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Abstract: Individuals with proven hereditary cancer syndrome (HCS) such as BRCA1 and BRCA2
have elevated rates of ovarian, breast, and other cancers. If these high-risk people can be identified
before a cancer is diagnosed, risk-reducing interventions are highly effective and can be lifesaving.
Despite this evidence, the vast majority of Canadians with HCS are unaware of their risk. In
response to this unmet opportunity for prevention, the British Columbia Gynecologic Cancer Initiative
convened a research summit “Gynecologic Cancer Prevention: Thinking Big, Thinking Differently” in
Vancouver, Canada on 26 November 2021. The aim of the conference was to explore how hereditary
cancer prevention via population-based genetic testing could decrease morbidity and mortality from
gynecologic cancer. The summit invited local, national, and international experts to (1) discuss how
genetic testing could be more broadly implemented in a Canadian system, (2) identify key research
priorities in this topic and (3) outline the core essential elements required for such a program to be
successful. This report summarizes the findings from this research summit, describes the current
state of hereditary genetic programs in Canada, and outlines incremental steps that can be taken to
improve prevention for high-risk Canadians now while developing an organized population-based
hereditary cancer strategy.
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1. Introduction

A significant number of gynecologic cancers in Canada can be prevented. Beyond
risk factors that can be modified by lifestyle or HPV vaccination, a meaningful com-
ponent of an individual’s cancer risk can be attributed to hereditary predisposition or
genetic susceptibility.

Individuals with proven hereditary cancer syndrome (HCS) have elevated lifetime
rates of malignancy. It is estimated that one-fifth of ovarian cancers are hereditary in
origin, with BRCA1 and BRCA2 genes being the largest contributor. Other HCS genes
associated with increased ovarian cancer risk include Lynch Syndrome mismatch repair
genes (MMR), TP53, RAD51C, RAD51D, BRIP1, and PALB2 [1]. Women with BRCA1- or
BRCA2-associated HCS have a lifetime risk of ovarian cancer between 17–44%. HCS genes
associated with endometrial cancer include Lynch syndrome (MMR) and PTEN pathogenic
variants. Cervical cancer is not considered a hereditary cancer, although mutations in
immune response-related genes may be related to the ability to clear human papillomavirus
infections [2]. Vulvar cancer is related to human papillomavirus infection as well as
TP53 [3]. The full landscape of genetic variation in gynecological cancers has yet to be
fully elucidated.

Advances in the fields of genomics, genetics, and hereditary cancer prevention offer
new opportunities for women to quantify cancer risk and access effective prevention. It is
now known, for example, that women with BRCA1 mutations have dramatically elevated
risks of cancer (including ovarian (44%) and breast (71%) cancers [4]) and that high-risk
surveillance and risk-reducing salpingo-oophorectomy (RRSO) decrease mortality by as
much as 70% [4]. It is important to note that effective screening still does not exist for
ovarian cancer, and RRSO is the most effective prevention. Better identification of high-risk
individuals and directed preventive care will decrease gynecologic incidence and mortality
and help to build a more sustainable healthcare system.

To find carriers of BRCA only after a cancer diagnosis should be considered a failure of
cancer prevention. Optimally, effective health systems would identify unaffected women
with BRCA or other HCS, offering prophylactic interventions before the onset of disease.
Although personalized prevention has been lifesaving in the management of individual
cases one patient at a time, the promise of genetics and genomics has not yet been delivered
in the domain of public/population health. There is a need to reconcile the disparity
between knowledge and health policy. New and more effective models of care could
decrease the burden, morbidity, and mortality of hereditary cancer and expand system
capacity to provide this preventative health care to Canadians in an equitable way.

The long-established model of cancer genetics care in Canada requires that (1) pa-
tients undergo an individual session with a genetic counsellor before testing is offered,
and (2) publicly funded tests are provided only to people with a proven cancer diagnosis
or a significant family history. Not only does this model miss more than 50% of mutation
carriers [5,6], but it has led to wait times that are unmanageable to the system and un-
acceptable to the public. Importantly, many marginalized groups in Canada experience
barriers in accessing equitable and timely genetic services. How can health systems ex-
pand access to testing and prevention, and could testing be delivered more broadly at a
population-based level?

For the purposes of this manuscript, population-based testing refers to a process
which offers genetic testing for hereditary cancer predisposition to asymptomatic groups
of persons in a jurisdiction, irrespective of cancer diagnosis or family history.
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1.1. Current System of Hereditary Cancer Prevention

Despite the proven efficacy of personalized hereditary cancer prevention, most indi-
viduals with HCS are unaware that they are at elevated risk and do not access specialized
prevention or screening. Large studies have reported population prevalence of HCS be-
tween 0.64–2.40% of the general unselected population [7–9]. It is estimated that fewer than
5% of those with BRCA pathogenic variants are being identified by the current model of
family-based risk assessment and testing [10]. Although embedded oncology clinic-based
testing [11,12] may improve these rates, it is clear that many opportunities for prevention
are missed.

In most jurisdictions, healthy people without cancer may access testing only if a
proven HCS mutation has been already found in a relative; however, the uptake of this
family cascade testing is inconsistent. Many relatives do not present for assessment despite
detection of HCS in the family or may not have been informed of or understood the
implications of their HCS family history [13–18]. There is significant under-representation
of certain groups in considering equitable access, both in testing and prevention that may be
related to for those disadvantaged by socioeconomic status, education, or systemic racism.

Raised public awareness about hereditary cancer has led to dramatic increases in
referrals for risk assessment across Canada, resulting in higher demand that has exceeded
the capacity of the current model. In some centers, a woman with a cancer diagnosed at
an early age may wait more than 18–24 months for a hereditary cancer assessment. Even
if eligible, there are inequities amongst the patient populations accessing genetic testing.
In the province of British Columbia, Canada, patients of white European ancestry are
overrepresented in all referrals and testing, yet women of Asian ancestry are underrep-
resented; among Asians who were tested, however, there is a higher incidence of HCS
mutations [19]. The same study found that Indigenous peoples represent a small fraction
of all referrals, suggesting that there are either significant impediments or preferences in
place preventing these women from accessing knowledge, personal power, medical advice,
dedicated referral, the offer of testing, and the benefit of prevention. For many Indigenous
people, the expectation of a detailed family history is a powerful barrier to care. These
findings of underrepresentation in Asian and Indigenous populations were made based on
comparison with population proportions represented in the 2016 Canadian Census [19].

Given the proven efficacy of preventative interventions in families with HCS and the
limitations of the current model of care, health systems must now re-assess hereditary
cancer prevention strategies and policy.

1.2. Combined Epidemiological Risk Factors, Pathogenic Variants, and Polygenic Risk Scores

The main goal of preventative programs is to find a balance between maximizing the
population benefit while minimizing the harms: overtreatment, patient anxiety, unnecessary
costs [20,21]. A tailored risk-based prevention program would estimate an individual’s
absolute risk of developing cancer and target those at high-risk who are most likely to
benefit from prophylactic surgery or other prevention strategies [22]. A pilot study of a
general population women who self-referred themselves for the study based on leaflets
made available at primary care practices, demonstrated feasibility, acceptability, high
uptake, and satisfaction with risk assessment approaches along with a reduction in cancer
risk perception and worry with time [23]. General population surveys have shown that
women are keen to know their personalized cancer risk and would undergo surgical
prevention if found to be at increased risk [24,25].

Even before germline testing for HCS, an individual woman’s risk of gynecologic can-
cer can be estimated considering epidemiologic, family, and genomic predictors. Although
age thresholds are typically used for screening in most cancers, in the case of ovarian cancer,
routine ultrasound screening is ineffective for early detection, and routine imaging is not
recommended regardless of age or risk. The incidence of ovarian cancer is 1.3% in the
general unselected population, and traditionally an estimated 10% lifetime risk has pre-
viously been considered the threshold for offering preventative oophorectomy. However,
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recently there have been calls for broadening access to surgical prevention, with preventive
oophorectomy at the 4–5% lifetime ovarian cancer risk threshold being shown to save
7–10 life years and found to be cost-effective [26]. Clinical practice in several international
centers has changed with RRSO being offered at 5% lifetime risk. This is now supported by
a Scientific Impact Paper from the Royal College of Obstetricians and Gynecologists [27]
and a recent consensus meeting of the UK Cancer Genetics Group [28]. Of note, a diagnosis
of ovarian cancer in a first-degree relative will alone raise an individual woman’s estimated
lifetime risk to 4–5%.

