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Abstract

PURPOSE: Several professional organizations recommend universal genetic assessment for
people with ovarian cancer as identifying pathogenic variants can affect treatment, prognosis
and all-cause mortality for patients and relatives. We sought to evaluate the literature on

genetic assessment for women with ovarian cancer and determine if any interventions or patient
characteristics drive utilization of services.

METHODS: We searched key electronic databases to identify trials that evaluated genetic
assessment for people with ovarian cancer. Trials with the primary aim to evaluate utilization

of genetic assessment with or without interventions were included. Eligible trials were subjected to
meta-analysis and the moderating influence of health interventions on rates of genetic assessment
were examined.

RESULTS: A total of 35 studies were included (19 report on utilization of genetic services
without an intervention, 7 with an intervention and 9 with both scenarios). Without an
intervention, pooled estimates for referral to genetic counseling and completion of genetic testing
were 39% [Cl 27-53%] and 30% [CI 19-44%]. Clinician-facilitated interventions included:
mainstreaming of genetic services (99% [CI 86-100%]), telemedicine (75% [C] 43-93%)]), clinic-
embedded genetic counselor (76% [CI 32-95%]), reflex tumor somatic genetic assessment (64%
[CI 17-94%]), universal testing (57% [28-82%]) and referral forms (26% [Cl 10-53%]). Random-
effects pooled proportions demonstrated that Black vs. White race was associated with a lower rate
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of genetic testing (26%[CI 17-38%)] vs. 40% [Cl 25-57%]) as was being un-insured vs. insured
(23% [CI 18-28%)] vs. 38% [CI 26-53%]).

CONCLUSIONS: Reported rates of genetic testing for people with ovarian cancer remain well
below the goal of universal testing. Interventions such as mainstreaming can improve testing
uptake. Strategies aimed at improving utilization of genetic services should consider existing
disparities in race and insurance status.

ovarian cancer; hereditary cancer syndromes; genetic testing; genetic counseling; cascade testing

Introduction

Approximately 25% of ovarian cancers are hereditary, with BRCAL/2 accounting for
15-18% of cases.! Identifying a pathogenic variant has important health implications,

as patients with BRCAL/2 variants have the option for targeted therapies and improved
prognosis.2~% Knowledge of the variant also allows for cascade testing of at-risk relatives,
which can result in cancer screening and preventative strategies that decrease cancer
incidence and mortality.”~10 The American Society of Clinical Oncology (ASCO), US
Preventive Services Task Force (USPSTF), National Comprehensive Cancer Network
(NCCN), Society of Gynecologic Oncology (SGO) and American College of Obstetricians
and Gynecologists (ACOG) all recommend universal genetic counseling and testing for
women diagnosed with epithelial ovarian cancer,11-16

Despite this recommendation, patients are not receiving genetic services consistently or
equitably.1” The rates of reported guideline-compliant referral to genetics services in this
population range from as low as 7% to as high as 90%, while rates of completion of

genetic testing range from 3% to 85%.18-20 There are several potential factors contributing
to disparate rates including limited provider identification of patients at hereditary cancer
risk and referral for genetic counseling and testing and patient level factors such as mistrust,
cost, competing health issues and other social determinants of health. Underutilization of
genetic services can have perilous health implications. Attempts to synthesize the literature
on rates of genetic testing among ovarian cancer patients, evidence-based interventions
aimed at improving utilization and associations with specific patient demographics are
lacking. The primary objective of the current study was to conduct a systematic review

and meta-analysis of the literature on completion of genetic testing by women with ovarian
cancer. Secondary aims were to explore referral to and completion of genetic counseling, the
influence of interventions aimed at improving utilization and the influence of race, ethnicity
and insurance status on referral patterns and successful completion of genetic testing.

