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Abstract Cancer genetics professionals face a new opportu-
nity and challenge in adapting to the availability of cancer
genetic testing panels, now available as a result of Next
Generation Sequencing (NGS) technology. While cancer
panels have been available for over a year, we believe that
there is not yet enough data to create practice guidelines.
Despite this, a year of experience allows us to provide our
opinion on points to consider as cancer genetic counselors
incorporate this testing technology into genetic counseling
practice models. NGS technology offers the ability to poten-
tially diagnose hereditary cancer syndromes more efficiently
by testing many genes at once for a fraction of what it would
cost to test each gene individually. However, there are limita-
tions and additional risks to consider with these tests.
Obtaining informed consent for concurrent testing of multiple
genes requires that genetics professionals modify their discus-
sions with patients regarding the potential cancer risks and the
associated implications to medical management. We propose
dividing the genes on each panel into categories that vary by
degree of cancer risk (e.g. penetrance of the syndrome) and
availability of management guidelines, with the aim to im-
prove patient understanding of the range of information that
can come from this testing. The increased risk for identifying
variants of uncertain significance (VUS) when testing many

genes at once must be discussed with patients. Pretest genetic
counseling must also include the possibility to receive unex-
pected results as well as the potential to receive a result in the
absence of related medical management guidelines. It is also
important to consider whether a single gene test remains the
best testing option for some patients. As panels expand, it is
important that documentation reflects exactly which genes
have been analyzed for each patient. While this technology
holds the promise of more efficient diagnosis for many of our
patients, it also comes with new challenges that we must
recognize and address.
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Next-Generation Sequencing and Cancer Susceptibility
Testing

As of June 1, 2013, nine laboratories in the United States were
offering NGS cancer susceptibility gene panels, although at
the time of completing this paper, several other laboratories
announced intentions to release similar panels. We predict that
the number of laboratories offering this testing service will
continue to grow. Moreover, each laboratory may take a
different approach as to the number of panels it offers and/or
genes included on each panel.

The complexity of information that can come from a cancer
gene panel is significant, yet given the growing number of
cancer susceptibility genes with overlapping phenotypes and
the potential time and cost savings of panel tests, we anticipate
that cancer genetics providers will need to incorporate this
technology into their genetic testing practices. Leaders in the
cancer genetic community emphasize the importance of de-
veloping new models for providing genetic counseling to
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patients considering cancer panel testing, to promote better
informed consent (Domchek et al. 2013). Informed consent
must be obtained under time constraints that are becoming
more challenging in light of increasing patient volume and
complexity of information to convey to patients. The purpose
of this commentary is to highlight issues to consider when
contemplating panel testing for cancer susceptibility and to
propose a scheme for categorizing genes in order to facilitate
informed consent and result disclosure.

Points to Bear in Mind When Considering Panel Testing
for Cancer Susceptibility

As clinicians are faced with the decision of a single
gene/syndrome test (e.g. BRCA1/BRCA2 test) versus a cancer
panel test (e.g. breast and/or ovarian cancer panel), there are
multiple factors that need to be considered. For example, a
cancer panel may lead to an improved detection rate for the
causative gene mutation; however, depending on the finding,
there may not be sufficient data in the medical literature to
guide the clinician on how to medically manage that patient.
In addition, the improved detection rate of a cancer panel
should be weighed against a higher risk to find a variant of
unknown significance (VUS). Lastly, each laboratories ap-
proach to a panel may differ, and therefore the ordering
clinician will have several factors to consider when choosing
between tests/laboratories (Table 1). There is not enough
published literature to establish guidelines regarding which
patients are best suited for a single gene/syndrome test versus
a cancer panel test. Until such guidelines are established, the
following factors should be considered when presenting a
patient with genetic testing options and choosing which test
to recommend.

Detection Rate

Gene panels may improve the detection rate of hereditary
cancer syndromes. They may also expand the range of phe-
notypes associated with mutations in various genes and con-
tribute to the understanding of the natural history of hereditary
cancer syndromes. The traditional approach to genetic testing
has involved analyzing a single gene or a few genes related to
a single syndrome based on the pattern of cancers observed in
a family. However, this method may have led to under-
recognition of patients with mutations as between 30 % and
50 % of individuals with a mutation do not have a family
history significant enough to warrant genetic testing
(Meldrum et al. 2011). Gene panels allow for concurrent
analysis of genes in which mutations confer variable levels
of cancer risk and variable tumor spectrums, thus attending to
syndromes with overlapping phenotypes and also addressing
the limits of an uninformative family history.

