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Abstract

Objective—Genetic counseling (GC) and germline genetic testing (GT) for BRCAI and BRCAZ2
are considered standard of care for patients with high-grade, non-mucinous epithelial ovarian,
fallopian tube, and primary peritoneal cancers (HGOC). We describe a universal genetic testing
initiative to increase the rates of recommendation and acceptance of GC and GT to greater than
80% for patients with HGOC at our institution.

Methods—Data from a consecutive cohort of patients seen in our gynecologic oncology clinics
between 9/1/2012 and 8/31/2015 for evaluation of HGOC were retrospectively analyzed. Data
were abstracted from the tumor registry, medical records, and research databases. Descriptive
statistics were used to evaluate patient characteristics and GC, GT, and PARP inhibitor use.
Various clinic interventions were developed, influenced by the Plan-Do-Study-Act cycle method,
which included physician-coordinated GT, integrated GC, and assisted GC referrals.

Results—A cohort of 1636 patients presented to the gynecologic oncology clinics for evaluation
of HGOC during our study period, and 1423 (87.0%) were recommended to have GC and GT. Of
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these, 1214 (85.3%) completed GT and 217 (17.9%) were found to have a BRCAI or BRCAZ
mutation. Among BRCA-positive patients, 167 had recurrent or progressive disease, and 56 of
those received PARP inhibitor therapy.

Conclusions—The rates of GC and GT recommendation and completion among patients with
HGOC at our institution exceeded 80% following the implementation of a universal genetic testing
initiative. Universal genetic testing of patients with HGOC is one strategy to identify those who
may benefit from PARP inhibitor therapy.
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Introduction

Approximately 10-20% of high-grade, non-mucinous epithelial ovarian, fallopian tube, and
primary peritoneal cancers (HGOC) are hereditary, primarily due to germline mutations in
the BRCA1 or BRCAZ genes.(1-3) A mutation in BRCAI or BRCAZ confers a 40-66%
lifetime risk of breast cancer and a 13-46% lifetime risk of ovarian cancer in women.(4)
Identification of a BRCA mutation has implications for the treatment of HGOC and the
management of inherited cancer risks in patients and their families.

The National Comprehensive Cancer Network (NCCN) BRCAI and BRCAZ genetic testing
guidelines were revised in 2007 to state that all women with epithelial ovarian, fallopian
tube, and primary peritoneal cancers meet criteria for genetic testing, regardless of their age
at diagnosis or family history of cancer.(5) The same statement was later reflected in the
consensus guidelines of several professional organizations.(6-8) Despite these
recommendations, fewer than 25% of patients with HGOC in the United States are referred
for genetic counseling and testing.(9-11) Studies have suggested that physician
recommendation and referral patterns may influence patients’” access to standard of care
cancer genetics services.(12-15)

In 2007, less than 12% of patients with invasive epithelial ovarian cancer seen in the
gynecologic oncology clinics at our institution were referred for genetic counseling.(16) In
2013, as part of an institution-wide research program, we implemented a universal genetic
testing initiative in our gynecologic oncology clinics. This initiative was implemented with
the goal of ensuring that at least 80% of patients with HGOC received a recommendation for
standard of care genetic counseling and testing for BRCA1 and BRCAZ. Here we describe
our experience implementing the initiative, including the development and assessment of
clinic interventions used to reach our goal.

Patients and Methods

Approval for the initiation and conduct of the quality improvement project was obtained
from The University of Texas MD Anderson Cancer Center’s Quality Improvement
Assessment Board. Subsequently, for this retrospective data analysis, MD Anderson Cancer
Center Institutional Review Board approval was obtained with a waiver of informed consent.
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This was a cohort study of female patients who initially presented to the gynecologic
oncology clinics for evaluation of suspected or confirmed diagnosis of HGOC from
September 1, 2012, through August 31, 2015. All patients were seen by a gynecologic
oncologist or medical oncologist within the gynecologic oncology clinics located at our
main campus and/or our regional clinic locations. Patients under 18 years of age and those
with ovarian tumors other than HGOC were excluded from analysis.