Materials and Methods

Overview

The current study was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was preregistered with
PROSPERO (registration no.: CRD42020192766).21 Search concepts included ovarian
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cancer, genetic testing or genetic counseling and comprehensive search strategies including
backward searches (snowballing) of reference lists of identified articles and earlier
systematic reviews and forward searches (citation tracking) were developed with the
assistance of a medical librarian. Ovid MEDLINE (ALL: 1946 to present), Ovid EMBASE
(1974 to present), and the Cochrane Library (Wiley) were searched from their inception
through July 2020. There were no language, publication date or article type restrictions on
the search strategy. The literature search yielded 3,026 studies after removal of duplicates
and studies were screened by title and abstract against predetermined inclusion and
exclusion criteria using Covidence. One hundred and fifty-one articles were selected for
full-text review. Both reference and relevant article lists for these studies were gathered and
deduplicated, producing 448 additional citations for review. From the full-text review, 35
articles met the inclusion criteria for this study (Supplementary Table 1 and Figure 1).

Inclusion Criteria

Eligible manuscripts included all primary research studies with the primary objective
focusing on referral and/or completion of genetic counseling and/or genetic testing among
women with ovarian cancer. Studies were evaluated to determine if a clinical intervention
was employed that aimed at improving referral to and/or utilization of genetic services.
Studies with and without interventions were included.

Exclusion Criteria

Excluded studies included published abstracts without published manuscripts (abstract
only), studies evaluating genetic testing in at-risk patients without a diagnosis of ovarian
cancer (incorrect study population), studies evaluating genetic testing for patients with
multiple cancer types when data for the ovarian cancer population alone was not available
(incorrect study population), meta-analyses or reviews (incorrect study design), studies
evaluating variant percentages in a cohort where all subjects received genetic testing
(incorrect outcomes), studies evaluating psychological factors associated with genetic testing
(incorrect outcomes), clinical trials without results (results not available) and studies with
interventions not aimed at increasing referral or testing rates (incorrect intervention) (Figure
1).

Data Extraction

Manuscripts were independently evaluated by two authors and disagreements were
discussed with a third author. Data were extracted by one author and checked by a second
author. Studies were coded according to a priori-specified characteristics, including study
type, intervention, participant characteristics and risk of bias.

Risk of Bias and Analytic Strategy

The Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-1) was applied

to intervention trials to assess the risk of bias.22 The Joanna Briggs Institute Critical
Appraisal Checklist for Studies Reporting Prevalence Data was applied to retrospective
studies without interventions to determine the extent to which studies addressed risk of bias
in their design, conduct and analysis.2® The Grading of Recommendations, Assessment,
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Development and Evaluations (GRADE) system was used to rate the quality of evidence for
each intervention included in the meta-analysis.24 25 All risk of bias and ratings assessments
were independently assessed by two reviewers and disagreements were discussed with a
third author.

Statistical Analysis

Meta-analyses for the proportion of individuals referred to counseling and who completed
genetic testing were conducted with the use of R software (Mersion 3.6.1[07/05/19], R
Foundation for Statistical Computing, Vienna, Austria). Meta-analyses were conducted for
all patients and by race and insurance type. Statistical heterogeneity was tested through

the chi-square test (i.e., Cochrane Q test) and a P value < 0.20 was used to indicate the
presence of heterogeneity. Statistical heterogeneity was also assessed by the inconsistency
statistic (12). A random effects analysis was used to calculate the pooled proportions and
means. The random effects analysis is more conservative and allows for more variability in
the individual study proportion estimates when generating the pooled proportion. The pooled
proportion was calculated using the Freeman-Tukey Double arcsine transformation and the
95% confidence interval was calculated using the Clopper-Pearson interval. To estimate
the between-study variance, the DerSimonian-Laird estimator was used. For the outcome
proportions of interest, the results of each study were expressed as binary proportions with
exact 95% confidence intervals. For each meta-analysis, a funnel plot was constructed,
displaying study proportion against study precision, estimated by the standard error, to
assess for publication bias.

Results

Study characteristics

Thirty-five studies of original research were included. The studies included 15 retrospective
studies without an intervention, 8 retrospective studies implementing an intervention, 8
prospective studies implementing an intervention, and 4 prospective studies without an
intervention.