While pathogenic mutations in genes such as BRCA1 and BRCA2 confer high risks of
breast and ovarian cancers, these account for only a small proportion of all cancer cases in
the general population. Multifactorial risk assessment that considers other epidemiological
factors, including menopausal status, BMI, and history of endometriosis, add value in
understanding a person’s true lifetime risk for ovarian cancer [29,30]. For all women, oral
contraceptive use is highly protective in the prevention of ovarian/endometrial cancers,
conferring >50% reduction in cancer after 5 years of use. Tubal ligation reduces ovarian
cancer risk, and new research has confirmed that opportunistic salpingectomy in a healthy
low-risk general population women at the time of elective hysterectomy or sterilization
significantly reduces the risk of ovarian cancer—no serous ovarian cancers were observed
in their group of over 25,000 individuals who underwent opportunistic salpingectomy,
compared to 15 in the control group of 32,000—with researchers conservatively estimating
potential prevention of at least 80% from this procedure [31]. RRSO remains the standard
of care for BRCA carriers, although an early salpingectomy and delayed oophorectomy
approach is currently being investigated in clinical trials [32,33].

Genomics can play a valuable role in risk prediction, and as technology progresses and
sequencing costs reduce, testing has advanced far beyond the historic single-gene Sanger
testing. Genome-wide association studies (GWAS) have identified variants that are common
in the population and predict susceptibility. Multiple common breast cancer susceptibility
variants discovered through GWAS, for instance, confer minimal risk individually, but
their combined effect, summarized as a polygenic risk score (PRS), can be substantial;
explaining up to 40% of risk [34–36]. Although PRS evidence in breast cancer differs when
compared to ovarian cancer because of baseline disease prevalence, PRS has been validated
to estimate ovarian risk and can be used as a framework for research and prevention
in gynecologic cancers [37]. As these factors combine in a multiplicative rather than an
additive fashion [38], integrating genomic factors with clinical practice could accelerate the
translation of innovation into care.

Optimally, gynecologic cancer prevention would provide every woman with risk
assessment incorporating epidemiologic and family history factors in parallel with germline
genetic testing/genomic risk prediction such that prevention is directly focused on those
women who stand to benefit the most.

1.3. Evidence from Population-Based Genetic Testing Trials

Studies implementing versions of genetic population-based testing in various countries
have demonstrated that wide-scale implementation can provide cancer prevention without
adversely affecting participants (select studies listed in Table 1). Population-based BRCA
testing can identify carriers of HCS in individuals with previous cancer diagnosis [39],
those of Ashkenazi Jewish descent [7,40–42], and in the general population [8,9,43,44].
While BRCA1 and BRCA2 are the most well-studied genes, inclusion of other HCS genes
will improve cancer risk prediction [8,9,43]. In many studies, participants have volunteered
for HCS testing [7] even when there are impediments such as financial cost involved [44],
and it has been shown that receiving population-based testing results does not adversely
affect participant’s long-term psychological wellbeing or quality of life [7,40–42]. These
participants have high rates of follow up with preventative care [7,40,44].
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Table 1. Summary of select population-based genetic testing studies involving gynecological cancers.

Reference Population Genetic Testing Main Findings

Metcalfe 2010 [7]
Metcalfe 2013 [40]

AJ * women 25–80 y
Ontario, Canada (n = 2082)

Three BRCA1/2 AJ
founder mutations

- High level of interest in testing among
AJ women

- Many individuals with mutations would
not have been eligible for testing under
current guidelines

- ~1% of AJ women carry a BRCA mutation

Manchada 2015 [41]
Manchada 2020 [42]

Randomized controlled
trial of AJ women/men

(n = 1034) >18 y in
Northern London

Three BRCA1/2 AJ
founder mutations

- Population-based testing did not
adversely affect long-term psychological
wellbeing or quality of life compared to
family-history based BRCA testing

- Population-based testing could identify
up to 150% additional BRCA carriers

Narod 2021 [44]
The Screen Project

Canadians >18 y, open
recruitment (n = 1269) BRCA1/2 mutations - 2.4% carrier rate for a pathogenic

BRCA mutation

Grzymski 2020 [8]
Healthy Nevada

Project

Population-based cohort
<18 y (n = 26,906)

BRCA1/2, MLH1, MSH2,
MSH6, PMS2

- 1.33% carrier rate for pathogenic variants
- 90% of carriers had not been

previously identified

Rowley 2019 [9]
Lifepool Australia

Women without cancer
50–74 y (n = 5908)

BRCA1/2, PALB2, ATM,
CDH1, PTEN, STK11,

TP53, BRIP1, RAD51C/D

- 0.64% of women carried a
pathogenic variant

- Genetic testing was well accepted
- The majority of carriers would not have

met existing family history
testing eligibility

Hu 2021 [43] Breast cancer (n = 32,247)
Controls (n = 32,544)

ATM, BARD1, BRCA1/2,
CDH1, CHEK2, NF1,

PALB2, PTEN,
RAD51C/D, TP53

- 1.63% of controls had pathogenic variants

Gabai-kapara 2014 [45] Population-based cohort
of AJ men (n = 8195) BRCA1/2 - 2.17% pathogenic variant prevalence

Dorling 2021 [39] Breast cancer (n = 66,466)
Controls (n = 53,461) 35 gene panel

- 2.0% of European controls had a
pathogenic variant in breast-cancer
associated gene

* AJ: Ashkenazi Jewish.

1.4. Problem

Review of the existing evidence confirms that expanded access to genetic testing for
hereditary cancer predisposition has the potential to meaningfully impact cancer morbidity
and mortality in Canada, and that new strategic directions in the model of hereditary cancer
prevention are needed. This research summit proceedings reports on the expert discussion
and conclusions.

2. Methodology

The Gynecologic Cancer Initiative (GCI) is a provincial network of scientists, physi-
cians, researchers, and patient/family partners with a mission to accelerate transformative
research on prevention, detection, treatment, and survivorship of gynecologic cancers and
reduce the incidence, death, and suffering by 50% by 2034. The GCI hosted a multidisci-
plinary research summit in Vancouver, British Columbia (BC), Canada on 26 November
2021. The aim of the summit was to explore the potential of genetic testing in cancer
prevention and address the gaps between the current state of evidence and the current
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delivery of clinical care in the province of BC. International experts in gynecologic oncology,
risk assessment epidemiology, genetics, and population health convened to review the
evidence about inherited gynecologic cancer prevention and discuss the opportunities,
barriers, and preferences for prevention at a population health scale.

The summit was organized around eight expert presentations focused on the key
themes of “genetic and non-genetic factors in risk assessment and prevention”, and “invert-
ing the process—population-based genetic testing”. In total, 44 attendees participated in the
event, including physicians, researchers, patients, and community partners. Two patient
partners were invited to attend and present their stories at the research summit. Each
key theme was followed by a panel/group discussion to distill key points, benefits, and
challenges. The goal of the meeting was to compile a list of priority items for the successful
development of population-based testing and hereditary cancer prevention at a population,
public health level. As a follow-up to the conference, attendees and presenters completed a
survey about their conclusions and vision for the future of hereditary cancer prevention.

3. Results of Panel Discussion
3.1. Preparing the Path from Patient-Driven Genetic Testing to Population-Based Genetic Testing.
Why Do We Need to Wait for a Cancer to Happen to Identify People in Whom We Can
Prevent Cancer?
3.1.1. Paradigm Shift: Family History Based to Population-Based Testing

There is a need to “think big” about cancer and hereditary risk. Health systems and
cancer genetics departments rely on family history-based eligibility criteria, but there is
mounting evidence supporting a population-based approach to testing. Studies confirm
that population-based BRCA testing would be cost-effective [46] and have a substantial
impact on cancer morbidity and mortality. More than 50% of HCS carriers are not aware of
a family history of cancer [42,47]. Organized processes offering testing to all women would
seek to ensure equitable access to prevention for underserved populations. A population
health view of hereditary cancer would translate to more equity of care, and importantly
ensure that equity-deserving groups are included in research and development of new
evidence about prevention and care [48].

3.1.2. Clinical Utility and Clinical Risk Management

While whole genome sequencing of every person in the population would provide
an invaluable resource for the research community, from a practical standpoint, there is
little immediate value in testing for disorders without clinical actionability. Reports of non-
pathogenic variants or PRS do not yield a diagnosis but provide additional risk information.
It will be important to ensure realistic expectation among both clinicians/patients about
practical use of these tools. As knowledge about clinical efficacy advances, there is an
argument to be made for pre-emptively testing variants of uncertain clinical utility with
the hope that this may inform treatment decisions for patients in the future. The threshold
of gene selection for a proposed population-based strategy will need to include disorders
that are actionable now, but also allow for development of new evidence.

