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Purpose: Family studies are an important but underreported
source of information for reclassification of variants of uncertain
significance (VUS). We evaluated outcomes of a patient-driven
framework that offered familial VUS reclassification analysis to any
adult with any clinically ascertained VUS from any laboratory in
the United States.

Methods: With guidance from FindMyVariant.org, participants
recruited their own relatives for study participation. We genotyped
relatives, calculated quantitative cosegregation likelihood ratios, and
evaluated variant classifications using Tavtigian’s unified frame-
work for Bayesian analysis with American College of Medical
Genetics and Genomics/Association for Molecular Pathology
(ACMG/AMP) criteria. We report participation and VUS reclassi-
fication rates from the 50 families enrolled for at least one year and
reclassification results for 112 variants from the larger 92-family
cohort.

Results: For the 50-family cohort, 6.7 relatives per family were

invited to participate and 67% of relatives returned samples for
genotyping. Sixty-one percent of VUS were reclassified, 84% of
which were classified as benign or likely benign. Genotyping
relatives identified a de novo variant, phase variants, and relatives
with phenotypes highly specific for or incompatible with specific
classifications.

Conclusions: Motivated families can contribute to successful VUS
reclassification at substantially higher rates than those previously
published. Clinical laboratories could consider offering family
studies to all patients with VUS.
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INTRODUCTION
The increased use of next-generation sequencing has led
clinical laboratories to report greater numbers of rare, family-
specific variants of uncertain clinical significance (VUS).1 As
clinical genetic testing shifts from diagnostic to predictive use,
reported genetic variants can impact management recom-
mendations at earlier ages.2 Previous studies have shown that
the majority of VUS are reclassified as benign,1,3–5 and
current guidelines recommend that physicians disregard VUS
results for risk assessment and manage patients using only
clinical and family history.6–8 However, physicians have a
varied understanding of VUS, and some may still make
familial testing and surgical management recommendations
as if the VUS are pathogenic.5,9–11 Additionally, patients who
receive VUS results may perceive their VUS as pathogenic,
which may increase anxiety and fear that can influence
screening and surgical decisions.3,4,12–15 Reclassification of

VUS may improve psychological outcomes, improve risk
assessment, and promote appropriate medical management,
including variant-specific cascade testing for relatives and
optimal screening plans for at-risk individuals.4,5,11

Family studies are an important source of information for
variant classification. Families are typically the most efficient
way to ascertain clinical data about VUS, which tend to be
rare in the general population.16–18 Statistical approaches for
cosegregation analysis, or determination if a disease occurs
with a variant more often than expected by chance in a family,
have been described.19–21 Families may also yield allelic
information, inform de novo variants, and generate unbiased
observation of variant effect if relatives are not preferentially
sampled based on phenotype.22

VUS reclassification through family studies is currently
available for selected, high-impact families. Although many
laboratories report offering family studies for VUS
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reclassification, current family studies at most commercial
laboratories have many barriers to entry, including applica-
tion processes and potential fees for participation.23 Eligibility
for family studies is typically limited by availability of affected
relatives or laboratory interest in specific genes or variants.
Although many research manuscripts and case studies report
on selected families, commercial laboratories rarely publish
family study methodologies or deposit results from individual
family studies into public databases like ClinVar.24 Only one
report about the process and outcomes of family studies for
VUS reclassification is available.25 Hence, community-wide
outcomes such as variant reclassification results, patient
satisfaction, and participation metrics like drop-out rates
and number of participating relatives are not clear.
To address growing interest in VUS reclassification,1,26,27

we developed a patient-driven framework for family studies
for clinically ascertained VUS. Patient-driven research allows
patients to actively inform their own health care by
contributing data to research studies that align with patient
goals and values and clinical outcomes.28,29 We offered
sequencing, statistical cosegregation, and VUS reclassification
analysis to any interested adult who had received a VUS
through clinical testing at any laboratory in the United States.
To assist families with the patient-driven study process, we
created an online tutorial (FindMyVariant.org)23,30 that
showed probands how to recruit their own relatives,
coordinate communication within their families, and gather
family history to build pedigrees. We present the outcomes of
variant reclassification efforts for 112 variants from 92
families who enrolled over a period of 28 months. We
document the success rate of patient-driven family recruit-
ment, as well as the wide variety of variant reclassification
pathways that arose for participating families.

