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|dentify the role of pharmacogenetics in variability of patient
response.

Summarize Clinical Pharmacogenetics Implementation
Consortium (CPIC) guidelines on warfarin, clopidogrel. statins,
and beta-blockers pharmacogenetics.

Summarize CPIC guidelines on abacavir, antimalarials and
maraviroc.

Apply pharmacogenetic recommendations in two patient cases.



Pharmacokinetics S _
ADME - Focus on distribution and metabolism.

Risk of therapeutic failure or adverse side reactions
Outcomes will depend on type of drug (prodrug)
Homozygous vs. heterozygous

PGx can affect Pharmacodynamics

Site of action, competing against binding

Hypersensitivity reactions

Mutations in HLA (human leukocyte antigen)



Genetic polymorphisms

Variations in the DNA sequence. Genetic variations occurring in more than 1% of
a population would be considered as useful polymorphism for genetic linkage

analysis

Types: Single Nucleotide Polymorphisms (SNPs)
Insertions/Deletions (indels)
Variable number tandem repeats (VNTRs)

Copy Number Variants (CNVs)

From Pharmacogenetics, Kinetics, and Dynamics for Personalized Medicine.
(Kisor, Kane, Talbot, & Sprague, Jones & Barlett Learning, LLC. 2014)



m Most of the population At least 1 percent of the population

SNPs can alter transcription, and mRNA expression. '_ '
They occur every 100-300 bp. GtoC

Synonymous: No change in amino acid. It was
previously thought that it was silent (no effect), but
currently it is thought that synonymous SNPs can
alter mRNA stability

Nonsynonymous (missense): Changes amino acid. ‘* v
Could affect protein structure and/or function. FuncSonalprotein ERnEdonalproten

National Cancer Institute

Nonsense: Insertion of stop codon

https://www.genome.gov/genetics-glossary/Single-Nucleotide-Polymorphisms

. . From Pharmacogenetics, Kinetics, and Dynamics for Personalized Medicine. (Kisor, Kane, Talbot, & Sprague,
Indel' Dlsrupts COdon Sequence Jones & Barlett Learning, LLC. 2014
Lam JT, Gutierrez MA, Shah S. eds. Pharmacogenomics: A Primer for Clinicians. McGraw Hill; 2021.




CNV

Alterations of the DNA that results in having abnormal number of copies of one
or more sections of the DNA. It can be lower (deleted) or higher (more than
normal).
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COPY NUMBER VARIATIONS
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Implications of gene copy-number variation in health and diseases.
https://www.researchgate.net/publication/51678716_Implications_of_gene_copy-
number_variation_in_health_and_diseases [accessed Sep 21, 2017]



Upstream operator Promotor 5'UTR Protein coding region / ORF 3'UTR Downstream operator

I_H r A, Y_H V_H I_H
Enhancer Enhancer
/silencer Proximal Core RBS Start Exon Intron Stop Terminator /silencer

T. Shafee & R Lowe. WikiJournal of Medicine, 2017, 4(1):2

Change in protein
structure/function

In exons

Effects of

] MRNA transcription
Polymorphisms | TS

RNA splicing
RNA processing

on DNA and
proteins

Pharmacogenetics, Kinetics, and

In the promoter RNA transcription levels
e e b eaneiere  Jand enhancer Gene expression

& Barlett Learning, LLC. 2014



 FDA — The Food and Drug Administration

* CPIC — The Clinical Pharmacogenetics Implementation Consortium

* PharmGKB — The PGx Knowledgebase
 PharmVar — The Pharmacogene Variation consortium
The National Human Genome Research Institute

* NHGRI -



Objective 2:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on warfarin, clopidogrel, statins, and beta-blockers.







Beta-blockers

Facts™:
* Beta-blockers are widely use.
« Metoprolol is top 6 most prescribed drug in USA.

« Six beta-blockers are in the top 200 Rx drugs
* In 2020, over 117,000,000 (117 M) beta-blockers were prescribed for

over 26 M Americans.
Why is important?

 Even by small improvements in BB therapy, the impact in public
health could be significant.

1 Fuentes et al. Pharmacia (Basel)2018 May 14;6(2):43. doi: 10.3390/pharmacy6020043.



Beta-blockers

Individual patient response to BB is variable:

* Some patients experience - Some patients do not obtain a
adverse effects even at the therapeutic effect when provided a
recommended dose: BB:

‘Bradycardia > Only ~22% of heart failure
*Hypotension patients have a marked and
-Fatigue sustained improvement in their

heart function with BB.



Beta-blockers

Beta-Blocker (oral) Metabolic enzymes
Acebutolol CYP2D6
Atenolol N/A (excreted unchanged) Common feature- most of BB

are metabolized by CYP2D6

CYP2D6
CYP2D6,LYP3A4
Carvedilol CYP1A1, CYP1A2, CYP2CO9E CYP2D6,.CYP2EL

Betaxolol CYP1A2

Bisoprolol

Esmolol Esterases

Labetalol UDP-Glucuronosyltransferase

Metoprolol

Nadolol N/A (excreted unchanged)

Nebivolol DP-GIucuronosyltransferase

Pindolol UDP-Glucuronosyltransferase, Sulfotransferases
Propranolol CYP1A2

Sotalol N/A (excreted unchanged)

https://files.cpicpgx.org/data/guideline/publication/beta_blockers/2024/38951961.pdf



Beta-blockers

Current clinical practice guidelines & recommendations for BB and CYP2D6 genetic variation

CPIC CPIC GUIDELINE

Beta-blocker guideline Clinical Pharmacogenetics Implementation
https://files.cpicpgx.org/data/guideline/publicati Consortium Guideline (CPIC) for CYP2D6,
on/beta_blockers/2024/38951961.pdf ADRBl, ADRBQ, ADRAQC, GRK4, and GRK5

Genotypes and Beta-Blocker Therapy

Julio D. Duarte'** @, Cameron D. Thomas'? @, Craig R. Lee’ @, Rachel Huddart®, Jose A. G. Agundez® ©,
ordan F. Baye™ »Andrea Gacdigk » ACTL L. cin » Lavy E. Lanfear™ » Andrew A, Monte
dan F. Baye® ©, Andrea Gaedigk® © , Teri E. Klein' @, David E. Lanfear”'’, Andrew A. Monte''

