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Executive summary 

This guideline addresses the influence of pharmacogenetics on drug pharmacokinetics, encompassing 

considerations and requirements for the design and conduct of investigations during drug 

development. For those cases where pharmacogenetics is envisioned to play a major role in the 

benefit-risk of a medicinal product because of its impact on pharmacokinetics, guidance is given 

regarding studies required and recommended at different phases of drug development to ensure 

satisfactory efficacy and safety in genetic subpopulations that have variable systemic exposure of 

active substances. 

1.  Introduction 

The pharmacokinetics of many medicinal products is prone to interindividual variability, which is 

caused by several factors such as gender, age, weight, impaired renal and hepatic function, and 

genetics. In recent years, a rapid development in our understanding of the influence of genes on 

interindividual differences in drug action has occurred. This development encompasses the area of 

pharmacogenomics, including pharmacogenetics. It is acknowledged that pharmacogenetics may not 

be equally important for every drug. However, for drugs where pharmacogenetics is important for 

pharmacokinetic variability, this Guideline provides a framework on where it is recommended that 

pharmacogenetics should be implemented in the drug development process. Details on conditions 

where further investigations are warranted are provided in the body of this Guideline. 

Background 

In the field of pharmacogenetics, interindividual variability in genes influencing or predicting the 

outcome of drug treatment (e.g., genes encoding drug transporters, drug metabolising enzymes, drug 

targets, biomarker genes) is studied in relation to efficacy of drug treatment and adverse drug 

reactions. Some of this interindividual variability is caused by genetic variation, i.e., the occurrence in 

the same population of multiple allelic states. Examples of genetic variations include Single Nucleotide 

Polymorphisms (SNPs), insertions/deletions and variation in gene or sequence copy number (copy 

number variation, CNV).  

Our main knowledge on genetic factors influencing absorption, distribution, metabolism and excretion 

(ADME) is centred on drug metabolism. Genetic variations in metabolizing enzymes may lead to (i) 

increased or decreased clearance of the parent drug or pharmacologically active or toxic metabolites, 

(ii) increased or decreased production of active metabolites of the respective prodrugs, or (iii) 

increased or decreased formation of toxic products. These metabolising steps may involve phase I 

and/or phase II enzymes.  

The normal (wild-type) situation with a certain metabolising capacity, is referred to as 'extensive 

metabolisers' (EM). Increased metabolism occurs in the 'ultrarapid metaboliser' (UM), and is usually 

the result of multiple active alleles; decreased metabolism occurs in the 'poor metaboliser' (PM), and is 

usually the result of mutations or gene deletions leading to reduced or abolished expression or function 

of the respective enzymes. 30-50% of all clinically used drugs are metabolized by functionally 

polymorphic enzymes 1,2, including Phase I cytochrome P450 enzymes (e.g., CYP2C9, CYP2C19 and 

CYP2D63), and phase II enzymes (e.g., UDP-glucuronosyltransferases, N-acetyltransferase-2 and 

some methyltransferases).  

Metabolising enzymes account for 80% of the genes/enzymes that are mentioned for pharmacogenetic 

purpose in the current drug labels4. Examples of polymorphisms affecting the benefit-risk of medicinal 

products in subpopulations of patients are known. For example: 



 
  
 5/23
 

(i) For many antidepressants and antipsychotics, which are known CYP2D6 substrates, the plasma 

levels of the drug at the same dosage often vary 5-20-fold, an important factor being  

polymorphisms in the CYP2D6 enzyme. There are many reports of increased frequency of adverse 

drug reactions among subjects with the poor metaboliser phenotype, due to increased systemic 

exposure to the parent drug5. Furthermore, exposure to some important anticoagulants e.g., 

warfarin and acenocoumarol is dependent on the CYP2C9 genotype of the patient6,7. 

(ii) Excessive prodrug activation may affect safety of codeine (CYP2D6), tramadol (CYP2D6), and 

clopidogrel (CYP2C19). Hence, ultrarapid metabolisers suffer from adverse events due to increased 

levels of active metabolites. The efficacy of prodrugs which are activated by polymorphic enzymes 

may also vary depending on the presence of specific functional allelic variants in patients. An 

example of this is clopidogrel, for which the conversion of the clopidogrel prodrug to active drug is 

much diminished in about 20% of Asian patients being CYP2C19 poor metaboliser, and this 

reduced metabolism results in less anti-coagulation and less protection against cardiovascular 

events8,9. The latter example also illustrates that pharmacogenetically based variation in 

pharmacokinetics may subsequently be important for pharmacodynamics and benefit-risk 

considerations. 

It is important to mention that in these examples the consequences of genetic polymorphism were 

noted after registration of the medicinal product. However, in the future it is anticipated that the 

possibility that enzyme polymorphism leads to a different benefit-risk in certain genetic 

subpopulationsi is considered prior to registration, and this Guideline aims to provide a framework for 

he 

een 

al 

rphism as a 

or 

f 

nt 

 change in the posology or treatment recommendation of the drug for the 

specific subpopulation. 

                                              

doing so.  

In recent years, journal articles have been published describing specific polymorphisms in drug 

transporters and their possible effect on the efficacy and safety of medicinal products. However, in t

majority of cases the influence of transporter polymorphism on drug pharmacokinetics has not yet 

been clarified. One exception is the SLCO1B1 (OATP1B1) polymorphism which has been shown to 

significantly affect the pharmacokinetics and adverse effects of some drugs, mainly statins10,11,12. 

However, in general, the effect of transporter polymorphism on drug pharmacokinetics has not b

extensively evaluated, compared with polymorphic phase I and phase II metabolising enzymes. 

Importantly, transporter polymorphism may not only affect systemic exposure, but also or only loc

(target) exposure, which is more complex to monitor. It is anticipated that more examples will be 

described in this area as the research continues, and the possibility of transporter polymo

cause of altered pharmacokinetics must always be considered during drug development. 

