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ABSTRACT

Historically, genetic testing (and billing) for hereditary cancer risk was
essentially performed gene by gene, with clinicians ordering testing
only for the genes most likely to explain a patient’s or family’s cancer
presentation, with laboratories typically charging $1,000 to $1,500
for each gene that was sequenced. Given the expense, only patients
at high risk of having a hereditary syndrome were offered testing.
With the introduction of next-generation sequencing technologies,
however, laboratories are able to test for multiple genes at the same
time with greater efficiency, significantly decreased costs, and rela-
tively little increased expensewhen adding additional genes. This has
drastically altered clinical practice so that clinicians now typically
order testing for a panel of multiple genes for most patients. Al-
though this approach has streamlined the diagnostic odyssey, it has
introduced several problems, as well, including difficulties in choosing
the appropriate panel test for a givenpatient, assessing the significance
of identified genetic variants (including variants of uncertain signifi-
cance [VUS]), and understanding the disease risks and management
associated with pathogenic variants in a given gene.Many laboratories
offer testing for genes that have limited data supporting their asso-
ciated cancer risks, which then leads to an inability to set management
guidelines based on that gene. In addition, testing larger numbers of
genes increases the likelihood of finding one or more VUS, which
introduce their own management issues. Thus, although panel testing
has certainly moved clinical practice forward in many ways, it has also
raised its own set of problems that increase the complexity of genetic
counseling and highlight the need for education of community prac-
titioners on the complexities and nuances of this testing. Whenever
possible, testing should be performed by, or in consultation with,
cancer genetics professionals.
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Historically, genetic testing was essentially performed
gene by gene. Based on existing technologies, sequencing
was set up and optimized in separate assays for each
gene for which a laboratory offered testing. As a result,
billing was also performed on a gene-by-gene basis, with
laboratories typically charging $1,000 to $1,500 or more
per gene. For example, testing for the BRCA1 and BRCA2
genes cost $3,300. Qualification for insurance coverage
for testing was also based on the specific gene being
tested, although until recently such criteria were only set
for a few genes, such as BRCA1, BRCA2, APC, and the
Lynch syndrome genes. Given this, genetic testing was
only offered to select patients at highest risk of having a
pathogenic variant (mutation), and only for the genes in
which they were most likely to have a variant. Positive
results were thus usually consistent with the cancer
presentation in a family and offered relatively clear
management options because generally testing was only
offered for genes with clearly defined risks and man-
agement. Some have argued, however, that this com-
plicated process also unfortunately led to lengthening
of the diagnostic process.1

In 2010, however, the introduction of next-
generation sequencing (NGS) technologies into clinical
laboratory practice drastically altered the testing land-
scape.2 With NGS, multiple genes can be sequenced at
the same time, leading to significantly decreased time,
labor, and costs for testing. This led to the introduction of
multigene panel testing, in which multiple genes are
grouped together and offered as a single test, with the
types and numbers of genes offered and the types of
panels they are grouped into varying by laboratory. At the
same time, there has been a broadening of the range of
patients who are offered testing, and the types of genes
for which they are tested. For example, current NCCN
Clinical Practice Guidelines in Oncology (NCCN Guide-
lines) for Genetic/Familial High-Risk Assessment: Breast,
Ovarian, and Pancreatic recommend offering genetic
testing to (among others) all patients with exocrine
pancreatic, ovarian, high-risk/metastatic prostate and
male breast cancers, and all female patients with breast
cancer diagnosed at age #45 years (as well as patients
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meeting other criteria addressing personal and family
history).3 Using multigene panels, some studies suggest
that up to 17% of high-risk patients testing negative for
BRCA pathogenic variants will have a pathogenic variant
identified in another gene.4,5 In many centers, patients
have the option of undergoing testing for genes related to
cancers that are not present and/or are not genetically
linked to the cancers in their family. In addition, the
increasing availability of cancer treatments directed to
patients with specific gene defects (eg, PARP inhibitors
for patients with mutations in the BRCA genes; immune
checkpoint inhibitors in patients with Lynch syndrome)
and growing awareness of broader ranges of tumors
caused by specific hereditary syndromes have also in-
creased the interest in genetic testing among patients
and providers.

Although this approach has streamlined the di-
agnostic odyssey and decreased testing costs, it has also
introduced many problems, including difficulties in
choosing the appropriate panel test for a given patient,
assessing the significance of identified genetic variants
(including variants of uncertain significance [VUS]), and
understanding the disease risks and management as-
sociated with pathogenic variants in a given gene. This
review discusses each of these in more detail.

