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Purpose: To report BRCA1 and BRCA2 (BRCA1/2) variant
reassessments and reclassifications between 2012 and 2017 at the
Advanced Molecular Diagnostics Laboratory (AMDL) in Toronto,
Canada, which provides BRCA1/2 testing for patients in Ontario,
and to compare AMDL variant classifications with submissions in
ClinVar.

Methods: Variants were assessed using a standardized variant
assessment tool based on the American College of Medical Genetics
and Genomics/Association for Molecular Pathology’s guidelines
and tracked in an in-house database. Variants were shared through
the Canadian Open Genetics Repository and submitted to ClinVar
for comparison against other laboratories.

Results: AMDL identified 1209 BRCA1/2 variants between 2012
and 2017. During this period, 32.9% (398/1209) of variants were
reassessed and 12.4% (150/1209) were reclassified. The majority of
reclassified variants were downgraded (112/150, 74.7%). Of

the reclassified variants, 63.3% (95/150) were reclassified to benign,
20.7% (31/150) to likely benign, 10.0% (15/150) to variant of
uncertain significance, 2.0% (3/150) to likely pathogenic, and 4.0%
(6/150) to pathogenic. Discordant ClinVar submissions were found
for 40.4% (488/1209) of variants.

Conclusion: BRCA1/2 variants may be reclassified over time.
Reclassification presents ethical and practical challenges related to
recontacting patients. Data sharing is essential to improve variant
interpretation, to help patients receive appropriate care based on
their genetic results.
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INTRODUCTION
Accurate variant interpretation is essential for appropriate
disease diagnosis and management through genetic testing.
Variant interpretation involves the synthesis of multiple lines
of evidence to determine a variant’s pathogenicity.1 Determin-
ing whether a variant is clinically meaningful can be difficult1

as many rare and novel variants may not contribute to disease
or may not be as rare as once thought.2 For many variants,
there may be limited data or relevant evidence that is siloed
within individual laboratories.3 Reassessment may result in
changes in variant classification as new evidence becomes
available, which can cause discrepancies between laboratories'
interpretations if reassessment occurs at different intervals.4

Until recently, laboratories relied on site-specific methods
to assess variant pathogenicity.1 Discrepancies existed in how
laboratories weighted and assessed evidence,5 leading to
discordant accounts of pathogenicity within and across

databases that curate periodically or at a single time point.3

The American College of Medical Genetics and Genomics
(ACMG) and the Association for Molecular Pathology (AMP)
established guidelines for variant interpretation,6 but differ-
ences in interpretation continue to be a major challenge.7,8

Even variants in well-characterized genes, such as BRCA1 and
BRCA2 (BRCA1/2), may differ in classification between
laboratories. One study found discordance among BRCA1/2
variant classifications across several public databases.9 Others,
however, have found high rates of concordance among
BRCA1/2 entries in ClinVar,3,10 with older entries more
prone to discordance.3

Variants of uncertain significance are important targets for
reassessment. A variant of uncertain significance (VUS) can
introduce ambiguity into a patient's care as it results in
an inconclusive report. VUSs also have either the
least evidence or most conflicting evidence and are thus
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likely to be reclassified as information changes. Clinical
management recommendations differ for patients who harbor
pathogenic variants and those with VUSs. A pathogenic
mutation in BRCA1/2 confers a 45–65% risk for breast
cancer by age 70,11–13 and 10–39% risk for ovarian cancer
by age 70.11 In Ontario, individuals with a pathogenic variant
in BRCA1 or BRCA2 or who are at a greater than or equal to
25% risk of breast cancer assessed using IBIS or BOADICEA
tools are eligible and recommended for screening with annual
magnetic resonance image (MRI) and mammography
through the Ontario Breast Screening Program. Alternatively,
patients may elect to undergo mastectomy or salpingo-
oophorectomy to reduce cancer occurrence or recurrence risk.
These recommendations typically do not apply to patients
with a VUS, who are managed based on personal and family
history.14 However, some patients with VUSs have been
found to pursue prophylactic surgeries.15 In two cases, it was
found that the patient’s VUS was reclassified to benign
following the patients’ prophylactic salpingo-oopherectomy,
surgery that would not have been recommended for a patient
with a benign variant.15