Until now, it has been difficult to transfer knowledge of the effect of polymorphism into specific 

recommendations in affected genetic subpopulationsii. In this respect, genetic subpopulations have 

been treated differently than other subpopulations or circumstances in which the exposure of active 

toxic substances is decreased or increased, like in case of renal or hepatic impairment or in case o

drug-drug interactions. The aim of including pharmacokinetics-related pharmacogenetics in drug 

development is to evaluate whether exposure in genetic subpopulations is different to such an exte

that this would require a

 
i The term “genetic subpopulation” may include both the phenotype, e.g. poor metaboliser, as well as the genotype, e.g., 
CYP2D6*4. 
ii The term “genetic subpopulation” may include both the phenotype, e.g. poor metaboliser, as well as the genotype, e.g., 
CYP2D6*4. 
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2.  Scope 

The aim of this guideline is to clarify the requirements related to the use of pharmacogenetics in the 

is guideline applies predominantly to small 

 less 

 the posology/treatment recommendations for 

ly determined differences in pharmacokinetic parameters for 

ted to drug-drug interactions as it relates to pharmacogenetics 

kinetic studies. 

 The effect of impaired or immature organ functions as it relates to pharmacogenetics related 

for new medicines for human use 

 This guideline 

nd Part I of 

neral Considerations for Clinical Trials - CPMP/ICH/291/95 (ICH E8). 

g the results of population pharmacokinetic analyses - 

evelopment of medicinal products in the 

 of medicinal products in patients with 

pharmacokinetic evaluation of medicinal products. Th

molecule drugs as genetic effects on the pharmacokinetics of biological drugs today are much

understood. 

The following issues are discussed in this guideline: 

 In which situations and at what stage(s) in the clinical development program should 

pharmacogenetics related pharmacokinetic studies be performed. 

 Recommendations or requirements regarding pharmacogenetics related pharmacokinetic 

studies investigating the effects of polymorphisms at the ADME level (enzymes, transporters, 

binding proteins and other relevant proteins), including study design, selection of subjects, and 

sampling. 

 Evaluation of the clinical impact of genetic differences on pharmacokinetic parameters and 

recommendations on further studies to support

genetic subpopulations. 

 Possible consequences of genetical

treatment recommendations and labelling. 

 Special considerations rela

related pharmaco

pharmacokinetic studies. 

3.  Legal basis 

This guideline applies to Marketing Authorisation Applications 

submitted in accordance with Article 8(3) of the Directive 2001/83/EC, as amended.

should be read in conjunction with the Introduction and general principles paragraph (4) a

the Annex I to Directive 2001/83, as amended, and all other relevant information included in current 

and future EU and ICH guidelines and regulations especially: 

 Note for Guidance on Good Clinical Practice - CPMP/ICH/135/95 (ICH E6). 

 Note for Guidance on Ge

 Pharmacokinetic studies in man - EudraLex vol. 3C C3A. 

 Guideline on reportin

CHMP/EWP/185990/06. 

 Note for Guidance on the investigation of pharmacokinetic drug interactions - 

CPMP/EWP/560/95. 

 Guideline on the investigation of bioequivalence - CPMP/EWP/QWP/1401/98. 

 Guideline on the role of pharmacokinetics in the d

paediatric population - EMEA/CHMP/EWP/147013/2004. 

 Guideline on the evaluation of the pharmacokinetics

impaired hepatic function - CPMP/EWP/2339/02. 
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 Note for guidance on the evaluation of the pharmacokinetics of medicinal products in patients 

with impaired renal function - CHMP/EWP/225/02. 

 Position paper on terminology in Pharmacogenetics - EMEA/CPMP/3070/01. 

 Rules governing medicinal products in the European Union Volume

guideline on summary of product characteristics (SmPC) Septe

 2C Notice to applicants; A 

mber 2009. 

format of qualification submissions - EMEA/CHMP/ICH/380636/2009 (ICH Topic E16). 

4.  Situations and stage in development where the effect of 
ered 

he formation, 

 that 

f pharmacogenetics on the pharmacokinetics of an active substance (parent 

ly 

the 

 or 

e 

tion, which 

afety are generally recommended during development if:  

 Note for Guidance on definitions for Genomic biomarkers, pharmacogenomics, 

pharmacogenetics, genomic data and sample coding categories - 

EMEA/CHMP/ICH/437986/2006 (ICH Topic E15.). 

 Note for Guidance on genomic biomarkers related to drug response: context, structure and 

pharmacogenetics on pharmacokinetics should be consid

4.1.  General recommendations 

Genetic variants can influence drug pharmacodynamics but also the absorption, distribution, 

metabolism and excretion of a drug. Furthermore, pharmacogenetics may also influence t

distribution and elimination of metabolites and this should be remembered if there are metabolites

may affect the efficacy and/or safety of the administered drug. Genotypes leading to absent, 

decreased or increased enzyme or transport protein activity affecting the pharmacokinetics of the 

investigated drug and major pharmacologically active metabolites should be considered. 

Studies of the effect o

and/or active metabolites) and its implications for efficacy and safety during development are general

required when the magnitude of the interindividual variation in drug exposure is so high as to likely 

influence the safety and/or efficacy of the drug in genetically variable populations. Factors that identify 

such a situation are: 

a) in vitro and/or in vivo studies indicate that a known functionally polymorphic enzyme or 

transporter is likely to represent an important pathway in the metabolism or distribution of 

drug, or 

b) in vitro and/or in vivo studies indicate that a known functionally polymorphic enzyme or 

transporter is likely to represent an important pathway in the formation, elimination or 

distribution of a pharmacologically active or toxic metabolite,

c) in vivo studies indicate substantial interindividual differences in the pharmacokinetics of th

drug likely to influence the efficacy or safety of the drug in the variable subpopula

can not be explained by other intrinsic or extrinsic factors.  

Studies on the effect of pharmacogenetics on the pharmacokinetics of an active substance and its 

implications for efficacy and s

d) available in vitro data indicate that a human polymorphic enzyme or transporter contributes to 

the pharmacokinetics of the active substances but the quantitative role may be low based on 

the in vitro data, or 

e) there is high interindividual pharmacokinetic variability, or there are pharmacokinetic outliers 

with higher or lower exposure to the active substances, which cannot be attributed to other 
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known intrinsic or extrinsic factors, but which possibly can give rise to clinical efficacy an

safety concerns based on the exi

d 

sting knowledge, or 

nce clinical or safety aspects cannot 

 

of the developmental programme can be based on 

 

g in 

ighly 

pharmacokinetics. This recommendation is due to the fact that unknown polymorphic sites of 

ys in 

ism might have an effect, may be identified at later stages in the development 

program or even post-marketing. This, e.g., has occurred for tamoxifen and clopidogrel, where 

g 

In the following section, recommendations are made on how to implement pharmacogenetics during 

the different phases of clinical development, starting with the in vitro studies conducted before 

investigation of the medicinal product in man. In this section it is assumed, based on in vitro 

                                              

f) major differences in pharmacokinetics are observed in different ethnic groups, which cannot be 

attributed to other known intrinsic or extrinsic factors. 

