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Opinion statement

Ovarian cancer is the deadliest gynecologic cancer. Unlike many cancers such as
breast, cervical and colon cancers, there is no easily clinically identifiable pre-
malignant phase of this malignancy making early identification difficult. Similarly,
unlike lung, head and neck, and skin cancers, there is not easily identifiable risk factor
making prevention short of oophorectomy difficult. Even so, theories as to the
causative factors of ovarian cancer continue to evolve making our understanding of
the genesis of ovarian cancer more clear. Genetics, parity, environment, hormonal
factors, and inflammation all play an important and pivotal role in the development of
ovarian cancer. The most current understanding of these elements and their respective
contribution to the development of this cancer are presented in this chapter.

Introduction

The deadliest gynecologic cancer is epithelial ovarian
cancer (EOC) with some 26,650 new cases in the
United States yearly and some 16,000 deaths [1]. A
woman’s risk of getting ovarian cancer during her
lifetime is relatively low at about one in 71 but most
will die of their disease. Fortunately, three of four
women with ovarian cancer survive at least one year
after the diagnosis. Unfortunately, three of four
women will die of their disease in five years. Overall, a
woman’s lifetime chance of dying from invasive
ovarian is about one in 95.

Westernized industrialized countries, particularly
in Europe, Canada, and North America, have the
highest rates of this cancer [2]. Several relatively minor
epidemiologic risk factors have been identified as
increasing the risk of ovarian cancer including low
parity, infertility, early age of menarche, and late age

of menopause [3]. The pathogenesis of ovarian
carcinoma, unlike many other cancers, remains
unclear. Several theories have been proposed to
explain the epidemiology of ovarian cancer including:

1. Incessant ovulation, whereby, with repeated dam-
age and trauma to the ovarian epithelium during
each ovulatory cycle, there is an increased potential
for genetic mutation and ovarian neoplasm during
the repair process [4, 5].

2. The pituitary gonadotropin hypothesis, which pos-
tulates that high levels of gonadotropins increase
stimulation of estrogen, which can cause ovarian
epithelial cells to become entrapped in inclusion
cysts and undergo malignant change [2, 6].

3. The androgen/progesterone hypothesis, which
suggests that androgens may stimulate ovarian
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cancer formation, whereas progestins are protective
[2, 6, 7].

4. The inflammation hypothesis, which proposes that
factors that predispose to inflammation, such as
endometriosis, pelvic inflammatory disease, peri-
neal talc use, and hyperthyroidism, may stimulate
ovarian cancer formation [2, 8].

5. The ovarian stromal hypothesis, which states that
there may be a failure of apoptosis of granulosa
and theca cells after ovulation, these cells continue
to produce steroid hormones, thereby stimulating
the formation of cancer [2, 9].

Associated risk factors for ovarian cancer support
many of these hypotheses. For example, oral contra-
ceptive use is consistently associated with a decreased
risk of ovarian cancer and may operate through pre-
venting the trauma from repeated ovulation as well as
by lowering exposure to gonadotropins. No one the-
ory, however, explains all the associated risk factors.

This article will review factors that increase or
decrease the risk of ovarian cancer. These factors are
categorized into reproductive factors, exogenous hor-
mones, gynecology-related conditions, environmental
factors, and genetic factors.

Reproductive factors

Parity and pregnancy

¢ A consistent finding in ovarian cancer epidemiology is the protection
from EOC observed among parous compared with nulliparous
women. The association was observed in both case-control and
cohort studies [10-17]. The odds ratios (ORs) of EOC for parous
compared to nulliparous women in several case-control studies ran-
ged from 0.3 to 0.7 [14, 18]. Increasing parity also seems to reduce
EOC risk further. Significantly reduced risks of EOC were demon-
strated in a pooled analysis of 12 US-based case-control studies, with
a 40% lower risk after the first birth, while each additional birth in-
curred another 14% risk reduction [14]. An OR for EOC of 0.32 (95%
CI 0.18-0.56) was reported among women who had given birth to
five or more children compared to nulliparous. Parous women also
seem to be at reduced risks of borderline ovarian tumor (BOT), al-
though the protection seems to be weaker than that seen for EOC [12,
19-23]. Histology-specific risk estimates indicate a protective effect of
parity against all types of EOC and BOT [13, 19] except possibly for
mucinous tumors, where positive, inverse [10, 13, 19, 20] and absent
associations have been reported [23]. Several case-control studies also
found a positive association between a late age at first birth and the
risk of EOC [14, 17, 18]. In the Swedish study, each 5-year increment
in age at first birth appeared to reduce EOC risk by 10% and the effects
were stronger for EOC than BOT [12].

