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Abstract

Obijective: To summarize published evidence supporting current strategies for the prevention of
epithelial ovarian cancer in women with a genetic, elevated risk for the development of this
disease, as well as the emerging data on the novel salpingectomy with delayed oophorectomy
(SDO) strategy. Furthermore, we will explore whether salpingectomy alone is a viable risk-
reducing strategy for these women. We will also discuss current national guidelines for risk-
reducing surgery based on patients’ individual genetic predisposition.

Data Sources: MEDLINE, PubMed, Embase, and the Cochrane Database, with a focus on
randomized controlled trials and large prospective, observational studies.

Methods of Study Selection: The key search terms for our review included Medical Subject

Headings (MeSH): “salpingectomy”, “ovarian cancer”, and “risk-reducing surgery”.

Tabulation, Integration, and Results: The fallopian tube is now well established as the site
of origin for most ovarian cancers, particularly high-grade serous carcinomas. This finding has led
to the development of new preventive surgical techniques, such as SDO, which may be associated
with fewer side effects. Until the results of ongoing trials are reported and SDO’s impact on
ovarian cancer risk reduction is established, however, it should not be recommended outside of
clinical trials, and bilateral salpingo-oophorectomy remains the treatment of choice for risk-
reducing surgery, especially in women at a genetic, high risk for ovarian cancer.

Conclusion: The decision to undergo risk-reducing surgery among women at elevated risk for
ovarian cancer should be made after comprehensive consultation and individually based on genetic
predisposition, childbearing status, and personal preference.
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Salpingectomy as an effective strategy for risk reduction in women with a genetic, elevated risk for
the development of ovarian cancer.
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Introduction

Ovarian cancer is the leading cause of death from gynecologic malignancy in the United
States, with an estimated 21,750 newly diagnosed cases and 13,940 deaths expected in 2020
[1]. This high mortality rate is due in large part to the late onset of symptoms and the lack of
an effective screening test, which result in an advanced-stage diagnosis for most patients [2].
While an early detection test is lacking, there are effective strategies to decrease risk, and
prevention remains an essential strategy to reduce deaths from this disease.

For patients with inherited genetic predispositions to epithelial ovarian cancer (EOC), such
as mutations in BRCA1 or BRCAZ, risk-reducing salpingo-oophorectomy (RRSO) is
recommended as the standard of care. RRSO results in an up to 96% reduction in risk of
ovarian cancer development and may also lead to a decreased risk in the development of
breast cancer [3-5]. Removal of the ovaries, however, carries significant side effects,
specifically loss of fertility and the abrupt onset of premature menopause. As recent
pathologic, molecular, and genomic evidence has implicated the fimbriated end of the
fallopian tube as the origin of most high-grade serous ovarian cancers (HGSCs), risk-
reducing salpingectomy with delayed oophorectomy (SDO), which is associated with fewer
side effects, has emerged as a potential novel strategy for these patients. With emerging
technologies for fertility preservation and increased provider comfort with hormone
replacement therapy (HRT), these high-risk women now have more highly individualized
and sometimes multi-step risk-reduction plans, making their cancer treatment decisions
much more complex.

In this review, we will evaluate the evidence base supporting current strategies for the
prevention of EOC in high- and average-risk women, as well as the emerging data on the
novel SDO strategy. Furthermore, we will explore whether salpingectomy aloneis a viable
risk-reducing strategy for these women.

Tubal paradigm and “precursor escape” theory

HGSCs account for approximately two-thirds of all ovarian cancers. They are the most
common and among the most lethal ovarian malignancies, making them largely responsible
for the poor outcomes associated with this disease [6]. The discovery of BRCA1 and
BRCAZ susceptibility genes in the mid 1990s and recent improvements in pathologic
assessment with Sectioning and Extensively Examining the FIMbriated End (SEE-FIM) of
the fallopian tube have allowed investigators to demonstrate that most of these carcinomas
arise in the fallopian tube in the form of serous tubal intraepithelial carcinomas (STICs) [7].
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STIC lesions are found in approximately 1-10% of patients at the time of RRSO, of whom
5-10% will later develop a recurrent HGSC [8].

Early-stage HGSCs almost always arise from the fallopian tube, whereas in advanced-stage
disease, only 10-60% of cases are associated with a concurrent STIC lesion [9, 10]. This
paradoxical finding was the impetus for seeking other potential sites of carcinogenesis, such
as the peritoneum or ovarian surface. Recent evidence suggests that early precursors in the
fallopian tube contribute to the development of HGSC, which led to the emerging concept of
“precursor escape”. This second component of the tubal paradigm suggests that cells from
non-malignant early serous proliferations (ESPs) shed from the tube undergo subsequent
malignant transformation, resulting in sudden widespread peritoneal disease. In support of
this theory is the finding that essentially 100% of de novo HGSCs contain TP53 alterations,
and ESPs with these mutations are often the only abnormality found in the fallopian tubes of
patients with metastatic HGSC. Molecular markers and gene expression profiles of HGSCs
demonstrate lineage continuity of specific TP53 mutations between ESPs and concurrent
serous carcinomas, further supporting this theory. This dualistic ‘tubal hypothesis’, which
incorporates precursor escape, has become the most supported theory for the pathogenesis of
EOC and provides a plausible explanation for the hallmarks of the disease, early peritoneal
dissemination and the elusiveness of early detection [11].