Cut-off values defining ‘important pathway’ for decision making purpose in the above described 

situations are provided section 4.2. 

In case important pharmacokinetic variability that is likely to influe

be explained by non-genetic intrinsic or extrinsic factors, analysis of genes potentially responsible for

the variation (such as phenotype-genotype associations) should be carried out. If e.g., candidate gene 

and targeted ADME SNP analyses do not offer an explanation for the pharmacokinetic variability 

observed, more thorough investigations are recommended when appropriate to understand the genetic 

contribution to variability in exposure (see sections 5.2 and 5.3).  

If important interindividual variability in drug pharmacokinetics is observed but no apparent genetic 

polymorphism has been identified which can predict the pharmacokinetic outliers, phenotyping offers 

an alternative approach if reproducible data can be achieved at safe levels of the drug in the outlier  

population. Thus, dose adjustment in further phases 

phenotyped individuals. 

Special attention must be paid to specific outliers where an important pharmacokinetic alteration might

be caused by a rare but functionally very important gene variant. In such a case a pro-active analyses 

of all possibly relevant genes is recommended. 

If a polymorphism has been shown not to affect the functional performance or expression of the 

protein during in vitro or in vivo studies, genotyping for this polymorphismiii is not considered to be 

necessary during the clinical development program. The same is true if the results of pharmacokinetic 

studies clearly show that the impact of pharmacogenetics is not clinically relevant based on pre-

specified, well supported target exposure limits. 

Interindividual differences in pharmacodynamics may be a result of pharmacogenetically based 

variation in pharmacokinetics. Thus, in case important interindividual differences in pharmacodynamics 

is observed in the clinical trials, the possibility of polymorphic enzymes being involved resultin

difference in pharmacokinetics must be considered, including the evaluation of e.g. additional 

metabolic pathways not previously studied.  

Still, in all clinical phases of development, prospective banking of DNA for genotype analyses is h

recommended, even when there are no obvious indications of a relevant genetic influence on 

importance can be identified later and that unknown but important metabolic or transport pathwa

which a polymorph

activation by polymorphic enzymes has both been identified during pharmacovigilance monitoring9,13. 

4.2.  Integrating pharmacogenetic effects on pharmacokinetics in dru
development 

 
iii,When the term genotyping is used in this guideline, phenotyping by, for example, catalytic assays may also be an 
acceptable approach 
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information, that a known functionally polymorphic enzyme or prot

transport of the drug. 

ein is involved in metabolism or 
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4.2.1.  In vitro studies prior to human exposure. 

Human in vitro metabolism studies are to be conducted prior to phase I (see also Note for Guidance on 

the investigation of drug interactions CPMP/E

of the enzymes catalysing the in vitro metabol

WP/560/95). Such studies preferably include identification 

ism and also the identification and characterisation of 

cological metabolites formed through candidate major metabolic pathways, enabling early pharma

activity screening of these metabolites. In case of an active parent drug, in the in vitro context f

metabolising enzymes the following arbitrary rule is proposed: a pathway can be considered 

‘important’ when based on in vitro data >50% of the drug is predicted to be cleared via a sin

polymorphic enzyme. Such a 50% reduction of clearance would give rise to a doubled exposure

or 

gle 

, which 

in an early PK study would probably be equal to increasing the dose to the next level. The aim is to 

n be 

ld 

 in 

e moment it may be difficult to make 

quantitative predictions of the in vivo

avoid accidently exposure of poor metabolisers enrolled in an early study to non-studied exposures. 

It should also be remembered that polymorphic enzymes can participate in the formation and 

elimination of pharmacologically active metabolites of the drug, including toxic metabolites.  

Based on the in vitro data, the involvement of known functionally polymorphic enzymes in the 

metabolism of the parent compound and/or the formation and elimination of active metabolites ca

predicted. As in vitro studies are not always quantitatively predictive of the in vivo situation, the 

enzyme involvement needs confirmation in vivo. However at this stage, the knowledge available shou

be used to find candidate enzymes involved in major drug metabolism pathways. For some enzyme 

systems, where well validated in silico Physiologically Based Pharmacokinetic (PBPK) models have been 

developed, these can be used to predict pharmacogenetic differences in human at this stage and to 

guide clinical study design with respect to pharmacogenetic investigation. 

Involvement of transporters may also be indicated by in vitro data obtained prior to Phase I. The

vivo importance of a transporter may be implied through use of animal models, in vitro cellular 

systems, or information on similar substances. However, at th

 contribution of transporters. For this reason, currently no cut-off 

tionally 

 in man study population for the 

relevant genes in order to avoid safety issues related to genetically determined differences in active 

re of 

s 

edge of transporter protein polymorphisms with exception for SLCO1B1 is not mature 

enough to estimate the potential for significant involvement of the transporter polymorphism in vivo 

significant transporter polymorphism 

involvement in vivo, early genotyping for a transporter gene is not indicated on the basis of in vitro 

 is 

level can be provided for transporters.  

4.2.2.  Phase I  (exploratory) 

4.2.2.1.  First time in man studies 

The possibility of genetic influence on the drug’s pharmacokinetics should be considered early in the 

Phase I program. When the in vitro data indicate that a relevant involvement of a known func

polymorphic enzyme cannot be excluded (i.e., in vitro data predict >50% to be cleared by a single 

polymorphic enzyme in vivo), it is advised to genotype the first time

substance exposure. Subjects with a genotype predicted to result in markedly increased exposu

active substances should, preferably, only be allowed to enter in the first time in man study at dose

several-fold lower than the doses expected to be safe in extensive metabolisers. 

Presently, knowl

based on in vitro data. Unless there are other indications of 

data only. Still, prospective storing of samples in order to allow eventual pharmacogenetic analysis

highly recommended.  
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If future knowledge of drug transporters expands to such extent that certain in vitro data on 

transporters may be considered predictive of the clinical situation, the same protocol as described

metabolising enzymes may also be appropriate for polymorphisms in drug transporter encoding gene

 for 

s. 