Choosing a Panel
There are a number of ways in which genes are grouped
into panels. In disease-specific panels, testing is only
offered for genes associated with a given cancer. For
some laboratories this includes only genes with a proven
association, whereas others may also include genes with
suspected but unconfirmed associations with the cancer
type in question (sometimes called limited evidence
genes). Examples would be panels specific to breast
cancer (offering up to $18 genes) or colon cancer (of-
fering $20 genes). In guidelines-based panels, testing is
only offered for genes that have clearly established
management guidelines. Typically, these panels are also
grouped by disease type, butmay exclude genes included
in disease-specific panels that do not have established
management guidelines. A guidelines-based breast
cancer panel, for example, might include only 6 to 8
genes. In pan-cancer or comprehensive panels, testing is
offered for a large group of genes (typically 35–85 genes
or more) that are known or suspected to be associated
with a broad range of cancer types. Each of these panel
types has its own advantages and disadvantages.

Disease-Specific Panels
With disease-specific panels, any pathogenic variant
found is to be expected because only genes related to the
cancers seen in the family are being tested, and thus an
answer has been provided to the patient/family by a

positive result. Therefore, there are rarely surprises of
finding a pathogenic variant in an unrelated gene (see
“Comprehensive Cancer Panels” section). There are,
however, several downsides to these types of panels.
First, many genes are associated with increased risks for
multiple different cancers and it may be difficult to tie
them to a single cancer type. Second, some genes may
not be clearly linked to a particular cancer now but may
be shown to be so by future research, and thus leaving
them off a panel could represent a missed opportunity
for the patient. Current examples include possible (but
not yet definitive) associations between the Lynch syn-
drome genes and breast and prostate cancers, and be-
tween the RAD51C, RAD51D, and other genes and breast
cancer.6–8 Lastly, genes may be included on disease-
specific panels that do not have clear management
guidelines, such as the inclusion of HOXB13 on prostate
cancer panels or PALB2 on pancreatic cancer panels.
Although numerous studies support HOXB13 as a
prostate cancer gene, the degree of risk it confers is still
uncertain, and thus management guidelines have not
been established.9,10 For PALB2, management guidelines
for pancreatic cancer have only recently been established
despite testing being available for some time (in part
because of the significantly increased breast cancer risks
associated with it).

Guidelines-Based Panels
Guidelines-based panels may be the most conservative,
in that any gene in which a pathogenic variant is found
will have relatively clearmanagement guidelines that can
be provided to the family, at least for the main cancers
caused by that gene. The downsides to these types of
panels include that they may leave off genes that are
clearly felt to increase risk for a given cancer but for
which there are no established management guidelines
because of lack of sufficient data (as noted above with
prostate cancer risk with HOXB13 and pancreatic cancer
risk with PALB2). Also, some of the genes included on
these panels may also increase risk for other cancers that
do not have management recommendations.

Comprehensive Cancer Panels
Comprehensive cancer panels generally include most or
all cancer genes for which a laboratory offers testing.
Clinicians may prefer these types of panels due to
mounting evidence showing that a subset of patients will
be found to have a pathogenic variant in a gene that has
not been associated with the cancers in their family, and
that some of these variants will be clinically actionable.11

Comprehensive panels also reduce the need to retest a
patient if unsuspected cancer associations are later
identified for a specific gene that was not included on a
disease-specific panel. Furthermore, some patients wish

104 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 19 Issue 1 | January 2021

REVIEW Pilarski

http://www.JNCCN.org


to be tested for any known or suspected cancer risk, even
if unrelated to the cancers in their family, as long as it
does not significantly affect the price they will pay for
testing. On the downside, large panels significantly in-
crease the likelihood of finding a VUS (see next section)
and of finding a pathogenic variant in a gene that is not
consistent with the family history, yet presents significant
management implications (see “Management Issues”
section).12,13

Variants of Uncertain Significance
A VUS is essentially a change in a gene that cannot be
classified as either disease-causing or benign based on
the available evidence. In current practice, patients and
their providers are informed of these, but are strongly
advised not to base medical management on the pres-
ence of the VUS. For some patients and providers, ig-
noring a change in a gene known to increase cancer risk
is easier said than done, and anxiety and confusion arise
over the possible unknown risks the patient faces and the
inability to screen for them.14 In addition to increasing
distress, this could also potentially lead to misuse of
healthcare dollars by patients seeking cancer screening
for an unproven risk. Although there is a possibility of
finding a VUS with even a single-gene test, the likelihood
of finding$1 of these increases with the number of genes
that are analyzed.15 Large panels may sometimes identify
$2 VUS in a single person. Of note, VUS are more common
in non-White patients. Patients need to bemade aware of
these points, because those who would be distressed by
the finding of a VUS may want to choose the smallest
panel that meets their medical indication based on their
personal and family history.