Patient characteristics

A total of 16,891 patients with ovarian cancer were evaluated. Study publication dates
spanned 1999-2019 and included 9 countries: United States (15), Canada (6), Australia (3),
United Kingdom, (3), South Korea (2), the Netherlands (2), New Zealand (2), Italy and
Thailand (1 each). Across studies, the median reported age at cancer diagnosis was 60.5
years. Reported stage distribution was as follows: early stage (stages 1/11), 24.0%, late stage
(stages I11/1V), 69.6%, and stage unknown, 6.4%. Reported histologies included serous,
57.9%, adenocarcinoma not otherwise specified, 14.9%, other/unknown histology, 11.3%,
mixed, 7.4%, endometrioid, 3.7%, clear cell, 3.2%, mucinous, 1.1%, and carcinosarcoma,
0.4%. Further study characteristics are reported in Supplementary Table 1.

Utilization of genetics services without an intervention

Nineteen papers (including the historic or non-intervention cohorts of 6 studies
implementing an intervention) addressed referral to genetic counseling without a specified
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intervention and 20 (including the historic or non-intervention cohorts of 5 studies
implementing an intervention) addressed completion of genetic testing without a specified
intervention. Among these 20 studies, there were 14,917 women with ovarian cancer and
30% [CI 19-44%] underwent genetic testing (Figure 2). Among 8,403 women with referral
data available, 39% [CI 27-53%)] received a referral to genetic counseling. Among the 20
papers, 14 included information on the rates of completion of genetic counseling following
a referral and found that, among 1,686 women referred for counseling, 81% [CI 69-90%]
completed counseling. Fifteen papers reported on rates of completion of genetic testing
following referral and found that, among 1,810 women referred to counseling, 78% [CI
68-86%] completed genetic testing.

A separate analysis was performed excluding studies with data collected exclusively in
2014 or earlier to reflect potential practice changes after the 2014 SGO clinical practice
statement recommending that women diagnosed with epithelial ovarian, tubal and peritoneal
cancers receive genetic counseling and be offered genetic testing, even in the absence

of a family history.16 A cut-off of 2015 was utilized to reflect the time to adjust to the
guideline change as adaptation to guidelines was unlikely to occur directly after publication
of the statement. This cut-off also represents the approval of pharmacologic inhibitors of
the enzyme poly-ADP ribose polymerase (PARP) in December 2014. For studies with

data collected exclusively in 2014 or earlier, the pooled proportion of referral to genetic
counseling was found to be 28% [Cl 17-43%] and the pooled proportion of completion of
genetic testing was found to be 16% [Cl 10-24%]. For ten studies with any data collected
in 2015 or later, the pooled proportion of referral to genetic counseling was found to be
56% [Cl 38-73%] and the pooled proportion of completion of genetic testing was found to
be 55% [CI 39-69%]. However, six of these studies also included data collected prior to
and including 2015. An additional analysis of the four studies that included data exclusively
collected during and following 2015 was performed. Among the three studies with data

on referral to genetic counseling, the pooled proportion of patients referred was 64% [CI
26-90%]. Among the four studies reporting on the uptake of genetic testing, the pooled
proportion of completion of genetic testing was 63% [Cl 34-85%].

Interventions

Among the 35 included studies, 16 reported on rates of referral to genetic counseling and/or
completion of genetic testing after the implementation of one or more clinical interventions
designed to improve utilization of genetic services (Figure 3).

Mainstreaming—Mainstreaming is the process of providing testing/counseling in an
oncology clinic by non-genetics specialists following upskilling to consent, order, interpret
and deliver results.2® Nurses and physicians are trained to provide genetics services

to patients, identify at-risk individuals, initiate genetics discussions and order genetic
testing, thus bypassing referral to a separate genetics specialist.2” Four papers described
mainstreaming and found, among 616 patients, 99% [CI 86-100%] completed genetic
testing.26: 28-30 None of the studies reported rates of referral or genetic testing uptake prior
to the intervention.
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Telemedicine—Telemedicine is the delivery of healthcare services via electronic
communication such as telecounseling or video counseling.31 Two studies reported genetic
testing uptake with telemedicine and found that, among 353 patients, 75% [CIl 43-93%]
completed genetic testing.30: 32 Stearnes et al.30 utilized telephone counseling by genetic
counselors and Watson et al.32 utilized a standardized 7-minute video created by a genetic
counselor in place of an in-person counseling appointment. While Stearnes et al. did

not evaluate pre-intervention testing uptake, Watson et al. reported uptake of 28.8% pre-
intervention vs. 54.9% post-intervention.