Successful implementation of new programs will require clear processes and pro-
fessionals delivering results, as well as systems that support high-risk patients as they
access preventative services over time. Organized patient navigation and provision of
screening/surgery is highly variable in Canada, and patients consistently report difficulties
in co-ordination of recommended care. Large-scale implementation of germline testing
will require parallel development of hereditary cancer registries [49–52]. Registries can be
run at low cost but deliver high value as they ensure high-risk individuals access effective
prevention, evidence-based care, patient support, and access to research.
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3.1.3. Psychological Impacts on Patients and Public Acceptability of Population-
Based Testing

A key consideration in the success of a population-based genetic cancer testing pro-
gram is whether it will be acceptable to the general population. This includes (1) will people
be willing to undergo HCS testing, and (2) will they act on the results if they are found
to be at-risk. Evidence from investigators and clinicians participating in this workshop
indicate high public interest in testing for actionable genes and that a very small propor-
tion of patients decline information about results [25]. High uptake of direct-to-consumer
genetic testing demonstrates high general interest; however, products through private
ancestry/health companies are neither clinical nor diagnostic. Pricing of private clinical
testing at $200–400 US is expensive for most individuals [44,53].

Programs will require patient-centered processes considering the psychological impact
of increased genetic risk. Public education reinforcing the value of prevention and ongoing
individual support within hereditary cancer registries will mitigate these concerns. It
has been demonstrated that testing of BRCA1/2 and other cancer risk variants is broadly
acceptable to population-based cohorts from Ashkenazi Jewish and general populations—
there is appreciable interest in self-referral for genetic testing among low-risk women,
with results indicating long-term psychologic distress was low and uptake of preventative
interventions was high [7,23,40–42]. Genetics personnel to deliver results, explain concepts
of risk, and provide continuity of care to high-risk patients will ensure the success of
hereditary cancer registries.

3.2. Establishing the Social and Economic Context in Which Increased Genetic Testing Will Be
Feasible and Acceptable. How Can the Canadian Model of Gynecologic Cancer Prevention Better
Utilise Genetic and Genomics at a Population Level?
3.2.1. Developing the Infrastructure to Support Increased Genetic Testing

Traditionally, genetic counselling was conducted via in-person sessions before and
after genetic testing. This process was needed at a time when few genetic tests were
available and risk assessment as well as clinical recommendations were based on expert
pedigree analysis. As genetic testing has become more available and affordable and is
increasingly required to guide cancer prevention or treatment, the former model of care may
no longer address patient needs or permit timely access to care. More practical and effective
models of genetic counselling will include group sessions, oncology clinic-based testing,
counselling helplines and online interactive platforms [11,23,54,55]. These models have
been shown to be satisfactory to patients and can deliver high quality information to more
patients effectively at low cost [54,56,57]. The construction of a population-based testing
program will require efficient models of care to deliver pretest education, communicate
findings, and inform prevention or surveillance strategies.

To scale genetic testing on a population scale, requirements for additional infras-
tructure accommodating sample collection, personnel, space/equipment, data analy-
sis/storage/linkage must be considered. These systems will need to be forward-thinking
and adaptable: updating registries with current research knowledge and recall systems to
reassess and recontact patients as new recommendations become available.

In the development of new clinical technical infrastructure, there is an opportunity to
establish data harmonization standards that can be used widely as genetic testing becomes
more prevalent [58,59]. Data governance could become a barrier to the collection of rich
datasets because data sharing is often restricted by data localization requirements, consent,
and strict data anonymization. There is a need for high-level data stewards to advise on
data protection laws and establish frameworks for effective data sharing between hospitals
and health authorities. Patients will have a powerful voice in the development of these
processes and health policies and opportunities to participate in research must be equitable.
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3.2.2. Ensuring Equitable Access to Genetic Testing

For a patient to access hereditary cancer prevention in the current model of care,
several steps are required; detailed knowledge of one’s family history of cancer, an un-
derstanding of health literacy and genetics, access to a referring physician, and the ability
to travel to a genetics clinic or engage via telehealth. The complexity of this process has
meant that educated individuals of white European ancestry or high socioeconomic status
are over-represented in genetics programs across Canada. People of color, rural/remote
communities, and Indigenous populations do not receive the benefit of prevention in this
model. Indigenous communities face unique health challenges, inequities, and access to
health care and typically have poorer health outcomes than non-Indigenous groups. Collec-
tion of a family history itself for Indigenous families is complex and can be traumatizing. A
recent study on ethnic distribution of hereditary cascade genetic testing in British Columbia
highlighted a significant underrepresentation of Indigenous individuals and recognized the
need for culturally safe alternatives to outreach and service promotion [19]. The ongoing
Silent Genome project whose goal is to securely sequence and database the genomes of
approximately 1500 Indigenous, First Nations, and Métis Canadians [60], aims to address
the inequities in access to genetic research and testing in Indigenous peoples in Canada.
Amongst the many reasons a health system would implement population-based testing,
the need for equity in genetics care and prevention is clearly the most compelling.

3.2.3. Economic Feasibility and Sustainability

In an era of an aging demographic, increasingly complex cancer treatments, longer
survivorship, and the debut of costly targeted therapeutics, a cancer care system that focuses
on treatment over prevention will not be sustainable. Management of chronic diseases
including cancer are a substantial proportion of health care budgets [61]. Hereditary
cancer prevention has the potential to decrease spending on cancer treatment but must
provide a value proposition. Population-based testing for BRCA1/2 in women ≥30 years
has been estimated in UK and US health systems, and this testing has the potential to
be cost-saving (incremental cost-effectiveness ratio (ICER) per quality-adjusted life year
(QALY) of $−5639/QALY and $−4018/QALY in the UK and USA, respectively [46]. The
cost incurred with genetic testing is far outweighed by the cost avoided in treating ovarian
cancer. There is now an urgent need for this work in a Canadian model. Although it will
likely prove as well to be cost-saving in the context of this health care system, further
evidence from clinical and implementation science research is required. Considering that
one-fifth of ovarian cancer patients [62] and 9% of breast cancer patients [63] carry at least
one HCS pathogenic variant, a population-based genetic testing strategy has the potential
to prevent over 80 cases of ovarian cancer in British Columbia and over 750 in Canada
annually. Data suggest that expanding this to a panel of breast and ovarian cancer genes
would also be cost-effective for the health system [64].

Ultimately, prevention of chronic diseases and improved population health will be the
key to building a more financially sustainable healthcare system.

3.3. Actionable Steps towards Adopting Population-Based Genetic Cancer Testing

Implementation of a population-based genetic testing program for cancer prevention
is a long-term goal and will need to be accomplished in iterative stages along with the
development of appropriate infrastructure. Specific areas for actionability that can improve
the more immediate prevention of hereditary cancer are illustrated in Figure 1.
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Figure 1. Actionable steps towards hereditary ovarian cancer prevention. The upper dashed line 
represents the ~20% of hereditary ovarian cancer cases that are attributed to BRCA1 and BRCA2 
mutations. 

3.4. Recommended First Steps 
(1) Family history-based referral and cascade testing: Strategies to increase detection of 

high-risk individuals would improve the uptake of testing in relatives of HCS carri-
ers. i.e., a sister of a confirmed BRCA carrier is at 50% risk of having the familial mu-
tation. In the current model, an index patient is responsible for communication with 
family members. This strategy has low uptake, with fewer than 50% of high-risk rel-
atives accessing care. Direct relative communication via health professionals in-
creases the uptake of cascade testing [65]. Studies in a UK model evaluating the ef-
fectiveness of registries in the facilitation of family contact confirm that registries pro-
vide long-term follow-up and proactive genetic counselling to relatives at risk, po-
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Figure 1. Actionable steps towards hereditary ovarian cancer prevention. The upper dashed
line represents the ~20% of hereditary ovarian cancer cases that are attributed to BRCA1 and
BRCA2 mutations.

3.4. Recommended First Steps

(1) Family history-based referral and cascade testing: Strategies to increase detection of
high-risk individuals would improve the uptake of testing in relatives of HCS carriers.
i.e., a sister of a confirmed BRCA carrier is at 50% risk of having the familial mutation.
In the current model, an index patient is responsible for communication with family
members. This strategy has low uptake, with fewer than 50% of high-risk relatives
accessing care. Direct relative communication via health professionals increases the
uptake of cascade testing [65]. Studies in a UK model evaluating the effectiveness of
registries in the facilitation of family contact confirm that registries provide long-term
follow-up and proactive genetic counselling to relatives at risk, potentially an effective
initiative in the Canadian context. The shift towards a formal provider-initiated,
registry-based cascade testing is optimal, but important considerations must balance
the concept of “duty to warn” with individual confidentiality and privacy [66].

(2) Tumor-based referral and cascade testing: A tumor-first approach can be employed
where samples from surgical specimens are sequenced, triggering a stepwise process
whereby tumor genomic results are reported routinely and then patients with possible
HCS are counselled regarding germline testing. This strategy would be delivered
universally, without barriers, and would allow more equitable care across race or
socioeconomic status. Patients may directly benefit from information about potential
targeted therapies [67,68]. This approach could also offer the option of improving
family risk assessment via tumor sequencing from deceased patients for the benefit of
relatives and could be delivered in a way to respect individual preferences of patients
about germline testing.

