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CPIC Informatics Working Group

* Growing interest in informatics aspects of CPIC guidelines and
clinical implementation of pharmacogenetics

e Goal: To support the adoption of the CPIC guidelines by identifying, and
resolving where possible, potential technical barriers to the implementation
of the guidelines within a clinical electronic environment.

* Working group leaders
e Bob Freimuth (Mayo Clinic) ® ™
e James Hoffman (St. Jude) ® C P I C
* Michelle Carrillo (Stanford) Clinical Pharmacogenetics
Implementation Consortium



CPIC Informatics Working Group:
Initial Focus

* Create comprehensive translation tables from genotype to
phenotype to clinical recommendation for CPIC guidelines

* Define structure and process to efficiently develop and maintain in
the most useful format(s)

* Publish as part of CPIC guidelines
Genotype

Q CPIC

linical Pharmacogenetics
plementation Consortium ‘

Recommendation
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Standardizing terms for clinical pharmacogenetic test
results: consensus terms from the Clinical Pharmacogenetics
Implementation Consortium (CPIC)

Kelly E. Caudle, PharmD, PhD', Henry M. Dunnenberger, PharmD?2, Robert R. Freimuth, PhD?,
Josh F. Peterson, MD#%*3, Jonathan D. Burlison, PhD', Michelle Whirl-Carrillo, PhDS®,
Stuart A. Scott, PhD’, Heidi L. Rehm, PhD?2, Marc S. Williams, MD?®, Teri E. Klein, PhD?,
Mary V. Relling, PharmD?’, James M. Hoffman, PharmDbD, MS!’

Introduction: Reporting and sharing pharmacogenetic test
results across clinical laboratories and electronic health records is
a crucial step toward the implementation of clinical pharmacoge-
netics, but allele function and phenotype terms are not standard-
ized. Our goal was to develop terms that can be broadly applied
to characterize pharmacogenetic allele function and inferred phe-

notypes.

Materials and methods: Terms currently used by genetic testing
laboratories and in the literature were identified. The Clinical Phar-
macogenetics Implementation Consortium (CPIC) used the Delphi
method to obtain a consensus and agree on uniform terms among
pharmacogenetic experts.

Results: Experts with diverse involvement in at least one area of
pharmacogenetics (clinicians, researchers, genetic testing laborato-

rians, pharmacogenetics implementers, and clinical informaticians;
n = 58) participated. After completion of five surveys, a consensus
(>70%) was reached with 90% of experts agreeing to the final sets of
pharmacogenetic terms.

Discussion: The proposed standardized pharmacogenetic terms will
improve the understanding and interpretation of pharmacogenetic
tests and reduce confusion by maintaining consistent nomenclature.
These standard terms can also facilitate pharmacogenetic data shar-
ing across diverse electronic health care record systems with clinical
decision support.

Genet Med advance online publication 21 July 2016

Key Words: CPIC; nomenclature; pharmacogenetics;
pharmacogenomics; terminology



SNOMED terms were not sufficiently
granular to build precise CDS

CPIC has worked to submit standard terms per
consensus process for addition to SNOMED and they
are now available.

New SNOMED terms also enable:

- Interoperability (e.qg. phenotype will travel with
patient)

- Sharing CDS



Proof of concept —now
scale up!

ETol[e1a M Examples: *1, *2, *3, *17
Diplotype Examples: CYP2D6 (*1/*10) or CYP2D6 (*5/*5)
Phenotype Example: CYP2D6 poor metabolizer

Therapeutic

Example: Do not use codeine.
Please select an alternative
therapeutic agent.

recommendation

Order a multigene
pharmacogenomic
test

Hicks JK et al. Am J Health-Syst Pharm 2016
Hoffman JM et al. / Am Med Inform Assoc. 2016

Are the results
returned in a discrete
electronic format?
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ACCEPTED 13 January 2016

Developing knowledge resources to support
precision medicine: principles from the
Clinical Pharmacogenetics Implementation
Consortium (CPIC)

OXFORD

VNIVERSITY PRESS

AMIN

3 SMAT PATEENHGARLT, LBADIH Bsk WA,

James M. Hoffman," Henry M Dunnenberger,? J Kevin Hicks,” Kelly E Caudle,” Michelle Whirl Carrillo,* Robert R Freimuth,®
Marc S Williams,® Teri E Klein,” and Josh F Peterson”

