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Disclosure



1. Define the need for patient‐centered teaching 
approaches in pharmacogenetics

2. Summarize recent innovations in 
pharmacogenetics teaching and learning 
strategies

3. Identify examples of novel teaching methods 
and resources for patient‐centered teaching in 
clinical pharmacogenetics
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Objectives



• A. Pharmacy students
• B. Pharmacy Residents
• C. Pharmacists
• D. Other health professional students/trainees
• E. Other health professionals
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Which of the following type of learners do you 
primarily teach/train in your practice setting? 



ACPE 2016 Educational 
Outcomes

Pharmacist 
Competencies

Pharmacist 
Functions

Education to Practice

Basic genetics

Genetics & disease

Pharmacogenetics 

ELSI

Basic Sciences

Clinical Sciences

Foundation knowledge

Essentials for practice 
and care

Approach to practice 
and care

Personal/professional 
development

Pharmacotherapy

Education

Communication

Student Practitioner
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Why is pharmacogenetics different? 



• Pharmacy schools
–89% provide instruction in pharmacogenomics
–Number of hours provided
• 40.6% ‐ less than 10 hours
• 42.0% ‐ 10 to 30 hours 

• Medical schools
–82% of medical schools incorporate pharmacogenomics
–Only 28% had more than 4 hours of coursework
–76% considered pharmacogenomics instruction ‘poor’ or ‘not at 
all adequate’

Pharmacogenomics Coverage in Medical and 
Pharmacy Schools

Green JS et al. Pharmacogenomics. 2010;11:1331‐40.
Murphy JE et al. Am J Pharm Ed. 2010. 74(1):7.



Concept Coverage

Basic assessment and evaluation strategies to assess pharmacy‐related services 
directed toward the provision of pharmacogenetic/pharmacogenomic services 
and education either for the individual patient or public at large

13.0%

One’s professional role in the referral to genetics services, or provision, follow‐
up, and quality review of pharmacogenetic tests

17.4%

Public policy issues, including regulatory statements and issues, aimed at 
pharmacogenetic/pharmacogenomic services and interventions 

29%

The ethical, legal and social issues related to pharmacogenetic/genetic testing 
and recording of genetic information (eg, privacy, the potential for genetic 
discrimination in health insurance and employment)

53.6%

Pharmacy School Coverage of Applications-Based 
Content

Murphy JE et al. Am J Pharm Ed. 2010. 74(1):7.
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Plunkett‐Rondeau J et al. Genet Med. 2015;17(11):927‐34.



• Schwartz et al:
– 72% of hospital pharmacists (n = 660) favor implementing PGx
– Only 25% confident in abilities to interpret pharmacogenomic test results

• Roederer et al:
– 83% of pharmacists rated their knowledge of pharmacogenomics as ‘poor’ 
or ‘fair’

• McCullough et al:
– 85% of pharmacists agreed that pharmacists should be required to be 
knowledgeable about pharmacogenomics

– 63% felt they could not accurately apply pharmacogenomics test results to 
drug therapy, selection, and monitoring

Practitioner Knowledge and Comfort Level

Schwartz EJ et al. Personal Med. 2017;14(1):27‐35.
Roederer M et al. Personal Med. 2012;9:19‐27.
McCullough et al. Am J Pharm Ed. 2011;75:51.
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Stanek EJ et al. Clin Pharmacol Ther. 2012;91:450‐7.
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Don't know what test to
order

Lack of insurance coverage Uncertainty about clinical
value of test

Reasons a pharmacogenomic test was not ordered

Johansan Taber K et al. Pharmacogenomics Personalized Med. 2014;7:145‐62.



Feero WG et al. Translational research is a key to nongeneticist physicians’ genomics 
education. Genetics in Medicine. 2014;16(12):871. 



• Lack of appropriate training in school and continuing education
–Lag time between rate of evidence and technology development 
and their integration into education and practice

• Lack of clinical experience with pharmacogenomics activities and tools
–Underrepresented in clinical training
–How to find, interpret, and apply evidence
–How to understand and compare different pharmacogenomics tests
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Why is pharmacogenetics different? 

Plunkett‐Rondeau. Genet Med. 2015;17:927‐34.



• A. Complexity of underpinning science
• B. Diversity/breadth of drugs/disease states affected by 
genomic variability

• C. How to change a specific patient’s drug therapy based 
on pharmacogenetic variability

• D. How to navigate practical issues – reimbursement, lab 
testing, etc. 
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What do you think is the most challenging aspect 
of pharmacogenomics to teach/learn?



