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Abstract

With the advent of high-throughput next-generation sequencing
(NGS) and multigene panel testing, genetic testing and interpretations
have become increasingly complex. Specifically, reports demonstrat-
ing “variant of uncertain significance” (VUS) present interpretative
challenges. Misinterpretation of a VUS may result in clinical harm, emo-
tional distress for patients and family members, and potential health-
care provider liability. The following article and deidentified case study
illustrate how a lack of health-care provider and patient understanding
of a germline VUS resulted in a negative patient outcome and unneces-
sary surgery.

CASE STUDY

LP is a 40-year-old premenopausal woman who was seen by a nurse
practitioner for her well-woman exam. Because of her personal and fam-
ily history of colon polyps, LP expressed interest in genetic testing to as-
sess for hereditary cancer risk. LP’s health-care provider took a “shotgun”
approach and ordered a multicancer 81-gene panel that included genes
associated with an increased risk of developing cancer in multiple major
organs, including breast, gastrointestinal, endocrine, prostate, and gyne-
cologic systems. LP does not recall receiving information on the risks and
benefits of genetic testing nor the potential for a variant of uncertain
significance (VUS). For LP, it was a “routine blood test.” The germline
genetic testing results demonstrated a reportable finding: a “variant of
unknown clinical significance” in the PALB2 gene.

LP’s health-care provider interpreted the report to mean that the
patient was at significant risk for PALB2-associated cancers and ar-
ranged for LP to have a hysterectomy and bilateral oophorectomy
(HBSO) to reduce the risk for ovarian cancer. Following the HBSO, LP
was referred to a breast surgeon for consideration of risk-reducing
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bilateral mastectomies. Upon review of the ge-
netic testing results from the 81-gene panel, the
breast surgeon determined that the VUS result
needed further clarification before additional
surgery and referred the patient to a genetics
advanced practice registered nurse (APRN)
with advanced education and genetics creden-
tialing. (From this point forward, the APRN will
be referred to as G-APRN.)

It should be noted that genetic testing for
hereditary cancer susceptibility may also be re-
ferred to as “germline” testing or “germline bio-
marker” testing. Germline indicates an inherited
genetic alteration in the DNA that is present in
a body’s reproductive cells (egg or sperm) and
is incorporated in the DNA of all cells (National
Cancer Institute [NCI], n.d.). Biomarker is de-

fined as a biological molecule found in blood,
other body fluids, or tissues that is a sign of a
normal or abnormal process, or of a condition
or disease (NCI, n.d.). One of the germline ge-
netic testing goals is to identify individuals who
are at risk for cancer and would benefit from
early detection or risk-reducing surgeries (The
Jackson Laboratory, n.d.).

Health History

LP’s medical history was unremarkable except
for three colon polyps that were removed at
age 35 during a colonoscopy. The colonoscopy
was done because of a family history of colon
polyps. LP was told that the polyps were ade-
nomatous, and she should returnin 5 years for a
follow-up colonoscopy. The G-APRN reviewed
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Figure 1. Case family history. Three-generation pedigree with the patient (proband) represented by the ar-
row. Males are represented by squares and females by circles. The slash indicates the individual is deceased.
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the polyp pathology report and confirmed
the polyps were adenomatous without dys-
plastic or high-risk features. LP had not had a
mammogram and had no history of abnormal
breast examinations or breast biopsies. Except
for the recent HBSO, LP had no other surgi-
cal procedures nor was she taking any medi-
cation. LP reported vaginal dryness and hot
flashes post HBSO.

Family History

The G-APRN constructed a three-generation
pedigree (Figure 1). LP’s father and sister had
colon polyps at ages 45 and 30, respectively
(pathology reports not available). LP’s family
history included a father with a smoking his-
tory who died of lung cancer at age 59, sister
with thyroid cancer (age of onset and pathol-
ogy unknown), paternal aunt with breast can-
cer (age of onset unknown), a paternal uncle
with prostate cancer (age of onset unknown),
and a paternal grandmother who died of lung
cancer (age of onset unknown). The maternal
and paternal lineage was of western European
descent, with no known Ashkenazi Jewish heri-
tage. Besides LP, no other family members had
undergone genetic testing.

