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genomics into clinical care has promised pre-

vention of disease, diagnosis of patients with
uncommon diseases, and treatments tailored to each
individual’s innate susceptibilities and characteristics.
That vision is beginning to be realized. For example,
organizations like the Undiagnosed Disease Network
are now identifying the underlying genomic etiology
of approximately 35% of patients presented to them.!
Academic medical centers like Vanderbilt University
Medical Center and Northwestern Medicine are rou-
tinely using drug-genome interactions within the elec-
tronic health record (EHR) to recommend tailored
drug therapies for thousands of patients.2 Many major
health systems are applying genomic sequencing to
screen their patients or employees for latent genetic
susceptibilities in cancer, cardiac disease, and other
heritable conditions.

Along with rapid progress in demonstrating that
genomic medicine is possible and practical, geneti-
cists and researchers exploring the ethical, legal, and
social implications (ELSI) of genomics are developing
frameworks and policies to responsibly return genetic
data to patients and providers.? Emerging approaches
to returning results are addressing the unique char-
acteristics of genomic data; for example, investigators
at the University of Michigan have demonstrated an
approach to recontacting a research participant when
previously non-actionable genomic variants become
actionable.* Multiple practical challenges remain in
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effectively communicating genomic results to patients
and their providers; many of these challenges are
rooted in how genetic data is stored, represented to
health care providers, and associated with clinical
guidance.’

To outside observers, the path from exemplar cases
of implementation to a world where these services are
routinely available may seem clear. However, the wide-
spread adoption of promising clinical applications of
genetics is hindered by health system characteristics
and fraught with misconceptions about the readiness
of the technology. Together, these issues negatively
impact the diffusion of innovations in health care.
Each of these hindrances will be discussed below.

and burnout, and uneven technical capability across
health care systems.

A. Delays in Translating Innovative Care Delivery
from Research into Practice
When a groundbreaking change in the thinking
about disease management appears in the highest
impact journals in medicine, it is almost always fol-
lowed by concerted, investigator-led efforts to pub-
licize the impact of the discovery through editorials,
press releases, and various presentations. Sometimes,
patients advocate for the adoption of the innova-
tion and extol the value to each other and to their
providers. Yet we know that, on average, more than
a decade is needed to change practice,

To outside observers, the path from exemplar
cases of implementation to a world where
these services are routinely available may
seem clear. However, the widespread adoption
of promising clinical applications of genetics
is hindered by health system characteristics

and fraught with misconceptions about

the readiness of the technology. Together,
these issues negatively impact the diffusion
of innovations in health care. Each of these

hindrances will be discussed below.

despite these efforts.® For example, in
2005 it was discovered that patients
who smoked cigarettes benefit from
even simple counseling using a method
known as the 5 As (ask, advise, assess,
assist, arrange follow up).’® However, 10
years later, in a national study examin-
ing lung cancer screening, less than 25%
of people still smoking received this
intervention.m

There are a number of reasons for the
slow uptake of evidence-based medicine
into practice.’? Adoption of change must
first overcome the fact that clinicians are
ethically bound to primum non nocere
(first do no harm). Patients in research
studies are carefully selected and often

I. Characteristics of the Health Care System
that Impact Genomic Integration

We are in the midst of a revolution in our understand-
ing of what it means to be healthy and in our deliv-
ery of care to prevent disease or to optimally manage
symptoms. For example, through the lens of genom-
ics, we have completely transformed our understand-
ing of the etiology and treatment of seizure disorders®
and screening for or characterizing breast cancer.”
These discoveries have fueled our belief in preci-
sion medicine as integral to the future of health care.
Importantly, these advances are fueled by the mete-
oric rise in the generation of digital data related to
health and disease. The volume of health care data has
multiplied 8-fold since 2013 and is projected to grow
at a compound annual rate of 36% between 2018 and
2025.8 However, these advances require overcoming
key issues that characterize today’s health care system,
including delays in translating evidence-based medi-
cine into practice, challenges related to accountability
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differ in subtle ways from the average

patient in routine care. Clinicians must
be convinced that a pioneering study is replicable
and that novel interventions do not have unintended
consequences or distract from higher priority tasks.
This skepticism is ingrained in health care.’® As a
consequence, changing the practice of medicine at a
local level requires attention to knowledge about the
change, attitudes toward the change, and behaviors
that facilitate the new processes.!*