o A Swedish population-based cohort in 2008 also found a relationship
between a high placental weight to an increased risk of developing
invasive EOC at a young age [24]. This is consistent with a prior study
from the same institution that reported that a low birth weight baby
adjusted for gestational age is associated with a reduced risk of
developing EOC at an early age (the mean age at diagnosis was

43 years) [25].

¢ For miscarriage or abortion, most studies found a slightly reduced risk
[13, 14, 17] or no association with EOC [10, 15, 16]. In general,
incomplete pregnancies seem to confer some protection from EOC,
although the protection is weaker than that from full-term pregnan-
cies. Incomplete pregnancies also seem to reduce the risk of BOT in
some [19, 22] but not all investigations [20].

e The biological mechanism explaining the protective effect of preg-
nancy has not been identified. Pregnancy leads to anovulation,
thereby reducing gonadotropin secretion and increasing endogenous
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Lactation

Age at menarche and menopause

estrogen and progesterone levels. Furthermore, pregnancy temporarily
interrupts the retrograde transportation of exogenous substances or
menstrual blood through the Fallopian tubes, and presumably pro-
vides time for apoptosis. Progesterone has also been suggested to have
a protective role in ovarian cancer development by suppressing epi-
thelial proliferation, promoting cellular differentiation and apoptosis,
thus removing premalignant cells from ovaries [26]. Experimental
studies in animals and human cell lines have shown that adminis-
tration of progestins up-regulates expression of the p53 tumor sup-
pressor gene and induces apoptosis [27]. These data suggest that
apoptosis resulting from high progesterone levels during pregnancy or
from exogenous hormone could clear transformed cells in the ovarian
epithelium. The postulated protective role of progesterone, however,
may be outweighed by the influence of other hormonal factors during
pregnancy. One concern is exposure to IGF-1 which is strongly asso-
ciated with risk of premenopausal ovarian cancer [28]. IGF-I, made in
the placenta, increases with placental weight and rises significantly in
late pregnancy [24].

It is well known that breastfeeding lowers a woman's risk of breast
cancer. Similarly, most studies indicate that breastfeeding slightly
lowers the risk of EOC. Risk estimates between 0.6 and 0.9 have
been observed for parous women who have breastfed their children
compared with those who never breastfed [14, 15, 24]. According to
some studies, lactation during the initial months after delivery
conferred stronger protection from EOC than lactation at later time
periods [14]. Data from two prospective cohorts, with up to 391
EOC cases among 149,693 parous women, revealed a risk reduction,
although nonsignificant, in ever breastfeeding compared to never
breast feeding with a median duration of breastfeeding of 9 months
(RR = 0.86, 95%CI 0.70-1.06) [29]. However, breastfeeding of 18
or more months was associated with a significant decrease in ovarian
cancer risk compared to never breastfeeding (RR = 0.66, 95%CI
0.46-0.96). For each month of breastfeeding, the relative risk de-
creased by 2% (RR = 0.98, 95%CI 0.97-1.00). A protective effect of
lactation on EOC risk would support hypotheses linked to incessant
ovulation, excess gonadotropins, retrograde transportation and
apoptosis.

