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The vision

"Here's my sequence...”

New Yorker, 2000
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How will this vision actually start to be
tested and become reality?

"Here's my sequence...”

New Yorker, 2000
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Oncology Clinic Note ~ 2004/09/28 14:09 By: Naredith Carter—Grant, L.D. T -
Signed by: +ebbsek Actions

DIAGNOSIS: Stage II invasive mamary kreast cancer “T2 NO M0.”

ONCOLOGIC HISTORY: Xs. Swith is a S5-year—old female who is post menopausal who was found to have an
eran. She subscquently had an ultrasound-guided FNA which showed malignant cells. She was
referred to the breast Center where she underwent 2 core bicpsy on August 30, 2004, vhich shoned infiltrating
memmary carcinama, She subsequently was seen by Dr. Owens who, on August 30, 2004, did a left nodified radical
mestectony. Pathology from this revealed an invasive mamary carcinoms, no special type, with lobular features, 2.2
cn in ereatest dinension, vhich ws internediate conbined histologic srade with low proliferative rate tumer,
extending to 2 mm in the lomer, lateral, deep marzin. There was no evidence of lymphovascular invasion present
Thirteen lynph nodes were negative for malignancy. Her tumor was ER positive, PR 1% positive, HERZ/neu negative.
She, at the tine of surgery, had placement iate £i

left breast, by Dr. NcDonald. It was de
Lovms, Taseral decp narsin, bt she be safeered ts Wilburn Clonte e wee piasiing on deins afiation therapy
after she received chenotherapy. She had o NUGK scan done on Septenber 28, 2004, uhich shoned o normal
fraction with a left ventricular ejection frac She is here to receive her of Adriamycin and
Cotonamn W discuseed she 2iske ani benofire of chematharapy sl che has docidnd o pracesd widh chemtherapy.

REVIEW OF SYSTEN:
General:

Denies weakness, fatigue, fever, sweats, or itching. g

Discovery Implementation

. REDICT, IGNITE,
Vanderbilt (eMERGE)

De-identified DNA repository
>235k samples

* CLIA genomics lab

* Integrated decision
support for genomics

 Genomic databases

* Track outcomes
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Discovery: Resources for EMR-
based research at Vanderbilt

BioVU

Subjects with DNA: ~235k




EHRs for drug response:
Clopidogrel adverse events associated
with CYP2C19 status
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How do we routinize PGx implementation?

PREDICT: Pharmacogenomic Resource for Enhanced Decisions
In Care and Treatment
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I Highly Personalized Medicine
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"Here's my sequence...” _.the right drug, the
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A Case for Prospective Genotyping:
identifying a high risk group

1 9525
52,942 Vanderbilt “Medical Home” 2 8247
patients followed for up to 5 § 3
years.... 2 4
x
G
o Q. 5
How many patients S 6 —
received drug(s) that é ; 2067
have a recognized 3 s WLV 65% received >1
9 930 med within 5 years
10+ 1786 ‘ ‘

0 5000 10000
Number of Patients

Estimated number of severe adverse events mitigated : 383

(~12-18 events for the average PCP over 5 years)
MEDICAL CENTER Schildcrout et al, CPT 2012
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Provider Opinions

Surveyed 121 VU providers encountering PGx
prescribing; 80 responded (66% response rate)

A patient’s genetic profile may influence his/her
response to drug therapy

Pharmacogenomic testing prior to prescribing
clopidogrel assists with anti-platelet therapy

decisions.
Pharmacogenomic-guided antiplatelet therapy mAgree
will reduce the likelihood in-stent thrombosis. m Neutral
Disagree

Pharmacogenomic testing is useful for directing
the dose of warfarin therapy

Pharmacogenomic testing prior to warfarin
prescription will reduce the likelihood of an
adverse drug event
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Factors influencing ordering of PGx tests

Strength of evidence that genetic test results
could affect my patients' drug selection dose

