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At St. Jude, we can overcome (or
ignore) many barriers to pre-
emptive genotyping

* We cover all patient care costs

* We provide all medications for 5000
unigue high-risk patients per year
— ~ 80% have cancer
— ~20% have sickle cell, HIV, and other life-

threatening diseases
 We have a team approach to pt care

* We have an integrated St. Jude Children’s
_ ’ _ Research Hospital
comprehensive EMR (Cerner) with c.
customized decision support
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DMET array is CLIA-approved in at least one lab
and allows for pre-emptive genotyping

Affy DMET array: over 1 million features to
interrogate 1900 polymorphisms in 225 genes

For the same money we spend on 2 genes, we
can interrogate 225---but what to do with the
other 223 results?

Need process for withholding/sharing results

Need consent for:
— Withholding results
— Incidental findings
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PG4KDS : CLINICAL IMPLEMENTATION
OF PHARMACOGENETICS at ST. JUDE

Goal: migrate pharmacogenetic tests
from laboratory (array-based) into
routine patient care, to be available

preemptively



Which genes, which drugs should be used
to inform the EMR?

TPMT-thiopurines

CYP2D6—codeine, ?
G6PD---rasburicase, Septra

CYP2(C9, VKORC1---warfarin
CYP2C19---clopidogrel, ? Voriconazole
DPYD---5FU DMET array
HLA—abacavir

HLA---carbamazepine
HLA—phenytoin

HLA---allopurinol
UGT1A1l---irinotecan



Home | Contact U= | E=pafiol Refer a Patient
ens

ital  Finding cures. Saving children. http://Www.stjude.org/pg4kds

Clinical Programs Ways to Help

Non-Therapeutic Protocol Related Topics

PG4KDS5: Clinical Implementation of PG4KDS - Priority Genes
Pharmacogenetics Video: PGEN4Kids Educational
Type of Protocol/Clinical Study Video

Supportive Studies: Genetics Mary V. Relling, PharmD
Description

Fharmacogenetics is the study of how genes affect a

person's response to drugs. This field combines pharmacology (the science of drugs) and genetics
(the study of genes and their functions) with the goal of making medications safer and mare
effective by tailoring medications based on a person’s genetic makeup.

zene tests are used in pharmacogenetics. Over time, scientists are discovering which of these
gene tests are so important that they should maove from the research lab into the patient's medical
record, where they would be available to the doctors and other care givers to see the test results,
and to use the information when they give the patient the drug.

The process for deciding which tests to move from the research lab into the patient medical record



P-4KDS Objectives

The long term goal is to use proactive pharmacogenomic testing as the standard of
care for St. Jude patients.

Primary Objective

Estimate the proportion of patients who have high-risk or actionable
pharmacogenetic results entered in their electronic medical record (EMR) with
decision support.

Secondary Objectives

Use systematic procedures to prioritize and migrate pharmacogenomic tests
to post to the EMR.

Incorporate clinical decision support tools linking test results to medication
use, and assess their level of use.

Assess attitudes and concerns of research participants and clinicians



The process

Pt enrolled

!

DA genotyped

N

-
Genotypes classified as clinically
eligible genotypes (CEGs), research
only, conflict, or suspect

COingoing
evaluations of
data by
experts

Most genotypes
remain in research
database

Ewvaluation
of genotype/drug
phenotype, and genotype/

incidental findings, at
least
annually

A small fraction of CEGs that
meet threshold for Clinical
FPharmacogeneatic Loci

k4

Clinical Pgen Loci genotypes posted
as lab results in medical record with
basic Pgen consult

L 4
Subset of selected genotypes linked
to drug orders, problem list via
Decision Support

Ewvaluation of
decision support
flags at least
annually

PG4KDS



Delivery of Genetic Information

Posted to EMR

— One gene at a time

— As each gene is prioritized, it moves to EMR for all
past and future pts

All participants given choice as to whether to
get a “letter” (one letter for each gene)

Only those > 18 yrs of age given choice on
“incidental” findings for disease risk

General information and video on website



Pharmacogenetics tab added to EMR; all clinically eligible
genotypes are entered with a gene-specific consult

™ Lol =
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(S BENEAY Micro Viewer
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Example Pharmacogenetics Consult -
TPMT

Example TPMT Wild-type genotype consult:

Sample for TPMT genotype obtained 8/31/09.
Thiopurine S Methyl Transferase Genotype Result: *1/*1.