MATERIALS AND METHODS
Study participants
Eligible participants were English-speaking adults in the
United States with any clinically classified VUS in a gene with
a well-defined disease phenotype. Proband exclusion criteria
included being under the age of 18, having no phone number
or email address, and not reading, writing, or speaking
English.
Potential participants received study contact information

from clinical genetics providers, a study announcement on the
Facing Our Risk of Cancer Empowered (FORCE) online
message board, word of mouth, patient forums, and Internet
searches that turned up the study website. After a potential
participant initially contacted the study by email or
phone, study staff reached out by phone to answer
questions and explain study steps and basic cosegregation
analysis, and to discuss the proband’s responsibility to ask
relatives to participate in the study (see Supplementary
Materials and Methods). Study staff asked each proband to go
through materials on FindMyVariant.org for more detailed
explanations and examples of family studies for VUS
classification.

Participant education using FindMyVariant.org
The FindMyVariant.org website23,30 is a publicly available
online tutorial designed to educate individuals about the
meaning of VUS and assist individuals in pursuing family
studies for VUS reclassification through clinical and research
laboratories. The site provides resources such as email
templates for approaching relatives with the topic of family
studies for VUS reclassification and hypothetical examples of
families pursuing family studies for VUS reclassification.
While participants anecdotally mentioned using the website
to assist with family member recruitment, formal data on
participant website usage was not collected.

Patient-driven participation, recruitment, and coordination
of samples
Probands conducted and coordinated the recruitment and
participation of other family members. They gathered family
history information from relatives to expand and clarify their
pedigree, and they also communicated the study aims to their
relatives and gauged relatives’ interest in providing informa-
tion and a sample to the study. Relatives contacted study staff
directly by phone or email or passed their contact information
to study staff through the proband. Study staff sent Oragene
OGR-500 saliva kits, consent forms, and return postage
directly to each proband’s and each relative’s residence and
stored each individual’s contact information in the REDCap
database.31

Family member recruitment was an iterative process. After
establishing a proband’s sample as a positive control, the
proband’s parents and siblings were tested first if available; if
not, other close relatives were tested. VUS status results from
these relatives often informed which additional relatives were
next recruited and tested as the pattern of VUS inheritance
became clear. Probands consulted with study staff via phone and
email about potential informativeness of relatives, but the exact
pattern of testing varied and was decided by probands.
We designed study protocols to minimize the potential for

coercion of relatives to participate in the study. Each proband
and relative individually provided written informed consent
regarding the use of his/her saliva sample and genetic data.
Relatives could choose for the study to disclose VUS status
results to themselves and/or the proband, or to keep the VUS
status results undisclosed. Consent forms were available for
relatives in English and Spanish.
Study staff requested tumor samples from various pathol-

ogy laboratories after receiving appropriate documentation
from the individual or legal representative, including
documentation of identity or of next-of-kin relationship to
a deceased individual and written permission for the study to
request a specific tumor sample. Information on genotyping
and sequencing of saliva and tumor samples is in Supple-
mentary Materials and Methods.
During enrollment and at multiple times during the study,

probands were informed that they had ownership of their
personal variant classification activities. Probands could
consult study staff to discuss next steps and the likelihood
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of gaining information about a variant by genotyping
additional relatives; delegate any or all study activities to a
relative or other surrogate; and pause or end their participa-
tion at any point without justification. If a proband or
surrogate had not contacted the study in at least three
months, study staff attempted to contact the individual to
ascertain interest in the study. After three attempts at contact
without response, the family was put on administrative pause
and not recontacted.

Results disclosure
The study genetic counselor returned VUS status results
(positive or negative for each VUS) to each individual by
phone and email if requested (see example text in Supple-
mentary Materials and Methods). Probands and relatives who
tested positive for a reclassified likely pathogenic or
pathogenic variant through the study received individual
written reclassification reports and genetic counseling by
phone. For likely benign or benign variants, only the proband
received a written reclassification report and genetic counsel-
ing; relatives received written reports and counseling upon
request. If a VUS was not reclassified when a proband decided
to stop study efforts, no written report was issued, but
probands received genetic counseling during their exit
discussion. Due to inherent statistical limitations of variant
analysis, nearly all reclassification reports included a dis-
claimer stating that this study could not rule out low-level risk
(less than approximately twofold disease risk).