4.2.2.2.  Phase I (further exploration)  

nally 

 clearance, 

 including 

sm could be estimated using the results of an in 

vivo interaction study with such an inhibitor. PBPK simulations may also be used to estimate the effect 

ulation is sufficiently supported by in vivo data (see 

n 5.1 for requirements related to study design). If a marked effect (arbitrarily defined as a 

ism is 

 

he 

in 

 to 

 

e 

timated 

acodynamic effect or efficacy.  

 

4.2.3.  Phase II (dose finding, exploratory) 

xposure 

In Phase I, the relative contribution of the identified polymorphic enzyme on the in vivo 

pharmacokinetics of a drug or active metabolite is estimated. In addition, if known functio

polymorphic transporters such as certain OATPs are found to be of importance for the drug’s

the effect of genetic polymorphism should be investigated. If potential effects of transporter 

polymorphism on distribution are indicated, the inclusion of PD markers could be considered. 

It is recommended, if feasible, to investigate this in a conventional pharmacokinetic study

genetically defined subpopulations. If this is not possible, but based on the scientific literature or own 

validation data, the effect of a genotype may be mirrored with confidence by treatment with an 

inhibitor of the protein, the effect of the polymorphi

of carrying a certain rare genotype if the sim

sectio

situation where >25% of the parent drug is cleared by the polymorphic enzyme) of polymorph

confirmed in vivo, it is recommended, where relevant, to expand the clinical Phase I program and also

evaluate relevant interactions, as well as the consequences of impaired/immature organ function in t

genetic subpopulations (see sections 8.1 and 8.2). The 25% cut-off is in line with the cut-off applied 

case of drug-drug interactions (see Note for guidance on the investigation of drug interactions 

CPMP/EWP/560/95). Furthermore, dose-proportionality in poor metabolisers at relevant doses may be 

different than in the general population, and this should be investigated (see section 5.1). This 

evaluation should preferably be done before starting Phase III, to allow taking the results of this 

evaluation into consideration in the Phase III study protocol. 

When based on available in vitro or preliminary clinical data, the genotype is predicted or known

affect the pharmacokinetics of pharmacologically active compounds, i.e., active drug or active or toxic 

metabolites, to a possible clinically relevant extent genotyping for the indicated genes is required in as 

many of the Phase I studies as possible in order to increase the amount of data that will support the

recommendations for use in the genetically defined subpopulation(s). This genotyping should be don

when e.g., in vitro data predict >50% of the active parent drug is cleared by a single polymorphic 

enzyme in vivo, or when >25% is cleared in vivo. In case of active metabolites, situations triggering 

further genotyping of relevant genes are considered present when a polymorphic enzyme is 

responsible for >25% of the in vivo formation or elimination of an active metabolite which is es

to contribute to >50% of the pharm

Furthermore, if there is high interindividual pharmacokinetic variability observed, or there are 

pharmacokinetic outliers with higher or lower exposure to the active substances observed in initial

clinical studies which possibly can give rise to clinical efficacy and safety concerns based on the 

existing knowledge, investigations aimed at identifying the causes (either non-genetic or genetic) are 

recommended. 

If Phase I studies indicate that pharmacogenetics influences the pharmacokinetics of a drug to a 

possible clinically relevant extent (i.e., >25% of the drug is metabolised by a single polymorphic 

enzyme), this should be reflected in the design of the Phase II studies. In case no 

genotype/phenotype-based dosing is applied to normalise drug exposure (i.e., to bring drug e
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into the target range), the exposure level obtained in the genotypically-defined subpopulation should 

be studied in the Phase II study. This can be done either by including a sufficient number of the 

genotypically-defined group of patients with deviating activity, or by adjusting the dose yielding the 

target exposure in patients, not carrying the genotype with altered protein activity.  

If active substance exposure is not normalised through genotype- or phenotype-based dosing or dose

titration, sufficient data need to be collected in Phase II and III on the consequences of the altered 

exposure on the clinical efficacy and safety of the drug (see section 7). For this purpose, 

pharmacodynamic data (usually target effects) as well as safety data  shou

 

ld be collected.  

oor 

investigated in a pharmacokinetic study, or through PBPK simulations (see section 5.1).  

the Phase III studies, including the choice on whether genotype-based dosing should be applied or no 

ve metabolite. If scenarios d-f in section 4.1 apply, genotyping for the relevant genes is 

 from earlier phases of development, there are several ways that this knowledge 

ove) that a marked 

ack 

n 

 with 

ctive substances in the 

be 

 

he genetic subpopulation if the proposed general dose titration is 

applied. PK-PD data related to efficacy and safety may be supportive in this respect. 

If based on Phase II data, the difference in exposure observed between extensive and ultrarapid/p

metabolisers is likely to be of clinical importance, then intermediate metabolisers should be 

The ultimate aim of the Phase II investigations should be to optimise dose(s) selection and design of 

dose correction seems needed based on genotype. 

4.2.4.  Phase III (confirmatory) 

If available data indicate that there is a significant difference in drug/metabolite exposure or 

distribution in the genetically/phenotypically defined subpopulation (i.e., scenarios a-c in section 4.1 

apply), genotyping for the relevant genes in all patients included in phase III studies is required, or 

alternatively phenotyping e.g., using a safe dose of the drug, and subsequent measurement of the 

bioacti

recommended. In all these scenarios, banking of samples for possible future pharmacogenetic analysis 

is highly recommended. Depending on the likely consequences of the polymorphism for efficacy or 

safety and knowledge

could influence the design of Phase III studies. The following possibilities are envisioned: 

a) The available data up to Phase II suggest (but are insufficient to pr

difference in exposure lacks clinical relevance, and no genotype/phenotype-specific treatment 

is aimed for. In this situation the Phase III study should aim at confirming this presumed l

of clinical significance of the different exposure. The conclusion on comparable efficacy and 

safety obtained in the subjects having low or high exposure of the parent drug needs to be 

supported by conclusive clinical data obtained at these exposure levels. For this purpose, a 

sufficient number of the genetic subpopulations should be included in the Phase III study. I

case of low prevalence of poor metabolisers, the inclusion of an additional treatment arm

increased exposure may be needed. PK-PD data related to efficacy and safety may be 

supportive in this respect. 

