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Abstract
Variants of uncertain significance (VUSs) in cancer pre-disposition genes are more frequent in
non-White and/or Hispanic populations than non-Hispanic White (NHW), creating more
ambiguity in cancer risk/management for these populations. High throughput functional evidence
(HTFE) serves as a powerful classification tool for missense variants within the RING/BRCT
domains of BRCA 1. We sought to determine if HTFE provides preferential benefit in
underrepresented racial and ethnic groups. Our cohort consisted of individuals who had BRCA 1
testing and self-reported ancestry as Asian, Black, Hispanic, Middle Eastern, or NHW. For
individuals with pathogenic, likely pathogenic, or VUS variants in the RING/BRCT domains, we
evaluated the frequency at which HTFE was applied and at which HTFE impacted variant
classification, and compared this between non-White and/or Hispanic individuals and NHW
individuals using Fisher’s exact test. We found that while application of HTFE between
non-White and/or Hispanic individuals (n=140; 64.81%) and NHW individuals (n=240; 69.36%)
did not differ, non-White and/or Hispanic individuals (n=67; 31.02%) were more likely to have a
variant upgraded due to HTFE than NHW (n=63; 18.21%) (OR=2.0; 95% CI: 1.4-3.0; p<0.001).
Based on these preliminary results, HTFE could improve equity in variant assessment. This
impact is likely an underestimate, as variants downgraded to likely benign/benign were not
evaluated. As part of the larger goal towards genetic testing equity, efforts to expand HTFE

availability to additional variants/genes may be warranted.
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Introduction

Accurate identification and classification of pathogenic variants in hereditary cancer
predisposition genes allow for risk stratification and personalized management for individuals at
high risk to develop cancer. Particularly in Hereditary Breast and Ovarian Cancer (HBOC)
syndrome, germline pathogenic variants in related genes can clarify future risk of developing
cancer and guide clinicians and patients in curating a personalized screening and risk reduction
plan (NCCN HBOPC, 2021). However, individuals from non-White and/or Hispanic populations
who pursue multigene panel testing (MGPT) for variants in cancer predisposition genes often
receive less informative genetic testing results than those from non-Hispanic White (NHW)
backgrounds. Several studies have reported that patients from non-White and/or Hispanic
populations receive variants of uncertain significance (VUSs) more often than NHW populations
(Caswell-Jin et al., 2018; Kurian, 2018; Ndugga-Kabuye & Issaka, 2019; Roberts et al., 2020).
For example, Ndugga-Kabuye and Issaka (2019) reported that VUS frequencies in HBOC and
Lynch Syndrome (LS) genes were higher in patients with self-reported Hispanic, African, or
Asian/Pacific Islander ancestry than in individuals with self-reported European ancestry (7.1%,
12.3%, 13.1%, vs. 5.8%, respectively). This discrepancy is apparent for genetic test results
related to other cancer genes (e.g. TP53, BAP1, MITF, others) as well (16.2%, 21.6%, 24.4%, vs.
12.2%, respectively).

In contrast to the clear utility of identifying a pathogenic variant, it is well established
that VUSs complicate risk assessment and medical management through their ambiguity,
subsequent misinterpretation, and eventual reclassification (Hoffman-Andrews, 2017). VUSs do
not provide concrete information for cancer risk assessment. Insufficient data on functional

impact and the fact that most VUSs are reclassified to benign prompt the stance that VUS results



should not be used to guide management recommendations (NCCN HBOPC, 2021). Another
concern is misinterpretation of VUSs when VUS results are used to make inappropriate
recommendations for screening and risk-reducing surgeries, such as a prophylactic mastectomy
(Donohue et al., 2021; Kurian et al., 2017). Reclassification of VUSs presents further challenges.
In cases where VUS results are reclassified to likely benign/benign (LB/B), misinterpretation of
the initial result introduces unnecessary stress and morbidities associated with high-risk
screenings and preventive procedures pursued before reclassification (Macklin, et al., 2018;
Slavin et al., 2018, 2019). Similarly, for VUSs that are reclassified as likely
pathogenic/pathogenic (LP/P), proper management is delayed and cancer risk is not
appropriately managed in the interim.

