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Executive summary 

The primary purpose of this guideline is to define the studies necessary to investigate the efficacy, 
safety, biopharmaceutic and pharmacokinetic properties of modified release formulations following 
oral, intramuscular and subcutaneous administration and transdermal dosage forms in man and to set 
out general principles for designing, conducting and evaluating such studies. The revision of the Note 
for Guidance on the Investigation of Bioavailability and Bioequivalence (EWP/QWP/1401/98) generated 
the necessity of consequential adjustments. Furthermore the guideline  provides updated requirements 
for transdermal drug delivery systems (TDDS) and addresses recommendations for specific modified 
release formulations, e.g. for intramuscular/subcutaneous depot formulations.  

1.  Introduction (background) 

1.1.  Types of Modified release and dosage forms 

Modified release dosage forms are formulations where the rate and/or site of release of the active 
ingredient(s) are different from that of the immediate release dosage form administered by the same 
route. This deliberate modification is achieved by special formulation design and/or manufacturing 
methods. Modified release dosage forms covered by this guideline include orally, intramuscularly, 
subcutaneously administered modified release and transdermal dosage forms. 

• Prolonged release dosage forms: Prolonged release dosage forms are modified release dosage 
forms showing a sustained release compared to that of an immediate release dosage form 
administered by the same route.  

• Delayed release dosage form: The release of the active substance from such modified release 
dosage forms is delayed for a certain period after administration or application of the dosage. The 
subsequent release is similar to that of an immediate release dosage form.  

• Multiphasic release dosage forms: 

o Biphasic Release: The first phase of drug release is determined by a fast release dose 
fraction providing a therapeutic drug level shortly after administration. The second 
extended release phase provides the dose fraction required to maintain an effective 
therapeutic level for a prolonged period. 

o Pulsatile Release: Pulsatile drug release is intended to deliver a burst of drug release at 
specific time intervals.  

• Multiple-unit: A multiple unit dosage form contains  a plurality of units e.g. pellets or beads each 
containing release controlling excipients, e.g. in a gelatine capsule or compressed in a tablet 

• Single-unit: The single-unit dosage forms consist of only one unit, e.g. osmotic tablet.  

• Intramuscular/subcutaneous depot formulations: A depot injection is usually a subcutaneous 
or intramuscular product which releases its active compound continuously over a certain period of 
time. Subcutaneous depot formulations include implants. 

• Transdermal drug delivery systems (TDDS): A TDDS or transdermal patch is a flexible 
pharmaceutical preparation of varying size containing one or more active substance(s) to be 
applied on the intact skin for systemic availability.  
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There are two main types of transdermal patch systems depending on how the drug substance 
is dispersed in other patch components:  

o Matrix systems with drug release based on the diffusion of drug substance.  

o Reservoir systems containing a specific liquid drug compartment and release is controlled 
by a membrane.  

1.2.  Rationale for Development 

The development of a modified release formulation has to be based on a well-defined clinical need 
(e.g. improvement of patient compliance and/or safety) and on an integration of physiological, 
pharmacodynamic and pharmacokinetic considerations. 

The dossier submitted in support of an application for a marketing authorisation must provide a 
complete justification of:  

 The physical form of the modified release device and the mechanism of the release form;  

 The choice of the dosage form, defining the in vitro and in vivo performance of the product;  

 The choice of active substance contents per unit of the dosage form;  

 The clinical rationale for the new dosage form, particularly in relation to the proposed indications 
and posology. 

1.2.1.  The clinical rationale  

A prolonged release dosage form may be acceptable if the active substance can produce the desirable 
clinical effect with a different PK profile than that resulting from an immediate-release form. A 
prolonged release formulation may offer several advantages over an immediate-release form. For 
example: 

• reduced fluctuations in drug plasma concentrations, which may result in more continuous effects 
and/or reduced incidence and/or intensity of adverse drug reactions, 

• lower frequency of administration and thereby potentially improvement of patient compliance, 

• non-oral route of administration (IM/SC and TDDS) 

A biphasic modified release form may be considered if a rapid onset of action is required in addition to 
subsequent prolonged release characteristics.  

Development of a delayed release dosage form may be considered to protect the active substance from 
the acid environment of the stomach, to protect the stomach from the active substance, or when the 
active substance is intended to be released in a defined segment of the intestine.  

Development of a pulsatile release dosage form may be considered when treatment needs to be 
adjusted to a circadian rhythm of the underlying condition or when lower frequency of dosing is 
desirable, but the fluctuating plasma concentration profile of the immediate-release formulation is 
necessary for efficacy. 
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1.2.2.  Considerations for use and posology 

The conditions of administration of the modified release formulation and, where appropriate, its use in 
conjunction with an immediate release formulation should be clearly outlined in the following 
situations:  

 At the initiation of treatment;  

 When titration is required;  

 For maintenance of therapeutic effect;  

 In the management of acute conditions;  

 In special populations such as the elderly, children, and patients with renal or hepatic insufficiency. 
Lack of dose strengths of the modified-release form to cover all required dose levels, e.g. a lower 
dose for special populations, should be justified. 

When appropriate, recommendations should be given for switching between immediate release and 
modified release formulations. If applicable, specific recommendations should be provided to ensure 
optimum conditions of use (e.g. instructions not to chew or crush tablets, etc.). 

2.  Scope 

The aim of this guideline is to define the studies necessary to investigate the characteristics of 
modified release drug delivery systems in humans and to set out general principles for designing, 
conducting and evaluating respective studies. However, the precise types and number of studies to be 
performed have to be defined on a case-by-case basis taking into consideration the intrinsic properties 
of the active substance, the route of administration, the type of the delivery system and the intended 
therapeutic indication(s). The guideline deals with oral formulations, intramuscular depot formulations, 
subcutaneous implants, and transdermal dosage forms containing chemically defined drug substances. 

Separate guidance and standards are required for each of the circumstances in which a modified 
release (MR) formulation might be developed. These circumstances fall into three groups: 

 Applications for modified release forms of new chemical entities (NCE) 

 Application for a modified release formulation of a drug that is authorised in a formulation with a 
different release rate (e.g. immediate release formulation) 

 Abridged applications for modified release forms referring to a marketed modified release form, 
e.g. applications according to Article 10(1) or 10(3) 

For generic prolonged release or delayed release products this guideline provides guidance on 
bioequivalence studies that are not covered by the current guideline on the investigation of 
bioequivalence (CPMP/EWP/QWP/1401/98). 

3.  Legal basis  and relevant guidelines 

This guideline should be read in conjunction with the Annex I of Directive 2001/83/EC as amended, as 
well as European and ICH guidelines for conducting clinical trials, including those on: 

− General Considerations for Clinical Trials (ICH E8, CPMP/ICH/291/95) 

− Guideline for Good Clinical Practice (ICH E6 (R1), CPMP/ICH/135/95) 
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− Statistical Principles for Clinical Trials (ICH E9, CPMP/ICH/363/96) 

− Structure and Content of Clinical Study Reports (ICH E3, CPMP/ICH/137/95) 

− CHMP Guidance for Users of the Centralised Procedure for Generics/Hybrid Applications 
(EMEA/CHMP/225411/2006) 

− Pharmacokinetic Studies in Man (Eudralex, Volume 3, 3CC3a) 

− Guideline on Quality of Oral Modified Release Products (EMA/492713/2012) 

− Guideline on Quality of Transdermal Patches (EMA/CHMP/QWP/911254/2011) 

− Guideline on the Investigation of Bioequivalence (CPMP/EWP/QWP/1401/98) 

− Fixed Combination Medicinal Products (CPMP/EWP/240/95) 

− Note for Guideline on the Investigation of Drug Interactions (CPMP/EWP/560/95) 

− Guideline on Reporting the Results of Population Pharmacokinetic Analyses 
(CHMP/EWP/185990/06) 

− Guideline on the role of pharmacokinetics in the development of medicinal products in the 
paediatric population (EMEA/CHMP/EWP/147013/2004) 

− Studies in Support of Special Populations: Geriatrics (ICH E7, CPMP/ICH/379/95) and 
Questions and Answers - EMA/CHMP/ICH/604661/2009 

− Guideline on Bioanalytical Method Validation EMEA/CHMP/EWP/192217/2009 

− Guidance on photosafety evaluation of pharmaceuticals (ICH S10) 

The guideline should also be read in conjunction with relevant guidelines on pharmaceutical quality. 
The test products used in the bioequivalence study must be prepared in accordance with GMP-
regulations including Eudralex volume 4.  

