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The field of precision medicine has undergone significant growth over the past
10 years. Despite increasing applications of clinical genetic and genomic testing, studies
consistently report limited knowledge of genetics and genomics among healthcare
providers. This study explored barriers to the implementation of precision medicine by
surveying physicians working in a large academic medical center. We assessed prior
training in genetics, use of genetic testing in the clinic, desire for additional resources
in genetics and genomic medicine and perceived barriers to successful integration of
precision medicine. Only 20% of respondents reported moderate or extensive training
in genetics. Physicians with limited or no training in genetics were less likely to have
ordered a genetic test for any purpose. Furthermore, 41% of physicians responded that
their lack of training identifying appropriate genetic tests and how to interpret genetic
testing results was the most significant barrier to ordering genetic testing for their
patients. These findings suggest that future efforts to realize the promise of precision
medicine should focus on the integration of training programs for non-genetics trained
healthcare providers.

Keywords: precision medicine, genetics, genomics, clinical care, training

INTRODUCTION

Precision medicine is quickly expanding into mainstream clinical care. With the projected growth
of precision medicine in the coming years, genetics and genomics will become an increasingly
mainstream component of routine clinical care (1). As the taxonomy of disease is redefined on
the basis of genetic and genomic insights, providers and healthcare systems will increasingly need
to integrate genetic testing into patient care (2). Already, the rise in genetic testing has increased
demand for clinical genetics services in the United States (3). This has collided with workforce
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shortages in clinical genetics, with many practices unable to take
new patients and significant job vacancies for medical geneticists
and genetic counselor positions across the country (3).

With increasing recognition of the link between chronic
diseases and genomics and an inadequate number of healthcare
providers (HCP) trained in genetics, the care of patients and
families will fall to non-genetics trained providers. However,
research has shown that many HCPs are not familiar with genetic
testing procedures and test interpretation, and lack confidence
in providing genetics-informed care and discussing genomics
and genetics topics with their patients (4). Limited physician
knowledge of genomics and genetic testing is repeatedly cited
as a barrier for the implementation of precision medicine
(5-8). Furthermore, lack of HCP knowledge of technological
advances in the area of genetics has the potential to exacerbate
health disparities in access to genetic testing among traditionally
underserved populations (6).

In order to assess HCP knowledge and opinions on precision
medicine and the integration of genomic medicine into their
clinical practice, we surveyed HCPs working in a large academic
medical center in central Arizona. The survey focused on the
use of genetic testing in clinical practice, comfort using this type
of data, and perceived barriers to expanding the use of clinical
genetic testing.

MATERIALS AND METHODS

Survey questions were developed to evaluate physicians’
knowledge and opinions of precision medicine. Participants were
asked 12 questions to assess their use of genetic testing and ability
to capitalize on this data in the clinic (Table 1). The complete
survey is provided as Supplementary Material. Participants
were not required to complete all questions in the survey.

A letter requesting participation in the survey was distributed
to the entire physician staff at Banner - University Medical Center
in Phoenix, Arizona (BUMCP). BUMCP is the primary academic
medical center located in downtown Phoenix and is affiliated with
the University of Arizona College of Medicine - Phoenix.

In compliance with institutional policy for human subjects
research, the protocol was reviewed by the Banner Office for
Human Research and The University of Arizona Institutional
Review Board and deemed exempt from full review. All survey
responses were anonymous. Sixty-four individuals completed the
survey between October 30, 2017 and November 7, 2017 and
the survey was closed on November 10, 2017. The survey was
distributed, and responses were collected using a proprietary
platform developed by SciPinion'.

Survey results were analyzed using the Pearson’s chi-squared
test for independence or a Chi-square goodness of fit test. Yates
correction was used for all Chi-squared analyses to correct for the
low sample size. The 95% confidence intervals shown in Figure 1
were calculated using the Wilson method. Statistical analysis was
conducted in R version 3.5.1 and RStudio version 1.2.1335.

