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Abstract
Background  Although BRCA1 or BRCA2 (BRCA1/2) genetic testing plays an important role in determining treatment modali-
ties in patients with hereditary breast and ovarian cancer, sequence variants with unknown clinical significance or variant of 
uncertain significance (VUS) have limited use in medical decision-making. With vast quantities of gene-related data being 
updated, the clinical significance of VUS may change over time. We reinterpreted the sequence variant previously reported 
as BRCA1/2 VUS results in patients with breast or ovarian cancer and assessed whether the clinical significance of VUS 
was changed.
Methods  We retrospectively reviewed medical records of 423 breast or ovarian cancer patients who underwent BRCA1/2 
genetic testing from 2010 to 2017. The VUSs in BRCA1/2 were reanalyzed using the 2015 American College of Medical 
Genetics and Genomics and the Association for Molecular Pathology standards and guidelines (ACMG/AMP 2015 guide-
lines) and the VUS was reclassified into five categories: “pathogenic”, “likely pathogenic”, “VUS”, “likely benign”, and 
“benign”.
Results  A total of 75 patients (48 sequence types of VUS) were identified as carrying either one or more VUS in BRCA1/2. 
Among the 75 patients, two patients (2.7%) were reclassified as “likely pathogenic”, 30 patients (40.0%) were reclassified 
as either “benign” or “likely benign”, and the remaining 43 patients (57.3%) were still classified as VUS category.
Conclusions  Since the clinical significance of VUS in BRCA1/2 may vary from time to time, reinterpretation of the VUS 
results could contribute to clinical decision-making.

Keywords  Variant of uncertain significance · BRCA​ · Breast cancer · Reclassification · Genetic testing

Introduction

In hereditary cancers, genetic testing plays an important 
role in predicting cancer risk and making clinical decisions 
for disease treatment and prevention [1]. The genetic test 
for BRCA1 or BRCA2 (BRCA1/2) genes, which are associ-
ated with hereditary breast and ovarian cancer syndrome, 
is widely used in clinical practice [2, 3]. Breast or ovarian 
cancer patients who harbor disease-associated BRCA1/2 ger-
mline mutations are administered prophylactic treatments, 
such as risk-reducing agents, risk-reducing bilateral mas-
tectomy, and risk-reducing salpingo-oophorectomy (RRSO), 
to prevent cancer recurrence [3, 4]. In addition, targeted 
therapy such as poly (ADP-ribose) polymerase inhibitors 
(PARPi) may also be used for certain patients with BRCA1/2 
gene mutations [5, 6].
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Genetic testing can reveal germline mutation variants that 
may be pathogenic, benign or uncertain clinical significance. 
The recently introduced 2015 American College of Medical 
Genetics and Genomics and the Association for Molecular 
Pathology standards and guidelines (ACMG/AMP 2015 
guidelines) provide a detailed framework for the interpre-
tation of a sequence variant using a scoring rule based on 
various types of information, including computational, func-
tional, and segregation data [7]. These guidelines classify a 
sequence variant into five categories: “pathogenic”, “likely 
pathogenic”, “uncertain significance”, “likely benign”, and 
“benign”. The guidelines recommend reporting variants with 
ambiguous clinical significance as a variant of uncertain sig-
nificance (VUS) [7].

Previous studies have shown that the VUS frequency of 
BRCA1/2 genes differs depending on the patient’s ethnicity 
or study population [8, 9]. Approximately 5–10% of patients 
that harbor BRCA1/2 germline mutations are reported to 
carry VUS in world’s population, but the VUS proportion 
in Asians is slightly higher than other group, at approxi-
mately 10–20% [8–11]. Test results that identify VUS cannot 
support clinicians in making treatment decisions, and also 
the ambiguous results can increase anxiety in patients and 
their families [12, 13]. One strategy to manage patients with 
identified VUS is to periodically reanalyze the variant using 
more recent and updated data. As the genetic data expand 
over time, there is always a possibility of a given variant 
ultimately being reclassified under another category.

In this study, we aim to reanalyze the VUS in BRCA1/2 
genes in patients with breast or ovarian cancer using ACMG/
AMP 2015 guidelines with updated information to assess the 
possibility of reclassifying VUS to a more specific category 
to aid clinical decision-making.