Data were collected from the institutional tumor registry, electronic medical records, and
departmental databases, and were stored in a password-protected REDCap database.(17)
Data included clinical documentation between September 1, 2012 and August 31, 2016,
allowing for capture of disease status, and uptake of genetic counseling, genetic testing, and
Poly (ADP-Ribose) Polymerase inhibitor (PARPI) use, within at least one year from the date
of initial presentation to the gynecologic oncology clinics. The quality improvement metrics
captured included rates of recommendation for genetic counseling and genetic testing, rates
of completion of genetic counseling, rates of completion of genetic testing, and the
outcomes of genetic testing (positive, negative, or variant), as defined in Figure 1.
Retrospective data included: patient demographics, vital status, prior and current cancer
diagnoses, cancer treatment (including the use of PARPI therapy), genetic testing
methodology, genes analyzed, dates of genetic counseling and genetic testing, clinic
interventions used to promote genetic counseling and testing, and documented reasons for
lack of genetic counseling and/or genetic testing.

Universal Genetic Testing Initiative Methods

A working group of gynecologic oncology stakeholders, including physicians, genetic
counselors, advanced practice providers, nurses, clinical managers, and physician trainees,
was assembled in 2008 to study and improve the rates of genetic counseling and genetic
testing referral. The Plan-Do-Study-Act (PDSA) cycle method guided the initial quality
improvement project design, but due to changing genetic testing guidelines, limited staffing,
and lack of funding to support the project, the initiative was not fully implemented.(18) An
institution-wide research program was announced in 2012, launched in 2013, and allowed
the universal genetic testing initiative to be fully implemented in our gynecologic oncology
clinics.

The working group reviewed gynecologic oncology clinic practice patterns and identified
barriers that affected patients” access to genetic counseling and genetic testing. Clinic
interventions were developed with the intention of reducing or eliminating these barriers,
targeting issues within the control of the working group members, and minimizing clinic
workflow disruptions. A variety of clinic interventions were created and implemented during
the course of the initiative and are described in Table 1. The three “key” interventions were
considered the most measurable, consistently implemented, and well received by patients
and providers, and included: physician-coordinated genetic testing, integrated genetic
counseling, and assisted genetic counseling referral.

I. Physician-coordinated genetic testing (PCGT)—The PCGT intervention, initiated
in 2013, was an alternative to standard clinic practice, developed to address the barrier that
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regional clinic locations did not have on-site genetic counselors. To date, the standard
clinical practice at our institution is consistent with a traditional genetic counseling model: a
provider identifies a patient for genetic counseling and genetic testing, makes a referral to
genetic counseling, a genetic counselor sees the patient for consultation and coordinates
genetic testing (including informed consent and paperwork), and when the results are
available, the genetic counselor discloses the results. In contrast, in PCGT a gynecologic
oncology physician (with assistance of advanced practice providers, as needed) performed
pre-test counseling, obtained informed consent from the patient for genetic testing,
coordinated genetic testing sample collection, completed all paperwork, and disclosed the
results to the patient. Prior to PCGT initiation, genetic counselors provided education and
training regarding: the components of a standard informed consent, genetic testing options,
laboratory billing policies, health insurance coverage guidance, instructions for specimen
collection processes and test requisition completion, and provided examples of possible test
results. All genetic tests performed via PCGT included full assessment of the BRCA1 and
BRCAZ genes. Additional genes tested (multi-gene panel testing) varied by physician
preference, institutional laboratory contracts, clinic location processes, and patient’s clinical
and family history indications. Referrals for genetic counseling could be made at any time
during the PCGT process for any patient, and patients with a mutation (positive and/or
variant of uncertain significance results) identified by PCGT were referred for post-test
counseling with a genetic counselor.

