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HIGHLIGHTS

* High grade serous carcinomas (HGSCs) have been linked to serous tubal intraepithelial carcinomas (STICs) by TP53 mutations.
* However, many disseminated HGSCs are not associated with STICS.

* Many tubes without STICs contain benign-appearing early serous proliferations (ESPs) with TP53 mutations.

» Many ESPs share TP53 mutations with HGSCs, implying early “precursor escape” with later intraperitoneal transformation.
 “Precursor escape” further links the tube to HGSC but with potential challenges for prevention and early detection of HGSC.

ARTICLE INFO ABSTRACT

Article history: Most ovarian carcinomas are high-grade serous carcinomas (HGSC) that contain TP53 mutations, present at ad-
Received 6 October 2018 vanced stage, and eventually become resistant to chemotherapy. The rapid evolution of this disease has been at-
Received in revised form 20 November 2018 tributed to an origin in the distal fallopian tube, in the form of serous tubal intraepithelial carcinomas (STICs). This
:‘c];?lz Lelg iglg\:lzv;gnﬁzﬁgﬁr 2018 has led to a disease model where malignancy develops first in the tube and spreads to the peritoneum or regional

lymph nodes. However, although most early or incidentally discovered HGSCs manifest in the tube with STICs,
many advanced HGSCs are not accompanied by a malignancy in the fimbria. To resolve this paradox, the focus

Iéjﬁf;;d;'mbe has shifted to earlier, premalignant serous proliferations (ESPs) in the tubes, which lack the cytomorphologic fea-
High grade serous carcinoma tures of malignancy but contain TP53 mutations. These have been termed p53 signatures or serous tubal
Serous tubal intraepithelial carcinoma intraepithelial lesions (STILs). Although they have not been presumed to have cancer-causing potential by them-
Precursor escape selves, some ESPs have recently been shown to share identical TP53 mutations with concurrent HGSCs, indicating

a shared lineage between these early mucosal changes and metastatic malignancy. This discovery supports a par-
adigm by which HGSCs can emerge not only from STICs but also from exfoliated precursor cells (precursor es-
cape) that eventually undergo malignant transformation within the peritoneal cavity. This paradigm unifies
both localized and widespread HGSCs to a visible pre-existing cellular alteration in the tubal epithelium, and high-
lights a consistent and necessary biologic event (TP53 mutation) rarely encountered in the ovary or secondary
Mullerian system. This dual pathway to HGSCs underscores the subtle nature of many serous cancer origins in
the tube, explains contrasting clinico-pathologic presentations, and explains why, until recently, the fallopian
tube was unappreciated as the principal origin of HGSCs. Moreover, it highlights additional challenges faced in
preventing or intercepting HGSCs at a curable stage.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction fraction of HGSCs were diagnosed while confined to the ovary,

From the perspectives of pathogenesis, early detection, and treat-
ment, ovarian cancer has been one of the most challenging diseases to
manage over the last half-century. It is also a disease that is particularly
emblematic of the importance of tumor origin and evolution to thera-
peutic and preventive strategies. Therapeutic interventions have done
little to alter the ultimate outcome, notwithstanding the value of cyto-
toxic chemotherapy in shifting the curve for disease-free survival [1].

