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Abstract

Female carriers of pathogenic/likely pathogenic (P/LP) BRCA1/2variants are at increased risk
of developing breast and ovarian cancer. Currently, the only effective strategy for ovarian cancer
risk reduction is risk-reducing bilateral salpingo-oophorectomy (RR-BSO), which carries adverse
effects related to early menopause. There is ongoing investigation of inhibition of the RANK
ligand (RANKL) with denosumab as a means of chemoprevention for breast cancer in carriers
of BRCAI P/LP variants. Through the NCI Division of Cancer Prevention (DCP) Early Phase
Clinical Trials Prevention Consortia, a presurgical pilot study of denosumab was developed in
premenopausal carriers of P/LP BRCA1/2variants scheduled for RR-BSO with the goal of
collecting valuable data on the biologic effects of denosumab on gynecologic tissue. The study
was terminated early due to the inability to accrue participants. Challenges which impacted

the conduct of this study included a study design with highly selective eligibility criteria and
requirements and the COVID-19 pandemic. It is critical to reflect on these issues to enhance

the successful completion of future prevention studies in individuals with hereditary cancer
syndromes.

Corresponding Author: Meghna S. Trivedi, Department of Medicine, Division of Hematology/Oncology, Columbia University
Medical Center, 161 Fort Washington Avenue, New York, NY 10032. mst2134@cumc.columbia.edu.
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Introduction

Female carriers of pathogenic/likely pathogenic (P/LP) BRCA1/2variants have an elevated
lifetime risk of developing breast and ovarian cancer. High-grade serous carcinoma (HGSC)
is the most common and fatal ovarian cancer histologic subtype and P/LP BRCA1/2
variants are found in 17% of HGSC cases (1). Although there are effective nonsurgical

risk management options for breast cancer, including enhanced breast cancer screening and
chemoprevention, options for ovarian cancer risk management are limited.

There is no effective method of screening for ovarian cancer (2). Instead risk-reducing
bilateral salpingo-oophorectomy (RR-BSQ) is typically recommended for women with P/LP
BRCA1 variants between the ages of 35 to 40, but can be delayed until 40 to 45 for

women with P/LP BRCAZ variants due to on average later onset of ovarian cancer (3).
RR-BSO is associated with a significant reduction in ovarian cancer risk, ovarian cancer-
specific mortality, and all-cause mortality (4). However, RR-BSO is also associated with
clinically significant adverse effects related to premature menopause, including osteoporosis,
cardiovascular disease, cognitive impairment, and increased anxiety (5). There is a large
unmet need for an ovarian cancer chemopreventive agent given the high risk for ovarian
cancer in this population, high mortality associated with diagnosis, and limited options for
ovarian cancer prevention and screening.

Receptor activator of RANK ligand (RANKL) is an osteoclast differentiation factor that is
essential for the development and activation of osteoclasts. In the breast, RANKL is secreted
by progesterone receptor (PR)-positive epithelial cells in response to progesterone and

acts as a paracrine factor on estrogen receptor (ER)-negative/PR-negative progenitor cells
through its receptor RANK. There is significantly increased RANK expression in progenitor
cells from carriers of P/LP BRCA1 variants when compared with BRCAI wild-type (WT)
controls (6). In mouse models, RANK signaling has been shown to promote mammary
tumor formation and progression (7, 8). The RANK/RANKL pathway may also play a role
in tumor progression and recurrence based on preclinical data (9).

Denosumab is a mAb that inhibits RANKL and is approved for prevention of fractures in
patients with osteoporosis and bone metastases from solid tumor malignancies (10, 11). In

a study of carriers of P/LP BRCA1/2variants, investigators demonstrated that treatment

with 120 mg denosumab monthly for 3 months resulted in decreased proliferation in breast
tissue as measured by Ki67 staining (6). There is an ongoing phase Il international trial
investigating the use of denosumab as chemoprevention for breast cancer in premenopausal
women with P/LP BRCA1 variants (clinicaltrials.gov identifier NCT04711109). In addition,
there are trials investigating the effect of denosumab on breast density (NCT04067726) and
on early-stage breast cancer in the presurgical setting (NCT02900469), both of which are not
limited to carriers of P/LP BRCA1/2 variants.