Absence of out-of-pocket cost to the patient

Recommendations by thought leaders or
respected colleagues

Recommendations by guidelines or the
Food and Drug Administration

My interest in knowing my patients' genetic
susceptibility for drug response

Inclusion of pharmacogenomic test with an
order set

Knowing that pharmacogenomic testing is
an institutional priority

My patient's interest in knowing their genetic
susceptibility for drug response

Being prompted by an alert within the
Electronic Medical Record

VANDER
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Selection of PREDICT
Drug-Gene Interactions

Evidence
Review \
Review and

Guidance: Imp.IeTedrltatlon
Professional Approval by P&T |—— Inciu mgd
Societies, FDA = Committees a.u.tomate
o? decision support
——— o \_ J
Replication in ,

Vanderbilt 4
population
(BioVU)
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Genetic results visible passively in EHR
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Consults General Information: (12/05/12 09:05, Teresa Adverse and Allergic Drug Reactjpfs: (02/21/13 12 =
ED DIC App I
Inpt. census PCP: I | A !dactone (rash) i
OR Cases Card: [ Drug Genome Interactions: (01/05/12 13:03)
Outpt. visits Arrhythmia/Device: Dr. Dan Roden. VUMC clopidogrel sensitivity: NORMAL METABOLIZER - gene: CYP2C19 - gene result: *1/*1
PatientsView Structured Problems: (12/05/12 09:05, Teresa warfarin sensitivity: Hyper Responder - gene results: VKORC1 G/G; CYP2C9 *1/*3
p:;;(';o "D I o octatin sensitivity: HIGH MYOPATHY RISK. MINOR ALLELE HOMOZYGOUS
Recent pts. Coronary artery disease [.] (C:C) - gene: SLCOI1BI1 - gene result: *5/*5 =
[ — Aortic valve stenosis  [-severe] thiopurine sensitivity: INTERMEDIATE MYELOTOXICITY RISK, MINOR ALLELE
StarTracker Congestive heart failure [] HETEROZYGOUS - gene: TPMT - gene result: *1/*3c
StarVisit Mitral valve regurgitation [] tacrolimus sensitivity: HYPO RESPONDER - gene: CYP3AS - gene result: *1/*3
Teams census Chronic atrial fibrillation [] Note: Most genetic variants with therapeutic considerations demonstrate reproducibility of

Hypertension [] greater than 98%. Please visit www.mydruggenome.org for additional information.

Hyperlipidemia [] Medications: prepare to print print and give pt. Show Hx of

Gastroesophageal reflux disease [ ] medications Drug/Herb Interactions (02/21/13 12:25, I

9. Chronic Renal insufficiency N

Paroxysmal ventricular tachycardia Simvastatin (zocor) 20 mg orally nightly

s/p VTach cardiac arrest, 6/12/09 Quinapril (accupril) 40 mg orally daily
ICD Shock for VTach, 9/14/2010 Zolpidem (ambien)10mg orally daily

Hx Blood Transfusion: Carvedilol (coreg) 6.5 mg orally twice daily with meals

Anesthesia Difficulties: Furosemide (lasix) 20 mg 3 tablets orally daily

Dental Hygiene: Digoxin (lanoxin) 0.125 mg 1/2 tablet orally daily

Emergent #: Warfarin (coumadin) 2 mg . 2 tablets on sun by mouth and 1 1/2 tablet on other days

Significant Procedures: (12/05/12 09:05, Teresa Potasstum (k-dur) 10meq 3 tablets orally daily )

EBM resources




Clinical Decision Support within E-Prescribing

Drug-Genome Advisor
Intermediate Metabolizer - clopidogrel (Plavix) - Rare Risk Allele
Substitution recommended due to increased cardiovascular risks

If not otherwise contraindicated:
O Prescribe prasugrel (Effient) 10 mg daily
Prasugrel should not be given to patients:
« history of stroke or transient ischemic attack
o >= 75 years of age [Current patient age: 51]
o with body weight < 60 kg [Current patient weight: 59.0 kg as of 10/12/2012]
O Prescribe ticagrelor (Brilinta) 90 mg twice daily
Ticagrelor should not be given to patients:

« history of severe hepatic impairment
« intracranial bleed

™ Continue with clopidogrel (Plavix) prescription
Primary override reason:
O Contraindicated for prasugrel or ticagrelor
U Potential side effects
O Provider/Patient opts for clopidogrel
O Cost