In Ontario, BRCA1/2 testing is publicly funded by the
provincial Ministry of Health and Long-term Care (MOHLTC)
and performed at seven laboratories.16 The MOHLTC estab-
lished 13 eligibility criteria, at least one of which must be met
for an individual to be eligible for genetic testing for BRCA1/2.17

The Advanced Molecular Diagnostics Laboratory (AMDL) at
Mount Sinai Hospital in Toronto has been providing publicly
funded BRCA1/2 testing for the province of Ontario since
2001.16 Among patients that met MOHLTC criteria and were
tested at AMDL between 2007 and 2014, 16.2% were found to
have a pathogenic variant and 15.8% were found to have VUSs,
likely pathogenic, or likely benign variants.16

Here, we report data on the number and type of variant
reclassifications observed at AMDL between January 2012
and August 2017, and the average time between reclassifica-
tion events. Additionally, we report a comparison of AMDL
variant classifications to submissions from ClinVar.

MATERIALS AND METHODS
Patient population
Between 1 February 2001 and 18 August 2017, blood samples
from patients at hereditary cancer clinics in Ontario were
submitted to AMDL for BRCA1/2 testing. Samples were also
received from Quebec between 2012 and 2014. All patients
who received testing met at least 1 of the 13 eligibility criteria
for BRCA1/2 testing established by the Ontario MOHLTC.17

This study was approved by the Research Ethics Board of
Mount Sinai Hospital.

Genetic testing
Patients received one of three types of genetic testing: (1) full
sequence analysis for BRCA1 [NM_007294.3] and BRCA2
[NM_000059.3] with deletion and duplication analysis, (2)
analysis of three common Ashkenazi Jewish variants, or (3)
analysis of a familial or known variant. The MOHLTC criteria

establish patients’ eligibility for each of these three
options. If option 2 or 3 yielded a negative result, the
referring clinician could request that their patient
receive option 1 if they met criteria. The coding region and
splice sites, +/−15 bp from the exon junction, were analyzed
for variants by Sanger sequencing on an ABI 3730 DNA
analyzer (ThermoFisher Scientific, https://www.thermofisher.
com/order/catalog/product/3730S) and/or deletion, duplica-
tion analysis by multiplex ligation-dependent probe amplifi-
cation (MLPA; MRC-Holland, www.mlpa.com). As of
2014–2017 DNA sequencing was performed by next-
generation sequencing (NGS) on an Illumina MiSeq or
NextSeq instrument following enrichment using the TruSight
Rapid Capture Kit (Illumina) for the full coding regions and
splice sites (+ or −15 base pairs from the exon boundaries)
with a minimum coverage equal to or greater than 20×.

Variant analysis and reporting
Prior to 2011, variants identified at AMDL were classified
based primarily on the expertise of the laboratory director
signing out each case. Standardized, written protocols had not
yet been established to guide classification, although the
Breast Information Core (BIC) resource (https://research.
nhgri.nih.gov/bic/) was used and other existing criteria may
have been applied.
In 2011, a formal variant assessment tool (VAT) was

introduced. The VAT was modified from a protocol
codeveloped at Partners Healthcare in Boston,18,19 and
aligned with the 2007 ACMG guidelines.20 The VAT was
updated in October 2014 to include the Exome Aggregation
Consortium (ExAC, exac.broadinstitute.org) database follow-
ing its release. In May 2015, the VAT was revised based on the
2015 ACMG/AMP guidelines6 for variant assessment. Based
on these criteria, variants are assigned one of five classifica-
tions: benign, likely benign, uncertain significance, likely
pathogenic, or pathogenic. Variant classification using the
VAT draws on evidence from multiple sources including
primary literature, in silico and computational analyses,
variant databases, publicly accessible population control
databases, and the AMDL internal database.

