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AbsTrACT
The landscape of genetic testing in ovarian cancer 
patients has changed dramatically in recent years. The 
therapeutic benefits of poly ADP-ribose polymerase 
(PARP) inhibitors in treatment of BRCA1/2-related 
ovarian cancers has resulted in an increased demand and 
urgency for genetic testing results, while technological 
developments have led to widespread use of multi-
gene cancer panels and development of tumour testing 
protocols. Traditional genetic counselling models are 
no longer sustainable and must evolve to match the 
rapid evolution of genetic testing technologies and 
developments in personalized medicine. Recently, 
representatives from oncology, clinical genetics, 
molecular genetics, pathology, and patient advocacy 
came together to create a national multi-disciplinary 
Canadian consortium. By aligning stakeholder interests, 
the BRCA Testing to Treatment (BRCA TtoT) Community 
of Practice aims to develop a national strategy for 
tumour and germline BRCA1/2 testing and genetic 
counselling in women with ovarian cancer. This article 
serves to provide an overview of the recent evolution of 
genetic assessment for BRCA1/2-associated gynecologic 
malignancies and outline a Canadian roadmap to 
facilitate change, improve genetic testing rates, and 
ultimately improve outcomes for hereditary ovarian 
cancer patients and their families. 

InTroduCTIon And drIvers for ChAnge In 
CAnAdA
Each year, 2800 Canadian women are diagnosed 
with ovarian cancer and 1800 die of the disease, 
making it the fifth leading cause of cancer deaths 
in Canadian women.1 An estimated 20%–30% of 
epithelial ovarian cancers are related to an inherited 
predisposition.2–9 Most hereditary ovarian cancers 
are caused by inherited (germline) mutations in 
the BRCA1 and BRCA2 genes, which result in a 
14%–44% cumulative lifetime risk10; however, the 
contribution of other genes is becoming increas-
ingly apparent (table 1).8 9 11 12 In the context 
of ovarian cancer, identification of a germline 
BRCA1/2 mutation has therapeutic implications for 

the patients with cancer and affords cancer risk-re-
duction opportunities for their family members. 
For example, in BRCA1/2 mutation carriers unaf-
fected by ovarian cancer, a prophylactic bilateral 
salpingo-oophorectomy is associated with an 80% 
decrease in the risk of ovarian cancer, and a 77% 
reduction in all-cause mortality.13

Somatic BRCA1/2 mutations, which are acquired 
and limited to the tumour tissue, similarly have ther-
apeutic implications for patients but do not modify 
familial cancer risk. In the >20% of high-grade 
epithelial ovarian cancers associated with BRCA1/2 
mutations, approximately 75% arise as a result of 
inherited mutations with the remainder being the 
result of somatic mutations.14 This is therapeuti-
cally important as in May 2016, Health Canada 
approved the use of poly ADP-ribose polymerase 
(PARP) inhibitors for treatment of platinum-sen-
sitive, relapsed BRCA1/2-mutated (germline or 
somatic), high-grade serous epithelial ovarian, 
fallopian tube or primary peritoneal cancers.15 The 
direct link between genetic testing and cancer treat-
ment has led to stresses on the Canadian health-
care system, including an increase in requests by 
medical and surgical oncologists for both tumour 
testing and rapid clinical genetic assessments. The 
traditional germline BRCA1/2 testing paradigm 
(counsel then test) involves a pre-test consultation 
with a genetic counsellor and/or clinical geneticist 

Table 1 Germline mutations in epithelial ovarian 
cancer

gene
frequency in 
ovarian cancer Lifetime risk

Hereditary breast and 
ovarian cancer
(BRCA1, BRCA2)

15%–21%8 9 17%–44%10

Lynch syndrome
(MLH1, MSH2 
(EPCAM), MSH6, 
PMS2)

0.5%8 9 6%–12%12

Additional genes
(BRIP1, RAD51C, 
RAD51D)

2.5%–3%8 9 10%–15%9
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prior to germline genetic testing. This resource-heavy paradigm 
is no longer sustainable with current clinical resources. Histori-
cally, tumour testing for somatic mutations did not analyse genes 
involved in hereditary cancer, but the addition of BRCA1/2 to 
tumour testing necessitates the introduction of familial implica-
tions to the informed consent process.16 Overall, the impact of 
PARP inhibitors and associated demands for somatic and germ-
line BRCA1/2 genetic testing has opened the door to a new era 
in genetic care for Canadians. To fully realise the potential of 
genetics in the care of patients with ovarian cancer, there exists 
an immediate need for structural changes within the existing 
system, thereby allowing for the provision of comprehensive and 
timely care for this patient group.

Until now, Canada has lacked a national forum to articu-
late and address the scientific, therapeutic and operational 
drivers described above. To this end, the Society of Gyneco-
logic Oncology of Canada (GOC) initiated a broad-based stra-
tegic vision: BRCA Testing to Treatment (TtoT). This vision 
continuum seeks the national integration and optimisation of 
the patient’s journey with rapidly evolving scientific and ther-
apeutic opportunities, with an initial goal of improving uptake 
and access to genetic testing. In 2016, the GOC Communities of 
Practice group launched the BRCA TtoT Community of Prac-
tice, creating a multidisciplinary, Canadian BRCA consortium of 
experts and stakeholders, including members of the GOC, the 
Canadian College of Medical Geneticists, the Canadian Associa-
tion of Genetic Counsellors, the Canadian Association of Pathol-
ogists and patient advocates from Ovarian Cancer Canada. The 
mission of the BRCA TtoT Community of Practice is to review 
and describe a road map for this journey as a guide to support 
health systems in their care delivery for this population. Herein, 
we provide an overview of the state of somatic and germline 
BRCA1/2 genetic testing and genetic counselling in Canada and 
outline national priorities to increase timely access for all Cana-
dian women with a diagnosis of epithelial ovarian cancer.

ChALLenges And opporTunITIes In BRCA1/2 
AssessmenT In CAnAdA
Identification of a germline gene mutation within a family provides 
members with opportunities for high-risk cancer screening and 
cancer risk reduction. In the context of ovarian cancer, due to a 
lack of effective screening, it is recommended that women with 
a known identified predisposition undergo prophylactic bilateral 
salpingo-oophorectomy.17 In traditional germline genetic testing 
models, patients with ovarian cancer are referred to clinical 
genetics by their surgeon and/or oncologist. Germline testing 
and result disclosure is then facilitated over two appointments. 
During a pre-test appointment, a genetic counsellor reviews the 
patient’s personal and family history to determine the appro-
priate germline genetic test and provides thorough counselling 
regarding the potential advantages and disadvantages, as well as 
the limitations of testing. This allows the patient to make an 
informed choice about whether to have germline genetic testing. 
During a post-test appointment, a genetic counsellor reviews 
the germline genetic test result, reiterating any test limitations 
and implications the result may have for the patient and their 
family members. In addition to informing future cancer risks for 
patients and their family members, germline genetic testing now 
also has the potential to directly influence ovarian cancer treat-
ment because of the additive value of PARP inhibitors in patients 
with BRCA1/2 mutations.18–20