In addition to preventing personalization of management recommendations, the
discussion and disclosure of VUSs during pre-test and post-test genetic counseling sessions
create unique counseling dilemmas for healthcare providers and their patients. Describing the
possibility and implications of inconclusive results is an integral piece of informed consent, but
there are no specific guidelines on how to convey this information, nor on how to disclose a VUS
result (Riley et al., 2011). This creates confusion and frustration among providers (Medendrop et
al., 2018). Providers both within and outside of genetics specialties have expressed that VUS
results disclosure is one of the most difficult aspects of counseling (Macklin, et al., 2018; Scherr
et al., 2015; Vears, et al., 2019). From the patient perspective, studies have shown that patients
who receive a VUS result are at risk of feeling discomfort, frustration, regret, anxiety, or similar
negative emotions at the time of disclosure due to the result’s unique ambiguity (Clift et al.,
2019; Lumish et al., 2017; Macklin, et al., 2018). For patients with VUSs in cancer

predisposition genes, a common stressor is the uncertainty of whether or not cancer risk is being



managed appropriately (Makhnoon, et al., 2019; Soloman et al., 2017). Additionally, patients are
more likely to misinterpret these results, even when the provider accurately relays the
information (Makhnoon, et al., 2019; Richter et al., 2013). Individuals with VUSs may view their
result more as pathogenic and consider high-risk screening and/or risk-reducing measures despite
counseling (Lumish et al., 2017). This, again, could result in unnecessary procedures.

Because VUSs are more frequently reported for individuals from non-White and/or
Hispanic populations, the confusion and burdens associated with VUSs disproportionately affect
these groups. This inequity is in part the consequence of variant classification methods that rely
on a large volume of data. Population databases used in variant classification do not represent all
races and ethnicities equally. For example, one of the databases, gnomaD, is composed of 45%
non-Finnish European individuals and only 8.67% African American individuals (Karczewski &
Francioli, 2017). Skewed proportions in databases used for variant classification is exacerbated
further by lower rates of testing uptake in non-White and/or Hispanic populations (Carroll et al.,
2019). Lack of representation in clinical testing cohorts, published literature, and population
reference databases creates gaps in evidence available for variant interpretation. Evidence lines
can be clinically driven (i.e. co-segregation, de novo observation), based on frequency
calculations (i.e. case-control studies), predictive (i.e. in silico modeling), or derived from
functional data (i.e. in vitro assays) (Mester & Pesaran, 2020). Aside from computational
approaches, many of these classification tools and criteria rely on volume of observations.
Without this volume, interpretation of variants detected in underrepresented populations is
limited.

The use of a new variant interpretation technique, coined Multiplexed Assays for Variant

Effect (MAVEs), provides the potential to overcome some of the problems attributed to the



volume of observations. Functional study data can be used as strong evidence to inform variant
classification (Richards et al., 2015). Traditionally, functional assays are built for each variant
after it is detected in high-risk individuals ascertained through clinical or research genetic testing,
which is a slow and expensive process (Starita et al., 2017). In contrast, newly developed MAVE
approaches to functional interrogation, including high-throughput functional assays, deep
mutational scanning, and massively parallel reporter assays, can assess a large number of
variants in a single experiment (Starita et al., 2017). This means that every possible missense
variant can be evaluated without needing to first be observed. The functional scores derived from
MAVEs can be used as high throughput functional evidence (HTFE) during variant
classification. While the original intention was to utilize HFTE data to keep pace with increased
variant detection due to adoption of multigene panel testing, MAVEs may have particular benefit
of filling evidence gaps that affect non-White and/or Hispanic individuals by improving accuracy
of variant classification and potentially lowering the frequencies of VUS results in non-White
and/or Hispanic populations.

Currently, HTFE has been validated for application to missense variants in the
RING/BRCT domain of BRCAI (Findlay, 2018; Starita et al., 2015) using the ACMG framework
for functional evidence (Brnich, 2020). Prior research has shown that MAVESs can be used to
improve reclassification of BRCAI VUSs within this domain (Kim et al., 2020). However, the
impact of MAVEs has not been compared across racial and ethnic groups. In this study, we aim
to explore how MAVE data influences VUS reclassification of BRCAI variants in non-White
and/or Hispanic populations. We predict that the addition of HTFE will improve VUS

reclassification rates preferentially in non-White and/or Hispanic populations.



