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Why do we need to teach
pharmacogenomics in
colleges/schools of pharmacy?

The era of personalized medicine is
fast approaching

We are entering an era
of Genomic Medicine

We have the opportunity
to think about
individualized medicines
with increased efficacy
and decreased toxicity

Pharmacogenomics
(PGXx) will impact on : o,
genomic medicine - Medicine

Is this true?




Pharmacogenomics

: * One of the promises

s of the human genome

: project

* Will be a major thrust
in post-genomic
molecular medicine

* Has potential to
revolutionize medicine
by individualization of
therapy

— More effective
medicines

— Fewer side effects
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By Axns Witoe Matiews

important new areq, the Food and Drug Ad
ministration today plans to issue drafl guide
lings outlining when drug companies mus! submi
information on how medicines affect peaple differ

IN ITS FIRST MAJOR regulatory step in a

The move will help Tay the groundwork for an
approach that could eventually transform how
drugs are develaped and prescribed, Researchers
are increasingly finding ties between people’s

andalal o

“
The field, called pharmacogenomics, ulfimately
holds the promise of “personalized medicine,” in
Wi doctors would tailor drug tegimens to pa-

It gives us the possibiity of only treating the
people vwho stand to benefit, and weeding out the
people who could have serious reactions,” says
Janet Woodeock, a top FDA officil overseeing the
initiative, The yoal of the guidelines will be lo
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FDA Will Tssue Rules on New Era of Personalized Medicine’

Targeting Specific Patients

Some areas that compenies arz exploring to
fie patients' genetic makeup with medicine

B Heart: Genalssance Phamaceuticals plans
to market & genetic lest that may indicate
the best treatment for imegular heartoeat

B Breast cancer: Doctors can do a genetic
test to determine I patients should gat
the Genentech medicing Hercaptin,

W Leakemia: Millennium Pharmacauticals s
developing a drug for acute myelogenous
leukemia that would target patients with a
certain genetic mutation,

“provide clarity and facilitate the use of these
tests in drug development,” she adds.

Genetie Lests are already being used to guide
some drug treatments. Doclors ean give 4 genetic

A

v

AUAL

fest 1o breasl caneer patients, for example, to
determine if they should receive the Genentech
Inc. medicine Herceptin. Researchers have found
genetic markers thal could signal which therapy
might best treat a patient's irmegular heart beaf,
Genetic characteristics also can determine how
Deople metabalize cerlain drugs, which can indi-
cate how vell certain medicines—codeine, for one—
will work for them.

Furthermore, the FDA alveady has begun ap-
proving new drugs with labeling that inchides ge-
nele test information. Strattera, an L Lilly & Co.
reatment for attention deficit disorder approved
last Novernber, says on its Iabel that a genetie test
is available that can help show whether patients
are likely 1o metabalize the drug more slowly,
Which may cause them to experience its effects a
it more: strongly. Such patients may have a
Slightly higher risk of side effects, including re-
duced appetite,

“We're moving from a one-size-fits-all para-
dign o argeted paradigm,” says Mitch Martin,
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iresearch leader at Roche Holdings AG's pharma-
ceutical unit, For the majority of the drugs it i
eveloping, Reche las concurvent pragrams de-
signed o find genetie or other markers that might
Nelp tailor use of the medicine to individual pa-
tients.

Roche also bas 1 large diagnostic test husi-
ness, which is developing products that eould be
used braadly in pharmacogenonomic lesting. The
FDA is beginning to provide guidelines for genetic
osl makers 45 well and last week told Roche
Diagtiostics that its now test that scans for genstic
varitions In how patients metabolize some drugs
will need FDA review even before a partial roflout
the company had planned, accordng o a Rochie
spokeswoman. She said the company belleves the
est can be made available on 4 limited basis for
sesearch without FDA review,

Drug companies that don't have bi diagnosti
Testing businesses are concerned that genetic test
g could upset the business models behind magy

Please Tury fo Page B2, Calime 3

Are pharmacogenomic tests in
the clinic now?