Despite multiple guidelines recommending genetic testing 
for all patients with non-mucinous epithelial ovarian cancer, 

irrespective of additional personal cancer history, family 
history or ethnicity,17 21 22 published studies consistently show 
that <25% of these women are referred for germline genetic 
testing using the traditional germline testing model described 
above.7 23–25 National criteria for hereditary breast and ovarian 
cancer genetic testing do not exist in Canada and each province 
follows their own formal or informal criteria (see online supple-
mentary file 1). A recent review article by BRCA TtoT members 
identified process issues, geographic access and lack of physi-
cian knowledge as major barriers to genetic testing.26 Current 
under-referral practices prevent opportunities for personalised 
treatment of ovarian cancer as well as cancer risk reduction in 
at-risk relatives. While there is an increased awareness of this gap 
in care, a simple solution resulting in the ideal of 100% genetic 
referral/testing rates remains elusive. In 2016, BRCA TtoT 
members conducted a survey of Canadian cancer genetics clinics 
and found that turnaround time for genetic test results was up 
to 8 months and wait-times for pre-test counselling ranged from 
2 months to 2 years overall, with faster (3–5 months) pre-test 
wait-times for patients with ovarian cancer specifically (unpub-
lished data). Thus, simply increasing genetics referral rates for 
patients with ovarian cancer will not likely result in timely access 
to genetic information and may serve to create longer genetics 
wait-times for all patients. The current wait-times in Canada 
for traditional germline BRCA1/2 assessment are prohibitive for 
potential treatment decisions.

Since the discovery of the BRCA1 and BRCA2 genes in the 
mid-1990s,27 28 genetic testing technologies have evolved 
significantly. Previously, genetic testing relied on slow and 
expensive techniques. The development and widespread use of 
high-throughput massively parallel sequencing (also known as 
next-generation sequencing (NGS)) technologies has dramati-
cally reduced the cost and turnaround time of genetic testing. 
Central to this discussion, genetic testing of BRCA1/2 alone had 
a cost of over US$3000 and results took months to complete. 
The increased sequencing capacity of NGS has also facilitated 
the discovery of moderately penetrant genes. The US Supreme 
Court’s ruling that genes cannot be patented29 resulted in an 
explosion of genetic testing companies offering hereditary breast 
and ovarian cancer multigene panel tests. Today, commercial 
companies in the USA offer multigene cancer panels for as little 
as US$249, providing results in 3–4 weeks. The American shift 
to panel-based genetic testing for hereditary breast and ovarian 
cancer likely catalysed the development of similar panels in 
Canadian genetic testing laboratories.

Despite the obvious benefits of NGS, panel-based germline 
genetic testing has resulted in significant practice changes for 
genetic counsellors.30 31 Currently, many hereditary breast and 
ovarian cancer gene panels include moderate penetrance genes 
with limited information on relevant cancer risks or recommen-
dations regarding cancer screening and risk reduction. Testing 
multiple genes also increases the likelihood of identifying one 
or more variants of uncertain significance (often referred to as 
VUS). Even relatively small panels return a VUS result in >20% 
of cases.32 33 Rather than counselling patients extensively about 
two genes, genetic counsellors must counsel patients broadly 
about multiple genes, focussing on the potential uncertainty 
associated with test results.30 31 While shifting practice from 
single gene to panel-based germline testing, genetic counsellors 
are also adjusting to advances in precision medicine. In the past, 
the primary role of genetic testing was to inform patients and 
their families of their future cancer risks and available options 
for high-risk screening and risk reduction, not to guide the treat-
ment of a current ovarian cancer.34 The new utility of genetic 
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testing to inform cancer treatment alters the context of pre-test 
counselling, moving from a shared decision-making process to 
a more directive discussion. The Health Canada approval of 
PARP inhibitors for the treatment of BRCA1/2-related ovarian 
cancers in the recurrent setting has created a sense of urgency for 
genetic testing, applying more pressure and increasing clinical 
load on already strained genetic counselling resources. Future 
uses of PARP inhibitors are anticipated, including 1) early main-
tenance therapy for ovarian cancer (frontline use) and 2) treat-
ment in other disease sites, such as breast and prostate cancer. In 
fact, PARP inhibitors have already received US Food and Drug 
Administration approval for use in the treatment of HER2-neg-
ative metastatic breast cancer in women with germline BRCA1/2 
mutations.35 Continued advances in personalised cancer treat-
ment will further increase demands for timely genetic testing.

NGS technologies have also facilitated the expansion of testing 
DNA extracted from formalin-fixed, paraffin-embedded (FFPE) 
tumour tissues. Currently, NGS panels are used in Canada to 
detect somatic mutations in tumour tissue to identify therapeutic 
biomarker targets for personalised cancer treatments (eg, in 
non-small cell lung cancer, colorectal cancer and melanoma). The 
availability of FFPE tumour tissue NGS testing, including testing 
of BRCA1/2 on ovarian tumour tissue, provides an ability to test, 
ascertain and treat additional women with somatic BRCA1/2 
mutations, who would otherwise be missed by the traditional 
germline testing models. Tumour testing has the potential to effi-
ciently capture both germline and somatic mutations, identifying 
all patients who are eligible for PARP inhibitors and those at 
risk of a germline mutation. However, tumour genetic testing for 
BRCA1/2 is not currently funded through the Canadian public 
healthcare system and access is limited to research initiatives, 
clinical trials, or private testing. Expertise in technical and inter-
pretive aspects of NGS testing on DNA from FFPE tissue, which 
is the most obtainable source of tumour tissue in the current 
Canadian pathology context, is also still evolving in Canadian 
laboratories. While many Canadian laboratories already offer 
a variety of NGS-based tests, including germline testing (eg, 
hereditary breast and ovarian cancer panels) and somatic testing 
of FFPE tissues for biomarkers, defining optimal approaches to 

laboratory testing for BRCA1/2 testing in FFPE DNA will be an 
important enabler of the tumour-first approach. In addition, 
there is no national system to provide governance and resources 
to validate a tumour-first assay in all Canadian centres, and no 
guarantee of funding/reimbursement by the provincial Ministries 
of Health once such an assay is validated.

Current genetic counselling models must evolve to match the 
rapid evolution of genetic testing technologies, tissues tested (eg, 
tumour or germline) and developments in personalised medi-
cine. Importantly, when offered genetic testing, most patients 
with ovarian cancer proceed with testing7 36–40 and would 
prefer to receive genetic testing early on in the course of their 
disease.36 41 In a recent prospective analysis of >10 000 individ-
uals referred for BRCA1/2 genetic counselling and testing, over 
85% of patients with ovarian cancer consented to genetic testing 
and the most common reason to decline testing was concern 
about out-of-pocket costs, which is irrelevant in the Canadian 
context.40 The potential therapeutic impact of genetic testing, the 
widespread use and broad scope of NGS panels, and the consis-
tently high acceptance of genetic testing among patients with 
ovarian cancer, makes this population of women uniquely suited 
to consider alternative methods of genetic counselling.

nATIonAL prIorITIes To Improve AssessmenT And 
TesTIng for ALL ovArIAn CAnCers
Several adaptations to the traditional cancer genetics model 
are being considered among cancer genetics clinics in Canada 
and elsewhere. Different models will suit different jurisdictions. 
Current models can be dichotomised to those where genetic 
testing is facilitated by genetics professionals and those where 
genetic testing is facilitated by the oncology team (table 2). 
Examples of the former include pathology-mediated genetics 
referrals, genetic counsellor-mediated referrals and embedding 
genetic counsellors in oncology clinics. Pathology-mediated 
referrals may include reflexive statements or opt-out genetics 
referrals. In British Columbia, genetic testing rates improved 
to 43% following the addition of a reflexive statement on 
the pathology report of all high-grade serous ovarian cancers 

Table 2 Alternative models of genetic counselling and testing for patients with ovarian cancer

model description Impact

Opt-out genetics referral pathway Unless their surgeon specifies otherwise, genetics referrals are 
processed automatically based on a list of newly diagnosed patients 
with ovarian cancer generated from the electronic health record.