II. Integrated genetic counseling (IGC)—The IGC intervention was intended to
address the barriers: lack of knowledge about the genetic counseling referral process, lack of
knowledge of genetic counselor availability, and the limited number of urgent and same-day
genetic counseling appointments. Beginning in 2006, genetic counselors became integrated
within the gynecologic oncology clinic and academic department. Integration included the
delivery of genetic counseling services within the gynecologic oncology clinic, provision of
an office for genetic counselors within the department, and inclusion of genetic counselors
in research project collaborations and in routine clinical meetings with gynecologic
oncology physicians and advanced practice providers, such as tumor board conferences.
Beginning in 2014 as part of IGC, the genetic counseling schedule was optimized, which
prioritized appointments for patients with a gynecologic cancer diagnosis (over
appointments for individuals with only a family history of gynecologic cancer). During the
universal genetic testing initiative, 2.5 full-time genetic counselors were available to
complete 20-25 genetic counseling appointments in the gynecologic oncology clinic per
week. Of these appointments, 75% were designated for patients with a diagnosis of
gynecologic cancer, and the remainder were used for individuals with only a family history
of gynecologic cancer, patient follow-up, urgent, or same-day appointments. Also as part of
IGC, to standardize the urgent and same-day appointment request process, a group email
address was created. All genetic counselors in the gynecologic oncology clinic received
urgent or same-day appointment requests from gynecologic oncology physicians and
advanced practice providers through the group email address and responded if available to
see the patients.
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lll. Assisted genetic counseling referral (AGCR)—The AGCR intervention was
developed following the implementation of patient tracking, and was intended to address the
barrier of inconsistent documentation by physicians and clinic staff of recommendations for
genetic counseling and genetic testing. Patients without documentation of genetic counseling
or genetic testing were identified through patient tracking, performed by one full-time
research data coordinator. After being identified and scheduled to return to the gynecologic
oncology clinic, a referral to genetic counseling for the patient was drafted in the electronic
medical record system. An email was sent to the gynecologic oncology physician and
advanced practice providers to notify them of the referral and to request their signature if the
referral was deemed appropriate. After a referral was signed, the patient was scheduled for
genetic counseling per usual clinic procedures.

Statistical Analysis

Results

Descriptive statistics were used to characterize patient clinical and demographic
characteristics, genetic testing results, and PARPI treatment. Statistical analyses were
performed using IBM SPSS Statistics (version23, Armonk, NY). Chi-square analysis was
used to identify associations between categorical variables. P-values less than or equal to
0.05 were considered statistically significant.

During the 3-year study period, a total of 1636 women with HGOC presented as patients to
our gynecologic oncology clinics. Patient demographic information is found in Table 2. Of
these patients, 1423 (87.0%) were recommended for genetic counseling and genetic testing,
1214 (85.3%) of those completed genetic testing, and 217 (17.9%) of those tested were
identified to have a BRCAI or BRCAZ mutation (see Figure 2). Our cohort of 1636 patients
was composed of women presenting to the gynecologic oncology clinic to receive cancer
treatment (44.1%), a onetime second opinion (40.1%), or treatment planning and
coordination (15.8%). Patients presenting for a one-time second opinion visit were less
likely to have received a recommendation for genetic counseling and genetic testing (83.7%
recommended), than were patients receiving cancer treatment (89.8%), or treatment
planning and coordination (87.6%, £=0.004). Race was not a statistically significant factor
in the receipt of a recommendation for genetic counseling and genetic testing (P=0.14);
however, black patients had the lowest rate of recommendation (80.4%) among racial groups
in our cohort.

Two hundred-nine patients were recommended to undergo, but did not complete, genetic
testing. The most common documented reasons for failure to complete testing were: patient
elected to pursue genetic testing elsewhere with no results reported back to our institution
(n=45, 21.5%), patient declined genetic testing (n=22, 10.5%), patient declined genetic
counseling (n=18, 8.6%), and financial concerns or lack of health insurance coverage for
testing (n=14, 6.7%).

