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The role of the fallopian tube in the origin of ovarian cancer

Britt K. Erickson, MD; Michael G. Conner, MD; Charles N. Landen Jr, MD

t the core of understanding any

malignancy is determining exactly
where the tumor originates. Determina-
tion of the cells of origin helps researchers
better understand carcinogenesis and
subsequently has implications for diag-
nosing, classifying, treating, and prevent-
ing malignancies.

For many epithelial malignancies,
the cell of origin is well defined with
precursor lesions easily identified. For
example, adenocarcinoma of the colon
originates in dysplastic lesions within
the colonic mucosa, and cervical cancer
originates from human papillomavirus
(HPV)-infected cells in the cervical
transformation zone."” In contrast to
these tumor types, the origins of
epithelial ovarian cancer (EOC) are not
clearly defined. Moreover, primary
peritoneal cancer and primary tubal
cancer are typically grouped with EOC
despite apparently distinct anatomic
locations.

Many theories have been proposed
as to the cells of origin and mechanisms
of carcinogenesis of ovarian cancer.
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Advanced cases of epithelial ovarian, primary peritoneal, and primary tubal malignancies
have a relatively poor prognosis and collectively remain the most deadly of all gynecologic
malignancies. Although traditionally thought of as one disease process, ongoing research
suggests that there is not 1 single site or cell type from which these cancers arise. A
majority of the serous tumors appear to originate from dysplastic lesions in the distal
fallopian tube. Therefore, what we have traditionally considered “ovarian” cancer may in
fact be tubal in origin. In this article, we will review epithelial ovarian cancer classification
and genetics, theories regarding cells of origin with a focus on tubal intraepithelial
carcinoma, and implications for prevention and screening.
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Traditionally based on epidemiologic
studies and pathologic observation,
these theories largely assumed that EOC
was one disease process. As technology
has improved and more sophisticated
molecular techniques have developed,
we now understand EOC to be a com-
plex and heterogeneous disease process.

Just as endometriosis has been
implicated in the development of
some endometrioid ovarian adenocar-
cinomas,” emerging data suggest that
the fallopian tube may play a critical role
in the origin of what has traditionally
been classified as serous ovarian cancer.
In this review we will discuss proposed
mechanisms of “ovarian” carcinogenesis
focusing on the emerging role of the
fallopian tube in the development of
ovarian cancer.

Ovarian cancer classification and
genetics

Ovarian cancer is the most lethal gy-
necologic malignancy. In 2013, it is
estimated there will be >22,000 new
diagnoses and >14,000 deaths from the
disease.* Although many improvements
have been made in surgical techniques
and adjuvant treatment, the prognosis of
ovarian cancer is poor, with a 5-year
survival rate of only 45%.> The major-
ity of ovarian cancer is diagnosed in
advanced stages, in part because no
screening test exists to detect preinvasive
or early-stage disease.

Traditionally, EOC is divided into its
histologic subtypes: serous, mucinous,
endometrioid, clear cell, transitional cell,
or any combination of these (mixed).
Serous histology is the most common,
representing 70% of EOC.® Serous tu-
mors are aggressive tumors that usually
present at an advanced stage, and
although they commonly respond to
surgery and platinum-based chemo-
therapy, they usually recur.

With improved molecular techniques,
it has recently been shown that almost
all of these serous tumors harbor TP53
mutations.” In fact, serous EOC has the
highest frequency of TP53 mutations of
any solid cancer.” These high-grade, clin-
ically aggressive TP53-mutated serous
cancers are now often termed “type 2”
EOC.? In contrast to type 2 tumors, type 1
tumors often present at earlier stages, have
amore indolent clinical course, and rarely
have TP53 mutations. Instead, they
carry other genetic mutations suggesting
distinct pathways of carcinogenesis in-
cluding phosphatase and tensin homolog
(PTEN), v-Ki-ras2 Kirsten rat sarcoma
viral oncogene homology (KRAS), and
v-raf murine sarcoma viral oncogene
homolog Bl (BRAF).>'* Although the
terminology suggests that low-grade and
high-grade EOC may be a spectrum of
disease, it is now believed that these
represent 2 distinct pathologic entities
with different origins, mutations, be-
havior, and clinical course.'"*?
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Cellular composition of the ovary

The ovary is derived from multiple
embryonic structures including the
coelomic epithelium, the subcoelomic
mesoderm, and the primordial germ
cells from the yolk sac endoderm. The
rest of the female genital tract, including
the fallopian tubes, uterus, cervix, and
upper vagina, are derived from the
Miillerian ducts. These distinctly dif-
ferent developmental pathways are
highlighted by the fact that in patients
with miillerian agenesis, the ovaries are
usually functional and intact.