Increases referral rates
Decreases time from diagnosis to referral
May result in overall increased wait-times

Genetics-mediated referrals Genetic counsellors identify eligible patients and recommend genetics 
referrals.
Can be done by attendance at oncology meetings or chart review.

Increases referral rates
Requires added genetic counselling resources
May result in overall increased wait-times

Embedding genetic counsellors into oncology 
clinics

Genetic counsellors are present in oncology clinics to identify eligible 
patients and coordinate genetic counselling during oncology visits.

Increases referral rates
Coordinated counselling may reduce wait-times
Requires added genetic counselling resources

Mainstreaming Genetic testing ordered by the oncology team with support from 
clinical genetics.

Increases genetic testing rates
Decreases wait-times
Absence of extensive pre-test counselling

DNA-Direct Genetic testing ordered remotely following genetics referral using an 
information sheet, pre-test video and blood collection kit.

May increase genetic testing rates
Decreases wait-times
Absence of extensive pre-test counselling

DNA BONus Genetic testing ordered by the oncology team using a pre-test 
information sheet.

May increase genetic testing rates
Decreases wait-times
Absence of pre-test counselling

Reflexive tumour testing Genetic testing is ordered reflexively on ovarian tumour tissue. Rapid access to genetic information for treatment
Minimise number of germline tests required
Absence of pre-test counselling
Concerns about patient consent
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recommending a genetics referral.42 Similar processes have been 
adopted by other Canadian centres. One Ontario centre has 
adopted an opt-out genetics referral pathway, where a woman is 
identified through a hospital’s electronic health record system as 
a patient who is newly diagnosed with a non-mucinous epithelial 
ovarian cancer by a pathology report. The genetics clinic receives 
a monthly list of such patients, and unless instructed otherwise 
by the patient’s surgeon within 2 months of surgery, a referral 
for genetic counselling/testing is automatically processed. This 
model resulted in significant improvements in genetics referral 
rates, with 77% of patients with serous ovarian cancer referred 
in the first year of implementation.25 In some centres, genetic 
counsellors help to increase genetic referral rates for patients 
with ovarian cancer. For example, Eichmeyer et al reported that 
a weekly review of all new oncology patients by a genetic coun-
sellor improved cancer genetics referral rates from 50% to 70% 
overall, from 29% to 91% for patients with ovarian cancer and 
increased genetic counselling volumes by 11%.43 Another study 
reported that genetics referral rates for patients with  ovarian 
cancer improved from 26.7% to 51.7% after a genetic coun-
sellor began attending oncology tumour board meetings.44 This 
process has been adopted in Nova Scotia, whereby a genetic 
counsellor attends gynaecologic oncology tumour board meet-
ings to identify eligible patients with  ovarian cancer. Embedding 
genetic counsellors into gynaecologic oncology clinics is another 
effective way to increase genetics referral rates and improve the 
coordination of patient appointments. In one Australian centre, 
average referral rates improved from 54% to 85%, reaching 97% 
in the second year following implementation, and average coun-
selling time decreased from 120 to 54 min.37 A similar process at 
a large academic centre in the USA improved referral rates from 
21% to 44% and decreased the average time from referral to 
genetic counselling from 2.52 to 1.67 months.45

Many hospitals have implemented alternative models where 
genetic testing is not directly facilitated by genetic counsellors. 
For example, genetic testing may be ordered directly by oncolo-
gists and the oncology team, with support from clinical genetics. 
This model, often referred to as ‘mainstreaming’, was popular-
ised by the Mainstreaming Cancer Genetics Programme in the 
UK.38 In the UK, implementation of the mainstreaming model 
resulted in a 100% genetic testing rate for women with non-mu-
cinous ovarian cancer, with high patient and clinician satisfac-
tion and reduced patient wait-times.38 In the Netherlands, all 
patients with breast cancer referred for genetic testing were 
given the option of counselling using a traditional or ‘DNA-Di-
rect’ model, where patients were mailed an informational letter, 
a website link to a pre-test video and a blood collection kit.46 47 
The majority of patients (59%) chose the DNA-Direct model, 
of whom 100% completed genetic testing and 89% stated they 
would choose the DNA-Direct model again.46 A similar ‘DNA 
BONus’ model in Norway offered genetic testing to all newly 
diagnosed patients with breast and ovarian cancer using an infor-
mation sheet in lieu of pre-test genetic counselling, with 68% of 
patients with  ovarian cancer accepting genetic testing.39 Varia-
tions of these mainstreamed genetic testing models have been 
adopted by hospitals in several Canadian provinces and studies 
are ongoing to evaluate the effectiveness and acceptability of this 
process in Canada.

Despite their benefits, current modifications to the tradi-
tional germline genetic testing model continue to present 
potential barriers, especially to women living in areas distant 
from academic centres. Clinical genetic services are often affil-
iated with urban, academic centres. Telephone and telemed-
icine genetic counselling alternatives are available; however, 

<10% of genetic counsellors routinely provide these services.48 
Geographical access is a particular concern in Canada as 
14%–53% of Canadians live in rural areas.49 Alternative models, 
which increase genetic testing access without also increasing the 
systemic burden associated with in-person appointments, are 
particularly useful, especially in rural catchments.

There may be no ‘one-size-fits-all’ solution to improve current 
germline genetic testing protocols. Various medical centres 
have different levels of human and financial resources available 
to support the implementation and validation of new genetic 
testing and/or referral practices. An American study demon-
strated that even a multipronged approach, which included 
embedding a genetic counsellor into oncology clinics, genetics 
review of medical records to identify eligible patients and oncol-
ogist-ordered genetic testing, did not result in 100% genetic 
testing rates for patients with ovarian cancer.50 A possible solu-
tion, as an adjunct or in replacement to the current models, is 
the implementation of reflexive tumour testing of all non-muci-
nous epithelial ovarian cancers as a strategy to eliminate poten-
tial physician, patient, geographic and system barriers.16 26 51 
Tumour testing in ovarian cancers could serve as a molecular 
screening test to identify patients who 1) may benefit from PARP 
inhibitors and 2) require genetic counselling and/or germline 
genetic testing. Since a minority of ovarian cancers are related 
to BRCA1/2 mutations (15%–20% germline; 5% somatic) and 
tumour testing has the ability to identify both germline and 
somatic mutations, a ‘tumour first’ strategy would significantly 
reduce the number of unnecessary genetics referrals, simplify 
counselling and increase the efficiency of genetics clinics.