Of those 1214 patients who successfully completed genetic testing, 561 (46.2%) had testing
coordinated by a genetic counselor or physician at our institution, and for 94.7%, a copy of
the results was available in our medical records. Six hundred fifty-three (53.8%) patients had
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genetic testing coordinated outside of our institution, but for only 45.6% of these patients
was a copy of the results available in our medical records. The types of genetic testing
completed, and result outcomes in Table 3, demonstrate the variety of BRCAZ and BRCAZ2
genetic testing methodologies utilized during our initiative.

Identification of a BRCA mutation has implications for cancer risks, as well as for HGOC
treatment. Forty-nine (22.6%) patients with a BRCA-positive result had a second primary
breast cancer diagnosis: 41 were diagnosed prior to HGOC, 3 had synchronous diagnoses,
and 5 were diagnosed after their HGOC diagnosis. During the study period, PARPi therapy
was approved by the FDA for the treatment of patients with a germline BRCA mutation and
recurrent HGOC after three prior lines of treatment have failed.(19) During our study period,
of the 217 BRCA-positive patients, 167 (77.0%) had recurrent or progressive disease, and 56
(33.5%) of those were noted to have received PARPI therapy.

Results

The rates of recommendation and completion of genetic testing were similar between our
main campus and regional gynecologic oncology clinic locations. Of 197 patients seen at a
regional clinic location, 84 of the 151 (55.6%) patients who completed genetic testing had
physician-coordinated genetic testing. These patients may not have otherwise completed
genetic testing due to the lack of genetic counselors at their clinic location or inability to
travel to the main campus location for genetic counseling.

Meyer et al. reported that in 2007, the median time between a patient’s initial gynecologic
oncology visit and a genetic counseling referral at our institution was greater than 3 years.
(16) Notably, during the course of the universal genetic testing initiative, the time between a
patient’s initial gynecologic oncology visit and their completion of genetic counseling, for
those who pursued it at our institution, declined from an average of 197 days in 2012 to 78
days by 2015. This decrease may represent a combination of improved identification and
referral of patients at the time of their initial gynecologic oncology clinic visit and the
integrated genetic counseling intervention.

The assisted genetic counseling referral intervention resulted in placement of 34 electronic
referrals for genetic counseling, 33 (97.1%) were signed, and 28 genetic counseling
appointments were subsequently completed. The provider email notification intervention
was considered ineffective, as only 14 of 72 (19.4%) emails resulted in a completed referral
which led to 13 subsequent genetic counseling appointments. New patient screening forms, a
clinic-level intervention, were completed by 1137 (69.5%) patients, with 707 (62.2%)
patients noting no prior genetic testing at the time of their initial visit to the gynecologic
oncology clinic. Upon review, 331 (46.8%) of these 707 patients completed genetic testing,
coordinated by our institution, following their initial clinic visit. It is unclear whether the
screening form improved the rates of genetic testing among these patients; however, it may
have improved the documentation of patients’ genetic testing status.
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Discussion

Following the implementation of a 3-year universal genetic testing initiative, we successfully
improved the rates of recommendation and completion of genetic counseling and genetic
testing to greater than 80% among patients with HGOC at our institution. At the conclusion
of our study, 56 patients had received PARPI therapy following the identification of a
germline BRCA mutation. Universal genetic testing of patients with HGOC is one strategy
to identify patients who may benefit from PARPI therapy.