B. Accountability and Wellness Issues Impede
Experimentation

As a result of important work summarized by the
National Academy of Medicine beginning with To Err
is Human," there have been two fundamental changes
in the U.S. health care system. First, there has been an
surge in the adoption of EHRs, in large part motivated
by federal regulation and incentives.® Physicians
using federally approved (certified) EHRs subjectively
report mixed results in terms of their own satisfaction
and the impact on the quality of care.”” Adoption of
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EHR technology happened at the same time as the
second major change in the system, which Berwick
has called the “accountability era” — when regulations
and reporting requirements consume more resources
and require more non-clinical work from care provid-
ers than ever in our history.’® These changes are still
very new and need to be incorporated more systemati-
cally into the workflow of busy professionals to alert
them to deficiencies in the quality of their care. In
their present form, the burden of documenting addi-
tional information, or copying and pasting informa-
tion from one encounter to the next,’ compounds the
stress on health care personnel.2°

Job-related stress has led to an epidemic of burn-
out and its sequelae among health care providers. Sui-
cide rates are now consistently higher among physi-
cians than in the rest of the population, and have been
attributed, at least in part, to job stress.?! The EHR has
been portrayed as more of a curse than a blessing, with
publications citing issues related to system usability>?
and record usefulness?? now commonplace. All of
this combines to create a health care workforce more
reticent than ever to experiment with innovation.2*
This reticence is pervasive and in no way limited to
innovation in precision medicine and genomics. Local
and national health care leaders must approach any
change by first recognizing impact of this stress on the
willingness of care providers to change.2

C. Technical Capability Variance Forces less
Aggresstve Practice Change

The third major change in the national health care
environment relates to the ever-expanding chasm
between digital natives — people who were born or
assimilated into the digital era — and digital immi-
grants — people who have been asked (or forced) to
develop new skills.2¢ While some industries, such as
the airline and ride-share industries, have quickly
evolved a “mobile first” business strategy, health care
has been obligated to develop a solution for all levels
of digital literacy and data privacy concerns,?” which
radically slows the pace of change in the field.

The root causes for lags in technical capability stem
from both the provider and patient side of health care.
From the provider side, there is variation between pro-
vider comfort with technology that has been shown to
impact ability to use and recommend technology in
some settings.28 From the patient perspective, there
continues to be a wide variation in the level of com-
fort with technology.?® There is, as Ammenwerth has
noted, a compounding challenge when both the capa-
bilities of the people and the capabilities of the tech-
nology need to be transformed.

I1. Fundamental Misconceptions

In addition to the structural and individual impedi-
ments above, there are a number of misconceptions
about the ease with which the widespread adop-
tion of genomics applications in medicine can occur.
First, genomic results are not easily integrated into
the EHR in a way that facilitates decision making.
Second, genomic results are costly to sequence, store,
and retrieve, depending on the technical approaches
used for each of these tasks. Coupled with the relative
novelty of genomic medicine and lack of widespread
comfort with genomic data, these challenges will take
time to overcome. The paragraphs that follow provide
detail about each of these misconceptions.

A. Genomic Information and Readiness for EHR Use
Today’s EHR is capable of accepting patient informa-
tion in a variety of forms, ranging from images (pho-
tographs, radiographic test results, scanned text) to
unstructured text, to highly structured individual data
items, such as a code for a test name and a result and
reference range in standardized units. As information
becomes more structured, it is generally more capable
of becoming computable (i.e., understandable by com-
puter software).

In the case of genomic information, multiplexed
panels or sequencing tests are able to identify thou-
sands to millions of variants in hundreds of genes —
far more than a human health care provider can be
expected to manually review and act on. To maximally
impact patient care and decision making, patient-spe-
cific genomic variation that impacts clinican decision
making should exist in the EHR in a structured form
that can drive clinical decision support available at the
time of medication ordering, diagnostic evaluations,
or patient risk assessments.?°¢ However, at this time,
most genomic results arrive as a document image, with
results that are not encoded and thus not directly com-
putable, analyzable, or sharable except as a copy of the
image. Authors have called on reference labs to sup-
port delivery of structured data and for EHRs to accept
computable results,?! but this deficiency persists.

