Received: 9 September 2019

Revised: 6 November 2019

Accepted: 8 November 2019

DOI: 10.1002/cam4.2725

REVIEW

Cancer Medicine _ WILEY

The fallopian tube as origin of ovarian cancer: Change of
diagnostic and preventive strategies

Satoru Kyo1

'Department of Obstetrics and Gynecology,
Shimane University Faculty of Medicine,
Izumo, Shimane, Japan

2Department of Pathology, Shimane
University Faculty of Medicine, Izumo,
Shimane, Japan

Correspondence

Satoru Kyo, Department of Obstetrics and
Gynecology, Shimane University Faculty of
Medicine, 89-1, Enya-Cho, Izumo, Shimane
693-8501, Japan.

Email: satoruky @med.shimane-u.ac.jp

1|

| Noriyoshi Ishikawa> | Kohei Nakamura'

INTRODUCTION

| Kentaro Nakayama'

Abstract

Ovarian cancer is the leading cause of gynecologic cancer death in the world, and
its prevention and early diagnosis remain the key to its treatment, especially for
high-grade serous carcinoma (HGSC). Accumulating epidemiological and molecu-
lar evidence has shown that HGSC originates from fallopian tube secretory cells
through serous tubal intraepithelial carcinoma. Comprehensive molecular analyses
and mouse studies have uncovered the key driver events for serous carcinogenesis,
providing novel molecular targets. Risk-reducing bilateral salpingo-oophorectomy
(RRSO) has been proposed to reduce the subsequent occurrence of serous carcinoma
in high-risk patients with BRCA mutations. However, there is no management strat-
egy for isolated precursors detected at RRSO, and the role of subsequent surgery or
chemotherapy in preventing serous carcinoma remains unclear. Surgical menopause
due to RRSO provides a variety of problems related to patients’ quality of life, and
the risks and benefits of hormone replacement are under investigation, especially for
women without a previous history of breast cancer. An additional surgical option,
salpingectomy with delayed oophorectomy, has been proposed to prevent surgical
menopause. The number of opportunistic salpingectomies at the time of surgery for
benign disease to prevent the future occurrence of HGSC has increased worldwide.
Thus, the changing concept of the origin of serous carcinoma has provided us a great

opportunity to develop novel diagnostic and therapeutic approaches.
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25%-30%.>" The prognosis of high-grade serous carci-
noma (HGSC) is particularly poor among the histological

In the United States of America and Japan, ovarian cancer
accounts for 2.5% and 3.1% of cancer diagnoses and is the
fouth and ninth leading cause of cancer-related death, re-
spectively.l‘2 While the cure rate of patients with disease
confined to the ovary is over 90%,3‘4 those with dissemi-
nated or metastatic lesions have 5-year survival rates of

types, and prevention and early detection of this subtype
are urgently needed. Significant efforts have been made to
diagnose ovarian cancer earlier in the course of cancer de-
velopment, classically using transvaginal ultrasonography
with CA-125 as a serum marker, but there is no definitive
screening approach that reduces ovarian cancer mortality.8
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This review summarizes a recent revolutionary change in
the concept of the site of origin of HGSC that affects current
ovarian cancer prevention strategies.

2 | HISTORICAL ASPECTS

OF THE FALLOPIAN TUBE AS A
POTENTIAL ORIGIN OF SEROUS
CARCINOMA

Ovarian cancer had been believed to arise from ovar-
ian surface epithelial cells. However, this concept has
changed revolutionarily in HGSC, a major histological
subtype of ovarian cancer, in the past two decades. It
all began with the discovery of the BRCAI and BRCA2
tumor suppressor genes. Approximately 5%-10% of ovar-
ian cancers are attributed to inherited germline mutations
of susceptible genes, and about 90% of such cases involve
mutations of BRCAI or BRCA2 genes.”"'! Mutation carri-
ers have an increased risk of ovarian cancer, at 40%-60%
at the age of 70 years,12 while a lifetime risk of general
population to develo Oral contraceptive (OC) is 1 in 75
(1.3%)."* Risk-reducing bilateral salpingo-oophorectomy
(RRSO) has therefore been recommended for women with
hereditary ovarian cancer syndrome at age 35-40 years
for BRCAI mutation carriers and at age 40-45 years for
BRCA?2 carriers.'*1

At the beginning of 2000, there were several reports of
epithelial abnormalities of the fallopian tubes in RRSO spec-
imens, called serous tubal intraepithelial carcinoma (STIC). 17-
29 1n 2005, the Sectioning and Extensively Examining the
FIMbriated end of the fallopian tube (SEE-FIM) protocol
was introduced by the Brigham and Women's Hospital group
for routine analysis of fallopian tubes of women with BRCA
mutations or with a family history of breast and/or ovarian
cancer.”! This protocol triggered increased reports of STIC
or early serous carcinoma; approximately 2% of the cases
with RRSO had such early lesions, mainly in the fimbriae
of the fallopian tubes.?>% Detecting precancerous or early
serous carcinoma in the fallopian tubes of BRCA mutation
carriers led to the hypothesis that serous carcinoma in the
ovary or other pelvic sites originates from the fallopian
tubes. Supporting this hypothesis, approximately 50% of pa-
tients with HGSC were found to have co-existing STIC when
the SEE-FIM protocol was applied.24 Subsequent studies
reported a varied frequency (20%-60%) of this association,
but this inconsistency may be due to the difficulty of iden-
tifying intact fallopian tubes likely being involved in ovar-
ian masses.” The most striking findings for the linkage of
STIC and serous carcinoma are common somatic mutations
in TP53’,24’26’27 as well as other molecular markers, such as
elevated stathmin 1,28 shortened telomeres,29 and cyclin E
amplification,” shared with these lesions.