ABSTRACT

To move beyond a select few genes/drugs, the successful adoption of pharmacogenomics into routine clinical care requires a curated and ma-
chine-readable database of pharmacogenomic knowledge suitable for use in an electronic health record (EHR) with clinical decision support (CDS).
Recognizing that EHR vendors do not yet provide a standard set of CDS functions for pharmacogenetics, the Clinical Pharmacogenetics
Implementation Consortium (CPIC) Informatics Working Group is developing and systematically incorporating a set of EHR-agnostic implementation
resources into all CPIC guidelines. These resources illustrate how to integrate pharmacogenomic test results in clinical information systems with
CDS to facilitate the use of patient genomic data at the peint of care. Based on our collective experience creating existing CPIC resources and im-
plementing pharmacogenomics at our practice sites, we outline principles to define the key features of future knowledoe bases and discuss the
importance of these knowledge resources for pharmacogenomics and ultimately precision medicine.

Keywords: pharmacogenetics, knowledge bases, electronic health records, clinical decision support systems, precision medicine

Active Clinical Decision Active Clinical Decision Support Tool
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laboratory results with clinical ———3
I—’ information system r‘ interpretations
Yes Yes
Migrate genetic
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No No
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Store and display results
in a patient centric
and time-independent
tashion




P|C’s Five Principles for Q CPIC
Clinical Pharmacogenetics
nowledge Resources

Implementation Consortium
Pharmacogenomic knowledge resources must

1. - support traceability between interrogated variants
primary results, and clinical interpretations.

-~ (O

2. - rate level of evidence for each variant as well as for
the overall recommendation

3. - use standards to facilitate information exchange and
enable interoperability among disparate systems

Hoffman et al. Developing knowledge re s to support pre n medic
principles from the Clinical Pharmacogen t ImpI ementatio C ortium (CPIC) JAMIA 2016



CPIC’s Five Principles for
Knowledge Resources

Pharmacogenomic knowledge resources must:

4. - support long-term reinterpretation of results

5. - be positioned to be integrated with other knowledge
at the point of care

QCPIC

Clinical Pharmacogenetics
E::Lf:palZse;rthti\(/eegiflli:glkPnhOaVI\'/rlr?:fog etic Imtpl mppt fcp Con n’: (:n(CPIC) JAMIA 2016 m p l e m e n ta t] O n CO n SO rtl u m



Guideline

CFTR/ivacaftor
CYP2C19/voriconazole

CYP2C19 and CYP2D6/TCA
CYP2C19/55RI

CYP2C19/clopidogrel
CYP2B&/efavirenz

CYP2D6 and atomoxetine

CYP2D6 and codeine

0 |CYP2D6 and ondansetron/tropisetron
1 |CYP2D6 and tamoxifen

2 |CYP2C9, HLA-b/Phenytoin

3 |warfarin guideline

4| cyp3as/tacrolimus

5 |DPYD/fluoropyrimidines

& |(GEPD/rasburicase

7 |HLA/carbamazepine/oxcarbazepine
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Table 2 Dosing recommendations for tricyclic antidepressants based on cyp2dé phenotype

Classification of
re-connirmendatbon Classification of
for amitriptyline recomimendation
Phenotype implication Therapeutic recommendation™” and nortripyline® for other TCAS™
CYP2D6 Inzreased metabolism of TCAs to less Awoid tricyclic use due to potential lack Strong Opticnal
ultrarapid active compounds compared to normal of efficacy. Consider altemative drug
metabolizer metabolizers not metabolized by CYF2DE.
Lower plasma concentrations of active If a TCA is warranted, consider titrating
drug will increase probability of phar- to a higher target dose [compared to
macotherapy failure nommal metabolizers).® Utilize thera-
peutic dneg monitonng to guide dose
adjustments.
CYP2D6E Nomal metabolism of TCAs Initiate therapy with recommended Strong Sirong
marmal starting dose.
metabolizer
CYP2D6E Reduced metabolism of TCAs to less Consider a 25% reduction of recom- Moderate Oipticnal
intermediate active compounds compared to normal mended starting dose.” Utilize thera-
metabolizer metabolizers peutic dneg monitonng to guide dose
Higher plasma concentrations of adjustments.”
active dneg will increase the probability
of side effects
CYP20D6E poor Greatly reduced metabolism of TCAs Avoid tricyclic use due to potential for Strong Oipticnal
metabolizer to bess active compouwnds compared to side effects. Consider alternative drug
normal metabolizers not metabolized by CYF2DE.
Higher plasma concentrations of If a TCA is warranted, consider a 50%
active dneg will increase the probability reduction of recommended starting
of side effects dose.” Utilize therapeutic drug monitor-