Irrespective of the advantages of tumour-first genetic testing, 
there remain concerns of how informed patient consent is 
obtained and if widespread genetic testing could result in 
negative psychosocial impacts that were previously alleviated 
by in-depth pre-test counselling and comprehensive informed 
consent. Concerns about genetic discrimination have also been 
cited as barriers for clinician referral52 and patient uptake of 
germline testing for hereditary cancer.53 As of May 2017, the 
Canadian Genetic Non-Discrimination Act (GNA) prohibits indi-
viduals from being required to undergo a genetic test or disclose 
genetic test results in order to 1) access goods or services, and 
2) enter into or continue a contract or agreement.54 Unlike its 
American counterpart, the Genetic Information Non-Discrim-
ination Act of 2008, GNA does not provide protection from 
discrimination based on one’s family medical history.54 55 Addi-
tional patient barriers to uptake of germline testing may exist, 
including concern about stigmatisation, negative psychological 
reaction and concerns related to reactions of family members. 
In considering a reflexive tumour-first genetic testing strategy, 
it is critical to recognise that tumour results contain both germ-
line and somatic mutations. Identifying a hereditary cancer gene 
mutation in an individual’s tumour tissue does not necessarily 
diagnose that individual with a hereditary cancer syndrome, 
nor does it make their family members eligible for predictive 
genetic testing. Thus, thorough genetic counselling would still 
be provided to patients and their families after positive tumour 
testing, yet prior to germline testing, to minimise the potential 
for misunderstanding and negative impacts, and promote an 
informed patient choice. Regardless of a patient’s personal deci-
sion to proceed with germline genetic testing, treatment deci-
sions can be made based on tumour test results alone.

Overall, the national priorities to improve assessment and 
treatment of women with epithelial ovarian cancer in Canada, as 
defined during prior meetings of the BRCA TtoT Community of 
Practice, are as follows:
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1. Genetic testing should be routinely performed in all women 
with non-mucinous epithelial ovarian cancer. The time from 
cancer diagnosis to genetic testing results should be mon-
itored and Canadian benchmarks should be established to 
define clinically appropriate wait-times.

2. A reflex, tumour-first testing model is preferred, due to its 
ability to detect both somatic and germline BRCA1/2 cases, 
and to ensure thorough access to all patients without de-
pendence on a referral system. Definition of laboratory best 
practices for tumour-first testing would be an important en-
abler of this approach.

3. In anticipation of a reflex tumour-based genetic testing 
programme, a pan-Canadian strategy should be developed 
to facilitate implementation of a tumour-based process for 
BRCA1/2 testing.

4. Recognising the overall clinical, pathology and laboratory 
expertise required, Canadian centres of excellence should be 
established to enable more rapid access to tumour testing and 
development/dissemination of best practices.

5. Alternative strategies for germline genetic testing and genetic 
counselling are required to address barriers, recognising that 
a one-size-fits-all strategy may not be feasible for all clinics 
and patients.

6. Cascade germline genetic testing should be encouraged in 
relatives of mutation carriers, such that at-risk women can 
make an informed decision regarding risk reduction strate-
gies (ie, prophylactic bilateral salpingo-oophorectomy).

7. Educational strategies should be developed to increase on-
cologist awareness and understanding of genetic testing op-
tions. Oncologists should be comfortable with facilitating 
testing of their patients and managing their care according to 
the genetic test results.

8. Development and implementation of changes should in-
volve the continued evaluation of sustainability, acceptability 
among patients and clinicians, and the cost-effectiveness of 
this strategy in a publicly-funded healthcare system.

9. Initiate dialogue with laboratory funders (cancer agencies, 
provincial ministries of health) to facilitate new funding 
models for genetic testing in the context of incident cases of 
breast and ovarian cancer.

ConCLusIons
The landscape of genetic testing for patients with ovarian 
cancer has changed dramatically since the discovery of the 
BRCA1/2 genes. Where previous guidelines stressed the impor-
tance of reserving genetics referrals for patients with ovarian 
cancer who had a relevant family history, it is now widely 
accepted that all women with non-mucinous epithelial ovarian 
cancer should be referred for genetic testing, irrespective 
of other factors. Where previously the cost of genetic testing 
required strict criteria to limit the number of tests and genes 
analysed, now relatively inexpensive multigene panels are widely 
available. Where the benefit of genetic testing stressed the 
notion of cancer prevention, now results have a direct impact on 
cancer treatment. Where patients and clinicians may have had 
concerns about insurability, now Canadian laws exist to protect 
against the inappropriate use of genetic information. In 2018, 
despite increased awareness and technological advances, many 
patients with ovarian cancer still do not have timely access to 
genetic information. Collaborations between oncology, genetics 
and others have facilitated the development of alternative 
models of genetic testing, including an opt-out genetics referral 
pathway, genetic counsellors embedded in oncology clinics 

and oncologist-directed genetic testing. These modifications to 
traditional genetic counselling models create opportunities for 
timely genetic testing in patients with ovarian cancer; however, 
potential barriers to genetic testing remain. The BRCA TtoT 
national Community of Practice supports the development of a 
reflexive tumour testing model to provide rapid treatment-based 
information, overcome existing barriers, improve efficiencies of 
traditional genetic service delivery and allow for timely genetic 
counselling and testing of patients with ovarian cancer and their 
at-risk family members.

Author affiliations
1Familial Breast & Ovarian Cancer Clinic, Princess Margaret Hospital Cancer Centre, 
Toronto, Ontario, Canada
2Department of Molecular Genetics, University of Toronto, Toronto, Ontario, Canada
3Division of Clinical Laboratory Genetics and Laboratory Medicine Program, 
University Health Network, Toronto, Ontario, Canada
4Department of Laboratory Medicine and Pathobiology, University of Toronto, 
Toronto, Ontario, Canada
5Department of Pathology, University Health Network, Toronto, Ontario, Canada
6Department of Obstetrics and Gynecology, The Ottawa Hospital, Ottawa, Ontario, 
Canada
7Department of Gynecologic Oncology, University of Manitoba, CancerCare 
Manitoba, winnipeg, Manitoba, Canada
8Department of Obstetrics and Gynecology, Nova Scotia Health Authority, Halifix, 
Nova Scotia, Canada
9Department of Gynecologic Oncology, Princess Margaret Hospital Cancer Centre, 
Toronto, Ontario, Canada
10Department of Obstetrics and Gynecology, Université de Montreal, Montreal, 
Quebec, Canada
11Department of Gynecologic Oncology, Juravinski Cancer Centre, Hamilton, Ontario, 
Canada
12Department of Gynecologic Oncology, Nova Scotia Health Authority, Halifax, Nova 
Scotia, Canada
13Provincial Medical Genetics Program, eastern Health, St John’s, Newfoundland and 
Labrador, Canada
14Department of Genetics, North York General Hospital, Toronto, Ontario, Canada
15Medical Genetics Program of Southwestern Ontario, London Health Sciences 
Centre, London, Ontario, Canada
16Department of Medical Genetics, Alberta Children’s Hospital, Calgary, Alberta, 
Canada
17Hereditary Cancer Program, British Columbia Cancer Agency, vancouver, British 
Columbia, Canada
18Department of Genetics and Metabolism, winnipeg Regional Health Authority, 
winnipeg, Manitoba, Canada
19Department of Genetics, Children’s Hospital of eastern Ontario, Ottawa, Ontario, 
Canada
20Department of Medical Genetics, CiUSSS west-Central Montreal Jewish General 
Hospital, Montreal, Canada
21Department of Pathology and Laboratory Medicine, University of British Columbia, 
vancouver, British Columbia, Canada
22Department of Gynecologic Oncology, Jewish General Hospital, Montreal, Quebec, 
Canada
23Department of Gynecologic Oncology, British Columbia Cancer Agency, vancouver, 
British Columbia, Canada
24Familial Breast & Ovarian Cancer Clinic, Division of Medical Oncology and 
Hematology, Princess Margaret Cancer Centre, Toronto, Ontario, Canada
25Department of Medicine, University of Toronto, Toronto, Ontario, Canada