Cosegregation analysis
We used the publicly available cosegregation analysis web tool
Analyze.MyVariant.org, which we developed,36 to calculate
cosegregation likelihood ratios18 for variants in the following
genes: ATM, BRCA1, BRCA2, CHEK2, MEN1, MLH1, MSH2
(with EPCAM), MSH6, and PMS2. We used the Analyze.
MyVariant.org backend software and developed penetrance
matrixes from published literature for additional genes
(BRIP1, ENG, RAD51C, and TP53). 19 Although we welcomed
clinical documentation of phenotypes, self-reported pheno-
type was the norm. When a thorough laboratory or clinical
workup such as specific laboratory testing, targeted physical
examination, or colonoscopy was necessary to diagnose a
phenotype, we considered all individuals who did not report
having the required clinical workup as having unknown
phenotypes. For example, in family 1014 and 1091 we
considered all individuals under 50 without documented
MEN1 workups to have unknown phenotype.

VUS reclassification
During the study, we used International Association of
Cancer Registries (IARC) guidelines for Bayesian variant
classification32 when quantitative analysis was possible and
American College of Medical Genetics and Genomics/
Association for Molecular Pathology (ACMG/AMP) 2015
guidelines6 for rule-based classification when quantitative
analysis was not feasible. VUS were analyzed iteratively over a

two-year period from February 2016 to May 2018 as new
information was acquired. For this manuscript, we reeval-
uated all classifications using Tavtigian’s unified framework,
which facilitates combining Bayesian analysis with ACMG/
AMP guidelines.33 We considered absence from population
databases (ExAC and/or gnomAD browsers)34 to be support-
ing rather than moderate evidence for pathogenicity, as most
yet-to-be-observed extremely rare variants in the genes
evaluated are predicted to be benign.1,3,9,34 For VUS in
MLH1, MSH2, and MSH6, we used the computational prior
from Thompson’s study.35 For other genes we used 0.19 as a
prior probability because this was the proportion of variants
we observed as pathogenic/likely pathogenic in our study.
This is near the center of the permissible range suggested by
Tavtigian and colleagues.36 Because defining the prior with
the existing study data is somewhat circular, we performed
sensitivity analysis for the prior by evaluating variants using
priors of 0.1 and 0.32, at the extremes of the permissible
range.33 We also assessed computational data using the
Polyphen-2, SIFT, and Align-GVGD programs.37–39

Evaluation of sources of information about VUS
reclassification
We tabulated sources of variant information gathered during
the course of this study. Categories of information included
publicly available population frequency,34 computational37–39

and functional data, as well as information available from
careful analysis of clinical and genetic information of family
members such as quantitative cosegregation,19,36 qualitative
phenotype assessment, and parent-of-origin data including de
novo status, maternal or paternal inheritance for imprinted
genes, and haplotype information (Table 2, Table S1).
Information was also available from other laboratories, from
clinical variant databases at the University of Washington
Department of Laboratory Medicine, or from ancillary
functional analysis by collaborating researchers. Several
detailed examples of specific variant classification pathways
are presented as Supplementary Data. See Table S1 for
variant-specific references and analysis.

Outcomes and VUS reclassification rates
VUS reclassification was the major outcome of this observa-
tional study. Because each reclassification pathway was
unique, quantitative summaries of this outcome are proble-
matic. Appropriate denominators are difficult to assign
because some families enrolled recently and others are still
involved in variant reclassification activities more than two
years after enrollment. To describe the variety of outcomes,
we plotted a summary of each family’s variant classification
pathway (Fig. 1). We also evaluated classification as an
outcome using a variety of descriptive statistics: (1) propor-
tion of variants reclassified for probands enrolled for at least
12 months in the study, (2) median length of time from
enrollment until reclassification, (3) number of relatives
enrolled and submitting samples per family, and (4)
proportion of variants reclassified in low or moderate
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penetrance genes versus high penetrance genes. Because some
recently enrolled participants had not yet contacted many
relatives, we reported outcomes for those involved in the
study for at least one year and for the entire study cohort
separately.
This study was approved by the University of Washington

Institutional Review Board (#50616). All personal demo-
graphic, health, and genetic information available to the study
was kept confidential unless explicit permission was given to
share information.