Methods

Study Population

We retrospectively reviewed de-identified test results, associated demographics, and
testing indication for individuals undergoing MGPT for hereditary cancer predisposition at a
single diagnostic testing laboratory (Ambry Genetics) between January 2016 through September
2020. Inclusion criteria consisted of the presence of BRCAI within the MGPT order (1 gene
minimum, 91 genes maximum) and at least one BRCA 1 variant classified as LP/P or VUS.
Self-reported race/ethnicity categories were as follows: Asian, Ashkenazi Jewish, Black,
Hispanic, Middle Eastern, Native American, NHW. Self-reported Multiracial, Other, or
Unknown races/ethnicities were excluded from the study due to ambiguity within these groups
that could confound the analysis. Races and ethnicities included in Other are listed in
Supplemental Table 1. This study was reviewed by the Sarah Lawrence College Institutional
Review Board and was determined to be exempt.
Testing and Results Interpretation

Next generation sequencing and deletion duplication testing was performed as previously
described (Mu et al., 2019). Briefly, genomic DNA was isolated from a blood, saliva, or
fibroblast sample and then quantified (Nanodrop technology provided by Thermo Scientific
based in Pittsburgh, Pennsylvania; or Infinite F200 technology provided by Tecan, based in San
Jose, California). Sequence enrichment was performed by incorporating genomic DNA onto a
microfluidics chip or into microdroplets with primer pairs or by a bait-capture methodology
using long biotinylated oligonucleotide probes (RainDance Technologies, Billerica,
Massachusetts; or Integrated DNA Technologies, San Diego, California). This procedure was

then followed by next-generation sequencing analysis (Illumina, San Diego, California) of all



coding exons in addition to at least five bases into the 5’ and 3’ ends of all introns. Sanger
sequencing was performed to confirm variant calls in regions missing or with insufficient read
depth coverage, variants in regions complicated by pseudogene interference, and potentially
homozygous variants. Gross deletion/duplication analysis for all genes was also performed using
a custom pipeline based on read-depth from NGS data and/or targeted chromosomal microarray
with confirmatory MLPA when applicable (Mu et al., 2019).

Test results including overall report classification (positive, negative, inconclusive) and
individual variant classification were detailed. Interpretation of sequence variations was
performed according to the American College of Medical Genetics and Genomics guidelines
(Richards, 2015). Variants identified by MGPT were classified as pathogenic (P), likely
pathogenic (LP), variant of unknown significance (VUS), likely benign (LB), or benign (B)
according to the Ambry five-tier variant classification protocol (Pesaran et al., 2016). Cases with
at least one pathogenic or likely pathogenic variant, with or without VUS, were defined as
positive results. Cases with VUS in the absence of a LP/P variant were defined as inconclusive.
Cases with LB/B findings in the absence of a LP/P or VUS findings were defined as negative
and were excluded from further analysis.

Application of Functional Evidence and Impact on Classification

Lines of evidence used towards classification of missense variants were collated.
Specifically, with regards to functional data, we assessed whether a variant was found to have
deleterious function via high-throughput functional assay(s), deleterious function via other
functional assay, intact function via high-throughput functional assay, intact function via other
functional assay, or conflicting functional evidence. Variants falling within the RING domain

(nucleotides 1-301) and the BRCT domain (nucleotides 4950-5589) were specifically evaluated



10

because high-throughput functional assays applicable to BRCA [ variants in the RING/BRCT
domain have been described previously (Findlay, 2018; Starita et al., 2015).

We compared how often HTFE was applied towards classification of missense variants in
the RING/BRCT domain between NHW and racial and ethnic groups that historically have been
underrepresented in genetic testing cohorts (Asian, Black, Hispanic, and Middle Eastern).
Furthermore, we compared how often HTFE applied to variants in the RING/BRCT domain led
to medically significant reclassifications (MSR), defined as reclassifications that changed the
actionability of a result (i.e., VUS to LP/P) between NHW and underrepresented cohorts. A

Fisher’s exact test was used to determine statistical significance in both comparisons.