Embedded genetic counselor—Embedded genetic counselors are counselors that offer
genetic counseling and testing within the oncology clinic.33 Two studies described referral
to genetic counseling with an embedded genetic counselor in a gynecologic oncology clinic
and found, among 526 patients, 56% [Cl 39-72%] were referred to counseling.33 34 Both
studies included data on referral to genetic testing prior to and following the intervention
(34.4% pre-intervention vs. 67.9% post-intervention33 and 20.9% pre-intervention vs.
43.8%. post-intervention34). Two studies described completion of genetic testing after
embedding a genetic counselor in the gynecologic oncology clinic and found that, among
139 patients, 76% [Cl 32-95%] completed testing.3%: 33 Testing uptake data prior to the
interventions were not available.

Assisted referral/specialized referral form—Assisted referral/specialized referral
forms are strategies implemented with the goal to remind physicians to refer their
patients to genetic counseling. Four studies reported on referral to genetic counseling
after implementing an assisted referral or specialized referral form and found, among 188
patients, 61% [C1 36-81%] were referred to counseling.18: 35-37 Three of these studies
included data on referral to genetic counseling prior to and following the intervention
(17.4% pre-intervention vs. 30.1% post-intervention3%; 18.4% pre-intervention vs. 50.0%
post-intervention18; 44.0% pre-intervention vs. 71.4% post-intervention3’). Two studies
reported on the completion of genetic testing following this intervention and found,
among 95 patients, 26% [Cl 10-53%] completed genetic testing.3> 37 Swanson et al.3”
included data on genetic testing uptake prior to and following the intervention (30.7%,
pre-intervention vs. 42.9% post-intervention). No other studies reported pre-intervention
testing uptake.

Universal testing/opt-out referral—Universal testing is the clinical strategy whereby all
ovarian cancer patients undergo genetic counseling as part of usual care unless the patient
declines genetic cancer risk assessment.38 Three studies reported on this intervention and
found that, among 362 patients, 96% [42—-100%)] were referred to genetic counseling.38-40
Among 362 patients included in the studies evaluating universal testing, 57% [Cl 28-82%)]
completed genetic testing. None of the studies reported rates of pre-intervention referral or
uptake.

Reflex BRCA1/2 tumor testing—Reflex BRCA1/2 tumor testing is a strategy whereby
patients undergo somatic genomic profiling of their ovarian tumor and those found to harbor
tumor BRCA1/2 pathogenic variants are then triaged to germline genetic testing.4! Two
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studies reported genetic testing completion rates and among 409 patients, 64% [C] 17-94%)]
completed genetic testing.1 42 Both studies included data on testing uptake prior to and
following the intervention (85.2% pre-intervention vs. 89.4% post-intervention!® and 19.8%,
pre-intervention vs. 27.3% post-intervention?2),

The quality of evidence was evaluated for each intervention using the GRADE system.
There was high quality of evidence to suggest that mainstreaming may improve rates of
genetic testing when compared to no intervention. For the remainder of the interventions,
high study heterogeneity resulted in large confidence intervals in the pooled proportions of
interest and the quality of evidence was low to very low.

Genetic testing results

Twenty-six studies reported genetic testing results. Among 2,942 patients completing
genetic testing, 24% [Cl 20-28%] were found to have a pathogenic variant (Figure 4).
Nineteen studies reported identification of variants of unknown significance (VUS), finding
that among 2,327 patients, 6% [Cl 3-12%] had a VUS (Figure 4).