*1/*1 means that this patient’s genotype is homozygous wild-type at the
three most commonly polymorphic sites; i.e., nucleotides 238, 460, and
719. Wild-type means high (normal) TPMT activity. This result suggests that
there is no reason to selectively adjust 6-mercaptopurine dose in this
patient. If myelosuppression occurs, consult treatment protocol for dosing
adjustments for chemotherapy agents.

Time/Date of Consult: 0800/ 09/09/09
Kristine Crews, Pharm.D.



Only when a high-risk drug collides with a high-risk (priority)
genotype do decision-support-based alerts fire

Patients with high-risk genotype: Patients with high-risk drugs:
e.g. CYP2D6 UM or PM; e.g. codeine, amitriptyline;

TPMT heterozygote azathioprine



x4
| e ek =]
All folders | Previous Entries
|P — I =Cearch: IWPE Comtaing j
L3 My Favorite Firnd clinical terms which match the following criteria;
3 Category ITerminDIDg_'.J ;“{ﬁll terminalogies 1
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In Cerner, High-risk
genotypes are
entered into EMR in
Problem List
Decision support:
Links high-risk
genotypes to drug
ordering,
J prescribing, and )
¢ tents) administration
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Two types of decision support
warnings

* Post-pgen test—already have high-risk
genotype in EMR

* Pre-pgen test---no test results yet in EMR
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mediated by CYP2D6. Deficient activity of this isoenzyme
may be associated with decreased effectiveness of
codeine. Other pain medicines or cough suppressants
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&G *"WARNING™

This patient has an active entry on the problem list CYP2D6 ULTRA-RAPID
METABOLIZER. Ultra-rapid metabolizers of codeine are expected to
experience a higher incidence of side effects from codeine than normal.
Other pain medicines or cough suppressants should be considered. Please
consult a clinical pharmacist or review the clinical pharmacy consult note
related to this problem.

Alert Action
" Cancel entry

" Continue wj/order

" modify entry

I —
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Clinical Programs Ways to Help

PG4KDS - Priority Genes

Related Topics

Mary \. Relling, PharmD
Protocol: PG4KDS

Video: PGEMN4Kid= Educational
Video

Updated May 2011

Thiopurine Methyltransferase (TPMT)

Thiopurine methyltransferase (TFMT) is an enzyme that

breaks down (metabolizes) thiopurines. Thiopurines include

three medications: 6- mercaptopurine (6-MP), 6-thioguanine (6-T3), and azathioprine. 6-MF and &6-
TG are often used to treat leukemia or lymphama. Like many drugs, their effectiveness and side
effects can vary from person to person. One of the reasons why this difference occurs is because
each person’s ability to metabolize thiopurines is different based on variations in the TPMT gene.
Every person can be classified into one of 3 possible genotype groups. We use a different starting
dose of 6-MP and 6-TG for the different genotype groups. By changing the dose based on a patient's
genotype, there are fewer side effects (due to low blood counts).

FPriority genolypes

B Heterozygous variant (intermediate activity) — means there is one normal, functioning copy of
the gene and one non-functioning copy of the gene. Patients have reduced TPMT activity and
may require reduced doses of thiopurine medications to avoid side effects. About 1in 10
people have this genotype.

® Homozygous variant (low or deficient activity) — means there are two copies ofthe non-
functioning gene and there is no narmal TPMT enzyme. These patients are at a very high risk
of experiencing toxicity (low blood counts) from 6-MP ar 6-TG or azathioprine. Patients should
receive substantially lower doses than normal to avoid side effects of low blood counts. About
1in 400 people have this very high risk priority genotype.



We can deliver genetic information to our
EMR, we can deliver it directly to the pt...

e ...but until we have a universal lifetime EMR,
the same fragmentation that affects all of
health care will affect genomic medicine as
well.



Some challenges in implementation.....

e Lack of consensus guidelines on what to
recommend for high-priority/high risk
diplotypes



Clinical Pharmacogenetics Implementation
Consortium Guidelines for Thiopurine
Methyltransferase Genotype and Thiopurine

Dosing

MV Rellingl, EE Gardner!, WJ Sandborn?2, K Schmiegelow3*4, C-H Pui’, SW Yee®, CM Stein’,
arril1n8 W 1 . 8

M Carrillo’, WE Evans”and TE Kleln Clin Pharmacol Ther. 2011 89:387-91

Consortium Guidelines for Cytochrome
P450-2C19 (CYP2CT79) Genotype
PGRN and Clopidogrel Therapy

SA Scott!, K Sangkuhlz, EE Gardner?, CM Stein*>, J-S Hulot®’, JA Johnson®%1,
DM Roden!!12, TE Klein? and AR Shuldiner!®14

% Clinical Pharmacogenetics Implementation

CLINICAL PHARMACOLOGY & THERAPEUTICS

www.pharmgkb.org



Some challenges in implementation.....