KNOWLEDGE APPLICATION

How do we get over the hurdle?
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Creating Teachable Moments in Pharmacogenomics

…unplanned opportunities that arise when 
educators have an ideal chance to offer 

insight and learners have an ideal chance 
to apply knowledge.



• Focus on what learners need to know and what 
their motivation is

• Provide knowledge and skills that are useful in 
practice today

• Engage learners in pharmacogenomics content
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Creating teachable moments in 
pharmacogenomics education and training 
programs
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What learners need to know

Drivers Mechanics



• Identify patients who may benefit from 
pharmacogenomics testing?
• Know which pharmacogenomics test to order?
• Interpret pharmacogenomics laboratory reports?
• Recommend/implement drug therapy changes?
• Begin a new clinical service?
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Focus on behaviors you want to change 



Expected Skills of all Practicing Pharmacists: 
ASHP Position Statement 

• Design patient‐specific pharmacotherapy regimens to 
optimize patient outcomes based on the patient’s 
pharmacogenomic profile that also consider:
–Pharmacokinetic and pharmacodynamic properties of the 
drug;

–And pertinent patient‐specific factors such as 
comorbidities, other drug therapy, demographics, and 
laboratory data.



Expected Skills of all Practicing Pharmacists: 
ASHP Position Statement 

• Educate patients, pharmacists, and other health care 
professionals about pharmacogenomic principles and 
appropriate indications for clinical pharmacogenomic testing, 
including the cost‐effective use of pharmacogenomic testing.

• Communicate pharmacogenomic‐specific drug therapy 
recommendations to the health care team, including 
documentation of interpretation of results in the patient’s 
health record. 



• What do learners need to know/do to be able to 
reach their goal?
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Provide knowledge and skills that are 
useful today



• Case conferences that continue AFTER implementation
– Example: UF Health PMP‐Pediatric Psychiatry 
– Ongoing post‐implementation discussions with psychiatry 
residents/fellows

• Discussions that incorporate existing genomic‐ or 
pharmacogenomics‐decision making processes within an 
institution
– Example: GenomeFIRST Case Conference Series from 
Geisinger Health
• Discussion of incidental findings in research cases
• Aimed at a broad audience of non‐experts
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Provide knowledge and skills that are useful today

go.geisinger.org/results



• Hands‐On Learning  and Activities
–Patient‐centered
–Allow participants to practice needed real‐world skills
–Are associated with feedback from stakeholders
–Example:  Skills‐driven assignments using real‐world information (e.g., 
PharmGKB, pharmacogenomics databases, drug information resources)

• Practice‐based tools that help learners achieve program goals
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Provide knowledge and skills that are useful 
today



Hands-On Learning and Activities



27www.ignite-genomics.org
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Practice-Based Tools

UF Health PMP 
Provider “Cheat Sheet”

https://www.jax.org/education‐and‐learning

http://geneticseducation.ca/



Using participatory 
genomic testing with 
learners can create a 
“push” teachable 

moment
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Engage Learners in Pharmacogenomics Content

Boguski MS et al. Genome Med. 2013;5:22.



• N = 31 medical and graduate students
–23 students underwent personal genome testing
–8 students used a de‐identified dataset

• Students’ reflections
–83% of tested students stated they were pleased with their decision versus 
12.5% of non‐tested student

• Students’ knowledge
–70% of tested students self‐reported a better understanding on the basis 
of testing

– Tested students demonstrated a mean 31% increase in pre‐ to post‐test 
scores on knowledge questions (significantly higher than those not tested)

Participatory genomic testing in the classroom

Salari K et al. PLOS One. 2013;8:e68853.



Krynetskiy et al 
(2009)

Adams et al (2016) Weitzel et al (2016) Frick et al (2016) Surofchy et al (2017) Remsberg et al 
(2017)

Student 
Genotyping

Single SNP analysis 
(rs1801280) within 
NAT2

Commercial
laboratory testing 
(23andMe)

Panel‐based testing in 
research laboratory for 
relevant clinical SNPs

Commercial
laboratory testing 
(23andMe)

Single gene encoding 
drug metabolizing 
enzyme or 
pharmacodynamics‐
relevant protein in 
research lab

Single gene testing 
of TAS2R38 with 
phenotype testing

Effect on 
Knowledge 

N/A 82.9% (14.1) vs 
90.5% (9.0) correct 
on the presurvey vs 
postsurvey, 
respectively; 
p<0.001

45% on questions 
related to knowledge of 
PGx vs. 80% after 
completing the course; 
p<0.01