Similarly, despite the promise of early detection with the use of ul-
trasound and other disease-related biomarkers such as CA125, there
has been no compelling evidence to suggest that such markers will
have a decisive impact on lowering the death rate in the population in
a cost-effective manner [2]. This is due largely to the fact that up to
70% of ovarian cancers are high-grade serous carcinomas (HGSCs). Un-
like primary ovarian endometrioid, clear cell, and mucinous adenocarci-
nomas, which are presumed to originate within ovarian endometriotic
or other epithelial inclusion cysts and which can often be detected at
an early stage, approximately 95% or more HGSCs are not detected
until they have involved either the ovarian or fallopian tube serosal
and/or peritoneal surfaces [3]. These differences in presentation and
outcome underscore the likelihood that the development of HGSCs is
distinct from the other malignancies and emphasize that pathogenesis
not only determines how a particular tumor type will evolve but also
how it must be approached to achieve successful management and pre-
vention. This fact was highlighted in a paper by Bell and Scully, who ob-
served from a large consultation practice that an exceedingly small
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prompting the admonition that prevention of this disease by early de-
tection would be a challenge [4]. What has transpired since then has
been a revolution in our understanding of the origins of the most lethal
“ovarian” carcinoma. New insights and questions, as well as alternative
theories of pathogenesis have been superimposed upon or dovetailed
with the old. The purpose of this review is to summarize the evolution
in this field, address the emerging knowledge gaps and add some in-
sights to the tubal theory of serous carcinogenesis in the light of recent
discoveries.

Ovarian surface epithelium (OSE) and serous carcinogenesis (Fig. 1).

Up until the year 2000, the prevailing theory of ovarian carcinogen-
esis centered on the ovarian surface epithelium. The connection be-
tween HGSCs and OSE has remained circumstantial. The OSE or
nearby Mullerian epithelial inclusion cysts in the ovarian cortex (CICs)
were thought to be the logical predecessor to ovarian carcinoma [5].
Theories for the development of the Mullerian OSE and CICs included
trans-differentiation of mesothelium, a modified epithelium capable of
both Mullerian and mesothelial differentiation and epithelial implants
from the tubal fimbria [6]. Irrespective of the pathway proposed, a
very high percentage of HGSCs involve the ovarian cortex or are present
on the ovarian surface. This strong physical association between HGSCs
and the ovarian surface has been the most enduring argument for the
OSE or CIC as a site of origin [7]. The principal weaknesses in the argu-
ment have been the following: 1) As mentioned previously, very early
carcinomas are rarely discovered on the ovarian cortex alone and
2) data addressing the role of CICs are conflicting. On one hand,
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Fig. 1. Depiction of the ovarian theory of high grade serous carcinogenesis. In this model, serous carcinomas would develop from either cortical inclusion cysts or the ovarian surface

epithelium.
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examples of p53-immunopositive CICs have been described alone or in
association with HGSCs, albeit in very small case studies [8,9,10]. On the
other hand, two comprehensive immunohistochemical analyses of CICs
in risk-reduction salpingo-oophorectomies for germ-line mutations in
BRCAT1 or BRCAZ2 failed to identify any evidence of TP53 mutations
[11,12]. Notwithstanding, there is a wealth of experimental evidence in-
dicating that under the appropriate conditions adenocarcinomas can be
produced in vitro from ovarian surface or nearby(reviewed in [6]) [13].
Moreover, altered expression of biomarkers that could be germane to
ovarian carcinogenesis has been identified in the OSE (reviewed in
[6]) [14,15]. OSE has been credited with HGSCs in some studies based
on molecular profile, and some mouse models have successfully gener-
ated HGSC in the absence of fallopian tubes [16,17,18]. Facilitation of
OSE or CIC transformation by the aging ovarian cortical stroma has
been suggested in another experimental study [19]. Nevertheless,
with the exception of occasional examples of CICs with inactivating
TP53 mutations, a consistent precursor lesion in the ovary with absent
P53 expression and/or lineage link to HGSCs- a prerequisite for HGSC
precursor candidate- has not been histologically confirmed in vivo in
humans [8,20].

