperg et al(123) pointed out tory process at the level of ovulatory follicl€$40). Many in-
that these same factors are also produced by ovarian cancer ¢ellematory mediators, including vasoactive agents such as
and suggested that the recruitment of normally secreted cybwadykinin and inflammatory and anti-inflammatory substances
kines into disregulated autocrine loops may be important in nesasch as prostaglandins and leukotrienes, are locally elevated
plastic progression. Prostaglandins have multiple effects that taring ovulation. Epithelium in the neighborhood of inclusion
vor tumorigenesig124). For example, prostaglandins are moreysts is brought in closer proximity to these substances. Follicle
common in ovarian malignant tumors than in normal c@l25), rupture probably involves tissue remodeling, with high cell turn-
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over, that is also characteristic of inflammatory reactions. Thuation has been discussed. Steroid hormones may also mediate
the process of ovulation is intimately related to inflammation. limflammation. Estrogens, according to the gonadotropin hypoth-
particular, epithelium in and around the site of ovulation magsis, elevate ovarian cancer risk and they may also stimulate the
replicate more actively, come into contact with cytokines arichmune responsgl42).In particular, estrogens have been dem-
prostaglandins, and may be subject to oxidative stress, theremgtratedn vitro to stimulate B-cell response and decrease sup-
enhancing the risk of mutagenesis. pressor T-cell reactivity, resulting in elevations in antibodies and
autoantibodies. Moreover, oral contraceptives elevate the con-
PREDICTIONS FROM THE INFLAMMATION HYPOTHESIS  centrations of local immunoglobulin G and immunoglobulin A
AND SUGGESTIONS FOR FUTURE RESEARCH in the female genital tra¢tl43).Elevated LH may also enhance
.oxidative stress. The principal bioassay for LH is the ovarian

Direct induction of inflammation as a result of endometrios%ﬁcorbiC acid depletion assay. Ascorbic acid is an antioxidant

talc and asbestos exposure, and '.DID’ as well as ovulation |tsg d it is possible that LH depletes ascorbic acid by generating
may act to promote ovarian tumorigenesis. There would be SeVa

eral ways to help demonstrate the veracity of this hypothesis production of free radicall44). This observation—that a
. yS | P - y yp onadotropin and estrogen may stimulate inflammation and oxi-
First, anti-inflammatory medications should reduce the occ

X - . . ation—provides a link between steroid hormone excess and the
rence of ovarian cancer. Aspirin use was associated with a fe-

duction in ovarian cancer risk in one previous epidemiolog ysiologic events involved in inflammation. Thus, it is not
study: ibuprofen was nof52). Further studies are needed t ecessary to argue as to whether the data fit one hypothesis

examine this association. Populations of women with substan |aeltter than another, but rather it is necessary to develop a more
- op c%mprehensive model of pathogenesis that may incorporate a

exposures to anti-inflammatory medications, such as those w . : . L
P . - . Y ’ H})lg for steroid hormones, ovulation, and inflammation in ovar-
connective tissue diseases, may be at lower than expected S

as long as their disease does not inflame the ovarian epitheliqS i'cancer. Such a model would account for epidemiologic data

The onlv studv. to our knowledae. that has assessed Ova”éﬂﬁggesting associations between reproductive factors and ovar-
y Y, A ian cancer and also between PID, endometriosis, talc and asbes-

cancer risk in a population with connective tissue disease wag gexposure tubal ligation, and hysterectomy and ovarian can-
relatively retrospective cohort study of patients with rheumatold ' '

arthritis. Cibere et al(141) examined the observed versus ex-
pected rates of numerous cancers among a cohort of 862 CdBamMMARY
dian patients with rheumatoid arthritis followed for a mean of

: . . Neither incessant ovulation nor gonadotropin stimulation of
17.4 years. Only five patients developed ovarian cancer, for Farian estrogen provides a completely satisfactory explanation
standardized incidence ratio of 0.89, which was not statistica gen p P Y Y exp

significant. Although the number of observed cases was somér- the genesis of ovarian cancer. We have reviewed the data

what lower than expected, the number of cases was far t%%ggestmg that an additional mechanism that may underlie ovar-

A . X . lan cancer is inflammation, with concomitant rapid DNA turn-
limited for clear interpretation. Larger studies would be of grea . . S : .
interest over and defective repair, oxidative stress, and elevation of bio-

active substances. Incessant ovulation, a process that has been

Experimentally induced inflammation of the epithelial 0Varl'inked to ovarian cancer risk, is associated with inflammation at

lan surface should be studied to see whether such manipulaioll o, o1 of poth the epithelium and the follicle. Other factors
will result in epithelial inclusion cysts. Furthermore, demonstr hat cause local pelvic inflammation may also increase risk

tion of markers of mutagenicity within inclusion cysts should bEinaIIy tubal ligation and hysterectomy, which diminish the

sought to suggest movement along a pathway towgrd ovar'ﬁ‘&ential that ovarian epithelium will be exposed to initiators of
cancer. For example, known markers of mutagenesis, such

. . . in Fémmation, reduce risk. Further observational and experimen-
mutations in tumor suppressor genes, if they are more com an . . . .
S S ; . : tal data will be needed to confirm the hypothesis that inflam-
in inflammation-induced inclusion cysts, would provide evi-_ .~ " . . . : .
. ! P X mation is a central biologic process in ovarian cancer risk.
dence supporting the role of inflammation in ovarian cancer
pathogenesis. Animal experiments could also examine whetlREFERENCES
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