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Clinicians follow professional society 
guidelines
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ACC/ AHA Guidelines – Class of Recommendation
Benefits versus Risk
Recommendations

Class 1 – Is recommended
Class 2a – Is reasonable
Class 2b – May/might be reasonable
Class 3a – Is not recommended
Class 3b – Potentially harmful or causes harm
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ACC/ AHA Guidelines – Level of Evidence
RCTs
Meta-analyses of high quality RCTs
Well-designed, well-executed nonrandomized studies, 

observational, or registry studies
Meta-analyses of such studies
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Clinicians follow professional society 
guidelines
Pharmacogenomics as an example
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Background

CLOPIDOGREL

Prodrug Active metabolite×
CYP2C19 LOF carriers

CYP2C19

Nature Reviews Cardiology 2009



©2020 MFMER  |  3948880-8

CYP2C19 LOF carriers
1 in 3 individuals may be LOF 

carriers
AUC0-24 is up to 46% and Cmax up 

to 40% lower that of non-carriers 
for the active metabolite 

J Thrombosis and Haemostasis 2008; JAMA 2011
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JAMA 2010

CYP2C19 LOF carriers vs Non-carriers
Risk of CV death, MI, or stroke  

1 or 2 None
Hazard ratio 

(95% CI)
Clarity-TIMI 28 8/77 10/150 1.56 (0.61-3.94)

EXCELSIOR 5/243 7/554 1.63 (0.52-5.14)

TRITON-TIMI 38 46/395 83/1064 1.53 (1.07-2.19)

AFIJI 15/73 11/186 5.38 (2.32-12.47)

FAST-MI 63/635 193/1573 0.79 (0.59-1.06)

RECLOSE 15/247 14/525 2.32 (1.12-4.81)

ISAR 55/680 119/1805 1.23 (0.89-1.70)
CLEAR-
PLATELETS 6/68 4/160 3.95 (1.11-14.02)

Intermountain 68/344 141/906 1.29 (0.97-1.72)

Totals 281/2762 582/6923 1.57 (1.13-2.16)

P=.006
0.1 0.2 0.5 1 2 5 10

Hazard Ratio (95% CI)

Increased Risk
in Non-carriers

Increased Risk
in Carriers

No. of Events/
No. individuals at Risk
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March 12, 2010

Clopidogrel: Black-box warning

BLACK BOX WARNING:
• IDENTIFY 

• ALTERNATIVE THERAPY
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The evidence base is insufficient to recommend either routine 
genetic or platelet function testing at the present time. There is 
no information that routine testing improves outcome in large 
subgroups of patients.

Circulation
2010
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TAILOR PCI
Coronary angiography/PCI referrals

Screen and consent

PCI

Randomize

Screen failures

Genotype-guided therapyConventional therapy

CYP2C19 *2/*3 carrier
Ticagrelor 90 mg BIDClopidogrel 75 mg daily CYP2C19 *2/*3 non-carrier

Clopidogrel 75 mg daily

12 month TaqMan genotyping12 month TaqMan genotyping

CYP2C19 *2/*3
Non-carrier

CYP2C19 *2/*3
Carrier

CYP2C19 *2/*3
Non-carrier

CYP2C19 *2/*3
Carrier

Primary analysis
cohort

Circ Cardiovas Interv 2019

Genotype-based Clinical Trials
Allele frequency
Number of homozygotes
Effect size
Trial design complexity and sample 
size
Ethics
Regulations and FDA
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Primary Endpoint
Composite of CV death, MI, stroke, stent thrombosis, severe recurrent ischemia
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Adjusted Hazard Ratio: 0.66 (0.43, 1.02)

∆=1.8%

Days from Randomization

Conventional therapy 946 906 898 894 876 867 864 859 604
Genotype-guided therapy 903 875 870 863 854 838 833 824 556
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Conventional therapy
Genotype-guided therapy

P=0.056

JAMA 2020 
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Study N N
First Author Type alternate clopidogrel ES (95% CI)

