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Abstract: High-grade serous carcinoma (HGSC) is the most common
and lethal subtype of ovarian cancer. Research over the past decade
has strongly suggested that “ovarian” HGSC arises in the epithelium
of the distal fallopian tube, with serous tubal intraepithelial carci-
nomas (STICs) being detected in 5-10% of BRCA1/2 mutation carri-
ers undergoing risk-reducing surgery and up to 60% of unselected
women with pelvic HGSC. The natural history, clinical significance,
and prevalence of STICs in the general population (ie, women with-
out cancer and not at an increased genetic risk) are incompletely
understood, but anecdotal evidence suggests that these lesions have
the ability to shed cells with metastatic potential into the peritoneal
cavity very early on. Removal of the fallopian tube (salpingectomy) in
both the average and high-risk populations could therefore prevent
HGCSC, by eliminating the site of initiation and interrupting spread of
potentially cancerous cells to the ovarian/peritoneal surfaces. Salpin-
gectomy may also reduce the incidence of the 2 next most common
subtypes, endometrioid and clear cell carcinoma, by blocking the
passageway linking the lower genital tract to the peritoneal cavity
that enables ascension of endometrium and factors that induce local
inflammation. The implementation of salpingectomy therefore prom-

ises to significantly impact ovarian cancer incidence and outcomes.

Introduction

Ovarian cancer is the leading cause of death due to gynecologic
malignancies, and the fifth most common cause of cancer deaths
in women. Historically, all ovarian cancers have been grouped
together as one disease. Morphologic classification of epithelial ovar-
ian carcinoma (EOC) has delineated distinct histologic subtypes:
high-grade serous carcinoma (HGSC), clear cell carcinoma (CCC),
endometrioid carcinoma (EC), mucinous carcinoma, and low-grade
serous carcinoma, which differ vastly with respect to presentation,
propensity to metastasize, response to therapy, prognosis, and site
of origin. Seventy percent of EOCs are HGSC histology.> Almost
all HGSCs have 7P53 mutations, which seem to occur as an early
event in disease progression.>> Approximately half of HGSCs have
BRCA dysfunction, through a combination of germline and somatic
mutations or epigenetic silencing (Kasmintan A. Schrader, MD,
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Figure 1. Surgically removed specimen highlighting the fallopian tube origin of “ovarian” high-grade serous carcinoma. The right
side of the photo (corresponding to the left side of the patient) shows the distal end of the fallopian tube that is grossly distorted
with disease and adherent to the rectosigmoid colon, a portion of which had to be removed. In contrast, both ovaries and the

uterus appear normal.

personal communication).*'® 7P53 mutations and BRCA
deficiency lead to incompetence in DNA repair, making
HGSC highly responsive to chemotherapy, often repeat-
edly. However, the majority of patients recur, develop dis-
ease resistance, and ultimately succumb to their disease.
Historically, tumors of the fallopian tube were
described as rare. The fallopian tube has a unique and
delicate role in capturing the egg released from the ovary
in its fimbriated end and providing a conduit for trans-
port of egg and sperm to meet for fertilization. It may also
serve as a passageway for endometrial cells or infectious
pathogens to ascend from the lower genital tract into the
peritoneal cavity. The focus of attention on the fallopian
tube has been primarily in younger women, who can
experience infection leading to symptoms (eg, salpingitis,
pelvic inflammatory disease), blockage of the fallopian
tube(s) impacting fertility, and the potentially life-threat-
ening situation of ectopic pregnancy. In women’s postre-
productive years, the fallopian tube was believed to be of
litcle importance. It was usually not considered to be an
independent structure in surgical decision-making, and
its anatomic proximity to the ovary meant that surgical
removal or preservation depended on the surgical plan of
the ovary. In women in whom widespread mullerian car-

cinoma was found, the pathology of the ovary (size and
distortion) usually far overshadowed the fallopian tube,
drawing the attention of pathologists and resulting in a
diagnosis of ovarian primary carcinoma.

We now appreciate the key role the fallopian tube
plays in the development of ovarian cancer (Figure 1).
Herein, we will outline the evidence suggesting that the
distal fallopian tube is the site of origin of the most com-
mon type of ovarian cancer, HGSC, and describe its cru-
cial role in the development of nonserous ovarian cancers.
We will also share how this knowledge is being harnessed
in designing intervention strategies that will impact ovar-
ian cancer incidence and mortality over the next decade.