RESULTS
Study sample
Demographics
One hundred and eight self-selected participants who
contacted the study between the beginning of February
2016 and the end of March 2018 were sent study materials.
Of these, 92 completed the consent process and enrolled in
the study. Demographic data of enrolled participants were
obtained by self-report and are listed in Table 1. All 92
enrolled participants reported ancestry, gender, and birth

date. Eighty-six enrolled participants reported additional
demographic information such as marital status, parent-
hood status, education level, insurance status, and house-
hold income (Table 1). While most participants chose to
lead recruitment and coordinate sample collection for their
families, six participants (7%) delegated the study tasks to a
relative surrogate with more time and/or interest. Ninety-
one participants provided their original genetic testing
report; most variants (90%) were reported after the public
releases of the ClinVar and ExAC databases (Table 1).
Almost all participants had VUS in cancer risk genes
(Table S1).

Patient-driven family recruitment
Across 92 families, the total number of relatives invited was
500 (5.4 per proband) and the total number of samples
returned by relatives was 347 (69% of invited relatives). The
median number of relatives invited per proband was 4 (range
0 to 21) and the median number enrolled per proband was 3
relatives (range 0 to 14). There is a clear pattern of relative
enrollment 2 weeks to 6 months after proband enrollment,

0

0(Enrollment) 200 400 600
Time from enrollment (days)

Event symbol key

Active

Administrative contact

Administrative pause

Relative sample receipt

Study complete - benign/likely benign

Study complete - pathogenic/likely pathogenic

Study complete - VUS

Fig. 1 VUS reclassification timelines for 92 families. All timelines have been aligned to start at time of proband enrollment. VUS = variant of uncertain
significance.
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with 82% of all relatives enrolling in this early time period.
The timing of subsequent phases of relative enrollment varied
between families (Fig. 1). Tumor samples from deceased
relatives were also counted as enrolled relatives.

Variant study pathway and outcomes
For 50 probands who were enrolled in the study for at least
one year, 335 relatives were invited to participate (mean 6.7
per proband) and 223 returned samples (67%). Of 62 variants,
38 were reclassified (61%), with 32 reclassified as benign/likely
benign (84%) and 6 reclassified as pathogenic/likely patho-
genic (16%). For those enrolled at least one year, 9 probands
decided to end their participation with one or more variants
still classified as a VUS and 3 probands were put on
administrative pause after they did not respond to study
contact attempts (Fig. 1).
A total of 112 variants were analyzed from February 2016 to

May 2018. Fifty-six variants (50%) were reclassified (Table S1,
Fig. 2). Reclassifications took a median of 298 days with a
minimum of 8 days (Fig. 1). Classifications changed to
pathogenic (n= 6, 11%), likely pathogenic (n= 5, 9%), likely
benign (n= 39, 70%), and benign (n= 6, 11%) (Table S1,
Fig. 2). Of 56 reclassified variants, 41 (73%) were considered
to have high penetrance for a specific phenotype and 15 (27%)
had low, moderate, or undefined penetrance (Table S1).

Sources of information about VUS reclassification
Public data were the most common source of information
contributing to variant analysis (Table 2). Population data34

were informative for 62 variants (55%). Computational
information37–39 was informative for 95 variants (85%).
Functional studies contributed to assessment of 10 variants
(9%). Public data from literature and public databases such as
ClinVar24 aided in assessment of 49 variants (44%). Twenty
variants (18%) could have been reclassified with only public
data: 15 as likely benign, 2 as benign, and 3 as likely
pathogenic (Table S1).
Family data were necessary to reclassify 29 variants (26%):

21 as likely benign, 3 as benign, 3 as likely pathogenic, and 2
as pathogenic. Family data added to further refinement of
classifications for several variants, moving one variant that
would have been likely pathogenic to pathogenic and one
variant from likely benign to benign. Overall, family data were
available and contributed in some form to understanding 93
variants (83%) (Table S1). Quantitative cosegregation analysis
was performed for 62 variants (55%), of which 33 provided
evidence for pathogenicity and 29 provided evidence against
pathogenicity (Table S1). This evidence provided from
cosegregation analysis was similar to the evidence expected
based on simulation studies of three-generation families.40

In addition to quantitative cosegregation, detailed family
analysis revealed several other sources of information (Table 2,
Table S1). Qualitative phenotype assessment in relatives
contributed evidence for 27 variants (24%) when quantitative
cosegregation was not available. We sometimes considered
this qualitative information to be moderate or strong evidence
(e.g., individuals in their 80s with no polyps on colonoscopy
indicate that an APC variant is unlikely to cause clinically
actionable risk of polyposis). However, qualitative assessments
are more subjective than cosegregation calculations. Parent-
of-origin information helped classify three variants (3%).

