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The lack of proven screening tools for early detection and the high mortality of ovarian serous carcinoma (OSC), particularly high
grade, have focused attention on identifying putative precursor lesions with distinct morphological and molecular characteristics.
The finding of occult invasive and intraepithelial fallopian tube carcinomas in prophylactically removed specimens from
asymptomatic high-risk BRCA 1/2-mutation carriers supports the notion of an origin for OSC in the fallopian tube. The
intraepithelial carcinomas have been referred to as serous intraepithelial carcinomas (STICs) but our own findings (unpublished
data) and recent reports have drawn attention to a spectrum of changes that fall short of STICs that we have designated serous
tubal intraepithelial lesions (STILs).

1. Introduction

Ovarian cancer is the most lethal gynecologic cancer,
responsible for over 13,000 deaths in the US in 2009
(http://www.cancer.org/). The majority of these cancers
are detected at an advanced stage, after they have spread
to the peritoneal surfaces; the 5-year survival rate for
women diagnosed at stage III-IV is only 28% (SEER Can-
cer Statistics Review, 1975–2004, National Cancer Institute
http://seer.cancer.gov/csr/1975 2006/). A lack of effective
screening tools for early detection of ovarian cancer in high-
risk and general populations has led to increased interest
in the identification of precursor lesions defined by both
morphological and molecular changes that could be the
target of not only early detection but prevention efforts.

2. Molecular Characteristics of Ovarian Cancer

Ovarian cancer is heterogeneous, like other cancers, com-
prising a collection of subtypes with different histologic and
molecular characteristics that in turn inform prognosis [1].
Accumulating evidence suggests that there are two general

pathways in the molecular pathogenesis of what is known
as ovarian cancer [2, 3]. The first (Type I) pathway leads to
borderline tumors, which can develop into low-grade serous,
mucinous, endometrioid, and clear cell carcinomas. These
are for the most part low-grade tumors that are characterized
by a high frequency of mutations of KRAS, BRAF, ERBB2,
CTNNB1 (the gene encoding beta catenin), and PIK3CA, low
proliferation, and a 5-year survival of approximately 55%
[2]. A stepwise model of progression from cystadenomas
to low-grade carcinomas has been proposed for these
neoplasms.

In contrast to the Type I tumors, the Type II tumors
are high-grade and highly aggressive, spreading rapidly
throughout the pelvis. Type II tumors include high-grade
serous carcinoma, malignant mixed mesodermal tumors,
and undifferentiated carcinomas. They are characterized by
a high frequency of mutations in TP53, a tumor suppressor
gene, and a high proliferative index. It is estimated that 60%
of sporadic ovarian carcinomas and the majority of those
diagnosed in BRCA1 mutation carriers are of the high-grade
serous type [4, 5]. Preliminary data suggests that these TP53
mutations may develop early in the carcinogenic process. If
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in fact this is confirmed, new approaches to early detection
and prevention can be developed.

3. Identifying the Cell of Origin

It has conventionally been assumed that ovarian cancers
arise from the ovarian surface epithelium (OSE), which is
viewed as a modified type of mesothelium similar to that
which lines the peritoneal cavity, by a process of invagination
leading to the development of cortical inclusion cysts (CICs).
It has been argued that changes in the microenvironment
of the ovarian stroma surrounding the CICs leads to
müllerian-type differentiation. This step, which is viewed
as a metaplastic change, would be necessary to explain
the morphologic appearance of ovarian epithelial tumors
which have a müllerian-type phenotype. However, others
believe it is unlikely that CICs are precursors and have
instead proposed that ovarian epithelial tumors develop
from müllerian-type epithelium lining paraovarian and
paratubal cysts (the so-called secondary müllerian system)
[6]. A tubal origin for high-grade serous ovarian cancer is
supported by gene expression profiles of OSC that reveal that
they are more similar to normal müllerian epithelium than
the ovarian surface epithelium [7].

4. Prophylactic Salpingo-Oophorectomy in
BRCA1 and BRCA2 Mutation Carriers

Prophylactic bilateral salpingo-oophorectomy (BPSO) speci-
mens from high-risk women have proved to be an invaluable
resource for research into the origins and precursors for
high-grade serous pelvic carcinomas. Women found to have
a deleterious germline mutation in the BRCA1 or BRCA2
gene are known to be at increased risk for ovarian cancer,
with lifetime risk estimates ranging from 40% to 60% [8,
9]. Given the limitations of current options for ovarian
surveillance, bilateral prophylactic salpingo-oophorectomy
(BPSO) after the completion of child-bearing is the current
standard recommendation for these women [10]. This pro-
cedure greatly reduces the risk of subsequent development
of pelvic serous carcinoma, by 80%–90%, but surprisingly
does not eliminate it entirely [11]. Remaining risk is mainly
attributed to primary peritoneal serous carcinoma, which
is similar to high-grade OSC in terms of presentation and
response to treatment [12] and appears to originate from the
same cell lineage [11]. The estimated cumulative incidence
of peritoneal cancer at 20 years after oophorectomy is 4.3%
[13], and so far a survival benefit has been shown in the short
term but not long term [14].

5. Occult Carcinoma

It is estimated that between 2% and 17% of all BPSO
specimens from BRCA1/2 mutation carriers will contain
an occult cancer (see Table 1). The range of estimates to
some extent is reflective of the comparison groups and
the protocols used for sectioning specimens [11, 13, 15–
24]. Despite these inconsistencies a majority of early serous

cancers found in these specimens are localized to the
fallopian tube.

