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Pharmacogenetics and Drug Therapy

Candidate genes associated with response and
side effects/toxicity are known

Value of pharmacogenetic test in predicting response and
selection of appropriate and dose has been established In
prospective clinical trials in two independent study cohorts
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Pharmacogenetics and Drug Therapy

Reality: Focus on one gene, limited number of
mutations tested

Predictions based on case reports only

Retrospective studies with poor description
of patient characteristics, clinical outcome & confounders
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Prerequisites for Pharmacogenetic Testing

» Clear definition of phenotype (confounders)
« Genotype-phenotype relationship

« Sufficient sample size to identify all relevant
mutations associated with phenotype

» Association studies: Plausible biological hypothesis
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Pharmacogenetics and Drug Therapy

How Is the phenotype drug concentration

related to drug response, side effects?

How predictive is the drug effect for efficacy,

clinical endpoint?
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Pitfalls in Pharmacogenetic Testing

Of the known functionally important mutations only a
Imited number are tested

Presence of unknown mutations

Penetrance of gene

Phenotype studied Is only in part caused by
candidate gene

Other genetic and nongenetic factors contribute to
phenotype

ME2838.ppt
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Requirements for Pharmacogenetic Testing

How many mutations should be tested?

Restricted to most common mutations or as complete

as possible?

Example of TPMT: 22 loss of function mutations identified
Cohort of ~ 15000 patients: 10 new mutations identified.

1 patient with complete deficiency was classified

as heterozygous based on genotyping which was restricted
to 3 most common SNPs

ME3291.ppt



Polygenic Nature of Drug Response: Antidepressants
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Pharmacogenetics and Prediction of Response and Toxicity

The example of TPMT

« Of the known functionally important mutations only a
Imited number are tested

e Presence of unknown mutations

* Penetrance of gene

 Phenotype studied is only in part caused by
candidate gene

» Other genetic and nongenetic factors contribute to
phenotype
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* hematotoxicity (leukopenia, pancytopenia)
e hepatotoxicity (most cases)

e pancreatitis

e gastrointestinal disturbancies” (eg. nausea, vomiting, diarrhoea)
e flu-like symptoms (such as fever*, headache)

e rash*

e arthralgia*, myalgia*

* commonly termed also as Azathioprine intolerance
ME3273



Patients (n=41) with Crohn‘s Disease and Severe
Myelosuppression during Azathioprine Therapy

0+ TPMT genotype 70.7%

— 29.3%
3 A
% 4 \
< 10- 19.5%
9.8%
|
0 -
homozygous heterozygous wildtype

Patients mutant

¥ AT Y T ” 56 7 87 Months Colombel et al.
Gastroenterology 2000

| —
0,511.52
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Results of TPMT diagnostics in Stuttgart

Spontaneous reporting of cases (n=14 066); 92 % IBD

g

Patients on thiopurine therapy (n=4525)

42 mutant (44%)

12 28
homozygous| | heterozygous
2
onset within het+allopurinol
3 - 8 weeks

ME3280

v
53 wildtype (56%)
v v
13 (14%) 1 39
comedication| | CMV Infection | | (36% received
allopurinol ASA 212 mo)

Schwab et al. unpublished data (Mai 2005)




Dinydropyrimidine Dehydrogenase (DPD)
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e DPD catalyzes 1t and rate
limiting step

e commonly expressed Fe-S protein
(predominately in human liver)

e cytosolic enzyme
e endogenous substrates known

e association to inborn error
(familial pyrimidinemia) and

e sSevere 5-FU toxicity
(Diasio et al., 1988)
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Pitfalls in Pharmacogenetic Testing:
DPYD Mutations and 5-FU Toxicity

798

patients included

685
study patients

Reasons for exclusion

German Study-Group

Gl tumors 96 %, breast cancer 2.4 %, CUP 1.6 %

on 5-FU Toxicity
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Phenotype is only in part caused by candidate gene

DPYD Exon 14 Skipping Mutation explains only ~ 15 % of 5-FU toxicity

WHO grade IV 1l Il 1-0
patients 685 - . . . - Tox 4+3 vs 0-2:
*2 [ *2 0 95%CI 1.3-12, P = 0.019
8/2003
11.4%

number of pts 35 91 80 479
German Study-Group

on 5-FU Toxicity
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Female Sex is a Risk Factor for 5FU Toxicity

Sexratio [%] &%

Total
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Sex and DPYD*2 Allele associated 5-FU Toxicity

20
15 | O difference in allele *2 frequency between
females (2.3%) and males (1.6%)
16
14 _
male: p <0.0001
12

J female: N. S.