ing to guide dose adjustments.®




CYP2C19 Diplotype  Activity Score CYP2C19 phenotype EHR Priority Result Notation

*24/*26 n/a Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*25/*35 n/a Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*25/*36 n/a Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*25/*37 nfa Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*26/*35 nfa Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*26/*36 nfa Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*26/*37 nfa Likely CYP2C19 Poor Metabolizer Abnormal/Priority/High Risk
*1/*17 nfa CYP2C19 Rapid Metabaolizer Abnormal/Priority/High Risk
*11/*17 n/a CYP2C19 Rapid Metabaolizer Abnormal/Priority/High Risk
*13/*17 n/a CYP2C19 Rapid Metabaolizer Abnormal/Priority/High Risk
*15/*17 n/a CYP2C19 Rapid Metabolizer Abnormal/Priority/High Risk
*17/*18 n/a CYP2C19 Rapid Metabolizer Abnormal/Priority/High Risk
*17/*28 n/a CYP2C19 Rapid Metabolizer Abnormal/Priority/High Risk
*17/*17 n/a CYP2C19 Ultrarapid Metabolizer Abnormal/Priority/High Risk
*1/*12 n/a Indeterminate none

*1/*14 n/a Indeterminate none

*1/*23 n/a Indeterminate none




CYP2D6E Phenotype

CYP2D6 ultrarapid metabolizer
CYP2D6 normal metabolizer
CYP2D6E normal metabolizer
CYP2D6 normal metabolizer
CYP2D6 normal metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 poor metabolizer

Indeterminate

Activity Score
»2.25

2.25

2

1.5

1.25

0.75

0.5

0.25

n/a

Implications for Phenotypic Measures  Therapeutic Recommendation Classification of Reco Comments

Increased metabolism of tricyclic antidepre Avoid tricyclic use due to potential lack of efficacy. Con Strong

Normal metabolism of tricyclic antidepress: Initiate therapy with recommended starting dose Strong
Normal metabolism of tricyclic antidepress: Initiate therapy with recommended starting dose Strong
Normal metabolism of tricyclic antidepress: Initiate therapy with recommended starting dose Strong
Normal metabolism of tricyclic antidepress|Initiate therapy with recommended starting dose Strong

Reduced metabolism of tricyclic antidepres Consider a 25% reduction of recommended starting dos Optional
Reduced metabolism of tricyclic antidepres Consider a 25% reduction of recommended starting dos Optional
Reduced metabolism of tricyclic antidepres Consider a 25% reduction of recommended starting dos Moderate
Reduced metabolism of tricyclic antidepres Consider a 25% reduction of recommended starting dos Moderate
Greatly reduced metabolism of tricyclic ant Avoid tricyclic use due to potential for side effects. Con Strong

n/a Mo recommendation Mo recommendation

n/fa

Patients may receive ar
Patients may receive ar
Patients may receive ar
Patients may receive ar
Patients may receive ar
Patients may receive ar
Patients may receive ar
Patients may receive ar
Patients may receive ar

n/a



CYP2C19 Phenotype

CYP2C19
Activity
- _Sunre

CYP2C19 intermediate
CYP2C19 intermediate
CYP2C19 intermediate
CYP2C19 intermediate
CYP2C19 normal metabolizer
CYP2C19 normal metabolizer
CYP2C19 normal metabolizer
CYP2C19 normal metabolizer
CYP2C19 poor metabolizer
CYP2C19 poor metabolizer
CYP2C19 poor metabolizer
CYP2C19 poor metabolizer
CYP2C19 rapid metabolizer

CYP2C19 rapid metabolizer
CYP?™19 ranid metahnlizar

n/fa
n/a
n/a
n/fa
n/a
n/fa
n/a
n/a
n/a
n/a
n/fa
n/a
n/a
n/a

r"ll'r:l‘l

CYP2D6 Phenotype

CYP2D6 intermediate metabolizer
CYP2D6 intermediate metaholizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metaholizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metabolizer
CYP2D6 intermediate metaholizer
CYP2D6 intermediate metabolizer