Although these studies show the potential promise for RANKL inhibition as a breast cancer
prevention strategy in carriers of P/LP BRCA1/2variants, there are limited data on the
effect of RANKL inhibition on gynecologic tissues. Progesterone has a protective effect in
ovarian cancer and endometrial cancer (12, 13); however, the mechanism by which it renders
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protection and the involvement of the RANK/RANKL pathway is still unclear (14). Wieser
and colleagues demonstrated that RANK, RANKL, and osteo-protegerin (OPG) mRNA
expressions are elevated in ovarian cancer tissue and RANKL expression is particularly
elevated in BRCA1/2 mutated ovarian cancer (15). In addition, in a cohort of 192 patients
with ovarian cancer (V= 44 with BRCA1/2P/LP variants), high RANKL expression was
found to be an independent prognostic factor for PFS (HR, 1.42; A= 0.017) and overall
survival (HR, 1.70; £=0.007; ref. 15). Three ovarian cancer cell lines (OVCAR3, SKOV6,
and HTB77) were treated with denosumab, but this did not have an effect on proliferation
as evaluated by MTT assays and by expression analyses of cell the cycle proteins G1—
S-specific cyclin-E (CCNE) and transcription factor E2F3a (E2F3A; ref. 15). If denosumab
is shown to be beneficial for breast cancer prevention in the setting of a BRCAIP/LP
variant, it is critical to determine whether it would have biologic effects on gynecologic
tissues and potentially also decrease the risk of ovarian and endometrial cancer risk in this
population.

Within the NCI Division of Cancer Prevention (DCP) Early Phase Clinical Trials
Prevention Consortia, we developed a presurgical, window-of-opportunity pilot study with
the purpose of assessing the anti-proliferative effects of denosumab on gynecologic tissues
in premenopausal carriers of P/LP BRCA1/2 variants scheduled for RR-BSO. After 2

years, the trial was terminated early without the accrual of any participants. A challenge

to successful participant enrollment was the study design and strict eligibility criteria for the
trial. The COVID-19 global pandemic exacerbated the recruitment challenge as enroliment
to cancer control and prevention trials decreased more than to therapeutic clinical trials (16,
17).

Study design

We conducted a multicenter, open-label randomized controlled trial of presurgical
administration of denosumab versus no treatment among 60 premenopausal women with
P/LP variants in BRCAI or BRCAZ undergoing RR-BSO, with or without hysterectomy
(Fig. 1). The primary trial endpoint was to compare Ki67 proliferation index in fallopian
tube fimbrial epithelial cells after denosumab treatment versus no treatment. Details on
the study design can be found online (18). This study was approved by the NCI Central
Institutional Review Board (CIRB).

The study was open for patient accrual at four sites, which were selected due to being

high volume academic centers with expertise in delivering preventive care to patients

with hereditary breast and ovarian cancer syndromes: Columbia University Irving Medical
Center (CUIMC), Weill-Cornell Medical Center (WCMC), Dana Farber Cancer Institute
and Brigham and Women’s Hospital (DFCI), and Tel Aviv Sourasky Medical Center/Chaim
Sheba Medical Center (TASMC).

Cancer Prev Res (Phila). Author manuscript; available in PMC 2023 August 21.
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Recruitment methods

Given the anticipated challenges in identifying this select population, extensive efforts were
made in pre-screening and screening potential participants. Pre-screens were defined as
meeting team-defined high-level eligibility criteria (women with a known P/LP BRCA1 or
BRCAZ variant) and were thus qualified for continued eligibility screening. A waiver of
consent to pre-screen patients was obtained by the NCI CIRB. Study staff utilized electronic
health records, clinic schedules, and preexisting databases to identify women meeting pre-
screen criteria. We also developed a social media campaign and partnerships with patient
advocacy groups.

Once subjects were identified through pre-screen, further review was done to determine if a
subject was eligible for contact. If a subject was determined to be eligible, an attempt was
made to contact the subject or her treating physician. All pre-screening and screening data
were collected by research staff and entered into the Accrual Quality Improvement Program
(AQUuIP) On-line Accrual Reporting System (OARS) developed within the NCI DCP to
promote clinical trial accrual efficiency and improve study recruitment and retention (19).