The clinic interventions were developed to address specific barriers to patients receiving
standard of care genetic counseling and genetic testing in our gynecologic oncology clinics.
Varied clinic interventions used simultaneously during the course of our initiative may have
had a greater impact on clinical practice patterns in our gynecologic oncology clinic than
had we implemented single, discrete interventions. Our experience suggests that there may
be no single preferred or optimal delivery model in the provision of genetic counseling and
genetic testing for patients with ovarian cancer. At larger institutions, incorporating genetic
counselors into the ovarian cancer care team is effective. Physician-coordinated genetic
testing is also a reasonable option for ovarian cancer patients, in part because these patients
meet genetic testing criteria regardless of their family history of cancer, and because the
results can be used to guide cancer treatment and management. Ultimately, delivery care
models should designed and implemented with the primary goals of patient-centered care
and guideline based practice; but optimized to work within the constraints of available
resources, clinical facilitators and barriers, within any oncology or gynecologic oncology
clinic.

Through our retrospective data collection and review, we noted a disparity in genetic testing
reports’ availability in our institution’s electronic medical record. The delayed or absent
transfer of genetic testing reports between electronic medical record systems can complicate
the genetic counseling referral process, lead to unnecessary and costly duplicate testing, and
hinder access to PARPI therapy due to lack of available results. Future research and health
technology innovation should seek to improve the sharing of medical records between health
systems and identify how to best integrate the increasing quantity of genetic and genomic
data within electronic medical record systems.

There are several limitations to our study. This study details the experiences and patients
seen at a single institution. A large number of patients were seen for one-time second-
opinion consults, which required rapid identification, referral, and access to genetic
counselors and genetic testing. Additionally, patients seen at our institution often travel
across the country or from outside the United States to seek cancer diagnosis and treatment,
and therefore may not be representative of the United States” HGOC patient population. We
also recognize that the dedicated institution-wide research program resources, research and
clinical staff, and genetic counselor support at our institution during the course of this
project may not be characteristic of oncology practices across the United States, and
therefore, replicating our initiative or interventions in other oncology settings may be
challenging. The interventions used, while designed to be low-risk to patients and clinicians,
were not rigorously studied or validated during our initiative. Future studies should include
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the assessment of patient satisfaction, knowledge, and fulfillment of psychosocial needs
when using alternate care delivery models such as physician-coordinated genetic testing.

The outcomes of our initiative may reflect the influence of external events beyond our
control. Several major events occurred during the course of our initiative, including the
United States Supreme Court decision regarding the prior BRCA patent law, Angelina
Jolie’s public announcement of her genetic testing results and risk-reducing surgeries, and
published genetic testing guidelines by the Society of Gynecologic Oncology, American
College of Medical Genetics, and the American Society of Clinical Oncology (6-8, 20, 21).
Another major event was the FDA approval of PARPI therapy in 2014, which added a new
incentive for patients with ovarian cancer to undergo genetic testing for BRCAI and BRCAZ2
(19). The impact of these events is difficult to quantify in the context of our study but likely
contributed to our improved genetic counseling and testing rates during this period.

Since we have not yet reached 100% adherence with national guidelines, our universal
genetic testing initiative will continue, with increased awareness of efficiency and
sustainability. We plan to disseminate our universal genetic testing initiative to other
oncology settings to identify barriers to patients accessing genetics services, determine the
current rates of recommendation and completion of genetic counseling and genetic testing,
and determine the feasibility of implementing our process in different settings. Future
studies should include the assessment of healthcare costs and savings related to the
implementation of universal genetic testing, quality improvement-based clinical
interventions, and genetic testing strategies (single gene versus multi-gene panel) in the
ovarian cancer patient population. Additionally, Kwon et al. have modeled the potential
downstream benefits of providing BRCA testing to all patients with HGOC and the
implications for cancer prevention in BRCA-positive families.(22) We plan to assess the
impact on the families identified to have a BRCA mutation during our universal genetic
testing initiative to determine whether cascade testing has been performed and whether
relatives have changed their medical management and cancer screening practices.
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. <25% of ovarian cancer patients in the U.S. receive recommended genetics
services

. We increased the rates of genetic counseling and testing to over 85% in our
clinic