Clinical trials, including bioequivalence and pharmacokinetic studies, conducted in the EU/EEA have to 
be carried out in accordance with Directive 2001/20/EC. Trials conducted outside of the EU and 
intended for use in a Marketing Authorisation Application in the EU/EEA have to be conducted to the 
standards set out in Annex I of the community code, Directive 2001/83/EC as amended. 

4.  Applications for modified release dosage forms of new 
chemical entities  

If a new chemical entity is developed first as a modified release formulation, the submitted dossier 
should contain the appropriate pharmaceutical and chemical data, necessary preclinical studies and a 
complete clinical data package as for any full application. 

4.1.  Pharmacokinetic studies required for oral MR formulation of a new 
chemical entity 

A complete pharmacokinetic data package is required for a new chemical entity developed as MR 
formulation. Additional documentation specific to the MR dosage form include studies evaluating 
factors affecting the biopharmaceutic performance of the modified release formulation (see section 
5.1.4 and 5.1.5). 

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/08/WC500109686.pdf
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In order to avoid a duplication of studies (e.g. time and dose dependency), it is advisable to conduct 
PK studies with the MR formulation as early as possible during clinical development. Initial phase I 
studies (e.g. first in man studies) are generally conducted with an oral solution or an immediate 
release formulation where basic pharmacokinetic characteristics of an active substance (Tmax, Vd, Cl, 
elimination half-life, route(s) of excretion) are obtained. Interaction studies and studies in special 
populations should preferably be conducted with the modified release formulation. In addition to 
general pharmacokinetic investigations relevant to any new formulation (e.g. single and multiple dose 
PK parameters, food effect when relevant and dose proportionality), the mechanism for the control of 
drug release should be described. This is generally done through bioequivalence/relative bioavailability 
studies conducted using different formulations where, for instance, the amount of a release controlling 
excipient varies if possible. The obtained pharmacokinetic profiles in vivo are recommended to be 
correlated with in vitro drug release profiles if possible (see Appendix II).  

4.1.1.  Food effect studies with oral modified release forms 

Food interactions may be related to the drug substance itself and/or the formulation, the latter being 
most important in the case of modified release (MR) products. 

The optimal experimental conditions to produce a food effect include the ingestion of a predefined 
high- fat meal immediately before dosing (see section 5.1.4.1).  

Food effect studies for new MR formulations are recommended to be conducted early during drug 
development so that appropriate recommendations regarding intake in relation to food can be included 
in clinical efficacy and safety studies. This is also important from a safety perspective as the risk for 
dose dumping should be evaluated before initiation of efficacy and safety studies. 

To evaluate the influence of food on the absorption of the drug substance from the new formulation a 
2-way cross over study (MR formulation fasting and fed) may be sufficient. If there is a clinically 
relevant food effect on the MR formulation, additional study(ies) with an oral solution can be 
considered, to evaluate if the food effect is related to the formulation or to the drug substance. In this 
situation, a single dose 4 way crossover study; MR fed and fasted versus oral solution (or immediate 
release (IR) formulation if a solution is not feasible) fed and fasted can be conducted.  

In case there is a clinically relevant food-effect, additional food-interaction studies might be needed to 
support dosing recommendations, i.e. studies of the effect of different kinds of food with respect to 
caloric and nutritional content of food, studies investigating the effect of a meal taken at certain time 
period before and after the drug, etc. (see Note for Guidance on the Investigation of drug interactions 
(CPMP/EWP/560/95)). 

4.2.  Pharmacokinetic Studies required for Transdermal Drug Delivery 
Systems (TDDS) of a new chemical entity 

If a new chemical entity is developed to be administered as a TDDS formulation, the submitted dossier 
should contain the appropriate pharmaceutical and chemical data and a complete non-clinical and 
clinical data package as for any full application. 

Generally, the kinetics of drug delivery from TDDS is determined by the interplay between the active 
substance, the formulation and the skin. In-vitro and in-vivo investigations should be conducted to 
evaluate drug diffusion characteristics and the rate limiting step that determines systemic availability 
i.e. drug release and/or skin reservoir and/or other formulation related particularities. Pharmacokinetic 
investigations should comprise single-dose and multiple-dose investigations considering particular 
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aspects like e.g. application site-dependent absorption, fluctuation, lag-times and concentration time 
profile after patch removal. Aiming to establish an IVIVC is advisable. In case of several dose 
strengths, dose proportionality issues should be adequately addressed (see section 5.1.3). 

In addition to conventional phase I studies, skin irritation, sensitisation (see also appendix I), 
phototoxicity (see also ICH S10 Guidance on photosafety evaluation of pharmaceuticals) and patch 
adhesion (see also appendix IV) should be investigated. To evaluate patch adhesion, the influence of 
external factors (e.g. heat, sun cream) should be considered. TDDS usually deliver drugs intended for 
elderly people. Therefore tests should be performed in individuals with similar skin conditions as the 
expected patients (see also appendix IV). The Product Information Leaflet should provide clear 
instructions on the use in special situations (e.g. sauna). To avoid medication errors that arise from 
poor visibility, the development of invisible patches should be considered conservatively. In these 
cases the usage of prominent ink as printing on the patches to increase noticeability is encouraged. 

4.3.  Pharmacokinetic Studies required for intramuscular/subcutaneous 
Depot formulations of a new chemical entity 

The kinetics of intramuscular depot formulations is determined by the interplay between the active 
substance, the formulation and the muscle tissue. In-vitro and in-vivo investigations should be 
conducted to evaluate drug diffusion characteristics from the IM/SC depot and the rate limiting step 
that determines systemic availability i.e. drug release and/or other formulation related particularities. 
Pharmacokinetic investigations should comprise single-dose and multiple-dose investigations 
considering particular aspects like e.g. application site-dependent absorption, fluctuation and lag-
times. Aiming to establish an IVIVC is advisable. In case of several dose strengths, dose 
proportionality issues should be adequately addressed. 

5.  Application for a modified release formulation of a drug 
that is authorised in a formulation with a different release 
rate  

Modified release forms are developed based on the rationale that there is a relationship between the 
pharmacological/toxicological response and the characteristics of systemic exposure to the active 
substance/metabolite(s). The aim of the modified release formulation is therefore, in most cases, to 
reach a similar total exposure (AUC) to active substance as for the immediate release formulation. This 
does not necessitate that the same nominal doses are given (the modified release formulation may 
have a different extent of absorption or metabolism). 

In general modified-release formulations are not bioequivalent to their immediate release form. 
Consequently PK data alone may not be sufficient for evaluating whether the benefit/risk ratio of the 
modified release formulation is comparable to the corresponding doses of the immediate release form. 
Therefore additional clinical data will generally be required, unless otherwise justified as mentioned in 
section 5.2.  

Whenever the strength of the new modified release formulation differs from those approved for the 
immediate release product this difference and the possible resulting different dosage regimen has to be 
highlighted very clearly in SmPC, PIL and labelling as most important routine risk minimisation 
measures to avoid medication errors. The applicant has to prove that the benefits of the new 
formulation outweigh the potential risks (e.g. medication error) linked with this product.  
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The new formulation should be characterised in appropriate single dose and multiple dose 
pharmacokinetic, pharmacodynamic and clinical efficacy/safety studies. Recommendations regarding 
pharmacokinetic studies to characterise the formulation are given in section 5.1 and the need for 
therapeutic studies in section 5.2. Additional studies may in certain cases be needed, e.g. 
pharmacokinetic studies to characterise the metabolic profile may be required in case the modified 
release product is administered by a new route of administration. 

