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Execut ive sum m ary 

The potent ial for pharm acokinet ic interact ions between new m edicinal products and already m arketed 

drugs should be evaluated. This applies to both effects of the m edicinal product  on other drugs as well 

as the effect  of other drugs on the m edicinal product . Furtherm ore the effect  of concom itant  food 

intake needs to be invest igated. The drug-drug interact ion potent ial is usually invest igated through in 

vit ro studies followed by in vivo studies. The results of interact ion studies are used to predict  a num ber 

of other interact ions based on the m echanisms involved. Treatm ent  recom mendat ions are developed 

based on the clinical relevance of the interact ions and the possibilit y to m ake dose adjustm ents or 

t reatment  m onitor ing. This docum ent  aim s to provide recom m endat ions on all these issues. General 

recom m endat ions are also provided for herbal m edicinal products. 

1 .  I nt roduct ion 

Drug-drug interact ions are a com m on problem  during drug t reatm ent  and give r ise to a large num ber 

of hospital adm issions as a result  of m edically im portant , som et im es serious or even fatal adverse 

events. Drug-drug interact ions can also cause part ial or com plete abolishm ent  of t reatm ent  efficacy. 

The ageing European populat ion, where polypharm acy is m ore frequent , increases the likelihood of 

such interact ions and underlines the im portance of a scient ifically sound understanding of the potent ial 

for drug-drug interact ions for all new chem ical ent it ies. A num ber of drugs have been withdrawn from  

the m arket  as a result  of drug-drug interact ions that  were only discovered post -m arket ing. The 

potent ial for drug-drug interact ions is considered in the benefit - r isk evaluat ion of a m edicinal product  

and can negat ively im pact  on this balance either through increased incidence of adverse events or 

reduced efficacy. 

This guideline out lines a com prehensive, system at ic and m echanist ic approach to the evaluat ion of the 

interact ion potent ial of a drug during it s development  and offers guidance to ensure that  the prescriber 

receives clear inform at ion on the interact ion potent ial as well as pract ical recomm endat ions on how the 

interact ions should be m anaged during clinical use.  

The first  CHMP interact ion guideline was adopted in 1997 and this is the first  revision of this guideline. 

During the past  20 years, considerable scient ific progress has been m ade so that  today clinically 

relevant  pharm acokinet ic drug interact ions can be predicted from  a lim ited num ber of well designed, 

m echanist ically-based in vit ro and in vivo studies. More recent ly, our understanding of enzym e 

induct ion and drug t ransporter- interact ions has progressed so that  these interact ions can also be 

ant icipated. I n vit ro in vivo ext rapolat ion of drug t ransporter interact ion is current ly less m ature and 

requires addit ional experience and cont inued scient ific developments. Thus, the approach defined for 

drug- t ransporter interact ions is likely to cont inue to evolve.  

The aim  of the interact ion studies perform ed on new m edicinal products under developm ent  is to gain 

knowledge of how the new m edicinal product  affects the safety and efficacy of other m edicinal 

products and vice versa. The potent ial for interact ions is m ainly invest igated before m arket ing of a 

drug. Knowledge about  the interact ion potent ial should be gained as early as pract ically possible to 

assure safety during clinical phase I I  and I I I  studies, as well as during clinical use after approval. 

Addit ional studies m ay be needed post -approval to opt im ize drug safety and to support  t reatm ent  

recom m endat ions in the labeling and variat ion applicat ions, e.g. for new indicat ions or new dose 

recom m endat ions. There m ay also be a need to perform  addit ional studies due to em erging science or 

as a result  of suspected drug interact ions reported post  m arket ing. The m arket ing authorizat ion holder 

is advised to perform  and report  interact ion studies as needed during the full life-cycle of the m edicinal 

product .  
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This docum ent  provides recom m endat ions on the pharm acokinet ic and pharm acodynam ic drug-drug 

interact ion studies as well as food-drug interact ion studies to be conducted including advice on study 

design, presentat ion of study results and t ranslat ion of these results to t reatm ent  recom m endat ions in 

the labeling of the drug. General advice is also given for herbal m edicinal products.  

I t  is recognized that  the program  to adress the interact ion potent ial of an individual drug needs to be 

tailored to the specific drug. Alternat ive approaches are acceptable if adequately just ified and driven by 

science and the expected clinical consequence of the interact ion. 

2 .  Scope 

The scope of this guideline is to provide advice and recom m endat ions on how to evaluate the potent ial 

for drug- food and drug-drug interact ions for m edicinal products ( including herbal m edicinal products)  

and how to t ranslate the results of these evaluat ions to appropriate t reatment  recom m endat ions in the 

labelling.  

I nteract ions with therapeut ic proteins including pept ides and oligunucleot ides, pharm aceut ical drug-

drug interact ions related to physiochem ical propert ies and im pact  of drugs on clinical chem ical 

laboratory tests are not  discussed in this guideline.  

3 .  Legal basis and relevant  guidelines 

This guideline should be read in conjunct ion with the int roduct ion and general pr inciples (4)  of the 

Annex I  to Direct ive 2001/ 83/ EC as am ended, as well as European and I CH guidelines for conduct ing 

clinical t r ials, including:  

-  Pharm acokinet ic studies in m an (Eudralex vol 3C C3A)  

-  Guideline on the role of pharm acokinet ics in the development  of m edicinal products in the 

paediat r ic populat ion (EMEA/ CHMP/ EWP/ 147013/ 2004)  

-  Guideline on the evaluat ion of the pharm acokinet ics of m edicinal products in pat ients with im paired 

hepat ic funct ion (CPMP/ EWP/ 2339/ 02)  

-  Note for guidance on the evaluat ion of the pharm acokinet ics of m edicinal products in pat ients with 

im paired renal funct ion (CHMP/ EWP/ 225/ 02)  

-   A guideline on sum m ary of product  character ist ics (Sm PC)  Septem ber 2009(Eudralex vol 2C)  

-   Guideline on report ing the results of populat ion pharm acokinet ic analyses 

(EMEA/ CHMP/ EWP/ 185990/ 2006) 

-   Guideline on the use of pharm acogenet ic m ethodologies in the pharm acokinet ic evaluat ion of 

m edicinal products. (EMA/ CHMP/ 37646/ 2009)  

 -   Guideline on the clinical invest igat ion of the pharm acokinet ics of therapeut ic proteins 

(EMEA/ CHMP/ 89249/ 2004) .  

-  Note for guidance on Modified Release Oral and Transderm al Dosage Form s:  Sect ion 2 

(Pharm acokinet ic and Clinical Evaluat ion)  (CPMP/ EWP/ 280/ 96)  

-   Note for guidance on nonclinical safety studies for the conduct  of hum an clinical t r ials and 

m arket ing authorizat ion for pharm aceut icals ICH M3, CPMP/ ICH/ 286/ 95 

-   Note for Guidance on General Considerat ions for Clinical Tr ials ( ICH E8, CPMP/ I CH/ 291/ 95)  
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-   Note for Guidance on Guideline for Good Clinical Pract ice ( ICH E6, CPMP/ I CH/ 135/ 95)  

-   St ructure and Contents on Clinical Study Reports ( ICH E3, CPMP/ I CH/ 137/ 95)  

4 .  Pharm acodynam ic interact ions 

Pharm acodynam ic interact ions m ay be caused by a large variety of m echanism s. I t  is therefore not  

possible to give detailed guidance for pharm acodynam ic interact ion studies. The studies needed should 

be determ ined on a case-by-case basis. The potent ial for pharm acodynam ic interact ions should be 

considered for drugs which com pete with each other at  the pharm acological target  and/ or have sim ilar 

or opposing pharm acodynam ic ( therapeut ic or adverse)  effects. I f such drugs are likely to be used 

concom itant ly, pharm acodynam ic interact ion studies should be considered. Extensive pharm acological 

and toxicological knowledge about  the drug is im portant  for the planning of pharm acodynam ic 

interact ion studies. I t  is recom m ended that  both in vit ro studies and hum an in v ivo studies are used to 

character ize the pharm acodynam ic interact ion profile.  

5 .  Pharm acokinet ic interact ions 

Pharm acokinet ic interact ion studies should generally be perform ed in hum ans. Preclinical studies in 

anim als m ay som et im es be relevant , but  due to the m arked species differences, direct  ext rapolat ion of 

such results to hum ans is difficult . Therefore, the wording in vivo below m eans in hum ans. Sim ilar ly in 

vit ro studies should be perform ed using hum an enzym es and t ransporters. Deviat ions from  this 

approach should be well j ust ified and supported by scient ific literature. 

Potent ial for pharm acokinet ic interact ions should be invest igated both with respect  to the effects of 

other drugs on the invest igat ional drug and the effects of the invest igat ional drug on other m edicinal 

products. As the study designs and considerat ions are different , this sect ion is divided into two 

subsect ions:  “Effects of other m edicinal products on the pharm acokinet ics of the invest igat ional drug”  

(sect ion 5.2)  and “Effects of the invest igat ional drug on the pharm acokinet ics of other drugs”  (sect ion 

5.3) . The wording “ invest igat ional drug”  is here used for the drug developed by the m arket ing 

authorisat ion applicant  or holder reading this docum ent . Som et im es the expressions “vict im  drug”  and 

“perpet rator drug”  are used. The vict im  drug is the drug affected by the drug-drug interact ion, 

regardless of whether it  is the invest igat ional drug or another m edicinal product . The perpet rator drug 

is the drug which affects the pharm acokinet ics of the other drug. 

Although not  m ent ioned in every subsect ion of this docum ent , the effects of other m edicinal products 

on the exposure of clinically relevant  pharm acologically act ive m etabolites should always be considered. 

The r isk of clinically relevant  pharm acokinet ic interact ions through altered form at ion or elim inat ion of 

m etabolites should be invest igated if available data indicate that  an altered m etabolite exposure m ay 

result  in an altered efficacy or safety ( “ target ”  as well as “off- target ”  effects)  in vivo (see sect ion 5.2.3) . 

The cont r ibut ion of m etabolites to the in vivo pharm acological effects of a drug is evaluated taking into 

account  hum an unbound drug and m etabolite exposures in vivo, the in vit ro or in vivo pharm acological 

act ivit ies and potencies, and, if available, physiochem ical data related to target  t issue dist ribut ion or 

data on relat ive parent  drug and m etabolite dist r ibut ion to the target  site. Hum an in vivo exposure-

response inform at ion on m etabolite cont r ibut ion is usually very valuable when t ranslat ing altered 

m etabolite exposure into t reatm ent  recom mendat ions. Finally, as m etabolites m ay inhibit  drug 

m etabolising enzym es, the effect  of m etabolites with a m oderate to high exposure should be 

invest igated (see sect ion 5.3.3) . 

Drug interact ion studies required during drug developm ent  have a m echanist ic rat ionale. Usually, the 

potent ial for drug interact ions is invest igated in vit ro and then followed by in vivo studies. The in vivo 

part  of the interact ion docum entat ion is usually com posed of a num ber of interact ion studies, som e of 
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these are purely m echanist ic, such as studies with st rong and m oderate inhibitors of an enzym e 

involved in drug m etabolism , aim ing at  providing the basis for further interact ion predict ions. Other 

studies m ay be perform ed with likely interact ing drugs expected to be com m only used concom itant ly 

with the invest igat ional drug aim ing to obtain a specific dose recom mendat ion. Studies m ay also be 

perform ed in order to verify the suitabilit y of a proposed dose adjustm ent  or to confirm  a lack of 

interact ion with a com m only co-prescribed drug in the target  populat ion. PBPK (Physiologically based 

pharm acokinet ic)  m odelling and sim ulat ion m ay be used at  different  stages during drug developm ent  

to inform  study design, to est im ate the potent ial for drug- interact ions qualitat ively as well as est im ate 

an interact ion effect  quant itat ively. The support ing data needed in different  scenarios are presented in 

different  subsect ions of the guideline. 

I f an invest igat ional drug is developed for use in com binat ion with another drug, the drug interact ion 

potent ial for the com binat ion should be addressed. Pharm acokinet ic interact ion studies with the 

com binat ion should be considered if there are indicat ions that  the interact ion profile m ay not  be 

adequately predicted from  in vit ro and in vivo interact ion data for the separate drugs.  

The recom m endat ions in this guideline are based on advances in scient ific knowledge result ing in the 

fact  that  m ost  drug-drug interact ion can be predicted. However, it  is acknowledged that  there are 

rem aining scient ific uncertaint ies. I n the area of HI V there have been cases of unexpected interact ions. 

When developing a drug in such an area, in vivo interact ion studies should be considered with 

com m only com bined drugs having a relat ively narrow therapeut ic window while m ore knowledge is 

gained on the m echanism  behind the unsuspected interact ions in the field. 

5 .1 .  Effects of food intake on the pharm acokinet ics of the invest igat ional 

drug 

The effect  of food intake on the rate and extent  of absorpt ion of an orally adm inistered invest igat ional 

drug should be invest igated as early as possible during drug developm ent  to opt im ize dose finding and 

to ensure opt im al food recom m endat ions in the phase I I I  clinical studies and drug labelling. I n general, 

recom m endat ions regarding t im ing of drug intake in relat ion to food should aim  at  m inim ising 

variabilit y and obtaining opt im al exposure.  

I f the form ulat ion is m odified during the clinical developm ent  or if a new pharm aceut ical form  is 

developed, the possibilit y of an altered food effect  should be considered and addit ional food interact ion 

studies m ay be needed.  

The effect  of a high- fat  m eal on the absorpt ion of the invest igat ional drug should be invest igated as 

worst -case scenario. The standardized procedure is presented in Appendix I . I f the pharm acokinet ics 

are nonlinear with less than dose-proport ional increases in AUC when increasing the dose, it  is 

recom m ended to invest igate the effect  of food on the highest  and lowest  doses of the therapeut ic 

range. I f the nonlinearit y give r ise to larger than dose-proport ional increases, studying the dose giving 

r ise to the m ost  m arked saturat ion, usually the highest  dose, m ay be sufficient .   

Regardless of dose- linearity, further st rength(s)  m ay need to be invest igated in case the st rengths 

deviate m arkedly in com posit ion, the substance has poor solubilit y under GI  condit ions and a food 

effect  has been observed on other st rengths. 

I f a clinically significant  effect  of food is found and the m edicinal product  therefore will have a specific 

recom m endat ion regarding t im e of adm inist rat ion in relat ion to food- intake, further food-drug 

interact ion studies are recom m ended. Which studies are relevant  to perform  depends on whether fed 

condit ions or fast ing condit ions will be recom mended and on how frequent ly the drug will be 

adm inistered. I f the drug will be recomm ended to be taken with a m eal, studies of the effects of a 

m oderate m eal are recomm ended (See Appendix I )  and it  m ay be useful to also invest igate different  
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food com posit ions (such as a carbohydrate- r ich m eal) . I f adm inist rat ion is recom m ended under fast ing 

condit ions in the m orning, studies should be performed establishing the sufficient  fast ing t im e period 

between drug adm inist rat ion and the intended m eal. I f the drug will be dosed on an em pty stom ach, 

either several t im es a day or at  a t im e point  other than the m orning, studies should be performed 

establishing the t im e interval before and after a m eal when drug adm inist rat ion should be avoided.  

I f physiochem ical propert ies and in vit ro data indicate that  com plex binding m ight  becom e an issue in 

vivo, the need for a food interact ion study with a calcium-rich m eal should be considered. I f co-

adm inist rat ion is recom mended with a m eal or specific food due to a m arked effect  of food on the 

pharm acokinet ics, and the form ulat ion is indicated for the paediat ric populat ion, it  should be addressed 

whether this is relevant  for paediat ric use (especially newborns and infants)  whose diet  is different  

(100 %  m ilk in newborns) .  I n newborns, this m ay be invest igated using the populat ion PK approach. 

Recom m endat ions regarding interact ion studies with special kind of foods (e.g. grapefruit  j uice)  are 

given in sect ion 6.  

Advice regarding the invest igat ion of the effect  of food or alcohol on drug release from  cont rolled 

release form ulat ions are given in guidelines specific for these form ulat ions.  

5 .2 .  Effects of other  m edicinal products on the pharm acokinet ics of the 

invest igat ional drug 

I n vit ro inform at ion support ing the predict ion of the effects by other m edicinal products on the 

pharm acokinet ics of the invest igat ional drug should preferably be available before int roducing the 

invest igat ional product  to pat ients (phase I I )  and is generally required before start ing phase I I I . The 

extent  of data ( in vit ro or  in vivo data)  needed at  different  stages of the clinical drug-developm ent  is 

decided case by case based on the possibilit y of excluding potent ially interact ing m edicines (such as 

st rong enzym e inhibitors)  giving r ise to relevant  interact ions, the pharm acokinet ic character ist ics of 

the invest igat ional drug, and the safety of the drug at  exposures higher than the target  exposure in 

the planned study. PBPK sim ulat ions m ay be of value in the DDI  assessm ent  at  different  stages in drug 

developm ent  (See sect ion 5.5)  

I nteract ions at  the level of absorpt ion, dist r ibut ion and elim inat ion should be considered. I f a m arked 

interact ion is observed in vivo and the m echanism  is not  clear, further studies in vit ro and in vivo are 

recom m ended to clar ify the m echanism  of the interact ion and to enable the predict ion of further 

interact ions with the sam e or related m echanism s. 

5 .2 .1 .  Absorpt ion 

The invest igat ion of absorpt ion interact ions serves to ident ify situat ions where the solubilit y, 

dissolut ion or absorpt ion of a drug is altered by ext r insic factors. Studies of the effect  of increased 

gast rointest inal pH, com plex binding, and m odified intest inal act ive t ransport  should be considered. I n 

som e cases, drugs m odulat ing gast r ic em ptying and intest inal m ot ilit y m ay be of im portance. Which 

studies are needed for a specific m edicinal product  depend on the m ode of administ rat ion, 

bioavailabilit y of the m edicinal product  and the physicochem ical propert ies of the invest igat ional drug. 

I nteract ions at  absorpt ion level should be invest igated m ainly for orally adm inistered invest igat ional 

drugs and the text  below refers to orally adm inistered form ulat ions. However, interact ions should be 

considered also for inhaled and nasally adm inistered products with potent ial for oral absorpt ion.   

A.  I nteract ions affect ing solubilit y 

I f the solubilit y of the drug or the dissolut ion of the form ulat ion is m arkedly pH dependent  in the 

physiological pH range, the potent ial effect  of drugs which increase gast r ic pH, such as proton pum p 
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inhibitors, H2- receptor antagonists or antacids, should be invest igated in vivo. I f indicated by the 

physicochem ical propert ies of the drug, it  m ay be necessary to invest igate the potent ial for com plex 

binding in vit ro and an in v ivo study could be considered. 

B. I nteract ions affect ing intest inal act ive t ransport  

I nvolvem ent  of t ransport  proteins ( t ransporters)  in drug absorpt ion is evaluated to enable predict ions 

of interact ions where the absorpt ion of the drug is altered due to inhibit ion or induct ion of these 

proteins. I nhibit ion or absence of an intest inal uptake t ransporter can result  in decreased system ic 

drug exposure and/ or lower Cm ax. I nhibit ion of an intest inal efflux t ransporter m ay result  in increased 

system ic drug exposure and/ or increased Cm ax either due to a pr im ary increase in absorpt ion and/ or, 

secondarily, due to decreased availabilit y of drug to intest inal drug m etabolising enzym es (e.g. CYP3A) .  

I t  is recom m ended that  the involvem ent  of t ransporters in drug absorpt ion is evaluated in vit ro in 

Caco-2 cells. To evaluate the im portance of act ive t ransport  for drug absorpt ion, the perm eabilit y of 

the invest igat ional drug should be taken into account . I f the in vit ro t ransport  and perm eabilit y data 

indicate that  act ive intest inal t ransport  m ay affect  the bioavailabilit y of the new drug, at tem pts should 

be m ade to ident ify the t ransporter involved in vit ro. Detailed recom m endat ions on how to study 

intest inal t ransporter involvem ent  and to determ ine the apparent  perm eabilit y constant  in vit ro is 

given in appendices I I  and I I I .   