Table 1 Demographic characteristics of enrolled probands

Characteristic Subcategory

Age n % (N=92)

Median: 52 years - -

Range: 32–85 years - -

Ancestrya

African/African-American 1 1

East Asian 3 3

Ashkenazi Jewish 10 11

European 81 88

Hispanic/Latino 3 3

Otherb 12 13

Gender

Female 85 92

Male 7 8

n % (N=86)

Marital status

Married or domestic partner 63 73

Divorced 12 14

Single 9 10

Widow or widower 2 2

Parenthood

Parent 75 87

Not a parent 11 13

Education level

Some high school 2 2

High school graduate or GED 3 3

Some college 25 29

College graduate 26 30

Advanced degree 29 34

Insurance status

Health insurance 84 98

No health insurance 2 2

Household income

<$50,000 14 16

≥$50,000 72 84

n % (N=91)

Year VUS reported

2010–2013c 8 9

2014d 5 5

2015 10 11

2016 28 31

2017 31 34

2018 7 8
VUS = variant of uncertain significance.
aProbands often reported more than one ancestry.
bOther ancestry included American Indian and Middle Eastern ancestry.
cFive probands received reports before first public release of ClinVar database in
April 2013.
dFour probands received reports before first public release of ExAC database at
American Society of Human Genetics meeting in October 2014.
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Tumor data were available from six relatives (5%). Other
information such as molecular phenotype of tumors and
allelic information in relatives contributed to variant assess-
ment in ten families (9%).
For a subset of cases (n= 31, 28%), we also utilized

information from our analysis of the proband’s variant that
was independent of family data and not publicly available.
This data included proband tumor and molecular phenotype

data (7 variants), RNA analysis (5 variants), evaluation of our
database of patients tested at the University of Washington or
communications with other clinical laboratories (8 variants),
and cases where a different variant explained the phenotype
(11 variants) (Table 2, Table S1).

DISCUSSION
We have shown that with active participation, it is possible to
classify a meaningful proportion of VUS in a relatively small
timeframe. One study on VUS reclassification in BRCA1 and
BRCA2 reports offering testing to 2.3 relatives per proband
and receiving responses from a quarter of those invited (0.55
genotyped individuals per proband).25 In contrast, we offered
testing for VUS in any gene with a well-defined phenotype to
an unlimited number of relatives at risk of having the variant,
although probands often consulted study staff about who to
test next. For families participating in our study for over one
year, 6.7 relatives were invited by the proband per family and
67% of relatives returned samples (4.5 genotyped individuals
per proband). This response rate contributed to reclassifica-
tion of 61% of VUS. We did not perform a controlled
comparison, so we cannot fully explain the observed eightfold
increase in participation over past published studies. How-
ever, these results suggest that active patient participation may
improve family member enrollment compared with pre-
viously published protocols for family studies of VUS.
Additionally, our enrollment strategy is likely to have
enriched for motivated patients with VUS in autosomal
dominant cancer risk genes. It is possible that these families
were more motivated to clarify VUS due to the availability of
medical management recommendations and clinical genetic
testing. It is also possible that there is lower stigma for cancer
risk compared with other conditions. These factors, among
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Fig. 2 Variant classification outcomes by time enrolled in study. Variants are sorted by outcome and time of reclassification to illustrate proportion of
variants in different categories as a function of time enrolled in the study. VUS = variant of uncertain significance.

Table 2 Sources of information for VUS reclassification

Source of information n %

(N=112)

Publicly availablea 107 96

Population 62 55

Computational 95 85

Functional (published experimental studies) 10 9

Other (ClinVar, InSiGHT, literature, UMD, domain

information)