* Must be able to update information (e.g. add
drugs to genes as data accumulate)



CYP2D6 metabolizes several drugs---codeine is the
only one with “flag” currently

* TCAs (nortriptyline, amitriptyline)

* SSRIs (fluoxetine, paroxetine)
 Atomoxetine

 Tamoxifen

* Beta blockers (metoprolol)

* Anti-arrhythmics (propafenone, flecainide)
* Ondansetron



Some challenges in implementation.....

 Many diplotypes are ambiguous



DMET Diplotypes from 240 patients: many results are ambiguous

Ambiguous

CYP2C19 | CYP2C9 | CYP2D6 | DPYD | TPMT | UGT1A1 | VKORC1
# No Calls 1 0 5 0 0 1 3
% No Calls 0.4% 0% 2% 0% | 0% 0.4% 1%

# Ambiguous 43 37 5 35 22 40 1

% Ambiguous 18% 16% 2% 15% 9% 17% 0.4%

() . _

A Ealleek e 81.6% 84% 96% | 85% | 91% 83% 98.6%

»What are the reasons for ambiguous diplotype
assignments?

> Are there phenotype differences between the ambiguous

diplotypes?

»Can PHASE select the most probable diplotype?




PHASE Improves Non-Ambiguous Diplotypes to Over

98% for top 7 Genes of Interest

CYP2C19 | CYP2C9 | CYP2D6 | DPYD | TPMT | UGT1A1l | VKORC1
# No Calls 1 0 5 0 0 1 3
% No Calls 0.4% 0% 2% 0% 0% 0.4% 1%
# Ambiguous 43 37 5 35 22 40 1
% Ambiguous 18% 16% 2% 15% 9% 17% 0.4%
% Called: Non- | o) oo | 549 96% | 85% | 91% | 82.6% | 98.6%
Ambiguous
PHASE Adjusted
Non-Ambiguous, 99.6% 100% 98% | 100% | 100% | 99.6% 99%
Calls




Some challenges in implementation.....

* |Interpretation of diplotypes is complex and
will change



TPMT: diplotypes observed in
240 pts

m*1/*1
W *1/*1,*¥1/*2,*2/*2
m*1/*24
W *1/*3A,*%3B/*3C
m*1/*3C
m*1/*8
0.9% 1 8% 0.9% *1/*1 87.7%
*1/%1,%1/%2,*2/*2 0.5%
*1/%24 0.9%
*1/*3A,*3B/*3C 8.2%
*1/*3C 1.8%

*1/*8 0.9%



Link TPMT diplotypes to internal review status,
prioritization, lab result entry, consult template, and DS

Diplotype Fr:g:e In;c:(Ie;;al EMR Rx Consult Link to Consult
*1/*1 193 Pass Routine Wild Type wild-type
*1/*1,%1/*2,*2/*2| 1 Review Priority Unknown Probable wild-type
*1/*24 2 Pass Routine Wild Type wild-type
*1/*3A,*3B/*3C 18 Review Priority Heterozygous Heterczz\(/gec;l:s L
*1/*3C 4 Review Priority Heterozygous heterozygous
*1/*8 2 Pass Routine Wild Type wild-type




CYP2D6: 48 diplotypes
observed in first 240 pts

0.5%

. 0.5% ~ 0.5% 2.0% 2.0% | 0.59%
0.5% . 0 5%
0. 5 o | 0:5%|[05%
o, (]
15% 15%’ 2.0% | ‘ 2.5% 3.0%
0. s‘y
0 =% _0.5%

0.5%
1.0%

0.5%
1.5%

1.0%

0.5%
1.5%

D|plo(;c'\\/jpe & % Observed

*1/*2(x2) 15.66%

5.1%

*1/*1(x2) 13.13%
*1/*4(x2) 8.59%

*2/*2(x2) 8.59%

0.5% 1.0%

0.5% *2 /*4(x2) 5.05%

0.5%

*1/*41(x2) 4.55%

0.5%_]

*1/*1(x1) 3.03%

*1/*9(x2) 3.03%



CYP2D6:

1. Generate score based on
alleles called and CN

2. All “new” diplotypes must
be manually reviewed

3. Translate score into
phenotype

From CYP2D6 DMET results, e.g. (*1/*10)3N, the program will
generate all possible combinations, e.g. (*1/*1/*10) and
(*1/710/*10).

