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ARE THERE PRECURSOR LESIONS FOR OVARIAN CANCER: A REVIEW
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SUMMARY

Precancer is a very early noninvasive lesion that has genetic abnormalities, loss of cellular control functions, some phenotyp-
ic characteristics of invasive cancer, and predicts a significant likelihood of developing invasive cancer. Currently, there is no
consensus on the existence of ovarian cancer precursor lesions, though many dysplasias in the ovary have been found to date.
Our inability to detect precancer in the ovary has hampered early detection efforts. After review of current literature, inclu-
sion cysts, deep surface invaginations and papillomatosis, commonly referred to as “putative ovarian precancer lesions” ap-
pear to correlate with known genetic alterations found in the advanced disease in predisposed cohorts. Although we suggest
that screening for these lesions would underestimate the ovarian cancer risk in general population, data on chemoprevention

studies offers new hope for combating this deadly disease.
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INTRODUCTION

Ovarian cancer is one of the leading causes of cancer
death in women in Europe and the United States. It is
the deadliest among gynecological malignancies. Patients
with an early stage disease have generally a favorable
prognosis, yet most ovarian tumors are diagnosed in a
late aggressive stage, with extensive intraperitoneal spread
of disease, leading to a poor prognosis [1]. Factors that
hinder our capability to detect, prevent and cure ovarian
cancer are the lack of defined precursor lesions, the lack
of appropriate animal models and reliable biomarkers for
disease detection, the late stage of presentation, the inac-
cessible organ location, and poor understanding of the
underlying biology of the ovary. Therefore, the ongoing
identification of precursor lesions, development of animal
models and disease biomarkers and strategies for manip-
ulation of the immune response will hopefully offer pros-
pects for progress in this difficult-to-treat disease.

HOW DOES OVARIAN CANCER ARISE?

The majority of ovarian cancers are epithelial in origin.
The ovary is an endocrine gland responsible for produc-
tion of female sex hormones and egg cells. The epithelial
tumors are believed to arise from the surface mesothelial
layer of the ovary and account for nearly 90% of all ovar-
ian cancer cases, whereas, non-epithelial tumors com-
prise sex cord-stromal, germ cell and gonadoblastoma
types [2]. The histologic classification of human ovar-
ian neoplasms is remarkably intricate since the ovary has
a greater diversity of tumors than any other organ in the
body, with more than 40 histological entities contribut-
ing to the World Health Organization (WHO) classifica-
tion of ovarian epithelial tumor types. These most impor-
tant types are serous, mucinous, endometroid, clear cell,
transitional, mixed, and undifferentiated . Each of the
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epithelial ovarian tumor cell types is additionally subdi-
vided into benign, borderline (low malignant potential
or LMP) and malignant categories. Whether these three
categories are a biologic continuum of stepwise progres-
sion to malignancy or whether they represent separate
entities that arise de novo is a controversy in the ovar-
ian cancer research field [3]. In spite of the progress in
the elucidation of the ovarian cancer molecular pathways,
many reports yet fail to consider the disease heterogene-
ity, grouping together tumor samples of dissimilar his-
tological types, subtypes, stages, grades, or laterality of
ovarian cancer, patient’s age, ethnicity or genetic back-
ground. This simple view of ovarian cancer causes dis-
crepancies in data analyses, and slows down the search
for biochemical markers and targeted treatments. Ovarian
tumors should be studied against each specific morpho-
logic category, given that they arise as a result of a distinct
set of molecular alterations and entail distinct putative
precursor lesions [4]. Therefore, heterogeneity in ovar-
ian cancer histology contributes to complexity in ovar-
ian preneoplasia.