Genetic Testing Report

The G-APRN reviewed the genetic test-
ing report that indicated a PALB2 variant:
NM_024675.4(PALB2):.c.11C>T (p.ProdLeu) (Ta-
ble 1). According to the laboratory report, the re-
sults were considered to be a VUS. The G-APRN
consulted ClinVar, a freely accessible public ar-
chive of human genomic variation (National Li-
brary of Medicine, n.d.). The G-APRN noted this
variant, (PALB2):c.11C>T (p.Pro4Leu), is listed as
“uncertain significance” based upon seven sub-
missions and “likely benign” based upon four
submissions, as of November 4, 2023 (National
Center for Biotechnology Information, 2023).

Assessment

LP does not have a personal or family history
of colon cancer. LP has fewer than 10 polyps,
the threshold for considering genetic testing
for a hereditary colon cancer syndrome (Na-
tional Comprehensive Cancer Network [NCCN],

Table 1. Interpreting the Germline
Genetic Test Result

NM_024675.4(PALB2):c11C>T (p.Pro4Leu)

NM refers to the gene accession number for PALB2. This
reference number is helpful when searching databases
for this specific variant.

The PALB2 gene, also known as the partner and localizer
of BRCAZ2, is classified as a moderate- to high-penetrance
breast cancer susceptibility gene. (Pathogenic and likely
pathogenic variants in the PALB2 gene are associated
with an increased risk for breast cancer, and possibly
pancreatic and ovarian cancer; NCCN, 2024.)

c.11C>T means there is a substitution (represented by the
>) of the DNA nucleotide cytosine to thymine at position
11 of the protein coding DNA on the PALB2 gene
(National Center for Biotechnology Information, 2023).

(p.Pro4leu) refers to the amino acid change that occurs
because of the substitution of cytosine to thymine.

The expected amino acid is proline at position 4. The
substitution results in a code for leucine.

The current germline genetic testing report indicates
the DNA change is a missense VUS. (A missense variant
occurs when there is a single base pair substitution that
produces an amino acid that is different from the usual
amino acid at that position [NCI, n.d], which may alter
the function of the protein.)

Note. Further information on gene variant nomenclature
can be found at http://varnomen.hgvs.org/

2023). Her family history of colon polyps is un-
clear. More information is needed from her sis-
ter and father about the number and type of
colon polyps identified. The G-APRN asked LP
to obtain information (age of cancer onset/pa-
thology reports) for her sister, paternal aunt,
uncle, and grandmother. Further genetic testing
is not indicated at this time.

Plan

¢ Provide education about VUS based upon
present knowledge of the (PALB2):.c.11C>T
(p.Pro4Leu) variant. Emphasize that at
this time, the variant is not medically ac-
tionable and risk-reducing mastectomies
are not indicated. Based upon current in-
formation, testing other family members
for the PALB2 VUS is not indicated.

e Assess LP’s distress level and reaffirm rea-
sons for requesting genetic testing.

e Instruct LP to check with a G-APRN pro-
fessional and the genetic testing company
every 12 to 18 months to see if there has
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been any change in the variant classifica-
tion and/or change in personal/family his-
tory of cancer.

e Instruct LP to confirm with her gastroen-
terologist for recommended colonoscopy
screening. The intervals should be based
upon a personal and family history of co-
lon polyps.

he term “variant” is applied to any

alteration in the DNA sequence (Na-

tional Cancer Institute [NCI], n.d.). A

variant may be classified as a variant

of uncertain significance (VUS) if there is con-
flicting evidence for one of the subcategories (be-
nign, likely benign, likely pathogenic, or patho-
genic classification), or if none of the criteria to
up- or downgrade a variant are met (Richards et
al., 2015). Due to multigene testing and expanded
next-generation sequencing (NGS) testing, the
rate of reported VUSs has increased exponen-
tially, with some studies reporting a 15% to 32%
frequency in patients who have genetic testing
for hereditary cancer syndromes (Reuter et al.,
2019). With hereditary breast and ovarian cancer
genetic testing, a VUS is common and comprises
approximately 40% of all reported variants (Fed-
erici & Soddu, 2020). The more genes that are
on a testing panel, the more likely a VUS will be
identified (NCCN, 2024). It is not surprising that
LP had a VUS upon testing with an 81-gene panel.
The terms mutation, polymorphism, and vari-