For each possible combination, it will add up the scores; (in this
case *1=1, *10=0.5; hence [*1/*1/*10] = 2.5; [*1/*10/*10] = 2)
For each possible score, it will check the threshold to assign
PM, IM, EM, UM. (in the above case, would be UM [2.5] or EM
[2]; now look at it these rules should be part of the file as well,
but it's hard coded right now...)

if score > 2 : phenotype ="'UM'

if score >= 1 and score <= 2 : phenotype = 'EM'

if score >= 0.5 and score < 1 : phenotype ='IM'

if score < 0.5 and score >= 0 : phenotype = 'PM'

Haplotypes
*1
*2
*3
*4
*5
*6
*7
*8
*9
*10
*11
*12
*14A
*14B
*15
*17
*18
*19
*20
*21
*29
*38
*40
*41
*42
*44
*56A
*56B
*64
*39
*5
*31
*36
*45
*46
*49
*59
*60
*66

NA

NA

Activity Score

o O

o

o

o
OO0OO0OO0OULOoOO0OUOOO0ODOUNMOULOOOUVMUOOOO OO R K

o



Some challenges in implementation.....

 Must be mechanism for QC, sample identity
and genotype reproducibility (over a lifetime)



P4KDS
Multiple steps

are involved in
processing pt-
specific results,
from lab to
EMR

PGAKDS Patient-specific processes |

Faupeﬂall;nljrgzmaaﬁé gﬁi;ﬁcﬁhﬁagﬂ&r Track available pt, enrollmant
associated PG4KDS genolypes) outcomes, 'do nol approach’ warnings |

.—I Post updates fo intermet site (e.g. FAQSs) |

Receipt and processing of DNA samples
by PK Clinical Lab and DMA lab

] —»

Fresh whole blood Fed Ex'd same day
to MCW; cryo 2™ sample at 5J

—

Each Friday: send email to MCW. and FTP
excel file listing all samples sent in prior week

Genotype Generation by MCW (Dr.,
Broeckel) and sending results to 5J via FTP

5 Per pt, per gene results sent to 5J via FTF site; label each file with
Cemer accession number (minus the dashes)

¥

Regular
updates of
cumulative

pragress

Quarterly report
of approached
vs consented

pts

Weekly
retrieval of
samples
received and
sent

Colton: Compare
PG results received
with PG samples
sant to MCW

email to MCW

DMET Tracker polls the server for genotype results, Wenjian and Colton: perform basic QC on each batch: MCW results are
uploadad into DMET Tracker at 5J). DMET Tracker uses PostgreS0L as a database backend: httpe/www. postaresal orgl; Djanga
to provide a web-based GUI: hifps:iwww.diangoproject.com! [Python for cusiom scripts to parse the DMET results and assign
flags: hitp:/www. python.org! | and Apache as a web-server. hitp:/hitpd. apache.orgd f resulis are missing, Colton sends a query

¥

Wenjian and Colion:check for discordance of DMET genotypes

with any existing genotypes; compare DMET race to Milli race; Drs, Crews, Relling, or resident review
compare DMET gender 1o Milli gander; Mark each patieni/genea i all results; resolve discrepancies or
result with QC flag (pass or review), priority af diplotype results declare indeterminant; update DMET

("priority” vs "routineg” vs "indeterminant™; phenctype for each
diplotype assigned using gene-specific look-up tables/programs

tracker and upload results to CRI

v

CIS uploads all results flagged as “uploaded” into
EMR: prepares the resulis for verification and

| Clinical Pharmacy review of results

release; creates an M page of diplotypes, with each
flagged as priorly or routine o indetarminant

¥

on M pages

L,

Priority diplotypes
Indeterminant diplotypes

h J
Routine diplotypes

——

¥

Pharmacists (Drs. Cross, Haidar) generate pi-specific
consults; manually approve genotypes and consults o
ao in EMR

Pharmacists digitally sign “baich
approval” for genolype results
and attached PG consults