Genomic
Medicine

GimanH BISHIm

Preventing Toxicity With a Gene Test

- 4R )




PharmGks

Pharmacogenomics Knowledge Base

Genetic tests are required, Drugs with mounting pharmacogenomic
recommended, or mentioned evidence:
by the FDA for the following
drugs:

Abacavir HMG CoA Reductase Inhibitors

Atorvastatin

Azathioprine
Carbamazepine

Clopidogrel
Dasatinib

Imatinib
Irinotecan
Rasburicase
Trastuzumab

Valproic acid
Warfarin

Phenytoin

http://www.pharmgkb.org/clinical/index.jsp

Pharmacogenomics — How does it work?
Markers of genetic variation

» Single nucleotide polymorphisms (SNPs)
- AGG - AGC
— Arg — Ser

* May encode novel or different amino acids,
altering protein structure or expression

 Likely the basis of individual differences in
responses to drugs.




How are SNPs measured?

Collect patient tissue or blood @

and prepare DNA >

||| ot porymerase
| | + aNTPs (100 bt}
iR

— Issues of privacy

Markers of genetic variation are >
- - + Dideoiy & "+ Dideowy G,
single nucleotide L

polymorphisms (SNPs). L
These are generally measured =
by sequencing DNA ——™™™> |

Duriaturs sl separstn ty alectsophonmss

In general, SNP analysis
requires expensive sequencing
machines and access to human
tissues

RrancIgasTeT FRLI

Correlate genetic variation
(gene and protein expression)
with clinical response

— (genotype - phenotype)
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The LightTyper System

Genotyping as Easy as Phenotyping

SNP in Studies

® Streamlined Workflow
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PharmGks

Pharmacogenomics Knowledge Base

Genetic tests are required, Drugs with mounting pharmacogenomic
recommended, or mentioned evidence:
by the FDA for the following
drugs:
Abacavir HMG CoA Reductase Inhibitors
Atorvastatin Phenytoin

Azathioprine  6-MP: TPMT
Carbamazepine

Clopidogrel
Dasatinib

Imatinib

Irinotecan  UGT 1A1
Rasburicase
Trastuzumab

Valproic acid . o . .
Warfarin http://www.pharmgkb.org/clinical/index.jsp

How do we use PGx in the clinic today?
— DOSE ADJUSTMENT ~—

Percentage of standard dosa

Copyright © 2005 MNature Publishing Sroup
Nature Reviews | Drug Discovery

Examples of dose adjustments based on PGDx.
Kirchheiner, Fuhr and Brockmoller, NRDD 4:639-647. 2005




How we use PGx information now:
Dose Adjustment to reduce toxicity

250
B Standard dose
200 [ Genotype-specific dosel

Parcentage of average dosa

> :
st {1 i v

NN

1 t [l [l

Adverse drug effects Lack of efficacy

Copyright @ 2005 Nature Publshing Group
Nature Reviews | Drug Discovery

Schematic showing the potential benefit of adjusting dose to genotype.

| Kirchheiner, Fuhr and Brockmoller, NRDD 4:639-647, 2005

Pharmacogenomics and Individual Response

* Goal —to understand
impact of genetics on
therapeutic response
outcome

* Relationships — phenotype-

genotype

— Phenotype: disease state,
PK variability, response to
(drug) therapy

— Genotype: a specific
variation in a DNA
sequence from a
“consensus” sequence

» Ideally — predict patient
response to therapy based
on genetic variation

Potential of Pharmacogenomics

All patients with samn ﬁagnmk

1 Genetic profile for
non-response

i
g {m.i'w: by ghob

" ’ ’ drug or dose
Hi'} y i:
it

Evans and Johnson, Annu Rev
Genomics Hum Genet 2:9-39, 2001

Genetic profile for
favorable response
Treat with
conventional

' drug or dose




TPMT polymorphisms and 6-MP toxicity:
Dose Adjustments Based on PGx Markers
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Figure 2 | Effects of thiopuri hyltrans pol hisms on the pharmacogenetics of p
toxicity. When mercaptopurine (MP) treatment isaiven toa cohort of patients, dosing can be uniform (a) ithat is.

