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Most (40%-80%) adults, and many children (15%),
receive at least one high-risk actionable Pgx drug
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> 95% of population has high-risk diplotype for at least
one of first 12 CPIC genes

%%~ 98.5% of whites and 99.1% of blacks in US a5% i
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So---it makes sense to do panel-based preemptive
pharmacogenetic testing on everyone

* 15%-80% of people get at least one high
risk drug—higher % with increased follow-
up, increased age

e Collectively, > 95% of people have at least
one high risk actionable genotype

* Cost of testing for “all” actionable
pharmacogenes similar to cost for testing
for one gene Cyrine E. Haidar,' Kristine R. Crews,'

James M. Hoffman,'? Mary V. Relling,!
and Kelly E. Caudle'
! Department of Pharmacy and Pharmaceutical Sciences, St. Jude Children’s Research Hospital,

Memphis, Tennessee, USA; email: cyrine.haidar@stjude.org, kristne.crews@stjude.org,
james. hoffman@stjude.org, mary.relling@stjude.org, kelly.caudle@sjude.org

Annual Review of Genomics and Human Genetics

2Office of Quality and Safery, St. Jude Children's Research Hospital, Memphis, Tennessee, USA



QCPIC

Clinical Pharmacogenetics
Implementation Consortium

* CPIC formed in 2009, knowing that clinical genotype data will
become more and more common

* Clinicians will be faced with HOW to use clinical Pgx data

* CPIC Goal: create, curate, update, make freely available specific
peer reviewed, evidence-based, updatable clinical guidelines
for actionable gene/drug pairs



We are approaching implementation on 2 fronts at
St. Jude
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CPIC St. Jude Children's
Clinical Pharmacogenetics ?g{f fu(i ih;l‘]ffsz}fi Research HOSP'TGI
Implementation Consortium shc - T s PG4KDS Protocol

Long-term goal: preemptive

%) STANFORD i i

£ e S pharmacogenetic testing as the
standard of care... for everyone

All CPIC guidelines.

Funding: R24 GM115264 (Relling, Klein), then

U24 HG 010135 (Caudle, Klein)

At SJ: supports Kelly Caudle and small % of MVR, James
Hoffman, Rose Gammal, April Blankenship

www.stjude.org/pg4kds/implement



Why Pgx at St. Jude Children’'s Research Hospital?

Mission: advance cures, and means of prevention, for
pediatric catastrophic diseases through research and
treatment.

75% of funding comes from private donors
Comprehensive EHR, includes prescribing and dispensing

> 90% follow-up for at least 10 years after completion
therapy (our children turn into adults)

Patients are likely (50%) to receive at least one high risk drug

Cost of genotyping at most actionable loci is low, making
multigenic, preemptive genetic testing inexpensive
We have a culture of prescribing based on evidence and a St. Jude Children's

o o . -.qﬁ m "r 1 11-1 -
team of qualified pharmacists Research Hospital

Findimg crires, Saving children

If we can’t do it....



PG4KDS Protocol

Clinical Implementation of Pharmacogenetics

* Opened 2011

* Goal: implement preemptive pharmacogenetic
testing for all active SJ patients

* Provide CDS for at least one drug for each gene
before it is implemented in the EHR

* Once a gene moves into EHR, move it in for all past
and future patients

* Provide information freely to patients and others

* So far implemented:

* 14 genes
* 66 drugs

St. Jude Children’s
Research Hospital

Findimg crires, Saving children



Special considerations in children

* Incidental findings of Pgx results for disease risk
— Characteristics of Incidental Findings that must be presented to patient/parent (disc w IRB)

— Very strong association with disease risk
— Not likely to be discovered via other means

— Actionable before 18 yrs of age
— Some are more likely to be discovered and/or actionable in children than adults (e.g.

Klinefelter’s); consent for sex chromosome findings needed up front

— Informed consent issues
e Parents must consent on behalf of patients
* Parents not allowed to refuse incidental findings on behalf of their child

e Consent must be re-obtained at age of majority
 More changes in health care systems are likely over the life of a child than the life of an

elderly person (longevity of results)
 Germline genomic variants don’t vary with age; every CPIC guideline has some applicability

to children (no ethical reason to exclude children)
e Children become adults; most “pediatric” practice settings include patients who are

“already” adults
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PG4KDS: The Process
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Patient
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Hoffman JM, et al. Am J Med Genet C Semin Med Genet. 2014;166C:45.
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Patient
consent
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PG4KDS: The Process

Research nurses retrieve daily list of all new pts
Protocol allows research nurses to deem when and whether to
approach patients

* > 95% of patients approached consent

* >96% reconsent at 18 yrs of age
Enrollment treated similarly to enrollment on tissue banking
protocols
All processes approved by Pharmacogenomics Oversight
Committee, which reports to P&T and Medical Executive
Committee

