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• Genomics (the quantitative study of genes, regulatory and 
non-coding sequences)

• Transcriptomics (RNA and gene expression)

• Proteomics (protein expression)

• Metabolomics (metabolites and metabolic networks)

• Pharmacogenomics (the quantitative study of how genetics
affects hosts' responses to drugs)

What is ‘omics’ in the biological context?



Goals of Pharmacogenomics

• Identification of novel drug targets

• Facilitated drug development

• Salvage of less effective drugs

• Explanation of interindividual response

• Optimized drug treatment

Individualized treatment versus “one fits all”



„Classic“ concept of pharmacogenetics

Observation:
Presence of different phenotypes regarding the plasma levels

Goal:
Identification of allelic variants, being associated with the different 
phenotypes
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Simple model of dose individualization



Identifying genes influencing polygenic drug response 

Evans and Relling, Nature 2004



Biomarkers in individualized therapy

Diagnostic biomarkers

• High specificity – detection of specific disease

Prognostic biomarkers

• Differential expression – correlation with patient outcome

• Stratification of high vs. low risk patients

• Guide for patient information and monitoring

Predictive biomarkers

• Differential expression – correlation with treatment response

• Stratifictation to responders and non-responders

• Guide to determine selection of therapeutic regime



Current focus of stratified therapy

(Somatic) tumor gene variants as predictive biomarker



Applying pharmacogenetic testing

Hereditary (inherited) variants (polymorphisms)

Somatic mutations (tumor mutations) do not belong to 
pharmacogenetics according to the German Gene Diagnostics Act  
(Gendiagnostikgesetz) 



Relling & Evans. Nature. 2015;526:343-50.

20 genes that affect about 80 medications



Factors influencing function of P450-enzymes in human liver

Zanger et al. Clin Pharmacol Ther 2014; 95:258



Pharmacogenetic information in drug labels (EMA)



Ehmann et al. Pharmacogenomics J 2015;15:201–210

Recommendations on pharmacogenetic information in drug labels 
(EMA)

4.1 Therapeutic indications
If the product‘s indication depends on a particular genotype or the expression of 
a gene or a particular phenotype , then this should be stated in the indication

4.2 Posology and method of administration
Where necessary, dosage adjustments inpatients with a particular genotype 
should be stated with cross reference to other relevant sections for further detail 
as appropriate

4.3 Contraindications
Linked to a particular genotype

4.4 Special warnings and precautions for use
Subjects or patients with a specific genotype or phenotype may either not 
respond to the treatment or be at risk of a pronounced pharmacodynamic effect 
or adverse reaction.  This may arise because non-functioning enzyme alleles, 
alternative metabolizing pathways (governed by specific alleles) or transporter 
deficiencies.  Such situation should be clearly described if known.



Ehmann et al. Pharmacogenomics J 2015;15:201–210

4.5 Interactions with other medicinal products
If interactions with other medicinal products depend on polymorphisms of metabolizing 
enzymes or certain genotypes, this should be stated.

4.8 Undesirable effects
This section may include information on any clinical relevant differences specifically 
observed in patients with a specific genotype

4.9. Overdose
If applicable, counteractive measures based on genetic factors should be described

5.1. Pharmacodynamic properties
Any relevant pharmacogenetic information from clinical studies should be mentioned here. 
This should include any  data showing a difference in benefit or risk depending on a 
particular genotype or phenotype.

5.2. Pharmacokinetic properties
Variation with respect to polymorphic metabolism should be described, if clinically 
relevant, in quantitative terms.  

Recommendations on pharmacogenetic information in drug labels 
(EMA)



Therapeutic
indications

Posology and method
of administration

Contraindications

Special warnings and
precautions for use

Pharmacokinetic
properties

3.5%
4.4%

6.4%

15.3%

30.0%

Ehmann et al. Pharmacogenomics J 2015;15:201–210

Pharmacogenetic information in drug labels (EMA)







Indications including pharmacogenomic biomarker implications for drugs 
evaluated between 1995 and 2014 by the European Medicines Agency

Ehmann et al. Pharmacogenomics J 2015;15:201–210



appr. 150 pairs of drugs and genetic markers

Pharmacogenetic information in drug labels (FDA)



Pharmacogenetic information in drug labels (FDA)



CPIC Level Clinical Context Level of evidence Strength of 
Recommendation

A Genetic information should be used to 
change prescribing of affected drug

Preponderance of evidence 
is high or moderate in favor 
of changing prescribing

At least one moderate or 
strong action (change in 
prescribing) recommended.

