& Penn Medicine

Building a pharmacogenomics program from the ground up:
balancing research and clinical care

Sony Tuteja, PharmD, MS, BCPS, FAHA
Research Assistant Professor of Medicine
Division of Translational Medicine and Human Genetics

Assistant Director, Pharmacogenomics Perelman
Perm anter for PreC|S|o.n Medicine SCHOOL OF MEDICINE
University of Pennsylvania UNIVERSITY 0f PENNSYLVANIA

Corporal Michael J. Crescenz VA Medical Center
Philadelphia, PA

j*,* U.S. Department
Ry ofVeterans Affairs

CPIC meeting October 5, 2023
1




Outline

* Provide an overview of the PGx implementation strategy at Penn Medicine
* Describe current PGx implementation studies
* Discuss the outcomes of the PGx clinic
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Variability in drug response
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1 Maitland-van der Zee. European J Pharmacology 2000; 410: 121-30 @ Penn Medicine
2Roden DM. Circulation 2011;123:1661-1670



Application of pharmacogenomics to clinical care and drug discovery

Predicting drug dose

Warfarin: CYP2C9/VKORC1

Thiopurines: TPMT

-

Improving efficacy

Tamoxifen, codeine: CYP2D6

Clopidogrel, Voriconazole: CYP2C19

"

lPharmacogenomics |

~

Primohamed M. Nature reviews genetics 2023

Preventing adverse events
Abacavir: HLA-A
Fluoropyrimidines: DPYD

Enabling drug discovery
Alirocumab: PCSK9
lvacaftor: CTFR

& Penn Medicine



What is the impact of pharmacogenomics?

ok [OpEen. a

Original Investigation | Genetics and Genomics

Projected Prevalence of Actionable Pharmacogenetic Variants and
Level A Drugs Prescribed Among US Veterans Health Administration
Pharmacy Users

Catherine Chanfreau-Coffinier, PhD; Leland E. Hull, MD, MPH; Julie A. Lynch, RN, PhD; Scott L. DuVall, PhD; Scott M. Damrauer, MD; Francesca E. Cunningham, PharmD;
Benjamin F. Voight, PhD; Michael E. Matheny, MD, MPH; David W. Oslin, MD; Michael S. Icardi, MD; Sony Tuteja, PharmD

JAMA Network Open. 2019;2(6):e195345. doi:10.1001/jamanetworkopen.2019.5345 June 7,2019

Out of 7.7 million veterans™: At Penn Medicine (3.3 million patients)?:
99% have at least 1 level A variant 98% have at least 1 level A variant
37% receive at least 1 level A drug 21% receive at least 1 level A drug

25% receive at least 2 level A drug

1 JAMA Network Open. PMID: 31173123 .
2 J Trans| Med. PMID: 36443877 & Penn Medicine



Elements needed to get PGx into clinical practice

§ Evidence for gene-drug pairs
E, Guidelines for translating results into prescribing decisions
v/ Access to testing

Reimbursement for testing

[

CLC K X

[J8 Informatics infrastructure to incorporate user friendly clinical decision support tools
9 Provider knowledge regarding interpretation and application of PGx

Qj Incentives for clinicians to order tests

N
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ackling roadblocks on the path to implementation

Barriers

> Clinician skepticism

> Lack of clinician knowledge about PGx

> Lack of endorsement of PGx by medical organizations
> Lack of genotyped guided RCTs

> Laboratory support

> EHR infrastructure for returning PGx results

N
& Penn Medicine



Stepwise strategy for PGx implementation: a campaign of “wins”

Research
Pilots

Scale up to other disease
areas

Scale to service line

Scale to entities across
health system

N
& Penn Medicine



Timeline of PGx research and clinical testing at Penn Medicine

PGx integration in EHR (2019)

CYP2C19 point of care test in PGx panel testing in
cardiac catheterization labs? gynecologic surgery

T

DPYD/ UGT1A1 testing in
gastrointestinal cancers 23

Established PGx clinic (2019)

1 PMID: 31928229 .
23 PMID: 34996412, PMID: 35865463 & Penn Medicine



CYP2C19- clopidogrel

Genotype
n=249

Tuteja S. Circulation Genomic and Precision Medicine 2020. PMID:
PMID: 34881641, PMID: 34984913

