Complementariedad de la
Farmacogenética y
Farmacocinética en la
Optimizacion Terapeéutica




Variabilidad en la respuesta
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Fuentes de variabilidad en la respuesta

O

Adherencia /

o Biofarmacia
Cumplimiento

Dosis administrada Dosis absorbida

Conc. Plasm /biofase

Farmacocinética Farmacodinamia
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Farmacocinética
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Variabilidad interindividual PK
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Demograficos Edad, peso y género

Fisiologicos Gestacion (cambios en Vd y CI), obesidad (cambios
en Vd), factores genéticos

Patologicos Insuficiencia renal. Disfuncion hepaticas (hepatitis y
cirrosis). Insuficiencia respiratoria. Insuficiencia
cardiaca congestiva. Trastornos digestivos (mala
absorcion). Hipoalbuminemia

latrogénicos Interacciones entre farmacos

Farmacotécnicos Biodisponibilidad incorrecta

Varian a lo largo de la Estables a lo largo de
vida de las personas la vida de las personas

4 ~ 7
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Factores genéticos que modifican PK

O

Slow rate of acetylation

4 8
Plasma Isoniazid (pg/ml)




Factores genéticos que modifican PD
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Farmacogenética o Farmacogenomica

O

Farmacogenética

Untnicogen

Describe los estudios que

entre variabilidad en

_ | Respuesta
— evallan la relacién existente Farmacoldgica




“tiene como objetivo dilucidar la base genética de la
variabilidad interindividual en la respuesta a los
farmacos”

Herramienta para disminuir la variabilidad

7l
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Fuentes de variabilidad en la respuesta

O

Adherencia /

o Biofarmacia
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Dosis administrada Dosis absorbida

Conc. plasm/biofase
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Farmacogenomica




FARMACOCINETICA FARMACODINAMIA

FARMACOGENOMICA




Polimorfismos genéticos

O

» Variaciones naturales en la secuencia de las bases
del ADN.

Frecuencia superior al 1% en una poblacion determinada
Consecuencias: aumento o disminucion de actividad genica

Polimorfismo mas comun: SNP (polimorfismo de un solo
nucleotido / single nucleotide polimorphism)
Impacto clinico depende
Base molecular del polimorfismo
Expresion de otros enzimas metabolizadores
Coadministracion de otros medicamentos
Comorbilidades

Alta prevalencia ,/
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Alelos =2 secuencias de ADN diferentes en un locus

Genotipo - par de alelos gue una persona tiene en
una region del cromosoma

Fenotipo - manifestacion externa de un
determinado genotipo

4 ~ 7
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Genaotype

Drug Metabolism
{Degradation])

Drug Receptor
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Polygenic Drug
Response
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Monitorizacion PK/PDPG

Cp
MONITORIZACION
DE FARMACOS

Optimizamon de la terapi
/ a\

Reduccion de Incremento de
la toxicidad la eficacia

\ /

Individualizacion de la pauta posologica
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Clasificacion de la farmacogendmica

Enzimas metabolizadores:
Citocromo P450 y UGT

Proteinas transportadoras de
farmacos:

® Glicoproteina P: codificada
por gen ABCB1 o MDRI1.

® Otros transportadores:
codificados por MRP1, MRP2,
transportador OATP-C, BCRP.
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Farmacogenomica del
metabolismo de los farmacos




PG Disposicion
» Polimorfismos -

ausencia o proteinas no
funcionales

» Fenotipos distintos
Distribucion bimodal/trimodal

» Fenotipos facilmente
medibles
Concentracion farmaco
Actividad catalitica In vitro

PG Respuesta

* Polimorfismos -
proteinas funcionales

» Diferencias en fenotipos
son menores

» Medidad de fenotipos son
dificiles
Imprecisas y variables
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Metabolismo de los farmacos

@

Farmaco

l

Productos oxidacion,
reduccion y/o hidrolisis

rrrrr

llaletel
T




Enzimas metabolizadoras de farmacos

O

Phase | —CYP1A1/2 Phase Il
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Metabolismo Fase | — Reacciones de oxidacion
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» Citocromo P450

Substrato
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\) i 2J \W Metabolito
egucrasa .