B Genetic information could be used to 
change prescribing of the affected drug 
because alternative therapies/dosing are 
extremely likely to be as effective and as 
safe as non-genetically based dosing

Preponderance of evidence 
is weak with little conflicting 
data

At least one optional action 
(change in prescribing) is 
recommended.

C There are published studies at varying levels 
of evidence, some with mechanistic 
rationale, but no prescribing actions are 
recommended because (a) dosing based on 
genetics convincingly makes no difference 
or (b) alternatives are unclear, possibly less 
effective, more toxic, or otherwise 
impractical. Most important for genes that 
are subject of other CPIC guidelines or 
genes that are commonly included in 
clinical or DTC tests.

Evidence levels can vary No prescribing actions are 
recommended.

D There are few published studies, clinical 
actions are unclear, little mechanistic basis, 
mostly weak evidence, or substantial 
conflicting data. If the genes are not widely 
tested for clinically, evaluations are not 
needed.

Evidence levels can vary No prescribing actions are 
recommended.

Level Definitions for CPIC Genes/Drugs

A: Genetic information should be used to change prescribing of the affected drug

B: Genetic information could be used to change prescribing of the affected drug, 
because alternative therapies/dosing are extremely liekely to be as effective and
safe as non-genetically based dosing



ACCE-based recommendations

• Very high significance

• High significance

• Moderate or low significance

Classification of pharmacogenetic diagnostic



Very high significance 

of genetic trait in favor of changing prescribing

Consequence: 

Mandatory documentation of pharmacogenetic trait



Example of very high significance

Severe hypersensitivity : 5%

Association to HLA-marker:
(HLA-B* 5701): appr. 50%

Negative predictive value >99%

Abacavir



Mandatory documentation of HLA-B*5701 / Abacavir



Companian diagnostic

Ivacaftor for the treatment of mucoviscidosis

Overlap to human genetics

Ivacaftor is a CFTR potentiator. It 
improves the transport of chloride 
through the ion channel by binding 
to the channels directly to induce a 
non-conventional mode of gating 
which in turn increases the 
probability that the channel is open



High significance 

of genetic trait in favor of changing prescribing

Consequence: 

Highly recommended genotyping/phenotyping of 
pharmacogenetic trait



Azathioprine 6-Mercaptopurine 6-Methyl-Mercatopurine

6-Thiourea
6-Thioguanosine-nucleotides

I II III IV V VIVIIVIIIIX X

TPMT*2

TPMT*3A

TPMT*3B

TPMT*3C

TPMT*3D

Thiopurin S-methyltransferase

Danger of panzytopenia!

TPMT / Azathioprine bei IBD / ALL

XO HGPRT

Schaeffeler et al. Pharmacogenetics 2004;14:407-417

0.6% Poor metabolizer
= 1 out of 180

100% chance to develop life-
threating side effects

Recommendation: 

5-10% of standard dose



Recommendations of BfArM and FDA 

Fachinformation Imurek

Etwa 10 % der Patienten haben durch 
genetischen Polymorphismus eine verminderte 
Aktivität des Enzyms Thiopurin-Methyltransferase 
(TPMT). Insbesondere bei homozygoten
Merkmalsträgern ist der Abbau von Azathioprin 
beeinträchtigt, so dass ein höheres Risiko fur 
myelotoxische Wirkungen besteht.   (…)

Einige Laboratorien bieten Tests zur Erkennung 
eines TPMT-Mangels an und obwohl diese Tests 
nicht alle Patienten mit einem Risiko für eine 
schwere Toxizität identifizieren können, wird die 
Testung auf TMPT-Mangel insbesondere prä-
therapeutisch bei hochdosierter Azathioprin-
Therapie sowie bei rascher Verschlechterung des 
Blutbildes empfohlen.

Drug Label Imuran

TPMT Testing: It is recommended that 
consideration be given to either genotype or 
phenotype patients for TPMT. Phenotyping and 
genotyping methods are commercially available.  
(…) 
Accurate phenotyping (red blood cell TPMT activity) 
results are not possible in patients who have 
received recent blood transfusions. TPMT testing 
may also be considered in patients with abnormal 
CBC results that do not respond to dose reduction.  
Early drug discontinuation in these patients is 
advisable. 

TPMT TESTING CANNOT SUBSTITUTE FOR 
COMPLETE BLOOD COUNT (CBC) MONITORING IN 
PATIENTS RECEIVING IMURAN. 