3 | BROAD SPECTRUM OF TUBAL
PRECURSOR LESIONS

STIC and serous carcinoma have frequent p53 mutations and,
therefore, exhibit p53 overexpression on immunohistochemistry.
However, it was reported that small segments of strongly pS3-posi-
tive cells were commonly observed in fimbriae, irrespective of BRCA
status, called the “p53 signature”.26 Careful histochemical analysis
showed that the p353 signature is predominant in the fimbriated end,
especially in nonciliated (secretory) cells, and p53 signature is more
frequently present in association with STIC.” The P53 signature was
frequently associated with y-H2AX staining, histochemical evidence
of double-strand DNA breakage,” indicating that it is initiated by
DNA damage. Thus, the p53 signature might be a reactive change in
response to genotoxic circumstances, such as by exposure to oxidants
in follicular fluid in the post ovulation period. Approximately 50% of
P53 signatures are known to have gene mutations in p53, similar or
identical to those observed in STIC.%® Thus, such genotoxic circum-
stances in fimbriae may induce not only up-regulation but genetic
mutations in p53, the latter of which may cause progression to STIC
(Figure 1). Interestingly, patients of Li Fraumeni syndrome with p53
germ-line mutations showed markedly increased frequency of p53
signature in the distal fallopian tube,”! indicating the pivotal role of
P53 gene mutation in establishing p53 signature.

In two types of tubal epithelial cells, so-called secretory
and ciliated cells, the former are less matured and thought
to be vulnerable to transformation, and, in fact, secretory
cells were proven to be the most susceptible to DNA dam-
age in vitro.”> The proliferative activity of the p53 signa-
ture has been demonstrated to be low (Figure 2).%° This is
consistent with the fact that DNA damage facilitates ATM/
ATR-regulated signaling pathways that result in cell cycle ar-
rest.”® However, once the p53 signature progresses to STIC,
it acquires high-growth proliferative activity with high Ki-67
or MIB1 expression and cytologic atypia, as well as loss of
cellular polarity®®* (Figure 2). Of particular interest is that
transitional lesions between the p53 signature and STIC are
often found, with intermediate proliferative and morpho-
logical characteristics, called serous intraepithelial lesions
(STILs).*3* The presence of these transitional lesions may
further suggest that the p53 signature is a precursor of STIC.

A candidate precursor of the p53 signature has also been pro-
posed, named secretory cell outgrowth (SCOUT), and is usually
located at more proximal sites of the tube than the p53 signature.
SCOUT is defined as consisting of a row of at least 30 secretory
epithelial cells with a pseudostratified benign appearance and
low proliferative activity that is not interrupted by ciliated differ-
entiation.> SCOUT does not usually display alterations in p53,
either by immunostaining or p53 sequence analysis. Continuity
of SCOUT, p53 signature, and serous carcinoma can, on occa-
sion, be demonstrated and shown to share identical p53 muta-
tions. Thus, SCOUT may be a potential precursor of the p53
signature, and the p53 signature may be a subset of SCOUTs.
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FIGURE 1
cells in the fimbria exhibit expanded growth, leading to secretory

cell outgrowth (SCOUT), and are likely to undergo genotoxic
oxidative stress, probably due to exposure to follicular fluid at the
time of ovulation. The DNA damage response will then be induced

by activating the p53 pathway, leading to subsequent activation of
ATM/ATR signaling and cell cycle arrest. Thus, p53 signature is
characterized as negative for Ki-67 or MIB1 staining. Genotoxic stress
or some other factors in p53 signature cells induces or causes p53 gene
mutation, leading to the development of serous tubal intraepithelial
lesions (STILs) and serous tubal intraepithelial carcinoma (STIC)

Several genetic studies have been performed to clarify the mo-
lecular relationship between tubal precursor lesions and HGSC.
The initial laser-captured microdissection analysis followed by
target sequencing of p53 indicated that 57% of p53 signatures
had p53 gene mutations, most of which were missense muta-
tions, while all STICs and all STIC/ovarian cancer pairs shared
identical p53 mutations.”® Subsequent studies, however, showed
that p53 mutations were detected in all HGSCs analyzed, and
the identical mutations were detected in most, but not all, STICs
and concurrent HGSCs.*’ Recent comprehensive genomic anal-
ysis by next-generation sequencing provided striking evidence
that the p53 signature or STIC had the ancestral clone for the
observed cancers.®® The majority of tumor-specific alterations
in ovarian cancers were commonly present in STICs, including
those affecting 7P53, BRCA1, BRCA2, or PTEN. Ovarian can-
cers contained additional genetic changes, indicating that tubal
precursor lesions represented daughter clones of the ovarian can-
cers. Evolutionary analyses reveal that p53 signatures and STICs
are precursors of ovarian carcinoma and identify a window of
7 years between development of a STIC and initiation of ovarian
carcinoma, with metastases following rapidly thereafter.

4 | IDENTIFICATION OF
DRIVER MUTATIONS FOR SEROUS
CARCINOGENESIS

To clarify the molecular mechanisms through which serous
carcinoma develops from the fallopian tubes, comprehen-
sive genomic analyses of HGSC have been performed, as the
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Cancer Genome Atlas (TCGA).” This analysis found that
TP53 mutation was highly prevalent (96%), as expected,
and additional genes including NFI, BRCAI, BRCA2, RBI,
and CDK]?2 also had somatic mutations with relatively low
but statistically significant frequencies. Somatic DNA copy
number aberrations were identified, including CCNel, MYC,
and MECOM, each highly amplified in >20% of tumors. The
pathway analyses showed that RB-related (67%) and RAS/
PI3K-related (45%) signaling pathways were activated, and
homologous recombination defects (HRDs) were observed in
up to 49% of cases, via BRCAI promoter hypermethylation
and silencing, as well as its germline and somatic mutations.
These findings indicate that the mutational spectrum marks
HGSC as completely distinct from other histological sub-
types of ovarian cancer, with extremely high 7P53 mutations
and frequent HRDs.