6. Serous Tubal Intraepithelial Carcinomas

High-grade serous tubal intraepithelial carcinomas (STICs)
are noninvasive carcinomas of the fallopian tube that have
been found with varying frequency in BPSO specimens (see
Table 2). STICs are characterized morphologically by nuclear
hyperchromasia and atypia, mitotic figures, and nuclear
stratification [26]. Immunohistochemically, they exhibit
increased staining for p53 and MIB-1 (Ki-67) [26] (Figure 1).
As noted above, many of the occult malignancies detected on
thorough sectioning of BPSO specimens were microscopic
and restricted to the fallopian tube. Subsequently, a careful
and thorough examination of the fallopian tubes from 55
consecutive cases of “serous carcinoma” (pelvic, ovarian, or
tubal) revealed that over 70% involved the endosalpinx and
approximately half contained STICs [27]. These findings led
to the hypothesis that the fallopian tube may be the source
of a significant proportion of all pelvic high-grade serous
carcinomas. To further confirm the shared origin of these
OSC with their coexisting STICs, the authors analyzed p53
mutations in both sites from five cases. Identical mutations
were detected in both sites for all cases. An analysis of
chromosomal copy number changes by FISH demonstrated
similar results in 3/5 cases comparing ovarian serous tumors
with synchronous fallopian tube serous carcinoma, pro-
viding some additional potential support for a common,
monoclonal origin [28]. Further, another study from the
same group examined 45 cases of primary peritoneal serous
carcinoma and found that 9 out of 26 cases with incomplete
tubal sampling and 9 out of 19 cases that underwent
complete examination of the tube had STIC [29]. In all
of these studies, the majority of STICs were found in the
fimbriated end of the tube, adjacent to the ovarian surface.

In an effort to verify the fimbria as a preferred site for
STICs in BPSO specimens, Medeiros et al. [25] investigated
13 BRCA+ BPSOs and 13 controls, who were women
who had bilateral salpingo-oophorectomy due to other
gynecological diseases. Six of the cases had mutations in
BRCA1 and 7 were BRCA2 positive. Cases and controls
had similar age ranges and mean ages (50 and 58 years,
resp.), and all specimens were entirely submitted for review,
sectioned at 2-3 mm intervals. In addition, all fimbriae were
extensively sectioned in one of two ways: serial sectioning (7
cases) or by SEE-FIM protocol—Sectioning and Extensively
Examining the Fimbriae—in 19 cases. The SEE-FIM protocol
was developed to ensure maximal examination of the fimbria
[25]. Cases were compared to controls for the rate of
detection of early neoplasms, their locations, and expression
patterns for p53 and Ki-67. Five cancers were identified, all
of which were tubal and from the case group. Four of the five
tumors involved the fimbria; four of these five also stained
positive for both p53 (>75% nuclei staining positive in a
region of 12 cells in length) and Mib-1. The reason for the
tendency of these early cancers to be found in the fimbria is
not entirely clear, but the authors suggest that it may be due
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Table 1: Prevalence of occult carcinoma in bilateral prophylactic salpingo-oophorectomy specimens.

Author Study design Study population Sectioning protocol Findings

Colgan et al. 2001 [15] Cross-sectional

60 BPSO specimens
from women (mean age
48.4) with high
likelihood of being
BRCA mutation carriers
according to family
history (early criteria) or
tested positive for a
BRCA1 or BRCA2
mutation (later criteria)

Ovaries: multiple
sections through the
short axis; fallopian
tubes: 40/60 had
representative sections
only, the other 20 were
completely submitted
with transverse sections

5 (8.3%) cases showed
occult carcinoma; 4/5
located in fallopian tube

Leeper et al. 2002 [17] Cross-sectional

30 BPSO specimens
from women (mean age
46, range 30–65) at high
risk of ovarian cancer
according to family or
personal history

Ovaries and tubes: first 7
cases had representative
sections only, remaining
23 cases were serially
sectioned

5 (16.7%) cases showed
occult carcinoma; 3
located in fallopian tube

Olivier et al. 2004 [18] Cross-sectional

38 BPO specimens and
90 BPSO specimens
from women (mean age
46, range 26–74) with
known BRCA1 or
BRCA2 mutations or
personal history of
breast cancer and family
history suggestive of
hereditary breast and
ovarian cancer

Ovaries from all
procedures and tubes
from BPSO procedures:
sectioned in their
entirety

5 (5.6%) cases from
BPSO group showed
occult carcinoma (all in
BRCA1 carriers); 2
restricted to the fallopian
tube; no occult cancers
in ovary-only specimens

Lamb et al. 2006 [22] Cross-sectional

113 BPSO specimens
from women (median
age 47, range 30–70) at
high risk for ovarian
cancer based on GOG
criteria

Ovaries and tubes:
sectioned at 2- to 3-mm
intervals

7 (6.2%) cases showed
ovarian, fallopian tube
or peritoneal neoplasia;
5 were early high-grade
serous tubal neoplasia

Finch et al. 2006 [21] Cross-sectional

159 BPSO specimens
from BRCA1 or BRCA2
mutation carriers (mean
age 47.7, range 34–71)

Ovaries: serially
sectioned; fallopian
tubes initially
representative
sections—partway
through protocol
amended to submit
tubes in entirety