Some arguments supporting an ovarian origin for HGSCs take a dif-
ferent tact, incorporating multiple factors to explain why the tumors
often appear to “come out of nowhere”. One hypothesis to explain this
would be neoplastic transformation occurring in the OSE or inclusions
followed by rapid tumor development facilitated by growth stimulating
stromal factors [6]. This hypothesis is supportable by experimental data
from animal and cell culture models but is otherwise impossible to
prove as no visible related precursor can be identified in human samples
under microscopic examination. Similarly, the proposition that meso-
thelium could abruptly trans-differentiate to Mullerian epithelium in
the course of neoplastic transformation is plausible on embryologic
grounds; however, it is nearly impossible to come up with visual or his-
tologic evidence to support this mechanism for the development of
HGSC in the ovary [21]. Nevertheless, this mysterious property of
HGSCs to suddenly appear is a critical piece of the pathogenetic puzzle
and one that will be revisited later in the review.

2. Secondary Mullerian system

The “secondary Mullerian system” is defined as Mullerian remnants
distributed across the serosal surfaces of the pelvic and abdominal peri-
toneum. These remnants include epithelial cysts resembling fallopian
tube (endosalpingiosis) and endometrium (endometriosis). They are
present presumably either by transport from the uterus or as the re-
sidua of embryonic development, the classic example being paratubal
Mullerian cysts, vestiges of the paramesonephric ducts [22]. This “sys-
tem” has been designated by some as the probable source for serous
and endometrioid carcinomas found in the ovaries or elsewhere [23].
Plausible arguments have been made that the Mullerian cortical cysts
in the ovaries are derived from this system and give rise to epithelial
ovarian carcinomas [5]. The coelomic metaplasia theory, by which the
Mullerian cortical inclusions emerge from mesothelium via trans-
differentiation, has been criticized as far less likely [23]. The origin of
so-called primary peritoneal carcinomas is likewise assigned to these
Mullerian remnants, similar to the presumed origin of many low-
grade or borderline serous tumors that seem to arise spontaneously in
the peritoneal cavity. Thus, the secondary Mullerian system has been
displayed to both refute the theory that Mullerian metaplasia arises in
coelomic epithelium and provide an alternative and more plausible or-
igin for many “ovarian” cancers.

The secondary Mullerian system is a reasonable source of
endometrioid and low grade serous neoplasia, which are often associ-
ated with endometriosis and endosalpingiosis respectively [24]. How-
ever, the theory has far less momentum as an explanation for
disseminated HGSCs. First, as mentioned above, whether being of meso-
thelial or Mullerian origin, ovarian cortical inclusion cysts rarely display

immunohistochemical evidence of TP53 mutations [11,12]. Second,
there is no evidence of TP53 mutations in extra-ovarian
endosalpingiosis beyond rare occurrences. It might be argued that the
cystic nature of ovarian or peritoneal serous carcinomas could signify
an origin within cysts; however, cystic architecture also often occurs
in the setting of metastatic disease. Third, if ovulatory fluid cytokineso
or other exposures are integral to DNA damage - related carcinogenesis,
their access to inclusion cysts might be limited, both anatomically and
temporally, particularly the latter if the inclusions develop after meno-
pause [25]. In summary, there is little visible evidence for a precursor
to implicate the secondary Mullerian system in the development of
HGSCs.

3. The fallopian tube (Figs. 2 & 3)

The fallopian tube emerged as a strong candidate for a site of origin
for HGSCs following the discovery of the BRCA cancer susceptibility
genes and promotion of risk-reducing salpingo-oophorectomy (RRSO)
as a cancer preventive strategy in these vulnerable patients with BRCA
germline mutations [26,27]. With close scrutiny of the fallopian tube, in-
cluding the introduction of the SEE-FIM protocol, a number of studies
analyzed the fallopian tubes in detail, specifically the fimbriated end
[28,29,30]. What transpired was the discovery that approximately 5%
of women with germline BRCA mutations harbor an unsuspected early
serous carcinoma in the fimbria or distal one third of the fallopian
tube [31]. Many such early neoplasms were intramucosal, and were
designated serous tubal intraepithelial carcinomas (STIC). When found
in isolation, STICS carried an approximately 5% risk of a subsequent dis-
seminated HGSC, albeit based on a small number of cases [32,33,34].
Brown and Palmer presented a model for the progression of HGSCs
based on STICs. They estimated that following the development of
STIC, there was a latent time window of approximately 5 years prior
to the onset of full-blown metastatic HGSC [35].

