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Goals and ObjectivesGoals and Objectives
To review the integration of To review the integration of 
pharmacogenetics/genomics (PGx) in UIC pharmacogenetics/genomics (PGx) in UIC 
PharmD curriculumPharmD curriculum
To discuss the type of PGx information included To discuss the type of PGx information included 
in PharmD coursesin PharmD courses

Required courses/lecture basedRequired courses/lecture based
ElectivesElectives
Lab experiencesLab experiences

Barriers to integrationBarriers to integration
ChallengesChallenges
OpportunitiesOpportunities

Integrating Pharmacogenomics Integrating Pharmacogenomics 
into Patient Careinto Patient Care

“ pharmacogenetics “ pharmacogenetics …pharmacogenetics …pharmacogenetics 
promises to target promises to target 
treatment to a treatment to a 
patient’s genetic patient’s genetic 

fil ”fil ”profile…”profile…”
Newsweek June 25, Newsweek June 25, 
20012001



9/4/2009

3

Clinical ApplicationsClinical Applications

FDA approved FDA approved 
drugs with PGx info drugs with PGx info drugs with PGx info drugs with PGx info 
on labelingon labeling

N=7 with N=7 with 
“recommended” “recommended” 
action in the labelaction in the label
N=69 labels N=69 labels N 69 labels N 69 labels 
mentioning human mentioning human 
genomic biomarkersgenomic biomarkers
N=52 labels N=52 labels 
mentioning mentioning 
microbial genomic microbial genomic 
biomarkersbiomarkers

Flockhart DA et al. Clin Pharmacol Ther
2009
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Provider Education is NeededProvider Education is Needed
PharmacyPharmacy

ACPE requires PGx ACPE requires PGx 
education for PharmD education for PharmD 
studentsstudents
No specific hoursNo specific hours

Medicals SchoolsMedicals Schools
Average 1Average 1--2hrs (range 12hrs (range 1--
4hrs) (Higgs 2009 4hrs) (Higgs 2009 –– UK UK 
study)study)study)study)



9/4/2009

5

UIC College of PharmacyUIC College of Pharmacy

Professional Students: 650Professional Students: 650
Graduate students: 138Graduate students: 138
Residents/fellows: 29Residents/fellows: 29
Faculty: 90Faculty: 90
Pharmacy Programs: 6 (5 doctoral)Pharmacy Programs: 6 (5 doctoral)

UIC College of PharmacyUIC College of Pharmacy

PGx in the PharmD curriculumPGx in the PharmD curriculum
G ti  b i  f  di  d d  tiG ti  b i  f  di  d d  tiGenetic basis for disease and drug actionGenetic basis for disease and drug action
Genetic basis for alteration of drug metabolismGenetic basis for alteration of drug metabolism
Genome and proteomic principles in relation to disease Genome and proteomic principles in relation to disease 
and drug developmentand drug development
Genetic basis for individualizing drug dosesGenetic basis for individualizing drug doses

PGx contact hours (estimate)PGx contact hours (estimate)PGx contact hours (estimate)PGx contact hours (estimate)
66--8 in 8 in requiredrequired courseworkcoursework

11/30 required courses report 11/30 required courses report somesome PGxPGx--associated content associated content 
taughttaught

Occurs in lectures + selected recitationsOccurs in lectures + selected recitations
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PGx in Required Didactic Courses at UICPGx in Required Didactic Courses at UIC
YearYear Course NameCourse Name ContentContent

P1P1 PHAR400PHAR400 Clinical PKClinical PK

P1P1 PHAR401PHAR401 Renal, endocrineRenal, endocrine
P1P1 PHAR321PHAR321 Drug Delivery IDrug Delivery I

P1P1 PHAR332PHAR332 Fundamentals of Drug Fundamentals of Drug 
Action IIAction II

P2P2 PHAR402PHAR402 Cardiology/Cardiology/
AutonomicAutonomic

P2P2 PHAR323PHAR323 Drug Delivery IIIDrug Delivery III
P2P2 PHAR324PHAR324 Contemporary Pharm Contemporary Pharm 

PracticePractice
P2P2 PHAR403PHAR403 Infectious DiseaseInfectious Disease
P3P3 PHAR405PHAR405 NeurologyNeurology
P3P3 PHAR406PHAR406 Psych/painPsych/pain
P3P3 PHAR408PHAR408 Heme/Onc/ Heme/Onc/ 

rheumatologyrheumatology

PGx Elective Experiences at UICPGx Elective Experiences at UIC
YearYear Course NameCourse Name ContentContent

Misc (PharmD or PhD)Misc (PharmD or PhD) BPS555BPS555 Principles of Principles of 
PharmacogenomicsPharmacogenomics

