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Genetic testing to identify germline pathogenic variants plays an important role in the
care of patients with cancer. The results of such a genetic test can guide treatment
options and can inform patients of potentially increased risks of developing a second
cancer. Furthermore, in case a germline pathogenic variant in a cancer susceptibility gene
is identified, family members are also eligible for germline genetic testing to determine
if they too are at increased risk of developing cancer for which surveillance and other
preventive options may be available. In addition, the identification of a pathogenic variant
in a cancer susceptibility gene may affect choices and planning regarding reproduction.

Germline genetic testing in breast and ovarian cancer

Several genes have been identified as predisposing to breast and/or ovarian cancer,
including both moderate and high-risk genes (1, 2). Germline pathogenic variants in the
BRCAI and BRCA2 genes are the most common hereditary causes of both breast and
ovarian cancer and are considered high-risk genes. Pathogenic variants in the genes
RAD51C, RAD51D and PALB?2 are also associated with both breast and ovarian cancer (2).
These genes are considered moderate-risk genes for both cancer types, while PALB2 has a
high risk of breast cancer (2, 3). Pathogenic variants in the genes ATM, BARD1 and CHEK2 are
only associated with an increased risk of breast cancer and are all considered moderate-
risk genes (2). All of these genes are included in gene panels in the Netherlands and are
tested when patients are eligible for genetic testing. In addition, there are other genes
that are also associated with breast or ovarian cancer but are not tested regularly because
pathogenic variants in these genes are more rare, such as TP53, CDH1 and the Mismatch
Repair (MMR) - genes (3, 4). This thesis focuses on the genes that are included in standard
gene panels and specifically addresses the implications of identifying a pathogenic
variant in a BRCAI or BRCA2 gene. Pathogenic variants in these genes are associated with
the highest risks of breast and ovarian cancer.

Depending on the size of the gene panel, a pathogenic variant in one of the breast cancer
susceptibility genes can be found in 5 - 14% of unselected patients with breast cancer
(1, 5-7). Overall, approximately in 2% of unselected breast cancer patients a pathogenic
variant in a BRCA1 or BRCA2 gene can be found (1, 5, 6, 8). The probability of identifying
a pathogenic variant in one of the breast cancer susceptibility genes depends mainly on
age at diagnosis, tumor characteristics and family history. Therefore, eligibility criteria for
germline genetic testing have been developed for patients with breast cancer based on
these factors (9, 10), which increases the probability of finding a pathogenic variant to
approximately 9% (5, 7), and specifically for the BRCAI and BRCA2 genes to approximately
3-6%(5,7,11).
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Itis known that 10 - 15% of patients with epithelial ovarian cancer, including patients with
primary fallopian tube cancer, are carriers of a germline pathogenic variant in the BRCA1
or BRCA2 gene, regardless of age at diagnosis or family history (11-13). Therefore, all
women with epithelial ovarian cancer, which accounts for 90% of all women with ovarian
cancer (14), are eligible for germline genetic testing (9, 15, 16).

Women who are carriers of a pathogenic variant in the BRCAI or BRCA2 gene have an
increased lifetime risk of developing breast cancer which can be as high as 72% at age 70,
and an increased risk of ovarian cancer, which can be as high as 44% at age 80 (17). Men
who are carriers of a pathogenic variant in the BRCA2 gene are particularly at increased
cancer risk, with an estimated cumulative risk of 7% at age 70 for breast cancer and 27% at
age 75 for prostate cancer (18). In addition, both men and women may have an increased
risk of developing pancreatic cancer, especially when they carry a pathogenic variant in
the BRCA2 gene and have a positive family history for pancreatic cancer (19).

Clinical implications of genetic testing of the BRCA1? and
BRCA2 genes

Theidentification of a pathogenic variant in a BRCA1 or BRCA2 gene has clinical impact on:
(1) treatment, (2) primary and secondary prevention of cancer, (3) family members, and
(4) choices and planning regarding reproduction.

(1) Impact on treatment

Female breast cancer patients with a germline pathogenicvariantin a BRCA1 or BRCA2
gene may opt for mastectomy rather than breast-conserving surgery (20). Several
previous studies have shown that, when test results are available before surgery,
significantly more patients with breast cancer who are carriers of a pathogenic BRCA1
or BRCA2 gene variant choose (double) mastectomy compared to patients with
breast cancer without such a pathogenic gene variant (21-24). Moreover, treatment
with Poly Adenosine Diphosphate-Ribose Polymerase (PARP) inhibitors has proven
particularly effective for patients with Her2-negative breast cancer who are carriers
of a pathogenic variant in a BRCA1 or BRCA2 gene (25, 26).

From all ovarian cancer patients who are eligible for treatment with PARP inhibitors,
those who are carriers of a germline or somatic variant in the BRCAI or BRCA2 gene
show the best response (27).
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(2)

(3)

Impact on primary or secondary prevention of cancer

Female breast cancer patients have an increased risk of developing a second breast
cancer in the contralateral breast when they carry a germline pathogenic variant
in the BRCA1 or BRCA2 gene. Because of this increased risk, these patients may
opt for regular surveillance to detect a possible second cancer at an early stage or
contralateral mastectomy to minimize their risk of developing a second cancer (17). In
addition, breast cancer patients have an increased risk of developing ovarian cancer.
Because of this increased risk, preventive removal of the ovaries and fallopian tubes
is advised between the ages of 35 and 45 years and after completion of childbearing
(9, 16). This procedure minimizes the risk of developing ovarian cancer and is advised
as current screening methods have not proven effective in reducing mortality (28,
29).

Ovarian cancer patients who are carriers of a germline pathogenic variantin a BRCA1
or BRCA2 gene have an increased risk of developing breast cancer. Because of this
increased risk, patients with ovarian cancer and such a pathogenic variant may
consider regular breast checkups or preventive risk-reducing mastectomy of both
breasts. However, studies have shown that the risk of metachronous breast cancer
among ovarian cancer patients with a pathogenic variant in the BRCAI or BRCA2
gene is lower than for unaffected women who also carry such a pathogenic variant
(30-32). Together with the high mortality rate of ovarian cancer, the use of preventive
measures, especially risk-reducing surgery, is therefore often not justified (30-33).
These choices are influenced by both the morbidity and mortality of the cancer and
the residual risks of developing cancer, mainly depending on the patient’s age (34).
Hence, during shared decision-making these factors should be taken into account.

Male breast cancer patients with a pathogenic variant in the BRCA2 gene are eligible
for regular surveillance for prostate cancer, i.e., by periodic PSA testing (35).

Impact on family members

When a pathogenic variant in a BRCA1 or BRCA2 gene is identified in a breast or
ovarian cancer patient, unaffected family members are eligible for predictive genetic
testing. If they carry the same pathogenic variant, they too may have an increased
risk of developing breast, ovarian, prostate cancer and sometimes other cancers
like pancreatic cancer (36). Depending on the age and gene involved, these family
members are eligible for preventive measures, such as regular surveillance or risk-
reducing surgeries.



General introduction 11

(4) Impact on choices and planning regarding reproduction
Identifying a pathogenic variant in a BRCAI or BRCA2 gene affects multiple decisions
regarding reproduction for both male and female carriers. First of all, couples are
faced with the choice whether or not they want to have children (37, 38). For female
carriers, this also affects their planning if they want to have biological children,
because of the timing to preventively remove the ovaries and fallopian tubes. Other
options may be choosing surrogacy or adoption (38).

Acarrier of a pathogenicvariantina BRCAI or BRCA2 gene has a 50% chance of passing
this variant on to their offspring. For some couples this might not be acceptable (37,
38). Nowadays, couples can consider preimplantation genetic testing (PGT) before
pregnancy and prenatal diagnosis (PND) during pregnancy (37, 38).

Pre-test genetic counseling and testing provided by a
genetic healthcare professional

Pre- and post-test counseling for germline genetic testing is usually provided by genetic
healthcare professionals only (i.e., clinical geneticists and genetic counselors). In this
pathway, patients are referred to a genetics department by their treating doctor or nurse.
Pre-testcounselingincludes reviewingand confirmingfamily history, determining whether
the patient is eligible for genetic testing, obtaining informed consent and ordering the
genetic test if the patient is eligible and accepts the genetic test. Typically, this takes about
40 to 50 minutes per patient (39-41). Test results are disclosed by the genetic counselor by
telephone, in-person or via video conference (42).

Barriers to access to genetic testing

Despite the important implications of genetic testing for patients and family members,
currently not all eligible patients with breast or ovarian cancer are referred for genetic
testing (43-47). Even after the proven benefit of PARP inhibitors as a treatment for ovarian
cancer patients who are carrier of a BRCAL or BRCA2 pathogenic variant, there remains a
gap between patients eligible for testing and actual testing rates. Although all patients
with epithelial ovarian cancer are eligible for genetic testing, large-scale studies show
that testing rates in these patients is between 10% and 35% (43, 45). Testing rates among
eligible breast cancer patients are more difficult to determine because not all breast
cancer patients are eligible for genetic testing and this depends on multiple eligibility
criteria. Studies that evaluated testing rates among eligible patients found that between
25% and 45% of eligible patients are not tested (44, 47, 48).
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Several factors play a role in this underutilization of genetic testing. In many countries,
financial constraints are major limiting factors, such as poverty and the lack of proper
health insurance (11, 49, 50). In the Netherlands, however, the healthcare system includes
mandatory basic health insurance, which covers the costs of genetic counseling and
testing (51). Thus, we expect that financial constrains do not play a major role in the
Netherlands for patients with cancer who fulfill genetic testing criteria. However, financial
constrains are not the only limiting factors in the underutilization of genetic testing.
Testing rates are also low in state-funded healthcare systems (29). Patients may also
decline genetic testing because they do not want to know genetic testing results (47).
These patient-related barriers partially explain the underutilization of genetic testing
especially in patient groups with low socio-economic status and ethnic minorities (11,
29, 52-56). However, the main problem is that still a large proportion of patients is never
referred by their treating healthcare professional for genetic testing (11, 29, 44, 46, 47,
53, 56, 57). This may be due to lack of knowledge among healthcare professionals about
genetic testing, but this is mainly due to the difficulty in identifying and referring those
at-risk patients (29, 50, 53, 58). Research among untested patients has shown that in the
absence of these barriers (i.e., no financial constraints and clear recommendation by their
treating healthcare professional), the majority of them would have wanted to undergo
genetic testing, especially when the test result would affect treatment or benefit family
members (29, 57, 59).

Another barrierin the access to genetic testingis long waiting lists at genetics departments.
Due to the increasing number of patients eligible for genetic testing, there is currently
a shortage of sufficient genetic counselors and clinical geneticists to provide this care
in a timely manner (42, 46, 60). Therefore, germline genetic testing in patients with
breast cancer cannot always be performed before surgery (49, 61), and thus preventing
patients from incorporating the genetic test result into their surgical and preventive
choices. Altogether, the suboptimal identification of patients with breast and ovarian
cancer who are carriers of a pathogenic variant in a BRCAI or BRCA2 gene leads to missed
opportunities to effectively treat patients, prevent cancers and identify at-risk unaffected
family members (29, 62).

These barriers in access to germline genetic testing have led to several new initiatives to
improve testing in patients with cancer (63). The review by Hoskins et al. showed large
differences in testing rates between hospital sites due to different approaches to increase
genetic testing rates for ovarian cancer, such as an opt-out system for genetic testing.
Another alternative method that was developed and implemented was mainstream
genetic testing, which led to 100% testing rates for patients with ovarian cancer in the
Royal Marsden hospital in the United Kingdom (64).
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Pre-test genetic counseling and testing provided by a non-
genetic healthcare professional

In recent years, there has been a shift in the opinion that pre-test genetic counseling in
patients with cancer should be provided exclusively by genetic healthcare professionals to
the notion that pre-test genetic counseling can also be provided by non-genetic healthcare
professionals (65, 66). This is due to the increasing number of eligible patients, to the fact
that most patients do not carry a pathogenic variant in any of the cancer susceptibility
genes, and that genetic testing is now considered an integral part of the care pathway
of patients with breast or ovarian cancer. In a mainstream genetic testing pathway, pre-
test genetic counseling is offered by the doctor or nurse (specialist) already treating the
patient. George et al. were the first to report the results of such a mainstream genetic
testing pathway for patients with ovarian cancer in the Mainstreaming Cancer Genetics
(MCG) program (64).

Although it has been described that genetic testing was also requested by other healthcare
professionals prior to the MCG initiative (67-69), an actual protocol for mainstream
genetic testing had not been reported until this program. These initiatives without such
a protocol have shown important limitations, such as healthcare professionals ordering
genetic testing without any form of pre-test counseling (56, 67) or a lack of knowledge
about genetics amongst healthcare professionals, requiring more training (69).

Many other mainstream genetic testing initiatives have followed since the MCG initiative,
primarily for ovarian cancer (70-86), increasingly for breast cancer (71, 77, 81, 86-92), and
to a lesser extent for prostate cancer (75, 93, 94), endometrial cancer (95), and pancreatic
cancer (75, 96).

Aim and research questions

For this thesis, we integrated germline genetic testing into routine care for patients with
ovarian or breast cancer. To achieve this, we first developed and later implemented a
mainstream genetic testing pathway for these patients in which the treating doctor or
nurse (specialist) provided pre-test counseling and ordered the genetic test. This pathway
has been implemented in all hospitals involved in breast or ovarian cancer care in the
service area of the UMC Utrecht genetics department, including the University Medical
Center Utrecht and three other hospitals for ovarian cancer. For breast cancer, this
pathway was implemented in the same hospitals and five additional hospitals. At a later
stage, this pathway was also introduced in four hospitals in the service area of the UMC
Groningen genetics department and successfully implemented in two of them.
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The overall aim of the projects described in this thesis was to develop and implement
mainstream genetic testing pathways to ensure that all eligible patients are offered
germline genetic testing early after diagnosis. Early results of genetic testing facilitate
personalized treatment options and ensures that family members can be informed in a
timely manner when a hereditary cause is found.

Our research questions were:

1) What are the attitudes of non-genetic healthcare professionals in ovarian and
breast cancer care towards offering pre-test genetic counseling and ordering a
germline genetic test?

2) Isitfeasible for non-genetic healthcare professionalsin ovarian and breast cancer
care to incorporate genetic testing into routine care?

3) How do patients experience genetic care when a genetic test is offered by their
treating healthcare professional compared with patients who are offered a
genetic test by a genetic healthcare professional?

4) Does implementation of a mainstream genetic testing pathway result in more
eligible patients being offered genetic testing?

5) What effect will a mainstream genetic testing pathway have on the genetics-
related healthcare costs?

Outline of this thesis

This thesis consists of three parts. The first part reviews the literature in a systematic way
on mainstream genetic testing pathways in cancer care and evaluates the feasibility of
incorporating a mainstream genetic testing workflow into daily practice (Chapter 2).

The second part focuses on mainstream genetic testing in patients with ovarian cancer.
The development and implementation of this new workflow is described in Chapter 3.
This chapter also evaluates the experiences of gynecologic oncologists, gynecologists
with a subspecialty training in oncology and nurse specialists with mainstream genetic
testing. Chapter 4 compares the experiences of patients who received mainstream genetic
care with patients who received standard genetic care (pre-test counseling at a genetics
department). Chapter 5 evaluates the proportion of patients who were offered germline
genetic testing and the healthcare costs from a healthcare payer perspective both before
and after implementing the new workflow.

The third part of this thesis focuses on mainstream genetic testing in patients with breast
cancer. Chapter 6 describes the development and implementation of the new workflow
and evaluates the experiences of surgeons, medical oncologists, nurse specialists and
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nurses with this new workflow. The experiences of patients receiving mainstream genetic
care compared with patients receiving standard genetic care are described in Chapter
7. Chapter 8 summarizes the findings of this thesis and finally, Chapter 9 comprises the
general discussion of these findings and discusses future perspectives.
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Simple summary

Germline genetic testing for patients with cancer can have important implications for
treatment, preventive options, and for family members. In a mainstream genetic testing
pathway, pre-test counseling is performed by non-genetic healthcare professionals,
thereby making genetic testing more accessible to all patients who might benefit from
it. These mainstream genetic testing pathways are being implemented in different
hospitals around the world, and for different cancer types. It is important to evaluate how
a mainstream genetic testing pathway can be made sustainable and if quality of genetic
care is maintained. We show in this systematic review that it is feasible to incorporate a
mainstream genetic testing pathway into routine cancer care while maintaining quality
of care. A training procedure for non-genetic healthcare professionals and a close
collaboration between genetics and other clinical departments are highly recommended
to ensure sustainability.



Abstract

Background: Non-genetic healthcare professionals can provide pre-test counseling and
order germline genetic tests themselves, which is called mainstream genetic testing. In
this systematic review, we determined whether mainstream genetic testing was feasible
in daily practice while maintaining quality of genetic care.

Methods: PubMed, Embase, CINAHL, and PsychINFO were searched for articles describing
mainstream genetic testing initiatives in cancer care.

Results: Seventeen articles, reporting on 15 studies, met the inclusion criteria. Non-
genetic healthcare professionals concluded that mainstream genetic testing was possible
within the timeframe of a routine consultation. In 14 studies, non-genetic healthcare
professionals completed some form of training about genetics. When referral was
coordinated by a genetics team, the majority of patients carrying a pathogenic variant
were seen for post-test counseling by genetic healthcare professionals. The number
of days between cancer diagnosis and test result disclosure was always lower in the
mainstream genetic testing pathway than in the standard genetic testing pathway (e.g.,
pre-test counseling at genetics department).

Conclusions: Mainstream genetic testing seems feasible in daily practice with no
insurmountable barriers. A structured pathway with a training procedure is desirable, as
well as a close collaboration between genetics and other clinical departments.

Keywords: Genetic counseling; Mainstream genetic testing; Cancer; Feasibility; Quality of
care; Systematic review
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Introduction

The use of germline genetic tests in cancer care is changing rapidly. Gene panel testing
is increasingly being used instead of single gene testing, and the criteria for genetic
testing have been broadened in several types of cancer (1-3). In addition, new treatment
options are now available that depend on the results of genetic testing. For example, poly
(ADP-ribose) polymerase (PARP) inhibitors can be used in the treatment of patients with
ovarian, breast, or prostate cancer, and they are especially beneficial for patients carrying
a germline or somatic pathogenic variant in a BRCA gene (4-6). These changes in genetic
testing and care, together with the growing numbers of eligible patients who can benefit
from genetic testing and the limited capacity of the genetics departments to meet the
needs of the increasing numbers of patients, have paved the way for mainstream genetic
testing. In a mainstream genetic testing pathway, non-genetic healthcare professionals
(NGHCPs) provide pre-test counseling (e.g., review cancer family history, discuss possible
implications of a genetic test) and order the genetic test after obtaining informed consent.
These NGHCPs are not formally trained as genetic counselors or clinical geneticists. In the
standard genetic testing pathway, these steps are taken by genetic counselors or clinical
geneticists.

The development and implementation of a mainstream genetic testing pathway was first
described by George et al. in 2016 in ovarian cancer patients, within the Mainstreaming
Cancer Genetics program (7). Subsequently, several other mainstream genetic testing
initiatives arose around the globe in a research setting, mainly in ovarian cancer, but also
in other cancers (8-11).

The systematic review of Scheinberg et al. studied the acceptability of mainstream genetic
testing (12). They showed that mainstream genetic testing in cancer care was acceptable
for patients and NGHCPs to manage the growing demand for genetic tests. They also
concluded that mainstream genetic testing was feasible. To make recommendations for
implementing a mainstream genetic testing pathway in daily practice, it is important
to determine clear end points for feasibility and to guarantee that quality of care is
maintained. To maintain quality of care, NGHCPs should be well equipped to perform pre-
test counseling. The systematic review of Scheinberg et al. included studies on ovarian,
breast and colorectal cancer (12). Since then, multiple new mainstream initiatives in
different types of cancers have been published.

We performed a systematic review to assess the available literature on mainstream
genetic testing in cancer care. The following research questions will be answered: (1) Is
mainstream genetic testing in cancer patients feasible for NGHCPs in daily practice? and
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(2) Is the quality of genetic care maintained when patients undergo mainstream genetic
testing?

Materials and methods

This review was conducted according to the guidelines established by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) report (13).

Eligibility criteria

Studies were eligible for inclusion if a mainstream genetic testing pathway in patients
with cancer was evaluated. This pathway had to meet the following three criteria: (1)
counseling and ordering of genetic testing was performed by a medical specialist, nurse
specialist or nurse, not formally trained as a clinical geneticist or genetic counselor, (2) pre-
test counseling was performed, and (3) genetic testing was performed with the primary
aim of identifying pathogenic germline variants in patients with cancer.

We considered the study of George et al. (7), published in 2016, to be the first key paper
on mainstream genetic testing, and we searched for studies that were published from
2013 onwards, because it is unlikely that earlier mainstream genetic testing initiatives
exist. Studies were excluded when predictive genetic testing was performed in healthy
individuals. Other exclusion criteria were only a conference abstract being published,
being published in another language than English, and lack of availability of a full-text
article. Furthermore, we excluded reviews and articles not containing any data (e.g.,
opinion papers).

Search strategy and databases

Our search consisted of three main criteria: (1) cancer, (2) germline genetic testing, and (3)
mainstream genetic testing. The full search was performed in collaboration with a library
information specialist, and is shown in Table S1. We searched the following databases:
PubMed, Embase, CINAHL and PsychINFO on 4 November 2020. Additional studies were
identified through backward and forward reference searching for all included papers.

Data collection

Allidentified studies were imported into Rayyan (14), a web tool forindependent screening
of abstracts. All abstracts were screened by two authors (KB and MA or KB and MV) for
eligibility.
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Outcomes

We assessed the feasibility and quality of care of mainstream genetic testing. Whether
the mainstream genetic testing initiatives were feasible for NGHCPs to implement in
daily practice was assessed based on two outcomes: (1) the time investment for NGHCPs
to discuss and order genetic testing and whether this was acceptable for them, and (2)
barriers and facilitators for NGHCPs regarding mainstream genetic testing.

We assessed quality of genetic care based on the following outcomes: (1) whether some
form of training in genetics and genetic counseling was offered; (2) whether an informed
consent procedure was described and how informed consent was documented; (3)
whether patients carrying a pathogenic variant were invited for post-test counseling at a
genetics department; (4) turnaround times for genetic testing (i.e., days between cancer
diagnosis, discussing the DNA test, obtaining the blood sample, availability of test result,
and disclosure of the test result to the patient); and (5) whether genetic testing was
performed according to national guidelines (i.e., whether eligible patients were missed
and whether ineligible patients were offered testing unnecessarily).

Critical appraisal

Two authors (KB and MV) independently evaluated all selected articles using the Quality
Improvement Minimum Quality Criteria Set (QI-MQCS), because mainstream genetic
testing is considered to improve quality of care (15). The QI-MQCS covers 16 domains (see
Supplementary Methods) for evaluating articles with a quality improvement intervention.
These domains mainly focus on the rationale and motivation behind the intervention,
how well the intervention can be implemented, whether the intervention is sustainable
and has the potential for larger rollouts, and whether the study methods are sufficiently
well described. The number of met criteria is noted in Table S2. The QI-MQCS does not
supply cut-off values indicating high versus low quality of an article.

Results

We identified 537 articles through database searching. Five more articles were identified
through reference and citation searching. After removing duplicates, another 439 articles
were excluded based on title and abstract. The remaining 43 articles were assessed based
on their full text, which led to the elimination of 26 more articles, resulting in 17 articles
eligible for our analysis. See Figure 1 for the entire selection process.

Characteristics
We included 17 papers that reported on 15 studies. These 15 studies included nine
mainstream genetic testing pathways for patients with ovarian cancer, three for breast
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cancer, one for breast and ovarian cancer, one for endometrial cancer and one for prostate
cancer. Of these 15 studies, 2 were performed in multiple countries and 13 in one country,
mainly in the United Kingdom (8 out of 15 studies). All studies, except one (16), were
conducted in a research setting. The outcomes on feasibility and quality of care for each
study are described in Table S2.

Feasibility

Time investment For NGHCPs

The time investment for NGHCPs to discuss genetic testing with patients is shown in Table
1. Four out of seven studies described mainstream genetic testing initiatives for patients
with ovarian cancer (7, 17 - 20). The duration in minutes to discuss genetic testing varied
from an average of 8 to 20 minutes and discussing genetic testing was possible within the

available timeframe.

Barriers and Facilitators For NGHCPs
Barriers and facilitators of mainstream genetic testing for NGHCPs (7,8,11,17-21) are

shown in Table 2.
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Table 1. Time investment for NGHCPs to perform pre-test counseling and disclose genetic

test results

References
Extra time to discuss genetic test
- No significant added time (19)
-6-10 min (21/64 NGHCPs) and 11-20 min (17/64 NGHCPs) (18)
-8 min (9,20)
-10 min (11)
-20 min (17)
Extra time to disclose genetic test result
-6-10 min (21/54 NGHCPs) and 4-5 min (8/54 NGHCPs) (18)
-9min (11)

NGHCPs (strongly) agreed that discussing genetic testing was possible within the (7,8,11,17,20)

timeframe of a consultation

Workload increased slightly (24/46 NGHCPs) or did not increase (19/46 NGHCPs)

(18)

Table 2. Barriers and facilitators of mainstream genetic testing for NGHCPs

References
Barriers
- Concerns about added time pressure (11,19)
- Inadequate knowledge about genetics (11)
- Lack of knowledge of VUSs (11,21)
- Lack of local infrastructure (18)
- Lack of human resources (18)
- Lack of funding/unwillingness to allocate funds (18)
Facilitators
- Supporting materials (training and Frequently Asked Questions) (7,8,17,20)
- Approved clinical protocol (7,8,17,20)
- Information sheets to provide to patients (7,8,17)
- Assistance of a nurse consultant (11)
- Required written test packages (11)
- Education program (11)

Quality of care
Training of NGHCPs

In 14 out of 15 studies, a training program was offered to NGHCPs (7-9,11,17-27). One
study reported that NGHCPs could attend informational meetings, but they did not
receive any specific training in medical genetics (16). Five studies (8,21,22,26,27) used a
training program that was identical to or based on the Mainstreaming Cancer Genetics



The feasibility of implementing mainstream germline genetic testing in cancer care 35

(MCG) program (7). This MCG training consisted of online videos. All articles that described
the content of the training stated that it covered the informed consent procedure (7,11,17-
19,22,23,25,27). Additionally, basic information about the tested genes was provided in
multiple training programs. In addition, some training programs provided a detailed
explanation ofthe mainstream genetictesting pathway, healthinsuranceinformation,and/
or billing policies (7,11,22). In most studies (four out of six) that explicitly described time
investment to complete the training, a time investment of approximately one hour was
stated (9,11,18,20). George et al. described a training of less than 30 minutes (7). Only Scott
et al. described a more extensive training with, among other things, half a day of training
by the genetics department about interpreting results and about referral of patients with
other cancer syndromes (27). In four studies, time investment was not explicitly described,
but it was stated that the training was based on the training of George et al. (8,21,24,26).
The effect that the training had on, for example, knowledge or skills was only described
by Gleeson et al. (18). Gleeson et al. showed a significant improvement of skills 12 months
after the training, but there was no significant difference in knowledge. Skills were self-
reported based on the Influences on Patient Safety Behaviors Questionnaire (IPSBQ) (28).
In this questionnaire, NGHCPs assessed whether the training was adequate and offered
regularly enough to ensure that all eligible patients were offered genetic testing.

Informed consent

All included studies described that patients provided informed consent before NGHCPs
ordered a genetic test. In 10 out of the 15 studies, written informed consent was obtained
(7-9,11,16,18-20,24-26), and one study described that verbal and/or written informed
consent was obtained before testing (23). Two studies described using the MCG training
program, but did not clearly mention if they also used the predefined consent forms
developed in this program (21,27).

Six studies specified in their article or supplementary material what they considered
key topics that should be discussed during pre-test counseling for genetic testing
(7,8,17,18,20,26). All necessary elements for pre-test counseling are shown in Table 3.

Genetic counseling for pathogenic variants

In three studies, all patients with a pathogenic variant were invited by the genetics
department for post-test counseling by genetic healthcare professionals (7,8,19,20). In
these studies, attendance for post-test counseling was nearly 100%. In the MCG-breast
study, two patients out of 117 did not attend post-test counseling at a genetics department
(8). One of these patients contacted the genetics department later.

In 11 studies, NGHCPs needed to refer patients themselves if the results showed a
pathogenic variant (9,11,16,17,21-27). In three studies, all or nearly all patients were
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Table 3. Necessary elements for pre-test genetic counseling in mainstream genetic testing

References

Topics for pre-test genetic counseling
- Discussing the genes that are tested and their role in the development (7,8,17,18,20,26)
of cancer

- The possible implications of a genetic test for patients (mainly on treatment) (7,8,17,18,20,26)
and family members

- Possible outcomes of a genetic test (i.e., normal result, pathogenic or (17,20,26)
uncertain variant)
- Costs (17,18,20)

- The possibility of additional pre-test counseling at a genetics department ~ (17,18)

Informed consent

- Written informed consent (7-9,11,18-20,24-26)
- Oral and/or written informed consent (23)
- Informed consent obtained (not specified as verbal or written) (17,21,22,27)

Patient information material ?

- A summary of the information discussed and/or additional information (7-9,11,16-20,26,27)
was provided to the patient in an information sheet after discussing the
genetic test
@ McLeavy et al. and Rahman et al. used the training developed in the MCG program, but they did
not state whether they also used the predefined information sheets developed for patients (21,24).

referred for post-test counseling at a genetics department (9,23,26), although in one
of these studies reminder letters for oncologists to refer a patient were necessary (23).
One study reported that 14 out of 18 patients with a pathogenic variant were referred
for post-test counseling, and two patients were referred outside of the study period (21).
Attendance for post-test counseling after referral was between 91% and 100% (9,26). In the
ENGAGE study, 76% of patients with a pathogenic variant attended post-test counselingin
the European countries, whereas in the US 34% of patients attended post-test counseling
(17).

Turnaround times

The turnaround times are summarized in Figure 2. For most studies, a test result was
obtained within 3 to 6 weeks after discussing the genetic test with the patient and ordering
the test. The longest mean turnaround time was reported by Richardson et al., with 191
days (27 weeks) from discussing the genetic test to disclosing the test result to the patient
(25). An average time was not measured in the study of McLeavy et al., but they reported
that 45% of patients in their study received their test results more than 12 months after
diagnosis (24). For all studies that compared turnaround times of the mainstream genetic
testing pathway with the standard pathway, there was a reduction in turnaround times
during the mainstream pathway (7,8,22,25-27).
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Diagnosis Discuss DNA- Obtain blood Test result Disclose
test/referral sample test result
Powell: 34 days (versus 53 days)
Bednar: 78 days (versus 197 days)
Powell: 18.5 days (versus 25.5 days)
George: 21- 28 days (versus 105 — 133 days)
Scheinberg: 42 days
Richardson: 191 days (versus 403 days)
Scheinberg: 18 days
Kemp: 28 days (versus 175 days)
Colombo: 60.2 days
Legend Rumford 20.6 days (versus
: 148.2 days)
l:l ovarian cancer
Rahman: 36 days
l:l breast cancer
b Colombo: 32.9 days
i t

I:l ovarian and breast cancer Scott: 35.8 days (versus 122
l:l prostate cancer —-183 days)

Figure 2. Turnaround times from diagnosis to disclosure of the test result in the patient
Note: if multiple turnaround times were mentioned in one study, these turnaround times are all
shown separately. In the articles, turnaround times were reported as calendar days, working days
or weeks and these are all shown here as calendar days. Turnaround times of the standard genetic
testing pathway are shown between brackets if they were mentioned in the articles.