Toxicological, pharmacological or clinical tests to define the intrinsic properties of the active substance 
are not required assuming a similar total systemic exposure of active substance/metabolites for the 
modified and immediate release formulations. 

The marketed immediate release product of the same active substance should serve as the reference 
product. The final market formulation should in general be used in the pharmacokinetic and 
therapeutic studies, unless it can be justified that differences between the study formulation and final 
market formulation do not affect release characteristics and bioavailability. 

5.1.   Pharmacokinetic studies  

The purpose of these studies is to characterise the modified release formulation in vivo by 
investigating:  

• the rate and extent of absorption  

• fluctuations in drug concentrations at steady state  

• inter-subject variability in pharmacokinetics arising from the drug formulation  

• dose proportionality  

• factors affecting the performance of the modified release formulation  

• the risk of unexpected release characteristics (e.g. dose dumping) 

The studies are based on concentration measurements of the active substance and/or metabolite(s) or, 
occasionally, in conjunction with determination of an acute pharmacodynamic effect. Due to the 
substantial formulation impact the requirements about metabolites given in the “Guideline on the 
Investigation of Bioequivalence (CPMP/EWP/QWP/1401/98)” is not applicable in this case. Active 
metabolites should be measured since a change in absorption rate or route of administration may 
modify the extent and pattern of metabolism.   

The studies can be performed either in healthy volunteers or in patients in case of safety concerns. 

Whenever multiple dose studies are performed it should be demonstrated that steady state has been 
reached. Achievement of steady-state is assessed by comparing at least three pre-dose concentrations 
for each formulation, unless otherwise justified. In case of no accumulation (i.e. insignificant levels at 
the end of the dosing interval) based on the criteria outlined in section 6.1) multiple dose studies are 
not required.  

In terms of concomitant food intake, the multiple dose bioavailability study should be performed under 
the SmPC labelled condition during dosing to steady state. If the SmPC states a certain timing of food 
intake in relation to drug administration, this timing should be used throughout the study, also on the 
day of pharmacokinetic profiling. If the SmPC recommends intake in the fasted state (without 
specifying time frame) or irrespective of food, a worst-case fasted condition (e.g. overnight fast before 
and continued 4 hours fast after dose) should in general be used on the day of profiling. If the SmPC 
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recommends intake under fed conditions normo-caloric meals should be used throughout the study 
including profiling days unless different meal conditions are requested by the SmPC. 

5.1.1.  Rate and extent of absorption, fluctuation 

Rate and extent of absorption from a modified release formulation should be evaluated by comparison 
with an immediate release formulation following single dosing and if there is accumulation also 
following repeated dosing.  

The pharmacokinetic parameters of interest for single dose studies may include AUC(0-t), AUC(0-∞), 
residual area, Cmax , tmax, t1/2 and tlag and for multiple dose studies AUC(0-τ), tmax,ss, Cmax,ss, Cmin,ss and 
fluctuation. The pharmacokinetic parameter(s) chosen as primary for the comparison, i.e. the 
parameter(s) considered most likely to reflect efficacy and safety should be justified.  

It should be demonstrated that the modified release formulation has the claimed release 
characteristics. It is encouraged to employ deconvolution of the concentration-time data for the 
modified release formulation against an appropriate immediate release formulation (see Appendix II 
for more detail) in order to obtain the cumulative absorption (or in vivo release) versus time profile for 
the modified release formulation.  Both the cumulative amount absorbed and rate of absorption versus 
time should be used to support the claimed release characteristics.  

Fluctuation in drug concentrations should be studied following repeated dosing. Unless otherwise 
justified, the modified release product should produce similar or less fluctuations as the immediate 
release product.  

In those cases where the modified release formulation is to be administered to patients already treated 
with an immediate release dosage form (switching), the need for specific dosing instructions during the 
switch should be considered to maintain steady state concentrations. 

Dose levels and strengths to be evaluated 

If the active substance and the MR formulation (see section 5.1.3) exhibit linear pharmacokinetic 
properties it may be sufficient to compare the modified release formulation and the immediate release 
formulation after single and, in case of drug accumulation, after multiple dose administration at one 
dose level (see also recommendations given in section 6 general considerations).  

If the active substance or the MR formulation (see section 5.1.3) exhibit nonlinear pharmacokinetics 
(in the therapeutic plasma-concentration range) it is necessary to compare the modified release 
formulation and the immediate release formulation at least at the highest and the lowest dose level. If 
the IR and MR formulation display different extent of non-linearity additional strengths may need to be 
compared.  

5.1.2.  Variability 

The inter-individual variability of the pharmacokinetic parameters of interest should be determined in 
the single dose or multiple dose studies described in section 5.1.1 and should be compared between 
the modified and immediate release formulation. The variability for the modified release formulation 
should preferably not exceed that for the immediate release formulation unless it is adequately 
justified in terms of potential clinical consequences. 
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5.1.3.  Dose proportionality 

Whenever there are several strengths or when several single units can be taken simultaneously to 
achieve the desired dose, dose proportionality for different strengths / doses of the modified release 
formulations should be adequately addressed. Dose proportionality should be evaluated by means of a 
single dose and, in case of drug accumulation, a multiple dose study, where the PK parameters of 
interest of all the strengths/doses are compared after dose adjustment. The criteria described in the 
Guideline on the Investigation of Bioequivalence (CPMP/EWP/QWP/1401/98) for dose proportionality 
based on AUC only and 25% acceptance range are not applicable in this case since these criteria only 
apply for strength selection for bioequivalence studies. 

5.1.4.  Factors affecting the performance of a modified drug formulation 

5.1.4.1.  Food 

The influence of food on the bioavailability of oral modified release formulations must be investigated 
in a single dose study. 

The optimal experimental conditions to produce a food effect include the ingestion of a predefined 
high-fat high-calorie meal immediately before dosing. It is recommended that subjects should start the 
meal 30 minutes prior to administration of the drug product and finish this meal within 30 minutes. 
The meal should be a high-fat (approximately 50 percent of total caloric content of the meal) and high-
calorie (approximately 800 to 1000 kcal) meal. This test meal should derive approximately 150, 250, 
and 500-600 kcal from protein, carbohydrate and fat, respectively. The composition of the meal should 
be described with regard to protein, carbohydrate and fat content (specified in grams, calories and 
relative caloric content (%)). 

The design of the food effect study depends on which other studies are conducted comparing the new 
oral modified release formulation with the approved immediate release formulation and if there is a 
clinically significant food effect on the immediate release formulation. 

If there is no clinically relevant food effect on the immediate-release formulation, a 2-way cross-over 
study comparing the modified release formulation in fasted and fed states could be sufficient (given 
that other studies compare the modified release and the immediate release formulations under fasting 
conditions).  

In case of known clinically relevant food effects for the immediate release formulation, a 4-way cross-
over study comparing the modified release formulation in fasted and fed states and the immediate 
release formulation in fasted and fed states could be useful to quantify the food effect on each 
formulation.  

Whenever there are several strengths, the food effect can be investigated for one of the strengths only 
if the products are proportional in composition (e.g. multi-particulate dosage forms or proportional 
tablets), have the same manufacturing process, exhibit linear pharmacokinetics and their dissolution 
profiles are similar in a range of dissolution media. Generally, the highest strength should be tested, 
unless otherwise justified. In case the above conditions are not fulfilled, it is necessary to investigate 
the food effect at the highest and the lowest strengths or the extreme cases based on a bracketing 
approach. 



 
 
Guideline on the pharmacokinetic and clinical evaluation of modified release dosage 
forms (EMA/CPMP/EWP/280/96 Corr1)  

 

EMA/CHMP/EWP/280/96   Page 13/46 
 
 

For the assessment of food effect besides AUC and Cmax, it may also be valuable to compare the 
modified release characteristics by verifying that the shape of the concentration – time profiles are not 
significantly altered. 

