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Why personalized medicine?

e Variable response to drugs

 Adverse drug reactions |
— 4th to 6th cause of death@
— 2 million hospitalisations/g
—Up to $160 billion/year | e s e

* The annual cost of CV ng g T
Canada surpassed $5 b

Brunner M, et al. Am J Cardiol. 2007;99:1549-54. Gandhi TK, et al. NEJM 2003;348:1556-64. Lazarou J, et al. JAMA.
1998:279:1200-05. Evans WE, McLeod HL. NEJM 2003;348:538-49. Jackevicius, C. A. et al. CMAJ 2009;181:E19-E28




Potential of personalized medicine

All patients with same diagnosis

1 Non-responders

and toxic w
responders

BER

Treat with alternative dose
or agent
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Pharmacogenomics

Environmental factors
* Diet
* Life habits (e.g. smoking)
» Loncomitant drugs

Li

Pharmacokinetics |

« Absorption
* Distribution
* Metabolism
* Elimination

-

Ph_armacud]rnamics

* Drug target

Patient characteristics

# .'.'u':EIE

« Gender

* Body mass index

* Kidney and hepatic function

* Morbidities

de Denus S, Phillips MS, Tardif JC. Pharmacogenomics. R Brugada, ed. Spinger;2010:273-287.



Selected examples

ADRB1 Arg389Gly and left
TPMT and COMT cisplatin-induced ventricular remodelling with

hearing loss metoprolol

—e— Arg389Arg
w— Gly389 carriers

P =0.00009 — Orrisk alleles
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~ P=0.03 between groups

Ross CJ, et al. Nat Genet. 2009;41:1345-9.

Terra SG, et al. Pharmacogenet Genomics 2005 ;15:227-34.




Selected examples

Warfarin and CYP2C9 and PRKCB1 and CNI-induced renal
VKORC1 dysfunction

[] cYP2ce*1*1 or *1/72
[] cyPace*a

eGFR (ml/min/1.73 m%)
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Pre-TK DC 3 6 12 18 24 36
Follow-up (months)

AA 69 69 66 66 60 57 b2 46

GG and AG B9 89 B8 87 B5 79 74 59

VEKORCA 3673 Lachance K, et al. Pharmacogenet Genomics. 2012 ;22:336-43.

Michaud V, et al. Clin Pharmacol Ther. 2008;83:740-8.
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Accredited DMA Testing Pionsers Since 19287

Home Paternity

Coming soon, at a pharmacy near you!

Health & DNA GeneMedRX Healthcare Protessionals

_ =y
Fﬂ:‘%‘yb Subscribe to our Hew sle

Health Professionals Drug Sensitivity Clinical Trials DMNA Learning About

Home = Drug Sensitivity = DNA DNA Drug Sensitivity Testing™

DNA Drug Sensitivity

Testing™ -

DMNA Drug Sensitivity

Testing™
Drugs and Aging
Sample Reports

Physician Medication

Your Doctor

Warfarin
Tamoxifen
Fluorouracil
Irinotecan
Strattera
Medications Mot Li

Depres

Heart Disease
Cancer

Pain

Diabetes

Epilepsy

HIWV

Acid Reflux/Ulcers

How to Order

DNA Drug Sensitivity Testing™

Research shows that of all the clinical factors such as
age, sex, weight, general health and liver function that
alter a patient’s response to drugs, genetic factors
account for a significant proportion. This information
becomes even more crucial
when you consider the fact that
'adverse reactions to prescription
drugs are killing about 106,000
Americans each year- roughly three times as many as are
killed by automobiles. This makes prescription drugs the fourth
leading killer in the U.S_, after heart disease, cancer, and
stroke.

Genelex will be happy to
mail information to you or
to your healthcare provider
on your behalf, simphy
complete the request
form.