To complicate matters further, laboratories may
differ in their interpretation of the same genetic variant
based on their assessment of the available data, and in
some cases, based on differing weight that they put on
such data in their proprietary algorithms for classifying
variants.16 In some cases this can lead to various family
members receiving different test interpretations of the
same variant, depending on the laboratory that per-
formed their testing.

Management Issues
As noted earlier, for many genes offered on broader
panels, data are not robust enough to support man-
agement recommendations, and identification of a
pathogenic variant does not alter treatment recom-
mendations that would have been made based on the
personal/family history. Even for well-understood genes,
management of cancer risk based on genetic test results
is becoming more complex, along with the increasing
understanding that not all pathogenic variants in a gene
necessarily carry the same risk. Although for most genes

the specific management recommendations do not vary
based on the specific variant, there are notable excep-
tions. For the RET gene, which causes medullary thyroid
cancer, various pathogenic variants are grouped into
different risk groups and management varies accord-
ingly.17 For the CHEK2 gene, which causes breast and
other cancers, most data are from patients with the
1100delC founder variant, and management recom-
mendations for other pathogenic variants in CHEK2 are
extrapolated from this.3 However, missense variants such
as the I157T variant appear to lead to lower breast cancer
risks (and uncertain colon cancer risks), although specific
management recommendations have not been made for
it.3,18–20 For the NBN gene, current data suggest that
only the 657del5 Slavic founder variant may be associ-
ated with increased breast cancer risk, although evidence
is mixed.3

In addition, an increasing number of genes offered
on panel tests are moderate-penetrance genes that pose
a lower risk for cancer than high-risk genes such as
BRCA1 and BRCA2. It is suspected that the cancer risks
from these genes are often modified by other genetic or
environmental factors, so that the pathologic variant
alone does not entirely determine the patient’s risk. This
has been demonstrated for CHEK2 and PALB2, in which
pathologic variant carriers with stronger family histories
of breast cancer have higher risks for breast cancer than
those with weaker or no family history.21,22 It should be
noted that genetic modifiers have even been identified
for high-risk genes such as BRCA1 and BRCA2 that may
help explain differences in cancer risks found between
higher-risk clinical patient cohorts versus population-
based cohorts.23 Extensive research is currently un-
derway to investigate the clinical utility of examining
the impact of multiple modifying genes on cancer
risk—the so-called polygenic risk scores.24 The converse
of this is that it is at least theoretically possible that
a relative who has not inherited the known family mu-
tation in one of these genes may still be at some degree
of increased risk due to some of the other risk factors
that are shared in the family.

Equally complicated are results that are inconsistent
with the cancer presentation in a family yet that carry
significant management implications. For example, pa-
tients from families with gastric cancer with pathogenic
variants in the CDH1 gene are advised to undergo pro-
phylactic gastrectomy given the significant risk for dif-
fuse gastric cancer that cannot be identified though
screening.25 Because pathogenic variants in CDH1 also
increase the risk for lobular breast cancer, this gene is
included on most breast cancer panels. Yet there is
understandable anxiety on the part of both provider and
patient in recommending gastrectomy when a patho-
genic variant is found in a family that has breast cancer

JNCCN.org | Volume 19 Issue 1 | January 2021 105

REVIEWPanel Testing and Clinical Practice

http://www.JNCCN.org


but no gastric cancer present in multiple generations.
Although evidence exists that early diffuse gastric cancer
has been identified in such patients who do undergo
prophylactic gastrectomy, there is still some uncertainty
regarding how best to manage these families.26,27

Additional Issues

Choosing a Laboratory
Although there are many well-established genetic testing
laboratories, there are also an increasing number of
newer laboratories with variable degrees of scientific and
methodologic soundness. Additionally, even for well-
established laboratories, there may be significant dif-
ferences in testing methodologies in general or for
specific genes, as well as in their customer service pol-
icies (discussed in the next section). Thus, a number of
issues need to be considered in choosing a laboratory,
such as types and numbers of gene and panel tests of-
fered; qualification and accreditation of the laboratory
directors, staff, and laboratory; years of experience and
volume of testing; specific testing methodologies and
depth of coverage of their NGS testing; rigor of their
variant classification process; and policies on sharing
variant data with publicly accessible databases, such as
ClinVar, and on recontacting providers when they have
reclassified a variant.