7 (4.4%) cases showed
occult carcinoma; 6
involved fallopian tube

Medeiros et al. 2006 [25] Case-control

13 BPSO specimens
from BRCA1 or BRCA2
mutation carriers (mean
age 50, range 39–76) and
13 controls (mean age
58, range 43–76)
undergoing surgery for
benign reasons

Ovaries and tubes:
sectioned at 2- to 3-mm
intervals; fimbriae in
some cases serially
sectioned, in others by
SEE-FIM protocol

5 (38%) cases showed
early cancers; all in the
fallopian tube; 4/5
stained positive for both
p53 and MIB-1, the 5th
scored positive for
MIB-1 only; no cancers
were found in controls

Hermsen et al. 2006 [24] Case-control

85 BPSO specimens
from high-risk women
according to family
history or BRCA1 or
BRCA2 mutation status
(median age 48, range
33–64) and 72 controls
undergoing surgery for
benign reasons (median
age 37, range 23–79)

Sectioning details not
specified

1 case of tubal
carcinoma + 2 cases of
severe tubal dysplasia/in
situ carcinoma (3.5%)
were identified in the
BPSO group; no cancers
were found in controls
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Table 1: Continued.

Author Study design Study population Sectioning protocol Findings

Callahan et al. 2007 [23] Cross-sectional

122 BPSO specimens
from women with
BRCA1 or BRCA2
mutations or variants
(median age 46.5, range
23–76)

Ovaries and tubes:
sectioned at 2- to 3-mm
intervals for all cases;
SEE-FIM protocol
performed in a subset

7 (5.7%) cases showed
occult tubal carcinoma

Finch et al. 2006 [13] Cross-sectional

490 BPSO specimens
from women with
BRCA1 or BRCA2
mutations (mean age
47.6, range 19–76)

All reported cancers
confirmed by review of
medical records and/or
pathology reports. The
pathology reports were
reviewed in order to
correctly assign the
diagnosis of ovarian,
fallopian tube, or
primary peritoneal
cancer.

11 (2.2%) specimens
showed occult cancer; 7
were identified as
ovarian; 3 were classified
as tubal; 1 case had
positive peritoneal
washings with no source
of cancer identified

Powell et al. 2005 [19] Cross-sectional

67 BPSO specimens
from women with
BRCA1 or BRCA2
mutations (mean age 47,
range 31–64)

Ovaries and tubes:
serially sectioned at
2 mm intervals (“full”
adherence to specified
protocol) in 20 cases;
partial adherence in 21
cases; standard
procedures
(nonadherence) in 26
cases

7 (17%) specimens that
were processed by fully
or partially adherent
protocols (n = 41)
showed occult cancer; 4
were tubal and 3 were
ovarian

BPO: bilateral prophylactic oophorectomy; BPSO: bilateral prophylactic salpingo-oophorectomy; GOG: gynecologic oncology group; SEE-FIM: sectioning
and extensively examining the fimbriae.

to increased surface area of this site, or potential differences
in characteristics of the cells from this region versus more
proximal sections of the tube. Their findings support a
possible means of spread to the ovary by exfoliation or tubal-
ovary adhesions.

7. Resemblance of STIC to Serous Endometrial
Intraepithelial Carcinoma

Like high-grade OSC, uterine serous carcinomas are aggres-
sive cancers with poor prognosis [30, 31]. Despite com-
prising only 10%–15% of all endometrial carcinomas, USC
causes a disproportionate number of deaths and appears to
have a different etiologic pathway than the usual type of
endometrial carcinoma (endometrioid adenocarcinoma). In
contrast to the endometrioid type, which is typically found to
be associated with endometrial hyperplasia and other signs
of hyperestrogenism, most uterine serous carcinomas are
diagnosed in older, postmenopausal women with atrophic
endometrium and no evidence of endometrial hyperplasia.
It has therefore been hypothesized that uterine serous car-
cinoma and its presumptive precursor, serous endometrial
intraepithelial carcinoma, may originate in an estrogen-
independent manner [32] and are associated with other
factors [33].

Serous endometrial intraepithelial carcinoma (SEIC)
is characterized by “replacement of endometrial surface
epithelium and glands by malignant cells that resemble
invasive high-grade endometrial carcinoma” [34]. It has
been identified in greater than 90% of uteri containing
serous carcinoma [31]. Interestingly, immunostaining for
p53 expression in pairs of uterine serous carcinoma with
SEIC showed the majority to be p53 positive and all pairs
were concordant [34]. Shared p53 mutations have also
been described in SEIC and the associated uterine serous
carcinoma [35]. Uterine serous carcinoma and OSC both
exhibit a tendency to spread rapidly throughout the pelvis
and multifocal disease is often found at diagnosis. These
multiple foci are thought to represent monoclonal disease,
unlike endometrioid carcinomas, which have been shown to
have multiple sites of origin [36]. The question of site of
origin for these multifocal uterine serous carcinoma parallels
that of the origin of other pelvic serous carcinomas.

A recent study attempted to document the frequency
of concurrent STIC and SEIC, conjecturing that uterine
serous carcinoma with STIC might represent a distinct subset
of pelvic serous carcinomas, with as-yet unclear origin. Of
22 uterine serous carcinoma cases examined, the presence
of STIC was confirmed in 5 [36]. It was found that the
endometrial tumor in all five of these cases was either
noninvasive or superficially invasive, and in 2 of the cases
identical p53 mutations were identified in both tubal and



Journal of Oncology 5

Table 2: Serous tubal intraepithelial carcinoma in pelvic serous carcinoma cases.