We currently offer CYP2D6, CYP2CS, CYP2C19, NATZ2, UGT1A1, DPD, 5HTT, and
CYP1A2 screens that can help your physician or pharmacist predict your particular
response to many prescription, OTC (over-the-counter) and herbal medicines including
those used to treat depression, anxiety, seizures and psychoses; heart disease
cancer, diabetes, and pain. These include such important medications as Coumadin
(warfarin), Prozac, foloft, Paxil, Effexor, hydrocodone, amitriptyline, Claritin
cyclobenzaprine, Haldol, metoprolol, Rythmol, Tagamet, tamoxifen, Valium
carisoprodol, diazepam, Dilantin, Premarin, and Prevacid (and the overthe-counter

drugs, Allegra, Dytuss and Tusstat)
Click here to view a list of drugs for which DMA testing may be helpful.

Approximately half of all Americans have genetic defects that affect how they process
these drugs. There are four different types of metabolizers, and we all fall into one of
these categories for the variable pathways in Cytochrome P450 (this Cytochrome is
responsible for creating the enzymes that process chemicals of all kinds through our
bodies.) The easiest way to understand this is to picture a two lane highway.




ACCP COMMENTARY

Recommended Basic Science Foundation Necessary to Prepare
Pharmacists to Manage Personalized Pharmacotherapy

American College of Clinical Pharmacy

Larisa H. Cavallari, Pharm.D., Brian R. Overholser, Pharm.D., Douglas Anderson, Pharm.D.,
Eric Boyce, Pharm.D., Larry Buie, Pharm.D., Christine M. Formea, Pharm.D.,
Jason C. Gallagher, Pharm.D., Mary S. Hayney, Pharm.D., M.P.H., and Julie Oestreich, Pharm.D., Ph.D.

e « As experts in pharmacotherapy, pharmacists may
well provide an increasingly valuable service In
dealing with the complexities of the drug decision
process Iin the era of personalized medicine. »




GA = PP

Groupe d’action pour la
pharmacothérapie personnalisée




Who are we?

« A group of health care professionals who aim at
promoting and educating other health care professionals
and the public regarding personalized pharmacotherapy.»




How will personalized medicine

change clinical practice?




How will personalized medicine

change clinical practice?

New terminology
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Single nucleotide
polymorphism

senomewiae

sociation study | Point-ot-care

genotyping

Proteomics

Next-generation

Sequencing




How will personalized medicine

change clinical practice?

Potential ethical considerations




Genetic iInformation vs other biomakers

Jnigue to each individual — part of a
person’s identity.

Does not change with time, accompanies

a person throughout their life.

* Not only relevant for an individual, but
also their family members.

Ravitsky V, etal. AJOB 2006;6:8-17. Renegar G, et al. Bioethics 2006;20:24-36.



Patient case

 Gene Gray, 48-year-old woman.
— Diagnosis : New-onset heart failure

— New prescription:
e Furosemide 40 mg po qd
e Ramipril 1.25 mg qd
e Metoprolol 25 mg po bid




Patient Name: Gene Gray
Date of Birth: 16-02-1964 Laboratory # 12345

Go to www.GeneMedRx.com/dnalogin to determine interaction risk
before prescribing medication to this patient. The patient’s genetic
information listed below impacts response to the majority of medications.

DST-CYP2D6 *4/*5 Poor Metabolizer
DST-CYPZCI9 =Z/73 Poor Metabolizer
DST-CYP2C9 *1/*1 Normal Metabolizer
DST-VKORC1 A/A High sensitivity to warfarin

genelez< Questions? — Call 800 TEST-DNA




CYP2D6 and Metoprolol in HF
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Kirchheiner J, et al. Clin Pharmacol Ther 2004:;76:302-12.




Family tree

Mother

O

Sister

Sister Gene Gray

Breast cancer; Tx
with tamoxifen

Daugther

Adapted from Laura Robb



CYP2D6 and tamoxifen

No tamoxifen Tamoxifen
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JCO 2007;25:5187-93 Adapted from Nathalie Letarte



Family tree

Mother

O

Sister

Sister Gene Gray

Breast cancer; Tx
with tamoxifen

Daugther

Adapted from Laura Robb



How will personalized medicine

change clinical practice?