Mouse models have been established to uncover the po-
tential origin and the molecular pathways for serous carcino-
genesis. Conditional knockout of BRCA, TP53, and PTEN
with the Cre-loxP system in fallopian tube secretory cells
(FTSECs) was performed®” (Table 1). BRCAI™", TP53™",
PTEN™" and BRCA2™", TP53™", PTEN™"~ mice developed
STIC and HGSC. The TP53™~, PTEN™'~ mice did not prog-
ress past the pre-invasive stage of the disease, suggesting
that BRCA alterations are necessary for the progression of
HGSC BRCA2™ =, TP53™" mice without PTEN alterations
developed STIC, but none showed invasive tumors, the dis-
ease latency was much longer, and tumorigenesis was in-
efficient, suggesting that PTEN alterations are required for
tumor initiation and progression, cooperating with BRCA and
TP53 deletion/mutation. Consistent with this, a recent study
demonstrated that PTEN expression was markedly reduced or
absent in one-third of human STICs.*

Sherman-Baust et al established a transgenic mouse
model of serous carcinoma, in which SV40 large T-antigen
(TAg) was used as a transgene under the control of mouse
mullerian-specific Ovgp-1 promoter.*® Histological analysis
of the fallopian tubes of this mouse showed a variety of neo-
plastic lesions analogous to those described as precursors
(Table 1). Furthermore, invasive ovarian serous carcinoma
was observed in 56% of the mice. The TAg cassette in this
model is known to inactivate both p53 and Rb. Since p53
mutation, as well as the inactive Rb pathway, has already
been known to be essential for the development of human
HGSC by TCGA study, this mouse model seems to be partly
consistent with human serous carcinogenesis. However, in-
activation of p53 by TAg is not equivalent to p53 mutation
as some p53 mutations function as dominant negative fash-
ion. Therefore, this model is not completely consistent with
human serous carcinogenesis. Furthermore, TAg is likely to
generate a variety of chromosomal aberrations and the min-
imal genetic requirement for carcinogenesis remains unclear
in this model.
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We recently established an in vitro model for serous
carcinoma using primary-cultured human fimbria cells.*
Epithelial cells were isolated from surgically removed fim-
briae in patients with benign uterine diseases, subjected to
primary culture, followed by immortalization by lentiviral
overexpression of cyclinD1, cdk4, and hTERT. The immortal
cells exhibited epithelial morphology in vitro and expressed
secretory cell markers, indicating that these cells originated
from FTSECs, not ciliated cells. Based on TCGA data of
human HGSCs, we considered that 7P53 mutation is indis-
pensable for carcinogenesis. To mimic 7P53 mutation, we
introduced a dominant negative form of p53 (DN-p53) into
immortalize FTSECs, but no phenotypic change was ob-
served (Table 1). Oncogenic mutated KRAS allele or constitu-
tively activated AKT (CA-AKT) was then introduced, based
on the TCGA data that RAS/MAPK and/or PI3K/AKT path-
ways are frequently activated in human HGSC. Furthermore,
c-Myc, whose gene amplification was frequently observed in
human HGSC, was also overexpressed. Overexpressing DN-
pS53/mutant KRAS/ c-Myc or DN-p53/mutant KRAS/CA-AKT
successfully led to tumorigenic phenotypes in mice (Table 1),
and the histology of mouse xenografts was grossly, histologi-
cally, and immunohistochemically similar to human HGSCs.

Taken together, these mouse or in vitro carcinogenesis
models support the concept that a total of 3 genetic hits are

STIC FIGURE 2 Representative

pathological findings of precursors to
high-grade serous carcinoma. The p53
signature exhibited normal morphology
with p53 overexpression, but without

high proliferative activity, lacking MIB1
expression. Serous tubal intraepithelial
carcinoma (STIC) shows cytological atypia
and loss of polarity, p53 overexpression
due to p53 mutation, and high proliferative
activity with significant MIB1 expression.
Serous tubal intraepithelial lesions (STILs)
have intermediate findings of morphology
and proliferative activity between the p53
signature and STIC, which are considered
transitional lesions. All of these precursors
are composed of PAX8-positive secretory
cells

required for the development of HGSC from FTSECs, in
which TP53 mutation is indispensable and the additional 2
hits, including BRCA mutation (or HRD), PI3K-APT, Ras-
MAPK signaling, or c-Myc amplification (overexpression),
confer the serous carcinoma phenotype.

5 | STRATEGY TO PREVENT
OVARIAN CANCER IN HIGH-RISK
POPULATIONS

Oral contraceptives have been known to have a preventive
effect on ovarian cancer occurrence in BRCAI/2 carriers.*' ™
The precise mechanism by which OCs have protective effects
remains unclear, but may be at least partly due to inhibition
of ovulation that may reduce the opportunity for fimbriae to
contact the ovarian surface in every menstrual cycle. RRSO
has been established as protective surgery against ovarian
cancer in the high-risk population with BRCAI or BRCA2
mutations.'*'® A prospective multicenter cohort study with
over 2000 high-risk women with BRCAI or BRCA2 muta-
tions demonstrated that RRSO resulted in decreased ovar-
ian cancer risk (HR 0.15-0.31), as well as cancer-specific
mortality (HR 0.25), compared with the population without
RRSO.* Another multicenter study of RRSO enrolled over
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TABLE 1 Identification of driver gene mutations required for serous carcinogenesis in mouse model or in vitro carcinogenesis model
Knockout mouse model (Ref. 32)
Genotype Number of mice STIC Ovarian metastasis  Peritoneal metastasis
BRCA1™", TP53MT, 4 4/4 (100%) 1/4 (25%) 1/4 (25%)
PTEN™"
BRCAI1"~, TP53MT, 12 10/12 (83%) 6/12 (50%) 8/12 (67%)
PTEN™"
BRCA2™", TP53MT, 12 9/12 (75%) 9/12 (75%) 8/12 (67%)
PTEN™~
BRCA2"™~, TP53MT, 3 3/3 (100%) 3/3 (100%) 2/3 (67%)
PTEN™~
TP53~~, PTEN™~ 6 4/6 (67%) 0/6 (0%) 0/6 (0%)
BRCA2™~, TP537/~ 11 11/11 (100%) NR 3/11 (27%)
Transgenic mouse model (Ref. 39)
Trangene Number of mice p53 signature STIC Invasive adenocarcinoma
TAg 34 34/34 (100%) 34/34 (100%) 19/34 (56%)

Conlony formaiton on

Tumor formation

Tumor formation

factors Number of mice soft agar (subcutaneous) (intraperitoneal)
DN-p53 4 0 0 0
DN-p53, KRAS MT 4 0 0 0
DN-p53, c-Myc 4 0 0 0
DN-p53, CA-AKT 4 + 0 0
DN-p53, KRAS MT 4 + 4 4
c-Myc
DN-p53, KRAS MT, 4 aF 4 4
CA-AKT

Abbreviations: CA-AKT, constitutively activated AKT; DN-p53, dominant negative form of p53; MT, mutation; STIC, serous tubal intraepithelial carcinoma; TAg,

SV40 T antigen.