Summaries of all

diplotypes every
3 manths

MNancy Komegay
generates list of all
consulls posted and
all pending (no
consult) results g
month; generates
|etters o patients
based on consent
preferances

Summaries of
posted
genotypes and
priority consulis
every year



DMET chip genotype & diplotype
calls from MCW via FTP Server

Automated Clinical
Translations

Automated
QA/QC

Infer Compare calls Translate into
gender, race to other _ an EMR f!ag, dinical
and genotypmg, if e.g., .rou_ltme, ohenotype,
compare to available priority e.g., UM, EM
EMR

Translate into

Automated Aggregation into Web-based
DMET Tracker Software

PG4KIDS: DMET Tracker

[ ¥iew Batches || send Approved Results to CR1 || Review and Upload Weekly Manifest || Documentation | [Log out | Coltan

[[ Batch IG: 31; Receipt Date: June 14, 2011 ]] Submit your approvals by clicking _here

> % T =
show |10 entries Search:
Approve for
Patient jon1n e g DMET Dipl Existing Dipl DMET Ra Clinical Ra PHEL i cH s tQc EMR Fl PK Ph Upload pﬁplﬂad
0 ccession i ene iplotype xisting Diplotype ce clinical Race W01 - (S, QCFlag  Suspect Q) ag enotype SRR e
I I u I I la I l 17229  005-089-0580 S305 TPMT e None white; other male?(0] male  REVIEW race ROUTIME WILDTYPE “plnéa?d Lo apf;;‘:f:;"
17228  D0S-03-0580 $305 CYP20E (*¥1/%272M Mone white: other male?(0) male REVIEW race ROUTIME EM uplosded to a”s;;:m“
.
D I SC re p a I l Cy 17454 001-249-0720 2095 TPMT F1/%1 G| GG AA white; white male?(0) male PASS ROUTINE WILDTYPE “plnéa?d te apf;;‘:f:;"
17454  D01-249-0720 2095 CYRZDE (#2/%2710 Home white; white mmsle?(0) rale PasS ROUTIHE EM “pl"“égfd to app’i":f:;"
M a n a e m e nt 17900 005-266-0670 H4863 TRPMT LETLY GG GIG|AMA white; white fernale(3)  famale PASS ROUTINE WILDTYRE “Plnggid & a”fﬁ’:‘;ffab”
17900 005-266-0670 H4863 CYRPIDE (*L0/*41)zH Hone white; white female(3)  fernale PASS ROUTINE EM Mo O
17914  005-243-0513 H4853 TPMT Sl GGG/ GAA asian; white; white male?(0) male PAZE ROUTIME WILDTYPE Mo m|
17914  005-243-0513 H4853 CYP2DE (*f*1)zH None asian;white; white rmale?(0) male PASS ROUTINE EM o O
18054 006-174-0634 H5241 CYPZDE (*ai 412N None white; white male?(0) male PASS PRIORITY PM “"'“gsjd = apfs’;‘;ffgb"
18054  006-174-063¢ H5z4l TPMT w1 GGG/ G4 white; white rmsle?(0) male PASS ROUTINE WILDTYRE Na | m}

Showing 1 to 10 of 464 entries (First] (Eravious) [ @ (2) (&) (3] (3) (Fet) (Last)

To the EMR



DMET Tracker: place to flag genotype, race, or gender
mismatches; review priority or indeterminant diplotypes; track
upload from research database to clinical warehouse

i vl Entries

Accession ID T'IJ[I:E Gene DMET Diplotype
005-089-0580 5305 TPMT *1/1
0a5-089-0580 5305 CYP20p (FL* 22N
001-249-0720 2095  TPMT *1/%1
g01-249-0720 2095 CYP206 (F2* 2N
oos-266-0670 H42369 TRPMT *1/%1
005-266-0670 H4869 CYPE06  (*10/*41)28
005-243-0513 H48533 TPMT *1/%1
005-243-0513 H48532 CYP206 (*1/* 112N
0056-174-0634 H3241 CYP206 (At 412N
goge-174-0634 H3241 TPMT *1/%1
0os-249-0465 H3502 TRPMT *1/%1
00g6-349-0465 H35032 CYP20A (* 123N

Existing
Diplotype

Mone
Mone
G/G|G/G|AfA
Mone

G/G|G/G| A8

Mone
G/G]G/G] A0

Maone
Mone

G/GIG/G| A8

G/G|G/G| A8

Maone

Clinical
DMET Race Race
white; other
white; other
white; white
white; white
white; white
white; white
asian;white; white
asian;white; white
white; white
white; white

multiple
white; race
[nos)

multiple
white; race

(nos)