Acknowledgements The authors would like to thank the dedication and 
remarkable support received from Hélène Soublière and Carine Trazo, Society of 
Gynecologic Oncology of Canada (GOC) national coordinators, without whom the 
BRCA TtoT meetings would not have been possible. BRCA TtoT meetings were 
initiated by the GOC and supported by an unrestricted grant from AstraZeneca. 

Collaborators  Kimberly Dornan MSc CCGC, Maria Farag MSc CCGC, Prafull 
Ghatage MD, Kelly Grover, Andrea Hawrysh MSc (C)CGC, Jacob McGee MD, Karen 
Schindeler MSc CGC, Marsha Speevak PhD, Andrea vaags PhD, Anthony vandersteen 
PhD BM. BRCATtoT Community of Practice Members: Alon Altman MD, Kelly-
Ann Baines MD, James Bentley MBChB, Marcus Bernardini MD, Béatrice Cormier 
MD, Lesa Dawson MD, Michael Fung-Kee-Fung MBBS MBA, Prafull Ghatage MD, 
Christopher Giede MD, walter Gotlieb MD PhD, Paul Hoskins MB BChir MA, Hal 
Hirte MD, Katharina Kieser MD, Raymond Kim MD/PhD, will Foulkes MBBS PhD, 
Korine Lapointe-Milot MD, Susie Lau MD, Jacob McGee MD, Dianne Miller MD, Patti 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2018-105472 on 24 July 2018. D
ow

nloaded from
 

http://jmg.bmj.com/


576 McCuaig JM, et al. J Med Genet 2018;55:571–577. doi:10.1136/jmedgenet-2018-105472

Cancer genetics

Power MD, Diane Provencher MD, Shannon Salvador MD, vanessa Samouëlian MD, 
Katia Tonkin MD, Ziggy Zeng MD. Canadian College of Medical Geneticists (CCMG): 
Daria Grafodatskaya PhD, Suzanne Kamel-Reid PhD, Raymond Kim MD/PhD, Jean 
McGowan-Jordan PhD, wendy Meschino MD, Lynette Penney MD, Martin Somerville 
PhD, Tracy Stockley PhD, eva Tomiak MD, Sean Young PhD. Canadian Association 
of Genetic Counsellors (CAGC): Laurence Baret MSc(C)CGC, Kimberly Dornan 
MSc CCGC, Andrée MacMillan MS (C)CGC, Jeanna McCuaig MSc(C)CGC, Karen 
Panabaker MSc (C)CGC, Kim Serfas MSc CCGC, Nora wong MS CCGC. Canadian 
Association of Pathologists (CAP): Bojana Djordjevic MD, Patricia Shaw MD. Ovarian 
Cancer Canada: elisabeth Baugh MHSc, Kelly Grover. Additional Stakeholders: 
George Chong PhD, Janet Giroux, Joanne Kotsopoulos PhD, Bryan Lo MD/PhD, 
Kelly Metcalfe PhD, Renée Perrier MD, Joanne Power RN MScN, Bekim Sadikovic 
PhD, Kasmintan A Schrader MBBS PhD, Sophie Sun MD, Heidi Thomas BScN. CCMG 
Cancer Genetics working Group Members: Bernie Chodirker MD, Jane Green PhD, 
Daria Grafodatskaya PhD, elizabeth McCready PhD, Jean McGowan-Jordan PhD, 
wendy Meschino MD, Lynette Penney MD, Raymond Kim MD/PhD, Amanda Smith 
PhD, Martin Somerville PhD, Marsha Speevak PhD, Tracy Stockley PhD, eva Tomiak 
MD, Andrea vaags PhD, Anthony vandersteen PhD BM, Sean Young PhD.

Contributors JMM, TLS, PS, MF-K-F, wHG, PH and RHK planned the manuscript. 
JMM, TLS and RHK drafted the manuscript. All authors reviewed and provided 
substantial edits to the initial draft. RHK submitted the manuscript for publication.

funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors. 

disclaimer The views expressed in this article are the expressed views of the 
authors and not the official position of an individual organisation, institution or 
funder. This document was reviewed by the Society of Gynecologic Oncology of 
Canada executive, the Clinical Practice and Laboratory Practice committees of the 
Canadian College of Medical Geneticists, the Canadian Association of Genetic 
Counsellors Board of Directors, the Canadian Association of Pathologists Board of 
Directors and the Ovarian Cancer Canada executive. 

Competing interests ADA, JB, wHG, KK, TLS, Nw and JMM report grants from 
AstraZeneca. ADA and JB report grants from Pfizer. ADA reports grants from Pfizer, 
Array Biopharmaceutical and the Canadian partnership against cancer. ADA, JB, 
MQB, wHG, HH, wSM, RP, TLS, SSY and JMM report personal fees from AstraZeneca. 
JB and HH report personal fees from Roche. ADA reports personal fees from Sanofi. 

patient consent Not required.

provenance and peer review Not commissioned; externally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

referenCes
 1 Canadian Cancer Society. Canadian cancer society’s advisory committee on cancer 

statistics, canadian cancer statistics. Toronto, ON: Canadian Cancer Society, 2017.
 2 Alsop K, Fereday S, Meldrum C, deFazio A, emmanuel C, George J, Dobrovic A, Birrer 

MJ, webb PM, Stewart C, Friedlander M, Fox S, Bowtell D, Mitchell G. BRCA mutation 
frequency and patterns of treatment response in BRCA mutation-positive women with 
ovarian cancer: a report from the Australian Ovarian Cancer Study Group. J Clin Oncol 
2012;30:2654–63.

 3 Zhang S, Royer R, Li S, McLaughlin JR, Rosen B, Risch HA, Fan i, Bradley L, Shaw PA, 
Narod SA. Frequencies of BRCA1 and BRCA2 mutations among 1,342 unselected 
patients with invasive ovarian cancer. Gynecol Oncol 2011;121:353–7.

 4 walsh T, Casadei S, Lee MK, Pennil CC, Nord AS, Thornton AM, Roeb w, Agnew KJ, 
Stray SM, wickramanayake A, Norquist B, Pennington KP, Garcia RL, King MC, Swisher 
eM. Mutations in 12 genes for inherited ovarian, fallopian tube, and peritoneal 
carcinoma identified by massively parallel sequencing. Proc Natl Acad Sci U S A 
2011;108:18032–7.