In general, during malignant transformation carci-
nomas become less differentiated than the epithelium
of their origin. On contrary, during ovarian malignant
transformation morphologically simple surface epithe-
lium transforms into very complex histological structures
similar to nonneoplastic epithelia of the gynecologic tract
[5]. This phenomenon is difficult to understand, since the
ovary derives from the mesonephros, while the uterine
tubes, endocervix and endometrium originate from the
Miillerian ducts. Serous carcinomas of the ovary are mor-
phologically similar to uterine tube carcinomas; muci-
nous tumors bear a resemblance to those arising in the
endocervix; endometroid ovarian carcinomas are sim-
ilar to carcinomas of the endometrium, while clear cell
tumors are comparable to a variant of endometrial carci-
noma [6]. This similarity may explain why animal models
of ovarian carcinoma develop only one histologic subtype.
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Though many researchers consider ovarian surface epi-
thelium (OSE) as the site of origin of ovarian neoplasms,
some believe that the ovarian tumors are derived from the
Miillerian tissue, claiming that the proof for metaplasia of
the OSE to produce such tumors is weak [7].

Most of the genetic animal models of ovarian cancer
created to date do not replicate the histological diversity of
human disease [8-11]. They are usually not of the epithe-
lial type, but rather of germ, stromal or granulose cell type
and cause fast developing, late-stage disease presenting at
an early age. These experimental models, while important
for the understanding of the role of individual genes in
ovarian cancer, may not be entirely adequate for study-
ing the preneoplastic and early neoplastic stages of the
disease. On the contrary, according to Stewart and col-
leagues, ovarian lesions induced by the coadministration
of carcinogens and hormones display all stages of tumori-
genesis, including initiation, promotion, and progression.
Characterization of 7,12-dimethylbenz(alpha)anthracene
(DMBA) murine model of ovarian cancer revealed the
appearance of putative preneoplastic lesions of epithelial
cell origin with progressive histology, strongly resembling
human, and assumed to represent precursors of ovarian
cancer clonal development [12].

THERE CURRENTLY IS CONTRADICTING
EVIDENCE REGARDING THE EXISTENCE OF
PRENEOPLASTIC LESIONS IN THE OVARY

Current literature identifies the following entities as
precursors for ovarian cancer: a) epithelial inclusion cyst,
b) deep invagination of the surface epihelium into stroma,
¢) epithelial pseudostratification, d) surface papillomato-
sis, e) ovarian endometriosis, f) benign tumor, and g) bor-
derline tumor [13, 14]. Some of these lesions have been
designated as ovarian dysplasia or OIN (ovarian intra-
epithelial dysplasia) [15]. Ovarian cancer can also form
from the normal appearing ovarian surface epithelium
without identifiable precursor lesions [16]. Additionally,
the pathologist Louis Dubeau and other supporters of the
alternative hypothesis of Miillerian origin of ovarian can-
cer regard the components of the secondary Miillerian
system, such as paraovarian/paratubal cysts, rete ovarii,
endosalpingiosis, and endomucinosis, as possible precur-
sors in ovarian tumorigenesis [7].

The majority of human ovarian malignant tumors
occur sporadically, while only 10% are inherited in the
form of either a) breast and ovarian cancer syndrome
linked to mutations in BRCA1 and BRCA2 tumor sup-
pressor genes, responsible for 65-75% of all hereditary
cases, b) site-specific ovarian cancer, or ¢) ovarian can-
cer associated with Lynch syndrome IT or hereditary non-
polyposis colorectal cancer.

For the identification of histopathologic and genetic
lesions that precede the development of human epithe-
lial ovarian cancer, researchers have used prophylactically
removed ovaries from high-risk women with mutations in

the BRCALI or 2 genes, normal ovaries from women with
other carcinomas of the female genital tract (including
normal ovaries contralateral to unilateral ovarian cancer),
surface epithelium and inclusion cysts adjacent to areas
of invasive ovarian cancer, normal ovaries from identi-
cal twins of ovarian cancer patients, and ovaries removed
because of suspicious ovarian cancer screening findings
[13-15,17, 18].