The clinical relevance of the effect of food should be discussed both from an efficacy and a safety 
perspective. When needed, dose recommendations with respect to intake of the product in relation to 
meals should be given. Additional studies with other types of food or with intake of the product at 
certain time intervals before and after a meal may be needed to support the proposed dose 
recommendations (see also CPMP/EWP/560/95  Guideline on the Investigation of Drug Interactions) 

If the formulation or the manufacturing process is changed during drug development in a way that 
potentially affects release characteristics, a new evaluation of the food effect for the final formulation 
may be needed. 

Different type of administration: The labelling of certain multiple unit formulations can recommend that 
the product can be opened and the pellets/beads can e.g. be sprinkled on soft foods, dispersed in a 
glass of non-carbonated water and swallowed without chewing or administered through a gastric tube. 
For the labelling to indicate this additional type of administration, additional stability and in vitro 
dissolution testing showing equivalence between the closed and the opened formulation is necessary. 
The absence of BE studies imitating the additional options of administration should be justified. 

5.1.4.2.  Gastro-intestinal function 

If an oral modified release formulation is to be usually co-administered with active substances affecting 
gastrointestinal physiology (e.g. opioids) it is necessary to investigate the performance of the oral 
modified release formulation under these conditions. 

If the oral modified release formulation is intended for patients with markedly altered gastrointestinal 
function the modified release formulation may need to be studied also in those patients (see also 
section 5.1.5.1). 

5.1.4.3.  Unexpected release characteristics (e.g. dose dumping) 

Unintended, rapid drug release of the entire amount or a significant fraction of the active substance 
contained in a modified release dosage form is often referred to as “dose dumping”. Depending on the 
therapeutic indication and the therapeutic index of an active substance, dose-dumping can pose a 
significant risk to patients, either due to safety issues or diminished efficacy or both. 

For modified release formulations the risk for unexpected release resulting in unforeseen exposure 
should be excluded. If dose dumping is observed (e.g. much higher peak exposure with an inadequate 
modified release profile) or suspected (e.g. absence of levels of a labile active substance in gastro-
resistant formulation for some subjects) the product should be reformulated to avoid this deficiency of 
the biopharmaceutical quality. 

Much higher peak exposure might also be observed in prolonged release products due to active 
substance release in the stomach for an extended period of time (i.e. at delayed gastric emptying) with 
a subsequent absorption of the released dose once the gastric content is emptied. As this unintended 
increased exposure is not related to a particular product failure causing uncontrolled release, dosing 
recommendations with regard to e.g. concomitant food intake should be implemented to avoid a 
prolonged residence in the stomach. 
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Effects of alcohol 

Some modified-release oral dosage forms contain active substances and/or excipients that exhibit 
higher solubility in ethanolic solutions compared to water. Concomitant consumption of alcoholic 
beverages with such products may induce dose dumping. 

For such formulations, in vitro studies of the release in alcohol solutions should be performed. Where 
accelerated active substance release is seen in vitro either at high or low alcohol concentrations over a 
short period of time or at lower alcohol concentrations over a longer period of time, the product should 
be reformulated. Only in those cases where it can be justified that an in vitro alcohol interaction cannot 
be avoided by reformulation, an in vivo study could be accepted, in order to substantiate that such an 
interaction is unlikely to occur in vivo.  

The in vivo investigation of alcohol-induced dose-dumping should compare the systemic exposure 
when the modified release product is ingested with a reasonable amount of alcohol on an empty 
stomach. The results of the study should be assessed not only with respect to the clinical relevance of 
the group mean change but also to the clinical consequences of the observed individual ratios. 

If a significant dose-dumping effect is likely in vivo and cannot be avoided by reformulation, the 
benefit/risk of the product needs to be carefully considered. Contraindicating alcohol as only measure 
is generally not considered an appropriate means to address a formulation interaction with alcohol. 
Information on relevant interactions with alcohol, in case of possible clinically relevant potentiation or a 
harmful additive effect should be given in the product information. 

In addition other label warnings and risk management strategies need to be discussed. 

5.1.5.  Other points to consider 

5.1.5.1.  Special populations 

Different physiological conditions (e.g. transit times, pH, food intake and type of food) in vegetarian, 
paediatric and elderly patients or in patients routinely taking antacids should be taken into 
consideration especially when designing oral once daily MR formulations. 

5.1.5.2.  Influence of site of application on  plasma levels (SC/IM depot formulations, TDDS) 

The effect of different sites of application of SC/IM depot formulations or TDDS on the absorption of 
the active substance should be investigated if the application site is not limited to one body area. 

Safety and tolerability at the site of application should be assessed.  

In case of SC/IM depot formulations or TDDS it should be investigated that not only the plasma levels 
are within the therapeutic concentrations at the end of the dosing interval but also how the plasma 
levels decrease after removal of the depot formulation or TDDS.  

5.1.5.3.  Multiphasic modified release products 

There are modified release preparations that have been developed solely in order to mimic a TID or 
QID dosage schedule. In these cases the plasma concentration - time profile of the modified release 
preparation should be equivalent with the immediate release formulation given in the dose schedule 
that is imitated unless compareable efficacy and/or safety is supported by additional clinical data.  
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5.1.5.4.  Prolonged residence time in the stomach 

Gastric emptying of single unit dosage forms that do not disintegrate in the stomach may be prolonged 
and highly erratic. The consequences of this effect on the enteric coating of delayed release 
formulations are largely unpredictable. If for an acid labile active substance release occurs prior to 
stomach emptying degradation of the active substance can result and non-existing concentration 
profiles can be obtained. 

Furthermore the release of the active substance may be considerably delayed due to a prolonged 
residence in the stomach. Therefore the sampling period should be designed such that measurable 
concentrations are obtained, taking into consideration not only the half-life of the active substance but 
also the possible occurrence of this effect to make sure that influence of delayed gastric emptying is 
adequately characterised. 

5.2.  Therapeutic studies  

As a principle, comparative clinical efficacy and safety data are needed in addition to PK data for 
modified release products developed after the immediate release formulation, unless adequately 
justified. As the efficacy and safety of the immediate release product is known, the major issue would 
be to demonstrate that the new modified release formulation is as safe and effective as the existing 
formulation. Additional benefits of the new formulation should be shown or justified, if claimed. 

However, in exceptional cases, if the assessment of concentration-effect relationship indicates that 
there is a well-defined relationship between plasma concentration(s) of the active substance /active 
metabolite(s) and clinical response, clinical trials may be considered unnecessary. In this case the 
same or a better level of efficacy and safety has to be concluded from PK/PD studies. 

When assessing PK/PD relationships for modified-release products, the differential effects on efficacy 
and safety due to differences in rate of absorption and fluctuation should be determined since it is 
important not only to establish concentration - effect relationships, but also to determine the 
significance of differences in the shape of the steady state concentrations versus time profile for a 
modified release product regimen as compared to the approved immediate release product regimen. 
Tolerance to therapeutic effects and toxic effects related to drug exposure, concentration, absorption 
rate and fluctuation should also be examined.  

5.2.1.  Waiving of therapeutic studies 

In principle therapeutic studies are necessary.  

However, therapeutic studies might be waived in case at least one of the following conditions is met: 

• bioequivalence between the reference and the test product is shown in terms of Cmax,ss, Cmin,ss and 
AUC(0-τ)ss because the new modified product is developed to actually mimic the performance of 
product with an different release mechanism and its dosage regimen e.g. a pulsatile multiphasic 
release dosage form containing pellets with different lag time. 

• bioequivalence between the reference and the test product is shown in terms of Cmax,ss, Cmin,ss and 
AUC(0-τ)ss despite differences in the shape of the plasma concentration-time profile if it is possible 
to justify that the difference in shape has no relevance for efficacy and safety based on the 
exposure – response and profile shape - response relationships. 
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• there is a well-defined therapeutic window in terms of safety and efficacy, the rate of input is 
known not to influence the safety and efficacy profile or the risk for tolerance development and 

o bioequivalence between the reference and the test product is shown in terms of   AUC(0- τ),ss 
and 

o Cmax,ss for the new MR formulation is below or equivalent to the Cmax,ss for the appoved 
formulation and Cmin,ss for the MR formulation is above or equivalent to the Cmin,ss of the 
approved formulation. 