Mohamed Nagy'*'? @, Matthias Schwab'*'*'¢ © , C. Michael Stein'"", Chakradhara Rao S. Uppugunduri'** @,
Ron H. N. van Schaik™ @, Roseann S. Donnelly”*** @, Kelly E. Caudle® © and Jasmine A. Luzum”**

FDA * Higher systemic concentrations in CYP2D6 poor metabolizers treated with
metoprolol, nebivolol, or propranolol.
https://wwwfda.gov/medical-devices/precision- © POt€Ntial increased risk of adverse effects (dizziness) in CYP2D6 poor
medicine/table-pharmacogenetic- metabolizers treated with carvedilol.

associations#about

AHA | o | |
* Notin any guidelines. Scientific statements briefly mention FDA

httDs://orofess.longl.heart.org/en/gu|deI|nes-and- recommendations.
statements/guidelines-and-statements-search




Objective 2:
Summarize CPIC guidelines on warfarin, clopidogrel, statins, and beta-blockers

CPIC

Beta-blocker guideline

Key concept — understand the
classification recommendation and
how to interpret it.

(strong, moderate, no
recommendation)

Activity score- assumption that
each “normal” allele =1.

https://files.cpicpgx.org/data/guideline/publication/
beta_blockers/2024/38951961.pdf

Table 2 Dosing recommendations for metoprolol based on CYP2D6 phenotype

Classification of
Phenotype Activity score Implications® Recommendations recommendations®
CYP2D6 ultrarapid »2.25 Increased metabolism No recommendation for No recommendation
metabolizer of metoprolol leading metoprolol therapy due
1o decreased drug to insufficient evidence
concentrations; however, regarding diminished
it is unclear whether metoprolol effectiveness
this results in clinically clinically.
significant changes
in heart rate, blood
pressure, or clinical
outcomes.
CYP2D6 normal 1.25<x<2.25 Normal metabolism of Initiate standard dosing. Strong
metabolizer metoprolol
CYP2D6 intermediate 0<x<1.25 Decreased metabolism Initiate standard dosing. Moderate
metabolizer of metoprolol leading
to increased drug
concentrations; however,
this does not appear to
translate into clinically
significant changes
in heart rate, blood
pressure, or clinical
outcomes.
CYP2D6 poor metabolizer 0 Decreased metabolism Initiate therapy with Moderate
of metoprolol leading lowest recommended
to markedly increased starting dose. Carefully
drug concentrations; this titrate dose upward to
leads to greater heart clinical effect or guideline-
rate and blood pressure recommended dose;
reductions. The effect monitor more closely for
on clinical outcomes is bradycardia. Alternatively,
unclear. consider selecting
another beta-blocker.
CYP2D6 indeterminate n/a n/a No recommendation No recommendation

n/a, not applicable.

“Metoprolol has no known active metabolites via CYP2D6. "Rating scheme described in Supplemental Materials



Objective 2:
Summarize CPIC guidelines on warfarin, clopidogrel, statins, and beta-blockers

Table of Pharmacogenetic Associations

‘ £ Share

X Post I in Linkedin

= Email ‘ = Print ‘

F D A Pharmacogenetic tests, along with other information about patients and their disease or
condition, can play an important role in drug therapy. When a health care provider is
considering prescribing a drug, knowledge of a patient's genotype may be used to aid in

https://www.fda.gov/medical-devices/precision- determining a therapeutic strategy, determining an appropriate dosage, or assessing the

medicine/table-pharmacogenetic- likelihood of benefit or toxicity.
associationsttabout

On this page:

« About the Table

« Section 1: Pharmacogenetic Associations for which the Data Support Therapeutic
Management Recommendations

« Section 2: Pharmacogenetic Associations for which the Data Indicate a Potential

Impact on Safety or Response

« Section 3: Pharmacogenetic Associations for which the Data Demonstrate a Potential
Impact on Pharmacokinetic Properties Only

Section 3: Pharmacogenetic associations for which data demonstrate a potential

impact on pharmacokinetic properties only

Metoprolol: CYP2D6 poor metabolism may result in higher systemic concentrations



Beta-blockers

Which of these patients could be at higher risk of having lower blood pressure?

Rapid metabolizer for CYP2D6 following a treatment with atenolol
Poor metabolizer for CYP2D6 following a treatment with esmolol
Normal metabolizer for CYP2D6 following a treatment with sotalol
Poor metabolizer for CYP2D6 initiating a treatment with metoprolol

o0 w






Clopidogrel

A patient developed an acute coronary syndrome (heart failure) 6 months ago
and he was initiated on clopidogrel. Last week, you received a call sharing that the
same patient had developed a second heart attack. While meeting with the
patient, you learn that he has been compliant with all the prevention
recommendations as well as adherence to the medications.

Considering that clopidogrel is a prodrug and is metabolized by CYP2C19. Which
type of metabolizer could the patient potentially be?

A. Ultrarapid Metabolizer
B. Normal Metabolizer
C. Poor Metabolizer



Clopidogrel

Commonly Prescribed Prodrugs:
Clopidogrel, Codeine, Tramadol,
Tamoxifen

* Prodrugs are non-active drugs that are metabolized into active drug metabolites
by drug metabolizing enzymes. Some of them are cytochromes (CYP) (P-450)

Functional A FBR | >
“ enzyme Active drug metabolites ‘ Therapeutic success

‘ Prodrug

Non-functional ‘
enzyme Prodrug — Therapeutic failure @

Graphic courtesy of Ryan O’Leary, PharmD candidate




Clopidogrel

What would happen if a person is an ultra-rapid/rapid metabolizer in this scenario?

* Prodrugs will be metabolized at a much higher rate, leading to toxic
concentrations of active drug metabolites in the body

e By
‘ »;“‘ A

Ultrarapid metabolizer A 4 ‘

Prodrug — I Active drug metabolites ‘ Drug Toxicity

o s
6 @

Graphic courtesy of Ryan O’Leary, PharmD candidate



Clopidogrel

What would happen if a person is a poor metabolizer in this scenario?

* Prodrugs will be metabolized at a much lower rate (or none), leading
to there being much less active drug metabolites

: &)
‘ Poor/intermediate <

metabolizer
Prodrug — Active drug metabolites ‘ Therapeutic Failure
P

Graphic courtesy of Ryan O’Leary, PharmD candidate



Objective 2:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on warfarin, clopidogrel, statins, and beta-blockers.

