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a b s t r a c t
Introduction: As key experts in supporting medication-decision making, pharmacists are well-positioned
to support the incorporation of pharmacogenomics into clinical care. However, there has been little study
to date of pharmacists’ information needs regarding pharmacogenomics. Understanding those needs
is critical to design information resources that help pharmacists effectively apply pharmacogenomics
information.
Objectives: We sought to understand the pharmacogenomics information needs and resource requirements of pharmacists.
Methods: We conducted qualitative inquiries with 14 pharmacists representing 6 clinical environments,
and used the results of those inquiries to develop a model of pharmacists’ pharmacogenomics information
needs and resource requirements.
Results: The inquiries identiﬁed 36 pharmacogenomics-speciﬁc and pharmacogenomics-related information needs that ﬁt into four information needs themes: background information, patient information,
medication information, and guidance information. The results of the inquiries informed a model of pharmacists’ pharmacogenomics resource requirements, with 3 themes: structure of the resource, perceptions
of the resource, and perceptions of the information.
Conclusion: Responses suggest that pharmacists anticipate an imminently growing role for pharmacogenomics in their practice. Participants value information from trust-worthy resources like FDA product
labels, but struggle to ﬁnd relevant information quickly in labels. Speciﬁc information needs include clinically relevant guidance about genotypes, phenotypes, and how to care for their patients with known
genotypes. Information resources supporting the goal of incorporating complicated genetic information
into medication decision-making goals should be well-designed and trustworthy.
© 2015 Published by Elsevier Ireland Ltd.

1. Introduction
Pharmacogenomics research has identiﬁed over 130 gene
variants that can alter the safety and/or effectiveness of drug treatments [1]. Some hospitals have begun using genotype information
to inform drug and dose selection for several drugs including warfarin [2,3] and clopidogrel [4,5]. As genotyping becomes more
common, pharmacists and physicians will encounter more pharmacogenomic information. To use this information to reduce
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the risks of adverse events and improve treatment effectiveness,
clinicians will need information that will help them interpret
complex interactions between patient genotypes, resulting phenotypes, and medications [6,7]. Despite the critical role that
pharmacists play in medication decision making, relatively little
attention has been paid to date regarding their pharmacogenomicsrelated information needs and preferences. We present a study
of pharmacists’ information needs and resource requirements
for pharmacogenomics-based decision making. This work will
inform the development of information resources designed to
help pharmacists meet the information challenges presented by
pharmacogenomics.
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1.1. Pharmacists’ role in pharmacogenomics information
As knowledgeable experts who apply their extensive training in
drug therapy to provide medication advice, pharmacists play a critical role in providing pharmacogenomics information to prescribing
clinicians [8]. Several model pharmacist-led interdisciplinary clinical implementations exist [3,8]. While pharmacists hold positive
views of the clinical utility of pharmacogenomics, they do not
feel conﬁdent in their ability to make recommendations without
further education [9,10]. However, little is known about pharmacists’ information needs with respect to pharmacogenomics
Although some studies have examined pharmacists’ general drug
information needs [11–17] and education requirements regarding
pharmacogenomics [18], no studies to date have focused explicitly
on pharmacists’ information needs related to pharmacogenomics.
Physicians also lack pharmacogenomics knowledge. They desire
information about recommendations, interpretations of genetic
test results, testing information, and information about populations
most at risk [6], and they value trustworthy, clinically-relevant
information about phenotypes and dosage recommendations
[7,19,20]. Information resources that address pharmacogenomics
information needs can help pharmacists provide the guidance
necessary for safe and effective prescribing of drugs with pharmacogenomic implications.
1.2. Pharmacogenomics information challenges
Pharmacogenomics involves complex interactions between
genes, medication exposure, and patient factors to produce phenotypes [21]. Variations in genes can impact drug response, efﬁcacy,
and risk of adverse effects [22]. Each combination presents a unique
set of considerations [23,24]. Interpreting this information presents
multiple challenges, including potentially confusing descriptions
of gene variants, phenotypes, and implications of the interactions.
Given a patient with a pharmacogenomic genotype relevant to a
medication under consideration, the prescriber must integrate all of
this information with patient clinical variables like age and weight
to determine the best course of action.
1.3. Pharmacogenomics information resources
In the United States, the Food and Drug Administration (FDA)
requires manufacturers to provide relevant pharmacogenomics
information in drug product labels of all drugs that have known
pharmacogenomic impacts [25]. That information is scattered
throughout the label, appearing for different drugs in many different sections. A variety of the widely-used electronic information
resources include pharmacogenomic information [26]. However,
the information is often incomplete, with resources containing
between 50% and 90% of the pharmacogenomics information that
is available in FDA approved product labels [26].
As a shared project between the Pharmacogenomics Research
Network (PGRN) and the Pharmacogenomics Knowledgebase
(PharmGKB), the Clinical Pharmacogenetics Implementation Consortium (CPIC) [27,28] develops guidelines to translate pharmacogenomics knowledge into clinical care [29]. The PharmGKB
[30–36] website provides CPIC and Dutch Pharmacogenetics
Working Group (DPWG) guidelines, relevant citations to primary literature, and some product label information [30]. While
the research and guideline information are critical, PharmGKB
provides only brief excerpts of pharmacogenomics information found in structured product labels, not the exact text of
every pharmacogenomics-related statement or the section from
which it originated. Consistent with earlier work indicating that
pharmacists rely heavily on the information provided by the
FDA-mandated labels [37], our informal observations suggest that

