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In the article that accompanies this editorial, Childers et al1

document how poorly we are doing in identifying carriers of path-
ogenic cancer susceptibility mutations. The commercialization of
BRCA1/2 testing in 1996 portended tremendous promise for cancer
prevention, opening the door to new strategies to prevent cancer or
find it at an earlier, more treatable stage.2 Although many of these
strategies have been adopted and several have been shown to save lives,3

we have yet to apply these strategies at the population level where their
effect can be generalized beyond a small number of selected patients.

To put the impact of this underutilization of genetic testing
into perspective, consider the cancers for which genetic testing is
most common: breast, ovarian, endometrial, and colorectal. There
will be 535,370 cases of these cancers in 2017 in the United States.4

If 5% of them are hereditary, approximately 26,000 patients will
develop cancer that likely could have been prevented or discovered
at an earlier stage in 2017 alone.

Childers et al1 estimate that of the 3.8 million breast and
ovarian cancer survivors in this country, 1,453,836 were eligible for
genetic testing, of whom only 14.1% had actually been tested. This
leaves a gap of about 1.2 million untested patients. Other studies
show similar results.5-8

We must also consider that more than 90% of unaffected
BRCA carriers have yet to be identified and most at-risk women
have yet to be tested.8 According to the 2010 US census,9 there were
75,615,217 women between the ages of 25 and 70 in this country.
Assuming that 3.8 million of them are breast and ovarian cancer
survivors and that 16% of the remaining women meet National
Comprehensive Cancer Network guidelines,10 this would amount
to 11,477,635 unaffected women who are eligible for testing. Han
and Jemal11 calculate that about 800,000 unaffected women have
had genetic testing, leaving about 10.7 million women untested.
Conservatively, an estimated 1.2 million affected women and 10.7
million unaffected women need genetic testing.

Khoury et al12 described translational research as having four
stages: discovery to health application (T1), application to guide-
lines (T2), guidelines to practice (T3), and practice to population
health (T4). In the implementation of clinical BRCA testing, we are
stuck at stage T3. Although we have developed guidelines for testing
and those guidelines have been shown in many cases to improve
outcomes, we have yet to move these practices to the pop-
ulation level. To determine how to transcend this translational
block, it is important to consider how we got here in the first place.

Initially, genetic testing was expensive, difficult to obtain, and
associated with a vast set of unknowns. The genetics community
responded with what has been called a “parade of horribles,”13 or
a listing of the worst possible outcomes of a given action. These
included, but were not limited to, equating cancer genetic testing to
genetic testing for Huntington’s chorea (a disease without treatment)
and to prenatal genetics (for which the main avenue of resolution
was abortion). Concerns were raised that patients would become
depressed or suicidal, choose approaches that were morbid or un-
proven, be subjected to the wrong intervention, have the wrong test
done, have the test results misinterpreted, lose their health insurance,
be made especially anxious by uninformative tests, and so forth.

In response to this horrific scenario and the high cost of testing,
barriers were put in place that slowed adoption and limited testing to
highly specialized centers. The patient had to meet with a genetic
counselor or genetics nurse to be cautioned about the risks of testing,
had to document her family history of cancer by retrieving each
relative’s pathology report, and could not be tested on the first visit.
The patient had to come back for another appointment for testing,
and come back again for disclosure of results. Finally, before an
unaffected individual could be tested, she had to convince an affected
relative to have testing to identify a family-specific mutation.

Now, 20 years later, the costs have plummeted and the utility
of testing is obvious. We no longer require relatives’ pathology
reports, we frequently test at the first visit, counsel and return
results by phone, assume the patient wants to know the results, and
increasingly test unaffected individuals.14

Although we have removed many barriers, we persist in trying
to mandate a long and involved pretest counseling process.15

Certifying bodies and guidelines organizations16-19 have sug-
gested that genetic counseling is essential before testing and have
made vague and difficult-to-interpret requirements for physicians
to qualify to perform testing. At least one major insurer requires
testing to be performed by a genetics expert.20

Although the value of genetic counseling is not being
disputed, requiring the patient to visit another specialist at
another site and another time, often months in the future, adds
a significant barrier to testing, especially for the underserved. In
the study by Childers et al,1 22% of patients were never tested,
largely, the authors believe, because of the lack of availability of
genetic counseling. Whitworth et al20 studied the cancellation
rate (test were ordered but results were not made available) at
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a major insurer that implemented a genetic counseling mandate
and found the premandate rate of cancellation was 13.3%, and
the postmandate rate jumped to 42.1%. The argument that pretest
counselingmight lead tomore appropriate testing was not borne out
by the data, which showed no change in the deleterious mutation
rate; 3.8% premandate and 3.7% postmandate. It was particularly
disheartening to learn that the rate of cancellation was dispro-
portionately high among African Americans (48.9%) and Latinos
(49.6%), far exceeding that for whites (33.9%).

Why has the genetics community championed intensive
counseling by a genetics professional before testing? The answer
lies, in part, in the strong belief that only genetics professionals can
manage the complexity of the field. Concerns have been raised
about the limited knowledge base of physicians, but these concerns
are sometimes overemphasized. Kurian et al21 suggested that many
surgeons mismanage patients with a variant of uncertain signif-
icance (VUS), although the grounds for this conclusion are
somewhat ambiguous. Their poll of breast surgeons found that
50% of low-volume surgeons and 24% of high-volume surgeons
stated that they would manage patients with a VUS the same way
they manage patients with a deleterious mutation. However, when
the authors measured the use of bilateral mastectomy, there was no
statistically significant difference between those with a VUS com-
pared with those with a negative genetic test, whereas a statistically
significant difference was observed in the management of those with
a deleterious mutation. Although there may be an educational gap
that must be corrected, it seems that surgeons, in general, manage
a VUS similarly to the way they manage a negative genetic test result.

