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Abstract: Pharmacogenomics has identified important drug—gene interactions that affect the
safety and efficacy of medications. Direct-to-consumer genetic testing, when first introduced,
included some pharmacogenomic-related genes. The current landscape of pharmacogenomic
direct-to-consumer testing is reviewed. Prior published reviews of the literature were updated
through February 2017 and a scan of the current availability of direct-to-consumer genomic
testing by companies was conducted. Results of the review demonstrate a shift toward physician-
approved ordering.

Keywords: pharmacogenomics, direct-to-consumer testing

Introduction
Pharmacogenomics has identified many well-known drug—gene interactions that are
important for the safety and efficacy of medications.!? As a result, pharmacogenomic
information is increasingly being incorporated into drug labeling. In 2016, 75 drug
labels described pharmacogenomics related to drug metabolism and another 25
labels included information about intrinsic metabolic deficiencies, such as glucose-
6-phosphate dehydrogenase deficiency. A large proportion of the drug—gene pairs
were considered actionable; however, with a few exceptions, drug labeling provides
no recommendations for genetic testing when it is not compulsory for prescribing.?
Although there is actionable drug labeling and pharmacogenomic guidelines, phar-
macogenomic testing has not been widely adopted in the clinical setting. Barriers to
implementation of testing range from questions about the clinical utility of the test, to
convenient access, and insurance coverage.* Over the last several years, genetic testing
has become increasingly marketed directly to consumers. This has enabled people to
order genetic tests, including pharmacogenomics tests, without involving a health care
provider, which could improve access to such testing but raises concerns about potential
misinterpretation as well as limiting access to those with resources to pay for testing.
The purpose of this review is to update prior published reviews>® and to describe
the current landscape of the availability of direct-to-consumer marketing of pharma-
cogenomic tests and how these tests are provided to consumers.

Methods

Two sources of information were used to identify direct-to-consumer genetic tests:
scientific literature and gray literature. PubMed searches were conducted from 2012
to February 28, 2017 for scientific literature related to direct-to-consumer genetic
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testing. Articles were restricted to those published in English
and were limited to the last 5 years based on the coverage of
prior reviews.>® Search terms included “direct-to-consumer”
AND “genetic” or “genomic” AND “personal genomics”. A
total of 55 articles were identified. Of those, articles related
to direct-to-consumer ancestry testing were excluded, yield-
ing a final sample of 54 articles. To search the gray litera-
ture, Google searches were performed between October 26,
2016 and February 28, 2017 to identify currently marketed
direct-to-consumer genetic tests. Search terms included
“direct-to-consumer genetic” or “genomic testing”, and

EEINNT3

combinations of “genetic”, “genomic”, or “DNA testing”
with “home”. This search yielded millions of documents,
including websites offering genetic testing services, news
articles, scientific literature, and government websites. The
first 5 pages of the web searches, containing ~70 documents,
were reviewed.

Genetic tests using a similar strategy as Goddard and
colleagues were classified as direct-to-consumer, but with
a focus on pharmacogenomic testing.® Genetic tests were
designated as direct-to-consumer if they were available
for purchase without the involvement of a physician.
This was determined by reviewing the test’s website. In
instances where the website lacked information about the
test offered, companies were contacted by telephone or via
live web chat in February 2017. Company representatives
were asked about the inclusion of pharmacogenetic and
cancer-related genes on the test, the availability of genetic
counselors, samples test results, and the appropriate order-
ing procedure (i.e., directly or through a physician). If a
representative could not be reached directly, an email was
sent to the company and/or a voicemail was left requesting
the above information.

Available direct-to-consumer

pharmacogenomic tests

Through review of the scientific and gray literature, 12
companies were identified that previously offered direct-to-
consumer pharmacogenomic testing.>*° However, only one
— 23andMe (Table 1) — currently offers direct-to-consumer
testing. Of the remaining 11, 7 of the companies no longer
offer testing. Three companies — Genelex, Pathway Genom-
ics, and Veritas — now require a physician to order the tests.
Genos, which offers whole-exome sequencing but does not
interpret the results, allows the consumer to order the test,
the test is then authorized by a physician.

FDA involvement in direct-to-

consumer pharmacogenomic tests

When direct-to-consumer pharmacogenomic tests were first
marketed, they appeared to be a novel way to engage patients
and increase the availability of pharmacogenomic test results
in the medical record. Results from the Impact of Personal
Genomics (PGen) Study, which recruited patients who had
received direct-to-consumer testing through 23andMe or
Pathway Genomics, showed that 91% of patients received
an atypical drug metabolism result and 20% of patients dis-
cussed their genetic results with their primary care provider.*!?
However, direct-to-consumer testing has been marred with
controversy. Concerns of test validity and quality, misinter-
pretation of results, and the potential for inappropriate medical
decisions and health care services dampened enthusiasm.>*!!
In addition, pharmacogenomic testing is highly complicated.
The prevalence of defective alleles is ethnicity-dependent, and
inclusion of specific alleles in pharmacogenomic tests differs
by company. Therefore, depending on the comprehensiveness