When a candidate t ransporter has been ident ified, and interact ions through inhibit ion are likely to be 

clinically relevant , an in vivo study with a st rong inhibitor is recom m ended if known inhibitors are 

registered as m edicinal products in the EU. I f the candidate t ransporter is subject  to genet ic 

polym orphism , in vivo studies in subjects of certain genotypes giving r ise to markedly altered 

expression or act ivit y of the t ransporter m ay be useful for invest igat ing the involvem ent  of the 

t ransporter in vivo and the est im at ion of the potent ial for pharm acokinet ic interact ions via inhibit ion 

(or induct ion)  of the t ransporter.  

5 .2 .2 .  Dist r ibut ion 

I nteract ions affect ing dist r ibut ion include interact ions through m odulat ion of act ive uptake or efflux 

t ransport  of the drug, as well as displacem ent  interact ions. Dist ribut ion interact ions due to an 

alterat ion in drug t ransport  m ay not  be fully reflected by changes in plasm a concent rat ions alone. 

Therefore, the inclusion of pharm acodynam ic m arkers to reflect  altered dist ribut ion to the organs 

expressing the t ransporter should be considered whenever possible. 

A. Dist r ibut ion interact ions due to altered t ransport  

Lit t le is present ly known regarding dist r ibut ion interact ions due to t ransporter inhibit ion. I nteract ions 

at  a t ransport  protein level are expected to give r ise to altered dist r ibut ion of drug to organs where 

these t ransporters are expressed. I f the invest igat ional drug is a subst rate for t ransport  proteins, the 

potent ial for clinically relevant  dist r ibut ion interact ions should be discussed in light  of any available 

data on the t issue specific expression or in vivo im portance of the t ransporter in the part icular organ, 

data on perm eabilit y, data on dist r ibut ion in preclinical species taking potent ial species differences into 

account , available clinical safety data in pat ients with reduced t ransport  caused by genet ic 

polym orphism  or interact ions, as well as the expected clinical consequences of an altered dist r ibut ion. 

I f indicated and feasible, in vivo studies invest igat ing the effect  of t ransporter inhibit ion on the 

pharm acokinet ics as well as pharm acodynam ics ( including PD m arkers for the potent ial effect  on the 

t ransporter expressing organ)  are recom m ended. Dist r ibut ion im aging techniques could be considered. 

Both target  organs for the clinical effect  and potent ial target  organs for safety should be considered. As 

an exam ple, inhibit ion of t ransporter m ediated efflux of a hepatotoxic drug from  the liver could in 
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theory give r ise to increased hepatocyte drug exposure and therefore increase the frequency of 

concent rat ion-dependent  hepatotoxicit y.  

I f the t ransporter potent ially cont rolling target  t issue exposure is subject  to m arked genet ic 

polym orphism , invest igat ions of the effect  of a genotype giving r ise to reduced t ransporter act ivit y on 

the target  organ safety (or efficacy if relevant )  in phase I I I  t r ials could indicate the consequences of 

t ransporter inhibit ion by a concom itant  drug.  

B. Displacement  interact ions 

I n general, the r isk of clinically relevant  interact ions via displacem ent  from  plasm a protein binding 

sites is low. Nevertheless, the possibilit y of displacement  interact ions of drugs known to be m arkedly 

protein bound should be considered. This m ay be of part icular im portance for highly bound drugs 

(arbit rary fu< 1% ) having a narrow therapeut ic window, a high hepat ic ext ract ion rat io ( if adm inistered 

i.v) , or a high renal ext ract ion rat io. I f indicated, the r isk of interact ion should be addressed by in vit ro 

displacem ent  studies using therapeut ically relevant  concent rat ions. I f a clinically relevant  interact ion is 

suspected, an in vivo study could be perform ed. Unbound concent rat ions should be determ ined in such 

a study. 

5 .2 .3 .  Metabolism  

I nvest igat ions of how the m etabolism  of the invest igat ional drug is affected by other drugs, usually 

include studies of how the invest igat ional drug is elim inated as well as which enzym es are catalysing 

the m ain system ic and pre-system ic elim inat ion pathways. Main enzym es catalysing the m ain 

pathways of form at ion and further elim inat ion of pharm acologically act ive m etabolites also need 

considerat ion. 

I n vit ro m etabolism  studies should generally be perform ed before start ing phase I  to ident ify the m ain 

m etabolites form ed in vit ro. These studies provide inform at ion necessary for the ext rapolat ion of 

preclinical safety data to m an and also allow for ear ly screening of m ain m etabolites found in vit ro for 

target  pharm acological act ivit y.  

In vit ro studies should also be perform ed to ident ify candidate enzym es responsible for the m ain 

m etabolic pathways of the parent  drug. Guidance on t he in vit ro invest igat ions of which enzym es are 

involved in the m etabolism is given in Appendix IV.  

The m ass-balance study (See Appendix V) , in which unchanged drug and m etabolites are followed 

after adm inist rat ion of radiolabelled drug, provides inform at ion on system ic m etabolite exposure as 

well as data used to est imate the m ain elim inat ion pathways. The results of the m ass-balance study 

should generally be available before start ing phase I I I .  These data are then com bined with the in vit ro 

inform at ion on which enzym es are m ainly responsible for catalysing different  react ions. The in vivo 

involvem ent  of enzym es found in vit ro to catalyse relevant  m etabolism  pathways, should be confirm ed 

and quant ified. This m ay be done through an interact ion study with a potent  select ive inhibitor of the 

enzym e (See Appendix VI )  or by pharm acogenet ic studies if the enzym e is subject  to genet ic 

polym orphism . I f t he in vivo results do not  support  m ajor involvem ent  of the candidate enzym e, 

addit ional in vit ro and in vivo studies are needed to ident ify the enzym e involved.  

I n general, enzym es involved in m etabolic pathways est im ated to cont r ibute to ≥ 25% of drug 

elim inat ion should be ident ified if possible and the in vivo cont r ibut ion quant ified. This applies to 

cytochrom e P450 (CYP)  enzym es and non-CYP enzym es.  

Sim ilar ly, if there are pharm acologically act ive m etabolites est im ated based on unbound system ic 

exposure whose in vit ro act ivit y cont r ibutes to ≥ 50%  of the in vivo target  pharm acological effect , 

enzym es cont r ibut ing to m ain form at ion and elim inat ion pathways of these m etabolites should  be 



 

Guideline on the invest igat ion of drug interact ions   

CPMP/ EWP/ 560/ 95/ Rev. 1 Corr. 2* *  Page 11/ 59 

 

ident ified. I f the protein binding of parent  and m etabolite(s)  is high, it  is recomm ended to determ ine 

the protein binding in the sam e study so as not  to int roduce inter-study variabilit y. The fract ion of the 

form at ion and elim inat ion that  needs to be character ised for enzym e involvem ent  depends on how 

m uch the m etabolite cont r ibutes to the in vivo target  effect . As a general guidance, 50%  of the 

elim inat ion of a m etabolite est im ated to cont ribute 50%  of the target  effect  m ay be used. I f the 

invest igat ional drug is a pro-drug act ing through one pharm acologically act ive m etabolite, enzym es 

est im ated to cont r ibute to 25%  of the form at ion and elim inat ion of the act ive metabolite should if 

possible be ident ified. I f there are m etabolites in m an which are suspected to cause adverse effects 

based on available nonclinical, or clinical inform at ion, m ajor enzym es involved in form at ion and 

elim inat ion pathways of these m etabolites should also if possible be ident ified. I t  is also recom m ended 

that  such m etabolites are m easured in the in vivo int eract ion studies. 

I dent ificat ion of enzym es involved in m inor pathways m ay be needed if these pathways have a m arked 

im portance in som e subpopulat ions due to int r insic or ext r insic factors (see sect ion 5.2.5) . I n addit ion, 

there m ay be situat ions where several drugs have in vivo co- inhibitory potent ial of two specific proteins 

involved in the elim inat ion of the invest igat ional drug, such as CYP3A inhibitors that  also inhibit  Pgp 

m ediated renal or biliary excret ion. I n these cases an interact ion study with a drug that  is a st rong 

inhibitor of both pathways m ay be needed. An evaluat ion of the effect  of st rong inducers of the 

involved proteins on the pharm acokinet ics of the invest igat ional drug m ay also be required (see below) . 

A)  I nteract ion studies with inhibitors of cytochrom e P450 enzym es 

I f cytochrom e P450 enzym es are ident ified as candidate enzym es involved in the m ain elim inat ion 

pathways of the drug (or in m ajor form at ion or elim inat ion pathways of clinically relevant  act ive 

m etabolites) , evaluat ion of the pharm acokinet ics of the invest igat ional drug with and without  

concom itant  adm inist rat ion of a st rong enzym e inhibitor (see Appendices IV and V)  is recom m ended to 

verify and quant ify the involvem ent  of a specific enzym e in the invest igat ional drug elim inat ion. I f 

possible the inhibitor should be specific, not  affect ing any other enzym e or t ransporter involved in the 

elim inat ion of the drug. For m ore inform at ion on design issues see sect ion 5.4. I f there are m etabolites 

known to cont r ibute to the efficacy and/ or safety of t he invest igat ional drug, the effect  on the exposure 

of these m etabolites should be invest igated in the in vivo study. However, it  is also recom mended to 

m easure the concent rat ions of m etabolites which m ay influence efficacy or safety if their  exposure is 

increased. 

I f the interact ion study with the st rong inhibitor results in a m arked effect  on the exposure of the 

invest igat ional drug, potent ially leading to dose adjustm ents, cont raindicat ions or other specific 

t reatment  recom m endat ions, an addit ional study with a m oderate inhibitor of the enzym e is 

recom m ended in order to support  the evaluat ion of the need for specific t reatment  recom m endat ions 

for other inhibitors of the enzym e. Alternat ively, if a high precision of the interact ion effect  est im ate is 

not  needed, PBPK sim ulat ions of the effect  of m oderate inhibit ion could be used to support  a general 

labelling statem ent  valid for m oderate inhibitors. I n this case, the results of the interact ion study with 

a st rong inhibitor should be quant itat ively well predicted by the m odel used. Addit ionally, results of an 

in vivo drug interact ion study with a m oderate inhibitor and a probe drug for the specific enzym e 

should be well predicted by the m odel (see also sect ion 5.5.)  

I f the candidate enzym e is a cytochrom e P450 enzym e which is relat ively lit t le studied and generally 

not  included in the enzym e inhibit ion screening of drugs, there m ay be lit t le inform at ion on st rong and 

m oderate inhibitors of that  part icular enzym e. I n t his case, in vit ro studies should be considered to 

invest igate the inhibitory effect  of com m only co-adm inistered drugs on that  part icular enzym e. The 

need for such studies is dependent  on the safety at  supra- therapeut ic drug exposures as well as the 

cont r ibut ion of the catalysed pathway to drug elim inat ion. 

B)  I nteract ion studies with inhibitors of non-cytochrom e P450 enzym es 
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I f the invest igat ional drug is m etabolised by non-cytochrom e P450 enzym es, it  is recom m ended to, if 

possible, verify the cont r ibut ion of the candidate enzym e in vivo through either in vivo drug interact ion 

studies with potent  inhibitors or studies in subjects of a “poor m etaboliser”  genotype. The potent ial for 

drug interact ions should be discussed in light  of published literature. I f possible, potent ially clinically 

relevant  interact ions should be invest igated in accordance with the recom m endat ions for drugs 

m etabolised by cytochrom e P450 enzym es.  

C)  I nteract ion studies with inducers 

The effect  of enzym e inducers on the pharm acokinet ics of the invest igat ional drug also needs 

considerat ion. I f the drug is elim inated through m etabolism  m ainly catalysed by one or m ore inducible 

enzym es, or if elim inat ion is catalysed by CYP3A only to a lim ited extent , an interact ion study with a 

potent  inducer is recom m ended. This also applies to situat ions where it  m ay not  be excluded that  

enzym e induct ion will affect  drug exposure to a clinically relevant  extent , such as drugs m ainly 

elim inated through secret ion by inducible t ransport  proteins. However, an interact ion study is not  

necessary if the effects are highly predictable, such as the effect  of r ifam picin on a drug m ainly 

elim inated through CYP3A catalysed m etabolism , and likely to result  in a cont raindicat ion. The need to 

invest igate the effect  on exposures of pharm acologically act ive m etabolites ( target  or off- target  

pharm acological effects)  should be considered. I f there are m etabolites known to cont r ibute to the 

efficacy and/ or safety of the invest igat ional drug, the effect  on the exposure of these m etabolites 

should be invest igated in the in vivo study. However, it  is also recom mended to m easure the 

concent rat ions of m etabolites which m ay influence efficacy or safety if their  concent rat ions are 

m arkedly increased. 

I f concom itant  t reatm ent  with a specific enzym e inducer is likely to be com mon and clinically needed, 

an in vivo study invest igat ing the interact ion with that  part icular inducer is recom m ended in order to 

establish adequate t reatment  recom m endat ions. The t im e dependency of the induct ion needs to be 

considered in the study design (see sect ion 5.4) . I f a dose adjustm ent  is needed based on the study 

results, the need for a study using the proposed regim en should be considered. This is m ainly 

applicable when there is a two-way (m utual)  interact ion, or when the dose of the inducer is adjusted. 

I n studies of the effects of potent  inducers on an invest igat ional drug, r ifam picin is often chosen due to 

it s potency. As r ifam picin also inhibit s the hepat ic uptake t ransporter OATP1B1, the day(s)  of blood 

sam pling for the invest igat ional drug should be carefully chosen if the invest igat ional drug is 

t ransported by the inhibited protein. Different  sam pling days should be considered depending on the 

aim  of the study. I f the study aim s at  form ing a basis for r ifam picin co- therapy per se based on the net  

effect  of t ransporter inhibit ion and the general induct ion, sam pling for the concent rat ions of the 

invest igat ional drug should be perform ed during r ifam picin t reatment . However, if the aim  is to 

illust rate the effect  of potent  enzym e inducers, and thus to ext rapolate the effect  to other inducers, 

sam pling for the invest igat ional drug is opt im ally perform ed one day after the last  r ifam picin dose. 

5 .2 .4 .  Act ive uptake and secret ion in drug elim inat ion 

I nform at ion on t ransporters involved in m ajor elim inat ion processes should be gained as early as 

possible during drug developm ent . The need for data at  different  phases is dr iven by the predicted 

m agnitude of the exposure increase if the t ransporter is inhibited and the clinical consequences of such 

an increase. I n vit ro data m ay be sufficient  before phase I I I  provided use of potent ially significant ly 

interact ing drugs m ay be rest r icted in the study protocol. 

I nhibit ion of OATPs has been reported to result  in m arked increases in the system ic exposure of drugs 

subject  to hepat ic uptake t ransport  by m em bers of this subfam ily, and involvem ent  of these 

t ransporters m ay be present  without  any indicat ions from  the in vivo pharm acokinet ic inform at ion. 
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Therefore, the possible involvem ent  of OATP1B1 and 1B3 uptake t ransport  should be invest igated in 

vit ro for drugs est im ated to have ≥ 25% hepatic elimination (clearance by hepat ic m etabolism  and 

biliary secret ion together cont r ibut ing to ≥ 25%) . As scient ific knowledge evolves, other hepat ic 

uptake t ransporters m ay need screening if their  inhibit ion generally has been observed to lead to large 

effects on drug elim inat ion.  

I nvest igat ions of t ransporters involved in drug elim inat ion are indicated if available in vivo data shows 

that  act ive renal, biliary or gut  wall secret ion of unchanged drug is involved in a m ain part  of the drug 

elim inat ion and thus m odulat ion of the t ransporter involved m ay be of clinical relevance. I n line with 

the requirem ents for enzym e ident ificat ion, if renal secret ion or biliary/ gut  wall secret ion separately is 

est im ated to account  for m ore than 25%  of drug elim inat ion, at tempts should be m ade to ident ify the 

t ransporter(s)  involved in the act ive secret ion. The im portance of renal secret ion is est im ated by 

com paring total renal clearance to the renal filt rat ion clearance (GFR* fu) .  Depending on the 

inform at ion at  hand, it  m ay be difficult  to est im ate the quant itat ive importance of biliary and gut  wall 

secret ion to total elim inat ion. The im portance of biliary/ gut  wall secret ion should be based on the m ass 

balance data supported by available interact ion data, potent ial pharm acogenet ic inform at ion, data in 

pat ients with hepat ic im pairm ent , data on Caco-2 cell perm eabilit y ( if absolute bioavailabilit y is 

unknown) , etc. (See Appendix V) .  An i.v.  m ass balance study can provide im portant  inform at ion in 

quant ifying the im portance of biliary/ gut  wall secret ion of orally adm inistered drugs. Data on absolute 

bioavailabilit y m ay also inform  the est im at ion of the extent  of elim inat ion through these elim inat ion 

routes. Thus, if a large fract ion of an oral dose is recovered as unchanged drug in faeces, an i.v. m ass-

balance study or an absolute bioavailabilit y study is of great  value and should be considered. 

I n line with requirem ents for enzym e involvem ent , if act ive secret ion is the m ajor elim inat ion pathway 

of a m etabolite with significant  target  act ivit y (est imated cont r ibut ion to in vivo pharm acological effect  

≥50% of total effect) attempts should be made to identify the transporter(s) involved. The need to 
invest igate t ransporter involvem ent  in renal or biliary/ gut  wall excret ion of m etabolite should also be 

considered when available preclinical and clinical inform at ion indicate that  the m etabolite has a m ajor 

cont r ibut ion to off- target  (adverse)  effects.  

I n vit ro studies usually com pose the first  steps of the ident ificat ion process. The in vit ro studies are 

further described in Appendix I I I . The t ransporters selected for in vit ro invest igat ion should be based 

on available expression data of the t ransporter in the elim inat ing organ and, if possible, whether 

uptake or efflux t ransporters or a com binat ion are expected to be involved and be rate lim it ing for the 

elim inat ion process.  

When a candidate t ransporter has been ident ified, an in vivo study with a st rong inhibitor of the 

t ransporter at  the site of interest  is recom mended, if interact ions through inhibit ion are likely to be 

clinically relevant  and if known inhibitors are m arketed within the EU. I n vivo st udies in subjects of 

certain genotypes giving r ise to m arkedly reduced expression or act ivit y of a certain t ransporter m ay 

be useful to verify and quant ify involvem ent  of a certain t ransporter and m ay give an indicat ion of the 

pharm acokinet ic consequences of t ransporter inhibit ion. However, quant itat ive ext rapolat ion of such 

data to drug interact ions with inhibitors should be just ified based on the published literature. As 

t ransporter inhibit ion m ay alter drug dist ribut ion in parallel, inclusion of PD m arkers is encouraged in 

the in vivo studies if relevant  and possible.  

I nteract ions with in vivo inhibitors should be predicted based on the acquired in vivo inform at ion and 

the scient ific literature. I f there are com m only used drug com binat ions where an interact ion is 

expected, it  is recom m ended to invest igate the interact ion in vivo. I f there are inducers of the 

t ransporter m arketed within the EU, an interact ion study with such an inducer is recom m ended. The 

possible effect  of t ransporter inhibit ion and induct ion on availabilit y of the invest igat ional drug for 
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m etabolism  ( t ransporter-enzym e interplay) , such as the interplay observed between Pgp and CYP3A, 

should be discussed, and if needed, an in vivo study should be considered. 

5 .2 .5 .  Special populat ions 

An interact ion effect  m ay not  be direct ly ext rapolated to specific subpopulat ions that  have a m arkedly 

different  cont r ibut ion of the affected enzym e and/ or t ransporter to the clearance of the invest igat ional 

drug. Such subpopulat ions m ay include carr iers of certain alleles coding for an enzym e or t ransporter 

subject  to genet ic polym orphism s, pat ients with im paired renal funct ion and young paediat r ic pat ients 

(<  2 years) .  Pat ients t reated with inhibitors of a m ajor elim inat ion pathway should also be considered. 