Variants of Uncertain Significance (VUS)

The disadvantage of an improved detection rate is a greater
possibility of identifying VUS’s. AVUS is a genetic alteration
whose association with disease risk is currently unknown. It is
challenging for genetic counselors and other members of the
healthcare team to consistently advise patients on appropriate
medical management following the detection of a VUS and
this may add to patient distress (Domchek and Weber 2008).
The likelihood of identifying a VUS is proportional to the
number of genes tested; therefore, gene panels inherently
uncover more VUS’s than single gene testing (Domchek
et al. 2013). Laboratories should classify variants according
to the American College ofMedical Genetics (ACMG) guide-
lines and document supporting evidence regarding each var-
iant’s known or possible role in disease (Rehm et al. 2013).

While most labs that perform single gene testing
report a VUS rate between 3 % and 5 % for genes
such as BRCA1 and BRCA2, labs that offer NGS panels
report higher VUS rates. For example, Ambry Genetics
reports through their website a VUS rate of 4 % in
BRCA1 and BRCA2 analysis, but a VUS rate of 33 %
for their largest cancer gene panel (Ambry Lab 2013).
Genetic counselors should share this information with
patients so that they understand that while NGS panels
may have a good detection rate, they also have a greater
VUS rate.

Medical Management Recommendations

Many gene panels include testing for conditions with variable
penetrance, although the optimal medical management of
carriers of low to moderately penetrant conditions is not
typically well-defined. In many cases, medical management
guidelines do not exist and the appropriate clinical response
remains unclear. Data regarding cancer risks may not be
available for all genes being tested, and risk estimates may
be especially difficult for patients who carry variants and/or
mutations in multiple genes. In some cases, appropriate med-
ical management will be based on a patient’s personal and
family history more so than genetic test results. However,
genetic test results may still be beneficial for excluding a
diagnosis (in the case of a negative result) or allowing targeted
testing for family members (in the case of a positive result). It
is possible that more information will be discovered about the
phenotype and cancer risks related to each syndrome as more
patients are tested and a larger pool of patients with hereditary
cancer syndromes are identified. In much the same way that
testing criteria and medical management guidelines have
evolved for families at high risk for hereditary breast and
ovarian cancer syndrome, it is plausible that management
guidelines for cancer syndromes with incomplete penetrance
will be developed in the future.
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Breaking Down the Panels: Gene Stratification

Obtaining informed consent for concurrent testing of multiple
genes requires that genetics professionals modify their discus-
sions with patients regarding the potential cancer risks and the
associated implications to medical management. We propose
dividing the genes on each panel into three categories that vary

by degree of cancer risk and availability of management guide-
lines, with the aim to improve patient understanding of the range
of information that can derive from a Cancer Panel genetic test.

Category 1: Genes that, when mutated, confer high can-
cer risks, with published management guidelines for
those with mutations.

Table 1 Choosing a laboratory for NGS cancer panels

What technology is used ▪ Platform of the testing

▪ Depth of coverage

▪ Presence of deletion/duplication assay
Which genes are included ▪ Number of genes (Larger panels may not be of any more benefit to the patient)

▪ A cancer site-specific test (e.g. breast cancer susceptibility) versus a pan-cancer
test (all cancer susceptibility)

▪ The proportion of genes that are considered “medically actionable”, meaning
mutated genes will lead to a change in medical management that is supported
by guidelines

▪ Option to exclude results per patient request

What is the cost of testing/Insurance coverage ▪ List price
▪ Billing options (e.g. insurance vs. institutional billing)
▪ “In network” or “out of network”
▪ Medicare or Medicaid billing options

▪ Financial assistance or payment plans for uninsured patients

▪ Presence of a patient “cap” to control patient expense
▪ Requirements for letters of medical necessity

What is the Turn-Around-Time (TAT) ▪ TAT for insurance preauthorization (if offered) and testing

▪ TAT for panels vs. single genes

▪ Importance of TAT may be dictated by whether or not a patient is using the
information to make an immediate management decision (e.g. surgery for
recent diagnosis)

Variants of Unknown Significance (VUS) rate ▪ VUS rate for the panel under consideration

▪ How conservative is the laboratory in calling out a mutation versus VUS
versus benign polymorphism

▪ VUS reclassification process (Does the laboratory offer free VUS testing to
affected family members? How are ordering providers notified when
reclassifications occur?)