5.2.2.  How to design clinical studies 

Comparative studies should be adequately designed and conducted to assess the intensity and 
duration of the therapeutic effect and undesirable effects of the modified release formulation in 
comparison with the authorised immediate release formulation. Studies should establish the clinical 
benefit of the new formulation relative to the authorised immediate release formulation, if such a claim 
is made. In addition to specific guidelines the following considerations should be taken into account: 

In the assessment of the efficacy and safety of certain therapeutic classes it is necessary to measure 
the effects of the formulation throughout a 24-hour period and particularly at the end of dosage 
interval (e.g. assessment of breakthrough pain). 

The different effects of medicinal products having different dose thresholds: 

• Therapeutic activity is quantified with reference to the pharmacodynamic or clinical effects 
normally adopted as criteria for the assessment of efficacy in the concerned therapeutic class. 

• In exceptional cases only, where the mechanism of action is the same between indications, an 
extrapolation can be made to indications other than those investigated in the trial, if it is 
appropriately justified by the applicant.  

• In cases when the prolonged therapeutic activity may alter the safety profile of the drug during 
chronic dosing, safety studies may be required. 

Clinical trials which compare the modified release form and the immediate release formulation on the 
basis of equal exposure may be planned to demonstrate non-inferiority of therapeutic efficacy or 
equivalence. In either situation, the design and analysis of the trials should consider the 
recommendations of ICH E9. 

Whether these pharmacodynamic/clinical studies should show equivalence or non- inferiority as 
compared to the standard formulation depends on the direction of the effect or safety issue at stake. 
In case efficacy and safety are closely related  equivalence studies are needed for showing that the 
effect studied remains within the equivalence margins. If it is acceptable to investigate only efficacy 
and it is not expected that formulations have different safety, a demonstration of non-inferiority might 
be sufficient. 

The type of studies that are required depends on whether appropriate, pharmacodynamic endpoints 
can be defined, whether the relationship between the pharmacodynamic markers and clinical efficacy is 
known, whether assay sensitivity is guaranteed and whether a non-inferiority margin or equivalence 
margin can be defined. 
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Such equivalence and non-inferiority studies may include a placebo arm beside the immediate and 
modified release preparations. A placebo arm or an additional active arm with a lower dose is 
mandatory if assay sensitivity of the trial cannot be guaranteed (see ICH E10). 

In addition, equivalence margins or non-inferiority margins have to be defined and justified 
irrespective of whether the endpoint is based on pharmacodynamic measurement or clinical variable. 

A clinical development plan in accordance with existing guidelines or the state of the art is required if 
an indication is claimed that is different for a modified release product as compared  to the immediate 
release formulation. In case the modified release product is either a patch or a depot formulation, local 
safety should also be addressed.  

The remaining amount of active substance after patch removal should be considered in respect to 
safety concerns due to potential misuse or environmental risks. 

When superiority is claimed it has to be proven with clinical trials. Applicants are referred to the 
scientific guidance documents relevant to the concerned therapeutic area. 

If a claim is made for fewer systemic adverse reactions for the modified release form, this has to be 
substantiated.  

6.  Abridged application for modified release forms referring 
to a marketed modified release form 

General considerations: 

For orally administered products, bioequivalence studies of modified release formulations are 
recommended to be conducted by comparing two formulations (test versus reference) of the same 
pharmaceutical form. A generic MR formulation should be compared with the MR formulation that is 
either the originator or the line extension of an IR originator formulation, with which bioequivalence is 
claimed. The general recommendations regarding study design, conduct, evaluation and reporting of 
bioequivalence studies detailed in the Guideline on Bioequivalence (CPMP/EWP/QWP1401/98) are 
applicable also for bioequivalence studies for modified release products. Aspects specific to MR 
formulations are detailed in this section. 

If two products with the same dosage form differ in their release controlling excipients or mechanism 
they can be considered generics if they are bioequivalent in vivo after single dose in the fasted and fed 
state (see section 6.1) as well as under multiple dose conditions, if needed. 

In case criteria for a biowaiver for additional strength are fulfilled and the demonstration of BE is only 
requested for one strength the following recommendations are given: 

If the pharmacokinetics of the originator modified release product are linear, single and multiple dose 
studies should be conducted at the highest strength. If the pharmacokinetic of the originator modified 
release product are nonlinear the studies must be conducted with the most sensitive strength. The 
choice of a lower dose has to be based on safety considerations. 

Studies are in general recommended to be conducted in healthy volunteers. However, if it is not 
possible to conduct studies in healthy volunteers in any existing strength for safety reasons, studies 
can be conducted in patients, preferably after both single and multiple dose administration in line with 
recommendations below. If it is not feasible to conduct single dose studies in patients, these can be 
replaced by multiple dose studies. 
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In case criteria for bracketing approach are fulfilled and the demonstration of BE is requested for two 
strengths selected to represent the extremes the following recommendation is given: 

A high strength study in patients together with a lower strength study in healthy volunteers is possible. 

For evaluation of dissolution profiles, PK linearity and detecting the most sensitive strength see also 
the Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98). 

A difference regarding formulation-related food interactions indicates product differences thus 
contradicting the generic by definition. Accordingly, for products where bioequivalence can be shown in 
the SPC recommended condition but not in the non-recommended state due to less food effect, the 
product does not fulfil the requirements of a generic product, but could be eligible for an Article 10(3) 
application. 

See also Appendix III “Summary of study recommendations for abridged applications” 

6.1.  Prolonged release formulations for oral administration 

Bioequivalence between two prolonged release formulations should be evaluated on the basis of 
studies designed to demonstrate that:  

• the test formulation exhibits the claimed prolonged release characteristics of the reference  

• the active substance is not released unexpectedly from the test formulation (no dose dumping)  

• performance of the test and the reference formulation is equivalent after single dose and at steady 
state  

• the effect of food on the in vivo performance is comparable for both formulations when a single 
dose study is conducted.  

6.1.1.  Studies generally required to demonstrate bioequivalence: 

 a single-dose fasting study comparing test and reference drug product 

 a single-dose fed study using a high-fat meal (see 5.1.4.1) comparing test and reference drug 
product  
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 a multiple-dose study comparing test and reference drug product. 

6.1.1.1.  Single dose studies 

One of the following schemes is recommended for single dose evaluation in fasting and fed state: 

 A four-period cross-over trial with four complementary sequences of four treatment conditions. 
Both the test and reference products should be assessed in the fasting state as well as after 
the administration of a high-fat meal at a specified time before taking the drug. 

 Two cross-over trials. The first trial should compare the test and reference products under 
fasting conditions. The study treatments should be administered during two periods and with 
two sequences of treatment conditions. The second trial should compare the test and reference 
formulations following the administration of a high-fat meal at a specified time before taking 
the study treatment, as well as the test formulation under fasting conditions to generate intra-
individual data describing a possible food effect. 

 Two cross-over trials, both with two periods and two sequences of test and reference product 
administration. One trial should be conducted in the fasting state. The other trial should be 
conducted after the administration of a high-fat meal at a specified time before taking the 
study treatment. 

6.1.1.2.  Multiple dose studies 

A multiple dose study is needed unless a single dose study has been performed with the highest 
strength which has demonstrated that the mean AUC(0-τ) after the first dose covers more than 90% of 
mean AUC(0-∞) for both test and reference, and consequently a low extent of accumulation is expected. 
In this case bioequivalence needs to be demonstrated for additional parameters representing the shape 
of the plasma concentration versus time curve in the single dose study (see also section 6.8.2). An 
early partialAUC (0 – cut-off t) and a terminal partialAUC (cut-off t - tlast), separated by a predefined cut-off time 
point, e.g. the half of the dosage interval are recommended, unless otherwise scientifically justified.  