Hoffman JM, et al. Am J Med Genet C Semin Med Genet. 2014;166C:45.
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PG4KDS: The Process
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Return of results, Clinical decision
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/L PG4KDS Demographics: n =6682; nearly 47% of
patients genotyped are non-white

Median age at enrollment (range) 9.4 years (0.17-51.92 years)
White—Hispanic 571
White Non-Hispanic 3558
Black--Hispanic 12
Black Non-Hispanic 2018
Asian 116
American Indian 12
Pacific Islander 6
Multi Race/Other --Hispanic 106
Non-Hispanic 283

Unpublished data from 10/3/2022



2011

* TPMT — thiopurines

+ CYP2C19- clopidogrel

« CYP2C9, VKORC1 — warfarin
2012

+ CYP2D6 — codeine

* HLA-B — abacavir

+ SLCO1B1 — simvastatin

2013

* HLA-B - allopurinol

« CYP2D6, CYP2C19 — TCAs

* HLA-B — carbamazepine
 DPYD -- 5FU / capecitabine
TPMT — thiopurines—UPDATE

CYP2C19 — clopidogrel—UPDATE
2014

IL28B -- PEG interferon a

CFTR -- lvacaftor

* G6PD -- Rasburicase

* CYP2C9, HLA-B -- Phenytoin

* CYP2D6 - codeine--UPDATE

* HLA-B — abacavir--UPDATE

e SLCO1B1 - simvastatin—UPDATE

N
-
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Clinical Pharmacogenetics
Implementation Consortium

2015

+ CYP3AS — tacrolimus

« CYP2D6, CYP2C19- SSRIs

* UGT1A1 - atazanavir

* HLA-B — allopurinol—UPDATE

2016

+ CYP2C19 - voriconazole

* CYP2D6 — ondansetron

+ CYP2C9, VKORC1 — warfarin--UPDATE

CYP2D6, CYP2C19 —- TCAs—UPDATE

2017

+ CYP2D6 — tamoxifen
* HLA-B — carbamazepine—UPDATE
 DPYD -- 5FU / capecitabine—UPDATE

201

* RYR1, CACNA1S—inhaled anesthetics

« TPMT, NUDT15 — thiopurines—
UPDATE

(o)

https://cpicpgx.org/guidelines/

2019

+ CYP2B6—efavirenz

+ CYP2D6—atomoxetine

« CYP2C--NSAIDS

2020 (including in progress)
« CYP2C9, HLA—phenytoin
« CYP2C19--PPI

2021

« CYP2D6 - opioids

« mtRNR1—aminoglycosides
2022

« SLCO1B1-simvatatin-UPDATE
+ CYP2C19--clopidogrel
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2015

+ CYP3AS — tacrolimus

« CYP2D6, CYP2C19- SSRIs

* UGT1A1 - atazanavir

* HLA-B — allopurinol—UPDATE

2016

+ CYP2C19 - voriconazole
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+ CYP2D6 — tamoxifen
* HLA-B — carbamazepine—UPDATE
 DPYD -- 5FU / capecitabine—UPDATE

201

« RYR1, CACNA1S— inhaled anesthetics

 TPMT, NUDT15 — thiopurines—
UPDATE

(o)

https://cpicpgx.org/guidelines/

Implemented at St. Jude

2019

+ CYP2B6—efavirenz

+ CYP2D6—atomoxetine

« CYP2C--NSAIDS

2020 (including in progress)
+ CYP2C9, HLA—phenytoin
« CYP2C19--PPI

2021

» CYP2D6 - opioids

«  mtRNR1—aminoglycosides
2022

+ SLCO1B1-simvatatin-UPDATE
+ CYP2C19--clopidogrel



PG4KDS : Multiple steps to implement a new gene/drug pair

» Diplotype interpretation; clinical consults; problem list

Q CPIC | entries

Clinical Pharmacogenetics
Implementation Consortium

* Build interruptive CDS (clinical decision support)

* Update formulary, drug policies as needed

* Update pt and clinician educational materials

e Build and complete competencies for clinicians

* Approval of Pharmacogenetics Oversight Committee

* Update public website; sharing with PGRN, PharmGKB,
others



/&\ # of patients who have received top 10 most prescribed PGx drugs at
St. Jude (Q4-2019 to Q4-2020)
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95% of St. Jude
pts have at least
one high-risk
phenotype with
first 14 genes

Haidar et al, 2022

o Mreempeive Pharmacsgenomic Tesrmg



Diplotypes entered on Pharmacogenetics Tab: not encounter-specific.

Includes phe

notypic tests.