Study timeline

A site was deemed to be activated once it had the ability to enroll and treat participants
per protocol. The study was activated on March 14, 2019, at CUIMC. DFCI was activated
in April 2019. WCMC and TASMC were activated in January 2020. The global pandemic
began affecting the sites in March 2020, resulting in cancellation of elective surgeries and
pause of clinical trial enrollment. By March 2021, due to no participant enrollment and the
ongoing global pandemic, the study closed to enrollment.

Recruitment efforts

A total of 372 subjects were pre-screened for participation in this trial. A total of 238
subjects were not eligible for contact; the reasons for noncontact are shown in Table 1. Of
the 134 subjects deemed to be eligible for contact for further screening, 89 subjects could
not be contacted. A total of 42 subjects were contacted and declined to sign consent for the
study (Fig. 2). Three subjects at TASMC were contacted and signed consent but were not
randomized. The reasons for not being randomized were that two subjects failed their initial
screening after signing the consent (one was breastfeeding and one was on letrozole) and
one subject was unable to start due to COVID-19 lockdown restrictions.

Discussion

We aimed to enroll 60 premenopausal carriers of P/LP BRCA1/2variants planning to
undergo RR-BSO to a randomized pilot study of presurgical denosumab versus no treatment
to evaluate the agent’s effect on tissue and blood biomarkers. After approximately 2 years,
no participants were randomized, and the trial was terminated. There were challenges in the
conduct of this trial related to study design and further exacerbated by the global COVID-19
pandemic. We will discuss the impact of these challenges on the conduct of the trial, how we
attempted to overcome these challenges, and how these insights can inform the development
and conduct of future trials.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2023 August 21.
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Challenges due to study design

We believe the study design posed the greatest challenge to the successful completion of this
trial. The strict eligibility criteria of the trial, which were scientifically necessary, limited the
pool of potential participants. The prevalence of BRCA1/2 pathogenic variants is 1:400 in
the general population and 1:40 among those of Ashkenzai Jewish descent. The number of
eligible subjects is further decreased when considering only premenopausal women within
the recommended age group for RR-BSO. We attempted to overcome this challenge by
working with patient advocacy groups and using clinical and research databases to identify
potential participants. We recruited patients from multiple clinics, including gynecologic
oncology, breast oncology, genetics, and HBOC clinics; however, effectively screening
multiple different clinics was challenging, particularly in the setting of understaffed clinical
and research teams. Even with large numbers of subjects prescreened, only about one third
met initial screening criteria and even fewer were available for contact or participation.

Prior literature showed that on average, only 10% of women at high risk for breast cancer
enrolled for participation in chemoprevention trials (20). The number who signed consent
to participate this study (3/45,7%) is consistent with prior chemoprevention studies that
recruited women at increased risk for breast cancer.

In addition, we found that timing the intervention with RR-BSO was a barrier to recruitment.
Starting the intervention between day 1 and 3 of the menstrual cycle and performing surgery
during the luteal phase of the menstrual cycle were unique challenges in the design of this
trial. Timing with the menstrual cycle was indicated given the changes in tissue and serum
biomarkers based on menstrual phase. Of the 45 women approached for participation in

the trial, the most common reason for nonparticipation was the timing of surgery (V=

10), particularly the unwillingness to delay RR-BSO. This prompted an amendment to the
protocol in July 2020 to decrease the number of presurgical doses of denosumab from three
to four doses to one to two doses, thereby decreasing the presurgical intervention period
from 12 to 16 weeks to 4 to 6 weeks.

Challenges due to the COVID-19 pandemic

Another barrier to the completion of this trial was the COVID-19 global pandemic, which
began shortly after the final sites were activated in January 2020. The COVID-19 pandemic
affected this trial in three ways: (i) reduction in preventive procedures, including screening
and health maintenance; (ii) hold on elective surgical procedures; (iii) pause in clinical trial
enrollment and prioritization of cancer treatment trials.