Race and ethnicity

Eight studies included analysis by self-reported race.#3-50 Among 7,862 patients, 6,469
(82%) reported being White, 599 (8%) Black and 794 (10%) Asian. Random-effects pooled
proportions by race demonstrated that, among 2,310 total patients with data available on
referral to genetic counseling, 43% [CI 26-62%] of White patients, 24% [C] 13-42%)] of
Black patients and 23% [Cl 2-83%] of Asian patients were referred to genetic counseling.
Among 6,428 total patients included in studies with available data on race and completion
of genetic testing, 40% [CI 25-57%] of White patients, 26% [CI 17-38%] of Black patients
and 14% [CI 2-51%] of Asian patients completed genetic testing (Table 1). Of note, for
Asian patients, only two studies included data on referral to genetic counseling** 49 and
completion of genetic testing,”: 50 with the majority of patient data coming from a single
study. None of the studies included analysis exclusively by ethnicity separate from race.
Small sample size and high study heterogeneity observed in studies evaluating race and
genetic testing resulted in large confidence intervals in the pooled proportions of interest.

Insurance status

Six studies included analysis by insurance status.*4-4% Among 7,681 patients, 5,320 (69%)
had private insurance, 2,078 (27%) Medicare/Medicaid, and 283 (4%) were uninsured.
Random-effects pooled proportions by insurance status demonstrated that, among 2,241 total
patients, 39% [CI 26-54%] of private insurance patients, 27% [CI 18-38%] of Medicare/
Medicaid patients and 24% [CI 13-41%] of uninsured patients were referred to genetic
counseling. Among 6,127 total patients in studies with available data on insurance data
and completion of genetic testing, 47% [CI 30-64%] of private insurance patients, 26%

[CI 16-40%] of Medicare/Medicaid patients and 23% [CI 18-28%] of uninsured patients
completed testing (Table 1). Small sample size and high study heterogeneity observed in
studies evaluating insurance status and genetic testing resulted in large confidence intervals
in the pooled proportions of interest.
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U.S. based studies vs. non-U.S. based studies

Among ten U.S based studies with data on referral to genetic counseling, 25% [CI 16-38%)]
of 6,560 patients were referred to genetic counseling while, among nine non-U.S. based
studies with data on referral to genetic counseling, 58% [CI 40-74%] of 1,843 patients were
referred to genetic counseling. Among nine U.S. based studies with data on completion

of genetic testing, 20% [CI 10-37%] of 11,884 patients completed genetic testing while,
among eleven non-U.S based studies with data on completion of genetic testing, 40% [25—
57%] of 3,033 patients completed genetic testing.

Discussion

Our systematic review and meta-analysis confirms that utilization of genetic services
among people with ovarian cancer is well below the recommendation for universal

genetic testing.11-14 Among studies that reported completion of genetic testing without an
improvement-aimed intervention, only 39% of patients were referred to genetic counseling
and 30% completed genetic testing. A separate analysis revealed that among the eighteen
studies performed prior to the 2014 SGO clinical practice statement, only 29% of patients
were referred to genetic counseling and 16% completed genetic testing. For studies
including data collected during and beyond 2015, following the SGO guidelines and
approval of PARP inhibitors for patients with BRCAZ1/2 pathogenic variants, 56% were
referred to genetic counseling and 55% completed genetic testing. Although all studies in
this separate analysis included data from 2015, some included data prior to 2015. A further
analysis including only the four studies with data collected following 2014 found that 64%
of patients were referred to genetic counseling and 63% completed genetic testing. These
separate sub-analyses suggest that referral to genetic counseling and completion of genetic
testing have increased significantly following the SGO guidelines for universal testing but
still remain well below 100%. It is evident that successful expansion of germline testing
among patients with ovarian cancer will require a scalable and integrated multidisciplinary
approach.®! Due to a limited number of cancer-specific genetic counselors, the current
system of genetic counseling visits for all germline testing is not sustainable.52

We identified multiple studies that engaged streamlined clinical pathways aimed to improve
access and uptake of genetic assessment for women with ovarian cancer.>1 53 The most
effective was mainstreaming, resulting in genetic testing for 99% of patients, followed by
embedding a genetic counselor in the clinic (76%), telemedicine genetics appointments
(75%) and reflex tumor somatic testing for triage to germline testing (64%). The quality

of evidence to suggest that mainstreaming may improve rates of genetic testing when
compared to no intervention was graded as high; however, the quality of evidence for all
other interventions was graded as low or very low due to varying concerns about risk of bias,
inconsistency, indirectness and imprecision.