▪ Supplementary data provided by the laboratory regarding the variant (e.g.
cosegregation data, data from in silico models, population frequency,
review of the literature, etc.)

▪ Patient’s level of anxiety about a VUS result (which may dictate the importance
you place on a laboratory’s VUS rate)

How reliable is the laboratory ▪ Past experience with the laboratory for other cancer susceptibility genetic testing

▪ Laboratory’s experience with NGS technology

▪ Laboratory’s experience with the gene(s) of interest (e.g. lab may be able to better
classify missense mutations, etc.)

▪ Accuracy of result interpretation
Ease of laboratory use ▪ Insurance pre-verification process

▪ Reliable communication

▪ Sample submission process (workload to order a test)

▪ Readability of test report
▪ Availability and reliability of online reporting system

▪ Access to genetics professionals
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This category includes genes for which there is a
substantial amount of peer-reviewed literature to support
the clinical significance of a mutation. Mutations in these
genes are associated with significant lifetime cancer risks
(often 50 % or greater) and generally, there are published
guidelines that direct healthcare professionals on how to
manage individuals with these associated cancer risks.
Many genes in this category, such as the BRCA1/BRCA2
and mismatch repair genes, have been analyzed for years
via single syndrome testing, primarily when family his-
tory risk assessment has raised concern for the associated
syndrome. However, this category also includes genes in
which prior testing uptake was relatively low, often due to
the rarity of mutations in such genes. An example of this
is the TP53 gene. TP53mutations are thought to occur in
1 in 20,000 individuals (Gonzalez et al. 2009) and are
associated with Li Fraumeni syndrome (LFS) (Chompret
et al. 2000; Nichols et al. 2001). The component cancers
of LFS (i.e. cancers that defined this syndrome when
diagnostic criteria were first published) include female
breast cancer, soft-tissue sarcomas, osteosarcomas, brain
tumors, leukemia, and adrenal cortical cancers (Li et al.
1988); however, the list of cancers that have been report-
ed with increased frequency with this syndrome is exten-
sive (Birch et al. 2001; Kleihues et al. 1997). There are
established management guidelines for patients with this
syndrome (e.g. National Comprehensive Cancer
Network guidelines), as well as published screening pro-
tocols that are currently under investigation but show
promise of increasing early cancer detection for patients
with LFS (National Comprehensive Cancer Network
Clinical Practice Guidelines in Oncology, “Genetic/
Familial High-Risk Assessment: Breast and Ovarian,”
2013; Villani et al. 2011). The TP53 gene is on nearly
all of the cancer gene panels. Genes that fit within this
category and that are available on current cancer panels

include the aforementioned TP53 gene, as well as the
genes listed in Table 2.
Category 2: Genes that when mutated, confer moderate
cancer risks, with no management guidelines for those
with mutations.

This category includes genes for which there is peer-
reviewed literature to support the clinical significance of a
mutation and often, clinical testing has been available for
years. However, these genes are less likely to have been
ordered routinely given that mutations in such genes are
associated with more moderate cancer risks and no well-
established management guidelines exist. An example of a
gene in this category includesPALB2. PALB2mutations are
associated with a 2.3–3.4 fold increased risk of breast
cancer (Casadei et al. 2011; Rahman et al. 2007). PALB2
mutations have also been documented in familial pancre-
atic cancer families (Jones et al. 2009). In addition, familial
breast cancer patients (breast cancer patients with ≥2 family
members with breast cancer) with PALB2mutations are six
times more likely to have a family history of pancreatic
cancer than familial breast cancer patients without such
mutations (Casadei et al. 2011). Despite this apparent
association, the degree of pancreatic cancer risk has yet to
be fully elucidated. There is still a question as to whether
PALB2 mutations may contribute to increases in other
cancer risks, such as prostate or ovarian cancer (Casadei
et al. 2011; Erkko et al. 2007). While one can use clinical
judgment to guide medical management for PALB2 muta-
tion carriers (e.g. add breast MRIs to a woman’s annual
screening regimen), there are no guidelines to indicate
when to begin such screening or to assist with requesting
insurance coverage for high-risk screening. Genes that fit
within this category include the aforementioned PALB2
gene, as well as the genes listed in Table 2.
Category 3: Genes that, when mutated, are known to be
prevalent within a certain cancer patient population,