02020,020,0,0

bayfd

culo endoplasmico

‘...........‘.‘...“.........0....0

—’i[/7§7 |




Nomenclatura del Citocromo P450

O




CYP450

Substratos

Nicotina
Bupropion

Cumarina

Mefenitoina

Omeprazol

Diazepam | gsartan
AINES
Warfarina

Fenitoina

Inhibidores Azoles Azoles

Ind Barbituricos

nductores Rifampicina
Barbituricos
Rifampicina

Tolbutamida

Midazolam
CyA/Tacrolimus
CCBs
Estatinas
Cisaprida
Terfenadina

Azoles
Macrolidos
Cimetidina

Pomelo

Barbituricos
Rifampicina

Cafeina
Teofilina

Imipramina

Clorzoxazona
Acetaminofeno
Nitrosaminas
Anestésicos

Desipramina
Nortriptileno
3-bloqueantes
Debrisoquina
D-metorfano

Retinoides
Paclitaxel

ISRS

2C8

< 1%
~ Azoles  pigyifiram _
Macrolidos Quinidina
Cimetidina Metadona

Pomelo Cimetidina
| |

Ome_pra_lzol Isgrg?;z(?lda Rifampicina
Barbitlricos

PAHSs

Hierba de San Juan

_ . Benceno
Dexametaso_na Rifampicina
Carbamazepina




Fenotipos

Tipo de farmaco

Farmaco activo,
inactivado por
metabolismo (p.e.
omeprazol)

Caracteristica obse

Fenotipo metabolizador
lento

Buena eficacia

Acumulacion del farmaco
activo puede producir
una reaccion adversa

Puede ser necesario
disminuir la dosis

da: tasa metabolismo

Fenotipo metabolizador
rapido

Pobre eficacia

Puede necesitar una
dosis mayor o una
formulacion de liberacion
retardada

Profarmaco (necesita
metabolizarse para AF
(codeina =2 morfina)

Baja eficacia

Posible acumulacion del
profarmaco

Buena eficacia, efecto
rapido

T
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Table ll. Estimate of the prevalence of relevant cytochrome P450 polymomphisms in various ethnic populations

Enzyme Ethnicity Poor metaboliser Ultra-rapid metaboliser
CYP1aze Various Raral™21 Induction polymaorphismEs27.e1-&
Clinical relevance unclear
CYP2Ca i Caucasianl™=9 1-10%% Mone
AsianlEe 0—2% Mone
African® Up to 4% Mone
CYP2019 i Caucasian,®=1 Atrican,®1 1-5% Mone E
i Saudi Arabian P2 and Turkish® |
Asian-] 13-23% Mone
CYP2Ds AsianFEat 1-2% Up to 225
Turkish® E—10%
African®# 1 and 2—4% 2%
African_American .
Caucasianl® %102 5-7% 1-2% North Europe |
E—10% South Europe !
Saudi ArabianE2108 209
Ethiopian Up to 293
Asian1od] Carrier of an allele with Up to 50%% (CYP20D8™10)
reduced activity105107]
African®1 Carrier of an allele with Up to 30% (CYP2D8™17)
reduced activity105107]
CYP3As Caucasian1 About 70% Mone
African American® About 40% Mone
Japanesel1™l 30-40% Mone
Chinasal! 19 ahnout BOEs Mione
CYPaadb Variousgl111 Wide variability in metabolic Wide variability in metabolic capacity,

capacity, only very few
functional polymorphisms have
been identified

only very few functional polymomphisms
have been identified

a Inter-individual variability of CYP142 metabolic capacity is wide, with a bi- or tri-modal distribution depending on the population; only

a few functional genes have been identified to date.

b Inter-individual varakility in CYP3a4 metabolic capacity is wide, but no bi- or mulimodal distribution has been found, most probably

indicating that several genas contribute to the function.




Ejemplos de Farmacogendmica del metabolismo
de farmacos

O

Table 1. Pharmacogenetics of Phase | Drug Metabolism.*

Frequency of Variant Poor- Representative
Drug-Metabolizing Enzyme Metabolism Phenotype Drugs Metabolized Effect of Polymorphism
Cytochrome P-4502D6 6.8% in Sweden Debrisoquint® Enhanced drug effect
(CYP2De) 1% in China'? Sparteine!® Enhanced drug effect
Nortriptyline2? Enhanced drug effect
Codeine®.28 Decreased drug effect
Cytochrome P-450 2C9 Approximately 3% in England?? ({those Warfarin2#32 Enhanced drug effect29-32
(CYP2CY) homozygous for the*2 and *3 alleles) Phenytoin3t.32
Cytochrome P-4502C19 2.7% among white Americans®3 Ormeprazol e3+3% Enhanced drug effect3%.3
(CYP2C19) 3.3% in Sweden

14.6% in China'?
18% in Japan3?