First step in prevention: identify risk

Approximately 20% of patients diagnosed with HGSC will harbor a predisposing genetic
mutation [6]. BRCA1/2 mutations are the most common and confer a 20-50% lifetime risk
for the development of HGSC [12, 13]. The increasing affordability and throughput of
genetic testing with next-generation sequencing (NGS) has led to the discovery of inherited
gene alterations that are also implicated in the carcinogenesis of EOC, including mutations
in BRCAL- interacting protein C-terminal helicase 1 (BR/P1). RAD51 homolog C
(RAD51C), and RAD51D [14]. Life-time risk estimates for pathogenic mutations in these
moderate-risk genes range from 5-11% [15]. However, as only 15% of patients with ovarian
cancer have pathogenic germline mutations in BRCA 1/2[16-18], these moderate-risk genes
are of high clinical interest/importance.

Cascade testing, defined by the National Cancer Institute as “the systematic process for
identification of individuals at risk for a hereditary condition” [19], has been recommended
for all patients with HGSC. If a pathologic variant is identified on initial testing, further
testing is recommended for at-risk biologic relatives in a sequential fashion. While this is the
current strategy, some researchers have suggested a broader, population-based, or
“universal”, approach. A recent study published by Manchanda et al. evaluated the cost
effectiveness of population-based BRCA testing compared with clinical criteria/family
history-based testing across several different countries and health care systems. Using a
Markov model, the authors concluded that the population-based testing approach compared
with the clinical criteria testing approach was extremely cost effective, cost saving, and
could prevent tens of thousands of breast and ovarian cancer cases [20].

J Minim Invasive Gynecol. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boerner and Roche Page 4

The gold standard strategy: salpingo-oophorectomy

RRSO is the current standard of care for the prevention of ovarian cancer in women with an
elevated, genetic risk for the development of the disease, with an overall risk reduction of
75-95% [4, 5, 21]. All-cause mortality is significantly decreased in women with BRCA
mutations who undergo RRSO at the recommended age [3, 5, 22, 23]. Breast and ovarian
cancer-specific mortality are also decreased [22].

Current National Comprehensive Cancer Network (NCCN) guidelines recommend that
BRCAI mutation carriers undergo RRSO between the ages of 35 and 40 and that BRCAZ2
mutation carriers undergo RRSO between the ages of 40 and 45, as the age of HGSC onset
in the latter group occurs on average several years later [24]. The NCCN suggests that in
women with germline mutations in RAD51C, RAD51D and BRIP1, RRSO might be
considered between 45 and 50 years of age [24]. Despite these recommendations, only
60-70% of these women undergo RRSO, likely due to concerns about the negative impact of
premature menopause [25].

While RRSO has been deemed a safe procedure, with a low risk of intraoperative- and short-
term complications [26], the long-term effects are significant. Adverse effects associated
with RRSO in premenopausal women include loss of fertility, as well as the sequelae of
surgical menopause, including but not limited to vasomotor and urogenital symptoms [27,
28], impaired bone health, elevated risk for cardiovascular disease and metabolic syndrome
[29, 30], and decline in sexual interest and activity [31]. HRT is often prescribed to mitigate
these symptoms; however, many patients are not candidates for HRT due to a personal
history of breast cancer and some providers are reluctant to offer HRT even to an unaffected
patient with a BRCA mutation due to a paucity of long-term safety data in this setting [32].
Taking into account the increased mortality risk in healthy women without BRCA mutations
who experience surgical menopause before 45 years of age without estrogen replacement
[33], the decision to proceed with RRSO with or without HRT is further complicated.
Patients are left with a disappointing choice between risk of lethal malignancy versus risk of
decreased quality of life and overall wellness.

Is SDO a better option?

Considering the adverse effects associated with RRSO and insights into the tubal origin of
HGSC [7], the SDO strategy has gained traction. This two-stage procedure entails the
removal of the fallopian tubes when childbearing is complete (or earlier if assisted
reproductive technology is planned) followed by a delayed oophorectomy at a later age.
From a technical standpoint, both procedures can be performed in a minimally invasive
fashion, with attention to the complete removal of the fimbriated end of the fallopian tube
during salpingectomy [34, 35]. During salpingectomy, peritoneal inspection, peritoneal
washings for cytology, and SEE-FIM processing of the fallopian tube allow for the
evaluation of precursor lesions, such as STIC lesions, or even occult HGSC.