ant have all been used to describe changes in DNA
sequence often with the incorrect assumption that
a mutation is pathogenic and a polymorphism is
benign. To avoid confusion, the American College
of Medical Genetics (ACMG) and the Association
for Molecular Pathology (AMP) addressed the is-
sue in the 2015 “Standards and Guidelines for the
Interpretation of Sequence Variants” document
(Richards et al., 2015). The ACMG/AMP recom-
mendations replace the terms “polymorphism”
and “mutation” with the more neutral term, “vari-
ant” including subclassifications such as benign,
likely benign, uncertain, likely pathogenic, or
pathogenic (Figure 2). The ACMG/AMP estab-
lished criteria for each subcategory (Richards et
al., 2015). A VUS may be referred to as either a

e Encourage LP to discuss menopausal
symptoms with her health-care provider, as
there are evidence-based interventions to
manage post-HBSO side effects (Kaplan,
2021; Mahon & Carr, 2021; Singer, 2021).

e Reinforce cancer risk reduction and
screening guidelines based on LP’s age
and family history (not the VUS).

variant of “uncertain significance” or a variant of
“unknown significance” (NCI, n.d.).

VUS MEDICAL MANAGEMENT
According to the ACMG/AMP Standards and
Guidelines document in the section, “How Should
Health-Care Providers Use These Guidelines and
Recommendations?” (Richards et al., 2015, para 5),
“a variant of uncertain significance should not be
used in clinical decision making.” National Com-
prehensive Cancer Network (NCCN) Guidelines
(2024) concur that a VUS alone should not alter
medical management. It seems that LP’s health-
care provider made a surgical management deci-
sion (hysterectomy and bilateral oophorectomy;
HBSO) based upon an incomplete understanding
of genetic testing and the PALB2 gene VUS.

The ACMG guidelines emphasize that, if pos-
sible, additional efforts should be made to clas-
sify a variant as benign or pathogenic. Because
VUS reference data improve over time as more
information is known, reclassification of a VUS to
pathogenic or benign is possible (East et al., n.d.).
Approximately 80% to 90% of VUSs are eventually
reclassified as benign or likely benign, and 10% to
20% reclassified as pathogenic or likely pathogen-
ic (NCCN, 2024). Variant of uncertain significance
reference data are dynamic and should not be
considered as “one and done” (Cyr, 2020). Genet-
ics providers and patients should maintain contact
at regular intervals to update contact informa-
tion, determine if there have been changes in per-
sonal and family history of cancer, and ascertain
if there has been a reclassification of the variant
(Mueller et al., 2019). It is important to note that
regardless of genetic testing results, personal and
family history of cancer serve as the primary ba-
sis for screening and risk reduction interventions
(NCCN, 2024).
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Figure 2. Variant classification. A variant is an alteration in the most common DNA nucleotide sequence.
Variants are defined based on the type of DNA alteration (NCI, n.d.). The term variant can be used to
describe an alteration that may be benign, likely benign, uncertain, likely pathogenic, or pathogenic
Variants may be germline or somatic. Information from Richards et al. (2015).

The misinterpretation of a VUS can cause
harm as illustrated in this case study where an
HBSO was not medically indicated. Several pub-
lications over a period of years highlight the chal-
lenges and adverse events that can occur with the
misinterpretation of cancer genetic testing re-
sults. These articles include examples of serious
errors of omission and commission because of
provider misinterpretation of VUS terminology
(Bonadies et al., 2014; Farmer et al., 2019; Farmer
et al., 2021). In one publication alone (Farmer et
al., 2021), five of nine misinterpretation case re-
ports were associated with a VUS, e.g., inform-
ing a patient that a VUS report was “negative” or
recommending inappropriate screening or sur-
gical management based upon a VUS. Concern-
ing breast and ovarian cancers, Kurian and col-
leagues (2017) found that nearly half of surgeons
did not understand the distinction between a
VUS and a pathogenic variant and reported their
management of patients with a BRCA1/2 VUS
was the same as for a BRCA1/2 pathogenic vari-
ant. Liability concerning VUS interpretation and
management is a challenge as reference data-
bases are constantly changing, and there may be
inconsistent variant classifications among testing
laboratories (Marchant et al., 2020). Next steps
in VUS management and interpretation include:
 Referral to genetic specialists listed in “Can-
cer Genetic Specialists for Your State or Re-
gion” (Table 2).