In all other cases, where accumulation is likely (AUC(0-τ) after the first dose covers less than 90% of 
mean AUC(0-∞)) a multiple dose study is required. Generally, steady-state studies should be performed 
under the conditions concerning concomitant food intake recommended in the SmPC for the originator 
product. If the SmPC states that the product has to be taken in fed condition only the study should be 
performed in fed conditions (standard meal) including the day of profiling. If the SmPC states that the 
product should be taken in fasted state or irrespective of food intake the studies should be performed 
in fasted conditions. Fasting conditions in a multiple dose study needs to be adapted to realistic 
situations, i.e. morning administration requires a 10 hour fasting interval whereas for all other 
administrations 4 hour fasting prior to administration is sufficient. Fasting after each administration 
should be defined as 2 hour minimum. 

In steady-state studies, the washout period of the previous treatment can overlap with the build-up of 
the second treatment (direct switching), provided the build-up period is sufficiently long (at least 5 
times the terminal half-life). 

Whether the steady-state has been achieved is assessed by comparing at least three pre-dose 
concentrations for each formulation. The apparent half-life should also be taken into account. 
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6.1.2.  Strength(s) to be evaluated  

6.1.2.1.  Single unit formulations 

For single unit formulations with multiple strengths the following considerations apply: 

A. Single dose studies 

• If the reference SmPC recommends intake in the fasting state or irrespective of food intake: 

o Fasting state: a single dose study under fasting conditions is required for all strengths. 
However a bracketing approach (see section 6.6) is also possible if justified. In case of safety 
concerns in healthy volunteers, studies should be conducted in patients, which may require 
steady state conditions. 

o Fed state: one single dose bioequivalence study at the highest/most sensitive strength 
conducted in fed state may be sufficient. The other strength(s) can be waived if the criteria 
described for waiver of strength described in section 4.1.6 of the Guideline on the 
investigation of bioequivalence (CPMP/EWP/QWP/1401/98) are fulfilled. However, if the 
strengths of the test product do not fulfil these criteria or if the different strengths have 
different shape two strengths representing the most extreme difference should be tested in 
fed state.  

• If the reference SmPC recommends intake under fed conditions: 

Fed state: a single dose study under fed conditions is required for all strengths. However, a 
bracketing approach (see section 6.6) is also possible if justified. 
o Fasting state: one single dose bioequivalence study at the highest/most sensitive strength 

conducted in fasting state may be sufficient. The other strength(s) can be waived if the criteria 
described for waiver of strength described in section 4.1.6 of the Guideline on the 
investigation of bioequivalence (CPMP/EWP/QWP/1401/98) are fulfilled. However, if the 
strengths of the test product do not fulfil these criteria or if the different strengths have 
different shape two strengths representing the most extreme difference should be tested in 
fasting state.  

B. Multiple dose studies 

• A multiple dose study should be performed with the highest strength (unless it is shown that there 
is no accumulation as detailed in section 6.1). In case of safety concerns the study should be 
conducted in patients. The other strength(s) can be waived if the criteria for waiver of strength 
described in section 4.1.6 of the Guideline on the investigation of bioequivalence 
(CPMP/EWP/QWP/1401/98) are fulfilled. However a bracketing approach (see section 6.6) is also 
possible if justified. 

6.1.2.2.  Multiple unit formulations 

For multiple unit formulations of a medicinal product with several strengths, it is sufficient to conduct 
the studies listed in section 6.1.1 only at the highest/most sensitive strength if the compositions of the 
strengths are proportional, the formulations contain identical beads or pellets (and these are produced 
by the same manufacturing process) and the dissolution profiles are similar.  
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6.2.  Delayed release formulations 

Bioequivalence between two delayed release formulations should be evaluated on the basis of studies 
designed to demonstrate that:  

• the test formulation exhibits the claimed delayed release characteristics of the reference 

• the active substance is not released unexpectedly from the test formulation (to ensure the aimed 
location of release) 

• performance of the test and the reference formulation is equivalent after a single dose  

• the effect of food on the in vivo performance is comparable for both formulations when a single 
dose study is conducted.  

6.2.1.  Studies generally required to demonstrate bioequivalence: 

 a single-dose fasting study comparing test and reference product 

 a single-dose fed study using a high-fat meal (see 5.1.4.1) comparing test and reference 
product 

A similar approach as detailed for prolonged release forms regarding study design of single dose 
studies can be used (see 6.1.1.1).  

6.2.2.  Strength(s) to be evaluated  

6.2.2.1.  Single unit formulations: 

A. Single dose studies 

• If the reference SmPC recommends intake under fasting state or irrespective of food intake: 

o Fasting state: a single dose study under fasting conditions is required for all strengths. 
However a bracketing approach (see section 6.6) is also possible if justified.  

o Fed state: one single dose bioequivalence study at the highest/most sensitive strength 
conducted in fed state may be sufficient. The other strength(s) can be waived if the criteria 
described for waiver of strength described in section 4.1.6 of the Guideline on the investigation 
of bioequivalence (CPMP/EWP/QWP/1401/98) are fulfilled. However, if the strengths of the test 
product do not fulfil these criteria or if the different strengths have different shape two 
strengths representing the most extreme difference should be tested in fed state.  

• If the reference SmPC recommends intake under fed conditions only: 

o Fed state: a single dose study under fed conditions is required for all strengths. However a 
bracketing approach (see section 6.6) is also possible if justified 

Fasting state: one single dose bioequivalence study at the highest strength conducted in fasting state 
may be sufficient. The other strength(s) can be waived if the criteria for waiver of strength described in 
section 4.1.6 of the Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98) are 
fulfilled. However, if the strengths of the test product do not fulfil these criteria or if the different 
strengths have different shape two strengths representing the most extreme difference should be 
tested in fasting state.When evaluating proportionality in composition, the similarity of gastro-resistant 
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coating with respect to the surface area (not to core weight) should be considered to have the same 
gastro-resistance (coating layer in mg/cm2 surface). 

B. Multiple dose studies 

In principle there is no need for multiple dose studies except when single dose studies cannot be 
performed because of safety concerns (see also section 6 “General considerations”).  

6.2.2.2.  Multiple unit formulations: 

For multiple unit formulations of a medicinal product with several strengths, it is sufficient to conduct 
the studies listed in section 6.2.1 only at the highest/most sensitive strength if the compositions of the 
strengths are proportional, the formulations contain identical beads or pellets (and these are produced 
by the same manufacturing process) and the dissolution profiles are similar.  

6.2.3.  Prolonged residence time in the stomach 

Gastric emptying of modified release dosage forms that do not disintegrate in the stomach (e.g. enteric 
coated tablets) may be prolonged and highly erratic. The consequences of this effect on the enteric 
coating of delayed release formulations are largely unpredictable and can result in non-existing or 
aberrant concentration profiles.  If the incidence of this outlier behaviour is observed with a 
comparable frequency (e.g. the number of cases is not numerically higher in the test product) in both, 
test and reference product, data of a period with non-existing or aberrant profile can be excluded from 
statistical analysis provided that it has been pre-specified in the study protocol. In a 2-period trial this 
will result in the subject being removed from the analysis. If the percentage of excluded subjects 
exceeds 20% for a particular study, the validity of the study may need to be discussed. 

Furthermore the release of the active substance may be considerably delayed due to a prolonged 
residence in the stomach. Therefore the sampling period should be designed such that measurable 
concentrations are obtained, taking into consideration not only the half-life of the active substance but 
the possible occurrence of this effect as well. 

6.3.  Multiphasic modified release products 

The regulatory criteria mentioned in this Guideline are also applicable in the assessment of 
bioequivalence for modified release products designed to achieve sequential release combining 
immediate and modified characteristics (e.g. biphasic-/ pulsatile-release).  

6.3.1.  Studies generally required to demonstrate bioequivalence: 

If one of the release phases is modified, the type and number of studies required are those described 
above for this specific release mechanism. 

However additional pharmacokinetic parameters are needed to demonstrate bioequivalence for all 
phases (see section 6.8.1).  