Three studies reported on the time between obtaining the test result with a pathogenic
variant and referral to or attendance at a genetics department for post-test counseling
(17,21,23). For most patients, this time varied between 12 working days and 6 weeks
(21,23). In the study of Rahman et al., 2 out of 16 referred patients had a longer time
to referral of up to 127 working days. Flaum et al. (23) reported that referred patients
received an appointment within 10 weeks at the genetics department. The majority of
patients with a pathogenic variant in the ENGAGE study received post-test counseling at
the genetics department the same day the test result was available (median 0.0 weeks,
range 0.0 to 30.9 weeks) (17).

Adherence to guidelines

Only two studies reported whether genetic tests were offered and/or performed according
to current guidelines. In the study performed in Norway, it was assessed for all patients
with breast cancer how many patients were eligible for genetic testing according to the
Norwegian Breast Cancer Group (NBCG) criteria (16). Of all patients with breast cancer
who did not meet the NBCG criteria, 23% were offered genetic testing by their surgeon or
oncologist. Genetic testing was performed in 96% of these patients. Genetic testing was
offered to 75% of the patients who did fulfill NBCG criteria, and 96% of these patients got
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tested. In the study by Gleeson et al., 93.1% of tested patients with ovarian cancer met
national guidelines (18).

Critical appraisal

The number of QI-MQCS criteria met per article varied between 6 and 13 out of 16, with
an average of 8.9. Domains that were described sufficiently in nearly all articles were
‘Organizational motivation’ (16/16 met criteria), ‘Intervention description’ (16/16),
‘Implementation’ (15/16) and ‘Timing’ (15/16). The most insufficiently described domains
were ‘Organizational characteristics’ (2/16 met criteria), ‘Penetration/Reach’ (3/16),
‘Adherence’ (4/16) and ‘Health outcomes’ (4/16).

Discussion

Based on the results of this systematic review, we conclude that it is feasible to
incorporate mainstream genetic testing into daily practice because (1) the required time
investment was acceptable for NGHCPs, despite the slightly increased workload, and
(2) several facilitators and no insurmountable barriers were reported. We conclude that
the quality of genetic care was maintained during mainstream genetic testing because
(1) these mainstream genetic testing initiatives included genetics training for NGHCPs,
(2) a comprehensive informed consent procedure was incorporated to ensure informed
decision-making, (3) most eligible patients received additional genetic counseling in case
of a pathogenic variant, and (4) the turnaround times for genetic testing were comparable
or shorter than in the standard genetic testing pathway. The fifth outcome measurement
for quality of care, i.e., the proportion of patients receiving mainstream genetic testing
that meet the eligibility criteria for testing, is understudied. Based on a combination of
the results of our systematic review and those of the systematic review of Scheinberg et
al. (12), we postulate that mainstream genetic testing can be successfully implemented in
daily practice.

Feasibility

Duration and key elements of pre-test counseling

It is important that the time investment is reported in articles, because an acceptable
time investment is a prerequisite for the implementation of a mainstream genetic testing
pathway in daily practice. Compared to standard genetic counseling with an average time
investment of 40 to 50 minutes (29,30), the duration of genetic counseling by NGHCPs,
with an average of 8 to 20 minutes, is shortened substantially. On the other hand, the
consultation time with the NGHCP is significantly increased. When mainstream genetic
testing becomes part of the standard care, this additional time should be anticipated in
the planning.
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We identified two key discussion points for pre-test counseling that were described in
six studies in this review, i.e., explanation of genes tested and cancer risks, and possible
implications of a genetic test for the patients and their relatives (7,8,17,18,20,26). There
was a wide range in number of discussion points that these studies identified as key topics
for informed consent, with up to 11 discussion points in the ENGAGE study that they
deemed as basic topics of informed consent (17). The ASCO policy statement describes
that it is important to explain the purpose and possible outcomes of genetic tests (31).
Moreover, potential consequences and cancer risks for patients and family members,
caused by pathogenic variants in high-, moderate-, and low-penetrant genes, should
be discussed, as well as the possibility of finding variants of unknown significance. For
example, patients with ovarian cancer need to be informed about the potential impact
on their treatment, but also the increased risk of breast cancer for themselves when a
pathogenic variant in a BRCA gene is identified. Patients should also be informed about
the potential increased risk of breast, ovarian or prostate cancer for their family members
(32,33).

Shared decision-making is essential in genetic pre-test counseling and a lack of time
has shown to be an important barrier for shared decision-making (34-36). In contrast,
research has also shown that reducing the amount of information provided during pre-
test counseling is preferred by some patients (37,38). However, reducing the amount
of information could result in less knowledge and more anxiety or distress in patients.
Studies measuring anxiety and distress in patients who underwent genetic testing in
a mainstream genetic testing pathway have shown low anxiety and distress scores
(9,11,20,24,25,39). To put this into perspective, we need larger studies that compare
anxiety and distress scores between the mainstream and the standard genetic testing
pathway with pre-test counseling and testing at the genetics department. Ultimately, it
is important that the patient can make an informed decision regarding genetic testing,
without experiencing an overload of information or unacceptable distress. Whether any
important information that is needed to make an informed decision is left out by NGHCPs
in mainstream genetic testing is not known and should be studied. It is also not known
which topics are considered the most important by patients.

Barriers and Facilitators For implementation of mainstream genetic testing

The two most important barriers to mainstream genetic testing were inadequate
knowledge by NGHCPs and the lack of time during appointments. The latter, however,
was only described in one study, by the NGHCPs who had the least experience with
mainstream genetic testing (19). When asked, the extra time investment was acceptable
for NGHCPs (7,8,11,17,20). Lack of knowledge or self-confidence could be solved with a
training procedure before NGHCPs discuss genetic testing.
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All these barriers were experienced in a research setting. Gleeson et al. determined which
barriers were experienced by NGHCPs that would prevent them from continuing with
mainstream genetic testing (18). These were the lack of local infrastructure or systems
to support the mainstream genetic testing pathway, lack of human resources, and lack of
funding. Itisimportant that these barriers are considered when implementing mainstream
genetic testing in daily practice. Factors that might be insurmountable are lack of human
resources and lack of funding, but these differ between hospitals and countries, and the
workflow can be adjusted to overcome these factors.

Facilitators for mainstream genetic testing are the offer of a training program, FAQ forms,
information sheets, and an approved clinical protocol. In this protocol, it should be stated
clearly when NGHCPs can discuss and order genetic tests themselves and which actions
are needed to obtain consent, order the genetic test, and when post-test counseling is
needed by a genetic healthcare professional.

Quality of care

Training

For NGHCPs, it is important to learn about specific key topics that are needed to inform a
patient before deciding whether or not to perform the genetic test. Training is therefore
an important part of mainstream genetic testing initiatives, as all articles except one
described that a training was used for NGHCPs prior to consulting patients (7-9,11,17-27).
It was not reported how many of the available NGHCPs actually participated in the studies,
and whether some of them declined to participate. Therefore, the results of these studies
might be biased, if only the highly motivated NGHCPs participated. It was not described
whether these training initiatives were accredited or certified. If the training is accredited,
this might motivate more skeptical NGHCPs to participate in and complete the training.

Several modules have been developed to train healthcare professionals in how to provide
counseling regarding hereditary diseases (40,41). Many of these have been developed
for NGHCPs and they mainly focus on attitudes about counseling, communication skills
and knowledge. Unfortunately, there is a lot of variability among these training modules,
and the evidence on their effectiveness is disputable (40). In most of the studies in our
systematic review, the time investment for NGHCPs was 30 minutes to one hour.

Post-test counseling

Although all studies reported that patients should receive post-test counseling by a
genetic counselor in the case of a pathogenic variant, the actual referral and attendance
rates varied between these studies. The most important difference between these studies
seems to be whether or not these appointments for post-test counseling were directly
coordinated by the genetics team. In the studies where patients were directly invited by
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the genetics team, almost all patients attended these appointments (7,8,19,20). In the
other studies, there was a larger variation in the number of referrals and/or attendance
of patients for an appointment with a genetic counselor, ranging from 34% to 100% of
patients with a pathogenic variant attending post-test counseling (17). It is striking in
the ENGAGE study that the proportion of patients who attended post-test counseling in
European countries is substantially higher than in the US. A clear explanation for this
difference was not reported, but we can speculate that differences in healthcare costs for
patients might play a role.

It is essential that all patients are offered post-test counseling by a member of the
genetics team when a pathogenic variant is identified. Therefore, we recommend that
appointments for post-test counseling be directly coordinated by the genetics team.
Post-test counseling should be tailored to every patient, and attention should be paid
to the practical implications and psychosocial impact of this test result. In addition,
there is an important task in guiding patients to inform at-risk family members about
cascade testing. Research has shown that even within the genetics departments the
uptake of cascade testing is low, ranging from 21 to 44% (42). Given the time constraints
at oncology departments, it is conceivable that this uptake will be even lower without
guidance on cascade testing at a genetics department. Post-test counseling is not only
important for patients carrying a pathogenic variant, but also for all uncertain variants
that are communicated to patients. The clinical implications of an uncertain variant are
often limited, but it is important that patients understand these implications. As research
has shown that patients as well as NGHCPs often misinterpret the consequences of these
variants (17,43-45), post-test counseling at a genetics department might be preferable for
these uncertain variants as well.

Turnaround time

When the genetic test result has consequences for the treatment of cancer, it is important
that turnaround times for genetic testing are minimized. For patients with ovarian
cancer and prostate cancer for example, there is clear evidence that patients carrying
a pathogenic variant in a BRCA gene have the highest response rates to PARP inhibitors
(5,46). The longest delay in the turnaround time for the standard genetic testing pathway
is probably the time between referral and first appointment with a genetic counselor
due to long waiting lists (47). A prior study showed that the mainstream genetic testing
pathway resulted in higher numbers of genetic tests and a lower number of referrals to the
genetics departments (48). Therefore, mainstream genetic testing could be an important
facilitator for improving access to genetic healthcare, without increasing the workload for
genetic HCPs. This is an additional benefit because the burden on the clinical genetics
service is rising (49).
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Although most of the included studies reported on turnaround times, it is difficult to
compare these results because different time points were used. The most frequently
used turnaround time was the time between discussing a genetic test and disclosing the
result to the patient, which ranged between 3 and 27 weeks. This illustrates that there
are large differences between countries and laboratories. All studies that compared their
mainstream genetic testing pathway with the standard pathway showed a reduction
in turnaround time during the mainstream genetic testing period. However, it should
be noted that most studies compared their turnaround times with periods before the
implementation of their mainstream genetic testing pathway, and testing techniques
might have been slower in those periods.

Adherence to guidelines

Whether patients who received genetic testing fulfilled the criteria as stated in the national
guidelines was only reported in two of the included studies (16,18). As most studies
reported on mainstream genetic testing pathways for patients with ovarian cancer,
adherence to guidelines is not an important issue because in most countries, all patients
with (non-mucinous) epithelial ovarian cancer are eligible for genetic testing (50). Only
one study reported whether genetic testing was performed according to guidelines in
patients with breast cancer (16). In this study, almost 25% of patients who were tested
did not meet the eligibility criteria, while 25% of eligible patients did not receive testing.
This high proportion of tested patients not fulfilling eligibility criteria is comparable with
the 35% of tested patients not meeting the eligibility criteria in the DNA-direct study (51).
In this study, NGHCPs ordered genetic testing for patients with breast cancer without
pre-test counseling. The high percentage of ineligible patients in the DNA-direct study
illustrates that it is not always clear to NGHCPs which patients are eligible for genetic
testing. This should be considered when implementing a mainstream genetic testing
pathway for other types of cancer than ovarian cancer. Testing criteria should be simple
and clear for NGHCPs to prevent testing of (significant numbers of) patients who do not
meet the eligibility criteria. Testing more patients than necessary not only increases
healthcare costs, but it can also induce unnecessary stress in patients and produce results
that might be challenging to interpret (52). On the other hand, not testing eligible patients
can have serious treatment implications, and it can also result in family members not
taking precautions to prevent or detect cancer at an early stage.

Limitations

This review has some limitations. The results of our review may not easily be generalized
to mainstream genetic testing in cancer settings other than ovarian cancer, as the majority
(9 out of 15) of these initiatives available in the literature describe a mainstream genetic
testing pathway for patients with ovarian cancer. The eligibility criteria for genetic testing
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in ovarian cancer are much more concise than they are for other types of cancer. Therefore,
mainstream genetic testing in other types of cancer is more challenging.

Another limitation is that there are no predefined and general definitions for feasibility
and quality of care for genetic testing. Therefore, other articles might use other definitions
to determine these outcomes.

Lastly, the number of criteria met on the QI-MQCS critical appraisal tool per article was
on average 8.9 out of 16. This means that, on average, only 56% of the domains were
described sufficiently. The QI-MQCS manual did not always have strict guidance on
whether a domain should be scored as ‘met’ or ‘not met’. Therefore, we might have been
stricter than necessary, which could have resulted in lower scores.

Suggestions For the implementation of mainstream genetic testing

Thisreview shows that there are multiple mainstream genetic testinginitiatives which vary
in their set-up. There are several elements that should be incorporated into mainstream
genetic testing initiatives to increase the likelihood of successful implementation. These
recommendations are summarized in Table 4.

Table 4. Recommendations for implementing a mainstream genetic testing pathway

Include a training module with
- key topics for pre-test counseling

- an informed consent procedure

Provide clear instructions indicating when patients are eligible for genetic testing

Include FAQ forms and a clear protocol

Invite patients directly for post-test counseling in case a pathogenic variant is found (without the
necessity of a referral by the NGHCP)

Close collaboration between genetic and non-genetic departments

Future research

Barriers regarding the local infrastructure were mentioned. It is important to explore
in detail what these barriers are and to investigate this in different countries, due to
differences in healthcare systems. In addition, the proportion of NGHCPs not willing to
participate in mainstream genetic testing initiatives and their arguments for this should
be studied further, as mainstream genetic testing initiatives can only be successful
when a significant proportion of NGHCPs are participating. Mainstream genetic testing
may become the new standard of care for specific patient populations, and therefore all
NGHCP should be participating in the future.
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Currently, somatic genetic testing is increasingly used simultaneously with or as a
prescreen for germline genetic testing (53). We think that matched germline and somatic
testing in a mainstreaming pathway can supplement each other, but further research is
needed to evaluate if this is also feasible.

So far, mainstream genetic testing pathways have foremost been evaluated for patients
with breast and ovarian cancer. For other types of cancers, there may be different barriers
and facilitators that should be evaluated further.

To determine whether mainstream genetic testing is an acceptable alternative for
standard genetic testing, these outcomes should be evaluated more often in comparison
to a control group receiving standard genetic testing.

Conclusions

Theavailable studies show that mainstream genetic testing for germline variantsis feasible
in the daily practice of NGHCPs treating patients with cancer. Mainstream genetic testing
pathways present an acceptable increase in workload for NGHCPs, and the introduction
almost always includes a training procedure. With the introduction of mainstream genetic
testing pathways that include training for the NGHCP, the quality of care seems to be
maintained. For feasibility as well as for quality of care, it is important that the genetics
department has a pivotal role in the mainstream genetic testing pathways, especially in
the coordination of post-test counseling of patients with a pathogenic germline variant.
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Abstract

According to current guidelines, all women with epithelial ovarian cancer are eligible for
genetic testing for BRCA germline pathogenic variants. Unfortunately, not all affected
women are tested. We evaluated the acceptability and feasibility for non-genetic
healthcare professionals to incorporate germline genetic testing into their daily practice.
We developed and implemented a mainstreaming pathway, including a training module, in
collaboration with various healthcare professionals and patient organizations. Healthcare
professionals from 4 different hospitals were invited to participate. After completing the
training module, gynecologic oncologists, gynecologists with a subspecialty training in
oncology, and nurse specialists discussed and ordered genetic testing themselves. They
received a questionnaire before completing the training module and 6 months after
working according to the new pathway. We assessed healthcare professionals’ attitudes,
perceived knowledge, and self-efficacy, along with the feasibility of this new mainstream
workflow in clinical practice, and evaluated the use and content of the training module. The
participation rate for completing the training module was 90% (n =19/21). At baseline and
after 6 months, healthcare professionals had a positive attitude, high perceived knowledge
and high self-efficacy toward discussing and ordering genetic testing. Knowledge had
increased significantly after 6 months. The training module was rated with an average of
8.1 out of 10 and was considered useful. The majority of healthcare professionals (9/15)
was able to discuss a genetic test in five to 10 minutes. After completion of a training
module, non-genetic healthcare professionals feel motivated and competent to discuss
and order genetic testing themselves.

Keywords: Epithelial ovarian cancer; Genetic counseling; BRCA; Mainstream genetic
testing; Online training
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Introduction

Epithelial ovarian cancer (EOC) is the most lethal type of gynecological cancer; around
185,000 women die of the disease every year (1). Genetic testing is currently recommended
for all women with EOC (2-4) because of the high prevalence of pathogenic BRCA
germline variants, irrespective of age of diagnosis or family history (5,6). Furthermore,
the testing indications have been expanded, since the results allow for individualized
treatment options with PARP inhibitors in women with platinum-sensitive EOC who carry
a pathogenic germline or somatic variant in a BRCA gene (3,7). If a genetic test reveals
a germline pathogenic variant in a cancer predisposition gene such as BRCAI or BRCA2,
family members also become eligible for a genetic test. Family members who carry the
same pathogenic variant can take measures to prevent cancer, or diagnose it at an early
stage (2,4,8).

Despite the importance of genetic testing for affected women and their family members,
studies have shown that substantial numbers of eligible cancer patients are currently not
tested (9,10). This has led to many initiatives to improve the uptake of genetic testing (11).
One of these initiatives is mainstreaming of genetic testing. With mainstreaming, germline
genetic testing is incorporated into routine cancer care and is offered to patients by non-
genetic healthcare professionals (HCP) treating them (12,13).

Mainstream genetic testing initiatives for women with EOC have been successfully
implemented in several countries, with positive experiences among patients and HCPs
(12-19). Although several of these initiatives included some form of education in genetic
counseling, they did not evaluate HCPs’ experiences with these training modules (12-
17,19-23). We consider it important to ensure that HCPs who are not formally trained in
genetics and genetic counseling have sufficient knowledge and self-efficacy to discuss
genetic testing before mainstream genetic testing is implemented into the routine care
of women with EOC.

In the current study, we aimed to develop and implement a mainstreaming pathway
for germline genetic testing in women with EOC, including an online training module
for gynecologic oncologists, gynecologists with a subspecialty training in oncology, and
nurse specialists. Our specific research objectives were: (1) to assess HCPs’ attitudes
toward and knowledge of mainstream genetic testing, and their self-efficacy to discuss
genetic testing before and 6 months after completion of a training module, (2) to have our
training module evaluated by the users, and (3) to gain insight into the feasibility for HCPs
to incorporate mainstream genetic testing into the routine care of women with EOC.
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Materials and methods

Development of the training module

We developed a concise online training module for all participating HCPs. The content of
this training module was determined by our project team, which consisted of HCPs from
the departments of genetics, gynecology, medical oncology and pathology involved in
the care of women with EOC, and patient advocates. This resulted in four short (7 minutes
each) educational films (see Supplementary File 1).

Development and implementation of the care pathway Ffor
mainstream genetic testing

Our pathway for mainstream genetic testing was adapted from the workflow developed in
the Mainstreaming Cancer Genetics Programme (13). Flowchart shown in Figure 1.

We organized a kick-off meeting in four hospitals in the Utrecht region to introduce the
new workflow. These four hospitals are involved in the care of patients with ovarian
cancer in this region. Gynecologic oncologists, gynecologists with a subspecialty training
in oncology, and nurse specialists working in these hospitals were subsequently invited to
complete the online training module in a personal electronic learning environment. After
completion, HCPs received a manual with instructions and all necessary forms, including
a patient information letter.

Inour pathway, trained HCPs discussed the possibility of germline genetic testing (BRCA1/2,
RAD51C/D and BRIP1) and the implications for family members with all newly diagnosed
women with EOC (including fallopian tube and extra ovarian carcinomas) and women
who had a personal history of EOC and had not been tested previously. In addition, HCPs
completed a checklist (see Supplementary File 2) for every woman indicating whether
she required additional counseling at the department of genetics after receiving their test
result (e.g., indication for Lynch syndrome testing based on patient and/or family history
or multiple family members with ovarian cancer implying preventive measures for female
family members). If indicated by this checklist based on our national guidelines (2,24), the
HCP referred the patient to the department of genetics for further counseling.

After discussing the possibility of testing, written information about genetic testing was
handed out to patients. If patients agreed to undergo genetic testing, they completed a
written consent form and the test was ordered.

Patients received their test result in a letter from the department of genetics, along with
general information about this result. A copy of this letter was sent to both the HCP
who ordered the genetic test and the general practitioner. In the event of a positive test
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suspicion of
ovarian cancer

v v
biopsy + neo-adjuvant chemotherapy | | primary debulking surgery

epithelial ovarian/fallopian tube
or extra-ovarian carcinoma

HCP discusses the genetic test when
pathology report is definite

v

referral to the department of genetics - HCP fills in checklist
if indicated by the checklist and ['¢—— - HCP hands out information to
resume protocol patient referral to department of genetics if
¢ »| requested by physician or patient for pre-test
- HCP obtains informed consent for counseling at department of genetics

A 4

genetic test from patient
- HCP orders genetic test

!

Interpretation of genetic test result by
multidisciplinary team at department of
genetics

variant of
unknown
significance

pathogenic
variant

- test result and information sheet - testresult and information sheet - test result and information sheet
is sent to patient by clinical is sent to patient by clinical is sent to patient by clinical
geneticist geneticist geneticist

- test result is sent to gynecologic - testresult is sent to gynecologic _ testresult is sent to gynecologic
oncologist and/or nurse oncologist and/or nurse oncologist and/or nurse
specialist specialist specialist

- appointment at department of - appointment at department of - appointment at department of
genetics only in case of referral genetics is offered genetics is offered
based on checklist

Figure 1. Flow-chart for mainstreaming pathway for healthcare professionals offering
germline genetic testing to women with ovarian cancer

result, i.e., a pathogenic variant or variant of unknown significance, an appointment at
the department of genetics was added to the letter. Patients with a negative test result
received an invitation for an appointment only if indicated by the checklist.

This pathway was implemented in all four hospitals: implementation started in the first
hospital in April 2018 and in the last one in June 2019 (one academic hospital and three
non-academic teaching hospitals).

Study procedure

We used a prospective follow-up design. The participating HCPs received two
questionnaires. A first questionnaire (T0) had to be completed before starting the online
training module and a second questionnaire (T1) was sent 6 months after implementing
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the new mainstreaming pathway for genetic testing. These questionnaires consisted of
self-developed questions based on previous research by George et al. (13).

Attitude, perceived knowledge, self-efficacy, and knowledge

The TO and T1 questionnaires consisted of 13 statements to assess HCPs’ attitudes (five
statements), perceived knowledge (three statements), and self-efficacy (five statements)
toward mainstream genetic testing (13). The HCPs rated these statements using a 5-point
Likert rating scale (from strongly disagree to strongly agree). In addition, this second
questionnaire contained one extra question about attitudes toward mainstream genetic
testing. Both questionnaires contained the same five knowledge questions, including two
statements, and three multiple choice questions. Every statement had three response-
categories: true, false and ’l do not know’.

Evaluation of the training module

After each film, HCPs completed a self-developed questionnaire about the relevance of
the discussed topics (5-point Likert scale from not useful at all to very useful) and their
opinions regarding the duration of the films (5-point scale from far too long to far too
short). Appreciation for each film was evaluated on a scale of one to 10.

At the end of the training module, we asked participants to assess the module as a whole,
with appreciation on a scale of one to 10, and the usefulness, level of difficulty, duration,
and their appreciation of the online format, using a 5-point Likert scale. In addition, they
were asked whether they thought that important content was missing or whether they
had ideas or advice on improving the training module.

After working according to this new workflow for 6 months, we asked the HCPs whether, in
retrospect, they felt any information was missing from the training module.

Feasibility

We measured the feasibility of HCPs incorporating genetic testing into their routine work
in relation to three outcomes: time investment, reasons for not discussing genetic testing,
and how often additional appointments were needed to discuss and order genetic testing.

After 6 months, the HCPs estimated how much time they needed to discuss and order
genetic testing (less than five minutes, 5-10 minutes, 10-20 minutes, more than 20
minutes). In addition, they were asked to rate whether this time investment was ‘as
expected’ on a 5-point Likert rating scale (much worse than expected to much better than
expected).
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Both at baseline and after 6 months, the HCPs were asked to provide the two most
important reasons for not discussing the possibility of genetic testing with all eligible
patients.

After 6 months they estimated how often their patients needed an additional appointment
to discuss genetic testing, and reported the most important reasons for such an
appointment.

Statistical Analyses

We used descriptive statistics to detail the characteristics of the HCPs, time investment,
reasons for not discussing the possibility of genetic testing, and whether additional
appointments were needed. We compared the characteristics of the HCPs in the T0O and
T1 groups using the independent t-test for continuous variables and the chi-square test
for categorical variables to determine whether the HCPs who filled in both questionnaires
were representative of the entire group.

With paired analysis using the Wilcoxon signed-rank test we compared the total number
of correct answers to the knowledge questions between T0 and T1, and all statements
regarding attitude, perceived knowledge and self-efficacy between T0 and T1. A p-value <
0.05 was considered as statistically significant. Statistical analyses were performed using
IBM SPSS statistics 25.0.0.2.

Results

Participation
Twenty-one HCPs received login codes to the online training module. Nineteen (90%)
HCPs completed the entire training module. One HCP completed part of the online
training module.

The first questionnaire was completed by 20 out of 21 HCPs (95%) from four hospitals.
The second questionnaire was completed by 15 out of 17 HCPs. Two HCPs were not sent a
second questionnaire because they had completed the online training module less than 6
months before the end of our study period.

The total group consisted of 20 HCPs. Their characteristics are presented in Table 1. There
were no statistically significant differences in the characteristics of the 15 HCPs who
filled in both questionnaires compared to the five HCPs who only completed the first
questionnaire.
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Table 1. Characteristics of participating HCPs

Characteristics of HCPs Total group
n=20

Mean age (range) 47 (31-64)
Sex, n (%)

- Female 12 (60)

- Male 8 (40)
Disciplines, n (%)

- Gynecologic oncologist 5(25)

- Gynecologist with a subspecialty training in oncology 7(35)

- Gynecologistin training 2 (10)

- Nurse or nurse specialist (in training) 6 (30)
Hospital, n (%)

- Academic hospital 72 (33.3)

- Non-academic teaching hospital 142 (66.7)

20ne healthcare professional worked in both an academic and nonacademic teaching hospital.

Attitude, perceived knowledge, self-efficacy, and knowledge

Table 2 shows the number of HCPs that ‘agreed’ or ‘strongly agreed’ with the statements
regarding attitude, perceived knowledge, and self-efficacy toward mainstream genetic
testing. Both at baseline and after 6 months, a majority of HCPs agreed (strongly) to most
of these statements. Only for the statements about attitude and self-efficacy related to
offering genetic testing directly after diagnosing ovarian cancer, the majority of HCPs
neither agreed nor disagreed at both time points. With paired analysis, there were no
significant differences between T0 and T1 for any of these statements. However, there
seems to be a positive trend in the perceived knowledge of HCPs regarding the advantages
and disadvantages of genetic testing (p = 0.058).

One HCP had a neutral attitude toward discussing and ordering genetic testing at baseline
and thought that discussing and ordering genetic testing would be too time-consuming.
The same HCP did have a positive attitude after 6 months. Another HCP had a positive
attitude at baseline but a neutral attitude after 6 months; the new workflow was too time-
consuming, this HCP felt insecure about their knowledge regarding genetic testing, and
felt that clinical geneticists and genetic counselors had more experience and tools to
discuss genetic testing.

Table 3 shows the knowledge questions and how many HCPs answered these questions
correctly at baseline (before the online training module) and 6 months afterimplementing
the new mainstreaming pathway. Paired analysis (between TO and T1) for the total
number of correct answers for all five questions were available for 14 HCPs. The total
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number of correct answers remained constant for seven HCPs after working for 6 months
according to the new mainstreaming pathway, and improved for the other seven HCPs.
The measured difference with paired analysis is statistically significant (p = 0.016).

Table 3. Knowledge of HCPs (n=14) before (T0) and 6 months after completing the training
module (T1)

Questions T0 T1
Correct Correct
answer answer
n (%) n (%)

- Whatis the prevalence of BRCA mutations in patients 3(21.4) 9 (64.3)

with ovarian cancer?

- Patients with ovarian cancer are eligible for genetic 14 (100) 14 (100)

testing only when other family members have breast
and/or ovarian cancer

- Ahereditary cause for ovarian cancer can be excluded 13 (92.9) 13(92.9)
if no mutation is found in one of the BRCA genes

- Whatis the meaning of a BRCA mutation thatis found 11 (78.6) 13(92.9)
with a tumor test only?

- Whatis the meaning of a BRCA mutation thatis found 11 (78.6) 14 (100)

with a blood test only?

Evaluation of the training module

The four individual films were ranked, with an average rating of between 7.9 and 8.1 out
of 10. The majority (> 75%) of HCPs considered the duration of each individual film to be
‘exactly right’ and all discussed topics to be relevant.

The evaluation of the overall online training module is shown in Table 4. Immediately
after completing the training module, two out of 19 HCPs mentioned that they missed
information regarding the impact of genetic testing on insurance. After 6 months, two
out of 15 HCPs mentioned that, in retrospect, they missed practical tips on how to order
genetic testing. In addition, one HCP would have wanted to know the estimated time
investment for discussing and ordering genetic testing.

Feasibility

HCPs were able to discuss a genetic test in five to 10 minutes (9/15) or 10 to 20 minutes
(6/15). For 14 out of 15 HCPs this time investment was as expected or better than expected.
Most HCPs were able to order the genetic test in less than 5 minutes (8/14), the remainder
needed 5 to 10 minutes (n =5) or 10 to 20 minutes (n = 1). For 13 out of 14 HCPs this time
investment was as expected or better than expected.