Is restricting testing to genetic counselors really a solution?
Although genetic counselors are an invaluable resource, they cannot
put their recommendations directly into effect. A physician must
prescribe the chemotherapy preventive agent or poly (ADP-ribose)
polymerase inhibitor, must order and interpret screening tests, and
must do the risk-reducing surgery. Although genetics professionals
can provide tremendous input, physicians cannot abrogate their
responsibility by undertaking these recommendations without fully
understanding the indications and repercussions. Even if physicians
are not allowed to perform genetic testing, they must put the results
into practice and are responsible for those decisions.

If physicians are currently making errors in managing genetic
testing, this can be remedied by directed education. Vassy et al22

showed that 6 hours of training was sufficient for primary care
physicians to manage pretest counseling, provide results, and
arrange management for whole-genome sequencing. Patient sat-
isfaction and response to genetic findings were deemed acceptable.
This suggests that, with a few hours of training, physicians could
learn to give informed consent, order appropriate testing, interpret
results, and arrange management (when obvious) or knowwhen to
refer (when not obvious) for cancer genetic testing.

The corpus of genetic information is extensive and growing
exponentially. Is it realistic to expect all physicians to be facile with
genetics? The answer is, they will have to be. It will soon become
impossible to practice medicine without genetics. However, it is
no longer possible to store all of this knowledge in our brains.
Physicians, just like the rest of society’s knowledge workers, will
need to depend on useful software. Clinical decision support tools
will become the norm, not the exception they are today, especially
in genetics.23-25

To move genetic testing beyond a cottage industry, helping
only the fortunate few, to a population level approach helping the
majority, we must understand the magnitude of the problem and
of the proposed solutions. Although many studies regarding the
underutilization of genetic testing conclude with an appeal for
more genetic counselors or the need to restrict testing to coun-
selors, neither of these solutions are viable. It will take years to train
enough genetic counselors to manage all the genetic tests needed,
and restricting testing in the interim is not practical or appropriate.
Today, between 18% and 37% of genetic testing is ordered by
genetics professionals.21,26 Even at that level, most genetic coun-
selors have a several-month backlog. Currently, there is nowhere near
the number of genetic counselors needed to take on population-level
testing.

In the end, it comes down to determining what problem we
are trying to solve. Is the problem that large numbers of women
have had undue levels of stress and anxiety, have not received
proper informed consent, or have been managed inappropriately
because they were tested by someone other than a genetic
counselor? Or is the problem that hundreds of thousands of
mutation carriers are still unaware of their status and will develop
cancers that could have been prevented or found earlier? Because
there is little evidence for the former and tremendous evidence for
the latter, I would submit that increasing the rate of detection is
where we need to focus our efforts.

First, we could abbreviate the pretest counseling session to
enable more patients to be seen by genetic counselors or educated
clinicians. In obstetrics, most of the 4 million pregnant women
who deliver annually often receive abbreviated counseling in regard
to aneuploidy screening and newborn screening from their ob-
stetrician or a genetic counselor. If we extend this model to cancer
genetics, we could potentially clear the testing backlog and move
rapidly to population-level screening.

Second, we could have physicians do the initial genetic
testing and if patients have a positive result or a VUS, they could
be referred to a genetic counselor as needed. To assuage the
concerns of the genetics community, physicians could be given
a brief, directed course on how to perform cancer genetic testing.
If this can be accomplished with primary doctors managing an
immense span of possible results for whole-genome sequenc-
ing, why not with specialists managing a finite set of cancer-
specific outcomes? Genetic counselors could be used more ef-
fectively as a resource when patients test positive or are found to
have a VUS. Genetic counselors could also be more efficiently
used to support clinicians in a hybrid model, as reported by Patel
et al.27

Third, we can accept the inevitability of incidental findings
from somatic testing of tumors, whole-genome sequencing, and
direct-to-consumer testing. Cancer susceptibility gene mutations
will be found when sequencing metastatic cancers,28,29 some of
which will be found to be germline mutations. Whole-genome
sequencing now costs less than $1,000 and will be used extensively,
uncovering large numbers of unsuspected carriers. Direct-to-
consumer genetic testing30 will take on increasing importance,
especially if our medical system fails to meet the need for testing.
More and more mutation carriers will be found incidentally as
genetic testing becomes ubiquitous, and few of these carriers will
have had extensive pretest counseling.
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Fourth, the use of population-level screening without pretest
counseling could be extended beyond the research setting. It has
been shown that BRCA testing can be safely offered to a population
recruited through newspapers or magazines with minimal or no
counseling.31,32

Our problem, which desperately cries out for a solution, is that
huge numbers of high-risk patients who could be identified by
genetic testing are instead developing cancer and often dying of
that disease. As Mary Claire King has said, “To identify a woman
as a carrier only after she develops cancer is a failure of cancer
prevention.”33 We would extend that definition of failure to any
cancer in any mutation carrier. It is time to move to population-
level screening for hereditary cancer susceptibility mutations. We
have thought about this for 20 years. It might be time to take
action.
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