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Variabilita nella risposta ai
farmaci




Reazioni avverse al farmaci
Adverse Drug Reaction (ADR)

e 5-20% dei pazienti ammessi in ospedal
soffrono di reazioni avverse

« >100 000 morti all'anno negli USA quarta
causa di morte dopo malattie cardiovascolari,
tumori e ictus (Lazarou et al, JAMA 1998;
279: 1200-1205)

* La maggior parte dei decessi causata da
variabilita individuale nella risposta a farmaco
ha base prevalentemente genetica
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Variabilita individuale nella risposta ali
farmaci

Geni Ambiente
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Principal enzymes exhibiting a polymorphism
Implicated in drug metabolism
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Farmacogenetica

Studio di geni candidati coinvolti in vie metaboliche specifiche, allo
scopo di evidenziare variazioni genetiche correlabili con la risposta
individuale ai farmaci in termini di efficacia e di rischio

Farmacogenomica

Analisi dell'intero genoma (DNA) e dei suoi prodotti (RNA e
proteine) allo scopo di individuare variazioni che correlano con la
risposta al farmaco presente a livello cellulare, tessutale, di
individuo o di popolazione, al fine di individuare nuovi bersagli
terapeutici, scoprire e sviluppare farmaci o studiare la risposta ad
essi.
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Mutazione missenso
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Mutazione nelle regioni regolatorie
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Duplicazione genica
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Enzimi microsomiali del
Citocromo p450

»Agiscono su:
Substrati endogeni
Xenobiotici
»3Sono implicati nel metabolismo del 50-60% dei
farmaci
»Reazione tipica idrossilazione:
NADPH* + H* +O, +RH = NADP* +H,0O + R-OH
»Circa 60 geni nelll'uomo
»Mostrano varianti alleliche polimorfe
»Le variazioni portano a fenotipi di metabolizzatori
da ultrarapidi a lenti
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Polimorfismi di CYP2D6

> di 100 varianti alleliche

»Responsabile per il 25-30% del metabolismo di
farmaci Antidepressivi triciclici, Antiaritmici, Beta
bloccanti, Neurolettici, Antitussivi, Narcotici,
Antitumoral

> L’attivita e influenzata da inibitori come
paroxetina, fluoxetina
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Polimorfismi di CYP2D6

> di 100 varianti alleliche

»Gene inattivo > Gene duplicato

(5-10% bianca omozigote) 1% in Europa, 24% in nord-Africa)

MRNA MRNA MRNA

N/

Alti livelli enzimatici,
Aumentato
metabolis

enzima

metabolismo

Fenotipo metabolizzatori
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Table 1 | Cytochrome P450 2D6 (CYP2D6) alleles and their effects on CYP2D6 enzyme activity

CYP2D6 alleles Allele designation Enzyme activity Allele abbreviation
*1,%2,%33,*35 Normal or wild type Normal EM
*3,%4,%5-%8,%11-*16,*18-*21, Null No protein, inactive PM

*36, *38,*40, *42, *44, *56, *62 or negligible
*Q,*10,*17,*29,*41,*59 Reduced activity Decreased M
*22-*28,%30-%32,*%34,*37, Unknown activity Unknown Not applicable
*30,*43, *45-*5/5

Duplicated alleles

*1xN, *2xN, *35xN Multiplication of normal alleles Increased UM

*10xN, *17xN, *29xN, *41xN Multiplication of reduced activity alleles Decreased IM

*AxN, *6xN, *36xN Multiplication of null alleles Inactive or negligible PM

*43xN, *45xN Multiplication of alleles of unknown Unknown Not applicable

activity

EM, extensive metabolizer allele; IM, intermediate metabolizer allele; PM, poor metabolizer allele; UM, ultra-rapid metabolizer allele.