b) The available data up to Phase II suggest that the difference in exposure is likely to be 

clinically relevant, and a genotype/phenotype based dosing regimen yielding comparable 

exposure is developed in Phase I/II. In this case the exposure of a

Phase III study is normalised through genotype/phenotype-based dosing based on knowledge 

of the difference in exposure in carriers of certain alleles. Sparse sampling with population-

pharmacokinetic analysis may be applied to confirm the exposure normalisation. 

c) The available data up to Phase II indicate that the difference in exposure is likely to 

clinically relevant, and dose titration regardless of genotype is pursued (in case a suitable 

marker exists). Then the Phase III study should aim at confirming that there are no efficacy

and safety concerns for t
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d) The available data indicate that the difference in exposure is likely to be clinically relevant, but 

it is not possible to normalise the exposure with the formulations to be marketed. In this 

situation patients of a specific genotype/phenotype (i.e., patients at risk) should be excluded. 

 in plasma may not be different between the 

n this case 

odynamics of the 

typing for the relevant transporter genes in phase III clinical 

 

ithin the clinical development program. In situations where knowledge on possible 

genetic effects on the pharmacokinetics of the drug is lacking when initiating the clinical part of the 

in 

r, 

r 

 found to be involved in the metabolism or transport of the medicinal product that is being 

developed,  

es 

e 

 on the 

 

Conclusions from a retrospective analysis carried out in response to emerging data may be acceptable 

In case polymorphic transporters are concerned, exposure

different genotypes, however, altered intracellular or interorgan distribution may occur. I

the consequences depend on the relationships between local exposure and pharmac

medicinal product. If indicated, geno

studies is encouraged to explore consequences of such genetic variations. 

The final aim of the clinical development program should be to obtain a clear dosing or treatment 

recommendation, yielding effective and safe treatment in the genetic/phenotypical subpopulations. 

4.3.  Involvement of relevant polymorphic proteins identified in the course
of the clinical development program 

In Section 4.2 of this guideline the ideal situation is described, where the potential effect of 

pharmacogenetics is detected early in drug development and further investigated in the Phase I, II and 

III sequence w

development program of a new medicinal product, acquired pharmacokinetic (e.g. high variability 

exposure), clinical efficacy and safety information at a later stage may trigger the need for 

investigations of the pharmacogenetic impact on drug or metabolite exposure. This situation may occu

e.g.:  

a) when a previously unknown or sparsely studied functionally polymorphic enzyme or transporte

is

b) if the enzyme or transporter involved in metabolism or transport is known but there was no 

prior knowledge regarding functional polymorphisms of the gene. 

c) When pharmacokinetic outliers are observed in the course of Phase I to IV studies. 

Population pharmacokinetic analysis may be used as a hypothesis-generating tool where the effect of 

new or unexpected polymorphisms may be indicated (see section 5.1). If relevant information becom

available during the clinical development program or during pharmacovigilance monitoring, the relativ

contribution of the metabolism or transport pathway in question to the bioavailability, distribution 

and/or metabolism of the medicinal product in vitro and/or in vivo should be estimated. Further 

required or recommended pharmacogenetic investigations to be initiated from this point depend

conditions as indicated in section 4.1.  

Meta-analysis can be considered on pooled data from different pharmacokinetic/clinical studies, in

order to guide further drug development. Preferably the included studies should be similar with respect 

to non-genetic factors which may affect the pharmacokinetics of a drug.  

for genetic issues related to pharmacokinetics if mechanistically supported by available in vitro or 

pharmacokinetic information. In this case, DNA should preferably be available from a large proportion 

of patients in the Phase I, II and III studies. If a new genetic association is discovered in a 

retrospective analysis, complementary studies, such as in vitro studies or pharmacokinetic studies 

investigating the mechanism and confirming pharmacokinetic consequences of this finding, will be 

expected as additional support. 
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In specific cases it may be appropriate to contact the European Medicines Agency to discuss the issu

during a pha

e 

rmacogenetic briefing meeting or a Scientific Advice meeting. 

ethodology 

 an 

 

ng or 

 

ls in 

e 

 

iers or 

gene variant carriers having an intermediate protein activity. This may allow a preliminary estimation 

ith 

ely validated inhibitor may be considered (see section 4.2.2.2). For specific requirements 

related to drug-drug interaction studies, see the Note for guidance on the investigation of drug 

ug-drug interaction study may also be used to 

support PBPK simulations of the effect of carrying a certain genotype. However, this is under the 

 

t of the i

here the effect of 

new or unexpected polymorphisms may be indicated. If a need for genotype-based dose adjustments 

effect is needed. Population pharmacokinetic analysis of sparse data from Phase III may be used as 

ied in 

 population should include 

5.  Study design and m

5.1.   Conventional pharmacokinetic analysis and population 
pharmacokinetic analysis 

The pharmacokinetic study that is preferred for investigation of the effect of polymorphism on the 

exposure of pharmacologically active substances is of conventional, frequent blood sampling, design. A 

Phase I study of reduced design, i.e., including the extremes of genotypes (e.g., extensive vs. poor 

metabolisers) is usually performed as a basis for the evaluation of the pharmacogenetic effect on 

active substance exposure. The study populations should as far as possible be matched for intrinsic 

factors that may affect the pharmacokinetics of the drug. In silico PBPK modelling and simulation may 

be helpful when optimising the design of in vivo pharmacokinetic studies. Consequences of being

intermediate metaboliser can be estimated by expanding the reduced design pharmacokinetic study, or

through PBPK simulations. The intermediate metaboliser status may be shown either by genotypi

phenotyping.

The study may be of single-dose design. If an effect of genotype is observed under single-dose 

conditions, the possibility to extrapolate the effect to multiple dose conditions should be considered. If 

extrapolation cannot be performed, e.g., due to non-linear pharmacokinetics and time dependence, a 

multiple-dose (steady state) study is needed. Two different doses can be used to add information on 

the linearity in pharmacokinetics in the genetic subpopulation. However, evaluating two dose leve

ultra-rapid metabolisers is not necessary if the drug shows linear pharmacokinetics in wild-type gen

carriers 

The conventional pharmacokinetic study should, in principle, include enough subjects for a likely

clinically relevant difference in exposure to be detected between the included genotypes. However, if 

homozygotes for the allele(s) giving rise either to the most marked effect on protein activity are 

difficult to recruit due to very small allele frequency (e.g. <1%), as many carriers of the rare extreme 

genotype as possible should be included together with a larger number of heterozygote carr

of the consequences of this polymorphism in subjects who are homozygous for the variant. When a 

conventional pharmacokinetic study is not possible, and the effect of genotype is known or shown to 

be mirrored by treatment with an inhibitor of the protein, the use of a drug-drug interaction study w

a extensiv

interactions CPMP/EWP/560/95. Data obtained in a dr

assumption that the model satisfactory predicts the following in vivo data: a) the effect of the inhibitor

on the exposure of the investigational drug, b) the effec nhibitor on a probe drug for the 

inhibited protein, and c) the effect of genotype on a probe drug for the protein.  