1000 women with BRCAI or BRCA2 mutations who self-se-
lected RRSO or observation and demonstrated an 85% reduc-
tion in BRCAI-associated gynecologic cancer risk (HR 0.15)
and a 72% reduction in BRCA2-associated breast cancer risk
(HR 0.28). Protection against BRCA [-associated breast can-
cer or BRCA2-associated gynecologic cancer was observed,
but it was not statistically significant,* in which relatively
low incidence of BRCA2-associated gynecologic cancers in
the cohort (two in the surveillance cohort, zero in the RRSO
cohort) limits conclusions regarding the impact of RRSO
on the risk of subsequent BRCAZ2-associated gynecologic
cancers.

In contrast to these protective benefits, RRSO is associ-
ated with surgical menopause, generating various long-term
health problems, as well as unfavorable symptoms with cli-
macteric disorders, including sexual dysfunction and vasom
otor symptoms, making women reluctant to pursue surgery.
Studies on quality of life demonstrated the benefit of hor-
mone replacement therapy (HRT) for BRCA mutation carriers

after RRSO, with fewer endocrine symptoms and better sex-
ual functioning,%'50 as well as decreased bone diseases.”'>
The breast cancer risk by taking HRT after RRSO is a great
concern for BRCA mutation carriers who have not yet devel-
oped it. Accumulating evidence has shown that breast can-
cer risk reduction after RRSO is not changed by HRT.**
The formulation of HRT may affect the risk of breast can-
cer; estrogen-replacement therapy may be preferred over
progestin-containing regimens.54’55 A definitive conclusion
about the risk and benefit of HRT in high-risk patients will
be reached only through well-designed, long-term studies.>®
Based on the accumulating evidence that HGSC may orig-
inate from the fallopian tubes, bilateral salpingectomy (with-
out oophorectomy) may offer a reduced risk of ovarian cancer
in BRCAI or BRCA2 mutation carriers and greater peace of
mind, while enabling women to delay or avoid surgical meno-
pause and maintain fertility. Prophylactic salpingectomy with
delayed oophorectomy has therefore been proposed.57 A mul-
ticenter Danish trial with early salpingectomy and delayed
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oophorectomy in BRCAI/2 mutation carriers (TUBA study)

S
St en
§ - £, started in 2015, enrolling patients who self-selected standard
§ E % RRSO or risk-reducing bilateral salpingectomy with delayed
§ g EE oophorectomy (BS/DO) at age 40-45 years for BRCA I mutation
g‘: S 2 carriers and at age 45-50 years for BRCA 2 mutation carriers, in
=]
u'% & g which the primary outcome measures were menopause-related
i,-’ quality of life. The trial is planned to continue until 2025 with
2 2 over 500 women. Several similar studies are ongoing.5 o6l
g
2 2 :
5 £ ~
= & iy
232 6 | HOW TO DEAL WITH
= B % ISOLATED STIC DETECTED AT
=g = 5 RRSO?
€8 < g
=
z g If STIC is detected at RRSO, what should we do? The incidence
g E of STIC in high-risk patients who undergo RRSO has been re-
& S S é ported to be approximately 2%,'*!> but this varied from 0.4%
E, = \:‘; 2 to 11.5% in recent reports including 4279 cases of RRSO from
S o~ g 2006 to 2017°1226276 (Table 2); the diversity may be due to the
. & o fg lack of a common concept of comprehensive sectioning by the
L ~
s ¥ = S - _ : SEE-FIM protocol. The type of surgery performed at or after
5 scf 8 ey = RRSO varied, including hysterectomy, omentectomy or lym-
SSe et B g hy y y y
i Q S o § g !; @ phadenectomy, and staging surgery, and most patients who un-
E’n 2 @ E gﬁ 3z g s derwent such procedures had evidence of disease in the resected
s Za 3 . . . .
e § £O02C <= 5 8 organs. Approximately 10% of the patients who underwent peri-
c:' 2 toneal cytology examination had positive cytology. After the
8 § 0 i 5 diagnosis of isolated STIC, about 20% of the patients received
§ '§ % g = platinum/paclitaxel-based chemotherapy. Three (4.5%) of 67
=5 5 § § patients with follow-up records showed subsequent primary
%ﬁ é 2 E 2 o peritoneal cancer during the follow-up period. The clinical sig-
5 §° ;8: S g g nificance of positive peritoneal cytology at RRSO also remains
Tg § unclear, and it has not been determined whether positive cytol-
= % § ogy is associated with a higher risk of subsequent peritoneal can-
g £ 5 5 cer.”” Furthermore, there is insufficient evidence that surgical
=) ’g = f g staging or postoperative chemotherapy for patients with isolated
%) 175) 5}
g £ E E % STIC at RRSO decreases the occurrence of peritoneal cancer.
:’ g t ?.:; %’ j-; There is thus no established management concept for high-risk
‘r_.-" & § é 2 ; patients with isolated STIC after RRSO. It has been noted that
mE S ; : patients with incidental STIC are more likely to develop perito-
° i g neal cancer compared to those with benign findings at RRSO.”
50 ~ £ . . e
: = % g Therefore, BRCA mutation carriers with incidental STIC after
= gn ) E 72 RRSO should be carefully followed-up, at least by more frequent
s E 3 B E_’ examination with CA-125 and imaging by ultrasonography/CT.
o &
5 8
3128 2 £ 7 | CAN OPPORTUNISTIC
S g 2
E 89 §¢@ 2 % SALPINGECTOMY REDUCE THE
= 7] ol b5}
£ .88 =8 £ RISK OF OVARIAN CANCER?
= &=
[OR7%)
« 2 4 B Based on the accumulating evidence of the tubal origin of
E § % % ovarian cancer, opportunistic salpingectomy or tubal ligation
i g 2 _“g % in the low-risk population may reduce the incidence of this
= Bl - <8 type of tumor. Two large-scale studies were perf01rmed,78‘79
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TABLE 3 Large-scale retrospective studies for ovarian cancer

risk reduction by salpingectomy or related operations

Design

Setting

Population

Comparator

Outcome

Impact of
hysterectomy

Impact of hysterec-
tomy with BSO

Impact of
salpingectomy

Impact of tubal
sterilization

Madsen et al
(Ref. 78)