21%
\ Control >
n=255

S P=0.03

31928229

P<0.001

Clop, clopidogrel

Pras, prasugrel

Ticag, ticagrelor

IM, intermediate metabolizer
PM, poor metabolizer

NM, normal metabolizer



Benefits from the CYP2C19 study

>

>

_evel of clinician engagement required for successful uptake of PGx
dentified achievable intermediate outcomes to enable a “win” for

P(GXx testing

» Established a workflow for returning PGx results to the EHR with

CDS

> Helped facilitate transition to clinical use

N
& Penn Medicine



DPYD/ UGT1A1- Gl cancer therapies

5-7% 10-25%
_ DPYD UGT1A1
Capecitabine DPD Elimination Irinotecan Biliary excretion
DNA synthesis DNA relaxation
Tumor cell apoptosis Tumor cell apoptosis

DPYD variant carriers have greater dose-related toxicities
e Hematologic
e Gastrointestinal

Varughese LA, et al. Pharmacotherapy 2020. PMID: 32985005 @ Penn Medicine



Implementation Science framework provides a roadmap

Exploration Planning Implementation Sustainment
( A ( A
Engage medical oncology Assay ldentification/ Implementation study QC/Ql
validation
\ Y, ( . h \ Y,
A readin Implementation outcomes
SSEss readiness (feasibility, fidelity)
EHR Integration > g Adaptation
Identify champions \ J Effectiveness outcomes
( A ( A
Qualitative interviews Stakeholder education Utilization, cost Scalability
\_ J \_ J
Feb 2019 - Mar 2020 Nov 2019 - Mar 2021 Mar 2021 - Present Future
® ® ® ®

Aarons GA. Adm. Policy Ment. Health 2011 @ Penn Medicine



Qualitative study helped identify workflow barriers for PGx testing in
cancer care

1-on-1 semi-structured interviews with 25 oncology specialists

Barrier Strategy

Long turnaround time (send-out)  Developed test with local partners

Difficulty accessing results Discrete reporting in genomics module in Epic
Unclear dosing Clinical decision support

recommendations Train oncology pharmacists on PGx dosing
Limited evidence base Educational initiatives on current guidance
Test costs Testing covered by research funds

Kelsey Lau-Min, MD

Lau-Min KS. BMC Cancer 2022; PMID: 34996412 @ Penn Medicine



IMPACT GlI: ImpleMenting PhArmacogenetiC Testing
In Gastrointestinal Cancers

* Pragmatic, non-randomized, open-label study across three Penn Medicine sites

* Goal: evaluate the feasibility of DPYD/UGT1AL testing in patients treated with fluoropyrimidines or
Irinotecan.

Implementation (primary) Clinical effectiveness (secondary)
1. Determine feasibility, rate of PGx results 1. Determine if providing PGx test results
returned prior to first dose of will decrease number of patients
chemotherapy experiencing >Grade 3 toxicity over first
6 cycles
2. Determine fidelity, level of acceptance
by prescribers with genotype-based 2. Determine if providing PGx test results
dosing guidelines will improve patient reported outcomes
(PROs)

3. Determine penetrance, rates of testing
among eligible patients

[

Lisa Varughese, PharmD

Target enrollment: 300 patients

O
NCT04736472 & Penn Medicine



PhaRmacogEnetic-guided Cholce of post-SurgEry
analgesics (PRECISE)

* Randomized, controlled, study across two gynecology clinics (general and gyn-onc)

* Goal: Evaluate the feasibility of performing a multi-gene PGx panel test to provide tailored pain medication
recommendations in patients undergoing major gynecologic surgery

Implementation (primary) Clinical effectiveness (secondary)

1. Determine feasibility of integrating PGx = Determine if PGx testing will:

panel test in the EHR with a pharmacist * Improve patient self-reported

PGx e-consult numeric pain scores
2. Determine the fidelity to genotype- * Reduce total MME

guided pharmacotherapy  Decrease ADRs

recommendations

Target enrollment: 200 patients Glenda Hoffecker, PharmD

I
NCT05548660 @ Penn Medicine



PennChart Genomics Initiative (PGI)

PennChart Precision Medicine Tab

PGx Pr/el:ults cDS

. (Providers, Patients)
‘Genetic Results' ‘Genomics Module' J ‘Genomics Module' Manual
Document Type Variant Component | o, o Genomic Indicator Component Release