=
o

Distribution of DPYD*2 ( %)

4 3
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0 0
O — ! f = I
WHO?® 0O-I WHO*° Il WHO-e Il WHQO? IV
patients (n) 476 (4) 81 (3) 92 (2) 34 (4)
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Nomogram for the Prediction of 5-FU Toxicity
10 20 30 40 S50 o660 70 80 90 1QO

20 40 o0 80 100 120 140 160 180 200 220
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Predictive model for 5-FU WHOA4-toxicity

Factor female male
sex (DPD wit) 17 0
sex (DPD*2) 9 (26) 100
TS (wt) 16 16
MTFR (wt) 8 8
Folinic acid 27 27
Bolus 11 11
age 50 50
total points 138 212
Probability 0.48 0.95

Contribution of DPD*2 is negligible (4 %) in female but substantial (45 %) in male patients.
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Genotype and Phenotype

Limitations of present approach: Usually focus on one gene
Like most disease phenotypes, drug phenotypes
(response, nonresponse, toxicity) are complex polygenic
traits with nongenetic factors contributing to the
manifestation of phenotypes.

The extent to which genetic factors contribute to phenotype
will depend whether the candidate gene is a gene of major,
moderate or minor effect.

ME3185.ppt



Table 1. Partial list of candidate genes for pharmacogenomic studies of HMG-Col

reductase inhibitors.
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Limitations to current statin pharmaco-
genetics studies (Zineh et al. 2005)

Generally not multi-gene studies (or studies
considering combinations of several genes)

Statistically significant results are not necessarily
clinically meaningful

Many studies - few results replicated

Gene-environment, gene-disease and dietary
factors not contolled

Candidate polymorphisms often associated with
baseline cholesterol

ME3225.ppt



Pharmacogenomics of Statins: Outlook

Genotype groups with diminished lipid
response may still show clinically useful
effects!

How predictive is lipid lowering efficacy for
clinical endpoints?

WIll genetic testing to predict response and
toxicity be feasible and cost-effective?

- Maybe, but expectations are probably too high
Large studies with many genes are needed

ME3228.ppt



Can Genotype-based Dose Selecetion Reduce Toxicity  Mesizs
and Increase Response ?

Genotype Dose Concentration  Response Concentration Response
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The Impact of CYP2D6 Genotype on Adverse Drug Reaction
and Nonresponse During Treatment with Antidepressants

Adverse Effects Nonresponse

PM B uMm

100

7%

80 [

60 [ B

20 -
2 % 1 %

expected observed expected observed expected observed

Rau et al., 2004 Kawanishi et al., 2004
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Individuals

40 4

30 +

20

10 {

CYP2D6 Oxidation Phenotypes in Caucasians

EM: extensive metabolizer (~70-80 %)

N = 308 i
UM: |
ultrarapid |
metabolizer - IME |
~5.10 % intermediate |
metabolizer !

~10-15% |

N

Sparteine

PM

poor metabolizer

~5-10 %

0.1 1 10
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Limited Predictivity of CYP2D6 Gene Duplication

Individuals

40 ¢

30 +

20 +

10 +

Carriers of 3
gene copies
6/16 UM (38%)

0.1

for UM Phenotype
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CYP2D6 Protein and Propafenone Enzyme
Activity in Human Liver

Correlation PPF-Protein
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Polygenic Nature of Drug Response: Antidepressants

c A
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& 11  amplification Poor predictive value of CYP2D6 and

Sl _ , CYP2C19 genotype for severe adverse drug
time [h] reactions and non-response leading to

discontinuation of treatment

% w0 [:][:]  Comparable doses used; compliance

= |

g 1 o  Measurement of drug levels
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time [h] Coadministration of drugs: Phenocopying
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Polygenic Nature of Drug Response: Antidepressants

conc.
conc.

MDR1 at blood brain barrier
Comparable plasma concentration,
yet different concentration at site
of action:

* Poor predictive value of drug concentration

* net concentration = influx (diffusion) — efflux (transport)
 Contribution of MDR1 polymorphism to

response only at comparable concentrations
ME3124



Polygenic Nature of Drug Response: Antidepressants

1. Concentration of serotonin in
synaptic cleft is influenced by
biosynthesis (TPH2), re-uptake
(SERT) and catabolism (MAOA)

MDR1

2. Inhibition of serotonin re-uptake
depends on drug concentration in
synaptic cleft

3. Mutations of receptors and
sighalling pathways affect

. ®@ ©@ g & ‘@
neurotransmitter and drug effects ® &

HT Receptors
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Polygenic Nature of Drug Response: Antidepressants

Contribution of receptor / signalling
pathway to drug response should
be assessed at comparable plasma
levels
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Limitations to current statin pharmaco-
genetics studies (Zineh et al. 2005)

Generally not multi-gene studies (or studies
considering combinations of several genes)

Statistically significant results are not necessarily
clinically meaningful

Many studies - few results replicated

Gene-environment, gene-disease and dietary
factors not contolled

Candidate polymorphisms often associated with
baseline cholesterol
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Pharmacogenomics of Statins: Outlook

Genotype groups with diminished lipid
response may still show clinically useful
effects!

How predictive is lipid lowering efficacy for
clinical endpoints?

WIll genetic testing to predict response and
toxicity be feasible and cost-effective?

- Maybe, but expectations are probably too high
Large studies with many genes are needed
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