There are a number of technical barriers to closing
this gap. First, many health systems outsource genetic
testing to external laboratories, most of which do not
transmit back machine-readable results. EHRs are
able to integrate results fully only when they are trans-
mitted in a standard messaging format that facilitates
use by computer algorithms. These standards are still
in evolution, and their use is limited.32 Second, there is
more than one standard for identifying gene variants
and the reference sequence. Without a universal lexi-
con of gene variants, any attempt to recognize char-
acters in a PDF file and to extract specific genomic
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information from these reports is fraught with the
potential for error and patient safety risk. In addition,
these reports often contain some results based on
assays of questionable quality, which is not conveyed
on the report itself. Finally, the industry is beset with
inertia; most laboratories do not prioritize improving
the sharing of discrete, encoded data unless there is
health system or regulatory demand. Moreover, ven-
dors of EHRSs react to customer demand, rather than
proactively anticipating innovation.

Lack of encoded and computable results has many
downstream effects. For example, because all variants
that are identified are typically reported together in
one report, it is virtually impossible to help providers
or patients interpret individual findings; such inter-
pretive help is usually accomplished via hyperlinks
to external knowledge sources linked to individual
findings in more structured reports. This is not a new
problem, as noted by Guttmacher in 2007,2? yet it con-
tinues to be unsolved and is arguably more significant
in the era of consumer-centric care.?* Another chal-
lenge related to the result’s lack of structure is how to
manage updating results. For example, if a variant is
initially in the report as actionable, but subsequently
found to be clinically insignificant, the report can be
reissued, but it may not be clear which results have
changed on that report. The University of Michigan
has explored ways to address this, but that work is very
much in its infancy.35

As we move to a future where genomic test results
are delivered in computable form, it will be critical to
confront the challenge of accurately interpreting the
genomic information in the patient’s particular clinical
context. It is often the case that genetic variation alone
is not the most significant risk factor, and is best eval-
uated by combining genomic with other clinical data
or family history. This combination of information is
vital to manage patients with cancer predisposition
variants, such as those with positive family histories,
and those patients with social/behavioral risk factors
(e.g., smoking history). This issue is equally important
in non-cancer risk prediction. Warfarin (blood thin-
ner) dosing is one example of non-cancer risk predic-
tion requiring genomic and clinical data. A well-stud-
ied algorithm for warfarin dosing incorporates two
genes, four demographic parameters, three clinical
factors, and four other medications.?¢ Although this
calculator is not integrated with an EHR, similar tools
do exist within EHRs, and have achieved acceptance
among clinical users.37

B. Genomic Information Availability

There are two major factors associated with the avail-
ability of genomic information. The first of these fac-

122

tors relates to the cost associated with this new data
source and its integration into health care. A detailed
discussion about the costs of implementing and man-
aging genomic information is beyond the scope of this
paper, but is reviewed elsewhere.?® In brief, however,
organizations involved with utilizing information
must confront costs associated with identifying labs
that provide high quality genetic results; perform-
ing sequencing, storing results, and sharing results
through electronic interfaces that must be built and
maintained as source and destination systems change;
and increasing institutional insurance to cover any lia-
bility associated with breaches that compromise the
privacy of genomic data. These costs can easily mount
to millions of dollars to initiate such a program.

The second major factor impacting availability is
the need for technology standards and guidance for
decisions about how best to manage genomic infor-
mation. The impact of this factor cannot be over-
stated. Although most EHRs are capable of accepting
health data in many formats, most EHR systems cur-
rently support neither the volume nor the complex-
ity of genomic data that is needed to optimally impact
patient care.?¥