Population pharmacokinetic analysis may be used as a hypothesis-generating tool w

has been identified, this should generally be supported by data on the effect of genotype generated 

from a conventional pharmacokinetic study, as in such cases a precise estimation of the genotype 

supportive data indicating that a genotype-based dosing or treatment recommendation appl

Phase III has normalised drug exposure in the patient population. The study
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a satisfactory number of patients of each genotype, and enough samples per patient to obtain valid 

estimates.  

5.2.  Genotyping methods  

No definite guidance with respect to the choice of the method determination of the genetic 

polymorphism can be given. At present, a rapid development is taking place with respect to analytical 

methods available for allele specific genotyping, such as real time polymerase chain reaction (RT-PCR), 

SNP/CNV arrays, combined mass-spectrometry, pyrosequencing, genomic sequencing, next gene

sequencing etc at a decreasing cost. It is anticipated that the next generation sequencing methods a

novel arrays harbouring several million SNPs will be cheap and versatile techniques for the futu

important to consider a method that most accurately determines the SNP/CNV of relevance. In g

terms there are many different protocols for the same polymorphisms. An important considerati

the number of polymorphisms to be determined for a certain gene, e.g. CYP2D6, where > 80 differ

alleles have been described. The genotyping will here never cover 100 % of the polymorphisms 

present in the population and one can estimat

ration 

nd 

re. It is 

eneral 

on is 

ent 

e that analysis for the 20 most important ones will have 

 r dictability for the phenotype of 96-98 %. Phenotyping using a probe substrate is always an 

idated utilizing well characterised standard 

sampl s carrying the polymorphism in question, preferably both in the heterozygous and homozygous 

ining 

l variability 

, it is 

cases where a significant association between a SNP/CNV and the pharmacokinetic variation in 

he 

 to include a large enough number of samples to 

s as variables of interest. Focus should be 

sation and modelling is not 

dentification of the true loci of 

s recent published results show 

r 

der 

                                              

a p e

alternative. 

In general terms, the method should first be analytically val

e

states. When using PCR techniques it is important to repetitively analyse blank samples only conta

water/buffer in order to exclude contamination reactions. In cases where high interindividua

in pharmacokinetics is observed without any likely hypothesis regarding the genetic origin

strongly recommended to make efforts to clarify a genetic origin. Screening for those can be done 

using large SNP arrays or next generation sequencing efforts using isolated genomic DNA from the 

outlier group, in comparison to genomic DNA from controls having the normal pharmacokinetics. In 

question is observed, it is important to analyse the true functional polymorphic site (see 5.3), which 

might be in linkage disequilibrium to the SNPs/CNVs present on the array chip or as obtained from t

sequencing data. To obtain reliable data it is important

allow for rare alleles, in order to provide enough power for reliable statistical calculations.  

Modelling and simulation methods can also help in analysing the data and designing further studies as 

pharmacogenetic variants can be incorporated in the model

on the causative genetic alteration in question and haplotype characteri

required. 

5.3.  Genome wide association studies 

Genome wide association studies (GWAS) are now commonly used for i

importance for interindividual differences in drug action6,12,14,15,16. Thu

that GWAS has been of use in the identification of variable alleles responsible for altered response o

dosing toxicity of several different drugs (e.g. for simvastatin and clopidogrel). In this respect, it is 

advised to take note of emerging GWAS knowledge in relevant public databasesiv.  

The significance of the association between the phenotype and the polymorphism must reach a high 

statistical level and results should, preferably, be obtained from a second independent cohort. In or

 
iv , e.g., the HuGE Navigator (http://hugenavigator.net/), the NIH Database of Genotype and Phenotype 
(http://www.ncbi.nlm.nih.gov/gap) or the Catalogue of Genome-Wide Association Studies 
(http://www.genome.gov/GWAStudies/) 
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to obtain such a replication cohort, the phase III trials can be designed in such a manner that the 

hypothesis of a defined outlier pharmacokinetic group can be validated.  

ent or inappropriate SNPs. 

The validity of the GWAS technique is also dependent on the extent of phenotype difference observed. 

udies, valuable information can be obtained by further direct 

sequencing of the genomic area adjacent to the polymorphism in question. Furthermore, studies aimed 

 into consideration. The in vivo 

e presented. Standard descriptive statistics for each genetic 

b  

pharmacokinetic parameters. The parameters representing drug exposure (e.g. C  and AUC) could 

 

whis ots should include the individual data points either overlaid or next to the boxes. 

e e calculated 

d  

interval for the genotype effect should be presented.  

s 

90/06). 

l 

l needs to be qualified for its purpose. In general, 

the performance of the model needs to be supported by relevant in vivo data. The data needed in 

The GWAS approach has drawbacks in that not an enough number of SNPs/CNVs in ADME genes are 

present on many older types of arrays and that association is obtained to sil

Regarding association based on GWAS st

at defining the function of the genetic alteration identified are highly recommended. Analyses of 

functional properties can be done using heterologous expression systems utilizing cDNA expression 

plasmids or reporter plasmids for polymorphisms in the regulatory regions. When the putative 

functional polymorphism/CNV has been identified, the primary pharmacokinetic data has to be 

analysed for significance level by taking the new SNP(s)/CNV(s)

importance of the new polymorphism identified can be evaluated by retrospective stratification of 

previously characterised data with respect to the occurrence of the polymorphisms and by prospective 

studies using patients selected by genotype. 

6.  Presentation of study results  

6.1.  Conventional pharmacokinetic studies 

Individual data on pharmacokinetic parameters, like AUC, Cmax, tmax, CL/F or CL and F, and t1/2 in 

relation to genotypes should b

su population, including mean, standard deviation and range should be provided for the

max

be presented for separate subgroups (based on genotype and/or predicted phenotype) as box-

kers-plots. The pl

Th  effect of genetic differences on pharmacokinetics of the investigational drug should b

an  the relative difference in relevant pharmacokinetic parameters presented. The 90% confidence

If the pharmacokinetics of active metabolites has been investigated, the data should be presented in a 

similar way as for an active drug. If both parent and metabolite are active, the sum of the exposure of 

pharmacological equivalents should be presented as well.  