There are alternatives for genotyping available



33 CPIC Guidelines
(as of 11/2016)



Moderate significance of genetic trait
in favor of changing prescribing

Consequence: 

• Optional genotyping/phenotyping of pharmacogenetic trait?

• Use of pre-emptive genotyping?

• Only information?



• Psychiatry
• Schizophrenia
• Depression

• Anticoagulation
• Prevention of stroke
• Prevention of thrombosis

• Rare variants

Pharmacogenetics in therapeutic areas



Pharmacogenetics in psychiatry



Classical concept of 
pharmacogenetics in psychiatry

Most studies investigated effects of polymorphic CYP2D6 on 
the pharmacokinetics of antipsychotics or antidepressants, 
but not on the clinical outcome



Meyer UA, Nature Rev Genet 2004;5:669-676

Genotype phenotype relationship of CYP2D6



Dalen et al., Clin Pharmacol Ther, 1998; 63:444-52
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CYP2D6-dependent clearance
of antidepressents and antipsychotics

Stingl et al. Molecular Psychiatry 2012



Stingl et al. Molecular Psychiatry 2012

CYP2C19-dependent clearance
of antidepressents and antipsychotics



62561616N =

CYP2D6 active alleles
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Reduced haloperidol concentrations in dependence of CYP2D6
genotype

Brockmöller et al. Clin Pharmacol Ther. 2002, 72:438-52



7170997N =

CYP2D6 active alleles
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Number of extrapyramidal symptoms caused by haloperidol 
in dependence of CYP2D6 genotype

Brockmöller et al. Clin Pharmacol Ther. 2002, 72:438-52



• Psychiatry
• Schizophrenia
• Depression

• Anticoagulation
• Prevention of stroke
• Prevention of thrombosis

• Rare variants

Pharmacogenetics in therapeutic areas



Pharmacogenetics in the treatment
of major depression



Common variants of intermediate or large effect do not have 
main effects in the genetic architecture of MDD.

Genetics of mood disorders



Belmaker and Agam N Engl J Med 2008;358:55-68

The monoamine deficiency hypothesis

Norepinephrine
reuptake
inhibition

Serotonin 
reuptake
inhibiton

α2-Inhibition

MAO-
inhibition



44-bp deletion / insertion (short/long)

Gene locus: Chromosome 17q11.2 –12

Localization: Promoter region 

appr. 1 kb upstream of exon 1

Genotype distribution:32% l/l; 49% l/s; 19% s/s
(Science 1996; 274:1527-1531)

3’5’

Promoter region of the 5-HT transporter gene (5-HTT)

200bp

Area of various repeats

Exon I
44-bp deletion or insertion

Serotonin transporter (SLC6A4) polymorphism



Association of 5-HTT s/l-genotype 
with risk of depression

Number of stress-causing life events
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Caspi et al. Science 2003; 301: 386-389

No direct association between genotype and depressive disorders; 
but: s/s genotype interacts statistically significant with an increasing number of 
negative life-events (P<0,001)

Low 
activity

High 
activity



SHIP study: 
Cross sectional study in North-East-
Germany

Cohort of 4,310 participants

Cases: 505 subjects with moderate or 
high BL-38 score (>582)

Controls: 505 subjects from total sample



Interaction of SLC2A4 genotype and BL-38 score

Grabe et al. Mol Psychiatry 2005 10:220-4. 

Association of 5-HTT-polymorphism 
with mental and physical distress

(modified Zerssen complaint scale) 



Data on association of serotonin transporter
and therapy response are inconsistent



• Pharmacogenetics may contribute to the explanation of adverse effects
of antidepressants, in particular of tricyclics (TCA)

• Non-response to TCA frequently associated with CYP2D6 ultra-rapid 
metabolizers

• Cave: Tricyclics are only rarely prescribed today

• The efficacy of SSRIs is modestly dependent from CYP2D6 and CYP2C19

Pharmacogenetics in the treatment of antidepressants

Clin Pharmacol Ther. 2015;98:127-34.



• Psychiatry
• Schizophrenia
• Depression

• Anticoagulation
• Prevention of stroke
• Prevention of thrombosis

• Rare variants

Pharmacogenetics in therapeutic areas



Pharmacogenetics of anticoagulation



Intrinsic system Extrinsic system

Surface contact Tissue damage

XII XIIa

XI XIa

IX IXa

X
VIII Ca2+

Xa X

VIIVIIa

Tissue 

thromboplastin (III)

Ca2+

Ca2+ VVa

Phospholipo-

proteins

Phospholipids

Prothrombin (II)

XIII

XIIIa

Thrombin (IIa)

Fibrinogen Fibrin 
(instab.)