A large number of epidemiological studies have examined age at
menarche and menopause in relation to the risk of EOC, and gen-
erally these factors appear to be weak predictors of risk. Moderately
elevated risks of EOC were reported among women whose menarche
occurred before 12 years of age, compared to those who were older
than 14 [17, 30], although many of the ORs were not statistically
significant. A population-based case-control analysis from North
Carolina revealed that a young age at menarche was statistically sig-
nificantly associated with a premenopausal but not a postmenopausal
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risk of ovarian cancer [31]. A positive association between age at
natural menopause and EOC risk appears in several case-control
studies, with risk estimates across studies from 1.5 to 2.9 for the
oldest menopause category compared with younger referents [17-19]
supporting the incessant ovulation hypothesis but contradicting a
gonadotropin hypothesis. Late age at menopause also was associated
with an increased risk of BOT in some [19, 21, 22] but not other
studies [20].

Exogenous hormones

Oral contraceptives

o The contraceptive effect of combined oral contraceptives (OCs), which

contain both weak estrogens and more potent progestins, is mediated
by suppression of the midcycle gonadotropin surge with a consequent
inhibition of ovulation. Based on numerous epidemiological studies,
it is now accepted that OCs protect against EOC. Ever-users of OCs
compared with never-users have been at consistently lower risk of
EOC in almost all case-control studies [13-17] and prospective
studies [30], where this association was examined. One meta-analysis
also showed a relative risk (RR) for EOC of 0.64 (95% CI 0.57-0.73)
among ever-users compared with never-users of OCs [32] and similar
findings were reported in other analyses [14].

A longer duration of OC use seems to enhance the protection against
EOC risk. Most studies have observed reduced risks of EOC after
several years of OC use [13-17, 33, 34]; however, a risk reduction
has also been found with short-term use (<1 year) in some studies
[14, 34]. In a recent review, a 50% decrease in the risk of EOC was
estimated after five years on the pill [35], and a similar effect was
seen in a meta-analysis where each year of OC use contributed to a
10-12% risk reduction [32]. The protective effect of OCs continues
for a long time after cessation of OC use. Several studies have
demonstrated a 40-70% reduced risk of EOC even after 10 years had
elapsed since the last use [13, 14, 17, 33, 34]. In a pooled analysis
based on three European case-control studies, a 50% risk reduction
still persisted after 15 years off the pill [36]. A recent population-
based cohort study from North Carolina revealed an inverse asso-
ciation of ovarian cancer with longer duration of oral contraceptive
use, later age at last use, and more recent use among premenopausal
women. Contrary to overwhelming currently published data, one
recent study reported no significant protective effect of contraceptive
use in postmenopausal women that developed ovarian cancer [31].
Only a few studies have evaluated progestin-only contraceptives in
relation to EOC risk, and although these data are sparse, a protective
effect seems plausible [33, 34]. The use of OCs appears to have no
effect on mucinous cancers in some studies [11, 13, 23, 34]. For
BOT, OCs also appear to reduce risk when separate analysis was
performed [20-23, 34].

Suggesting a co-effect of NSAIDs and OCPs, a population-based case-
control study from Wisconsin and Massachusetts found an inverse
association of ever users of NSAIDs in women that never used oral
contraceptives with OR = 0.58 (95%CI 0.42-0.80) but not for women
that ever used oral contraceptives (OR = 0.98, 95%CI 0.71-1.35). A
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Fertility medication

reduced risk with NSAID use was also noted in nulliparous women
but not among parous women [37].

Nulliparity is an established risk factor for EOC and BOT. Fertility
drugs such as clomiphene citrate, human menopausal gonadotropin
(hMG) and human chorionic gonadotropin (hCG) were epidemio-
logically linked to BOT and EOC in initial studies raising concerns
about the use of these drugs and the association with elevated risk of
these malignancies [38, 39]. A number of studies have addressed the
central question of whether nulliparity, infertility and the use of
fertility agents independently are associated with the risk of EOC and
BOT. However, there were many confounding factors limiting studies
among women who used infertility medications, including incon-
sistent definitions of infertility or subfertility, poor recall of infertility
agents used by physicians and patients, the poor selection of
appropriate control groups, associated endometriosis and small
numbers [40].