Clinical Pharmacogenetics Implementation consortium (CPIC) for suggested clinical actions based on CYP2C19 genotype
when considering clopidogrel treatment for ACS/PCI (Acute Coronary Syndrome/Percutaneous Coronary Intervention)

patients.
CYP2C19 Genotype
results

*1/%2, *1,%3, *2/*17 (*2/*2, *2/*3, *3/*3)
\

| IM PM

Standards dosing of Consider alternative antiplatelet agent:
clopidogrel prasugrel(*), ticagrelor if there are not

linical contraindicated for these two othe

drugs even for intermediate metabolizers

(*) Prasugrel is not recommended in patients with BW <60 Kg, or >75 yrs old.
Ticagrelor is BID and aspirin dose should be reduced to 81 mg QD.

https://files.cpicpgx.org/data/guideline/publication/clopidogrel/2022/35034351.pdf




Objective 2:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on warfarin, clopidogrel, statins, and beta-blockers.

CYP2C19 polymorphisms distribution

Population CYP2C19 *2 CYP2C19 *3
Frequency (%) Frequency (%)

African
American/
Caribbean
American
Central/South ‘
S Two admixed groups:
: »  African American/Afro-Caribbean (AAC)
East Asian ° Latino (l.AT)
Euro pean Huddart et al. Clin Pharmacol Ther 2019. May 105(5):1256-1262

Latino

Near Eastern

Sub-Saharan
Africa News - Court







A 75 yo female patient is being prescribed simvastatin 20 mg QD. Her genotype
profile is SLCO1B1 *1/*15. So far, the patient is taking the medication without any
side effects. Due to other health complications, the patient is prescribed
cyclosporine. Soon after, the patient starts complaining of severe muscular pain.

What do you think is happening?




Hepatocytes take up statins through OATP1B1 transporter.
The gene that encodes the OATP1B1 transporter is SLCO1B1.

s HMG-CoA
Canaliculus reductase

Once statins are in the hepatic cells 2 block HMG-CoA reductase and get
cleared through bile clearance.

There are different polymorphisms that have been associated with an
increase in statin concentrations in blood, and secondarily to myopathy.

Several polymorphisms associated with a lower or lack of function of
OATP1B1 have been associated with MARKEDLY INCREASED SEVERITY
OF STATIN-ASSOCIATED MUSCULOSKELETAL SYMPTOMS (SAMS).

These patients will have higher AUC in blood for the statins, since there is  wmodified from Hogkim. Clinical Pharmacology &
Therapeutics (2005) 78, 260-277;
less drug taken up by the transporter OATP1B1, and therefore, lower doi: 10.1016/i.clpt.2005.05.011

levels in hepatocytes.




Objective 2:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on warfarin, clopidogrel, statins, and beta-blockers.

SLCO1B1 decreased function Decreased
function: 1 allele is
: : — defective
S Gy Vs e | [ Moderate intensity statin Low intensity statin®
Low SAMS riakwlthb Low SAMS risk with: Low SAMS rlskwlthi,
Rosuvastatin 20 mg Atorvastatin 10-20 mg Fluvastatin 20-40 mg°©
Pitavastatin 1 mg® Pravastatin 10-20 mg*
Moderate SAMS risk with R vaasttg(ging_?(;n ngb
. osuvastatin m = i
Atorvastatin 40 mg . Moderate SAMS risk with: SAMS. Statin
Rosuvastatin 40 mg®© Lovastatin 20 mg°® Associated Muscle
Moderate SAMS risk with: Simvastatin 10 mg Symptoms

Fluvastatin 80 mg®
Pitavastatin 2 mg°®
HEVER LR

High SAMS risk with:
Atorvastatin 80 mg

High SAMS risk with:
Lovastatin 40-80 mg
Pitavastatin 4 mg°®
Simvastatin 20-40 mg

Legend: Light gray boxes: Prescribe stated starting dose. Dark gray boxes: Prescriber should be aware of possible increased
risk of increased exposure and myopathy. Black boxes: Consider a reduced dose or alternative statin. All boxes: Doses
indicated are total daily dose. Dose recommendations are based on clinical toxicity data when available. 2Statin intensity as https://files.cpicpgx.org/data/guidelin
recommended by current American College of Cardiology/American Heart Association guidelines. See Table 3 and 5 for BI' N > 5022 /publicati
recommendations for rosuvastatin and ABCG2 and Tables 2 to 6 for recommendation for fluvastatin and CYP2C9. “Dose e/publication/statins/ /publicatio
recommendations are based solely on pharmacokinetic data. n.pdf




Poor function: 2 alleles are defective

SLCO1B1 poor function

CINNEEIESE (| | Moderate intensity statin® Low intensity statin®

Rosuvastatin 20 mg® Atorvastatin 10-20 mg Fluvastatin 20-40 mg°©
Pitavastatin 1 mg Pravastatin 10-20 mg

Pravastatin 40 mg
Rosuvastatin 5-10 mg®

High SAMS risk with:

Atorvastatin 40-80 mg High SAMS risk with:

Lovastatin 20 mg°®

Moderate SAMS rlsk%mh: Simvastatin 10 mg
Fluvastatin 80 mg
Pravastatin 80 mg®

Rosuvastatin 40 mg®®

High SAMS risk with:
Lovastatin 40-80 mg
Pitavastatin 2-4 mg°© https://files.cpicpgx.org/data/guidelin
Simvastatin 20-40 mg e/publication/statins/2022/publicatio
n.pdf




Basolateral /Sinusoidal

membrane Tight Junction

Hepatocyte

Apical/Canalicular
Membrane

https://www.researchgate.net/publication/330416225 Review_Article_-
_Blood_Bile_Barrier_Morphology Regulation_and_Pathophysiology

* Transporter involved in transporting (efflux,
similar to p-gp, also called BCRP) the statin
and some evidence in rosuvastatin show that
when ABCG2 is deficient, patients have
higher blood concentrations (less is exported
to the bile).




[ * CYP2C( Enzyme involved in drug metabolism.

L Lt * Poor or intermediate metabolizers will have
higher plasma concentrations and higher risk

for muscular adverse events.
* This is relevant only for fluvastatin

* Normal metabolizers — AS 2 (it is assumed
that each allele if it is normal will have
activity score =1).

https://www.pharmgkb.org/chemical/PA449688/guidelineAnno
tation/PA166262341



A 60 yo female patient is being prescribed with rosuvastatin 20 mg QD. The patient
has received as Christmas gift a kit to get her 23 and me genetic test, and she comes
to you asking about the interpretation of the results. The test states: SLCO1B1
*15/*15

What would you recommend and why?