Materials and methods

Study design

We retrospectively reviewed genetic testing results from 423 
patients with breast or ovarian cancer at Ewha Womans Uni-
versity Mokdong Hospital (Seoul, Korea) between 2010 and 
2017. All patients were simultaneously examined for both 
BRCA1 and BRCA2 germline mutations.

Briefly, genomic DNA isolated from peripheral blood 
leukocytes was analyzed by direct DNA sequencing or 
next generating sequencing for BRCA1 (MIM 604370) and 
BRCA2 (MIM 612555). The amplicons of whole exons and 
exon flanking regions, both 25 bp upstream and downstream, 
were analyzed. All sequencing results were aligned and ana-
lyzed to the human genome assembly GRCh37 (hg19). Each 
sequence variant was described according to the Human 
Genome Variation Society recommendations. We used 
the transcript sequences of NM_007294.3 for BRCA1 and 
NM_000059.3 for BRCA2, respectively.

The author’s institution has reported BRCA1/2 test results 
according to the ACMG/AMP 2015 guidelines since July 
2016. Prior to July 2016 (n = 254), the clinical significance 
of sequence variants was determined through the relevant 
documents, literatures or public database at the time of 
reporting the results, and the results were categorized into 
three representative groups; “pathogenic (deleterious)”, 
“VUS” and “benign” [14]. Since July 2016 (n = 169), the 
clinical significance of sequence variants has been inter-
preted based on the ACMG/AMP 2015 guidelines, and the 
results were reported in five categories as recommended; 
“pathogenic”, “likely pathogenic”, “VUS”, “likely benign”, 
or “benign” [7].

We classified the study subjects into three groups: 
BRCA1/2 pathogenic/likely pathogenic variant carriers; 
neutral (benign or likely benign variant or wild-type); or 
VUS carrier of BRCA1 or BRCA2 or both (Fig. 1). A total 
of 81 patients (81/423, 19.1%) were classified as carrying 

Fig. 1   Schematic diagram of 
the study design and patient 
selection

Patients who underwent BRCA1&2 genetic testing from 2010 to 2017
(n=423)

Pathogenic/Likely pathogenic (n=50)
BRCA1 (n=26*)
BRCA2 (n=24**)
BRCA1&2 (n=0)

Benign/wild-type (n=298) Variant of uncertain significance (n=75)
BRCA1 (n=34)
BRCA2 (n=37)
BRCA1&2 (n=4)

Re-interpretation according to the 
ACMG/AMP 2015 guidelines

* including additional detection of VUS in BRCA1 or 2 (n=3)
** including additional detection of VUS in BRCA1 (n=3)
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either one or more VUS in either BRCA1 or BRCA2. Six 
of the patients carrying VUS also harbored accompanying 
pathogenic mutations and thus were excluded because their 
clinical decision-making would likely be influenced by the 
known deleterious mutations. Finally we enrolled 75 patients 
(breast cancer, n = 69; ovarian cancer, n = 9) with VUS vari-
ants. Among 75 patients, 59 cases were enrolled from Janu-
ary 2010 to June 2016 (59/254) and 16 cases were from 
July 2016 to December 2017 (16/169). We reinterpreted 
the sequence variants according to the ACMG/AMP 2015 
guidelines as described below [7]. This study was approved 
by the Institutional Review Board of Ewha Womans Uni-
versity Mokdong Hospital (approval number 2018-09-010).

Reinterpretation of VUS according to the ACMG/
AMP 2015 guidelines

Briefly, the description for each of the criterion is as fol-
lows. For pathogenic supporting (PP) evidence 5 or benign 
supporting (BP) evidence 6, which used reputable source 
recently reports variant as pathogenic or benign, respec-
tively, we analyzed the VUS using the ClinVar database 
(http://www.ncbi.nlm.nih.gov/clinv​ar/). The results from the 
database analysis were described as “pathogenic”, “likely 
pathogenic”, “uncertain significance”, “conflicting”, “likely 
benign” and “benign”. Among these results, “pathogenic” 
and “likely pathogenic” were considered evidence of PP5, 
and “likely benign” and “benign” were regarded as BP6.