Selected examples




Abacavir



Abacavir hypersensitivity :

Clinical presentation

100+
90+
80+
70+
60+
50+
40+
30+
20+
10-
O_

% sujets

Fever
Rash
Nausea_
Vomiting
Malaise
Diarrhea
Pruritus
Headache
Fatigue
Myalgia
Chills
Mouth/Throat

Hetherington S, et al. Poster 60, 7th CROI, 2000



HLA genes located on chromosome 6 Is
assoclated with abacavir hypersensitivity

Centromere Telomere
+— —

Class |l alleles Class | alleles

Quirk E. et al. CID 2004,;39:98-106




PREDICT-1 - Results —

Clinically diagnosed hypersensity
reaction to abacavir, %

Immunologically confirmed reaction,%

e Clinical utility (Immunologically confirmed reaction):
 Sensitivity: 100% (85.2-100) (all positives)
« Specificity: 96.9% (95.5-98.0)
 Positive predictive value: 47.9% (33.3-62.8)
* Negative predictive value: 100% (99.5-100)

Mallal S, et al. N Engl J Med. 2008;358:568-79.




Abacavir

e US prescribing information

Patients who carry the HLA-B*5701 allele are at high risk for experiencing a
hypersensitivity reaction to abacavir. Prior to initiating therapy with abacavir, screening
for the HLA-B*5701 allele is recommended; this approach has been found to decrease the
risk of hypersensitivity reaction. Screening is also recommended prior to reinitiation of

e Clinical guidelines
HLA-B*5701 SCREENING (Updated December 1, 2007)

Panel’s Recommendations:

¢ The Panel recommends screening for HLA-B*5701 before starting patients on an abacavir (ABC)-containing
regimen to reduce the risk of hypersensitivity reaction (HSR) (Al).

¢ HILA-B*5701-pesitive patients should not be prescribed ABC (Al).

¢ The positive status should be recorded as an ABC allergy in the patient’s medical record (AII).

¢ When HLA-B=5701 screening is not readily available, it remains reasonable to initiate ABC with approepriate
clinical counseling and monitoring for any signs of HSR (CIII).
Rating of Recommendations: 4 = Strong; B = Moderate; C = Opfional

Rating of Evidence: I = data from randomized controlled trials; IT = data from well-designed nonrandomized trials or observanional cohort studies
with long-term clinical outcomes; ITT = expert opinion

Panel on Antiretroviral Guidelines for Adults and Adolescents. January 10, 2011; 1-166. Available at
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. Accessed July 15th 2011.




Panitumumab



KRAS mutations

A“ti"EGFR ThErﬂ PY Monoclonal antibodies

a“d KRAS m"tatlo“s ¥ cefuximab or panifumumab P _
= Anti- EGFR drugs block receptor

signals thus preventing downstream events
such a5 KRAS mediated effects

EGFR-Tyrosine Kinase Inhibitors
griofinib or geffinib

Wild-type KRAS -- VWhen the ‘ EGFEFR ;,,pr-.-c:mnc ‘ Mutated KRAS --VWhen KRAS is mutated,

EGFR receptor is blocked, WWT it iz permanently “turned on” and

WYV KR AS F Wa Y
KRAS does not signal and the . S athm ' MUt KR"&"S downstream events can still occur alloving
turnor cells do not proliferate. the turnor to continue to proliferate.

Celf Cycle Progression
(%) Cell Proliferation, Suruiual, Cell Cycle Progression Continues:
~ Invasion and Metastasis --Cell Proliferation
signals are blocked --Cell Survival
--lnvasion and Metastasis

www.exigon.com/dxps/Publishinglmages/BRAF%20mutation%20analysis/EGFR%20BRAF%20Pathway%20ver2b.j



http://www.exiqon.com/dxps/PublishingImages/BRAF mutation analysis/EGFR BRAF Pathway ver2b.jpg

Panitumumab

e Conflicting data from phase Il and epidemiological

studies suggested that patients with mutations in
the KRAS gene did not respond to panitumumab.

e |Incidence:

Exploratory sequence analyses
(Multiple targets and tumor types)

KRAS sequence analysis
(Selected sample from CRC

Phase Il studies) 20020408
KRAS analysis
I | | | 1 | | | 1 | | 1 1
2005 2006 4 2007 4 42008
Jan Jan Jan Jan
Primary analysis SAP
of 20020408 KRAS
20020408
Last patient enrolled for 20020408 US approval EU negative EU approval

opinion



Panitumumab

Mutant KRAS group Wild-type KRAS group
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Jamado RG, et al. Clin Oncol. 2008;26:1626-34.