Keep taking rosuvastatin and monitor for side effects

Discontinue rosuvastatin since the patient is a poor metabolizer
Discontinue rosuvastatin since the transporter has poor function

Replace rosuvastatin with simvastatin 40 mg since it is safer for this patient.

COw>




Objective 2:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on warfarin, clopidogrel, statins, and beta-blockers.

Would your recommendation change if you find

that her BCRP (ABCG2) has poor function?

A.

Yes, CPIC recommends to prescribe 10 mg
and additional therapy if there was a need
for a high-intensity statin.

No, this transporter is not involved with
rosuvastatin metabolism.

https://files.cpicpgx.org/data/guideline/pu
blication/statins/2022/publication.pdf

Table 5 Combined recommendation for rosuvastatin based on SLCO1B1 and ABCG2 phenotype in adults

ABCG2 normal function

ABCG2 decreased function

ABCG2 poor function

SLCO1B1 increased function Prescribe desired starting dose
and adjust doses of rosuvastatin
based on disease-specific and
pul specific guideli

STRONG

Prescribe desired starting
dose and adjust doses of
based on di
specific and population-specific
guidelines. MODERATE

Prescribe <20 mg as a
starting dose and adjust
doses of rosuvastatin based
on disease-specific and
population-specific guidelines.
If dose >20 mg needed for
desired efficacy, consider
an alternative statin or
combination therapy (i.e.,
rosuvastatin plus nonstatin
guideline-directed medical
therapy).> OPTIONAL

SLCO1B1 normal function Prescribe desired starting dose
and adjust doses of rosuvastatin
based on disease-specific and

population-specific guidelines.

Prescribe desired starting
dose and adjust doses of
S in based on dis
specific and population-specific
guidelines. MODERATE

Prescribe <20 mg as a
starting dose and adjust
doses of rosuvastatin based
on disease-specific and
population-specific guidelines.
If dose >20 mg needed for
desired efficacy, consider
an alternative statin or
combination therapy (i.e.,
rosuvastatin plus nonstatin
guideline-directed medical
therapy).” OPTIONAL

STRONG
SLCO1B1 dec d function or Pr ibe desired starting dose
f SLcoiB1 and adjust doses of rosuvastatin
function based on disease-specific and

pop pecific guideli
Prescriber should be aware
of possible increased risk for
myopathy especially for doses >20
mg. STRONG

Prescribe desired starting
dose and adjust doses of
rosuvastatin based on disease-
specific and population-specific
guidelines. Prescriber should
be aware of possible increased
risk for myopathy especially for
doses >20 mg. MODERATE

Prescribe <10 mg as a
starting dose and adjust
doses of rosuvastatin based
on disease-specific and
population-specific guidelines.
If dose >10 mg needed for
desired efficacy, consider
an alternative statin or
combination therapy (i.e.,
rosuvastatin plus nonstatin
guideline-directed medical
therapy). OPTIONAL

SLCO1B1 poor function Prescribe <20 mg as a starting
dose and adjust doses of

in based on di

Prescribe <20 mg as a starting
dose and adjust doses of

specific and population-specific
guidelines. If dose >20 mg
needed for desired efficacy,
consider combination therapy

S based on di
specific and population-
specific guidelines. If dose
>20 mg needed for desired
efficacy, consider combination

Prescribe <10 mg as a
starting dose and adjust
doses of rosuvastatin based
on disease-specific and
population-specific guidelines.
If dose >10 mg needed for
desired efficacy, consider

(i.e., atin plus in

guideline-directed medical
therapy).” MODERATE

py (i.e., rost in plus
nonstatin guideline-directed
medical therapy).® MODERATE

y (i.e.,

rosuvastatin plus nonstatin

guideline-directed medical
therapy).” OPTIONAL




Back to the first question...
A 75 yo female patient is being prescribed simvastatin 20 mg QD. Her genotype
profile is SLCO1B1 *1/*15. So far, the patient is taking the medication without any

side effects. Due to other health complications, the patient is prescribed
cyclosporine. Soon after, the patient starts complaining of severe muscular pain.

What do you think is happening?

= V=Y aTe ot0la A e le]al Risk of having therapeutic failure due to drug-drug interactions and showing a different
phenotype that the patient’s genotype.






Objective 2:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on warfarin, clopidogrel, statins, and beta-blockers.

Warfarin Metabolism HeC _OH
HO H I;H
HO 0o
2'-Hydroxywarfarin
less active products)
A‘ductaseT 12 —
HsC .0 HHC‘F_S/CY
He Y cvpiaz~  HP Rdyg
o™ J 0o

cvpacts '8
(5)-Warfarin (R)-Warfarin
CYP2C9 n  Genetic
Allele Clearance
CYP2C9*1/*2 Y 20%
HeC O HeC.,0 CYP2C9*1/*3 Y 40%
HO

Ha, Ho ", CYP2C9*2/*2 { 50%

Pharmacogenetics, Kinetics, and e +
Dynamics for Personalized Medicine. HO 0o oo CYP2C9*2/*3 60%
(Kisor, Kane, Talbot, & Sprague, Jones (8)-7-Hydroxywarfarin (5)-6-Hydroxywarfarin CYP2C9*3/*3 ¢ 85%

& Barlett Learning, LLC. 2014 (major)



.u[mn S-Warfarin _ CYPXC9

Metabolites -€¢——" J
+
NADH NAD

VKORC) _

— et aholites

Vitamin K Vitamin K .
(epoxidized) (reduced)
4 > 4
™~ g
= GGCX e
» - \

__Functional clotting factors
Pharmacogenetics, Kinetics, an

Dynamics for Personalized Medicine.
(Kisor, Kane, Talbot, & Sprague, Jones CALU
& Barlett Learning, LLC. 2014

CYP4r2

CYP2C9*2 and *3 are
slow metabolizers, and
they will require lower
doses to avoid bleeding

effects
*5, *6, *8 and *11 will
also require reduced
N dosing

Hypofunctional clotting factors



VKORC1 is
responsible for
producing the
reduced form of

Metabx

Vitamin K, which is
essential for vitamin
K-dependent
clotting factors (I,
VI, IX, and X)