Infertility apart from nulliparity appeared to increase the risk of EOC
in most [10, 11, 15, 17, 40, 41] but not all studies [42, 43]. Some
studies observed that the increased EOC risk from infertility was
restricted to women who remained childless, while temporary fertility
problems among women who eventually gave birth were not related
to an increased risk [14, 15, 17, 44]. A positive association between
infertility and BOT also has been reported [20].

Studies that examined infertility type in relation to EOC risk report
conflicting and often statistically nonsignificant results. Elevated risks
of EOC have been observed for anovulatory [45, 46], nonhormonal
[47] and unexplained infertility types [41]. The most important
question regarding infertility and BOT/EOC is whether the widespread
use of fertility agents in assisted reproductive technology increases
risk. The findings of studies where this question was addressed are
conflicting. Several studies demonstrated an increased risk of EOC
among those exposed to clomiphene [46], hMG [45, 46] or any
ovulatory stimulants [14, 41] compared with nonexposed, whereas
this was not observed by others evaluating EOC risk in relation to
ovulatory stimulation [14-16, 19]. In a combined analysis evaluating
the use of fertility agents and the risk of BOT and EOC separately, the
risk of BOT was stronger than that for EOC [14, 22], and this was also
observed elsewhere [41]. Because there are inconsistent findings in the
literature and because of the complexity separating various factors
causing infertility, it is unlikely that fertility agents alone contribute a
large increased risk for the development of EOC.

Ovarian epithelial dysplasia was also described after prophylactic
oophorectomies for genetic risk and was linked to be risk factor for
EOC through the incessant ovulation theory. The data reported from
France revealed a higher ovarian dysplasia score in the ovulation
induction group than in the control group, although the number of
cases in this study is low. They also found a relationship between the
number of ovulation-induced cycles and the severity of ovarian dys-
plasia (dose-effect) and a relationship between time after the end of
ovulation induction (over 7 years) and the severity of ovarian dys-
plasia (time-effect) [48].
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Hormone replacement therapy (HRT)

¢ HRT is mainly indicated to alleviate climacteric symptoms as well as to

strengthen bone. Previous epidemiological findings on HRT and the
risk of EOC are contradictory. In a few studies HRT appeared to reduce
the risk of EOC [49, 50], whereas other studies demonstrated no
associations [14, 16, 51], or moderately increased risks of EOC among
HRT users [10, 13, 17, 18, 23]. In several studies where a positive
association between HRT ever-use and EOC risk was seen, no clear
trends with duration appeared [17, 18]. However, other studies
indicated elevated EOC risks after longer durations of HRT use [10,
23, 52-54], and excess risk that declined after discontinuation of use
[54, 55].

In a recent well-conducted cohort study of 44,241 US women, a RR
for ovarian cancer of 1.6 (95%CI 1.2-2.0) was reported among ever-
users compared with never-users of estrogen replacement therapy
(ERT) [56], and the largest risk was seen among those who had used
ERT for 20 years or more (RR 3.2; 95%CI 1.7-5.7).

One of the studies evaluated the risk of EOC in relation to sequential
or continuous progestin regimens in HRT [57]. This study demon-
strated an increased risk of EOC among ever-users compared with
never-users of HRT containing estrogens opposed by sequential
progestins(OR 1.53; 95%CI 1.15-2.05), and the highest risks were
observed among those who had used this type of HRT in excess of
10 years. Ever-use of estrogens continuously combined with proges-
tins was unrelated to EOC risk (OR 1.02; 95%CI 0.73-1.43). In the
Women's Health Initiative (WHI) study, the hazard ratio for the
increased risk of ovarian cancer was 1.58 (95% CI 0.74-3.24) in
women who were randomly assigned to either a fixed combination of
0.625 mg conjugated estrogens plus 2.5 mg medroxyprogesterone
acetate or the placebo [58]. The risk estimate was based upon 32
incident ovarian cancers (20 in the treatment group and 12 in the
placebo group) that occurred during a mean follow-up time of