Cheok and Evans, Nat Rev Cancer 6:117, 2006

Why do we need to teach
pharmacogenomics
in colleges/schools of pharmacy?

Because PGx is becoming increasingly important in
pharmacotherapy management, especially to minimize
drug toxicity, to help individualize treatment




Background — AJPE Report

* The new era of PGx in Pharmacy Education was
ushered in by the Johnson report in AJPE in
2002

— Johnson JA, Bootman JL, Evans WE, Hudson RA,
Knoell D, Simmons L, Straubinger RM, Meyer SM.
Pharmacogenomics: A scientific revolution in
pharmaceutical sciences and pharmacy practice.
Report of the 2001-2002 Academic Affairs
Committee. Am J Pharmaceutical Edu 66 (Winter
Supplement):S12-S15, 2002

The AJPE Report ...

» Stated that “the ultimate goal of PGx is to define the
contributions of inherited differences in drug disposition
and/or targets to drug response, and thereby improve
the safety and efficacy of medications through the use of
genetically guided, individualized treatment.”

* In other words, to provide for individualized medicine by
a genetic/scientific approach

* And Pharmacists were to become leaders in this new era
» Are we getting there?

10



The AJPE Report asked several
guestions ...

* How will PGx change the practice of pharmacy?

* Over what timeframe will we see the impact of
PGx on the practice of pharmacy?

* How might pharmaceutical education respond in
light of this evolving knowledge base and meet
the needs of the profession, health care system,
and society?

The AJPE Report asked ...

* How will PGx change the practice of pharmacy?

— Potential to yield a powerful set of molecular diagnostics —
patient-specific genotype data — to aid pharmacists and
physicians in selecting proper medicines and doses for each
individual patient

— A single blood sample will yield data on >50,000 SNPs by
microarray

— Envisioned a report from a secure database integrating SNP
data with patient’s diagnosis and an algorithm for treatment
options

— These data will complement standard clinical data and the
traditional roles of pharmacists in adherence to treatment, drug
interactions, etc

— PGx was envisioned to make the practice of pharmacy and

medicine less of an art and more of a science by improving
efficacy and reducing toxicity of pharmacotherapy

11



The AJPE Report asked ...

* Over what timeframe will we see the impact of PGx on
the practice of pharmacy?

— As of 2002, it was envisioned take a decade or more to be fully
developed

— Applications 7 years ago were mostly for anticancer drugs, but
the expectation was that PGx relationships for drugs for other
indications would be developed

— The report was prescient in that it foreshadowed

e the increased activity of pharma, genomic and biotech
companies, academic centers;

e progressively lower cost of individual complete genomic
sequence; and

e the challenge of determining the combinations of genes that
are important in determining drug effects in patients

The AJPE Report asked ...

* How might pharmaceutical education respond in
light of this evolving knowledge base and meet
the needs of the profession, health care system,
and society?

— Building on the 1990 AACP white paper on the impact
of biotechnology upon pharmacy education, the AJPE
report noted that teaching genomics and similar
subjects remained elementary, but ...

12



— “Pharmacy colleges and schools and practitioner
organizations must play a central role in educating
health professionals on how best to use the
applications of advancing pharmacogenetic and
pharmacogenomic research, and

— in articulating the role of pharmacists and
pharmaceutical scientists in the development and use
of gene-based therapies, as well as in making
treatment choices as a result of available patient-
specific genetic information.”

— Are we there yet? Are we doing this?

AJPE Report Conclusions ...

Curricular outcomes and instructional strategies
— Recommendation - revise course offerings
Faculty development needs

— Recommendation — AACP should compile and maintain online
inventory of activities of member institutions re PGs, PGXx,
bioinformatics for patient care, education, etc

— Recommendation — focus on impact of PGx and bioinformatics in
the AACP academic sections for the 2003 mtg

— Recommendation — list of competencies in PGx for pharmacists
These recommendations have been around for some time!
Have we met our curricular needs? PGx competencies?