Potential barriers to SDO include the need for 2 separate operations with entailed doubled
perioperative risk, uncertain compliance for the delayed oophorectomy, and the need for
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prolonged follow-up [36]. In addition, compared with RRSO, SDO will almost certainly not
confer any breast cancer risk reduction in women with hereditary breast and ovarian cancer
syndrome [22]. Despite these concerns, preliminary evidence indicates that the majority of
women find this approach acceptable [37, 38]. Holman et al. conducted an online patient
survey of BRCA mutation carriers and found that 34% of eligible high-risk women (n=204)
were “definitely interested” in an SDO option, even if the delay in oophorectomy resulted in
an increased cancer risk without an RRSO [37]. In another poll of 173 cancer geneticists,
genetic counselors, and gynecologic oncologists in the UK, 71% agreed with the tubal
hypothesis, 77% supported SDO within a clinical trial setting, and 60% agreed to offer it to
high-risk women who declined RRSO [37].

Health care providers and payers may be apprehensive about the potentially associated
higher costs of 2 interventions. To address this, Kwon et al. looked at the cost effectiveness
of 3 strategies for risk reduction in BRCA carriers: RRSO, bilateral salpingectomy, and SDO
[39]. Their findings showed that SDO with salpingectomy at 36 years of age followed by
oophorectomy at 42 years of age yielded favorable costs and life expectancy compared with
RRSO at 40 years of age.

Oncologic outcomes, quality of life, and patient satisfaction with SDO

Nebgen et al. reported their initial experience with SDO in a pilot study of 43
premenopausal BRCA1/2 mutation carriers to explore the safety and acceptability of the
procedure [38]. Women opted for either RRSO, SDO, or screening based on personal
preference. The 43 enrolled women chose the following options: SDO, 19 (44%); RRSO, 12
(28%); and screening only, 12 (28%). Women who underwent SDO had no intraoperative
complications, were satisfied with their procedure choice, and had decreased cancer worry
and anxiety postoperatively.

Based on these promising results, several prospective, observational trials are currently
enrolling patients to further evaluate the impact of SDO over RRSO on efficacy in
preventing the development of ovarian cancer and on quality of life. These trials include the
Women Choosing Surgical Prevention (WISP) study [US: NCT02760849], the early
salpingectomy (TUbectomy) with delayed oophorectomy in BRCA1/2 mutation carriers
(TUBA) study [Netherlands: NCT02321228] [40, 41], the PROTECTOR trial (Preventing
Ovarian Cancer through early Excision of Tubes and late Ovarian Removal) (UK:
ISRCTN25173360), and most recently, the SOROCK study (A Non-Randomized Prospective
Clinical Trial Comparing the Non-Inferiority of Salpingectomy to Salpingo-Oophorectomy
to Reduce the Risk of Ovarian Cancer Among BRCA1 Carriers) (US: NRG-CC008/
NCT04251052).

The WISP trial is a non-randomized phase 2 trial, conducted at multiple centers in the US,
that recently reported their preliminary results regarding quality of life [41], which showed
that women who selected RRSO (n=99) had significantly worse menopausal symptoms after
surgery compared with women who selected SDO (n=91). Specifically, hot flashes, night
sweats, vaginal dryness, and weight gain were significantly worse in the RRSO arm. Women
in the RRSO group also reported higher levels of regret compared to those choosing SDO
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(P<.009), regardless of whether HRT was used to manage menopausal symptoms. Both
groups of women indicated significantly lower distress after surgery, and the women who
chose RRSO experienced greater stress mitigation (P<.0006). Preliminary data from the
TUBA trial [42], a Dutch multicenter trial, support the findings of the WISP trial, showing
significant cancer worry decline in both treatment groups and only low levels of decision
regret. Of note, women who selected RRSO without postoperative HRT indicated the
highest regret.

Regarding oncologic outcome, the recently opened, non-randomized, prospective SOROCk
study is designed to determine whether SDO is inferior to RRSO with regard to risk
reduction of EOC development in BRCAI mutation carriers. This study, planned to follow
2,262 patients over a 10-year period, may provide the first prospective data regarding the
effectiveness of SDO for cancer prevention.

Is salpingectomy-alone a viable option?