6.4.  Intramuscular/Subcutaneous Depot Formulations  

6.4.1.  Studies generally required to demonstrate bioequivalence: 

 a single-dose study comparing test and reference products 



 
 
Guideline on the pharmacokinetic and clinical evaluation of modified release dosage 
forms (EMA/CPMP/EWP/280/96 Corr1)  

 

EMA/CHMP/EWP/280/96   Page 23/46 
 
 

 a multiple-dose study comparing test and reference products. 

A multiple dose study is needed unless a single dose study has been performed with the highest 
strength which has demonstrated that: 

• the mean AUC(0-τ)after the first dose covers more than 90% of mean AUC(0-∞) for both test and 
reference, and consequently a low extent of accumulation is expected 

6.4.2.  Strength to be evaluated 

Only one strength has to be investigated if the different strengths are proportional in composition and 
exhibit a similar in vitro dissolution profile. The strength should be selected based on the 
pharmacokinetic linearity and safety. If there are several non-proportional strengths a bracketing 
approach is possible, but the formulation strategy of the reference product should be taken into 
account. 

If the originator product is marketed in only one concentration and the different doses are achieved by 
choosing the total volume to be injected any dose should be acceptable for a bioequivalence trial in 
case dose proportionality has been shown for the reference. In case therapeutic doses cannot be 
administered to healthy volunteers, non-therapeutic doses may be acceptable for safety reasons. In 
situations where it is not possible to perform single dose studies with an intramuscular/subcutaneous 
depot formulation in healthy volunteers for safety or ethical reasons, multiple dose studies in patients 
are acceptable to show bioequivalence. 

6.5.  Transdermal Drug Delivery Systems (TDDS) 

A generic TDDS is defined by having the same amount of active substance released per unit time as 
compared to the reference TDDS. It is to note that this definition is different to the general definition of 
a generic since the overall amount of active substance could differ while the labelled amount of active 
substance released per unit time should be the same between a generic and the innovator TDDS. 

Equivalence testing of TDDS should comprise both comparable or better adhesion properties (see 
appendix IV) and bioequivalence. It is advisable to ensure comparable or better adhesion properties 
prior to bioequivalence investigations in volunteers since inferior adhesion could invalidate the 
pharmacokinetic results and question the acceptability of the product. The skin of the population 
studied in adhesion equivalence testing should also be similar to the population using the drug, which 
implies that different studies may be necessary for the adhesion and the pharmacokinetic studies. 

(see also Appendix IV) 

6.5.1.  Studies generally required to demonstrate bioequivalence: 

 a single-dose study comparing test and reference products 

 a multiple-dose study comparing test and reference products. 

Bioequivalence of TDDS should generally be assessed after single dose as well as after multiple dose 
application. A multiple dose study is needed unless a single dose study has been performed with the 
highest strength which has demonstrated that the mean AUC(0-τ) after the first dose covers more than 
90% of mean AUC(0-∞) for both test and reference, and consequently a low extent of accumulation is 
expected. The study design including the site of application should be justified in terms of its sensitivity 
to detect formulation differences. The application site should be standardized and be the same for both 
test and reference. Due to rotation of patches between several sites a different site in the same region 
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is typically used for the cross-over. The adhesion properties of the patch should not be altered by e.g. 
over-taping. 

Bioequivalence should be assessed using the same pharmacokinetic parameters and statistical 
procedures as for prolonged release formulations.  

The test product should demonstrate a similar or lower degree of local irritation, phototoxicity, 
sensitization, and similar or better adhesiveness to the skin as the reference product. In order to 
ensure equivalence in terms of safety, comparative state-of-the-art studies are required to investigate 

 cutaneous tolerability, irritation and sensitisation (see appendix I) 

 the potential to produce phototoxic reactions 

 adhesion characteristics (for details regarding comparative adhesion tests see appendix IV) 

unless otherwise justified by e.g. very similar quantitative and qualitative composition.  

6.5.2.  Strength to be evaluated 

When the marketing authorisation of multiple strengths is required, a bioequivalence study can be 
performed with the highest/most sensitive strength provided that:  

 the qualitative composition is the same for all strengths;  

 the strengths are proportional to the effective surface area of the patch and the lower dose 
strengths can be considered as ''partial'' areas of the highest dose strength;  

 there are similar dissolution/release profiles  

In case of safety / tolerability limitations at the highest strength, the use of a lower strength is 
acceptable for size proportional formulations. 

6.6.  Bracketing approach 

In case bioequivalence assessment at more than two strengths is needed, e.g. because of deviation 
from proportional composition and/or if dissolution profiles are not similar, or for single unit 
formulations with proportional composition, a bracketing approach may be used if the other waiver 
criteria (see Guideline on the investigation of bioequivalence CPMP/EWP/QWP/1401/98) are fulfilled. In 
this situation it can be acceptable to conduct two bioequivalence studies, if the strengths selected 
represent the extremes, e.g. the highest and the lowest strength or the two strengths differing most in 
composition, dissolution or shape, so that any differences in composition or dissolution in the 
remaining strengths is covered by the two conducted studies. 

However, for prolonged release formulations release-controlling excipients and mechanism should be 
the same for all strengths of the test product. The same is required for release controlling coatings for 
delayed release formulations.  

6.7.  New strength for an already approved MR product  

Section 6 also applies to the development of a new strength within the existing dose range according 
to the SmPC of the reference product. For a new strength with proportional composition to approved 
strength(s) a bracketing approach may be applicable. For a new strength with non-proportional 
composition to approved strength(s), the new strength has to meet the requirements as described in 
relevant sections above (section 6.1-6.5). If a new strength is developed which is bracketed by other 
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strengths and meets the release-controlling and size/shape requirements and manufacturing 
requirements, then a new study should not be required because it falls in the category described in 
Section 6.6. “Bracketing approach”. 

A new dose strength outside the existing therapeutic range requires a clinical development. Certain 
parameters, e.g. skin safety profile for TDDS, may not need to be re-evaluated, if the new strength 
and the intended indication are not expected to alter the overall safety profile. 

6.8.  Evaluation 

6.8.1.  Parameters to be analysed  

6.8.1.1.  Single dose studies: 

In studies to determine bioequivalence after a single dose, AUC(0-t), AUC(0-∞) , residual area, Cmax , tmax 

should be determined and, when relevant, partialAUC. A truncated AUC(0-72h) is not acceptable for MR 
products.  

For multiphasic modified release products additional parameters to be determined include partialAUC, 
Cmax and tmax in all phases. The time point for truncating the partialAUC should be based on the PK profile 
for the e.g. IR and the MR parts respectively and should be justified and pre-specified in the study 
protocol. 

6.8.1.2.  Multiple dose studies: 

In studies to determine bioequivalence after a multiple dose administration AUC(0-τ), tmax,ss, Cmax,ss, Cτ,ss, 
and fluctuation should be determined. In contrast to the need of characterisation of Cmin,ss for new MR 
formulations, a comparison of Cτ,ss ,which is easier to determine, should be sufficient. Cτ,ss is required to 
assess shape of the curve for generic applications and replaces the need to also evaluate Cmin,ss in 
those circumstances. 