Genomic data come in many forms, ranging from
individual variant names to raw data from various
types of tests. The largest datasets come from whole
genome sequencing and can require as much as 90
gigabytes per report, which equates to 80 terabytes
of data for every 1000 patients. Data files of this size
or larger are commonplace in radiology, where the
response has been to store those raw data in a sepa-
rate departmental computer system called a Pic-
ture Archiving and Communication System (PACS).
These systems are designed to support browsing of
information; expert interpretations are sent to the
EHR as reports that can be used to generate alerts
and reminders for providers, while the volumes of
raw data remain sequestered. In the case of genomic
data, the science of interpretation is very new. In some
cases, findings with uncertain significance become
actionable overnight. This discovery makes what
should or should not be stored in the EHR less cer-
tain, especially since patients increasingly are relying
on 2014 regulatory changes to demand access to “raw”
or uninterpreted genomic data, which limits the role
of sequestration.*® The complexity and volume of the
data and changing interpretation have contributed
to the slow response to requests by experts to incor-
porate genomic data into the EHR. New strategies
are being proposed to address this, such as the omics
ancillary system by Starren,* but as of now, this chal-
lenge remains unresolved.
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C. Patient and Provider Interaction
For centuries, patients have relied on clinicians as
an authoritative source to explain medical facts and
disease probabilities.*> This influence has increas-
ingly been questioned with the emergence of the
Internet; surveys demonstrate the challenges doctors
face as patients use the Internet to seek answers tor
medical questions.** With the explosion of informa-
tion about the importance of genomics and the provi-
sion of direct-to-consumer testing, this problem has
escalated. Questions related to privacy risks,* direct-
to-consumer testing value,** and appropriate indica-
tions for provider-initiated testing may be posed to
physicians and advanced practice nurses, with the
unfounded assumption that these professionals are
experts in this area.*¢ In addition to requiring signifi-
cant foundational knowledge to which many provid-
ers have not been exposed,*” the knowledge itself is
evolving too quickly to be easily summarized, making
the time investment to stay current virtually impos-
sible in general practice.*8

Decision making in the genomic era is fraught with
its own misconceptions. For example, patients incor-
rectly believe that a lab report identifying a variant
and offering the interpretation that this variant makes
a particular drug “less likely to be effective” means that
that drug should never be prescribed to them. In fact,
this interpretation itself is subject to debate.*9 Labs
vary in their quality and lack consistency in their abil-
ity to identify a variant. The variants themselves may
confer minimal risk of inappropriate drug response,
but many people (including physicians) have deficien-
cies in their understanding of probability and risk.

Finally, other patient-specific factors, including
an allergy to other more effective medications, may
make the “less effective” medication the best choice.”
In short, medical decisions made on the basis of the
specific test that was ordered and these patient factors
may differ substantially from decisions made without
that information.>

II1. Necessary Steps to Achieve A Global
Vision for Automation

As is apparent from the discussion above, although
there are technically feasible opportunities to improve
the integration of genomic information in care deliv-
ery, much work remains to be done to create systems
that store and interpret genomic data, often in com-
bination with other clinical and social information, to
provide effective and accessible guidance to providers
and their patients in ways that improve health. These
approaches will be costly to develop in both time and
resources. It will be necessary to prove that these

approaches not only are cost-effective, but also meet
the needs and preferences of patients and clinicians.”

Once created, these opportunities will in no way be
simple or seamless to implement, let alone adopted
by all providers. The field of implementation science,
which focuses on approaches to promoting the uptake
of interventions that have proven effective into routine
practice,* will be a necessary, but perhaps insufficient
foundational science to guide our strategy toward a
better integrated solution. These strategies will need
to lead to a major evolution in clinical thinking. We
will need to change the attitude of care providers.
They will need to believe that this new behavior adds
value to the care delivery system above and beyond the
educational cost (time), risks of harm to the patient,
and financial cost to the patient and health care sys-
tem. We will need to make providers aware of the
social pressures to accept the value of precision medi-
cine and the importance of genomics. Providers will
need to believe that they are capable of mastering the
behaviors related to this new field and deserve to be
considered experts at a level that society would expect
of them. This will need to know which basic tests to
order and to whom a patient should be referred who
has questionable results. This level of acceptance will
require changes in the core competencies required for
physician and nursing board certification, additional
opportunities for continuing education, and widely
publicized definitive evidence supporting the value of
this education and this discipline.

As with any field in its infancy, the incorporation
of “precision thinking” into care delivery at a national
scale will require a comprehensive change manage-
ment strategy. One recent publication® identified
seven challenges that need to be overcome to improve
the adoption rate of clinical genomics: producing clear
evidence about the cost-effectiveness of genomic test-
ing programs; developing a standard and engrained
response to consumer concerns about the risks and
benefits of genomic testing; ensuring that the inter-
pretation of genomic results is based on research that
takes gender and ethnic diversity into account; creat-
ing and managing guidelines for appropriate preven-
tive or diagnostic genomic testing; determining best
practices for the communication of initial, as well as
revised results from genomic testing; and generating
reproducable evidence of the relationship between
variants and disease risk. The seventh challenge to
be overcome — navigating the various patient and
provider preferences to testing and sharing genomic
information — is arguably dependent on many of the
other challenges.
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IV. Conclusion

Genomic medicine is already making inroads in the
clinic, and we are constantly told of our bright genomic
future. But to improve patient access to this advanced
paradigm of health and disease management, we will
need to integrate both new knowledge and new care
processes into existing workflows — change that will
be onerous, time-consuming, inconsistent, but hope-
fully valuable to the provision of high quality, econom-
ically feasible care worldwide. Advances in both policy
and the legal framework supporting the widespread
integration of genomic medicine into the EHR should
address these challenges in setting achievable quality
standards and imposing liability.