Evidence That the Fallopian Tube Is the Site
of Origin of the Majority of HGSCs

Lessons Learned From Patients With Familial Risk

While the lifetime risk for developing ovarian cancer is
low (1.6%) in the general population, this risk increases
to up to 60% and up to 30% for BRCAI or BRCA2 muta-
tion carriers, respectively.*” A retrospective study of 493
BRCAI1/2 mutation carriers (245 of whom underwent
surgery) observed a 98% reduction in risk for ovarian,
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Figure 2. Detection of serous tubal
intraepithelial carcinomas (STICs). (A)
The SEE-FIM (Sectioning and Extensively
Examining the FIMbriated end) protocol
from Medeiros and colleagues' examines
salpingectomy—oophorectomy specimens in
toto with length-wise (sagittal) sectioning
of the fimbriated end to maximize exposure
of the tubal epithelium. (B) This technique
has previously been used in our center and
others (eg, Salvador and coworkers®) to
detect STIC lesions (inset) in BRCA1/2
mutation carriers undergoing risk-reducing
salpingo-oophorectomy.

fallopian tube, and primary peritoneal cancer with pro-

phylactic (risk-reducing) bilateral salpingo-oophorectomy
(RRSO).? As mutation carriers are genetically predisposed
to developing HGSC, a proportion of these specimens
would be expected to harbor premalignant histologic
or molecular changes involved in serous carcinogenesis.
Importantly, intensive study of ovaries removed during
RRSO in BRCA1/2 mutation carriers has failed to reveal
reproducible premalignant epithelial changes.!*'* In stark
contrast, serous tubal intraepithelial carcinomas (STICs)
have been found in the fallopian tubes in 5-10% of these
women.">? These lesions are predominantly found in the
fimbriated end of the fallopian tube adjacent to the ovary,
frequently in the absence of ovarian pathology. They also
appear to occur at a higher incidence in BRCAI compared
to BRCA2 mutation carriers,'®* possibly reflecting the
decreased penetrance of BRCA2 and an older average
age of onset.””?* STICs are characterized by frequent

mutations in 7P53, increased cellular proliferation and
a secretory cell phenotype similar to invasive HGSC, and
show evidence of DNA damage.!**'*>?¢ Similar gene copy
number changes have been reported in STICs and cor-
responding invasive HGSC from the same case discovered
by RRSO, suggesting a clonal relationship.”

These unexpected findings in women at an increased
risk for “ovarian” cancer led to the development of spe-
cialized protocols designed to maximize the detection of
precursors/early fallopian tube cancers,”?® most notably
the Sectioning and Extensively Examining the FIMbria
(SEE-FIM) protocol (Figure 2)." Use of SEE-FIM sub-
sequently revealed tubal involvement in 70%, and the
presence of (primarily fimbrial) STICs in 40-60%, of
unselected women diagnosed with ovarian”** or primary
peritoneal HGSC.#3? Importantly, identical mutations
of TP53 have been observed in both ovarian/peritoneal
HGSC and co-existing STICs, suggesting that these enti-
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ties are causally related. In addition, the proportion of cases
reported to contain an STIC increased with more complete
examination of the fallopian tube.?"*? These findings clearly
highlight the important role of the fallopian tube in pelvic
HGSC irrespective of BRCAI/2 mutation status or family
history, and provide a likely explanation for the observed
residual risk (up to 11%) of peritoneal HGSC following
prophylactic oophorectomy when the tubes are left in
place.33¢ Importantly, STICs were not observed in women
with ovarian carcinomas of nonserous histology or in non-
gynecologic or benign conditions in a recent study.”’

In addition to STICs, putative precursor lesions have
been described in up to 50% of RRSO specimens.?!*37-
Most notably, Lee and colleagues® were the first to describe
foci of strong p53 immunopositivity (termed “p53 signa-
tures”) in benign-appearing fallopian tube epithelium. Similar
to STICs, they are characterized by a predominantly fimbrial
location, frequent 753 mutations, secretory cell phenotype,
and evidence of DNA damage. Unlike STICs, p53 signatures
do not exhibit marked nuclear atypia or proliferative activ-
ity. Although p53 signatures were equally common in non-
malignant fallopian tube epithelium from BRCA mutation
carriers and controls in the initial study®® and 2 subsequent
studies,?"® they were more frequently observed in fallopian
tubes also containing STICs.? In addition, a shared 7P53
mutation was detected in 1 case with a contiguous p53 sig-
nature and STIC lesion. Importantly, Folkins and coworkers
reported the presence of p53 signatures in 38% of BRCA1/2-
mutated fallopian tubes, while no lesions were detected in
ovarian cortical inclusion cysts in the same patients.”