The effect  of a st rong enzym e inhibitor on the exposure of an invest igat ional drug is dependent  on the 

quant itat ive cont ribut ion of parallel elim inat ion pathways. I f the parallel pathway is renal excret ion, the 

interact ion effect  will be different  in pat ients with reduced renal funct ion. I f the parallel pathway is 

m etabolism  or biliary excret ion, the effect  of an interact ion will be different  in pat ients with reduced or 

abolished act ivit y of the enzym e or t ransporter involved in the pathway. I n case the parallel pathway is 

subject  to genet ic polym orphism , the interact ion effect  will be different  in genet ic subpopulat ions with 

altered enzym e act ivit y as com pared to “wild type” . 

Moreover, it  should be considered that  genet ic subgroups m ay have a com pletely different  set  of drug 

interact ions. I f a m ajor enzym e (or t ransporter)  for act ive substance elim inat ion or form at ion is absent  

or has very low act ivit y in a subpopulat ion due to genet ic polym orphism , the enzym es (or t ransporters)  

involved in the parallel pathways should be ident ified and their  cont r ibut ion quant ified, as these 

pathways will be the m ain elim inat ion pathways in the genet ic subpopulat ion.  

When indicated, drug interact ions relevant  to the subpopulat ion should be invest igated. An in vivo 

study explor ing the interact ion in the subpopulat ion is recom m ended. I n case a clinical study is not  

possible, a worst  case est im at ion of the effect  on the act ive substance exposure m ay be perform ed. 

I t  m ay also be acceptable to use PBPK sim ulat ions to predict  the interact ion effect  in the subpopulat ion 

if the sim ulat ion is qualified for this purpose. This includes an adequate predict ion of the relat ive 

cont r ibut ion of enzym es to in vivo clearance. Thus, t he results of potent  inhibit ion (or polym orphism )  

of the separate enzym es in vivo should be well predicted. Also the in vivo effect  on an adequate probe 

drug by the inhibitor chosen for the DDI  PBPK sim ulat ion should be well predicted. PBPK sim ulat ions 

m ay serve as a basis for t reatm ent  recom mendat ions. However, specific dose recom m endat ions m ay 

need support  by in vivo interact ion data in the subpopulat ion. 

I f the invest igat ional drug will m ainly be used in elderly and an interact ion study has been perform ed 

in young subjects, the interact ion effect  m ay be different  if the parallel pathway is renal excret ion. 

Dependent  on the therapeut ic window of the affected drug, the difference in interact ion effect  m ay 

need to be est im ated and reflected in the t reatment  recom m endat ions.  

I f the m edicinal product  will have a paediat r ic indicat ion, the possibilit y to ext rapolate drug-drug 

interact ion results from  adults to children should be discussed by the applicant . This is further 

discussed in EMEA/ CHMP/ EWP/ 147013/ 2004 (Guideline on the role of pharm acokinet ics in the 

developm ent  of m edicinal products in the paediat r ic populat ion) . An in vivo study should be considered 

if a drug com binat ion suspected or known to interact  is com m on in the paediat ric populat ion and there 

is a need for clear dosing recom m endat ions. I f an interact ion study is needed, a sparse sam pling and 

populat ion pharm acokinet ic approach could be considered. The applicant  is invited to find ways of 

providing sat isfactory support ive data, such as drug interact ion sim ulat ions provided that  the 

sim ulat ions successfully quant ify the observed interact ion in adults and the data on enzym e abundance 

and other physiological param eters in the paediat r ic populat ion are reliable. 
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5 .3 .  Effects of the invest igat ional drug on the pharm acokinet ics of other  

drugs 

I n vit ro data on the effects of the invest igat ional parent  drug on the pharm acokinet ics of other drugs 

should preferably be available before start ing phase I I  studies unless all concom itant  drug t reatments 

at  r isk of being clinically relevant ly affected can be avoided in these studies. The in vit ro inform at ion 

should be available before start ing phase I I I . I f in vit ro data indicate that  there m ay be a clinically 

relevant  interact ion with a drug that  cannot  be safely managed by protocol rest rict ions in the phase I I  

or I I I  studies, it  is recom m ended to perform  in vivo interact ion studies with these drugs pr ior to phase 

I I  or I I I .  Depending on how precise the interact ion effect  needs to be est im ated, PBPK sim ulat ions m ay 

inform  the phase I I  or I I I  study protocol (see sect ion 5.5) . I nvest igat ional drugs which exhibit  dose-

dependent -  pharm acokinet ics in the therapeut ic dose/ concent rat ion- range, unrelated to dissolut ion or 

protein binding, are likely to inhibit  an enzym e or t ransporter. Likewise, if a drug exhibit s t ime-

dependent  pharm acokinet ics, it  is likely to be an inducer or m echanism-based inhibitor. (The t im e-

dependency m ay also be caused by a m etabolite.)  The m echanism  of the non- linearit y should therefore, 

if possible, be ident ified. Also, if an interact ion is observed in vivo and the m echanism  is not  clear, 

further studies in vit ro and in vivo are recom m ended to clar ify the m echanism  of the interact ion and to 

enable predict ion of related interact ions. 

5 .3 .1 .  Absorpt ion 

I f there are indicat ions that  the invest igat ional drug affects gast r ic em ptying or intest inal m ot ilit y, it  

m ay affect  the rate and extent  of absorpt ion of other drugs. This m ainly affects drugs with a narrow 

therapeut ic window, m odified release form ulat ions and drugs known to have a physiological absorpt ion 

window, m arked perm eabilit y lim ited absorpt ion or serious Cm ax related effects. The interact ion 

potent ial should be considered and, if indicated, the effect  should be studied on relevant  drugs (e.g. 

paracetam ol as probe subst rate in case of effects on gast r ic em ptying) . I t  should be rem em bered that  

this is often a system ic effect  that  m ay be caused also by parenterally adm inistered drugs. The 

absorpt ion of other drugs could also be affected through inhibit ion of intest inal t ransport  proteins. 

Advice on invest igat ions of the effect  of an invest igat ional drug on act ive t ransport  of other drugs is 

given in sect ion 5.3.4. I f the invest igat ion drug increases gast r ic pH, the effect  on other drugs sensit ive 

to this should be predicted and the need for in vivo studies considered. Other m echanism  of 

interference with drug absorpt ion, such as com plex binding should also be considered. I n vivo 

invest igat ions on the effect  of the absorpt ion of other drugs m ay be perform ed in parallel with the 

phase I I I  study, unless concom itant  use of drugs potent ially subject  to a clinically relevant  interact ion 

m ay not  be m anaged by protocol rest r ict ions in the phase I I  and I I I  studies. 

5 .3 .2 .  Dist r ibut ion 

The degree of protein binding of the invest igat ional drug should be determ ined before phase I . I f the 

invest igat ional drug is extensively protein bound to a specific binding site and present  at  

concent rat ions saturat ing the binding sites, the r isk of displacem ent  of other drugs known to be 

subject  to clinically relevant  displacem ent  interact ions could be evaluated in vit ro at  a t im e point  

relevant  for the clinical developm ent  program . I f a clinically relevant  interact ion is predicted based on 

in vit ro data, an in vivo study m easuring unbound concent rat ions could be considered. 

5 .3 .3 .  Metabolism  

The potent ial of an invest igat ional drug to inhibit  or induce the m etabolism  of other drugs should be 

invest igated. Usually the invest igat ion is init iated by in vit ro studies and those studies are followed by 
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in vivo studies if the in vit ro data show that  an effect  in vivo cannot  be excluded. However, it  is also 

possible to study the effects of the invest igat ional drug direct ly in vivo, e.g. by the use of cocktail 

studies, which, if well designed m ay invest igate both inhibitory (com pet it ive and t im e-dependent )  and 

inducing effects of both parent  and m etabolites (See sect ion 5.4.2) .  

I t  is recognised that  obtaining high concent rat ions in the in vit ro studies m ay not  be possible in som e 

circum stances due to poor substance solubilit y or cell toxicit y. I n these cases, the data is assessed on 

a case by case basis. I f the in vit ro studies are considered inconclusive, it  is recom m ended that  the 

potent ial interact ion is invest igated in vivo.  

5 .3 .3 .1  Enzym e inhibit ion  

A. I n vit ro enzym e inhibit ion studies  

I n vit ro studies should be perform ed to invest igate whether the invest igat ional drug inhibit s the 

cytochrom e P450 enzym es m ost  com m only involved in drug m etabolism . These present ly include 

CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A. I n the future, m ore clinically 

im portant  drug m etabolising enzym es m ay be known and included in this list . I n addit ion, it  is 

recom m ended to study inhibit ion of UGTs known to be involved in drug interact ions, including UGT1A1 

and UGT2B7, if one of the m ajor elim inat ion pathways of the invest igat ional drug is direct  

glucuronidat ion. Likewise, if the invest igat ional drug is m ainly m etabolised by an enzym e not  listed 

above, it  is recom mended to study the inhibitory effect  on that  specific enzym e if feasible. I t  is also 

recom m ended to invest igate the enzym e inhibitory effect  of m ajor m etabolites. More inform at ion on 

this is found in the end of this subsect ion. 

An in vit ro inhibit ion study could be perform ed using hum an liver m icrosom es, hepatocytes, or other 

cells expressing the invest igated enzym e. The enzym e act ivit y is m onitored by invest igat ing the 

m etabolism  of a specific marker subst rate (Table 4, Appendix VI I )  under linear subst rate m etabolism  

condit ions. CYP3A4 inhibit ion should be invest igated using both m idazolam  and testosterone as 

subsrates. The effect  of a range of invest igat ional drug concent rat ions are invest igated and Ki ( the 

inhibit ion constant  i.e. dissociat ion constant  of the inhibitor from  the enzym e- inhibitor com plex)  is 

determ ined. The study should include an invest igat ion of whether pre- incubat ion with the 

invest igat ional drug alters the inhibitory potent ial of the drug. I f the pre- incubat ion affects the potency, 

m ore detailed invest igat ions are needed (see below). I f the invest igat ional drug is m etabolised by the 

enzym es present  in the incubat ion, the m arker subst rate should, if possible, have a m arkedly faster 

m etabolism  rate than the invest igat ional drug to m inim ize the influence of invest igat ional drug 

m etabolism  (decreasing concent rat ions)  on the Ki est im at ion. I f this is not  possible, the concent rat ions 

of the invest igat ional drug need to be m onitored and/ or the degradat ion taken into account  in the 

calculat ions. Known st rong inhibitors should be included as posit ive cont rols in the study, their  Ki 

determ ined and com pared to literature/ reference in house values. The concent rat ion range of the 

invest igat ional drug should be sufficient ly high for detect ing clinically relevant  inhibit ion and depends 

on the potent ial site of enzym e inhibit ion, m ode of adm inist rat ion and form ulat ion as well as system ic 

exposure. I t  is recom m ended to use the est im ated or determ ined unbound drug concent rat ion in the in 

vit ro system . I n situat ions where it  is im portant  to have a precise value on fu m ic (unbound m icrosom al 

fract ion) , such as est im at ions of inhibit ion or induct ion potent ial not  followed by an in vivo study, 

determ ining the fract ion (experim entally)  is recom m ended. This also applies if there are reasons to 

believe that  the free inhibitor concent rat ion is m arkedly lower than the total concent rat ion in the 

incubat ion, i.e. if the substance binds covalent ly to proteins or m ay adsorb to the walls of the test  tube.  

As the actual concent rat ion of drug near the enzym e is unknown, there is an int ra-study/ system s 

variabilit y in Ki, and concent rat ions at  the portal vein during absorpt ion generally are higher than 

system ic concent rat ions after oral administ rat ion, a safety factor is som et imes added in the 

est im at ions. Recom m endat ions regarding concent rat ion ranges are given for different  situat ions below. 
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I f the incubat ions perform ed indicate that  Ki will be m arkedly higher than the concent rat ions given 

below, Ki does not  need to be determ ined. However, a support ive discussion should be presented by 

the applicant . I f Ki has been determ ined in several in vit ro system s, or with several subst rates for the 

sam e enzym e (e.g. CYP3A subst rates) , the lowest  Ki adequately m easured should be used in the 

est im at ions of in vivo relevance. 

I f the inhibit ion is enhanced by pre- incubat ions, t im e-dependent  inhibit ion (TDI )  is present . The 

increased inhibit ion over t im e m ay either be due to form at ion of an inhibitory m etabolite or due to 

m echanism -based inact ivat ion (MBI ) . For m echanism  based inact ivators, k inact  (m axim um  inact ivat ion 

rate constant )  and K I  ( the inhibitor concent rat ion producing half the m axim al rate of inact ivat ion)  

should be determ ined. The in vit ro study needs to be carefully perform ed and factors affect ing the 

results should be taken into account . See the scient ific literature for relevant  protocols. Please note the 

need to determ ine non-specific binding at  the init ial step due to the general use of high protein 

concent rat ions. I f it  is shown that  the TDI  is due to form at ion of a m etabolite which reversibly inhibit s 

the affected enzym e, this has consequences for the in vivo relevance assessm ent  as well as for the in 

vivo study design (See sect ion 5.4.4) . 

I ntest inal exposure 

I f the drug is orally adm inistered and the enzym e studied has pronounced intest inal expression (e.g. 

CYP3A4)  the concentration range should be sufficient for determining a Ki ≤ 0.1- fold the m axim um  

expected dose taken at  one occasion / 250 m l. I f it  is adequately just ified that  sufficient ly high 

concent rat ions m ay not  be reached in the intest ine due to solubilit y lim itat ions in intest inal fluid, lower 

concent rat ions can be sufficient . 

Hepat ic ( and renal)  exposure 

I f the enzym e studied is m ainly available in the liver, or the kidney/ another organ with m ain drug input  

from  the system ic circulat ion, the concent rat ion range should allow determ inat ion of a Ki which is ≤ 
50- fold the m ean unbound Cm ax obtained during t reatm ent  with the highest  dose. I n this est im at ion, 

when an est im at ion of fu is used, figures lower than 1%  should not  be used due to the uncertaint ies in 

the est im at ion. Thus, as an exam ple, if the free fract ion has been est im ated to be 0.5%  in vit ro or ex 

vivo, a 1%  free fract ion should be used. 

Enzym e inhibit ion by m etabolites 

The potent ial inhibitory effects of m etabolites on the com m on drug m etabolising enzym es should be 

considered. As a pragm at ic rule, it  is recom m ended to invest igate the enzym e inhibitory potent ial of 

phase I  m etabolites with an AUC both larger than one fourth of the AUC of parent  drug and larger than 

10%  of the drug- related exposure ( radioact ive m oiet ies in the m ass-balance study, see Appendix V) . I f 

data on protein binding is available, unbound concent rat ions should be used. However, in absence of 

these data, total concent rat ions (bound +  unbound)  m ay be used. As for the parent  drug, the 

concent rat ion range studied should include 50- fold the unbound Cm ax of the m etabolite. As an 

alternat ive to the in vit ro invest igat ion, a well designed cocktail study m ay be perform ed. I n this case, 

the study needs to be designed for observing potent ial m echanism  based inhibit ion at  steady state 

concent rat ions of the m etabolites (see sect ion 5.4.4) .  

I f there are indicat ions that  an observed in vivo drug interact ion is caused by a m etabolite, in vit ro 

enzym e inhibit ion studies on selected m etabolites may provide useful inform at ion for the design of 

future in vivo studies and interpretat ion of in vivo int eract ion study results.   

Evaluat ion of the need for an in vivo study 

Based on the results of the in vit ro studies and the in vivo pharm acokinet ics of the invest igat ional 

drug, the r isk of inhibit ion in vivo is evaluated. I f it  cannot  be excluded that  enzym e inhibit ion takes 
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place in vivo, studies in vivo are recom m ended. The assessm ent  m ay be based either on a “basic 

m odel”  (A: 1 below)  or on the “m echanist ic stat ic m odel”  (A: 2 below)  (Fahm i et  al, 2009 1)  i.e. 

evaluat ing the r isk of inhibit ion by a worst  case constant  exposure of the invest igat ional drug. 

Addit ionally, well performed and qualified dynam ic, PBPK, sim ulat ions m ay also be used as described 

below (A: 3) .  

The basic m odel m ay be used as a first  screening m ethod for this purpose. I f the basic m odel gives a 

posit ive inhibit ion signal, the evaluat ion m ay opt ionally be followed by an evaluat ion using the 

m echanist ic stat ic or dynam ic m odels below. The m echanist ic stat ic m odel m ay also be used for 

est im at ing the net  effect  of reversible inhibit ion and MBI .  

A:1  Basic Model 

I )  Reversible inhibit ion 

I f reversible inhibit ion ( inhibit ion not  affected by pre- incubat ion)  is observed in vit ro, the r isk of 

inhibit ion in vivo is evaluated by com paring observed Ki values with a worst  case est im at ion of the 

concent rat ion near the enzym e during clinical use. I n these calculat ions, the lowest  figure on free 

fract ion recom m ended is 1%  due to the uncertaint ies in the est im at ion.  

I nhibit ion by parent  drug 

Enzym e inhibit ion in vivo by a parent  drug cannot  be excluded, and an in vivo interact ion study with a 

sensit ive probe subst rate is recom m ended, if the condit ions below are fulfilled. 

For orally adm inistered drugs if the enzym e has m arked abundance in the enterocyte (e.g. CYP3A) :  

[ I ]  /  Ki ≥ 10 where [ I ]  is the m axim um  dose taken at  one occasion/ 250 m l. 

 

For drugs regardless of m ode of adm inist rat ion and inhibit ion of enzym es in the liver, or in organs, 

exposed to the drug through the system ic circulat ion 

[ I ]  /  Ki ≥ 0.02 where [ I ]  is the unbound m ean Cm ax obtained during t reatm ent  with the highest  

recom m ended dose  

 

I nhibit ion by m etabolites 

Enzym e inhibit ion in vivo by a m etabolite cannot  be excluded, and an in vivo interact ion study with a 

sensit ive probe subst rate is recom m ended, if the condit ions below are fulfilled.  

For m etabolites regardless of m ode of adm inist rat ion and site of the enzym e 

[ I ]  /  Ki ≥ 0.02 where [ I ]  is the unbound m ean Cm ax obtained during t reatm ent  with the highest  dose  

As for parent  drug, a lower fu than 1%  should not  be used in the calculat ions due to the uncertainty in 

the determ inat ion. I f the protein binding has not  been determ ined, the total (bound plus unbound)  

concent rat ion is used. 

Due to the difficult ies in predict ing the concent rat ion of inhibitory m etabolite at  the site(s)  of the 

enzym e, PBPK m odelling and sim ulat ions are encouraged to support  the evaluat ion. This m ay also 

suitable when predict ing the net  inhibit ion of parent  and m etabolite on the sam e enzym e.  

                                                

1 Fahmi et  al Drug Metabolism  and Disposit ion. 37: 1658–1666, 2009 
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I I )   Mechanism  based inact ivat ion 

I f MBI  has been observed in vit ro, the rat io of predicted CL in the absence and presence of the inhibitor 

i.e. the AUC rat io with inhibitor to without  inhibitor, m ay be calculated as  

Eq. 1  

 

R=  (k obs+ k deg) / k deg  where Kobs= k inact×[ I ] / (K I + [ I ] )   

where k deg  is the degradat ion constant  of the enzym e, k inact  is the m axim um  inact ivat ion rate constant  

and [ I ]  is the concent rat ion of the inhibitor (See “ I ntest inal exposure”  and “Hepat ic (and renal)  

exposure”  above) . The degradat ion constant  m ay be taken from  the scient ific literature. I f possible, the 

constant  should be based on in vivo data. Please note that  enzym es which are present  both in the 

intest ine and liver, such as CYP3A, have separate degradat ion constants in the two t issues. If ≥ 20%  

inhibit ion is obtained, i.e.. R ≥1.25, using the drug concent rat ions presented above, in vivo inhibit ion 

m ay not  be excluded and a m ult iple dose in vivo interact ion study is recom m ended (see Sect ions 5.4.3 

and 5.4.4) .  