The fact that a very high percentage of early cancers discovered man-
ifested as STICs or STICS with early invasion was a strong endorsement
of the fallopian tube as an important if not the only source of HGSCs [36].
However, subsequent studies of women who presented with advanced
cancer, including those with and without germline BRCA mutations, re-
ported a much lower frequency of STICs in the fallopian tube [29]. Even
with the aid of the SEE-FIM protocol, the percentages have ranged from
as low as 10 to 60% [37,38]. Thus, in a significant percentage of women
with HGSC there is no visible intramucosal carcinoma in the fallopian
tubes.

The above paradox - high frequency of STICs in early or incidentally
discovered carcinomas but low frequency in advanced carcinomas - has
until recently gone largely unresolved albeit not without proposed ex-
planations. One explanation was that advanced HGSCs simply overran
preexisting STICs, obliterating evidence of the earlier intramucosal com-
ponent [39]. Another was that there was more than one pathway to
HGSCs. Proponents of an origin in the OSE, mesothelium or secondary
Mullerian system could argue that their explanations was equally plau-
sible [6]. We noted in two studies that HGSCs with endometrioid or SET
(solid, endometrioid like or transitional) morphology were less likely to
manifest with STICs, suggesting an alternative pathway could exist for
some of those tumors, whether it was in the fallopian tube or elsewhere
[40,41]. However, although this observation suggested a second path-
way to HGSCs, clinical and genetic data did not strongly support a dual-
istic model for HGSCs [17,42]. From another perspective, the notion that
STICs invariably serve as the source(s) of HGSC has been challenged by
studies using next generation sequencing or whole exome sequencing.
These studies have suggested that some STICs are metastatic rather
than primary lesions in the fallopian tube [43,44]. This casts further
doubt on STIC as a consistent and reliable marker of tubal origin for
HGSC, and has not solved the mystery of seemingly instantaneous de-
velopment of widespread HGSCs in the apparent absence of a tubal mu-
cosal carcinoma.
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Fig. 2. A) Normal fallopian tubal mucosa. B) An early serous tubal proliferation (ESP) of the fallopian tube containing a TP53 mutation. C) A serous tubal intraepithelial carcinoma for

contrast (see text).

4. Fallopian tube precursors and precursor escape

Previous studies have uncovered epithelial proliferations in the
fallopian tube that, like precancerous changes in the cervix, are credible
predecessors to intraepithelial carcinomas and by association, HGSCs
(Fig. 2) [45,46]. Although receiving rather little attention in the past,
with the increased scrutiny of fallopian tubes in risk-reduction proce-
dures, these small genetic lesions with TP53 mutations have been no-
ticed and incorporated into the serous carcinogenic sequence.
Whether termed mucosal dysplasias, atypias, P53 signatures or serous
tubal intraepithelial lesions (STILs), these entities share several features
in common with HGSC or STICs [47,48]. First, they are most likely to be
found in the fimbria, like STICs [46]. Second, they contain TP53

Early Serous  Serous Tubal
Proliferations

(ESPs) (STIC)

Intraepithelial Carcinoma

mutations as evidenced via immunohistochemistry or direct sequenc-
ing as well as other biomarkers [46]. Third, they are found within non-
ciliated (secretory) cells, the same cell type from which HGSCs develop
[49]. Fourth, they demonstrate evidence of DNA damage, visible as
punctate staining for gamma H2AX in the affected cells [46]. Fifth, phys-
ical and lineage continuity between these early proliferations and STIC
has been documented with compelling arguments that some ultimately
give rise to STICs and consequently, HGSCs [46,50].

