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Abstract
To provide the best available evidence-based care to their patients, 
advanced practitioners (APs) must become proficient in genom-
ic competencies and remain informed regarding the availability of 
pharmacogenomic tests. Databases, such as the Centers for Disease  
Control and Prevention’s “Genomic Testing,” provide guidance about 
pharmacogenomic testing, but many APs are not aware of these re-
sources. This study employed a quasi-experimental pretest/posttest 
design using a convenience sample of APs in a large clinical outpatient 
breast cancer clinic to assess the knowledge base, beliefs, attitudes, 
and barriers regarding pharmacogenomic testing among front-line 
APs and increase knowledge through a targeted educational interven-
tion. The objectives of the educational intervention were to (1) increase 
knowledge of the clinical indication for testing; (2) increase collabora-
tion among the interprofessional team; and (3) identify correctly when 
the plan of care should be modified based on pharmacogenomic test 
results to optimize patient outcomes. Responses showed that these 
oncology APs possess a strong foundation in genetics and support the 
addition of new pharmacogenomic tests to their practice. 
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Advanced practitioners (APs), including 
nurse practitioners (NPs) and physi-
cian assistants (PAs), are important 
 members of the interprofessional clin-

ical team caring for patients with cancer. Clinical 
care is increasingly complex, requiring knowledge 
of pathophysiology and genomics for everyday 
practice. This is especially true in the oncology 
setting, where genetic testing is an important part 
of standard practice (National Comprehensive 
Cancer Network [NCCN], 2015a). Routine testing 
such as Oncotype DX, the sequencing of tumor 
tissue to determine growth patterns and drug re-
sponse, is recommended by treatment guidelines 
for screening (NCCN, 2014) and diagnosis (NCCN, 
2015b; Robson, Storm, Weitzel, Wollins, & Offit, 
2010). Pharmacogenomics is the study of how ge-
nomic variation affects an individual’s response to 
medications (National Institutes of Health, 2015). 
Pharmacogenomics helps us understand why two 
different people respond differently to the same 
medication. (Table 1 is a list of excellent pharma-
cogenomics resources for APs.)

To fully utilize the pharmacogenomic tests 
available, APs must know what is available as well 
as how to order and interpret the results. Some ge-
netic tests have become familiar among patients 
and providers, such as risk assessment of the BRCA 
genes (Bellcross et al., 2011; MacNew, Rudolph, 
Brower, Beck, & Meister, 2010). However, phar-
macogenomic tests affecting pharmacodynamics 
and pharmacokinetics also have important clini-
cal utility and are less well known (Carr, Alfirevic, 
& Pirmohamed, 2014). Practicing APs will benefit 
from educational programs designed to increase 
their knowledge of this rapidly growing area. 
Resources such as databases supported by Phar-
mGKB and the US Food and Drug Administration 
(FDA) are available; they catalogue the body of 
pharmacogenomic knowledge and rate the level of 
evidence for pharmacogenomic tests based on the 
latest information (FDA, 2015; PharmGKB, 2014).

Several professional organizations are work-
ing to provide additional support. The American 
Nurses Association (ANA) has developed essen-
tial genomic competencies to be integrated into  

Table 1. Pharmacogenomic Information Resources for Advanced Practitioners

Source Description and link

Pharmacogenomics knowledge base PharmGKB is a comprehensive resource that presents current knowledge 
about the impact of genomic variation on drug response for clinicians and 
researchers.
https://www.pharmgkb.org

Public health genomics database 
(CDC)

This site, which is updated continuously, includes a list of genetic tests that 
have FDA-label requirements, which are covered by CMS and have strong 
evidence for clinical practice based on systematic reviews.
https://phgkb.cdc.gov/GAPPKB/phgHome.do?action=about

NIH Pharmacogenomics Research 
Network

The NIH Pharmacogenomics Research Network is a network of scientists 
focused on understanding how a person’s genes affect his or her response  
to medicines.
https://www.nigms.nih.gov/Research/specificareas/PGRN/Pages/default.aspx