Preventive procedures, such as cancer screening and routine health maintenance visits,
were drastically reduced over the course of the pandemic due to guidelines recommending
the delay of nonessential procedures and visits to minimize infection risk and maximize
resource utilization. Furthermore, patients themselves were hesitant to seek medical care
for nonurgent procedures and testing due to fear of COVID-19 exposure, as well as due to
employment changes, transportation issues, and childcare challenges (21-23). For example,
prostate-specific antigen (PSA) testing decreased by 36.4% from pre-pandemic (January
2018-February 2020) to early-pandemic (March 2020-May 2020) and average number of
monthly prostate biopsies decreased by 37.9% from pre-pandemic to early-pandemic (24).

Cancer Prev Res (Phila). Author manuscript; available in PMC 2023 August 21.
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Screening tests for breast and colorectal cancer were decreased by 89.2% and 84.5%,
respectively, during the period of January 2020 to April 2020 compared with the period of
January 2019 to April 2019 (25). Even as the cases of COVID-19 decreased, re-initiation
of preventive care was challenged by the limited resources and workforce and backlog of
more essential medical activities (21). In the early phase of the pandemic, we observed a
decrease in elective surgeries, such as RR-BSO, given concerns about conserving resources
and personal protective equipment. During later stages of the pandemic, the study sites

did not see an increase in numbers of RR-BSO performed, likely due to the decrease in
preventive care and increased patient hesitancy described above.

Finally, clinical trial conduct and enrollment was significantly decreased over the course

of the pandemic. In a survey of clinical cancer programs, about 60% of programs stopped
screening and/or enrollment for certain clinical trials over the course of the pandemic (26).
In the denosumab trial, during the period of March 2020 to June 2020, pre-screening at

the US sites dropped off substantially due to COVID-19 restrictions. In addition, there

was prioritization of trials based on different factors, including patients’ needs, safety, and
disease severity, potential patient and site burdens, and available resources (26). On the basis
of data from the SWOG Cancer Research Network, although enrollment to both treatment
and cancer control and prevention clinical trials decreased significantly in the early weeks
of the pandemic, enrollment to cancer control and prevention trials decreased significantly
more than treatment trials (OR, 0.38; 95% CI, 0.29-0.50; P < 0.001; ref. 16). One year after
the start of the COVID-19 pandemic, cancer treatment trials were able to regain enrollments
(91% of expected enrollments) but the same was not seen with cancer control and prevention
trials, where actual enrollments were 54% of expected enrollments (17, 27).

Conclusions and Lessons Learned

The COVID-19 pandemic further complicated the conduct of a trial already challenged to
enroll participants. Although the COVID-19 pandemic was a factor outside of the control of
the study team, it is important to consider how other factors in the trial could be modified in
future research.

Structural, clinical, and attitudinal barriers to clinical trial enrollment are well documented.
These challenges are amplified in the prevention setting, where a healthy individual is asked
to participate in a trial requiring additional visits, testing, and often drug interventions to
prevent a disease rather than treat a disease. Furthermore, window of opportunity trials
utilize a short-term intervention and are primarily proof-of-principle studies without direct
benefit to patients. Future trials should consider participant acceptability of use of drugs

for cancer risk reduction; for example, considering whether an injectable agent is less
preferable to an oral or topical agent in the prevention setting. Studies investigating an oral
contraceptive in the pre-RR-BSO setting have been completed in the BRCA1/2 population
(NCT02155777) as well as in a non-BRCA1/2 selected population (NCT00445887), both of
which also had less restrictive eligibility criteria than our study. A study investigating aspirin
in the pre-RR-BSO setting is also underway (NCT03480776) in the BRCA1/2population. If
injection is the only option, consideration should be given to the minimum number of doses
needed for adequate systemic drug levels to achieve biologic effect. The presurgical study

Cancer Prev Res (Phila). Author manuscript; available in PMC 2023 August 21.
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design and the acceptability of delay to risk-reducing surgery to participate in a clinical trial
should also be considered.