Note

Dr. Starren reports a grant from NIH/NHGRI 1U01 HG008673-
01 during the conduct of this study. In addition Dr. Starren has
a Provisional Patent related to the design of Ancillary Genomic
Systems pending. The other authors have no conflicts to disclose.

Acknowledgements

The authors acknowledge the assistance of Susan Wolf, J.D. in
vetting the concepts summarized in this manuscript, and in sug-
gesting numerous constructive changes. This paper was supported
in part by National Institutes of Health (NIH), National Human
Genome Research Institute (NHGRI), National Cancer Institute
(NCTI) grant 1IROIHG008605 on “LawSeq: Building a Sound Legal
Foundation for Translating Genomics into Clinical Application.”
All views expressed are those of the authors, not the funders.

References

1. K. Splinter, et al., “Effect of Genetic Diagnosis on Patients
with Previously Undiagnosed Disease,” New England Journal
of Medicine 379, no. 22 (2018): 2131-2139; A.L. Wise, et al.,
“Genomic Medicine for Undiagnosed Diseases,” Lancet 394,
no. 10197 (2019): 533-540.

2. J. M. Pulley, et al., “Operational Implementation of Prospec-
tive Genotyping for Personalized Medicine: The Design of the
Vanderbilt PREDICT Project,” Clinical Pharmacology and
Therapeutics 92, no. 1 (2012): 87-95; J .F. Peterson, et al.,
“Physician Response to Implementation of Genotype-Tailored
Antiplatelet Therapy,” Clinical Pharmacology and Therapeu-
tics 100, no. 1 (2016): 67-74; J. F. Peterson, et al., “Electronic
Health Record Design and Implementation for Pharmacoge-
nomics: A Local Perspective,” Genetics in Medicine 15, no. 10
(2013): 833-841.

3. C. G. van El, et al., “Whole-Genome Sequencing in Health
Care: Recommendations of the European Society of Human
Genetics,” European Journal of Human Genetics 21, no. 6
(2013): 580-584; K. Boycott, et al., “The Clinical Applica-
tion of Genome-Wide Sequencing for Monogenic Diseases in
Canada: Position Statement of the Canadian College of Medi-
cal Geneticists,” Journal of Medical Genetics 52, no. 7 (2015):
431-437; ACMG Board of Directors, “ACMG Policy Statement:
Updated Recommendations Regarding Analysis and Report-
ing of Secondary Findings in Clinical Genome-Scale Sequenc-
ing,” Genetics in Medicine 17, no. 1 (2015): 68-69.

4. J. S. Roberts, et al., “Returning Individual Research Results:
Development of a Cancer Genetics Education and Risk Com-
munication Protocol,” Journal of Empirical Research in
Human Research Ethics 5, no. 3 (2010): 17-30.

5. L. V. Rasmussen, et al.,, “Practical Considerations for Imple-
menting Genomic Information Resources. Experiences from
eMERGE and CSER,” Applied Clinical Informatics 7, no. 3

124

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

(2016): 870-882; I. J. Kullo, et al., “Return of Results in the
Genomic Medicine Projects of the eMERGE Network,” Fron-
tiers in Genetics 5 (2014): 50; G. Q. Shaibi, et al., “Developing
a Process for Returning Medically Actionable Genomic Vari-
ants to Latino Patients in a Federally Qualified Health Center,”
Public Health Genomics 21, no. 1-2 (2018): 77-84.

C. T. Myers and H. C. Mefford, “Advancing Epilepsy Genetics
in the Genomic Era,” Genome Medicine 7 (2015): 91.

U. S. Preventive Services Task Force, D. K. Owens, et al.,
“Risk Assessment, Genetic Counseling, and Genetic Test-
ing for BRCA-Related Cancer: US Preventive Services Task
Force Recommendation Statement,” JAMA 322, no. 7 (2019):
652-665.