Genetics home reference (NIH) This is an excellent and easy-to-read reference for an overview of 
pharmacogenomics.
http://ghr.nlm.nih.gov/handbook/genomicresearch/pharmacogenomics

National Human Genome Research 
Institute

This site includes a frequently asked questions section about 
pharmacogenomics.
http://www.genome.gov/27530645

St. Jude Children’s Research Hospital This site has many implementation resources on pharmacogenomics for 
professionals. In addition, the AP can find here lectures, tutorials, and other 
educational resources about pharmacogenomics.
https://www.stjude.org/pg4kds/implement

Note. CDC = Centers for Disease Control and Prevention; FDA = US Food and Drug Administration; CMS = Centers for 
Medicare & Medicaid Services; NIH = National Institutes of Health; AP = advanced practitioner.
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standard nursing practice, which focus on assess-
ment; identification; referral; as well as education, 
care, and support (ANA, 2008). These competen-
cies were likewise endorsed by the Physician As-
sistant Education Association (Rackover et al., 
2007). Advanced genomic competencies for nurs-
es with graduate degrees, which emphasize order-
ing tests, interpreting test results, clinical manage-
ment, leadership, and research in addition to the 
four core competencies, have also been developed 
(Greco, Tinley, & Seibert, 2012). Much progress 
has been made in the integration of core genomic 
competencies into curricula for health-care pro-
viders at many levels (Howington, Riddlesperg-
er, & Cheek, 2011; Katsanis et al., 2015; Nickola, 
Green, Harralson, & O’Brien, 2012; Peek, 2015).

Core and advanced genomic competencies are 
primarily applied in academic settings, but the 
education of currently practicing providers is also 
key to clinical implementation and perhaps more 
difficult to achieve. There is a clear gap between 
published competencies and current clinical prac-
tice, demonstrating a clear need for increased 
education. More than half of practicing clinicians 
at top research hospitals were unable to identify 
even one indication for pharmacogenomic test-
ing (Jerome, Solodiuk, Sethna, McHale, & Berde, 
2014; Katsanis et al., 2015). In 2011, nearly all phy-
sicians surveyed believed that genetic variability 
can affect drug response, but only 13% had ordered 
a related test in the past 6 months, and only 29% 
had received education regarding pharmacoge-
nomics (Pisanu et al., 2014; Stanek et al., 2012). 
Despite inconsistent training, physicians, APs, and 
other team members have a desire to learn about 
genomics (Katsanis et al., 2015).

Beyond a general lack of pharmacogenomic 
knowledge, there are other barriers to implemen-
tation, including concerns about cost, applicability, 
and genetics literacy (Patel, Ursan, Zueger, Caval-
lari, & Pickard, 2014). Costs for testing vary widely 
due to insurance differences. Cost concerns are best 
addressed by FDA and CMS (Centers for Medicare 
& Medicaid Services) recommendations, whereas 
applicability information is available through mul-
tiple databases. As part of the interprofessional 
team, APs need to be able to recognize those medi-
cations that may be affected by genomic factors 
(Howington et al., 2011; Katsanis et al., 2015).

Therefore, the primary aim of this project was 
to evaluate knowledge, attitudes, and use of phar-
macogenomic testing among APs in the breast 
cancer care setting. Secondary aims included 
(1) identification and modification of a validated 
questionnaire to evaluate the knowledge base and 
opportunities for improvement; (2) development 
and implementation of an evidence-based educa-
tional intervention focused on use of clinical in-
dications for testing to improve knowledge defi-
cits; and (3) emphasis on a team-based approach 
to work through barriers to practice identified by 
interviews and prior to testing.

METHODS
Design

This pilot study used a quasi-experimental 
pretest/posttest design to assess knowledge about 
pharmacogenomic testing before and after a tar-
geted educational intervention.

Participants/Setting
Participants were recruited by convenience 

sampling from a women’s breast cancer center of a 
large tertiary hospital that employed five APs. The 
APs all had an advanced practice degree (MSN, 
MPAS), worked at least part-time in breast can-
cer care, and were available at three time points 
for data collection. All eligible providers (n = 5) 
agreed to be part of the project.

