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Objectives

 Recognize the current evidence on CYP2C19-guided antiplatelet
therapy

* Describe the use of rapid CYP2C19 genotyping at MedStar Health
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The Problem:

Clopidogrel is Less Effective in Select Patients

Clopidogrel works by inhibiting platelet activation and aggregation

However, 30-40% of patients experience high platelet reactivity

(i.e., clopidogrel resistance)

High platelet reactivity increases risk of clopidogrel failure
e Example - Relative risk: 2.7 (95% Cl: 2.03-3.89)
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CYP2C19 Genotype is Associated with
Clopidogrel Response

» Clopidogrel is a prodrug

« CYP2C19 genotype is associated with bioactivation of clopidogrel

« ~30% of patients have poor or intermediate CYP2C19 metabolism

o Varies based on ancestry

Clopidogrel
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Genotyping Terminology & Implications

CYP2C19 phenotype

Ultrarapid
metabolizer

Rapid metabolizer

Implications

* Normal or increased clopidogrel active
metabolite formation

* Normal or lower on-treatment platelet
reactivity

* No association with higher bleeding risk

Normal metabolizer

* Normal clopidogrel active metabolite

formation

* Normal on-treatment platelet reactivity

Other Terminology

in Literature

CYP2C19 wild type
or
LOF non-carrier

Therapeutic
recommendation

Standard dose clopidogrel

Intermediate
metabolizer

Poor metabolizer

» Reduced clopidogrel active metabolite

formation

* Increased on-treatment platelet reactivity

* Increased risk for ischemic events

Loss-of-function
(LOF)carrier

Avoid clopidogrel if

dose if no
contraindication.

possible. Use prasugrel or
ticagrelor at standard
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MedStar Institute for Innovation

7




Ancestry & CYP2C19

AT Central/ Near Sl
Phenotype American/ | American* .__|East Asian| European | Latino Oceanian | Saharan
. South Asian Eastern .
Afro-Caribbean African

Ultrarapid Metabolizer 4% 1% 3% 0% 5% 3% 4% 0% 3%
Rapid Metabolizer 24% 14% 19% 3% 27%  24% 26% 2% 21%
Normal Metabolizer 33% 63% 30% 38% 40%  52% 45% 4% 37%
Intermediate

Metabolizer (IM) 34% 21% 41% 46% 26% 19% 24% 37% 34%

Poor Metabolizer (PM) 5% 1% 8% 13% 2% 1% 2% 57% 5%

Frequencies and biogeographical groups per PharmGKB

*Populations from both North and South America with ancestors predating European colonization, including American Indian, Alaska Native, First Nations,
Inuit, and Métis in Canada, and Indigenous peoples of Central and South America.

High variant frequency across populations

——
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https://www.pharmgkb.org/page/biogeographicalGroups

Summary: They recognize the role of CYP2C19 genotype but do not
recommend routine testing

Guidelines and the FDA

|
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FDA & Medical Society Perspectives

* Boxed warning to avoid e June, 2024: Published an * Provides therapy
clopidogrel in CYP2C19 poor updated scientific statement recommendations based on
metabolizers e “Evidence to date CYP2C19

e FDA Table of PGx: Consider supports CYP2C19 genetic * Consider alternative
alternative therapy in poor testing before oral P2Y12 therapy in poor &

& intermediate inhibitors are prescribed” intermediate metabolizers

metabolizers * Does not comment on

¢ Does not comment on whether or not to test
whether or not to test

FDA: Food and Drug Administration
AHA/ACC American Heart Association and American Colleges of Cardiology
CPIC: Clinical Pharmacogenetics Implementation Consortium
Pereira, et al. Circulation. 2024. PMID: 38899464
Lee, et al. Clin Pharm Ther. 2022. PMID: 35034351
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Recent evidence - Stroke and Transient

Ischemic Attack (TIA):
The CHANCE-2 Trial

|
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Landmark Trial: CHANCE-2

 Population:

 Patient with minor
stroke or transient
ischemic attack (TIA)

« Allhad CYP2C19
intermediate or poor
metabolism

* Design:
 Randomized, double-
blind, placebo-

controlled trial at 202
centers in China

« Randomized 6412
patients

MedStar Health

Clopidogrel Placebo

Ticagrelor-Aspirin

Group Aspirin 75-300mg 75mg 0 Standard of care
Ticagrelor 180mg 90mg bid 90mg bid
*HR-NICE
* Symptom Onset<24h Day 1 Day 21 Day 90 Year 1