Author Study design Study population Sectioning Protocol Findings

Salvador et
al. 2008 [28]

Cross-sectional
16 cases of epithelial
ovarian malignancy with
tubes submitted in toto

fallopian tubes
submitted in toto and
serially sectioned every
3-4 mm

10 of the 12 cases of high-grade
serous carcinoma showed either
unilateral tubal mucosal
involvement by TIC (n = 7) or
tubal obliteration ipsilateral to
the dominant ovarian mass
(n = 3). In 3 of 5 selected high
grade serous carcinoma cases
with TICs, FISH analysis showed
similar copy number changes in
foci of the ovarian and fallopian
tube mucosal carcinoma; one
case was not synchronous and
the 5th was indeterminate

Kindelberger
et al. 2007
[27]

Cross-sectional

55 cases containing
pelvic serous carcinoma
(mean age 61.5, range
43–82)

SEE-FIM for all cases

41(75%) showed involvement of
endosalpinx; 11 were classified as
tubal or peritoneal primary; (9 of
these had TICs); 20/30 cases
classified as ovarian had TICs;
93% of TICs involved the
fimbria. Of 5 ovarian cases with
TICs, p53 DNA analysis showed
identical mutations in at least
one focus of TIC and ovarian
cancer

Carlson et al.
2008 [29]

Cross-sectional

45 cases of primary
peritoneal serous
carcinoma in which
there was either
nonuniform sampling of
the fallopian tube
(n = 26) or SEE-FIM
protocol (n = 19)

nonuniform sampling
(portion of tube
submitted), or SEE-FIM
protocol

9 (35%) of first sampling group
and 9 (47%) of second samping
group showed STICs. 5/5 cases
tested showed identical p53
mutations in the peritoneal and
tubal lesions

FISH: fluorescence in situ hybridization; SEE-FIM: sectioning and extensively examining the fimbriae; STIC: serous tubal intraepithelial carcinoma; TIC: tubal
intraepithelial carcinoma.

endometrial lesions, suggesting a common origin, perhaps
in the tube, for these cases. The proposal that these uterine
tumors may also be of tubal origin is intriguing and certainly
deserves further investigation.

8. Identification of Precursor Lesions

8.1. Serous Tubal Intraepithelial Lesions

8.1.1. Molecular Changes. We use the term “serous tubal
intraepithelial lesions” (STILs) to describe a spectrum of
epithelial changes ranging from normal appearing tubal
epithelium, expressing p53, to lesions with increasing degrees
of cytologic atypia that fall short of an STIC (Figure 2).
Others have reported these changes as tubal intraepithelial
lesions in transition (TILT) [37]. Characterization of STILs
has become a central focus of several groups, including
ours, in order to determine the nature of these lesions and
their relationship to STICs, specifically whether these are the
earliest steps in the carcinogenic process. A 2007 study [38]

sought to examine the relationship of what was designated
“p53 signatures,” characterized by high p53 immunostaining,
defined as strong nuclear staining obscuring nuclear detail in
at least 12 consecutive secretory nuclei in benign-appearing
epithelium, and STIC. The fallopian tubes from three groups
of women were included in this series: (1) 41 women
with BRCA1 or BRCA2 mutations undergoing BPSO, (2)
58 consecutive women undergoing procedures for other
gynecologic disease, and (3) 17 women already identified
to have STICs, all of which were shown in a previous
study to be associated with pelvic serous carcinoma [27].
All fimbriae were sectioned using the SEE-FIM protocol.
Sections were examined for prevalence of p53 signatures.
Similar percentages of p53 signatures were found in the
benign BPSO specimens from BRCA+ women versus group
2 (24% and 33%, resp.) and were most often found in
the fimbriated end of the tube. Nine of the 17 STICs
(53%) contained at least one p53 signature and multiple
p53 signatures were found in tubes containing STICs at
twice the frequency found in nonneoplastic tubes. Staining
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(a)

(b)

Figure 1: Serous tubal intraepithelial carcinoma (STIC). (a)
The morphological features of a small STIC showing papillary
architecture with intraepithelial carcinoma cells, many of which are
detached and are able to freely disseminate onto ovaries, pelvic, or
peritoneal wall. (b) The p53 immunohistochemistry demonstrates
that all intraepithelial carcinoma cells are intensely positive for p53
nuclear immunoreactivity. In contrast, the normal-appearing tubal
epithelial cells flanking the STIC are negative for p53.

of a subset of tissues containing p53 signature, STIC, or
serous carcinoma revealed the colocalization of γ-H2AX,
an immunohistochemical marker of double-stranded DNA
damage, with p53.

Another study from the same group compared the
prevalence of p53 signatures in fallopian tubes versus ovarian
cortical inclusion cysts in BRCA+ women [39]. Cases con-
sisted of consecutive BPSOs performed in BRCA+ women.
Controls, taken from a prior study, were a consecutive series
of women free of ovarian cancer, having surgery for other
gynecologic conditions, who had either tested negative for
BRCA mutations or were untested. All tubes and ovaries
were submitted entirely, and the SEE-FIM protocol was used
for examining the fimbriae. The proportions of specimens
that showed at least one p53 signature were similar between
cases and controls (38% and 33%, resp.). No CICs were
found to contain p53 signatures. Sixty-six percent of the p53
signatures in cases stained positive for γ-H2AX; staining for
γ-H2AX in the p53 signatures of controls was not reported.