Fig. 1. Project Workﬂow.

comprehensive product label information is critical for pharmacists, which raises the concern that they will not trust PharmGKB
because they might not perceive that it is communicating authoritative information, despite the FDA statements available on the
resource.
1.4. Pharmacogenomics information needs and resource
requirements
We aim to develop information resources that provide
pharmacists with comprehensive, usable, actionable, and trustworthy pharmacogenomic information. We report on a qualitative
inquiry of pharmacists’ pharmacogenomics information needs
and resource requirements to inform the development of such
resources. Fig. 1 describes the research project plan.
2. Materials and methods
2.1. Qualitative inquiries
We conducted qualitative inquiries, consisting of semistructured interviews and observations of pharmacists in their
work environment. We coded the interview transcripts and used
the results of the interviews to identify pharmacogenomic information needs.
We used a semi-structured approach to elicit a wide range of
pharmacist perceptions about information seeking both for general
prescribing and speciﬁcally with respect to pharmacogenomics.
Two authors (KMR and HH) developed an interview guide (supplement) based on information needs research strategies [38,39].
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A trained biomedical informatician with experience and training
(KMR) in qualitative research interviewed the participants. Each
interview lasted approximately 45 min and was audio recorded,
with permission from participants. The study was approved by the
University of Pittsburgh Institutional Review Board (IRB).
2.2. Participants and setting
We recruited pharmacists through professional connections of
the authors using a convenience sampling strategy [39] designed
to represent the diversity of needs and perspectives associated
with different care contexts including tertiary care centers, community practice, and private nursing home consulting pharmacy.
Interviews took place from December 2013-August 2014, and were
conducted in the participants’ places of employment. Participants
were not compensated in any way for their participation.
2.3. Data analysis
Audio recordings of interviews were transcribed verbatim
before being analyzed using descriptive coding [39,40]. We developed a codebook with a preliminary structure answering four basic
questions, in general and speciﬁc to pharmacogenomics:
1. What information needs do pharmacists experience while managing drug decisions?
2. What resources do they use to ﬁnd drug information and why
do they use them?
3. What do they like and dislike about them?
4. What tasks do they complete in a typical day related to drug
decisions?
We coded using a structural approach, applying conceptual
phrases representing ideas related to the research questions to
the interview transcripts, and adding subcodes as necessary to
more ﬁnely represent the participants’ responses [40]. Codes were
assigned to sections of text and organized using QSR NVivoTM .
Two of the authors (KMR and HH) coded seven of the transcripts independently to identify information need themes related
to pharmacogenomics and to revise the emerging codebook accordingly. They discussed the differences to resolve disagreements and
achieve consensus on codes used for the remainder of the transcripts. The number of subjects who mentioned each theme was
counted for descriptive purposes.
Codes were used to develop a conceptual model of the information needs and information seeking behavior of pharmacists
when engaged with pharmacogenomics-related medication information. The conceptual model was presented to two pharmacists to
validate the correspondence between the researchers’ and pharmacists’ interpretation of the interview data. The model was revised
to correct errors as necessary.
3. Results
3.1. Participants and setting
Fourteen pharmacists participated. Participants varied in length
and type of experience (students, residents, and clinical pharmacists), and distribution of work contexts, including hospital,
ambulatory care, nursing homes, and retail pharmacy (Table 1).
3.2. Pharmacogenomics in practice
All of the pharmacists had encountered pharmacogenomics
through seminars, continuing education, or reading. None of the