A:2  Mechanist ic stat ic m odel 

A m echanist ic stat ic m odel has been proposed by Fahm i et  al2 Eq. 2) . This m odel includes the effect  of 

reversible and t im e dependent  enzym e inhibit ion, as well as enzym e induct ion. Thus, the m echanist ic 

stat ic m odel m ay be used as an aid to est im ate the net  effect  of several interact ion processes. 

However, due to the lim ited experience with this m odel, it  is present ly not  recom m ended to use Eq 2 

to est im ate the net  effect  of sim ultaneous inhibit ion and induct ion.  

The m odel m ay be used as an alternat ive or subsequent  approach to the basic m odel. Regardless of 

the result  of the basic m odel, if the m echanist ic stat ic m odel does not  indicate in vivo inhibit ion, an in 

vivo study is not  required. However, as this m odel does not  include a safety factor to take into account  

inter-study variabilit y in the Ki est im at ion or the potent ial for higher concent rat ions in the hepatocytes 

than in plasm a, Ki needs to be verified in a second in vit ro system  and the lowest  Ki observed for the 

specific enzym e used in the est im at ions. Furtherm ore, the potent ial for higher hepatocyte 

concent rat ions should be discussed. I f available data indicate that  the drug m ay accum ulate in 

hepatocytes, this should be taken into account  in the AUCR est im at ions.  

I f the m odel est im ates a posit ive result , i.e. an AUCR outside 0.8-1.25, in vivo studies are indicated to 

quant ify the effect  in vivo as well as, if needed, character ise the t im e course of the net  effect .  

Eq.2 

 

A, B and C in t he equat ion denotes MBI , induct ion and reversible inhibit ion, respect ively and are 

described in table 1 below. Fg  is the fract ion available after intest inal m etabolism , and f m  is the 

fract ion of system ic clearance of the subst rate m ediated by the CYP enzym e that  is subject  to 

inhibit ion/ induct ion. I f the m axim um  effect  on hepat ic m etabolism  catalysed by a certain enzym e is to 

be est im ated, f m  m ay be set  to 1. I f est im at ing the effect  of a certain m edicinal product , such as orally 

adm inistered m idazolam , substance dependent  param eters should be supported by scient ific literature. 

The induct ion part  of the equat ion (Bh  and Bg )  m ay only be used after qualifying the hepatocyte batch 

used for this purpose and is further discussed below in 5.3.3.2. I n t hese calculat ions, the lowest  figure 

                                                

2 Fahmi et  al Drug Metabolism  and Disposit ion. 37: 1658–1666;  2009 
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on free fract ion recom m ended is 1%  due to the uncertaint ies in the est im at ion. The input  param eters 

should all be discussed and if needed just ified based on available data and/ or scient ific literature. A 

conservat ive choice of param eters is recom mended. 

Table 1  

 

Subscripts “h”  and “g”  denote liver and gut , respect ively. 

[ I ] h is the m axim al unbound inhibitor/ inducer concent rat ion in portal vein ( [ I ] u,inlet ,m ax) , decribed as 

fu,b× ( [ I ] m ax,b+ FaxFg× ka× Dose/ QH)  ( I to et  al. 3)  where Fa is the fract ion of the dose absorbed, Fg is 

the fract ion of absorbed dose escaping gutwall ext ract ion, ka is the absorpt ion rate constant  and QH is 

the total hepat ic blood flow (97 L/ hr, Yang et  al 4) , fu,b is the unbound fract ion in blood and [ I ] m ax,b 

is the m axim al total ( free and bound)  inhibitor concent rat ion in the blood at  steady state. The ka 

should preferably be determ ined but  m ay otherwise be set , as a worst -case est im ate, to 0.1/ m in. The 

applicant  should show in detail and just ify how ka was est im ated. I f there is any uncertainty in the ka 

est im ate, a sensit ivit y analysis should be perform ed. 

[ I ] g =  Fa×k a×Dose/ Qen  (Rostam i-Hodjegan and Tucker) 5  where Qen , is the enterocyte bloodflow is 

18L/ h (Yang et  al. 6) . 

d is a scaling factor determ ined with linear regression of the cont rol data set  (see 5.3.3.2. A: 2 below) 

A:3  Dynam ic, PBPK, m odel  

PBPK sim ulat ions m ay also be used to evaluate the in vivo relevance of com pet it ive or t im e-dependent  

inhibit ion observed in vit ro. I n such a case, the scient ific basis of the sim ulat ions (m odels as well as all 

input  param eters)  should be presented and just ified. Furtherm ore, extensive data on m odel verificat ion 

needs to be shown to support  the abilit y to quant itat ively predict  drug-drug interact ion via inhibit ion of 

the specific enzym e. Sim ulat ions of available PK studies of the invest igat ional drug should be com pared 

to the observed PK profiles.  When possible, m odel verificat ion should include the sim ulat ions of the 

effects of known interact ing drugs on the PK of a probe subst rate.  

The in vit ro data used needs to be of high qualit y, and any uncertainty in the m odel, for exam ple in the 

param eter(s)  determ ined in vit ro or param eters est im ated, needs to be ident ified and subject  to a 

                                                

3 I to et  al AAPS PharmSci 4 (3)  art icle 20;  2002 

4 Yang et  al.  Drug Metabolism  and Disposit ion 35: 501-2;  2007 

5 Rostami-Hodjegan A and Tucker GT, Drug Discov. Today Technol. 1: 441–448;  2004 

6 Yang J et  al.  Curr Drug Metab. 8(7) : 676-684;  2007 
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sensit ivit y analysis. Ki should, if possible, be verified in a second in vit ro system . I f protein binding is 

high (> 99% ), a sensit ivit y analysis should be perform ed decreasing the binding down to 99% . The 

consequences of higher concent rat ions of the inhibitory substance at  the site of the enzym e (e.g. liver)  

as com pared to those in plasm a, should be taken into account  in the sim ulat ion. I n both cases, 

because the drug PBPK m odel needs to m aintain it s abilit y to predict  the observed plasm a 

concent rat ion- t im e curve of the interact ing drug, a m ajor part  of the uncertainty could if suitable be 

added, i.e. sensit ivit y analyses perform ed, on the interact ion param eters (e.g. Ki) . The param eter 

range used in the sensit ivit y analysis should be just if ied, and a conservat ive approach is recom m ended. 

Unless well j ust ified, negligible protein binding should be assum ed in the enterocyte when est im at ing 

intest inal enzym e inhibit ion. Further inform at ion is given in sect ion 5.5. I f the sim ulat ion predicts an 

inhibit ion of >  20%  of the clearance of the probe subst rate, a significant  interact ion in vivo cannot  be 

excluded and it  is recom mended to perform  an in vivo study. I f the results of the sim ulat ion with 

appropriate sensit ivit y analyses are negat ive and the m odelling is acceptable, no in vivo study of the 

effect  of the specific enzym e is required, regardless of the results of the basic m odel est im at ions or the 

stat ic m echanist ic m odel.  

B. Enzym e inhibit ion – in vivo studies 

When invest igat ing whether an invest igat ional drug reversibly inhibits an enzym e, the 

pharm acokinet ics of a probe drug (see Appendix VI I )  should be invest igated after adm inist rat ion of a 

single-dose of the probe drug alone and at  steady state concent rat ions of the invest igat ional drug 

obtained with the highest  usual recom m ended dose.  

I f a well perform ed in vivo interact ion study with a sensit ive probe drug does not  show enzym e 

inhibit ion, these results can be ext rapolated to all enzym es observed to be reversibly inhibited in vit ro 

for which an equal or higher Ki has been observed. However, due to inter-study variabilit y, the Ki: s 

used in this approach should have been determ ined in the sam e study. For orally adm inistered 

invest igat ional drugs, lack of inhibit ion of hepat ic enzym es m ay not  be ext rapolated to intest inal 

enzym es, such as CYP3A, as the inhibitory concent rat ion is the enterocyt ic, instead of hepatocyt ic, 

concent rat ion. I f the inhibit ion is t ime-dependent , this should be reflected in the study design. More 

inform at ion on in vivo study design is given in sect ion 5.4. 

5 .3 .3 .2  Enzym e induct ion and dow n- regulat ion  

A. Enzym e induct ion or down- regulat ion– in vit ro studies 

Studies should be performed to invest igate whether the invest igat ional drug induces enzym es and 

t ransporters via act ivat ion of nuclear receptors, the Ah- receptor or, if relevant , other drug regulat ion 

pathways. Usually, this is init ially invest igated in vit ro followed by in vivo studies if indicated by the in 

vit ro results. However, it  is also possible to invest igate induct ion direct ly in vivo.  

I t  should be noted that  there m ay st ill be m echanism s of induct ion which present ly are unknown. 

Therefore, a potent ial hum an teratogen (Definit ion given in EMEA/ CHMP/ 203927/ 2005)  needs to be 

studied in vivo for effects on cont racept ive steroids if the drug is intended for use in fert ile wom en, 

regardless of the in vit ro induct ion study results.  

The in vit ro induct ion studies m ay also detect  enzym e down- regulat ion. Below advice is given prim arily 

on the invest igat ion of the potent ial of an invest igat ional drug to give induct ion. The experience is 

present ly very lim ited regarding drug- induced down- regulat ion and m echanism s behind these effects. 

I f a concent rat ion-dependent  down regulat ion is observed in vit ro, addit ional in vit ro (or in vivo)  

studies of the effect  on other drug m etabolising enzym es are recom m ended to invest igate which 

enzym es are affected unless this m ay be predicted. Thus, the effect  of the invest igat ional drug on 

enzym es observed to be down- regulated in vit ro and/ or the enzym es at  r isk of down- regulat ion based 

on m echanist ic knowledge should be studied in vivo.  
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Cultured hepatocytes ( fresh or cryopreserved)  are the preferred in vit ro system for induct ion (and 

down- regulat ion)  in vit ro studies. Minim ally derived hepatocyte lines (e.g. HepaRG) , nuclear receptor 

binding assays, or reporter gene assays are considered as support ive data only.  

I ncubat ions are perform ed with daily addit ion of the invest igat ional drug. The durat ion of the 

incubat ion is generally 3 days. Shorter durat ions should be well j ust ified. The m edium , containing the 

drug, is changed regular ly. Knowledge about  the actual concent rat ion of drug in the system  is 

im portant  for the in vit ro- in vivo ext rapolat ion. Unless loss due to in vit ro drug m etabolism , 

degradat ion or lysosom al t rapping of drug during culture condit ions has been shown to be negligible, 

or if the loss has been quant ified in the system  prior to the induct ion assay and com pensated for 

through the am ount  of drug added / m edium  change interval, m easurem ents of concent rat ion of parent  

drug in the m edium  are encouraged at  several t ime points the last  day of the incubat ion. Unless the 

incubat ions are run under serum- free condit ions or degree of protein binding in hum an plasm a is low, 

the degree of protein binding in the m edium should be determ ined and unbound concent rat ion used 

throughout  the in vit ro evaluat ion. The possibilit y of non-specific binding should also be taken into 

account .  

To increase the sensit ivit y of the assay and for the response not  to be affected by enzym e inhibit ion, it  

is recom m ended to m easure the extent  of enzym e induct ion at  m RNA level. I f induct ion due to protein 

stabilisat ion is suspected, induct ion should be m easured also at  act ivit y level. 

I f it  is not  possible to reach sufficient ly high concent rat ions (see below)  e.g. due to cell toxicit y and the 

study is judged inconclusive, the potent ial for induct ion should be studied in vivo. 

Culture qualit y should be verified and docum ented by enzym e m RNA m easurem ents and cell 

m orphology. A suitable viabilit y assessm ent  should be perform ed before and at  the end of the 

incubat ion period at  the highest  concent rat ion level to cert ify that  cell toxicit y is not  influencing the 

induct ion response. I f toxicit y/ loss of viabilit y is observed, influence on the study results should be 

discussed in the study report  and in vivo studies be considered.  

I t  is recom m ended to first  evaluate the induct ion potent ial using the basic m odel. I f the basic m ethod 

indicates induct ion via PXR, the evaluat ion can cont inue using the m echanist ic stat ic m odel and/ or the 

RIS correlat ion m odel provided it  is possible to apply sufficient ly high concent rat ion of the 

invest igat ional drug for Em ax  and EC50  to be determ ined. For the lat ter approaches, only one well 

perform ing batch of hepatocytes is needed. I f the basic m ethod indicates that  the invest igat ional drug 

induces drug m etabolising enzym es to a great  extent  through CAR, it  is present ly difficult  to use the 

m echanist ic stat ic or RIS correlat ion m ethod due to the difficult ies in perform ing an adequate m ethod 

qualificat ion. I n the future it  m ay however be possible to use these approaches. At  present , if CAR 

seem s to play a m ajor role in the induct ion, in vivo data is needed to support  the induct ion evaluat ion 

of separate CAR regulated enzym es. 

A:1  Basic m ethod 

I ncubat ions with cultured ( fresh or cryopreserved)  hepatocytes are perform ed as above. Due to the 

inter- individual and cell batch variabilit y in induct ion response, it  is recom mended to use hepatocytes 

from  at  least  3 different  evaluable donors for the “basic m ethod”  evaluat ion. I f cells from  a donor do 

not  respond sat isfactor ily to the posit ive cont rols, if the viabilit y of the cells is < 80%  at  the start  of the 

incubat ion, or if the viability at  the end of the incubat ion deviates m arkedly from  the other donors, the 

cells should be replaced by hepatocytes from  a new donor. A num ber of enzym es could be invest igated. 

The enzym es CYP3A4, CYP2B6 and CYP1A2 should always be included as m arkers of induct ion 

m ediated via PXR/ CAR (CYP3A4, CYP2B6)  and the Ah- receptor (CYP1A2) .  

St rong inducers should be included as posit ive cont rols to verify funct ioning regulat ion pathways via 

PXR, CAR and the Ah- receptor (GR for invest igat ional drugs with glucocort icoid act ivit y) . Other 
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receptors/ t ranscript ion factors and enzym es m ay be added to this list  as science develops. The posit ive 

cont rols used should be as select ive as possible and be chosen based on current  scient ific knowledge. 

Current ly, r ifam picin (20µM)  is recom m ended as posit ive cont rol for PXR, CITCO (≤100 nM) for CAR, 
om eprazole (50µM)  for the Ah- receptor and dexam ethasone (50µM)  for GR.  

The invest igat ional drug concent rat ion range that  needs to be invest igated depends on enzym e studied 

and the in vivo pharm acokinet ics of the drug. The studied exposure range (or range of the worst  case 

unbound average concent rat ion in the m edia (Cavg) ) , should cover the worst  case concent rat ions 

expected in the hepatocytes in vivo. At  present , 50- fold the m ean unbound m axim um  plasm a 

concent rat ion (Cm ax)  obtained at  steady state during t reatm ent  with the m axim um  therapeut ic dose 

seem s sufficient  for drugs affect ing enzym es in the liver. For intest inal enzym es (CYP3A4)  the 

m axim um  concent rat ion m ay be set  to 0.1* dose/ 250m l. At  least  three different  concent rat ions should 

be used.  

The induct ion results are evaluated separately for each donor and the donor cells with the m ost  

pronounced induct ion effect  on the specific enzym e should then be used as a “worst  case”  in the 

subsequent  calculat ions. The levels of m RNA are com pared to the cont rol (vehicle)  incubat ions. The in 

vit ro study is considered posit ive for enzym e induct ion if incubat ions with the invest igat ional drug at  

the concent rat ion given above give r ise to a m ore than 100%  increase in m RNA and the increase is 

concent rat ion dependent . To ensure adequate sensit ivit y of the assay, an observed concent rat ion-

dependent  increase in m RNA of < 100%  can be considered as a negat ive finding only when the increase 

in m RNA is less than 20%  of the response of the posit ive cont rol ( r ifam picin 20 µM or, for Ah- receptor 

act ivat ion, om eprazole 50 μM).  

A posit ive or inconclusive in vit ro result  should be confirm ed in vivo or lack of induct ion potent ial needs 

to be shown in another  in vit ro study.  

I f a 50%  decrease in m RNA is observed which m ay not  be at t r ibutable to cell toxicit y, this m ay indicate 

down- regulat ion of the enzym e and an in vivo study invest igat ing this t im e-dependent  phenom enon is 

recom m ended. I f the in vit ro study is inconclusive, addit ional studies, in vit ro and/ or in vivo are 

recom m ended. 

A:2  RI S correlat ion m ethod 

Using the RIS m ethod, a certain batch of hepatocytes is “qualified”  for future induct ion studies. (Fahm i 

and Ripp, 2010 7) . A large set of inducers (n≥8) covering the full in vivo induct ion potency range and 

including at  least  2 m ild inducers, are used in the qualificat ion process. Em ax  and EC50  are determ ined 

for all inducers and the correlat ion of the RIS ( relat ive induct ion score, see Eq 3 below) , vs. in vivo 

change in the AUC of a cer tain enzym e probe drug (e.g. m idazolam )  for each inducer is calculated.  

Eq.3. 

RI S =  Emax* [ I ] /  (EC50  +  [ I ] )   

Where EC50  is the concent rat ion causing half the m axim al effect ;  Em ax  is the maxim um  induct ion effect ;  

and [ I ]  is the unbound m axim um  plasm a concent rat ion in plasm a. 

I f this m ethod is used, both the qualificat ion data set / qualificat ion report  and the data on the 

invest igat ional new drug should be subm it ted. Based on the qualificat ion data set , the relat ionship 

between in vit ro inducing potency (RIS)  and observed in vivo effect  on m idazolam  is used to set  a 

predefined cut -off for r isk of m ild in vivo induct ion. The r isk of induct ion in vivo is then assessed using 

the est im ated RIS of the invest igat ional drug. 

                                                

7 Fahmi and Ripp, 2010 (Expert  Opinion on Drug Metabolism  and Toxicology 2010, 6 (11) : 1399-1416)  



 

Guideline on the invest igat ion of drug interact ions   

CPMP/ EWP/ 560/ 95/ Rev. 1 Corr. 2* *  Page 24/ 59 

 

The concent rat ions of invest igat ional drug used for the RI S est im at ion should be in accordance with the 

m echanist ic-stat ic m odel est im at ions and where the enzym e induced is m ainly located. Thus, for 

CYP3A induct ion est im at ions, the RIS calculat ions should be based on the unbound hepat ic inlet  plus 

the m axim um  enterocyte concent rat ions. As for inhibit ion, the possibilit y of a higher concent rat ion in 

the hepatocytes than in plasm a should be discussed and taken into account  in the evaluat ion. 

Furtherm ore, if there are indicat ions of pronounced m etabolism  of the invest igat ional drug in the 

hepatocytes, likely to affect  the Em ax  and EC50 est im at ion to a m ore m arked extent  than the posit ive 

cont rol inducers used to qualify the hepatocytes, this needs to be reflected in the analysis, e.g. through 

a sensit ivit y analysis.  

When perform ing the in vit ro study invest igat ing the induct ion potent ial of the invest igat ional drug, at  

least  2 of the inducers of the qualificat ion set  should be included as posit ive cont rols having a 

predefined response range at  the applied concent rat ion to verify that  the qualificat ion is valid for the 

actual in vit ro experim ent .  