The main reasons for not discussing genetic testing differed between ‘forgotten’ (T0) and
‘no appropriate moment’ (T1) and are illustrated in Figure 2.
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Table 4. Evaluation of the overall online training module (n = 19 HCPs)

Average rating out of 10 (range) 8.1(7-10)
Usefulness of online training module, n (%)
- (Reasonably/very) useful 18 (94.7)
- Notuseful (at all) 1(5.3)
Level of difficulty, n (%)
- (Much) too high 0(0)
- Exactlyright 16 (84.2)
- (Much) too low 3(15.8)
Appreciation of online format, n (%)
- (Very) pleasant 16 (84.2)
- Fairly pleasant 3(15.8)
- Not pleasant (at all) 0(0)
Duration of online training module, n (%)
- (Much) too long 2(10.5)
- Exactly right 17 (89.5)
- (Much) too short 0(0)
6
5
4 _
2
2
1
; il Nl 1
forgot to DNAtest consideredit nofamily patienttoo patientdid patient was not enough not
discuss DNA was already not their role history of emotional not want tooill time during appropriate
test discussed cancer referral consultation time during

consultation

BT0,n=20 @T1,n=15

Figure 2. The main reasons for not discussing genetic testing before (T0) and 6 months
after completing the training module (T1)

Less than half (7/15) of the HCPs reported that they had scheduled an additional
appointment to discuss genetic testing for at least one patient. Reasons for this were
that patients needed reflection time to consider genetic testing (n = 6), that there was not
enough time during the consultation (n = 4), and that discussing genetic testing would be
too much information for the patient in one consultation (n = 4).



80 Chapter 3

Discussion

This study shows that gynecologic oncologists, gynecologists with a subspecialty training
in oncology and nurse specialists feel motivated and competent to discuss and order
germline genetic testing in women with EOC themselves. HCPs had a positive attitude,
high self-efficacy, and high perceived knowledge both before and 6 months after working
according to the new workflow. This high acceptability among HCPs is comparable to the
results of other mainstreaming studies (12-14,16,17,19). Furthermore, 90% of the invited
HCPs from four hospitals completed the training module and participated in our study.

We considered training an essential part of the implementation of our mainstream
genetic testing pathway. Pre-test genetic counseling and informed consent are important,
because the results of a genetic test can have serious implications for patients and family
members (2,4). Training on genetic counseling should therefore also focus on the practical
and emotional implications of a genetic test (25,26). We incorporated these aspects
into our training module (see Supplementary File 1). Earlier research has shown that a
majority of HCPs consider their knowledge about genetic testing to be inadequate (27).
A training intervention can be successful in increasing the perceived knowledge, self-
efficacy and positive attitude of HCPs toward discussing and ordering genetic testing
(14). In our study, HCPs already had a positive attitude, high perceived knowledge, and
high self-efficacy at baseline. This might be due to the close collaboration between the
gynecology and genetics departments in our region. These outcomes persisted 6 months
after completing our training module, which may be due to a ceiling effect. Importantly,
after completing our online training module and with 6 months hands-on experience in
discussing and ordering genetic testing themselves, the attitude remained positive, and
perceived knowledge and self-efficacy remained high. We did see a significant increase
in knowledge about genetic testing after 6 months. However, it should be noted that we
asked a limited number of questions that do not cover all necessary aspects for pre-test
counseling. The experiences of patients are the best indicator whether non-genetic HCPs
are well equipped to perform pre-test counseling themselves.

The majority of HCPs took around 10 minutes to discuss and order genetic testing, which
was ‘as expected’ or ‘better than expected’ for almost all of them. This time investment
is comparable to the results from previous studies (14,17) and seems to be acceptable to
HCPs. Furthermore, 86% of HCPs agreed that, after completion of the training module,
mainstream genetic testing should be incorporated into their routine work. This time
investmentissubstantially shorterthanthe average timeinvestmentfortraditional genetic
counseling (on average 40 to 45 minutes) (28,29). For patients with EOC, an extended
family history is not necessary to determine if the patient is eligible for genetic testing.
We developed a short standardized checklist to evaluate family history in our mainstream
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model. In addition, we expect that non-genetic HCPs explain possible implications of a
genetic test in a more general way.

After 6 months, the participants reported they no longer forgot to discuss genetic testing
and their main reason for not discussing genetic testing was because they thought there
was no appropriate moment during the consultation. In addition, about half of the HCPs
felt confident discussing genetic testing with patients directly after diagnosing ovarian
cancer. A standard moment to discuss and order genetic testing can further reduce the
risk of HCPs forgetting to discuss it. However, it is important to take into consideration
the timing of the different consultations and the amount of information that patients
already receive after diagnosis. There are differences between hospitals, and adaptation
of pathways or division of tasks in accordance with local workflows is often necessary. Our
findings show that it is feasible for HCPs to incorporate germline genetic testing, including
asking for patients’ written informed consent, into their daily work. Gleeson et al. showed
that the most important barrier for non-genetic HCPs to continue with mainstream
genetic testing was that they did not feel confident that there was a structured workflow,
including collaboration with a department of genetics (14). During our study period, this
new workflow was already incorporated into standard care, and HCPs could discuss and
order genetic testing for all women with EOC.

An advantage of the workflow that we implemented is that it can easily be adapted if gene
panels change. In the course of our study, the ovarian cancer gene panel consisted of the
five core genes (BRCAL, BRCA2, BRIP1, RAD51C and RAD51D), and it is likely that the gene
panel will be expanded with other cancer genes, such as PALB2, in the near future. Tumor
testing can also be incorporated into our workflow. Tumor testing has the advantage that
it can be used as a pre-test for germline genetic testing (30). When a pathogenic variant
is found in the tumor there is a 50% chance of the existence of a germline pathogenic
variant, and patients and their family members should be prepared for this outcome.
Therefore, adequate pre-test counseling and informed consent are equally important
when discussing and ordering a tumor test first. Our training module covers the difference
between germline and somatic variants. Therefore, after completing our training module,
HCPs will be well equipped to first discuss and order a tumor test, and, if necessary,
subsequently a germline test. An additional advantage of incorporating our workflow into
a tumor first workflow is that germline testing can be offered directly to patients when a
tumor test fails or cannot be performed.

Although our new workflow seemed feasible in this study setting, the financial
consequences need to be taken into account. There should be adequate reimbursement
for the extra time investment that HCPs need when discussing and ordering genetic
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testing. Future research should focus on the shift of responsibilities between the involved
departments and the changes in financial sources.

A major strength of our study is that we developed our training module and workflow
in collaboration with our project team consisting of multiple HCPs and two patient
organizations. We could therefore identify barriers and facilitators for all involved parties.
Other strengths are the before-and-after design to test the knowledge, attitude, and self-
efficacy of HCPs, the inclusion of both academic and non-academic teaching hospitals,
and the subsequent high participation rate of HCPs which improves the generalizability
of our outcomes.

There are limitations for this study. Our study population was small, which makes it more
difficult to observe significant effects, and we did not use standardized questionnaires
to assess knowledge, attitude, and self-efficacy. To our knowledge, there are no suitable
and validated questionnaires available to generate results that would answer our specific
research questions. In addition, we only measured self-reported outcomes, and did not
objectively measure skills. Therefore, the results of our study cannot easily be extrapolated
to other non-genetic HCPs. Last, we did not compare our results to a control group of
HCPs that did not receive any training in pre-test genetic counseling.

Future research

For mainstream models to be successful and effective it is important that patients can
make a well informed decision regarding genetic testing after pre-test counseling. So
far, the experiences of patients with mainstream genetic testing have been investigated
in multiple studies, but as far as we know there are no randomized trials. In addition,
there is a lack of studies that focus on more quality of care outcomes (12,13,15,17,19).
In the future, patient experiences should be evaluated in more detail and should include
not only satisfaction, but also outcomes that evaluate quality of care, such as patients’
understanding of received information, decisional conflict,and decision regret. In addition,
it is important to consider alternative models that address the increasing demand for
genetic testing, and to compare these alternative models, such as direct genetic testing
models (31,32), embedding genetic counsellors into oncology clinics (33,34), and tumor-
first genetic testing models (30).

Conclusion
Preceded by an online training module, the implementation of a mainstreaming pathway
for germline genetic testing in women with EOC seems feasible and acceptable for non-
genetic HCPs.
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Supplementary File 1. Supporting information regarding
online training module

The training module was evaluated and accredited by national accreditation bureaus of
the scientific organizations for gynecologists and nurse specialists as part of the national
CME accreditation.

Film 1: Mainstreaming of genetic testing in patients with cancer (duration: 7.5 mi-

nutes).

This film contains the following elements:

- Short introduction film with a clinical geneticist giving an explanation of the term
mainstreaming of genetic testing and why this new workflow is important for
patients with cancer.

- Slides with a voice over explaining:

o How cancer develops and how hereditary and environmental factors
play arole.
The difference between germline and somatic mutations.
The difference between genetic testing in blood and genetic testing in
tumor tissue.
The importance of genetic testing in patients with cancer.
The difference between diagnostic and predictive genetic testing.
A summary of the above.

Film 2: BRCA1and BRCA2, genetic testing in ovarian cancer patients (duration: 5.5
minutes).
This film contains the following elements:
- Shortintroduction film with a clinical geneticist giving an overview of the content
of the film.
- Slides with a voice over explaining:
o The eligibility criteria for genetic testing in patients with ovarian cancer.
o The prevalence of pathogenic variants in the BRCA genes and the
difference in prevalence between the histologic subtypes.
Cancer risks associated with pathogenic variants in the BRCA genes.
Pattern of inheritance for pathogenic variants in the BRCA genes.
Screening recommendations for family members.

O O O O

Possible changes in the future, for example the expected expansion of
the gene panel and the role of tumor testing.
o Asummary of the above.
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Film 3: The new workFlow For genetic testing (duration: 7 minutes)
This film contains the following elements:
- Shortintroduction film with a clinical geneticist giving an overview of the content
of the film.
- Sides with a voice over explaining:
o The entire workflow (step-by-step).
o How to fill out the checklist to determine if the patient is eligible for
referral to the department of genetics.
o How tofill out the informed consent form.

Film 4: Practical advice on how to discuss genetic testing (duration: 10 minutes)

This film contains the following elements:

- Shortintroduction film with a clinical geneticist giving an overview of the content
of the film.

- Slides with a voice over explaining:

o Communication about and timing of genetic testing.

o Elements to discuss with a patient.

o Possible outcomes of a genetic test and the implications of these
outcomes.

- Film with:
o A gynecologic oncologist and a patient. This shows a simulation
consultation on how to discuss a genetic test, including:
= Importance of genetic testing (possible implications for
treatment options and risk of breast cancer).
= Possible consequences for family members.
=  Procedure (blood test, time to result, and result send via letter).

o A patient who is carrier of a pathogenic variant in the BRCA1 gene and
currently using PARP inhibitors. She explains the impact that genetic
testing had on her and her family and why genetic testing is important
for every woman with ovarian cancer.

o A specialized social worker. She explains what impact a pathogenic
variant in a BRCA gene can have on patient and her family members,
elaborates on the emotional consequences and explains the supportive
role of a social worker in the process of genetic testing.



90 Chapter 3

Supplementary File 2. checklist indicative for referral to
genetics department

Checklist ‘referral to genetics department’

yes no
Does your patient have:
- afirst or second degree relative with ovarian cancer? m] d
- asynchronous or metachronous Lynch syndrome associated carcinoma*? m] d

- afirst degree relative with endometrial or colon cancer, and diagnosed
under the age of 50 years or the ovarian cancer diagnosed under the
age of 50 years. m] ad
- 2 or more first or second degree relatives with a Lynch syndrome associated
carcinoma*? O
- (current or previous) breast cancer or ductal carcinoma in situ? 0

*Lynch syndrome associated carcinomas: colorectal carcinoma, endometrial carcinoma, stomach
cancer, carcinoma of the small intestine, urinary tract carcinomas, ovarian cancer, pancreatic
carcinoma, brain tumor, bile duct carcinoma and sebaceous gland carcinoma.

Can 1 or more questions be answered with “yes”? = patient is eligible for referral to the genetics
department

This checklist should be included in the patient file.

Contact the genetics department easily when you have questions regarding this checklist or when you
think the patient is eligible for referral and this is not reflected in the checklist. (original checklist
includes telephone numbers)
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Abstract

Background: There is a growing need for genetic testing of women with epithelial ovarian
cancer. Mainstream genetic testing provides an alternative care pathway in which non-
genetic healthcare professionals offer pre-test counseling themselves. We aimed to
explore the impact of mainstream genetic testing on patients’ experiences, turnaround
times and adherence of non-genetic healthcare professionals to the mainstream genetic
testing protocol.

Methods: Patients receiving pre-test counseling at the gynecology departments between
April 2018 and April 2020 were eligible to participate in our intervention group. Patients
receiving pre-test counseling at the genetics department between January 2017 and April
2020 were eligible to participate in our control group. We evaluated patients’ experiences
with questionnaires, consisting of questions regarding knowledge, satisfaction and
psychosocial outcomes. Patients in the intervention group were sent two questionnaires:
one after pre-test counseling and one after receiving their DNA test result. Patients in our
control group were sent one questionnaire after receiving their test result. In addition,
we collected data regarding turnaround times and adherence of non-genetic healthcare
professionals to the mainstream genetic testing protocol.

Results: Participation was 79% in our intervention group (105 out of 133 patients)
and 60% in our control group (91 out of 152 patients). Knowledge regarding genetics,
decisional conflict, depression, anxiety, and distress were comparable in the two groups.
In the intervention group, the risk of breast cancer in patients carrying a pathogenic
germline variant was discussed less often (49% versus 74% in control group, p < 0.05),
and the mean score of regret about the decision to have genetic testing was higher than
in the control group (mean 12.9 in the intervention group versus 9.7 in the control group,
p =< 0.05), although below the clinically relevant threshold of 25. A consent form for the
DNA test and a checklist to assess family history were present for = 95% of patients in the
intervention group.

Conclusions: Mainstream genetic testing is an acceptable approach to meet the increase
in genetic testing among women with epithelial ovarian cancer.

Keywords: Epithelial ovarian cancer; Mainstream genetic testing; Patients’ perspectives;
Genetic counseling; Turnaround times; Psychosocial outcomes; Knowledge; Satisfaction
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Introduction

Genetic testing for patients with ovarian cancer has increased over the years, due to
expanding eligibility criteria and individualized treatment options that are dependent on
DNA test results. All patients with epithelial ovarian cancer (EOC) are eligible for genetic
testing (1-3). Patients with platinum-sensitive EOC are sensitive to treatment with PARP
inhibitors, with an increased response when a pathogenic variant in a BRCA gene is
present (2,4).

With mainstream genetic testing, non-genetic healthcare professionals (HCPs) perform
pre-test counseling and order germline genetic testing for their patients (5,6). Additional
counseling by a genetic counselor or clinical geneticist is only required in case of a
pathogenic variant or variant of unknown significance in a cancer predisposition gene.
The importance of genetic testing for patients with EOC and low referral rates to genetics
departments in the past have led to the rise of mainstream genetic testing initiatives
around the world (7,8).

We have previously implemented a mainstream genetic testing pathway in four hospitals
in the Netherlands, and we have shown that gynecologic oncologists, gynecologists with
a subspecialty training in oncology, and nurse specialists feel capable of performing
pre-test counseling and ordering genetic testing themselves and are motivated to do so
(9). Earlier research has shown that patients with EOC appreciate being offered a DNA
test shortly after diagnosis (10-13), and their distress and cancer worry do not increase
following genetic counseling (11,14).

However, with mainstream genetic testing, non-genetic HCPs need to incorporate
genetic testing into their routine practice. The time spent on pre-test counseling may be
considerably shorter compared to the duration of the pre-test counseling performed by
clinical geneticists or genetic counselors. In addition, with mainstream genetic testing
there is no wait time for patients to receive pre-test counseling. This is beneficial for
possible treatment options, but also eliminates a time period for patients to consider
genetic testing before their first pre-test counseling. This may result in more distress or
decisional conflict or regret in patients.

Because of these differences in the clinical setting, it is impossible for non-genetic HCPs
to provide the same pre-test counseling as provided by a clinical geneticist or genetic
counselor. These differences are acceptable as long as patients are able to make a well-
informed decision regarding genetic testing without experiencing excessive distress or
regret. In addition, non-genetic HCPs need to incorporate an informed consent procedure
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and identify patients who might benefit from additional counseling at a genetics
department, for example for genetic testing for Lynch syndrome.

Many studies have shown high acceptability of mainstream genetic testing approaches
among EOC patients (5,6,15-21). So far, these outcomes have only been evaluated
sporadically with a control group receiving pre-test genetic counseling at a genetics
department (16,18-20). Two of these studies included both patients with breast and
ovarian cancer, and post-test counseling was always performed by a genetic counselor or
clinical geneticist (16,19). Another study predominantly considered patient satisfaction
(18).

In this study, we will assess the impact of mainstream genetic testing on patient care in
comparison to genetic counseling and testing performed by a clinical geneticist or genetic
counselor. The impact on patient care is evaluated based on psychosocial outcomes,
knowledge and satisfaction of patients, turnaround times, and the adherence of non-
genetic HCPs to the mainstream genetic testing protocol.

Material and methods

Mainstream genetic testing pathway

We previously described the development and workflow of our mainstream genetic testing
pathway (9). We implemented this pathway in the four hospitals in our region where
patients are diagnosed and treated for EOC. In April and August 2018, we started in the two
hospitals with the highest numbers of newly diagnosed patients with EOC. In March and
July 2019, we implemented our pathway in the other two hospitals. After completion of a
training module, non-genetic HCPs could perform pre-test genetic counseling and order
genetic testing for all patients eligible for genetic testing according to national guidelines
(i.e., EOC, including fallopian tube and extra ovarian carcinomas), including patients who
were diagnosed in the past and had not yet received genetic testing (1). These non-genetic
HCPs included gynecologic oncologists, gynecologists with a subspecialty training in
oncology, and nurse specialists. If indicated by the patient or non-genetic HCP, patients
could still be referred for pre-test counseling by a genetic HCP (e.g., when the patient had
questions that the non-genetic HCP could not answer). Our gene panel first consisted of
the genes: BRCAI and BRCA2 (1). During our study, this panel was complemented by the
genes BRIP1, RAD51C, and RAD51D.

During pre-test counseling, non-genetic HCPs informed patients of the implications of
genetic testing and handed out an information sheet with general information about
genetic testing. For patients who accepted genetic testing, written informed consent was
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obtained and the DNA test ordered. In addition, non-genetic HCPs filled out a checklist
to identify patients with a relevant personal or family history indicative for referral to a
genetics department (e.g., meeting eligibility criteria for Lynch syndrome testing and/or
preventive measures for family members).

The genetics department sent the test results to patients in a letter, which also included
a general information sheet explaining this result. This letter was also sent to the HCP
who had ordered the DNA test and to the general practitioner. An invitation for post-test
counseling at the genetics department was added to this letter for all patients carrying
a pathogenic variant or variant of unknown significance within five working days, or
patients with a relevant personal or family history within 6-8 weeks.

Standard genetic testing pathway

For patients referred to the genetics department, a clinical geneticist or genetic counselor
performed pre-test counseling and acquired information regarding the family history,
obtained written informed consent and ordered the DNA test. During our study period,
patients could either be referred to the genetics department by non-genetic HCPs who
were not trained in the mainstream genetic testing pathway (e.g., general practitioners
or medical oncologists) or by trained non-genetic HCPs when there was an indication for
such a referral. Test results were discussed with the patient in person, via telephone or
videoconference. Subsequently, the test result and possible implications of this result for
patient and family members were summarized in a letter to the patient. This letter was
also sent to the general practitioner and the non-genetic HCP who referred the patient.

Study design and participants

All patients who received pre-test genetic counseling and testing in the mainstream
genetic testing pathway were invited prospectively to participate in our questionnaire
study between April 2018 and April 2020 (see Figure 1). All patients who received pre-test
counseling were eligible to participate in our intervention group, even if they declined
genetic testing. They received information about the study, including a response sheet,
directly after discussing the DNA test with their HCP (T0). We sent a reminder letter after
two weeks to all patients for whom a DNA test was requested by a non-genetic HCP. The
first questionnaire was sent to patients who accepted the invitation to participate in our
study. Patients only received a second questionnaire if a DNA test was performed. This
second questionnaire was sent to patients approximately four weeks after receiving their
test result (T1).

For our control group, we retrospectively invited patients who had received pre-test
genetic counseling and testing in the standard genetic testing pathway to participate in
our questionnaire study at least four weeks after receiving the test result. We identified
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Mainstream genetic Standard genetic
testing pathway testing pathway
EOC diagnosis (in the EOC diagnosis (in the

past) past)
Referral to genetics
department

Genetic counselor or
clinical geneticist
discusses DNA test
n=177

Gynecologist or nurse
TO questionnaires specialist discusses DNA
received test and hands out first
n =105 (79%) questionnaire (T0)
n=133

DNA test result DNA test result
. Test It is disclosed t
Test result is sent to estresutts disclosecto
L patient by genetic
patientina letter counselor or geneticist
8 Ineligible for study

n=25
- deceased (n = 14)
- other (n=11)

~ 4 weeks after test result > 4 weeks after test
second questionnaire is result® questionnaire is
sent to patients (T1) sent to patient
n =105 n=152

Pre-test counseling at gynecology department Pre-test counseling at genetics department
between April 2018 and April 2020 between January 2017 and April 2020

Questionnaires
completed®
n =91 (60%)

T1 questionnaires
completed®
n =96 (91%)

Figure 1. Study design and participation in questionnaire study.

aTwo questionnaires were returned without being completed and with a comment that the patient
had died. ®Patients in the control group received pre-test genetic counseling both before and during
our study period (from January 2017 until April 2020). Patients who received genetic counseling
during our study period received the questionnaire approximately four weeks after the test result
was made available. Patients who received genetic counseling before our study period received the
questionnaire between four weeks and one year after receiving the test result. < Two patients were
excluded after receiving the questionnaire, one because of a language barrier and one because the
patient received counseling for breast cancer and the EOC was diagnosed after preventive surgery.

all patients with EOC who had received pre-test counseling at the genetics department
between January 2017 and April 2020. We only invited patients to participate in our
study when we could confirm vital status and current address. In addition, we excluded
patients who previously declined to participate in research, had not completed their
genetic counseling, or when a pathogenic variant in one of the ovarian cancer genes was
already identified in a family member. We sent out a reminder letter after two weeks to
non-responders.
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We obtained data from medical records of patients who participated in our questionnaire
study regarding: diagnosis, age at diagnosis, interval between receiving test result and
completing the questionnaire, turnaround times, genes tested, and test results. The
consent forms for diagnostic germline genetic testing and checklists evaluating patients’
personal and family history were only evaluated for patients in the intervention group. For
the evaluation of these consent forms, checklists and, in addition, turnaround times, our
intervention group consisted of all patients who received mainstream genetic testing and
not only the patients who participated in our questionnaire study.

Questionnaires

The questionnaires consisted of nine elements: (1) sociodemographics, (2) treatment
history, (3) distress, (4) anxiety and depression, (5) knowledge, (6) discussed topics
during pre-test counseling, (7) satisfaction with pre-test counseling, (8) satisfaction with
receiving the test result, and (9) satisfaction with the decision to accept or decline genetic
testing. Table 1 shows which elements were present in the different questionnaires for the
intervention and control group.

Outcome measures

Psychosocial outcomes

Psychosocial outcomes consisted of (1) anxiety and depression, (2) distress, (3) decisional
conflict, and (4) decision regret.

Anxiety and depression were measured using the Hospital Anxiety and Depression
Scale (HADS) (22,23). The HADS is a validated questionnaire consisting of 14 items with
a four-point Likert scale: seven questions for anxiety (HADS-A) and seven questions for
depression (HADS-D). Scores for both subscales range between zero and 21. Scores on a
subscale = 11 indicate clinically significant levels of anxiety or depression (24).

Distress was measured using the one-item Distress Thermometer (DT) (25). The DT has
a scale from 0 to 10, with 0 indicating ‘no distress’ and 10 indicating ‘extreme distress’. A
score of =4 indicates moderate to severe distress (25).

Decisional conflict was measured with the decisional conflict scale (26,27). This
questionnaire consists of 16 items with a five-point Likert scale for each question. A total
score and five subscores can be determined, all ranging from 0 to 100, with 0 indicating no
decisional conflict and 100 indicating maximal decisional conflict. The question: ‘/ expect
to stick with my decision’ was left out of the T1 questionnaire for the intervention group
and questionnaire for the control group because these questionnaires were sent after the
DNA test had already been performed and therefore this question did not apply at that
time.
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Table 1. Overview of topics in questionnaires

Intervention group Control

TO questionnaire T1 questionnaire group
Elements Tool
Sociodemographics X X
Treatment history X X
Distress - DT X X X
Anxiety and depression - HADS X X X
Knowledge X X X
Discussed topics during pre- X X
test counseling
Satisfaction with pre-test X X
counseling
Satisfaction with receiving X X
the test result
Satisfaction with the - DCS X X X
decision to accept or decline - DRS X X

DNA testing
DT Distress Thermometer, HADS Hospital Anxiety Depression Score, DCS Decisional Conflict Scale,
DRS Decision Regret Scale.

The level of decision regret was measured with the decision regret scale (28). This
questionnaire consists of five items with a 5-point Likert scale. Scores range between 0
and 100, with 0 indicating no regret and 100 indicating maximal regret.

Knowledge and discussed topics
Knowledge was measured with five statements adapted from Claes et al. that can be
answered with ‘true’, ‘false’ or ‘don’t know’ (29).

Discussed topics consisted of (1) consequences for patients’ treatment, (2) possible
implications for family members, and (3) the associated higher risk of developing breast
cancer if a pathogenic variant in a BRCA gene is found. Patients were able to select one or
more of these three options and were asked to select the topic that was most important
to them.

Satisfaction

The patients’ satisfaction with pre-test counseling and how they received the test result
were measured using self-developed questions, derived from the questionnaires used
in the Mainstreaming Cancer Genetics (MCG) program and developed for the TIME trial,
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which evaluated breast cancer patients’ experiences with rapid genetic testing and
counseling (6,30).

Turnaround times

For both groups, we evaluated the time between diagnosis, pre-test counseling, and
communicating the test result to the patient. For patients in the control group, we also
included the time of referral. For patients in the intervention group, we also included the
time of additional post-test counseling at the genetics department, if applicable.

We used the date of the histology report as the time of diagnosis. If a histology report was
lacking, the date of the cytology report was used. For patients in the intervention group,
we used the date that the letter with the test result was sent to the patient as the time
that the test result was communicated to the patient. For patients in the control group,
we used the date that the test result was first communicated to the patient, which was
foremost the date of a telephone consultation.

If the month and/or day of the date were missing, June and/or the 15" were added in
order to be able to calculate the turnaround times.

Adherence to the mainstream genetic testing protocol

We assessed whether written informed consent was obtained for diagnostic germline
genetic testing based on the presence of a consent form in the patient file. In addition, we
assessed whether non-genetic HCPs evaluated whether the patient required additional
post-test counseling at the genetics department based on patient or family history. We
determined this based on the presence of the checklist in the patient file. We also assessed
whether or not patients were actually referred to the genetics department if indicated by
this checklist.

Statistical analyses

We calculated mean and standard deviation or median and range for continuous variables
and frequencies and percentages for categorical variables. Groups were compared using
univariate analysis with logistic regression or a chi-square test for categorical variables
and linear regression for continuous variables. We performed multivariate analyses on
the decisional conflict scale, the decision regret scale, the HADS and DT. We adjusted for
the possible confounders, based on literature and expert opinion: having a pathogenic
variant or variant of unknown significance, having one or more children, educational
level, having a personal history of another type of cancer in addition to the EOC diagnosis,
the interval between receiving the DNA test result and completing the questionnaire,
and being offered genetic testing < 6 months after diagnosis. We imputed (five times) the
missing data (< 6%) of these outcomes and possible confounders. For the calculation of
the turnaround times, we excluded the extreme outliers. We defined extreme outliers as
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values that were either 3 times the interquartile range above the 3 quartile value or 3
times below the 1t quartile. IBM SPSS statistics 26.0.0.1 was used to perform the statistical
analyses.

Results

Participation and patient characteristics

During our study period, non-genetic HCPs requested a DNA test for 133 patients, of
whom 105 (79%) participated in our study (intervention group). We received 105 T0
questionnaires and 96 T1 questionnaires. We identified 177 patients with EOC who had
received pre-test counseling at the genetics department between January 2017 and April
2020. In total, 152 patients were eligible to participate in our questionnaire study, and 91
of these patients (60%) completed the questionnaire (control group). See also Figure 1.

For both groups, we did not receive any questionnaires from patients who declined genetic
testing. Because the control group was invited retrospectively, there was a longer period
of time (p = 0.000) between receiving the test result and completing the questionnaire
(mean 232 days, sd 14.6) compared to the intervention group (mean 57 days, sd 3.1).

The patient characteristics are shown in Table 2. The study group consisted mainly
of patients with high-grade serous EOC. Most patients had one or more children, an
intermediate educational level and a Dutch native background. In our intervention group,
the mean age was higher and there were significantly more patients who had one or
more children. There were no statistically significant differences between the responders
and non-responders in the intervention group with regard to age at diagnosis, whether
patients were newly diagnosed at time of pre-test counseling or not, histology, types of
genes tested and test result (data not shown).

Psychosocial outcomes

Table 3 shows the decisional conflict, decision regret, anxiety, depression and distress for
both groups. The univariate analyses did not show any significant differences in decisional
conflict or decision regret between the two groups. When corrected for our confounders
with multivariate analyses, decision regret was significantly higher in our intervention
group. There were no significant differences for anxiety, depression, or distress between
the two groups with univariate and multivariate analyses.