LOF
Dong, 2016 RCT 38 58 0.54 (0.33, 0.87)
Mega, 2009 RCT 407 395 0.72 (0.47, 1.09)
Ogawa, 2015 RCT 237 248 0.78 (0.45, 1.35)
Pereira, 2020 RCT 903 946 0.66 (0.43, 1.02)
Wallentin, 2010 RCT 1,384 1,388 0.77 (0.60, 0.99) 
Xiong, 2015 RCT 112 112        1.00 (0.00, 6,382.48)
Zhang, 2016 RCT 91 90 0.39 (0.14, 1.10) 
Subtotal (I-squared = 0.0%, P=0.785)  0.70 (0.59, 0.83)

Non-carriers
Dong, 2016 RCT 26 44 1.27 (0.50, 3.25)
Mega, 2009 RCT 1,048 1,064 1.21 (0.92, 1.60)
Ogawa, 2015 RCT 153 135 0.99 (0.50, 1.96)
Wellentin, 2010 RCT 3,554 3,516 0.86 (0.74, 1.00)
Subtotal (I-squared = 38.0%, P=0.184)  1.00 (0.80-1.25)

Overall (I-squared = 34.9%, P=0.120)  0.82 (0.70, 0.96)

NOTE:  Weights are from random effects analysis

.25 .5 1 1.5 2 3

LOF carriers
HR 0.70

Non-carriers 
HR1.0

JACC Intv. 2021 

Test of interaction based on 
CYP2C19 genotype

was statistically significant (p=0.013)

CYP2C19 Genetic Testing – Meta-Analysis
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Lancet 2021 

 ↓ Major Cardiovascular Events (RR 0.78, 95% CI  0.63-0.95, p=0.015)
 ↓ Cardiovascular Death (RR 0.77, 95% CI  0.50-1.00, p=0.049)
 ↓ MI (RR 0.76, 95% CI  0.60-0.96, p=0.021)
 ↓ Stent Thrombosis (RR 0.64, 95% CI  0.46-0.89, p=0.011)
 ↓ Stroke (RR 0.66, 95% CI  0.48-0.91, p=0.010)
 ↓ Minor Bleeding (RR 0.78, 95% CI  0.67-0.92, p=0.0030)
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Circulation 2024



©2020 MFMER  |  3948880-17

Clinicians follow professional society 
guidelines
Clopidogrel - CYP2C19 yet to be addressed
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Challenges to Clinical Implementation
Evidence of clinical utility
Objective practice guidelines
Availability of rapid turn-around genotyping performed in a CLIA-

approved environment
Incorporation of genotype data in an electronic medical record
EHR “alerts” at the point of care
Education of clinicians – patients
User friendly decision support software/tools
Insurance coverage and cost
Clinician and patient perceptions 

Pereira et al, Clin Pharm Therapeutics 2011
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Preemptive genetic testing Mayo-Baylor RIGHT 10K Study

Genetics in Medicine 2022 
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Operational Model to Implement Genetic Testing at 
Point of Care 

Genetics in Medicine 2017
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Genetic Test Reporting – Decreasing Complexity
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Only 13% of eligible patients undergo genetic testing
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DCM Genetic Testing Process
Family medical 

history
Education Sample 

collection

Insurance 
pre-

authorization

Sample 
tested

Return 
of results

Genetics in Medicine 2022

Genetic testing and clinical workflows
@ point of clinical care
Pre-emptive identification of eligible 

patients and opt-out option
Use existing clinical resources
Automate genetic counseling
Transparency regarding cost
Virtual engagement to provide results
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DCM Genetic Testing: Mayo Clinic Experience
Genetic counseling pre-INT vs post-INT (14.8% vs 33.5%, OR 

2.9, P<.0001)

Genetic testing pre-INT vs post-INT (13% vs 27.3%, OR 2.5, 
P=.001)

Likely pathogenic or pathogenic DCM related genetic variants 
detection increased from 2 pre to 6 post-intervention

Genetics in Medicine 2022
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Take home points

 Clinicians follow professional society guidelines

 Guidelines are primarily driven by results of clinical trials but maybe biased 
when totality of data should be assessed

 Developing and conducting genotype-based clinical trials is complex

 Availability of genetic testing and results at the point of care is essential

 Institutional support and multidisciplinary teams involving clinicians, the 
laboratory, informatics, and IT resources are required

 Incorporating genetic testing within existing workflows including engaging 
clinicians, patients with insurance approvals/payments increases its 
adoption
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TAILOR PCI

Questions?
pereira.naveen@mayo.edu

@nl_pereira
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