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Oncology Nurses’ Knowledge
of Pharmacogenomics Before
and After Implementation
of an Education Module

Crystal Dodson, PhD, RN, MSN

OBIJECTIVES: To assess the efficacy of an interactive
continuing education module in improving knowledge
of pharmacogenomics in oncology nursing practice.

SAMPLE & SETTING: 434 inpatient and outpatient
oncology nurses from a large teaching hospital in
Florida and oncology nurses who practice in North
Carolina.

METHODS & VARIABLES: An interactive continuing
education module was created based on key
information elicited from a focus group of inpatient
and outpatient oncology nurses regarding their lack
of knowledge on pharmacogenomics. A pre-/post-
test design was implemented. Purposive sampling of
oncology nurses was used.

RESULTS: The mean pretest score was 72.7 and the
post-test score was 85.9. A statistically significant
difference was found between these scores. No
difference in scores were found between the oncology
nurses employed at urban hospitals compared to
nurses at community hospitals or outpatient settings.

IMPLICATIONS FOR NURSING: Educational
opportunities for pharmacogenomics should
be threaded throughout nursing competencies.
The continuing education module in the current
article has been shown to significantly improve
oncology nurses’ knowledge of genomic and
pharmacogenomic information.
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recision medicine has become a new
innovation in cancer treatment and
is growing exponentially (Das, 2017).
Precision medicine is an evolving ap-
proach for disease prevention and
treatment that considers variations in genes, envi-
ronment, and lifestyle (Dodson, 2017). Pharmacog-
enomics, a subset of precision medicine, is the fastest
growing specialty in pharmaceuticals. Interest in this
field has risen from about 10% in 2010 to 70% in 2015,
as evidenced by a poll taken by St. John’s University
College of Pharmacy and Health Sciences (Ramnara-
in, 2016). Pharmacogenomics is “the analysis of how
a person’s response to a particular drug is based on
their genes” (Dodson, 2017, p. 739). This field com-
bines pharmacology and genomics to develop safe and
effective medications, along with proper dosages that
should be customized to variations in a person’s genes.
Despite growth within the field of pharmacogenom-
ics, healthcare providers have been plagued by limited
knowledge on the subject, which has been identified
as a major cause of the lack of pharmacogenomics use
in practice (Schwartz & Issa, 2017). In addition, a lack
of capability to interpret and use pharmacogenomics
information was also highlighted as a barrier for the
use of precision medicine in practice (Rohrer Vitek et
al., 2017; Schwartz & Issa, 2017). According to Bresnick
(2016), 29% of healthcare providers use precision
medicine in their treatment decisions. In addition,
the American Association of Colleges of Nursing and
the National Institutes of Health have identified the
need for nurses to take part in genetic healthcare ser-
vices (Calzone et al., 2013; Calzone, Jenkins, Prows, &
Masny, 2011); however, inconsistent training and edu-
cation in genetics permeates the field of nongenetic
clinicians (Calzone, Jenkins, Culp, Caskey, & Badzek,
2014; Cheek, Bahsore, & Brazeau, 2015; Dodson, 2014;
Hoffman et al., 2016; Riddle, Gregoski, Baker, Dumas,
& Jenkins, 2016).
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Key findings from several studies highlight the
lack of knowledge among oncology nurses, as well as
the strong desire to learn more about this emerging
field (Dodson, 2014; Hoffman et al., 2016; Riddle et al.,
2016). A study conducted by Dodson (2014) revealed
the need for increasing pharmacogenomics knowl-
edge among nurses. Cheek et al. (2015) noted the
need for education about pharmacogenomics because
nurses are in key positions to ensure optimization of
dosages and a reduction in adverse drug reactions. In
Dodson’s (2015) study of oncology nurses’ attitudes
toward pharmacogenomics, the desire to learn more
about pharmacogenomics and its relevance to nurs-
ing practice was clearly documented. Based on the
attitude of these nurses and the lack of knowledge
surrounding pharmacogenomics, a clear need for edu-
cation on this topic is imperative.

Several web-based education modules have been
created for acquiring genetic and genomics compe-
tency (Calzone, Jerome-D’Emilia, et al., 2011; Global
Genetics and Genomics Community, n.d). However,
a pharmacogenomics educational module specific to
the oncology nurses’ role could not be found through
an extensive search of the literature and Internet.
Therefore, an interactive continuing education phar-
macogenomics module was created. The purposes of
this study were to assess the efficacy of the interactive
continuing education module on the role of phar-
macogenomics in oncology nursing practice and to
improve nurses’ knowledge of the topic.