Panitumumab

e Retrospective Pgx analyses lead to the approval of
panitumumab in Europe.

e US prescribing information updated to limit the use
KRAS wild-type carriers only.

e Integrated in clinical practice guidelines.

1 INDICATIONS AND USAGE

Vectibix 1s indicated as a single agent for the treatment of epidermal growth factor receptor (EGFR)-expressing,
metastatic colorectal carcinoma (mCRC) w 1t11 d1f,ea-.t- prnc-wmnn on or inllmﬂ, mg fluoropyrinudme-, oxaliplatin-,
and irinotecan-containing chemotherapy 1 ST e e i

VOLUME 27 - MUMEBER 12 - APRIL 20

The .EffE'CTi‘f-’EnEEEu Df-‘h'rec'tﬂjj.x ﬂf:r a 51;.'[1%10.:.': J{jLTRNAL OF (:‘LIN]C:AL (:}NC‘C'LO(;Y ASCO S PECI AL ARTICLE
carcinoma 1s based on progression-free st

improvement in disease-related symptom

Retrospective subset analyses of metastat
1n patients whose fumors had KR4S muta

" - American Society of Clinical Oncology Provisional Clinical
treatment of colorectal cancer with these: ! -

Opinion: Testing for KRAS Gene Mutations in Patients
With Metastatic Colorectal Carcinoma to Predict Response
to Anti-Epidermal Growth Factor Receptor Monoclonal
Antibody Therapy




Warfarin



Association of CYP2C9 and
VKORC1 and warfarin dosing
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W'l'ld-T‘,f‘pe CYP2CH Variant CYP2C9

Rieder, MG, et al. N Engl J Med 2005;352:2285-93

Thromb Haemost 2004; 91: 87-94




WARFARINDOSING vk WetfarinDosing.org

Required Patient Information |

Age: I Sex: |-Select- "I Ethnicity: | -Select- _j
Race: | -Select- ﬂ

Weight: I—Ib5 or |—ng

> Clinical Trial Height: (I feet and I inches) or ( I cms)

> Outcomes Smokes: | -Select- "’l Liver Disease: |-Select- "i

Indication: I Select- _I
= Hemorrhage Risk
Baseline INR: I Target INR: I [~ Randomize & Blind

= Patient Education Amiodarone/Cordarone® Dose: I mg/day
Statin/HMG CoA Reductase Inhibitor:

> Contact Us | -Select- |
Any azole (eg. Fluconazole): I-‘SE|ECt- "l

~ Warfarin Dosing

= References

> Glossary Genetic Information

- : | Not available/pendin
> About Us VKORC1-1639/3673: | /p 9

CYPAF2 VA33M: I MNot available/pending

User: GGCX rs11676382: |Not available/pending
Patient:

Version 2.20 CYP2C9*2: I MNot available/pending
Build : April 06, 2011

CYP2C9*3: I Not available/pending

CYP2C9*5: I Not available/pending

L] L L L B L 1

CYP2C9*6: I Not available/pending




The COUMAGEN studies

COUMAGEN |

 Randomized trial (N = 206)

— PGx-guided warfarin vs
conventional treatment

— Primary objective not met
(reduction of the number of

INR outside the target range)...

— ... but, better dose prediction
(p<0.001), fewer dosing
changes (p=0.03) and INRs
(p=0.06)

Anderson JL, et al. Circulation. 2007;116:2563-70.

COUMAGEN Il

 Randomized trial (N = 504)

— compared 2 PGx algorithms
+ parallel control group(n =
1911)

— No difference between PGx
algorithms

— Better anticoagulation control
In the two PGx arms that in
the control group...