Table 2 Three categories of genes found on NGS cancer panels

Syndrome penetrance
(Cancer risk)

Understanding of
phenotype

Management guidelines Examples of genes

Mutations found in
Category 1

High Good to Excellent Published guidelines likely to exist,
screening or prevention for many
of associated cancer risks exist,
mutation likely to change management

APC, BMPR1A BRCA1, BRCA2,
CDH1, EPCAM, MLH1,
MSH2, MSH6, MUTYH,
PMS2, PTEN, SMAD4,
STK11, TP53

Mutations found in
Category 2

Moderate Fair to Good Guidelines unlikely to be published,
screening may exist for associated
cancer risks, mutation may or may
not change management

ATM, CHEK2,PALB2

Mutations found in
Category 3

Unknown Poor Guidelines do not exist, difficult to
make recommendations and
therefore unlikely to change
management

BARD1, BRIP1, MRE11, NBN,
NBS1, RAD50, RAD51C,
RAD51D
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however the degree of cancer risk and tumor spectrum
are not well understood, with no management guidelines
for those with mutations.

This category includes genes in which clinical testing
was generally not available prior to the availability of
cancer panels, likely given limited data regarding the im-
plications of such gene mutations. It is not that these genes
do not or will not have clinical relevance—they may.
However, our present understanding of the implications
of mutations in these genes is still in development, and
mutations in these genes may not be immediately clinically
relevant (i.e. would not change a patient’s medical man-
agement). An example of a gene in this category includes
BRIP1. While BRIP1 mutations have been found to be
more prevalent in individuals with familial breast cancer
compared to controls (Seal et al. 2006), other studies have
failed to show an association (Frank et al. 2007; Lewis et al.
2005). There is more recent data to show a significantly
elevated ovarian cancer risk with BRIP1mutations (Rafnar
et al. 2011), although this finding has yet to be replicated.
Also, it appears that even if the elevated risk is real, BRIP1
mutations account for <1% of ovarian cancers (Walsh et al.
2011). While it is likely that BRIP1 mutations play some
role in cancer predisposition, more research is necessary to
understand that role and the clinical implications. Genes
that fit within this category include the aforementioned
BRIP1 gene, as well as the genes listed in Table 2.

Adopting Next Generation Genetic Counseling

As discussed, there are no clear guidelines on when to order
NGS cancer panels. The American College of Medical
Genetics (ACMG) has developed a position statement for
whole exome and genome sequencing (“Points to consider
in the clinical application of genomic sequencing,” 2012) that
can be adapted to apply to NGS cancer panels and be used by
genetic counselors to guide their cancer risk assessments
(Table 3). Most pediatric genetic panel testing is guided by
this ACMG statement. The National Comprehensive Cancer
Network (NCCN) addressed the use of gene panels in their
2013 Guidelines for Risk Assessment (National
Comprehensive Cancer Network Clinical Practice
Guidelines in Oncology, “Genetic/Familial High-Risk
Assessment: Breast and Ovarian,” 2013). The authors of the
NCCN guidelines indicated that cancer gene panels could be
considered after highly penetrant syndromes have been ruled
out and there is still reason to believe the family history is
suggestive of a hereditary cancer syndrome. Genetic coun-
selors and health professionals can use these early guidelines
to determine when to consider counseling for NGS cancer
panels. In the future, guidelines for NGC cancer panels may

be developed by a professional organization. For example, the
Heart Rhythm Society (HRS) and the European Heart Rhythm
Association (EHRA) developed a consensus statement on
genetic testing for channelopathies and cardiomyopathies
(Ackerman et al. 2011). This consensus statement is used by
cardiovascular genetic counselors to guide NGS panel testing.
Both the ACMG and NCCN recommend that genetic counsel-
ing should be performed by a cancer genetic professional
(National Comprehensive Cancer Network Clinical Practice
Guidelines in Oncology, “Genetic/Familial High-Risk
Assessment: Breast and Ovarian,” 2013; Pletcher et al. 2007).