For an accurate historical perspective on ovarian pre-
neoplasia, seminal work of Gusberg and Deligdish needs
to be highlighted. They were the first investigators to
bring the notion of ovarian cancer precursor lesions 23
years ago. A detailed morphometric and histological anal-
ysis was performed on the ovaries removed for prophy-
laxis from identical twin sisters of women with invasive
carcinoma of the ovary [18], and in a later study atypical
nuclear and cellular ultrastructural features in the areas of
nonmalignant epithelium adjacent to the region of early
invasive ovarian carcinomas were detected [15]. In a more
recent karyometric study of ovarian preneoplasia, Brewer
et al. showed that the alterations in nuclear chromatin pat-
tern observed in the epithelia lining of inclusion cysts and
in the underlying stroma of ovaries, either cancerous or
at high risk for cancer, imply the presence of preneoplas-
tic lesions in histologically normal tissue [14].

Since women with a strong family history of ovarian
cancer have an elevated probability of developing the dis-
ease, ovaries removed prophylactically from such asymp-
tomatic patients provide an excellent opportunity to iden-
tify preneoplastic changes [17]. In spite of the common
presence of inclusion cysts in older women [3], and the
ongoing controversies, many groups [14, 19], favor the
concept of epithelial inclusion cyst, cortical invagina-
tion, epithelial pseudostratification, surface papilloma-
tosis, and stromal hyperplasia as potential ovarian pre-
malignant histologic features, since these have been more
often detected in women harboring BRCA1/2 mutations
or women with contralateral ovarian carcinoma, com-
pared to controls [20, 21]. Some of the studies have shown
that the cancer-prone ovaries and their OSE cells have
a preneoplastic phenotype that is the background from
which ovarian cancer develops [5, 20, 22], thereby pro-
viding a starting point to look for genetic changes respon-
sible for disease initiation.

Due to the unique pathophysiology of ovarian can-
cer, information cannot be easily extrapolated from the
study of other cancers to the analysis of ovarian cancer.
Contrary to other solid neoplasms that fit the multistep
progression model of tumorigenesis, with their identifi-
able precursors and molecular genetic alterations, ovar-
ian carcinoma has been difficult to classify in the same
fashion.

In spite of the common knowledge that ovarian can-
cer originates from the OSE and inclusion cysts, seldom
have putative precursor lesions been seen in these sites of
malignancy [13]. First, ovarian cancer is a disease with-
out recognizable early symptoms and warnings, most
often diagnosed in the advanced form. Hence, majority
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of existing tissue specimens available for analysis repre-
sent late stage disease and do not contain the earliest pre-
neoplastic changes. Second, human ovary is small, located
deep in the pelvis, and therefore inaccessible for inspec-
tion, compared to the other parts of the female reproduc-
tive tract. Dysplasias arise in the ovary, as in the cervix
and uterus, but have rarely been reported because they are
easily unnoticed and have not thoroughly been searched
for by pathologists with expertise in gynecologic malig-
nancies. Dysplasias can be detected only by extensive sec-
tioning of the ovaries for histologic assessment. Another
reason why dysplasias have rarely been found in the ovary
is frequent physical absence of the surface epithelial layer
from human ovarian surgical or autopsy specimens. This
layer is brittle, easily dries out, and gets disrupted and
detached by handling the organ during removal or gross
pathologic examination.

Contrary to the above-mentioned studies in cancer-
prone ovaries, some researchers have not supported the
presence of preneoplasia or they have reported conflicting
results within their own studies. Several groups did not
find statistically significant differences in the frequency
of inclusion cysts, cortical invaginations, pseudostratifi-
cations and papillomatosis in the OSE of BRCA1/2 carri-
ers vs. non-carriers [23-25]. It is not certain whether these
ovaries were comprehensively sampled and whether the
penetrance of the disease in the families of study subjects
was taken into account. Scientists from Fox Chase Cancer
Center suggested that ovarian morphological features are
associated with age and menopausal status, and not the
BRCA1/2 status [25]. This may explain the controversial
reports on the correlation between ovarian morphology
and BRCA genotype.