DMET  Clinical

Gender Gender
male?(d) male
male?0) male
male?(0) male
male?0) male
fermale(3) female
female(3) female
male?(0) male
male? ) male
male?(d) male
male?0) male
fermale(3) female
fermale(3) female

QC Flag

Qc

REVIEVW  race

REVIEVW  race

PASS
PASS

PASS

PASS
PASS
PASS

PASS
PASS

REVIEW  race

REVIEW  race

Suspect

EMR Flag

ROLITINE
ROLITINE
ROLITINE
ROLTIME

ROLITIMNE

ROLITINE
ROLITINE
ROLTIME

FRICRITY
ROLTIME

ROLITINE

PRIORITY

Search: |

PK Phenotype

WILDTYPE
EM
WILDTYPE
EM

WILDTYPE

EM
WILDTYPE
EM

P11
WILDTYPE

WILDTYPE
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Some challenges in implementation.....

 Who’s going to pay?

* Cheaper, faster, easier, more effective to
genotype pre-emptively---before you even
think about prescribing the drug.....



PGRN Translational
Pharmacogenetics Program (TPP)

* Complete more CPIC guidelines and apply them
clinically

 Measure common outcomes across clinical sites
— accuracy of genetic testing, turn around times
— methodologies to report results
— suggested treatment algorithms
— Educational programs
— Frequency of actions taken @

PGRN
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INITIAL PLANS FOR TRANSLATIONAL PHARMACOGENETICS PROJECT for PGRN

Children’s Hospital in
Columbus; future use of
llumina ADME planned

CYP2C9 and VKORC1

Ross Heart Hospital,
anticipating PCI; 2.)
subsequently, begin
recruitment of
orthopedic patients as
part of pre-op visit

available prior to
surgery - goal is to
have genotype
information available
when drug choice and
dosing are to be
decided

PGRN Group [Platform \Variant(s) Application Timing Comments
PAAR 4 Kids |Affymetrix DMET array  [TPMT and CYP2D6 |pediatric patients any time while active |part of a research protocol; purpose is to
(St. Jude) (225 genes) plus custom [now; soon CYP2C19, |receiving multiple patient at St. Jude develop process to move results into
Relling copy number assay (for  |CYP2C9, VKORC1, [therapies medical records for clinical use
CYP2D6) DYPD, G6PD
PEAR (U. of |lllumina ADME Core Panel |CYP2C19 cardiac catheterization [concurrent with additional genotypes will be stored in
FL) laboratory; anticipating [admission - obtain integrated data repository (part of CTSI and
Johnson percutaneous coronary |results within 24 UF EMR, but not in EMR); can be pulled in as
intervention (PCl) hours to influence additional gene/drug pairs are added to the
decision before, or  [Personalized Medicine Program, as
within first dose of  |approved by the P&T subcommittee
clopidogrel
PAPI (U. MD) |Nanosphere Verigene CYP2C19; more cardiac catheterization [at presentation to
Shuldiner (point-of-care) for planned laboratory cath lab; or earlier (if
CYP2C19; broader panels, elective PCl)
e.g., lllumina ADME
planned
PAT [llumina VeraCode ADME |CYP2C19 preparation for ordered and blood  |additional genotypes obtained stored
(Vanderbilt) |Core Panel angiography, drawn concurrent electronically in secure repository separate
Peterson/ anticipating with preparation; from EMR; when appropriate drug
Roden percutaneous coronary |results obtained prescribed for a drug-genome interaction,
within 7 days the genome is made visible in the EMR
PPl (Mayo) [Nanosphere Varigene CYP2C19 cardiac catheterization |point-of-care first bolus clopidogrel dose without
Pereira/ (point-of-care) CYP2C19 laboratory genotyping in a CLIA- |genotype, second dose randomized to
Weinshilbou [platform approved either "standard care" with clopidogrel or
m environment assignment to clopidogrel or
prasugrel based on genotype; CYP2C19
information will be stored in the Mayo EMR
XGEN (OSU) |Autogenomics Infinity 1.) CYP2C19 first; 2.) |1.) cardiac genotyping in CLIA-  [1.) results posted to EMR (EPIC) w/ alert tags
Sadee System at Nationwide later phase in catheterization lab of  japp lab with results |& genotype compared with functional assay

of clopidogrel test doses; 2.) warfarin dosing
for the orthopedic population will use
website with plans to incorporate algorithms
directly into EMR; 3.) additional genotype
information (with Illumina ADME panel) will
go into OSUMC Information Warehouse, a

secure depository
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Related Projects