Retrospective
case-control

Registry in Danish
population

13 241 ovarian

cancer cases

194 689 age-
matched popula-
tion control

Observation

Incidence of ovar-

ian cancer

OR 0.58 (95% CI,
0.36-0.95)

OR 0.87 (95% CI,
0.78-0.98)

Falconer et al
(Ref. 79)

Retrospective cohort

Registry in Swedish
population

98 026 cases with
hysterectomy

37 348 cases with
hysterectomy with
BSO

34 433 cases with
salpingectomy

81 658 cases with
tubal sterilization

5449 119 unex-
posed cohort

Unexposed
population

Incidence of ovarian

cancer

HR 0.79 (95% CI,
0.70-0.88)

HR 0.06 (95% CI,
0.03-0.12)

HR 0.36 (95% CI,
0.52-0.81)

HR 0.69 (95% CI,
0.64-0.81)

Abbreviations: BSO, bilateral salpingo-oophorectomuy; HR, hazard ratio; OR,
odds ratio.

showing that opportunistic salpingectomy at the time of sur-
gery for benign disease significantly reduced epithelial ovar-
ian cancer risk (Table 3).

In the United States of America, 25 180 girls and women
who underwent inpatient hysterectomy from 2008 through
2013, representing a national cohort of 2 036 449 girls and
women, were investigated.® There was an increase in the up-
take of hysterectomy with BS of 371% across the study period.
Based on the epidemiological evidence, a worldwide increase
in adopting opportunistic salpingectomy has been observed in
society guidelines,81 and the Japan Society of Obstetrics and
Gynecology made a statement recommending opportunistic
salpingectomy at the time of hysterectomy for benign diseases.

8 | CONCLUSIONS

Determining precisely where these tumors initiate will affect
strategies for early detection, such as improved methods of

diagnostic imaging that focus on the distal fallopian tube, in ad-
dition to the ovary. For example, one can imagine that fallopian
tubes or fimbriae may be a target of cytology or biopsy with
a specialized apparatus in outpatients, possibly as a screening
test especially for high-risk patients or patients with an ovarian
mass or ascites suspicious of HGSC. The driver gene mutations
for serous carcinogenesis have been identified, and a total of
three genetic factors are required for carcinogenesis, provid-
ing novel therapeutic targets. RRSO reduces the occurrence of
subsequent peritoneal carcinoma, but may partly be replaced
by prophylactic salpingectomy with delayed oophorectomy,
avoiding surgical menopause. There are unresolved issues
about isolated STIC detected at RRSO. No standard manage-
ment recommendation is proposed for subsequent surgery and/
or chemotherapy. The number of opportunistic salpingecto-
mies in low-risk patients is increasing dramatically with the
concept of tubal origin, and this trend will further continue.
Overall, the changing concept of the origin of HGSC provided
us a great opportunity to uncover serous carcinogenesis, as
well as to develop novel diagnostic and preventive approaches.

ACKNOWLEDGMENTS

The authors are very grateful to Dr Tohru Kiyono (National
Cancer Center Research Institute, Japan) for support estab-
lishing immortalized and transformed epithelial cells from
fallopian tube secretory cells. We also thank to Dr Kyoka
Amemiya (Itami City Hospital, Osaka, Japan) for critically
reading the manuscript and providing useful suggestion.

CONFLICT OF INTEREST
Neither of the authors has any conflicts of interest to disclose.

ORCID
Satoru Kyo "= https://orcid.org/0000-0002-8986-6147
REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer
J Clin. 2019;69:7-34.

2. National Cancer Center Research Institute. Cancer information.
servicehttps://ganjoho.jp/reg_stat/statistics/stat/summary.html.
Accessed November 1, 2019.

3. Oseledchyk A, Leitao MM Jr, Konner J, et al. Adjuvant chemo-
therapy in patients with stage I endometrioid or clear cell ovarian
cancer in the platinum era: a Surveillance, Epidemiology, and End
Results Cohort Study. Ann Oncol. 2017;28:2985-2993.

4. Choi M, Fuller CD, Thomas CR, Wang SJ. Conditional survival in
ovarian cancer: results from the SEER dataset 1988-2001. Gynecol
Oncol. 2008;109:203-2009.

5. Coleman MP, Forman D, Bryant H, et al. Cancer survival in Australia,
Canada, Denmark, Norway, Sweden, and the UK, 1995-2007 (the
International Cancer Benchmarking Partnership): an analysis of pop-
ulation-based cancer registry data. Lancet. 2011;377:127-138.

6. Dao F, Schlappe BA, Tseng J, et al. Characteristics of 10-year sur-
vivors of high-grade serous ovarian carcinoma. Gynecol Oncol.
2016;141:260-263.


https://orcid.org/0000-0002-8986-6147
https://orcid.org/0000-0002-8986-6147
http://servicehttps://ganjoho.jp/reg_stat/statistics/stat/summary.html

KYO ET AL.

.. 429
Cancer Medicine _ —WI LEYJ—

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

Petrillo M, Marchetti C, De Leo R, et al. BRCA mutational status,
initial disease presentation, and clinical outcome in high-grade se-
rous advanced ovarian cancer: a multicenter study. Am J Obstet
Gynecol. 2017;217:334.e1-334.e9.

Buys S, Partridge E, Black A, et al. Effect of screening on ovar-
ian cancer mortality. The prostate, lung, colorectal and ovarian
(PLCO) cancer screening randomized controlled trial. JAMA.
2011;305:2295-2303.