Benign epithelial tumor, another candidate precursor
for ovarian cancer, is usually removed by surgery after
detection. Therefore, its preexistence, malignant transfor-
mation and natural history within the ovary are unknown.
Also, benign ovarian tumor appears on average 10-15
years later than ovarian carcinoma of the same cell type
[26], making it an unlikely candidate for an ovarian can-
cer precursor. Benign serous epithelium rarely coexists
with the advanced serous carcinoma, which usually over-
grows it by the time of diagnosis [13].

Epidemiologic and histopathologic studies have rec-
ognized a clear link between endometriosis and endo-
metriosis-associated ovarian cancers, namely the endo-
metrioid and clear cell subtypes. Prowse and colleagues
have examined endometrioid and clear cell ovarian carci-
noma samples with coexisting endometriosis for the loss
of heterozygosity (LOH) on multiple chromosomes and
provided molecular genetic evidence that endometriosis
is indeed a precursor for ovarian cancer [27].

LMP tumors of the ovary have been methodically
investigated to allow for a differential diagnosis from
benign to malignant neoplasms. These tumors have an
atypical epithelial proliferation without stromal invasion.
It has been proposed that the precursor for the low-grade
serous carcinoma of the ovary is the serous LMP tumor,
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since they both usually coexist in the clinical cases. As of
high-grade serous carcinomas, they do not coexist with,
or originate in LMP tumors, but instead develop directly
from the surface epithelium. Likewise, mucinous LMP
tumors may represent a precursor variant of mucinous
carcinoma of the ovary [28]. Endometroid carcinomas
show frequently endometroid LMP areas, implying that
LMP endometroid tumor may be a precursor for endo-
metroid carcinoma [29].

As presented so far in this review, numerous micro-
scopic alterations occur in the ovaries of the high-risk
and low-risk women, generally thought of as precur-
sors to invasive cancer. However, correlative studies have
not been conclusive for various aforementioned reasons.
Therefore, as discussed below, we feel that pathologic
evaluation should be coordinated with molecular-genetic
identification and classification of these lesions as ovar-
ian cancer precursors.

GENETIC CHANGES OCCURING IN PUTATIVE
OVARIAN PRENEOPLASTIC LESIONS

Many recent studies have supported the hypothesis that
each ovarian carcinoma subtype represents a biologically
and pathogenetically distinct entity [13, 19]. Gene expres-
sion profiling has revealed distinctive, though somewhat
overlapping, signatures for each ovarian carcinoma sub-
type. High-grade, invasive serous type is distinguished
by mutations in p53 and BRCA1/2 genes, LOH on multi-
ple chromosomes, the absence of microsatellite instabil-
ity (MI), and most probably arises de novo from morpho-
logically normal or dysplastic epithelium within inclusion
cysts or the OSE [30]. On contrary, p53 mutations are rare
in all other subtypes. Serous LMP tumor of the ovary is
characterized by KRAS and BRAF oncogenic mutations,
and arises probably via a multistep sequence [31]. Data
suggest greater similarities in molecular genetic charac-
teristics among benign, LMP and malignant mucinous
tumors, compared to the serous ones. Mucinous ovar-
ian carcinoma contains KRAS mutations and also devel-
ops via a benign-borderline tumor-carcinoma sequence
[32]. Furthermore, high-grade endometroid carcinoma is
similar to its serous counterpart, while low-grade endo-
metroid ovarian carcinoma carries PTEN and CTNNB1
mutations, MI, and has ovarian endometriosis for a pre-
cursor [33]. Clear cell carcinoma of the ovary shares the
same precursor, but is characterized by mutations of
TGFbetaR2, overexpression of HNF-1beta, BRCA dys-
function and MI [16]. With the introduction of laser cap-
ture microdissection (LCM) technology in 1996, these
genetic lesions, as discussed below, have been more care-
fully studied in pure cell populations within the hetero-
geneity of the ovary [10, 27, 34, 35].