Labs/DI | Quick View

Vitals/Measures

All Results Daily

Mursing/Respiratory

Pharmacogenetics

Clinical/Scanned Doc

Male Micro

Protocol/MPTP Documents _Consents

Consents

Flowsheet: Pharmacogenetics

Mavigator

Pharmacogenetics

- u Level: Pharmacogenetics

1 Last 1000 Results in

| Show more results
Pharmacogenetics [ 9/12/2017 04:08 |
Pharmacogenetics | |
CYP2C9 PG4EDS Genotype f Abn *1/*3

CYP2C9 PG4EDS Consult
CYP2C9 PGAKDS Letter
CYP2C19 PGAKDS Genotype
CYP2C19 PGAKDS Consult
CYP2C19 PGAKDS Letter
_YP2D6 PG4KDS Genotype
CYP206 PG4EDS Consult
CYP206 PGA4EDS Letter
CYFZAS PG4EDS Genotype
CYF3AS PG4EDS Consult
CYF3AS PGAEDS Letter
DD PG4EDS Genotype
DRYD PG4KDS Consult
DPYD PG4KDS Letter
SLCC1EL PGAKDS Genotype
SLCO1B1 PGAKDS Consult

f Abn Priority

CYP2C9 PG4KDS Letter
fabn *1/*24
f Abn Priority
CYP2C19 PGAKDS Letter
f=2/%4)2M

f Routine

CYP200 PG4KDS Letter
fAbn *1A3C

f Abn Priority

CYFSAS PG4KDS Letter
f*1/51

f Routine

DPFYD PG4KDS Letter
f&bn *1a/*15 *1b/*5

f Abn Priarity

W

-—

Epic: genomic
indicators

Each test result has
the diplotype and
consult posted

Pt letter placed in EHR
as well as pt portal

PG4KDS




High-risk diplotypes translated to phenotype, automatically populated into
Problem List of EMR...but can also be entered manually

*% B Qualifier
|:| All Problems

Mame of Problem Onzet Date
COMSULT, PAIN MANAGEMEMNT SERYICE 2419/2018
CvP2CT19 INTERMEDIATE METABOLIZER 10272017
CvP2CY INTERMEDIATE METABOLIZER 10272007
CvPa3as HIGH-RISK. PHENOTYPE 104272007

Draily ranagement of epidural or subarachnoid drug ad... 2/19/2018

Customized Decision support “behind
the scenes”:

Links high-risk diplotypes to ordering
of applicable high-risk drug

Each high-risk result triggers
medication reconciliation

Clazzification  Annotated ..

tedical COMSULT, ...
Clirical
Clirncal
Clirncal
M edical L aily rmanag...

PG4KDS



Interruptive alerts (active CDS) used to guide prescribing
based on genetic test results

— Pre-test situation:

* Check for genetic test and, if missing, guide prescriber to consider ordering the test

— Post-test situation:
» Test result is high-risk and advice for prescribing alternatives should be presented
e Test result is low-risk and no interruptive alert should be fired

PG4KDS



,&\ Pre-test Alerts Only for Select Gene/Drug Pairs---driven off the
| ABSENCE of a test result

WARNING
e CYP2C19 and clopidogrel ’&\

A CYP2C19 genotype is recommended before prescribing clopidogrel in
patients for some indications. A CYP2C19 genotype test does not appear to

o CYP2D6 an d COd ei N e, have been ordered for this patient. Use of an alternative antiplatelet agent
may be recommended. Please consult a clinical pharmacist or click on Add’l
trama d OI info for more information.
* DPYD and fluoropyrimidines . cior
* TPMT/NUDT15 a nd i) Cancel Clopidogrel order
thiopu rines ) Continue Clopidogrel order
e G6PD activity and Add Order for.

CYP2C19 Genotype -> TN, Collect Mow. Blood, Fasting Required: No, ONCE

rasburicase, methylene blue

Hiztary Add! info k.




Post-test alerts contain prescribing recommendations based on the

PRESENCE of a high risk test result

_ ’& WARNING

Drug: codeine
Gene: CYP2D6

Based on the genotype result. this patient is predicted to be a
CYP2D6 poor metabolizer. If codeine is prescribed to a CYP2D6
poor metabolizer. suboptimal analgesia is likely. Other pain
medications such as morphine. HYDROmorphone (e .g.:
Dilaudid®) or acetaminophen/hydroCODONE (e.g.: Lortab®,
Vicodin®) are recommended. Please consult a clinical
pharmacist. review the pharmacogenetics tab or click on the link
below for more information.

Alert Action

Cancel Codeine order

Continue Codeine order

Highary Add info ]

PG4KDS

Nguyen et al JAMIA 2022



Post-test alert can incorporate non-genetic info too: based on
CYP2C19 phenotype, route of administration, age

/&\ WARNING

Based on the genotype result, this patient is predicted to be a CYP2C19 POOR METABOLIZER. If voriconazole is
prescribed to a CYP2C19 poor metabolizer adverse events are likely. For a patient 12 years of age or older and a

Drug: voriconazole CYP2C19 PM phenotype, initiate voriconazole at a reduced dose of 200 mg PO Q12H and follow up with therapeutic drug
8- monitoring. Please consult a clinical pharmacist, review the pharmacogenetics tab or click on the link below for more

Gene: CYP2C19 information.