A New Model of Serous Carcinogenesis Emerges

In light of these unexpected findings over the past decade,
a new model for pelvic HGSC has emerged. As articulated
by Crum and associates,” the first step entails genotoxic
injury to the secretory epithelial cells of the distal fallopian
tube, which may lead to unrepaired DNA damage, cell
cycle arrest, and 7P53 mutations in a subset of cells. Clonal
expansion of a 7P53-mutated cell would then result in focal
accumulation of p53, detectable by immunohistochemis-
try (p53 signature). The similar frequency of p53 signatures
in BRCA1/2 mutation carriers and control patients (who
are at a much lower risk for ovarian cancer), suggests that
inheritance of a BRCAI/2 mutation may increase the risk
of malignant transformation rather than formation of the
precursor itself.?** The second step involves re-initiation of
cell proliferation in a subset of these p53 signatures, leading
to development of an STIC. Highly aggressive subclones of
STICs may locally expand and invade the underlying tubal
stroma, presenting as primary fallopian tube carcinoma.
Alternatively, an STIC lesion may exfoliate onto the closely
associated ovarian surface/peritoneal cavity and present as
primary ovarian/peritoneal carcinoma.®

The discovery of p53 signatures and STICs predomi-
nantly in the fimbria, rather than randomly throughout
the fallopian tube, has several potential explanations.
Firstly, the abundance of surface area in this region may
mathematically increase the risk that a neoplasm will
arise. Secondly, there may be differences in the mucosa of
the fimbria that make them inherently more susceptible
to carcinogenesis compared to proximal segments of the
fallopian tube. Thirdly, the proximity of the fimbria to
the peritoneal cavity and ovarian surface may be impor-
tant.'*204° Ag discussed in later sections, this microenviron-
ment appears to be uniquely proinflammatory and protu-
morigenic. A recently described ex vivo primary human
secretory/ciliated fallopian tube epithelial cell coculture
system demonstrated a distinct response of secretory cells
to ionizing radiation, including a limited ability to resolve
the resulting damage over time.?! This suggests that secre-
tory cells may be more sensitive to DNA-damaging agents
and a proinflammatory microenvironment. The same
group also demonstrated the ability of transformed secre-
tory epithelial cells to give rise to HGSC tumors, includ-
ing the characteristic chromosomal instability and unique
immunophenotype, in xenograft models.*?

Despite these recent advances in our understanding
of serous carcinogenesis, some aspects are still incom-
pletely understood. Firstly, the prevalence of STICs in
women without cancer in the general population (ie,
those women not at an increased genetic risk) is contro-
versial. One study reported the presence of STICs in 3%
of women at average risk for ovarian cancer,®’ however,
this finding was based on a small sample size. In contrast,
in our preliminary study of 685 salpingectomy specimens
from unselected women older than 35 years, we observed
STICs only in women with a confirmed mutation in
BRCA1/2 or HGSC (Blake Gilks, MD, personal commu-
nication). No intraepithelial carcinomas were observed in
the ovaries removed from the same patients.

Secondly, it is unclear how long STICs are present
in their noninvasive state, what proportion of STICs
develop into advanced-stage HGSC, and how best to
manage these women. Models developed by Brown and
Palmer® estimated that the clinically occult period for
HGSC (including intraepithelial [stage 0], stage I, and
stage II tumors) could last up to 4 years. Reports in the lit-
erature® also suggest that, when found in isolation, STICs
have a very low risk of recurrence. However, 2 women
cared for by our gynecologic oncology team, including
1 patient with an isolated STIC less than 1 mm and 1
patient with a lesion less than 1 mm showing some but
not all the features of STIC (“atypia of uncertain clinical
significance”), went on to develop widespread peritoneal
cancer 2 years following surgery. Neither of these women
received chemotherapy as per standard protocol. These
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examples underscore the ability of STICs to shed cells
with metastatic potential into the peritoneal cavity very
early on, and hence show the importance of removing
at-risk fallopian tube tissue to reduce the risk of ovarian
cancer. They also suggest that the morphologic spectrum
of clinically significant in situ neoplasia in the fallopian
tube may be broader than is currently appreciated.
Another question is how to account for those 30%
of pelvic HGSCs that do not show any evidence of
tubal involvement. Kurman and Shih! and others have
suggested that, as a function of their close association,
fallopian epithelial cells may become entrapped in the
ovary during disruption of the ovarian surface at ovula-
tion. HGSC may then develop from included tubal cells
following exposure to the unique hormone- and cytokine-
rich ovarian stromal environment. This is in contrast to
the previous long-standing theory, prior to the discoveries
in the fallopian tube, that cortical inclusion cysts lined by
ovarian surface epithelial (OSE) cells undergo metaplasia
and eventual malignant transformation.* Other recent
theories have included involvement of the peritoneal-
tubal junction® and OSE-tubal junction.®# Despite
these current gaps in knowledge, data over the past decade
strongly suggest a tubal source for a majority of pelvic
HGSC, and underscore the fallopian tube (STICs) as an