(3) Targeted population-based genetic testing: A strategic step toward increased de-
tection of HCS carriers in a population would expand testing to specific groups or
population subsets with higher mutation prevalence; this approach is now standard
care for all ovarian cancer patients and has been successfully implemented across
Canada. By removing the requirement of a family cancer history for testing eligibility,
the process of offering testing to all patients in a category, i.e., breast cancer [69] or
pancreatic cancer [70], irrespective of family history could meaningfully reduce barri-
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ers to care [71]. Testing all women with breast cancer for HCS genes has been shown
to be cost-effective for UK and USA health systems [72]. Testing all individuals with
Ashkenazi Jewish descent will identify BRCA mutations in 2–3% of unselected cases
and has been proven (1) acceptable to patients, (2) clinically effective, and (3) cost
saving for health systems [42,73,74]. A logical first step in any planned expansion of
prevention would begin with publicly funded testing for Ashkenazi Jewish Canadi-
ans [75,76] and broader eligibility testing criteria for patients with specific cancers.
Populations experiencing reduced access, care, and family history assessment, i.e.,
Indigenous communities, would be prioritized. These higher risk groups could be
approached first for population-based testing initiatives [77–81].

3.5. Cancer Prevention Summit Participant Survey Results

Of 44 attendees, 21 completed post conference surveys about the future of hereditary
cancer prevention and priorities in the development of population-based testing strate-
gies. Summit participants responded to Likert-scale questions about conclusions from the
meeting and key research priorities (Figures 2 and 3).
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very high priority.

As noted in Figure 2, there is strong support from participants for screening and
prevention through population-based testing programs. Respondents reported consistent
agreement that preventative interventions effectively reduce cancer rates and morbidity and
that population-based testing can be feasible and acceptable to the public. It was noted by
more than 75% of participants that current family history-based strategies were ineffective.
Figure 3 illustrates participants’ responses about the recommended priority research areas
and that key areas of focus are (a) health economics assessment and (b) evaluation of
public acceptability.
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4. Discussion

This report summarizes the findings of the British Columbia Gynecologic Cancer
Initiative conference addressing the potential of population-based testing for hereditary
cancer prevention. The team concludes the following key points:

(1) Implementation of new technologies and prevention strategies must be developed
in a way that is equitable to all individuals in a population, regardless of ethnicity,
socio-economic status, or geography. Every effort to remove elements of institutional
racism in the delivery of new systems is essential. In communities where family-
history-based requirements for testing are a barrier, those populations, specifically
Indigenous peoples, should be provided first offer to engage in the development of
broad population-based testing initiatives.

(2) Population-based testing for genetic risk should become the standard of care for
effective cancer prevention and could be cost-effective for the long-term sustainability
of health systems. Before population-based testing is implemented, incremental
improvements in the identification of high-risk individuals will deliver more effective
cancer prevention. This will include testing for all individuals with Ashkenazi Jewish
heritage, relatives of women with ovarian cancer, and expanded access to testing for
patients with breast, prostate, and pancreatic cancer.

(3) Hereditary cancer registries providing high-risk patients with supportive navigation
of preventative screening/surgery and access to research will be a key element in
effective prevention programs.

(4) Successful population-based testing strategies will require infrastructure, well-developed
public education models and must be guided by public preferences.

(5) There is need for improved patient access and more efficient delivery of germline
testing within current hereditary cancer systems. This will require broader use of
group pre-test counselling, testing embedded in cancer clinics, and use of digital
patient-facing education and counselling tools.

(6) Cascade testing of family members is critical for success of prevention programs.
Strategies to improve rates of testing in high-risk family members will include facil-
itated family communication, use of digital education/outreach tools, and broader
public education.

(7) Polygenic risk scores and epidemiological risk assessment models have value in the
delivery of personalized preventative interventions. These models may be imple-
mented in parallel with germline testing at both a population level and in the context
of proven BRCA mutations. This will become feasible as better validation data emerge
and implementation studies follow.

5. Conclusions

This multi-disciplinary international workshop concludes that a broader, population-
based testing strategy for hereditary cancer prevention could be a key component of
successful chronic disease prevention in Canada. The recommended priority research
areas are (a) Canadian health economics assessment and (b) Canadian evaluation of public
acceptability.

The immediate priority health policy recommendations are (1) to expand genetic
testing to high-risk groups, specifically individuals of Ashkenazi Jewish ancestry, and (2) to
ensure that groups experiencing the most reduced access within the current model (i.e.,
Indigenous peoples) should be provided with the offer of first priority in the development
of population-based testing initiatives.

Author Contributions: Conceptualization, G.S., D.H. and L.D.; writing—original draft preparation,
L.C.T., A.Z., S.L. and L.D.; writing—review and editing, L.C.T., A.Z., S.L., M.W., J.S.K., G.E.H., B.K.,
K.A.S., S.J.P., A.T., T.D., K.M., N.P., W.D.F., R.M., D.H., G.S., J.S. and L.D.; visualization, L.C.T. and
A.Z.; supervision, L.D.; project administration, S.L. and M.W.; funding acquisition, L.D. All authors
have read and agreed to the published version of the manuscript.



Curr. Oncol. 2022, 29 4643

Funding: We are grateful to the Homi Maneck Italia Foundation supporting this research summit.

Acknowledgments: We thank all speakers and attendees of the Gynecologic Cancer Initiative pre-
vention summit for their participation. We are especially grateful to Rose Lee and Shiraz Italia for
sharing their personal stories and their dedication to prevention.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Toss, A.; Tomasello, C.; Razzaboni, E.; Contu, G.; Grandi, G.; Cagnacci, A.; Schilder, R.J.; Cortesi, L. Hereditary Ovarian Cancer:

Not Only BRCA 1 and 2 Genes. BioMed Res. Int. 2015, 2015, 341723. [CrossRef]
2. Chen, X.; Jiang, J.; Shen, H.; Hu, Z. Genetic Susceptibility of Cervical Cancer. J. Biomed. Res. 2011, 25, 155. [CrossRef]
3. Trietsch, M.D.; Nooij, L.S.; Gaarenstroom, K.N.; Van Poelgeest, M.I.E. Genetic and Epigenetic Changes in Vulvar Squamous Cell

Carcinoma and Its Precursor Lesions: A Review of the Current Literature. Gynecol. Oncol. 2015, 136, 143–157. [CrossRef]
4. Kuchenbaecker, K.B.; Hopper, J.L.; Barnes, D.R.; Phillips, K.-A.; Mooij, T.M.; Roos-Blom, M.-J.; Jervis, S.; van Leeuwen, F.E.;

Milne, R.L.; Andrieu, N.; et al. Risks of Breast, Ovarian, and Contralateral Breast Cancer for BRCA1 and BRCA2 Mutation
Carriers. JAMA 2017, 317, 2402–2416. [CrossRef]

5. Li, J.; Wen, W.X.; Eklund, M.; Kvist, A.; Eriksson, M.; Christensen, H.N.; Torstensson, A.; Bajalica-Lagercrantz, S.; Dunning, A.M.;
Decker, B.; et al. Prevalence of BRCA1 and BRCA2 Pathogenic Variants in a Large, Unselected Breast Cancer Cohort. Int. J. Cancer
2019, 144, 1195–1204. [CrossRef]

6. Wen, W.X.; Allen, J.; Lai, K.N.; Mariapun, S.; Hasan, S.N.; Ng, P.S.; Lee, D.S.C.; Lee, S.Y.; Yoon, S.Y.; Lim, J.; et al. Inherited
Mutations in BRCA1 and BRCA2 in an Unselected Multiethnic Cohort of Asian Patients with Breast Cancer and Healthy Controls
from Malaysia. J. Med. Genet. 2018, 55, 97–103. [CrossRef]

7. Metcalfe, K.A.; Poll, A.; Royer, R.; Llacuachaqui, M.; Tulman, A.; Sun, P.; Narod, S.A. Screening for Founder Mutations in BRCA1
and BRCA2 in Unselected Jewish Women. J. Clin. Oncol. 2010, 28, 387–391. [CrossRef]

8. Grzymski, J.J.; Elhanan, G.; Morales Rosado, J.A.; Smith, E.; Schlauch, K.A.; Read, R.; Rowan, C.; Slotnick, N.; Dabe, S.;
Metcalf, W.J.; et al. Population Genetic Screening Efficiently Identifies Carriers of Autosomal Dominant Diseases. Nat. Med. 2020,
26, 1235–1239. [CrossRef]

9. Rowley, S.M.; Mascarenhas, L.; Devereux, L.; Li, N.; Amarasinghe, K.C.; Zethoven, M.; Lee, J.E.A.; Lewis, A.; Morgan, J.A.;
Limb, S.; et al. Population-Based Genetic Testing of Asymptomatic Women for Breast and Ovarian Cancer Susceptibility. Genet.
Med. 2019, 21, 913–922. [CrossRef]