8.1.2. Hormonal Changes. One of the prevailing theories
of ovarian epithelial carcinogenesis is that of “incessant
ovulation” as a potential causative role in these cancers.
Ovulation has been suggested to cause genotoxic damage in
the ovarian surface epithelium where ovarian cancers have
traditionally been thought to originate; the recent findings
of colocalization of γ-H2AX with p53 staining in STILs and
STICs in the fimbria, adjacent to the ovarian surface, is

(a)

(b)

(c)

Figure 2: Serous tubal intraepithelial lesion (STIL). (a) The
morphological features of an STIL identified in a young cancer-free
BRCA mutation carrier. The epithelium shows mild nuclear and
architectural atypia but not to the level of a classical STIC. (b) An
immunohistochemical stain for p53 shows overexpression in several
consecutive secretory cells. (c) An immunohistochemical stain for
Ki-67 shows a low proliferation index.

therefore highly intriguing and will be important to explore
further.

A recent study exploiting genetic microarray technol-
ogy compared the expression profiles of normal-appearing
fallopian tube epithelium of BRCA+ mutation carriers and
healthy controls to serous carcinomas [40]. Fallopian tube
epithelium samples from the BRCA+ group (but not the
normal controls) were found to cluster closely with serous
carcinoma samples. In particular, BRCA+ fallopian tube
epithelium taken during the luteal phase (versus follicular
phase) expressed gene profiles most similar to those of the
serous carcinoma tissues. Two differentially expressed genes,
SKIL (ski-like), an oncogene, and DAB2, a tumor suppressor,
emerged as candidates that have been implicated in the
tumorigenic process [41, 42]. SKIL was found to be overex-
pressed, and DAB2 underexpressed, in serous carcinoma and
BRCA+ luteal fallopian tube epithelium, relative to BRCA+
follicular fallopian tube epithelium samples, suggesting that
the hormonal milieu during the luteal phase, particularly in
BRCA+ carriers, may predispose to a carcinogenic process in
the fallopian tube epithelium. The extent to which hormonal
changes during the luteal phase represent a transitory
phenomenon, and the manner in which the fallopian tube
epithelium might retain a more permanent imprint of such
cyclical fluctuations, is unclear.

Tubal-mucosal morphology is known to be influenced
by hormones [15], although these changes have not been
precisely quantified. Presumably, the endogenous and exoge-
nous hormonal milieu plays a key role in the molecular
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alterations of the fallopian tube epithelium, varying with
age and menopausal status. Evidence from epidemiological
studies provided further supports the role of hormonal
exposures in affecting risk of ovarian cancer. It has been
wellestablished in epidemiological studies that use of oral
contraceptive pills (OCP) protects against the development
of ovarian cancer; use for five or more years reduces risk
by approximately 50% [43, 44]. Parity has also been shown
in numerous studies to be protective, conferring a 30%–
60% decreased risk compared to nulliparity [45]. Two
theories have been postulated to explain these findings:
that ovulation causes repetitive cell damage/repair which
over time increases the risk of mutations or that increasing
exposure to gonadotropin-releasing hormones (represented
by lower OCP use and parity, or increased ovulatory cycles)
may be the mechanism by which ovarian cancer risk is
increased. But studies attempting to find a correlation
between number of ovulatory cycles and accumulation of
p53 mutations in ovarian cancers have been contradictory
[46–48]. Schildkraut et al. (1997) examined the ovaries from
197 women with invasive ovarian cancer and found that cases
overexpressing p53 (53%) were exposed to significantly more
ovulatory cycles than those cases that did not overexpress
p53. However, a study by Webb et al. examined 234 cases of
invasive ovarian cancer and found no associations between
p53 overexpression and other factors including years of
ovulation, parity, family history of ovarian cancer, or age.
One cross-sectional study examined the association between
factors including parity, history of breast cancer, prior
chemotherapy, smoking history, tamoxifen use, age at first
birth, age at time of oophorectomy, BMI, age at menarche,
and oral contraceptive use (never versus ever) obtained from
medical record review and the presence of p53 signatures in
the tubes of 75 BRCA+ mutation carriers [49]. Thirty eight
percent of the tubes showed at least one p53 signature, and
parity was significantly associated with the presence of p53
signatures. Due to the cross-sectional nature of the study
temporality could not be assessed.

8.1.3. Cortical Inclusion Cysts. Several studies comparing the
prevalence of CICs in “high-risk” prophylactically removed
ovaries versus normal-risk ovaries have reported inconsistent
findings [50]. One study comparing morphology of ovarian
surface epithelium of 64 women with a family history of
ovarian cancer with 30 women without a family history
found significantly more CICs in the high-risk group [51],
while others have found no significant difference in the
frequency of CICs. CICs also appear to increase with age in
both high-risk and normal-risk women, and this needs to
be taken into consideration when evaluating its significance
as a precursor lesion [50]. Barakat et al. [52] examined
ovarian tissues from 18 BRCA1 mutation carriers and 20
age-matched controls and found no significant differences
in frequency of inclusion cysts or other morphological
alterations. Immunohistochemical staining for p53, ERBB-
2, and Ki67 of the CICs also showed no difference in
expression between cases and controls. In a cross-sectional
study examining the relationship between demographic vari-
ables and the presence of CICs in 74 bilateral prophylactic

salpingo-oophorectomies (BPSOs) from BRCA1/2 mutation
carriers, Folkins et al. [53] found women with ≥7 versus <7
CICs per ovary pair had significantly older age at childbirth
and menopause, older age at surgery, and higher body
mass index (BMI). Limitations of this study include the
small sample size, which prevented the analyses from being
adjusted for confounders, such as age, and the retrospective
collection of information on risk factors from medical
records.