attractive target for early detection and prevention.

Microenvironment of the Fallopian Tube, and the
Fallopian Tube as a Conduit

In addition to highly penetrant mutations in BRCA1/2,
epidemiologic studies have determined additional (low-
penetrance) modifiers of ovarian cancer risk associated
with a woman’s reproductive history, most notably oral
contraceptive (OCP) use, parity, breastfeeding, tubal liga-
tion, and pelvic inflammatory disease (PID). All of these
factors can impact the fallopian tube microenvironment,
with ovulation, menstruation, and inflammation playing
central protumorigenic roles.

“Incessant ovulation” has long been proposed to
promote ovarian carcinogenesis,®? as epidemiologic
studies consistently observe a positive association between
lifetime number of ovulatory cycles and ovarian cancer
risk, either directly® or indirectly. Consistent with their
suppressive effects on ovulation, multiple studies have
reported a substantial protective effect for OCP use®-!
and parity/breastfeeding***>>3 in both BRCA1/2 muta-
tion carriers and women at baseline risk. Greater risk
reduction is observed with increasing duration of OCP
use, an increased number of full-term pregnancies, and a
longer duration of total lactation time. Two recent studies
also reported an inverse correlation between the presence
of an STIC/p53 signature and duration of OCP use* or

parity®® in BRCA1/2 mutation carriers.

Importantly, an acute proinflammatory environment
is created following ovulation within the distal tube, the
location of the overwhelming majority of occult carcino-
mas in RRSO specimens. Each ovulatory cycle involves
infiltration by leukocytes and production of inflammatory
mediators,’*” and nonsteroidal anti-inflammatory drugs
(NSAIDs) have been shown to inhibit ovulation.’® Ovu-
lation results in the release of an oocyte with its adherent
cumulus granulosa cells into the adjacent fallopian tube,
bathing the ovarian surface and fimbria with follicular
fluid rich in inflammatory cytokines and reactive oxygen
species (ROS),*! and pro-inflammatory cytokines secreted
by released cumulus cells.®* BRCAI-mutated nonmalignant
fallopian tube epithelium obtained during the postovula-
tory luteal phase show global gene expression profiles more
closely resembling that of HGSC than fallopian tube epi-
thelium collected during the postmenstrual follicular phase

or from control patients,”

and further analysis strongly
suggests a role for ovulation-associated inflammartory sig-
naling in predisposition to HGSC (Alicia A. Tone, PhD,
manuscript in submission). Similarly, Karst*® and others?*®
have proposed that exposure of the fallopian tube to the
ovulatory microenvironment contributes to development
of histologic HGSC precursors. As previously discussed,
secretory tubal epithelial cells, the likely cell of origin of
HGSC, show a distinct response to genotoxic stress.*! The
repetitive genotoxic stress associated with the ovulation-
associated inflammatory environment could therefore lead
to DNA damage and 7P53 mutation; progression to an
STIC, and, eventually, invasive HGSC would occur upon
acquisition of further aberrations.