Dihydrepyrimidine Approximately 1% of populationis Fluorourac| 42 Enhanced drug effect39.40
dehydrogenase heterozygous®
Butyrylcholinesterase Approximately 1 in 3500 Europeans#? Sucdnylcholine® 4 Enhanced drug effect®.+2

(pseudecholinesterase)

* Examples of genetically polymerphic phase | enzymes are listed that catalyze drug metabolism, including selected examples of
drugs that have clinically relevant variatiens in their effects.
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Codeine Intoxication Associated
with Ultrarapid CYP2D6 Metabolism

Clarithromycin and
voriconazole

CYP2D6

l Ultrarapid
metblm

Mph
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—— Acute renal
i ©
r
ot

failure
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Atazanavir pharmacokinetics in genetically determined CYP3AS

EXPIressors versus non-expressors

Peter L. Anderson'*, Christina L. Aquilante!, Edward M. Gardner®?, Julie Predhomme?,
Patrick McDaneld!, Lane R. Bushman!, Jia-Hua Zheng!, Michelle Ray!

and Samantha MaW hinney*
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Figure 1. Atazanavir CL/F on day 7 sorted by mce and gender, Solid lines

show  cell mean  estimates. A,

African-American;  non-Ad,

non-African-American. Atazanavir CL/F differences were most pronounced

in non-African-American men.



Effect of CYP3A5%3 genotype on serum carbamazepine
concentrations at steady-state in Korean epileptic patients

| P.-W. Park* MD PhD, Y. H. Seo* MD PhD, . Y. Ahn* MD PhD, K.-A. Kimt PhD and
].-Y. Parkt MD PhD

L] Ll
CYPIAS CYPIAS
BXPrEsEOrs Mon-expressors

Fig. 3. Comparison of oral clearance of carbamazepine
(CBZ) using the estimated Bayesian method according to
the CYP3A5 genotype in epileptic patients.




Test para CYP2D6 y 2C19

« AmpliChip CYP450

e hitp://www.fda.gov/cdrh/mda/docs/k04225
9.html re—

Sonda de Oligonucledtido = = *:

CYP450 2D6 & 2019

S AE G -

J. de Leon, M.T. Susce, E. Murray-Carmichael, The AmpliChip CYP450 genotyping test:
integrating a new clinical tool, Mol. Diag. Ther. 10 (2006) 135-151.
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UGT1A1l

Nomenclatura de UGT UGTIA3

@ UGT1A4




Invader UGT1A1l Molecular Assay
O




Actividad TPMP:

SH
v Mercaptopurina
*Elevada - 89-94% !
@,
: Thiopurine L‘”n N
*|ntermedia 2 6-11% Methyltransferase H Xanthine Oxidase
(IPMT) (XQ)

*Baja 2> 0,3%

8H
Polimorfismos TPMP: “JIN H)IN
N N
2, ¥30y ¥3C ik, 1> Y H)—m
sInfluencia en

tolerancia e intensidad X0 TEMT)
de dosis en nifios LLA i

2,8-Dihydroxy-6-Melhylmercaplopurine
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Ejemplos de Farmacogendmica del metabolismo

de farmacos

O

Table 2. Pharmacogenetics of Phase || Drug Metabolism.*

Frequency of Variant Poor- Representative
Drug-Metabolizing Enzyme Metabolism Phenotype Drugs Metabolized
N-Acetyltransferase 2 52% among white Americans?® Isoniazidte
17% of Japanesess Hydralazinell

Procainamidel2

Uridine diphosphate—glucureno- 10.9% among whites=? Irinotecanst
syltransferase 1A1 (TATA-box 4% of Chineseso Bilirubins2
pelymerphism) 1% of Japaneses®

Thiopurine 5-methyltransferase Approximately 1 in 300 whites5257 Mercaptopurinest

Approximately 1 in 2500 Asians5? Azathioprine

Catechol O-methyltransferase Approximately 25% of whites51,64 Levodopast.es

Effect of Polymorphism

Enhanced drug effect!s

Enhanced drug effectss
Gilbert's syndromes2

Enhanced drug effect
(toxicity)s1-53

Enhanced drug effect51.65

* Examples of genetically polymorphic phase Il (conjugating) enzymes are listed that catalyze drug metabolism, induding selected

examples of drugs that have dinically relevant variations in their effects.