Knowledge and discussed topics
The average number of correct answers for the five knowledge statements was 3.0 (sd 1.6)
in the intervention group, and 3.3 (sd 1.4) in the control group (p = 0.155). Considering
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Table 2. Patient characteristics

Intervention group, Control group, P-value
n =105 n=91
Age at diagnosis, mean (sd) 67.4(9.6) 63.0(11.1) 0.003*
Newly diagnosed at time of being 91 (86.7) 62 (68.1) 0.002*
offered genetic testing?, n (%)
Histology, n (%)
- Serous, 78 (74.3) 64 (70.3) 0.183
- highgrade - 72 - 51
- lowgrade -5 - 6
- grade unknown -1 - 7
- Endometrioid 5(4.8) 6 (6.6)
- clearcell 5(4.8) 4(4.4)
- Mucinous 8(7.6) 7(7.7)
- Other/unknown 9(8.6) 10 (11)
DNA test results, n (%)
- Normal 95 (90.5) 74 (81.3) 0.068
- Pathogenic variant or variant 10 (9.5) 17 (18.7)
of unknown significance
Children, n (%)
- No 12(11.4) 20 (22.0) 0.038*
- Yes 92 (87.6) 67 (73.6)
- Unknown 1(1.0 4 (4.4)
Educational level®, n (%)
- Low 9(8.6) 9(9.9) 0.851
- Intermediate 71(67.6) 58 (63.7)
- High 24(22.9) 23(25.3)
- Unknown 1(1.0) 1(1.1)
Migrant status¢, n (%)
- Dutch Native 92 (87.6) 82 (90.1) 0.946
- Migrant 10 (9.5) 8(8.8)
- Western - 8 - 6
- Non-Western -2 -2
- Unknown 3(2.9) 1(1.1)
Personal history of another type 16 (15.7) 15(17.2) 0.774

of cancer, n (%)

2 Newly diagnosed at time of being offered genetic testing was defined as receiving pre-test
counseling < 6 months after diagnosis for the intervention group and being referred to the genetics
department < 6 months after diagnosis for the control group. * Educational level is subdivided into
low, intermediate or high level as categorized by the Dutch Standard Classification of Education
2021 (31). Low level education is no education, primary education or lower secondary education,
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intermediate level education is upper secondary education and high-level education is tertiary
education. ©Migrant status is defined by Statistics Netherlands (CBS) as having at least one parent
who was born abroad (32). A distinction can be made between a Western migration background
(country of origin in Europe (excluding Turkey), North America, and Oceania, or from Indonesia
or Japan) and a non-Western migration background (country of origin in Africa, South America or
Asia (excluding Indonesia and Japan) or from Turkey). If a person is born in the Netherlands, the
migration background is determined by the mother’s country of birth. When the mother is born in
the Netherlands as well, then the migration background is determined by the father’s country of
birth. * p<0.05.

the individual statements, patients in the intervention group scored significantly worse
on the statement ‘A woman who has a sister with a pathogenic variant (gene alteration)
in an ovarian cancer gene has a 50% chance (1 in 2) of having this gene alteration as well’
compared to the control group. Comparisons between the two groups for every individual
statement are shown in Supplementary Table 1.

The discussed topics during pre-test counseling are shown in Figure 2. The possible impact
of the DNA test result on the treatment were discussed with only a third of both groups,
according to the patients. Patients in both groups reported that the possible implications
for family members were most important to them: 72% of patients in the intervention
group and 65% of patients in the control group.

Patient satisfaction

Questions regarding satisfaction of patients with pre-test counseling and receiving their
test result are shown in Tables 4 and 5. In the intervention group a significantly higher
proportion of patients indicated that it did not matter to them how they received their
test result. In addition, a significantly higher proportion of patients in this group answered
that they were unsure whether or not they had enough time to weigh the advantages and
disadvantages of a DNA test.

Turnaround times
The turnaround times in the intervention group were significantly shorter than those in
the control group, see Table 6.

Adherence to the protocol

The checklist to assess whether the patient had a relevant personal or family history for
referral to a genetics department was present in the patient file for 126 out of 133 patients
(94.7%). For 14 patients, there was a reason to refer the patient to the genetics department
based on their checklist. Three of these patients (21.4%) had not been referred to the
genetics department. The checklist of one of these patients was already assessed by the
genetics department at time of the test result and they agreed that a referral was not
necessary. For the other two patients, it was not clear why they were not referred. A signed
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Figure 2. Discussed topics during pre-test counseling

The figure shows the percentage of patients who reported whether the following topics were
discussed: (1) women with ovarian cancer and a pathogenic variant in an ovarian cancer gene
can sometimes receive additional treatment if the ovarian cancer comes back later, (2) for family
members it may be important to know if a woman with ovarian cancer has a pathogenic variant in
an ovarian cancer gene, and (3) when a woman with ovarian cancer has a pathogenic variant in a
BRCAI or BRCA2 gene, she also has a higher chance of developing breast cancer. *p < 0.05.
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consent form for diagnostic genetic testing was present in the electronic patient file of 130

patients (97.7%).

Table 5. Questions indicating satisfaction with receiving test result

Options Intervention Control P-value
group,n=96  group,n=91

It was clear how the yes 85 (88.5) 86 (94.5) 0.057
test result would be no 9(9.4) 2(2.2)
communicated, n (%) missing 2(2.1) 3(3.3)
Clarity of written (very) clear 88 (91.7) 83(91.2) 0.161
information about the test unsure/not 5(5.2) 1(1.1)
result, n (%) clear

missing 3(3.1) 7(7.7)
Looking back, information yes 4(4.2) 4 (4.4) 0.949
was missed to consider the no 88 (91.7) 84 (92.3)
DNA test, n (%) missing 4(4.2) 3(3.3)
Number of days between 36 (11 -366) 55(15-112) 0.055
pre-test counseling and
communicating test result
to patient, median (range)
Satisfied with number of (very) satisfied 78 (81.3) 71(78.0 0.467
days between pre- test Unsure/not 14 (14.6) 17(18.7
counseling and receiving satisfied
test result, n (%) missing 4(4.2) 3(3.3)
Ways of receiving test result, letter N/A (all via a 14 (15.4) N/A
n (%) telephone letter) 39 (42.9)

consultation 33(36.3)

at genetics

department

other 1(1.1)

missing 4(4.4)
Satisfied with how test yes 59 (61.5) 75 (82.4) 0.002*
result was received, n (%) no 1(1.0) 0

no preference 34 (35.4) 13(14.3)

missing 2(2.1) 3(3.3)

N/A Not applicable. * p <0.05.
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Discussion

In this study, we evaluated the impact of mainstream genetic testing on genetic care of
patients with EOC, based on patients’ experiences, turnaround times and adherence
of non-genetic HCPs to the mainstream genetic testing protocol. We compared these
outcomes to those of a control group receiving standard genetic care (pre-test counseling
performed by a genetic counselor or clinical geneticist). So far, only four previous studies
have evaluated genetic care of patients receiving mainstreamed genetic care in direct
comparison to a valid control group, and for the majority with a limited number of patients
in these groups (16,18-20).

We showed that decisional conflict, anxiety, depression and distress were comparable
for the patients in our intervention and control group. We did find differences in regret,
discussed topics, and knowledge between the two groups. It is not surprising to find these
differences between the two groups, as non-genetic HCPs did not have the same training
as clinical geneticists. In addition, they have limited time during consultations to include
pre-test genetic counseling. We think these differences are acceptable as long as patients
do not experience high levels of decision regret or distress, and feel that they can make an
informed choice whether or not to perform genetic testing.

The level of decision regret was significantly higher in our intervention group compared to
our control group. Although no definite cut-off scores have been determined for decision
regret so far, other studies have used a cut-off score of 25 to indicate strong levels of regret
(33,34). In our study, the level of regret in both groups are far below this threshold (12.9
in the intervention group, 9.7 in the control group) and in line with the previous study of
McLeavy et al. (17). In addition, decision regret is measured on a scale of 0 to 100 and this
three-point difference in level of regret seems clinically irrelevant.

The other psychosocial outcomes (decisional conflict, anxiety, depression and distress)
were comparable between the two groups. Decisional conflict in both groups was
far below the previously determined cut-off level of concern of 37.5 (35). This is in line
with the research of Richardson et al. (19). In contrast, Yoon et al. did see a significantly
higher decisional conflict in patients receiving pre-test counseling by a non-genetic HCP
compared to patients receiving pre-test counseling by a genetic counselor or clinical
geneticist (20). However, in this study decisional conflict scores for both groups were
also below the level of concern of 37.5, and therefore they concluded that this difference
was clinically irrelevant. Anxiety and depression have not previously been evaluated in
patients receiving mainstreamed genetic care. The levels of anxiety and depression we
found in our study are comparable with the outcomes of Beek et al. (11). They showed
that patients who received pre-test counseling by a genetic counselor or clinical geneticist
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had a median anxiety level of 5.0 and a median depression level of 3.0 six months after
diagnosis. Distress levels have been evaluated in a few studies and, as in our study, have
been comparable between patients receiving mainstreamed genetic care and patients
receiving pre-test counseling by a clinical geneticist or genetic counselor (16,18-20).

For patients to make an informed decision, it is important that they are aware of the
possible implications of a DNA test for themselves, but also for family members. Overall,
knowledge about genetics was similar between the two groups, which is in line with
previous studies (16,19). However, the statement that a sister with a pathogenic variant
in an ovarian cancer gene has a 50% chance of having the same pathogenic variant was
answered incorrectly by significantly more patients in our intervention group. However,
for patients to make a well-informed decision whether or not to perform a DNA test,
we believe it is sufficient to have general knowledge of possible implications for family
members. Detailed information about inheritance patterns only becomes relevant when
a pathogenic variant is identified, and for these patients post-test counseling is always
performed by a genetics counselor or clinical geneticist.

Significantly fewer patients in the intervention group mentioned that the possible higher
risk of breast cancer for patients with EOC carrying a pathogenic BRCA1/2 variant was
discussed during pre-test counseling. So far, only Colombo et al. also have assessed
which topics were discussed during pre-test counseling, although they did not specifically
ask about the possible higher risk of breast cancer (5). We asked specifically about the
risk of breast cancer for patients with ovarian cancer. Especially in patients suffering
from advanced disease stage, potential breast cancer risk might not always be clinically
relevant, and therefore not discussed during pre-test counseling. It is important for family
members to be informed about the possible risk of breast cancer, but this is only relevant
when a pathogenic variant is identified, for which all patients receive post-test counseling
by a genetic counselor or clinical geneticist. When implementing a mainstream genetic
testing pathway, we recommend educating non-genetic HCPs to include in their pre-
test counseling the possible higher risk of breast cancer for patients with EOC carrying a
pathogenic variant in a BRCA gene.

Overall, satisfaction with the genetic care pre- and post-test was high in both groups. We
considered it foremost important to analyze patients who were unhappy with the care
they received. Only four (4%) of the 105 patients felt that they had not had enough time
to consider the advantages and disadvantages of a DNA test, which indicates that the
majority (96%) of patients in our intervention group had enough time to consider the DNA
test. Regarding the satisfaction with the way the test result was received, the majority of
patients in the mainstream group (99%) considered it acceptable to receive this result in
a letter. It is possible that patients in our intervention group would have chosen another
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way of receiving their test result if they had been offered a choice. However, providing
post-test counseling to all patients via telephone or face-to-face consultation would be
more time-consuming. Therefore, we foremost wanted to evaluate if receiving the test
result in a letter was acceptable to patients.

The timing of genetic testing is important to consider, as patients might be eligible for
primary treatment with PARP inhibitors if a pathogenic BRCA variant is identified (4,36). In
this study, the mainstream genetic testing pathway resulted in a significant reduction in
wait time to pre-test counseling, similar to other studies (6,15,19,37). This is beneficial for
making early treatment decisions. However, only about 50% of patients in both groups in
our study preferred to be offered genetic testing directly after being diagnosed with EOC.
On the other hand, even though about 35% of patients might have preferred to be offered
genetic testingin a later stage (e.g., after completion of treatment), they were still satisfied
that they had been offered germline genetic testing. Timing of genetic testing should
also be considered when implementing workflows that use tumor testing as a pre-test
for germline genetic testing (38). Given these differences in preferences regarding timing
between our groups, it is important that non-genetic HCPs are aware of these differences
and explore patients’ preferences during pre-test counseling. Any patient who expresses
doubts about genetic testing during pre-test counseling should be referred to a genetics
department for more extensive counseling in making a decision about whether or not to
perform genetic testing.

Itisimportant to identify those patients who might benefit from additional genetic testing
or should be given advice about preventive measures. We have shown that it is feasible for
non-genetic HCPs to identify these patients by completing checklists, as these checklists
were presentin more than 95% of patient files. However, this system only works if patients
are referred when indicated by the checklist, which was omitted for two patients in our
study. For the implementation of future mainstream genetic testing initiatives, it is
important to incorporate a procedure that ensures that all patients who require additional
counseling are offered post-test counseling at a genetics department.

For the sustainability of a mainstream genetic testing pathway, it is important that it
can be easily adapted to changes in gene panels. Indeed, our gene panel was expanded
to include BRIP1, RAD51C and RAD51D and this could be easily adapted in the workflow
(9). Our training provided the basic tools to provide pre-test counseling that are also
applicable to other genes.

The strengths of our study are the comparison of a mainstream genetic testing pathway
with the standard genetic testing pathway from the patients’ perspective and the high
participation rate in both groups (intervention group (79%) and control group (60%)). So
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far, most studies evaluating both mainstreamed and standard genetic care have evaluated
only a small group of less than 50 patients receiving mainstreamed genetic care (16,18,19).

A limitation of our study is the design. Part of our control group was invited to participate
retrospectively, which could be up to a year after pre-test counseling. Therefore, it is
possible that there is some recall bias in our results. In addition, in the intervention group
the mean age of diagnosis was higher, more patients were newly diagnosed at time of
pre-test counseling and more patients had children. We expected the mean age and the
number of newly diagnosed patients to be higher in this group because of an increased
awareness of genetic testing amongst non-genetic HCPs. We cannot explain why more
patients in the intervention group had children. We accounted for being newly diagnosed
and having children as possible confounders by including these in our multivariate
analyses. We did not ask patients about their family history, therefore we could not
evaluate if this had any impact on our study outcomes. Another limitation is that we
only evaluated patient experiences in our control group after receiving the test result.
Therefore, we could not compare experiences between our intervention and control
group after pre-test counseling.

Overall, this study demonstrates that the pre-test counseling provided in our mainstream
genetic testing pathway enables patients to make a well-informed decision about genetic
testing. Although we did find differences in genetic care between the two groups, patients
receiving mainstreamed genetic care did not experience unacceptably high levels of
distress or decision regret. In addition, all patients carrying a pathogenic variant or variant
of unknown significance in our study were invited for post-test counseling at a genetics
department. This ensured that all these patients received detailed information about the
implications of their test result for themselves and their family members. We previously
showed that, after completion of an online training module, non-genetic HCPs, such as
gynecologic oncologists, feel motivated and competent to discuss and order germline
genetic testing themselves (9). This, in combination with the positive experiences of
patients shown in this study, indicates that mainstream genetic testing provides a feasible
and sustainable new care pathway for all patients with EOC. In training non-genetic HCPs,
it is important to especially consider the possible higher risk of breast cancer for patients
carrying a pathogenic variant in a BRCA gene. In addition, we recommend incorporating a
procedure to ensure that all patients who require additional counseling are offered post-
test counseling at a genetics department.

Abbreviations: £OC Epithelial ovarian cancer; HCP Healthcare professional; HADS
Hospital Anxiety and Depression Scale; DT Distress Thermometer; MCG Mainstreaming
Cancer Genetics.
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Abstract

Objective: Germline genetic testing is increasingly offered to patients with epithelial
ovarian cancer by non-genetic healthcare professionals, so called mainstream genetic
testing. The aim of this study was to evaluate the effect of implementing a mainstream
genetic testing pathway on the percentage of newly diagnosed patients with epithelial
ovarian cancer to whom genetic testing was offered and the genetics-related healthcare
costs.

Methods: The possible care pathways for genetic counseling and testing and their
associated costs were mapped. Patient files from all newly diagnosed patients with
epithelial ovarian cancer before (March 2016 - September 2017) and after (April 2018 -
December 2019) implementing our mainstream genetic testing pathway were analyzed.
Based on this analysis, the percentage of newly diagnosed patients to whom genetic
testing was offered was assessed and genetics-related healthcare costs were calculated
using a healthcare payer perspective based on a Diagnosis-Related Group financing
approach.

Results: Within six months after diagnosis, genetic testing was offered to 56% of patients
before and to 70% of patients after implementation of our mainstream genetic testing
pathway (p = 0.005). Genetics-related healthcare costs decreased from €3.511,29 per
patient before implementation to €2.418,41 per patient after implementation of our
mainstream genetic testing pathway (31% reduction, p = 0.000).

Conclusion: This study shows that mainstream genetic testing leads to a significantly
higher proportion of newly diagnosed patients with epithelial ovarian cancer being
offered germline genetic testing. In addition, it significantly reduces genetics-related
healthcare costs per patient.

Highlights

- With mainstream genetic testing, genetic testing is offered more often after diagnosis
to patients with ovarian cancer.

- Genetics-related healthcare costs per patient can be significantly reduced with a
mainstream genetic testing pathway.

- High morbidity and mortality might be a barrier for offering germline genetic testing
to patients with ovarian cancer.

- Around 10% of patients with epithelial ovarian cancer decline germline genetic
testing.

Keywords: Mainstream genetic testing; Testing rates; Healthcare costs; Epithelial ovarian
cancer
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Introduction

All patients with epithelial ovarian cancer (EOC) are eligible for genetic testing (1-3). Over
the last few years, more genes have been identified as cancer predisposition genes for
EOC (4), and treatment with Poly Adenosine Diphosphate-Ribose Polymerase (PARP)
inhibitors for patients carrying a pathogenic variantin a BRCA1 or BRCA2 gene has proven
to be effective for both first line treatment and in recurrent disease (5).

Despite the importance of genetic testing, referral rates for patients with EOC have
remained low (6). Therefore, different initiatives have been taken to increase the number
of patients who are offered genetic testing (7). Mainstream genetic testing is one of these
initiatives. With mainstream genetic testing, non-genetic healthcare professionals (HCPs)
incorporate germline genetic testing into their routine care, offering pre-test counseling
and requesting the genetic test themselves (8). Mainstream genetic testing pathways,
predominantly for EOC, have been implemented around the world and have shown
positive experiences amongst HCPs and patients (9, 10).

Although low referral rates were the main drivers toimplement mainstream genetic testing,
there s limited research on the impact of such a care pathway on the proportion of eligible
patients who are offered genetic testing before and after implementation. Only one study
has evaluated how many of the patients presenting at the gynecology department were
actually offered genetic testing before and after implementing a physician-coordinated
genetic testing pathway (11).

For mainstream genetic testing pathways to become sustainable as standard care,
healthcare costs of these pathways should be considered as well. So far, the costs of a
mainstream genetic testing pathway have only been evaluated by George et al. in the UK
(8), who showed a significant cost reduction. The healthcare costs and care pathways
differ between countries. Therefore, it is important to evaluate the impact of mainstream
genetic testing on healthcare costs in other countries and healthcare systems. In the
Netherlands, the healthcare system is a variation on a Diagnosis-Related Group (DRG)
system, in which there are predefined rates for healthcare costs (12-14).

We have recently implemented a mainstream genetic testing pathway for patients with
EOC in which gynecologic oncologists and nurse specialists perform pre-test counseling
and request germline genetic testing themselves (15). We have shown that this new
care pathway is acceptable to these non-genetic HCPs and that it is feasible for them to
incorporate these tasks into their daily practice. The aim of this study was to evaluate the
impact of our mainstream genetic testing pathway on the proportion of newly diagnosed
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patients with EOC to whom germline genetic testing was offered and genetics-related
healthcare costs using a healthcare payer perspective by comparing a period before and
after implementation of this new care pathway.

Materials and methods

Study design and data collection

This study was part of a multi-center, prospective, observational study on the acceptability
and feasibility of the implementation of a mainstream genetic testing pathway for patients
with EOC. We have previously developed and implemented sequentially a mainstream
genetic testing pathway in the four hospitals in the central region of the Netherlands,
consisting of one academic and three non-academic teaching hospitals. Details of the
development and protocol of this pathway are available elsewhere (15).

Non-genetic HCPs (i.e., gynecologic oncologists, gynecologists with a subspecialty training
in oncology and nurse specialists) were first required to complete a concise accredited
online training module consisting of four short films with a duration of approximately
30 minutes in total. Only trained non-genetic HCPs received the necessary forms to
perform pre-test counseling and order the germline genetic test themselves. Genetic
testing for the entire region was coordinated and performed at the University Medical
Center Utrecht. Post-test counseling with a genetic HCP (i.e., clinical geneticist or genetic
counselor) was offered to those patients carrying a (likely) pathogenic variant or variant
of unknown significance in a cancer predisposition gene or with a relevant personal or
family history requiring further evaluation by a genetics team. If required by the patient or
the non-genetic HCP, patients could also be referred to the genetics department for pre-
test genetic counseling performed by a genetic HCP.

The Netherlands Comprehensive Cancer Organisation (IKNL) provided data on all
newly diagnosed patients with EOC who were diagnosed or treated in the participating
hospitals between March 2016 and December 2019. Subsequently, we consulted the
electronic patient files of the gynecology departments of the local hospitals of these
patients to evaluate the time of diagnosis. The time of diagnosis was based on the date
of the histology report, and if absent, the date of the cytology report. We also evaluated
if a genetic test had been offered and at what time. The time of offering the genetic test
was based on the date of referral to the genetics department or the date that pre-test
counseling was offered by the non-genetic HCP. When no genetic test had been offered
and/or performed, we reviewed these files to identify any reasons for this. In addition, we
evaluated the electronic patient files of the genetics department of the University Medical
Center Utrecht, which were available for all patients who accepted genetic testing or
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were referred to the genetics department but did not opt for genetic testing. From these
patient files, we ascertained whether patients received pre-test counseling and genetic
testing, and if not, any reasons for this. In addition, for deceased patients, we reviewed if
a genetic test had been offered through a family member. We evaluated the gynecology
and genetics files between January 2021 and March 2021. In addition, in March 2022 we
evaluated if a genetics file was present for all patients who had not been offered genetic
testing previously. If present, we only checked if a genetic test had been performed since
we first evaluated these patient files. All data were stored in the Electronic Data Capturing
tool ‘Castor EDC’ (16).

For both assessing the number of newly diagnosed patients to whom genetic testing was
offered and calculating the genetics-related healthcare costs, we only selected patients
to whom genetic testing had been offered within six months after diagnosis. We excluded
patients who had been offered genetic testing before their EOC diagnosis (e.g., genetic
testing because of a family or personal history of breast cancer or predictive testing
because of a known pathogenic variant in a cancer predisposition gene in the family). We
considered six months a reasonable time period to be offered genetic testing, as most
treatments are completed within six months after diagnosis. We evaluated a time period
before (March 2016 - September 2017) and after implementing our new mainstream
genetic testing pathway (April 2018 - December 2019). Depending on the start date
for each hospital, the period after implementing our mainstreaming pathway varied
between hospitals (for the Academic hospital from April 2018 to December 2019, and
for the three non-academic teaching hospitals from August 2018, March 2019, and July
2019 respectively to December 2019). We selected a period of at least six months before
implementing our mainstream genetic testing pathway to ensure there was no overlap of
patients between the two time periods.

Percentage of patients to whom genetic testing was offered

For each patient, we evaluated whether a germline genetic test had been offered (i.e.,
referral to the genetics department or pre-test counseling by a non-genetic HCP) within
six months after diagnosis, and whether a genetic test had been performed. If no genetic
test had been offered and/or performed, we checked the files for possible reasons.

Cost analysis

In the Netherlands, a basic health insurance package is mandatory for all citizens. Citizens
pay a premium for this basic package to insurers which is dependent on their income. All
genetic care is covered by this basic health package. Insurers reimburse hospitals based
on predefined rates for healthcare costs in so called Diagnosis Treatment Combinations
(DBCs), which is a variation on the Diagnosis-Related Group (DRG) system (12-14). A DBC
covers a full package of costs for a diagnosis treatment combination, including diagnostics,
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consultation costs, HCPs’ salary, and other possible costs for services provided during the
hospital stay. A DBC reflects the average costs for the care provided. More than one DBC
may apply to a patient. These costs are partly based on fixed national rates, determined
by the Dutch ministry of Health and partly on agreements made between healthcare
providers and health insurers (13).

The genetic care can be divided into different DBC packages. For patients with cancer
who are eligible for diagnostic genetic counseling and testing, these packages can be
divided into a simple and complex trajectory. Patients who refrain from diagnostic genetic
testing after pre-test counseling fall into the simple trajectory unless there is a need for
psychosocial support at the genetics department. Patients who, after pre-test counseling,
opt for a genetic test fall into the complex trajectory. The DBCs do not include the costs of
a genetic test.

First, we mapped the possible care pathways for genetic counseling and testing and
their associated costs (Figure 1). Before the implementation of our mainstream genetic
testing pathway, pre-test counseling was only offered at the genetics department. After
implementing our mainstream genetic testing pathway, non-genetic HCPs could perform
pre-test counseling themselves at the gynecology department, but the option to refer
for pre-test counseling at the genetics department remained. Based on electronic health
records, we determined the number of patients in each care pathway in the two time
periods and calculated the genetics-related healthcare costs per patient (i.e., costs for
simple or complex trajectory and, if applicable, costs for germline panel genetic testing).
We calculated the average costs per patient based on the total claimed costs for all patients
who received at least pre-test counseling at the genetics department or completed
genetic testing at the gynecology department. We used the most recent national prices to
best determine the impact on the current healthcare costs. National prices for 2021 were
set at €543,02 for a simple trajectory, €1713,27 for a complex trajectory and €1831,00 for
germline panel genetic testing (17).

Ethics approval and consent to participate

This study was reviewed by the Medical Review Ethics Committee (MREC) of the UMC
Utrecht in March 2018 and the Medical Research Involving Human Subjects Act (WMO) did
not apply to our study.

Statistical analyses

Descriptive statistics were used to describe the number and percentages of patients in all
care pathways. The proportion of patients to whom genetic testing was offered before and
after implementation of our mainstream genetic testing pathway was compared using
the Pearson Chi-square test. Genetics-related healthcare costs between the two time
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periods were compared using the Mann-Whitney U test. A p-value <0.05 was considered
as statistically significant. Statistical analyses were performed using IBM SPSS statistics
26.0.0.1.

Results

Percentage of newly diagnosed patients to whom genetic testing
was offered and reasons For not offering genetic testing

Before the implementation of our mainstream genetic testing pathway

We identified 183 patients who were newly diagnosed with EOC between March 2016 and
September 2017 and to whom no genetic testing was offered before this diagnosis (Figure
2). At time of checking the patient files, 102/183 patients (56%) were offered genetic
testing within six months after diagnosis, of whom 91/102 patients (89%) received pre-
test counseling by a genetic HCP, and 90/91 patients (99%) completed genetic testing. The
other 11/102 patients (11%) declined referral or cancelled their appointment after referral
to the genetics department.

The remaining 81/183 patients (44%) were not offered genetic testing within six months
after diagnosis, In total, 24/81 patients (29%) were offered a genetic test at least six
months after diagnosis and for 3/81 patients (4%) family members were referred to a
genetics department, because the patient was too sick to attend the genetics department
or had died. The remaining 54/81 patients (67%) were not offered genetic testing. For the
majority of these patients, we could not find a possible reason for this. However, we did
notice that 40/54 patients (74%) had died and 19/40 patients (48%) had died within six
months after diagnosis.

After the implementation of our mainstream genetic testing pathway

We identified 162 patients who were newly diagnosed with EOC between April 2018 and
December 2019 and who had not been offered genetic testing prior to their EOC diagnosis
(Figure 3). Genetic testing was offered to 114/162 patients (70%) within six months after
diagnosis (p = 0.005 in comparison to 56% before implementation), of whom 19/114
patients (17%) were referred to the genetics department and 95/114 patients (83%) were
offered genetic testing by a non-genetic HCP of the gynecology department. In total, 17/19
patients (89%) referred to the genetics department received pre-test counseling and
17/17 patients (100%) completed genetic testing. The other 2/19 patients (11%) declined
referral or cancelled their appointment after referral. In the mainstreaming pathway,
90/95 patients (95%) who were offered genetic testing accepted the genetic test, and
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Diagnosis of epithelial
ovarian cancer
n=197
Genetic test performed in past for
other reason than EOC
n=14
n=183
Genetic test offered to patient < 6 months after diagnosis Genetic test not offered to patient < 6 months after diagnosis
n =102 (56%) n =81 (44%)
I
Declined referral or cancelled Pre-test counseling at
appointment at genetics department genetics department
n=11° (11%) n =91 (89%)
I
Patient declines genetic test Patient accepts genetic test
n=1°(1%) n =90 (99%)
Involvement of No involvement Disclosure of genetic test result
social worker of social worker to patient by genetic HCP
n=0 n=1 n=90
1x€543,02 = 90 x €3.544,27 = I:I Costs for simple trajectory:
€543,02 €318.984,30 €543,02
EEESEeeeaaESEaeeaaaaa Costs for genetic test:
Total: €319.527,32/91 = | I_, €1831,00
€3.511,29 per patient | I:I Costs for complex trajectory:
""""""""""""" €1713,27

Figure 2. Percentage of newly diagnosed patients to whom genetic testing was offered
and genetics-related healthcare costs before the implementation of our mainstream

genetic testing pathway

EOC epithelial ovarian cancer, HCP healthcare professional. 2 Three of these patients initially
declined referral for genetic testing but accepted genetic testing at a later stage via our mainstream
genetic testing pathway. One patient died shortly after referral. ® Patient declined genetic testing
because she ‘had too much on her mind’ at time of pre-test counseling.

88/90 patients (98%) completed genetic testing. The other 5/95 patients (5%) declined
genetic testing.

The remaining 48/162 patients (30%) were not offered genetic testing within six months
after diagnosis at time of checking the patient files. In total, 11/48 patients (23%) were
offered a genetic test at least six months after diagnosis, and for 5/48 patients (10%) family
members were referred to a genetics department. The remaining 32/48 patients (67%)
had not been offered genetic testing. Again, for the majority of these patients, we could
not find a possible reason for this, but 20/32 of these patients (63%) had died, 11/20 (55%)
had died within six months after diagnosis.
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Figure 3. Percentage of newly diagnosed patients to whom genetic testing was offered
and genetics-related healthcare costs after implementation of our mainstream genetic

testing pathway.

EOC epithelial ovarian cancer, HCP healthcare professional. 2 For both patients it was not the right
time to discuss genetic testing. Both patients indicated that they would contact the genetics
department in a later stage, but omitted to do so. ® Three patients needed time to think before
making a decision about genetic testing, and genetic testing was not addressed a second time, for
one patient her children considered genetic testing unnecessary, for one patient it is unclear if this
patient declined genetic testing or if testing was not performed for another reason ¢Two patients
accepted genetic testing, but for unclear reasons these tests were never performed.

Genetics-related healthcare costs

Period before the implementation of our mainstream genetic testing pathway

In total, 90 patients received pre-test counseling, genetic testing and post-test counseling
by a genetic HCP (Figure 2). The genetics-related costs for these patients included the
costs for both the complex trajectory and the genetic test. One patient received pre-test
counseling only, because the patient elected not to proceed with genetic testing. The
genetics-related costs for this patient only included the costs of the simple trajectory.
Based on these costs, the genetics-related healthcare costs before implementing our
mainstream genetic testing pathway were €3.511,29 per patient.
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Period after the implementation of our mainstream genetic testing pathway

In total, 69 patients received pre-test counseling and testing by a non-genetic HCP and
did not require additional counseling at the genetics department (Figure 3). For these
patients, the healthcare costs only included the costs of the genetic test. In addition, 19
patients received pre-test counseling and testing by a non-genetic HCP bud did require
additional counseling at the genetics department. Therefore, the costs for these patients
included both the costs of the complex trajectory and the costs of the genetic test. For 17
patients, pre-test counseling, genetics testing and post-test counseling were performed
by a genetic HCP. For these patients, the costs for both the complex trajectory and the
genetic test were included. Based on these costs, the genetics-related healthcare costs
after implementing our mainstream genetic testing pathway were €2.418,41 per patient,
which is a 31% reduction (p = 0.000) compared to healthcare costs per patient before
implementation of our mainstream genetic testing pathway.