* LOF allele Carriersx

Clopidogrel 300mg 75mg 75mg

Clopidogrel-Aspirin  Aspirin 75-300mg 75mg 0 Standard of care
Group

Ticagrelor Placebo

* Screen three common CYFZ2C19 genotype variants (*2, *3, *17)
LOF allele Carriers indicate those with intermediate metabolizers (x1/*2 or *1/+3) and poor metabolizers (x2/*2, ¥3/*3 or *2/*3)
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CHANCE-2 Primary Endpoint:
Secondary Stroke within 90 Days

| 100- 10+
Among CYP2C1 9 < Zg: 8 Clopidogrel-aspirin 7.6
LOF-carriers, stroke g 70 6 =
was more common in T o] o+ Thsagrelor-saglin
atients treated with 2 404  2- Hazard ratio, 0.77 (95% Cl, 0.64—0.94)
=
. x: — P=0.008
clopidogrel £ 0 , , .
S 204 0 30 60 90
10+
O F I : :
0 30 60 90
Days since Randomization
No. at Risk
Clopidogrel—aspirin 3207 2994 2973 2486
—_— Ticagrelor—aspirin 3205 3046 3031 2554
MedStar Health MedStar Institute for Innovation 14
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CHANCE-2 Secondary Endpoints

* Turnaround time is critical
* Trial returned results in 80 minutes for >95% of patients
« Used point-of-care testing (machine not available in US)
« Results then informed antiplatelet therapy decision

* Bleeding
«  Similar risk of severe or moderate bleeding (0.3% vs 0.3%)
«  Ticagrelor has a higher risk of minor bleeding (5.3% vs 2.5%)

IM/PMs: intermediate or poor metabolizers

edStar Health MedStar Institute for Innovation 15
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Why not use ticagrelor for all?

Safety

e Higher risk of minor bleeding

Adherence

e Twice daily dosing = patients more likely to miss doses

Cost

e More expensive for the patient

|

<
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Can We Implement Like The
CHANCE-2 Trial?

|

<
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MSH Stroke Initiative: System Level Program

* Expected Volume: 250/year

* Dir. Stroke Program: Amie Hsia, MD
*Lab Dir: Marie Wanys

* Dir. Of Pathology: Patricia Tsang, MD
* Stroke Coord.: Karen (Moriarty) Poole

* Expected Volume: 225/year

* Dir. Stroke Prog.: Andrew Stemer, MD
+Lab Dir: Devin Lockard

* Dir. Of Pathology: Jay Zeck, MD

» Stroke Coord.: Kelsey Dawson, RN

MedStar Health

MFSMC

* Expected Volume: 250/year

* Dir. Stroke Program: Paul Singh, MD
*Lab Dir: Adi Nkwonta

* Dir. Of Pathology: Jennifer Brousard, MD

« Stroke Coord.: Ariel Woodward BSN, RN

Steering Team & Roles

PGx Program Dir. Max Smith, PharmD &
Sandra Swain, MD

Lab Coord.: Justin Reuter

Pathology Coord.: Moira Larsen, MD
Neurology Council: Carlo Tornatore, MD
Project Manager: Rhajni Gooden

MedStar Institute for Innovation 18




73 year-old male presents to
Patient MW%/%C with strokepsymptoms. Safety

Presentation Diagnosed with a Transient
Ischemic Attack (TIA) M 0 m e nt
CYP219 genetic test CYP2C19is Patient prescribed
ordered to assess a send-out clopidogrel to reduce risk of
clopidogrel’s effectiveness lab secondary stroke

Patient discharged 20
hours after presentation

Results show patient
CYP2C19 is a poor

metabolizer
Unable to contact the
Patient needs to be changed patient, so he remains
from clopidogrel to ticagrelor at increased risk of

secondary stroke

]
e
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Can We Implement like the CHANCE-2 Trial?

100- 10+
 Window for benefit may 2 Clopidogrel-aspirin 7:6
be early R 80
_ g 704 6- e
* Implementation efforts 3 e ﬂ/mp
S 1
stalled in 2022 = 504
E 40 2 - Hazard ratio, 0.77 (95% Cl, 0.64—0.94)
e Rapid assay became LE“ 04 P=0.008
. . T T 1
available in 2023 g = 0 30 60 90
104
0 -
0 3I0 GIO 9IO
Days since Randomization
No. at Risk
Clopidogrel—aspirin 3207 2994 2973 2486
Ticagrelor—aspirin 3205 3046 3031 2554
——
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General Workflow (~ 8-12 hours)

I o

— v.