...but the study design
greatly limits the conclusions
that can be drawn

Anderson JL, et al. Circulation. 2012;125:1997-2005.



Clopidogrel



Clopidogrel pharmacokinetics

A

ABCET |
' Clopidogrel | -
apical | i

membrane ¥

Clopidogrel |

cell

Intestinal Active metabolite

Inactive metabalite

[urine; feces)

Platelet

http://www.pharmgkb.org/do/serve?objld=PA154424674&o0bjCls=Pathway



W ENGLAND JOURNAL of M

ORIGINAL ARTICLE

Cytochrome P-450 Polymorphisms

and Response to Clopidogrel

Jessica L. Mega, M.D., M.P.H., Sandra L. Close, Ph.D., Stephen D. Wiviott, M.D
Lei Shen, Ph.D., Richard D. Hockett, M.D., John T. Brandt, M.D
Joseph R. Walker, Pharm.D., Elliott M. Antman, M.D
William Macias, M.D., Ph.D., Eugene Braunwald, M.D
and Marc S. Sabatine, M.D., M.P.H

Mega JL, et al. N Engl J Med. 2009;360:354-62.




Balance of Efficacy and Safety

| 138
_ events
Clopidogrel

HR 0.81
(0.73-0.90)
P=0.0004
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| Clopidogrel P=0.03
O 30 60 9 270

4'50 NNH = 167
DEVE]
Wiviott SD, et al. N Engl J Med. 2007;357:2001-15.
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Primary end point according to CYP2C19
genotype in patients receiving clopidogrel

A Primary Efficacy Outcome
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Mega JL, et al. N Engl J Med. 2009;360:354-62.



Risk of stent thrombosis according to CYP2C19
genotype In patients receiving clopidogrel

B Stent Thrembosis
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Mega JL, et al. N Engl J Med. 2009;360:354-62.



Replication???




' ' |11
Replication!!!
of Cardicl
£ 2008 by the Amencan College of Cardia Foundation

. (b R i .
Published by Elsevier Inc. doi: 101016, jace 2007, 12056

B REVIEW

Reduced-Function CYP2C179 Genotype
and Risk of Adverse Clinical Outcomes
Among Patients Treated With Clopidogrel
Predominantly for PCI

A M@ta-ana|y5|5 JAMA. 2010;304(16):1827-1820

Dir Mehilli,
Kﬂ.t ABSTRACT ﬂ.l"ld
Nic

Cepartment of Cardiology, Deutsches Herzzentrum and 1. Medizinische Klinik rechts der |sar, Technische Untversitdt Minchen, Munich, Germany

Receved 3 October 2008; revised 16 December 2008; occepted 12 Jonwary 200%; online publish-oheod-of-print 4 February 2009



Results

Figure 2. Cardiovascular Death, Myocardial Infarction, or Ischemic Stroke by CYP2C79
Genotype

A | Carmmiers of 1 or 2 CYP2C 79 Reduced-Function Alleles vs Noncamers

CYP2C 19 Reduced-Function Alleles,
Mo. of Events/

Mo. of Individuals at Risk
| | Hazard Ratio Increased Risk ; Increased Risk

1or2 MNone resava Cl) in Moncarriers | in Carriers
CLARITY-TIMI 28 = 1.56 (0.61-3.94) :
EXCELSIOR %243 1.63 (0.52-5.14)
TRITOMN-TIMI 38 46/285 h3/106 1.53 (1.07-2.19
AL 1873 5.38 :jE'.SE-‘E.d?j:
FAST-MI B3/635 931573 0.79 (0.59-1.06)
RECLOSE 15/247 /52t 2.32 (1.12-4.81)
ISAR 55/680 1.23 (0.89-1.70)
CLEAR-PLATELETS 6/68 f 95 (1.11-1 )
Interrnountain 68344 1/906 1.29 ([0.97-1.72)

Owerall 281/2762 562/6923 1.57 (1.13-2.18)