Results

Cohort Demographics

358,721 individuals had testing including BRCA 1 during our study period. We identified
8,171 reportable variants (LP/P and VUS) in 8,036 persons (2.24% of all those tested) during the
study period. Our cohort was predominantly female (88.35%) with an average age of 49.76 at the
time of testing. 71.29% had a personal history of cancer and 28.71% had no personal history of
cancer. 11.73% of patients identified as Black, 11.01% as Ashkenazi Jewish, 8.09% as Asian,
10.42% as Hispanic, 1.03% as Middle Eastern, 0.04% as Native American, and 57.68% as

non-Hispanic White.
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Table 1.
Cohort Demographics
Middl
All Black Al Asian Hispanic iddle NA NHW
Eastern
Total Tested 358721* 27526 19621 15568 25550 2154 407 217050
Total with
Reportable 8036 943 885 650 837 83 3 4635
BRCALl
Age
Mean 49.76  48.45 48.51 48.12 47.08 4696 4533  51.04
Median 50 48 48 47 46 45 41 51
Cancer History
Affected
N 5729 742 470 512 630 47 3 3325
% Total
éstZda 1.60% 2.70%  2.40% 3.29% 2.47% 2.18% 0.74% 1.53%
% Stud
é)olsl(?rty 71.29% 78.69% 53.11% 78.77% 75.27% 56.63% 100.00% 71.74%
Unaffected
N 2307 201 415 138 207 36 0 1310
% Total
”?Zst(e)da 0.64% 0.73%  2.12% 0.89% 0.81% 1.67% 0.00% 0.60%
% Stud
é)ohorty 28.71% 21.31% 46.89% 21.23% 24.73% 43.37% 0.00% 28.26%
Sex
Female
N 7100 893 644 604 786 74 3 4096
% Total
’I/’(;stZda 1.98% 3.24% 3.28% 3.88% 3.08% 3.44% 0.74% 1.89%
% Stud
(/Iooh(:lrty 88.35% 94.70% 72.77% 92.92% 93.91% 89.16% 100.00% 88.37%

Male
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N 932 50 240 46 51 9 0 536
% Total

0 Tota 0.26% 0.18% 1.22% 0.30% 0.20% 0.42% 0.00% 0.25%
Tested

% St

7o Study 11.60% 5.30% 27.12% 7.08% 6.09% 10.84% 0.00% 11.56%
Cohort

Not

Reported

N 4 0 1 0 0 0 0 3
0

% Total 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00%
Tested

0

é)oii)ur(tiy 0.05% 0.00% 0.11% 0.00% 0.00% 0.00% 0.00% 0.06%

Note. AJ = Ashkenazi Jewish, NA = Native American
#This number represents all individuals tested during our study period, including those that did
not self-report race/ethnicity as Black, Ashkenazi Jewish, Asian, Hispanic, Middle Eastern, and
NHW.
BRCAI Results

Of the 358,721 total individuals tested, 5,072 (1.41%) had a pathogenic variant in
BRCAI, 185 (0.05%) had a likely pathogenic variant in BRCA1, and 2,915 (0.81%) had a VUS in
BRCAI, including 158 individuals with more than one reportable BRCA1 variant. A positive
(pathogenic or likely pathogenic) result was seen most frequently in Hispanic individuals
(2.28%) followed by Middle Eastern individuals (2.14%), Asian individuals (2.01%), Black
individuals (1.85%), and NHW individuals (1.38%). An inconclusive result (VUS) was seen
most frequently in Asian individuals (2.29%) followed by Middle Eastern individuals (1.72%),
Black individuals (1.65%), Hispanic individuals (1.03%), and NHW individuals, (0.79%). Native
American individuals were excluded from analysis due to the small number of reportable BRCA 1

variants (n=3). Additionally, while Ashkenazi Jewish ancestry differs from NHW, and Ashkenazi



Jewish populations are known as a marginalized population in a socio-political sense, they are

not underrepresented in genetic databases and were excluded from further analysis. Rates of

positive and inconclusive results were higher in each underrepresented racial and ethnic group

studied compared to NHW (p<0.001 for each comparison).