Importance of Informed Consent

When genetic counseling for highly penetrant cancer syn-
dromes was first performed, there were concerns about the
lack of knowledge of the cancer risks associated with each
syndrome, what early detection and/or risk-reducing options
would be available for patients with mutations, and whether
patients would experience significant anxiety upon learning
they carried a mutation. As an increasing number of individ-
uals with hereditary cancer syndromes were identified, the
knowledge of highly penetrant cancer syndromes increased,
improving our ability to create effective clinical guidelines for
management.

Studies have shown that individuals receiving mutation-
positive results describe an increase in anxiety, but that
anxiety often returns to baseline with the passage of time
(Halbert et al. 2011; Hamilton et al. 2009). Organizations
like the NCCN, American Society of Clinical Oncology, and
the U.S. Preventive Services Task Force, have acknowl-
edged the research that shows the benefits of genetic
counseling and testing for hereditary cancer syndromes; they
have written guidelines and recommendations for cancer
predisposition testing, all of which include pretest counsel-
ing as part of the informed consent process (National
Comprehensive Cancer Network Clinical Practice
Guidelines in Oncology, “Genetic/Familial High-Risk
Assessment: Breast and Ovarian,” 2013; Robson et al.
2010; U.S. Preventive Services Task Force 2014).

Table 3 ACMG indications for diagnostic testing using NGS

WGS/WES should be considered in the clinical diagnostic assessment of
a phenotypically affected individual when:

• The phenotype or family history data strongly implicate a genetic
etiology, but the phenotype does not correspond with a specific
disorder for which a genetic test targeting a specific gene is available
on a clinical basis.

• A patient presents with a defined genetic disorder that demonstrates a
high degree of genetic heterogeneity, makingWES orWGS analysis of
multiple genes simultaneously a more practical approach.

•A patient presents with a likely genetic disorder but specific genetic tests
available for that phenotype have failed to arrive at a diagnosis.
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While existing genetic counseling models encourage in-
depth discussion of the syndrome to be tested, these models
do not address testing multiple syndromes, simultaneously
(Domchek et al. 2013). The pre-test genetic counseling model
will need to involve a discussion of the range of information
that could be learned via a cancer panel, as well as the increased
risk of discovering unanticipated results and VUS’s. Along
with the progress of genetic testing technology, genetic
counseling will also have to shift and adapt to ensure patients
are educated about the unique benefits and risks of NGS
genetic panel testing in order to facilitate informed consent.

Suggested Genetic Counseling Techniques

Traditionally, cancer genetic counseling has evaluated a patient’s
risk based on personal and family history of cancer, ages of
diagnosis, and other phenotypic features. Genetic counselors
have used their expert knowledge to choose which genes to test
and then counseled the patient about the cancer risks and man-
agement options for mutations in those specific genes. Genes
that are unlikely to be mutated are not analyzed in this model.
This approach to genetic counseling ismore specific and targeted
than genetic counseling for panel genetic tests. However, this
approach can lead to serial testing of multiple genes, which can
be expensive and time consuming for the patient if a clear
hereditary cancer syndrome is not apparent. In the case where
a NGS cancer panel may best serve the patient’s quality of care
as an initial test, genetic counselors will need to update the depth
of information which they provide the patient.

While adapting the amount of information shared with the
patient, it is important to maintain patient autonomy and the
ability to make an informed decision. Genetic counselors must
educate patients about the implications of all the genes includ-
ed in an NGS panel. A suggestion to help present this infor-
mation in a timely and effective manner is to group the genes
into the aforementioned three categories (Table 2). This tech-
nique could help patients understand that mutations in differ-
ent genes are associated with different levels of risks for
cancer, and not all results have clear management guidelines.

It may also be helpful to group the cancers associated with
each panel test. The genetic counselor could then broadly de-
scribe how the increased cancer risk for each organmay/could be
managed. For example, some genes on the breast panels would
put a patient at risk for breast and pancreatic cancer; the genetic
counselor would explain increased breast cancer surveillance
options and then explain the limited screening options for pan-
creatic cancer. Patients should know a deleteriousmutation could
mean a risk formultiple sites of cancer and understand the degree
to which surveillance and management strategies exist and are
efficacious for each site of cancer.

As noted earlier, it is important that patients understand the
chance of a VUS result and the limitations of such results.
Genetic counselors should consider sharing the VUS rate

reported by the elected laboratory when considering NGS
panels. Patients should understand that VUS’s will not be
treated as deleterious nor causative of a cancer predisposition.