 5 eoh KJ, Kim Je, Park HS, Lee ST, Park JS, Han Jw, Lee JY, Kim S, Kim Sw, Kim JH, Kim 
YT, Nam eJ. Detection of germline mutations in patients with epithelial ovarian cancer 
using multi-gene panels: beyond BRCA1/2. Cancer Res Treat 2017.

 6 Schrader KA, Hurlburt J, Kalloger Se, Hansford S, Young S, Huntsman DG, Gilks CB, 
McAlpine JN. Germline BRCA1 and BRCA2 mutations in ovarian cancer: utility of a 
histology-based referral strategy. Obstet Gynecol 2012;120(2 Pt 1):235–40.

 7 Demsky R, McCuaig J, Maganti M, Murphy KJ, Rosen B, Armel SR. Keeping it 
simple: genetics referrals for all invasive serous ovarian cancers. Gynecol Oncol 
2013;130:329–33.

 8 Harter P, Hauke J, Heitz F, Reuss A, Kommoss S, Marmé F, Heimbach A, Prieske K, 
Richters L, Burges A, Neidhardt G, de Gregorio N, el-Balat A, Hilpert F, Meier w, 
Kimmig R, Kast K, Sehouli J, Baumann K, Jackisch C, Park-Simon Tw, Hanker L, Kröber 

S, Pfisterer J, Gevensleben H, Schnelzer A, Dietrich D, Neunhöffer T, Krockenberger 
M, Brucker SY, Nürnberg P, Thiele H, Altmüller J, Lamla J, elser G, du Bois A, 
Hahnen e, Schmutzler R. Prevalence of deleterious germline variants in risk genes 
including BRCA1/2 in consecutive ovarian cancer patients (AGO-TR-1). PLoS One 
2017;12:e0186043.

 9 Norquist BM, Harrell Mi, Brady MF, walsh T, Lee MK, Gulsuner S, Bernards SS, Casadei 
S, Yi Q, Burger RA, Chan JK, Davidson SA, Mannel RS, DiSilvestro PA, Lankes HA, 
Ramirez NC, King MC, Swisher eM, Birrer MJ. inherited mutations in women with 
ovarian carcinoma. JAMA Oncol 2016;2:482–90.

 10 Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij TM, Roos-Blom MJ, Jervis 
S, van Leeuwen Fe, Milne RL, Andrieu N, Goldgar De, Terry MB, Rookus MA, easton 
DF, Antoniou AC, McGuffog L, evans DG, Barrowdale D, Frost D, Adlard J, Ong KR, izatt 
L, Tischkowitz M, eeles R, Davidson R, Hodgson S, ellis S, Nogues C, Lasset C, Stoppa-
Lyonnet D, Fricker JP, Faivre L, Berthet P, Hooning MJ, van der Kolk Le, Kets CM, 
Adank MA, John eM, Chung wK, Andrulis iL, Southey M, Daly MB, Buys SS, Osorio 
A, engel C, Kast K, Schmutzler RK, Caldes T, Jakubowska A, Simard J, Friedlander 
ML, McLachlan SA, Machackova e, Foretova L, Tan YY, Singer CF, Olah e, Gerdes AM, 
Arver B, Olsson H. BRCA1 and BRCA2 Cohort Consortium. Risks of breast, ovarian, 
and contralateral breast cancer for BRCA1 and BRCA2 Mutation Carriers. JAMA 
2017;317:2402–16.

 11 Tung N, Domchek SM, Stadler Z, Nathanson KL, Couch F, Garber Je, Offit K, Robson 
Me. Counselling framework for moderate-penetrance cancer-susceptibility mutations. 
Nat Rev Clin Oncol 2016;13:581–8.

 12 Helder-woolderink JM, Blok eA, vasen HF, Hollema H, Mourits MJ, De Bock GH. 
Ovarian cancer in Lynch syndrome; a systematic review. Eur J Cancer 2016;55:65–73.

 13 Finch AP, Lubinski J, Møller P, Singer CF, Karlan B, Senter L, Rosen B, Maehle L, 
Ghadirian P, Cybulski C, Huzarski T, eisen A, Foulkes wD, Kim-Sing C, Ainsworth P, 
Tung N, Lynch HT, Neuhausen S, Metcalfe KA, Thompson i, Murphy J, Sun P, Narod SA. 
impact of oophorectomy on cancer incidence and mortality in women with a BRCA1 
or BRCA2 mutation. J Clin Oncol 2014;32:1547–53.

 14 Cancer Genome Atlas Research Network. integrated genomic analyses of ovarian 
carcinoma. Nature 2011;474:609–15.

 15 Government of Canada. Qualifying Notice for Lynparza. 2016 https://www. canada. ca/ 
en/ health- canada/ services/ drugs- health- products/ drug- products/ notice- compliance/ 
conditions/ lynparza- notice- compliance- conditions- qualifying- notice. html

 16 Jain R, Savage MJ, Forman AD, Mukherji R, Hall MJ. The relevance of hereditary cancer 
risks to precision oncology: what should providers consider when conducting tumor 
genomic profiling? J Natl Compr Canc Netw 2016;14:795–806.

 17 National Comprehensive Cancer Network. Clinical practice guidelines in oncology. 
genetic/familial high risk assessment: breast and ovarian version 1.2018. Fort 
washington, PA: National Comprehensive Cancer Network, 2017.

 18 Pujade-Lauraine e, Ledermann JA, Selle F, Gebski v, Penson RT, Oza AM, Korach J, 
Huzarski T, Poveda A, Pignata S, Friedlander M, Colombo N, Harter P, Fujiwara K, 
Ray-Coquard i, Banerjee S, Liu J, Lowe eS, Bloomfield R, Pautier P. SOLO2/eNGOT-
Ov21 investigators. Olaparib tablets as maintenance therapy in patients with 
platinum-sensitive, relapsed ovarian cancer and a BRCA1/2 mutation (SOLO2/eNGOT-
Ov21): a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncol 
2017;18:1274–84.

 19 Mirza MR, Monk BJ, Herrstedt J, Oza AM, Mahner S, Redondo A, Fabbro M, 
Ledermann JA, Lorusso D, vergote i, Ben-Baruch Ne, Marth C, Mądry R, 
Christensen RD, Berek JS, Dørum A, Tinker Av, du Bois A, González-Martín 
A, Follana P, Benigno B, Rosenberg P, Gilbert L, Rimel BJ, Buscema J, Balser 
JP, Agarwal S, Matulonis UA. eNGOT-Ov16/NOvA investigators. Niraparib 
maintenance therapy in platinum-sensitive, recurrent ovarian cancer. N Engl J Med 
2016;375:2154–64.

 20 Oza AM, Tinker Av, Oaknin A, Shapira-Frommer R, McNeish iA, Swisher eM, Ray-
Coquard i, Bell-McGuinn K, Coleman RL, O’Malley DM, Leary A, Chen LM, Provencher 
D, Ma L, Brenton JD, Konecny Ge, Castro CM, Giordano H, Maloney L, Goble S, Lin 
KK, Sun J, Raponi M, Rolfe L, Kristeleit RS. Antitumor activity and safety of the PARP 
inhibitor rucaparib in patients with high-grade ovarian carcinoma and a germline or 
somatic BRCA1 or BRCA2 mutation: integrated analysis of data from Study 10 and 
ARieL2. Gynecol Oncol 2017;147:267–75.