[ []
PGx genomic indicators-auto file or
manual add ‘Genetic Profile’
Scanned or HL7 (Patients)

Manual Entry

HL7 Interface Interface
Unstructured Genetic Data Structured Genetic
(PDF documents) Data

& &

PGI Leads:
Dr. Katherine Nathanson, MD
Dr. Marylyn Ritchie, PhD

External Genetic Testing Laboratory

P/LP- pathogenic/ likely pathogenic
P/A- present/absent

- ! 1
Lau-Min KS. Genetics in Medicine 2021 PMID: 33299147 @ Penn Medicine



Discrete PGx results in Precision Medicine tab

= @ChartReview EA Synopsis  snapshot

Chart Review

[ | ﬂ__ Encounters Labs Imaging  Procedures Cardiology Medications Other Order Precision Medicine

Preview - | £¥Refresh (8:38 AM) | = Select Al = Deselect All Review Selected Lab Flowshest [ Tl
% % = B B i
Y Filters Hide Canceled
Medicati d ord ! isf NCOLOGY SAME
© Medications and orders also exis Results (® PGX: DPYD/UGTIAT [PROCI049] (Accession 0000
Date Descr Scan Doc Descy
Recent Compeonent Value Ref Range & Units
DPYD ACTIVITY SCORE 151 2
0 07282021 PGX: . Lab Results | sg
< DPYD PHEMOTYPE Intermediate * Normal >
@ Searched through 8/26/2018 UGTIAT Genotype AL 17
UGT1A1 Phenotype Mormal Mormal
PGX REPORT SCAN SEE MEDVIEW
Result Information
Flag: Abnormal ! Status: Final result (Collected: 7/28/2021 16:10)

© 2021 Epic Systems Corporation
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PGx warnings at time of order entry

In-line warnings for patients with actionable results DPYD-High risk medication alert

fluorouracil 1 GM/20ML SOLN injection v Accept | X Cancel|  Pop up Med Warning (priority set to high):

(%) Pharmacogenomic Warning 2
Warnings  Regori
This patient is predicted to have an increased risk of severe or life-threatening toxicity when treated with flucrouracil (5-FU) at the standard dose. Reduce New Warmings (1 uniered, 1 smeren) O 5haw Riered d)
starting dose by 50%. Closely monitor for toxicity with subsequent titration of 5-FU as clinically indicated,
Fharmacogenomic Warning flisprouracil 500 mgJ10 miL SOLN injection AT
F‘.Ep\',l'[' M Patient i prediciad 1o have an increpaed riok of aasvera ey when ireatsd with T F"-ns"-n.ﬂr"ﬂ'-' New.

S-fAucrauracil

Vial: 20 mL

ﬂl[D\'arnds Faason Ell:'

Product: FLUOROURACIL 1 GM/20ML IV SOLN

b BTN Use Free Text  Taper/Ramp  Combination Dosage
Qoo 0

Route: intraVENOL

oi'-'éL:L:Q-'I'_':- o

Duration Doses

Starting: |1/28/2021 [| Ending:

IimFnaianedy owesTide all wamings

Ooispense:  Daysyil

Quantity 1] !} Refilt | @

Banafils sxcesd iisks | Duplicats apprograts | | Wil moniler closely  Has previously tolerated Chvarride Al Warnings w [

" Cvernce and Accept o Cancel

© 2021 Epic Systems Corporation

N
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PGx Iinfrastructure build in the EHR

> 50 Genomic Indicators for 13 genes > Clinical decision support
* DPYD (3) e 83 inline warnings with pharmacotherapy
* UGTIAL (3) recommendations created for 31 CPIC
* CYP2B6 (5) Level A or B medications

e CYP2CY (5)

e CYP2C19 (5) Poor metabolizer, intermediate metabolizer, normal metabolizer,
Rapid metabolizer, ultrarapid metabolizer
e CYP2D6 (5) g g

 CYP3AS5 (3)

* HLA-A*31:01 (2)

* HLA-B *15:02, *57:01, *58:01 (6)

* IFNL4 (2)

* NUDT15 (4)

 SLCO1B1 (3)

e TPMT (4)

* In progress (VKORC1, CYP4F2, CYP2C cluster)