Patient Presents )
& Provider

Prescribes

Test Ordered via Personalized Care

Orderset

)}\-;%-» ’“\"&———» =

Sample i Interpretation .
Collection Transfer to Lab Rag;if;YPizncm & Rsp orting Provider Access Results
yping in EHR & CDS Alerts*
MedStar Health

First dose ticagrelor for all patients while the test is pending 21



MWHC CYP2C19 Testing: Basic Workflow
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Interdisciplinary Team

Physicians Sl [Respaneas Lab personnel Pharmacists
(nurses)

e Order test e Collect the e Run the test e Second layer of
e React to results sample support

—

MedStar Health
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RSO [
GENLAB, GUHGLUCOSE
GENLAB. GUHGLUCOSE Loc:GUH M33B; M3300; E PCl Allergies:No Known Allergies
/ Male @ 48 years Reg Dt: 10/ 00:00:00 EDT  Inpatient Status Chg: LoC:Women and Infant Ser... Dosing Wi:
Discharge D ADV Dir/MOIL) Portal: No
sgn Nurse: | Ins: Code: Not Ordered: On Research Study: No
A Results Review %2 Full screen

All Results Lab Vitals - Recent  Vitals - Bxtended  Radiology ~ HLA  Microbiology  Assessments  Pulmonology Cardiclogy  Anesthesia Results C Incision/Wound Endecrinology

Flowsheet: | Lab View | | Procedure Selection | Level: [ Lab View v| @Table  O6roup  OlList

Inpatient Summary
Patient Care Summary June 17, 2024 10:32 EDT - July 18, 2024 10:32 EDT (Clinical Range)
Clinic Tasks

Results Review Molecular Pathology

Lab Viewer Lab View [ 07/17/2024 10:30 EDT
Molecular Pathology
CYP2C19_Genotype 141

CYP2C19_Phenotype Mormal Metab *

CYP2C19_Phenotype Interp CYP2C19 Phenotype Inte

Clinical Documents

Document Viewing d@ @z ax|aer @|agsw
Form
Orders s Result Type: CYP2C19_Phenotype Interp
Result Date: July 17, 2024 10:30 EDT
Result Status: Auth (Verified)
Contributor: McCauley, Jayne on July 17, 2024 10:31 EDT
Verified By: McCauley, Jayne on July 17, 2024 10:31 EDT
Encounter info: GUH-022071773583, Georgetown, Inpatient, 10/26/2023 -

* Final Report *

Normal Metabolizer

Normal/Routine/Low Risk
Two normal function alleles

Based on the genotype result this patient is predicted to be a normal metabolizer of CYP2C19 substrates.

Based on genotype, there is no reason to selectively adjust the dose of most medications that are metabolized by CYP2C19.




If an Order is Placed for Clopidogrel in a
CYP2C19 Poor or Intermediate Metabolizer:

|

-

Discern: (1of 1)
Sedscar ealth Clopidogrel May Be Ineffective

PROBLEM
Results of genetic testing for ZZZTESTPATIENT, MSMHCONECONTENTT suggest use of clopidogrel may be ineffective and depending on indication,
lead to increased risk of stent thrombosis, myocardial infarction, acute ischemic stroke, transient ischemic attack, or death. Note that prior history of

uneventful clopidogrel use does not diminish future risk.
RECOMMENDATIONS
Consider ordering ticagrelor (Brilinta) or prasugrel (Effient) instead if there are no contraindications. (NOTE: prasugrel contraindicated in patients with

stroke or TIA)
For more guidance, order a pharmacogenomics consult (response in 1-2 business days), contact MedStarGeneticMedicine@medstar.net, or click the

Information button below.

Alert Acti
Ditancel the clopidogrel order
() Information Acknowledged. Order clopidogrel anyway. (Override reason required)

Add orders for:
[] Consult to Pharmacagenomics and Pharmacogenetics Maryland
[[] Consult to Pharmacegenemics and Pharmacogenetics Washington

[ prasugrel

[ ticagrelor

MedStar Institute for Innovation
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Pharmacist Clinical Surveillance Alerts

RelevantP2Y12
Inhibitor Prescribed

1

Figure 1: Clinical Algorithm

CYP2C19 CYP2C19
Metabolism Metabolism
l |
| | | ]
Ultrarapid, Rapid, or Intermediate or Poor Ultrarapid, Rapid, or Intermediate or Poor
NormalMetabolizer Metabolizer Normal Metabolizer Metabolizer

] i
[e,a;. CYP2C19-antiplt mismatch ] 631 CYP2C19-antiplt de-escalation
| I
Avoid Clopidogrel. Consider ]
De-escalationto Ticagrelor
Clopidogrel

Continue Continue

Clopidogrel Consider Alternative
Therapy with
Ticagreloror Prasugrel
at a Standard Dose

(Prasugrel contraindicated if
—| history of TIA or stroke)

MedStar Health MedStar Institute for Innovation 26



Initial Experiences with Stroke & TIA

Sites Tests Tests Turnaround Time
Ordered | Completed
[Start Date] er Week P Order to Results
- (Median, 25t 75th
percentile
MGUH
4.9 203 6.6 (4.1,12) h
[Aug ‘24] ( )l
MFSMC
4.9 123 6.1(3.3,17) h
[Dec 24] (3.3, 17) hrs
MWHC
3.0 42 4.4(2.9,7.6)h
[Mar ‘25] R TR
Overall 4.6 368 6.1 (3.6, 12) hrs

N/A: Data not yet available.