Variant reassessment
Reassessment was conducted at the request of the ordering
clinician, or if a variant was identified in a new proband and
had not since been reclassified using the VAT. Typically,
VUSs were reassessed when the variant was identified in a
new family and more than a year had elapsed since the variant
was last classified. Likely benign, benign, likely pathogenic,
and pathogenic variants may also have been re-evaluated in
this context based on clinical suspicion, but this occurred
more rarely.
Variant reassessment involved the incorporation of new

data, if available, and re-examination of the whole body of
evidence regarding the variant. In July 2013, AMDL joined
the Canadian Open Genetics Repository (COGR), a nation-
wide data sharing project,19 and variants were reassessed
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through a discrepancy-reporting and consensus-building
process starting in May 2016. In some cases, reassessment
resulted in a change to variant classification.
Changes to variant classification and interpretation evi-

dence were tracked in an in-house database created in January
2012. When a variant was first identified, it was entered into
the database with its initial classification, interpretation text,
and linked to the patient report. The total number of reports
and families with a particular variant was tracked and could
be queried. Upon reassessment, the report sign-out date, date
of reclassification, and updated classification were tracked in
the database.

Comparison to ClinVar submissions
Variants were submitted to ClinVar.21 ClinVar generates a
monthly conflict report, which can be accessed on the ClinVar
FTP site (ftp://ftp.ncbi.nlm.nih.gov/pub/clinvar/). The report
displays pairwise comparisons of discordant submissions. A
conflict report (available on ClinVar FTP as summary_con-
flicting_interpretations.txt) was downloaded in July 2018 and
used to quantify discordant submissions for the variants in the
AMDL database. In addition, summary variant data (available
on ClinVar FTP as variant_summary.txt) was downloaded
from ClinVar FTP to obtain the overall ClinVar classification
for each variant seen by AMDL.

RESULTS
Between January 2012 and August 2017, 6090 patients were
seen at AMDL (Fig. 1). As of 1 January 2012, the AMDL
database contained 586 BRCA1/2 variants. This grew by an
average of 104 variants per year. By August 2017, there were
1209 unique variants in the AMDL database (Supplementary
Appendix 1): 473 in BRCA1 and 736 in BRCA2.

Variant reassessment and reclassification
Between 2012 and August 2017, 32.9% (398/1209) of the
variants in the database were reassessed and 12.4% (150/1209)
were reclassified. Reclassification occurred based on the
availability of new evidence, such as population frequency
from ExAC or the Genome Aggregation Database (gnomAD,

gnomad.broadinstitute.org); new publications with segrega-
tion or functional studies; or if the variant was identified as
co-occurring with a pathogenic variant. Classifications, dates,
and supporting evidence for reclassified variants are reported
in Supplementary Appendix 1.
Of the 150 variants that were reclassified, 83.3% (125/150)

were reclassified once, 16.0% (24/150) were reclassified twice,
and 0.67% (1/150) reclassified three times. The majority of
reclassified variants were downgraded (112/150, 74.7%). Of
the reclassified variants, 63.3% (95/150) were reclassified to a
final classification of benign, 20.7% (31/150) to likely benign,
10.0% (15/150) to VUS, 2.0% (3/150) to likely pathogenic, and
4.0% (6/150) to pathogenic (Fig. 2). In 16.7% (25/150) of
cases, the variant was reclassified more than once, and 8.0%
(12/150) of the reclassified variants were returned to their
initial classification through two reclassification events (2
pathogenic, 1 likely benign, 9 benign). Figure 2 illustrates the
final and initial classification categories for reclassified
variants.
There were 453 variants initially classified as VUSs. Overall,

34.0% (154/453) of VUSs were reassessed and 14.8% (67/453)
reclassified. Of the 67 VUSs that were reclassified, 61.2% (41/
67) were reclassified to benign, 34.3% (23/67) to likely benign,
3.0% (2/67) to likely pathogenic, and 1.5% (1/67) to
pathogenic. The remaining VUSs were not reassessed because
they did not meet the laboratory’s criteria for reassessment;
i.e., they were not identified in another family more than one
year after their initial identification, and no ordering
clinicians requested reassessment. This reflects current
practice in a publicly funded health care system laboratory
without resources to routinely reassess all variants.
One variant of interest, BRCA2 c.68-7T>A, was reclassified