Evidence Link

This patient has been tested for CYP2C19 variants which has identified the presence of one copy of a rare risk
allele which is associated with intermediate metabolism of clopidogrel. Intermediate metabolizers treated with
clopidogrel at normal doses are associated with higher rates of stent thrombosis and other cardiovascular
events. The Vanderbilt P&T Committee recommends that prasugrel or ticagelor replace clopidogrel for poor
metabolizers unless contraindicated. If not feasible, maintain standard dose of clopidogrel. The guidelines above
were developed based on the outcome studies of patients who received a drug-eluting stent into a coronary
artery. However, there is not a national consensus on drug/dose guidance particularly associated with the
population possessing extremely rare genetic variants.

Continue ) {_Cancel

Se———
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Frequency of actionable genotypes in the
first 10,000 PREDICT patients

Frequency (%)

40

70 80 90 100

60

50

10 20 30

0

At least one high risk
variant

At least one
actionable variant

No actionable
variants

2.5 1.9 0.3 0.2 0 48
8.9 ! I
(1)
91%
86.9
/1.5 /4.3 31 90.9 76.5 ‘ 8.6 [
Clopidogrel Simvastatin Warfarin ~ Thiopurines Tacrolimus Cumulative
CYP2C19 SLCO1B1 VKORC1 TPMT CYP3A5 DGls

CYP2CY

Van Driest, CPT 2014




Multiplexed Genetics Testing can save
money too

16000
14271 14400 14656

Reactive Testing

12000

Preemptive Testin

9589

Number of tests performed

8000 -
performed with
4000 - . .
reactive testmg
O T T T T T
Drug 1 Drugs 1,2 Drugs 1,2,3 Drugs 1,2,3,4 Drugs
1,2,3,4,5
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VAN

Do providers follow recommendations?
Genotype tailored therapy

Cumulative incidence of alternative antiplatelet therapy

No. at risk
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IGNITE CPIC Prescribing Study:
Antiplatelet drugs

Clopidogrel Prasugrel Ticagrelor
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IGNITE CPIC Prescribing Study:
Anticoagulants

100 - ~

75 - =~
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Warfarin still
most frequent
anticoagulant
except at VA
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Increasing Adoption at Sanford
Health (part of our IGNITE site)
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Preliminary results - Evaluating
cost effectiveness

Incremental cost effectiveness
PGx Scenario ratio of genotyping

Clopidogrel — CYP2C19 $36,618

Simvastatin — SLC01B1 S1,405,163

Warfarin — CYP2C9/VKORC1 S371,649
rlght beta site:

https://rightsim.org/RIGHT/

RATIONAL INTEGRATION OF
GENOMIC HEALTHCARE TESTING
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A few of the lessons learned

Implementation is about the lab, process, EHR, and
people

PGx is a “bleeding edge” of lab tests

MU-mediated EHR upheaval

Each EHR implementation has been different

Local provider buy-in driven by 1) belief in clinical
efficacy, 2) ease of use (e.g., CDS), 3) familiarity
Advice changes frequently and opportunities to
(re)use data accrue over time

Need for surveillance

VANDERBILT UNIVERSITY
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What personalizing medicine really means

57yo with DM2,
FHx heart disease,
Achol admitted for
chest pain,
receives stent

Recath, stent

Cath, more stents

“Plavix x 1 year minimum.

oth admission, 5t intervention,

ASA life long. ot stent
CYP2C19*2/*2
In-stent In-stent clopidogrel poor metabolizer
thromtboi,ls, thrombosis,
feslisiL restent
y A 4 l y A 4 >
January April December

clopidogrel started
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Switched to prasugrel ———



A sampling of All+Us

the team

The eMERGE Net

Precision electronic Medical Records & G

A consortium of biorepositories linked to electronic medical’

for conducting genomic studies

Medicine
THE FUTURE OF HEALTH BEGINS WITH YO nitiative
@ Pharmacogenomics

PGRN

Research Network

o
IGNIT@

Implementlng
GeNomics
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