Table 1
Participant demographics.
Number of
pharmacists
(n= 14)
Sex
Male
Female

4
10

Ethnicity
Caucasian
Asian

13
1

Years as pharmacist
<5
5–15
>16

5
5
4

Years at current employer
<5
5–15
>16

6
7
1

Job title
Clinical pharmacist—hospital
Clinical pharmacist—nursing home consultant
Clinical pharmacist—ambulatory care
Pharmacy student (3rd year)
Pharmacy resident—hospital
Retail pharmacist

5
3
2
2
1
1

Pharmacogenomics experience
Had patients with pharmacogenomics testing in last year
Recommended pharmacogenomics testing

0
0

participants reported current use of pharmacogenomics information in practice. None had previously recommended genomic
testing or managed a patient who had undergone pharmacogenomics testing. However, all anticipated that pharmacogenomics
will have a growing impact on their practice in the near future.
3.3. Pharmacogenomics information needs
Analysis of the interview transcripts led to the identiﬁcation of
36 information needs which are either general needs that can apply
to pharmacogenomics (Table 2) or needs speciﬁc to pharmacogenomics (Table 3). Additional information needs not directly related
to pharmacogenomics were also mentioned, but excluded from
the ﬁnal list of 36: general prescribing information such as cost,
intravenous stability, and additive information, among others. The
full list of information needs is available as supplementary material (Appendix). The information needs were grouped in to four
categories: background information, patient-speciﬁc information,
medication information, and guidance information.
3.4. Pharmacogenomics resource requirements
We categorized perceived strengths and weaknesses of information resources and their contents into three major themes: the
structure of the resource, pharmacists’ perception of the resource,
and characteristics of the information provided in the resource
(Table 4).
Pharmacists expressed strongly felt preferences for drug
information resources. All participants discussed using multiple
resources as needed for particular situations, including tertiary
resources (e.g. LexicompTM , Up-To-DateTM , and MicromedexTM ),
primary literature, the FDA, and drug companies’ literature. Eleven
out of 14 pharmacists mentioned using the FDA product labels.
Although participants described FDA product labels as being trustworthy, these labels were not usually the preferred ﬁrst choice.
Many stated that they dislike seeking information in the product label because “the hard part about the label is you end up
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Table 2
General information needs relevant to pharmacogenomics.
Information need

No. of pharmacists (14)

Example quote

Background information
Evidence

6

“I like. . .actually being able to pull. . . the study [where], they actually had data that said that these people
did better or didn’t require dosages [changes].”– Pharmacist 9

Patient information
Concomitant medications
Medical condition
Allergies
Medication previously taken
Patient preferences
Length of time taking drug
Population-speciﬁc information

9
7
3
1
1
1
1

Medication information
Drug Safety
Drug Efﬁcacy
Drug-drug interactions
Other drugs in same class
Comparative effectiveness
Drug toxicity
Pharmacokinetics
Drug equivalency
Mechanism of Action
Pharmacodynamics
Drug metabolism
Drug elimination
Side effects

[Regarding other information needed]: “Other medications, type of stent, timing (of previous
[myocardial infarction]), other medications they might be on, [proton pump inhibitor]PPI
controversy, other medical conditions, any other anti-coagulation thrombotic type of conditions
the patient might have. That I could ﬁnd in the e-record. I’m not sure there would be much else
outside of that.” – Pharmacist 2 “What other medications he may be receiving, currently. . .if it was
one of those situations where I had to adjust the dose, I would still like to see what else they were
on. Because sometimes, depending on some different factors, there could be other anticoagulants
involved. You know, even if its low dose aspirin, there could be something potential there that
would increase a bleeding risk or a side effect, based on what he was already receiving.”
–Pharmacist 10