In contrast to ovulation, several studies have reported
an inverse association of sterilization by tubal ligation and
ovarian cancer risk in the general population®**%% and
BRCAI mutation carriers.® Of particular note, the Nurse’s
Health Study (>100,000 women) reported a substantial
reduced risk for women who had undergone tubal liga-
tion after 12 and 28% years of follow-up. Studies suggest
that tubal ligation does not significantly impact ovarian
function (ie, ovarian hormone levels/ovulation),”®”” hence
some authors have suggested that the protective effect lies
in reducing the potential for local inflammation. Tubal
ligation would block the transport of genital tract irritants
(such as talc)*® from the lower genital tract, thereby limit-
ing the exposure to initiators of inflammation. Regular
exposure of the fallopian tube to sexually transmitted
infections and menstrual cytokines through retrograde
flow from the endometrium may also promote carcinogen-
esis.’®® A history of PID has been linked to an increased
risk of ovarian cancer,”® and chronic salpingitis was present
in 53% of examined ovarian carcinomas in one study.”” A
recent review proposed that the distal fallopian tube would
have uniquely prolonged exposure to bloody peritoneal

300 Clinical Advances in Hematology & Oncology Volume 10, Issue 5 May 2012



THE ROLE OF THE FALLOPIAN TUBE IN OVARIAN CANCER

fluid and catalytic iron that has collected in the Douglas
pouch as a result of retrograde menstruation; tumorigen-
esis would then be promoted by iron-induced oxidative
stress.’® The relevance of inflammation in ovarian cancer
is clearly highlighted by the decreased risk associated with
NSAID use. Importantly, one study reported a protective
effect of NSAIDs in women who had never used OCPs,
but not women who had used OCPs. Similarly, NSAIDs
reduced risk among nulliparous but not parous women,
suggesting that NSAIDs are particularly beneficial to
women in higher risk groups.®!

The Fallopian Tube and Nonserous Ovarian
Cancer Histologies

Although the 2 next most common subtypes of EOC do
not originate in the fallopian tubes, they are believed to
play a permissive role in their development. CCC and EC,
each accounting for 10% of EOC, are thought to arise from
endometriotic lesions on or around the ovary.®>** Endome-
triosis, defined as the presence of “ectopic” endometrium
outside the uterine cavity, affects 10-15% of women of
reproductive age and likely develops through reflux of
endometrial tissue through the fallopian tubes into the
pelvis.3 % Endometriosis is a chronic inflammatory disease,
characterized by altered function of immune cells, continu-
ous production of proinflammartory cytokines, chemokines,
and prostaglandins, and high concentrations of pro-oxidant
factors (free iron and heme) as a result of incessant retro-
grade menstruation or ovarian hemorrhage.”*° Although
endometriosis is itself benign, it increases ovarian cancer
risk”3 and frequently coexists with EC and CCC.#*7 In
60% of endometriosis-associated ovarian cancers (EAOC),
the carcinoma is adjacent to, or in direct continuity with,
atypical endometriosis.”®”” Shared mutations in ARID1A'™
and PIK3CA™ have also been observed in tumor speci-
mens and adjacent endometriotic epithelium.

The importance of the fallopian tube as a conduit is
highlighted by the extent of protection provided by tubal
ligation for EAOC. Recent data obtained from the Ovar-
ian Cancer Association Consortium (OCAC) suggest that
tubal ligation is associated with a 38% and 52% reduc-
tion in risk for EC and CCC, respectively, compared to
a 19% drop in HGSC (Shannon Salvador, MD, personal
communication). This is similar to the greater protective
effect observed for EC (80%) compared to all histotypes
combined (30%) by Tung and coworkers.!®® These data
likely reflect the fact that tubal ligation would interrupt
the passage of endometrial tissue to the ovary/perito-
neal cavity through the fallopian tube (and subsequent
development of endometriosis), while distal epithelial
cells would still be able to shed to the ovarian/peritoneal
surfaces unless a fimbriectomy was performed.