Questionnaire
A questionnaire was developed from a vali-

dated evidence-based practice assessment tool 
(Weng et al., 2013) for use in this study. The ques-
tionnaire was modified based on interviews with a 
clinical expert (a senior unit AP not participating 
in the project) regarding barriers to implemen-
tation, relevant practice issues, and applicable  
pharmacogenomic tests.

Seven questions measured self-perceived at-
tributes key to pharmacogenomic testing on a five-
point Likert scale (see top part of the Appendix on 
page 389). Questionnaire results for items 1 to 7 were 
rated according to the strength of agreement or dis-
agreement with positive statements. High scores (4 
or 5) indicated agreement, whereas low scores (1 
or 2) indicated disagreement. Four true/false ques-
tions addressed clinical relevance and practice, with  
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additional lines for written short-answer details 
(see bottom part of the Appendix). Two questions 
provided additional space for feedback and ques-
tions. Demographic information regarding training, 
years of practice, and additional clinical roles was 
gathered at pretest. Questionnaires were admin-
istered once before the educational intervention, 
once immediately after, and again 1 month later.

Educational Module
The educational module developed for this 

project focused on four FDA-approved pharma-
cogenomic tests, chosen for their relevance to 
an oncology unit–specific practice and offered as 
drug/gene pairs following the Clinical Pharma-
cogenetics Implementation Consortium (CPIC) 
convention (Table 2). Each pharmacogenomic 
test was paired with one medication or group of 
medications, and specific clinical indications and 
clinical impacts were reviewed. The tests used 
were “green” on the FDA guide (FDA, 2015), 
indicating full coverage by the CMS, rated evi-
dence Level 1A by the research group PharmGKB 
(2014), or were otherwise clinically significant 
and actionable (Innocenti, 2014; Schaid et al., 
2014; Spraggs et al., 2011).

The educational intervention provided a brief 
overview of drug metabolism, genetic variation, 
and recent advances in genome sequencing. The 
focus was on clinical assessment of patients for 
indications of altered metabolism and clinical im-
pact of testing to identify at-risk individuals (Mills, 
Voora, Peyser, & Haga, 2013). Advanced practitio-
ners were advised to refer suitable cases to their 
collaborating physician for possible testing. Not 
all tests discussed are regularly covered by CMS, 
but each test recommended was evidence-based 
with potential for clinical impact. The expert AP 
reported that APs did not order any genomic test-
ing independently within the facility; unit oncolo-
gists ordered the tests as indicated by family his-
tory and/or tumor presentation or the patient was 
referred to genetic counselors for detailed history-
taking and further testing.

The intervention and questions were phrased 
to support team involvement as a means of work-
ing within the system’s structure. Additional re-
sources, including links to the databases used to 
develop the intervention, a related module, and an 
article on ethical considerations of pharmacoge-
nomic testing, were provided. The intervention is 
available for review upon request. The first post-

Table 2. Drug/Gene Combinations Discussed in Educational Intervention

Drug/test pair Clinical significance Evidence
Implementation 
recommendation

Lapatinib, HLA Grade 3 ALT elevation Preliminary  
(no CPIC rating)

Testing indicated on
FDA label

CMS may not cover
Not yet standard test

Capecitabine, DPYD Chemotoxicity Strong
(CPIC A/1A)

Testing indicated on 
FDA label

CMS coverage with
evidence

Guidelines address dosing

Opioids, CYP2D6 Overdose/poor efficacy Strong
(CPIC A/1A)

Testing indicated on 
FDA label

CMS coverage with
evidence

Guidelines address dosing

Ondansetron, CYP2D6 Side effects/poor efficacy Good
(CPIC B/1A)

Testing indicated on 
FDA label

CMS may not cover
Not yet standard test

Note. ALT = alanine transaminase; CPIC = Clinical Pharmacogenetics Implementation Consortium; FDA = US Food 
and Drug Administration; CMS = Centers for Medicare & Medicaid Services. Information from PharmGKB (2014); CDC 
(2015).
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test questionnaire was administered immediately 
after the educational intervention, and a follow-
up questionnaire was administered 1 month later.