49 44

Family 93 83

Quantitative cosegregation 62 55

Qualitative phenotype assessment of relatives 27 24

Parent of origin 3 3

Tumor—relative 6 5

Other (allelic, other variant segregating with disease) 9 8

Study-specific, nonfamily information 31 28

Tumor—proband 7 6

Functional (RNA analysis) 5 4

Internal data from clinical laboratories 8 7

Other (proband phenotype, other variants) 11 10
VUS variant of uncertain significance.
aPopulation and computational data were evaluated for all variants but only coun-
ted if informative for VUS reclassification. InSiGHT = International Society for
Gastrointestinal Hereditary Tumours, UMD = Universal Mutation Database, www.
umd.be
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others, may bias the rates of family participation and VUS
reclassification in our study.
Family cosegregation analysis is an effective way to generate

evidence supporting benign classification. About 80% of VUS
reclassified in this study were benign or likely benign. VUS in
genes that have lower penetrance result in lower likelihood
ratios on cosegregation analysis and are less likely to be
classified than VUS in genes known to have higher
penetrance.36,40 We generated cosegregation evidence for 11
VUS in ATM and CHEK2, but we were only able to reclassify
VUS in these two genes when functional data were available
(Table S1). Because of this limitation, we included a
disclaimer on nearly every reclassification report stating that
this study could not rule out low-level risk (less than
approximately twofold risk). Similarly, current models of
cosegregation analysis require an assumed penetrance, which
can be a limitation for hypomorphic variants. For example,
with TP53 VUS we used penetrance estimates from the
Li–Fraumeni literature. Reports for non-Li–Fraumeni TP53
variants were nuanced, indicating that the family analysis was
not consistent with a Li–Fraumeni syndrome variant, but that
substantially elevated cancer risk could not be ruled out (see
Table S1).
While quantitative cosegregation data were valuable in

many cases (55%), we were surprised to find that additional
data to reclassify VUS were present in many families. Family
data unexpectedly revealed de novo events (family 1082) and
phase variants (family 1075 and 1085) and showed patterns
consistent or inconsistent with imprinting (family 1011) (see
Supplementary Data and Table S1). Family-based genotyping
also identified relatives with phenotypes either highly specific
(family 1091) or incompatible with the variant in question
(family 1077) (see Supplementary Data and Table S1). These
all provided information above and beyond the information
that was available from quantitative cosegregation. Occasion-
ally we uncovered a surprising amount of meaningful
information from a small number of individuals or with
minimal effort. For example, we found that nine individuals
in family 1107 had received clinical variant testing from at
least two different laboratories and that immunohistochem-
ical (IHC) data were available for three tumors (see
Supplementary Data). For this family, variant analysis was
rapid (Fig. 1) and receiving consent forms was the limiting
factor.
One major limitation of this study was self-selection.

Participants in this study were predominantly educated white
women with relatively high income. The patient-driven
approach may or may not be as successful in other
demographic groups. However, self-selection and a personal
desire for information may be a larger factor than race,
gender, or socioeconomic status with regard to participation.
We did not note differences in relative participation rate with
regard to these factors, but our sample was too small to
analyze this systematically. A more diverse cohort of self-
selected individuals may yield a richer data set. Another
limitation is the self-reporting of clinical phenotypes. This

limitation may have had minimal impact on analysis of
variants in genes that lead to obvious diagnoses such as breast
cancer, but may have had a greater impact in genes where
phenotypes are more difficult to diagnose, such as MEN1 and
COL3A1.
Previous studies in cancer and cardiac settings have shown

that patient-driven research can positively affect treatment
outcomes and improve clinical assessments.28,29 Our findings
suggest that broader use of patient-driven family studies may
be an effective way to shorten the time and increase the rate of
VUS reclassification. One clinic observed that 44% of breast
cancer patients received a VUS reclassification anywhere from
0 to 9 years after initial testing.3 Another reported that 56% of
VUS were reclassified after a median of 39 months.15 Another
found that 11% of VUS were reclassified at the end of
approximately 4 years of follow up.9 In contrast, our patient-
driven framework for family studies resulted in reclassifica-
tion of approximately 60% of variants after at least one year of
study enrollment. These results are promising, although some
of these differences may be due to our research thresholds for
reclassification being lower than those of clinical laboratories.
Given access to familial testing and educational materials,

motivated families can contribute valuable and often elusive
information to successful VUS reclassification even with
limited family size. As family analysis can contribute
information supporting both benign and pathogenic classifi-
cations, laboratories may consider expanding the availability
of family studies for VUS reclassification and more system-
atically include unaffected relatives in genetic assessments and
analyses. Although more work is needed, our study illustrates
that active engagement of families in genetic follow up of
family-specific variants may be an ideal example of persona-
lized, participatory genomic medicine.
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