This range of early serous proliferations (ESPs) have previously been
viewed as having little or no metastatic potential per se beyond their
possible role as occasional precursors to STIC. Moreover, in one form
or the other they can be detected in the fallopian tubes of as high as
50-70% of healthy women [51]. Thus, while they shared some of the
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Fig. 3. The fallopian tubal theory of high-grade serous carcinogenesis. In this model DNA damage in non-ciliated epithelial cells of the distal tube leads to an early serous proliferation (p53
signature or serous tubal intraepithelial lesion) with a mutation in TP53. Some may progress to a serous tubal intraepithelial carcinoma (STIC), which in turn might disseminate to the ovary

and/or peritoneal surfaces leading to HGSC.
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attributes of STIC (TP53 mutations, location in the distal tube, secretory
cell type, and presence of DNA damage), ESPs were viewed more as po-
tential precursors to STIC than as an independent start-point for HGSC.

Given the high frequency of TP53 mutations in HGSCs and the simi-
larity in genetics across all HGSCs irrespective of their association with
STICs, we reasoned that if the fallopian tube played an even more dom-
inant role in serous cancer development, then some ESPs would have to
function as direct precursors to HGSCs. In an earlier study we had found
that 54% of STICs were associated with ESPs either nearby or in another
remote site in the fallopian tube [46]. Moreover, in a recent report by
others in which fallopian tubes of women with HGSCs were carefully
examined, STICs were found in 28% of HGSCs and ESPs were detected
in an additional 46%, bringing the number of cases with an associated
tubal STIC or precursor to 74% [52]. However, ultimately the question
was whether an ESP could be linked to HGSC in the absence of an inter-
vening STIC.

Previously, lineage identity between STICS and concurrent HGSCs
has been clearly established by the sharing of common TP53 site-
specific mutations [37,53]. Thus, a similar question was addressed,
being whether isolated ESPs shared the same TP53 mutation with con-
current HGSCs. In a recent study, 32 benign-appearing fallopian tubes
from women with HGSCs were exhaustively sectioned and immuno-
stained for evidence of ESPs. Occult STICs were uncovered in 3 cases
with extensive sectioning. ESPs were seen in 41% (13/32) of the cases,
including one with concurrent occult STIC, and 12 of these 13 ESPs
had detectible TP53 mutations. TP53 mutations in 9 of 12 ESP cases
were identical to those in concurrent HGSCs at varying allele frequency.
The findings provide strong evidence of lineage identity between ESPs
in the distal tube and some metastatic HGSCs via a shared site-specific
TP53 mutation in a significant portion of cases [42].

Most gynecologic cancers arise from defined precursor lesions that
are nearby and are not malignant, requiring further genetic events be-
fore invasion and spread occurs. A prime example is HPV-associated
carcinogenesis in the cervix or endometrioid carcinoma of the
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endometrium. In both, the precancers give rise to nearby cancers but
by themselves are not able to metastasize. A less common pathway in-
volves the development of a “non-invasive” or intraepithelial carcinoma
that has the potential to spread directly to the peritoneal or other muco-
sal surfaces. This pathway exemplifies serous carcinomas in the endo-
metrium and fallopian tube, both of which can lead to peritoneal
carcinomatosis without invasion of the underlying stroma [54,55]. In
contrast, precancers or ESPs that precede intraepithelial carcinomas
were not known to have metastatic potential [56,57].

The sharing of site-specific TP53 mutations between isolated ESPs
and concurrent HGSCs implies that genetically altered epithelial cells
could detach from the tubes and eventually culminate in a widespread
serous cancer (Fig. 4). This notion of “precursor escape”, while novel
from the perspective of serous carcinogenesis, has a precedent in the
endometriosis-endometrioid adenocarcinoma model. Multiple deposits
of endometriosis have been shown to share genetic markers that infer a
common lineage. Similarly, synchronous ovarian and endometrial ade-
nocarcinomas are now presumed to share a common cell of origin, pos-
sibly from the endometrium [58,59,60].