As a result of its complex embryologic
development, the ovary is composed of
various cell types that serve specific
structural, hormonal, or reproductive
functions. Additionally, each cell type
can develop into a distinctly different
neoplasm. For example, granulosa cell
tumors and fibrothecomas develop from
stromal cells, and teratomas and yolk
sac tumors originate from germ cells. EOC
is frequently thought of in the same
manner. However, the ovary does not
actually contain a well-differentiated epi-
thelium. Instead, the ovary is covered with
a single-cell mesothelial layer, termed the
“ovarian surface epithelium” (OSE). This
layer derives from the coelomic epithe-
lium, not the Miillerian ducts, and also
covers the serosa of the fallopian tubes,
uterus, and peritoneal cavity. The cells of
the OSE are distinct from other differen-
tiated epithelial layers from a molecular
standpoint as well. OSE does not express
cancer antigen 125 (CA125) or E-cad-
herin, which are markers of mature,
differentiated epithelium." Instead, OSE
expresses the mesenchymal markers
vimentin and N-cadherin."*

So then, why are these malignancies
termed “epithelial,” if no true well-
differentiated ovarian epithelium exists?
On pathologic assessment, these cancers
are composed of elements that resemble,
both in histology and genetic mutations,
Miillerian-derived epithelium of the
female genital tract. Specifically, serous
tumors resemble the cells found in the
tubal epithelium, mucinous tumors re-
semble the mucin-producing glandular
cells of the endocervix, and endome-
trioid tumors resemble the structure of
the endometrium. '’

Theories of origin of EOC

Early attempts to characterize ovarian
carcinogenesis noted a clear relationship
between ovulation and risk for ovarian
cancer. In 1971, Fathalla'® first described
the incessant ovulation hypothesis. In
these studies performed on hens, a high
rate of metastatic ovarian adenocarci-
noma was noted in the hens that were
forced to produce an excessive number
of eggs without any breaks in ovulation.
It was theorized that OSE cells are
damaged during the process of ovulation
and then internalized to form cortical
inclusion cysts.'® It was postulated that
these cysts then undergo metaplasia to
become differentiated Miillerian-like epi-
thelium, eventually becoming dysplastic,
and ultimately leading to ovarian carci-
noma.'” This transformation may result
from constant exposure to growth factors
secreted into the cyst that normally would
be lost into the peritoneal cavity when
secreted by cells on the ovarian surface.

This theory is further supported by
epidemiologic evidence in human beings
showing an association between ovula-
tion and an increased risk for ovarian
cancer.'® Women who have breaks in
ovulation due to pregnancy and breast-
feeding have lower risk of disease.'”*"
Moreover, women who take oral con-
traceptive pills (OCPs), and therefore
have fewer ovulatory cycles, reduce their
risk of ovarian cancer by almost
50%.2"%

Not all epidemiologic evidence sup-
ports the hypothesis that incessant
ovulation is the culprit for tumor initi-
ation. For example, women with poly-
cystic ovarian syndrome, who by default
ovulate infrequently, are at increased risk
for EOC.*> Although it was initially
proposed that OCP use decreased the
risk of ovarian cancer by decreasing the
number of ovulatory cycles, it appears
that the protective effect of OCPs is
similar in progesterone-only formula-
tions, which usually do not inhibit
ovulation.**