Table 2.

BRCAI Results by Race and Ethnicity (% Total Tested)

13

Total Black Asian Hispanic Middle NHW
Eastern
Pathogenic 5072¢ 480 284 567 43 2890
g (1.41%) (1.74%) (1.82%) (2.22%) (2.00%) (1.33%)
Likely 185% 29 16 3 103
Pathogenic  (0.05%) (0.11%) (0.19%) (0.06%) (0.14%) (0.05%)
VUS 2915° 454 357 264 37 1723
(0.81%) (1.65%) (2.29%) (1.03%) (1.72%) (0.79%)

2These numbers include Ashkenazi Jewish and Native American individuals.

Figure 1.

BRCAI Results by Race and Ethnicity (% Total Tested)

2.50%

2.00%

1.50%

1.00%

0.50%
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@ Non-Hispanic White
B Total

Note. Total includes Ashkenazi Jewish and Native American individuals.
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Figure 2.

BRCAI Results by Race and Ethnicity (% Individuals with Reportable BRCAI Variant)

Total African American/Black Asian

VUS (%)
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9
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Pathogenic VUS (%)

Pathogenic 53.3%
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Middle Eastern Hispanic Non-Hispanic White

VUS (%)

VUS (%
31.2% VUS (%) 4

VUS (%) 36.5%

44.6% Pathoge...

VLP (%) Pathogenic

VLP (%) VLP (%)

3.6%

HTFE Application and Impact

To examine whether an inherent bias existed in which domain missense variants were
observed more often in NHW individuals, we assessed the frequency of domain missense
variants in each group and found that domain missense variants were observed more frequently
in non-White and/or Hispanic individuals than NHW (p<0.001). See Table 2 in Supplement.

Out of 8,171 reportable variants, 3,074 (37.62%) were missense variants. Of these, 562
(6.88%) were missense variants located within the RING/BRCT domains that had HTFE
available. While only a small minority of individuals in our cohort had variants included in the
RING/BRCT domain, this evidence type was applied frequently in eligible variants (Table 2).
Overall, HTFE was applied in 380 (67.62%) individuals with missense variants found in the
RING/BRCT domain. We did not find a statistically significant difference in the application of
HTFE between non-White and/or Hispanic individuals (n = 140; 64.81%) and NHW individuals

(n = 240; 69.36%).



Table 3.

Application of HTFE by Race and Ethnicity (% of RING/BRCT variants)
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. non-White
Black Asian  Hispanic Middle and/or NHW
Eastern . .
Hispanic
Pathogenic 48 10 32 0 90 176
8 (53.33%) (23.26%) (42.67%) (0.00%) (41.67%)  (50.87%)
Likely 14 8 10 0 32 34
Pathogenic  (15.56%) (18.60%) (13.33%) (0.00%) (14.81%) (9.83%)
VUS 6 4 4 4 18 30
(6.67%) (9.30%) (5.33%) (50.00%) (8.33%) (8.67%)
Any 68 22 46 4 140 240
Reportable  (75.56%) (51.16%) (61.33%) (50.00%) (64.81%)  (69.36%)

Figure 3.

Application of HTFE by Race and Ethnicity

80.00%

60.00%

50.00%

40.00%

20.00%

% of RING/BRCT Variants

0.00%

NHW non-White Black Asian Hispanic Middle
and/or Eastern
Hispanic

When HTFE was applied, a reclassification upgrade (VUS to LP or LP to P) was made in

34.21% (n=130) of individuals. Notably, 105 of the upgrades were VUS to LP, representing a

change in actionability due to eligibility for increased surveillance, surgical, and/or treatment
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options. Non-White and/or Hispanic individuals (n = 67; 31.02%) were more likely to have a
variant upgraded due to HTFE compared to NHW (n = 63; 18.21%) (OR = 2.0; 95% CI: 1.4-3.0;
p <0.001). When we looked at individual groups, we found that HTFE was more likely to
impact classification in Hispanic individuals (n = 30; 40.00%) (OR = 3.0; 95% CI: 1.8-5.1;
p<0.001), and in Asian individuals (n = 14; 32.56%) (OR =2.2; 95% CI: 1.1-4.3; p = 0.03) than
in NHW individuals. While the frequency at which HTFE led to a classification upgrade was still
higher in individuals who identified as Black and Middle Eastern, this did not reach statistical
significance, possibly due to lack of power when racial/ethnic groups were stratified.