Pharmacogenetics, Kinetics, and
Dynamics for Personalized Medicine.
(Kisor, Kane, Talbot, & Sprague, Jones
& Barlett Learning, LLC. 2014

CYPXC9

R-Warfarin S-Warfarin

» Metabolites
lites -« ' \"‘.\ J
NADH k )l NAD.
VXORC) ”
Variants:
:“:i::“: = 1369“G” =wild type
w 1369 “A” (SNP in promoter causing lower

expression of VKORC). (don’t say poor
p metabolizer for VKORC)

Functional clotting factors Pgtjents with VKORC1 A/A haplotype had 2.4
faster rate of achieving therapeutic INR since
they have less enzyme - need lower dose
Ancestral frequency is different (e.g. East
Asia is highly prevalent)



P
R-Warfarin S-Warfa”n CYPXY

g \

Metabolites - —" \ J
+
> NAD

» Metabolites

NADH
VKORC) v

Variant: = - _
CYP4F2*3 = 1297G>A > - - Vitamin K oxidase
mutation V433M has a ;
reduced capacity to Vitamin K VitaminK __ CYP4er2 Hydroxy-
metabolize vitamin K > (epoxidized) (reduced — -y Kl
patients with this mutation - PP CYPA4E2.
will have elevated hepatic o Y9 - Catalyzes metabolism of
levels of vitamin K. —— vitamin K to hydroxy-vitamin

« . (’(_’_f_y , K1 and removes it from the
These patients will need a ~ ‘ nof r;c"c 3 vitamin K cycle.
higher warfarin dose (5-11%). ''onal clotting factors . TR ) Limits excessive
This phenotype has been / accumulation of vitamin K.
confirmed in European and CALY
Asian ancestry Pharmacogenetics, Kinetics, and Dynamics for Personalized Medicine. (Kisor, Kane, Talbot, & Sprague, Jones & Barlett

Learning, LLC. 2014. CPIC guideline on warfarin



Comparison of patients INR when their warfarin dose was given following clinical guided-dosed
vs. identifying their genotype first

4.0+

3.54

3.0

2.5+

INR

2.0+

1.5+

1.0+

Genotype-Guided Dosing
= Smoothing spline
== 20th and 80th percentile

Clinically Guided Dosing
Smoothing spline
20th and 80th percentile

0.0

0.15-

Log-rank P=.03

=

—

(=]
i

0.05
Genotype-guided dosing

Reached International Normalized
Ratio of 24

0 10 20 30
Days of Warfarin Therapy
No. of patients
Clinically guided dosing 789 737 698 209
Genotype-guided dosing 808 771 739 216

Tested CYP2C9 *2, *3 and VKORC1 G>A. Different diseases

N Engl J Med 2013;369:2283-2293 DOI:
10.1056/NEJM0a1310669

Tested CYP2C9 *2, *3, CYP4F2 V433M and VKORC1 G>A

Hip surgery — prevention of DVT
JAMA September 26, 2017 Volume 318, Number 12

Effect of Genotype-Guided Warfarin Dosing on Clinical Events and Anticoagulation Control Among Patients Undergoing Hip or Knee
Arthroplasty: The GIFT Randomized Clinical Trial | Orthopedics | JAMA | JAMA Network




. Lo Obje_Ctive 2: FDA RECOMMENDATIONS )
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)

guidelines on warfarin, clopidogrel, statins, and beta-blockers.

Table 10-2

Range of Expected Therapeutic Warfarin Maintenance Doses Based on CYP2C9
and VKORC1 Genotypes

Cytochrome P450 CYPZC? Genotypes

VKORC1 ] e w2 *1/*3 *2 /3 *2/%3 *3/*3
Genotypes

G/G 57mg/d 57 mg/d 34 mg/d 34 mg/d 34mg/d 0.52mg/d
ASG 57mg/d 3-4mg/d 34 mg/d 3 4mg/d 052mgd 0.52mg'd
ASA 34mgd 3I4mgd 05-2mg/d 052mg/d 052mg/d 052mg'd

Source: Coumnadin tablets (warfarin sodium tablets, USP) crystalline Coumadin for injection (warfarin sodium for injection,
USF). Package labeling can be found at http://packageinserts.bms.com/ pi/pi_coumadin.pdf. Accessed October 17, 2011.

FDA package insert does not include polymorphisms for CYP2F4 but some treatment algorithms include it.



VKORC1 and CYP2C9°2 and "3 genotype available?
CPIC guideline

https://cpicpex.org/guidelines/guideli _cor-warfarin-and-cyp2c9-and-vkorc1/ @ @

Self-identified ancestry = Dose clinically®
African ancestry® @
> v

Non-African ancestry® CYP2C9'5, 6,8, and *11 also tested*?

!

STRONG

1-1639G 7 3o
e e CYF2C9 = anq o =l 1) VKORC17-1639G>A and CYP2C9°2 and "3%* Calculate dose based on
Calculate dose based on validated published i L% B I &
pharmacogenetic algorfthms k4l Validated published pharmacogenetic algorithms.
w
8 2) Carriers of CYP2C9"5, "6, *8 or *11 variant alleles (e.g.,*1/'8, *1/*11, *8/*11): Rs12777823
=3 Decrease calculated dose by 15-30%?¢.
For loading dose, a pharmacogenetics-based SNP of CYP2C
warfarin initiation dose algorithm’ could be @ cluster near
considered. CYP2C18 gene
African American? l——p rs12777823 tested? that has bene
I * associated with
Carriers of CYP2C9°5, *6,"8 or *11 variant = alteration in
al (e 178 _":” “8/11): kel rs12777823 A carriers: yvarfarln clearance
G- : . 5 g decrease dose by 10-25% independently of
calculated dose by 15-30%? o CYP2C9 status.
| - This association
was found by

Carriers of CYP4F2 rs2108622 T allele:
Increase dose by 5-10%

For loading dose, a pharmacogenetics-based warfarin initiation dose algorithm'’ f\"m":\:c:: ‘a\::c'::y
could be considered.

OPTIONAL OPTIONAL OPTIONAL

OPTIONAL



Incidental findings

Homozygosity for rare coding mutations in VKORC1 can cause a
combined deficiency of vitamin K-depending clotting factors 2-
fatal bleeding disorder.