Pricing/Insurance Billing/Financial
Assistance Policies
Another issue to consider is cost of the test to the patient
and healthcare system. List prices for panel tests in
different laboratories vary from approximately $1,500 to
$4,000 and higher. With contracts, the amount actually
billed to insurers can vary dramatically from this and
may be difficult to determine. The cost to the patient
can also be confusing. If the laboratory is contracted
with their insurer and the test is covered by their in-
surance, patients may be responsible for only the same
copay costs they pay for other laboratory tests. But in
other cases, they may face significantly higher costs.
Some laboratories will conduct an insurance pre-
authorization or benefits investigation and notify the
patient of their estimated out-of-pocket costs, at which
point the patient may decline the test if it is too ex-
pensive. Many laboratories offer financial assistance
programs to help limit patient costs, and/or offer a self-
pay price of approximately $250 to $400 to patients
whose insurance does not cover testing or whose costs
through insurance would be excessive. Policies differ
significantly among laboratories, however, and pro-
viders should compare across laboratories and famil-
iarize themselves with the policies of the laboratory they
choose to use. In most cases patients should not be

encountering out-of-pocket costs of several thousands
of dollars as they did in the past.

Insurers have generally been reluctant to pay for
panel tests because of the undocumented clinical benefit
of testing for many of the genes included on panels. In
general, most insurers are technically only paying for the
BRCA or Lynch syndrome genes included on panels, and
the laboratories absorb the cost of testing for the addi-
tional genes. Therefore, for most insurers, eligibility for
genetic testing coverage is based onmeeting their testing
criteria for BRCA or Lynch syndrome. More recently,
some insurers have added criteria for a few additional
cancer genes as well.

A new twist in the genetic testing landscape is
sponsored testing. In these programs, a laboratory part-
ners with a biomedical company to offer free testing to
patients with specific diseases in exchange for the bio-
medical company obtaining access to deidentified pat-
ent data and test results to further their own research and
development. Recently, for example, such testing has
been made available by one laboratory to patients with
pancreatic and prostate cancers.

Given the complexity of these issues, nongenetics
providers are encouraged to consult with the genetic
counselors/providers in their area for discussion and
assistance.

Somatic (Tumor) Testing
Although beyond the focus of this article, it should be noted
that testing tumors for somatic mutations that were ac-
quired as the tumor developed is an increasingly common
part of oncology practice. Identification of mutations in
various genes can direct the choice of chemotherapy in
specific patients (so-called precision medicine), and many
laboratories offer tumor testing services. In some cases,
testing the tumor also provides evidence of the presence of a
germlinemutation in the patient that needs to be addressed
with germline genetic testing and counseling.28

Community Education
Although panel testing has certainlymoved clinical practice
forward in many ways, it has also introduced its own set of
problems that highlight the need for education of com-
munity practitioners on the complexities and nuances of
this testing. As discussed earlier, providers must consider
numerous issues when choosing a laboratory and panel for
genetic testing, and patients should undergo pretest
counseling addressing the risks, benefits, and limitations of
this testing. Ideally, counseling and testing should be
performed by genetics professionals with experience in
cancer genetics.29 However, given the shortage of genetic
counselors in the United States and the variability in access
by geographic region and institution, this is not always
possible.30,31 Laboratories have begun offering direct-to-
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consumer and self-directed testing options to patients that
circumvent or replace the need for traditional pretest
and posttest counseling. At the same time, various
alternative service delivery models are being explored
to address the provider shortage. In some, online
services such as prerecorded educational videos and
chat-bots are being used. In others, community on-
cology providers perform streamlined genetic testing
and/or collaborate with genetics centers to offer testing
to their patients in straightforward cases, with referral
to their genetics colleagues for complex cases.32–36

Cases may qualify as complex because they are clini-
cally challenging or because there are psychologic is-
sues or family dynamics that require more time and
counseling than the oncology practitioner is prepared
to provide. Despite the move to encourage these al-
ternative models, studies indicate that community
practitioners are in general not well-equipped for this
and are in need of significant education and support to
participate in the provision of cancer genetics services
in this way.37,38

Conclusions
NGS and the use of multigene panel testing have dra-
matically altered the practice and costs of clinical genetic
testing for hereditary cancer risk. However, this is ac-
companied by a corresponding increase in both the
complexity of the testing and the information that
must be conveyed to patients in pretest and posttest
counseling, highlighting the need for increased ge-
netics education for oncology providers so that they
can play a role in the provision of these services. Re-
gardless of the service delivery model used, all patients
undergoing genetic testing should be counseled re-
garding the risks, benefits, and limitations prior to
testing.
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