Methods

Rogers’ diffusion of innovation theory provided
the framework for examining the process of adop-
tion of pharmacogenomics testing among oncology
nurses (Rogers, 2003). Adoption of an innovation is
a decision-making process in which the individual
first passes from initial knowledge of the innovation
to forming an attitude about this innovation. This
leads to the successful adoption or rejection of the
innovation. Therefore, sufficient knowledge must be
provided for the individual to successfully adopt the
new practice.

The first objective of this study was to create a con-
tinuing education module on pharmacogenomics that
encompasses useful information for oncology nurses
with the assistance of focus groups of practicing
oncology nurses. The second objective was to increase
nurses’ knowledge using the module related to phar-
macogenomics and analyze the statistical difference
between the pre- and post-test scores following use of
the continuing education module. Finally, an analysis
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of the statistical association between work setting
and knowledge was conducted.

Sample and Setting

A purposive sampling of oncology nurses was used. A
sample of 32 oncology nurses from a large teaching
hospital in Florida, as well as 402 oncology nurses
who practice within North Carolina, were included
within the study. The two populations were compared
because they were easily accessible to the investiga-
tor. The sampling frame for the oncology nurses in
North Carolina included all current RNs in an oncol-
ogy setting within the state of North Carolina with an
email address on file with the North Carolina Board of
Nursing. A comprehensive list of all nurses who met
these criteria was obtained from the North Carolina
Board of Nursing, which resulted in 402 nurses. The
sampling frame for the oncology nurses in Florida was
a purposive sample of oncology nurses who worked
on the oncology unit within the teaching hospital.

Education Module

Focus group interviews with oncology nurses at
Moffitt Cancer Center in Tampa, Florida, were
conducted to assess needs surrounding pharma-
cogenomics information. The focus group included
nurse administrators, clinical nurse specialists,
and inpatient and outpatient oncology nurses. The
focus group provided information on key aspects
of genomics and pharmacogenomics testing within
their practice setting that they would like to learn
more about.

In addition, an extensive review of the literature
and current practice surrounding pharmacogenomics
were reviewed to obtain the most up-to-date and rel-
evant information surrounding pharmacogenomics.
Search terms used in PubMed and CINAHL® included
pharmacogenomics, precision medicine, personalized
medicine, targeted therapy, and gene-based therapy. The
search was limited to peer-reviewed articles published
in 2011-2016 and written in English.

Finally, pertinent information related to oncol-
ogy from the Pharmacogenomics Education Program
(Kuo et al., 2011) and PharmGKB was incorporated
into the module. The Pharmacogenomics Education
Program was created for a multitude of disciplines,
including pharmacists, nurses, and genetic counsel-
ors. The program is a free, evidence-based education
program. PharmGKB is a pharmacogenomics data-
base that includes information on dosing guidelines
and drug labels of clinically actionable interventions
based on gene-drug responses (see Figure 1).
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The completed module included basic facts on
genomics and pharmacogenomics. In addition,
information on drug disposition and drug target phar-
macogenetic testing and targeted cancer therapy were
provided. Examples seen commonly within practice,
such as the gene-drug interaction between thiopu-
rine methyltransferase and purinethol, and targeted
cancer therapy for the HER2 tumor marker, were
highlighted.