13
12
7
4
3
3
2
1
1
1
1
1
1

“If it’s a completely new drug, mechanism of action, pharmacokinetics and pharmacodynamics,
and depending on the speciﬁc question, potentially metabolism, elimination, and major side
effects.¨– Pharmacist 9 “I would like to know what is the efﬁcacy rate of patients getting
clopidogrel with that variant and what are the bleeding rates of patients getting clopidogrel with
that variant. I would want, what I always want, is safety and efﬁcacy. Do the risks outweigh the
beneﬁts? That’s everything I do so that’s the information I would want.¨– Pharmacist 3“Our
system supplies medications in peoples’ claims history, so that they may be ﬁlling [drugs] that
have the interactions. . . there’s other ones that I’m not as familiar with and I like to go and
actually plug them into a database and see what the interaction is to learn for myself. So I don’t
like to arbitrarily say, ‘Oh, there’s an interaction here, like you need to take care of that’ – I like to
actually know for myself, like the mechanism of the interaction.”- Pharmacist 5

Guidance information
Recommendations or guidelines
Monitoring requirements
Drug indications
Dosing
Alternative drug choices

14
13
13
8
6

“I want to learn more about what is actually going on so that I could understand it and give a
clinical recommendation rather than just, “ok, this is what it does and that’s what I should do,” you
know? I like reading into it, maybe that would be helpful for some people that really need like a
quick answer but I thought it was better to look for what’s actually happening and . . . this is
what’s occurring and this is what you should do.-̈ Pharmacist 8

Table 3
Pharmacogenomics-speciﬁc information needs.
Information need

No. of pharmacists (14)

Example quote

Background information
Pharmacogenomics background information
Pharmacogenomics evidence
Test information
Test parameters

10
6
8
2

“I was deﬁnitely looking for just a description of the basic, ‘what does this [gene] do’ before we
even talk about the drug” –Pharmacist

Patient information
Phenotype information
Variant Information
Severity of pharmacogenomics risk
Population frequency (of biomarker)

14
13
4
3

Medication information
Other drug(s) affected by the biomarker

“What I would want to know is . . . what does this mean for this person? You know, they’re a poor
metabolizer, OK, can I give the drug? Can I not give the drug? If I give the drug, what do I have to
do as far as dosing? What do I have to look for, as far as side effects? So, whatever you could do to
simplify. . .you know. . .poor metabolizer, do this, rapid metabolizer, do this, that would be
helpful.¨–Pharmacist 10

5

“I would want to know if there’s any other drugs that might be affected by this
[biomarker]?¨–Pharmacist 3

Guidance information
Pharmacogenomics guidelines

6

“I would like to see guidelines around it, outcomes research, something that I could conﬁdently
say, if we had a drug on formulary we’re thinking about, here’s the patient I would restrict to,
here’s the group that needs to be involved to prescribe it.¨– Pharmacist 2

having to go to multiple sections to ﬁnd information.” (Pharmacist 2). One pharmacist described starting with a tertiary resource
and then proceeding to the labels and ﬁnal to primary literature
for conﬁrmation: “I like to conﬁrm everything a couple places and
sometimes the labels are a little behind the actual evidence. So I
would probably take this information, go to the literature to see if
I could conﬁrm that.” This was also mentioned by another respondent who described conﬁrming using the product label to conﬁrm
details because “not that there’s bias, or potentially wrong information, but getting it from the source is better than. . .more accurate,
generally, is what I would say.”

4. Discussion
We identiﬁed perceived identiﬁed information needs, both general and speciﬁc to pharmacogenomics, relevant to pharmacists’
use of pharmacogenomics information. These needs encompass
both the information needed and the requirements for compendia
and other resources containing these details. To our knowledge, this
is the ﬁrst study to explicitly identify pharmacogenomics-related
information needs of pharmacists, and to discuss these needs in
the context of preferences and requirements regarding pharmacy
information resources.
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Table 4
Pharmacists requirements for drug information resources.
Requirement

No. of pharmacists (14)

Example quote

Structure of the resource
Has references
Visualizations
Links to other resources
Peer-reviewed
Online
Full-text

6
6
3
1
1
1

“I liked that it had that reference so that I could click and learn more about it from the original
report to the FDA, when they found that. So I liked that. I like to know where things come from. –
Pharmacist 13