10. Manchanda, R.; Blyuss, O.; Gaba, F.; Gordeev, V.S.; Jacobs, C.; Burnell, M.; Gan, C.; Taylor, R.; Turnbull, C.; Legood, R.; et al.
Current Detection Rates and Time-to-Detection of All Identifiable BRCA Carriers in the Greater London Population. J. Med. Genet.
2018, 55, 538–545. [CrossRef]

11. Richardson, M.; Min, H.J.; Hong, Q.; Compton, K.; Mung, S.W.; Lohn, Z.; Nuk, J.; McCullum, M.; Portigal-Todd, C.;
Karsan, A.; et al. Oncology Clinic-Based Hereditary Cancer Genetic Testing in a Population-Based Health Care System. Cancers
2020, 12, 338. [CrossRef] [PubMed]

12. Whitaker, K.D.; Obeid, E.; Daly, M.B.; Hall, M.J. Cascade Genetic Testing for Hereditary Cancer Risk: An Underutilized Tool for
Cancer Prevention. JCO Precis. Oncol. 2021, 5, 1387–1396. [CrossRef] [PubMed]

13. Hagoel, L.; Dishon, S.; Almog, R.; Bisland-Becktell, S.; Rennert, G. Proband Family Uptake of Familial-Genetic Counselling.
Psychooncology 2000, 9, 522–527. [CrossRef]

14. Julian-Reynier, C.; Sobol, H.; Sevilla, C.; Nogues, C.; Bourret, P. French Cancer Genetic Network Uptake of Hereditary
Breast/Ovarian Cancer Genetic Testing in a French National Sample of BRCA1 Families. Psychooncology 2000, 9, 504–510.
[CrossRef]

15. Holloway, S.M.; Bernhard, B.; Campbell, H.; Lam, W.W.K. Uptake of Testing for BRCA1/2 Mutations in South East Scotland. Eur.
J. Hum. Genet. 2008, 16, 906–912. [CrossRef] [PubMed]

16. Finlay, E.; Stopfer, J.E.; Burlingame, E.; Evans, K.G.; Nathanson, K.L.; Weber, B.L.; Armstrong, K.; Rebbeck, T.R.; Domchek, S.M.
Factors Determining Dissemination of Results and Uptake of Genetic Testing in Families with Known BRCA1/2 Mutations. Genet.
Test. 2008, 12, 81–91. [CrossRef]

17. Blandy, C.; Chabal, F.; Stoppa-Lyonnet, D.; Julian-Reynier, C. Testing Participation in BRCA1/2-Positive Families: Initiator Role of
Index Cases. Genet. Test. 2004, 7, 225–233. [CrossRef]

18. Sharaf, R.N.; Myer, P.; Stave, C.D.; Diamond, L.C.; Ladabaum, U. Uptake of Genetic Testing by Relatives of Lynch Syndrome
Probands: A Systematic Review. Clin. Gastroenterol. Hepatol. 2013, 11, 1093–1100. [CrossRef]

19. Braley, E.F.; Bedard, A.C.; Nuk, J.; Hong, Q.; Bedard, J.E.J.; Sun, S.; Schrader, K.A. Patient Ethnicity and Cascade Genetic Testing:
A Descriptive Study of a Publicly Funded Hereditary Cancer Program. Fam. Cancer 2022, 21, 369–374. [CrossRef]

20. Sutton, S.; Saidi, G.; Bickler, G.; Hunter, J. Does Routine Screening for Breast Cancer Raise Anxiety? Results from a Three Wave
Prospective Study in England. J. Epidemiol. Community Health 1995, 49, 413–418. [CrossRef]

21. Puliti, D.; Miccinesi, G.; Paci, E. Overdiagnosis in Breast Cancer: Design and Methods of Estimation in Observational Studies.
Prev. Med. 2011, 53, 131–133. [CrossRef] [PubMed]

http://doi.org/10.1155/2015/341723
http://doi.org/10.1016/S1674-8301(11)60020-1
http://doi.org/10.1016/j.ygyno.2014.11.002
http://doi.org/10.1001/jama.2017.7112
http://doi.org/10.1002/ijc.31841
http://doi.org/10.1136/jmedgenet-2017-104947
http://doi.org/10.1200/JCO.2009.25.0712
http://doi.org/10.1038/s41591-020-0982-5
http://doi.org/10.1038/s41436-018-0277-0
http://doi.org/10.1136/jmedgenet-2017-105195
http://doi.org/10.3390/cancers12020338
http://www.ncbi.nlm.nih.gov/pubmed/32028617
http://doi.org/10.1200/PO.21.00163
http://www.ncbi.nlm.nih.gov/pubmed/34994636
http://doi.org/10.1002/1099-1611(200011/12)9:6&lt;522::AID-PON492&gt;3.0.CO;2-S
http://doi.org/10.1002/1099-1611(200011/12)9:6&lt;504::AID-PON491&gt;3.0.CO;2-R
http://doi.org/10.1038/ejhg.2008.17
http://www.ncbi.nlm.nih.gov/pubmed/18285832
http://doi.org/10.1089/gte.2007.0037
http://doi.org/10.1089/109065703322537241
http://doi.org/10.1016/j.cgh.2013.04.044
http://doi.org/10.1007/s10689-021-00270-0
http://doi.org/10.1136/jech.49.4.413
http://doi.org/10.1016/j.ypmed.2011.05.012
http://www.ncbi.nlm.nih.gov/pubmed/21658405


Curr. Oncol. 2022, 29 4644

22. Pashayan, N.; Duffy, S.W.; Chowdhury, S.; Dent, T.; Burton, H.; Neal, D.E.; Easton, D.F.; Eeles, R.; Pharoah, P. Polygenic
Susceptibility to Prostate and Breast Cancer: Implications for Personalised Screening. Br. J. Cancer 2011, 104, 1656–1663.
[CrossRef] [PubMed]

23. Gaba, F.; Blyuss, O.; Liu, X.; Goyal, S.; Lahoti, N.; Chandrasekaran, D.; Kurzer, M.; Kalsi, J.; Sanderson, S.; Lanceley, A.; et al.
Population Study of Ovarian Cancer Risk Prediction for Targeted Screening and Prevention. Cancers 2020, 12, 1241. [CrossRef]
[PubMed]

24. Gallagher, A.; Waller, J.; Manchanda, R.; Jacobs, I.; Sanderson, S. Women’s Intentions to Engage in Risk-Reducing Behaviours
after Receiving Personal Ovarian Cancer Risk Information: An Experimental Survey Study. Cancers 2020, 12, 3543. [CrossRef]
[PubMed]

25. Mbuya-Bienge, C.; Pashayan, N.; Brooks, J.D.; Dorval, M.; Chiquette, J.; Eloy, L.; Turgeon, A.; Lambert-Côté, L.; Paquette, J.S.;
Lévesque, E.; et al. Women’s Views on Multifactorial Breast Cancer Risk Assessment and Risk-Stratified Screening: A Population-
Based Survey from Four Provinces in Canada. J. Pers. Med. 2021, 11, 95. [CrossRef]

26. Manchanda, R.; Legood, R.; Antoniou, A.C.; Gordeev, V.S.; Menon, U. Specifying the Ovarian Cancer Risk Threshold of
“premenopausal Risk-Reducing Salpingo-Oophorectomy” for Ovarian Cancer Prevention: A Cost-Effectiveness Analysis. J. Med.
Genet. 2016, 53, 591–599. [CrossRef]

27. Manchanda, R.; Gaba, F.; Talaulikar, V.; Pundir, J.; Gessler, S.; Davies, M.; Menon, U. Risk-Reducing Salpingo-Oophorectomy and
the Use of Hormone Replacement Therapy Below the Age of Natural Menopause: Scientific Impact Paper No. 66 October 2021:
Scientific Impact Paper No. 66. BJOG 2022, 129, e16–e34. [CrossRef]

28. Daly, M.B.; Pal, T.; Berry, M.P.; Buys, S.S.; Dickson, P.; Domchek, S.M.; Elkhanany, A.; Friedman, S.; Goggins, M.; Hutton, M.L.; et al.
Genetic/Familial High-Risk Assessment: Breast, Ovarian, and Pancreatic, Version 2.2021, NCCN Clinical Practice Guidelines in
Oncology. J. Natl. Compr. Cancer Netw. 2021, 19, 77–102. [CrossRef]

29. Lee, A.; Yang, X.; Tyrer, J.; Gentry-Maharaj, A.; Ryan, A.; Mavaddat, N.; Cunningham, A.P.; Carver, T.; Archer, S.; Leslie, G.; et al.
Comprehensive Epithelial Tubo-Ovarian Cancer Risk Prediction Model Incorporating Genetic and Epidemiological Risk Factors.
J. Med. Genet. 2021, 59, jmedgenet-2021-107904. [CrossRef]