5.6 years. Although statistically not significant, the WHI authors sug-
gested that the risk of ovarian cancer is increased among users of this
type of HRT regimen. In a population-based study in Washington
State, 812 women with ovarian cancer and 1313 controls were
interviewed about the use of HRT and other characteristics. The risk of
EOC was increased among current or recent (within the last three
years) users of unopposed estrogen for five or more years (OR 1.6,
95%CI 1.1-2.5 and OR 1.8, 95%CI 0.8-3.7, respectively). However,
no increase in risk was noted among women who used combined
estrogen and progestins therapy regardless of duration (OR 1.1,
95%CI 0.8-1.5) [59].

Some studies suggest that the effect of ERT on EOC risk is modified by
hysterectomy, with an excess risk of EOC among ERT users present
only among women with an intact uterus but not in hysterectomized
women [14, 55, 57]. However, the US cohort data reported an ele-
vated risk of EOC among both hysterectomized and nonhysterec-
tomized subjects [56]. The responsiveness to HRT may differ
depending on the histological type of EOC, serous being the most
common, followed by mucinous and then endometroid and clear cell.
Elevated risks of the less common endometrioid EOC, in particular,
have been reported by most [10, 23, 52, 55, 57, 60] but not all studies
[14, 17, 49-51] examining this association. Some [23, 52, 57] but not



Current Understanding of Risk Factors for Ovarian Cancer Sueblinvong and Carney 73

other [49-51, 55] studies indicated an elevated risk of serous EOC
among ERT users, while most previous research indicates that HRT is
unrelated to the risk of mucinous EOC [23, 49, 52, 55], although
positive associations have been observed [51, 57].

In one of these studies, based on a cohort of more than 200,000
postmenopausal women, an RR of 2.20 (95%CI 1.53-3.17) for fatal
EOC appeared among those who had used ERT longer than 10 years
compared with nonusers [54]. However, it has also been reported that
HRT is not related to the risk of recurrent EOC [61]. Only a handful of
studies have reported no association between the use of HRT and the
risk of BOT [19, 20, 22, 23].

The potential carcinogenic effect of HRT compounds could be
explained by retrograde bleeding through the Fallopian tubes [62, 63].
This suggestion is supported by the absence of an elevated risk of EOC
among hysterectomized women using ERT [55, 57, 60]. An additional,
perhaps more likely, mechanism to explain an increased risk of EOC
among HRT users includes a direct hormonal action on steroid
receptors [7]. Estrogen is a well-known endometrial-lining carcinogen.
Although the explanation for the increased risk with HRT/ERT is not
clear, this should nevertheless be considered as part of the overall
discussion of risk and benefits of treatment.

Gynecologic-related condition

Gynecologic surgery

¢ Bilateral oophorectomy will reduce the risk of ovarian cancer almost

completely, but for obvious reasons, this is not performed routinely.
In the case of a genetic predisposition such as inherited BRCA-1,
BRCA-2 or HNPCC mutations, prophylactic oophorectomy is life-
saving as the risk of future ovarian cancer is as high as 50%. In the case
of routine hysterectomy for benign indications, the question always
arises: should the ovaries be removed. The benefit would be a nearly
complete elimination of the risk of future ovarian cancer and future
operations for benign adnexal conditions. As women approach
menopause, it seems reasonable to consider removal of the ovaries at
the time of hysterectomy. However, some studies suggest other med-
ical benefits to leaving the ovaries intact even at the time of meno-
pause that may outweigh the reduction in cancer and future operation
risks. This may be due to hormones. Although menses cease at
menopause, there continues to be an ever diminishing secretion of
hormones that may have a beneficial effect.