An interactive concept was created within the
module by providing tasks, such as matching games,
videos, and puzzles, to be completed to assess knowl-
edge immediately. The study proposal was approved by
the institutional review board at Winston-Salem State
University before implementation of the study. A link
to an online survey was placed within the continuing
education module that required completion prior to
accessing the education module. This link housed
a questionnaire on basic genomics and pharmacog-
enomics from a modified version of the Knowledge
and Attitude Questionnaire About Pharmacogenomic
Testing (KAQ-PGx) (Roederer, Van Riper, Valgus,
Knafl, & McLeod, 2012). The KAQ-PGx was devel-
oped by a team from the University of North Carolina
(UNC) Center for Genomics and Society and the UNC
Institute of Pharmacogenomics and Individualized
Therapy (Roederer et al., 2012). The original question-
naire has been used in two previous studies assessing
oncology nurses’ knowledge of genomics and pharma-
cogenomics (Dodson, 2014, 2015). The reliability and
validity estimates of this questionnaire have not been
published; however, this instrument was constructed
to operationalize concepts and test relationships
between knowledge and attitude in relation to use of
the innovation of pharmacogenomics based on Rogers’
diffusion of innovation theory (Dodson, 2014; Rogers,
2003). The questionnaire used within the current
study was adapted with permission and included the
11 demographic questions, 2 questions assessing back-
ground in genomics education, 5 basic knowledge
questions about genomics, and 5 knowledge questions
about pharmacogenomics testing. The 10 knowledge
questions were each worth 10 points and, therefore, the
total score could range from o-100. The utilization and
attitude subscales were removed to reduce the amount
of time required for nurses to complete the survey.

Pilot Testing

A panel of 10 oncology nurses from the focus group
piloted the questionnaire and the continuing educa-
tion module. The panel consisted of oncology nurses
who had been practicing more than three years. The
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internal consistency of the instrument was calcu-
lated. The knowledge subscale consisted of 10 items
(o = 0.81), which is highly reliable. Feedback from the
panel review was used to revise the module for better
operationability and user friendliness. A few broken
hyperlinks were fixed, along with spelling errors. The
time for completion for the module and survey was
determined to be 45 minutes.

To assess knowledge of pharmacogenomics, a pre-/
post-test design was implemented. After the panel
review of the continuing education module, a website
was created that housed the pretest assessing knowl-
edge of pharmacogenomics, the continuing education
module on pharmacogenomics in oncology, and the
post-test. An invitation to participate was distributed
to the sample via email with a link to the website. In
addition to the mean scores for the pre- and post-
test, the demographic variables of age, gender, work
setting (urban hospital, community hospital, or out-
patient setting), previous genomics education, and
oncology certification were collected.

Univariate statistics were conducted for all
demographic variables: ranges, means, medians, and
standard deviations for continuous variables, and fre-
quencies and percentages for categorical variables.

FIGURE 1. Resources for Pharmacogenomic
Information

Implementing Genomics in Practice (IGNITE)

A National Institutes of Health-funded network encom-
passing a variety of healthcare and research sites and
developed to find ways to incorporate genomic informa-
tion into the electronic health record and create clinical
decision support tools

m https://bit.ly/2uUChrs

Pharmacogenomics Education Program

An evidence-based program for healthcare providers
with the intent to provide educational materials about
pharmacogenomics

m https://bit.ly/2LY2pLB

PharmGKB

A pharmacogenomics database that includes informa-
tion on dosing guidelines and drug labels of clinically
actionable interventions based on gene-drug responses
m www.pharmgkb.org

SPARK Toolbox

A publicly available database for genomic medicine
resources for healthcare providers and researchers
m https://ignite-genomics.org/spark-toolbox
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The total score for the basic genomics knowledge
questions, pharmacogenomics knowledge questions,
and the combination of these total scores were cal-
culated for each respondent. A paired t test was
conducted on the mean total score for the pre- and
post-tests. A Mann-Whitney U test was conducted to
assess the difference between mean knowledge scores
among oncology nurses from Florida and North
Carolina. In addition, all nurses who identified as
working in an urban hospital setting were compared
to those who identified with a community hospital
work setting or outpatient work setting. A chi-square
test was conducted to assess relationships between
work setting and mean knowledge scores.

Results

A total of 121 oncology nurses completed the demo-
graphic portion of the module, and 99 of those
finished the pretest. Seventy-eight of the 99 nurses
completed the post-test, which was the total sample
used for analysis. Fifty-one nurses worked in an urban
hospital and 27 worked in a community or outpatient
setting. Only 27 nurses had previous pharmacog-
enomics education and 41 had a bachelor’s in nursing
degree, 21 had an associate’s degree or diploma, and
the remaining 16 had a graduate degree in nursing.
Fifty nurses had oncology certification. No differ-
ences were found between the two groups (urban
hospital versus community or outpatient setting)
regarding previous pharmacogenomics education,
highest level of education, and oncology certification

TABLE 1. Education and Experience for Nurses by Work

Setting
Community
or Qutpatient Urban
(N=27) (N=51)
Variable n n
Education
Associate’s degree or diploma 14 7
Bachelor's degree 11 30
Graduate degree 2 14
Previous pharmacogenomics education
Yes 8 19
No 19 32
Oncology certification
Yes 13 37
No 14 14
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KNOWLEDGE TRANSLATION

m Educational opportunities for pharmacogenomics should be
threaded throughout nursing competencies.

m The interactive continuing education module was effective in
increasing the mean knowledge score.

m No difference in knowledge level of pharmacogenomics was found
within different work settings or geographic locations.