30. Usset, J.L.; Raghavan, R.; Tyrer, J.P.; McGuire, V.; Sieh, W.; Webb, P.; Chang-Claude, J.; Rudolph, A.; Anton-Culver, H.;
Berchuck, A.; et al. Assessment of Multifactor Gene?Environment Interactions and Ovarian Cancer Risk: Candidate Genes,
Obesity, and Hormone-Related Risk Factors. Cancer Epidemiol. Biomarkers Prev. 2016, 25, 780–790. [CrossRef]

31. Hanley, G.E.; Pearce, C.L.; Talhouk, A.; Kwon, J.S.; Finlayson, S.J.; Mcalpine, J.N.; Huntsman, D.G.; Miller, D. Outcomes from
Opportunistic Salpingectomy for Ovarian Cancer Prevention. JAMA Netw. Open 2022, 5, e2147343. [CrossRef] [PubMed]

32. Gaba, F.; Goyal, S.; Marks, D.; Chandrasekaran, D.; Evans, O.; Robbani, S.; Tyson, C.; Legood, R.; Saridogan, E.;
McCluggage, W.G.; et al. Surgical Decision Making in Premenopausal BRCA Carriers Considering Risk-Reducing Early
Salpingectomy or Salpingo-Oophorectomy: A Qualitative Study. J. Med. Genet. 2022, 59, 122–132. [CrossRef] [PubMed]

33. Gaba, F.; Robbani, S.; Singh, N.; McCluggage, W.G.; Wilkinson, N.; Ganesan, R.; Bryson, G.; Rowlands, G.; Tyson, C.;
Arora, R.; et al. Preventing Ovarian Cancer through Early Excision of Tubes and Late Ovarian Removal (PROTECTOR): Protocol
for a Prospective Non-Randomised Multi-Center Trial. Int. J. Gynecol. Cancer 2021, 31, 286–291. [CrossRef]

34. Chung, C.C.; Magalhaes, W.C.S.; Gonzalez-Bosquet, J.; Chanock, S.J. Genome-Wide Association Studies in Cancer—Current and
Future Directions. Carcinogenesis 2010, 31, 111–120. [CrossRef] [PubMed]

35. Easton, D.F.; Pharoah, P.D.P.; Antoniou, A.C.; Tischkowitz, M.; Tavtigian, S.V.; Nathanson, K.L.; Devilee, P.; Meindl, A.; Couch, F.J.;
Southey, M.; et al. Gene-Panel Sequencing and the Prediction of Breast-Cancer Risk. N. Engl. J. Med. 2015, 372, 2243–2257.
[CrossRef]

36. Mavaddat, N.; Michailidou, K.; Dennis, J.; Lush, M.; Fachal, L.; Lee, A.; Tyrer, J.P.; Chen, T.H.; Wang, Q.; Bolla, M.K.; et al.
Polygenic Risk Scores for Prediction of Breast Cancer and Breast Cancer Subtypes. Am. J. Hum. Genet. 2019, 104, 21. [CrossRef]
[PubMed]

37. Dareng, E.O.; Tyrer, J.P.; Barnes, D.R.; Jones, M.R.; Yang, X.; Aben, K.K.H.; Adank, M.A.; Agata, S.; Andrulis, I.L.;
Anton-Culver, H.; et al. Polygenic Risk Modeling for Prediction of Epithelial Ovarian Cancer Risk. Eur. J. Hum. Genet. 2022, 30,
349–362. [CrossRef]

38. Rudolph, A.; Milne, R.L.; Truong, T.; Knight, J.A.; Seibold, P.; Flesch-Janys, D.; Behrens, S.; Eilber, U.; Bolla, M.K.; Wang, Q.; et al.
Investigation of Gene-Environment Interactions between 47 Newly Identified Breast Cancer Susceptibility Loci and Environmental
Risk Factors. Int. J. Cancer 2015, 136, E685–E696. [CrossRef]

39. Dorling, L.; Carvalho, S.; Allen, J.; González-Neira, A.; Luccarini, C.; Wahlström, C.; Pooley, K.A.; Parsons, M.T.; Fortuno, C.;
Wang, Q.; et al. Breast Cancer Risk Genes—Association Analysis in More than 113,000 Women. N. Engl. J. Med. 2021, 384, 428–439.
[CrossRef]

40. Metcalfe, K.A.; Poll, A.; Royer, R.; Nanda, S.; Llacuachaqui, M.; Sun, P.; Narod, S.A. A Comparison of the Detection of BRCA
Mutation Carriers through the Provision of Jewish Population-Based Genetic Testing Compared with Clinic-Based Genetic
Testing. Br. J. Cancer 2013, 109, 777–779. [CrossRef]

41. Manchanda, R.; Loggenberg, K.; Sanderson, S.; Burnell, M.; Wardle, J.; Gessler, S.; Side, L.; Balogun, N.; Desai, R.; Kumar, A.; et al.
Population Testing for Cancer Predisposing BRCA1/BRCA2 Mutations in the Ashkenazi-Jewish Community: A Randomized
Controlled Trial. JNCI J. Natl. Cancer Inst. 2015, 107, dju379. [CrossRef] [PubMed]

http://doi.org/10.1038/bjc.2011.118
http://www.ncbi.nlm.nih.gov/pubmed/21468051
http://doi.org/10.3390/cancers12051241
http://www.ncbi.nlm.nih.gov/pubmed/32429029
http://doi.org/10.3390/cancers12123543
http://www.ncbi.nlm.nih.gov/pubmed/33260928
http://doi.org/10.3390/jpm11020095
http://doi.org/10.1136/jmedgenet-2016-103800
http://doi.org/10.1111/1471-0528.16896
http://doi.org/10.6004/jnccn.2021.0001
http://doi.org/10.1136/jmedgenet-2021-107904
http://doi.org/10.1158/1055-9965.EPI-15-1039
http://doi.org/10.1001/jamanetworkopen.2021.47343
http://www.ncbi.nlm.nih.gov/pubmed/35138400
http://doi.org/10.1136/JMEDGENET-2020-107501
http://www.ncbi.nlm.nih.gov/pubmed/33568437
http://doi.org/10.1136/ijgc-2020-001541
http://doi.org/10.1093/carcin/bgp273
http://www.ncbi.nlm.nih.gov/pubmed/19906782
http://doi.org/10.1056/NEJMsr1501341
http://doi.org/10.1016/j.ajhg.2018.11.002
http://www.ncbi.nlm.nih.gov/pubmed/30554720
http://doi.org/10.1038/s41431-021-00987-7
http://doi.org/10.1002/ijc.29188
http://doi.org/10.1056/NEJMOA1913948/SUPPL_FILE/NEJMOA1913948_DISCLOSURES.PDF
http://doi.org/10.1038/bjc.2013.309
http://doi.org/10.1093/jnci/dju379
http://www.ncbi.nlm.nih.gov/pubmed/25435541


Curr. Oncol. 2022, 29 4645

42. Manchanda, R.; Burnell, M.; Gaba, F.; Desai, R.; Wardle, J.; Gessler, S.; Side, L.; Sanderson, S.; Loggenberg, K.; Brady, A.F.; et al.
Randomised Trial of Population-Based BRCA Testing in Ashkenazi Jews: Long-Term Outcomes. BJOG 2020, 127, 364–375.
[CrossRef] [PubMed]

43. Hu, C.; Hart, S.N.; Gnanaolivu, R.; Huang, H.; Lee, K.Y.; Na, J.; Gao, C.; Lilyquist, J.; Yadav, S.; Boddicker, N.J.; et al. A
Population-Based Study of Genes Previously Implicated in Breast Cancer. N. Engl. J. Med. 2021, 384, 440–451. [CrossRef]
[PubMed]

44. Narod, S.A.; Gojska, N.; Sun, P.; Tryon, A.; Kotsopoulos, J.; Metcalfe, K.; Akbari, M.R. The Screen Project: Guided Direct-To-
Consumer Genetic Testing for Breast Cancer Susceptibility in Canada. Cancers 2021, 13, 1894. [CrossRef] [PubMed]

45. Gabai-Kapara, E.; Lahad, A.; Kaufman, B.; Friedman, E.; Segev, S.; Renbaum, P.; Beeri, R.; Gal, M.; Grinshpun-Cohen, J.;
Djemal, K.; et al. Population-Based Screening for Breast and Ovarian Cancer Risk Due to BRCA1 and BRCA2. Proc. Natl. Acad.
Sci. USA 2014, 111, 14205–14210. [CrossRef]

46. Manchanda, R.; Sun, L.; Patel, S.; Evans, O.; Wilschut, J.; Lopes, A.C.D.F.; Gaba, F.; Brentnall, A.; Duffy, S.; Cui, B.; et al. Economic
Evaluation of Population-Based BRCA1/BRCA2 Mutation Testing across Multiple Countries and Health Systems. Cancers 2020,
12, 1929. [CrossRef]

47. Chandrasekaran, D.; Sobocan, M.; Blyuss, O.; Miller, R.E.; Evans, O.; Crusz, S.M.; Mills-Baldock, T.; Sun, L.; Hammond, R.F.L.;
Gaba, F.; et al. Implementation of Multigene Germline and Parallel Somatic Genetic Testing in Epithelial Ovarian Cancer:
SIGNPOST Study. Cancers 2021, 13, 4344. [CrossRef]

48. Foulkes, W.D.; Knoppers, B.M.; Turnbull, C. Population Genetic Testing for Cancer Susceptibility: Founder Mutations to Genomes.
Nat. Rev. Clin. Oncol. 2016, 13, 41–54. [CrossRef]

49. World Health Organization. WHO Handbook for Standardized Cancer Registries; World Health Organization: Geneva,
Switzerland, 1976.