Narod SA, Madlensky L, Tonin P, et al. Hereditary and familial
ovarian cancer in southern Ontario. Cancer. 1994;74:2341-2346.
Russo A, Calo V, Bruno L, Rizzo S, Bazan V, Di Fede G. Hereditary
ovarian cancer. Crit Rev Oncol Hematol. 2009;69:28-44.

Couch FJ, Nathanson KL, Offit K. Two decades after BRCA: set-
ting paradigms in personalized cancer care and prevention. Science.
2014;343:1466-1470.

Chen S, Parmigiani G. Meta-analysis of BRCA1 and BRCA2 pen-
etrance. J Clin Oncol. 2007;25:1329-1333.

Mavaddat N, Peock S, Frost D, et al. Cancer risk for BRCA1 and
BRCA2 mutation carriers: result from prospective analysis of
EMBRACE. J Natl Cancer Inst. 2013;105:812-822.

Finch A, Beiner M, Lubinski J, et al. Salpingo-oophorectomy
and the risk of ovarian, fallopian tube, and peritoneal can-
cers in women with a BRCA1 or BRCA2 mutation. JAMA.
2006;296:185-192.

Kauff ND, Satagopan JM, Robson ME, et al. Risk-reducing salpin-
go-oophorectomy in women with a BRCA1 or BRCA2 mutation.
N Engl J Med. 2002;346:1609-1615.

Rebbeck TR, Lynch HT, Neuhausen SL, et al.; Prevention and
Observation of Surgical End Points Study Group. Prophylactic oo-
phorectomy in carriers of BRCA1 or BRCA2 mutations. N Engl J
Med. 2002;346:1616-1622.

Zweemer RP, van Diest PJ, Verheijen RHM, et al. Molecular evi-
dence linking primary cancer of the fallopian tube to BRCA1 ger-
mline mutations. Gynecol Oncol. 2000;76:45-50.

Piek JMJ, van Diest PJ, Zweemer RP, et al. Dysplastic changes in
prophylactically removed Fallopian tubes of women predisposed to
developing ovarian cancer. J Pathol. 2001;195:451-456.

Cass I, Holschneider C, Datta N, Barbuto D, Walts AE, Karlan BY.
BRCA-mutation-associated fallopian tube carcinoma: a distinct
clinical phenotype? Obstet Gynecol. 2005;106:1327-1334.

Colgan TJ, Murphy J, Cole DEC, Narod S, Rosen B. Occult carci-
noma in prophylactic oophorectomy specimens: prevalence and as-
sociation with BRCA germline mutation status. Am J Surg Pathol.
2001;25:1283-1289.

Medeiros F, Muto MG, Lee Y, et al. The tubal fimbria is a preferred
site for early adenocarcinoma in women with familial ovarian can-
cer syndrome. Am J Surg Pathol. 2006;30:230-236.

Wethington SL, Park KJ, Soslow RA, et al. Clinical outcome of
isolated serous tubal intraepithelial carcinomas (STIC). Int J
Gynecol Cancer. 2013;23:1603-1611.

Patrono MG, Iniesta MD, Malpica A, et al. Clinical out-
comes in patients with isolated serous tubal intraepithelial
carcinoma (STIC): a comprehensive review. Gynecol Oncol.
2015;139:568-572.

Kindelberger DW, Lee Y, Miron A, et al. Intraepithelial carcinoma
of the fimbria and pelvic serous carcinoma: Evidence for a causal
relationship. Am J Surg Pathol. 2007;31:161-169.

Przybycin CG, Kurman RJ, Ronnett BM, Shih I-M, Vang R. Are all
pelvic (nonuterine) serous carcinomas of tubal origin? Am J Surg
Pathol. 2010;34:1407-1416.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lee Y, Miron A, Drapkin R, et al. A candidate precursor to se-
rous carcinoma that originates in the distal fallopian tube. J Pathol.
2007;211:26-35.

Kuhn E, Kurman RJ, Vang R, et al. TP53 mutations in serous tubal
intraepithelial carcinoma and concurrent pelvic high-grade serous
carcinoma—evidence supporting the clonal relationship of the two
lesions. J Pathol. 2012;226:421-426.

Novak M, Lester J, Karst AM, et al. Stathmin 1 and pl6(INK4A)
are sensitive adjunct biomarkers for serous tubal intraepithelial car-
cinoma. Gynecol Oncol. 2015;139:104-111.

Kuhn E, Meeker A, Wang TL, Sehdev AS, Kurman RJ, Shih IEM.
Shortened telomeres in serous tubal intraepithelial carcinoma: an
early event in ovarian high-grade serous carcinogenesis. Am J Surg
Pathol. 2010;34:829-836.

Sehdev AS, Kurman RJ, Kuhn E, Shih IEM. Serous tubal intraep-
ithelial carcinoma upregulates markers associated with high-grade
serous carcinomas including Rsf-1 (HBXAP), cyclin E and fatty
acid synthase. Mod Pathol. 2010;23:844-855.

Xian W, Miron A, Roh M, et al. The Li-Fraumeni syndrome (LES):
a model for the initiation of p53 signatures in the distal fallopian
tube. J Pathol. 2010;220:17-23.

Perets R, Wyant G, Muto K, et al. Transformation of the fallopian
tube secretory epithelium leads to high-grade serous ovarian cancer
in Brca;Tp53;Pten models. Cancer Cell. 2013;24:751-765.
Visvanathan K, Vang R, Shaw P, et al. Diagnosis of serous tubal
intraepithelial carcinoma based on morphologic and immunohis-
tochemical features: a reproducibility study. Am J Surg Pathol.
2011;35:1766-1775.

Meserve EEK, Brouwer J, Crum CP. Serous tubal intraepi-
thelial neoplasia: the concept and its application. Mod Pathol.
2017;30:710-721.

Chen EY, Mehra K, Mehrad M, et al. Secretory cell outgrowth,
PAX2 and serous carcinogenesis in the fallopian tube. J Pathol.
2010;222:110-116.

Labidi-Galy SI, Papp E, Hallberg D, et al. High grade serous
ovarian carcinomas originate in the fallopian tube. Nat Commun.
2017;8:1093.