Strategies in Ovarian Cancer Reduction

Screening/Early Detection

When confined to the ovary (stage I), nonserous ovarian
cancer has a 5-year survival rate of greater than 95%. In
contrast, 5-year survival rates for advanced stage disease
with spread beyond the ovary (stage I1I/IV) range between
15-30%. Unfortunately, the majority of women with
ovarian cancer, including those with the most common
subtype HGSC, are diagnosed at an advanced stage. In
fact, HGSCs account for 90% of advanced stage disease,
and less than 1.5% of comprehensively staged serous
carcinomas are in International Federation of Gynecology
and Obstetrics (FIGO) stage 1.2 In theory, therefore, if
detection of HGSCs could be shifted from a late to an
early stage through the use of screening modalities, such as
transvaginal ultrasound (TVUS) and serum CA-125, the
survival rates for ovarian cancer would be impacted greatly.
However, despite tremendous international efforts,'**1%
screening studies to date have not only resulted in no
difference in cancer-specific mortality but have also been
associated with a considerable rate of complications and
unnecessary surgery. Of particular note, 3 large random-
ized controlled trials, namely the Prostate, Lung, Colorec-
tal, Ovarian (PLCO) Cancer Trial in the United States, the
United Kingdom Collaborative Trial of Ovarian Cancer
Screening (UKCTOS), and Japans Shizuoka Cohort
Study of Ovarian Cancer Screening Trial, have recently
been performed. These trials involved a total of 363,341
women (range 78,216-202,638 women), and each unsuc-
cessfully attempted to improve the early detection of
ovarian cancer by annual screening of asymptomatic, post-
menopausal women in the general population using serum
CA-125 or a combination of CA-125 and TVUS. Even
attempts at screening in high-risk women (ie, BRCA1/2
mutation carriers) have proven to be ineffective at diagnos-
ing early-stage disease,'””'!® despite the greatly increased
incidence of disease in this subpopulation. Of particular
note, despite following 888 BRCAI1/2 carriers for 13 years
with annual screening, Hermsen and associates'® reported
an equal number of interval and screen-detected cancers,
with no difference in stage distribution.

Despite the failure of screening in asymptomatic
women, the recent prospective DOVE (Diagnosing Ovar-
ian Cancer Early) study from Montreal, Quebec, Canada,
aimed to improve early detection by fast-tracking assess-
ment of symptomatic women.'"" This is based on the
fact that most women with ovarian cancer experience
symptoms, including but not limited to, loss of appetite,
bloating, unplanned weight loss, pelvic or abdominal
pain, and increased urinary urgency or frequency, prior
to their diagnosis.!’> However, a recent (retrospective)
study by Lim and associates has demonstrated that there
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is a marked acceleration in the onset of symptoms in the
3 months just prior to diagnosis, and that there is little
difference in the symptoms experienced by those women
ultimately diagnosed with early-stage versus late-stage dis-
ease.'”® Not surprisingly, therefore, the DOVE trial failed
to shift the diagnosis of ovarian cancer to an earlier stage,
with similar or higher proportions of stage ITII-IV cancers
diagnosed than those observed in asymptomatic women
from the general or high-risk population.

The failure of screening to improve ovarian cancer out-
comes has several plausible explanations. For instance, the
use of TVUS is based on the assumption that an enlarged
ovary is an early manifestation of disease, when this is
clearly not the case for HGSC. Secondly, only 25-50%
of stage I tumors overall have elevated CA-125,"" whereas
increased levels are seen in many conditions other than
ovarian cancer, including but not limited to pregnancy,
endometriosis, menstruation, and liver disease.!”® Several
groups have also demonstrated that HGSC is inherently
aggressive and distinct from ovarian cancers typically pre-
senting at an early stage."'® Although Brown and Palmer®
proposed that there is a “window of opportunity” during
which time an early HGSC could be detected, they esti-
mate that to achieve 50% sensitivity, an annual screening
test would need to detect tumors more than 200 times
smaller than clinically apparent serous cancers. Much work
therefore needs to be done in developing more sensitive,
cancer-specific biomarkers before screening can impact
ovarian cancer outcomes in a meaningful way.

Treatment

Despite the great attention and resources dedicated to
advancing surgical technique, conventional chemo-
therapy drug choices, routes of delivery, and schedules
(eg, dose intensity and proposed maintenance therapies),
survival rates in ovarian cancers have changed minimally
since the introduction of taxanes in the mid-1980s. In
British Columbia, ovarian cancer survival rates at 1, 3,
and 5 years have changed a total of 1%, 5%, and 4%
over the past 10 years. We have gained a better under-
standing of the morphologic/histologic subtypes of EOC
and have identified disease subgroups that have excellent
prognosis (eg, >90-95% cure rates with surgery alone),
sparing some women from unnecessary or ineffective
therapies. With a histology-specific approach to ovarian
cancers and with deeper genomic interrogation of these
tumors, we can envision the emergence of targeted thera-
pies specific to an individual’s tumor, however, we do not
have sufficient evidence to suggest that any of the current
molecular-targeted therapies lead to a clinically relevant
survival advantage over current standard of care.!’”!'8 At
present, non-specific chemotoxic agents are the norm for
all women with EOC. It is important to emphasize that

advances in treatment, no matter how novel and excit-
ing, will largely be for the treatment of disseminated
disease. These may lead to prolonged survival, but will
infrequently achieve cure. True impact on ovarian cancer,
therefore, lies in its prevention.