Table 4.

HTFE Impacted Classification (% of RING/BRCT variants)

) non-White
Black Asian Hispanic Middle and/or NHW
Eastern . .
Hispanic

Pathogenic 2 18 0 20 8
8 (0.00%) (4.65%)  (24.00%)  (0.00%) (9.26%) (2.31%)

Likely 10 1 1 0 12 7
Pathogenic (11.11%)  (2.33%) (1.33%) (0.00%) (5.56%) (2.02%)

VUS 11 11 11 2 35 48
(12.22%) (25.58%) (14.67%) (25.00%) (16.20%) (13.87%)

Any 21 14 30 2 67 63

Reportable (23.33%)  (32.56%)  (40.00%) (25.00%) (31.02%) (18.21%)




Figure 4.

HTFE Impact on Classification by Race and Ethnicity

% of RING/BRCT Variants

and ethnic groups to determine if HTFE improves variant classification in non-White and/or

40.00%
40.00%

30.00% 31025 2296

25.00%
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18.21%
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Hispanic
Discussion
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We assessed the application and impact of HTFE on variant reclassification across racial

Hispanic groups historically underrepresented in genetic testing databases. We found that while

there was no difference in the application of HTFE between non-White and/or Hispanic
individuals and NHW individuals, HTFE preferentially improved variant interpretation in

non-White and/or Hispanic individuals. These findings indicate that this novel source of

evidence may ameliorate discrepancy in the clinical utility of genetic testing between NHW and

non-White and/or Hispanic individuals, as all individuals of races and/or ethnicities other than

NHW received upgrades more frequently than NHW individuals. Larger sample sizes may be

required to determine statistical significance in some racial and ethnic groups (i.e. among Black

and Middle Eastern individuals).
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In our cohort of patients with reportable BRCA variants, we confirmed the findings of
previous studies that non-White and/or Hispanic individuals receive VUSs at a higher frequency
than NHW individuals (Caswell-Jin et al., 2018; Jones et al., 2019). We also compared rates of
pathogenic and likely pathogenic classification of variants across groups and found that
pathogenic variants were found in a greater proportion of patients from non-White and/or
Hispanic individuals than NHW individuals. This is consistent with trends observed in a previous
cohort tested at Ambry Genetics (Yadav, 2020). An explanation for this could be that non-White
and/or Hispanic individuals are more likely to be personally affected with cancer before a
referral for genetic testing is made, indicating they may have a higher a priori risk of a
pathogenic variant.

This study addresses the urgent need to improve risk assessment and personalized
management among non-White and/or Hispanic individuals. Most notably, the results of this
study indicate that HTFE may improve variant classification among non-White and/or Hispanic
individuals. This would facilitate more accurate risk assessment and appropriate risk-reducing
medical management, especially when testing targets actionable genes with published
management guidelines, such as HBOC genes, as clinicians report making changes to cancer risk
recommendations in three-quarters of patients with positive results (Horton et al., 2022).
Ultimately, this could lead to large advancements in preventative medicine, both within and
outside of oncology.

Future Recommendations

This study analyzed early efforts to assess the utility of MAVESs in underrepresented

populations. Although we found that HTFE can improve classification upgrade in non-White

and/or Hispanic individuals with variants in the BRCT/RING domain, there are other missense
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variants in BRCAI outside of the RING/BRCT domain where HTFE is not available. We
observed that while HTFE led to upgrades in 34.21% (n=130) of BRCA1 domain missense
variants where HTFE was applied, these variants represent a small minority of VUSs identified
via MGPT. In order to maximize the benefit of this powerful tool, efforts must be made to
increase the number of HTFE validated for clinical evidence in other domains of BRCA1 and in
other genes. Additionally, proactive reassessment of rarely observed variants in the context of
HTFE could also improve the quality of care for non-White and/or Hispanic patients in oncology
and other areas of medicine.