Alteration of p53, such as mutation, allelic loss or pro-
tein overexpression, is the most frequent genetic event
in ovarian cancer, however it is most commonly assoCi-
ated with the advanced disease [36]. The genetic evidence
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for benign or borderline serous tumors as precursors of
ovarian cancer is not very convincing. Most studies failed
to detected p53 mutations in these tumors. It has been
shown that benign-appearing epithelium in continuity
with serous carcinoma had similar mutational and cyto-
genetic changes, which could mean that either the benign
component already had the genetic abnormalities and was
predisposed to transformation, or that there is morpho-
logic maturation of malignant epithelium that does not
indicate a benign precursor lesion [37]. Furthermore,
while p53 immunoreactivity was found in these tumors,
subsequent genetic analysis revealed no mutation. In a
recent study using comparative genomic hybridization
(CGH), Osterberg et al. showed a number of genetic alter-
ations that differed greatly between stage I and border-
line ovarian serous tumors [38]. However, both tumor
categories had loss at chromosome 17, which harbors p53
and BRCALI genes, with 30% of borderline tumors hav-
ing this loss.

ARE THERE PREVENTIVE MEASURES
FOR THE PRENEOPLASTIC STATE
IN THE OVARY?

Unlike breast or cervical cancer prevention, in which
efforts to decrease incidence and mortality focus on
detection of well-defined preinvasive lesions, primary
ovarian cancer prevention is impractical due to the low
incidence, lack of risk and response biomarkers and dif-
ficulties in sampling ovarian tissue. Therefore, we need to
concentrate efforts on women at increased risk for ovar-
ian cancer, and to enhance chemoprevention and pro-
phylactic surgery among them [39]. The nonsurgical pre-
ventive choices include laparoscopically-directed biop-
sies and noninvasive imaging techniques, such as opti-
cal coherence tomography and fluorescence spectros-
copy, for identification and follow-up of selected high-
risk patients with significantly atypical ovarian epithe-
lium [40]. Prospective evaluations of these women would
then be required to reveal the natural history of precur-
sor lesions in their ovaries [15].

Three chemopreventive agents are currently utilized in
ovarian cancer: oral contraceptives (OCs), retinoids and
Cox-2 inhibitors. It has been shown that ovarian cancer
risk decreases with increased duration of OC use, continu-
ing for up to ten years, and returning to baseline approxi-
mately 15 years after the last regular use of OCs [41]. The
protective effect of OCs is due to the increased apopto-
sis of the OSE cells and the inhibition of gonadotropin
release from the pituitary gland. Studies in women and
in primates suggested that progestin is the active compo-
nent in OCs [42].

In vitro and in vivo studies have shown that fenretin-
ide (4-HR), and other synthetic vitamin A derivatives,
retinoids, can prevent ovarian carcinoma [43]. The pro-
posed mechanisms of action of retinoids in human ovar-
ian carcinoma cell lines are inhibition of proliferation and

induction of cell cycle arrest and apoptosis [44]. Brewer
and colleagues have shown that 4-HPR acts through dif-
ferent mechanisms in premalignant ovarian surface cells
and cancer cells, with a preventive effect in premalignant,
and a treatment effect in cancer cells [45]. An Italian clin-
ical trial of fenretinide was associated with a lower inci-
dence of ovarian carcinoma in women with early breast
cancer, but only during the intervention [43, 46].

COX-2 inhibitors, such as celecoxib, are a class of non-
steroidal anti-inflammatory drugs. Observational stud-
ies of ovarian carcinoma have implied a risk reduction
with the use of some NSAID derivatives on a regular basis
[47, 48]. In vitro analysis has suggested that inhibition of
COX-2 leads to downregulation of local prostaglandins
that may result in interactions with downstream media-
tors of the OSE cell apoptosis inhibiting rupture of the epi-
thelial lining of the dominant follicle [49]. The very recent
study of celecoxib in women at elevated risk of ovarian
carcinoma presented a rationale argument for the con-
tinued examination of this agent in clinical and preclin-
ical trials [50].