from pathogenic to benign over multiple reclassification
events. This variant was first identified and classified as
pathogenic in May 2010. The variant was shown to segregate
with breast cancer in two other affected individuals in the
family. Without contradictory data or structured standardized
variant interpretation processes at that time, this evidence
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resulted in classification as pathogenic. In 2011, prior to the
establishment of the variant tracking database, the variant was
reclassified as a VUS (therefore, in our count of variant
reclassifications between 2012 and 2017, this variant is
counted as a change from VUS, not from pathogenic). The
variant was reassessed in October 2014 following the release
of the ExAC database, where it was observed with an overall
frequency of 0.002 and reclassified to likely benign.22 The
variant was also identified at a frequency of 0.002 in the 1000
Genomes Project. Subsequently, the ClinVar database
reported that the c.68-7T>A variant (ClinVar variation ID:
52187) was classified as likely benign by Invitae
(SCV000073064), benign by GeneDx (SCV000108635.3),
and benign by the Sharing Clinical Reports Project (SCRP)
on behalf of Myriad (SCV000109181.3, initially classified as a
VUS and updated in 2012). Through personal communica-
tion with Myriad, we also confirmed that they had reclassified
the variant to a polymorphism. The variant was also found to
co-occur with a pathogenic BRCA2 mutation.23 Taken
together, there was sufficient evidence to reclassify the variant
to benign. Following these reclassification events, the
laboratory was contacted by a clinician who had enrolled a
patient in a clinical trial based on having received a
pathogenic result relating to this variant in 2010, but who
had subsequently received a negative report from another
testing laboratory. A revised report was issued based on the
above benign classification change and the patient was
subsequently removed from the clinical trial. Two other
individuals who had received a report with a pathogenic
classification for this variant were identified and the referring
clinicians were recontacted and offered a revised report.

Time between reclassification events
Prior to 2012, variant data was not consistently captured. The
initial identification dates of variants seen prior to 2012 are
not reported here. Of the 150 reclassified variants, 122 were
first identified before 2012. These 122 variants were
reclassified on average 675 days after the establishment of
the AMDL variant database. The remaining 28 reclassified
variants that were initially identified after the establishment of
the database were reclassified on average 456 days after their
first identification. For the 25 variants that were reclassified
twice, the second reclassification occurred on average 180 days
after the first reclassification. One variant was reclassified
three times; the third reclassification occurred 102 days after
the second reclassification.

Comparison to other submitters in ClinVar
There were discordances between the AMDL submission to
ClinVar and other submitters’ assertions for 40.4% (488/1209)
of the variants seen by AMDL (Table 1). For 24.0% (117/488)
of these variants, the discordance between submissions was
only a difference in confidence, i.e., between likely pathogenic
and pathogenic (45 variants), or between likely benign and
benign (72 variants).

For 74.4% (365/488) of the variants, the discordance
between submissions was across three classification levels.
For 91.8% (335/365) variants, the discordance was between
VUS/likely benign/benign, and for 8.2% (30/365) the
discordance was between or VUS/likely pathogenic/patho-
genic. For 28.2% (103/365) of these variants, only BIC had
classified the variant as a VUS, while all other submitters had
classified the variant as likely benign/benign or likely
pathogenic/pathogenic. Notably, BIC is no longer updated
and does not represent up-to-date variant classification
information.
For 0.4% (2/488) of the variants, while all other submissions

were benign/likely benign/VUS, GeneReviews (one variant) or
OMIM (one variant) classified the variant as pathogenic. Of
note, OMIM has contributed hundreds of variants to ClinVar
that are currently labeled as pathogenic, though these
assertions are out of date and not based on a thorough
review of evidence.
For 0.2% (1/488), there was a major conflict between

submissions. For this variant, BRCA1 c.594-2A>C (ClinVar
variation ID: 37686), earlier submitters classified the variant
as pathogenic (SCV000145639.1, SCV000187727.1), and later
submitters classified it as a VUS (SCV000591290.1,
SCV000219194.4, SCV000586870.1, SCV000077080.8), likely
benign (SCV000210077.12, SCV000266035.1), and benign
(SCV000577983.1), which is now the variant’s overall status
in ClinVar. This example further illustrates that a variant’s
classification may change over time.
Finally, for 0.6% (3/488) of the variants, OMIM classified

the variants as “risk factors,” whereas AMDL and all other
submitters classified them as pathogenic.