For PP3 or BP4 belonging to supporting evidence criteria 
based on multiple lines of computational evidence, we used 
the following five in silico missense prediction algorithms 
and one splice site prediction algorithm: MutationTaster 
(http://www.mutat​ionta​ster.org/), Polyphen-2 (http://genet​
ics.bwh.harva​rd.edu/pph2/), PROVEN (http://prove​an.jcvi.
org/index​.php), SIFT (http://sift.jcvi.org/), Align-GVGD 
(http://agvgd​.hci.utah.edu/agvgd​_input​.php) and Human 
Splicing Finder (http://umd.be/HSF3/). Agreement among 
at least five algorithms was considered evidence of either 
PP3 or BP4. However, if the in silico algorithms could not 
be applied according to the variant type, such as for variants 
in intronic sites, deletion variants, and synonymous (silent) 
variants, then agreement among all available algorithms was 
required. For evidence of BP7, the Human Splicing Finder 
was also used; evidence of BP7 was established when the 
results showed that a synonymous variant had no impact on 
the splice consensus sequence or creation of a new splice 
site.

To provide evidence associated with population data, 
such as pathogenic moderate (PM) evidence 2 and benign 
strong (BS) evidence 1, we used the Exome Aggregation 
Consortium database (ExAC, http://exac.broad​insti​tute.
org/). PM2 was considered when the prevalence of the vari-
ant was absent from the controls. BS1 was considered when 

the allele frequency was greater than 1% and less than 5% 
in ExAC for all the population of East Asian.

We reviewed previously published literature for analyz-
ing the variants for pathogenic strong (PS) evidence 3 or 
BS3, which is evidence of the presence of well-established 
in vitro or in vivo functional studies supporting damaging 
effects or suggesting no impact on the genes or their prod-
ucts [15–25]. The variants were interpreted independently by 
two investigators (MKS and TDJ). If the initial results were 
inconsistent, the results were discussed until a consensus 
was obtained.

Results

Reclassification of the patients carrying VUS

Among the 423 patients, VUS without BRCA1/2 pathogenic 
variants were observed in 75 patients (Fig. 1). Of the 75 sub-
jects, 22 types of VUS were identified in BRCA1 (Table 1) 
and 26 types of VUS were identified in BRCA2 (Table 2). 
These 48 types of VUS included 30 nonsynonymous, 7 
synonymous, 3 in-frame deletion, and 8 intronic variants 
(Tables 1, 2).

Among the 75 BRCA1/2 VUS carriers, 32 (42.7%) were 
reclassified: two patients were reclassified with “likely 
pathogenic” variants, eight patients were reclassified with 
“benign” variants, and 22 patients were reclassified with 
“likely benign” variants (Fig. 2). Among the 32 patients, 
the medical records of 30 patients were collected from 2010 
to June 2016 and 2 of them were after July 2016. Forty-three 
patients (43/75, 57.3%) remained classified as carrying VUS 
after reinterpretation.

At the time of this study, 8 sequence types of the 22 
VUS of BRCA1 were reclassified as follows: two as “likely 
pathogenic”, one as “benign”, and five as “likely benign” 
(Fig. 3a). The remaining 14 VUS in BRCA1 were still clas-
sified as “VUS”. Similarly, of the 26 VUS of BRCA2, two 
were classified as “benign” and five as “likely benign” 
(Fig. 3b). The remaining 19 VUS of BRCA2 were still clas-
sified as “VUS”.

Two VUS cases reclassified as “likely pathogenic”

In this study, two cases which previously classified as 
“VUS” was reclassified as “likely pathogenic”. One patient 
with a history of bilateral breast cancer. The variant was 
a missense mutation, NM_007294.3(BRCA1):c.5339T>C 
(p.Leu1780Pro), leading to a single amino acid substitution. 
The other patient with a history of breast cancer was found 
to carry a sequence variant, NM_007294.3(BRCA1):c.501
7_5019delCAC (p.His1673del), creating an in-frame dele-
tion in exon 16.

http://www.ncbi.nlm.nih.gov/clinvar/
http://www.mutationtaster.org/
http://genetics.bwh.harvard.edu/pph2/
http://genetics.bwh.harvard.edu/pph2/
http://provean.jcvi.org/index.php
http://provean.jcvi.org/index.php
http://sift.jcvi.org/
http://agvgd.hci.utah.edu/agvgd_input.php
http://umd.be/HSF3/
http://exac.broadinstitute.org/
http://exac.broadinstitute.org/
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Discussion