A dataset including all LB/Bs would better reflect the full impact of HTFE on variant
reclassification. Within our dataset of individuals with reportable BRCA 1 variants, we did
identify 263 patients who also carried a LB variant in BRCA 1. We observed a similar trend in
downgrades, in which 67% of LBs were dependent on HTFE in non-White and/or Hispanic
individuals compared to 52.6% of LB variants in NHW individuals. However, the significance of
this is limited because we were only able to assess variants in individuals who also had a
reportable BRCA1 variant. A majority of VUSs are downgraded to LB/B rather than upgraded to
LP/P once reclassified (Mersch et al., 2018). Therefore, we can hypothesize that if a VUS is to
be reclassified by HTFE, the probable reclassification is to LB/B. Within the timeframe of this
study, we were unable to comb through the downgrade data and ascertain how many VUSs were
downgraded after the application of HTFE within each racial and ethnic group. To fully assess
the utility of HTFE in non-White and/or Hispanic individuals, frequencies of downgrade from
VUS to LB/B should be calculated for all racial and ethnic groups. While downgrades do not
change clinical management, they are influential in easing anxiety and limiting misinterpretation

by patients and their providers, ultimately improving care, clarity, and safety.
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This study sought to address one of many sources of disparity in genetic testing; however,
there are more factors that contribute to differential outcomes across racial and ethnic groups.
For example, our study cohort remains subject to referral bias, as over half of our participants
identified as NHW, sample sizes for Black and Middle Eastern may have been too small to be
considered statistically significant, and our sample size for Native American was so small that
we could not include the population in the analysis.

Lower genetic testing rates in non-White and/or Hispanic populations is a vast and
complex problem with several contributing socio-political factors. Often, access to genetic
testing begins with a discussion between provider and patient and a referral to genetic
counseling. Early studies found that Black women with a family history of breast or ovarian
cancer were less likely to have genetic counseling for BRCA 1/2 testing than NHW women with a
similar family history (Armstrong et al., 2005). This trend has persisted more recently, as several
studies found that providers are less likely to refer non-White and/or Hispanic patients to genetic
counselors in comparison to NHW patients, even when they meet clinical guidelines for genetic
testing (Chapman-Davis et al., 2021; Cragun et al., 2019; Peterson et al., 2020). It is probable
that these discrepancies in rates of referral to genetic counseling are partly due to implicit biases
of providers and likely contribute to the lower overall awareness of genetic testing among
non-White and/or Hispanic patients (Cragun, et al., 2019; FitzGerald & Hurst, 2017; Hann et al.,
2017, Schaa et al., 2015).

These biases are just one consequence of the larger and more complex phenomenon of
systemic racism, which exacerbates other barriers along the path to receiving genetic testing.
Systemic racism is defined as access differences and difficulties among non-White and/or

Hispanic populations in comparison to NHW in healthcare, education, housing, employment, and



21

other opportunities of society, rooted in both historic and current laws, practices, and customs
(Elias & Paradies, 2021; Jones, 2000). This type of racism contributes to a wide variety of
barriers that some non-White and/or Hispanic individuals have identified as insurance coverage,
language barriers, cultural congruence, competing demands (i.e. finding childcare, taking time
off work), and general mistrust of healthcare providers and the healthcare system (George, et al.,
2014). George, et al. (2014) found that mistrust, especially, was a frequently shared barrier
among individuals who identified as Black, Asian, Latinx, or Pacific Islander. The foundation of
this hesitancy is the historic and present racism and discrimination of non-White and/or Hispanic
individuals in clinical and research settings, with specific examples including, but not limited to,
the Tuskegee Syphilis Study, Havasupai Tribe research study, and racially-biased and outdated
diagnostic algorithms that change clinical guidelines based on a patient’s race or ethnicity (Vyas,
et al., 2020).

This is not an exhaustive summary of all of the barriers that non-White and/or Hispanic
individuals may face when seeking genetic testing and counseling. The barriers illustrated here
are only some of the patterns assessed by researchers. Opinions and perspectives vary
significantly within racial, ethnic, and cultural groups, and we are unable to make generalizations
about the weight of these concerns within their respective population. Overall we would like to
emphasize that, while the findings of our study hold great utility in improving the quality of care
of non-White and/or Hispanic patients, we would also like to acknowledge the importance of
researching the socio-political heavy barriers to equitable genetic testing in conjunction with
improved laboratory techniques.