Do we have online inventories of PGx and bioinformatics
offerings in all of our colleges/schools of pharmacy?

13



So where are we now?

» Several studies have assessed the extent to
which PGx is taught in colleges/schools of
pharmacy

* For example ...

There have been some efforts to quantify
PGx offerings in colleges/schools of
pharmacy

 Latif and McKay. Pharmacogenetics and
pharmacogenomics instruction in colleges and
schools of pharmacy in the United States. AJPE
69(2) Article 23:152-156, 2005

e Zdanowicz, Huston, and Weston.
Pharmacogenomics in the professional pharmacy
curriculum: content, presentation and importance.
Int J Pharmacy Ed, Issue 2:1-12, Fall 2006

14



Latif and McKay (2005) Conclusions

* In a small sample (h=41) of respondents, most
reported that they provide some instruction in
PGx and plan to increase it in the coming years.

* However, many presently do not provide the
depth recommended by the AACP’s Academic
Cabinet

* That said, you will learn here and in the next
lectures that PGx is becoming embedded in
some aspects of the curriculum

PGx in the professional pharmacy
curriculum

Figure 2. PG Course Content in U.8. and Canadian
Schools and Colleges of Pharmacy

Percentage of Schools
teaching PG-subjects
U‘DDE;
[l = )
1

Bioethics [N

Human
ncmics

prug R &0 | IR
I
s E__:
PG methods [l
I
.

Drua
Transport

a
His &
Disease
Dthertopics.

Drug
Metabalism
SNPs & Drug
Response

Bioinformatics [

Topics

Zdanowicz, Huston and Weston, Int J Pharm Ed, 2:1-12, Fall 2006
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PGx in the professional pharmacy
curriculum

Figure 1. Courses in which PG is taught in US
and Canadian Schools and Schools of Pharmacy

40

Percent of Schools teaching
PG-content in course

Course Name

Zdanowicz, Huston and Weston, Int J Pharm Ed, 2:1-12, Fall 2006

Faculty opinions as to the adequacy of PGx
content in their current programs

Table 3. Facult inicns as fo the adequacy of PG content in their current programs.
Guestion Those Including PG Content Those not including PG
(N=39) Content (N=T)

The current level of PG

content is:
—p Less than adeguate E0% MA
Adeguate IT.5% MA
Maore than adeguate ] MA

| believe that in the future the
amount of PG content in the
curriculum will:

Decrease o ]
Remain the Same 32.5% 16.7%
— Increase 67.5% 83.3%

Zdanowicz, Huston and Weston, Int J Pharm Ed, 2:1-12, Fall 2006
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PGx in the professional pharmacy
curriculum

Figure 3. Perceived Importance of PG Content in
Different Settings
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It appears that the importance of PGx in the curriculum has not
yet filtered out of academia into the community

Zdanowicz, Huston and Weston, Int J Pharm Ed, 2:1-12, Fall 2006

Introducing pharmacy students to PGx tests

» P2s extracted salivary DNA

» Performed SNP analyses of NAT2

» Calculated frequency of polymorphic alleles of NAT2
 Stratified class into different acetylators (hi, med, low)

 Attitudinal survey to evaluate whether goals had been
achieved

» Conclusion: introduction of modern, fast-throughput
genotyping technologies to curriculum facilitated
comprehension of the potential and relevance of PGx for
pharmacy practice

Krynetskiy and Calligaro, AJPE 73(4): Article 71 (2009)
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PGx is now taught in many colleges
and schools of pharmacy

Major emphases at UCSD, UCSF, Buffalo, others

Many others have PGx integrated into many aspects of
their curricula (UIC, U Conn, OSU, U Wash, U Minn)

Even an undergraduate major at GWU, in conjunction
with the Dunn School of Pharmacy (even a Dept of
Pharmacogenomics) at Shenandoah Univ

Institute of Pharmacogenomics and Individualized
Therapy (IPIT) at UNC (McLeod)

Center for Pharmacogenomics at UCSF (Giacomini)

Apologies to those not listed

What are the challenges and concerns
In the pharmacogenomics field?