Misc (PharmD or PhD)Misc (PharmD or PhD) PMMP412PMMP412 Pharmaceutical Pharmaceutical 
Applications of Genomics Applications of Genomics Applications of Genomics Applications of Genomics 
and Bioinformaticsand Bioinformatics

Misc (PharmD)Misc (PharmD) PHAR380/390PHAR380/390 Psychiatric Psychiatric 
Pharmacogenomics Pharmacogenomics 
(independent study)(independent study)

Misc (PharmD)Misc (PharmD) PHAR380/390PHAR380/390 Cardiovascular Cardiovascular 
Pharmacogenomics Pharmacogenomics 
(independent study)(independent study)(independent study)(independent study)

Misc (undergraduate Misc (undergraduate 
honors)honors)

HONORS/BIOS399HONORS/BIOS399 Introduction to Introduction to 
Laboratory Psychiatric Laboratory Psychiatric 
PharmacogenomicsPharmacogenomics

P4P4 PHAR388PHAR388 Advanced Specialty Advanced Specialty 
Clerkship (Psych Clerkship (Psych 
PGx/Cardio PGx)PGx/Cardio PGx)
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Integration Example 1Integration Example 1
PHAR400 PHAR400 –– P1 year P1 year –– PharmacokineticsPharmacokinetics

1 x 50 min lecture 1 x 50 min lecture –– “Optimizing “Optimizing 1 x 50 min lecture 1 x 50 min lecture Optimizing Optimizing 
Pharmacotherapy with Pharmacogenetics”Pharmacotherapy with Pharmacogenetics”

What is PGx?, PGx nomenclature, intro to What is PGx?, PGx nomenclature, intro to 
genetic variability, warfarin and TPMT genetic variability, warfarin and TPMT 
clinical examples with cases, genetic variability clinical examples with cases, genetic variability 
in drug metabolism across race/ethnic groups, in drug metabolism across race/ethnic groups, 
PG  l b li  f  l  d PG  l b li  f  l  d PGx labeling for currently approved agentsPGx labeling for currently approved agents

2 x 50 min lectures 2 x 50 min lectures –– Sources of PK Sources of PK 
Variability I&IIVariability I&II

Additional discussion and cases that include Additional discussion and cases that include 
PGx variability in drug metabolismPGx variability in drug metabolism

Integration Example 2Integration Example 2
PHAR402 PHAR402 –– P2 year P2 year –– CardiologyCardiology

Warfarin PGxWarfarin PGx
Included in antithrombosis sectionIncluded in antithrombosis section
Discussion and case study of using Discussion and case study of using 
VKORC1/CYP2C9 genotypes + race + VKORC1/CYP2C9 genotypes + race + 
weight + etc to select dosingweight + etc to select dosingg gg g
Done alongside “traditional” dosing titration Done alongside “traditional” dosing titration 
and monitoring recommendationsand monitoring recommendations
“Bridge” between traditional dosing and “Bridge” between traditional dosing and 
dosing guidelines recently incorporated into PIdosing guidelines recently incorporated into PI



9/4/2009

8

Integration Example 3Integration Example 3
PHAR406 PHAR406 –– P3 year P3 year –– PsychiatryPsychiatry

Carbamazepine PGxCarbamazepine PGx
Included in Mood Stabilizers II lectureIncluded in Mood Stabilizers II lecture

Description of HLADescription of HLA--B*1502 alleleB*1502 allele
Review of racial diversity (more common in Review of racial diversity (more common in 
SE AsiansSE Asians
Review of testing recommendationsReview of testing recommendationsReview of testing recommendationsReview of testing recommendations
Recitation Recitation –– case studycase study

To test or not to testTo test or not to test
Review of informed consent for genetic testing and Review of informed consent for genetic testing and 
how to “counsel” on the test form and potential how to “counsel” on the test form and potential 
resultsresults

Integration Example 4Integration Example 4

PHAR408 PHAR408 –– P3 year P3 year ––
Heme/Onc/RheumatologyHeme/Onc/Rheumatology

Various lecturesVarious lectures
PGx included as ancillary information PGx included as ancillary information –– not not 
generally specifically testedgenerally specifically tested

Ch llCh llChallengeChallenge
Course material challengingCourse material challenging
Incorporating PGx details above and beyond Incorporating PGx details above and beyond 
general concepts may have diminishing returnsgeneral concepts may have diminishing returns
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Example 4 Cont’dExample 4 Cont’d
Hematology /Oncology Examples:Hematology /Oncology Examples:

Trastuzumab Trastuzumab –– HER2+ statusHER2+ status
Chronic myleogenous leukemia Chronic myleogenous leukemia –– BCRBCR--
ABL translocationABL translocation
66--MP MP -- Thiopurinemethyltransferase Thiopurinemethyltransferase 
((TPMTTPMT))((TPMTTPMT))
Cetuxumab, panitumumab, erlotinib Cetuxumab, panitumumab, erlotinib ––
EGFR/KRAS statusEGFR/KRAS status

Applied Elective ExperiencesApplied Elective Experiences

UIC Pharmacogenomics LabUIC Pharmacogenomics Lab
U d d  hU d d  hUndergraduate honorsUndergraduate honors

E.g. targeting guaranteed admission studentsE.g. targeting guaranteed admission students
PHAR380/390 Independent PHAR380/390 Independent 
Study/ResearchStudy/Research
Advanced Specialty ClerkshipsAdvanced Specialty Clerkshipsp y pp y p
Summer PharmD Fellowship ExperienceSummer PharmD Fellowship Experience
~2 independent study students/semester~2 independent study students/semester
~6 rotation students/year~6 rotation students/year
~1~1--2 summer PharmD student fellows 2 summer PharmD student fellows 
(   )(   )
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Applied Elective Experiences: Applied Elective Experiences: 
Consistency with flexibilityConsistency with flexibility

All studentsAll students
b k llb k llLab skillsLab skills
Lab safety, lab etiquette, pipetting, principles of PCR, Lab safety, lab etiquette, pipetting, principles of PCR, 
gel electrophoresis, DNA gel electrophoresis, DNA 
extraction/quantification/banking, genotyping extraction/quantification/banking, genotyping 
(Pyrosequencing/TaqMan techniques), etc.(Pyrosequencing/TaqMan techniques), etc.

Introduction to PGxIntroduction to PGxIntroduction to PGxIntroduction to PGx
PGx Tutorials, onePGx Tutorials, one--onon--one discussion, journal clubone discussion, journal club

Paper (labPaper (lab--report, manuscript style, or review report, manuscript style, or review 
article format)article format)

Applied Elective Experiences: Applied Elective Experiences: 
Consistency with flexibilityConsistency with flexibility

Some studentsSome students
l l hl l hClinical ResearchClinical Research
HIPAA training, informed consentHIPAA training, informed consent
Subject enrollmentSubject enrollment
Data collection/entryData collection/entry

Summer FellowsSummer Fellows
Complete lab based research project, analyze Complete lab based research project, analyze 
data, write research manuscriptdata, write research manuscript
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PharmD/PhD Didactic ElectivesPharmD/PhD Didactic Electives

BPS555 BPS555 –– Principles of Principles of 
hhPharmacogenomicsPharmacogenomics
2 Credit Hours 2 Credit Hours –– lecture formatlecture format
Team taught Team taught –– mix of Biopharmaceutical mix of Biopharmaceutical 
Sciences and Pharmacy Practice facultySciences and Pharmacy Practice faculty

f l l /bf l l /bProgression from more “molecular/basic Progression from more “molecular/basic 
science” to clinical applicationsscience” to clinical applications
In class exam, term paper, 20 min oral In class exam, term paper, 20 min oral 
presentationpresentation

PharmD/PhD Didactic ElectivesPharmD/PhD Didactic Electives
BPS555 Cont’d BPS555 Cont’d –– Principles of Principles of 
PharmacogenomicsPharmacogenomics

ObjectivesObjectives
Introduce genetic conceptsIntroduce genetic concepts
Explain the molecular basis for genetic variability in Explain the molecular basis for genetic variability in 
humanshumans
Identify methods to determine genetic variabilityIdentify methods to determine genetic variability
Identify clinical applications of PGxIdentify clinical applications of PGxIdentify clinical applications of PGxIdentify clinical applications of PGx
Demonstrate the power and challenge of applying Demonstrate the power and challenge of applying 
PGx in new drug research and developmentPGx in new drug research and development
Develop skills to be able to understand, evaluate and Develop skills to be able to understand, evaluate and 
design PGx studiesdesign PGx studies
Identify potential ethical issues relating to PGxIdentify potential ethical issues relating to PGx
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ChallengesChallenges
Incorporating new and innovative Incorporating new and innovative 
technologies to an already packed PharmD technologies to an already packed PharmD technologies to an already packed PharmD technologies to an already packed PharmD 
curriculumcurriculum
Difficult to quantify PGx integrationDifficult to quantify PGx integration

Some “stand alone” lectures needed for Some “stand alone” lectures needed for 
foundationfoundation
Genetic variability treated like another Genetic variability treated like another 
“ i i ”   k  f “ i i ”   k  f “monitoring” parameter or marker of response“monitoring” parameter or marker of response

Integration into therapeutics courses Integration into therapeutics courses 
dependent on expertise and/or interest of dependent on expertise and/or interest of 
facultyfaculty
Applied experiences dependent on labApplied experiences dependent on lab--based based 
faculty with resources and existing/ongoing faculty with resources and existing/ongoing 

Opportunities for Growth
Ethical issues

Informed consent issues surrounding g
testing
Patient counseling
Implications of genetic testing for self, 
family, employment, insurance, etc.