Due in some part to the weaknesses
identified in the incessant ovulation hy-
pothesis, another theory was proposed
regarding how OSE transforms into
malignancy. The gonadotropin hypoth-
esis theorizes that overstimulation of
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OSE via follicle stimulating hormone
(FSH) and luteinizing hormone (LH)
receptors leads to proliferation and risk
for malignant transformation.”> Preg-
nant women and women taking OCPs
also maintain lower levels of gonado-
tropins, potentially explaining their
decreased risk of EOC. This could also
explain the increased risk of EOC in
nulliparous women, women with poly-
cystic ovary syndrome, and women with
other types of primary infertility who
also have increased gonadotropin pro-
duction. The increased production of
gonadotropins  in  perimenopausal
women may also account for the increase
in incidence of EOC presenting approxi-
mately 10 years after menopause. How-
ever, despite these theories, serum FSH
and LH levels have not correlated with risk
of disease in either premenopausal or
postmenopausal women.***” Moreover,
although animal studies have shown that
gonadotropin exposure promotes tumor
growth, no study has been able to
convincingly demonstrate malignant
transformation of OSE or cortical inclu-
sion cysts with gonadotropin exposure.”
Although these and other theories
have been proposed to describe how the
ovarian mesothelium could undergo
metaplasia and dysplasia,”®**® perhaps
the greatest gap in understanding the
process of ovarian carcinogenesis from
OSE is the identification of a true pre-
cursor lesion of high-grade carcinoma
within the ovary. Although benign
ovarian cystadenomas can progress into
a borderline tumor (and later a low-
grade malignancy), the progression of
low-grade to high-grade serous carci-
noma is exceedingly rare.”® Ovarian
endometriosis has been identified within
endometrioid and some mixed histology
ovarian cancers, however it does not
seem to be causative in serous tumors.”'

In search of a cell of origin

As the complexity and heterogeneity of
the origins of ovarian cancer became
apparent, it was clear that there is likely
not 1 single location or etiology for all
types of EOC. For example, endometri-
osis became more definitively linked to
many cases of endometrioid and clear cell
EOC. Mucinous tumors were recognized
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as often coming from appendiceal or
other gastrointestinal origins. Thus the
search to identify a precursor lesion of
high-grade serous carcinoma intensified.

In 2001, Piek et al’” reported close
examination of tubal segments removed
from women undergoing a risk-reducing
bilateral salpingo-oophorectomy (BSO).
These women had either breast cancer
gene (BRCA) mutations or a strong
family history of ovarian cancer. Of 12
pathologic specimens examined, 6 had
areas of cellular dysplasia noted in the
tubal epithelium and 5 additional spec-
imens had hyperplastic lesions. These
hyperplastic and dysplastic lesions his-
tologically resembled high-grade serous
ovarian cancer, but without invasion.

When larger cohorts of patients with
BRCA mutations were studied with thin
sectioning and careful analysis of the
fallopian tube, it was noted that about
1-5% of patients already had an early
tubal malignancy at the time of their
risk-reducing surgery.”>** The majority
of these malignancies had an early
intraepithelial component and they all
were located in the distal fimbriated end
of the fallopian tube. As a result of the
detection of occult malignancies and
dysplastic lesions, it appeared that these
patients had a higher risk for serous
carcinoma derived from the fallopian
tube, not the ovary.35 Fallopian tube
carcinoma thus became part of the spec-
trum of BRCA-associated diseases.”>””

In 2003, in a letter to the editor, Piek
et al’® synthesized these data and pro-
posed a new hypothesis regarding the
relationship between tubal and ovarian
serous carcinoma. They hypothesized
that most hereditary serous carcinomas
originate from the epithelium of the
fallopian tube. These tubal epithelial
cells are then spilled onto the surface
of the ovary and therefore create the
appearance of ovarian origin.

Regions of dysplasia within tubal
epithelium were termed “tubal intra-
epithelial carcinoma” (TIC) and in most
cases, these areas demonstrated high
levels of p53 accumulation (Figure). As
noted previously, TP53 mutations are
present in almost 100% of type 2 high-
grade serous ovarian cancers. The ma-
jority of TP53 mutations lead to the

FIGURE
Tubal intraepithelial carcinoma
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Section of fallopian tube exhibiting tubal intraepithelial carcinoma (arrows) and adjacent normal tubal
epithelium (arrowheads). Note lack of stromal invasion (x200).