Using pharmacogenomics evidence (from GWA genotyping) to guide

prescriptions in primary care and assess risk for other conditions such

as HFE/hemochromatosis

e Computer-based family hx collection and CDS tool with 1-yr
follow-up for perceptions, attitudes, behaviors related to
thrombosis and breast, ovarian, and colon cancer

e SLCO1B1*5 genotyping and statin adherence

e  Effect of genetic risk info on anxiety and adherence in T2DM

e Selection for gastric bypass surgery vs other wt loss means based
on genetic variants predictive of long-term benefit from surgery

e |L28B variants and response to hepatitis C treatment

e  KRAS and BRAF mutational analysis in thyroid cancer patients

Choice of intra-ocular pressure lowering agent based on genotype

Pre-emptive PGx genotyping for clopidogrel, warfarin, or high-dose
simvastatin

Develop and apply evidence-based gene/drug guidelines that allow
clinicians to translate genetic test results into actionable medication
prescribing decisions

e  PGxdriven selection/dosing of antidepressants

e CYP2C19 genotyping for antiplatelet rx post PCl



Ability to genotype at lots of loci on CLIA-

approved array is eeming here and allows for
pre-emptive genotyping

* Affy DMET array: over 1 million features to
interrogate 1900 polymorphisms in 225 genes

* For the same money we spend on 2 genes, we
can interrogate 225 genes

— Makes pre-emptive genotyping a possibility



How to provide useful advice to

clinicians on top gene/drug pairs?
PharmGks a7

Pharmacogenomics Knowledge Base

Home* Search* Submit* Download Help~ PGREM~  Contributors = Clinical PGx

Consortia

Click on the acronym for each consortium to learn more about research goals.

Project Acronym Publications Host Institute

CPIC Clinical Pharmacogenetics Implementation Consortium
INSINC International Severe Irinotecan Neutropenia Consortium
[TPC International Tamaoxifen Pharmacogenomics Consortium
IWPC il International Warfarin Pharmacogenetics Consortium

IWPC-GWAS International Warfarin Pharmacogenetics Consortium - Genome Wi




CPIC: Clinical Pharmacogenetics Implementation
Consortium of the Pharmacogenomics
Research Network

MYV Relling! and TE Klein?

*Rationale

*Format

*Grading schemes for
strength of recommendations
*levels of evidence

VOLUME 89 NUMBER 3 | MARCH 2011 | www.nature.com/cpt



Clinical Pharmacogenetics Implementation
Consortium Guidelines for Thiopurine
Methyltransferase Genotype and Thiopurine
Dosing

MV Rellingl, EE Gardner!, W] Sandborn?, K Schmiegelnwf"‘i, C-H Pui?’, SW Yee®, CM Stein’,
M Carrillo®, WE Evans! and TE Klein®

Clin Pharmacol Ther. 2011 89:387-91



B DMET_8170_CYP2Dé6_translation.txt - Notepad

File Edit Format “iew Help

#s1accession=08-155-0435E

#Pati;ngmame=xxxxx "

#OMETT 1 Te=DMET_B170. dmet _GT. txt . .
FTubeNUMber=8170 One file per patient sample per gene
#FPatient ID= 0000702 "

#sampleType=PGEEN DHA
#FTranslationFile=oMET_PTus.wl.201011040RAFT. full. translation
#annotationFile=DMET_PTus. w1, 20090910, dc_annot. <sv

#Reporterbuild=0.8.5

#verifiedList var1f1edb affy_pMovis marker 1ist.txt

.pharmgkh. org/do/serve?objId=Palz 8&0bjC]s=Gene

IﬂdEpEﬂdent Copy Number 2
CI.I I|:Lrl LT T r\.ll CLaoTury T LT LT

alled Diplotypes Puss1b12 w141

e move !l DI 0L yHes Foss (012 2 UMK
Cupg Mumber Corrected alleles PLA,

Mumber Mon-reference Probe Sets §

Probe Set ID affy wverified Genome pPosition dbsShP RS ID Genotype Call Contributes To alleles Descri
Ap_12261 W Ch22 140853887 rslesd 7 C/T refAvar w2, %8, %11, w12, %144, %146, %17, %19, %20, %21, %29, %40, %41, %4
Ap_12257 b Ch22:408537465 Fs2B8371725 G Ret Mvar %41 CYPZDE%41_2988G-AlSp]icepefect])
AmM_15502 M Ch22:40858512 r=s1080983 G A, rRefvar - CYP2DGE_-17 7058
Ap_12277 ki Ch22 40855076 r=l0581ad G rRef var - CYP206_1661G>C (w13 6v)
ApM_12247 b Ch22:40852557 rsl1135840 G rRefvar S4BaT CYP2DE_4180G>C (54867