Documenting Genetic Testing

There are multiple NGS cancer panels with varying sets of
genes, and more genes may be added to these panels as our
knowledge about cancer susceptibility improves. While many
genetic counselors document the type of genetic testing ordered,
it will become more important to document which genes were
tested for each patient and which lab was used. It will also be
helpful to document the testing platform, depth of coverage, and
presence of a deletion/duplication assay. As part of post-test
genetic counseling, genetic counselors should continue to in-
form patients that updated testing may be available for them in
the future. The protocol for patients to be notified of such
updates (e.g. who has the responsibility to follow-up to discuss
advances in testing options) should be clear.

Conclusion

While NGS-based technology, including gene panels, is avail-
able and use of this technology is increasing, our understand-
ing of how best to counsel patients for whom we recommend
this testing is still evolving. It is essential that future research
focus on the outcomes of using this technology, with hope to
limit the potential for harm and to maximize the benefit to the
patient (Domchek et al. 2013). This was the approach used to
develop counseling models for highly penetrant cancer syn-
dromes such as hereditary breast and ovarian cancer syndrome
and Lynch syndrome. Collaborative epidemiologic work will
also be necessary to gather information about genes included
in the NGS panels; this will help provide more substantial
information about each gene’s associated tumor spectrums
and cancer risks, which will lead to the development of
appropriate clinical management (Offit 2011).

Conflict of Interest Heather Fecteau MS, CGC, Kristen Vogel MS,
CGC, Kristen Hanson MS, CGC, and Shannon Morrill-Cornelius MS,
CGC declare that they have no conflict of interest.

Human and Animal Rights No animal or human studies were carried
out by the authors for this article.

References

Ackerman, M. J., Priori, S. G., Willems, S., Berul, C., Brugada, R.,
Calkins, H., et al. (2011). HRS/EHRA expert consensus statement
on the state of genetic testing for the channelopathies and cardio-
myopathies this document was developed as a partnership between

Fecteau et al.



the Heart Rhythm Society (HRS) and the European Heart Rhythm
Association (EHRA).Heart Rhythm, 8(8), 1308–1339. doi:10.1016/
j.hrthm.2011.05.020.

ACMG Board of Directors. (2012). Points to consider in the clinical
application of genomic sequencing. Genetics in Medicine, 14(8),
759–761. doi:10.1038/gim.2012.74.

Ambry Lab. (2013). Retrived from http://www.ambrygen.com/sites/
default/files/pdfs/ACMG%20shared%20slides.pdf.

Birch, J. M., Alston, R. D., McNally, R. J., Evans, D. G., Kelsey, A. M.,
Harris, M., et al. (2001). Relative frequency and morphology of
cancers in carriers of germline TP53 mutations. Oncogene, 20(34),
4621–4628. doi:10.1038/sj.onc.1204621.

Casadei, S., Norquist, B. M., Walsh, T., Stray, S., Mandell, J. B., Lee, M.
K., et al. (2011). Contribution of inherited mutations in the BRCA2-
interacting protein PALB2 to familial breast cancer. Cancer
Research, 71(6), 2222–2229. doi:10.1158/0008-5472.can-10-3958.

Chompret, A., Brugieres, L., Ronsin, M., Gardes, M., Dessarps-Freichey,
F., Abel, A., et al. (2000). P53 germline mutations in childhood
cancers and cancer risk for carrier individuals. British Journal of
Cancer, 82(12), 1932–1937. doi:10.1054/bjoc.2000.1167.

Domchek, S., & Weber, B. L. (2008). Genetic Variants of uncertain
significance: flies in the ointment. Journal of Clinical Oncology,
26(1), 16–17. doi:10.1200/JCO.2007.14.4154.

Domchek, S. M., Bradbury, A., Garber, J. E., Offit, K., & Robson, M. E.
(2013). Multiplex genetic testing for cancer susceptibility: out on the
high wire without a net? Journal of Clinical Oncology, 31(10),
1267–1270. doi:10.1200/jco.2012.46.9403.

Erkko, H., Xia, B., Nikkila, J., Schleutker, J., Syrjakoski, K., Mannermaa,
A., et al. (2007). A recurrent mutation in PALB2 in Finnish cancer
families. Nature, 446(7133), 316–319. doi:10.1038/nature05609.