e Almost all epidemiological studies that examined the association

between tubal ligation and EOC risk support a protective effect with
observed risk reductions from 10% to 80% [11, 13, 17, 23, 64-66].
Prospective data from the Nurses Health Study on a cohort of 121,700
female nurses (30-55 years) showed a statistically significant 67%
reduced risk of EOC among nurses who had tubal ligation compared
to those without this procedure [66]. The reduced risks of EOC after
tubal ligation also persisted across all levels of parity in this study.
Furthermore, the protective effect after tubal ligation has been
reported to persist up to 20 years after the surgery [64, 65]. It appears
that most common surgical sterilization methods are equally protec-
tive [65]. Tubal ligation has also been observed to reduce the risk of
BOT, although because of a limited number of cases these results are
often statistically not significant [20, 22]. The majority of studies



74 Gynecologic Tumors

Endometriosis

Pelvic inflammatory disease (PID)

where hysterectomy was assessed in relation to EOC risk have dem-
onstrated an inverse association [13, 17, 33, 65, 66]. The magnitude of
the protection against EOC seems somewhat weaker compared with
the protection afforded by tubal ligation. In the Nurses Health study
the risk of EOC decreased by 33% after hysterectomy [66]. In contrast
with tubal ligation and hysterectomy, fewer reports have examined
unilateral oophorectomy in relation to EOC and BOT risks. A reduced
risk of EOC appeared after unilateral oophorectomy in some investi-
gations [13, 33, 49, 67], whereas the opposite was found in another
study [68], and no associations were reported by others [17]. A
population-based case-control study with personal phone interviews
of ovarian cancer patients found an increased risk of borderline
mucinous ovarian tumors associated with a history of ovarian cysts
(OR = 1.7, 95%CI 1.0-2.8), but did not vary notably according to
receipt of subsequent ovarian surgery. The risk of invasive EOC, in this
study, was slightly increased among women with a cyst who had no
subsequent ovarian surgery, it was reduced when a cyst diagnosis was
followed by surgery (OR = 0.6, 95%CI 0.4-0.9) [69].

Endometriosis is a common medical condition where endometrial
tissue is present outside the uterine cavity, preferentially in the cul-de-
sac and on the ovarian surface [70]. The hormonally regulated lesions
of endometriosis may trigger a local inflammatory reaction with
activation of macrophages, release of cytokines and elevation of
growth factors [70]. Several studies have linked endometriosis to an
increased risk of EOC [70, 71]. Several clinical series also reported the
coexistence of endomtriosis and EOC [72], particularly endometrioid
[71, 72] and clear-cell EOC [71]. One study reported threefold
increase risk of endometrioid and clear cell invasive tumors in women
with a history of endometriosis, with a lesser risk increase among
women who underwent subsequent ovarian surgery [69]. Endome-
triosis is also linked to elevated risks for ovarian cancer with stan-
dardized incidence ratios (SIR) of 1.37, endocrine tumors, renal
cancer, thyroid cancer, brain tumors, malignant melanoma and breast
cancer, as well as a reduced risk of cervical cancer in National Swedish
Inpatient Data [73]. Endogenous or exogenous hyperestrogenism was
positively related to the risk of development of cancer from endo-
metriosis [70, 74]. One study at the University of Hawaii found 95%
of clear cell and endometriod ovarian cancers to be histologically
associated with endometriosis further suggesting the pre-malignant
nature of some cases of endometriosis and forming an additional
theory for the reduction of risk of these cancers with oral contracep-
tives.

PID includes endometritis, salpingo-oophoritis and tubo-ovarian
abscess formation. A limited number of epidemiological studies have
focused on the associations between PID and the risk of EOC [75, 76].
Some of these studies found positive associations between PID and
the risk of EOC [76] while others found no effects [16, 65, 77]. A
Canadian Study reported an increased EOC risk among women with
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one compared to no episodes of PID (OR 95% CI 1.0-2.1) [76] and
the positive association between PID and EOC risk was stronger if PID
had occurred at an early age, if the women were nulliparous, infertile,
or had experienced recurrent PID episodes. This study also reported
similar risk estimates for EOC and BOT in relation to PID.