Our results suggest that mainstreaming is likely to improve genetic testing uptake if
implemented successfully. However, mainstreaming requires significant engagement and
commitment of physicians and nurses that may not be feasible on a larger scale. Providers
must undergo specific training in order to consent patients and interpret and share results
in addition to their other responsibilities. Implementing such interventions would require
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significant resources and commitment not only of providers, but also of genetics specialists
who must subsequently train non-genetics specialists. In addition to this, White et al.2”
suggests that physicians and nurses are underprepared to integrate genetics services into
routine clinical care due to certain barriers: limited genetic knowledge and skill, low
confidence initiating genetic discussions, lack of resources and guidelines, and concerns
about patient discrimination and psychological harm.

Two interventions resulted in genetic testing uptake for less than 60% of the studied
population: assisted referral (26%) and universal testing / opt-out (57%). Low uptake for
assisted referral is likely due to study heterogeneity as only two studies reported completion
of genetic testing (Swanson et al., 43%, Helsper et al., 13%).3% 37 Helsper et al. reported
that despite the described intervention of an assisted referral strategy, many patients did not
follow-up for the genetics appointment or declined the initial recommendation for genetic
assessment. Among the three studies utilizing the universal testing / opt-out strategy, both
McGee et al.38 and Frey et al.>* reported similar uptake of 74% and 73% respectively,
while Ricci et al. 40 reported uptake of only 22%. Ricci et al. suggested that despite the
intended universal intervention, physicians did not actually refer all patients, potentially
due to limited knowledge on hereditary cancer risk and lack of specific training. The low
uptake rate reported by Ricci et al. decreased the overall pooled proportion of completion
of genetic testing to 57%, emphasizing a limitation of pooled proportions. The pooled
proportion of referral to genetic counseling for universal testing / opt-out strategy was
96%. Although the pooled referral and testing uptake proportions were lower for these
interventions, the individual studies still reported success in increasing referral and uptake
rates when comparing pre- and post-intervention rates at their own institutions.

With germline and somatic BRCA1/2 pathogenic variants incorporated in the approval

for PARP inhibitor maintenance therapy in ovarian cancer, many clinicians are now
incorporating somatic tumor genetic testing into routine clinical care. Universal tumor
genetic testing has also been proposed as a strategy for genetic prescreening, tailoring
genetic counseling to those with a high a priori risk of a hereditary pathogenic

variant. McCuaig et al.19 retrospectively evaluated patient uptake of germline genetic
services before and after implementation of reflex BRCA1/2 tumor testing and found

a significantly elevated rate of genetics referral following the intervention. However, in

the post-intervention group, 82% of patients referred to genetics were referred prior to

the availability of their somatic tumor testing results, leading the authors to conclude

that improved rates of genetics referral were likely a reflection of patient and provider
preferences, rather than a result of tumor testing itself. Vos et al.*2 evaluated a similar
algorithm and found that some patients with negative tumor testing results or those who did
not have successful tumor testing were still referred to germline genetic testing. The strategy
of germline genetic testing as a reflex to identification of somatic mutations may become
more popular with the growing availability of time-efficient and affordable tumor genetic
testing.

Research completed over the past two decades suggests that many factors influence a
patient’s decision about genetic testing including race, ethnicity, gender, education level,
affordability, insurance and concerns about discrimination.>5-%2 Our study found that
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Black race, compared to White race, was associated with decreased rates of referral

to genetic counseling and completion of genetic testing among women with ovarian
cancer. Unfortunately, only eight studies included data on race and ethnicity. Armstrong

et al.%3 showed that Black women with a family history of breast or ovarian cancer were
significantly less likely to undergo BRCAZ1/2 counseling, a disparity not explained by
differences in probability of carrying a pathogenic variant, socioeconomic status, cancer
risk perception and worry, attitudes about BRCAL1/2 testing or primary care physician
discussions about genetic assessment.54 65 More recently, Chapman-Davis et al.5¢ reported
that minority patients are more likely to utilize genetics services only after a cancer
diagnosis and not based on family history.6¢ Our results, along with the limited prior
literature, highlight significant limitations in the existing data on potential racial and ethnic
disparities and should implore researchers to include such variables in future study design.