» Contact the laboratory to discuss the variant
information and explore genetic variant re-
sources such as ClinVar (Table 2).

 Identify appropriate research studies/regis-
tries, e.g.,, PROMPT registry (Table 2).

 Periodically assess the status (classification)
of the variant (East et al., n.d.).

GENOMIC LITERACY

The ACMG/AMP encourages professional societ-
ies to educate health-care professionals on how
and when to use the “variant” terminology and the
restrictions for using a VUS for medical manage-
ment (Richards et al., 2015). In 2021, the Oncology
Nursing Society (ONS) responded to the ACMG
request for organizational involvement and issued
a “Call to Action: Using the Appropriate Genomic
Terminology for Safety and Quality,” challenging
members and others to follow ACMG guidelines
and use the preferred variant terminology in com-
munications with patients, family members, and
health-care professionals (ONS, n.d.). The On-
cology Nursing Society also developed an online
easily accessible genomics taxonomy to promote
genomic literacy among oncology nurses (Friend
et al., 2021). The NCI promotes the “variant” ter-
minology on their physician data query (PDQ)
website: “A concerted effort is being made within
the genetics community to shift terminology used
to describe genetic variation. The shift is to use
the term ‘variant’ rather than the term ‘mutation’
to describe a difference that exists between the
person or group being studied and the reference
sequence, particularly for differences that exist in
the germline.” (NCI, 2022, para 2). Resources are
available to aid in the understanding and clinical
application of VUS genetic test results (Table 2).
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Table 2. Selected Resources on Variant of Uncertain Significance and Genomics

Title

ClinVar

Genetic Testing
Results Interpretation
Tool

Guide to Interpreting
Genomic Reports:
A Genomics Toolkit

PROMPT
(Prospective Registry
of MultiPlex Testing)

Standards and
Guidelines for the
Interpretation of
Sequence Variants

Talking to Your Patient
About a Germline
Variant of Uncertain
Significance

Genomics

Cancer Genetic
Specialists for [Your
State or Region]

International Society
of Nurses in Genetics

National Society of
Genetic Counselors
Podcasts and

Practice Resources

Oncology Nursing
Society Genomics
and Precision
Medicine Learning
Library

PDQ Cancer
Information
Summaries: Genetics

Source

Variant of Uncertain Significance (VUS)

National Library of
Medicine

The Jackson
Laboratory

Clinical Sequencing
Exploratory
Research (CSER)
Consortium

University of
Pennsylvania

American College
of Medical Genetics
and Genomics

Oncology Nursing
Society

Centers for
Disease Control
and Prevention:
Genomics &
Precision Health

International
Society of Nurses in
Genetics (ISONG)

National Society of
Genetic Counselors

Oncology Nursing
Society

National Cancer
Institute

Website

https:/www.ncbi.nlm.nih.gov/
clinvar/

https:/www.jax.org/education-and-
learning/clinical-and-continuing-
education/clinical-topics/cancer-
resources/results-interpretation-tool

https:/www.genome.gov/sites/
default/files/media/files/2020-04/
Guide_to_Interpreting_Genomic_
Reports_Toolkit.pdf

https:/promptstudy.
info/#:~:text=PROMPT%20is%20
an%20online%20research,are%20
better%20known%20than%20others,

https://doi.org/10.1038/9im.2015.30

https:/www.ons.org/clinical-
practice-resources/talking-your-
patient-about-germline-variant-
uncertain-significance

https:/www.cdc.gov/genomics/
implementation/toolkit/cancer_
genetic_specialist.ntm

https://www.isong.org/page-
1325262

WWW.NSgC.org

https://www.ons.org/learning-
libraries/precision-oncology

https:/www.cancer.gov/
publications/pdqg/information-
summaries/genetics

Description

Searchable database that provides
information about variant
classifications.