Objective 4:
Apply pharmacogenetic recommendations in two patient cases




Patient Case I

Ht 180.3 cm (5'11”)
TR is a 66year-old African American male who was referred by his \|-,|V|: 181-3 kg (230 lbs)
PCP to initiate anticoagulation. DOACs are cost-prohibitive at this time o 123/72";1mHg
Temp 37C (98.6F)
02 99%
PMH: Atrial fibrillation, DM2, HTN
Na 137 mEqg/L [135-145 mEq/L]
cl 105 mEq/L [98-110 mEq/L]
BUN 14 mg/dL [6-24 mg/dL]
: 25 mEalL 2593 mEg/l]
PGx | [l Medications 02 25mEq/L (22-32 mEg/L
- . sCr 0.87 mg/dL [0.44-1.03 mg/dL]
CYP1A2 *1A/*1F Amlodlplrle 10mg by mouth da|IY | e 94 me/dL [67-99 me/dL]
CYP2C9 *1/*3 Metformin 1000mg by mouth twice daily Mg 1.7 mEq/L [1.3-1.9 mEq/L]
CYP2C19 *1/*1 Metoprolol ER 100mg by mouth daily
CYP2D6 *1/*10 Lisinopril 30mg by mouth daily ISL 133 mg/gt
CYP3A5 *1/*3 Vitamin D 1000 U by mouth daily - = mr;%L
CYP4F2 *1/*3 TG 141 mg/dL
ABCG2 CC Al1C 6.7% [<5.7%]
SLCO1B1 *1/*5
%1 /% INR 1.0 [0.8-1.2]
DAL 1/*28 Hgb 13.1 g/dL [11-15 g/dL]
VKORC1 1T Het 37.6% [32-45%]

CYP2C cluster GA PLT 185 x109/L [150-400 x10°%/L]



Patient Case

Is there any gene that is relevant for warfarin? (select all that apply)

A. CYP2(C9
B. VKORC1
C. CYP2D6

x| D. CYP4F2

CYP1A2 *1A/*1F

CYP2(C9 *1/*3

CYP2C19 *1/*1

CYP2D6 *1/*10

CYP3A5 *1/*3

CYP4F2 *1/*3

ABCG2 CC

SLCO1B1 *1/*5

UGT1A1 *1/*28

VKORC1 TT

CYP2C cluster GA



Patient Case

Is there any gene that is relevant for any other medication the patient is taking? (select all
that apply) (Amlodipine, Metformin, Metoprolol ER, Lisinopril, Vitamin D)

A. CYP2(C9
B. VKORC1
C. CYP2D6

x| D. CYP2C19

CYP1A2 *1A/*1F

CYP2(C9 *1/*3

CYP2C19 *1/*1

CYP2D6 *1/*10

CYP3A5 *1/*3

CYP4F2 *1/*3

ABCG2 CC

SLCO1B1 *1/*5

UGT1A1 *1/*28

VKORC1 TT

CYP2C cluster GA



Patient Case

Is there any other medication you should suggest to initiate?

A. Ezetimibe
B. High intensity statin
C. Insulin

x| D. HCTZ

CYP1A2 *1A/*1F

CYP2C9 *1/*3

CYP2C19 *1/*1

CYP2D6 *1/*10

CYP3A5 *1/*3

CYP4F2 *1/*3

ABCG2 cC

SLCO1B1 *1/*5

UGT1A1 *1/*28

VKORC1 T

CYP2C cluster GA



Patient Case

Which genes are relevant for statins? (select all that apply)

A. SLCO1B1
B. CYP2C19
C. CYP2C9

x| D. ABCG2

CYP1A2 *1A/*1F

CYP2(C9 *1/*3

CYP2C19 *1/*1

CYP2D6 *1/*10

CYP3A5 *1/*3

CYP4F2 *1/*3

ABCG2 CC

SLCO1B1 *1/*5

UGT1A1 *1/*28

VKORC1 TT

CYP2C cluster GA



Patient Case

Connecting all pieces together, what would you recommend?

A. Initiate warfarin at lower dose and follow CPIC
guidelines- Few examples: 2.5 mg QD for 7 days., 5 mg
_— MT, 2.5 mg for 4 days...
EE—E FLA/*IF Initiate rosuvastatin 20 mg
CYP2C9 *1/*3 Initiate simvastatin 20 mg
CYP2C19 *1/*1 D. Initiate warfarin at a normal dose and monitor for sign

O w

CYP2D6 *1/*10
CYP3A5 *1/%3 and symptoms of blood clots
CYP4F2 *1/*3

ABCG2 cC

SLCO1B1 *1/%5

UGT1A1 *1/%28

VKORC1 T

CYP2C cluster GA



Objective 3:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on abacavir, antimalarials and maraviroc.




A 43-year-old African-American man is planning to travel to the Amazon and spend 3

months of service.
As prophylactic measurement, he starts primaquine treatment as antimalarial agent.

Few days later, he “starts feeling really sick” and goes to the emergency room.
Laboratory findings show low hemoglobin (Hb), increased reticulocytosis, increased
unconjugated bilirubin, and decreased haptoglobin. These results are suggestive of

hemolytic anemia.

Three days after admission, the patient exhibited persistent hyperbilirubinemia with
additional signs of hypoxemia, as evidenced by low hemoglobin (Hb). These laboratory
findings provided evidence of acute hemolytic anemia.



The patient exhibited abnormal G6PD (glucose6-phosphate dehydrogenase)

R-0-OH 2GSH NADP
) ( ) ( ) 6PGD
ROH GSSG NADPH ‘

Glucose

HK
A J

NADP Glucose-6-phosphate

2GSH
 J
GSSG NADPH

6-Phosphoglucono-é-lactone

6PGL
 J
6-Phosphogluconate

-

Ribulose-5-phosphate

Ru5PI

Y
Ribose-5-phosphate

enzyme activity (4.1 U/g Hb; reference interval 8.6 —18.6 U/g Hb)

Pharmacogenetics, Kinetics, and Dynamics for Personalized Medicine.
(Kisor, Kane, Talbot, & Sprague, Jones & Barlett Learning, LLC. 2014



Hemolysis:

Deficiency of G6PD in red cells result from an increased susceptibility to oxidative damage, since they are
unable to reduce NADP+ to NADPH. This failure increases the generation of free radicals and oxidizes
hemoglobin (Hb) which precipitate as insoluble membrane inclusions known as Heinz bodies.