Uhttps://scipinion.com/

Responses to the single open-ended question in the survey
(“What is your definition of precision medicine?”) were coded
into five categories: (1) tailoring medical care to an individual,
(2) using genetics to guide medical care (diagnosis, therapy,
etc.), (3) understanding the combination of factors that influence
health, like genetics, environment, and lifestyle, (4) basis for
precision medicine is only based on genetic information, and
(5) don’t know/no response. Reponses could fall into more
than one category.

Responses to the question “What is your level of training in
genomics?” that fell into the “Moderate” or “Extensive” categories
were combined into a “Moderate or Extensive” category due to
only a single respondent indicating they had extensive training
in genomics. The response categories were not defined for this
question, as we wanted respondents to self-assess their level
of training and experience in genomics as “None,” “Limited,”
“Moderate,” or “Extensive.”

RESULTS
Study Summary and Description of Data

A 12-question survey was offered to providers working at a large
academic medical center with practices in Phoenix, Arizona. The
study was designed to assess the level of knowledge of precision
medicine. An email invitation to the survey was distributed to
physician providers at BUMCP using an internal listserv, with
one reminder sent mid-way between October 30 and November
7,2017. Sixty-four physicians completed the survey.

The majority of participants (86%) responded to all survey
questions and most respondents were male (77%). Respondents
completed medical training between 1971 and 2010. There was
no significant difference between year of completion of medical
training among respondents (Pearson’s x> = 4.75, p = 0.31).
About half of respondents indicated that they had previously
ordered a genetic test for a patient, with 52% of respondents
reporting use of a genetic test for diagnosis in the past (Table 1).
The survey showed that 86% of providers would welcome
assistance with the interpretation of genetic testing results and
that they would consult an expert in genomic medicine if the
option was available (Table 1). Most providers (78%) indicated
that they would attend training, if available, and that 85%
believed precision medicine will define standards of care in the
future (Table 1).

Physician Definitions of Precision

Medicine

Survey participants were asked to define precision medicine
in their own words. A total of 59 responses to this question
were provided. Three of the responses were specific, including
a description of precision medicine as incorporating not just
genetics, but other aspects of a patient’s health as well:

“A treatment in medicine designed to take in account the patient’s
illness in terms of variability in their lifestyle, genetic genome and
environment. The treatment is aimed at defining particular group
of patients with particular genetic genome that therapy maybe
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TABLE 1 | Summary statistics for binary response questions.

Question N “Yes” responses Percentage “Yes” responses
Have you ever ordered a genetic-based test for diagnostic purposes? 33 52%
Have you ever ordered a genetic test for one of your patients? 36 56%
Do you feel you need help interpreting clinical genomic data if these data was made available to you? 55 86%
Do you think precision medicine will help define standards of care in medicine? 53 85%
Would you place a consult to a physician with expertise in genomic medicine if available at your institution? 55 86%
Would you like to attend trainings on precision medicine and genomics based testing for diagnostic purposes? 50 78%
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FIGURE 1 | Level of genomics training influences use of genetics testing in clinical settings. Proportion of providers who responded Yes to the questions, “Have you
ever ordered a genetic test for one of your patients?,” “Have you ever ordered a genetic-based test for diagnostic purposes?,” “Do you feel you need help
interpreting clinical genomic data if these data was made available to you?,” and “Would you place a consult to a physician with expertise in genomic medicine if
available at your institution” arranged from left to right stratified by self-reported level of training in genomics.

targeted for that group or prevention of illnesses associated that
genome.”

In contrast, about 10% of respondents replied to this
question with, “I don’t know,” or “No idea, suggesting
that providers understanding of precision medicine
varies widely (Table 2). Most respondents included a

description of tailoring medical care to an individual,
typically indicating that genetics was a primary driver of
precision medicine (Table 2). Only 5% of respondents
indicated that precision medicine encompasses more than
just genetics (Table 2), suggesting that for these providers,
genomics is the most significant element of precision-medicine
based healthcare.
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TABLE 2 | Categorized responses to open ended question*.