8.1.4. Future Directions. Large, well-powered studies with
uniform sectioning methodology are needed to better define
the prevalence of STICs and STILs in specimens from high-
risk women and the general population, and to determine
the incidence of subsequent peritoneal cancer. Further
prospective data is needed to assess interactions between
exposures and these lesions. Animal experiments could assist
in validating the temporality of these precursor lesions to
the development of ovarian serous carcinoma, as this type
of study would not be feasible in clinical studies. The genetic
changes accompanying and preceding these lesions may then
be able to be targeted in prevention studies. In addition,
a validated classification of STIL would help both internal
validity and generalizability of studies.

References

[1] K. R. Cho and M. Shih Ie, “Ovarian cancer,” Annual Review of
Pathology, vol. 4, pp. 287–313, 2009.

[2] M. Shih Ie and R. J. Kurman, “Ovarian tumorigenesis: a
proposed model based on morphological and molecular
genetic analysis,” American Journal of Pathology, vol. 164, no.
5, pp. 1511–1518, 2004.

[3] R. J. Kurman and M. Shih Ie, “Pathogenesis of ovarian cancer:
lessons from morphology and molecular biology and their
clinical implications,” International Journal of Gynecological
Pathology, vol. 27, no. 2, pp. 151–160, 2008.

[4] H. T. Lynch, M. J. Casey, C. L. Snyder, et al., “Hereditary ovar-
ian carcinoma: Heterogeneity, molecular genetics, pathology,
and management,” Molecular Oncology, vol. 3, no. 2, pp. 97–
137, 2009.

[5] P. A. Shaw, J. R. McLaughlin, R. P. Zweemer, et al.,
“Histopathologic features of genetically determined ovarian
cancer,” International Journal of Gynecological Pathology, vol.
21, no. 4, pp. 407–411, 2002.

[6] L. Dubeau, “The cell of origin of ovarian epithelial tumours,”
The Lancet Oncology, vol. 9, no. 12, pp. 1191–1197, 2008.

[7] R. T. Marquez, K. A. Baggerly, A. P. Patterson, et al., “Pat-
terns of gene expression in different histotypes of epithelial
ovarian cancer correlate with those in normal fallopian tube,
endometrium, and colon,” Clinical Cancer Research, vol. 11,
no. 17, pp. 6116–6126, 2005.

[8] D. Ford, D. F. Easton, D. T. Bishop, S. A. Narod, and D. E.
Goldgar, “Risks of cancer in BRCA1-mutation carriers,” The
Lancet, vol. 343, no. 8899, pp. 692–695, 1994.

[9] D. F. Easton, D. Ford, D. T. Bishop, et al., “Breast and ovarian
cancer incidence in BRCA1-mutation carriers,” American
Journal of Human Genetics, vol. 56, no. 1, pp. 265–271, 1995.

[10] “The NCCN Clinical Practice Guidelines in Oncology
Genetic/Familial High-Risk Assessment: Breast and Ovarian



8 Journal of Oncology

(Version 1.2009),” National Comprehensive Cancer Network,
June 2009, http://www.nccn.org.

[11] T. R. Rebbeck, H. T. Lynch, S. L. Neuhausen, et al., “Prophylac-
tic oophorectomy in carriers of BRCA1 or BRCA2 mutations,”
The New England Journal of Medicine, vol. 346, no. 21, pp.
1616–1622, 2002.

[12] G. H. Eltabbakh and M. S. Piver, “Extraovarian primary
peritoneal carcinoma,” Oncology, vol. 12, no. 6, pp. 813–819,
1998.

[13] A. Finch, “Salpingo-oophorectomy and the risk of ovarian,
fallopian tube, and peritoneal cancers in women with a
BRCA1 or BRCA2 mutation,” Journal of the American Medical
Association, vol. 296, no. 2, pp. 185–192, 2006.

[14] S. M. Domchek, T. M. Friebel, S. L. Neuhausen, et al.,
“Mortality after bilateral salpingo-oophorectomy in BRCA1
and BRCA2 mutation carriers: a prospective cohort study,” The
Lancet Oncology, vol. 7, no. 3, pp. 223–229, 2006.

[15] T. J. Colgan, J. Murphy, D. E. C. Cole, S. Narod, and B. Rosen,
“Occult carcinoma in prophylactic oophorectomy specimens:
prevalence and association with BRCA germline mutation
status,” American Journal of Surgical Pathology, vol. 25, no. 10,
pp. 1283–1289, 2001.

[16] N. D. Kauff, J. M. Satagopan, M. E. Robson, et al., “Risk-
reducing salpingo-oophorectomy in women with a BRCA1 or
BRCA2 mutation,” The New England Journal of Medicine, vol.
346, no. 21, pp. 1609–1615, 2002.

[17] K. Leeper, R. Garcia, E. Swisher, B. Goff, B. Greer, and P. Paley,
“Pathologic findings in prophylactic oophorectomy specimens
in high-risk women,” Gynecologic Oncology, vol. 87, no. 1, pp.
52–56, 2002.

[18] R. I. Olivier, M. Van Beurden, M. A. C. Lubsen, et al., “Clinical
outcome of prophylactic oophorectomy in BRCA1/BRCA2
mutation carriers and events during follow-up,” British Jour-
nal of Cancer, vol. 90, no. 8, pp. 1492–1497, 2004.