CYP2D6 intermediate metabolizer
CYP2NA intermediate metahnlizer

CYP2D&
Activity
Score |~
1

0.75

0.5

0.25

1

0.75

0.5

0.25

1

0.75

0.5

0.25

1

0.75
NG5

CYP2C19 CYP2D Therapeutic Classification of
Implication 6
s for = [ Impli ~ -

Reduced me Reducec Consider a 25% redu Optional
Reduced me Reducec Consider a 25% redu Optional
Reduced me Reducec Consider a 25% redu Optional
Reduced me Reducec Consider a 25% redu Optional
Normal met: Reducer Consider a 25% redu Moderate
Normal met: Reducec Consider a 25% redu Moderate
Normal met: Reducec Consider a 25% redu Moderate
Normal met: Reducec Consider a 25% redu Moderate
Greatly redu Reducec Avoid amitriptyline © Optional
Greatly redu Reducec Avoid amitriptyline u Optional
Greatly redu Reducec Avoid amitriptyline © Optional
Greatly redu Reducec Avoid amitriptyline u Optional
Increased m Reducec Consider alternative Optional

Increased m Reducec Consider alternative Optional

Inrreasaed m Bedurer Cnnsider alternative Dintinnal

Recommendation Recommendation

-

Comments

Patients may receive an initial |
Patients may receive an initial |
Patients may receive an initial |
Patients may receive an initial |
Patients may receive an initial |
Patients may receive an initial |
Patients may receive an initial |
Patients may receive an initial |
Dosing recommendations only 2
Dosing recommendations only 2
Dosing recommendations only 2
Dosing recommendations only 2
Dosing recommendations only 3
Dosing recommendations only 2

Nnsing recammendatinns nnle =



The referenced substrates and cited articles are examples and may not represent all information that may be available for an allele.

GENE: 5/7/2019
CYP2C19 | Drug substrate
Allele Allele Functional Status References PMID in vitro in vivo
*1 MNormal function Romkes 1991 2009263
Richardson 1995 7487078 S-mephenytoin, tolbutamide
Blaisdell 2002 12464799 S-mephenytoin
Hanioka 2007 17455109 S-mephenytoin
Hanioka 2008 18312490 omeprazole
Wang 2011 21325430 S-mephenytoin, omeprazole
Takahashi 2015 25001882 clopidogrel, S-mephenytoin
Drogemdoller 2010 20712527
Dodgen 2015 26244421 omeprazole
*2 No function de Morais 1994 8195161 S-mephenytoin
lbeanu 1998 9732415 S-mephenytoin
Lee 2009 19661214 S-mephenytoin, omeprazole
Xlao 1997 9103550 S-mephenytoin
*3 No function de Morais 1994 7969038 S-mephenytoin
Xiao 1997 9103550 S-mephenytoin
*4 No function Ferguson 1998 9435198 S-mephenytoin
Scott 2012 21358751 clopidogrel




GEME: CYP2C19

Activity Score
[Optional)

Allele/cDNArsID

Allele Functional Status
{Optional)

Allele Clinical Functional
Status (Required)

Allele Clinical Function
Substrate Specificity
[Optional)

PMID (Optional)

Strength of Evidence
(Optional)

Findings [{Optional)

2009263, 7487078,

124547595, 17455108,

2000263, 7424048; S-mephenytoin {in vitro), telbutamide (in vitro), 124547
vitro}; 17455109: S-mephenytoin (in vitro); 183124%0; omeprazole (in vitro

] i =

1 Hormal function 18312430, 21323430, mephenytoin {in vitro), omeprazole (in vitro}; 25001832 clopidogrel (in vitn
23001882, 20712527, vitro); 20712527, 26244421: omeprazole (in vivo)
26244421 h 2eh - omep !

:3 No function 8195181, 9732415, 28195181: S-mephenytoin (in vitro}; 5732415: S-mephenytoin {in viva), 19
19661214, 9103550 (in wivo), omeprazole (in vivo), 9103550; S-mephenytoin {in vivo)

*3 Mo function 7965038, 9103550 7955038: S-mephenytoin (in vivo}; 9103550: S-mephenytoin (in vivo)

4 Mo function 59435198, 213538731 59435198: S-mephenytoin (in vivo};, 21358751 clopidogrel (in wivo)
9103550 10022751 5103550: S-mephenytoin (in vivo}; 10022751: S-mephenytoin (in vitro}, toll

5 Mo function L o 21325430: S-mephenytoin (in vitroy, omeprazole (in vitro); 25001832: clopi

21325430, 25001882

mephenytoin {in vitro)