Prevention

The frequent finding of intraepithelial carcinoma in the
fallopian tubes of women undergoing RRSO or with
pelvic HGSC suggests that removal of the fallopian tube
(salpingectomy) could prevent this type of ovarian cancer,
by interrupting the spread of cells to the ovarian or peri-
toneal surfaces (Figure 3). As already discussed, RRSO
reduces ovarian, fallopian tube, and peritoneal cancer by
98% in BRCA1/2 mutation carriers.” This practice may
therefore also be effective in women at “average” risk, who
ultimately make up the bulk of ovarian cancers diagnosed.
In addition, the protective effect of tubal ligation has
been observed in both high-risk (BRCA1/2 mutation-
associated) and sporadic ovarian cancers. We hypothesize
that salpingectomy should be of even greater benefit than
tubal ligation in reducing ovarian cancer risk in both of
these populations, and that the impact should be seen in
both serous and nonserous histologies.

Interestingly, up to 20% of ovarian cancer patients
from British Columbia had previously had a hysterectomy,
and 10-15% had previously undergone tubal ligation
(CBOCOU database BCCA and Ken Swenerton, MD,
personal communication). Hysterectomy and tubal liga-
tion are 2 common gynecologic procedures in which the
fallopian tubes (fimbria) are surgically accessible, but in
premenopausal women they are usually left in place/in situ.
Removal of the fallopian tubes during these procedures
may have prevented the development of ovarian cancer
(often many years postsurgery) in these women. In addi-
tion, as 20-25% of women diagnosed with HGSC have
inherited mutations in BRCA1/2,''%'?° which are associated
with an up to 50% lifetime cancer risk, identification of
these women should prompt consideration of risk-reducing
surgeries in their family members. This offers an additional
opportunity to reduce ovarian cancer through the improved
identification of women with genetic susceptibility.

In light of this information, the Ovarian Cancer
(OvCaRe) of British Columbia

launched a province-wide educational campaign in

Research Program

September 2010 directed at all gynecologists. We sum-
marized the evidence for the tubal origin of HGSC, and
asked them to consider full removal of the fallopian tube
at the time of hysterectomy and removal of the fallopian
tubes in women seeking permanent irreversible contracep-
tion (eg, in place of tubal ligation). A brief instructional
surgical film was included in their information packet
demonstrating laparoscopic salpingectomy. Furthermore,
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Figure 3. The role of the fallopian tube in ovarian carcinoma and the protective effect of tubal surgery. This cartoon highlights the
role of the fallopian tube as the source of “ovarian” high-grade serous carcinoma (HGSC) and as a conduit for the development

of endometrioid (EC) and clear cell carcinoma (CCC). Contributing factors include retrograde menstruation (leading to local
inflammation and establishment of endometriotic lesions with the potential to develop into EC or CCC), ascending infection and

irritants, and the inflammatory microenvironment of the distal fallopian tube as a result of ovulation, thought to play a key role

in HGSC initiation. Consistently, oral contraceptives and pregnancy (which effectively prevent ovulation, decrease tubal epithelial

cell motility, and increase cervical mucus thickness) and nonsteroidal anti-inflammatory drugs have been shown to decrease
ovarian cancer risk. Using this knowledge, EC and CCC could be reduced (or possibly prevented if intervention is early enough)

by blocking the passageway for causative factors via salpingectomy, consistent with multiple studies reporting a substantial

protective effect of tubal ligation for these histotypes. The most common and lethal type of ovarian cancer, HGSC, could also

be prevented by removing the tissue at risk for malignant transformation, namely the fimbriated end of the fallopian tube. The

implementation of salpingectomy therefore promises to significantly impact ovarian cancer incidence and outcomes.

we recommended the referral of all women with HGSC of
the ovary/fallopian tube/peritoneum for genetic counseling
and BRCA1/2 mutation testing (Kasmintan A. Schrader,
MD, personal communication).'?'# We believe that these
simple changes in clinical and surgical practice will have an
important impact on the number of HGSC cases over the
next 2 decades, with an estimated 10% reduction through
the increased identification of mutation carriers prompting
risk-reduction surgeries, and a further 30% reduction from
women undergoing salpingectomy at the time of otherwise
indicated gynecologic surgery. We also anticipate a reduc-
tion in CCC and EC, as the usual conduit for retrograde
menstruation and distribution of endometriosis to the
ovarian surface and peritoneal cavity is interrupted with
salpingectomy. Careful analysis of the incidence of ovarian
cancer and the distribution of histologic subtypes of these
diagnoses over the next several decades is essential.