A:3  Mechanist ic stat ic m odel  

The m echanist ic stat ic m odel m ay be used to assess the in vivo inducing potency of a drug based on in 

vit ro induct ion data (Fahm i and Ripp, 2010 8) . Using t his m ethod, the in vit ro system  is qualified in a 

sim ilar way as the RIS correlat ion m ethod (see above) . The qualificat ion is based on determ inat ions of 

EC50  and Em ax  of a large set  of inducers of different  potency and how well the m echanist ic stat ic m odel 

predicts the observed effect  of the inducers. A scaling factor is est im ated enabling the t ranslat ion of 

individual EC50  and Em ax  values into validated parameters to be included in the m echanist ic stat ic 

m odel. The approach proposed in the m echanist ic stat ic m odel (see table 1)  includes the use of the 

observed in vit ro induct ion param eters of the cont rol inducers to predict  the in vivo effects of the 

inducers on a specific probe drug (e.g. m idazolam ) . The predicted effect  is then com pared with the 

observed effect  of the probe drug in vivo and a scaling factor, d, is est im ated (see table 1) . The scaling 

factor is then used in the est im at ions of the in vivo effect  by the invest igat ional drug using the 

m echanist ic stat ic m odel and the observed EC50  and Em ax  of the invest igat ional drug. I n the study 

where I C50  and Em ax  is determ ined for the invest igat ional drug, at  least  two inducers at  specified 

concent rat ions needs to be included as posit ive cont rols. The acceptance range of the cont rols should 

be predefined based on the qualificat ion results. 

As when using the RIS correlat ion m ethod (see above) , the possibilit y of a higher concent rat ion in the 

hepatocytes than in plasm a should be considered, as well as pronounced m etabolism  of the 

invest igat ional drug.  

I f aim ing to est im ate the exposure of a probe drug result ing from  both induct ion and inhibit ion 

( reversible or MBI ) ,  an in vivo study is recom m ended due to the lim ited experience with the 

m echanist ic stat ic m odel for quant ifying the interact ion effect  and  the likely need to invest igate the 

t im e course of the net  interact ion effect  to opt im ize the t reatm ent  recom mendat ions. 

B. Enzym e induct ion or down- regulat ion -  in vivo studies 

I f in vit ro induct ion results have indicated that  induct ion or down- regulat ion in vivo m ay not  be 

excluded, an in vivo study should be perform ed invest igat ing the effect  on that  specific enzym e. I n 

such a study, the pharm acokinet ics of a probe drug (see Appendix VI I )  is determ ined after a single 

dose adm inist rat ion alone and after m ult iple dose adm inist rat ions of the highest  recom m ended dose of 

the invest igat ional drug (see sect ion 5.4) . I f there are indicat ions that  the invest igat ional drug both 

inhibit s and induces drug m etabolising enzym es, it  is recom m ended to study the pharm acokinet ics of 

                                                

8 Fahmi and Ripp, 2010 (Fahmi and Ripp, Expert  Opinion on Drug Metabolism  and Toxicology 2010, 6 (11) : 1399-1416)  
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the probe drug at  both early and late t im e points during the invest igat ional drug t reatm ent  period. The 

effect  of reversible inhibit ion m ay be m ore pronounced in the beginning of the t reatment  and the 

induct ion m ay be m ost  pronounced after ending the t reatm ent . I f screening for induct ion is perform ed 

in vivo as a replacem ent  of an in vit ro study, the effect  on CYP3A, CYP2B6 and CYP1A2 should be 

included.  

I f induct ion through PXR/ CAR act ivat ion is indicated in vit ro, an in vivo induct ion study should be 

perform ed invest igat ing the effect  on CYP3A. I f CYP3A is inhibited by the invest igat ional drug, (an)  

other inducible enzym e(s)  such as CYP2C9 and CYP2C19 should be invest igated. I f the in vit ro data 

indicate that  CAR m ay have a m ajor role in the induct ion observed, e.g. if CYP2B6 is induced to an 

unusually m arked extent , an in vivo study on a CYP2B6 probe drug should be considered.  

I f clinically relevant  induct ion or down- regulat ion is observed in vivo, it  is likely the invest igat ional drug 

also affects other enzym es, or t ransporters, regulated through the sam e regulatory pathways. 

However, it  is difficult  to ext rapolate the effect  quant itat ively to the co-regulated proteins, which m ay 

be induced/ down regulated to a lesser extent . Therefore, if the invest igat ional drug is verified to be an 

inducer in vivo or if down- regulat ion is observed, the effect  on co- regulated enzym es and t ransporters 

should preferably be quant ified in vivo. This m ay be invest igated in a cocktail study using full AUC or, if 

needed, fract ional m etabolic clearance m easurem ents. Enzym es and t ransporters at  r isk of induct ion 

should be discussed based on the available scient ific literature.  

5 .3 .4 .  Transport  

5 .3 .4 .1 . I nhibit ion of t ransport  prote ins  

I n vit ro inhibit ion studies are recom m ended to invest igate whether the invest igat ional drug inhibit s any 

of the t ransporters known to be involved in clinically relevant  in vivo drug interact ions. Present ly, these 

include P-glycoprotein/ MDR1 (ABCB1) , OATP1B1 (SLCO1B1) , OATP1B3 (SLCO1B3) , OCT2 (SLC22A2) , 

OAT1 (SLC22A6) , OAT3 (SLC22A8)  and BCRP (ABCG2) . I nvest igat ions of the inhibitory effect  on OCT1 

(SLC22A1) , MATE1 (SLC47A1)  and MATE2 (SLC47A)  could also be considered. I nhibit ion of the 

t ransporter BSEP (ABCB11)  should also preferably be invest igated. I f in vit ro studies indicate BSEP 

inhibit ion adequate biochem ical m onitor ing including serum  bile salts is recom mended during drug 

developm ent . I n vit ro data on t ransporter inhibit ion should preferably be available before init iat ing 

phase I I I .  The knowledge about  t ransporters and their  in vivo im portance is evolving quickly. The 

choice of t ransporters invest igated should be dr iven by scient ific evidence, and t ransporters m ay be 

added to or rem oved from  the list  as science develops. I n addit ion to the listed t ransporters, there m ay 

also be a need to invest igate effects on other t ransporters to clarify the m echanism  of an unexpected 

interact ion observed in vivo. As science is rapidly evolving in this field, no lists on in vit ro and in vivo 

subst rates are presented as such lists m ay need frequent  updates. The subst rates/ probe drugs chosen 

should be based on the current  scient ific literature. 

I t  is recom m ended to use an in vit ro system  where the hum an in vivo t ransport  funct ions of the 

t ransporter are preserved. The influence of passive perm eabilit y should also be taken into account  

when choosing an in vit ro system . The effect  of different  concent rat ions of the invest igat ional drug on 

t ransport  of a subst rate for the specific t ransporter should be invest igated and Ki calculated. At  present , 

the opt im al way to determ ine Ki is under discussion. The applicant  is recom m ended to follow the 

scient ific literature. IC50  m ay be used only in situat ions where Ki is not  possible to obtain and if used, 

linear condit ions and lack of t im e-dependency of the inhibit ion should be shown. The in vit ro study 

should include known inhibitors (st rong and less potent )  as posit ive cont rols. The choice of subst rates 

and inhibitors should be just ified.  
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The study should be perform ed over the concent rat ion range of the invest igat ional drug expected to be 

relevant  for the site of interact ion. The highest  concent rat ion studied should be sufficient  for 

determ ining Ki ≤ the following concent rat ion 

• For intest inally expressed t ransporters like Pgp, the m axim um  expected concent rat ion in the 

intest inal lum en on the apical side of the enterocytes (0.1- fold the m axim um  dose on one 

occasion/ 250 m l)  or, if low solubilit y, the m axim um  possible concent rat ion at  the pH range of 

the GI  t ract .  

• For hepat ic uptake t ransporters, a concent rat ion of 25- fold the unbound hepat ic inlet  

concent rat ion ( [ I ] u,inlet ,m ax)  after oral adm inist rat ion.  

• For renal uptake and efflux t ransporters, for hepat ic efflux t ransporters and hepat ic uptake 

t ransporters after iv adm inist rat ion, a concent rat ion 50- fold unbound Cm ax.  

I n these calculat ions, the unbound fract ion should be set  to 1%  if determ ined to be < 1% . Non-specific 

binding should be considered also in these system s. 

I n vivo inhibit ion of a t ransporter at  a certain site can be excluded if the observed Ki value is higher 

than or equal to the concent rat ions given above (0.1* dose/ 250 m l, 25* ( [ I ] u,inlet ,m ax, or 50*  

unbound Cm ax u , respect ively) .  

Due to the current  high inter- laboratory variabilit y in the inhibit ion param eter est im at ion for Pgp, the 

use of two separate system s is recom m ended for this t ransporter. This approach could also be 

considered for other t ransporters if indicated. I f in vivo inhibit ion m ay not  be excluded based on the Ki, 

an in vivo study is recom m ended. I f inhibit ion m ay be of relevance at  several clinically relevant  

physiological sites, the study should if possible aim  at  invest igat ing the extent  of inhibit ion at  those 

sites. For P-glycoprotein, renal inhibit ion can be determ ined using renal clearance of digoxin. I nhibit ion 

of intest inal Pgp m ay be assessed in an in vivo DDI  study with a sufficient ly specific Pgp subst rate with 

low oral bioavailabilit y. Dabigat ran etexilate or, if no OATP1B1 or 1B3 inhibit ion is expected, 

fexofenadine, seem s to be m ore sensit ive to intest inal Pgp inhibit ion than oral digoxin. Therefore, 

these drugs, and in part icular dabigat ran etexilate due to the clinical relevance, are present ly 

recom m ended as probes for intest inal Pgp inhibit ion. The applicant  should follow the scient ific literature 

in this area as bet ter probes m ay becom e established in the future. 

5 .3 .4 .2 . I nduct ion of t ransport  proteins 

I f an invest igat ional drug has been observed to be an inducer of enzym es via nuclear receptors such as 

PXR and CAR, it  is likely that  t ransporters regulated through these receptors will be induced. I f PXR 

and/ or CAR m ediated induct ion is observed in vivo, a study invest igat ing the in vivo induct ion of Pgp 

m ediated t ransport  is recom m ended. The need for in vivo studies of the potent ial inducing effect  on 

other t ransporters regulated through the sam e pathways should also be considered. I f the 

invest igat ional drug will often be com bined with a drug which has a pharm acokinet ics significant ly 

influenced by a PXR or CAR regulated t ransporter, an interact ion study with that  drug is recom m ended 

to enable specific t reatm ent  recom m endat ions for the com binat ion. 

5 .4 .  Design of in vivo studies 

The design of the in vivo interact ion study is adapted to the aim  of the study, the m echanism (s)  of the 

potent ial interact ion invest igated, pharm acokinet ic and pharm acodynam ic drug character ist ics, m ode 

of adm inist rat ion, safety aspects and target  pat ient  populat ion etc. However, som e general 

considerat ions are found below. An in vivo interact ion study usually is of cross-over or sequent ial 

design. Parallel group design is generally not  recomm ended due to the confounding inter- individual 

variabilit y. Com parisons with histor ical cont rols are generally not  acceptable. However, if a crossover 
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or sequent ial design is im possible to perform , a parallel group design m ay be acceptable. I f it  is 

suspected that  com pliance with study t reatm ent  could be reduced e.g. due to a long t reatm ent  

durat ion or due to adverse effects, com pliance should be checked regular ly through plasm a 

concent rat ion m easurem ents during the study. An open study is sat isfactory, but  blinding should be 

considered if pharm acodynam ic m arkers are included in the study. Sim ulat ions m ay provide valuable 

inform at ion for opt im ising the study design.  

5 .4 .1 .  Study populat ion 

I nteract ion studies are usually perform ed in healthy adults although in som e cases, e.g. for 

tolerabilit y/ safety reasons, pat ients are included. Histor ically, the num ber of subjects in interact ion 

studies has been sm all. However, the num ber of subjects in an in vivo interact ion study should be 

determ ined taking into account  int ra-subject  variabilit y ( inter-subject  variabilit y in cases of parallel 

group design)  as well as the m agnitude of the effect  considered relevant  to detect . I n som e situat ions 

where it  is part icular ly im portant  to est im ate the range of the interact ion effect  and where potent ial 

out liers are im portant  for the t reatm ent  recom mendat ions, inclusion of a large num ber of subjects in a 

crossover-study should be considered.  

I n a parallel group study, the subjects should be m atched for int r insic and ext r insic factors likely to 

affect  the pharm acokinet ics of the studied drug. I n a cross-over study, the dem ographics of the 

subjects are not  of im portance unless there are indicat ions that  the interact ion effect  m ay be 

significant ly affected by such factors. However, genotyping for genes coding for relevant  enzym es and 

t ransporters are generally encouraged. I f the pharm acokinet ics of the drug are significant ly affected by 

genet ic polym orphism  and it  is expected that  pat ients of a certain genotype have a larger interact ion 

effect , it  is recom m ended that  the interact ion potent ial is evaluated separately in that  subgroup (see 

sect ion 5.2.5.) . Subjects lacking the enzym e potent ially inhibited in an interact ion study should 

preferably be excluded from  the study unless their  inclusion serves to clar ify the m echanism  of an 

interact ion.  

5 .4 .2 .  Probe drugs and cocktail studies 

I n vivo studies perform ed to invest igate whether the invest igat ional drug inhibits or induces a drug 

m etabolising enzym e or t ransporter in vivo should be perform ed with well validated probe drugs. A 

probe drug is a drug which is exclusively or alm ost  exclusively elim inated through m etabolism  

catalysed by one specific enzym e or elim inated through excret ion by one specific t ransporter in vivo. I f 

a second enzym e or t ransporter is involved in the elim inat ion of parent  drug, its cont r ibut ion to total 

clearance should be very sm all. The drug should have a well character ised elim inat ion and enzym e/  

t ransporter cont ribut ion in vivo and should have linear pharm acokinet ics. Exam ples of probe drugs for 

various enzym es are given in Appendix VI I .  Other drugs than the listed ones may be used if j ust ified. 

Only probe drugs for the m ost  com m only involved CYPs are given in appendix VI I . I f inhibit ion of other 

enzym es is to be studied, the applicant  should base the choice or “probe drug”  and param eters 

invest igated on the scient ific literature. Marker react ions, i.e. m etabolic react ions known to be 

catalysed by only one enzym e, m ay som et im es be used (see below) .  

The probe drug for CYP3A should be subject  to both m arked intest inal and hepat ic 3A catalysed 

m etabolism . The use of orally adm inistered m idazolam  is recom m ended. I f the drug is likely to be 

adm inistered with i.v. adm inistered CYP3A subst rates and a m arked effect  is found on orally 

adm inistered m idazolam , an interact ion study with i.v m idazolam  should be considered to invest igate 

the effect  on system ic CYP3A catalysed m etabolism , as this enables bet ter interact ions predict ions. I f 

this approach is chosen, appropriate safety precaut ions should be m ade. Alternat ively, PBPK could be 
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helpful in est im at ing the effect  on hepat ic CYP3A4 based on the results in the oral m idazolam  DDi 

study. 

I t  is possible to use so called “cocktail studies”  to invest igate the effects of an invest igat ional drug on 

several enzym es and t ransporters in one in vivo study. I f well designed, cocktail studies m ay 

invest igate both inhibitory (com pet it ive and t im e-dependent )  and inducing effects. The study is usually 

used to invest igate the effects indicated in vit ro. I n vivo cocktail studies m ay also be used to replace 

studies of the in vit ro inhibit ion and induct ion potent ial of parent  drug (and m etabolites)  on enzym es 

(and t ransporters) . 

The “cocktail”  should be com posed of specific probe drugs (see also appendix VI I I )  for each of the 

enzym es to be studied. The specificit y of the probe drugs should have been dem onst rated in DDI  

studies with select ive inhibitors of the specific enzym e and/ or in pharm acogenet ic studies. I t  should 

have been dem onst rated in vivo that  the probe drugs com bined in the “cocktail”  do not  interact  with 

each other. The doses used should preferably be the doses used in this validat ion. Deviat ions from  this 

should be just ified. Full character isat ion of the plasma concent rat ion- t ime curves of the probe drug is 

recom m ended, est im at ing the effect  on (oral)  clearance or AUC. I f sat isfactor ily perform ed, the results 

of the cocktail studies can be ext rapolated to other drugs and can be used to support  t reatm ent  

recom m endat ions in the Sm PC.  

I n m ost  cases, m etabolite to parent  drug rat ios does not  provide a t rue quant ificat ion of the effect  on 

enzym e act ivit y. Furtherm ore, the rat ios are affected by the clearance of the m etabolite. Therefore, 

use of m etabolite to parent  drug concent rat ion rat ios in plasm a or ur ine is generally not  recom m ended. 

However, in cases where character isat ion of the full concent rat ion- t im e curve is not  feasible, the rat ios 

m ay be used as a sem i-quant itat ive screening for enzym e inhibit ion and induct ion. However, in these 

cases, the potent ial effect  of the invest igat ional drug on the clearance of the m etabolite should be 

negligible.  

I f opt im al probe drugs are lacking, clearance through a specific pathway m ay be invest igated as a 

m arker for the enzym e catalysing that  pathway. I t  should be possible to determ ine the fract ional 

m etabolic clearance along this pathway. This is calculated as a rat io between the sum  of all pr im ary 

and secondary m etabolites form ed through the specific pathway and excreted in ur ine divided by AUC 

of the parent  drug (ΣAem
0-∞/ AUCM

0-∞) . Another m ethod to quant ify the effect  on a certain enzym e 

based on an effect  on the AUC of a non-select ive probe drug, is to back-calculate the effect  on AUC 

observed to an effect  on t he pathway of interest  using pr ior in vivo data on the relat ive cont ribut ion of 

the pathway to system ic clearance. I f these two approaches are used, it  should be verified that  parallel 

pathways are not  affected by the invest igat ional drug. 

5 .4 .3 .  Dose, form ulat ion and t im e of adm inist rat ion  

A. The perpet rator drug 

The system ic exposure of the potent ial perpet rator drug should be the exposure obtained with the 

highest  generally recom mended dose under therapeut ic (steady state)  condit ions. I f a worst  case 

est im at ion is aim ed at , the dosing frequency of the perpet rator should be the approved/ intended 

dosing frequency that  is likely to give r ise to the m ost  m arked interact ion. I f the highest  expected 

exposure is not  studied, this should be well j ust ified (e.g. safety aspects) . I n this case, well perform ed 

PBPK sim ulat ions m ay be used to predict  the likely effect  on act ive substance exposure if all interact ion 

m echanism s are included and the m odel predicts the results of the studied dose adequately. I f a 

m etabolite is responsible for the enzym e inhibit ion, steady state of the m etabolite should have been 

reached. The durat ion of t he t reatm ent  with the perpet rator drug should be long enough to cert ify that  

it  covers at  least  90%  of the plasm a concent rat ion- t im e curve (sam pling period)  of the vict im  drug 
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(see also sect ion 5.4.4 for t im e-dependent  interact ions) . I f the perpet rator is a st rong inhibitor chosen 

to est im ate the m axim um  effect  on the invest igat ional drug exposure (as well as to quant ify enzym e 

cont r ibut ion to the overall elim inat ion of the invest igat ional drug) , the choice of perpet rator and it s 

dosing regim en should be chosen to obtain m axim um  inhibit ion at  the site(s)  of the enzym e during the 

full plasm a concent rat ion- t im e course of the invest igat ional drug. I f the perpet rator drug is the 

invest igat ional drug and a dose- range is recom mended for the perpet rator drug, studying several dose 

levels should be carefully considered if a significant  effect  is found using the highest  dose. PKPB 

sim ulat ions m ay be used for these est im at ions provided that  the interact ion effect  of the highest  dose 

is well predicted. However, dependent  on the therapeut ic index of the vict im  drug, a convent ional 

interact ion study m ay be needed to support  a dose adjustm ent  of the vict im  drug.  

I n som e cases, alternat ive perpet rator drug regimens, such as a high single-dose, m ay be used to 

reach concent rat ions higher than the m axim um  steady state concent rat ions during the plasm a 

concent rat ion t im e-course of the probe drug. This design is not  appropriate for quant ifying an 

inhibitory effect  during therapeut ic use or any t im e-dependent  phenom ena, but  it  m ay be used as a 

first  qualitat ive screening for com pet it ive inhibit ion.  