Hoffecker et al. Genetics in Medicine Open. March 08, 2023. DOI:https://doi.org/10.1016/j.0im0.2023.100779 @ Penn Medicine



https://doi.org/10.1016/j.gimo.2023.100779

PennChart Genomics Initiative

Videos Besources= Personnel Publications Feedback

Home

Welcome to the PennChart Genomics Initiative [PGI) at the University of Pennsylvania. PGl is a multidisciplinary
collaborative that aims to optimize the electronic health record (EHR). The PGl team has successfully developed
the EHR infrastructure supporting genomic medicine and is now among the most advanced in the nation. In
response to repeated requests from other institutions for details about how to optimize their respective EHR
platforms to easily order genetic testing directly through the EHR, as well as receive and store genetic test

results in a standardized way, we have developed this website to facilitate the sharing of this information,

making it accessible to other institutions globally.

On this website, you will find:

https://www.med.upenn.edu/pgi/
Videos

» Optimizing Genomic Medicine in the Electronic Health Record [ - In this video, Katherine Nathanson, MD depicts the integration of genomics into
the electronic health record at Penn Medicine via the PennChart Genomics Initiative. She covers the importance of optimizing genetics in the

EHR, barriers to implementation of genomic medicine, and how to set up a genomic medicine friendly EHR.

« Customizing the Electronic Health Record for Delivery of Pharmacogenetics[#) - Sony Tuteja, PharmD, MS, BCPS, FAHA discusses pharmacogenetic
variants that impact medical care for patients, specifically the types of medications they are prescribed. She describes how pharmacogenetic
implementation was tested and implemented at Penn Medicine, including setting up an infrastructure that facilitates standardization and the

inclusion of clinical decision support aids for clinicians.

Resources

You will be required to use your Epic login to access resources.

« Penn Overview Tutorials - these videos will depict: e
@ Penn Medicine




Electronic integration with external PGx lab

}Amencan Indian or Alaska Mative | Ashkenazi or Sephardi Jewish = Asian  Black or African American  Hispanic or Lating ~

Mative Hawaiian or Other Pacific Islander  White or Caucasian  Unknown / not provided

nt Penn Research  Penn Proactive Genomics

Institutional  Patient
CUT-RGEEL Tl | Kit provided onsite

The patient has a history of medication failure.  The patient is starting a new medication, with no previous history.

The patient has a new diagnosis, with no pharmacological treatment history to treat that diagnosis.

The patient has a history of, or is currently experiencing, adverse side effects from his/her current medication(s).
The patient is on multiple medications, raising the risk for adverse drug reactions.

The patient has not complied with his/her current medication regimen due to adverse drug reactions.

Dosing increases on current medications have had a sub-therapeutic response.

The patient is taking a medication with pharmacogenetic biomarkers in the FDA labeling. Unspecified

Make more informed decisions about which medications to prescribe and/or avoid for this patient, or make more informed de ...

Identify possible alternative medications which may be subject to less impact from genetic variability and yield more consistent ...
Identify the predicted severity of any potential gene-drug interactions. Manage this patient’s cardiovascular or thrembotic risk.

Unspecified

LG  Hold for Manual Release
Standing  Future

OneOme Li OneOme Lab

oo I

ONEQOME GEMET ollection [

Priority Raouting

SALIVA

o
T
4
&
m

W

© 2021 Epic Systems Corporation

« @ Chart Review Admin Data O Rooming immunizations Plan infusion verify e Wrap-Up O ACP -
Chart Review

] ﬂ-: Encounters  Labs Imaging Procadures  Cardiology  Medications  Other Orders  Precision Medicine  Episodes  Lettars ~

M Breview = | ¥ Retresn (221 FM) | = Selec) Al == Deselect Al | [2) Review Selected | (5 Lab Flowsheet B3 Flowsheet | ¥y Apply Default Sorting wZ] Route Re 1 More
(@ Emers B4 Hide Canceled & Clear Fill
Date Description Status - Accassion Scan Doc Description
@ 092972021 RIGHTMED PGX16 TEST Final result TOCAG Genstic Results
"C A8 Ems-®OHD

Genomic Variant Results

RIGHTMED PGX16 TEST
Collected: 9/29/2021 Status: Final result Dx: Heartburn Order:

Expand All Collapse All

4 Pharmacogenomic Genatype CYP2B6 &
Genotypes: CYP2B6 *1/*1 Type: Pharmacogenomic Genotype
A Pharmacogenomic Genotype CYi