In addition, perhaps less stringent eligibility criteria, without scientific compromise, would
allow for a larger pool of potential participants. Conducting research in those at highest

risk for cancer, specifically those with inherited cancer predisposition syndromes, is critical
even though the population pools may be limited. It was evident from this study that the
number needed to pre-screen and screen to get a single participant to sign consent was
larger than anticipated (~1:100) and as such, additional pre-screening resources and research
staff may be needed for the conduct of these trials. There has been successful accrual

in prior preventive trials for hereditary cancer syndromes. For example, in a phase Ib,
placebo-controlled, randomized trial of naproxen for colorectal cancer chemoprevention, 80
participants with Lynch Syndrome, which has an estimated prevalence of 1:279 (28), were
enrolled from four academic centers over approximately 4 years (29). Despite a limited
population pool and only four academic centers, this study was able to complete accrual,
perhaps due to the acceptability of the intervention and less restrictive eligibility criteria.
Consideration should be given as to whether there may be issues unique to BRCA1/2that
make it challenging to conduct chemoprevention trials. Ovarian and breast cancer prevention
interventions in female carriers of P/LP BRCA1/2 variants would typically occur during
years when childbearing is an important issue. If RR-BSO is indicated between ages 35 and
45, women may be attempting to complete childbearing and breastfeeding prior to that time,
making it difficult or impossible to participate clinical trials. In addition, it is estimated that
only 10% to 20% of all P/LP BRCAI1 and BRCAZ carriers in the United States have been
identified, making the pool for potential prevention trial participants even lower (30). Efforts
to identify of carriers of P/LP BRCA1/2variants, and thus increase the pool of potential
participants, may facilitate accrual to such prevention trials in the future. If identification of
BRCA1/2 status occurs at cancer diagnosis, the opportunity for prevention is lost.

Several solutions to designing prevention trials for successful completion should be
considered. First, trials in this setting should consider taking the team science approach.
Including many sites through a research consortium, and additionally providing adequate
resources and funding for recruitment effort, will allow for screening large numbers of
potential participants and subsequently more enrolled participants. Second, involve patient
advocates and advocacy groups, particularly in the inherited cancer syndrome space, which
will ensure that the approach is acceptable to potential participants and increase awareness
of the trial. Third, close monitoring of recruitment activities and barriers to enroliment
during the conduct of the study is also essential, as it can allow for early implementation
of protocol modifications to enhance accrual, such as reduction in number of doses or
broadening of eligibility criteria for a more pragmatic trial design. Finally, focused efforts
on testing of family members of carriers of P/LP variants (cascade testing) and increased
awareness of risk factors for carrying P/LP variants in the primary care setting may enhance
the identification of carriers thereby allowing more unaffected individuals to participate in
prevention trials in the future. Trials for identification of carriers of P/LP variants should
be conducted in parallel with prevention trials to achieve success in hereditary cancer
syndromes. As new prevention studies are developed and ongoing, these factors should be
taken into consideration for the successful completion of these trials.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2023 August 21.
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Trial study schema. Premenopausal women with a pathogenic/likely pathogenic (P/LP)
BRCA1/2 variant scheduling for risk-reducing bilateral salpingo-oophorectomy (RR-BSO)
with or without hysterectomy were planned to be randomized to receive presurgical
denosumab for 1-2 doses or no denosumab treatment prior to surgery. All participants were
to take calcium and vitamin D3 supplements. RR-BSO would occur during the luteal phase
of the menstrual cycle. Details on the study design can be found online (18).
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Figure 2.

Reasons for not signing consent to study. Forty two subjects were contacted to participate in
the study but declined to sign consent. The most common reason for not signing consent was

the timing of surgery (/= 10).
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Table 1.

Reasons for non-contact of pre-screened subjects.

Reason for non-contact

Number (%)

Already had RR-BSO

Not planning for surgery in near future

Pre-existing cancer diagnosis within 6 months or on active treatment for cancer

Breast cancer

Ovarian cancer

Unspecified cancer diagnosis
COVID restrictions
Pregnant or breast feeding
Post-menopausal
Surgery timing
Unable to commit to trial due to time, financial, or location constraints
No follow up in clinic
On another clinical trial
Non-cancer co-morbidity
Only wants salpingectomy
Language barrier

Total

85 (35.7)
41 (17.2)

18 (7.6)
8 (3.4)
5(2.1)
17 (7.1)
15 (6.3)
14 (5.9)
9(3.8)
9(3.8)
8 (3.4)
5(2.1)
2(0.8)
1(0.4)
1(0.4)
238 (100)
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