. Various interventions were used to increase rates of genetic counseling and
testing

. Physician-coordinated genetic testing of ovarian cancer patients is an option

. Genetic testing results can impact ovarian cancer treatment options
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Criteria for Successful Recommendation for GC and GT:

Gyn Onc clinic note with documented discussion of prior GT
Gyn Onc clinic note with documented recommendation for GC
Gyn Onc clinic note with documented recommendation for GT
Referral to GC in the medical record

Order for GT in the medical record

GC appointment scheduled at our institution

Successful completion of GT

Iy I B R B B R A B

Criteria for Successful Completion of GT:

GT included analysis of BRCA1 and/or BRCAZ2, including known familial mutation testing, Ashkenazi Jewish founder mutation testing,
gene sequencing and deletion duplication analysis (alone or as part of a larger gene panel), and/or research-based genetic testing.

Copy of clinical GT result in the medical record

Patient-reported clinical GT result dictated in @ Gyn Onc clinic note
Patient-reported clinical GT on new patient screening form
Research GT without clinical confirmation

Definitions of BRCA1 and BRCA2 GT Results:

Positive result: “Pathogenic” and “Likely pathogenic” mutations in BRCA1 and/or BRCAZ2 as listed on the test report
VUS result: “Uncertain significance” and “Likely benign” mutations in BRCA1 and/or BRCAZ2 as listed on the test report
Negative result: “Benign” mutations and absence of mutations in BRCA1 and/or BRCAZ2 as listed on the test report

[

Figure 1. Criteria for Universal Genetic Testing Metrics
For the task to be counted as “successfully completed,” at least one item must have been

completed in the category’s check list. The criteria could be met prior to or following the
patient’s initial presentation to our institution’s gynecologic oncology clinics. Genetic
testing may have been coordinated by our institution or outside our institution.
Abbreviations: GC, genetic counseling; GT, genetic testing; Gyn Onc, gynecologic
oncology; VUS, variant of uncertain significance
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1636
HGOC Patients

1423 (87.0%) 213 (Ijlgﬂ%}
Recommended .
Recommendation
for GC/GT for GO/GT

209 (14.7%)
No GT
Completed

1214 (85.3%)
Completed GT

561 (46.2%) 653 (53.8%)
GT Coordinated GT Coordinated
by Our Institution Elsewhere

93 (16.6%) 124 (19.0%)
BRCA1/2+ BRCA1/2+

Figure 2. Patient CONSORT Diagram
Abbreviations: HGOC, high-grade, non-mucinous epithelial ovarian, fallopian tube, and

primary peritoneal cancers; GC, genetic counseling; GT, genetic testing; BRCA1/2+,
positive BRCA1 and/or BRCAZ genetic testing result
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Table 2

Patient Demographics

HGOC Patients (N=1636)
N %
Race
White 1266 7.4
Asian 100 6.1
Black 97 59
American Indian/Alaska native 2 0.1
Native Hawaiian/Pacific Islander 1 0.1
Other/not reported 170 10.4
Religion
Christian 1252 76.5
Jewish 37 2.3
Muslim 27 1.6
Buddhist 16 1.0
Hindu 21 13
Other/not reported 283 17.3
Age at HGOC diagnosis, years
<20 0 0.0
20-29 10 0.6
30-39 58 3.6
40-49 255 15.6
50-59 527 322
60-69 506 30.9
70-79 227 13.9
>80 53 3.2
HGOC histology
Serous component 1323 80.9
Clear cell component 141 8.6
Endometrioid component 96 5.9
Mullerian carcinoma, NOS 76 4.6
Type of care received
Cancer treatment 722 441
Treatment planning and coordination 258 15.8
One-time second opinion only 656 40.1

Abbreviations: HGOC, high-grade, non-mucinous epithelial ovarian, fallopian tube, and primary peritoneal cancers; NOS, not otherwise specified
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