Increased knowledge 
of PGx resources pre‐
vs. post (17.9% vs. 
56.4%, p<0.0001); 
upheld in both 
genotyped and non‐
genotyped students

Increased knowledge 
pre‐ vs. post, but not 
significantly different 
in genotyped vs. non‐
genotyped students

Achievement of 
competency

Effect on 
Attitudes and 
Beliefs

Increased
understanding of 
PGx analysis
Highlighted 
importance of this 
topic to future 
practice

Greater increase in 
confidence 
Improved student’s 
self‐perceived 
ability to empathize

Improved self‐reported 
understanding
Increased comfort level 
and confidence

Greater increase in 
confidence 
Improved students’ 
reflections and 
attitudes toward PGx

Increase in mean 
attitude pre‐ vs. post, 
but not significantly 
different in genotyped 
vs. non‐genotyped 
students

Perceptions of and 
confidence in their 
abilities in 
pharmacogenomics 
patient care skills 
areas improved
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Effect of Participatory Genotype Testing on Knowledge, 
Attitudes and Beliefs

Krynetskiy et al.  Am J Pharm Ed. 2009;73(4):71.  Adams et al. Am J Pharm Ed. 2016; 80(1):3.  
Weitzel et al. Am J Pharm Ed. 2016;80(7):122.   Frick et al. Front Pharmacol. 2016;7:241.
Surofchy et al. Innovations Pharm. 2017;8(1):2.   Remsberg et al. Am J Pharm Ed. 2017;81(1):11.



• Pharmacogenomics course
–N = 37
• All students underwent personal genotyping

• Genomic Medicine Course
–N = 21 students

• Both courses
–N = 16 students completed both courses in sequence and 
completed pre‐ and post‐course surveys in both courses

Personal Genotyping in the Classroom

Weitzel et al. Am J Pharm Ed. 2016;80(7):122.
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P = 0.0003

Pharmacogenomics Knowledge

P = 0.1967

P < 0.0001

P = 0.0039 P < 0.0001

N = 37

Weitzel et al. Am J Pharm Ed. 2016;80(7):122.
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I understand role of my profession in applying clinical PGx data

I understand role of other HCPs in applying clinical PGx data

Comfortable answering questions from other HCPs about PGx

Confidence in communicating clinical PGx recommendations

Pre‐Course Post‐Course

Attitudes/Beliefs: Health Care Professionals

P < 0.0001

P < 0.0001

P = 0.0001

P = 0.0002

N = 37; Responses to questions based on Likert scale (1=strongly disagree and 5=strongly agree)
Weitzel et al. Am J Pharm Ed. 2016;80(7):122. 



39Garber KB et al. Trends Genet. 2016;32(6):317‐20.



Effects of Personal Genotyping on Student 
Knowledge and Self-Efficacy

Control
Enrolled in Required 

Pharmacogenetics Course

Intervention
Enrolled in Required 

Pharmacogenetics Course

Enrolled in Elective Clinical 
Pharmacogenetics Course

Option to undergo panel‐based 
genotyping and used genetic 

data in patient cases

Arwood et al. Data accepted for presentation. Translational Science Meeting:Washington DC; April 2016.



Effects of Personal Genotyping and on Student 
Knowledge and Self-Efficacy

Metrics of student 
preparedness

Comparison

Knowledge •Pre knowledge tests scores for intervention vs. control 
•Post knowledge tests scores for intervention vs. control 
•15 case‐based questions in “Knowledge of Pharmacogenomics” 
section       (1 per lecture/topic)

Self‐efficacy to perform 
pharmacist’s roles in clinical 
PGx

•Pre vs. Post within each group and intervention vs. control
•Questions related to statements from the ASHP Statement on 
the Pharmacist’s Role in Pharmacogenomics

Correlation of confidence with 
knowledge 
(i.e., do students actually know 
what they think they know?)

•Pre‐ vs. Post correlation of student confidence with knowledge 
within each group and intervention vs. control
•Confidence level with each question in the “Knowledge of 
Pharmacogenomics” section 



Knowledge Results



Results of correlation of confidence with knowledge: 
Pre-survey



Results of correlation of confidence with knowledge: 
Post-survey
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Why is pharmacogenetics different? 



“Humankind will not be well served by 
this elegant science unless the final 

step—provider and public education—is 
pursued with the intensity and success 
that have marked the past 20 years of 

genomic research.”

Passamani E. Clin Pharmacol Ther. 2013;94:192‐5.