Farmacogenética de los
transportadores de farmacos




TRANSPOR

MRP1
MRP2
MRP3
MRP4
MRP6

Transportador
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Glicoproteina P
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Glicoproteina Py efectos sobre 1as
concentraciones de digoxina

O

Digoxin
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opulation pharmacokinetic an
pharmacogenomic analysis of tacrolimus in iqéni
pediatric iving-donor liver transplant recipients poligenico

Masahide Fukudo, MS, Tkuko Yano, PhD, Satohiro Masuda, PhD, Maki Goto, PhD,
Miwa Uesugi, BS, Toshiya Katsura, PhDD, Yasuhiro Ogura, MDD, Fumitaka Oike, MD,
Yasutsugu Takada, MD, Hiroto Egawa, MDD, Shinji Uemoto, MD, and

Ken-ichi Inui, Phd Kyoro, Japan

Evaluar el efecto de MDR1 y CYP3A4 3A5 en el aclaramiento oral
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Table IV. Summary of model refinement process with pharmacogenomic data set

Covariates Models

-2 LD

Second

First sefection  selection

Model 1 CLF = (A, + 6, - XPOD) - SIZE - EXP{—f, - AST/53)

(if POD =21, then XPOD = POD; otherwisz, XPOD =

213 VIF = ﬂ
Effect of native intestine on CL/F = (A, - 822/+ 6, - XPOD) - SIZE - EXP(—Hf; -

initial CL/F
Intestinal MDE1 mEMNA
Intestinal CYP3A4

ASTIS3)
iIFLAG = | if recipient was high expressor; otherwise, O
iFLAG = | if recipient was high expressor; otherwise, O

mRMNA
Intestinal CYP3AS*] iFLAG = | if recipient was CYPFAS*] allele carrier;
allale otherwise, O
Effect of graft liver on CL/F = (A, + 6, - 6,"*° . XPOD) - SIZE - EXP{—f, -

recovery of CL/F
Hepatic MDE1 mRNA
Hepatic CYF3A4 mRENA
Hepatic CYP3AS*] allele

ASTI53)
RFLAG = 1 if recipient was high expressor; otharwisz, 0
hFLAG = 1 if recipient was high expressor; otherwise, 0
WFLAG = 1 if donor was CYPIAS*] allele carrier; otherwise,
0

(OB = 7202.70)

17.54%
1.23

17045

1.45

0.15

3567 2.89
20671

A high expressorof MDEL and CYP3A4 in the native intestine and in the graft lver, respectively, was defined by an mBIMA level grester thean the median value (shown

in Tahie 1.
iFLAG, Indicator varisble associabed with intestine: hFLAG, indicator variahle associated with hepatic graft.

tStatistically significant difference (P« 05) in gocdness of At from model 1o ficst selection or from model inclading hepatic CYPIAS*] alkle n second sealection.

1The covariate showing the largest improvernent of fit was incerporatad dnto the modeal




» La farmacocinética y la farmacodinamia junto con la
farmacogenomica son herramientas que nos ayudan
en la optimizacion terapéutica

» Es necesario

|dentificar poblaciones
Grupos de riesgo
Patologias cronicas
Patologias con alta morbi/mortalidad
Tratamientos con RA muy graves
Etc

EC que demuestren la utilidad clinica de la integracion de
todas estas herramientas
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The study of heredity as it relates to the absorption,
distribution, elimination, and action of medicines

A tool to limit variability and individualize therapy

» Efecto farmacologico es resultante de la interaccion
de varios genes que actuan codificando proteinas
envueltas en el metabolismo, transporte, distribucion
y accion del farmaco



haplotype

VKORCA

CYP2C9
genotype
10%

unknown
40%

non-genetic
factors
30%




» Widely prescribed anticoagulant drug used to
prevent blood clots

» Narrow range between efficacy and toxicity
» Large variability in the dose required to achieve

therapeutic anticoagulation
Doses vary 10-fold between people

» CYP2C9 is the enzyme responsible for the
metabolism of warfarin
» SNPs exist in CYP2C9 gene that decrease the

activity of the CYP2C9 metabolizing enzyme



Table V. Examples of pharmacogenstic CYP450 polymomphisms
and associated potential risks for serious adverse drug reac-
tions®1%9

FPolymonphism  Potential serious adverse drug reactions

CYP2C9 PM  Phenytoin intoxication:[343 gver anticoagulation
with warfarin'#8.128 or similar anticoagulation
drugs; Dleeding or hypoglycaemia wilk
tolbutamide or glipizidel®7.12€]

CYP2C19 PM  Barbiturate intoxication; over-sedation with
diazepam

CYP2Ds PM  Proarmhythmic and other toxic effects with
antiarrhythmics: QT interval prolongationftorsade
de pointes and anticholinergic delirium with
tricyclic antidepressants in PMs; extrapyramidal
symptoms with typical antipsychotics in PMs=

CYP2Ds UM Opioid intoxication with codeing in UMs[1E
PM = poor metaboliser; UM = ultra-rapid metaboliser.