In addition to our provincial educational campaign,
we surveyed all gynecologists of Canada to assess the base-
line knowledge and interest in the implementation of a
national strategy for the prevention of ovarian/fallopian
tube cancer. We received 192 completed surveys, with

representation from the Society of Gynecologic Oncology
of Canada (GOC), the Society of Obstetricians and Gyn-
aecologists of Canada (SOGC), and all provinces. Ninety
percent of respondents had previously heard about our
recommendations, and 53% agreed that there would be a
population-based benefit for recommending risk-reducing
salpingectomy at the time of hysterectomy in the general
population. Of note, 45% of respondents already rou-
tinely performed a bilateral salpingectomy at the time of
hysterectomy (without bilateral oophorectomy); fallopian
tubes were removed for the purpose of cancer prevention
in 90% of these cases. In contrast, only 7% of respon-
dents routinely removed the entire fallopian tube at the
time of tubal ligation. Major (perceived) barriers associ-
ated with implementing salpingectomy for ovarian cancer
prevention included increased complications, increased
operating times, and irreversibility, with a greater num-
ber of respondents expressing concerns with performing
salpingectomy in place of tubal ligation. Consistently, a
much lower proportion of respondents reported that they
had changed or intended to change the way they perform
tubal ligations (28%) versus hysterectomy (68%).
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In September 2011, the GOC endorsed our approach,
recommending that “physicians discuss the risks and ben-
efits of bilateral salpingectomy with patients undergoing
hysterectomy or requesting permanent, irreversible con-
traception,” and that an “ovarian cancer prevention study
focused on fallopian tube removal is a GOC priority”
(http://www.g-o-c.org). Local and international interest for
this campaign has been substantial. Change in practice has
been primarily on an individual surgeon and/or practice
group level, but we are aware of numerous pathologists and
surgical colleagues who advocate for salpingectomy outside
of Canada." In addition to cancer prevention, they are often
motivated by the many other potential adverse effects of
retained fallopian tubes, including hydrosalpinx (often
confused with ovarian pathology), tubal prolapse, torsion,
PID, and tubo-ovarian abscess.'?

To definitively establish whether this initiative
will reduce the incidence of ovarian cancer in British
Columbia, and to address concerns raised through
our national survey, we are currently embarking on a
long-term multisector study. If our cancer risk reduc-
tion program is found to be effective, we will establish
a national campaign and dramatically shift our focus
in ovarian cancer from one of treatment to prevention.
Briefly, we plan to launch further (both physician- and
patient-directed) education campaigns and determine
whether our collective knowledge translation efforts
result in an increased number of BRCAI1/2 mutation
referrals and preventative surgeries being performed
on a provincial level. We will objectively assess the
costs and complications associated with risk-reducing
salpingectomy to ensure that these changes in surgi-
cal practice are both cost-effective and safe to women.
In addition, we will monitor gradual changes in the
distribution of tumor histologies and patient history
at diagnosis (eg, BRCA status, whether patients have
a history of tubal ligation or hysterectomy) as a result
of this initiative, and eventually determine if we have
decreased the number of ovarian cancers diagnosed per
year, specifically HGSC and those types thought to
pass through the fallopian tube during their develop-
ment (eg, EC and CCC arising from endometriosis).
Finally, as we are in a unique position of being able
to evaluate a large number of fallopian tubes from the
general population, we will assess the frequency of, and
model the risk associated with, STICs in both women
at high risk and baseline risk for ovarian cancer.

Summary
We believe that the evidence supporting the fallopian tube as

the site of origin of the most common type of ovarian cancer
is indisputable. The fallopian tube also plays a key role in

ovarian cancer development by acting as a conduit, linking
the lower genital tract to the peritoneal cavity and enabling
the ascension of endometrium and factors that induce local
inflammation. Screening and treatment have not advanced
significantly in the last 2 decades. We have an opportunity to
capitalize on this increased appreciation of the role of the fal-
lopian tube and embrace a new surgical paradigm for ovarian
cancer prevention. We will endeavor to diligently assess the
impact of this campaign, both at the level of the individual
and with population-based ovarian cancer statistics.
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