Analysis of genetic counseling and testing by geographic location suggests higher rates of
referral to genetic counseling and completion of genetic testing outside of the U.S. (58%

vs. 25% and 40% vs. 20%, respectively). It is unclear what factors contributed to this
inconsistency; however, national healthcare plans, physician training and cultural differences
may play a role. Studies suggest that genetic counselors in the United Kingdom, Australia
and South Africa practice a more patient-centered psychotherapeutic process compared to
counselors in the U.S. and Canada, who tend to practice in a more didactic, teaching model
style. Interestingly, counseling-based models focusing on the psychotherapeutic aspects of
the work may result in improved patient utilization of genetic services.67

Likewise, insurance and affordability continue to be barriers to genetic assessment. Patients
without insurance and those with either Medicare or Medicaid were less likely to use
genetics services. Though the cost to patients for genetic testing has decreased dramatically
over the past twenty years (previously exceeding $3,000 and currently approximately $250
for most self-pay options when not covered by insurance),®® many studies continue to cite
cost and insurance status as a barrier.5% 56 In response, the American College of Medical
Genetics and Genomics has published a policy statement challenging payors and health care
providers to increase their coverage of genetic and genomic testing.58

Our results should be viewed in light of several limitations. We included studies with
heterogeneity in study design. It is not possible to discern how rates of reported genetic
assessment compare to utilization of genetic services in general practice. Additionally, the
funnel plots suggest that the meta-analyses included did not have proper representation

of smaller studies. It is possible that smaller studies are not reporting their findings,
contributing to bias in the results. The funnel plots also confirm high heterogeneity among
the studies included in the review. Finally, it should be noted that authors on this publication
contributed to studies included in the review, which might raise concern for bias. However,
all authors agreed to the final protocol and manuscript, and screening and data extraction
were performed by authors who had not been principal investigators for any of the reviewed
studies.

In conclusion, this systematic review and meta-analysis demonstrates that the current
rates of genetic testing for women with ovarian cancer remain well below the accepted
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goal of universal testing. Importantly, race and insurance status influence utilization of
genetic services and strategies aimed at improving access must take these disparities into
consideration. There are promising interventions, such as mainstreaming genetic care,
telemedicine and embedding genetic counselors in the clinic, that might improve genetic
testing uptake. While mainstreaming did demonstrate a 99% rate of genetic testing and
was supported by a high level of evidence, this strategy requires significant engagement
and commitment of non-genetics specialists who must undergo specific training and take
on the responsibilities of consenting patients and interpreting and sharing results, and
therefore may not be successful on a large, more universal scale. Among the other strategies
described, a clearly superior approach was not demonstrated by our study, as outcomes
were sub-par and heterogeneous results diminished the quality of evidence. Additional well
thought out interventions that can demonstrate a cost-effective, sustainable and scalable
improvement in genetic testing rates are still needed to meet the increased demand for
testing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Reported rates of genetic testing for people with ovarian cancer remain well
below the goal of universal testing

. Race and insurance status influence utilization of genetic services by women
with ovarian cancer

. Promising interventions include mainstreaming genetic care, telemedicine and
embedding genetic counselors in the clinic

. The increased demand for testing coupled with the decreased supply of
genetic counselors calls for novel approaches
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Figure 3. Rates of completion of genetic testing after implementation of clinical intervention.

Gynecol Oncol. Author manuscript; available in PMC 2022 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Linetal.