CYP2C19
IM/PMs

63 (31%)
46 (37%)

18 (43%)
131 (35%)

Prescribing aligned
with PGx Results?

93%

89%

94%
92%

1Analysis ongoing. Current data include those with CYP2C19 results prescribed a P2Y12i at discharge (MFSMC: 66; MGUH: 74;
MWHC: 16). CYP2C19 IM/PMs prescribed ticagrelor and other CYP2C19 results are prescribed clopidogrel.

——

MedStar Health

MedStar Institute for Innovation
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Summary

Clopidogrel use in CYP2C19 poor and intermediate metabolism is
associated with increased ischemic events

MedStar Health launched rapid CYP2C1719 genotyping at its
comprehensive stroke centers

An engaged interdisciplinary team was critical to successful
Implementation

|
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MedStar Health

MedStar Health: Rapid CYP2C19 Genotype Where can | find

the test results?
Why do | need a Rapid CYP2C19 Genotype test? Results are located in the

Genetics tab, within
Results Review.

+ Clopidogrel (Plavix) is widely used in the treatment of stroke, acute coronary syndrome, and
other conditions characterized by a high risk of ischemic events. However, CYP2C19 is
necessary to bioactivate clopidogrel and clopidogrel’s effectiveness can vary significantly
among individuals due to genetic differences in the CYP2C19 metabolism of clopidogrel.

+ The in-house Genomadix Cube CYP2C19 System detects three alleles (*2, *3, and *17) using
three buccal swabs, which is used to determine the phenotype of a patient.

Who is the target population for testing? CYP2C19 Result Preferred P2Y12 Inhibitor

+ Patients who may start clopidogrel Ultrarapid Metabalism Clopidogre! (Plavix)
= For example, patients presenting with ischemic stroke, transient ischemic attack (T1A), acu
coronary syndrome (ACS), or undergoing a percutaneous coronary intervention (PCI) Rapid Metabalism Clopidogrel (Plavix)
+ Patients with a complex history of medication respense or current clopidogrel therapy is What do | do
ineffective with the test Narmal Metabolism Clopidogre! (Plavix)
)
When do | order a test? results? Intermediate Metabolism Ticagrelor (Brilinta)
+ Before initiating clopidogrel therapy: to improve treatment outcomes by preventing
. . . . N Poor Metabalism Ticagrelor (Brilinta)
unnecessary drug exposure to ineffective therapy and reducing the risk of complications
+ In patients already on clopidogrel therapy: to reassess the need for alternative therapy to - X - —
. N . . . Unknown or indeterminate Ticagrelor (Brilinta)
prevent treatment failure and identify risk of complications
How do | order a test?
1.Search for the "CYP2C19 Rapid Genotype” order or select it from a relevant order set For additional support call pharrﬂacy‘ place an order for a PGx Consult, or refer to
2. Typical turnaround time: within 12 hours CPIC guidelines.
How is the sample collected?
+ The test requires 3 test-specific buccal swabs. At MFSMC, ED nurses have been trained to References
collect these samples. To obtain the unique buccal swabs needed for this test, call lab: 1.Lee CR, et. al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2C19 Genotype and Clopidogrel

Therapy: 2022 Update. Clin Pharmacol Ther. 2022;112(5):959-967. PMID: 35034351,
. . . . . ) 2.Wang Y. et. al. Ticagrelor versus Clopidogrel in CYP2C1% Loss-of-Function Carriers with Stroke or TIA. N Engl J Med.
+ An example of the collection method can be found in the first minute of the following video: 2021:385(27):2520-2530. PMID: 34708996,

o https://www.youtube.com/watch?v= n5t9Tmkslw



Precision
Medicine
Integration

Pharmacogenomic testing
integration enhances
personalized treatment
decisions and improves

overall survival rates



Laboratory Implementation
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Strategic Considerations

Testing Volume
Space

FDA/LDT

Lab Personnel
Cost/Billing
Workflow
Turnaround Time
LIS integration

Important Note: Engage providers, lab staff and IT resources early and often!