Discussion

This study evaluated both the proportion of patients with newly diagnosed EOC to whom
germline genetic testing was offered and genetics-related healthcare costs in a period
before and afterimplementing a mainstream genetic testing pathway. After implementing
our mainstream genetic testing pathway, the proportion of newly diagnosed patients who
were offered genetic testing increased from 56% to 70% and genetics-related healthcare
costs per patient decreased by 31%.

Low referral rates for germline genetic testing is one of the main reasons to start with
mainstream genetic testing. Previous studies have focused mainly on the number of
patients who accepted genetic testing after being offered genetic testing. In our study,
these rates were between 95% and 100%. This is comparable to previous studies showing
testing rates between 80% and 100% after pre-test counseling (8, 18, 19). In addition,
Yoon et al. showed that these testing rates were comparable between a mainstream and
standard genetic testing pathway (18). Powell et al. showed that a significantly higher
number of patients completed genetic testing in a mainstream genetic testing pathway
(100%) in comparison to patients in a standard genetic testing pathway (85.2%) (20).
Flaum et al. showed that the number of genetic tests increased after implementing their
mainstream genetic testing pathway (21). However, eligibility criteria for genetic testing
were stricter before implementing their mainstream genetic testing pathway, which
makes it difficult to assess the actual impact of this pathway. To evaluate the effect of
mainstream genetic testing, testing rates should be compared with the number of
patients eligible for genetic testing. Only one other study evaluated how many patients,
who presented at their gynecology clinic, were offered genetic testing in the same clinic
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before and after implementing a mainstream genetic testing pathway (11). In this study,
a physician-coordinated genetic testing pathway was implemented, in which the number
of patients recommended to have genetic counseling and testing had increased to 87%
after implementing this pathway. It is difficult to attribute this increase to the effect of
mainstream genetic testing, as multiple interventions were used in this study to increase
the rates of recommendation and acceptance of genetic testing (i.e., integrating genetic
counselors within the gynecologic oncology department and assisted genetic counseling
referral).

After implementation of our mainstream genetic testing pathway, still 30% of newly
diagnosed patients had not been offered genetic testing within six months after diagnosis.
Alarge proportion of these patients (63%) had died, 55% of whom died within six months
of the diagnosis. A reason for not offering genetic testing to all patients might be the high
morbidity and mortality amongst patients with EOC (4). For newly diagnosed patients
there is much to discuss during a consultation and genetic testing is usually not a first
priority. It is possible that non-genetic HCPs simply do not get around to perform pre-test
counseling. This is in line with our previous findings, where non-genetic HCPs reported
that their main reasons for not discussing genetic testing was that the patient was too ill
or there was no appropriate moment during the consultation to discuss genetic testing
(15). Moreover, it is notable that after implementation of our mainstreaming pathway a
substantial proportion of patients (23%) who had not been offered genetic testing within
six months after diagnosis were offered genetic testing at a later stage. However, by
postponing to discuss the genetic test there is a greater chance that this will be forgotten
or that the patient will have died. Because genetic testing is beneficial not only to patients
but also to family members, it is important that family members be informed about
genetic testing when the patient has died. Family members should then be referred to a
genetics department for pre-test counseling and testing.

Incorporating a tumor-first approach into our workflow might increase the testing rates
even further (22). Tumor material is almost always obtained, at least for diagnostic
purposes, and tumor material can be evaluated for genetic alterations at the same time
as establishing the diagnosis. However, it remains important to incorporate an informed
consent procedure for all of these patients, as patients may not opt for genetic testing.
In this study, approximately 11% of patients declined an appointment at the genetics
department for pre-test counseling after referral. This is comparable with the data in the
studies of Bednar et al. (11) and McGee et al. (23). For daily practice, it is important to
realize that between 5% and 11% of patients with EOC decline germline genetic testing.
Therefore, we plea to implement a pre-test counseling procedure when considering tumor
and germline genetic testing.
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For a new care pathway to be sustainable, it is important to consider the impact on
healthcare costs as well. We showed a reduction in genetics-related healthcare costs per
patient of 31% in a DRG system. George et al. reported that their mainstream pathway
led to an approximate 13-fold reduction in resource requirement, resulting in a cost
reduction of approximately £2.6 M per year (8). However, these costs are based on the
estimated number of genetics appointments and associated costs, instead of the actual
number of genetics appointments. For this estimation, they only considered patients
with a pathogenic variant who would need an additional appointment at the genetics
department after mainstream genetic testing. They did not take into account patients that
might need additional counseling at the genetics department because of a personal or
family history of cancer.

In both our study and the study performed by George et al., costs were based on the costs
of counseling at the genetics departments. However, implementing a mainstream genetic
testing pathway causes a shift in range of duties between non-genetic and genetic HCPs.
Performing pre-test counseling and requesting the genetic test themselves increases the
workload of non-genetic HCPs. So far, the costs for pre-test counseling have only been
incorporated into the DBCs for genetic care performed by genetic counselors. The DBCs
used by non-genetic HCPs for the care they provide do not include their additional time
investment to perform pre-test counseling, which is around 10 minutes for the majority
of non-genetic HCPs based on our previous research (15). Non-genetic HCPs cannot use
the DBCs for genetic care because these are based on the time investment and salary
of genetic HCPs. It is important in the future that DBCs be adjusted to account for the
time and resources that non-genetic HCPs spend on pre-test counseling and requesting
genetic testing. Incorporating this additional time investment into these DBCs would
increase the billable rates for the care provided by these non-genetic HCPs, and therefore
also cause a shift in costs between the DBCs used by the genetics and gynecology
department. That said, previous research has shown that the increase in workload is
limited and not comparable to the pre-test counseling offered at a genetics department
(9). Therefore, we expect the reduction in healthcare costs to remain significant even if
the slight increase in workload is incorporated into the billable care for EOC patients. The
overallimpact on healthcare costs also depends on the effects, e.g., the cancers that could
have been prevented in patients and family members due to the timely identification of a
pathogenic variant in a cancer predisposition gene. Previous studies have shown that it is
cost-effective to offer genetic testing to all patients with EOC (24, 25).

A major strength of this study is that all data are based on the actual number of newly
diagnosed patients with EOC provided by the comprehensive cancer registration, and that
we were able to review the medical files of all these patients.
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Thisstudyalsohaslimitations. We evaluated two differenttime periodsto assesstheimpact
of our mainstream genetic testing pathway on testing rates. With the increasing utility of
PARP inhibitors, the rise in our testing rates may be biased. In addition, the percentage
of patients that was offered a genetic test and declined was based on the information
from the patient records. We do not know if non-genetic HCPs always documented in their
patient files when a patient declined referral to a genetics department or did not opt for
a germline genetic test after pre-test counseling. Therefore, the number of patients that
was offered a genetic test and also the number of patients that declined referral might be
an underestimation. However, given the high mortality in our study group, we consider
it more plausible that an appropriate time to discuss a genetic test could not be found
and that indeed no genetic test was offered to these patients. More details about the
diagnoses might help support this assumption. Therefore, it is a limitation that we did not
include more information about the diagnoses, e.g., histology or stage. Another limitation
of our study is that the healthcare costs were based on a healthcare payer perspective,
and therefore do not reflect the actual costs.

In conclusion, mainstream genetic testing increases testing rates amongst newly
diagnosed patients with EOC, and significantly reduces genetics-related healthcare costs
using a healthcare payer perspective. This study shows that mainstream genetic testing
may be sustainable for the routine care of patients with EOC.
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Abstract

Background: Pre-test genetic counseling for patients with breast cancer is increasingly
being provided by non-genetic healthcare professionals. We evaluated the attitudes,
knowledge and self-efficacy of surgeons, oncologists and nurses regarding mainstream
genetic testing and the feasibility to incorporate pre-test genetic counseling into routine
care.

Methods: We offered an online training to healthcare professionals from 13 hospitals
and implemented a mainstream genetic testing pathway in 11/13 (85%) hospitals.
Questionnaires were sent before (T0) and 6 months after (T1) completing the training.
Those who did not complete the training received a questionnaire to assess their
motivations.

Results: In 11 hospitals, 80 (65%) healthcare professionals completed the training, of
whom 70 (88%) completed both questionnaires. The attitudes, (perceived) knowledge
and self-efficacy of healthcare professionals were high both at baseline and 6 months
after completing the training. After 6 months, their perceived knowledge about the
advantages and disadvantages of a genetic test and implications for family members
had significantly improved (p = 0.012 and p = 0.021, respectively). For the majority (89%),
the time investment for pre-test genetic counseling was less than 15 minutes per patient
and as expected or better. Healthcare professionals considered the total time investment
feasible to incorporate mainstream genetic testing into their daily practice. The main
barrier to complete the training was lack of time. The online training was considered
useful, with a rating of 8/10.

Conclusion: Surgical oncologists and nurses in breast cancer care feel well-equipped and
motivated to provide pre-test genetic counseling after completion of an online training
module.

Brief Summary:

Breast surgeons and nurse specialists are increasingly offering pre-test genetic counseling
to patients with breast cancer, so called mainstream genetic testing. This study shows that
these non-genetic healthcare professionals have a positive attitude, sufficient knowledge
and feel confident to provide this care themselves. Moreover, it is feasible for them to
incorporate mainstream genetic testing into their routine care.

Keywords: Breast cancer; Mainstream genetic testing; Genetic counseling; Feasibility;
Attitude; Online training
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Introduction

In5-10% of breast cancer cases, a germline pathogenic variant in one of the breast cancer
genes can be found (1-3). The identification of a hereditary cause may affect both surgical
and chemotherapeutic treatment and may help decision-making for risk reducing options
for both patients and family members (4-6).

Traditionally, pre-test genetic counseling (GC) is provided by genetic healthcare
professionals (HCPs) at genetics departments (7). However, not all eligible patients are
being referred (8-11), and in those tested, results are not always available before surgery
(12, 13). In addition, the burden on genetics departments is rising as waiting lists increase
(7,14).

One strategy to offer genetic testing (GT) to a larger proportion of patients and to decrease
time to test results, is to implement mainstream GT. In this approach, pre-test GC is being
provided by non-genetic HCPs instead of genetic HCPs (15-17). Ideally, these initiatives
include training, because many HCPs lack knowledge or confidence to offer pre-test
GC (13, 18-21). Mainstream GT has been shown to be feasible and acceptable for both
patients and HCPs (22, 23). However, research has focused primarily on ovarian cancer
patients. There is limited information on the experiences of HCPs with mainstream GT in
breast cancer patients (17, 24). To our knowledge, no studies have evaluated attitudes of
HCPs before and after the implementation of mainstream GT. In addition, there is limited
information on the feasibility to incorporate such a pathway into routine care. Regarding
feasibility, previous studies have focused primarily on time investment.

In this study, we invited HCPs in breast cancer care to complete an online training about
GT and we implemented a mainstream GT pathway for patients with breast cancer. Nurse
specialists, nurses and doctors work closely together in the care pathway of patients
with breast cancer; therefore, we included all these disciplines. We evaluated (1) HCPs’
attitudes toward incorporating mainstream GT into their daily practice, their knowledge of
GT, and self-efficacy to offer pre-test GC both before and after implementing mainstream
GT, (2) the feasibility for HCPs to incorporate mainstream GT into their daily practice, (3)
HCPs’ experiences with our online training module and their reasons for not completing
the training.
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Methods

Implementation of mainstream genetic testing

Needs and preferences of HCPs

To map the needs and preferences of HCPs involved in breast cancer care, we organized
two multidisciplinary focus group meetings. These included surgical oncologists, nurse
specialists, a medical oncologist, a radiation oncologist, a clinical geneticist, a genetic
counselor, a social worker from the genetics department, a psychologist, and a patient
advocate. Based on the discussion points from the first focus group meeting, we performed
an online questionnaire among all HCPs in breast cancer care in the service area of the
UMC Utrecht genetics department (Supplementary materials). The results of this survey
were discussed during the second focus group meeting.

Online training module

The online training module consisted of four short films (duration between 7.5 and 15.5
minutes, Supplementary materials). Our training module was adapted from the module
we developed earlier for HCPs involved in ovarian cancer care (25).

Mainstream genetic testing pathway

Based on the outcomes of the focus group meetings and survey, we developed a
mainstream GT pathway for breast cancer care (Figure 1). This pathway was adapted from
the one developed in the Mainstreaming Cancer Genetics program (16), and the pathway
we previously developed for ovarian cancer (25).

Any HCP involved in the treatment of patients with breast cancer could provide pre-test
GC themselves when they had completed the training, and patients (1) were eligible for
GT based on patient characteristics and independent of family cancer history, and (2)
did not require further genetic evaluation and/or counseling at the genetics department
prior to testing. These criteria were assessed by the HCP by completing two checklists
(Supplementary materials). If eligible for mainstream GT, HCPs provided pre-test GC and
handed out an information sheet to the patient. Patients who consented to GT completed
a written consent form and the HCP ordered the genetic test. The gene panel consisted of
the genes BRCA1, BRCA2, CHEK2, PALB2 and ATM. The genetics department sent the test
result in a letter to the patient, the HCP who ordered the test, and the patients’ general
practitioner. An appointment at the genetics department was only added in case a (likely)
pathogenic variant or variant of uncertain clinical significance (VUS) was found or if there
was a reason for additional post-test GC based on the second checklist.
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Implementation of mainstream genetic testing

We implemented our mainstream pathway in nine hospitals in our region: one academic
hospital and eight non-academic teaching hospitals in a stepwise manner (between
September 2019 and February 2021).

Breast cancer diagnosis

Checklist 1:
determine eligibility for genetic testing

! |

S . - - . . Referral t ti
Eligibility for genetic testing independent of Eligibility for genetic testing eterralto genetics
. N R . —ves» department for pre-test
family details dependent of family details :
counseling
T
yes
A4
Checkdist 2: Referral to genetics
Part 1: Identify patients who require further 8
. . ) y » department for pre-test
evaluation or pre-test counseling at the genetics :
a counseling
department
T
no
A4
Checklist 2:

Part 2: Identify patients who require post-test
counseling at genetics department

!

HCP discusses the genetic test and hands out
information about the genetic test to the
patient

Referral to the genetics department if
{ » requested by physician or patient for
pre-test counseling by genetic HCP®

HCP obtains informed consent for genetic test
from patient and orders genetic test

'

Interpretation of genetic test result by
multidisciplinary team at genetics department

Appointment at genetics department is
sent with letter if:

- testresult and information sheet is sent to - pathogenic variant or VUS is found

patient by f:lmlcal geneticist . - indicated by checklist 2
- testresult is sent to non-genetic HCP and GP

Figure 1. Flow-chart for mainstream genetic testing in patients with breast cancer

HCP healthcare professional, GP general practitioner, VUS variant of uncertain clinical significance.
2 Further genetic evaluation and/or counseling at the genetics department prior to testing, e.g.,
for additional genetic testing of the TP53 gene or targeted genetic testing of a known familial
pathogenic variant. ® Referral to the genetics department for pre-test genetic counseling was
optional if requested by the patient or non-genetic healthcare professional (e.g., if the patient had
questions that the non-genetic healthcare professional could not answer).
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From May 2021 to September 2021, the pathway was also introduced in four non-academic
teaching hospitals in the Northern region of the Netherlands and implemented in two of
them during our study period. Due to logistical reasons, the pathway was implemented
in the other two hospitals at a later stage, after our study had ended (March 2022). We
organized a kick-off meetingin each hospital to introduce our new workflow. Subsequently,
HCPs received personal login codes for the training. All HCPs who completed the training
received a manual with information and forms to provide pre-test GC and GT. Before the
implementation of our pathway, all patients with breast cancer needed to be referred to a
genetic HCP for pre-test genetic counseling.

Study procedure

A prospective follow-up design was used. Two questionnaires were sent to participating
HCPs to assess their attitudes and experiences. The first questionnaire was completed
before accessing the online training (T0). After 6 months, the second questionnaire (T1)
was sent to HCPs who completed the training. Items of the questionnaires are shown in
the Supplementary materials.

Attitudes, perceived knowledge, self-efFicacy, and knowledge

Both the TO and T1 questionnaire contained 13 self-developed statements to evaluate
HCPs’ attitudes regarding mainstream genetic testing (four statements), perceived
knowledge (three statements), and self-efficacy (i.e., confidence in providing pre-test
genetic counseling, five statements) (25). The second questionnaire contained two extra
statements regarding HCPs’ attitudes. All statements were rated using a five-point Likert
rating scale, ranging from strongly disagree to strongly agree.

Knowledge was assessed with four self-developed multiple-choice questions, comparable
to the questions in our previous study (25). In addition, knowledge was assessed with five
statements adapted from Claes et al. (26), which could be answered with ‘true’, ‘false’ or
‘I do not know’.

Feasibility of mainstream genetic testing

Feasibility was assessed based on HCPs’ (1) estimated time investment to discuss and
order GT, (2) need for additional appointments for pre-test GC, (3) experiences with the
supporting resources to provide pre-test GC, and (4) reasons for not discussing GT with all
eligible patients.

Evaluation of online training module and reasons for not completing the module

A short questionnaire was completed after viewing each film and at the end to evaluate
the training module. These included questions on duration, usefulness of the content
and online format, and level of difficulty, using five-point Likert scales. In addition, HCPs
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rated each film and the entire training on a scale of 1 - 10. After 6 months, we asked HCPs
whether, in retrospect, they had missed information in the online training.

HCPs who did not complete the online training received a questionnaire to assess their
motivations for not starting or completing the training, consisting of three to ten multiple
choice questions.

Statistics

All analyses were performed using IBM SPSS statistics 26.0.0.1. Descriptive statistics were
used to describe HCPs’ characteristics, reasons for not discussing the option of GT, time
investment, and need for additional appointments to provide pre-test GC. We compared
the characteristics between HCPs using the independent t-test or Mann-Whitney U-test for
continuous variables and the chi-square test or Fisher’s Exact Test for categorical variables.
Attitude, perceived knowledge, and self-efficacy were recoded into positive (agree or
strongly agree) and negative (neutral, disagree or strongly disagree). We compared these
statements between TO and T1 using the Wilcoxon signed-rank test for paired analysis
to assess whether their answers had changed (i.e., no change, from negative to positive
or vice versa). The knowledge questions were also compared between T0 and T1 using
the Wilcoxon signed-rank test for paired analysis, both for the individual questions and
the total score of all combined questions (possible scores between 0 and 9). We included
the answers of the TO questionnaire only if HCPs also completed the T1 questionnaire. A
p-value < 0.05 was considered statistically significant.

Ethical approval

This study was reviewed by the Medical Review Ethics Committee (MREC) of the UMC
Utrecht in August 2019 and the Medical Research Involving Human Acts (WMO) did not
apply to our study and therefore official approval by the MREC was not necessary.

Results

Participants

Figure 2 shows the number of HCPs who completed the training and participated in the
questionnaire study. In total, 83% of the invited nurses (n = 50/60) completed the training
versus 46% of invited doctors (n =36/79, p =0.000). In addition, 71% of HCPs working in a
surgical department (n = 67/94) completed the training versus 42% of HCPs working in an
oncology or radiotherapy department (n =19/45, p =0.001).
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139 non-genetic HCPs from 13 hospitals
received personal login codes for online
training

: l

86/139 (62%) HCPs completed training 53/139 (38%) HCPs did not 27/517 (53%) HCPs
module complete training module completed short questionnaire

l

Succesfull implementation of mainstream
genetic testing pathway in 11/13 (85%)
hospitals
(123 HCPs received login codes for training)

l

80/123 (65%) HCPs 70/80 (88%)
completed training module completed TO and T1 questionnaire

A 4

Figure 2. Participation of non-genetic healthcare professionals in online training and

questionnaire study.
HCP healthcare professional. 2Two healthcare professionals were not sent the short questionnaire.

Table 1 shows the basic characteristics of all HCPs who completed both questionnaires.
The majority of participants were female (84%) with an average age of 48 years, working
as a nurse in a surgical department (51%), and with varying experience in breast cancer
care. Of all HCPs who received the T1 questionnaire (n = 80), 94% of nurses (n = 43/46)
versus 77% of doctors (n = 26/34) competed this questionnaire (p = 0.047).

Attitudes, perceived knowledge, self-efficacy, and knowledge

Table 2 shows HCPs’ attitude toward mainstream GT, perceived knowledge of GT, and
self-efficacy to discuss and order GT, both at baseline (T0) and after 6 months (T1). The
majority of HCPs ‘agreed’ or ‘strongly agreed’ with all statements. Only a narrow majority
felt confident to explain the differences between germline and tumor testing (53% at TO
and 55% at T1). There were no significant differences in attitude and self-efficacy before
and 6 months after completing the training. Reasons for not having a positive attitude
toward mainstream GT are shown in the Supplementary materials. Perceived knowledge
of the advantages and disadvantages of GT and the importance of GT to family members
had improved significantly 6 months after completing the training (p =0.012 and p=0.021,
respectively).

Table 3 shows the number of HCPs that answered the knowledge questions correctly and
their average total score both at baseline and 6 months after completing the training.
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Table 1. Characteristics of participating non-genetic healthcare professionals

Characteristics Total group
n=70
Age in years, mean (sd) 48.0(9.9)
Sex, n (%)
- Female 59 (84.3)
- Male 11 (15.7)
Disciplines, n (%)
Surgical department 53 (75.7)
- Surgical oncologist - 16 (30.2)
- Nurse specialist/physician assistant/nurse (in training) - 36(67.9)
- Other - 1(1.9)
Oncology department 17 (24.3)
- Medical oncologist - 10(58.8)
- Nurse specialist/physician assistant/nurse (in training) - 7(41.2)

Years working in breast cancer care, n (%)

. <5 14 (20.0)
- 5-10 17 (24.3)
- 10-15 15 (21.4)
- >15 24 (34.3)

With paired analyses, there were no significant differences in knowledge for any of the
individual knowledge questions and the total scores of all questions combined.

Feasibility of mainstream genetic testing
In total, 76% of HCPs (n = 53/70) had provided pre-test GC and/or ordered a genetic test
(on average five HCPs per hospital). These HCPs included 30 nurses (57%) working in a
surgical department, 15 surgical oncologists (28%), six nurses working in an oncology
department (11%), and two medical oncologists (4%).

The majority of HCPs (72%) both performed pre-test GC and ordered genetic tests. The
time investment for pre-test counseling was less than 15 minutes per patient for 89% of
HCPs (n = 40/45). This was as or better than expected for 91% of HCPs (n = 41/45). The
time investment to order a genetic test was less than 15 minutes for 86% of HCPs (n =
37/43). This was as or better than expected for 70% of HCPs (n = 30/43). The total time
investment for all tasks was feasible for 83% of HCPs (n =44/53). In total, 34% of HCPs (n =
18/53) needed to schedule additional appointments to provide pre-test GC, 17% of HCPs
(n =9/53) received questions they could not answer, and more than 88% considered the
supporting material as useful (Supplementary Materials).
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The main reason for not discussing GT with patients before the online training (T0) was
that HCPs forgot to discuss it, whereas after 6 months (T1) the main reason was that
patients were too emotional (Figure 3).

14
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Number of responses
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genetic test forgot to no family patient was patient too  no implications  no appro- information not enough
discussed by  discuss DNA members who too ill emotional for treatment  priate time ~ would be too  time during
other HCP test might benefit during complicated for consultation
consultation patient
BTO @T1

Figure 3. Reasons of non-genetic healthcare professionals for not discussing genetic

testing before (T0) and 6 months after completing the online training module (T1), n =69
Multiple reasons could be given.

In total, 25% of HCPs (n = 17/67) had not provided pre-test GC and/or requested GT during
the 6 months after completing the training. They consisted of eight medical oncologists
(47%), six nurses (35%) working in a surgical department, two surgical oncologists (12%),
and one nurse (6%) working in an oncology department. The main reasons were that HCP
did not encounter patients eligible for GT (n = 11), colleagues discussed and/or ordered
GT (n = 5), there was not enough time (n = 1), or no appropriate moment (n = 1) during
consultations.

Evaluation of online training module and reasons for not comple-
ting the module

The medianratingfor the training was eight out of ten. The majority of HCPs considered the
training to be useful (95%), appreciated the online format (99%) and considered the level
of difficulty and duration to be exactly right (80% and 78%, respectively) (Supplementary
materials). Six months after completing the training, 11% of HCPs (n = 6/53) indicated
that, in retrospect, they had missed information in the training.
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We received 27/51 (53%) questionnaires from HCPs who did not complete the online
training. Their main reasons were having no time or being too busy (n =17/27, 63%).

Discussion

In this study, we implemented mainstream GT for patients with breast cancer and show
that surgical oncologists, nurse specialists and nurses in breast cancer care are ready to
provide pre-test GC.

Attitudes, perceived knowledge, self-efficacy and knowledge

HCPs had a positive attitude, high self-efficacy and high perceived knowledge both
before and after implementing our mainstream pathway. Previous research has shown
conflicting results, with both HCPs having a positive attitude toward mainstream GT (17,
18, 24), but also expressing concern about their ability to provide adequate pre-test GC
(13, 19, 21). A possible explanation for the positive attitude and high participation rate in
our training is the close involvement of HCPs in shaping our new pathway. This allowed
them to raise concerns and consider the new pathway.

After 6 months, the self-perceived knowledge of HCPs had improved regarding the
advantages and disadvantages of GT and the consequences for family members.
Therefore, we believe that our training had a positive influence on HCPs’ confidence to
provide pre-test GC as described in previous research (27, 28). Other studies evaluating the
experiences of HCPs with mainstream GT have also shown that these HCPs are confident
to consent patients for GT (17, 24). In addition, we found an improvement in self-perceived
knowledge regarding the advantages and disadvantages of GT amongst gynecologic HCPs
participating in mainstream GT for ovarian cancer, although due to the relatively small
sample size, this was not a significant difference (25). Our training probably contributed
to this effect, although we did not evaluate these outcomes in HCPs who did not complete
a training module.

We did not measure an objective increase in knowledge after completing the training.
However, overall knowledge scores were already high at baseline, suggesting a ceiling
effect. Interestingly, one in four HCPs had worse overall knowledge scores 6 months after
completing the training than at baseline. However, this decrease in knowledge was not
significant. Especially, questions about the prevalence of detecting a pathogenic variant
and the difference between blood and tumor GT seemed to have contributed to this.
The question about the prevalence of a pathogenic variant might have been too specific,
whereas the question about tumor GT might still be too difficult for HCPs in breast cancer
care. Tumor testing is currently not used as a pre-screen for germline genetic testing, as
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it is in ovarian cancer care (29). This is consistent with HCPs’ self-efficacy; only a small
majority felt confident to discuss the difference between blood and tumor testing. This
suggests a specific training need when tumor testing becomes more prominent in the
future. To our knowledge, no other studies have evaluated knowledge after implementing
mainstream GT.

Feasibility of mainstream genetic testing

Timing of pre-test GC can be challenging, because at time of diagnosis emotions are high
and patients already receive a lot of information (30, 31). Thisis also shown in the relatively
high proportion of HCPs (33%) who did not feel confident to discuss GT directly after
diagnosis. However, surgical decisions may require a timely test result (12). In our study,
the majority of HCPs managed to discuss GT within 15 minutes, which they considered as or
better than expected. This timeframe is comparable with previous research in which HCPs
needed between 8 and 20 minutes for pre-test GC (22). The time to order a genetic test in
our study was also less than 15 minutes for most HCPs. Although they still considered this
time investment as or better than expected, the time to order a genetic test was one of the
main reasons for a negative attitude. Therefore, this time investment should be reduced,
for example, by delegating these tasks to outpatient staff. Most importantly, however, the
total time investment required by HCPs to discuss and/or order GT was feasible for more
than 80% of HCPs. This is in line with previous research in which HCPs agreed that it was
possible to discuss GT within the timeframe of a consultation (22).

Notably, especially nurse specialists and nurses were closely involved in our mainstream
genetic testing pathway. Before the implementation of this pathway, these HCPs were
already actively involved in the referral of eligible patients to the genetics department
under the supervision of surgical oncologists. This study shows that nurse specialists and
nurses are well-equipped to perform these tasks and may play an important role in the
implementation of a mainstream genetic testing pathway.

Evaluation of online training module and reasons for not comple-
ting the module

The majority of HCPs appreciated our training module, which is consistent with previous
research (22). However, we did see a wide variation in overall appreciation, and some
HCPs considered our training too easy. We included a wide variety of HCPs (nurses,
nurse specialists, doctors) from different departments, that might explain differences in
training needs (32, 33). Therefore, it might be useful to develop a more tailored training
for each discipline. Only one HCP agreed that HCPs were capable of providing mainstream
GT without training. This indicates that the HCPs in this study considered training a
prerequisite for providing mainstream GT.
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The main barrier for HCPs to refrain from participating was lack of time. These HCPs
consisted mainly of doctors (e.g., surgical oncologists and medical oncologists). This
implies that the success of mainstream GT mainly depends on the involvement of
dedicated nurses and nurse specialists.

Strengths and limitations

A strength of this multicenter study is the large sample size, high participation rate and
the before-and-after design. Also, prior to the development of our training module and
mainstream GT pathway, we performed a needs assessment among all HCPs involved.
We believe that the high participation of HCPs can partly be explained by the close
collaboration both during the development and implementation phases.

Alimitation is that we did not use validated questionnaires since these were non-existent.
In addition, the majority of participating HCPs worked in a surgical department. Therefore,
our conclusions cannot be generalized for all HCPs in breast cancer care. Although we
invited medical oncologists to participate in our mainstream GT pathway, in our study,
these HCPs rarely discussed and ordered GT themselves. This is notable, because previous
research into mainstream GT in breast cancer care has shown significant involvement of
oncologists between 30% and 100%, probably due to differences in care pathways (19, 34-
37). In our study, patients eligible for GT were initially seen by the surgical team. However,
the importance of GT by medical oncologists is expected to increase due to the rise of
PARP-inhibiting therapies in carriers of germline BRCA1/2 pathogenic variants (38). Future
research should focus on experiences of medical oncologists and also on the impact of
mainstream genetic testing on genetic testing rates.

Conclusion

This study shows that HCPs working in a surgical department (i.e., surgical oncologists,
nurse specialists and nurses) have a positive attitude, feel confident, and capable to
provide pre-test GC to patients with breast cancer. In addition, it is feasible for them to
incorporate these tasks into their routine work.

Funding: AstraZeneca [grant number: AZNL201900216] and Pfizer [grant number:
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Survey regarding needs assessment of non-genetic
healthcare professionals involved in breast cancer care

Response: 51/89 (57%)

Supplementary Table 1. Characteristics of participating non-genetic healthcare
professionals from nine hospitals

Characteristics Total group, n=51
n (%)
Disciplines,
- Nurse specialist/physician assistant (in training) 17 (33.3)
- Surgical oncologist 14 (27.5)
- Medical oncologist 11(21.6)
- Nurse 7(13.7)
- Radiation oncologist 2(3.9)
Hospital, n (%)
- Non-academic teaching hospital 42 (82.4)
- Academic hospital 9(17.6)
Years working in breast cancer care, n (%)
- <5 13 (25.5)
- 5-10 19(37.2)
- 10-15 8 (15.7)

- >15 11(21.6)
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Supporting information regarding online training module

Content of online training module

The training module was evaluated and accredited by the national accreditation bureaus
of the scientific organizations for surgical oncologists, medical oncologists, nurses, and
nurse specialists as part of the national CME accreditation.