Hoskins JM et al, Nat Rev Cancer, 2009
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Partial metabolic pathway of tamoxifen and its
interaction with oestroaen receptors (ers)
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Hoskins JM et al, Nat Rev Cancer, 2009

Polimorfismi CYP2D6*4 e CYP2C19*17 riducono disponibilita forma attiva
Antidepressivi Fluoxetina e paroxetina potenti inibitori di CYP2D6
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Esempio farmaco anticoagulante
Warfarin

Anticoagulante orale utilizzato nella profilassi e
nel trattamento di malattie trombo-emboliche,
attacchi ischemici transitori, fibrillazione atriale

Il meccanismo d'azione della Warfarina € dovuto
alla sua capacita di antagonizzare le funzioni
della vitamina K, uno dei principali fattori che
partecipano alla coagulazione del sangue
(necessaria per la gamma-carbossilazione
postraduzionale di diversi fattori della
coagulazione)

Difficolta nel dosaggio del farmaco a causa della
complessa relazione dose-risposta: emorragie in
caso di dose eccessiva, profilassi inadeguata in
caso di dose insufficiente



The vitamin K cycle and Warfarin metabolism
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Esempio di influenza poligenica con effetto
sulla farmacodinamica e farmacocinetica del
farmaco: I'anticoagulante Warfarin

Il dosaggio del Warfarin e influenzato da:

« diversi fattori “ambientali”, terapie concomitanti, eta,
patologie concomitanti (17-21% della variabilita)

« polimorfismi nei geni VKORC1 (vitamina K epossido
reduttasi complesso 1) e CYP2C9

Polimorfismi di VKORC1 (-1639 G->A) sono responsabili
del 15-30% di variabilita nel dosaggio, quelli di CYP2C9
(CYP2C9*2 e CYP2C9*3) del 6-18%

Nel 2007 I'FDA ( Food and Drug Administration ) ha
approvato cambiamenti nella scheda tecnica, istruendo |
medici a far uso del test genetico, disponibile in
commercio, per determinare il dosaggio iniziale del
Warfarin.Nel 2009 e stato dimostrato che I'approccio
farmacogenetico era migliore dell’algoritmo clinico nel

=osareti siRT@AIre Il dosaggio



E se I'approccio del geni candidati
fallisce?

!

La farmacogenomica e I'approccio
GWAS (Genome-Wide Association
studies)
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La farmacogenomica studia | polimorfismi dell’intero (
THE HUMAN GENOME - THE BLUEPRINT OF LIFE

The Human Genome project sequenced DNA, the molecules that make up chromosomes in cells. The information derived from this project presented scientists with a
valuable opportunity to not only uncover the secrets of DNA but also the manner in which genes are associated with disease. Scientists now are able to compare the
genomes of people who have a certain condition with those who do not, in order to determine whether genetic variation plays a role in that condition.

This information will help them to predict and possibly prevent disease in the future.

1. Cell

Each of the trillions of cells in the human 4. Genome ! : :
body contains 46 chromosomes packed DNA is made up of chemical building blocks abbreviated A, C, T, and G.
tightly into the region called the nucleus. The entire length of a DNA strand consists of these four blocks in different combinations.
Together, all the DNA in all the chromosomes — more than 3 billion letters - makes up
the human genome. When scientists say they have "sequenced” the
human genome, they mean that they have figured out the
2_ Chromosomes order of all those A's, C's, T's, and G's in sequence.

Half of the chromosomes in the nucleus
come from your mother, and half from
your father. Each chromosome is a
long, tightly coiled molecule called DNA,
ordeoxyribonucleic acid.

3.DNA

If unwound, the DNA from all the / 2

: e : :
bieced and to end would strton GMGITIc!clflalslcwsln!nls ‘/
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6. Misspellings in the Sequence

The way the genes are "spelled" makes all the
difference - one letter out of place in a gene can
cause disease. Now that we know the normal
sequence of the human genome, researchers
can compare the DNA sequence from people
who have a disease or condition to those who
don't. If there are differences in the spelling of
certain genes between the two groups, it's
possible that the condition may be caused by
or related to that misspelling in that gene.

G!Al-mc[c[ﬂehl" e !ﬂA]G}A]A]G
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5. Genes: 30,000 DNA Segments

Much of the DNA in the genome is organized into units

called genes. There may be as many as 30,000 genes in the

genome; they are the instruction manual for making all the

proteins in the body. These proteins are the physical "stuff" . =

that makes up our hair, skin, heart, and blood, among other » »\, 7' Genes and Disease

things. They also control chemical reactions, regulate blood 77\ Scientists have identified about 6000

sugar and heart rate, and control how food or medicine is . diseases, such as Huntington disease

metabolized in the body. g and cystic fibrosis, that are directly

Y caused by misspellings or physical

problems in single genes.
But the genetic contribution to many
common conditions - such as diabetes
and heart disease - is part of a larger
puzzle that could include diet, lifestyle,
environment, and even other genes.
For many of these common conditions,
genetic misspellings probably make
only a small contribution to disease
relative to other factors, or work in
concert with them to cause iliness.
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SNPs: Frequently Occurring
Genetic Variants

Most of the population At least 1 percent of the population

Functional protein Functional protein I‘t“,&f‘a}
IRETITUT
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SNP intergenici SNP intragenici
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Persone diverse possono avere un - S EETRACTE . .