Fibrin 
(stab.)

Fibrinopeptides

Plasminogen Plasmin

Blood and tissue activators

Vitamin K 

dependent 

coagulation factors

Blood coagulation



Adopted to Fuster el al., Eur Heart J. 2006;27:1979-2030
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Prospective study on CYP2C9-genotype 
directed warfarin dosage

Caraco et al, Clin Pharmacol Ther 2007



Re-labelling of Coumadin by FDA in 2007

FOR IMMEDIATE RELEASE

August 16, 2007 

Media Inquiries:

Karen Riley, 301-827-6242

Consumer Inquiries:

888-INFO-FDA 

FDA Approves Updated Warfarin (Coumadin) Prescribing Information 
New Genetic Information May Help Providers Improve Initial Dosing Estimates of the Anticoagulant for Individual Patients
The U.S. Food and Drug Administration announced today the approval of updated labeling for the widely used blood-thinning drug, Coumadin, to explain that people's genetic makeup may 
influence how they respond to the drug.

Manufacturers of warfarin, the generic version of Coumadin, are to add similar 
information to their products' labeling, FDA said.
The labeling change highlights the opportunity for healthcare providers to use 
genetic tests to improve their initial estimate of what is a reasonable warfarin dose 
for individual patients. Testing may help optimize the use of warfarin and lower the 
risk of bleeding complications from the drug.
These labeling updates are based on an analysis of recent studies that found people 
respond to the drug differently based, in part, on whether they have variations of 
certain genes. 





The International Warfarin Pharmacogenetics Consortium. N Engl J Med 2009;360:753-764

Comparisons of Warfarin Doses Predicted According to the Clinical 
Algorithm and the Pharmacogenetic Algorithm



• The patient’s CYP2C9 and VKORC1 genotype information, 

when available, can assist in selection of the starting dose.

• In all patients, subsequent dosage adjustments must be made 

based on the results of PT/INR determinations.

Re-labelling of Coumadin by FDA in 2010



• Psychiatry
• Schizophrenia
• Depression

• Anticoagulation
• Prevention of stroke
• Prevention of thrombosis

• Rare variants

Pharmacogenetics in therapeutic areas



Clopidogrel 
Prasugrel
Ticagrelor

Inhibition of platelet aggregation



Clopidogrel is a prodrug



Clopidogrel-mediated inhibition of platelet aggregation
is influenced by CYP2C19

Kim et al. Clin Pharmacol Ther 2008; 84, 236–242 



Increased risk of stent thrombosis in CYP2C19 poor metabolizers

Mega et al. NEJM 2009;360:354-362



Meta-analysis of CYP2C19 Genotype and Risk of Composite Cardiovascular 
Outcome in Individuals Treated With Clopidogrel: “Treatment-Only” Analysis

Holmes et al. JAMA. 2011;306:2704-2714

CYP2C19 genotype alone explains 

only 5–12% of the variability in

response to clopidogrel

(Trenk et al. Clin Pharm Ther 2012:92(4))



• Psychiatry
• Schizophrenia
• Depression

• Anticoagulation
• Prevention of stroke
• Prevention of thrombosis

• Rare variants

Pharmacogenetics in therapeutic areas



Werk et al. Clin Pharm Ther 2014;95:416-22



Identification of a premature stop codon (CYP3A4*26)

Werk et al. Clin Pharm Ther 2014;95:416-22



Exonic variants of CYP3A4

CYP3A4*26

Werk and Cascorbi, Clin Pharmacol Ther. 2014;96:340-8
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Future developments – the question of costs



§ 7 Medical doctor reservations

(1) Diagnostic genetic examinations may only be conducted by medical 
doctors, and predictive genetic examinations may only be conducted by 
medical doctors who are certified specialists in human genetics or by other 
medical doctors who within the framework of their own area of expertise 
were also able to obtain certification, specialization or additional 
qualification to conduct genetic examinations. 

(2)The genetic analysis of any genetic sample may only be conducted in the 
course of a genetic examination by the responsible medical doctor or by a 
persons or institutions commissioned by the responsible medical doctor. 

(3) Any genetic counselling as defined in § 10 may only be conducted by 
medical doctors qualified pursuant to Subparagraph (1), above, who are 
qualified to perform genetic counselling. 

*unauthorized translation www.eshg.org

Definition according to German Gene Diagnostics Act*
Gendiagnostikgesetz GenDG