Table | Twelve companies that offered direct-to-consumer pharmacogenomic testing

Company Currently direct-to-consumer Available only with a physician order Currently providing
pharmacogenomic testing

23andMe Yes N/A Yes

DNA Direct No No No

Gene Planet No No No

Genelex No Yes Yes

Genos No Yes Yes*

Kimball Genetics No No No

Matrix Genomics No No No

Navigenics No No No

Pathway Genomics No Yes Yes

PGx Health No No No

Signature Genetics No No No

Veritas MyGenome No Yes Yes

Note: *Whole-exome sequencing without result interpretation.
Abbreviation: N/A, not applicable.
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of the test, the clinical validity and utility of the test may
vary by ethnic group. Undetected gene duplications further
complicate the interpretation of pharmacogenomic testing.’
In 2010, the Food and Drug Administration (FDA) sent
letters to several prominent direct-to-consumer genetic test-
ing companies indicating that the tests were medical devices
and as such require proper FDA oversight.”> These letters
had a dramatic effect on the landscape of direct-to-consumer
pharmacogenomic testing, such as the disappearance of some
companies that were marketing genetic tests and changes in
whether companies required the ordering of tests by health care
providers. The benefits of provider involvement in ordering
genetic tests include ensuring that the appropriate test is ordered,
results are recorded in the medical record to appropriately
guide clinical management, and aiding in the interpretation
of results for the patient/consumer. However, requiring health
care provider involvement potentially reduces access to infor-
mation by requiring additional steps, such as appointments
with a health care provider to order the test and follow-up for
test interpretation. It also does little to remove the barriers to
pharmacogenomic implementation in the clinic. In addition, the
results from the PGen Study indicated that <1% of participants
reported a change in prescription medication without consulting
ahealth care provider.’ Thus, the concerns of self-management
without health care provider involvement may be unfounded.
In 2013, FDA issued a warning letter to a prominent
genetic testing company, 23andMe, Inc., to cease marketing
of their tests until receiving proper authorization from the
FDA."3!* The warning letter noted concerns about not just dis-
ease susceptibility testing, but also the disclosure of pharma-
cogenomic testing and the potential for consumers to abandon
therapy or self-manage dose adjustments based on results.”!*
Following the warning letter, 23andMe applied to market a
carrier test for Bloom syndrome, and in 2015 the FDA granted
authorization for the test.'>!® 23andMe expanded to include
carrier status for Canavan Disease, Cystic Fibrosis, and other
genetic diseases.!” With these changes, 23andMe was no lon-
ger conducting any pharmacogenomic testing. However, in
April 2017, the FDA allowed marketing of 23andMe Personal
Genome Service Genetic Health Risk (GHR) test, which
includes genetic predisposition information for 10 diseases,
including glucose-6-phosphate dehydrogenase deficiency, a
condition that can be exacerbated by certain drugs.

Future of direct-to-consumer

pharmacogenomic testing
As companies shift away from offering direct-to-consumer
pharmacogenomic testing, is there a model that still allows

for both patient autonomy and physician oversight? Given
the early excitement and the number of people who ordered
direct-to-consumer testing during its inception, it is clear
that patients want this type of information and do share
it with their health care providers.” A recent prospective
study of pharmacogenomics results delivered via a clinical
decision support (CDS) tool showed that physicians used
pharmacogenomic information to alter their prescribing,
particularly for those drug—gene interactions with the high-
est risk. At enrollment in the study, patients were genotyped
with a broad pharmacogenomic panel and genotyping results
were included in a Genomic Prescribing System to which the
physicians had access. The preemptive genotyping removed
the testing responsibility from the physicians and provided
them with pertinent information for medication prescrib-
ing, thus removing some of the barriers to implementation,
including availability and access to genetic testing.? This
could be replicated in a modern direct-to-consumer model
by allowing patients to order a test and then have it approved
by a physician. This would address some of the concerns of
opponents to direct-to-consumer testing because it would
keep the health care provider involved while also empow-
ering patients to make testing decisions. In addition, most
pharmacogenomic guidelines provide recommendations for
how to use the test results, but do not include guidance on
which patients to test.>!3

There are caveats to this model. Patients and health care
providers should be confident that the tests are clinically
valid and laboratories conducting the tests have appropriate
sample-handling practices. In addition, the results of the tests
need to be interpreted correctly, shared with the health care
provider and pharmacists, and incorporated into the medical
record in a manner that is usable and easy to comprehend.
This would require a high level of physician interest and
engagement in pharmacogenomic testing and a willingness
to translate testing results into the electronic medical record
which is appropriately shared. Successful implementation of
this model requires buy in from patients, genetic counselors,
physicians, laboratories, and insurers.

Conclusion

The landscape of availability of direct-to-consumer genetic
testing has changed with decreasing availability to testing in
the absence of a physician order. However, with the recent
approval of 23andMe to once again offer disease-based
susceptibility testing directly to consumers, there may be a
future resurgence in the availability of direct-to-consumer
pharmacogenomics tests. Hybrid models may be developed
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to increase accessibility and use of pharmacogenomics tests,

which could lead to the avoidance of high-risk prescriptions

and a reduction in the risk of serious adverse events.
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