Frank, B., Hemminki, K., Meindl, A., Wappenschmidt, B., Sutter, C.,
Kiechle, M., et al. (2007). BRIP1 (BACH1) variants and familial
breast cancer risk: a case–control study. BMC Cancer, 7, 83. doi:10.
1186/1471-2407-7-83.

Gonzalez, K. D., Noltner, K. A., Buzin, C. H., Gu, D., Wen-Fong, C. Y.,
Nguyen, V. Q., et al. (2009). Beyond Li Fraumeni Syndrome: clinical
characteristics of families with p53 germline mutations. Journal of
Clinical Oncology, 27(8), 1250–1256. doi:10.1200/jco.2008.16.6959.

Halbert, C. H., Stopfer, J. E., McDonald, J., Weathers, B., Collier, A., Troxel,
A. B., et al. (2011). Long-term reactions to genetic testing for BRCA1
and BRCA2 mutations: does time heal women’s concerns? Journal of
Clinical Oncology, 29(32), 4302–4306. doi:10.1200/jco.2010.33.1561.

Hamilton, J. G., Lobel, M., & Moyer, A. (2009). Emotional distress
following genetic testing for hereditary breast and ovarian cancer:
a meta-analytic review. Health Psychology, 28(4), 510–518. doi:10.
1037/a0014778.

National Comprehensive Cancer Network Clinical Practice Guidelines in
Oncology, “Genetic/Familial High-Risk Assessment: Breast and
Ovarian,” 2013, http://www.nccn.org/index.asp.

Jones, S., Hruban, R. H., Kamiyama,M., Borges,M., Zhang, X., Parsons,
D. W., et al. (2009). Exomic sequencing identifies PALB2 as a
pancreatic cancer susceptibility gene. Science, 324(5924), 217.
doi:10.1126/science.1171202.

Kleihues, P., Schauble, B., Zur Hausen, A., Esteve, J., & Ohgaki, H.
(1997). Tumors associated with p53 germline mutations: a synopsis
of 91 families. The American Journal of Pathology, 150(1), 1–13.

Lewis, A. G., Flanagan, J., Marsh, A., Pupo, G. M., Mann, G., Spurdle,
A. B., et al. (2005). Mutation analysis of FANCD2, BRIP1/BACH1,
LMO4 and SFN in familial breast cancer. Breast Cancer Research,
7(6), R1005–R1016. doi:10.1186/bcr1336.

Li, F. P., Fraumeni, J. F., Jr., Mulvihill, J. J., Blattner, W. A.,
Dreyfus, M. G., Tucker, M. A., et al. (1988). A cancer family
syndrome in twenty-four kindreds. Cancer Research, 48(18),
5358–5362.

Meldrum, C., Doyle, M. A., & Tothill, R. W. (2011). Next-generation
sequencing for cancer diagnostics: a practical perspective. Clinical
Biochemistry Reviews, 32(4), 177–195.

Nichols, K. E., Malkin, D., Garber, J. E., Fraumeni, J. F., Jr., & Li, F. P.
(2001). Germ-line p53 mutations predispose to a wide spectrum of
early-onset cancers. Cancer Epidemiology, Biomarkers and
Prevention, 10(2), 83–87.

Offit, K. (2011). Personalized medicine: new genomics, old lessons.
Human Genetics, 130(1), 3–14. doi:10.1007/s00439-011-1028-3.

Pletcher, B. A., Toriello, H. V., Noblin, S. J., Seaver, L. H., Driscool, D.
A., Bennett, R. L., et al. (2007). Indications for genetic referral: a
guide for health care professionals.Genetics in Medicine, 9(6), 385–
389.

U.S. Preventive Services Task Force (2014). Assessing the genetic risk
for BRCA-related breast or ovarian cancer in women:
Recommendations From the U.S. Preventive Services Task Force.
Annals of Internal Medicine 160 (4), I-16-16.

Rafnar, T., Gudbjartsson, D. F., Sulem, P., Jonasdottir, A., Sigurdsson, A.,
Jonasdottir, A., et al. (2011). Mutations in BRIP1 confer high risk of
ovarian cancer. Nature Genetics, 43(11), 1104–1107. doi:10.1038/
ng.955.