Category N Percentage
Tailoring medical care to an individual 45 76.3%
Using genetics to guide medical care (diagnosis, 42 71.2%
therapy, etc.)

Combination of factors that influence health (genetics, 3 5.1%
environment, and/or lifestyle)

Basis for precision medicine is only genetic information 31 52.5%
Don’t know/no response 6 10.2%

*Responses to the question, “What is your definition of precision medicine?” were
coded into five categories. Responses could fall into more than one category.

Level of Training in Genomics Influences
Use of Genomics in Clinical Settings

Chi-square goodness of fit analysis showed a significant
difference between the level of training in genomics among
respondents (%2 = 30.125, p = 1.299e-6), with 80% of respondents
reporting limited to no training in genomics. We found a
statistically significant relationship between provider level of
training in genetics and whether or not providers would order a
genetic test (Pearson’s X2 = 10.17, p = 0.006) or use a genetic test
for diagnosis purposes (Pearson’s x> = 7.2, p = 0.027). Providers
with Moderate or Extensive training in genetics more frequently
ordered genetic tests than providers with limited training in
genetics (Figure 1). Furthermore, providers with moderate or
extensive training in genomics more frequently used genetic
testing for diagnostic purposes than providers with limited or
no advanced training in genomics (Figure 1). There was no
significant relationship between respondents’ level of genetics
training and year of completing medical training (Pearson’s
x2=8.5,p=0.7483).

In addition to utilizing genetic testing in the clinic, level
of training in genomics also influenced how providers would
use that data in the clinic. There was a significant relationship
between level of training in genomics and desire for assistance
with interpretation of genetic test results (Figure 1, Pearson’s
x? = 8.26, p = 0.016), with providers reporting less genomics
training indicating that they would like help with genetic test
interpretation. In contrast, no significant relationship was found
between the level of training in genomics and the desire to
consult an expert in genomic medicine (Figure 1, p = 0.3974),
suggesting that providers generally agree that they would benefit
from consulting with an expert in the field, regardless of level of
training in genomics.

Barriers to Implementation of Genetic
Testing in the Clinic

Providers were asked to choose the most significant barrier for
them when considering the option of ordering a genetic test
for any given patient. The responses could be (1) availability
of genetic tests, (2) personal training or knowledge of which
genetic tests to order and how to integrate results from specific
genetic tests, (3) medical guidelines, (4) cost, (5) lack of available
therapies that are specific to genetic profiles, or (6) lack of
confidence in therapy(ies) when they are available for specific
genetic profiles.

Chi-square goodness of fit analysis comparing the reported
barriers to implementing genetic testing in clinic found a
significant difference from a uniform distribution (Figure 2A,
¥? = 33.476, p = 3.027¢-6). In our survey, 26 providers (41%)
indicated that personal training on which genetic tests to order
and how to interpret results from specific genetic tests was the
most significant barrier to ordering a genetic test for a patient.
As expected, we identified a relationship between the level of
training in genetics and perceived barriers to testing (Figure 2B,
Pearson’s ¥ 2 = 6.9959, p = 0.03). For individuals with no training
in genomics, lack of personal training was the most common
response (Figure 2B), with over 60% of respondents who had
no training in genomics indicating that this lack of training was
the major barrier to ordering genetic tests for their patients. As
respondents’ level of training in genomics increased from limited
to moderate or extensive, lack of personal training in genomics
was still a common barrier to genetic testing. However, these
groups also reported that lack of tailored therapies or availability
of testing were additional barriers that restricted the use of
clinical genetic testing (Figure 2B).