B. The vict im  drug  

I f the vict im  drug has linear pharm acokinet ics, it  is sufficient  to invest igate the pharm acokinet ics of the 

vict im  drug after a single-dose with and without  t reatm ent  with the perpet rator drug. Any dose in the 

linear range can be used. I f the vict im  drug has dose-dependent  pharm acokinet ics, the dose used 

should be the therapeut ic dose for which the m ost  pronounced interact ion is expected. I f the dose-

dependency is m ore pronounced at  m ult iple-dose condit ions, a steady state com parison of the 

pharm acokinet ics of the vict im  drug is recom m ended. I f the vict im  drug has t im e-dependent  

pharm acokinet ics, this should be reflected in the study design (see sect ion 5.4.4) .  

I f a m utual (2-way)  interact ion is expected, it  is recom m ended that  both drugs are adm inistered unt il 

steady state and com pared with steady state pharm acokinet ics of the separate drugs adm inistered 

alone or, if both drugs show dose and t im e independent  pharm acokinet ics, a single dose of the 

separate drugs adm inistered alone. 

When the perpet rator or vict im  drugs are adm inistered to obtain a steady state exposure, a loading 

dose regim en m ay be used to shorten the t im e needed to reach steady state if this is possible from  a 

safety point  of view. However, the durat ion of the t reatm ent  needs to be considered if a t im e-

dependent  m echanism  is invest igated. 

The safety of t he subjects in the study should always be considered. A reduced dose of the vict im  

drug(s)  m ay need to be considered for safety reasons.  

C. Form ulat ions 

The possibilit y of form ulat ion differences in interact ion potent ial should be considered when 

ext rapolat ing interact ion study results between form ulat ions. This applies part icular ly to differences in 

route of adm inist rat ion or substant ial differences in in vivo rate and extent  of absorpt ion between 

form ulat ions. Sim ulat ions m ay help in evaluat ing the need for addit ional studies. I f it  is likely that  the 

interact ion potent ial (both as vict im  and as perpet rator drug)  is m arkedly different  separate in vivo 

studies m ay be needed for specific form ulat ions. The worst  case scenario, i.e. the form ulat ion likely to 

give the m ost  m arked interact ion m ay be studied init ially followed by studies as needed with other 

form ulat ions. 

D. Relat ive t im e of adm inist rat ion 

The effect  of adm inist rat ion t im e of the vict im  and perpet rator drug should be carefully considered. I n 

all in vivo interact ion studies, the t im e between adm inist rat ions of the two drugs should be specified. 
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Usually the drugs are adm inistered sim ultaneously but  som et im es the m ost  m arked interact ion is 

obtained when the drugs are adm inistered at  separate t im e-points. Recom m endat ions of drug 

adm inist rat ion in relat ion to food should be followed. I f these recom m endat ions are different  for the 

included drugs, this should be considered in the study design.  

I f a large part  of the interact ion occurs during first -pass, the interact ion m ay be m inim ised through 

“staggered dosing” , i.e. by separat ing the adm inist rat ions of the two drugs in t im e. This approach 

should be considered if appropriate from  a com pliance perspect ive, in part icular if the vict im  drug does 

not  exist  in a suitable st rength for m aking a suitable dose adjustm ent . 

5 .4 .4 .  Tim e dependencies 

For t im e-dependent  interact ions, i.e. induct ion or “ t im e-dependent ”  inhibit ion, the study should aim  to 

invest igate the interact ion effect  at  the t im e-point  where the induct ion or inhibit ion effect  is at  or near 

it s m axim um .  

The m axim um  effect  is expected when a new steady state level of the affected enzym e has been 

obtained. This is dependent  on the rate of enzym e turnover (k deg ) ,  and on the t im e needed to reach 

steady state for the inducer/ inhibitor. For t im e-dependent  inhibitors, the course of inhibit ion is also 

dependent  on the inact ivat ion rate constant  (k inact ) . The processes leading to a new steady state level 

of act ive enzym e take place sim ultaneously. The required durat ion of t reatment  depends on how 

precisely the interact ion effect  needs to be determ ined. I f the study aim s to invest igate whether an 

invest igat ional drug is an inducer or a t im e-dependent  inhibitor in vivo, determ ining 80%  of the 

induct ion or inhibit ion effect  is sufficient . I f the interact ion study will be used for dosing 

recom m endat ions, a study invest igat ing the t rue m axim um  effect  is needed. The chosen durat ion 

should be just ified, e.g. by sim ulat ions, and the est im ated %  of m axim um  induct ion/ inhibit ion be 

presented. At  present , a range of enzym e half- life values are reported in the literature. I f available, 

use of reliable in vivo est im at ions is preferred. The choice of k deg  value should be just ified based on the 

scient ific literature. The chosen t reatm ent  durat ion should be just ified, e.g. by sim ulat ions, where a 

sensit ivit y analysis can be m ade to account  for the variabilit y in the reported k deg  / enzym e half- lives. A 

loading dose regim en to reach steady state of the inducer/ inhibitor faster m ay be used as long as the 

t reatment  durat ion at  steady state is sufficient  for the target  fract ion of the new steady state enzym e 

levels to be reached. I f it  is also valuable to know the effect  at  other t im e points during drug t reatm ent , 

adding m ore determ inat ions of the vict im  drug´ s pharm acokinet ics is recom mended.  

I f “ t im e-dependent ”  inhibit ion has been observed to be caused by a m etabolite reversibly  inhibit ing the 

enzym e, the durat ion of the t reatm ent  with the parent  drug should be sufficient  for steady state of the 

m etabolite to be reached. I f the (apparent )  half- life of the m etabolite has not  been determ ined, the 

half- life of radioact ivit y determ ined in the m ass-balance study (see Appendix IV)  m ay be used as a 

worst -case est im at ion. 

When designing a study invest igat ing the effect  of an inducer on the pharm acokinet ics of an 

invest igat ional drug, the need to m easure m etabolite exposures should be considered (see 5.4.5) . 

5 .4 .5 .  Act ive m etabolites 

I f there are act ive m etabolites cont ribut ing to the efficacy and safety of the drug, the exposure to 

these m etabolites should be evaluated in the interact ion studies. Moreover, if there are 

pharm acologically act ive m etabolites which do not  cont r ibute significant ly to in vivo effects of an 

invest igat ional drug during norm al condit ions, the need for determ ining the exposure of these 

m etabolites should be considered as a m arked increase in exposure result ing from  the interact ion could 

be clinically relevant .  
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Measuring m etabolites, regardless of pharm acological act ivit y, to im prove understanding of the 

m echanism  of an interact ion, should also be considered. This is of part icular im portance where m ult iple 

elim inat ion pathways are affected by a perpet rator.  

5 .4 .6 .  Pharm acokinet ic param eters 

The pharm acokinet ic param eters determ ined should be the ones relevant  for the use and interpretat ion 

of the study results. Usually such param eters include Cm ax, Tm ax and AUC, CL and the term inal half-

life. I f Ct rough  has been found to be closely related to clinical efficacy or safety, Ct rough  should also be 

invest igated or sim ulated based on single-dose data. Measuring renal clearance should be considered if 

the perpet rator m ay affect  renal secret ion of a drug. I f the binding of a drug to plasm a proteins is 

concent rat ion dependent  within the therapeut ic concent rat ion range, or if the concent rat ions of binding 

proteins m ay change significant ly during the study (e.g. SHBG, sex horm one binding globulin for 

cont racept ive steroids) , it  is recom m ended to determ ine unbound plasm a drug concent rat ions. 

Unbound concent rat ions should also be determ ined when invest igat ing potent ial displacem ent  

interact ions.  

I nclusion of a pharm acodynam ic m arker or a relevant  clinical test  is generally encouraged, especially 

when invest igat ing an interact ion at  t ransporter level, or in case both a pharm acodynam ic and a 

pharm acokinet ic interact ion is expected. 

5 .4 .7 .  Populat ion pharm acokinet ic analysis 

I f convent ional interact ion studies with r ich sam pling cannot  be perform ed, the potent ial for 

interact ions m ay be invest igated in a well perform ed populat ion PK analysis on high qualit y data from  

sparse sam ples ( i.e. phase 2/ 3 data) . This is m ainly appropriate when the interact ion study needs to 

be perform ed in pat ients. The approach could also be used to detect  unexpected interact ions. The 

m ethod is m ainly used to invest igate the effects of other drugs on the invest igat ional drug.  

I f a populat ion pharm acokinet ic analysis is used, the analysis should be perform ed according to well-

established scient ific knowledge, the m odel should be qualified in relat ion to it s purposes (e.g. 

predict ive propert ies for various sub-populat ions and analysis of precision using adequate m ethods)  

and the analysis needs to be reported appropriately. 

Further, the background inform at ion needs to be of high qualit y. To draw inference from  a populat ion 

analysis, the docum entat ion about  doses of concom itant  drugs needs to be properly recorded, 

including the dose, t im ing of doses and also whether the pat ient  has been on the concom itant  drug for 

a sufficient  t im e period at  the t im e of blood sam pling. This detailed inform at ion m ay be difficult  to 

collect  for m any drugs. Based on knowledge of frequent ly co-adm inistered m edicinal products and 

suspected interact ion, a well- founded decision on drugs to study could be taken prior to the study.  

Further, the quant ificat ion of the interact ion will be dependent  on the doses of the perpet rator drugs 

used. Thus, t he m axim um  effect  of the interact ion may be difficult  to establish.  

The inform at ion obtained in the populat ion PK analysis m ay be used in the product  inform at ion but  

needs to be worded properly. For exam ple, it  m ay be stated that  a populat ion PK analysis based on 

phase I I I  data indicated that  concom itant  t reatm ent  with drug X at  a dose range y-z m g reduced the 

system ic exposure by on average w%  ( range) .  

A sufficient  num ber of pat ients should be t reated with the invest igat ional drug and the concom itant ly 

given drug. A power analysis can be perform ed a pr ior i to est im ate the m inim um effect  size that  is 

likely to be detected with acceptable precision in a study using a given num ber of pat ients on a 

concom itant  drug. The size of the effect  that  is of interest  to be detected should be guided by the 
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therapeut ic index of the invest igat ional drug (See also sect ion 5.7.2.) . Pooling of data for different  

drugs, e.g. based on inhibitory potency, should in general not  be perform ed unless the inhibitory or 

inducing potency is very sim ilar. I f possible, it  m ay be advantageous to determ ine plasm a 

concent rat ion(s)  of potent ially interact ing drugs. 

Due to the sparse sam pling in phase I I  and I I I  studies, the absorpt ion phase (and accordingly Cm ax )  

m ay not  be properly described, and therefore the populat ion analysis m ay not  be sensit ive to ident ify 

and quant ify an interact ion with large effects on Cm ax. Usually, the effects of concom itant  drugs on 

oral clearance (CL/ F)  are ident ified. Thus, for drugs where it  is known that  Cm ax  m ay be related to 

adverse effects or efficacy, t im e points for PK sam pling should be carefully selected, otherwise the 

populat ion approach is of lim ited value. 

To draw appropriate conclusions from  the populat ion analysis the uncertainty in the est im ated 

interact ion effects (eg. 95%  confidence intervals)  should be est im ated by appropriate m ethods, i.e. 

preferably using m ethods not  assum ing sym m et r ical dist r ibut ion of the confidence interval, e.g. 

bootst rapping or log- likelihood profiling. Such uncertainty analysis is of im portance when the aim  is to 

claim  no effect  of a concom itant  drug, as well as when significant  effects have been ident ified. 

Depending on the width of this confidence interval, the uncertainty of the conclusion ( lack of an 

interact ion and/ or clinical relevance of an interact ion)  can be assessed. I f an interact ion effect  is found 

that  needs to result  in a dose adjustm ent  of the vict im  drug, a convent ional study is usually needed to 

support  the quant itat ive adjustm ent  unless the dose m ay be t it rated based on a clinical or PK m arker.  

5 .5 .  PBPK m odelling and sim ulat ion 

PBPK m odelling and sim ulat ions m ay be used at  different  stages of drug developm ent . Early in drug 

developm ent , PBPK m odelling and sim ulat ions serve two m ain purposes in the interact ions assessm ent . 

PBPK sim ulat ions m ay support  the absence of in vivo drug-drug interact ion potent ial, as stated in 

sect ion 5.3.3.1A. I f adequately qualified, it  m ay also support  the statements regarding rest r ict ions in 

concom itant  m edicat ions in clinical t r ials while planned in vivo drug-drug interact ion studies have not  

been perform ed. During late stages of drug developm ent , when m ore in vivo data are available, 

including results from  pharm acokinet ic studies using a variety of dosing regim ens and route of 

adm inist rat ions and drug-drug interact ion studies with st rong enzym e inhibitors intended to ident ify 

worst  case scenarios, the inform at ion obtained can be ut ilized to update PBPK m odels established 

earlier. For exam ple, in vivo data of the pharm acokinet ic changes of an invest igat ional drug by a 

st rong enzym e inhibitor can be used to evaluate and update the PBPK m odel. Subsequent ly, the 

updated m odel m ay be used to sim ulate the effect  of a less potent  inhibitor or the effect  of the sam e 

st rong inhibitor under different  dosing regimens. Depending on how well the interact ion effect  needs to 

be est im ated, the sim ulat ion results m ay be used to support  labelling. At  all stages, PBPK m odelling 

and sim ulat ions can be used to inform  the design of in vivo DDI  studies. 

When using the PBPK m odelling and sim ulat ion approach, several im portant  issues need to be taken 

into account  regarding both the choice of st ructural m odels and the availabilit y of drug-dependent  

param eters. The report  of the analysis should include detailed descript ion of the st ructural models, 

or iginal source and just ificat ions for both system-  and drug-dependent  param eters, m odel assum pt ions 

and their  physiological and biochem ical plausibilit y, sensit ivit y analyses for relevant  param eters, t ype 

of error m odels etc. I f possible, the data files used in the sim ulat ion (preferably including drug-

dependent  param eters, the st ructure m odel and any sim ulat ion opt ions chosen)  should be subm it ted 

as supplem entary m aterial. The PBPK m odel needs to be qualified for it s purpose. I n general, the 

perform ance of the m odel needs to be supported by relevant  in vivo data. The data needed in different  

situat ions have been specified in relevant  sect ions in this docum ent .  
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5 .6 .  Presentat ion of in vivo study results in the study report  

I ndividual data on pharm acokinet ic param eters should be listed with and without  co-adm inist rat ion of 

the interact ing drug. Standard descript ive stat ist ics for each t reatm ent  group, including ar ithm et ic 

m ean, and standard deviat ion or geomet r ic m ean and CV, as well as range should be provided for the 

pharm acokinet ic param eters. The param eters represent ing drug exposure (e.g. Cm ax and AUC)  could 

be presented as box-whiskers-plots with and without  concom itant  m edicat ion. The plots should include 

the individual data points either overlaid or next  to the boxes. A com parison of the individual 

pharm acokinet ic param eters with and without  concom itant  m edicat ion should also be presented 

graphically e.g. as spaghet t i-plots connect ing the data points with and without  co-adm inist rat ion within 

each individual. All subjects or pat ients who have been included in the study, who have received both 

study t reatm ents and who have evaluable data-sets of PK and/ or PD readouts should be included in 

the stat ist ical analysis of PK and/ or PD param eters. However, if a subject  has dropped out  from  the 

study or has no m easurable plasm a concent rat ion during a t reatm ent  period and this m ay be due to 

the interact ion, this should be taken into account  in t he evaluat ion. I f the sam pling is incom plete due 

to an adverse even related drop out , as m uch data as possible should be collected to est im ate the 

subject ´ s drug exposure. Exclusion of subjects for other reasons than the ones given above should be 

well j ust ified and preferably be specified in the study protocol. When indicated, the interact ion effect  

should be presented with and without  the individual proposed for exclusion. The interact ion effect  

should be calculated and the change in relevant  pharm acokinet ic param eters presented. I ndividual 

changes in pharm acokinet ic param eters should be listed together with descript ive stat ist ics, including 

the 90%  confidence interval and the 95%  predict ion interval for the interact ion effect .  

I f the pharm acokinet ics of act ive m etabolites has been invest igated, the data should be presented in a 

sim ilar way for the m etabolites. I f suitable, the act ive m oiety, i.e. the total exposure of act ive species, 

est im ated as the sum  of the unbound exposure of pharm acological equivalents, should be presented in 

addit ion to the effects on the separate substances. However, this est im at ion is only correct  if the 

dist r ibut ions of parent  drug and m etabolite to the target  site(s)  are sim ilar. The validit y of this 

assum pt ion should be discussed based on data on perm eabilit y/ lipophilicit y etc and, if possible, the 

calculat ions should be m odified by the m etabolite to parent  target  organ dist ribut ion rat io. I f the 

protein binding of parent  and m etabolite(s)  is high, it  is recom m ended to determ ine the protein binding 

in the sam e study so as not  to int roduce inter-study variabilit y. 

5 .7 .  Translat ion into t reatm ent  recom m endat ions 

The consequences of an observed in vivo (or in vit ro)  interact ion should be assessed and suitable 

t reatment  recom m endat ions or warnings given. The m echanist ic inform at ion gained from  the 

interact ion studies should be used to predict  other interact ions and suitable recom m endat ions should 

be m ade for the predicted interact ions.  

5 .7 .1 .  I n vit ro data 

I f posit ive in vit ro studies have not  been followed by in vivo studies although in vit ro data indicate r isk 

of an in vivo effect , e.g. in cases where in vivo probe drugs are not  available or drug interact ion 

studies not  pract ically possible or have not  been conducted, or if an interact ion of non-studied enzym es 

and t ransporters is expected based on m echanist ic knowledge (e.g. co- regulated enzym es and 

t ransporters affected by induct ion) , the potent ial im plicat ions should be discussed based on available 

scient ific literature, and if possible, t ranslated into t reatm ent  recom mendat ions.  
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5 .7 .2 .  I n vivo effects of other  drugs on the invest igat ional drug 

The clinical relevance of the effects of the studied drugs on the pharm acokinet ics of the invest igat ional 

drug should be assessed and the results used to predict  the effects of other drugs where a sim ilar 

interact ion by the sam e m echanism  can be expected. As described in sect ion 5.2.3, if there are drugs 

that  have a weaker effect  on the invest igat ional drug, separate studies should preferably have been 

perform ed if the expected interact ion is likely to be clinically relevant . I f such studies are lacking, the 

pharm acokinet ic consequences of the interact ion should, if possible, be predicted and the clinical 

relevance assessed. The predict ion could be based on the difference in inhibit ion potent ial between the 

drugs and the effect  of the drug with the m ost  potent  effect . Mechanist ic m odels can be used to 

support  these predict ions. 

Treatm ent  recom mendat ions should ensure that  pat ients receive drug t reatment  which is effect ive and 

safe. The evaluat ion should be based on inform at ion available on the relat ionship between exposure 

and efficacy/ safety. I f possible, a target  range, i.e. a well j ust ified target  range for relevant  exposure 

param eters should be presented for the invest igat ional drug, specifying what  change in exposure 

would just ify a posology adjustm ent . I f the target  range is based on drug exposure in pat ients and the 

interact ion study was perform ed in healthy volunteers, potent ial differences in the pharm acokinet ics 

between pat ients and healthy volunteers needs to be considered. The observed exposure (box-

whiskers plots including individual data) , should be analysed with respect  to target  cr iter ia taking into 

account   the frequency of subjects in the interact ion study with lower as well as higher exposure than 

the target  range and the clinical consequences of these deviat ions. For individually dose- t it rated drugs, 

the data should be analysed with respect  to relat ive individual increase or decrease in exposure. I f the 

inter- individual variabilit y in interact ion effect  is especially im portant  and the interact ion study is 

deem ed too sm all to est imate this variabilit y sat isfactory, PBPK sim ulat ions m ay be perform ed to 

est im ate the range of interact ion effect  if the m odel well predicts the outcome of the in vivo study. 