10.2% 8.5% T L eoand P:atmas: cl)

Mega JL, et al. JAMA. 2010;304:1821-1830
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Figure 3. Stent Thrombosis by CYP2C179 Genotype

Carrers of 1 or 2 CYP2C19 Reduced-Function Alleles vs Noncarriers

CYP2C19 Reduced-Function Alleles,
Mo. of Events/
Mo. of Individuals at Risk Hazard Ratio Increased Risk : Increased Risk
None (95% CI) in Noncarriers | in Carriers

EXCELSIOR ; 0 :
TRITON-TIMI 38
AFLJ
RECLOSE
[SAR
CLEAR-PLATELETS

bl el S % O

Cwerall

Mega JL, et al. JAMA. 2010;304:1821-1830




Can we do anything about this?

* Use of high-dose clopidogrel?

— In stable CAD patients (n = 333), clopidogrel 225-300
mg/day produced similar levels of platelet reactivity In
CYP2C19*2 heterozygotes than 75 mg in non carriers.

e But not in homozygotes!

— No robust clinical data to support the use of such doses
e Alternatives?

— The effects of prasugrel and ticagrelor are independent of
CYP2C109.

« Genotype-guided use vs unselected use of these new agents ?

Price AJ, et al. JAMA. 2011;305(11):1097-1105. CURRENT-OASIS 7 Investigators. N Engl J Med. 2010 ;363:930-42. Mehta
SR, et al. Lancet 2010; 376: 1233—-43. Wallentin L, et al. Lancet 2010; 376: 1320-28. Mega JL, et al. Circulation
2009;119:2553-60. Mega JL, et al. JAMA 2011;306:2221-8.




Pgx of clopidogrel and warfarin,
ready for prime time?

|t all depends on the evidence!
e ... and your definition of “evidence”
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http://1.bp.blogspot.com/_nQegovTjsHo/TLbx6Dfj2rI/AAAAAAAAABU/mQOQUj1QY_U/s1600/glass.jpg

Will personalized medicine

Impact our notion of evidence-
based practice?




« Evidence » - based pharmacogenomics

e Marked differences In the evaluation of the
“evidence”

— American Heart Association, American College of Chest
Physician
« RCTs are at the center of the evaluation process.

— Evaluation of Genomic Applications in Practice and
Prevention (EGAPP)

 One (Level 2) ortwo (level 1) RCTs are required to provide
convincing evidence of clinical utility
— Clinical Pharmacogenetics Implementation Consortium
(CPIC) of the NIH’s PGX Research Network:

 Level 1 evidence: the evidence includes consistent results from
well-designed, well-conducted studies.




CYP2C19 and AHA/ACC

e “Genotyping for CYP2C19 for a loss of function
variant in patients with UA/NSTEMI (or after ACS
with PCI) on clopidogrel therapy might be
considered If results of testing may alter
management (IIB recommendation; LOI.C)”

2011 ACCF/AHA Focused Update of the Guidelines



The Clinical Pharmacogenetics Implementation Consortium of
the NIH Pharmacogenomics Research Network - Clopidogrel

Strength of the
recommandation

ACS/PCI patient population

Initiate antiplatelet therapy with
standard dosing of clopidogrel

CYP2C19 testing if
genotype is unknown

UM EM
(*1/*¥17, *17/*17) (*1/*1)

IM
(*1/+2)

PM
(*2/*2)

Standard dosing of clopidogrel

Prasugrel or other
alternative therapy

Strong

Moderate

Strong

Adapted from Scott SA, et al. Clin Pharmacol Ther. 2011;90:328-32.

* If not contraindicated



Warfarin pharmacogenomics
and ACCP

« For patients initiating VKA therapy,
we recommend against the routine use
of pharmacogenetic testing for guiding
doses of VKA (Grade 1B).”

Guyatt GH et al. Chest 2012 141:2 suppl 7S-47S.