RESULTS
Participant demographics are shown in Table 

3. Participants were all female and averaged 48.2 
years of age. They had an average of 23.2 years of 
bedside practice in various backgrounds and 7.8 
years of advanced practice in oncology.

Pretest results indicated that the APs had 
prior knowledge of genetic testing to inform prac-
tice, primarily of BRCA1, BRCA2, HER/ErbB, and 
Oncotype DX as indicated by write-in responses 
to questions A, B, C, and D. Contrary to tumor-
centered testing, participants reported limited 
clinical experience with or education regarding 
patients’ genomic variations affecting medication 
efficacy in the breast cancer setting. The pretest 
also identified barriers to practice, including the 
APs’ inability to independently order genomic 
testing within the institution and neutral rating 
regarding system support.

Study results supported that the APs were 
familiar with genomic testing but were unaware 
of pharmacogenomic options prior to the inter-
vention (Table 4). This finding is supported and 
clarified by short-answer comments from pretests 
about which tests were indicated: “New patient re-
quiring BRCA testing,” “MammaPrint, Oncotype, 
Foundation One,” and “Early-Stage Breast Cancer: 
Determine Need for Chemo.” The APs agreed or 
strongly agreed with statements of belief in clini-
cal utility and support for implementation.

Participants reported less agreement with 
statements regarding knowledge, skills, ability to 
implement, and system support. Knowledge and 
skills improved after the educational intervention. 
However, the increase in agreement was not sus-
tained at 1-month follow-up. Ability to implement 

testing was rated more neutrally after the inter-
vention and returned to baseline after 1 month. 
System support was rated lowest of all categories 
across the project, with a slight drop after the in-
tervention that was maintained at 1 month.

Indication for pharmacogenomic testing 
fell dramatically after the intervention from five 
True responses to two and three for posttest and 
follow-up, respectively. There was no change in  
recommendation of testing. Lastly, at 1 month, 
fewer participants reported that pharmacoge-
nomic testing guided patient care. Two written 
responses are illustrative: “Mostly Oncotype, no  
others at this point” and “Foundation One testing, 
but treatment decided by MD.” These items were 
not discussed during the intervention and were 
used by the physicians prior to the intervention.

DISCUSSION
This pilot project identified preliminary evi-

dence affirming previous research that APs work-
ing in breast cancer care were aware of cancer-
specific genetic testing (Bellcross et al., 2011; 
MacNew et al., 2010). High initial confidence in 
knowledge and support dropped after the inter-
vention due to increased awareness of pharma-
cogenomic testing as different from tumor typing. 
Participants were receptive to educational inter-
ventions regarding pharmacogenomic testing rel-
evant to their practice, as expected (Katsanis et al., 
2015). Brief educational intervention may increase 
APs’ knowledge and skills related to clinical test-
ing and application. However, because APs cannot 
directly order pharmacogenomic tests in this set-
ting, the knowledge was not sustained. The Insti-
tute of Medicine (IOM) recommends institutional 
approval for APs to practice to the full scope of 
their role (IOM, 2011), which includes the order-
ing of genomic testing and application toward a 
patient’s individualized care (Greco et al., 2012).

This project provides evidence that APs are 
able to identify appropriate opportunities for 
pharmacogenomic testing consistent with the 
ANA nursing competencies (ANA, 2008), with 
educational support from a provider in the DNP 
role. Advanced practitioners are ready to assess, 
identify, order tests, and manage care as per AP 
competencies (Greco et al., 2012) if the barrier of 
direct test ordering is addressed. Although scope-

Table 3. Subject Demographics (N = 5)

Gender Female

Mean age 48.2 years

Mean years of bedside experience 23.2 years

Mean years of advanced practice 7.8 years

Highest degree attained MSN, CRNP
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of-practice issues are being addressed at every lev-
el from institutions to the national stage, practice 
must change now. The barrier may be mitigated by 
improved communication with the care team. The 
team leaders in the unit were encouraging during 
this project, which reinforced the need for team-
based training to support an interprofessional 
approach to future quality-improvement efforts 
(Ewing, 2015).