One-page guideline to interpreting
variants (includes clinical
presentation).

This toolkit is targeted for
non-genetics providers to
increase their understanding and
interpretation of genetic test
results.

Online registry study whose
objective is to gain a better
understanding of how gene variants
affect health and cancer risk.

Includes information on specific
terminology to be used with the
term “variant.”

Background information on VUS
and how to talk with your patient
about this finding.

Online listing of four genetics
professional’s resources for
locating genetic specialists in your
area.

Searchable database of
educational resources for
undergraduate and graduate
students and clinicians.

Multiple educational resources.
Includes a searchable database
to locate a genetics professional
in the region or counseling by
telemedicine.

Includes genomics taxonomy,
“Next Generation Sequencing
Toolkit,” “When to Refer to a
Genetics Professional Quick
Guide,” and health-care
professional and patient/family
information and video clips.?

Frequently updated comprehensive
peer-reviewed, evidence-based
information about multiple cancer
types, including a summary on risk
assessment and counseling.

\ONS account.

Note. 2All genomics work is open access and free for members and non-ONS members. Some products require a free

J
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VUS THROUGH THE

EYES OF THE PATIENT

Making sense of an uncertain result can be unset-
tling for patients and family members, especially
if the patient has not received pre-test counseling
and informed consent. “We don’t know for sure”
conversations are difficult. In this case study, LP
did not have adequate pre-test counseling and did
not understand there was a significant possibility
the test results might indicate a VUS. LP was ini-
tially concerned about her risk for colon cancer.
The PALB2 VUS was a complete surprise to her.
LP was upset that she had unnecessary surgery
and was experiencing HBSO adverse effects.

The literature suggests that a patient’s per-
ception of a VUS is highly personal based on ex-
periences, emotions, and individual informational
needs (Reuter et al., 2019). Genetics providers
should ask open-ended questions about the pa-
tient’s interpretation of the VUS and explore the
patient’s personal factors and beliefs about genet-
ics and cancer. For LP, her initial request for ge-
netic testing was prompted by her personal and
family history of colon polyps.

Analogies can be useful teaching tools in help-
ing patients understand basic science concepts
(Seiler & Huggins, 2018). For this case study, the
G-APRN used a baking analogy to illustrate the
meaning of a VUS, noting that a substitution in the
recipe may or may not alter the final baking prod-
uct (Mahon, 2022). Critical VUS messages should
be communicated to patients:

e A VUS should not be used to guide surgical

management or screening.

* VUS results do not necessarily explain a

family history of cancer.

» VUS results may be reclassified in the future.

» The VUS does not rule out or explain other

cancers present now or in the future (NCCN,
2024; Reuter et al., 2019).

Patients should be offered an opportunity to
consult with a qualified genomics professional
(Mahon & Yackzan, 2022) and participate in VUS
studies such as the PROMPT (Prospective Regis-
try of MultiPlex Testing) registry (Table 2), where
patients can share VUS information and contrib-
ute to a better understanding of how variants af-
fect health and cancer risks (University of Penn-
sylvania, 2022).

SUMMARY

When a large multigene panel is ordered, there
is a significant probability that one or more VUSs
may be identified. Health-care providers should
provide informed consent including anticipatory
guidance for possible “uncertain” testing results,
and when appropriate, consult with genetics pro-
fessionals prior to testing to ensure that appropri-
ate testing panels are ordered. A first step in ad-
dressing VUS literacy and understanding begins
by using the correct “variant” terminology with
the addition of variant qualifiers: benign, likely be-
nign, uncertain, likely pathogenic, or pathogenic.
For this case study, LP was referred to a G-APRN
who addressed the VUS issues, provided client ed-
ucation, averted further unwarranted surgery, and
mitigated potential liability for the current health-
care team. Understanding and communicating in-
formation about the uncertainty and complexities
of a VUS continues to be a challenge now and for
the future. Genetic testing is complex; however,
the promise of personalized health care is only
possible when health-care professionals and pa-
tients and family members have an accurate inter-
pretation of genetic testing results.
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The authors have no conflicts of interest to disclose.
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