Table 1 Number of BRCA1/2 variants that AMDL had
submitted to ClinVar for which there were discordant
submissions

Number of variants with discordant

ClinVar submissions (total n= 488)

Discrepancy across two ACMG/AMP levels

Likely Benign/Benign 14.8% (72/488)

Likely Pathogenic/

Pathogenic

9.2% (45/488)

Discrepancy across three ACMG/AMP levels

Benign/Likely Benign/

VUS

68.6%% (335/488)

Pathogenic/Likely

Pathogenic/VUS

6.1%% (30/488)

Discrepancy across five ACMG/AMP levels

Pathogenic/VUS/Likely

Benign/Benign

0.6% (3/488)

Different classification system

Pathogenic/Risk Factor 0.6% (3/488)
ACMG/AMP American College of Medical Genetics and Genomics/Association for
Molecular Pathology, ADML Advanced Molecular Diagnostics Laboratory, VUS var-
iant of uncertain significance.
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For these 488 variants, there were 2111 submissions that
were discordant with AMDL submissions. All AMDL
submissions were annotated in ClinVar as “criteria provided,
single submitter.” For 72.3% (1526/2111), the conflicting
submission was also annotated as “criteria provided, single
submitter.” For 24.0% (507/2111), the conflicting submission
was annotated as was “no assertion criteria provided.” Finally,
for 3.7% (78/2111) of the submission pairs, the other
submission was annotated “reviewed by expert panel.”

DISCUSSION
There were 1209 BRCA1/2 variants in the AMDL database
between 1 January 2012 and 18 August 2017. During this
period, 32.9% (398/1209) of the variants were reassessed and
12.4% (150/1209) were reclassified. Interestingly, 13.4% (146/
1086) of the variants identified prior to 2016 were reclassified,
while only 3.3% (4/123) of the variants identified in 2016 or
later were reclassified. This may in part reflect the
implementation of the 2015 ACMG/AMP guidelines for
variant interpretation,6 and the use of population databases
such as ExAC and gnomAD.
Our results are in line with other findings that the majority

of reclassifications are downgrades.15,24–27 Our overall rate of
reclassification (12.4%, 150/1209) is similar to that reported
by Turner et al. (2018), who found that 15% (142/943) of
variants in hereditary cancer genes seen in their patients were
reclassified between 2012 and 2017.25 However, our reclassi-
fication rate is higher than that reported by Mersch et al.
(2018), who found 6.4% (2868/44,777) of variants in cancer
genes were reclassified between 2006 and 2018.27 Our rate of
VUS reclassification (14.7%, 67/453) is higher than the rates
identified by both Macklin et al. (11.3%, 30/266) and Mersch
et al. (7.7%, 2048/26,670), and in line with their findings that
the majority of reclassified VUSs are downgraded.26,27 While
only a minority of VUSs are likely to be reclassified to
pathogenic, it is nevertheless important to not assume that all
VUSs are benign.28 Periodic reassessment of VUSs could lead
to reclassification and alleviate ambiguity for clinicians and
patients. The interval over which to periodically reassess
variants is an open debate, as is whether laboratories have a
responsibility to routinely reinterpret variants. Our findings
suggest that that reassessment every two years may be
appropriate, if feasible. However, given the volume of variants
that are seen by individual laboratories, it is challenging to re-
evaluate numerous variants at a given time point. Information
technology approaches and secure data sharing platforms may
facilitate automated updates to variant interpretations and
reporting.4,19,29,30

The establishment of data sharing platforms such as
ClinVar and the COGR have been instrumental for allowing
laboratories to identify and compare areas of discrepancy.5,7