Cluster a
Genatypes: CYP2C Cluster rs12777823 GG Type: Pharmacogenomic Genotype

A Pharmacogenomic Genotype CYP2C19 Y
Genotypes: CYP2C19 #17/%17 e: Pharmacogenomic Genotype

v & Pharmacogenomic Genotype C R
Genotypes: CYP2C9 *1/*3 Type: Pharmacogenomic Genotype

2] Pharmacogenomic Genotype CvP206 — &
Genotypes: CYP2D6 *2/*5 e: Pharmacogenomic Genotype

® Pharmacogenomic Genatype CYPIAS #
Genotypes: CYP3AS #3431 Type: Pharmacogenomic Genotype

® pharmacogenomic Genotype CYP4F2 R’
c: ICYP4F2 *1/*1 Type: Pharmacogenomic Genotype

2 pharmacogenomic Genotype DFYD : e
Ge s: DPYD *1/%2A Type: Pharmacogenomic Genotype

> Pharmacogenomic Genotype HLA-A — A
types: HLA-A Negative Type: Pharmacogenomic Genotype

A Pharmacogenomic Genotype HLA-B a

Genotypes: HLA-B Negative Type: Pharmacogenomic Genotype

& Penn Medicine



Provider or Seli-Referral

Patient or provider contacts Medical Genetics
department for PGx test and/or counseling

Establishment of a
. . . . Patient Triage
m U Itl = d ISCI p I I n a.ry Genelic counselor screens patient for PGx
o test eligibility & aranges clinic visit.
PGx clinic

Genotyping

Physician orders PGx test. Sample is
sent to laboratory.

Patient Visit

Pharmacist and physician review results &
provide genotype-guided recommendations.

o]

& Penn Medicine



Growth of clinic volume and referrals
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Patient demographics

I L

Age, years 48 + 16
Female sex, n (%) 40 (58%)
Ethnicity, n (%)
White 58 (84%)
Other 6 (9%)
Unknown 5 (7%)
Referral Method, n (%)
Self-referred 32 (46%)
Preventative genomics screening program 20 (29%)
Psychiatrist 7 (10%)
Primary care 6 (9%)
Reason for consult, n (%)
Current or historical ADRs 26 (38%)
Preventative genomic screening 20 (29%)
History of medication nonresponse 11 (16%)

N
& Penn Medicine



Clinical Impact of PGx testing

All patients had at least one actionable PGx allele
Actionable alleles

Average per patient, mean = SD 4+1.8

= 3 actionable alleles 51 (74%)
Drug-gene interactions

current medication 17 (25%)

historical medication 12 (17%)

CYP2C19/CYP2D6- SSRI 8

CYP2D6- opioids 4
CYP2C19/CYP2D6-TCAs 4
CYP2C19 — proton pump inhibitor 3
SLCO1B1- statins 3
CYP2C9- NSAIDS 2
Other 4

N
& Penn Medicine



Most common PGx alleles identified

Number of actionable phenotypes / gene tests

o o N N & © N ) S g & & N <Q ¢ Qv N &
S AR AP AR S M\ SO | N S M PR & S Q 9
A Q & Q < N <Q A K N ) %
& & @ &N d L & &6 g & 4 8 qucb \?g;* N
& & o &

B Actionable phenotypes # Gene tests
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Timeframe for testing and clinic visits

Lab Result
PGx test Sample ) Clinic
dered collected received report -
ordere el generated visit
| Time to PGx result (date of PGx test order to date result report was generated = 18 days (13, 26) >
| Overall time [date of PGx test order to date of clinic visit = 37 days (27, 57) >
1

& Penn Medicine



Next Steps for PGx clinic

> PGX e-consult services
> Advertise the clinic internally to Penn providers to increase referrals
> New PGx pharmacist

N
& Penn Medicine



Summary

> Implementation science provided a roadmap for PGx

Implementation and provides a set of process outcomes that can
nelp demonstrate early “wins”

> Investment in EHR infrastructure was critical
> Patient needs/demands was the impetus for the PGx clinic
> Strategy of wins will help scale PGx across the health system

N
& Penn Medicine
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Questions?

Labs

PGx: DPYD/UGT1A1
Specimen: Blood
Date: Today

Varughese LA. Frontiers in Oncology 2022. PMID: 35865463 @ Penn Medicine
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