Decision to Deployment

Order the Place The Validate Establish

Equipment Equipment new Assay Workflows
and and

Reagents Equipment




Implementation: Case Study 1

7 5,
# Storage of swabs: ™,
/ 5,
St b or Nurses
¢, Stat Lab or Murses )

Y station i %
\ /

Order received by:
Lab Support Stafi

Transporting collected

Swab Collected by: swabs to Cube:

Phlebotomy

Phlebotomy Phlebotomy
Test ordered: Testing Swabs on Cube: Test Result Entry:
Clinician | ; | ; f . Lab Technician Lab Technician
/ Order received by: | /swabs collected by: | l__.-Tranmr;i:?ooéﬁggF{:ted
/ Murses Murses e
Run By Overseen By
CAP Accreditation Lab Technician Lab Management Minimum Personnel | TestOffered (hrs/days)
Quality Controls Lab Technician Lab Management Requirements 24717 12/5 | 12/7
Proficiency Testing Lab Technician Lab Management Nurses/Phlebotomy 3 2 3
Training Lab Management Lab Management 3 2 3
Lab Management

Management Nurses/Phlebotomy




Implementation: Case Study 2

r %,

Fy ",
r - %,
A STC-'EQE ar swabs:

%, MNursing Station
r

“,
%,

r %,

// ™,
/ Storage of Test Kits: y
%, Mursing Station

M, r

“,

“,

/

“,

._.-;rransporting of collected

swabs to Cube:

N/A (at nurses station) [/

Test ordered: : _-":Drder received by: _-"'-Swabs collected by:
Clinician Nurses J / Nurses '
Run By Overseen By
N Lab
CAP Accreditation Lab Management
Management
. Lab
Quality Controls Nurses
Management
- . Lab
Proficiency Testing Lab Management
Management
Training Nurse Lab
Management Management Management

/Testing Swabs on Cube: |

—_— Test Result Entry:
f f MNurses Nurses
Minimum Test Offered (hrs/days)
Personnel
Requirements 2417 12/5 12/7
Nurses 3 2 3




Test ordered:

Clinician E

Implementation: Case Study 3

I’ : \\
/ Storage of swabs:
Stat Lab

Order Received by:
Lab Technician

Swab Collected by:

Lab Technician

Transporting of Collected
Swabs to Cube:

Testing Swabs on Cube:

Lab Technician

Test Result Entry:
Lab Technician

Minimum Test Offered (hrs/days)
Personnel
Requirements 24/7 12/5 12/7
Lab Staff 3 2 3

Run By Overseen By

N . Lab

CAP Accreditation Lab Technician

Management

Quality Controls Lab Technician 1)
y Management

Proficiency Testin Lab Technician Lab
y g Management

Training

| ab

| ab




Laboratories are required to perform analytical validation of
each assay, method, or instrument system before use in
patient testing

6 Required Components:
Perform CAP-
Compliant /7 T
i © @ [l
Validation
Accuracy Precision Reportable
Range
i souseedapenon VAN @
Reference Analytical Analytical

Intervals Sensitivity Specificity




Creating the SOP:

Turning Strategy into Standard Practice

AS S8

= i & é A A

Sample List all Step-by- Quality Safetyand Documentat Troubleshoo
Handling required step Controland Precautions ion and ting Steps
reagents, instructions  Assurance Records
equipment for
and performing

software the tasks



The Lab Is Ready-Now Let’s Operationalize

Define Workflows and Drive Education

How to Order? How to Collect?
Paper Requisition X Swab
.| Electronic Order < Blood Draw
=] Routing (L Sputum
® Tracking Tissue

Insurance Coverage



Delivering PGx Insights
Effectively

Training and Education

Access to Guidelines

Clear Result Summaries
Educational Materials

Follow up and Care Coordination

Audit Trails

Regulatory alignment
Consent and Communication

HIPAA-Compliant Data Handling



Past PGx Meds (15)

'OLYPHARMACLY PGX RI: Q 1 vapor

1 Unknown o 13 1

9 Clopidogrel

Decreased Response

Carbamazepine

1known Response

chen / Hydrocodone

More Than Just a Lab Value

& Genomic Data Integration
L Decision Support Tools

"4l Outcome Tracking and Collaboration




Quality and Lab
Stewardship

Regular quality audits and staff
training ensure ongoing
stewardship and alignment with
patient care needs.

* Negative Controls

* Patient population
frequency changes

QNS rates
Result acknowledgement
Treatment changes



* Pharmacogenomic Testing Benefits

Laboratory Implementation Considerations

Key Takeaways Clinical Workflow Alignment

* Personalized Medicine Impact
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