Polycystic ovarian syndrome
e Common clinical presentations of polycystic ovarian syndrome

(PCOS) include obesity, hirsutism, infertility and menstrual abnor-
malities. Obese women with PCOS are at an increased risk of uterine
endometrial cancer [77], but the relationship between PCOS and EOC
risk is less extensively evaluated. Elevated risks of EOC appeared
among women with PCOS (OR 2.5; 95%CI 1.1-5.9) and the associ-
ations were stronger among those who had not used OCs or were lean
[78]. Other study found PCOS unrelated to EOC [77].

Environmental risk factors

o Genital use of talcum powder has been extensively investigated as a
potential risk factor for ovarian cancer. A meta-analysis reported an
approximately 30% increase in the risk of total EOC with regular
genital exposure to talc [79], and several studies have suggested a
stronger association with the serous or serous invasive histologic
subtype [80, 81]. Talc is structurally similar to asbestos, and studies
have suggested that there are histologic similarities between serous
adenocarcinomas and the mesotheliomas seen in asbestos exposure.
These facts may explain findings of an increased risk of serous tumors
in talc powder users [82]. Talc also can induce granulomas and other
inflammatory responses in vivo [83] and a recent study found that
exposing human ovarian stromal and epithelial cells to talc resulted in
increased cell proliferation and neoplastic transformation of cells [84].
Talc also appears to increase cellular production of reactive oxygen
species. Animal studies also demonstrated that talc migrates from the
vagina through the peritoneal cavity to the ovaries. Talc then may
stimulate the entrapment of the ovarian surface epithelium, causing a
reaction similar to the reaction that occurs during ovulation. A new
study is attempting to relate genetic factors such as variants of the
glutathione S-transferase M1(GSTM1) and N-acetyltransferase
2(NAT2) to the association between talc exposure and ovarian cancer
risk [85]. Although there was no clear evidence of the interaction of
these genes, these results suggest that women with certain genetic
variants may have a higher risk of ovarian cancer associated with
genital talc use.

¢ Cigarette smoking may be a risk factor for ovarian cancer, although its
role is controversial. Some studies reported smoking to increase the
risk of mucinous tumors [86, 87] but some studies failed to find a
significant correlation with ovarian cancer risk [88]. Although smok-
ing doubles the risk of mucinous ovarian cancers in meta-analyses,
this study showed that smoking cessation returned the risk to that of
never having smoked within 20 to 30 years [89].

o Dietary factors may also relate to the risk of ovarian cancer, but the
evidence remains controversial. A recent study reviewed the intake of
red meat which suggested an increased risk of ovarian cancer with an
OR of 1.53 for the highest intake compared to women in the lowest
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quintile [90]. A study from Italy reported that a diet containing bread
and pasta is associated with an increased risk of breast and ovarian
cancer (OR 1.21 for ovarian cancer). In contrast, the consumption of
fruits and vegetables was protective against ovarian cancer with

OR = 0.81 [91]. Diets high in fiber, carotene, and vitamins seem to be
protective [92, 93]. Vitamins A, C, D, and E have, for the most part,
shown some reduced risk of ovarian cancer [94, 95]. There were pros
and cons of fruit and vegetable consumption in association with
reduced risk of ovarian cancer [94] versus no effect on risk reduction
[96, 97].

o Several studies reported an inverse association between dietary vita-
min D [98], sunlight exposure [99] and ovarian cancer. The obser-
vation that vitamin D and it’s synthetic analogues inhibit growth and
induce apoptosis in ovarian cells in culture and in animal models of
ovarian cancer [100-102] provide further plausibility to this
hypothesis. The proposed mechanism for the role of vitamin D in
carcinogenesis involves regulation of differentiation and proliferation
of cancer cells possibly by influencing cell cycle regulatory proteins
[103]. Down-regulation of telomerase activity by vitamin D might be
another component of the ovarian cancer cellular growth suppression
[101]. The vitamin D receptor (VCR) is a nuclear transcription factor
that mediates most of the actions of vitamin D [104]. In an animal
study, VDR-null mice exhibited gonadal insufficiency, had reduced
aromatase gene expression and activity, and had elevated serum levels
of luteinizing and follicle-stimulating hormones [105]. In humans, a
study revealed evidence that polymorphisms in VDR genes might
influence ovarian cancer susceptibility [104].