-Lq_s_g eun SNP2Jji

diverso nucleotide in un particolare locus

In un particolare cromosoma

a‘;I_E una mappa di S_Nﬂq

La localizzazione degli SNP

sui cromosomi
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E ome utilizzare gli SNP per predire la risposta ai farmaci:; i

Pazienti con risposta
positiva al trattamento

Pazienti con risposta
negativa al trattamento

Aplotipo predisponente
a risposta positiva e

Aplotipo predisponente

a risposta negativa T

Aplotipo SNP




Principali risultati dei GWAS

* 70% degli studi riguardano la risposta al
farmaco

« 30% reazioni avverse al farmaco
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Studi GWAS su risposta al farmaco
mmpgbbﬁcaﬁ

Drug Response Number Genome-wide Lowestp SNP genotyping Significant Refs
of cases significance/ value platform gene(s)
replication
Warfarin Maintenance dose 181; Yes/Yes 6 3 10713; lllumina 550K; VKORC1,CYP2C9, 7.8
1,053 1 %1078 lllumina CNV370 CYP4F2
Acenocoumarol  Maintenance dose 1,451 Yes/Yes 7 % 107123 lllumina 550K VKORC1,CYP2Co, 9
CYP4F2,CYP2C18
Interferon-a Response in hepatitis C infection 1,137; Yes/Yes 1 x 1072, lllumina 610 quad  IL28B 3-5
assessed by absence of viral RNA in 203: 154 0 x10%
serum 3w 10715
Clopidogrel Antiplatelet effect assessed by 420 Yes/Yes 4 %1071 Affymetrix 500K CYP2C19 6
platelet aggregometry or 1M
Methotrexate Drug clearance and incidence of 434 Yes/Yes 1.7 %10  Affymetrix 500K  SLCO1B1 37
gastrointestinal toxicity in childhood
leukaemia patients
Thiazide Diuretic response assessed by 380* Yes/MNo 2 x107% Affymetrix 100K Region of 40
diastolic blood pressure change chromosome 12q15
Interferon-p Response in multiple sclerosis 206 No/No 0.004 Affymetrix 100K None found 48
assessed by clinical scoring
Anti-tumour Response in rheumatoid arthritis 80 No/No 0.000009 lllumina 300K MNone found 25
necrosis factor assessed by clinical scoring
Methylphenidate Response in attention-deficit 300 No/No 3 % 1078 Affymetrix 6.0 None found 50
hyperactivity syndrome assessed by
clinical scoring
Various Response in childhood leukaemia 487 No/No 1.5 x 1078 Affymetrix 100K None found 51
based on presence of minimal and 500K
residual disease
lloperidone Response in schizophrenia assessed 210 No/No 1 %1078 Affymetrix 500K None found 26
by clinical scoring
Antidepressants  Response in depression assessed by 330 No/No 8x107 lllumina None found 52
clinical scoring Human-1 and
Hap300
Citalopram Response in depression assessed by 1,048 No/No 5% 1077 Affymetrix 500K None found 53
clinical scoring (response); and 5.0
4 %107
(remission)

*50% good responders, 50% poor responders. *Genome-wide significant difference between good responders and poor responders of African-American origin
onlv. 3Not farmallv sianificant afrer correction for multinle restina. CYP cvtochrome P450: GWA. nenome-wide association: Il 78R, interleukin-78R (alsn known