D. Reinsel, J. Gantz, and J. Rydning, “The Digitization of the
World from Edge to Core,” available at <https://www.seagate.
com/files/www-content/our-story/trends/files/idc-seagate-
dataage-whitepaper.pdf> (last visited January 31, 2020).

E. A. Balas and S. A. Boren, “Managing Clinical Knowledge for
Health Care Improvement,” in J. Bemmel and A. T. McCray,
eds., Yearbook of Medical Informatics 2000: Patient-Centered
Systems (Stuttgart, Germany: Schattauer Verlagsgesellschaft
mbH, 2000): 65-70.

N. R. Anthonisen, M. A. Skeans, R. A. Wise, J. Manfreda,
R. E. Kanner, J. E. Connett, and Group Lung Health Study
Research, “The Effects of a Smoking Cessation Intervention
on 14.5-Year Mortality: A Randomized Clinical Trial,” Annals
of Internal Medicine 142, no. 4 (2005): 233-239.

E. R. Park, et al,, “Primary Care Provider-Delivered Smoking
Cessation Interventions and Smoking Cessation among Partic-
ipants in the National Lung Screening Trial,” JAMA Internal
Medicine 175, no. 9 (2015): 1509-1516.

J. W. Timbie, et al., “Five Reasons That Many Comparative
Effectiveness Studies Fail to Change Patient Care and Clinical
Practice,” Health Affairs 31, no. 10 (2012): 2168-2175.

J. P. Toannidis, “Why Most Published Research Findings Are
False,” PLoS Medicine 2, no. 8 (2005): e124.

A. Donabedian, “The Quality of Care. How Can It Be
Assessed?” JAMA 260, no. 12 (1988): 1743-1748.

L. T. Kohn, J. Corrigan, and M. S. Donaldson, To Err Is
Human : Building a Safer Health System (Washington, D.C.:
National Academy Press, 2000).

L. Marcotte, et al., “Achieving Meaningful Use of Health
Information Technology: A Guide for Physicians to the EHR
Incentive Programs,” Archives of Internal Medicine 172, no.
9 (2012): 731-736; D. Blumenthal and M. Tavenner, “The
‘Meaningful Use’ Regulation for Electronic Health Records,”
New England Journal of Medicine 363, no. 6 (2010): 501-504.
D. C. Williams, et al., “Physician Use of Electronic Health
Records: Survey Study Assessing Factors Associated with Pro-
vider Reported Satisfaction and Perceived Patient Impact,”
Journal of Medical Internet Research Medical Informatics
7, no. 2 (2019): €10949; M. Eberts and D. Capurro, “Patient
and Physician Perceptions of the Impact of Electronic Health
Records on the Patient-Physician Relationship,” Applied Clini-
cal Informatics 10, no. 4 (2019): 729-734; R. A. Marmor, et al.,
“The Impact of Physician EHR Usage on Patient Satisfaction,”
Applied Clinical Informatics 9, no. 1 (2018): 11-14.

D. M. Berwick, “Era 3 for Medicine and Health Care,” JAMA
315, no. 13 (2016): 1329-1330.

M. D. Wang, R. Khanna, and N. Najafi, “Characterizing the
Source of Text in Electronic Health Record Progress Notes,”
JAMA Internal Medicine 177, no. 8 (2017): 1212-1213.

M. G. Del Carmen, et al., “Trends and Factors Associated
with Physician Burnout at a Multispecialty Academic Faculty
Practice Organization,” JAMA Network Open 2, no. 3 (2019):
€190554; L. N. Dyrbye, et al., “Association of Clinical Specialty
with Symptoms of Burnout and Career Choice Regret among
US Resident Physicians,” JAMA 320, no. 11 (2018): 1114-1130.
K. J. Gold, A. Sen, and T. L. Schwenk, “Details on Suicide
among US Physicians: Data from the National Violent Death
Reporting System,” General Hospital Psychiatry 35, no. 1
(2013): 45-49.