Here we re-analyzed the genetic testing results in patients 
with VUS in BRCA1/2 according to the ACMG/AMP 
2015 guidelines with updated information to assess the 
possibility of reclassifying VUS under a specific category. 
Among the 75 patients carrying VUS, 32 patients (32/75, 
42.7%) had variants that were reclassified after the rein-
terpretation, of whom 30 (30/32, 93.8%) were downgraded 
to “likely benign” or “benign” variants and two (2/32, 
6.3%) were upgraded to “likely pathogenic”. Our results 
were consistent with several previous studies [11, 26–28]. 
In a previous study, 44.9% of women with a previously 
identified VUS were reclassified to another category after 
reinterpretation [11]. Approximately 90% of these women 
carried variants that were downgraded to polymorphisms 
or benign variants, while roughly 10% carried variants that 
were upgraded to deleterious or suspected deleterious vari-
ants [11]. Other studies have similarly shown that a large 

number of reclassified variants were downgraded, while 
some were upgraded [26–29].

Although reinterpretation of most of the cases resulted 
in variant downgrades (i.e., from VUS to benign or likely 
benign) could have little clinical impact, only a small num-
ber of upgraded variants (i.e., from VUS to likely patho-
genic) could provide important information in clinical 
decision-making. For examples, the clinician could choice 
additional treatment options such as PARPi or RRSO. Fur-
thermore, downgraded variants can help reduce the anxiety 
of the patient and their family, and it would not be necessary 
to take a family genetic test [12, 13]. Thus, these findings 
emphasize the clinical significance for reclassification of 
VUS in BRCA1/2.

Over time, the prevalence of VUS decreases due to accu-
mulations of the data helpful to accurate interpretation and 
classification of the variants [9]. In the present study, we 
divided the data into two groups before and after July 2016, 
when the ACMG / AMP 2015 guidelines were applied. 
Based on the time point, the pre- and post-prevalence of 

Fig. 2   Reclassification of 
patients with previously 
reported variants of uncertain 
significance (VUS) based on 
ACMG/AMP 2015 guidelines 
according to reinterpreted 
BRCA1/2 genetic testing

Benign or 
wild type
70.4% 
(n=298)

Pathogenic 
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(n=49)

VUS
17.7% 
(n=75) 

Likely pathogenic 
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Fig. 3   Reclassification of 
previously reported vari-
ant of uncertain significance 
(VUS) based on ACMG/AMP 
2015 guidelines, stratified by 
sequence variants. a Among 
22 BRCA1 variants previously 
reported as VUS, eight (8/22, 
36.3%) were reclassified into 
specific categories: two variants 
were reclassified as “likely 
pathogenic” and six variants 
were reclassified as either 
“benign” or “likely benign”. 
b Among 26 VUS in BRCA2, 
seven (7/26, 26.9%) were reclas-
sified as either “benign” or 
“likely benign”

22

14

2

5

1

0

10

20

30

Initial report Re-classification

stnairavfo.o
N

BRCA1

VUS Likely pathogenic

Likely benign Benign

26

19

5

2

0

10

20

30

Initial report Re-classification

N
o.

 o
f v

ar
ia

nt
s

BRCA2

VUS Likely benign Benign

A B



517Breast Cancer (2019) 26:510–519	

1 3

VUS using the time point were 22.8% (58/254) and 10.1% 
(17/169), respectively. In the early period, there was a lack 
of relevant data aided to interpret the clinical significance 
of sequence variants, so more variants would have been 
classified as VUS. After then the VUS tended to decrease 
over time with evolving over the 5–7 year period of this 
study. In total study period, reclassified VUS gave a revised 
prevalence of 10.2% (43/423) changed from 17.7% (75/423). 
These results can be explained by the evidence that the 
prevalence of VUS decreased as BRCA1/2 gene-related data 
accumulated. Therefore, it is necessary to periodically rein-
terpret the VUS results.