The proportion of variants for which there were discordant
submissions between AMDL and other submitters in ClinVar
(40.4%) is similar to the discordance rate found among
Canadian laboratories participating in the COGR, where the
overall rate of discordance of BRCA1/2 variant classifications

was 38.9% when using the 5-tier ACMG/AMP classification
system.7 For laboratories participating in the COGR, data
sharing and consensus building reduced variant discordance
from 38.9% to 30.7% using the 5-tier AMCG/AMP classifica-
tion scheme, from 26.7% to 14.2% using a 3-tier classification
scheme, and from 5.0% to 0.9% using a 2-tier scheme.7 Data
sharing has promise to improve consensus between labora-
tories; experts urge that all laboratories share data to improve
the quality and clinical utility of variant interpretations.5,7 The
discordances that we identified in ClinVar reflect the evolving
nature of variant interpretation. Classifications can change
over time as new evidence emerges, but older assertions of
variant pathogenicity can remain in databases. Additionally,
we identified discordances due to submissions from the BIC
database, which is no longer updated, and OMIM, which has
contributed many false positive variant calls to ClinVar. As
with most variant databases, false positive and negative
variant classifications are present, and data derived from these
sources should not be taken at face value.
A further challenge is that variant reporting strategies differ

between laboratories. For instance, laboratories may differ in
how they report ACMG/AMP levels. Some laboratories may
report a likely pathogenic variant as a positive result, while
others, like AMDL, report it as inconclusive. In addition,
laboratories may also provide a result based on case-level data,
e.g., an inconclusive result may be issued if a pathogenic
variant is identified in a gene that may not be definitively
associated with the reason for referral. Determining whether a
variant is pathogenic should be independent of interpreting
the cause of a disease in a given patient.6 Once a pathogenic
variant is identified, drawing case-level conclusions about
whether the variant explains a patient’s phenotype presents
additional challenges.31

Between 2012 and 2017, our laboratory has seen a clinically
significant reclassification in a small number of cases. In this
time period, only 0.3% (4/1209) of variants moved from
inconclusive (likely pathogenic, VUS, and likely benign) to
positive (pathogenic), and 0.08% (1/1209) moved from
positive to inconclusive. Changes between inconclusive and
negative (benign) would not necessarily have impacted
clinical care. The example of the BRCA2 c.68-7T>A variant
described in the results illustrates how multiple reclassifica-
tion events over a number of years may affect a single variant
and have downstream clinical implications. Periodic variant
reassessment is important to ensure that patients’ clinical
management is based on up-to-date genetic information.
As new knowledge emerges about genetic variants, so do the

complexities of how to recontact patients. At present,
laboratories typically establish their own policies as to how
best to handle recontacting patients about changes in variant
reclassification. In Ontario, it is often up to the patient and/or
physician to recontact the laboratory to obtain new informa-
tion on a variant. This is generally understood by the
laboratory and the referring clinicians in the province. AMDL
makes every effort to recontact clinics if variant classifications
change the final result of the report and if such a result may
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alter clinical care, such as reclassifications from inconclusive
to positive or vice versa. However, this may differ between
laboratories. There is currently variation in how recontacting
patients to report updated results occurs within and across
jurisdictions.32,33 New guidelines state that while recontacting
patients is desirable when results have clinical or personal
utility, there is no duty to recontact.34 Tracking and selecting
patients, as well as reinterpreting and following up on updated
genetic test results, can be resource-intensive.4,35 This may
pose practical barriers to recontacting, given that laboratories
typically do not receive funding dedicated to these activities.
Proposed solutions include the use of databases and
information technology, such as applications to automate
reporting of reclassified variants to clinicians.29 There is a
need for more evidence on patient and health care system
outcomes related to recontacting patients with updated
genetic results, to inform future policies about recontacting
patients.36

A limitation to this study is that not all variants in the
database were reassessed. Overall rates of reclassification may
have been higher had more variants been reassessed. This
study represents a relatively small number of variants and
consists of data from one laboratory with policies that may
differ from other laboratories, limiting the generalizability of
these results. Despite these limitations, this study offers
insight on the frequency, type, and time between variant
reclassifications in the BRCA1/2 genes, and discordances in
BRCA1/2 variant interpretations in ClinVar. Future research
should address the impact of variant reclassifications on
patients and the health care system more broadly.
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