I f a m arked interact ion is observed and a dose adjustm ent  proposed, it  is recom m ended that  the 

result ing relevant  individual exposure param eters are est im ated in support  of the proposed dose 

adjustm ent  and the est im ated exposure is evaluated with respect  to target  cr iter ia as above. Unless 

the drug has a large therapeut ic window, it  is recomm ended that  the plasm a concent rat ion- t im e curves 

obtained with the dose adjustm ent  are sim ulated.  

Presence of act ive m etabolites should be considered when proposing dose adjustm ents. When relevant ,  

the act ive m oiety can be used to develop dose adjustm ent  (see sect ion 5.6) . However, increased 

exposure m ust  also be considered from  a safety perspect ive and the exposure of all relevant  act ive 

substances should as far as possible be within a well tolerated range after dose adjustm ent . I f dose 

adjust ing for the effects by an inducing drug, the consequences of the potent ial increase in exposure of 

pharm acologically act ive m etabolites form ed through the induced pathway(s) , should be discussed. 

When an alterat ion in dosing frequency is considered instead of adjust ing the daily dose due to the lack 

of appropriate st rength(s)  available of the pharm aceut ical form , adequate support  is needed to show 

that  the pharm acokinet ic param eters likely to be relevant  for efficacy and safety do not  deviate in a 

clinically relevant  m anner from  the condit ions for which sat isfactory clinical efficacy and safety has 

been established.  

I f proposing a dose-adjustm ent  based on Cm in (either during the evaluat ion of a general dose 

adjustm ent  or if proposing a dose-adjustm ent  within the subject  based on Cm in) , the possibilit y of an 

altered relat ionship between Cm in and AUC should be considered if the system ic elim inat ion of the 

drug is changed.  
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I f the interact ion is t im e-dependent , the t ime course needs to be taken into account  in the 

developm ent  of dosage recom m endat ions. Different  recom m endat ions m ight  be needed at  different  

t im e points both after init iat ing and ending t reatm ent  with the perpet rator. 

I f the interact ion is expected to have severe consequences and there is no possibilit y of norm alising 

the exposure through dose adjustm ent , the drug com binat ion should be avoided. The benefit  –r isk of 

the com binat ion should be included in the evaluat ion e.g. som e com binat ions m ay be necessary even 

at  increased r isk. I f the consequences of the interact ion are not  severe and/ or considered m anageable 

through addit ional safety or efficacy m onitor ing, this should be clearly recom m ended in the Sm PC. As 

clear advice as possible on the pract ical m anagem ent  of the situat ion should be given.  

An addit ional solut ion for m anagem ent  of drug interact ions is Therapeut ic Drug Monitor ing (TDM). TDM 

is part icular ly useful if there is a large variabilit y in interact ion effect  by a com m only used concom itant  

drug/ group of drugs that  necessitates individual dose adjustm ent . This approach is m ainly applicable if 

there is a well established therapeut ic concent rat ion window. However, TDM m ay also be used to aid 

dose adjustm ent  of drugs for which the target  concent rat ion differs between individuals, set t ing the 

individual baseline concent rat ion (pr ior to the interact ion)  as target  concent rat ion. I f TDM is 

recom m ended, advice on sam pling days and t im es should be given in the Sm PC. Addit ionally, the need 

for non-TDM guided dose adjustm ent  on the first  t reatm ent  days should be discussed.  

Treatm ent  recom mendat ions should include recom m endat ions for pat ients who have certain 

character ist ics leading to a different  interact ion effect  and who m ay have specific im portant  

interact ions. I f pharm acogenet ic test ing is not  perform ed before the combinat ion t reatm ent  is started, 

the recom m endat ion for all pat ients should also be suitable for the subpopulat ion. I n addit ion, 

com binat ions of drugs leading to inhibit ion of mult iple pathways should be considered and t reatment  

recom m endat ions included. 

5 .7 .3 .  I n vivo effects of the invest igat ional drug on other drugs  

The evaluat ion of the effects of the invest igat ional drug on other drugs includes:  

• evaluat ion of results of studies invest igat ing the effects of the invest igat ional drug on probe 

drugs 

• m echanism -based ext rapolat ion of observed effects to other drugs  

• evaluat ion of the results of studies on specific drug com binat ions to provide com binat ion-

specific t reatm ent  recom mendat ions.  

I nteract ions studied with the probe drugs are m ainly intended for the evaluat ion of the extent  of 

inhibit ion or induct ion of an enzym e or t ransporter by the invest igat ional drug. The data is used to 

predict  interact ions with other drugs which are subst rates for the sam e enzym e or t ransporter. The 

clinical relevance of the effect  on exposure of the probe drug per se is evaluated, but  m ore focus is 

often put  on absence or presence of an effect  and the m agnitude of the m ean effect .  

I n vivo enzym e inhibitors and inducers should, if possible, be classified as either m ild, m oderate or 

st rong inhibitors or inducers (See Appendix VI I I ) . The induct ion results are qualitat ively ext rapolated 

to co- regulated enzym es and t ransporters if induct ion of these proteins has not  been quant ified in vivo. 

Based on the in vivo inhibit ion and induct ion studies with the probe drugs, other drugs which are 

subst rates for the enzym e/ t ransporter and likely to be affected in a clinically significant  m anner should 

be discussed and adequate t reatm ent  recom m endat ions presented. 
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5 .7 .4 .  Food effects  

I f food interact ion studies indicate that  there should be specific recom mendat ions on how to take the 

drug in relat ion to food, clear inform at ion about  this should be given in the Sm PC. Whether such a 

recom m endat ion is needed and what  the recom m endat ion should be depends on int ra-  and inter-

individual variabilit y, potent ial recom mendat ions regarding concom itant  food intake in the pivotal 

clinical phase I I I  studies, as well as the relat ionship between concent rat ion and effect  of the drug. This 

is further described in sect ion 5.1. Recom m ended wordings for recom m endat ions regarding food intake 

are given in Appendix I X.  

6 .  Herbal m edicinal products and specific food products 

I nform at ion about  interact ions between m edicinal products and herbal m edicinal products or specific 

food products such as grapefruit  j uice is usually based on the scient ific literature and t ranslated into 

general recom mendat ions regarding use of the food products or herbal products containing a specific 

com ponent . The interact ion potent ial of one specific herbal m edicinal product  or food product  is difficult  

to ext rapolate to other products produced from  the sam e raw source m aterial. Usually, the interact ing 

substances have not  been sufficient ly well ident ified, and therefore analysis of the product  contents 

m ay not  be used to m ake safe ext rapolat ion of the m agnitude of the interact ion effect . For new herbal 

preparat ions the potent ial for interact ions should be invest igated by the applicant . For t radit ional and 

well-established herbal preparat ions the potent ial for interact ion should be clar ified if reports point  to 

clinically relevant  interact ions in hum ans 

Usually there are no data on the pharm acokinet ics of the const ituents of herbal preparat ions or herbal 

substances and consequent ly the in vivo relevance of in vit ro data cannot  be assessed. However, if 

available in vivo inform at ion indicates that  herbal preparat ions or the const ituents of the herbal 

preparat ion m ay give r ise to clinically relevant  drug- interact ions, in vit ro studies on the enzym e 

inhibitory potent ial of the const ituents or the herbal preparat ions are encouraged as such studies m ay 

facilitate the set t ing of causal relat ionship and appropriate specificat ions. I n case an in vivo interact ion 

study is not  perform ed with a certain herbal preparat ion, available inform at ion on other preparat ions of 

the herbal com ponent (s)  m ay be ext rapolated to it s labelling as a precaut ionary m easure. To obtain 

product  specific inform at ion in the labelling of a specific herbal product , an in vivo drug interact ion 

study with that  product  should be considered. Such interact ion studies should involve probe drugs if 

appropriate. 

I f there is a need to invest igate the effect  of a herbal m edicinal product  or a special kind of food (e.g. 

grapefruit  j uice)  on the pharm acokinet ics of a m edicinal product  in order to substant iate the 

inform at ion about  the interact ion in the Sm PC, effort  should be m ade to choose a specific herbal or 

food product  and m ode of intake of the product  known to give a m arked interact ion effect . I nclusion of 

a probe drug in the study, i.e. a drug shown to interact  with the herbal or food com ponent , could be 

considered to verify the sensit ivit y of the study. The m agnitude of the interact ion could be given in the 

Sm PC of the m edicinal product  but  together with inform at ion on the difficult y to ext rapolate the 

m agnitude to other herbal m edicinal products or food products based on the sam e com ponents.  

7 .  I nclusion of inform at ion and recom m endat ions in the 

 Sm PC  

The guideline on sum m ary of product  character ist ics (Sm PC)  (Septem ber 2009 – Eudralex vol. 2C)  

gives advice on how to present  inform at ion about  interact ions. 
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I nform at ion about  drug interact ions should be presented in the Sm PC sect ions 4.5 and 5.2 (e.g. for 

food- interact ions)  and cross- referred to the sect ions 4.2, 4.3 or 4.4 if relevant . Sect ion 4.5 should 

contain all detailed inform at ion on drug interact ions and only the recom m endat ion should be given in 

the cross- referred sect ions.  

I n sect ion 4.5 interact ions affect ing the invest igat ional drug should be given first , followed by 

interact ions result ing in effects on other drugs. I n these subsect ions, the order of presentat ion should 

be cont raindicated com binat ions, those where concom itant  use is not  recom m ended, followed by 

others. The text  should be as m echanist ically clear as possible to enable m echanism-based predict ion 

of interact ions with drugs not  m ent ioned in the text . 

Clear t reatm ent  recom m endat ions should be given to the prescriber. Wording such as “caut ion is 

advised”  should be avoided in favour  of a recom m endat ion on proposed act ions. I f a drug com binat ion 

is stated to be “not  recomm ended” , pract ical recomm endat ions should be presented in case 

concom itant  t reatm ent  m ay not  be avoided. The need for t im e-specific inform at ion and 

recom m endat ions should be considered. Such situat ions include interact ions where the t im e interval 

between perpet rator and vict im  drug adm inist rat ion is of part icular im portance and a certain t im e-

interval between adm inist rat ions have been studied, t im e dependent  interact ions such as induct ion or 

m echanism  based inhibit ion, drugs with long half- lives, etc. The est im ated course of onset  of the 

interact ion as well as the t im e-course after ending concom itant  t reatm ent  should be given as well as, 

when relevant , t im e-specific recom m endat ions. I f it  is likely that  the interact ion effect  would be 

different  with another dose or at  another t im e point  than the one studied, this should be reflected in 

the recom m endat ions. 

I nform at ion on absence of interact ions (supported by in vivo data)  could be reported br iefly if 

considered of interest  to the prescriber. 

I n special circum stances, where there are very lim ited therapeut ic alternat ives due to m arked 

interact ions with m ost  drugs of the sam e class, exam ples of less interact ing drugs could be given as 

assistance for the prescriber.  

When relevant , the interact ion potent ial in specific populat ions, such as children or pat ients with 

im paired renal funct ion, should be addressed.  

7 .1 .  Mechanist ic inform at ion and predict ion of non-studied interact ions 

Brief inform at ion about  the m ajor enzym es involved in the elim inat ion of the drug, t ransporters with a 

m ajor im pact  on absorpt ion, dist r ibut ion or elim inat ion of the drug as well as effects of the 

invest igat ional drug on enzym es and t ransporters should be sum m arised in sect ion 4.5 as a 

m echanist ic basis for the interact ion inform at ion. Sim ilar ly, if it  has been shown that  the invest igat ional 

drug inhibit s or induces enzym es and t ransporters in vivo, this inform at ion should be presented along 

with the potency as inhibitor and/ or inducer according to Appendix VI I I . The classificat ion should be 

clar ified by giving an est imat ion of how m uch the system ic exposure sensit ive subst rates of the 

enzym e/ t ransporters could be affected by the invest igat ional product . Based on the m echanist ic 

knowledge, the results of interact ion studies should be ext rapolated to other drugs. I t  is recom m ended 

to include a list  of drugs likely to be affected to a clinically relevant  extent  in the Sm PC to assist  the 

prescriber. The list  should be as extensive as possible and it  should be indicated that  the list  probably 

does not  cover all relevant  drugs. I n som e instances such a list  m ay be too long, such as when the 

invest igat ional drug affects a very im portant  drug m etabolising enzym e (e.g. CYP3A4) . I n this case, 

drugs should be selected for inclusion based on the severit y of the clinical consequences of the 

interact ion. e.g. “Drug X is a st rong inhibitor of CYP3A and m ay therefore m arkedly increase the 

system ic exposure of drugs m etabolised by this enzym e such as …”  The m ost  im portant  drugs from  a 
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clinical relevance perspect ive should be included in such a list  to aid the prescriber. I f in vit ro data 

indicate that  a m edicinal product  affects an enzym e or a t ransporter but  the available scient ific 

knowledge does not  allow predict ions of interact ions in vivo, it  is recom m ended to include the in vit ro 

inform at ion in the Sm PC Sect ion 5.2 for future use. 

7 .2 .  Presentat ion of study results in the Sm PC 

The results of relevant  studies should be presented as m ean effect  on the m ost  im portant  exposure 

param eter. I n specific cases where considered relevant  for the prescriber, the variabilit y of the effect  

can be given. Results of interact ion studies used to predict  other drug- interact ions on a m echanist ic 

basis e.g. interact ion studies with probe drugs as vict im  drugs, should be included, even if the 

interact ion effect  is not  clinically relevant  for the specific vict im  drug studied. Brief, condensed 

inform at ion on the study design needed for the interpretat ion of those part icular study results should 

be included if it  is of value to the prescriber. Such inform at ion m ay include dose ( in case a dose range 

is used for the interact ing drugs or if the therapeut ic dose has not  been used in the study) , as well as 

t im ing and durat ion of t reatm ent  ( if a t im e-dependent  interact ion has been invest igated but  full 

induct ion has not  been obtained) . I n case the interact ion effect  m ay be significant ly different  with a 

different  dose or when the full t im e-dependent  interact ion has been obtained, this should be stated in 

the Sm PC. I nform at ion on study design that  is not  of use to the prescriber should not  be included in 

the text . The conclusions of in vit ro studies indicat ing an effect  on other drugs should be presented if 

no in vivo inform at ion is available. However, otherwise, the conclusions of in vit ro studies should be 

reported in sect ion 5.2. 

The effect  of concom itant  food intake on the pharm acokinet ics should be presented in sect ion 5.2 and 

clear recom m endat ions given in sect ion 4.2 (see Appendix IX) .  

Definit ions 

Ae am ount  of parent  drug excreted unchanged in ur ine 

AhR  aryl hydrocarbon receptor 

AUC  area under the plasm a concent rat ion- t im e curve  

CAR  const itut ive androstane receptor 

BCRP  breast  cancer resistance protein 

BSEP  bile salt  efflux pum p 

CAR  const itut ive androstane receptor 

Cavg  average concent rat ion 

CV coefficient  of variat ion 

CITCO:   (6- (4-chlorophenyl) im idazo[ 2,1-beta] [ 1,3] thiazole-5-carbaldehyde-O-(3,4-

dichlorobenzyl)oxim e) 

Cm ax peak concent rat ion 

Cm in t rough concent rat ion 

CL clearance 

ERL elim inat ion rate lim ited (elim inat ion)  
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f a   fract ion absorbed 

fu fract ion unbound 

GFR  glomerular filt rat ion rate  

GR  glucocort icoid receptor 

k a   absorpt ion rate constant . 

Ki inhibit ion constant  

K I   the inhibitor concent rat ion producing half the m axim al rate of inact ivat ion  

k inact  m axim um  inact ivat ion rate constant  

MATE m ult idrug and toxin ext rusion proteins 

OAT organic anion t ransporter 

OATP  organic anion t ransport ing polypept ide 

OCT  organic cat ion t ransporter 

PEPT1 intest inal pept ide t ransporter I  

Pgp P-glycoprotein 

PXR pregnane X receptor 

Qent   enterocyte blood flow 

Sm PC sum m ary of product  character ist ics 

TDM therapeut ic drug m onitor ing 

Tm ax t im e when Cm ax occurs 
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Appendix I  

Standard procedures for food interact ion studies  

A single-dose of the invest igat ional drug is adm inistered with 240 m l of water after a 10-hour fast ing 

period and 30 m inutes after intake of a m eal has been started. Except  for the m eal, the subjects 

should refrain from  food for at  least  4 hours after dosing and all food - intake should be standardised 

for at  least  12 hours post -dose. The recom m ended com posit ion of a high fat  m eal and a m oderate 

m eal are described below. I n case a single dose study m ay not  be perform ed in healthy subjects or 

pat ients, a m ult iple-dose, steady state study with adm inist rat ion of doses under fast ing and fed 

condit ions, respect ively m ay be sat isfactory.  

The standardised high- fat  m eal 

The high fat  m eal should contain 800-1000 kcal with 500-600 kcal from  fat  and 250 kcal from  

carbohydrates. A typical standard test  m eal can be two eggs fr ied in but ter, two st r ips of bacon, two 

slices of toast  with but ter, 120 m l of hash brown potatoes and 240 m l of whole m ilk. Subst itut ions in 

this test  m eal can be m ade as long as the m eal provides sim ilar am ounts of calor ies from  protein, 

carbohydrate, and fat  and has com parable m eal volum e and viscosity.  

The m oderate m eal 

The m oderate m eal could contain approxim ately 400-500 kcal with fat  cont r ibut ing to ca. 150 kcal.  
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Appendix I I  

I n vit ro invest igat ions of involvem ent  of t ransporters in drug absorpt ion and determ inat ions 

of the apparent  perm eability constant  

The in vit ro invest igat ion of t ransporter involvem ent  at  an intest inal level usually begins with Caco-2 

experim ents. I n these cells, the intest inal perm eability m ay also be qualitat ively assessed. Several 

t ransporters m ay be present  in the Caco-2 cells. Other in vit ro system s m ay be used as well to 

invest igate t ransporter involvem ent  and m ay have advantages depending on if specific inhibitors are 

available. This appendix focuses on Caco-2 cell studies, while other in vit ro system s are discussed in 

Appendix I I I .  

The in vit ro Caco-2 cell study needs to be perform ed under well-cont rolled condit ions. The perm eabilit y 

of the drug should be invest igated in both direct ions, preferably under sink condit ions ( the 

concent rat ion on the receiver side is less than 10%  of the concent rat ion on the donor side)  unless the 

absence of sink-condit ions is com pensated for in the calculat ions. At  least  four different  physiologically 

relevant  concent rat ions should be studied. For intest inal t ransport  the studied range could be 0.01 to 

1- fold the dose/ 250 m l unless solubilit y lim its the concent rat ion range.  

To verify adequate expression of Pgp in the cells, a posit ive cont rol, i.e. an adequate Pgp probe 

substance, should be invest igated and it s perm eability rat io found sufficient ly high based on published 

literature. Presence of adequate expression of other t ransporters, such as BCRP, PEPT-1, etc could be 

invest igated in a sim ilar manner if there are indicat ions based on physiochem ical propert ies or 

knowledge on sim ilar substances that  these t ransporters could be involved.  

I t  is recom m ended that  a pH of 7.4 is used on both sides when efflux is invest igated. I f a proton 

gradient  is needed to invest igate the involvem ent  of a certain t ransporter, the degree of ionisat ion and 

likely influence on the study results should be discussed. Determ inat ion of mass-balance (%  recovery 

of the applied am ount  of drug in the receiver and donor side)  is recom m ended unless the absorpt ion 

predicted from  the in vit ro data is com plete. The condit ions on both sides of the m em brane/ cells 

should be as sim ilar as possible. Thus if plasm a protein/ album in is added, it  should be added on both 

sides, so as not  to influence the perm eat ion of drug over the m em brane. The im pact  of solubilit y, 

organic solvents used, potent ial degradat ion and m etabolism  of the drug substance in vit ro on study 

results should be discussed.  

I n Caco-2 cell studies, the perm eat ion of drug from  the apical (A)  to the basolateral (B)  side of the 

cells is com pared with the perm eat ion in the opposite direct ion (B to A) . I f the rat io of the B to A and A 

to B perm eat ion is >  2 or <  0.5, this suggests involvem ent  of an efflux t ransporter, or an act ive uptake 

t ransporter, respect ively.  