Erickson. Fallopian tube in ovarian cancer. Am J Obstet Gynecol 2013.

production of a nonfunctional p53 pro-
tein that accumulates in the cytoplasm of
tumor cells. Thus, positive p53 staining
is a surrogate for TP53 mutational status.
Subsequent studies in patients with
BRCA mutations have shown that even
“benign” areas of distal tubal epithelium
overexpress p53. These areas are termed
“p53 signatures”’ and may represent an
even earlier precursor lesion than TIC in
the development of high-grade serous
carcinomas. The fact that TIC often stains
P53 positive and contains such a signature
further suggests premalignant changes
at the molecular level.”>*®

Beyond BRCA mutation carriers

These patterns of tumor origin were
next studied outside of cohorts of BRCA
mutation carriers. Kindelberger et al*
examined the pathology of 55 women
with advanced-stage cases of serous
ovarian, tubal, or primary peritoneal
carcinoma. Tubal specimens were sub-
jected to careful thin sectioning of the
fimbriae as well as p53 immunostaining.

Surprisingly, 75% of all cases of pelvic
serous carcinomas contained areas of
TIC. Specifically, 5 of 5 cases of tubal
carcinomas contained TIC, 4 of 6 peri-
toneal carcinomas, and 20 of 30 ovarian
carcinomas. The majority (93%) of
TIC was identified in the distal tubal
fimbriae. In the cases where TIC was
identified in a patient with ovarian car-
cinoma, most ovarian tumors were both
bilateral and also intraparenchymal.
These areas of TIC were dissected
and subject to p53 immunostaining
and specific TP53 mutational analysis.
Thousands of distinct TP53 mutations
have been described in human cancers
and thus a tumor’s TP53 mutation can
serve as its unique label.*” In all 5 cases
subject to TP53 mutational analysis, the
exact same TP53 mutation that was
identified in the TIC was identified in
the metastatic ovarian tumor, support-
ing their clonality. Therefore, although
the distal fallopian tube cannot be
implicated universally in the develop-
ment of carcinoma, as was suggested in
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BRCA mutation carriers, its frequent
involvement in what has typically been
termed “ovarian” cancer has changed
our understanding of the cells of origin
of EOC and has prompted further
research.

In another large pathological assess-
ment of 52 cases of EOC, Przybycin
et al*! noted a TIC frequency rate of 59%
in patients with serous tumors. They also
noted that there was no TIC identified
in mucinous, endometrioid, or carcino-
sarcoma histologies.*' Thus TIC seems
to be uniquely associated with the
development of serous histology EOC.
Kuhn et al*? further showed the clonality
of TIC and the metastatic counterparts
in a study that examined the histology of
29 patients with both TIC and high-
grade serous tumors. In all, 93% of the
paired specimens had identical TP53
mutations in the TIC and metastatic
tumor, providing further evidence that
these areas of TIC are the precursor
lesions for the metastatic tumor.

Unifying the hypotheses
It is clear that TIC is not present in
every case of high-grade serous ovarian
cancer. Therefore, a dual pathway model
for the carcinogenesis of high-grade
pelvic serous tumors has been pro-
posed. As evidenced by studies identi-
fying the clonal relationship between
TIC and metastatic tumor, the majority
of serous tumors likely originate in the
distal fallopian tube. These small areas of
dysplasia eventually become malignant
and, due to their location, metastasize to
the ovaries and surrounding pelvic
structures. They may also present as
fallopian tube cancers or primary peri-
toneal cancer if there is no significant
involvement of the ovary. The remaining
cases of serous EOC may have truly
ovarian origins. Miillerian epithelium,
present on the ovary through either
metaplasia of the ovarian mesothe-
lium or ectopic Miillerian tissue (eg,
endometriosis and endosalpingiosis)
could progress to dysplastic epithelium
and eventually lead to malignant
transformation.

The role of the fallopian tube in other
histologic types of EOC is also being
investigated. Based on the areas of

papillary tubal hyperplasia noted in pa-
tients with low-grade serous tumors, it is
hypothesized that these ovarian and
extraovarian tumors may also have pre-
cursor lesions in the fallopian tube.*’
Moreover, with further study of the
ovarian mesothelium and ovarian in-
clusion cysts, it appears that even inclu-
sion cysts may have fallopian tube
origins.*’

Implications for prevention

Effective cancer screening programs
typically require identification of either
a precursor lesion or an early-stage
malignancy. This is demonstrated most
notably in colon, cervix, and breast can-
cer screening. Unfortunately, without a
clear precursor lesion or biomarker,
ovarian cancer screening has thus far
been unsuccessful in identifying pre-
invasive or early-stage disease. A large
trial studying ultrasonography and serum
CA125 for ovarian cancer screening in
asymptomatic women was unable to
demonstrate efficacy in detecting early-
stage disease.** Modifications to this
approach may demonstrate efficacy,
either by following CAI125 over time
rather than at a single point,** or by tri-
aging patients to ultrasound only if the
CA125 is consistently elevated.*® Because
the majority of EOC precursor lesions are
not harbored within the ovary, it is not
surprising that adnexal imaging is of
limited utility.