Mumber reference only Probe Sets 25

Probe Set ID afty verified Genome Position dbsnP RS ID Genotype call Contributes To Alleles Descri
Ap_12285 W Ch22:4 0856638 r=sl065852 CAC rRef/Ref *4,%1l0,*1d4a, 566, “54 CYP2DE_100C>T{P345]
Ap_122584 b Chz2 140855614 rzS030862 3,3 ref /Ref %12 CYP20E%le_124G=A0G4 2R
Ap_12283 ] Ch22 40856600 FsF2549357 TAT rRef /Ref %15 CYP2DE%L5_1371insT
Ap_122581 ki Ch22:40855856 rs5030863 GG Ref Ref *11 CYP2DE%11_BE3G>C(splicepefect)
Ap_12280 ki Ch22:40855716 r=283717048 AT rRef/Ref w17,%40, %564 CYP206_1023C>T{T107I)
ApM_12278 ] Ch22 40855078 rsEly736512 GG Ref/Ref %25 CYP2DE%28_1A55G>A0v13HI])
AM_12276 b Ch22 40855030 FsS030655 T/T ref /Ref ¥§ CYP20E%6_1707delT
Ap_12275 ] Ch22 40854579, Ch22 140854975 F= 5030865 GG rRef /Ref *ld4a,%14E, %S CyP2Da%14or%E_
AM_12274 W Ch22:40854851 Fs3892057 5,3 rRef/Ref w4 CYP2D6%4_1846G=a0sp T icepefact])
Ap_12272 b Chz2 40854573 Fs72549356 - = ref /Ref *40 CYP20E%40_1863ins(TTTCGCCCC) 2
Ap_12270 W Ch22 140854763 r=72540354 -i= rRef /Ref %20 CYPZDE¥20 _15734nsG
AM_12268 ki Ch22 40854155 Fr=s72549353 AACT LAACT rRef Ref *19 CYP2D6%19_253%delanT
Am_12267 N Ch22:40854188 rs35742685 A8 ref/ref *3 CYP2DE%3_2540deTa
AM_12265 b Ch22:40854157 rsF2540352 —-i= rRef/Ref #21 CYP2DE%21_25731nsC
AM_12265 ki Ch22:40854147 Frs72549351 GACT AGACT rRef/Ref %38 CYP2DB%38_2587delGacT
Ap_12264 ki Ch22:40854120 r=5030656 Acasacs ref /Ref %5 CYP2DE%S_2615deTaaG
Ap_12250 b Ch22 40853802 rs 5030867 A48, rRef /Ref ®7 CYP2DE%7_25935A>C(HI24P)
AM_12258 Y Ch22 140853787 rs72545349 e Ref/Ref w44 CYPE2DE%44_2950G-C(splicepefect)
AM_12255 b Ch22:40853554 Fs50d 21388 GG Ref /Ref #20 CYP2DE%28_3183G>A0338M)
AM_12254 ki Ch22:40853536 r=s72549347 CAC rRef/Ref *564, %566 CYP2DE%56_32001C>TCR344x])
Am_12252 N Ch22:40853477  rs72549345 - - ref/ref %42 CYP2DE%42_32597nsGT
Ap_12248 b Ch22 140852603 r=1135836 TAT rRef/Ref %18 CYPZDE¥LE_412 5dupaTECCCACT
AM_1 5506 i Ch22 408585920 rs28360521 G5 ref Ref - CYP2DE_—-21785>4

am 16503 R ChA2 td0RGRFOR . Ch2?2 rA0R5R703 - A refRef - CYPIDE =101 R4




Translate phenotypes into EMR
priority status

CYP2D6

phenotype CYP2D6 EMR flag
UM priority

EM routine

IM routine

PM priority

EM, IM routine

others marked for review