 21 Randall LM, Pothuri B, Swisher eM, Diaz JP, Buchanan A, witkop CT, Bethan Powell 
C, Smith eB, Robson Me, Boyd J, Coleman RL, Lu K. Multi-disciplinary summit on 
genetics services for women with gynecologic cancers: a society of gynecologic 
oncology white paper. Gynecol Oncol 2017;146:217–24.

 22 Lancaster JM, Powell CB, Chen LM, Richardson DL. SGO Clinical Practice Committee. 
Society of Gynecologic Oncology statement on risk assessment for inherited 
gynecologic cancer predispositions. Gynecol Oncol 2015;136:3–7.

 23 Childers CP, Childers KK, Maggard-Gibbons M, Macinko J. National estimates of 
genetic testing in women with a history of breast or ovarian cancer. J Clin Oncol 
2017;35:3800–6.

 24 Metcalfe KA, Fan i, McLaughlin J, Risch HA, Rosen B, Murphy J, Bradley L, Armel S, 
Sun P, Narod SA. Uptake of clinical genetic testing for ovarian cancer in Ontario: a 
population-based study. Gynecol Oncol 2009;112:68–72.

 25 McGee J, Panabaker K, Leonard S, Ainsworth P, elit L, Shariff SZ. Genetics consultation 
rates following a diagnosis of high-grade serous ovarian carcinoma in the canadian 
province of ontario. Int J Gynecol Cancer 2017;27:437–43.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2018-105472 on 24 July 2018. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1200/JCO.2011.39.8545
http://dx.doi.org/10.1016/j.ygyno.2011.01.020
http://dx.doi.org/10.1073/pnas.1115052108
http://dx.doi.org/10.4143/crt.2017.220
http://dx.doi.org/10.1097/AOG.0b013e31825f3576
http://dx.doi.org/10.1016/j.ygyno.2013.05.003
http://dx.doi.org/10.1371/journal.pone.0186043
http://dx.doi.org/10.1001/jamaoncol.2015.5495
http://dx.doi.org/10.1001/jama.2017.7112
http://dx.doi.org/10.1038/nrclinonc.2016.90
http://dx.doi.org/10.1016/j.ejca.2015.12.005
http://dx.doi.org/10.1200/JCO.2013.53.2820
http://dx.doi.org/10.1038/nature10166
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/notice-compliance/conditions/lynparza-notice-compliance-conditions-qualifying-notice.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/notice-compliance/conditions/lynparza-notice-compliance-conditions-qualifying-notice.html
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/notice-compliance/conditions/lynparza-notice-compliance-conditions-qualifying-notice.html
http://dx.doi.org/10.6004/jnccn.2016.0080
http://dx.doi.org/10.1016/S1470-2045(17)30469-2
http://dx.doi.org/10.1056/NEJMoa1611310
http://dx.doi.org/10.1016/j.ygyno.2017.08.022
http://dx.doi.org/10.1016/j.ygyno.2017.06.002
http://dx.doi.org/10.1016/j.ygyno.2014.09.009
http://dx.doi.org/10.1200/JCO.2017.73.6314
http://dx.doi.org/10.1016/j.ygyno.2008.10.007
http://dx.doi.org/10.1097/IGC.0000000000000907
http://jmg.bmj.com/


577McCuaig JM, et al. J Med Genet 2018;55:571–577. doi:10.1136/jmedgenet-2018-105472

Cancer genetics

 26 Hoskins PJ, Gotlieb wH. Missed therapeutic and prevention opportunities in women 
with BRCA-mutated epithelial ovarian cancer and their families due to low referral 
rates for genetic counseling and BRCA testing: A review of the literature. CA Cancer J 
Clin 2017;67:493–506.

 27 Miki Y, Swensen J, Shattuck-eidens D, Futreal PA, Harshman K, Tavtigian S, Liu Q, 
Cochran C, Bennett LM, Ding w. A strong candidate for the breast and ovarian cancer 
susceptibility gene BRCA1. Science 1994;266:66–71.

 28 wooster R, Bignell G, Lancaster J, Swift S, Seal S, Mangion J, Collins N, Gregory S, 
Gumbs C, Micklem G. identification of the breast cancer susceptibility gene BRCA2. 
Nature 1995;378:789–92.

 29 Court US. Association for Molecular Pathology vs Myriad Genetics. In: Court USS, 
editor. 133 S. Ct. 2107, 2013.

 30 Hooker Gw, Clemens KR, Quillin J, vogel Postula KJ, Summerour P, Nagy R, Buchanan 
AH. Cancer genetic counseling and testing in an era of rapid change. J Genet Couns 
2017;26:1244–53.

 31 Marcus RK, Geurts JL, Grzybowski JA, Turaga KK, Clark Gamblin T, Strong KA, 
Johnston FM. Challenges to clinical utilization of hereditary cancer gene panel testing: 
perspectives from the front lines. Fam Cancer 2015;14:641–9.

 32 Fecteau H, vogel KJ, Hanson K, Morrill-Cornelius S. The evolution of cancer risk 
assessment in the era of next generation sequencing. J Genet Couns 2014;23:633–9.

 33 LaDuca H, Stuenkel AJ, Dolinsky JS, Keiles S, Tandy S, Pesaran T, Chen e, Gau CL, 
Palmaer e, Shoaepour K, Shah D, Speare v, Gandomi S, Chao e. Utilization of 
multigene panels in hereditary cancer predisposition testing: analysis of more than 
2,000 patients. Genet Med 2014;16:830–7.

 34 Berliner JL, Fay AM, Cummings SA, Burnett B, Tillmanns T. NSGC practice guideline: 
risk assessment and genetic counseling for hereditary breast and ovarian cancer. J 
Genet Couns 2013;22:155–63.

 35 United States Food and Drug Administration. FDA approves olaparib for germline 
BRCA-mutated metastatic breast cancer, 2018. https://www. fda. gov/ Drugs/ 
informationOnDrugs/ ApprovedDrugs/ ucm592357. htm

 36 Fox e, McCuaig J, Demsky R, Shuman C, Chitayat D, Maganti M, Murphy J, Rosen B, 
Ferguson S, Randall Armel S. The sooner the better: Genetic testing following ovarian 
cancer diagnosis. Gynecol Oncol 2015;137:423–9.

 37 Kentwell M, Dow e, Antill Y, wrede CD, McNally O, Higgs e, Hamilton A, Ananda S, 
Lindeman GJ, Scott CL. Mainstreaming cancer genetics: a model integrating germline 
BRCA testing into routine ovarian cancer clinics. Gynecol Oncol 2017;145:130–6.

 38 George A, Riddell D, Seal S, Talukdar S, Mahamdallie S, Ruark e, Cloke v, Slade i, Kemp 
Z, Gore M, Strydom A, Banerjee S, Hanson H, Rahman N. implementing rapid, robust, 
cost-effective, patient-centred, routine genetic testing in ovarian cancer patients. Sci 
Rep 2016;6:29506.