Film 1: Mainstream genetic testing in cancer patients (duration: 7.5 minutes).
This film contains the following elements:
- Short introductory film with a clinical geneticist explaining the term mainstream
genetic testing and why this new workflow is important for cancer patients.
- Slides with a voice-over explaining:
o Short overview of the content of all four films.
o How cancer develops and how hereditary and environmental factors play a role.
o Thedifference between germline and somatic pathogenic variants.
o The difference between germline genetic testing in blood and genetic testing in
tumor tissue.
The importance of genetic testing in cancer patients.
The difference between diagnostic and predictive genetic testing.
o Asummary of the above.

Film 2: genetic testing in breast cancer patients (duration: 12.5 minutes).
This film contains the following elements:
- Short introductory film with a clinical geneticist giving an overview of the film’s
content.
- Slides with a voice-over explaining:
o Prevalence of hereditary causes in breast cancer patients.
o The eligibility criteria for genetic testing in breast cancer patients, including the
relevance of genetic testing in patients with Ashkenazi Jewish ancestry.
o The prevalence of pathogenic variants in the genes BRCAI, BRCA2, CHEK2, ATM,
and PALB2.
o Cancer risks associated with pathogenic variants in the genes BRCA1, BRCA2,
CHEK2, PALB2, and ATM.
Explanation of life time risks.
Possible implications of genetic testing for family members (including screening
recommendations and the possibility of risk reducing surgery).
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Possible implications on treatment for women carrying a pathogenic variant in
one of the breast cancer genes.

Male breast cancer; chance of carrying a pathogenic variant in one of the breast
cancer genes, cancer risks and possible implications of finding a pathogenic
variant.

Pattern of inheritance for pathogenic variants in the genes BRCA1, BRCA2, CHEK2,
PALB2, and ATM.

Involvement of higher risk of breast cancer in rare syndromes.

A summary of the above.

Film 3: The new workFflow For genetic testing (duration: 8.5 minutes)

This film contains the following elements:

Short introductory film with a clinical geneticist giving an overview of the film’s

content.

Sides with a voice-over explaining:

O

[¢]

O

The entire workflow (step-by-step).

How to complete the checklist to determine eligibility for genetic testing.

How to complete the checklist to determine if the patient is eligible for referral to
the genetics department.

How to complete the informed consent form.

Film 4: Practical advice on how to discuss genetic testing (duration: 15.5 minutes)

This film contains the following elements:

Short introductory film with a clinical geneticist giving an overview of the film’s

content.

Slides with a voice-over explaining:

o Communication about and timing of genetic testing.

o Elements to discuss with a patient, including the duration of a genetic test.

o Possible outcomes of a genetic test and the implications of these outcomes.

o Possible implications for insurance.

Film with:

o Asurgical oncologist and a patient. This shows a simulation consultation on how
to offer pre-test counseling for genetic testing.

o A patient who has a pathogenic variant in the BRCA2 gene. She explains the
impact that genetic testing has had on her and her family and why genetic testing
is important for any woman with breast cancer.

o Aspecialist social worker. She explains the impact a pathogenic variant in a BRCA
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gene can have on a patient and her family members, addresses the emotional
impact and explains the supportive role of a social worker in the process of

genetic testing.

Supplementary Table 3. Evaluation of overall online training module, n = 85

Rating out of 10, median (range) 8(5-10)
Usefulness of online training module, n (%)

- (Reasonably/very) useful 81(95.3)

- Notuseful (atall) 4(4.7)
Level of difficulty, n (%)

- (Much) too high 0(0)

- Exactly right 68 (80.0)

- (Much) too low 17 (20.0)
Appreciation of online format, n (%)

- (Fairly/very) pleasant 84 (98.8)

- Not pleasant (at all) 1(1.2)
Duration of online training module, n (%)

- (Much) too long 14 (16.5)

- Exactly right 66 (77.6)

- (Much) too short 5(5.9)
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Supplementary Table 4. Reasons for not completing the training module, n = 27/51

(52.9%)
N (%)
Respondents
- Surgical oncologists 12 (44.4)
- Medical oncologists 9(33.3)
- Nurses/nurse specialists working in an oncology department 4(14.8)
- Nurses/nurse specialists working in a surgical department 1(3.7)
- Radiation oncologists 1(3.7)
Reasons for not completing the training module (multiple answers could be
provided)
- No time/too busy 17 (63.0)
- Forgotten 8(29.6)
- Mainstream genetic testing should not be part of my work? 7(25.9)
- Technical problems with training module 3(11.1)
- Genetic testing is requested by colleagues 2(7.4)
- Encounter not enough patients eligible for genetic testing to build expertise 1(3.7)

There were no significant differences between the respondents and non-respondents regarding
disciplines or department they worked in. *HCPs who did not consider mainstream genetic testing
as part of their work, mainly considered this as part of the work of a surgical nurse/nurse specialist
(n=6) or genetic HCP (n = 4).
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Checklists to identify eligible patients For genetic testing

and post-test counseling

I Checklist 1: Eligibility criteria for genetic testing UMC Utrecht
in breast cancer

Patient details

Date of diagnosis:
Hospital:
Surgical oncologist:
Nurse (specialist):
Email address:
Telephone number:

CHECKLIST risk factors for hereditary cause breast cancer /DCIS Yes No

Male
<40 years of age

< 50 years of age and:

* bilateral breast cancer (whether or not diagnosed at the same time)

in the same branch of the family?
< 60 years of age and:

* a family member with prostate cancer < 60 years of age

a
* a first-degree family member with breast cancer < 50 years of age [
0
* two or more first or second degree family members with breast cancer [

* triple negative breast cancer 0 O
Does patient have:
* a family member with a known BRCA1/2 pathogenic variant 0 O
* a history of contralateral breast cancer < 50 years of age O O
* multiple tumors in one breast with first tumor < 50 years of age O O
* a first-degree male family member with breast cancer [
* two or more first and/or second degree family members with breast cancer [
of whom at least one < 50 years of age, in the same branch of the family

| * a history of ovarian or fallopian tube carcinoma 0 O ‘
* a family member with ovarian or fallopian tube carcinoma ] ]

| * a Jewish ancestry O O ‘

‘ves’ for at least 1 grey shaded criterion?

‘ves’ for only white shaded criteria?

‘no’ for all eligibility criteria?

=> continue with checklist 2 to determine if you can offer
pre-test genetic counseling and order genetic testing

=> refer patient to genetics department and skip checklist
2. Pre-test genetic counseling is offered by a genetic
healthcare professional

=> patient is not eligible for genetic testing

Have you ordered genetic testing?
In case of a referral, is it urgent?

University Medical Center Utrecht.
Was a treatment plan discussed with patient?

If yes, which plan?

Additional information

Please fax this list including all relevant correspondence and pathology report to the genetics department of the

Is the operation date known? I No [1YES, ON ot
Does patient want to postpone the surgery date if the I No [IYes [ Not discussed
result of the genetic test is not yet known

At which phone number(s) can the patient be reached? /

[IYes [INo
IYes [INo

LINo LlYes

I mastectomy [ breast conserving surgery [|
Neoadjuvant chemotherapy
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Onl lete this checklist if d ‘yes’ for at least
2 nly complete this checklist if you answered ‘yes’ for at least one UMC Utrecht

of the grey shaded criteria on checklist 1!

Checklist 2: referral to genetics department

Patient details Date:
Hospital:
Surgical oncologist:
Nurse (specialist):
Email address:
Telephone NUMDET:.........coieieier ettt s e

Yes No
Does your patient have:
1. breastcancer/DCIS €25 years of age? O m]
2. breastcancer <35years of age and Her2neu positive? O ]
3. bilateral lobular breast cancer (whether or not diagnosed at the same time)
with first diagnosis <50 years? O m]

4. afamily member with a known pathogenic variant in one of the breast cancer genes? m]
5. (a history of) sarcoma, brain tumor or adrenal cortex
a) inyour patient, with first diagnosis <46 years of age for one of
these tumors or the breast cancer? O O
b) in 21 first or second degree family member, with diagnosis <46 year for family member
or foryour patient with breast cancer? 0

If ‘yes for one or more of these questions =» refer patient to genetics department for pre-test genetic counseling.
You do not have to complete the rest of this checklist.

Yes No
Does your patient have:

6. afirstor second degree family member with breast cancer and is your patient male? O ]
7. asecond primary breast cancer/DCIS with first diagnosis <50 years of age?* O O
8. afirst or second degree family member with breast cancer/DCIS and is the average age of

diagnosis for patient and family member <50 years of age? m]
9. 22 firstand/orsecond degree family members with breast cancer/DCIS? O u]
10. >2 firstand/or second degree family members with ovarian cancer?

(of whom at least one first degree family member) O m]

You can now offer pre-test genetic counseling and request the DNA test (note: this applies only if the first five
questions on this checklist can be answered with ‘no’ and at least one grey shaded criterion on checklist 1 is ‘yes’).
If you have checked one or more boxes with "yes," the patient will receive an additional appointment at the genetics department
after the results of the DNA test are known. You do not have to do anything for this yourself. This checklist is faxed to the
genetics department and can be used as a formal referral document.

* This includes a second primary tumor diagnosed at the same or different times, multiple tumors in the same breast or in both
breasts and multicentric breast cancer.

Please add this checklist to the electronic patient file

Please contact the genetics department if you have any questions about this checklist or if you think there might be a
reason to refer your patient and this is not indicated by this checklist. (original checklist included telephone numbers)
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Content of questionnaires

Supplementary Table 5. Overview of questions in the T0 and T1 questionnaire

Topics TO T1
Background information X
Statements to assess
- Attitude towards mainstream genetic testing X X
- Perceived knowledge of genetic testing X X
- Self-efficacy to offer mainstream genetic testing X X
Questions assessing knowledge of genetic testing X X
Feasibility of mainstream genetic testing
- Performance of tasks, time investment and necessity of X
additional appointments
- Experiences with supporting resources (e.g., usefulness of X
training or manual, unanswerable questions from patients,
missed information)
- Reasons for not discussing genetic testing X X

TO Questionnaire before starting the online training module. T1 Questionnaire six months after
completing the online training module.
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Supplementary Table 7. Performance of tasks and time investment for providing pre-test
genetic counseling and ordering a genetic test

n (%)
Performance of tasks, n =53
- Pre-test genetic counseling and ordering genetic test 38 (71.7)
- Pre-test genetic counseling only 7(13.2)
- Ordering genetic test only 5(9.4)
- Other 3(5.7)
Time investment to offer pre-test genetic counseling, n =45
- <5minutes 2 (4.5)
- 5-10 minutes 23(51.1)
- 10- 15 minutes 15(33.3)
- 15 -20 minutes 5(11.1)
- >20minutes 0(0)
Time investment to order genetic test,n =43
- <5minutes 2(4.7)
- 5-10 minutes 18 (41.9)
- 10- 15 minutes 17 (39.5)
- 15 -20 minutes 5(11.6)

> 20 minutes

1(2.3)
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Abstract

Background: Pre-test genetic counseling of patients with breast cancer is increasingly
being offered by non-genetic healthcare professionals.

Methods: We evaluated experiences of patients with breast cancer who received pre-test
counseling from their surgeon or nurse (mainstream group) in comparison to experiences
of patients who received pre-test counseling from a clinical geneticist (usual care group).
Between September 2019 and December 2021, patients received a questionnaire after
pre-test counseling (T0) and four weeks after receiving their test results (T1) to evaluate
psychosocial outcomes, knowledge, discussed topics and satisfaction.

Results: We included 191 patients in our mainstream and 183 patients in our usual care
group and received, respectively 159 and 145 follow-up questionnaires. Levels of distress
and decisional regret were comparable in both groups. Decisional conflict was higher in
our mainstream group (p = 0.01), but only 7% had clinically relevant decisional conflict (vs
2% in usual care group). The possible implications of a genetic test on (secondary) breast
or ovarian cancer risks were less frequently discussed in our mainstream group (p = 0.03
and p = 0.000, respectively). In both groups knowledge about genetics was comparable,
satisfaction was high and the majority of patients in both groups preferred to give both
verbal and written consent for genetic testing.

Conclusion: Mainstreamed genetic care provides sufficient information for the majority
of breast cancer patients to decide about genetic testing with minimal distress.

Keywords: Breast cancer; Patients’ perspectives; mainstream genetic testing; Genetic
counseling; Psychosocial outcomes; Satisfaction
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Introduction

Genetic test results in patients with breast cancer can impact both patients’ treatment and
preventive options. Especially pathogenic variants in a BRCA1/2 gene can influence these
choices (1, 2). Previously, only surgical treatment was impacted by genetic test results,
such as risk-reducing mastectomy of the contralateral breast (3). Nowadays, systematic
treatment options are also influenced by these test results. Patients with a pathogenic
variant in a BRCA1/2 gene have shown to respond well to treatment with platinum-based
chemotherapy in triple-negative breast cancer and to Poly Adenosine Diphosphate-Ribose
Polymerase (PARP) inhibitors in Her2-negative breast cancer (4-6). With these increasing
implications of genetic testing on treatment, there is also an increase in the number of
eligible patients (7). However, the workforce of genetics departments is insufficient to
meet this growing demand (8, 9).

Thisimbalance between supply and demand has led to innovative ways of offering genetic
testing. This includes the mainstreaming of genetic testing, with non-genetic healthcare
professionals (HCPs) such as surgeons, oncologists and nurses providing pre-test genetic
counseling and ordering genetic tests, instead of usual genetic care provided by genetic
HCPs (i.e., clinical geneticists and genetic counselors) (10, 11). Mainstream genetic testing
pathways have been successfully introduced for ovarian cancer (12, 13). Given the high
acceptability and feasibility for both patients and HCPs, these pathways are increasingly
being implemented for breast cancer (14-24).

Pre-test counseling by a non-genetic HCP is different from pre-test counseling by a genetic
HCP because of differences in expertise and available time. This raises concerns that
with mainstream genetic testing informed consent may not be obtained, it may lead to
increased psychosocial problems (e.g., more distress or regret), or patients may receive
insufficientinformation to make an informed decision about genetic testing. So far, studies
have shown positive experiences in breast cancer patients (16-18, 21, 23, 24). However,
these studies were either qualitative in nature (18, 23), focused only on acceptability (16),
did not compare experiences with a group of patients receiving usual genetic care (16,
18, 23), or involved only a limited number of breast cancer patients (16, 17, 24). To our
knowledge, no studies have evaluated outcomes such as distress and anxiety at different
time points between patients who received pre-test counseling from different HCPs (non-
genetic versus genetic).

We have developed and implemented a mainstream genetic testing pathway for patients
with breast cancer. We recently reported that surgical oncologists and nurse specialists
feel motivated and competent to provide pre-test counseling to patients with breast
cancer (25). Inthe current paper, we report on the experiences of patients with mainstream



Higher testing rates and lower healthcare costs with mainstream genetic testing 181

genetic testing. We aimed to assess patients’ psychosocial outcomes, knowledge about
genetics and satisfaction both after pre-test genetic counseling and after receiving the
genetic test result and to compare these outcomes with patients who received usual
genetic care.

Patients and methods

Study design and participants

First, our mainstream genetic testing pathway for breast cancer was implemented as
standard care in nine hospitals (25). In the current multicenter, prospective, observational
study, we evaluated patients’ experiences with mainstream genetic testing and compared
these with experiences of patients who received usual genetic care. Between September
2019 and December 2021, patients who received pre-test genetic counseling from a
non-genetic HCP were invited to participate in our mainstream group and patients who
received pre-test genetic counseling from a genetic HCP were invited to participate in
our usual care group (Figure 1). Both newly diagnosed patients and patients with breast
cancer in their history could participate. After pre-test counseling, patients could opt for
genetic testing (BRCA1, BRCA2, CHEK2, PALB2, and ATM). Patients were excluded if they did
not speak Dutch, if a pathogenic variant in one of the breast cancer susceptibility genes
had been previously identified in a family member, or if the patient had had testing of
some of these genes previously.

Mainstream genetic care pathway

The development and implementation of our mainstream pathway is described
previously (25). After completing an online training module, non-genetic HCPs could
provide pre-test counseling and order genetic tests themselves (Figure 1). In our study,
this was predominantly performed by HCPs working at a surgical department. Two
checklists were completed to determine eligibility for mainstream genetic testing (25). In
addition, these checklists identified patients who required post-test genetic counseling.
Patients were eligible for mainstream genetic testing if (1) eligibility for genetic testing
could be determined independent of family data, and (2) further evaluation at a genetics
department prior to testing was unnecessary (e.g., for counseling and testing of the TP53
gene). After pre-test counseling, HCPs handed out an information sheet about genetic
testing to patients and obtained written informed consent before ordering the genetic
test. The two checklists and the consent form were sent to the genetics department of the
UMC Utrecht.

Test results were sent in a letter by the genetics department to the patient, the HCP who
ordered the genetic test and the general practitioner. Patients received an invitation for
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post-test counseling by a genetic HCP if a (likely) pathogenic variant or variant of uncertain
clinical significance was identified. Patients also received this invitation if they had a
relevant personal or family history, as identified by the checklist, to receive appropriate
screening recommendations for their family members.

Usual genetic care pathway

Patients were referred by their treating physician or nurse to the genetics department if
this HCP had not (yet) completed the training or if patients’ eligibility for genetic testing
depended on family data (i.e., relatives affected with breast, ovarian or prostate cancer).
Referred patients received pre-test counseling from a genetic HCP, who collected more
details about the family to confirm eligibility for testing. Written informed consent
was obtained for all patients who consented to genetic testing. Genetic test results
were communicated to the patient by telephone, in person or in a videoconference. In
addition, a letter was sent to the patient, the HCP who referred the patient and the general
practitioner, summarizing the family history, test results, and any advice for patient and
family members.

Procedures

Participants were asked to complete two questionnaires (overview of topics in Online
Supplements). The first questionnaire (T0) was handed out after pre-test counseling if
counseling was provided face-to-face. For the usual care group, this questionnaire could
also be sent with the letter summarizing the pre-test counseling. Information about the
study and a form to accept or decline participation were sent with this questionnaire.
After two weeks, written reminders were sent to non-responders of our mainstream group
only. The second questionnaire (T1) was sent approximately four weeks after receiving the
genetic test result. Written reminders were sent to non-responders of both groups after
four weeks and telephone reminders after eight weeks.

Our primary outcomes were the impact of mainstream genetic testing on psychosocial
outcomes (i.e., distress, anxiety, depression, decisional conflict and decision regret).
Secondary outcomes were patients’ knowledge, the topics discussed during pre-test
counseling, and patients’ satisfaction with the genetic testing process, including the
informed consent procedure.

Clinical data

At the genetics department of the UMC Utrecht, we reviewed the medical records of all
participants to obtain their age at diagnosis, number of days between diagnosis and
pre-test counseling, test result and eligibility criteria for genetic testing. The date of pre-
test counseling for the mainstream group was determined by proxy based on the date
the checklist was completed; if that was unavailable, we used the date the consent form
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was completed. We assessed whether patients were eligible for genetic testing according
to national guideline criteria and, if they were eligible, which criteria they fulfilled (26).
Eligibility for genetic testing was assessed based on the family pedigree for all patients
in the usual care group and for the patients in the mainstream group who had received
post-test counseling at the genetics department. For the other patients in the mainstream
group, eligibility for genetic testing was assessed based on the completed checklist.

Statistical analyses

Between-group analyses were performed using the Chi-square test or Fishers Exact
test for categorical outcomes and the independent T-test or Mann-Whitney U test for
continuous outcomes. Within-group analyses comparing outcomes between T0 and T1
were assessed with the McNemar test for binary outcomes or the Wilcoxon-signed Rank
test for continuous outcomes. General Linear Models for repeated measures were used to
compare if the difference in anxiety, depression, distress and knowledge were comparable
in the mainstream and usual care group over time. We used multivariate analysis to assess
the differences in anxiety, distress and decisional conflict, stratified for the differences in
characteristics between the two groups and adjusting for correlating variables. IBM SPSS
statistics 26.0.0.1 was used to perform the statistical analyses. A (two-sided) p-value <0.05
was considered as significant.

Results

Participants

After exclusion of ineligible patients, 191 patients were included in our mainstream
group and 183 patients in our usual care group, of whom respectively 159 (83%) and 146
(80%) patients completed both questionnaires (Figure 1). The usual care group included
significantly more patients with children. The mainstream group included significantly
more patients who received pre-test counseling within two weeks after diagnosis, more
male patients, and their eligibility was more often based on patient criteria (Table 1).

Psychosocial outcomes

After pre-test counseling, levels of anxiety, distress and decisional conflict were
significantly higher for patients in the mainstream group compared with patients in the
usual care group (Table 2). After adjusting for the number of days between diagnosis and
pre-test counseling with multivariate analysis, this difference between the two groups
regarding anxiety and distress disappeared (respectively, p=0.53 and p=0.62). The higher
decisional conflict in our mainstream group remained significant after adjustment for
time between diagnosis and pre-test counseling, having children and the differences in
eligibility criteria between the two groups (p = 0.02).
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Table 1. Characteristics of respondents

Mainstream group Usual care group p-value

n=191 n=183
Age at diagnosis, mean (sd) 48.7(11.8) 50.3 (11.0) 0.184
Gender, n (%)
- Male 10 (5.2) 1(0.5) 0.01*
- Female 181 (94.8) 182 (99.5)
Days between diagnosis and pre-test
genetic counseling, n (%)
- 0-14 160 (83.8) 49 (26.8) 0.000*
- >14 31(16.2) 134 (73.2)
Previously diagnosed with BC, n (%)
- Yes 35(18.3) 26 (14.2) 0.28
- No 156 (81.7) 157 (85.8)
Genetic test results, n (%)
- Normal 170 (89.0) 165 (90.2) 0.71
- Pathogenic variant or VUS 21(11.0) 18(9.8)
Children, n (%)
- Yes 146 (76.4) 155 (84.7) 0.04*
- No 45 (23.6) 28 (15.3)
Education, n (%)
- Low 4(2.1) 6(3.3) 0.31
- Intermediate 91 (47.6) 100 (54.6)
- High 93 (48.7) 77 (42.1)
- Missing 3(1.6) 0
Migrant status, n (%)
- Dutch background 168 (88) 159 (86.9) 0.94
- Migrant, Western 12 (6.3) 12 (6.6)
- Migrant, non-Western 10(5.2) 11 (6.0)
- Missing 1(0.5) 1(0.5)
Personal history of another type of cancer,
n (%)
- Yes 26 (13.6) 29 (15.8) 0.54

- No 165 (86.4) 154 (84.2)
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Eligibility criteria for genetic testing, n (%)

- BC <40 years
- Yes 58 (30.4) 35(19.1) 0.01*
- No 133 (69.6) 148 (80.9)
- Triple-negative BC <60 years
- Yes 61(31.9) 23(12.6) 0.000*
- No 130 (68.1) 160 (87.4)
- Multiple tumors with 1* diagnosis <50
years
- Yes 42 (22.0) 29 (15.8) 0.13
- No 149 (78.0) 154 (84.2)
- Personal history of OC
- Yes 1(0.5) 0 1.00
- No 190 (99.5) 183 (100)
- Jewish background
- Yes 6(3.1) 3(1.6) 0.50
- No 185 (96.9) 180 (98.4)
- Eligible based on family history
- Yes 33(17.3) 53 (29.0) 0.007*
- No 158 (82.7) 130 (71.0)
- Eligible according to guidelines
- Yes 172 (90.1) 130 (71.0) 0.000*
- No 192 (9.9) 53(29.0)

BC breast cancer, VUS variant of uncertain clinical significance, OC ovarian cancer. 28/19 (42%)
DNA tests were conducted in the mainstream group with consent of a genetic healthcare
professional. * p <0.05.

After receiving test results, there were no significant differences for most psychosocial
outcomes except for the ‘support and effective decision’ score of the decisional conflict
scale. Within the mainstream and usual care group, there was a significant decrease
in anxiety (respectively, p = 0.000 and p = 0.000) and decisional conflict (respectively,
p = 0.000 and p = 0.03) after receiving the test result (Online Supplements). Within the
mainstream group, distress levels significantly decreased after receiving the test results
(p=0.001, Online Supplements).
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Knowledge and discussed topics

There were no significant differences in knowledge between the mainstream and usual
care group at both time points (Online Supplements). Within the mainstream group, there
was a significant increase in total knowledge scores after receiving the test result (p =
0.003).

In the mainstream group, ‘the consequences of genetic testing for chemotherapeutic
treatment’ were discussed significantly more often than in the usual care group, whereas
in the usual care group ‘the increased risk of a second breast cancer and ovarian cancer
for carriers of a pathogenic variant in a BRCA1/2 gene’ was discussed more often (Figure
2a). In both groups, patients considered ‘the consequences of genetic testing on family
members’ most important (Figure 2b).

p=0.20
100
90 p 0.000*
80 p 0.03*
70 p=0.05
o ,_%
® 60
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operation chemotherapy  second breast  ovarian cancer family
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M mainstream group, n = 191 M usual care group, n = 181

Figure 2a. Discussed topics during pre -test counseling for the mainstream and usual care

group
Patients were asked whether one or more of these topics were discussed. For every topic, the
percentage of patients who said that it was discussed is displayed in this bar chart. * p < 0.05.

Satisfaction

In both groups, the majority of patients were satisfied with pre-test counseling regarding
theinformation received, the amount of time to consider the genetic test and the preferred
moment to be offered a genetic test (Table 3). In the mainstream group, significantly more
patients were unsure whether they had received sufficient information and amount of
time to consider the genetic test and whether they thought the information discussed was
clear. In both groups, the majority of patients felt that ‘immediately after diagnosis’ was
the best moment to offer genetic testing.
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Figure 2b. Topics that patients in the mainstream and usual care group considered most

important

Patients were asked to select the topic they considered most important. For every topic, the
percentage of patients who said it was most important is displayed. If patients selected more than
one topic, both were included in the bar chart. * p <0.05.

The majority of patients in both groups were satisfied with how and what information
they received about the test result (Table 4). In the mainstream group, for more patients it
was unclear how they would receive the test result. In addition, the majority of patientsin
this group preferred a letter to receive the test result, whereas in the usual care group the
majority preferred a telephone consultation.

In both the mainstream and usual care group, the majority of patients gave both verbal
and written informed consent and also preferred this (Online Supplements).
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Discussion

To our knowledge, this is the largest study to evaluate the experiences of breast cancer
patients with mainstreamed genetic testing compared with the experiences of patients
who received usual genetic care including pre-test counseling by a genetic HCP. This
study shows that mainstreamed genetic care allows the majority of patients to make an
informed decision about genetic testing, and it results in acceptable levels of distress,
decisional conflict and regret.

Psychosocial outcomes

Adjusting for the time between diagnosis and pre-test counseling, we did not observe
statistically significant differences, either after pre-test counseling or after receiving the
test result, in distress, anxiety or depression between the patients who received pre-test
counseling from a non-genetic HCP and those who received it from a genetic HCP. Only
two previous studies compared psychosocial outcomes between breast cancer patients
receiving mainstreamed versus usual genetic care. However, these studies included both
patients with breast and ovarian cancer, their mainstream groups were limited in size (<50
patients), and these groups only included 11 patients with breast cancer (17, 21). As in
our study, no difference in distress levels between the two groups was found in either of
the other studies. Only one study compared anxiety and depression levels between two
groups (21). In this study, patients who received mainstreamed genetic care were more
likely to screen positive on the ‘general emotions’ domain of the ‘psychosocial aspects
of hereditary cancer (PAHC)’ questionnaire relating to anxiety and depression amongst
others. However, it is unclear whether the number of days between diagnosis and pre-test
counseling affected these outcomes.

In our study, decisional conflict after pre-test counseling was higher in patients who had
received mainstreamed genetic care. However, only a small proportion of these patients
(7%) had clinically relevant decisional conflict, versus 2% of patients in our usual care
group. The only study that evaluated this outcome did not find a significant difference in
decisional conflict between patients who had received mainstreamed and usual genetic
care (17).

As far as we know, decisional regret after performing a genetic test has not been evaluated
previously for patients with breast cancer. We showed that regret was comparable and
low in both groups, which is in line with previous research for patients with ovarian cancer
(27, 28). This suggests that even if some patients experience more decisional conflict after
pre-test counseling by a surgeon or nurse (instead of a genetic HCP), the majority will not
regret their choice to undergo genetic testing.
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Knowledge and discussed topics

Knowledge about genetic testing was comparable in the two groups in our study. Thisisin
line with the study of Richardson et al. (17), but in contrast to the study of McCuaig et al.
where knowledge was higher in their usual care group (21). However, their study included
more extensive knowledge questions than our study. We believe that it is important
for patients to have a basic understanding of genetic testing to make a well-informed
decision about genetic testing. Detailed information about risks and implications for
family members is needed especially when a pathogenic variant in a breast cancer gene
is identified.

A notable finding is that the possible higher risk of a second breast cancer or ovarian
cancer after identifying a pathogenic variant in a BRCA1/2 gene was discussed less often
in our mainstream group.

SatisFaction

Satisfaction of patients with mainstreamed genetic care was high, as also reported in
previous studies (16, 17, 21, 24). However, only two studies included a limited number of
patients in their usual care group as comparison (17, 21). Interestingly, in our mainstream
group significantly more patients considered the provided information or time insufficient
to consider genetic testing or were unsure about this. Although the majority of patients
receiving mainstreamed genetic care were satisfied with the information and amount
of time they received, this highlights the importance of recognizing those patients who
require more extensive pre-test counseling. In addition, more patients in our mainstream
group considered the information discussed during pre-test counseling unclear. This is
in line with the study by McCuaig et al., who showed that in the mainstream group fewer
patients considered the information helpful or given in a way that they understood (21).

The preferred moment for pre-test counseling in both groups was directly after diagnosing
breast cancer, which is in line with previous research (23, 29). The preferred way to receive
the test result differed between patients in both group. However, this is probably biased by
the way most patients actually received their test result (i.e., in a letter in the mainstream
group and by telephone in the usual care group). It also indicates that most patients do
not object to receiving their test result in a letter.

One of the concerns about mainstream genetic testing, as identified by previous research,
is the inability to obtain proper informed consent for genetic testing, possibly due to HCPs
not providing pre-test counseling (30). With written consent, there is a higher chance
that pre-test counseling is provided. Our study is unique in that we evaluated patients’
experiences with our informed consent procedure. Although many mainstream genetic
testing pathways do include written informed consent for genetic testing (12), this is not
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standard practice. This study shows that patients do prefer to give both written and verbal
informed consent for genetic testing.