Although no method of TIC detection
has been established short of surgical
resection, the future holds promise for
novel methods of EOC screening and
prevention. Models have predicted that
TIC and early-stage disease are likely
present for at least 4 years before be-
coming widely metastatic.*’ With im-
proved understanding of TIC and its role
in carcinogenesis, there may be opportu-
nities for developing screening methods
and biomarker identification.*®*'

Due to the role of the fallopian tube in
EOC, approaches to gynecologic surgery
have already begun to shift. Risk-reducing
surgery for patients with BRCA mutations
currently includes complete excision
of the ovaries and fallopian tubes with
serial sectioning. With careful excision
and close evaluation, rates of occult
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preinvasive or invasive tubal malignancies
in this population may be as high
at 10%.>

Surgical implications may extend be-
yond prophylactic surgery for high-risk
patients. In the United States, >600,000
hysterectomies are performed each year
and about 55% of hysterectomies are
accompanied by BSO.”® There has been
considerable debate about the risks and
benefits of performing a BSO at the time of
hysterectomy. On one hand, the risk of
EOC is reduced, but this comes at the
expense of the potential risks of cardio-
vascular disease, osteoporosis, and even
cognitive impairment seen with early
surgical menopause.” In a large analysis
of >20,000 patients from the Nurses’
Health Study, all-cause mortality as well as
cancer mortality both increased in women
who received a BSO.> This was due pri-
marily to increases in heart disease and
stroke. The authors concluded that with
an expected lifespan of 35 years after sur-
gery, for every 9 BSOs performed there
was 1 additional early death.”

With the risks associated with BSO at
the time of hysterectomy for benign dis-
ease, it is becoming more apparent that it
may be clinically prudent to leave the
ovaries in place for prolonged hormone
exposure. However, because the post-
reproductive fallopian tube serves little
biologic purpose, it may be sensible to
perform only a salpingectomy at the time
of surgery. Although no prospective data
support this practice, it follows rationally
that this has the potential to reduce
the risk of serous carcinoma with little
or no increased morbidity.”® Given that
an estimated 80-90% of BRCA-related
“ovarian” cancers originate in the fallo-
pian tube, consideration might also be
given to performing a risk-reducing sal-
pingectomy in especially young patients.””

It has long been noted that bilateral
tubal ligation confers some protection
toward developing ovarian cancer. Spe-
cifically, in a metaanalysis of 13 studies,
there was a 34% risk reduction in
the development of endometrioid and
serous EOC.*® Proposed mechanisms
include effects on ovarian function
and mechanical barriers against ascend-
ing vaginal carcinogens and ascending
proximal tubal or endometrial cells.”
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Due to their localization at the fimbri-
ated end of the fallopian tube, it is
unlikely that tubal ligation surgically
removes areas of TIC, however this has
not yet been rigorously evaluated.

Finally, there may be opportunities to
sample the fallopian tube for preinvasive
disease. Kinde et al®® reported that TP53
mutations can be detected in cervical
cytology specimens in 40% of ovarian
cancers. Protocols are being evaluated
whereby the fallopian epithelial cells
are brushed away hysteroscopically for
cytologic analysis.

Conclusion

Epithelial ovarian, primary peritoneal,
and primary tubal malignancies are a
complex and heterogeneous group of
tumors that remain the most deadly of
all gynecologic malignancies. Ongoing
research has confirmed that there is not 1
single site or cell type from which these
cancers arise. A majority of serous car-
cinomas appear to have preinvasive
lesions in the distal fallopian tube. This
recent finding has shifted the paradigm
of ovarian cancer carcinogenesis. Com-
plete bilateral salpingectomy as a risk-
reducing strategy in patients with BRCA
mutations is an approach worthy of
further investigation and it may be
reasonable to consider salpingectomy for
all patients undergoing hysterectomy for
benign disease. As we move forward, new
research directed specifically at TIC may
provide insight into carcinogenesis, and
molecular studies may someday allow for
more effective screening strategies.
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