Perception of the resource
Organized
Familiar
Available
Credible
Good reputation
Regularly Updated
Free
Helpful
Reliable
Necessary
Good mobile version
Preferred by physicians

12
8
6
5
3
2
2
2
2
2
1
1

Perception of the information
Easy to use
Quick
Concise
Thorough
Clinically relevant
Accurate
Objective

“I like the different sections, and where you can. . .on the application, hit “Jump to”, and you can
quickly go to dosage forms it’s in, or monitoring parameters, and you just jump around very
quickly.” – Pharmacist 14
“[It has] pretty thorough information from a reputable source, and it breaks down the various
types of information that are available. And depending on the medication, it gives the clinical
signiﬁcance, what has been done, and also the recommendation.” – Pharmacist 9
“We get MicromedexTM for free, so that’s why a lot of people use that one, and I think it’s
obviously much more reliable.” – Pharmacist 5
“I couldn’t practice very well without [drug information resources?]. There’s a lot of data that is
internal but a lot of this as far as medical education has gone more to focusing on the amount of
data that you cannot possibly internalize and the deviations in how quickly it changes, it’s
impossible to keep up with every little thing so it’s always good, even if you are sure of something,
to check it out.” – Pharmacist 1

14
13
12
10
5
4
1

“I like it because it’s easy. I usually go to certain ones that I’m familiar enough with, using them
online, or in a book, or on my phone, so that I know where to retrieve the information quickly
when I need it.” – Pharmacist 10
“Up-To-DateTM , you can actually use to treat a patient. Like I have one patient who is going
through alcohol withdrawal and you can kind of really look it up and ﬁgure out that they need. . .I
think Up-To-DateTM is a lot more useful clinically.” – Pharmacist 14
“I think it’s quick. I think it’s easy. And I think it’s concise. All things that you want, when looking
for information of this type. “ – Pharmacist 10

4.1. Pharmacogenomics information needs
Participating pharmacists’ information needs, both generally
and speciﬁcally for pharmacogenomics, fall into four categories:
background, medication, patient-speciﬁc, and guidance-related
information. These needs are similar to those of physicians,
particularly with respect to the interpretation of test results,
recommendations for alternatives, prevalence in various ethnic
groups, and genotypic testing information [6,7]. We found speciﬁc
information needs directly and indirectly related to pharmacogenomics that similar studies of physicians’ pharmacogenomics
knowledge gaps [6] and of the usability of pharmacogenomics
decision support aids [7] did not identify. These include monitoring information, severity of risk, and other drugs affected by a
biomarker.
The perceptions of the pharmacists are likely inﬂuenced by the
environment in which they practice. For instance, while none of the
pharmacists have encountered patients with pharmacogenomic
testing, some were more familiar with the concept than others.
Nursing home consultant pharmacists had very little exposure to
pharmacogenomics, while the hospital based resident pharmacists had enough familiarity to know recommendations for treating
CYP2C19 poor metabolizers.
4.2. Pharmacogenomics information resource requirements
Pharmacists in this study prefer resources that are peerreviewed, online, full-text, referenced, with visualizations and links
to other sources (Structure of the Resource). They perceive high
quality resources to be familiar, trustworthy, up-to-date, and well
organized (Perceptions of the Resource). Finally, they perceive
high quality information to be quick, concise but thorough, relevant, accurate, and easy to use (Perceptions of the Information).
In particular, they are very concerned with the provenance of the
information: they want references, access to full-text studies, and
prefer information that comes from FDA-mandated product labels.