Rahman, N., Seal, S., Thompson, D., Kelly, P., Renwick, A., Elliott, A.,
et al. (2007). PALB2, which encodes a BRCA2-interacting protein,
is a breast cancer susceptibility gene. Nature Genetics, 39(2), 165–
167. doi:10.1038/ng1959.

Rehm, H. L., Bale, S. J., Bayrak-Toydemir, P., Berg, J. S., Brown, K. K.,
Deignan, J. L., et al. (2013). ACMG clinical laboratory standards for
next-generation sequencing. Genetics in Medicine, 15(9), 733–747.
doi:10.1038/gim.2013.92.

Robson, M. E., Storm, C. D., Weitzel, J., Wollins, D. S., & Offit, K.
(2010). American society of clinical oncology policy statement
update: Genetic and genomic testing for cancer susceptibility.
Journal of Clinical Oncology, 28(5), 893–901.

Seal, S., Thompson, D., Renwick, A., Elliott, A., Kelly, P., Barfoot, R.,
et al. (2006). Truncating mutations in the Fanconi anemia J gene
BRIP1 are low-penetrance breast cancer susceptibility alleles.
Nature Genetics, 38(11), 1239–1241. doi:10.1038/ng1902.

Villani, A., Tabori, U., Schiffman, J., Shlien, A., Beyene, J., Druker, H.,
et al. (2011). Biochemical and imaging surveillance in germline
TP53 mutation carriers with Li-Fraumeni syndrome: a prospective
observational study. The Lancet Oncology, 12(6), 559–567. doi:10.
1016/s1470-2045(11)70119-x.

Walsh, T., Casadei, S., Lee, M. K., Pennil, C. C., Nord, A. S., Thornton,
A. M., et al. (2011). Mutations in 12 genes for inherited ovarian,
fallopian tube, and peritoneal carcinoma identified by massively
parallel sequencing. Proceedings of the National Academy of
Sciences of the United States of America, 108(44), 18032–18037.
doi:10.1073/pnas.1115052108.

The Evolution of Cancer Risk Assessment

http://dx.doi.org/10.1016/j.hrthm.2011.05.020
http://dx.doi.org/10.1016/j.hrthm.2011.05.020
http://dx.doi.org/10.1038/gim.2012.74
http://www.ambrygen.com/sites/default/files/pdfs/ACMG%20shared%20slides.pdf
http://www.ambrygen.com/sites/default/files/pdfs/ACMG%20shared%20slides.pdf
http://dx.doi.org/10.1038/sj.onc.1204621
http://dx.doi.org/10.1158/0008-5472.can-10-3958
http://dx.doi.org/10.1054/bjoc.2000.1167
http://dx.doi.org/10.1200/JCO.2007.14.4154
http://dx.doi.org/10.1200/jco.2012.46.9403
http://dx.doi.org/10.1038/nature05609
http://dx.doi.org/10.1186/1471-2407-7-83
http://dx.doi.org/10.1186/1471-2407-7-83
http://dx.doi.org/10.1200/jco.2008.16.6959
http://dx.doi.org/10.1200/jco.2010.33.1561
http://dx.doi.org/10.1037/a0014778
http://dx.doi.org/10.1037/a0014778
http://www.nccn.org/index.asp
http://dx.doi.org/10.1126/science.1171202
http://dx.doi.org/10.1186/bcr1336
http://dx.doi.org/10.1007/s00439-011-1028-3
http://dx.doi.org/10.1038/ng.955
http://dx.doi.org/10.1038/ng.955
http://dx.doi.org/10.1038/ng1959
http://dx.doi.org/10.1038/gim.2013.92
http://dx.doi.org/10.1038/ng1902
http://dx.doi.org/10.1016/s1470-2045(11)70119-x
http://dx.doi.org/10.1016/s1470-2045(11)70119-x
http://dx.doi.org/10.1073/pnas.1115052108

	The Evolution of Cancer Risk Assessment in the Era of Next Generation Sequencing
	Abstract
	Next-Generation Sequencing and Cancer Susceptibility Testing
	Points to Bear in Mind When Considering Panel Testing for Cancer Susceptibility
	Detection Rate
	Variants of Uncertain Significance (VUS)
	Medical Management Recommendations

	Breaking Down the Panels: Gene Stratification
	Adopting Next Generation Genetic Counseling
	Importance of Informed Consent
	Suggested Genetic Counseling Techniques
	Documenting Genetic Testing

	Conclusion
	References