50. Rothenmund, H.; Singh, H.; Candas, B.; Chodirker, B.N.; Serfas, K.; Aronson, M.; Holter, S.; Volenik, A.; Green, J.; Dicks, E.; et al.
Hereditary Colorectal Cancer Registries in Canada: Report from the Colorectal Cancer Association of Canada Consensus Meeting;
Montreal, Quebec; October 28, 2011. Curr. Oncol. 2013, 20, 273. [CrossRef]

51. Wright, C.; Kerzin-Storrar, L.; Williamson, P.R.; Fryer, A.; Njindou, A.; Quarrell, O.; Donnai, D.; Craufurd, D. Comparison of
Genetic Services with and without Genetic Registers: Knowledge, Adjustment, and Attitudes about Genetic Counselling among
Probands Referred to Three Genetic Clinics. J. Med. Genet. 2002, 39, e84. [CrossRef]

52. Ueda, M.; Tsubamoto, H.; Kashima-Morii, M.; Torii, Y.; Kamihigashi, M.; Wakimoto, Y.; Nakagomi, N.; Hashimoto-Tamaoki, T.;
Sawai, H.; Shibahara, H. Challenges in Managing Patients with Hereditary Cancer at Gynecological Services. Obstet. Gynecol. Int.
2019, 2019, 4365754. [CrossRef] [PubMed]

53. Grant, P.; Langlois, S.; Lynd, L.D.; Austin, J.C.; Elliott, A.M.; Dragojlovic, N.; Knoppers, B.; Dey, A.; Adam, S.; Bansback, N.; et al.
Out-of-Pocket and Private Pay in Clinical Genetic Testing: A Scoping Review. Clin. Genet. 2021, 100, 504–521. [CrossRef]
[PubMed]

54. Hynes, J.; MacMillan, A.; Fernandez, S.; Jacob, K.; Carter, S.; Predham, S.; Etchegary, H.; Dawson, L. Group plus “Mini” Individual
Pre-Test Genetic Counselling Sessions for Hereditary Cancer Shorten Provider Time and Improve Patient Satisfaction. Hered.
Cancer Clin. Pract. 2020, 18, 3. [CrossRef] [PubMed]

55. O’Neill, S.C.; Hamilton, J.G.; Conley, C.C.; Peshkin, B.N.; Sacca, R.; McDonnell, G.A.; Isaacs, C.; Robson, M.E.; Tercyak, K.P.
Improving Our Model of Cascade Testing for Hereditary Cancer Risk by Leveraging Patient Peer Support: A Concept Report.
Hered. Cancer Clin. Pract. 2021, 19, 40. [CrossRef] [PubMed]

56. Lohn, Z.; Fok, A.; Richardson, M.; Derocher, H.; Mung, S.W.; Nuk, J.; Yuson, J.; Jevon, M.; A. Schrader, K.; Sun, S. Large-Scale
Group Genetic Counseling: Evaluation of a Novel Service Delivery Model in a Canadian Hereditary Cancer Clinic. J. Genet.
Couns. 2022, 31, 459–469. [CrossRef]

57. Calzone, K.A.; Prindiville, S.A.; Jourkiv, O.; Jenkins, J.; DeCarvalho, M.; Wallerstedt, D.B.; Liewehr, D.J.; Steinberg, S.M.;
Soballe, P.W.; Lipkowitz, S.; et al. Randomized Comparison of Group versus Individual Genetic Education and Counseling for
Familial Breast and/or Ovarian Cancer. J. Clin. Oncol. 2005, 23, 3455–3464. [CrossRef]

58. Adeyemo, A.; Balaconis, M.K.; Darnes, D.R.; Fatumo, S.; Granados Moreno, P.; Hodonsky, C.J.; Inouye, M.; Kanai, M.; Kato, K.;
Knoppers, B.M.; et al. Responsible Use of Polygenic Risk Scores in the Clinic: Potential Benefits, Risks and Gaps. Nat. Med. 2021,
27, 1876–1884. [CrossRef]

59. Knoppers, B.M.; Bernier, A.; Moreno, P.G.; Pashayan, N. Of Screening, Stratification, and Scores. J. Pers. Med. 2021, 11, 736.
[CrossRef]

60. Silent Genomes Project | BC Children’s Hospital Research Institute. Available online: https://www.bcchr.ca/silent-genomes-
project (accessed on 20 December 2021).

61. Centers for Disease Control and Prevention Health and Economic Costs of Chronic Diseases. Available online: https://www.cdc.
gov/chronicdisease/about/costs/index.htm (accessed on 11 January 2022).

62. Harter, P.; Hauke, J.; Heitz, F.; Reuss, A.; Kommoss, S.; Marmé, F.; Heimbach, A.; Prieske, K.; Richters, L.; Burges, A.; et al.
Prevalence of Deleterious Germline Variants in Risk Genes including BRCA1/2 in Consecutive Ovarian Cancer Patients (AGO-
TR-1). PLoS ONE 2017, 12, e0186043. [CrossRef]

http://doi.org/10.1111/1471-0528.15905
http://www.ncbi.nlm.nih.gov/pubmed/31507061
http://doi.org/10.1056/NEJMoa2005936
http://www.ncbi.nlm.nih.gov/pubmed/33471974
http://doi.org/10.3390/cancers13081894
http://www.ncbi.nlm.nih.gov/pubmed/33920818
http://doi.org/10.1073/pnas.1415979111
http://doi.org/10.3390/cancers12071929
http://doi.org/10.3390/cancers13174344
http://doi.org/10.1038/nrclinonc.2015.173
http://doi.org/10.3747/co.20.1566
http://doi.org/10.1136/jmg.39.12.e84
http://doi.org/10.1155/2019/4365754
http://www.ncbi.nlm.nih.gov/pubmed/31263500
http://doi.org/10.1111/cge.14006
http://www.ncbi.nlm.nih.gov/pubmed/34080181
http://doi.org/10.1186/s13053-020-0136-2
http://www.ncbi.nlm.nih.gov/pubmed/32099586
http://doi.org/10.1186/s13053-021-00198-7
http://www.ncbi.nlm.nih.gov/pubmed/34565430
http://doi.org/10.1002/jgc4.1512
http://doi.org/10.1200/JCO.2005.04.050
http://doi.org/10.1038/s41591-021-01549-6
http://doi.org/10.3390/jpm11080736
https://www.bcchr.ca/silent-genomes-project
https://www.bcchr.ca/silent-genomes-project
https://www.cdc.gov/chronicdisease/about/costs/index.htm
https://www.cdc.gov/chronicdisease/about/costs/index.htm
http://doi.org/10.1371/journal.pone.0186043


Curr. Oncol. 2022, 29 4646

63. Buys, S.S.; Sandbach, J.F.; Gammon, A.; Patel, G.; Kidd, J.; Brown, K.L.; Sharma, L.; Saam, J.; Lancaster, J.; Daly, M.B. A Study of
over 35,000 Women with Breast Cancer Tested with a 25-Gene Panel of Hereditary Cancer Genes. Cancer 2017, 123, 1721–1730.
[CrossRef]

64. Manchanda, R.; Patel, S.; Gordeev, V.S.; Antoniou, A.C.; Smith, S.; Lee, A.; Hopper, J.L.; MacInnis, R.J.; Turnbull, C.;
Ramus, S.J.; et al. Cost-Effectiveness of Population-Based BRCA1, BRCA2, RAD51C, RAD51D, BRIP1, PALB2 Mutation Testing in
Unselected General Population Women. J. Natl. Cancer Inst. 2018, 110, 714–725. [CrossRef] [PubMed]

65. Roberts, M.C.; Dotson, W.D.; DeVore, C.S.; Bednar, E.M.; Bowen, D.J.; Ganiats, T.G.; Green, R.F.; Hurst, G.M.; Philp, A.R.;
Ricker, C.N.; et al. Delivery of Cascade Screening for Hereditary Conditions: A Scoping Review of the Literature. Health Aff. 2018,
37, 801–808. [CrossRef]