If they are unsure of the provenance, they prefer to rely solely on
the contents of the product label.
The participation of pharmacists working in a range of contexts
of care supports the generalizability of our results. Participants
included pharmacists working in hospitals, nursing homes, ambulatory care, retail pharmacies, along with pharmacy students and a
resident. Although these participants were not chosen to be representative of a broader sample, similarities in the responses suggest
that the concerns and information needs regarding pharmacogenomics may be similar across these work environments. However,
resource requirements are likely inﬂuenced by practice environments. The pharmacists who do not have access to high speed
Internet, such as those who are dependent on wireless, found the
slow speed of some resources to be an impediment not experienced
by hospital-based pharmacists with powerful networks. Differing work contexts also clearly inﬂuenced the selection and use of
existing resources, with pharmacists frequently stating that they
depended on the resources paid for and promoted by their employers. Pharmacists who practiced in the out-patient clinic speciﬁcally
spoke favorably of their preferred resource, which they described
as depicting information in ways not replicated by other resources.
4.3. Pharmacogenomics in qualitative research
While multiple studies have examined the pharmacogenomics
education needs of pharmacists [9,10,41,42], none have explicitly
addressed their information needs for clinical decision making to better meet those needs. This study complements the
ﬁndings of other recent qualitative studies focused on pharmacogenomics information needs of physicians, not pharmacists. A study
published by Devine et al. in 2014 looked at the usability of a computerized decision support alert that presented pharmacogenomics
information [7]. They also showed the prototype to cardiologists
and oncologists for usability feedback. However, they did not conduct qualitative inquiries to explicitly identify information needs
and resource requirements. Their analysis identiﬁed some major
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Table 5
Pharmacogenomics themes.
Theme

Current study

Johansen Taber et al. [6]

Background information
Patient information
Medication information
Guidance information
Structure of resource
Perceptions of resource
Perceptions of information

X
X
X
X
X
X
X

X
X
X
X
X

information needs, such as the need for clinically relevant information about phenotypes and variants, without identifying what
makes the information clinically relevant. Our interviews provided
in-depth feedback not available in the usability assessment conducted by Devine, et al., identifying speciﬁc factors that make
information clinically relevant, including patient demographics,
concomitant medications, and comorbid conditions.
A 2014 paper from by Johansen Taber, et al. assessed physicians’ knowledge level regarding pharmacogenomics, rather than
focusing on information necessary for making clinical decisions
[6]. Our results are consistent with their ﬁndings: clinicians in
general have not encountered pharmacogenomics much in practice, and they have gaps in knowledge. They also asked physicians
what information they would like in a pharmacogenomics resource,
identifying items also found in our study, including information on
test results, recommendations, mechanism of action, demographics, references, testing information, and drug labeling information.
Differences in information need themes are listed in Table 5.
These differences in information needs may be a result of differences in the types of study (usability evaluation and knowledge
assessment, compared to our information needs study), or the
difference in study population (physicians versus pharmacists).
Clinicians of all types experience pharmacogenomics information
needs, and resources meeting those needs will have to support
many types of users and queries.
4.4. Limitations
Researcher bias in analysis and interpretation can be a limitation of studies of this type. To address this bias, the transcripts
were reviewed and coded with 50% overlap by two researchers.
Discrepancies in agreement were discussed by the coders and
brought to consensus. In addition, we validated the results with
member checks with pharmacists. While the study provides a
detailed description of pharmacists’ information seeking behavior
and information needs, the results may not be generalizable to all
pharmacists or all clinicians in other settings.
4.5. Future work
We are currently integrating the results of this study into the
design and implementation of a clinically-oriented pharmacogenomics information resource that contains pharmacogenomics
statements annotated from structured product labels. A laboratorybased task analysis [38,43] will assess the utility of the tool in
helping pharmacists locate and use information to make clinical
decisions.

Devine et al. [7]
X
X
X
X

Summary points
• Clinicians of various types are going to encounter pharmacogenomics in clinical practice, and pharmacists are already
positioned to support the use of pharmacogenomics in decision making.
• Pharmacists need concise, trustworthy pharmacogenomics
information that supports multiple aspects of clinical decision making.
• Knowing the patient’s genotype is insufﬁcient; knowing how
to proceed is critical.
• When designing a pharmacogenomics information resource
or clinical decision support tool, pharmacists’ information
needs and resource requirements should be considered.

will ideally enable clinicians to give their patients the most effective
drug while reducing the risk of adverse events. Simply knowing the
patient’s genotype is insufﬁcient for treatment decisions; knowing
how to proceed based on the genotype is critical. Our work identiﬁes pharmacogenomics information needs of pharmacists and
requirements for meeting those needs. High priority for future work
includes the design of a pharmacogenomics information resource
to address information gaps as genotyping becomes more standard
practice. A resource that gathers pharmacogenomics information
from trustworthy resources and presents it in a way that is usable
and actionable supports the practical application of pharmacogenomics to clinical care.
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