[19] B. C. Powell, E. Kenley, L. M. Chen, et al., “Risk-reducing
salpingo-oophorectomy in BRCA mutation carriers: role of
serial sectioning in the detection of occult malignancy,”
Journal of Clinical Oncology, vol. 23, no. 1, pp. 127–132, 2005.

[20] P. A. M. Meeuwissen, C. Seynaeve, C. T. M. Brekelmans, H. J.
Meijers-Heijboer, J. G. M. Klijn, and C. W. Burger, “Outcome
of surveillance and prophylactic salpingo-oophorectomy in
asymptomatic women at high risk for ovarian cancer,” Gyne-
cologic Oncology, vol. 97, no. 2, pp. 476–482, 2005.

[21] A. Finch, P. Shaw, B. Rosen, J. Murphy, S. A. Narod, and T.
J. Colgan, “Clinical and pathologic findings of prophylactic
salpingo-oophorectomies in 159 BRCA1 and BRCA2 carriers,”
Gynecologic Oncology, vol. 100, no. 1, pp. 58–64, 2006.

[22] J. D. Lamb, R. L. Garcia, B. A. Goff, P. J. Paley, and E. M.
Swisher, “Predictors of occult neoplasia in women undergoing
risk-reducing salpingo-oophorectomy,” American Journal of
Obstetrics and Gynecology, vol. 194, no. 6, pp. 1702–1709,
2006.

[23] M. J. Callahan, C. P. Crum, F. Medeiros, et al., “Primary fallop-
ian tube malignancies in BRCA-positive women undergoing
surgery for ovarian cancer risk reduction,” Journal of Clinical
Oncology, vol. 25, no. 25, pp. 3985–3990, 2007.

[24] B. B. J. Hermsen, P. J. Van Diest, J. Berkhof, et al., “Low
prevalence of (pre) malignant lesions in the breast and high
prevalence in the ovary and fallopian tube in women at hered-
itary high risk of breast and ovarian cancer,” International
Journal of Cancer, vol. 119, no. 6, pp. 1412–1418, 2006.

[25] F. Medeiros, M. G. Muto, Y. Lee, et al., “The tubal fimbria
is a preferred site for early adenocarcinoma in women

with familial ovarian cancer syndrome,” American Journal of
Surgical Pathology, vol. 30, no. 2, pp. 230–236, 2006.

[26] E. Jarboe, A. Folkins, M. R. Nucci, et al., “Serous carcino-
genesis in the fallopian tube: a descriptive classification,”
International Journal of Gynecological Pathology, vol. 27, no. 1,
pp. 1–9, 2008.

[27] D. W. Kindelberger, Y. Lee, A. Miron, et al., “Intraepithelial
carcinoma of the fimbria and pelvic serous carcinoma: evi-
dence for a causal relationship,” American Journal of Surgical
Pathology, vol. 31, no. 2, pp. 161–169, 2007.

[28] S. Salvador, A. Rempel, R. A. Soslow, B. Gilks, D. Huntsman,
and D. Miller, “Chromosomal instability in fallopian tube
precursor lesions of serous carcinoma and frequent mono-
clonality of synchronous ovarian and fallopian tube mucosal
serous carcinoma,” Gynecologic Oncology, vol. 110, no. 3, pp.
408–417, 2008.

[29] J. W. Carlson, A. Miron, E. A. Jarboe, et al., “Serous
tubal intraepithelial carcinoma: its potential role in primary
peritoneal serous carcinoma and serous cancer prevention,”
Journal of Clinical Oncology, vol. 26, no. 25, pp. 4160–4165,
2008.

[30] M. Hendrickson, J. Ross, A. Martinez, et al., “Uterine papillary
serous carcinoma. A highly malignant form of endometrial
adenocarcinoma,” American Journal of Surgical Pathology, vol.
6, no. 2, pp. 93–108, 1982.

[31] M. E. Sherman, P. Bitterman, N. B. Rosenshein, G. Delgado,
and R. J. Kurman, “Uterine serous carcinoma: a morpho-
logically diverse neoplasm with unifying clinicopathologic
features,” American Journal of Surgical Pathology, vol. 16, no.
6, pp. 600–610, 1992.

[32] J. V. Bokhman, “Two pathogenetic types of endometrial
carcinoma,” Gynecologic Oncology, vol. 15, no. 1, pp. 10–17,
1983.

[33] M. E. Sherman, M. E. Bur, and R. J. Kurman, “p53 In
endometrial cancer and its putative precursors: evidence for
diverse pathways of tumorigenesis,” Human Pathology, vol. 26,
no. 11, pp. 1268–1274, 1995.

[34] R. A. Ambros, M. E. Sherman, C. M. Zahn, P. Bitterman, and
R. J. Kurman, “Endometrial intraepithelial carcinoma: a dis-
tinctive lesion specifically associated with tumors displaying
serous differentiation,” Human Pathology, vol. 26, no. 11, pp.
1260–1267, 1995.

[35] H. Tashiro, C. Isacson, R. Levine, R. J. Kurman, K. R. Cho,
and L. Hedrick, “p53 gene mutations are common in uterine
serous carcinoma and occur early in their pathogenesis,”
American Journal of Pathology, vol. 150, no. 1, pp. 177–185,
1997.

[36] E. A. Jarboe, A. Miron, J. W. Carlson, et al., “Coexisting
intraepithelial serous carcinomas of the endometrium and
fallopian tube: frequency and potential significance,” Interna-
tional Journal of Gynecological Pathology, vol. 28, no. 4, pp.
308–315, 2009.