&

9732415, 21325430,

9732415 S-mephenytein (in vivo);, 21325430. S-mephenytoin {in vitro}, om



Phenotype Modifiers



Table 1 Assignment of likely TPMT and NUDT15 phenotypes based on genotypes

Likely phenotype® Genotypes Examples of diplotypes
Assignment of likely TPMT phenotypes based on genotypes
MNormal metabolizer An individual carrying two normal function alleles o P |
Intermediate metabolizer An individual carrying one normal function allele *1 /%2 *1/ 37 *1 /238, 1430, *1/%4
BLUS ane oo function allals
| | | |
Possible intermediate metabolizer An individual carrying one uncertain/unknown *2EB *IASRT
function allele PLUS one no function allele
Poor metabalizer An individual carrying two no function alleles *3A/*3A, *2/*3A, *3A/%30, *30C/44,
*2/%30, *3A/%4
Indeterminate An individual carrying two uncertain/unknown *5/ 28
function alleles *1/*8
OR

one normal function allele plus one uncertain
allele function allele




GENE:

SLCO1B1 21812017 Drug substrate
Allele Allele Functional Status References PMID in vitro in vivo
*1a Mormal function Mwinyi 2004 16568260 pravastatin
*1b Mormal function Mwinyi 2004 16068260 pravastatin
Kameyama 2005 15970799 pravastatin, atorvastatin, cerivastatin
Lee 2005 16198652 rosuvastatin
Katz 2006 16513443 atrasentan atrasentan
I Tirona 2001 11477075 estrone sulfate, estradiol 17beta-d-glucuronide
Possible decreased
*2 function Tirona 2001 11477075 estrone sulfate, estradiol 17beta-d-glucuronide
’ lirona 2003 12490595 rifampin |
Possible decreased
*3 function Tirona 2001 11477075 estrone sulfate, estradiol 1?be1l:a-d-glucur:]nide

Any combination with a “possible” function translated into a “possible” phenotype



CYP2C19 phenotype

CYP2C19 ultrarapid metabolizer

CYP2C19 rapid metabolizer

CYP2C19 normal metabolizer

Activity Score

n/a

n/a

Genotypes

An individual carrying two increased function alleles

An individual carrying one normal function allele and one

increased function allele

An individual carrying two normal function alleles

Examples of CYP2C19
diplotypes

*17/*17
*1/*17

*1/*1

ikely CYP2C19 intermediate
etabolizer

An individual carrying one normal function allele and one
decreased function allele or one increased function allele and one
decreased function allele or two decreased function alleles

*1/*9, *9/*17, *9/*9

CYP2C19 intermediate metabolizer

n/a

An individual carrying one normal function allele and one no
function allele or one increased function allele and one no

function allele

*1/*2, *¥1/*3, *2/*17,
*3/*17

ikely CYP2C19 poor metabolizer

n/a

An individual carrying one decreased function allele and one no

function allele

*2/*9'*3/*9

CYP2C19 poor metabolizer

Indeterminate

n/a

An individual carrying two no function alleles

An individual carrying one or two uncertain function alleles

*2/*2’*3/*3’*2/*3

*1/*12, *2/*12, *12/*14



Questions

* How does your institution implement “possible” phenotypes into the
EHR?

e Do the terms we use for these modifiers make sense?
* If not, what are other terms we should/could consider?



“Possible” phenotype assignment
using SNOMED-CT terms

Cyrine-Eliana Haidar, PharmD., BCPS, BCOP
Clinical Pharmacogenetics Coordinator
St. Jude Children’s Research Hospital
cyrine.haidar@stjude.org
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CDS alert wording for clopidogrel for
CYP2C19 Possible PM

_ L WARNING

Based on the genotype result. this patient MAY be a CYP2C19 poor metabolizer. If
clopidogrel is prescribed to a CYP2C19 poor metabolizer for some indications.
decreased effectiveness is likely. The use of an alternative agent is recommended.
Please consult a clinical pharmacist. review the pharmacogenetics tab or click on the

link below for more information.
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Cancel Clopidogrel order

Continue Clopidogrel order
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_ ’& WARNING

Based on the genotype result. this patient is predicted to be a CYP2C19 poor
metabolizer. If clopidogrel is prescribed to a CYP2C19 poor metabolizer for some
Indications. decreased effectiveness is likely. The use of an alternative agent is
recommended. Please consult a clinical pharmacist. review the pharmacogenetics tab
or click on the link below for more information.
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