The presence of inclusions acts as a signal for erythrocyte removal by macrophages, leading to premature
lysis.

G6PD deficiency is X-linked-recessive trait. ) 0 B Q ~

o ’
PRIMAQUIN AND OTHER ANTIMALARIAL DRUGS COULD O o o -~

CAUSE THIS HEMOLITIC ANEMIA. (Higher risks in African- , o ﬁ. -

American) o c Q

VERY HIGH DOSES OF ACETAMINOPHEN can also trigger eC O =
this complication Pharmacogenetics, Kinetics, and Dynamics for Personalized Medicine.

(Kisor, Kane, Talbot, & Sprague, Jones & Barlett Learning, LLC. 2014



Objective 3:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on abacavir, antimalarials and maraviroc.

Many variants can be responsible of G6PD deficiency

%

o 8@005 c?oo - gé’?@?o & oé))%)
Exons [0 [0 (= -.!-Ilrll_g_l s 1w 00 oG
- o o= o‘-oo,oo.o.:- ! -!.‘ g

Figure L The loation of amno ack sebmitstions Quing gucose4-prasphate dobydragonme (GAPDY deficancy. Excen of the GAPD pero oo shows a3 num=bered boum.
The four =eaat common vadasts are na=ed. Opes drcin are clams land Il varians, filed crdda are dam | vartasts, 3od open eligaes wre chi IV (rondefoent) varama.
Fillod bowes ndicne deleticrn, X 1 somamne matston sod (s sploe ste metuton. Crde s & found in combisaton with GEPD Unicn. Cirdles b, &, ¢, fand g wre found is

combration wih GAPD A (dipse O Crdle h is found s comdinton with GEPD Camton,

Since it is X-linked recessive....females could experience “mosaic” due to X-chromosome inactivation

Pharmacogenetics, Kinetics, and Dynamics for Personalized Medicine.
(Kisor, Kane, Talbot, & Sprague, Jones & Barlett Learning, LLC. 2014



G6PD Genotype Interpretation

v

Classify G6PD variant alleles using WHO class I-IV*

- WHO Class IV: normal enzyme activity

- WHO class Il and class lll: low enzyme activity

- WHO class I: very rare, low enzyme activity and associated with CNSHA

v

v

Hemizygous male or female
homozygous for class IV variants:
“normal” phenotype

serozygous female with one
ass IV variant and one class I, Il
or |l variant:

variable phenotype; could be
normal or deficient

Hemizygous male, homozygous or
compound heterozygous female
for class I, Il or Ill variants:
“deficient or deficient with
CNSHA” phenotype; positive

genotyping test -L &
Enzyme activity test required due Enzyme activity test required

to X inactivation/mosaicism because of possible false-negative
affecting phenotype genotyping test
Y h 4
G6PD deficient G6PD normal

Therapeutic Recommendation: Therapeutic Recommendation:
Rasburicase contraindicated No G6PD contraindication to rasburicase

https://files.cpicpgx.org/data/guideline/publication/rasburicase/2014/24787449.pdf



Package insert/recommendations vary from antimalarial to antimalarial. For example, for
primaquine, the mutation is listed as contraindication, and dose adjustment is listed.

For hydroxychloroquine, it is just as precaution.

CPIC guideline is for all drugs that could affect G6PD:

https://files.cpicpgx.org/data/guideline/publication/G6PD/2022/36049896.pdf






Objective 3:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on abacavir, antimalarial T

Second-generation triazole antifungal agent.
Spectrum: Aspergillus and Candida.

MOA: Disrupt synthesis of ergosterol (required for
fungal membrane).

It is both fungistatic (for yeasts) and fungicidal (for
mold)

Use: Tx invasive aspergillosis and fungal infections in
immunocompromised patients.

It is metabolized by CYP2C19 (mainly), CYP2C9, and
CYP3AA4.

Voriconazole is also an inhibitor of CYP2C19, CYP2C9,
and CYP3A4 substrates.

High concentrations in plasma = hepatotoxic, visual
disturbances hallucinations.

https://www.pharmgkb.org/pathway/PA166160640




CYP2C19 phenotype Implications for Voriconazole Recommendations Classification of
recommendation

Ultrarapid metabolizer Probability of attainment of

(*17/*17) therapeutic concentration is small

Rapid metabolizer The probability of attainment of

(*1/*17) therapeutic concentrations is
variable

Normal metabolizer Normal voriconazole plasma

(*1/1) levels

Intermediate Higher-dose adjusted trough

metabolizer concentrations compared with

normal metabolizers

Poor metabolizer Higher dose-adjusted trough
concentrations and may increase
probability of adverse events

Choose an alternative agent not dependent on
CYP2C19 (amphotericin B, posaconazole)

Initiate therapy with recommended standard of care
dosing. Use therapeutic drug monitoring to titrate
dose to therapeutic trough concentrations

Initiate therapy with recommended standard-of-care
dosing

Initiate therapy with recommended standard-of-care
dosing

Choose an alternative not dependent on CYP2C19
(amphotericin B, posaconazole).

If voriconazole is considered most appropriate,
administer preferable lower-than-standard dosage
and careful therapeutic drug monitoring

Moriyama B, Owusu Obeng A, Barbarino J et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guidelines for CYP2C19 and Voriconazole Therapy. Clinical Pharmacology & Therapeutics. 102, 1: 45-51, 2017

Moderate

Moderate

Strong

Moderate

Moderate






OM is a 37-year-old Caucasian male with a six-week history of muscle soreness, swollen
lymph nodes in the neck, night sweats, and a three-week history of a slight rash, with small
dark raised bumps on his abdomen and back. He is also experiencing gastrointestinal
discomfort and right lower quadrant pain.

OM is started a medication which contains abacavir sulfate (300 mg), lamivudine (150 mg),
and zidovudine (300 mg) twice a day.

Three weeks after initiation of the triple drug combination, OM presents to the emergency
department with nausea, diarrhea, mild rash, headache, fever, and other constitutional
symptoms including severe fatigue and myalgia.



While the symptoms appear to be similar to her original presentation prior to the HIV

diagnosis, OM states that the current symptoms seem to “get worse” after each dose of his
HIV medication.

OM states the that symptoms continue to become more severe as time progresses. With this
information, OM is now diagnosed with abacavir hypersensitivity reaction.