JOURNAL OF LAW, MEDICINE & ETHICS

The Journal of Law, Medicine & Ethics, 48 (2020): 119-125. © 2020 The Author(s)



Johnson et al

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

S. Khairat, et al., “Perceived Burden of EHRs on Physicians at
Different Stages of Their Career,” Applied Clinical Informatics
9, no. 2 (2018): 336-347; P. J. Kroth, et al., “The Electronic
Elephant in the Room: Physicians and the Electronic Health
Record.” Journal of the American Medical Informatics Asso-
ctation Open 1, no. 1 (2018): 49-56.

T. H. Mir, et al., “Assessing the Quality of the After-Visit Sum-
mary (AVS) in a Primary-Care Clinic,” Journal of the American
Board of Family Medicine 32, no. 1 (2019): 65-68.

T. D. Shanafelt and J. H. Noseworthy, “Executive Leadership
and Physician Well-Being: Nine Organizational Strategies to
Promote Engagement and Reduce Burnout,” Mayo Clinic Pro-
ceedings 92, no. 1 (2017): 129-146.

R. E. Herzlinger, “Why Innovation in Healthcare Is So Hard,”
Harvard Business Review 84, no. 5 (2006): 58-66, 156.

J. G. Palfrey and U. Gasser, Born Digital: Understanding the
First Generation of Digital Natives (New York: Basic Books,
2008).

J. S. Abelson, et al., “Barriers and Benefits to Using Mobile
Health Technology after Operation: A Qualitative Study,” Sur-
gery 162, no. 3 (2017): 605-611.

K. Thies, D. Anderson, and B. Cramer, “Lack of Adoption of
a Mobile App to Support Patient Self-Management of Diabe-
tes and Hypertension in a Federally Qualified Health Center:
Interview Analysis of Staff and Patients in a Failed Random-
ized Trial,” Journal of Medical Internet Research Human Fac-
tors 4, no. 4 (2017): e24; M. Rigby, et al., “Steps in Moving
Evidence-Based Health Informatics from Theory to Practice,”
Healthcare Informatics Research 22, no. 4 (2016): 255-260.
A. M. Bauer, et al., “Patient-Oriented Health Technologies:
Patients’ Perspectives and Use,” Journal of Mobile Technology
in Medicine 6, no. 2 (2017): 1-10.

The eMERGE Consortium, “Harmonizing Clinical Sequenc-
ing and Interpretation for the eMERGE III Network,” Ameri-
can Journal of Human Genetics 105, no. 3 (2019): 588-605;
J. M. Pulley, et al. “Operational Implementation of Prospec-
tive Genotyping for Personalized Medicine: The Design of the
Vanderbilt PREDICT Project,” Clinical Pharmacology and
Therapeutics 92, no. 1 (2012): 87-95.

J. M. Hoffman, et al., “Developing Knowledge Resources to
Support Precision Medicine: Principles from the Clinical
Pharmacogenetics Implementation Consortium (CPIC),” Jour-
nal of the American Medical Informatics Association 23, no.
4 (2016): 796-801; D. R. Masys, et al., “Technical Desiderata
for the Integration of Genomic Data into Electronic Health
Records,” Journal of Biomedical Informatics 45, no. 3 (2012):
419-422.

D. C. Berrios, A. Beheshti, and S. V. Costes, “FAIRness and
Usability for Open-Access Omics Data Systems,” American
Medical Informatics Association Annual Symposium Proceed-
ings 2018 (2018): 232-241.

A. E. Guttmacher, M. E. Porteous, and J. D. McInerney, “Edu-
cating Health-Care Professionals About Genetics and Genom-
ics,” Nature Reviews Genetics 8, no. 2 (2007): 151-157.

B. Hurle, et al., “What Does It Mean to Be Genomically Lit-
erate? National Human Genome Research Institute Meeting
Report,” Genetics in Medicine 15, no. 8 (2013): 658-663.
Roberts, supra note 4.

J. L. Anderson, et al., “Randomized Trial of Genotype-Guided
Versus Standard Warfarin Dosing in Patients Initiating Oral
Anticoagulation,” Circulation 116, no. 22 (2007): 2563-2570.
A. H. Ramirez, et al., “Predicting Warfarin Dosage in Euro-
pean-Americans and African-Americans Using DNA Samples
Linked to an Electronic Health Record,” Pharmacogenomics
13, no. 4 (2012): 407-418.

K. D. Christensen, D. Dukhovny, U. Siebert, and R. C. Green,
“Assessing the Costs and Cost-Effectiveness of Genomic

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Sequencing,” Journal of Personalized Medicine 5, no. 4 (2015):
470-486.