Cancer Genome Atlas Research Network. Integrated genomic anal-
yses of ovarian carcinoma. Nature. 2011;474:609-615.

Roh MH, Yassin Y, Miron A, et al. High-grade fimbrial-ovarian
carcinomas are unified by altered p53, PTEN and PAX2 expres-
sion. Mod Pathol. 2010;23:1316-1324.

Sherman-Baust CA, Kuhn E, Valle BL, et al. A genetically en-
gineered ovarian cancer mouse model based on fallopian tube
transformation mimics human high-grade serous carcinoma devel-
opment. J Pathol. 2014;233:228-237.

Nakamura K, Nakayama K, Ishikawa N, et al. Reconstitution of
high-grade serous ovarian carcinoma from primary fallopian tube
secretory epithelial cells. Oncotarget. 2017;9:12609-12619.
Iodice S, Barile M, Rotmensz N, et al. Oral contraceptive use and
breast or ovarian cancer risk in BRCA1/2 carriers: a meta-analysis.
Eur J Cancer. 2010;46:2275-2284.

Antoniou AC, Rookus M, Andrieu N, et al. Reproductive and hor-
monal factors, and ovarian cancer risk for BRCA1 and BRCA2
results from the International BRCA1/2
Carrier Cohort Study. Cancer Epidemiol Biomarkers Prev.
2009;18:601-610.

Friebel TM, Domchek SM, Rebbeck TR. Modifiers of cancer risk
in BRCA1 and BRCA2 mutation carriers: systematic review and
meta-analysis. J Natl Cancer Inst. 2014;106:dju091.

mutation carriers:



430 .
—I—Wl LEY—Cancer Medicine

44.

45.
46.
47.
48.
49.

50.

51.
52.

53.

54.
55.
56.
57.

58.

KYO ET AL.

Domchek SM, Friebel TM, Singer CF, et al. Association of risk-re-
ducing surgery in BRCA1 or BRCA2 mutation carriers with cancer
risk and mortality. JAMA. 2010;304:967-975.

Kauff ND, Domchek SM, Friebel TM, et al. Risk-reducing
salpingo-oophorectomy for the prevention of BRCAI- and
BRCAZ2-associated breast and gynecologic cancer: a multicenter,
prospective study. J Clin Oncol. 2008;26:1331-1337.

Madalinska JB, van Beurden M, Bleiker EM, et al. The impact of
hormone replacement therapy on menopausal symptoms in younger
high-risk women after prophylactic Salpingo-oophorectomy. J Clin
Oncol. 2006;24:3576-3582.

Johansen N, Liavaag AH, Tanbo TG, Dahl AA, Pripp AH,
Michelsen TM. Sexual activity and functioning after risk-reducing
salpingo-oophorectomy: impact of hormone replacement therapy.
Gynecol Oncol. 2016;140:101-106.

Finch A, Metcalfe KA, Chiang JK, et al. The impact of prophylac-
tic salpingo-oophorectomy on menopausal symptoms and sexual
function in women who carry a BRCA mutation. Gynecol Oncol.
2011;121:163-168.

Vermeulen RFM, Beurden MV, Kieffer JM, et al. Hormone re-
placement therapy after risk-reducing salpingo-oophorectomy mi-
nimises endocrine and sexual problems: a prospective study. Eur J
Cancer. 2017;84:159-167.

Tucker PE, Bulsara MK, Salfinger SG, Tan JJ-S, Green H,
Cohen PA. The effects of pre-operative menopausal status and
hormone replacement therapy (HRT) on sexuality and quality
of life after risk-reducing salpingo-oophorectomy. Maturitas.
2016;85:42-48.

Garcia C, Lyon L, Conell C, Littell RD, Powell CB. Osteoporosis
risk and management in BRCA1 and BRCA?2 carriers who un-
dergo risk-reducing salpingo-oophorectomy.
2015;138:723-726.

Challberg J, Ashcroft L, Lalloo F, et al. Menopausal symptoms and
bone health in women undertaking risk reducing bilateral salpin-
go-oophorectomy: significant bone health issues in those not tak-
ing HRT. Br J Cancer. 2011;105:22-27.

Eisen A, Lubinski J, Gronwald J, et al. Hormone therapy and the

Gynecol Oncol.

risk of breast cancer in BRCA1 mutation carriers. J Natl Cancer
Inst. 2008;100:1361-1367.

Kotsopoulos J, Huzarski T, Gronwald J, et al. . Hormone replace-
ment therapy after menopause and risk of breast cancer in BRCA1
mutation carriers: a case—control study. Breast Cancer Res Treat.
2016;155:365-373.

Kotsopoulos J, Gronwald J, Karlan BY, et al. Hormone replace-
ment therapy after oophorectomy and breast cancer risk among
BRCA 1 mutation carriers. JAMA Oncol. 2018;4:1059-1065.
Gordhandas S, Norquist BM, Pennington KP, Yung RL, Laya MB,
Swisher EM. Hormone replacement therapy after risk reducing
salpingo-oophorectomy in patients with BRCA1 or BRCA2 mu-
tations; a systematic review of risks and benefits. Gynecol Oncol.
2019;153:192-200.

Holman LL, Friedman S, Daniels MS, Sun CC, Lu KH.
Acceptability of prophylactic salpingectomy with delayed oopho-
rectomy as risk-reducing surgery among BRCA mutation carriers.
Gynecol Oncol. 2014;133:283-286.

Harmsen MG, Arts-de Jong M, Hoogerbrugge N, et al. Early sal-
pingectomy (TUbectomy) with delayed oophorectomy to improve
quality of life as alternative for risk-reducing salpingo-oophorec-
tomy in BRCA1/2 mutation carriers (TUBA study): a prospective
non-randomised multicentre study. BMC Cancer. 2015;15:593.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Center MAC. WISP: women choosing surgical prevention. 2017.
https://wisp.mdanderson.org/. Accessed October 8, 2017.
Medicine USNLO. NCT019077. 2017. https://www.clinicaltrials.
gov/ct2/show/NCT01907789?term=NCT01907789&rank=1.
Accessed October 8, 2017.