The significance of the model of “precursor escape” for high-grade
serous carcinogenesis is that it satisfies at least four precepts. First, de-
spite some inevitable genetic variations, all HGSCs share TP53 mutations
and the only visible precursors with these mutations have been found in
the distal fallopian tube, not on the ovarian surface or in the secondary
Mullerian system. Second, the precursor-cancer sequence has a visible
start point, whether it be STIC or ESP. Third, the disparity in STIC fre-
quency between early and late HGSC can be expected by the occurrence
of precursor escape, which accounts for the dual manner of tumor pre-
sentation. For example, early HGSCs will by definition only be recogniz-
able as STIC because this is the only form of tubal HGSC that can be
detected when localized or has undergone limited spread. At the same
time, malignant transformation following precursor escape explains
the presence of widespread HGSC in the absence of STIC, inasmuch as
the HGSC will not be detected until after a clinically latent period during
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Fig. 4. The “precursor escape” theory of high-grade serous carcinogenesis complements the conventional fallopian tube theory. In this model, cells within early serous proliferations with
TP53 mutations become detached and exfoliate into the peritoneal cavity. In some cases the cells eventually undergo malignant transformation, creating the appearance of a spontaneous
HGSC with no obvious origin in the fallopian tube, and with metastatic carcinoma spreading to the ovary, peritoneum and/or back to the tube itself, or vice versa.
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which the ESP undergoes malignant transformation and the tumor
grows and spreads throughout the peritoneum. The latter would also
explain the so called “primary peritoneal” carcinoma, roughly half of
which are not associated with STIC. As mentioned previously, based
on genomic profiling, there is no measurable difference between tumors
with or without an associated STIC, indirectly supporting a common cell
of origin [17]. Finally, the subtle nature of many precursors in the
fallopian tube explains why the tubal theory of serous carcinogenesis
did not get significant attention until recently, inasmuch as so many
early but potentially important precursors - ESPs - would not have
been appreciated.

5. Caveats, challenges and opportunities

In addition to potentially explaining the absence of STICs in many
HGSCs, consideration of multiple pathways to HGSC development
might help evaluate a number of mysteries and study findings that
lack proven biologic explanations based on current knowledge. The
first mystery is the fact that there is relatively little difference in mean
age for women with isolated STICs versus symptomatic HGSC in
women with BRCA mutations, a surprising observation when consider-
ing that an interval of years would be expected between STIC-onset and
disseminated HGSC [61] Second, over 90% of incidentally discovered
STICs - a rare occurrence - are not followed by disseminated HGSCs,
casting doubt on the STIC-HGSC pathogenic pathway as the only mech-
anism for generating disseminated cancer. Third, the recent UK Collab-
orative Trial of Ovarian Cancer Screening reported a survival benefit
from screening but only after 7 years on study [62]. One explanation
would be that tumors arising in the fallopian tubes might progress
more slowly, and therefore would more likely be detected earlier in
their metastatic course and modestly influence overall survival after
years of screening. In contrast, the outcomes of those emerging rapidly
from the peritoneal surfaces would remain unchanged. These specula-
tions and recent study findings together raise the possibility of multiple
pathways to HGSC. We previously found an association between parity
and p53 signatures in women with BRCA mutations [63]. However, a re-
cent epidemiological study of precursors did not identify specific pro-
tective factors associated with STICs that linked them directly to
HGSCs, although a multiplicity of precursor lesions, including p53 signa-
tures, might impose a greater risk of HGSCs. The implication was that
HGSCs with and without STICs/STILs might be epidemiologically sepa-
rate entities, leaving open the possibility of more than one pathway to
HGSC development, including extra-tubal origins [64].