Limitations

This study has several limitations. Because of the differences in eligibility criteria for pre-
test counseling by a non-genetic HCP (i.e., surgeon or nurse) or by a genetic HCP, the two
groups were not comparable. We adjusted for the known differences with multivariate
analyses, but there may have been other differences that we did not account for (e.g.,
current age or stage of treatment). In addition, geneticists and genetic counselors were
expected to hand out information about the study to eligible patients themselves or
send this information to the patient. Due to logistical reasons, we do not know how many
eligible patients received pre-test counseling by a genetic HCP and how many of these
patients received the study material. Although it cannot be excluded that this information
was provided to a selection of patients, most sociodemographic characteristics, e.g.,
migrant status and educational level, were comparable for the patients in the two groups.

Conclusion

This study shows that mainstream genetic testing for the majority of breast cancer patients
provides sufficient support and information for decision-making without unacceptable
distress, decisional conflict or regret.

However, this study also shows that for some patients more personalized attention is
necessary. It is important to further investigate for which patients mainstream genetic
testing is insufficient and who therefore should be referred for pre-test counseling by a
genetic HCP.
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Supplementary File 2. General Linear Model analyses

HADS - Anxiety
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mainstream group, n = 157 usual care group, n =145 - - threshold

Figure 1. Change in mean levels of anxiety between TO (after pre-test counseling) and T1

(after receiving the test result) for both the mainstream and usual care group

Total scores could range between 0 and 21. Threshold for concern is 11. With paired analysis, there is
a significant decrease in anxiety at T1 in comparison to T0 for both the mainstream group (p = 0.000)
and the usual care group (p =0.000). There is no significant difference in decrease of anxiety in time
between the two groups (p = 0.06).
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HADS - Depression
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Figure 2. Change in mean levels of depression between TO0 (after pre-test counseling) and
T1 (after receiving the test result) for both the mainstream and usual care group

Total scores could range between 0 and 21. Threshold for concern is 11. With paired analysis, there
is no significant difference in anxiety at T1 in comparison to TO for both the mainstream group
(p = 0.93) and the usual care group (p = 0.55). There is no significant difference in the change in
depression levels in time between the two groups (p = 0.82).

Distress Thermometer
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Figure 3. Change in mean levels of distress between TO (after pre-test counseling) and T1

(after receiving the test result) for both the mainstream and usual care group

Total scores could range between 0 and 10. Threshold for concern is 4. With paired analysis, there
is a significant decrease in distress at T1 in comparison to TO for the mainstream group (p = 0.001),
but not for the usual care group (p =0.11). There is no significant difference in decrease in distress in
time between the two groups (p = 0.14).
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Decisional conflict scale
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Figure 4. Change in mean levels of decisional conflict between TO (after pre-test

counseling) and T1 (after receiving the test result) for both the mainstream and usual care
group

Total scores could range between 0 and 100. Threshold for concern is 37.5. With paired analysis, there
is a significant decrease in decisional conflict at T1 in comparison to TO for both the mainstream
group (p =0.000) and the usual care group (p =0.03). There is no significant difference in decrease in
time between the two groups (p =0.23).

Knowledge, total score
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Figure 5. Change in mean total knowledge scores between TO (after pre-test counseling)

and T1 (after receiving the test result) for both the mainstream and usual care group
Total knowledge scores could range between 0 and 5. With paired analysis, there is a significant
increase in knowledge for the mainstream group (p = 0.003), but not for the usual care group (n =
0.18). There is no significant difference in increase in time between the two groups (p = 0.48).
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Despite the evident clinicalimplications of germline genetic testing for patients and family
members, still not all eligible patients with breast or ovarian cancer receive such testing.
With the growing number of patients eligible for genetic testing and the insufficient
capacity at genetics departments, there is a need to restructure the genetic care for these
patients. Mainstream genetic testing contains all elements to address these problems.

The aim of this thesis was to improve access to genetic testing with a mainstream genetic
testing pathway for patients with breast or ovarian cancer who are eligible for germline
genetic testing according to current care guidelines. We developed and implemented
a mainstream genetic testing pathway for patients with breast cancer and for patients
with ovarian cancer and evaluated if this approach was both feasible and acceptable to
patients and non-genetic healthcare professionals, and provided good quality of care.

Based on the results of our studies, we conclude that:

1. Non-genetic healthcare professionals in both breast and ovarian cancer care have
predominantly positive attitudes toward mainstream genetic testing (Chapter 3 and
6).

2. ltisfeasibleforthese non-genetic healthcare professionals to incorporate mainstream
genetic testing into their routine care (Chapter 2, 3, and 6).

3. Mainstream genetic testing provides a good quality of care for patients and allows
them to make well-informed decisions about genetic testing (Chapter 4 and 7).

4. Mainstream genetic testing leads to higher testing rates in patients with ovarian
cancer (Chapter 5).

5. Mainstream genetic testing for ovarian cancer patients leads to areduction in genetics-
related healthcare costs (Chapter 5).

This chapter reflects on the main findings of our studies following patients’ perspectives,
healthcare professionals’ perspectives and quality of care, and discusses clinical
implications and future perspectives.

Patients’ perspectives

Can patients make a well-informed decision about genetic testing?

It is important that patients can make a well-informed decision about genetic testing.
Our studies show that this is feasible in a mainstream genetic testing pathway for the
majority of patients with breast or ovarian cancer, without increasing distress and without
unacceptable decisional conflict or regret (Chapter 4 and 7). However, making a well-
informed decision is complex, and relies primarily on the patients’ understanding of the
core message rather than the exact endpoints, such as cancer risks (1, 2). In our review
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(Chapter 2) we identified two key elements to incorporate in the informed consent
procedure: 1) the explanation of the genes tested and the associated cancers for which
patients may be at increased risk, and 2) the possible implications of the result of the
genetic test for both patients and their family members. These elements were incorporated
in our online training for both the ovarian cancer and breast cancer team (Chapter 3 and
6). Pre-test genetic counseling also includes a fine balance between giving all necessary
information and not giving too much information. Many patients prefer less information
to make a decision than is provided by genetic counselors, and especially information
provided in a less complex way (3, 4). Providing too much and too complicated information
can even have a reverse effect, resulting in a lack of understanding amongst patients
regarding genetic testing (4), and therefore preventing patients from making a well-
informed decision. On the other hand, pre-test genetic counseling is not always provided
in mainstreaming pathways, especially in those pathways without a clear protocol, thus
eliminating informed consent altogether (5). Obtaining written informed consent helps
healthcare professionals to provide some form of pre-test genetic counseling before
ordering a genetic test. Although written consent is not a prerequisite for genetic testing,
we found that it is included in most mainstream genetic testing pathways (Chapter 2).
In addition, our research shows that the majority of patients with breast cancer actually
prefer to give both verbal and written consent for the genetic test and for sharing the
result with family members (Chapter 7).

Although mainstream genetic testing provided good quality of care for the majority,
for some patients this new pathway led to increased decision regret in ovarian cancer
patients (Chapter 4) and higher decisional conflict in breast cancer patients after pre-
test counseling (Chapter 7) regarding their choice to perform genetic testing. Although
the proportion of patients with clinically relevant decisional conflict or regret was low,
it is important to investigate why some patients have higher regret or decisional conflict
and to identify these patients. Moreover, in our ovarian cancer study, we were only able
to measure decisional conflict after receiving the test result and therefore do not know
whether there were differences between the two groups directly after pre-test counseling,
as in our breast cancer study. These differences in regret and decisional conflict between
patients may be due to differences in information needs between different groups
of patients. For example, patients with low health literacy are known to have different
information needs than patients with high health literacy (4, 6-8). Education of non-genetic
healthcare professionals should therefore also address these differences in counseling,
such as providing plain-language or visual aids (9-11). In addition, pre-test counseling by a
non-genetic healthcare professional is less extensive than pre-test counseling by a genetic
counselor. For some patients, the information provided may be too limited. Providing
tailored information using online tools may be a solution for this (12, 13). Lastly, patients
in a mainstream pathway may have less time to consider genetic testing. Whereas patients
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referred to the genetics department have several days between discussing the referral
and actual pre-test genetic counseling, patients in a mainstream genetic testing pathway
may be offered genetic testing without this time to consider genetic testing. Pre-test
counseling may even be provided during the same consultation in which the diagnosis
is discussed, but this should be studied in more detail. Ultimately, mainstream genetic
testing may not be sufficient for a small proportion of patients with breast or ovarian
cancer. Therefore, it is important to identify those patients who need more information or
psychosocial support during their decision-making process about genetic testing. These
patients should be referred for more extensive pre-test genetic counseling by a genetic
healthcare professional.

What is the best time to offer a genetic test?

Timing of pre-test genetic counseling is one of the challenges of mainstream genetic
testing. Because of the treatment implications, genetic testing in mainstream initiatives is
mainly offered directly after diagnosis. In our ovarian cancer study (Chapter 4) only half
of patients in both the mainstream and usual care group preferred genetic testing directly
after diagnosis, and about 1/3" preferred genetic testing after completion of treatment.
In our breast cancer study (Chapter 7) the majority of patients preferred genetic testing
shortly after diagnosis and before surgery (>80% in our mainstream group and around
70% in our usual care group group). Previous research has shown that the best timing
to offer genetic testing to patients diagnosed with both breast cancer and patients with
ovarian cancer was directly after diagnosis, and with acceptable levels of distress (14-
19). However, our studies also suggest that some patients need time to process their
diagnosis and prepare for possible genetic testing. This is supported by our observations
that (1) one of the main reasons for not providing pre-test genetic counseling was that
patients were too emotional during the consultation and (2) around half of non-genetic
healthcare professionals needed an additional appointment for at least one patient to
provide pre-test genetic counseling (Chapter 3 and 6). In a mainstream genetic testing
pathway, creating more time between diagnosis and pre-test genetic counseling may
require scheduling additional appointments. It may not always be feasible to create
time for these additional appointments and non-genetic healthcare professionals may
be inclined to refer patients to the genetics department for pre-test genetic counseling
and testing instead of discussing and ordering the genetic test themselves. In addition,
because of treatment implications, there may not always be time to schedule additional
appointments to discuss genetic testing.
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Healthcare professionals’ perspectives

Do healthcare professionals welcome mainstream genetic testing
pathways?

Non-genetic healthcare professionals, such as surgeons, gynecologists and nurses/nurse
specialists play a vital role in the implementation of mainstream genetic testing pathways.
For these non-genetic healthcare professionals to participate in such a new care pathway
and keep participating after the implementation phase, it is important they support the
new pathway, see the relevance of changing their work and feel capable to work according
to the new pathway (20, 21). Only increasing knowledge is insufficient to bring about
behavioral change in offering more genetic testing (22). Training therefore should not
only focus on factual genetic knowledge, but should also help healthcare professionals
understand the importance of genetic testing for patients and family members and
should provide the tools necessary to provide pre-test genetic counseling (e.g., how to
discuss or when to discuss genetic testing). We did include these different aspects into our
online training modules (Chapter 3 and 6). However, there is still insufficient data on the
best training to both promote a positive attitude, increase self-efficacy, and increase the
knowledge about genetic testing. The optimal format in which to offer training is not clear
and preferences and education needs might differ between the different non-genetic
healthcare professionals involved (23-25), and between different healthcare systems
and countries. More research into these differences in needs is required to prepare all
non-genetic healthcare professionals to provide pre-test genetic counseling themselves.
Healthcare professionals in our study appreciated the training and, in fact, considered
training an essential part ofimplementing a mainstream genetic testing pathway (Chapter
6). Our review shows that healthcare professionalsin previous studies have also expressed
a positive attitude towards the training and complementary resources, such as FAQ sheets
(Chapter 2). Gleeson et al. have shown that training oncology healthcare professionals
leads to increased perceived skills, knowledge and attitudes (26). Our review shows that
mainstream programs worldwide do include some form of training (Chapter 2). This
is especially driven by previous research in which a lack of knowledge and confidence
was reported by non-genetic healthcare professionals (27-31). Our research has shown
that training can increase self-perceived knowledge of healthcare professionals on
the advantages and disadvantages of genetic testing (Chapter 3 and 6). Having more
confidence in explaining genetic testing to patients, will increase self-confidence and may
contribute to better adherence to guidelines.

Overall, the majority of healthcare professionals that participated in our study, did
welcome mainstream genetic testing. However, we did see some differences between the
healthcare professionals involved in our ovarian cancer and breast cancer mainstreaming
pathway. For ovarian cancer, the majority of participating healthcare professionals
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consisted of doctors and almost all invited gynecologic oncologists and gynecologists
with a subspecialty training in oncology were actively involved in the pathway (Chapter
3). In previous mainstreaming studies for ovarian cancer, participating healthcare
professionals also consisted for the majority or only of doctors (26, 32-46). On the
other hand, in our breast cancer mainstreaming pathway, the majority of participating
healthcare professionals consisted of nurses and nurse specialists (Chapter 6). This is in
contrast to the majority of previous studies about mainstreaming for breast cancer, in
which healthcare professionals involved consisted predominantly of doctors (29, 33, 39,
41,44,47-50). These previous studies also showed a large role for medical oncologists (29,
39,47, 48, 50). This is striking because in our study several medical oncologists completed
our online training and participated in our questionnaire study, but rarely offered pre-test
genetic counseling and ordered genetic testing themselves. This suggests that the majority
of eligible patients were already offered genetic testing by their surgical oncologists.
Future studies are needed to confirm ifindeed the majority of eligible patients were tested
before the appointment with their medical oncologist. This variety of disciplines involved
in mainstream pathways also highlights the differences in healthcare pathways around
the world. For other healthcare professionals who consider to implement a mainstream
genetic testing pathway, it is important to take into account the healthcare structures
that exist locally and adapt a mainstream genetic testing pathway accordingly. We also
observed differences between the participating hospitals. Especially in our breast cancer
project, our pathway was best incorporated into those hospitals where dedicated nurses
and nurse specialists provided pre-test genetic counseling and requested genetic testing.
Having dedicated healthcare professionals who support and promote the mainstream
genetic testing pathway, previously described as mainstream champions by Hallowell et
al., are beneficial to the sustainability and involvement of other non-genetic healthcare
professionals in a mainstream genetic testing pathway (28).

Is it Feasible for non-genetic healthcare professionals to incorpora-
te mainstream genetic testing into daily practice?

Not only internal barriers might prevent healthcare professionals to participate in a
mainstream genetic testing pathway. External barriers can also prevent them from
changingtheir behavior (20,22, 51). One major barrier as identified in previous studies was
a lack of time during consultations to provide pre-test genetic counseling. However, this
seems primarily to be the case for healthcare professionals with minimal or no experience
with mainstream genetic testing (Chapter 2). This is related to the previously mentioned
healthcare professionals’ attitude. The expectation that pre-test genetic counseling takes
up a lot of time can prevent healthcare professionals from participating in a mainstream
genetic testing pathway. Training can help in managing these expectations, because
the added time investment of pre-test genetic counseling to the consultations was not
a limiting factor for healthcare professionals who had experience with mainstream
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genetic testing (Chapter 2). The total time investment in our studies to provide pre-test
genetic counseling was less than 15 minutes for the majority of participating healthcare
professionals (Chapter 3 and 6). Previous studies have also shown that pre-test genetic
counseling can be performed within 8 to 20 minutes (Chapter 2).

Who is paid For genetic counseling and genetic testing?

A shift in tasks and responsibilities also needs to be accompanied by adequate resources
to comply to these new workflows, such as dedicated personnel and enough financial
support. With the current mainstream genetic testing pathways there is a reduction in
total healthcare costs and costs per patient from a healthcare payer perspective (Chapter
5). However, the extra responsibilities taken on by non-genetic healthcare professionals
are not included in the current billable costs. In the Netherlands, hospitals receive
predetermined fees for Treatment Diagnosis Combinations (DBCs) from insurers. A DBC
reflects the average costs from diagnosis to treatment to follow-up (52-54). Genetic
care can be divided into two trajectories: a simple trajectory and a complex trajectory.
When only pre-test genetic counseling is provided, the counseling falls into the simple
trajectory. When additional tasks are performed, such as confirming cancer diagnosis
of affected relatives, genetic testing or psychosocial care, the counseling falls into the
complex trajectory. The costs of the genetic test are not included in the DBCs (55). So far,
genetic care is only included in the DBCs of genetic healthcare professionals. Therefore,
non-genetic healthcare professionals are currently not reimbursed for providing pre-test
genetic counselingand testing their patients. In the future, the DBCs should be restructured
to reflect the extra amount of work provided by non-genetic healthcare professionals. In
addition, there should be adequate reimbursement for the work that genetic healthcare
professionals currently provide without reimbursement. In our mainstream genetic testing
pathways, all genetic test results are sent to patients by the genetic departmentin a letter.
In addition, especially for the breast cancer pathway, quality control was more extensive.
Because the eligibility criteria for breast cancer genetic testing are more complex, it was
necessary to verify early on whether ordered genetic tests were justified according to
the national guidelines. Overall, testing more eligible patients, will lead to reduction in
healthcare costs, because of the optimization of treatment choices and opportunities for
preventive measures for both patients and family members (56, 57).

Quality of care

What is needed to uphold good quality of genetic care?

The main purpose of mainstream genetic testing is to improve access to genetic testing in
eligible patients. However, an additional advantage in a time of a limited workforce from
the genetics departments, is that pre-test genetic counseling provided by non-genetic
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healthcare professionals is less time consuming. And especially for ovarian cancer, most
patients do not require post-test genetic counseling by a genetic healthcare professional,
because only a relatively small proportion of patients carry a pathogenic variant in an
ovarian cancer gene or require further evaluation into Lynch syndrome. In contrast, the
mainstream genetic testing pathway for breast cancer still requires significant involvement
from the genetics department. Although not presented in this thesis, approximately half
of all breast cancer patients required post-test genetic counseling because of their family
history to make a risk assessment for family members and provide appropriate screening
recommendations. Moreover, as already mentioned, the mainstream genetic testing
pathway for breast cancer was more complex and therefore required more quality control
by the genetics department. The genetics department of the UMC Utrecht recently decided
to partially appoint dedicated nurses/nurse specialists from the hospitals that participate
the most in our mainstream genetic testing pathway for breast cancer. This means that
in addition to their current tasks, they will receive training from the genetics department
and a limited amount of time per week to perform these post-test consultations for
the genetics department. This will reduce the number of consultations that need to be
provided by genetic healthcare professionals even further. The additional expectation
with a dedicated nurse/nurse specialist as such a central figure per hospital is that this
will increase the quality of the mainstream genetic care at these hospitals. Because of the
extensive eligibility criteria for breast cancer, it is a challenge for non-genetic healthcare
professionals to identify all eligible patients for testing and in previous studies this led
to testing rates among ineligible patients of 16 - 35% (48, 58, 59). Previous research of
Cohen et al. has shown that such a collaborative approach with dedicated nurses/nurse
specialists is effective in increasing the number of patients who correctly receive genetic
testing and ensuring good quality of care (59).

Methodological considerations

What are the strengths of our research and which elements can be
improved in future research?

An important strength of this study is that we were able to include large groups of patients
who received mainstream genetic testing or pre-test genetic counseling by a genetic
healthcare professional, for both the breast and ovarian cancer study. And especially in
our breast cancer study, this allowed us to make a valid comparison with patients who
received pre-test genetic counseling from a genetic healthcare professional. A limitation
of our ovarian cancer study is that patients who received pre-test genetic counseling in the
genetics department did not receive a questionnaire until after the test result, which made
itimpossible to compare this care pathway immediately after pre-test genetic counseling.
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For future research, it is important to evaluate medical oncologists’ attitudes and
experiences with mainstream genetic testing. Although we invited medical oncologists
to participate in our breast cancer mainstreaming project, they were unable to put this
into practice because of the lack of patients in their practice who were eligible for genetic
testing and met our criteria for mainstream genetic testing (i.e., eligibility for genetic
testing independent of family data). However, this is likely to change in the future as
therapeutic options increasingly depend on the results of genetic testing (60-62).

It is also important to evaluate training more thoroughly. So far, a comparison between
trained and untrained healthcare professionals participating in mainstream genetic
testingis lacking. Finally, there has been insufficient research on the impact of mainstream
genetic testing on the proportion of eligible patients with breast cancer who receive
genetic testing. Because of the extensive eligibility criteria, this requires more detailed
evaluation of the medical and family data of newly diagnosed patients with breast cancer.
This should be investigated more thoroughly to determine whether certain patient
groups are underrepresented in the mainstream genetic testing pathways. Subsequently,
training and pathways can be adapted to improve on this. In addition, optimal timing to
offer pre-test genetic counseling should be investigated in more detail: at what stage of
the treatment process can genetic testing best be offered to patients, and how to identify
those patients who need more time to consider genetic testing or more extensive pre-test
counseling at a genetics department.

Future perspectives

How to offer genetic testing to every eligible patient?

Although mainstream genetic testing has increased testing rates among eligible patients,
still not all eligible patients receive genetic testing. In our ovarian cancer study 30% of
newly diagnosed patients were not offered genetic testing within six months of their
diagnosis (Chapter 5). In previous research by Bednar et al., about 15% of patients did
not receive genetic testing after implementation of mainstream genetic testing, among
other strategies to improve testing rates (32). It is important to further elucidate the
reasons behind this. It is noteworthy that in our breast cancer cohort in particular, a high
percentage of patients had a high level of education (>40% in both groups). This raises the
question whether patients with a lower education were underrepresented and this should
be studied in more detail in the future.

Because patients can choose not to opt for a genetic test, focusing on the number of
patients who were offered genetic testing provides more insight than merely focusing
on the number of patients tested. The proportion of patients that declined testing in our
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ovarian cancer study was between 6% and 11% (Chapter 5), which is still a substantial
proportion and in line with previous research (32, 63). However, whether or not a genetic
test was performed is a clear endpoint, whereas offering a genetic test is not, as this is not
always clearly documented in the patient file. But even with patients declining a genetic
test, still not all patients are offered genetic testing. Therefore, it is important to assess
specific barriers that prevent and facilitators that enable the provision of genetic testing to
all eligible patients. For ovarian cancer, especially the high morbidity and mortality seems
to play an important role. Incorporating tumor testing might be a solution for this. For
breast cancer, the extensive eligibility criteria may be preventing healthcare professionals
from identifying all eligible patients. There is an increasing debate whether or not to
implement universal genetic testing for all patients with breast cancer.

What is the role of tumor testing as a prescreen For germline genetic
testing in ovarian cancer?

Treatment with PARP inhibitors is especially effective for ovarian cancer patients with a
pathogenic variant in a BRCAI or BRCA2 gene. This does not only include germline but
also somatic variants. In the Netherlands, a tumor-first approach has been developed
and implemented previously to identify all patients eligible for this treatment (64). Based
on the results of this study and the validation of the tumor test (65, 66), the tumor first
approach is now nationally being implemented as a prescreen to identify patients who
are eligible for germline genetic testing. With such a pathway, both patients with germline
and somatic variants can be identified. These somatic variants would be missed with
germline genetic testing only. An additional advantage is that only patients in whom a
pathogenic variant is identified need additional germline analysis to establish if the
pathogenic variant is a germline or somatic variant.

The relevance of tumor testing in these patients has been underlined by many studies
and guidelines (67-71). However, the sensitivity of detecting mutations and differences
between assays through somatic testing compared to germline genetic testing is still a
matter of debate and consequently recommended strategies on how to incorporate tumor
testing into the care pathway of ovarian cancer patients differ. The British Gynaecological
Cancer Society advocates parallel tumor and germline testing (68), mainly based on the
SIGNPOST study which showed that 20% of germline pathogenic variant were missed
when the tumor test was used as a prescreen for germline genetic testing (72). Frugtniet et
al. also prefers such an approach with parallel testing, but showed a much lower germline
pathogenic variant rate of 2% that would be missed with tumor testing first (73). It is
striking that Bekos et al. also missed 2% of germline pathogenic variants with such an
approach, but considered this acceptable and encouraged tumor testing first (74). The
ASCO guideline on the other hand prefers germline genetic testing first and to only offer
tumor testing to patients who do not harbor a germline pathogenic variant (70). Kwon et
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al. argued that this strategy of germline genetic testing first and subsequent tumor testing
may identify most carriers of a pathogenic variant in one of the ovarian cancer genes,
but that it is not a cost-effective strategy (75). The problem with this germline testing-first
strategy is also that it depends on a high proportion of patients that is offered genetic
testing, which is still not optimal in many hospitals (75). There are also studies in which
all pathogenic variants identified with germline testing were also identified with tumor
testing (76, 77). These studies and guidelines illustrate the difficulties in tumor testing and
the different opinions of healthcare professionals about what they consider acceptable.

Despite tumor testing being a prescreen test, it is still important to offer proper pre-test
genetic counseling and prepare patients for the possibility of identifying a germline
pathogenic variant (69, 78). As already mentioned, it is known that patients may choose
not to opt for a germline genetic test (32, 63). Patients therefore should be aware that
after identifying a pathogenic variant in their tumor, their risk of harboring a germline
pathogenic variant is then 50%. Genetic counseling should be offered before biopsy or
surgery in order to perform the tumor genetic test on the tissue obtained. Counseling at
this timing might be challenging, as patients may not yet have a final diagnosis.

Another challenge of this tumor first approach is how to deal with a tumor test that fails.
It is important not to forget genetic evaluation in these patients. In previous studies,
between 20% and 57% of patients who did not complete tumor testing, received
germline genetic testing (64, 79). A second tumor test may be considered if additional
surgery follows. If this is not applicable, a germline genetic test should be offered to these
patients. However, it should be kept in mind that this process can be time consuming
and that patients may die in the meantime. Genetic evaluation should then be advised to
first-degree family members. In addition, performing multiple tumor tests and sometimes
additional germline tests is expensive and not cost-effective.

Lastly, it is important to ensure that all patients with a pathogenic variant in the tumor
are offered germline genetic testing. In previous research referral rates were between 88%
and 94%(64, 79).

So far, studies have advocated the use of tumor-first testing or mainstream genetic testing
for patients with ovarian cancer. None of these studies have described a combined pathway
for tumor-first and mainstream genetic testing, where mainstream genetic testing is used
for those patients in whom a pathogenic variant is identified with a tumor test. There are
advantages and disadvantages for both pathways. Because of the high morbidity and
mortality among ovarian cancer patients, there is not always sufficient time to offer and
perform germline genetic testing. Material for tumor testing is almost always obtained via
biopsy or surgery. Therefore, testing this tumor tissue will be possible for the majority of
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patients. However, during pre-test genetic counseling for atumor test, patients should also
be aware that if a pathogenic variant is identified in the tumor tissue, they automatically
have a 50% chance of carrying a germline pathogenic variant. Therefore, it is necessary
that healthcare professionals also have sufficient knowledge of germline genetic testing
to adequately inform the patient. When a pathogenic variant is identified in the tumor, the
patient will be prepared for this outcome and the necessary follow-up steps. Itis then easy
for the non-genetic healthcare professional who provided pre-test genetic counseling for
the tumor test to also discuss the germline genetic test instead of referring the patient
for pre-test germline genetic counseling by a genetic healthcare professional. This makes
the genetic testing pathway more efficient than referring every patient with a pathogenic
variant in the tumor to a genetics department. In addition, these non-genetic healthcare
professionals can easily order a germline genetic test if the tumor test fails.

To summarize, tumor testing first appears to be the most cost-effective strategy (75).
However, there is still debate about the sensitivity to identify all patients carrying a
pathogenic germline variant in a cancer susceptibility gene with a tumor test. In addition,
the pathway is more complex when a tumor test fails and may create a delay in testing
or even prevent testing at all. Last, it is a challenge to ensure proper pre-test genetic
counseling.

Is it time to implement universal genetic testing For patients with
breast cancer?

In recent years, more debate has started regarding the eligibility criteria for genetic testing
in patients with breast cancer. Although NCCN guidelines have been updated to include
more patients with breast cancer eligible for testing, there are increasing studies that
advocate genetic testing in all patients with breast cancer. The rationale to switch from
guideline-based testing to universal genetic testing is to identify more patients who might
carry a germline pathogenic variant in one of the breast cancer susceptibility genes. It is
well-known that there are disparities in access to genetic testing between different patient
groups (27, 80-86). With the different eligibility criteria, it is more difficult to identify
patients who are eligible for genetic testing, especially when eligibility is dependent on
family data. Sun et al. found universal genetic testing in breast cancer to be cost-effective
and to be able to prevent around 2000 breast cancer and ovarian cancer diagnosis per
year in the United Kingdom (57). In addition, studies have shown that the prevalence of
identified pathogenic variants is equal between patients who complied to NCCN testing
criteria as patients who did not comply to these criteria, missing up to 48% of patients who
carry such a pathogenic variant with guideline based testing (87-90). It should be noted
though, that the pathogenic variants in high-risk genes were mainly identified in patients
who comply to testing criteria (87, 89, 91). This difference can easily be explained, because
testing criteria were developed to identify patients with a BRCA1/2 pathogenic variant and
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are less suited to identify patients at risk of carrying a pathogenic variant in moderate
risk genes (90). This also is an argument in favor of universal screening, because testing
criteria are not adjusted to identify these other pathogenic variants. And although these
pathogenic variants in other breast cancer susceptibility genes are not always clinically
actionable for the patients, they may be significant for family members, who might be
eligible for preventive measures if they also carry the same pathogenic variant.

However, universal genetic testing also has its limitations and therefore its opponents.
Increased testing rates will likely increase the number of variants of unknown clinical
significance (VUS) identified. Studies have shown that VUS rates are especially higher in
the racial minority groups (27, 80, 88). When universal testing leads to more testing of
minorities, it will most likely increase the VUS rate (92). In addition, as already mentioned,
expanding eligibility criteria will increase the number of pathogenic variants identified in
the moderate-risk genes. Copur stated that current guidelines are not yet well established
and therefore, identifying more pathogenic variants in moderate risk genes will only
lead to more questions and distress (93). Previous research has shown discrepancies in
treatment as advised in guidelines and actually provided to patients who carry a VUS or
pathogenic variantin a moderate-risk gene (94, 95). However, as most mainstream genetic
testing pathways ensure that all patients with a pathogenic variant or variant of unknown
significance receive post-test genetic counseling from a genetic healthcare professional,
this seemsto be less of anissue. In addition, with increasing testing rates, the VUS rates are
expected to decrease, especially when gaining more insight into the variants identified in
minority groups. Another important barrier to universal testing are the limited resources
to provide pre-test genetic counseling to all these patients. Because of these concerns,
some studies have proposed to implement universal testing only in patients diagnosed
below the age of 60 or 65, and to still incorporate the family criteria when patients are
diagnosed above this age (96, 97). Although these studies do not yet agree if universal
testing should be age dependent, they all advocate that the current guidelines should
be adapted to identify more patients who carry a pathogenic variant in one of the breast
cancer genes and especially the moderate-risk breast cancer genes.