CONCLUSION

Precancer is a very early noninvasive lesion that has
genetic abnormalities, loss of cellular control functions,
some phenotypic characteristics of invasive cancer, and
predicts a substantial likelihood of developing invasive
cancer. The objective of this review was to present the
most up to date literature on the existence of ovarian pre-
neoplasia, without making a judgment with regards to its
clinical significance. The assumption has been that, as
with other cancers, gross dysplasia found in ovarian tissue
specimens represents a precursor lesion. Based on this,
researchers have restricted their clinical correlative stud-
ies on women at increased risk for ovarian cancer, with
reasoning that those findings would also apply to cases
of sporadic ovarian cancer.

It is evident, based on the above-described studies that
high-risk women carry ovarian precursor lesions with
genetic alterations, which may lead to a suitable envi-
ronment for neoplastic transformation. Nevertheless,
the argument for precursor lesions in the ovaries of low-
risk women is not as strong. As low-risk women repre-
sent the majority of invasive ovarian cancer cases, popu-
lation-wide genetic screening tests for disease biomark-
ers are currently not warranted. This is also reflected in
the disappointing sensitivity and specificity of CA125 and
proteomics screens. In spite of the obstacles related to
ovarian cancer prevention and screening, there is hope.
As shown in this review, the use of OC provides strong
protection against ovarian cancer. Additionally, it would
be interesting to see the results of the ongoing fenretin-
ide and COX-2 inhibitor preventive trials. Future stud-
ies entailing epigenetic screens, such as DNA methyla-
tion patterns, may equally provide useful clinical data in
this endeavor.
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NOCTOJE I NPEKYPCOPHE JIE3UJE KAPLUMUHOMA JAJHUKA - NPEMEQ NUTEPATYPE

Oywwua LIBETKOBU, Stephen J. WILLIAMS
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KPATAK CAAPXAJ

lMpekaHLep je BP0 paHa HerHBa3MBHa Ne3ija ca reHeTCKUM
nopemehajuma, n3BecHUM GeHOTUNCKUM 06enexjrma NHBasB-
Hor Tymopa, rybutkom KoHTpone hennjckux GyHKLMja, Koja ca
BEJIMKOM BepOBaTHONOM MOXe [la npepacTe y NHBa3NBHU Ty-
Mop. 3acag jow Hema KOHCeH3Yyca O MoCTojakby NPeKyPCOPHUX
ne3uja 3a pak jajH1Ka npemaa cy Aocaj OTKpUBEHe MHOre inC-
nnasuje. Hecnoco6HOCT Aa ce oTKpuje npeKaHLep jajHrKa yc-
ropwrna je Hanope 3a paHum OTKprBarbem 6onecTu. Ha ocHoBy
npernepaa akTyenHe nuTepatype, No CBOj NPUANLM, MOCTOjY KO-
penauwja nsmehy HKY3MOHMX LUCTA, BYOOKUX MOBPLUMHCKUX
MHBarnHaLuwuja v nNannaomMaTtosa, 4eCTo 03HauYeHMX Kao ,nyTa-
TUBHE NpeKaHLepcKe nesunje jajHnKa", n reHeTCKUX NpoMeHa y
y3HanpegoBasoj 6onectvi Kog NpeAncroHMpaHnx 6onecHuLa.
Y oBOM NpernegHoOM UYnaHKy Cy ofnvcaHe Teopuje o pa3Bojy pa-
Ka jajHVKa, HaBeAeH CY KOHTPAAUKTOPHM [JOKa3u 0 NOCTOojatby

npemanurHux NPOMeHa y jajHuKy, onncaHe cy reHeTcKe npo-
MeHe y TM Ne3njama, Kao 1 ogroBapajyhe mepe npeseHuuje.
Mako mana yyectanoct paka jajH1mKa He onpaBAaBa CKPUHUHT Y
OnwIToj Monynaymnju, NoJaLM 0 XeMONPEBEHTVBHUM CTyAMjaMa
ynuBajy Hagy y 60p6m npoTuB oBe yecto patanHe 6onecty.

KrbyuHe peun: npekaHuep jajHuKa; MHKNY3MOHe LUCTe; nanu-
nlomartosa
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