Both the educational intervention and ques-
tionnaire were designed to emphasize a team-
based approach but did not directly involve any 
team members other than APs. A future study 
should include physicians, pharmacy, and all nurs-
ing staff. As part of the multidisciplinary health 
team, nurses “need to be able to recognize those 
medications that may be affected by genomic fac-
tors” (Howington et al., 2011; Katsanis et al., 2015).

A future project implemented in a setting 
where APs have the ability to order appropriate 
pharmacogenomic testing may have stronger re-
sults. Ideal metrics for future investigation would 
include institutional pharmacogenomic testing 
utilization and patient outcomes. Hands-on train-
ing with clearly developed guidelines for the or-
dering process within a given setting would facili-

tate more sustainable improvement in knowledge 
retention and application. Education of APs along 
with the care team will likely best address com-
munication and access issues. APs, including 
DNPs, with specialized genomic knowledge are 
ideally suited to bring practice in line with rapidly 
growing bodies of evidence through targeted edu-
cational interventions. l
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Appendix: Pharmacogenomic Questionnaire
The questionnaire includes items for measuring your knowledge about and use of genetic tests available in 
the clinical setting to improve patient outcomes.

Questions are rated using a Likert 5-point scale
Strongly 

agree Agree Neutral Disagree
Strongly 
disagree

1. �Awareness: I have heard of pharmacogenomic  
testing or related terms, such as targeted genetic 
testing, tumor typing, and personalized medicine.

5 4 3 2 1

2. �Beliefs: I believe that the use of the best available 
genetic tests to guide care is important for  
improving the quality of patient care.

5 4 3 2 1

3. �Attitudes: I support the promotion of the implemen-
tation of genetic tests to improve patient outcomes. 5 4 3 2 1

4. �Knowledge: I have sufficient knowledge to  
implement or help implement genetic testing to 
guide care in my practice.

5 4 3 2 1

5. �Skills: I possess sufficient skills to implement or 
help implement genetic testing to guide care in my 
practice.

5 4 3 2 1

6. �Implementation: In the past year, I have searched for 
relevant evidence in the literature to resolve  
clinical questions about genetic testing to guide care 
in my practice and then applied the findings to  
clinical decision-making after critical appraisal.

5 4 3 2 1

7. �System: Within my organization, I am able to order 
genetic testing to guide care in my practice. 5 4 3 2 1

Lettered questions are rated either True or False. If you answer True to any question, please briefly describe 
the relevant test(s) or information.

Within the past month:

A.  I have identified at least one situation when pharmacogenomic testing was indicated.     T/F

B. � �I have recommended pharmacogenomic testing to an appropriate team member             T/F 
(pathologist, oncologist, genetic counselor, etc.) based on specific clinical indication(s).

C.  A team member has ordered pharmacogenomic testing based on my recommendation.  T/F

D.  Pharmacogenomic test results have guided care for my patient(s).                                     T/F 
     Demographic Information:       Gender (M/F)      Age:_______             ID #:_______
     Administrative Position (None/_____________) Years of Experience (RN__/NP__/PhD__)

Please circle any of these academic degrees you currently hold and how many years since attainment:

Master’s Degree (MSN, MN, MS, CRNP)            Doctorate of Nursing Practice (DNP)

Doctorate of Philosophy (PhD)       Teaching Appointment (HS/Undergraduate/Graduate/Clinical/None)

If members of the care team other than advanced practitioners order genetic tests, which roles/professions 
are they in?

Are there any aspects of pharmacogenomic testing to guide care that were not addressed by the above 
questions that you wish to share or obtain more information about?

Note. Posttest and follow-up did not include demographic questions. Modified from Weng et al. (2013).