PGx does not explain all
variability in drug response

— Due to other factors? Other o “ h .

genes?
Complex (multigenic) diseases e
Cardiovascular disease
Rheumatoid arthritis
Asthma
Drug addiction
Depression

i

i
EmmEEEEoE |
EEEERETEED

1
l
i
|

Inflammatory bowel disease

Diabetes Evans and McLeod,

Cancer NEJM 348:538-549, 2003
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Other PGx Challenges

Challenge
Establishing that drug responses are heritable

Defining candidate genes

Defining drug responsas

Dty maragement, including uniform representation of phenotypic data

Repreduciilty

Stafistical analysis of associations
Intermgating very large sets of polymarphisms in large numbers of patients
Mawving to practice

Potential Approaches
Twin studies; family studies
Linkage batwaen dnug respanse and genomic loci in cell lines, or madal
arganisms
Pharmac okineti:
Phammacodynamic
Drug targats
Biclogical milieu in which drugs act
Disaasa ganes and pathways
Whale genome approaches
Biomarkers
Sumogates
“Hard" end paints
Imprved informatics
Centralizad, Web-accassible public databasa ralating genefic variants and
drug respanses: www . PhamiGKB.org
Replication sets
Large study populations
Merw statistical methods, induding consideration of haplotypes
Mew platforms (e.g., chip- or bead-based)
Repmducible study results
Cost-effactivanes
Health care provider education

Roden et al. Ann Internal Med 145:749-757, 2006

Pharmacogenomics concerns

e Serious social and ethical issues

Identification of groups

— How representative are the sample sets?
— How valid are the genomic databases?

Defines ethnic populations

— Do we need better methods of identifying ethnically defined

populations?

information

Collection of highly personal and sensitive genetic

— DNA collection must be anonymyzed
— Considerable diversity within an ethnic group

19



So, what's next?

And what do we as pharmacy
educators do about it?

Linking oncogenic pathways with
therapeutic opportunities

Understanding the precise genetic
variations that define the spectrum of
cancer genomes will be essential for
improved patient treatment and
potential cure (The Cancer Genome
Atlas)

Develop a comprehensive
understanding of the consequences of
these alterations — the changes in gene
activity and regulation that ultimately
define a cancer phenotype

— (Bild et al, Nat Rev Cancer, 2006)

| would argue that pharmacists need to
be involved in these efforts in order to
improve pharmacotherapy
management

Leadingedge subset
— Geneset§
Gene set databases
¥ [KEGG
il [Cntare
BoCarta }omm s
on i
St | Bpresionsigratures N
b | Cytogeneicloci __N
e |Mmplfiations ! !
- [ Random vak
i i
g |
i i
R ‘LGQlLk .........
Matimundeviaion """
froi zero provides the
Phenotype dasses enrichment score £ S5)
Figure 1| Gene-set-enrichment analysls. Genesinan expression profile selected to distinguish two

Bild et al. Nat Rev Cancer
6:735-741, 2006
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Conclusions

We can do a better job in integrating PGx into the entire
curriculum of pharmacy education

We as a community need to address the AJPE
conclusions:

— Make the practice of pharmacy less of an art and more of a
science

— Play a central role in educating health professionals on how best
to use the applications of advancing PGx research

| support the conclusions of the AJPE report that the
AACP should

— compile and maintain an online inventory of PGx activities and
courses of member institutions, and, importantly,

— develop a list of competencies in PGx for pharmacists.

Lecture Summary

Why teach PGx?

— PGx and individualized medicine

— PGx tests required by FDA

— How do we use PGx information in the clinic?

Background — starting in 2002 (AJPE report)
PGx in pharmacy curriculum

Challenges and concerns

Next steps

Recommendations and Conclusions
Specifics in next lectures
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Thank you for your attention

Questions?
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