6.2.  Population pharmacokinetic analysis  

Reference is made to the Guideline on reporting the results of population pharmacokinetic analyse

(CHMP/EWP/1859

6.3.  Physiology-based pharmacokinetic modelling  

The report of a PBPK modelling and simulation should include detailed description of the structura

models, original source and justifications for both system- and drug-dependent parameters, model 

assumptions and their physiological and biochemical plausibility, sensitivity analyses for relevant 

parameters, type of error models etc. The PBPK mode

different situations has been specified in relevant sections in this document. 
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6.4.  Genotyping methods and Genome wide association studies 

With respect to the presentation of genotyping methodologies and outcomes, reference is made to the

Note for Guidance on genomic biomarkers related to drug response: context, structure and format o

qualification submissions. ICH Topic E16 (EMAE/CHMP/ICH/380636/2009). 

 

f 

6.5.  Phase II and III studies 

dged that 

d 

the pharmacokinetic parameters. 

 to 

s 

es of observed differences in drug exposure in genetic subpopulations depend 

on several factors, such as:  

endations should ensure that patients receive drug treatment which is effective and 

safe. Unless it is reliably shown that a difference in active substance exposure has little consequences 

rug, a genetic effect should be compensated by adjusting the dose of 

the drug to achieve an exposure which is shown to be effective and safe. For this purpose, either 

s, 

ting that satisfactory efficacy and safety is ensured in the 

ired 

ip 

justify a posology adjustment. The target range is the range of drug exposure for which satisfactory 

If appropriate, the same applies here as described for pharmacokinetic studies. It is acknowle

in Phase II and III studies, full pharmacokinetic data will not always be available. Still, available 

pharmacokinetic or population pharmacokinetic data in relation to genotypes should be listed, and 

standard descriptive statistics for each genetic subpopulation, including mean, standard deviation an

range should be provided for 

With respect to reporting clinical data obtained with respect to pharmacogenetics, reference is made

the Note for Guidance on genomic biomarkers related to drug response: context, structure and format 

of qualification submissions. ICH Topic E16 (EMAE/CHMP/ICH/380636/2009). 

7.  Evaluation of the clinical consequences of genetic 
differences and translation into treatment recommendation

The clinical consequenc

 the magnitude of the difference in exposure caused by the polymorphism, 

 the relationship between pharmacokinetics and pharmacodynamics of the medicinal 

product, 

 the relationship between drug exposure and clinical effect/adverse effects, 

 severity of the possible adverse events and clinical consequences of loss of efficacy.  

Dosing recomm

for the efficacy and safety of a d

genotype- or phenotype-based dosing can be applied or individual dose titration based on Therapeutic 

Drug Monitoring (TDM), efficacy or adverse events. If dose titration is applied based on clinical marker

data needs to be provided suppor

subpopulation. 

Pharmacogenetics should be considered as one of the factors affecting pharmacokinetics of a drug or 

active metabolite and should thus be considered integrating the effect of other intrinsic or extrinsic 

variables. When a polymorphism in a metabolising enzyme or transporter causes a difference in 

exposure which may alter efficacy or safety, the expected level of evidence for showing that the 

proposed treatment recommendation is suitable for the subpopulation is comparable with that requ

for effects of other intrinsic or extrinsic factors affecting pharmacokinetics, like weight, age, impaired 

renal and hepatic function or drug-drug interactions. 

The evaluation of clinical consequences should be based on information available on the relationsh

between exposure and efficacy/safety. If possible, a well justified target range for relevant exposure 

parameters should be presented for the investigational drug specifying what change in exposure would 
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clinical efficacy and safety has been shown. If the target range is based on active substance exp

in patients and the pharmacogenetic effe

osure 

ct was investigated in healthy volunteers, potential differences 

between the pharmacokinetics of patients and healthy subjects need to be considered. The observed 

ta) should be analysed with 

respect to target criteria taking into account the frequency of patients with lower as well as higher 

 drug 

ably, be based on Phase II and III data in a sufficient number of individuals 

exposed to the same active substance exposure. Knowledge gained from similar drugs at increased 

r, 

justment.  

mic metabolism of the drug 

 dose 

the 

 

uated.  

As a general rule, genotyping of the population included in a drug-drug interaction study for a relevant 

ded when pharmacogenetics are expected to affect the pharmacokinetics of any of 

 perpetrator drugs will affect the pharmacokinetics of the active 

sm pathway is absent or very diminished in a subpopulation (e.g., in 

poor metabolisers), other metabolism pathways will be of increased importance. The consequences of 

nt number of carriers of 

ver, in case a drug interaction study in the subpopulation is not 

practically feasible, a worst case estimation should be made based on the available in vivo knowledge 

exposure (presented e.g., as box-whiskers plots including individual da

exposure than the target range and the clinical consequences of these deviations.  

Unless the applicant convincingly shows that the exposure obtained in the genetic subpopulation with 

the standard dose is effective and safe, the proposed dosing recommendation in the genetic 

subpopulation should normalise drug exposure. Efficacy and safety in the absence of normalised

exposure should, prefer

exposure is also supportive. 

If the parent drug is pharmacologically active and there are in vivo relevant active metabolites, the 

exposure of these metabolites should be taken into account when proposing dose adjustments. When 

relevant, the active moiety can be used to develop dose adjustment (see also section 6.1). Howeve

increased exposure of the separate substances must also be considered. The exposure of all relevant 

active substances should, as far as possible, be within a well tolerated range after dose ad

If the proposed dose-adjustment is based on Cmin as a surrogate for AUC, it should be taken into 

account that the relation between Cmin and AUC may be altered, if the syste

is changed.  

In case the genetic subpopulation is too small to allow thorough clinical investigation of proposed

adjustment, it is recommended that the resulting individual exposure parameters obtained with 

proposed treatment recommendation are estimated, as described in section 5.1, and the safety and

efficacy expected of the resulting exposure eval

8.  Special pharmacogenetics considerations with respect to 
drug-drug interactions, impaired/immature organ functions 
and age 

8.1.  Drug interactions 

gene is recommen

the drugs included in the study.  