In summary, although universal genetic testing will lead to the identification of more
pathogenic variants, especially in the moderate risk genes, there are still significant
barriers to implement this in daily practice. There need to be more established guidelines
for managing the identification of pathogenic variants in these moderate-risk genes and
adequate resources to cope with the increasing number of patients requiring pre- and
posttest genetic counseling. Especially fortheseincreasingrates of counseling, mainstream
genetic testing may be part of the solution, but this still requires more resources.
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What are prerequisites to disseminate the mainstreaming of gene-

tic testing in cancer care?

The increasing use of genetic testing for patients with cancer is not only applicable to

breast and ovarian cancer, but for many other cancer types as well, such as prostate and

pancreatic cancer. The existing mainstream genetic testing pathways for breastand ovarian
cancer provide us with important success factors for a sustainable implementation:

1. Mainstream genetic testing requires devoted healthcare professionals to effectively
incorporate genetic testing into their daily work.

2. A concise online training for non-genetic healthcare professionals about genetic
counseling and testing is important to increase their motivation, self-efficacy and
knowledge about genetic testing. Training should be recurrent as guidelines and
knowledge change over time. Ideally, training about genetic testing should be
integrated into the education of non-genetic healthcare professionals, with lectures
but also practical experience, such as internships.

3. Successful mainstream genetic testing initiatives require a close collaboration
between non-genetic and genetic departments (including clinical laboratory
geneticists), to ensure that non-genetic healthcare professionals feel supported in
this new workflow and to uphold quality of care.

4. It is important to ensure that all patients who need post-test genetic counseling
will be offered such counseling by a genetic healthcare professional. This includes
patients with a (likely) pathogenic variant in one of the breast cancer genes, patients
with a VUS and patients with a relevant personal or family history. An effective way to
ensure this is to invite these patients directly to the genetics department at time the
test result is disclosed. A checklist is well suited to identify patients with a relevant
personal or family history.

Conclusion

The results of this thesis show that mainstream genetic testing can be successfully
incorporated into standard care of all patients with breast or ovarian cancer who are
eligible for genetic testing. Non-genetic healthcare professionals feel motivated and
confident to provide pre-test genetic counseling and can incorporate this into routine
practice. Patients feel well-informed to make a decision regarding genetic testing, and
mainstream genetic testing leads to higher testing rates and a reduction in genetics-
related healthcare costs. There are, however, conditions to ensure that quality of care is
maintained. These include adequate training of non-genetic healthcare professionals,
logistics to ensure post-test genetic counseling with a genetic healthcare professional
if needed, and most of all, sufficient resources. Although mainstream genetic testing
increases the testing rates, still not all patients with breast and ovarian cancer eligible
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for genetic testing receive genetic testing. Therefore, additional measures are needed to
optimize these testing rates and to reduce disparities. Incorporating tumor testing into
mainstream initiative for ovarian cancer and simplifying the eligibility criteria for genetic
testing for breast cancer seem promising.
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It is important to identify patients with breast or ovarian cancer who are carriers of a
pathogenic variant in one of the cancer susceptibility genes, because this may impact
treatment and surveillance options for both patients and family members. However, in
the standard genetic testing pathway in which pre-test counseling is provided by clinical
geneticists and genetic counselors, not all patients are adequately referred for genetic
counseling and testing for a variety of reasons. To make genetic testing more accessible
to all eligible patients and to increase awareness amongst healthcare professionals,
mainstream genetic testing pathways are being implemented in many hospitals around
the world. In a mainstream genetic testing pathway, non-genetic healthcare professionals
(i.e., doctors and nurses already treating the patient) provide pre-test genetic counseling
and order a genetic test themselves.

The first part of this thesis provided an overview of existing mainstreaming pathways
worldwide. We performed a systematic review on existing initiatives to assess the
feasibility of implementing such a pathway into routine genetic cancer care and the
impact on quality of care (Chapter 2). This review included the assessment of 15 studies,
predominantly describing mainstream genetic testing pathways for ovarian cancer (n=9)
and performed in the United Kingdom (n = 8). The main barriers to integrate mainstream
genetic testing into standard care were insufficient knowledge amongst non-genetic
healthcare professionals and lack of time during consultations. The 8 to 20 minutes
required to provide pre-test genetic counseling was considered acceptable to most
healthcare professionals, and almost all mainstream initiatives included some form of
training for healthcare professionals. The main facilitators for integrating mainstream
genetic testing were the use of supporting materials, such as a certified protocol and
information sheets to hand out to patients. Mainstream initiatives resulted in shorter
turnaround times between diagnosis and test result. An important prerequisite for
maintaining good quality of care was that all patients who carry a pathogenic variant
in one of the cancer susceptibility genes should receive post-test genetic counseling by
a genetic healthcare professional, and a system must be in place to ensure this. More
research needs to be done on the proportion of patients who incorrectly receive genetic
testing with mainstream genetic testing (i.e., patient who do not fulfill eligibility criteria
for genetic testing).

The second part of this thesis focused on mainstream genetic testing for patients with
ovarian cancer. We developed and implemented a mainstream genetic testing pathway
in all hospitals involved in ovarian cancer care in the service area of the UMC Utrecht
genetics department, including the University Medical Center Utrecht and three other
hospitals between April 2018 and June 2019 (Chapter 3). In addition, we reported on the
experiences of 19/21 (90%) gynecologic oncologists, gynecologists with a subspecialty
training in oncology and nurse specialists. Pre-test genetic counseling took between
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five to ten minutes for 9/15 healthcare professionals (60%) and 10 to 20 minutes for 6/15
healthcare professionals (40%). Healthcare professionals already had a positive attitude,
high perceived knowledge and high self-efficacy toward this mainstream genetic testing
approach before completing the training module, which did not significantly change six
months after working according to the new mainstreaming workflow. Knowledge about
genetic testing had increased significantly after six months.

The experiences of 105/133 patients (79%) with mainstream genetic testing were
described in Chapter 4 and were compared to the experiences of 91/152 patients (60%)
who received pre-test genetic counseling at a genetics department. In both groups,
knowledge regarding genetics, decisional conflict, depression, anxiety, and distress after
receiving the test result were comparable. The risk of breast cancer for patients carrying
a pathogenic germline variant in a BRCA1 or BRCA2 gene was discussed with only 49% of
patients in the mainstream group versus 74% of patients in the usual care group. In the
mainstream group, regret about the decision to accept genetic testing was higher than in
the usual care group, but still far below the threshold for clinically relevant regret.

In Chapter 5 the effect of mainstream genetic testing on testing rates and genetics-related
healthcare costs was evaluated by comparing a period before (March 2016 - September
2017) and after (April 2018 - December 2019) implementing our mainstream genetic
testing pathway. After implementation, a significantly higher proportion of patients (70%)
were offered genetic testing within six months after diagnosis compared to the period
before implementation (56%). Genetics-related healthcare costs had decreased from
approximately 3500 euros per patient before implementation to 2400 euros per patient
after implementation, which is a 31% reduction.

The last part of this thesis focused on mainstream genetic testing for patients with breast
cancer. This pathway was developed and implemented between September 2019 and
February 2021 in all hospitals in the service area of the UMC Utrecht genetics department,
including the University Medical Center Utrecht and eight other hospitals. In May 2021
until September 2021, this pathway was also implemented in two hospitals in the service
area of the UMC Groningen genetics department (Chapter 6). In addition, the experiences
of 70 healthcare professionals from the breast cancer team with this new pathway were
described. The attitude, (perceived) knowledge and self-efficacy toward this new care
pathway were already high at baseline and did not significantly change after six months.
There was a significant improvement in the perceived knowledge about the advantages
and disadvantages of a genetic test and the implications of a test result for family members.
The total time investment for pre-test genetic counseling was less than 15 minutes for
40/45 healthcare professionals (89%). The majority of healthcare professionals (44/53,
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83%) considered the total time investment feasible to implement into their daily work.
The main barrier for not completing the training was a lack of time.

In Chapter 7 we compared the experiences of 191 patients who received mainstream
genetic care with 183 patients who received pre-test genetic counseling from a genetic
healthcare professional. Most psychosocial outcomes, both after pre-test genetic
counseling and after receiving the test result, were comparable after adjusting for the time
between diagnosis and pre-test genetic counseling. Decisional conflict was significantly
higherin the mainstream group after pre-test genetic counseling, but only 7% had clinically
relevant decisional conflict. The possible implications of a genetic test on a second cancer
were discussed less often in the mainstream group during pre-test genetic counseling and
in the mainstream group more patients were unsure or disagreed that they had enough
information or time to consider genetic testing.

Finally, Chapter 8 contains a general discussion of our main findings, adressing
the opportunities and challenges of mainstream genetic testing from a patient and
healthcare profesional perspective and with respect to quality of care. Furthermore,
future perspectives such as tumor testing in ovarian cancer and universal testing for
breast cancer are discussed, together with the main prerequisites to disseminate the
mainstreaming of genetic testing. This chapter concludes that mainstream genetic testing
can be succesfully incorporated into standard care of all patients with breast or ovarian
cancer who are eligible for genetic testing as long as conditions are met to ensure quality
of care.
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Nederlandse samenvatting

Bij patiénten met borst- of eierstokkanker kan er sprake zijn van een erfelijke aanleg die
verantwoordelijk is voor het ontstaan van de kanker of hieraan heeft bijgedragen. Een
erfelijke aanleg ontstaat door een afwijking of variant in één van de genen die een relatie
hebben met het ontstaan van borst- of eierstokkanker. Genetische afwijkingen kunnen
alleen in de tumor of in alle cellen van het lichaam voorkomen. Alleen als de genafwijking
in alle cellen van het lichaam voorkomt, is er sprake van een erfelijke aanleg. Onderzoek
naar een erfelijke aanleg wordt ook wel kiembaan genetisch onderzoek genoemd.
Een persoon die drager is van een erfelijke aanleg heeft een hoger risico om kanker te
ontwikkelen.

Het is belangrijk om een genetische test aan te bieden aan alle patiénten met
eierstokkankeren aan die patiénten met borstkanker die voor ditonderzoekinaanmerking
komen (afhankelijk van onder andere leeftijd van diagnose, tumorkarakteristieken zoals
hormoonstatus en/of borst-, prostaat- of eierstokkanker in de familie). Het identificeren
van een erfelijke aanleg voor kanker kan in de eerste plaats belangrijk zijn voor de
behandeling van patiénten. Bij een erfelijke aanleg ten gevolge van een pathogene variant
in het BRCA1- of BRCA2-gen, kunnen patiénten met borstkanker er bijvoorbeeld voor
kiezen om de gehele borst te laten verwijderen in plaats van alleen de tumor. Bij eenzelfde
erfelijke aanleg bij patiénten met eierstokkanker weten we dat zij goed reageren op
behandeling met zogenaamde PARP-remmers. Dit zijn medicijnen die ervoor zorgen datin
de tumor afwijkingen in de genen niet hersteld kunnen worden, waardoor de tumorcellen
dood gaan. Ook kunnen patiénten met borstkanker en een erfelijke aanleg een hoger
risico hebben om nog een keer borstkanker te krijgen. Daarnaast kunnen zij een hoger
risico hebben om eierstokkanker te krijgen. Patiénten met eierstokkanker daarentegen,
kunnen bij een erfelijke aanleg ook een verhoogd risico hebben om borstkanker te krijgen.
Hiervoor kunnen preventieve maatregelen genomen worden, zoals extra controleadviezen
of preventieve operaties. Als bij een patiént een erfelijke aanleg wordt gevonden, dan
kunnen familieleden ook drager zijn van die erfelijke aanleg. Zij kunnen zich hierop laten
testen en als zij ook drager zijn, hebben ook zij een verhoogd risico op het ontwikkelen
van één of meerdere vormen van kanker. Ook familieleden komen dan in aanmerking
voor preventieve maatregelen om kanker vroegtijdig te ontdekken of te voorkémen.

Vanoudsherworden alle patiénten metborst- of eierstokkankerverwezen naareen afdeling
genetica als zij in aanmerking komen voor genetisch onderzoek. Hier wordt de familie
verder in kaart gebracht en krijgen patiénten uitleg over het genetisch onderzoek door
een genetische zorgprofessional (klinisch geneticus, arts-assistent, physician assistant
of genetisch consulent). Als er op basis van alle gegevens een reden is voor genetisch
onderzoek en patiénten kiezen hiervoor, dan kan het genetisch onderzoek worden



Nederlandse samenvatting 245

aangevraagd. Om uiteenlopende redenen worden echter niet alle patiénten met borst- of
eierstokkanker die voor genetisch onderzoek in aanmerking komen verwezen naar een
afdeling genetica. Daarnaast zijn er momenteel lange wachtlijsten voor patiénten voordat
zij terecht kunnen op een afdeling genetica. Om genetisch onderzoek toegankelijker te
maken voor alle patiénten die daarvoor in aanmerking komen en om bewustwording
onder zorgprofessionals te vergroten, wordt wereldwijd in veel ziekenhuizen het
zogenaamde mainstreamen van genetisch onderzoek ingevoerd. Dit houdt in dat niet-
genetische zorgprofessionals (zorgprofessionals die niet werkzaam zijn op een afdeling
genetica, zoals behandelend artsen, verpleegkundig specialisten of verpleegkundigen) het
genetisch onderzoek bespreken met hun patiénten en dit onderzoek ook zelf aanvragen.

Om kiembaan genetisch onderzoek te integreren in de routinezorg van patiénten met
borst- of eierstokkanker, hebben we een zorgpad ontwikkeld waarbij niet-genetische
zorgprofessionals werkzaam in de borst- of eierstokkankerzorg zelf het genetisch
onderzoek bespreken en aanvragen bij hun patiénten. Dit zorgpad hebben we vervolgens
geimplementeerd in alle ziekenhuizen die betrokken zijn bij de zorg van patiénten met
borst- en/of eierstokkanker in het verzorgingsgebied van de afdeling genetica van het UMC
Utrecht. In een later stadium werd dit zorgpad ook geimplementeerd in twee ziekenhuizen
die betrokken zijn bij de zorg van patiénten met borstkanker in het verzorgingsgebied van
de afdeling genetica van het UMC Groningen. Het doel van dit onderzoek was om ervoor
te zorgen dat alle patiénten met borst- of eierstokkanker die in aanmerking komen voor
genetisch onderzoek, dit onderzoek ook aangeboden krijgen kort nadat de diagnose is
gesteld. Het is belangrijk om vroegtijdig te weten of een patiént drager is van een erfelijk
aanleg vanwege de behandelopties en ten behoeve van het informeren van familieleden.

Onze onderzoeksvragen waren:

1. Watisdehoudingvan niet-genetische zorgprofessionals die werkzaam zijn in de borst-
of eierstokkankerzorg tegenover het zelf bespreken en aanvragen van kiembaan
genetisch onderzoek?

2. Is het haalbaar voor deze zorgprofessionals om genetisch onderzoek te integreren in
de routinezorg?

3. Hoe ervaren patiénten de genetische zorg als genetisch onderzoek is besproken
en aangevraagd door een niet-genetische zorgprofessional? En zijn er verschillen
met patiénten bij wie genetisch onderzoek is besproken en aangevraagd door een
genetische zorgprofessional?

4. Zorgt een zorgpad, waarbij gebruikt wordt gemaakt van het mainstreamen van
genetisch onderzoek, ervoor dat meer patiénten die ervoor in aanmerking komen
genetisch onderzoek aangeboden krijgen?

5. Wat is het effect van het mainstreamen van genetisch onderzoek op de genetica-
gerelateerde zorgkosten?
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Het eerste deel van dit proefschrift geeft een overzicht van de gepubliceerde studies over
het mainsteamen van genetisch onderzoek bij patiénten met kanker. We voerden een
systematische review uit naar deze bestaande initiatieven om te bepalen hoe haalbaar
het is om het mainstreamen van genetisch onderzoek te implementeren in de routinezorg
van patiénten met kanker en om te evalueren in hoeverre deze aangepaste werkwijze de
kwaliteit van zorg beinvloedt (Hoofdstuk 2). In deze review werden in totaal 15 studies
beoordeeld, die met name zorgpaden beschreven voor patiénten met eierstokkanker (n =
9) en die uitgevoerd waren in het Verenigd Koninkrijk (n =8). De belangrijkste barrieres om
het mainstreamen van genetisch onderzoek te integreren in de routinezorg van patiénten
met kanker waren een gebrek aan kennis en tijd onder niet-genetische zorgprofessionals
om zelf genetisch onderzoek te bespreken en aan te vragen. Gemiddeld kostte het deze
zorgprofessionals 8 tot 20 minuten om het genetisch onderzoek met hun patiénten te
bespreken, wat voor de meerderheid van hen acceptabel was. Daarnaast ontvingen de
meeste zorgprofessionals een training voordat ze zelf startten met het bespreken en
aanvragen van genetisch onderzoek. Voor het mainstreamen van genetisch onderzoek
waren het aanbieden van ondersteunend materiaal, zoals een protocol en aanvullende
informatie om aan de patiént mee te geven na het bespreken van genetisch onderzoek,
behulpzaam. Het mainstreamen van genetisch onderzoek zorgde tevens voor een kortere
tijd tussen het stellen van de diagnose en het ontvangen van de uitslag van genetisch
onderzoek. Een belangrijke voorwaarde voor het behouden van een goede kwaliteit van
zorg is om er voor te zorgen dat alle patiénten die drager blijken te zijn van een erfelijke
aanleg een gesprek aangeboden krijgen met een genetische zorgprofessional. Het is
daarbij belangrijk om een goed systeem in te bouwen waarbij al deze patiénten worden
geidentificeerd en dit aanbod daadwerkelijk krijgen. Meer onderzoek is nodig om te
bepalen hoeveel patiénten ten onrechte genetisch onderzoek krijgen aangeboden bij
het mainstreamen van genetisch onderzoek, dat wil zeggen het aantal patiénten dat niet
voldoet aan de criteria om formeel in aanmerking te komen voor genetisch onderzoek
maar bij wie dit wel is verricht.

Het tweede deel van dit proefschrift richt zich op het mainstreamen van genetisch
onderzoek bij patiénten met eierstokkanker. Voor deze groep patiénten ontwikkelden
we een zorgpad waarbij genetisch onderzoek werd besproken en aangevraagd
door gynaecologisch oncologen, oncologen met oncologie als aandachtsgebied en
verpleegkundig specialisten. Dit zorgpad werd geimplementeerd tussen april 2018
en juni 2019 in alle ziekenhuizen die betrokken zijn bij de zorg van patiénten met
eierstokkanker in het verzorgingsgebied van de afdeling genetica van het Universitair
Medisch Centrum Utrecht, waaronder het UMC Utrecht en drie andere ziekenhuizen
(Hoofdstuk 3). Daarnaast rapporteren we over de ervaringen van 19 van de 21 niet-
genetische zorgprofessionals (90%). Het bespreken van genetisch onderzoek kostte 5 tot
10 minuten voor 9 van de 15 zorgprofessionals (60%) en 10 tot 20 minuten voor 6 van de
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15 zorgprofessionals (40%). Deze niet-genetische zorgprofessionals hadden voorafgaand
aan het volgen van de kennismodule een positieve houding tegenover het zelf bespreken
en aanvragen van genetisch onderzoek en een hoge mate van zelfvertrouwen ten aanzien
van hun kennis en kunde om dit zelf te doen. Nadat zij zes maanden ervaring hadden
opgedaan met deze nieuwe werkwijze, hadden zij nog steeds een positieve houding en
hoge mate van zelfvertrouwen. Kennis over eierstokkanker en erfelijkheid was bij deze
zorgprofessionals na zes maanden significant toegenomen.

In Hoofdstuk 4 staan de ervaringen van 105 patiénten beschreven bij wie het genetisch
onderzoekwasbesprokenenaangevraagd dooreenniet-genetische zorgprofessional. Deze
ervaringen werden vergeleken met de ervaringen van 91 patiénten bij wie het genetisch
onderzoek was besproken en aangevraagd door een genetische zorgprofessional. Na het
ontvangen van de uitslag van het genetisch onderzoek waren kennis over eierstokkanker
en erfelijkheid, twijfel over de beslissing om wel of geen genetisch onderzoek te verrichten,
depressie, angst en stress in beide groepen vergelijkbaar. Het verhoogde risico op
borstkanker voor dragers van een erfelijke aanlegin het BRCAI- of BRCA2-gen werd slechts
met 49% van de patiénten besproken bij wie het genetisch onderzoek was besproken
door een niet-genetische zorgprofessional ten opzichte van 74% van de patiénten bij wie
het genetisch onderzoek was besproken door een genetische zorgprofessional. Daarnaast
hadden patiénten, na het ontvangen van de uitslag van het genetisch onderzoek, een
hogere mate van spijt over de beslissing om genetisch onderzoek te laten uitvoeren als dit
was besproken door een niet-genetische zorgprofessional. Echter, de gemiddelde mate
van spijt in deze groep lag onder de grenswaarde waarboven er sprake is van klinisch
relevante spijt.

Hoofdstuk 5 beschrijft het effect van het mainstreamen van genetisch onderzoek bij
eierstokkanker op het aantal genetische testen onder nieuw gediagnosticeerde patiénten
en op de genetica-gerelateerde zorgkosten. Hierbij werd een periode voér (maart 2016
- september 2017) en na (april 2018 - december 2019) de implementatie van dit nieuwe
zorgpad vergeleken. Na implementatie van het mainstreamen kreeg een significant
hoger deel van de patiénten (70%) binnen zes maanden na diagnose een genetische
test aangeboden in vergelijking met de periode vodér implementatie (56%). De genetica-
gerelateerde zorgkosten waren gedaald van ongeveer 3500 euro per patiént véor de
implementatie naar 2400 euro per patiént na de implementatie van het mainstreamen,
wat een vermindering is van 31% in genetica-gerelateerde zorgkosten.

Het derde deelvandit proefschrift richt zich op het mainstreamen van genetisch onderzoek
bij borstkanker.Voor deze groep patiénten ontwikkelden we een zorgpad waarbij genetisch
onderzoek werd besproken en aangevraagd door oncologisch chirurgen, verpleegkundig
specialisten en mammacare verpleegkundigen. Dit zorgpad werd geimplementeerd
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tussen september 2019 en februari 2021 in alle ziekenhuizen in het verzorgingsgebied van
de afdeling genetica van het Universitair Medisch Centrum Utrecht, waaronder het UMC
Utrechten achtandere ziekenhuizen. In mei 2021 tot september 2021 werd dit zorgpad ook
geimplementeerd in twee ziekenhuizen in het verzorgingsgebied van de afdeling genetica
van het Universitair Medisch Centrum Groningen (Hoofdstuk 6). Daarnaast werden de
ervaringen van 70 zorgprofessionals uit het borstkankerteam geévalueerd, bestaande uit
voornamelijk oncologisch chirurgen en verpleegkundigen en verpleegkundig specialisten
van de afdeling chirurgie. Deze niet-genetische zorgprofessionals hadden een positieve
houding en hoge mate van zelfvertrouwen ten aanzien van hun kennis en kunde en een
hoge mate van kennis over borstkanker en erfelijkheid voorafgaand aan de implementatie
van dit zorgpad. Na zes maanden waren hun houding, zelfvertrouwen en kennis niet
significant veranderd. Deze niet-genetische zorgprofessionals hadden na zes maanden
meer vertrouwen in hun kennis over de voor- en nadelen van genetisch onderzoek en
de implicaties van genetisch onderzoek voor familieleden. De tijdsinvestering voor
het bespreken van genetisch onderzoek was minder dan 15 minuten voor 40 van de 45
zorgprofessionals (89%). De meerderheid van de zorgprofessionals (44 van de 53, 83%)
vond de totale tijdsinvestering om genetisch onderzoek te bespreken en aan te vragen
haalbaar om in hun dagelijkse werk te implementeren. Tijdgebrek was de belangrijkste
belemmering om de training niet af te ronden.

Hoofdstuk 7 toont de ervaringen van 191 patiénten waarbij het genetisch onderzoek was
besproken door een niet-genetische zorgprofessional. Hun ervaringen werden vergeleken
met de ervaringen van 183 patiénten waarbij het genetisch onderzoek was besproken
door een genetische zorgprofessional. De meeste psychosociale uitkomsten, zowel na
het bespreken van het genetisch onderzoek als na ontvangen van de testuitslag, waren
vergelijkbaar tussen de twee groepen na gecorrigeerd te hebben voor de tijd tussen
diagnose en het bespreken van het genetisch onderzoek. Patiénten met wie het genetisch
onderzoek was besproken door hun behandelend arts of verpleegkundig specialist
hadden significant meer twijfel over de keuze om wel of geen genetisch onderzoek te
verrichten, maar slechts 7% van hen had klinisch relevante twijfel. In deze groep werden
de mogelijke gevolgen van een genetische test voor het risico op een nieuwe vorm van
kanker minder vaak besproken. Daarnaast bestond deze groep uit meer patiénten die
twijfelden of het niet eens waren dat zij voldoende informatie of tijd hadden gehad om
over het genetisch onderzoek na te denken.

Tenslottebevat Hoofdstuk 8 eenalgemenebesprekingvanonzebelangrijkstebevindingen,
waarbij de kansen en uitdagingen van het mainstreamen van genetisch onderzoek aan
bod komen vanuit het perspectief van de patiént en van de zorgprofessional. Ook wordt
ingegaan op de kwaliteit van de zorg. Voorts worden toekomstperspectieven besproken
zoals genetisch onderzoek van tumormateriaal bij eierstokkanker en het aanbieden van
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genetisch onderzoek aan alle patiénten met borstkanker (universeel testen), samen met
de belangrijkste voorwaarden om het mainstreamen van genetisch onderzoek verder te
implementeren in andere ziekenhuizen en bij andere vormen van kanker. De conclusie
van dit hoofdstuk is dat een zorgpad waarbij genetisch onderzoek wordt besproken
en aangevraagd door een niet-genetische zorgprofessional met succes kan worden
geintegreerd in de routinezorg voor alle patiénten met borst- of eierstokkanker die voor
dit onderzoek in aanmerking komen. Het is daarbij belangrijk om de kwaliteit van zorg te
waarborgen door het aanbieden van een training aan niet-genetische zorgprofessionals
en door ervoor te zorgen dat alle patiénten die dat nodig hebben een aanvullend gesprek
krijgen met een genetische zorgprofessional.
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Daarbij wil ik het oncoteam van de afdeling genetica apart bedanken voor hun kritische
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van de zorgpaden. Wat super dat jij, samen met Dietje, de codrdinerende rol bij het
mainstreamen van me hebt overgenomen. Ook wil ik Wouter, Marco en Esmée bedanken
voor hun betrokkenheid bij mijn onderzoek vanuit het lab. Zonder jullie hulp was het niet
gelukt om de kwaliteit van zorg zo nauwkeurig in de gaten te houden.

Binnen de afdeling genetica wil ik ook de arts-assistenten bedanken. Ondanks mijn
dubbele rol als onderzoeker en arts hebben jullie me warm verwelkomt binnen de groep.
Marieke, wij konden het gelijk met elkaar vinden toen jij op de afdeling kwam werken.
Daarbij hebben we de complete Downton Abbey serie gekeken, vaak met pizza en wijn.
Ook kon ik een paar keer met jou meekijken toen ik na lange tijd weer wat patiéntenzorg
ging doen. Bedankt voor je hulp daarbij en bovenal de gezelligheid. Marijn, inmiddels al
klinisch geneticus, jij was mijn "buddy" tijdens dit promotietraject. Dit was met name
vanwege de patiéntenzorg die ik deed, maar daarbij heb ik vooral ook veel steun van je
gehad binnen mijn onderzoek. Bedankt dat ik twijfels, zorgen, maar ook successen en
toekomstplannen met je kon delen.

Ook zijn er mensen die niet inhoudelijk bij dit onderzoek betrokken waren, maar van wie
ik veel steun heb gehad. Lieve Sanne en Yara, jullie hebben er echt voor gezorgd dat ik me
thuis voelde in Utrecht. Natuurlijk kenden we elkaar al van de studie biologie, wat mijn
plan B was toen ik werd uitgeloot voor geneeskunde. Maar ondanks dat we elkaar al een
tijd niet hadden gezien nadat ik alsnog geneeskunde ben gaan studeren en jullie naar het
midden van het land verhuisden, kon ik in Utrecht gelijk aanschuiven bij de maandelijkse
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bier-en-pizza. Daarnaast hebben we veel leuke uitjes ondernomen met zijn drieén, van
disco rolschaatsen, tot glas snijden, tot het knutselen van twerkende volgels. En toen jij,
Sanne, op 50 meter afstand kwam wonen, zagen we elkaar nog vaker. Jij bent niet voor
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wandelen tijdens corona, het brengen van boodschappen tijdens zelfisolatie, het wijn
drinken, maar vooral ook je humor en luisterend oor.

Het afgelopen jaar is de flexruimte van de afdeling genetica een plek geweest waar ik veel
steun had aan de andere PhD studenten die daar aan het werk waren. Michiel, of zoals
Albertien zou zeggen Robin (van Batman), met jou heb ik nauw samengewerkt aan de
review. Daarnaast kon ikinhoudelijk met je sparren over mails, presentaties en noem maar
op. Maar bovenal heb ik enorm veel lol met jou gehad. Je hebt een enorme dosis humor,
waardoor ik regelmatig in een deuk lag. Bedankt voor je steun en gezelligheid. Marlies,
Laura, Esmée en Margriet, bedankt voor de vele koffiemomentjes en wandelingetjes. Met
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Juliette waren we al eerder collega’s in Groningen. Jij wist me altijd goede raad te geven
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gezellige etentjes en wandelingen buiten het werk om. Mary, zonder jou had ik jaren langer
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mij heb je geholpen met het verzamelen van data in verschillende ziekenhuizen.
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of na het werk. Jullie hebben me ook echt geleerd om alle successen te vieren, of ze nou
groot zijn of klein.

Daarnaast zijn er vele vrienden die me altijd gesteund hebben tijdens mijn onderzoek. De
meesten van jullie ken ik al heel lang, van mijn studie geneeskunde (Marian, Elsemarie,
Hilde, Renée en Liselotte), mijn ene jaar studie biologie (Martha) of zelfs nog van de
middelbare school (Paula, Taylan, Bianca en later ook Thaira). Ik wil jullie allen bedanken
voor jullie steun tijdens mijn promotietraject. Ondanks de geografische afstand, drukke
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banen en gezinnen, ben ik erg dankbaar dat we nog steeds contact hebben. Ook al zien we
elkaar niet zo vaak, het voelt altijd weer vertrouwd.

Alle meiden van Vocal Venture, wat was het heerlijk om elke dinsdagavond met jullie te
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belde je me tijdens de coronatijd en lockdowns elke dag. En op de momenten dat ik me
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je dat waarschijnlijk nog niet beseffen, heb ik de regelmatige face-time sessies met jullie
erg gewaardeerd.

Lieve papa en mama, zonder jullie steun had ik dit promotietraject nooit kunnen doen.
Jullie staan echt altijd voor mij klaar en hebben altijd in mij geloofd. Dat heeft me door
vele moeilijke momenten heen geholpen. Bedankt voor alles.
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