Pharmacogenetic testing is utilized to determine if OM expresses the HLA-B*5701 allele.
Individuals with the HLA-B*5701 allele (i.e. positive to HLA-B*5701) are at risk of
hypersensitivity reaction to abacavir. Testing reveals OM expresses the HLA-B*5701 allele.



HLA-B*5701
(HLA are own’s antigens to recognize self from non-self)

Abacavir is taken up into the cytoplasm of antigen-presenting cells. Once in the cytosol, it
is transformed and then, binds to cytosolic protein. When patients have the variant HLA-
B*5701, the interaction between the complex of drug-HLA will activate CD8(+) T-
lymphocytes.

T-cell Lymphocytes will secrete IFN-gamma and TNF alpha.
TNF-alpha is responsible for fever, and organ failure.

Patients with this HLA variant are at higher risk of hypersensitivity and severe toxicity
(not just a mild “allergic” reaction)



The re-challenge of a patient with abacavir:

* Fever, rash, gastrointestinal problems, bronchoconstriction,
hypotension, and resultant renal failure.

* Occurs in up to 20% of patients

* Abacavir rechallenge is not appropriate.
Higher frequency: Caucasians (7-8%)



The US DHHS panel (Department of Health and Human Services) on
Antiretroviral Guidelines for Adult and Adolescents, recommends
preforming this screening before starting in any abacavir-naive patient.

Patients with HLA-B*5701

- Avoid abacavir

This does not mean that patients with HLA-B*5701 have no risk of
hypersensitivity reaction, but their risk is lower than those that are positive.



Objective 3:
Summarize Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines on abacavir, antimalarials and maraviroc.

Testing required @ FDA Annotation of FDA Label for
carbamazepine and HLA-B

Testing required @ Swissmedic Annotation of Swissmedic Label for

carbamazepine and HLA-B

HCSC Annotation of HCSC Label for
carbamazepine and HLA-A, HLA-B

Swissmedic Annotation of Swissmedic Label for
carbamazepine and HLA-A

FDA Annotation of FDA Label for
carbamazepine and HLA-A

PMDA Annotation of PMDA Label for
carbamazepine and HLA-A, HLA-B

https://www.pharmgkb.org/chemical/PA448785/labelAnnotation







@)

CCR5 and CXCR4 are the major chemokine receptors
involved in HIV infection.

HIV utilizes CD4 as the receptor on host cells, but the
presence of chemokines is needed for the virus to
“cleave” in the CD4 receptor.

CCR5 receptor is expressed on macrophages and some
T-cells.

M-tropic HIV isolates use CCR5 as co-receptor.
Maraviroc is a selective, reversible, small molecule
CCRS5 receptor antagonist that blocks the entry of
CCR5- tropic HIV into host cells.

Only patients whose isolates show CCR5 tropism
qualify for treatment with maraviroc.

Target cell

Faivre et al. Retrovirology volume 21,
Article number: 2 (2024)



Patient’s “HIV viruses, not patient’s DNA are tested at the genomic level and phenotypic level,
to assure that the phenotype matches the genotype

Genotypic Assay Phenotypic Assay
& < Reverse — & L Reverse —
' transcription - d4- PCR — < transcription  -44- PCR T
‘ > > e 8 & — sl | Mg 8y
b e = S =
Patient virus Viral RNA Viral cDNA Amplified DNA
Patient virus Viral RNA Viral cDNA Amplified DNA 1
l : Transfec
— TR ransfection =
— —— ATGGCATHAGAT — [ . -— Ef-=')-)
— | -— - -«—— ATGGCATCAGAT o—
ATQICATAJGAT Iy
Reporting Interpretation Comparison to wild type Genetic Quantification Drug Pseudovirion HIV-1 resistance
reference sequence sequencing and reporting  concentration collection test vector
plate testing assembly

https://monogrambio.labcorp.com/resources/phenotyping



Objective 4:
Apply pharmacogenetic recommendations in two patient cases




Patient Case I

TR is a 66year-old African American male who was referred by his wt 132:? E?(géllgl)
PCP to initiate anticoagulation. DOACs are cost-prohibitive at this HR 104 bpm
time. BP 123/78 mmHg
the patient is admitted to the hospital with positive for aspergillosis 'cr)ezmp ;;;‘98'6”
after an event of cough dyspnea and fever and voriconazole treatment ’
is initiated. Na 137 mEq/L [135-145 mEq/L]
PMH: Atrial fibrillation, DM2, HTN Cl 105 mEq/L [98-110 mEq/L]
BUN 14 mg/dL [6-24 mg/dL]
: 25 ma/ 22,93 meajt)
Pox | [l Medications coo 25 meg/ (2232 meq/L
- . sCr 0.87 mg/dL [0.44-1.03 mg/dL]
CYP1A2 *1A/*1F Amlodlplrle 10mg by mouth da|IY | e 94 me/dL [67-99 me/dL]
CYP2C9 *1/*3 Metformin 1000mg by mouth twice daily Mg 1.7 mEq/L [1.3-1.9 mEq/L]
CYP2C19 *1/*1 Metoprolol ER 100mg by mouth daily
CYP2D6 *1/*10 Lisinopril 30mg by mouth daily ISL 133 mg/gt
CYP3A5 *1/*3 Vitamin D 1000 U by mouth daily - = mr;%L
CYP4F2 *1/*3 Rosuvastatin 20 mgQD TG 141 mg/dL
ABCG2 cC Warfarin AlC 6.7% [<5.7%]
SLCO1B1 *1/*5
*q /% INR 1.0[0.8-1.2]
GUIL) Lo Hgb 13.1 g/dL [11-15 g/dL]
VKORC1 TT Het 37.6% [32-45%)]

CYP2C cluster GA PLT 185 x109/L [150-400 x10°%/L]



Patient Case

What would you suggest based on patient’s genotype? m—

A. Voriconazole is metabolized by CYP2C19 and it is not

ffected CYP1A2 *1A/*1F
' CYP2C9 *1/*3
CYP2C19 *1/*1
B. Voriconazole is metabolized by CYP2C9 and we need to g;ﬁ;ﬁg :Z:;O
substitute with a drug that is not metabolized by CYP2C9 CYPAF2 *1/%3
ABCG2 CC
SLCO1B1 *1/*5
UGT1A1 *1/*28
VKORC1 1T
CYP2C cluster GA
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