(p = 0351, p = 0.205, and p = 0.596, respectively). The
similarities and differences in demographic variables
can be found in Table 1.

Overall, the mean pretest score was 72.7 and the
post-test was 85.9 out of 100 possible points. A statis-
tically significant difference was found between these
scores (p < 0.01). The main topics that many nurses
had poor knowledge of included the drug response
during a patient’s lifetime and subtle differences in
a patient’s genome influencing drug response. No
difference in scores was found between the oncol-
ogy nurses employed at urban hospitals compared to
those in the community hospital or outpatient setting
(p = 0.257). The scores among all the nurses in North
Carolina who completed the survey were compared
to the nurses in Florida to assess possible geographic
differences; however, no differences in previous
pharmacogenomics education, degree, and oncology
certification were found between those nurses prac-
ticing in Florida compared to North Carolina (p =
0.47, p = 0.398, and p = 0.289, respectively). Finally,
no difference in overall scores were found between
oncology nurses in North Carolina and Florida (p =
0.898).

Discussion

Although precision medicine is growing exponentially,
a lack of education exists about pharmacogenomics
among oncology nurses. The results of this study
match prior studies assessing knowledge of nurses as
well as healthcare providers in general (Dodson, 2014;
Hoffman et al., 2016; Riddle et al., 2016). Additional
research is needed to determine how long the infor-
mation is retained by the nurses and how it affects
their patient outcomes. Based on these preliminary
findings of no difference in mean score between geo-
graphic or work settings, this module may benefit
many nurses in a variety of settings. The current study
revealed that the continuing education module sig-
nificantly improved knowledge of pharmacogenomics
within the current sample; however, limitations were
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noted within the study. The study was not representa-
tive of the oncology nursing practice. The sample only
included nurses from Florida and North Carolina,
and the sampling method was different among these
groups. Additional limitations included the lack of
collection of number of years in nursing practice and
the oncology field and the age of the nurses. These
variables could have been useful to compare the
characteristics of the groups at baseline. In addition,
information on the reliability and validity estimates
for the instrument would have improved the valid-
ity of this study. Future studies need to be replicated
with a larger, representative national population with
a validated tool.

Overall, this study met the first objective to create
a continuing education module on pharmacogenom-
ics. The objectives to measure the difference between
the pre- and post-test scores following completion
of the continuing education module and the associa-
tion between work setting and knowledge were both
met. However, methodologic limitations prohibit the
assessment of a statistical increase in nurses” knowl-
edge surrounding pharmacogenomics. Future studies
without these limitations would be able to test the
hypothesis formulated from Rogers’ diffusion of inno-
vation theory that increased knowledge would lead to
more successful use of the innovation (Rogers, 2003).

A key aspect of this study was the inclusion of a
focus group of oncology nurses to gain information
on their perception of educational needs surround-
ing pharmacogenomics. The incorporation of these
nurses added a new perspective that has not been
added to other pharmacogenomics modules based
on a thorough review of the literature. One of the
recurring comments from the focus group was the
great need for pharmacogenomics education within
oncology nursing practice. Therefore, it is imperative
to seek avenues for providing continuing education
modules to all oncology nurses.

Implications for Nursing Practice

Information about pharmacogenomics will allow nurses
to participate in research, move practice forward, and
educate patients. Nurses should recognize the value of
how pharmacogenomics influence their patients’ treat-
ment and find ways to advocate for specific genetic
tests and clinical trials that may be applicable to their
patients’ condition. This knowledge will promote a
holistic plan of care. It is important to seek avenues for
providing education along with other clinical resources
related to precision medicine to all oncology nurses to
improve pharmacogenomics knowledge.
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Conclusion

Based on the results, educational opportunities for
increasing knowledge about pharmacogenomics should
be included in nursing competencies. The education
module has met a need to make pharmacogenomics
information relevant to nursing practice.
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