DISCUSSION

Lack of provider knowledge in genetics has long been recognized
as a barrier to the large-scale adoption of genetic testing into
mainstream clinical care (5-8). However, despite a growing trend
of increasing educational programs in genetics and genomics
oriented toward non-genetics HCPs (9), recent studies suggest
that many primary care physicians continue to be lacking in
knowledge and confidence in clinical genetics and genomics (10,
11). In our study, participants cited that a lack of personal training
was the most significant barrier to the use of genomics data in
the clinic. Furthermore, we found that providers with higher
levels of training were more likely to have ordered a genetic
test, suggesting that additional training in genomics made them
more comfortable with integration of genetics and genomics data
into their practice. Together, these data support the claim that
lack of training in genetics remains a significant obstacle in the
expansion of genetics and genomics into clinical care. As such,
training programs that teach fundamental concepts in genetic
testing utilization may help non-genetics healthcare providers
become more comfortable using this type of testing.

While our study found that roughly 50% of respondents have
used some form of genetic testing in the clinic, 86% would like
to have help interpreting these data. Furthermore, respondents
in all groups wanted a genetics consulting service, even the single
provider reporting “Extensive” training in genetics and genomics.
Of note, the category with the most respondents who answered
“No” to the question about genetics consultation was the group
who indicated they had no advanced training in genetics (n = 5).
This suggests that this group may not use genetic testing enough
to warrant a consulting service, are unaware of the potential
benefit of a genetics consult to help order and interpret genetic
tests and genomics data, or feel that there is insufficient data to
support the costs of genetic testing.

As genetics and genomics knowledge becomes commonplace,
primary care practice will be heavily impacted by a massive
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A Barriers to Genetic Testing Among Respondents

Medical Guidelines

Cost

Lack of Confidence in
Tailored Therapies

Availability of Tests

Lack of Tailored
Therapies

Personal Training

0 5 10 15 20 25 30
B Barriers to Genetic Testing by Level of Genomics Training
0.6
0.5
0O Medical Guidelines
[0)
o 0.4 O Cost
S o Lack of Confidence in
GC_, 0.3 - Tailored Therapies
o . O Availability of Tests
o} Lack of Tailored
o 0.2 4 - Therapies
B Personal Training
0.1
0.0 -
None Limited Moderate+Extensive

FIGURE 2 | Lack of personal training in genomics is a barrier to clinical genetic testing. Physician’s responses to the question, “What is the major barrier for you to
order a genetic test for a given patient?” among (A) all respondents and (B) stratified by level of training in genomics.

inflow of genetic and genomic data. This will be especially
exacerbated in medically underserved populations (6) and will
only grow as consumer-initiated genetic testing expands (12),
and return of genetic testing results in research programs
grows (13, 14). Our findings suggest that creation of referral
clinics within large healthcare settings may be an accelerator
to the adoption of genetics and genomics data into clinical
practice. However, genetics specialists are limited. While there
has been recent growth in the genetic counseling profession,
with the expansion of genetic counseling training programs in
the United States (15), there will likely continue to be high
demand for medical geneticists until gaps in training programs
are addressed (3). Novel approaches to referral clinics, such as
leveraging genetic counselors’ skills in providing information
and interpretation of genetic testing to both patients and
providers, while allowing medical geneticists to focus on complex
diagnoses and management, could be a model to help address

access to genetics specialty care while demand for medical
geneticists continues.

Our study expands on existing literature showing that
non-genetics trained healthcare providers are not comfortable
implementing genetics into their clinical practice (4, 10, 11).
Our study was unselected for physician specialty in order to
broadly capture providers comfort and experience with genetic
testing, outside of formal training and this may have led to
discrepancies between individual responses. As such, future
studies that examine the knowledge and comfort of using genetic
testing among specialists and primary care providers would
further clarify how well-equipped physicians in different areas
of medicine are to incorporate genetic testing into their clinical
practice. This could be further expanded by examining providers
working in more diverse healthcare settings and geographic
regions, where access to genetics specialists may be severely
limited.
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In our survey, most respondents indicated that precision
medicine will define standards of care, with genetics having an
increasingly prominent role in clinical practice. This calls for
organized efforts by health care organizations to expand genetics
and genomics education for both genetics and non-genetics
providers to meet the future growth and demand for these
types of services. Such expansion should include standardized
interpretation resources, continuing education programs for
providers and genomics consultation services.
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