In this study, two cases were reclassified from VUS to 
likely pathogenic category. First case carried a missense 
mutation in BRCA1 (c.5339T>C, p.Leu1780Pro). The evi-
dences of the first case based on the ACMG/AMP 2015 
guidelines were as follows: PS3 (presence of functional 
studies supportive of a damaging effect) [20, 21], PS4 (that 
the odds ratio of an epidemiological study was significantly 
higher than that of the population control) [26], PM2 (vari-
ant was absent or present at extremely low frequency in con-
trols), and PP3 (multiple lines of computational evidence 
support a deleterious effect). The supporting data was also 
found in other studies [30, 31]. The patient was consequently 
enrolled in a clinical trial for olaparib target therapy and 
underwent RRSO.

Second case was a variant leading to an in-frame dele-
tion of codon 1673 in BRCA1 (c.5017_5019delCAC, 
p.His1673del). The evidences according to the ACMG/AMP 
2015 guideline were as follows: PM2, PM4 (protein length 
changes as a result of in-frame deletions/insertions), and 
lastly, PS4 (prevalence of the variant in affected individuals 
is significantly higher compared with that in controls) could 
be applied based on literature [32]. The patient showed no 
evidence of recurrence after breast conserving surgery and 
concurrent radiation therapy and chemotherapy. Further 
action has not yet been taken since the reinterpretation of 
the VUS results.

The ACMG first published guidelines for the classifi-
cation of sequence variants in 2000 [33]. This guideline 
was revised in 2007 and 2015 as the analysis and inter-
pretation of genetic testing became more complex [7, 14]. 
The most recently published ACMG/AMP 2015 guide-
lines recommend classifying variants into five categories 
[7]. The guidelines recommend that variants are classified 
by a certified expert using various types of variant evi-
dence, including population, computational, functional, 
and segregation data. This evidence-based interpretation 
is still open to subjective judgment [34]. In a previous 
study, the BP1 criterion, which is a “missense variant in 
a gene for which primarily truncating variants are known 
to cause disease” and serves as supporting evidence of 
benign impact, was applied to all missense variants when 

evaluating BRCA1/2 variants [28]. As the BP1 criterion 
was applied to all missense variants, a large number of 
VUS may be downgraded to “benign” or “likely benign”. 
However, although mutations in BRCA1/2 that result in 
premature termination codons commonly cause disease, 
several single nucleotide variations that cause amino acid 
changes have also been reported to cause disease, e.g., 
c.181T>G (p.Cys61Gly) [35] in BRCA1 and c.8167G>C 
(p.Asp2723His) [29] in BRCA2. Thus, we concluded that 
it would be inappropriate to apply the BP1 criterion to all 
missense variants. For this reason, the BP1 evidence was 
not applied in our analysis. As such, the subjective opinion 
of the individual who interpret the genetic testing results 
may influence how each type of evidence is applied.

There are several limitations in this study. First, this was 
a retrospective study by reviewing medical records in which 
variant interpretations were performed using only BRCA1/2 
genetic test results of the patients, without sufficient fam-
ily history or segregation analysis. Thus, the pathogenicity 
evidence criteria, PS2, PM3, PP1, and PP4, as well as a 
benign evidence criterion, BS4, were limited. These evi-
dence criteria may be applied when a sufficient family his-
tory of the patient is available. There are, however, some 
instances where laboratories have no choice, but to report 
results without being able to determine the patient’s fam-
ily history. For more informative interpretation according 
to the ACMG/AMP 2015 guidelines, the family history of 
patients should be determined and used as evidence. Second, 
we thought that it could be helpful to periodically reanalyze 
genetic variants that were initially found to lack established 
clinical significance, such as VUS. However, this study does 
not provide information on how frequently reinterpretation 
should be performed. Although the ACMG/AMP 2015 
guidelines indicate the need for an ongoing effort for reclas-
sifications of VUS, a detailed agreement and guideline on 
when and how often reinterpretation must be performed have 
not been developed [7].

In conclusion, there is always a possibility for BRCA1/2 
VUS to ultimately be reclassified under another category 
when it is reanalyzed using data that have been expanded 
and updated. Genetic testing is important in medical deci-
sion-making, and thus a continued effort is required to clar-
ify ambiguous results with unknown clinical significance, 
such as those for VUS.
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