[37] C. P. Crum, “Intercepting pelvic cancer in the distal fallopian
tube: theories and realities,” Molecular Oncology, vol. 3, no. 2,
pp. 165–170, 2009.

[38] Y. Lee, A. Miron, R. Drapkin, et al., “A candidate precursor to
serous carcinoma that originates in the distal fallopian tube,”
Journal of Pathology, vol. 211, no. 1, pp. 26–35, 2007.

[39] A. K. Folkins, E. A. Jarboe, A. Saleemuddin, et al., “A candidate
precursor to pelvic serous cancer (p53 signature) and its
prevalence in ovaries and fallopian tubes from women with
BRCA mutations,” Gynecologic Oncology, vol. 109, no. 2, pp.
168–173, 2008.

http://www.nccn.org


Journal of Oncology 9

[40] A. A. Tone, H. Begley, M. Sharma, et al., “Gene expression
profiles of luteal phase fallopian tube epithelium from BRCA
mutation carriers resemble high-grade serous carcinoma,”
Clinical Cancer Research, vol. 14, no. 13, pp. 4067–4078, 2008.

[41] J. Deheuninck and K. Luo, “Ski and SnoN, potent negative
regulators of TGF-β signaling,” Cell Research, vol. 19, no. 1,
pp. 47–57, 2009.

[42] D. H. Yang, Z. Fazili, E. R. Smith, et al., “Disabled-2 het-
erozygous mice are predisposed to endometrial and ovarian
tumorigenesis and exhibit sex-biased embryonic lethality in a
p53-null background,” American Journal of Pathology, vol. 169,
no. 1, pp. 258–267, 2006.

[43] H. A. Risch, N. S. Weiss, J. L. Lyon, et al., “Events of
reproductive life and the incidence of epithelial ovarian
cancer,” American Journal of Epidemiology, vol. 117, no. 2, pp.
128–139, 1983.

[44] V. Beral, “Ovarian cancer and hormone replacement therapy
in the Million Women Study,” The Lancet, vol. 369, no. 9574,
pp. 1703–1710, 2007.

[45] J. Permuth-Wey and T. A. Sellers, “Epidemiology of ovarian
cancer,” Methods in Molecular Biology, vol. 472, pp. 413–437,
2009.

[46] J. M. Schildkraut, E. Bastos, and A. Berchuck, “Relation-
ship between lifetime ovulatory cycles and overexpression
of mutant p53 in epithelial ovarian cancer,” Journal of the
National Cancer Institute, vol. 89, no. 13, pp. 932–938, 1997.

[47] J. M. Schildkraut, B. Calingaert, P. A. Marchbanks, P. G.
Moorman, and G. C. Rodriguez, “Impact of progestin and
estrogen potency in oral contraceptives on ovarian cancer
risk,” Journal of the National Cancer Institute, vol. 94, no. 1,
pp. 32–38, 2002.

[48] P. M. Webb, A. Green, M. C. Cummings, D. M. Purdie, M.
D. Walsh, and G. Chenevix-Trench, “Relationship between
number of ovulatory cycles and accumulation of mutant p53
in epithelial ovarian cancer,” Journal of the National Cancer
Institute, vol. 90, no. 22, pp. 1729–1734, 1998.

[49] A. Saleemuddin, A. K. Folkins, L. Garrett, et al., “Risk factors
for a serous cancer precursor (“p53 signature”) in women with
inherited BRCA mutations,” Gynecologic Oncology, vol. 111,
no. 2, pp. 226–232, 2008.

[50] K. Q. Cai, A. Klein-Szanto, D. Karthik, et al., “Age-dependent
morphological alterations of human ovaries from populations
with and without BRCA mutations,” Gynecologic Oncology,
vol. 103, no. 2, pp. 719–728, 2006.

[51] B. A. Werness, A. M. Afify, K. L. Bielat, G. H. Eltabbakh, M. S.
Piver, and J. M. Paterson, “Altered surface and cyst epithelium
of ovaries removed prophylactically from women with a family
history of ovarian cancer,” Human Pathology, vol. 30, no. 2, pp.
151–157, 1999.

[52] R. R. Barakat, M. G. Federici, P. E. Saigo, M. E. Robson, K.
Offit, and J. Boyd, “Absence of premalignant histologic, molec-
ular, or cell biologic alterations in prophylactic oophorectomy
specimens from BRCA1 heterozygotes,” Cancer, vol. 89, no. 2,
pp. 383–390, 2000.

[53] A. K. Folkins, A. Saleemuddin, L. A. Garrett, et al., “Epidemi-
ologic correlates of ovarian cortical inclusion cysts (CICs)
support a dual precursor pathway to pelvic epithelial cancer,”
Gynecologic Oncology, vol. 115, no. 1, pp. 108–111, 2009.


	Introduction
	Molecular Characteristics of Ovarian Cancer
	Identifying the Cell of Origin
	Prophylactic Salpingo-Oophorectomy in BRCA1 and BRCA2 Mutation Carriers
	Occult Carcinoma
	Serous Tubal Intraepithelial Carcinomas
	Resemblance of STIC to Serous Endometrial Intraepithelial Carcinoma
	Identification of Precursor Lesions
	Serous Tubal Intraepithelial Lesions
	Molecular Changes
	Hormonal Changes
	Cortical Inclusion Cysts
	Future Directions


	References