I f intest inal act ive t ransport  is concluded, the perm eabilit y in the absence of t ransporters could be 

taken into account , est im at ing the im portance of the t ransporter for drug absorpt ion. To est im ate the 

perm eabilit y in the absence of t ransporters, the perm eabilit y constant  is determ ined at  concent rat ions 

high enough to com pletely saturate the t ransporters (assessed as an B to A/ A t o B rat io of 0.5 – 2) . I f 

this is not  possible, e.g. due to cell toxicit y or insufficient  solubilit y, inhibitors of the t ransporters m ay 

be used. I f this approach is chosen, it  should be established that  the cell- layer is unaffected. The 

invest igat ion should include a well validated, high and low perm eable reference substance (e.g. 

m et roprolol and m annitol) . I f the perm eabilit y in the absence of t ransporters is high (≥ the 
perm eabilit y constant  of the highly perm eable drug metoprolol) , the effect  of act ive drug t ransport  will 

be negligible as com pared to the passive, concent rat ion-gradient  dr iven, absorpt ion of the drug.  



 

Guideline on the invest igat ion of drug interact ions   

CPMP/ EWP/ 560/ 95/ Rev. 1 Corr. 2* *  Page 42/ 59 

 

I f there are indicat ions that  the act ive t ransport  m ay be of clinical im portance, at tempts should be 

m ade to ident ify the t ransporter. I n the Caco-2 cell study, this is usually invest igated by determ ining 

the perm eabilit y rate and rat io with and without  adding a select ive inhibitor to the cells. 

The use of Caco-2 cell perm eabilit y is present ly sem i-quant itat ive as described above. Use of m ult iple 

cont rols in com binat ion with well established perm eabilit y ranges for each cont rol m ay m ake 

quant itat ive predict ion possible in the future. I t  is also possible that  other in vit ro system s m ay be 

used. I n these cases, the system  should have been validated for it s use. 
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Appendix I I I   

I n vit ro studies ident ifying t ransporters involved in drug disposit ion  

The ident ificat ion of which t ransporter is involved in an ident ified uptake or efflux process affect ing 

drug disposit ion m ay be done in vit ro through t ransport  studies intended to isolate the effect  of a 

specific t ransporter.  

I n vit ro studies invest igat ing drug t ransport  with and without  presence of the specific t ransporter 

act ivit y are usually the first  steps in the ident ificat ion process. There are several system s available as 

well as several ways of m odulat ing the t ransporter act ivit y. These present ly include but  are not  lim ited 

to:  (over- )expressing the t ransporter in vector system s and com paring to norm al vectors, using 

select ive inhibitors to inhibit  one specific t ransporter, inhibit ing t ransporter expression either by 

knocking out  the gene or through the use of silencing m RNA, etc. The choice of in vit ro system  used 

should be just ified based on scient ific literature and on the physiochem ical propert ies, such as 

m em brane perm eabilit y of the substance. I t  is recom m ended to use an in vit ro system  where the 

hum an in vivo t ransport  funct ions of the t ransporter are preserved. The concent rat ion range of 

invest igat ional drug should be relevant  to the site of t ransport . Thus, if involvem ent  of the t ransporter 

is possible at  sites exposed to m arkedly different  concent rat ions, e.g., such as Pgp potent ially involved 

in the intest ine as well as the kidneys/ liver/ blood-brain barr ier, different  concent rat ion ranges needs to 

be studied. The concent rat ion interval studied should cover a ca 100- fold difference in concent rat ion 

and should have as therapeut ically plausible concent rat ion as possible in the m iddle of the range. The 

choice of concent rat ion range should be just ified. At  least  4 different  concent rat ion of the 

invest igat ional drug should be tested. I n cont rast  to the t ransporter inhibit ion assays, it  is im portant  

not  to study too high concent rat ions as this m ay saturate t ransporters act ive at  lower concent rat ions. 

To validate the assay, the study should include known subst rates invest igated with and without  the 

t ransporter act ivit y. The choice of cont rols and inhibitors should be just ified by appropriate scient ific 

references or in house data. The specificit y requirements for inhibitors used are dependent  on whether 

other t ransporters are present  in the in vit ro system .  

The in vit ro studies will invest igate whether the invest igat ional drug can be t ransported by the 

t ransport  protein. However, in case there is no in vivo data to support  the potent ial quant itat ive 

im portance of the t ransporter, m aking a quant itat ive est im ate of the potent ial influence of the 

t ransporter on the pharm acokinet ics of the drug is present ly difficult . For hepat ically elim inated drugs 

potent ially subject  to hepat ic uptake t ransport , an at tem pt  to assess the in vivo im portance of the 

t ransporter could be m ade by determ ining the uptake into hepatocytes with or without  inhibitor or 

saturat ion of the t ransporter. I n such an invest igat ion, cont rols need to cert ify that  adequate am ount  

of the uptake t ransporter act ivit y is present  in the cells. I n the future, this m ay be a possible approach 

but  at  present , the applicant  is encouraged to follow the literature and to apply a scient ific approach. 
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Appendix I V 

I n vit ro invest igat ions of w hich enzym es are catalysing the m ain elim inat ion pathw ays 

The m etabolism  of an invest igat ional drug, and the form at ion and m etabolism  of clinically relevant  

act ive m etabolites, is usually first  invest igated through in vit ro incubat ions with hum an liver 

m icrosomes (HLMs) , hepatocytes, recom binant  cells expressing hum an liver enzym es, liver S9 

fract ions etc, depending on which enzym es are invest igated. CYP and UGT enzym es are present  in all 

system s m ent ioned ( recom binant  cells usually express only one single enzym e). Cytosolic enzym es 

such as sulphot ransferases, glutathione t ransferases, aldehyde dehydrogenase and alcohol 

dehydrogenase etc are present  in S9 fract ions and hepatocytes. Hepatocytes may also express 

t ransporters to som e extent . The in vit ro system (s)  used should be carefully considered when 

interpret ing study results. The in vit ro m etabolism  studies should be perform ed at  therapeut ically 

relevant  concent rat ions under linear condit ions. I n m ult i-enzym e system s, enzym e specific inhibitors 

(see table 2)  are added to evaluate the cont r ibut ion of separate enzym es to the m etabolism  of the 

invest igat ional drug. I n cases where the inhibitor is not  sufficient ly specific, it  is recom m ended to 

perform  the study in an in vit ro system  where no other CYPs than the part icular enzym e is expressed. 

Specific ant ibodies m ay be used instead of inhibitors if the specificit y is adequately supported. The 

m etabolism  m ay be invest igated as rate of disappearance of drug and/ or as form at ion of m etabolites. 

I f possible, it  is recom mended to follow m etabolite form at ion to enable the ident ificat ion of the 

m etabolic pathway catalysed by a part icular enzym e. I t  is recom m ended to include posit ive cont rols 

(m arker subst rates)  for enzym e act ivit y in the studies. Correlat ion studies, correlat ing a certain 

enzym e act ivit y (probe subst rate m etabolism )  with the m etabolism  of the invest igat ional drug, is of 

less value than in vit ro studies with inhibitors due to the often seen correlat ion between enzym e 

act ivit ies of different  enzym es. I f the m ain enzym es involved in the in vit ro m etabolism  are ident ified, 

one in vit ro system  m ay be enough for this invest igat ion. However, it  is generally recom m ended to 

verify the results by perform ing studies in another in vit ro system . I f no or lit t le m etabolism  is 

observed in vit ro but  is present  in vivo, effort  should be m ade based on st ructure and published data 

to find an in vit ro system  with which the enzyme involved m ay be ident ified. I n table 2 and 3 exam ples 

of well validated specific inhibitors and m arker react ions/ subst rates are given. Please check the 

available literature regarding which concent rat ion to use in the in vit ro incubat ions. 

The in vit ro data are com bined with in vivo data such as results from  an in vivo m ass-balance study 

(see Appendix V)  with invest igat ional drug in order to predict  which elim inat ion pathways are the m ain 

pathways in vivo.  
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Table 2  Exam ples of w ell validated inhibitors of specific enzym e act ivit ies in vit ro  

ENZYME INHIBITOR 

CYP1A2 furafylline 

CYP2B6*  t iclopidine, thiotepa 

CYP2C8 m ontelukast  

CYP2C9 sulfaphenazole 

CYP2C19*  - ( - ) -N-3-benzyl-phenobarbital , nootkatone, loratadine 

CYP2D6 quinidine 

CYP3A ketoconazole, it raconazole 

* present ly no specific inhibitor known for in vit ro use. Listed inhibitor(s)  are not  specific but  can be 

used together with other inform at ion or in a m ono-enzym e system . 
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Appendix V  

I dent ifying and quant ifying the m ain elim inat ion pathw ays in vivo using the m ass balance 

study 

The drug is adm inistered with a radioact ive label in a m etabolically stable posit ion. I n som e cases two 

separate labelling posit ions have to be used to follow the fate of the invest igat ional drug. I f there are 

no dose-  or t ime-dependencies in the first -pass m etabolism  or elim inat ion of the drug, a single dose 

study is sufficient . I f the elim inat ion is nonlinear, the design and degree of saturat ion should m im ic the 

therapeut ic situat ion. For drugs with dose-dependent  elim inat ion and significant  accum ulat ion under 

m ult iple-dosing, it  should be considered to administer the radiolabelled single dose when steady state 

has been obtained with unlabelled drug. Alternat ively, a supratherapeut ic single dose could be used. 

The steady state dosing approach is also suitable if there drug has t im e-dependent  pharm acokinet ics. 

I n the m ass-balance study, the system ic exposure of parent  drug and m etabolites in relat ion to total 

exposure of radioact ive m aterial is obtained as well as the excret ion of parent  drug and metabolites in 

ur ine and faeces. A longer half- life of radioact ivit y than for parent  com pound indicate m etabolites with 

slower, ERL (elim inat ion rate lim ited) , elim inat ion. Effort  should be m ade to ident ify as m uch of the 

dose related m aterial as possible. I t  is generally recom m ended that  m etabolites cont r ibut ing to >  10%  

of the AUC of drug related m aterial (e.g. radioact ivit y in a well perform ed m ass-balance study)  are 

st ructurally character ised. Preferably total recovery of radioact ivit y in ur ine and faeces should exceed 

90%  of the dose and m ore than 80%  of the recovered radioact ivit y be ident ified.  

A likely m etabolism  schedule is proposed based on knowledge of possible m etabolic react ions and 

m etabolites observed in the study. The quant itat ive cont r ibut ion of the different  elim inat ion pathways 

are est im ated based on the am ount  of dose excreted as pr im ary and secondary m etabolites along 

specific routes. The cont r ibut ion of pr im ary pathways to total drug elim inat ion ( including first -pass)  is 

est im ated as the sum  of am ounts found in excreta of all m etabolites originat ing from  one prim ary 

pathway divided by the dose or total am ount  of drug related m aterial found in excreta if considered 

m ore suitable. I f a significant  am ount  of unchanged drug is found in faeces and it  m ay not  be verified 

that  this is or iginat ing from biliary (or gut  wall)  secret ion, the denom inator in the calculat ion should be 

the am ount  of drug related m aterial found in excreta subt racted by the am ount  of unchanged drug 

found in faeces. This will const itute a worst  case est im at ion from  this respect  of the cont r ibut ion of the 

different  (pr im ary)  elim inat ion pathway.  

The est im at ion above based on oral m ass-balance data is a rough est im at ion of the im portance of 

elim inat ion pathways. The presence of first -pass m etabolism  or poor absorpt ion m ay lead to both 

under-  and over-est im at ions of the im portance of an elim inat ion pathway for the clearance of a drug. 

I nform at ion on oral bioavailabilit y adds im portant  inform at ion for understanding the role of biliary 

and/ or gutwall secret ion to drug elim inat ion if a large fract ion of the drug is found unchanged in faeces. 

(The i.v.  clearance data gained m ay also be used to est im ate the cont ribut ion of hepat ic first -pass to 

an incom plete bioavailabilit y.)  I f there are indicat ions that  the bioavailabilit y is m arkedly form ulat ion 

dependent , the likely bioavailabilit y of the form ulat ion used in the m ass-balance study should be 

discussed. 

I f there is first -pass m etabolism , i.v. m ass-balance data can provide a t rue est im ate of the cont r ibut ion 

of the elim inat ion pathways to drug clearance. Therefore, if an i.v. form ulat ion can be produced, the 

added knowledge obtained by an i.v.  m ass-balance study should carefully be considered.  

Cont r ibut ion of pathways to act ive m etabolite elim inat ion is est im ated in a sim ilar way based on the 

rat io of the am ount  of a secondary m etabolite or iginat ing from  the act ive m etabolite found in excreta 

divided by the total sum  of secondary m etabolites of the act ive m etabolite excreted plus any act ive 

m etabolite excreted unchanged. Usually, only one pathway cont r ibutes to act ive m etabolite form at ion 
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but  in som e cases, m ore than one pathway is involved. I f possible, a sim ilar approach m ay be used in 

these circum stances. 

I f the pharm acokinet ics of the drug is linear in the therapeut ic dose range, the m ass-balance data can 

be ext rapolated from  the dose of the m ass-balance study to any dose adm inistered in the range. 

However, in case the elim inat ion shows dose-dependency, this should be considered when 

ext rapolat ing the data to other doses than the one adm inistered in the m ass-balance study. I n addit ion, 

if (oral)  clearance under m ult iple-dose condit ions is different  from  at  single-dose condit ions using the 

sam e dose, ext rapolat ion of the results to the steady state situat ion should be perform ed with caut ion 

and invest igat ion of m ass-balance after a single radiolabelled dose at  steady state condit ions could be 

considered. 

When the quant itat ively im portant  m etabolism  pathways have been determ ined, in vit ro and in vivo 

studies will provide informat ion support ing which enzym es or t ransport  proteins m ainly are involved in 

these pathways. As the abilit y to predict  interact ions affect ing the invest igat ional drug is dependent  on 

the ident ificat ion of these proteins, extensive studies m ay be needed in case less known enzym es are 

involved. 
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Appendix VI  

Table 3  Exam ples of st rong inhibitors of specific enzym e act ivit ies in vivo   

ENZYME INHIBITOR 

CYP1A2 enoxacine 

CYP2B6 t iclopidine 

CYP2C8 gem fibrozil 

CYP2C9 fluconazole*  

CYP2C19 om eprazole*   

CYP2D6 quinidine, paroxet ine, fluoxet ine  

CYP3A it raconazole, ketoconazole, r itonavir, clar ithrom ycin  

* m oderate/ weak inhibitors as no st rong inhibitors are present ly available or suitable for in vivo use. I f 

possible, invest igat ing the effect  of pharm acogenet ics m ay be preferable for quant ifying enzym e 

cont r ibut ion. 
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Appendix VI I  

I n vit ro m arker react ions for specific enzym es 

The invest igat ion of enzym e inhibitory potency usually starts with in vit ro invest igat ions of the 

inhibitory effect  of certain m arker react ions. These react ions should be select ively catalysed by the 

enzym e invest igated. Below are exam ples of well validated m arker react ions. 

Table 4  Exam ples of w ell validated enzym e m arker react ions in vit ro  

ENZYME MARKER REACTION 

CYP1A2 phenacet in O-deethylat ion 

CYP2B6 efavirenz  hydroxylat ion, bupropion hydroxylat ion 

CYP2C8 paclitaxel 6-hydroxylat ion, am odiaquine N-deethylat ion 

CYP2C9 S-warfar in 7-hydroxylat ion, diclofenac 4´ -hydroxylat ion  

CYP2C19 S-m ephenytoin 4´ -hydroxylat ion  

CYP2D6 bufuralol 1´ -hydroxylat ion 

CYP3A m idazolam  1-hydroxylat ion and testosterone 6β-hydroxylat ion*  

* CYP3A inhibit ion should be invest igated using both m arker react ions  

 

Probe drugs for in vivo use  

A probe drug is a drug which is m etabolised m ainly through one enzym e in vivo. The relat ive enzym e 

cont r ibut ion to the (oral)  clearance of the probe drug should be supported by well perform ed in vivo 

studies. Below is a list  of probe drugs for use in interact ion studies. Other probe drugs m ay be used if 

j ust ified through available scient ific literature. I n induct ion studies the importance of specificit y, i.e. the 

r isk of overest im at ion of the induct ion potent ial of a specific enzym e due to induct ion of parallel 

pathways, should be considered.  

Table 5  Exam ples of probe drugs 

ENZYME PROBE DRUG 

CYP1A2 theophylline, caffeine 

CYP2B6*  efavirenz, S-bupropion (hydroxylat ion)  

CYP2C8*  am odiaquine (N-deethylat ion) , repaglinide 

CYP2C9 S-warfar in, tolbutam ide 

CYP2C19*  om eprazole (single dose)  

CYP2D6 m etoprolol, desipram ine  

CYP3A m idazolam * *   

* There is no well-docum ented probe-drug at  present  but  these alternat ives m ay be used (See sect ion 

5.4.2) . Well validated probe drugs of these enzym es m ay be established in the future and it  is 

advisable to follow the scient ific literature. 
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* *  Midazolam  should be used regardless of which CYP3A4 marker react ion was associated with the 

lowest  Ki in vit ro. I n the future, a st ructure based choice of probe drug and st ructure/ correlat ion-based 

interact ion predict ions m ay be possible. 
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Appendix VI I I  

Classificat ion of inhibitors and inducers according to potency. 

Enzym e inhibitors m ay be classified based on their  potency, i.e. m agnitude of the m ean effect  on m ean 

oral clearance of a probe drug for the enzym e when the inhibitor is adm inistered at  it s highest  

therapeut ic dose. A st rong inhibitor causes a >  5 fold increase in the plasma AUC values or ≥ 80% 
decrease in oral clearance, a m oderate inhibitor causes a >  2- fold increase in t he plasm a AUC or 50 -  

≤ 80% inhibition of oral clearance, a mild inhibitor causes 1.25 to 2 fold increase in the plasma AUC or 
≤ 50% inhibition of oral clearance. Depending on the probe drug used and its bioavailability, the 
increase in AUC m ay be different . This is especially the case for subst rates of the CYP3A subfam ily, due 

to varying extent  of intest inal first -pass m etabolism . Therefore oral m idazolam  is recom m ended when 

classifying a drug as a CYP3A inhibitor.  

I nducers of CYP3A should be classified based on the effect  on oral m idazolam  clearance or plasm a AUC. 

A ≤ 50%, > 50 -  ≤ 80% and > 80% reduction in midazolam AUC after oral adm inist rat ion classifies an 

invest igat ional drug as m ild, m oderate and st rong inducer, respect ively. I nduct ion of other enzym es, 

should if possible, be classified in a sim ilar way if the effect  was invest igated using an orally 

adm inistered probe drug m etabolised pract ically exclusively by that  enzym e. 

The dose-dependency of both classificat ions should be rem em bered, and if a dose range is 

recom m ended for the invest igat ional drug, addit ional studies reflect ing the effect  of lower doses m ay 

be needed. 

The potency classificat ion of a drug should be presented in the Sm PC together with the m agnitude of 

interact ion effect  observed. 
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Appendix I X 

Preferred Sm PC w ordings for recom m endat ions regarding food intake 

The effect  of concom itant  food intake on the pharm acokinet ics should be presented in sect ion 5.2 and 

clear recom m endat ions given in sect ion 4.2. These are the preferred wordings in recom m endat ions 

regarding drug intake in relat ion to m eals:  

[ Medicinal product ]  can be taken with or without  m eals. 

[ Medicinal product ]  should be taken on an em pty stom ach, at  least  X hours before or X hours after a 

m eal. 

[ Medicinal product ]  should be taken on an em pty stom ach 1 hour  before breakfast  

[ Medicinal product ]  should be taken together with a m eal. 

[ Medicinal product ]  should be taken with a light  m eal.  
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Appendix  X  

Decision t rees 
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