The Clinical Pharmacogenetics Implementation Consortium
of the NIH Pharmacogenomics Research Network - Warfarin

« The recommendations for dosing based
on genotype contained herein are rated as
level A, or strong, (...) However, (...) the

Impact on clinical outcomes Is unknown. »

Johnson JA, et al. Clin Pharmacol Ther. 2011:90:625-9.



Can RCTs of Pgx markers be performed?

e Yes!

The NEW ENGLAND JOURNAL of MEDICINE

HLA-B*5701 Screening for Hypersensitivity
to Abacavir

Simon Mallal, M.B., B.S §
ichel Molin: kman, M.B.,

Mallal S, et al. N Engl J Med. 2008;358:568-79.




Are they always necessary?

* NoO, not always.

 We use « markers » to personalize our selection
of drugs, in the absence of RCTs:

— Choice of an antibiotic in a patient treated with digoxin
or warfarin (clarithromycin vs cefuroxime)

— Choice of a beta-blocker in a patient with severe renal
dysfunction (atenolol vs metoprolol)




Are they always necessary?

e Clopidogrel
— RCTs not necessary when alternatives exist for a

specific indication (prasugrel or ticagrelor in non-ST
elevation ACS undergoing a PCI)

— Becomes a question of the cost-effectiveness of the Pgx
tests

 Would not be an issue if the information was readily available

— Do we have RCTs of all drugs for which we adjust dosage based
on renal function?




Are they always necessary?

 Different paradigms:

— The Pgx test leads to withholding treatment (or
providing a less effective treatment):

» Beta-blockers appear ineffective in heart failure
patients who are ADRB1 Gly389 carriers

3 major ongoing randomized trials:
COAG (Clarification of Optimal Anticoagulation
Through Genetics)
GIFT (Genetics Informatics Trial of Warfarin
Therapy)
EU-PACT (European Pharmacogenetic Approach to
Coumarin Anticoagulant Therapy)




Will personalized medicine
change pharmacy education?




In the United States...

e Survey by Murphy et al.

— PGx taught in 92% of Pharmacy schools
e 97.1% at PharmD entry-level

e Estimated didactic hours:
— <10 hours: 40.6%
— 11 to 30 hours: 42.0%
— 31 to 60 hours: 14.5%

e Practicing pharmacists

— Survey by Roederer et al (n = 737).
* Ninety percent want to receive Pgx training

Murphy JE, et al. Am J Pharm Educ. 2010 Feb 10;74(1):7.
Roederer MW, et al Personalized medecine 2012;9:19-27.




In Canada...
e Survey of 284 pharmacists

Would you agree to receive your patient's pharmacogenomic
testing results, interpret them and advise your patient on a
treatment choice?

N
i [ Yes, straight away

[ Yes, but after having had training

on the subject

0
86% I No, this is not my responsibility

1
80 100

de Denus S, et al. (unpublished data)



In Canada...
o Survey of 284 pharmacists

Would you like to participate in training on pharmacogenomics?

1 Yes
97% 1 No

1
80 100

de Denus S, et al. (unpublished data)



Conclusions

« Personalized medicine is entering clinical practice

 Because of their expertise of pharmacotherapy,
pharmacists are well-positioned to face the arrival
of this new field.
— Additional training Is required for most
* Educational programs must be developed

 Pharmacists must play a leading role In

developing and implementing personalized
medicine In clinical practice.




Acknowledgements:

e Université de Montréal Beaulieu-Saucier
Chair in Pharmacogenomics

e Montreal Heart Institute Foundation
e Funding :
— AstraZeneca B HEART&
— Pfizer STROKE

FOUNDATION

— Hoffman-Laroche

Fonds de la recherche FURE
en santeé FAI NETWORK
E1E) °




Faculté de pharmacie  unesic ah

Because drugs are complex

e To train devoted, creative and open-minded professionals and specialists;
* To perform basic and applied research;
* To share knowledge and expertise;
* To contribute to the development of pharmacy practice and pharmaceutical sciences.
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Warfarin: Narrow therapeutic window

Ischemic stroke

Intracranial bleeding

I | I I
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

International normalized ratio

Fuster V, et al. J Am Coll Cardiol. 2001,38:1231-1265.