 39 Høberg-vetti H, Bjorvatn C, Fiane Be, Aas T, woie K, espelid H, Rusken T, eikesdal 
HP, Listøl w, Haavind MT, Knappskog PM, Haukanes Bi, Steen vM, Hoogerbrugge N. 
BRCA1/2 testing in newly diagnosed breast and ovarian cancer patients without prior 
genetic counselling: the DNA-BONus study. Eur J Hum Genet 2016;24:881–8.

 40 Hayden S, Mange S, Duquette D, Petrucelli N, Raymond vM. BRCA Clinical Network 
Partners. Large, prospective analysis of the reasons patients do not pursue brca 
genetic testing following genetic counseling. J Genet Couns 2017;26:859–65.

 41 Gleeson M, Meiser B, Barlow-Stewart K, Trainer AH, Tucker K, watts KJ, Friedlander 
M, Kasparian N. Communication and information needs of women diagnosed with 
ovarian cancer regarding treatment-focused genetic testing. Oncol Nurs Forum 
2013;40:275–83.

 42 Hanley Ge, McAlpine JN, Miller D, Huntsman D, Schrader KA, Blake Gilks C, Mitchell 
G. A population-based analysis of germline BRCA1 and BRCA2 testing among 
ovarian cancer patients in an era of histotype-specific approaches to ovarian cancer 
prevention. BMC Cancer 2018;18:254.

 43 eichmeyer JN, Burnham C, Sproat P, Tivis R, Beck TM. The value of a genetic counselor: 
improving identification of cancer genetic counseling patients with chart review. J 
Genet Couns 2014;23:323–9.

 44 Cohen PA, Nichols CB, Schofield L, van Der werf S, Pachter N. impact of Clinical 
Genetics Attendance at a Gynecologic Oncology Tumor Board on Referrals for Genetic 
Counseling and BRCA Mutation Testing. Int J Gynecol Cancer 2016;26:892–7.

 45 Senter L, O’Malley DM, Backes FJ, Copeland LJ, Fowler JM, Salani R, Cohn De. Genetic 
consultation embedded in a gynecologic oncology clinic improves compliance with 
guideline-based care. Gynecol Oncol 2017;147:110–4.

 46 Sie AS, van Zelst-Stams wA, Spruijt L, Mensenkamp AR, Ligtenberg MJ, Brunner 
HG, Prins JB, Hoogerbrugge N. More breast cancer patients prefer BRCA-
mutation testing without prior face-to-face genetic counseling. Fam Cancer 
2014;13:143–51.

 47 Sie AS, Spruijt L, van Zelst-Stams wA, Mensenkamp AR, Ligtenberg MJ, Brunner HG, 
Prins JB, Hoogerbrugge N. DNA-testing for BRCA1/2 prior to genetic counselling 
in patients with breast cancer: design of an intervention study, DNA-direct. BMC 
Womens Health 2012;12:12.

 48 Cohen SA, Marvin ML, Riley BD, vig HS, Rousseau JA, Gustafson SL. identification of 
genetic counseling service delivery models in practice: a report from the NSGC Service 
Delivery Model Task Force. J Genet Couns 2013;22:411–21.

 49 Martel L, Chagnon J. Canada's rural population since 1851: Statistics Canada.
 50 Bednar eM, Oakley HD, Sun CC, Burke CC, Munsell MF, westin SN, Lu KH. A universal 

genetic testing initiative for patients with high-grade, non-mucinous epithelial ovarian 
cancer and the implications for cancer treatment. Gynecol Oncol 2017;146:399–404.

 51 Raymond vM, Gray Sw, Roychowdhury S, Joffe S, Chinnaiyan AM, Parsons Dw, Plon 
Se. Clinical Sequencing exploratory Research Consortium Tumor working Group. 
Germline findings in tumor-only sequencing: points to consider for clinicians and 
laboratories. J Natl Cancer Inst 2016;108:djv351.

 52 Lowstuter KJ, Sand S, Blazer KR, MacDonald DJ, Banks KC, Lee CA, Schwerin BU, 
Juarez M, Uman GC, weitzel JN. influence of genetic discrimination perceptions 
and knowledge on cancer genetics referral practice among clinicians. Genet Med 
2008;10:691–8.

 53 Dalpé G, Ngueng Feze i, Salman S, Joly Y, Hagan J, Lévesque e, Dorval v, Blouin-
Bougie J, Amara N, Dorval M, Simard J. Breast cancer risk estimation and personal 
insurance: a qualitative study presenting perspectives from canadian patients and 
decision makers. Front Genet 2017;8:128.

 54 Canlii. Genetic non-discrimination act, SC 2017, c 3. http:// canlii. ca/ t/ 52xqn
 55 eeOC. The genetic information nondiscrimination act of 2008. https://www. eeoc. gov/ 

laws/ statues/ gina. cfm

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

edgenet-2018-105472 on 24 July 2018. D
ow

nloaded from
 

http://dx.doi.org/10.3322/caac.21408
http://dx.doi.org/10.3322/caac.21408
http://dx.doi.org/10.1126/science.7545954
http://dx.doi.org/10.1038/378789a0
http://dx.doi.org/10.1007/s10897-017-0099-2
http://dx.doi.org/10.1007/s10689-015-9817-9
http://dx.doi.org/10.1007/s10897-014-9714-7
http://dx.doi.org/10.1038/gim.2014.40
http://dx.doi.org/10.1007/s10897-012-9547-1
http://dx.doi.org/10.1007/s10897-012-9547-1
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm592357.htm
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm592357.htm
http://dx.doi.org/10.1016/j.ygyno.2015.03.057
http://dx.doi.org/10.1016/j.ygyno.2017.01.030
http://dx.doi.org/10.1038/srep29506
http://dx.doi.org/10.1038/srep29506
http://dx.doi.org/10.1038/ejhg.2015.196
http://dx.doi.org/10.1007/s10897-016-0064-5
http://dx.doi.org/10.1188/13.ONF.40-03AP
http://dx.doi.org/10.1186/s12885-018-4153-8
http://dx.doi.org/10.1007/s10897-013-9664-5
http://dx.doi.org/10.1007/s10897-013-9664-5
http://dx.doi.org/10.1097/IGC.0000000000000689
http://dx.doi.org/10.1016/j.ygyno.2017.07.141
http://dx.doi.org/10.1007/s10689-013-9686-z
http://dx.doi.org/10.1186/1472-6874-12-12
http://dx.doi.org/10.1186/1472-6874-12-12
http://dx.doi.org/10.1007/s10897-013-9588-0
http://dx.doi.org/10.1016/j.ygyno.2017.05.037
http://dx.doi.org/10.1093/jnci/djv351
http://dx.doi.org/10.1097/GIM.0b013e3181837246
http://dx.doi.org/10.3389/fgene.2017.00128
http://canlii.ca/t/52xqn
https://www.eeoc.gov/laws/statues/gina.cfm
https://www.eeoc.gov/laws/statues/gina.cfm
http://jmg.bmj.com/

	Evolution of genetic assessment for BRCA-associated gynaecologic malignancies: a Canadian multisociety roadmap
	Abstract
	Introduction and drivers for change in Canada
	Challenges and opportunities in BRCA1/2 assessment in Canada
	National priorities to improve assessment and testing for all ovarian cancers
	Conclusions
	References