Although circumstantial molecular evidence from shared TP53 mu-
tations in ESPs and HGSCs suggests that non-malignant cells with
TP53 mutations could escape the tube and emerge later as widespread
pelvic HGSCs, the models centering on STIC and precursor escape do
not yet account for all of the HGSCs encountered. Solutions to this puz-
zle will invariably be offered in the context of competing philosophies,
each with their own perspective. To summarize what has been detailed
above, there are basically three schools of thought. The first is the emer-
gence of neoplasia from either CICs or the secondary Mullerian system.
The two are combined here because evidence of TP53 mutations in be-
nign Mullerian mucosa is the subject of rare observations and not veri-
fied by extensive analysis of either CICs or endosalpingiosis [8-12,23].
Thus the mechanism of HGSC development must entail a step-wise ac-
quisition of genetic lesions culminating suddenly in HGSC concurrent
with or immediately following inactivation of TP53. HGSCs involving
ovarian cortex rarely contain adjacent benign mucosa with evidence
of loss of TP53 function. However, support for this model can be found
in one report describing a single allelic mutation in the OSE adjacent
to HGSC (which contained the second and inactivating mutation) [65].
This model awaits further confirmation. Another is the description of
an ovarian genetic signature in 12% of HGSCs [17].

A second school of thought has HGSC emerging from stem cells in
the region of the ovarian hilus in a mouse model, a surface

epithelium/mesothelium “signature” in some HGSCs [13]. There is little
histologic evidence of this mechanism based on examination of surgical
pathology specimens, although an ovarian surface epithelium (OSE)
phenotype has been described in a subset of HGSCs [18]. Again, immu-
nohistochemical studies of the OSE have not detected pre-existing TP53
mutations in a benign condition, again requiring that the acquisition of
the mutation coincide with the onset of HGSC as mentioned above.

A third school of thought involves the evaluation for ESPs as the “tip
of the iceberg” of subtly altered fallopian tubal epithelium that is re-
sponsible for the genesis of HGSC. The strength of this argument lies
in the evidence linking ESPs to HGSC by genetic as well as several histo-
logic characteristics not seen in other models. The theory, however,
does not address the subset of HGSCs in which no evident ESPs or
STICs can be detected histologically in pelvic resections specimens. Pos-
sibilities that one can consider include [1] a non-tubal origin of HGSC as
described above; [2] colonization of normal fallopian tubal epithelium
on the ovarian or peritoneal surface, which then acquires TP53 mutation
and undergo carcinogenesis; [3] adhesion of salpingeal epithelium that
already contains TP53 mutation on the ovarian or peritoneal surface; [4]
previously existing ESPs might have involuted over time resulting in
benign-appearing tubal epithelium and apparent absence of explain-
able precursor lesion, while exfoliated ESPs persist and undergo malig-
nant transformation elsewhere in the peritoneal cavity.

Taking into account the possibility that HGSCs could arise not only in
the tube but also on the peritoneal surface, strategies that rely on detect-
ing cancer and reducing the cancer death rate by either ultrasound or
CA125 screening face significant obstacles. Over 95% of women present
with FIGO stage 3 (or above) HGSC disease. As the number of women
harboring early serous proliferations in their tubes greatly exceeds the
incidence of HGSC, the only strategies currently viable for cancer pre-
vention are widespread testing for germ-line mutations in cancer sus-
ceptibility genes and opportunistic salpingectomy. In a retrospective
meta-analysis, salpingectomy alone was associated with a significant
reduction in ovarian cancer frequency relative to retention of the
fallopian tubes [66]. Clearly, salpingectomy holds promise as a cancer
preventive in women with germ-line BRCA mutations by removing
the site of precursor development [67]. The questions remaining that
will affect all women will be whether precursor escape predates re-
moval of the tubes and whether preservation of the ovaries will main-
tain a hormonal milieu more permissive to malignant transformation
of residual cells with TP53 mutations. In any event, more needs to be
learned about the cell biology of precursors and the events that tran-
spire between their escape from a healthy fallopian tube and the emer-
gence of a lethal malignancy months or years later.
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