Rosatelli STFO 2010 Daly AK,Nature Rev Genet, 2010



Studi GWAS su reazione avversa al farmaco

Drug Response Number Genome-wide Lowest SNP genotyping Significant Refs
of cases/ significance/ pvalue platform gene
controls replication
Simvastatin Myopathy assessed by symptoms 85/00 Yes/Yes A% 102 llumina Hap 300K SLCO1B1 10
and elevated creatine kinase
Flucloxacillin Liver injury assessed by elevated 51/282 Yes/Yes 8.7 %10 lumina 1M HLA-B*5701 11
liver enzymes and/or bilirubin
Etoposide Secondary leukaemia diagnosed 13/169 No <0.001 Affymetrix 100K None found 54
cytogenetically
Antipsychotics  Tardive dyskinesia assessed by 50/50 No 0.00005  NuminaHuman 1 None found 55
clinical scoring (approx. 40,000 tag SNPs)
Ximelagatran Transaminitis* diagnosed by elevated  74/160 No 6x10° Perlegen 250K None found 39
alanine transaminase activity
Bisphosphonates Osteonecrosis of the jaw diagnosed  25/65 No 1x10°® Affymetrix 500K None found 41
by clinical examination
lloperidene QOT* prolongation diagnosed by 183/0 No 1.6 10% Affymetrix 500K None found 56

electrocardiography

*The elevation of plasma alanine aminotransferase or aspartate aminotransferase activity above the normal maximum level. This indicates the possibility of liver
damage. *The QT interval is a measure of the time between the start of the Q wave and the end of the T wave in the heart’s electrical cycle. GWA, genome-wide
association; HLA, human leukocyte antigen; SLCO1B1, solute carrier organic anion transporter family, member 1B1.

Daly AK,Nature Rev Genet, 2010
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Larisposta ai farmaci e
prevalentemente di tipo
multifattoriale e pertanto
la valutazione dei risultati
prevede I'utilizzo di
modelli complessi

Un test di farmacogenetica
e un test genetico

e come tale deve essere
gestito




Farmacogenetica e farmacogenomica
nella pratica clinica

|l successo della medicina personalizzata
dipende dalla disponibilita di test diagnostici
accurati e rapidi che identifichino i pazienti che
possono trarre beneficio da una terapia

* A tutt'oggi solo il 10 % dei farmaci approvati da

FDA contengono informazioni
“farmacogenomiche’

| marcatori molecolari validati sono numerosi ma
non altrettanto | test diagnostici
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Interactive Media
Background Information

The AmpliChip CYP450 Test analyzes variations in two genes that

play a major role in the metabolism of many widely prescribed
SITEED® drugs. It has been cleared by the FD)A and bears the CE mark,
allowing the test to be used for diagnostic purposes in the United
States and the European Union.

information on a patient's
Roche Diagnostis is working on development of AmpliChip metabolic status
microarrays and other gene-based assays for earlier and maore
specific detection of disease and identification of factors that can
influence dizease risk, disease progression, ortherapy
response.

Available images of the Roche AmpliChip CYP450

Download low-resolution image - JPEG, 41 KB
Download high-resolution image - JPEG, 4.9 MB

Download illustration of array technology
JPEG, 237 KB

— e

Backaround Information

* The CYP450 Gene Family & Drug Metabolism
PDF, 152 KB

—_—

* | earn more about the AmpliChip CYP450 Test in the US
on www.amplichip.us.

¢ Personalized Healthcare
PDF, 64 KB

¢ The technology behind AmpliChip microarrays
POF, 314 KB

—_—
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Valutazione di un test genetico

| criteri ACCE:

 Validita analitica(sensibilita, specificita,
DT)

 Validita clinica

o Ultilita clinica

* Aspetti etici
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Farmacogenetica e farmacogenomica
nella pratica clinica

* |l farmacista deve conoscere per quali farmaci
esiste una approvazione dall’agenzia del
farmaco e se sono state definiti validita clinica e
utilita clinica e validita analitica del test e deve
conoscere le basi genetiche della disciplina per
colmare il gap tra colui che si occupa di genetica
molecolare e colui che si occupa di farmaco

* |l genetista in quanto delegato
all'interpretazione dei test genetici ed alla
conseguente consulenza pre e post test deve
avere esperienze specifiche nel campo della

el faftmacogenomica



Direct-to-consumer (DTC) genetic
testing and pharmacogenomics
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Uno sguardo al futuro....

TEST FARMACOGENETICI PERMETTERANNO UNA
TERAPIA PERSONALIZZATA

2) Elaborazione
informatica e studio di
possibile risposta
avversa al farmaco

3) Farmaco specifico
Rosatelli SIFO 2010 per I |nd|V|dUO N
esame



Il futuro della farmacogenomica

Rosatelli SIFO 2010