St d di ti  f i t tiStandardization of integration
“Real life” application

Will increase as more drugs have PGx 
labeling requirements
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Questions?Questions?

“DNA” Nebula – only ~100 parsecs 
from the center of the galaxy…

Morris M et al. Nature 2006; 440:308-310

Ph i  Ph i  Pharmacogenomics Pharmacogenomics 
EducationEducation

Megan J. Ehret, PharmD, BCPPMegan J. Ehret, PharmD, BCPP
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Integrated CurriculumIntegrated Curriculum--
PharmacogenomicsPharmacogenomics

Didactic Coursework in P1, P2, and P3Didactic Coursework in P1, P2, and P3
hh1111--30 hours30 hours

Multiple faculty involvedMultiple faculty involved

APPE RotationAPPE Rotation

The Basics of GenomicsThe Basics of Genomics

Cell BiologyCell Biology
d ld lDNA Structure and ReplicationDNA Structure and Replication

Consequences of drugs and mitochondrial Consequences of drugs and mitochondrial 
genome replicationgenome replication
DNA biotechnologyDNA biotechnology

Consequences of SNPs for drug metabolismConsequences of SNPs for drug metabolism
Response vs. nonresponseResponse vs. nonresponse

Gene RegulationGene Regulation
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Clinical PharmacokineticsClinical Pharmacokinetics

Kinetics vs. DynamicsKinetics vs. Dynamics
CYP450 M b liCYP450 M b liCYP450 MetabolismCYP450 Metabolism

Ultrarapid, Extensive, Intermediate, Poor Ultrarapid, Extensive, Intermediate, Poor 

PgpPgp
NN--Aceetyltransferase type 2Aceetyltransferase type 2
UGT1A1UGT1A1
TPMTTPMT
Risk vs. BenefitsRisk vs. Benefits

TherapeuticsTherapeutics

NutritionNutrition
A i  d A i  d 

PsychiatryPsychiatry
C diC diAutonomic and Autonomic and 

Neurologic SystemNeurologic System
ImmunologyImmunology
DermatologyDermatology
EndocrineEndocrine

CardiacCardiac
RenalRenal
RespiratoryRespiratory
Infectious DiseaseInfectious Disease
HematologyHematology--OncologyOncology

GastroGastro--IntestinalIntestinal
gygy gygy



9/4/2009

16

EthicsEthics

Ethical, legal, and social issues related to Ethical, legal, and social issues related to 
i  i  i  i  genomic testing genomic testing 

Storage of genetic informationStorage of genetic information
Public policy issuesPublic policy issues-- regulatory statementsregulatory statements

Uncovered AreasUncovered Areas

Informed consent process for pharmacogenomic Informed consent process for pharmacogenomic 
testingtestingtestingtesting
Specific methods of genotyping and phenotypingSpecific methods of genotyping and phenotyping
Important issues in pharmacogenomic study designImportant issues in pharmacogenomic study design
Regulatory issues that may result from testing being Regulatory issues that may result from testing being 
incorporated into Phase II and II testingincorporated into Phase II and II testing
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APPE RotationAPPE Rotation

Psychiatry RotationPsychiatry Rotation
h d lh d lOngoing research studies involving CYP450 Ongoing research studies involving CYP450 

enzyme genotypingenzyme genotyping
Ordering labsOrdering labs
Interpreting resultsInterpreting results
Discussing results with treatment team and Discussing results with treatment team and gg
patientspatients

Integrated Pharmacogenomics Integrated Pharmacogenomics 
Vs. One CourseVs. One Course

ProsPros
Di i  th h t Di i  th h t 

ConsCons
Ti  i  h Ti  i  h Discussion throughout Discussion throughout 

the curriculumthe curriculum
Each faculty discusses Each faculty discusses 
the use/need in their the use/need in their 
area of expertisearea of expertise
Frequent assessment of Frequent assessment of 

dd

Time in each courseTime in each course
Faculty may not be Faculty may not be 
familiar with the use of familiar with the use of 
pharmacogenomics pharmacogenomics 
Consistency of Consistency of 
terminology and terminology and 
i i  f li i  f lstudentsstudents interpretation of resultsinterpretation of results