High-risk women

Studies have focused on the safety and quality-of-life impact of an interval salpingectomy
option, with oophorectomy at a later time but within the recommended age range. Pending
mature data from the ongoing SDO ftrials, the degree of protection conferred by a
salpingectomy and the optimal timing of the surgical procedures in distinct, high-risk groups
are debatable. The maximum (and still theoretical) benefit of a salpingectomy-alone
approach would be fully realized if data show that oophorectomy can be safely deferred until
after the age of natural menopause, or potentially omitted completely. The SOROCK study
will inevitably include some patients who opt to defer oophorectomy beyond the
recommended age, possibly providing insight into the benefit of a salpingectomy-alone
strategy. Mature data, however, are years away. At this time, there are no data to support
salpingectomy alone in high-risk women, and SDO should only be offered in a clinical trial
setting. As we await these data, improved strategies to safely and effectively mitigate the
side effects of RRSO, including improved access to HRT and reproductive technology, as
well as expanded non-hormonal options, are greatly needed.

Average-risk women

The emerging evidence of the tubal origin of EOC has led to support for opportunistic
bilateral salpingectomy (OBS) at the time of surgery for benign disease in the general
population. In a large, Swedish population-based cohort study using national registries,
Falconer et al. evaluated the effect of gynecologic surgery for benign indications on the
development of ovarian cancer [43] and showed that bilateral salpingectomy (HR = 0.35;
95% ClI, 0.17-0.73) was associated with a significant 65% decreased risk of ovarian cancer.
Other observational studies have shown similar results. A statistical model predicted that the
widespread adoption of OBS at the time of surgery for benign gynecologic indications
would decrease the incidence of HGSC by 40% over the next 20 years [44].

Evidence also indicates a favorable cost-benefit ratio for OBS. Kwon et al. performed a cost-
effectiveness study evaluating OBS as a cancer prevention strategy [45]. Hysterectomy/OBS
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was less costly than hysterectomy alone or with bilateral salpingo-oophorectomy, and was
also more effective. This held true for women who underwent hysterectomy at any time
before 50 years of age. Their simulation estimated that after hysterectomy, 270 women
subsequently would be diagnosed with ovarian cancer versus 167 after hysterectomy/OBS
(38.1% risk reduction, number needed to treat 273). Bilateral salpingo-oophorectomy would
lead to an 88% reduction in ovarian cancer but also an additional 934 deaths from premature
menopause without routine use of HRT. Salpingectomy for sterilization was slightly more
costly, but more effective compared with tubal ligation, with an incremental cost-
effectiveness ratio of $27,278 per year of life gained.

A concern with OBS is its potential detrimental effect on ovarian blood supply, and
therefore, impact on ovarian function and onset of menopause. In a multicenter trial by Song
et al. [46], 68 patients undergoing laparoscopic hysterectomy for benign indications were
randomized to OBS versus no salpingectomy. Although anti-Mullerian hormone (AMH)
levels were significantly decreased from preoperative levels in both groups, there was no
significant difference between the OBS and no-salpingectomy groups. A similar finding was
observed in a study by Morelli et al., which demonstrated similar levels of AMH, follicle-
stimulating hormone, and estradiol in patients who underwent hysterectomy with or without
OBS, and there were no differences in ovarian function between the groups postoperatively
[47].

The safety of OBS with regard to perioperative complications has also been investigated
[26]. A population-based retrospective cohort study of 43,931 women in British Columbia
from 2008-2011 investigated the outcomes of OBS at the time of hysterectomy or for
sterilization [48]. Minimal additional surgical time was required for hysterectomy with
salpingectomy (+16 minutes) and bilateral salpingectomy for sterilization (+10 minutes)
compared with hysterectomy alone or tubal ligation, respectively. There were no significant
differences with regard to risks of hospital readmission or blood transfusions in women who
underwent hysterectomy with salpingectomy or salpingectomy for sterilization. Overall, the
data overwhelmingly support the incorporation of OBS into gynecologic surgery for benign
indications, specifically hysterectomy and sterilization procedures, as a cost effective and
safe strategy to reduce the risk of EOC.

Conclusion

The fallopian tube undoubtedly plays a primary role in the pathogenesis of EOC, with recent
evidence supporting a dualistic paradigm incorporating the novel concept of precursor
escape and salpingectomy, and should remain a focus for surgical innovation in the
prevention of this disease. For the general population, clear opportunities have been
identified to incorporate OBS into practice, with an acceptable degree of risk and cost.
Expanding those opportunities to a greater proportion of patients undergoing concurrent
indicated procedures should be explored. For high-risk patients, SDO may offer a reduced
risk of ovarian cancer development while delaying the detrimental consequences of
premature menopause; however, the degree to which oophorectomy can be postponed
beyond the recommended age, or potentially omitted completely, is unknown. RRSO
remains the data-driven strategy and should be the cornerstone of counseling for high-risk
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women; however, data from ongoing epidemiologic and prospective trials of salpingectomy
are eagerly anticipated and may provide evidence for a future paradigm shift.
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