Alert Action

i@ Check BELOW for age and phenotype adjusted dose

i) Continue with different dose

Add Order for:

W% oriconazole oral -> 200 mg = PO Q12H. Routine, CYPZ2C19 FOOR METABOLIZER. Age 12 years or above

Nguyen et al JAMIA 2022



Post-test alert: based on
2 genes affecting same drug

L WARNING

|Mercaptopurine can be affected by a patient’s TPMT and NUDT1b phenotype.
This patient is predicted to be a TPMT INTERMEDIATE METABOLIZER and a
NUDT15 NORMAL METABOLIZER.

Must create The patient is at risk for myelosuppression with normal doses of

) Mercaptopurine. Consider starting Mercaptopurine doses at 30-80% of the
algorithms that work normal dose. Please consult a clinical pharmacist. review the pharmacogenetics
when one or both tab or click on the link below for more information.
genes have results

Alert Action

") Cancel Mercaptopurine order

(") Mercaptopurine dose altered accordingly P 4 K D S

) Modify Mercaptopurine order

= Nguyen et al JAMIA 2022




pantoprazole EC tablet & Accept | ¥ Cancel

(1) Pharmacogenomic Alert - CYP2C19 Ultra-rapid Metabolizer / Pantoprazole ~ E p|C B PAS

Based on the genotype result, this patient is predicted to be a C¥2C19 ultra-rapid metobolizer. If pantoprazole is prescribed to a C¥2C19 ultra-rapid
metobolizer decreased effectiveness is likely. Consider DOUBLIMNG the recommended starting dose of pantoprazole. Please consult a clinical pharmacist,
review the Pharmacogenomics Results Report, or click CYP2C19 implementad gene (St Jude) for more information.

Reference Links: « Lexi-Comp » Dosing for CYP2C19 genotype Links to our
< 7 pharmacogenetic
@ Dose: o o 0.5 mg/kg 1 mg/kg prescribing
Route: recommendation
Frequency: Daily before breakfast BID AC information
Starting For

5/28/2022 Today Hours | Days

First Dose
Include Mow  aSle yT=Tu 9] (=)
First Dose: Tomorrow 0730 Final Dos=:  Until Discontinued & ey
Admin Instructions: o Add Admin Instructions
Prod. Admin. Inst.: Do not crush, chew, or split.
Mote to Pharmacy: = Add Mote to Pharmacy
Priority: Routine
Product: PANTOPRAZOLE SODIUM 20 MG PO TBEC
Dispense: Dispense from: SJ CENTRAL PHARMACY First doses from: SJ CENTRAL PHARMALCY
W
Dro

@ Next Required | Link Order + Accept | ¥ Cancel




There has been high adherence by clinicians to the CDS alerts

Total Number of Pharmacogenomic CDS Alerts (n=4,783)

PG4KDS

m Adherence = Non-adherence

May 2011 until November 2021. Adherence was defined as documentation that the CDS recommendations were
followed (e.g., dose adjustment or selecting an alternative medication) or documentation of a clinically
appropriate change in therapy

Nguyen et al JAMIA 2022



Countries where PG4KDS webpage were accessed from in 2021
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St. Jude Children’s Research Hospital

FY22-27
Strategic Plan

Goal 3

Reduce the toxicity of
cancer therapy and
enhance quality of life
for all children who
survive pediatric
cancer

Precision medicine expansion

— Clinical genomics and
pharmacogenomic services

— Cancer Predisposition Clinic
— Genomic translational research
Proton therapy

St. Jude LIFE and long-term effects of
cancer immunotherapy and targeted
therapy

HPV Cancer Prevention Program

FY22-27 ST. JUDE STRATEGIC PLAN | Accelerate Progress Globally



On dashboard for institutional patient safety metrics: % of thiopurine-naive ALL patients
who had a known TPMT and NUDT15 genotype prior to initiating thiopurine therapy
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* Patients with an unknown TPMT or NUDT15 genotype who initiated thiopurine therapy after an allogeneic HSCT were excluded from this reporting
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PG4KDS interesting cases

Patient with persistent Gl bleed unresponsive to pantoprazole,
found to be a CYP2C19 ultra-rapid metabolizer and was on
inadequate dose

Patient routinely taking codeine prior to being accepted to St. Jude.
Codeine made her fall asleep, mother thought it was normal. Found
to be a CYP2D6 ultra-rapid metabolizer

CYP2C19 genotype ordered on a patient about to start on
clopidogrel. Found to be a CYP2C19 poor metabolizer. Alternative

therapy initiated
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