E. Ammenwerth, et al., “Evaluation of Health Information
Systems — Problems and Challenges,” International Journal
of Medical Informatics 71, no. 2-3 (2003): 125-135.

B. J. Evans, “HIPAA’s Individual Right of Access to Genomic
Data: Reconciling Safety and Civil Rights,” American Journal
of Human Genetics 102, no. 1 (2018): 5-10.

J. Starren, M. S. Williams, and E. P. Bottinger, “Crossing the
Omic Chasm: A Time for Omic Ancillary Systems,” JAMA
309, no. 12 (2013): 1237-1238.

P. Starr, The Social Transformation of American Medicine
(New York: Basic Books, 2017, updated ed.).

H. W. Potts and J. C. Wyatt, “Survey of Doctors’ Experience
of Patients Using the Internet,” Journal of Medical Internet
Research 4, no. 1 (2002): e5.

E. W. Clayton, B. J. Evans, J. W. Hazel, and M. A. Rothstein,
“The Law of Genetic Privacy: Applications, Implications, and
Limitations,” Journal of Law and the Biosciences (2019): 1-36.
J. S. Roberts, et al., “Direct-to-Consumer Genetic Testing:
User Motivations, Decision Making, and Perceived Utility of
Results,” Public Health Genomics 20, no. 1 (2017): 36-45.

D. B. Pet, et al.,, “Physicians’ Perspectives on Receiving Unso-
licited Genomic Results,” Genetics in Medicine 21, no. 2
(2019): 311-318; S. B. Haga, “First Responder to Genomic
Information: A Guide for Primary Care Providers,” Molecular
Diagnosis & Therapy 23, no. 4 (2019): 459-466.

Hurle, supra note 34.

C. L. Overby, et al., “Opportunities for Genomic Clinical Deci-
sion Support Interventions,” Genetics in Medicine 15, no. 10
(2013): 817-823.

S. J. Katsanis and N. Katsanis, “Molecular Genetic Testing and
the Future of Clinical Genomics,” Nature Reviews Genetics 14,
no. 6 (2013): 415-426; D. M. Korngiebel, S. M. Fullerton, and
W. Burke, “Patient Safety in Genomic Medicine: An Explor-
atory Study,” Genetics in Medicine 18, no. 11 (2016): 1136-1142.
C. S. Crowson, et al., “Primer: Demystifying Risk — Under-
standing and Communicating Medical Risks,” Nature Clinical
Practice Rheumatology 3, no. 3 (2007): 181-187; 1. M. Lip-
kus, G. Samsa, and B. K. Rimer, “General Performance on a
Numeracy Scale among Highly Educated Samples,” Medical
Decision Making 21, no. 1 (2001): 37-44.

G. T. Schumock, et al., “Factors That Influence Prescribing
Decisions,” Annals of Pharmacotherapy 38, no. 4 (2004):
557-562.

J. Bhatti and D. A. Redelmeier, “Angelina Jolie and Medical
Decision Science,” Medical Decision Making 35, no. 1 (2015):
4-5.

R. M. Hendricks-Sturrup and C. Y. Lu, “Understanding Imple-
mentation Challenges to Genetic Testing for Familial Hyper-
cholesterolemia in the United States,” Journal of Personalized
Medicine 9, no. 1 (2019): doi:10.3390/jpm9010009; D. M.
Roden, et al., “Benefit of Preemptive Pharmacogenetic Infor-
mation on Clinical Outcome,” Clinical Pharmacology and
Therapeutics 103, no. 5 (2018): 787-794.

D. A. Chambers, W. G. Feero, and M. J. Khoury, “Conver-
gence of Implementation Science, Precision Medicine, and the
Learning Health Care System: A New Model for Biomedical
Research,” JAMA 315, no. 18 (2016): 1941-194:2.

A. Al Kawam, et al.,, “Understanding the Bioinformatics
Challenges of Integrating Genomics into Healthcare,” IEEE
Journal of Biomedical Health Informatics 22, no. 5 (2018):
1672-1683.

BUILDING A SOUND LEGAL FOUNDATION FOR TRANSLATING GENOMICS INTO CLINICAL APPLICATION ® SPRING 2020

The Journal of Law, Medicine & Ethics, 48 (2020): 119-125. © 2020 The Author(s)

125