66. Wang, Y.; Golesworthy, B.; Cuggia, A.; Domecq, C.; Chaudhury, P.; Barkun, J.; Metrakos, P.; Asselah, J.; Bouganim, N.;
Gao, Z.-H.; et al. Oncology Clinic-Based Germline Genetic Testing for Exocrine Pancreatic Cancer Enables Timely Return
of Results and Unveils Low Uptake of Cascade Testing. J. Med. Genet. 2021, jmedgenet-2021-108054. [CrossRef] [PubMed]

67. Wong, R.S.J.; Lee, S.C. BRCA Sequencing of Tumors: Understanding Its Implications in the Oncology Community. Chin. Clin.
Oncol. 2020, 9, 66. [CrossRef] [PubMed]

68. Offit, K.; Tkachuk, K.A.; Stadler, Z.K.; Walsh, M.F.; Diaz-Zabala, H.; Levin, J.D.; Steinsnyder, Z.; Ravichandran, V.; Sharaf, R.N.;
Frey, M.K.; et al. Cascading after Peridiagnostic Cancer Genetic Testing: An Alternative to Population-Based Screening. J. Clin.
Oncol. 2020, 38, 1398–1408. [CrossRef]

69. Manahan, E.R.; Kuerer, H.M.; Sebastian, M.; Hughes, K.S.; Boughey, J.C.; Euhus, D.M.; Boolbol, S.K.; Taylor, W.A. Consensus
Guidelines on Genetictesting for Hereditary Breast Cancer from the American Society of Breast Surgeons. Ann. Surg. Oncol. 2019,
26, 3025. [CrossRef]

70. Cremin, C.; Lee, M.K.C.; Hong, Q.; Hoeschen, C.; Mackenzie, A.; Dixon, K.; McCullum, M.; Nuk, J.; Kalloger, S.;
Karasinska, J.; et al. Burden of Hereditary Cancer Susceptibility in Unselected Patients with Pancreatic Ductal Adenocarcinoma
Referred for Germline Screening. Cancer Med. 2020, 9, 4004–4013. [CrossRef]

71. Armstrong, N.; Ryder, S.; Forbes, C.; Ross, J.; Quek, R.G.W. A Systematic Review of the International Prevalence of BRCA
Mutation in Breast Cancer. Clin. Epidemiol. 2019, 11, 543. [CrossRef]

72. Sun, L.; Brentnall, A.; Patel, S.; Buist, D.S.M.; Bowles, E.J.A.; Evans, D.G.R.; Eccles, D.; Hopper, J.; Li, S.; Southey, M.; et al. A
Cost-Effectiveness Analysis of Multigene Testing for All Patients with Breast Cancer. JAMA Oncol. 2019, 5, 1718–1730. [CrossRef]

73. Manchanda, R.; Patel, S.; Antoniou, A.C.; Levy-Lahad, E.; Turnbull, C.; Evans, D.G.; Hopper, J.L.; Macinnis, R.J.; Menon, U.;
Jacobs, I.; et al. Cost-Effectiveness of Population Based BRCA Testing with Varying Ashkenazi Jewish Ancestry. Am. J. Obstet.
Gynecol. 2017, 217, 578.e1–578.e12. [CrossRef]

74. Lehmann, L.S.; Weeks, J.C.; Klar, N.; Garber, J.E. A Population-Based Study of Ashkenazi Jewish Women’s Attitudes toward
Genetic Discrimination and BRCA1/2 Testing. Genet. Med. 2002, 4, 346–352. [CrossRef] [PubMed]

75. Hartge, P.; Struewing, J.P.; Wacholder, S.; Brody, L.C.; Tucker, M.A. The Prevalence of Common BRCA1 and BRCA2 Mutations
among Ashkenazi Jews. Am. J. Hum. Genet. 1999, 64, 963–970. [CrossRef] [PubMed]

76. Frey, M.K.; Kopparam, R.V.; Ni Zhou, Z.; Fields, J.C.; Buskwofie, A.; Carlson, A.D.; Caputo, T.; Holcomb, K.; Chapman-Davis, E.
Prevalence of Nonfounder BRCA1/2 Mutations in Ashkenazi Jewish Patients Presenting for Genetic Testing at a Hereditary
Breast and Ovarian Cancer Center. Cancer 2019, 125, 690–697. [CrossRef] [PubMed]

77. John, E.M.; Miron, A.; Gong, G.; Phipps, A.I.; Felberg, A.; Li, F.P.; West, D.W.; Whittemore, A.S. Prevalence of Pathogenic BRCA1
Mutation Carriers in 5 US Racial/Ethnic Groups. JAMA 2007, 298, 2869–2876. [CrossRef] [PubMed]

78. Hall, M.J.; Reid, J.E.; Burbidge, L.A.; Pruss, D.; Deffenbaugh, A.M.; Frye, C.; Wenstrup, R.J.; Ward, B.E.; Scholl, T.A.; Noll, W.W.
BRCA1 and BRCA2 Mutations in Women of Different Ethnicities Undergoing Testing for Hereditary Breast-Ovarian Cancer.
Cancer 2009, 115, 2222–2233. [CrossRef]

79. Kolnsberg, L.; Riffelmann, M.; Friedrich, M. Comparison of Serum 25-HydroxyVitamin D Levels in Patients with Malignant and
Benign Gynaecological Disease. Anticancer Res. 2020, 40, 545–550. [CrossRef]

80. Abul-Husn, N.S.; Soper, E.R.; Odgis, J.A.; Cullina, S.; Bobo, D.; Moscati, A.; Rodriguez, J.E.; Loos, R.J.F.; Cho, J.H.;
Belbin, G.M.; et al. Exome Sequencing Reveals a High Prevalence of BRCA1 and BRCA2 Founder Variants in a Diverse
Population-Based Biobank. Genome Med. 2020, 12, 2. [CrossRef]

81. Abdulrashid, K.; Alhussaini, N.; Ahmed, W.; Thalib, L. Prevalence of BRCA Mutations among Hereditary Breast and/or Ovarian
Cancer Patients in Arab Countries: Systematic Review and Meta-Analysis. BMC Cancer 2019, 19, 256. [CrossRef]

http://doi.org/10.1002/cncr.30498
http://doi.org/10.1093/jnci/djx265
http://www.ncbi.nlm.nih.gov/pubmed/29361001
http://doi.org/10.1377/hlthaff.2017.1630
http://doi.org/10.1136/jmedgenet-2021-108054
http://www.ncbi.nlm.nih.gov/pubmed/34556502
http://doi.org/10.21037/cco-19-198
http://www.ncbi.nlm.nih.gov/pubmed/32787342
http://doi.org/10.1200/JCO.19.02010
http://doi.org/10.1245/s10434-019-07549-8
http://doi.org/10.1002/cam4.2973
http://doi.org/10.2147/CLEP.S206949
http://doi.org/10.1001/jamaoncol.2019.3323
http://doi.org/10.1016/j.ajog.2017.06.038
http://doi.org/10.1097/00125817-200209000-00005
http://www.ncbi.nlm.nih.gov/pubmed/12394347
http://doi.org/10.1086/302320
http://www.ncbi.nlm.nih.gov/pubmed/10090881
http://doi.org/10.1002/cncr.31856
http://www.ncbi.nlm.nih.gov/pubmed/30480775
http://doi.org/10.1001/jama.298.24.2869
http://www.ncbi.nlm.nih.gov/pubmed/18159056
http://doi.org/10.1002/cncr.24200
http://doi.org/10.21873/anticanres.13983
http://doi.org/10.1186/s13073-019-0691-1
http://doi.org/10.1186/s12885-019-5463-1

	Introduction 
	Current System of Hereditary Cancer Prevention 
	Combined Epidemiological Risk Factors, Pathogenic Variants, and Polygenic Risk Scores 
	Evidence from Population-Based Genetic Testing Trials 
	Problem 

	Methodology 
	Results of Panel Discussion 
	Preparing the Path from Patient-Driven Genetic Testing to Population-Based Genetic Testing. Why Do We Need to Wait for a Cancer to Happen to Identify People in Whom We Can Prevent Cancer? 
	Paradigm Shift: Family History Based to Population-Based Testing 
	Clinical Utility and Clinical Risk Management 
	Psychological Impacts on Patients and Public Acceptability of Population-Based Testing 

	Establishing the Social and Economic Context in Which Increased Genetic Testing Will Be Feasible and Acceptable. How Can the Canadian Model of Gynecologic Cancer Prevention Better Utilise Genetic and Genomics at a Population Level? 
	Developing the Infrastructure to Support Increased Genetic Testing 
	Ensuring Equitable Access to Genetic Testing 
	Economic Feasibility and Sustainability 

	Actionable Steps towards Adopting Population-Based Genetic Cancer Testing 
	Recommended First Steps 
	Cancer Prevention Summit Participant Survey Results 

	Discussion 
	Conclusions 
	References