Page 20
Study Events Total Proportion 95%-Cl
Proportion detecting mutation
Alimena 2020 32 181 - 0.18 [0.12;0.24]
Armel 2020 101 439 - 0.23 [0.19; 0.27]
Burling 2019 10 49 —— 0.20 [0.10; 0.34]
Chirasophon 2017 10 35 — 0.29 [0.15; 0.46]
Choi 2015 18 70 —— 0.26 [0.16; 0.38]
Cohen 2016 6 26 ——+— 0.23 [0.09; 0.44]
Demsky 2013 44 142 Lo 0.31 [0.24;0.39]
Febbraro 2015 11 25 —— 0.44 [0.24; 0.65]
Fraser 2019 19 122 —+—— 0.16 [0.10; 0.23]
Frey 2020 12 73 S+ 0.16 [0.09; 0.27]
Garcia 2019 45 194 = 0.23 [0.17; 0.30]
George 2016 33 207 = 0.16 [0.11;0.22]
Helsper 2018 0 SE———— 0.00 [0.00; 0.52]
Lim 2009 15 63 —— 0.24 [0.14; 0.36]
Manrriquez 2018 19 79 —— 0.24 [0.15; 0.35]
McGee 2019 26 125 = 0.21 [0.14; 0.29]
Metcalfe 2009 24 80 ——— 0.30 [0.20; 0.41]
Meyer 2010 102 208 - 0.49 [0.42; 0.56]
Petzel 2013 17 30 P — 0.57 [0.37;0.75]
Powell 2013 1 1 1.00 [0.03; 1.00]
Rahman 2019 18 122 —— 0.15 [0.09; 0.22]
Ricci 2015 4 21 —E—— 0.19 [0.05; 0.42]
Rumford 2020 34 255 == 0.13 [0.09; 0.18]
Swanson 2019 10 47 —— 0.21 [0.11; 0.36]
Vos 2020 25 104 = 0.24 [0.16; 0.33]
Watson 2016 59 239 - 0.25 [0.19; 0.31]
Random effects model 2942 <> 0.24 [0.20; 0.28]
Heterogeneity: /% = 79%, 1> = 0.1958, p <0l01 T I I I
0 02 04 06 038
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Alimena 2020 37 181 | —=— 0.20 [0.15;0.27]
Armel 2020 101 439 @ =+ 0.23 [0.19; 0.27]
Burling 2019 5 49 -“H— 0.10 [0.03;0.22]
Choi 2015 17 70 @ —— 0.24 [0.15; 0.36]
Cohen 2016 0 26— 0.00 [0.00;0.13]
Demsky 2013 0 14277 0.00 [0.00; 0.03]
Febbraro 2015 0 25— 0.00 [0.00; 0.14]
Fraser 2019 9 122 = 0.07 [0.03;0.14]
Frey 2020 25 73 — 0.34 [0.24; 0.46]
Garcia 2019 12 194 == 0.06 [0.03;0.11]
George 2016 33 207 | = 0.16 [0.11; 0.22]
Lim 2009 6 63 0.10 [0.04; 0.20]
Manrriquez 2018 21 79 1 —=— 0.27 [0.17; 0.38]
McGee 2019 9 125 — 0.07 [0.03;0.13]
Petzel 2013 1 30 &/ 0.03 [0.00; 0.17]
Rahman 2019 9 122 =+ 0.07 [0.03;0.14]
Ricci 2015 2 21 0.10 [0.01;0.30]
Rumford 2020 0 2550 : 0.00 [0.00; 0.01]
Vos 2020 0 104! 0.00 [0.00; 0.03]
Random effects model 2327 <& 0.06 [0.03; 0.12]

Heterogeneity: 12 = 96%, 1% = 2.5523, p < 0lo1 T f T T

Figure 4. Results of genetic testing
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Pooled proportions of referral to genetic counseling and completion of genetic testing by race and insurance

Table 1.

status.
% Referred to counseling (95% CI) % Completed genetic testing (95% CI)
Race
White 43% (26-62%) 40% (25-57%)
Black 24% (13-42%) 26% (17-38%
Asian 23% (2-83%) 14% (2-51%)

Insurance status
Private insurance
Medicare/Medicaid

Uninsured

39% (26-54%)
27% (18-38%)
24% (13-51%)

47% (30-64%)
26% (16-40%)
23% (18-28%)
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