Warfarin Metabolism and
Activation Pathway

Candidate proteins in the pathway

Warfarin

CYP1A1 :
CYP1A2 - - CYP2C9
CYP3A4 Vitamin K

Reductase

Oxidized Vitamin K Reduced Vitamin K

\ co, Y- O,

Calumenin

Hypofunctional Y-glutamyl Functional

F. I, VI, IX, X carboxylase F. 11, VII, IX, X
Protein C, S, Z Proteins C, S, Z

Gage et al. 2005




Are they always necessary?

Nevertheless, the clinical utility of PGX tests must be
established before their implementation in practice.

We need to move from analytic and clinical validity,
towards clinical utility.

Clinical validity vs utility?

— Clinical validity: a test’s ability to accurately and reliably
diagnose a disorder, assess susceptibility or risk, or
provide information on prognosis or variation in drug
response

— Clinical utility: evidence that test results can change patient
management decisions and improve net health outcomes
(balance of benefits and harms)

EGAPP Working Group; Genet Med 2009;11:3-14.
Thanassoulis G, et al Circulation 2010;122:2323-34.




SNP (pronounced snip!), Is...

A) One of the three Rice Krispies® caracters(SNP,
Crackle et Pop!)

B) A new hybrid car (The SNP!)

C) The abbreviation de Single Nucleotide
Polymorphisms




Coumarin derivatives and excessive
anticoagulation

B Time to First INR =4

CYP2C9 Variant

o
?"
i
A
i
i
a
g |
g
T
=
=
T
=
k=]
&
(v

Wild-Type

I I
20 30

Fost-operatve Day

Voora L, et al. Thromb Haemost 2005; 93: 700-5

100
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VKORCI L
Agh

— Anon-A

— Mon-A/non-&

Proportion of Patients
without INR >4 (%)

— T T T 1T T T T T T T 1

14 28 42 56 70 B34 53 112 126 140 154 168
Follow-up (days)

No. at Risk

AlA 32 2110 10 10 10 10 ¥ 5 3 3

Fi
Alnon-A 129 106 49 37 30 25 24 1% 11 11 5 4
4

2
3
Mon-A/non-A 135 1192 58 53 43 45 40 27 15 11 7 4

Schwarz Ul, et al. N Engl J Med 2008;358:999-1008.




Results: Unadjusted 6 mo. hospitalization rates
>=1 hospitalization per 100 patients/6months

B Historical control (n=2688)

28% |,
B Intervention group (N=896)

27% |

All cause Bleed or thromboembolism
p-value <0.001 0.039

Intention to treat (ITT)

Epstein RS, et al. J Am Coll Cardiol 2010:2804-12.



Results

Carniers of 2 CYP2C 19 Reduced-Function Alleles vs Noncarriers

CYP2C19 Reduced-Function Alleles,
Mo. of Events/
Mo. of Individuals at Risk )
Hazrard Ratio
Wiod [A5% )
TRITON-TIMI 38
AFL
RECLOESE
ISAR

CLEAR-PLATELETS

Crharall

2.7% 1.0%

Mega JL, et al. JAMA. 2010;304:1821-1830

ncreased Hisk | Increased Risk
in Moncarriers | in Carmiers

Hazard Ratio (25% Cl)




| forgot,....

HOh
here are my latest CBC,

creatinine clearance
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Table 1: Three Ranges of Expected Maintenance COUMADIN Daily Doses
Based on CYP2C9 and VKORC1 Genotypes’

VKORCI1

dy fH 0
D

3-4 mg ‘ 0.5-2 mg

_ 4 mg 0.5-2 mg

3-4 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg 0.5-2 mg

"Ranges are derived from multiple published clinical studies. VKORC1 —1639G>A (rs9923231) variant is used in
this table. Other co-inherited VKORC1 variants may also be important determinants of warfarin dose.

But much less precise than the algorithm available
at http://www.warfarindosing.org

Finkelman BS, et al. 3 Am Coll Cardiol 2011:57:612-8.


http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.warfarindosing.org/
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