e Studies on the influence of alcohol intake showed conflicting data,
with several studies reporting no association between total intake and
ovarian cancer [106, 107]. Although one study noted and association
between heavy consumption of alcohol to and increased risk of
mucinous ovarian cancer [108].

o Caffeine intake has been reported to increase the risk of ovarian cancer
in premenopausal women [109], to have no association [110] and to
decrease the risk of ovarian cancer [111]. The consumption of tea,
specifically green and black tea, has been shown to reduce the risk of
EOC in a dose-response manner [112]. The proposed mechanisms of
protection include antioxidant activity, changes in cell signaling
pathways, induction of apoptosis, and the possibility of the modu-
lation of endogenous hormones [113].

e Overweight (BMI 25-29.9) and obesity (BMI 2 30) in early adult-
hood was also associated with an increased risk of ovarian cancer with
pooled OR = 1.5 among case-control analyses from a meta-analysis
from Australia [114]. There was no evidence that the association
varied for the different histological subtypes of ovarian cancer.

Genetic risk factors

o Considering all the factors mentioned above, none contributes more
to the future risk of EOC as do genetic, specifically hereditary, factors.

e Mutated high-penetrance genes such as the breast-ovarian cancer
genes BRCA1/2 have been shown to increase the risk of EOC, par-
ticularly serous carcinoma. Approximately 10% of ovarian cancers are
hereditary, with BRCA1 and BRCA2 explaining the majority
(approximately 90%) of hereditary ovarian cancer cases. The lifetime
risk varies between 15% and 66%, suggesting the existence of modi-
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fying genetic or environmental factors [115]. Ovarian cancer has also
been associated strongly with Lynch Syndrome, (HNPCC), and less so
with basal cell nevus (Gorlin) syndrome, and multiple endocrine
neoplasia type 1 (MEN1) [116].

Low-penetrance susceptibility genes have been shown to influence the
risk of different histologic types of EOCs. For example, the glutathione
S-transferase M1 (GSTM1) null genotype has been associated with an
increased risk of endometrioid or clear cell invasive cancer [76, 117,
118]. In addition, while possession of the A2 variant of the P450c17
alpha gene(CYP17) appeared to increase the risk for all types of
ovarian cancer, possession of the Val/Met variant of catechol-o-me-
thyltransferase (COMT) decreased the risk for mucinous tumors
[118]. There are also data relating the risks of EOC to differences in
DNA sequences among individuals, groups, or populations. For
example, paraoxonase I genes are involved in formation of oxygen free
radicals in cells [119] or estrogen receptor beta genes (ESR2) [120]
which mediate estrogen-induced apoptosis both showing an associa-
tion with an increased risk of ovarian cancer due to defects of the
genes in certain populations. A small population-based case-control
study from Hawaii also showed that genetic variations of CYP19A1
may influence susceptibility to ovarian cancer among caucasian and
Japanese women, by 10-20% increases in estrogen production among
postmenopausal women [121].

Conclusion

¢ Epidemiologic studies are among the first clues in the effort to detect

risk factors associated with cancer. These studies form the scientific
foundation from which theory development, hypothesis testing and
ultimately a better understanding and treatment of cancer arises. The
current understanding of ovarian cancer is no exception. In fact, it was
rigorous epidemiologic, family history, and genetic studies that led to
the identification of the BRCA 1 and BRCA 2 genes enabling us to
prevent the almost certain occurrence of a cancer. The pathogenesis of
ovarian cancer is a complex process, which certainly involves host
genetic factors influenced by hormones, inflammation, pregnancy and
other environmental factors. At this point in time, the most important
modifiable protective factors include identifying a hereditary cancer
syndrome with subsequent prophylaxis, avoidance of genital talc,
treatment of endometriosis, and the use of oral contraceptives.
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