Polymorphisms in metabolising enzymes and drug transporters can not only affect the exposure of the 

pharmacologically active substances, but can also influence the size of the effect of interacting drugs 

(perpetrator drugs) as well as which

substances. If a major metaboli

inhibition of these alternative pathways on exposure should be investigated and reflected in study 

protocols as well as treatment recommendations, if the drug will be used in the genetic subpopulation. 

The change in exposure or distribution when inhibiting the alternative metabolism or transport 

pathway is best determined in a drug-drug interaction study including a sufficie

the genotype investigated. Howe

of the quantitative contribution of separate enzymes to drug metabolism. PBPK simulations may also 
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be presented in parallel if the PBPK model well predicts in vivo data supporting the quantitative 

contribution of the different pathways.  

8.2.  Impaired or immature organ function and age 

The consequences of impaired renal function may be different in genetically different subpopulations. 

In some cases, the effect of age on the effect of genotype should be considered, This is particularly 

arrow therapeutic window, the main patients 

population is elderly and the genetic effect was determined in young healthy volunteers. The enzymes 

g paediatric patients than in adults as a consequence of 

 

netics of a drug substance has been established in adults, the potential consequences in 

9.  Specific issues related to treatment recommendations 
based on genetically determined differences in exposure 

The Guideline on Summary of Product Characteristics (SmPC) September 2009 advices on how to 

present pharmacogenetic data. 

Labelling text referring to genotype testing may be: 1) for information purposes only, 2) recommended 

or 3) mandatory. This will depend on the strength of the data available and on the efficacy and safety 

consequences expected. 

9.1.  Dose recommendations  

Different routes for dose adjustment can be applied: 

1) Dose titration  

Differences in exposure in genetic subpopulations can be managed by dose-titration in all patients 

based on safety and/or efficacy markers, or on TDM. If this approach is chosen, the applicant needs to 

show that the titration schedule is suitable for the specific subpopulation(s) as well as for the general 

patient population (see section 7).  

2) Optional gene based dosing 

When an acceptable dose can be reached without genotyping for the relevant gene, but genetics might 

aid in individual dose optimisation, an approach such as safety-based titration can be enriched with an 

optional or advisable genetic component (e.g. with algorithms for thiopurine S-methyltransferase 

(TPMT) variants and 6-mercaptopurine dosing in acute lymphatic leukaemia). 

3) Dosing based on genotype 

If a dose titration is not satisfactory or feasible and the exposure obtained in the genetic subpopulation 

has not been shown to be effective and safe, the genotype should be determined by a validated 

This applies, e.g., if renal excretion is of increased relative importance in the genetic subpopulation. 

The exposure of active substances resulting from impaired organ function in the genetic subpopulation 

should be predicted through worst-case estimations and, if desirable, PBPK modelling as described 

above, and the clinical consequences discussed and implemented in the labelling based on the 

available safety data.  

important if a renally cleared drug has a rather n

and transport proteins involved in the pharmacokinetics of a drug substance may also be quantitatively 

and qualitatively different in the very youn

developmental gene expression. Such differences are mainly expected in newborn infants, infants and

toddlers (0-2 year-old children). If a significant impact of a genetic polymorphism on the 

pharmacoki

the paediatric population should be considered during drug development.  
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method before initiation of therapy and appropriate dose adjustments should be recommended for 

c subpopulation. If it is not possible to administer appropriate doses with the 

ation strengths, a contraindication should be considered based on the benefit-risk ratio 

of the treatment for the population concerned. The applicant is then encouraged to develop suitable 

w dose 

 cases 2 and 3, effor ons to 

scriber. When releva ns 

it is sufficient to indicate the phenotypes (e.g. poor, extensive, ultrarapid metabolisers) in section 4.2, 

eference to section 5. t of different genotypes 

nt, the effect on pharmacodynamics in 

section 5.1 of the SPC. 

 Other labelling 

 should be reflected in the SPC, 

typing is recommend

 

each relevant geneti

available formul

formulations to allo adjustment. 

In both ts should be made to provide clear information and recommendati

the pre nt, recommendations should be provided in Section 4.2. In most situatio

with r 2. In section 5.2, detailed information on the effec

on active substance exposure should be included and, if releva

9.2. consequences 

If a suitable dose can not be recommended based on available data, this

e.g. as warnings, contra-indications, etc. 

The frequencies of the alleles of interest in ethnic populations should be presented in the SPC section 

5.2. 

If geno ed, or optional, this should also be mentioned in the Product Information 

Leaflet (PIL).
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Glossary 

active metabolites lved in efficacy 

ADME absorption, distribution, metabolism and excretion 

a variant of the DNA sequence at a given locus one of a particular gene 

CL 

CNV n 

DN

F absol

function  

and/or the clinical disposition of drugs 

it of 

 

GWAS 

 

locus  sequence on a chromosome 

he 

PBPK 

PD 

pharmacoge

PIL 

RNA r

RT-PCR 

SNP orphism 

t1/2 

metabolites that are invo

allele 

AUC area under the plasma concentration-time curve 

clearance 

Cmax peak concentration 

copy number variatio

A deoxyribonucleic acid 

ute bioavailability 

ally polymorphism a polymorphism that has been shown to alter enzyme or protein activity

gene a locatable region of genomic sequence, corresponding to a un

inheritance 

genetic subpopulation subdivision of the whole population, with common, distinguishing genetic 

characteristics. These characteristics may include both the phenotype, e.g.

poor metaboliser, as well as the genotype, e.g., CYP2D6*4 

genome wide association study 

haplotype  a combination of alleles at different loci on the chromosome that are

transmitted together 

the specific location of a gene or DNA

normalised exposure an exposure in a genetically defined subgroup which is comparable to t

exposure in the main population. obtained by an adjusted dose 

physiologically based pharmacokinetics 

pharmacodynamics 

perpetrator drug drug that affects metabolism or transport of the other drug 

netics the study of variations in DNA sequence as related to drug response 

product information leaflet 

PK pharmacokinetics 

ibonucleic acid 

real time polymerase chain reaction  

single nucleotide polym

SPC summary of product characteristics 

elimination half-life 
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TDM therapeutic drug monitoring  

tmax 

toxic m en 

due to off-target effects 

Refe

                                        

time when Cmax occurs 

etabolite metabolite that is related to adverse events, i.e., related to safety, oft

rences 
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