Medicine USNLO. NCTO01608074. 2017. https://www.clinicaltr
ials.gov/ct2/show/NCT01608074?term=NCT01608074&rank=1.
Accessed October 8, 2017.

Finch A, Shaw P, Rosen B, Murphy J, Narod SA, Colgan TJ.
Clinical and pathologic findings of prophylactic salpingo-oopho-
rectomies in 159 BRCA1 and BRCA2 carriers. Gynecol Oncol.
2006;100:58-64.

Carcangiu ML, Peissel B, Pasini B, Spatti G, Radice P, Manoukian
S. Incidental carcinomas in prophylactic specimens in BRCA1 and
BRCA2 germ-line mutation carriers, with emphasis on fallopian
tube lesions: report of 6 cases and review of the literature. Am J
Surg Pathol. 2006;30:1222-1230.

Lamb JD, Garcia RL, Goff BA, Paley PJ, Swisher EM. Predictors
of occult neoplasia in women undergoing risk-reducing salpin-
go-oophorectomy. Am J Obstet Gynecol. 2006;194:1702-1709.
Callahan MJ, Crum CP, Medeiros F, et al. Primary fallopian tube
malignancies in BRCA-positive women undergoing surgery for
ovarian cancer risk reduction. J Clin Oncol. 2007;25:3985-3990.
Shaw PA, Rouzbahman M, Pizer ES, Pintilie M, Begley H.
Candidate serous cancer precursors in fallopian tube epithelium of
BRCA1/2 mutation carriers. Mod Pathol. 2009;22:1133-1138.
Manchanda R, Abdelraheim A, Johnson M, et al. Outcome of
risk-reducing salpingo-oophorectomy in BRCA carriers and
women of unknown mutation status. BJOG. 2011;118:814-824.
Mingels MJ, Roelofsen T, van der Laak JA, et al. Tubal epithelial
lesions in salpingo-oophorectomy specimens of BRCA-mutation
carriers and controls. Gynecol Oncol. 2012;127:88-93.

Powell CB, Chen L-M, McLennan J, et al. Risk-reducing sal-
pingo-oophorectomy (RRSO) in BRCA mutation carriers:
experience with a consecutive series of 111 patients using a stan-
dardized surgical—pathological protocol. Int J Gynecol Cancer.
2011;21:846-851.

Reitsma W, de Bock GH, Oosterwijk JC, Bart J, Hollema H,
Mourits MJE. Support of the “fallopian tube hypothesis” in a pro-
spective series of risk-reducing salpingo-oophorectomy specimens.
Eur J Cancer. 2013;49:132-141.

Conner JR, Meserve E, Pizer E, et al. Outcome of unexpected ad-
nexal neoplasia discovered during risk reduction salpingo-oopho-
rectomy in women with germ-line BRCA1 or BRCA2 mutations.
Gynecol Oncol. 2014;132:280-286.

Sherman ME, Piedmonte M, Mai PL, et al. Pathologic findings
at risk-reducing salpingo-ophorectomy: primary results from
Gynecologic Oncology Group Trial GOG-0199. J Clin Oncol.
2014;32:3275-3283.

Zakhour M, Danovitch Y, Lester J, et al. Occult and subsequent
cancer incidence following risk-reducing surgery in BRCA muta-
tion carriers. Gynecol Oncol. 2016;143:231-235.

Poon C, Hyde S, Grant P, Newman M, Ireland Jenkin K. Incidence
and characteristics of unsuspected neoplasia discovered in high-
risk women undergoing risk reductive bilateral salpingooophorec-
tomy. Int J Gynecol Cancer. 2016;26:1415-1420.

Miller H, Pipkin LS, Tung C, Hall TR, Masand RP, Anderson
ML. The role of routine peritoneal and omental biopsies at
risk-reducing salpingo-oophorectomy. J Minim Invasive Gynecol.
2017;24:772-776.


https://wisp.mdanderson.org/
https://www.clinicaltrials.gov/ct2/show/NCT01907789?term=NCT01907789&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT01907789?term=NCT01907789&rank=1
://www.clinicaltrials.gov/ct2/show/NCT01608074?term=NCT01608074&rank=1
://www.clinicaltrials.gov/ct2/show/NCT01608074?term=NCT01608074&rank=1

KYO ET AL.

.. 431
Cancer Medicine _ —WI LEYJ—

76.

7.

78.

79.

Lee YJ, Lee SW, Kim KR, et al. Pathologic findings at risk-reduc-
ing salpingo-oophorectomy (RRSO) in germline BRCA mutation
carriers with breast cancer: significance of bilateral RRSO at the
optimal age in germline BRCA mutation carriers. J Gynecol Oncol.
2017;28:e3.

Blok F, Roes EM, van Leenders GJ, van Beekhuizen HJ. The lack
of clinical value of peritoneal washing cytology in high risk pa-
tients undergoing risk-reducing salpingo-oophorectomy: a retro-
spective study and review. BMC Cancer. 2016;16:18.

Madsen C, Baandrup L, Dehlendorff C, Kjaer SK. Tubal ligation
and salpingectomy and the risk of epithelial ovarian cancer and
borderline ovarian tumors: a nationwide case-control study. Acta
Obstet Gynecol Scand. 2015;94:86-94.

Falconer H, Yin L, Gronberg H, Altman D. Ovarian cancer risk
after salpingectomy: a nationwide population-based study. J Natl
Cancer Inst. 2015;107:dju410.

80. Hanley GE, McAlpine JN, Pearce CL, Miller D. The performance

81.

and safety of bilateral salpingectomy for ovarian cancer prevention
in the United States. Am J Obstet Gynecol. 2017;216:270.e1-270.
e9.

Hicks-Courant KD. Growth in salpingectomy rates in the United
States since 2000. Am J Obstet Gynecol. 2016;215:666-667.

How to cite this article: Kyo S, Ishikawa N,
Nakamura K, Nakayama K. The fallopian tube as
origin of ovarian cancer: Change of diagnostic and
preventive strategies. Cancer Med. 2020;9:421-431.
https://doi.org/10.1002/cam4.2725



https://doi.org/10.1002/cam4.2725