Limitations



22

Our study has several limitations. As stated previously, our study cohort remains subject
to referral bias. Additionally, we only included individuals who had testing done at Ambry
Genetics, so we were not able to determine reproducibility of variant classification impact across
genetic testing laboratories. Race and ethnicity was self reported, and was not confirmed via
ancestrally informative markers. Within our analyses, we did not assess the application and
impact of HTFE in all individuals with an LB/B variant, so we were not able to determine if

there are population differences in the impact of HTFE on downgrading variants.

Conclusion

MGPT for HBOC genes can serve as a powerful source of information to guide clinical
management for individuals with a personal and/or family history of cancer. However, VUS
results limit the clinical utility of this genetic testing. Increased frequencies of VUS results in
non-White and/or Hispanic individuals undergoing genetic testing for HBOC genes expands the
already large gap in quality of care between NHW and non-White and/or Hispanic individuals
(Bentley et al., 2017). Our study suggests that HTFE could reduce existing inequities in
classification of BRCA I variants among racial and ethnic groups. While HTFE was found to be
beneficial for the reclassification of VUSs in all racial and ethnic backgrounds, it could be
especially impactful for non-White and/or Hispanic individuals. Therefore, expansion of HTFE
availability to additional variants and genes may warrant special attention in efforts to improve
equity in variant classification. It is important to note that the paucity of actionable results in
non-White and/or Hispanic individuals is only one component of a larger systematic issue of

inequitable healthcare. Research should be conducted within a laboratory setting, such as our
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study, but also in a socio-political lens, further exploring other barriers that non-White and/or

Hispanic patients encounter when receiving healthcare.
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Supplement
Table 1.

Races and Ethnicities Included in Other

Race and Ethnicity

Cape Verdian
1/2 AJ
Aboriginal
African: Sudan
American
Assyrian
Australian
Belize
Belizean
Belizian
Brasilian



Brazil

Brazilian

Brazillian

Cape Verde

Cape Verde Creole

Cape Verde Islands

Cape Verdean

Cape Verdean (mixed African/Euro)
Cape Verdeans

Cape Veridian

Caucasian/ Jew
Caucasian/1/2 sephartic (Iraq)
Creole

Dominica

Dominican

Dominican Republic
Dominican Republic/Islander
Dominican Republican

Dr

Guyana/China

Guyanaese

Guyanan

Guyauese

Indigenous (Inuit)

Inuit

Iranian Jew
Iraqui/Iranian/Jewixh
Latin American (Brazilian)
Malagasay

Malagasy

Maori

Moorish

Moraccan

Morican

Morocan & Sudanese
Moroccan
Moroccan/North African
Morracan

Morrocan

Morroccan



Native

New Zealander

North African

North American
Northeast African

Other

Sefardic

Sepharaic

South Africa

South African

South America (Guyana)
South American/Guyana
Spanish Jew

St. Lucian/ Caribbean
Sudan

Sudanese

Sudanese Arab
Sudanese/Moroccan
Tajikistan

Trindad

Trinidad

Trinidadian

Trinidadian/ Tobagonian
Trinidadians

Tunisia

Tunisian

West Indian

West Indies

White Persian
Indigenous/Belizean
Cape Verden

Native American and Other (Unknown)
English Jew, Caucasian
Other, not listed

Polish, non-AJ

Native American, Caucasian, European Jew




Table 2.

Missense and RING/BRCT variants in Individuals by Race and Ethnicity (% Total Tested)

Middle
Eastern

Total Patients
Tested

Reportable

BRCA1 Variant

Missense
Variant

RING/BRCT
Variant

2154

83
(3.85%)

32
(1.49%)

8
(0.37%)

#This number represents all individuals tested during our study period, including those that did

not self-report race/ethnicity as Black, Ashkenazi Jewish, Asian, Hispanic, Middle Eastern, and

NHW.
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