6.8.2.  Evaluation characteristics and acceptance criteria 

6.8.2.1.  Parameters to be evaluated 

Bioequivalence for prolonged release products with accumulation should be demonstrated by 
showing equivalence after statistical evaluation of the following parameters: 

Single dose:  AUC(0-t), AUC(0-∞), Cmax 
Multiple dose:  AUC(0-τ), Cmax,ss, Cτ,ss  
 

 

Single 
dose 

fasting 
study 

Single 
dose  

fed Study 

Multiple 
dose 
study 

Cmax yes yes no 

AUC(0-t)  yes yes no 

AUC(0-∞) yes yes no 

partialAUCs no no no 
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Cmax,ss no no yes 

Cτ,ss no no yes 

AUC(0-τ)ss no no yes 

For prolonged release products with no risk of accumulation (see section 6.1) or those intended 
exclusively for once only use, a statistical evaluation of the following parameters has to show 
bioequivalence: 

Single dose:  AUC(0-t), AUC(0-∞), Cmax and a representative metric of the shape of the curve (e.g. early 
and terminal partialAUCs) 

 

Single 
dose 

fasting 
study 

Single 
dose  

fed Study 

Multiple 
dose 
study 

Cmax yes yes no 

AUC(0-t)  yes yes no 

AUC(0-∞) yes yes no 

partialAUCs yes yes no 

Cmax,ss no no no 

Cτ,ss no no no 

AUC(0-τ)ss no no no 

Bioequivalence for delayed release products should be demonstrated by showing equivalence after 
statistical evaluation of the following parameters: 

Single dose:  AUC(0-t), AUC(0-∞), Cmax 

 

Single 
dose 

fasting 
study 

Single 
dose  

fed Study 

Multiple 
dose 
study 

Cmax yes yes no 

AUC(0-t)  yes yes no 

AUC(0-∞) yes yes no 

partialAUCs no no no 

Cmax,ss no no no 

Cτ,ss no no no 

AUC(0-τ)ss no no no 
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For multiphasic modified release products a statistical evaluation of the following parameters has 
to show bioequivalence: 

Single dose: AUC(0-t), AUC(0-∞), partialAUCs and Cmax in all phases. 

*and in case of accumulation in  
Multiple dose:  AUC(0-τ), Cmax,ss, Cτ,ss  

 

Single 
dose 

fasting 
study 

Single 
dose  

fed Study 

Multiple 
dose 

study* 

Cmax(x) yes yes no 

Cmax(x+1) yes yes no 

AUC(0-t)  yes yes no 

AUC(0-∞) yes yes no 

partialAUC(x) yes yes no 

partialAUC(x+1) yes yes no 

Cmax,ss no no yes 

Cτ,ss no no yes 

AUC(0-τ)ss no no yes 

6.8.2.2.  Statistical evaluation and acceptance criteria 

The bioequivalence approach considering usual acceptance limits (80.00 – 125.00 %) is applicable for 
generic MR products (see CPMP/EWP/QWP/1401/98). Any widening of the acceptance criteria for Cmax 
should follow the recommendations on highly variable drug products in the Guideline on the 
Investigation of Bioequivalence (CPMP/EWP/QWP/1401/98). 

A similar approach can be used for widening the acceptance criteria for Cmax,ss, Cτ,ss, and partialAUC. 
Calculation of the intra-subject variability in multiple dose studies can be based on two consecutive 
administrations of the same product after reaching steady state.  

For delayed and multiphasic release formulations differences in tmax is also recommended to be 
assessed, especially for products where a fast onset of action is important. A formal statistical 
evaluation of tmax is not required. However, there should be no apparent difference in median tmax and 
its range between test and reference product. 

6.9.  Effects of alcohol 

For generic oral formulations, in vitro studies of the release in alcohol solutions should be performed. 
Where accelerated active substance release is seen in vitro either at high or low alcohol concentrations 
over a short period of time or at lower alcohol concentrations over a longer period of time, the product 
should be reformulated. 
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If the alcohol effect cannot be avoided and it is present also in the reference product, the applicant 
should justify / demonstrate that it lacks of clinical relevance or discuss the possible clinical relevance 
in comparison to the reference product. 

6.10.  Further points to consider for bioequivalence studies 

The following issues should be handled in line with the recommendations for immediate release 
formulations stated in the Guideline on the investigation of bioequivalence (CPMP/EWP/QWP/1401/98) 

 Test and reference product 

 Subjects  

 Study conduct  

 Statistical evaluation of primary endpoints 

 Parent compound or metabolites 

 Enantiomers 

 Endogenous substances 

 Narrow therapeutic index drugs (in addition narrowing of the acceptance criteria of Cτ might be 
necessary) 

 Highly variable drugs or drug products 

 Linearity 

Definitions 

AUC(0-t): Area under the plasma concentration curve from administration to last 
observed concentration at time t; 

AUC(0-∞) :  Area under the plasma concentration curve extrapolated to infinite time; 

AUC(0-72h)  Area under the plasma concentration curve from administration to 72h; 

partialAUC: Partial 
l
AUC separated by predefined cut off points  

partialAUC(x) Partial 
l
AUC in phase x for multiphasic products 

Cmax:   Maximum plasma concentration; 

residual area   Extrapolated area (AUC(0-∞) - AUC(0-t))/ AUC(0-∞); 

tmax:   Time until Cmax is reached; 

t1/2:   Plasma concentration half-life; 

λz:   Terminal elimination rate constant; 

AUC(0-τ)ss:   AUC during a dosage interval at steady state 

tmax,ss:    Time until Cmax,ss is reached 

Cmax,ss:    Maximum plasma concentration at steady state 
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Cmin,ss:   Minimum plasma concentration at steady state  

Cτ:   Concentration at the end of the dosing interval 

Cτ,ss:   Concentration at the end of the dosing interval at steady state 

Cav    average concentration during a dosing interval (AUC(0-τ) / τ) 

Cmax(x)   Maximum plasma concentration in phase x for multiphasic products 

fluctuation   [(Cmax-Cmin)/Cav] 

tlag   lag time 

PK   Pharmacokinetic 
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Appendix I: sensitisation and irritation test for transdermal 
products 

This appendix is intended to recommend study designs and scoring systems that can be used to test 
skin irritation and sensitization during development of transdermal products either as NCE TDDS or 
generic TDDS. The design can be adapted for the particular situation. 

The condition of the skin may influence the absorption of an active substance from a transdermal 
system and affect the efficacy or safety of the product. Therefore skin irritation and sensitization 
should be assessed.  

To fully evaluate the equivalence of a generic transdermal product to the reference product similarity 
has also to be shown for skin irritation and sensitization unless otherwise justified by e.g. very similar 
quantitative and qualitative composition. 

The strength chosen for the test is determined by considering the following factors:  

• previous human experience in scientific literature 

• previous sensitisation/irritation tests in animals  

• safety issues derived from the individual API under investigation 

Overall Study Design for a generic application 

The study suggested has an active- and placebo-controlled, multiple-dose, three-phase, parallel-group 
design. 

In case simultaneous application of test and reference is impossible as doubled amount of API would 
be given under off-label use and might have life-threatening consequences the use of a lower strength 
is acceptable for size proportional formulations.  
 
Screening evaluations are performed within a 14-day period prior to application of the patches. 

Screening evaluations should consist of a medical history, complete physical examination, 12-lead 
electrocardiogram (ECG), laboratory evaluations (including serum chemistry, haematology, and 
urinalysis), and urine drug screen. 

Subjects are assigned to one of two analysis groups (Group 1 and Group 2) and are evaluated for both 
cumulative dermal irritation and contact sensitization. Test, reference and placebo transdermal patches 
should be applied to randomly assigned test areas on the back or other parts, if permitted by the 
SmPC, of subjects in the two groups. Skin reactions have to be evaluated by a trained observer blinded 
to the treatment.  

Criteria for discontinuation of the test should be mentioned in order to avoid excessive reaction. 

Each subject participates in the following three consecutive study phases. 

Induction/Cumulative Irritation Phase 

Group 1 subjects apply test, reference, and placebo patches to randomly assigned treatment areas for 
21 consecutive days.  

Group 2 subjects apply test, reference, and placebo patches to randomly assigned treatment areas 
three times weekly over a period of 21 days (a total of nine applications). In Group 2, the patches 
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remain in place for 48 hours (on weekdays) and 72 hours (on weekends). The new patch should be 
applied to the same site as the previous patch. If the next patch is to be applied within 1 hour after 
removal of the previous one, the administration period of the new patch can then be reduced for this 
time period. 

Rest Phase 

Following the Induction/Cumulative Irritation Phase, each subject enters a 2-week Rest Phase. No 
patches are applied during the Rest Phase. 

Challenge Phase 

Following the Rest Phase, patches are applied to new skin sites within the designated areas for 48 
hours. 

In addition to dermal assessments at 0.5 and 24 hours after patch removal, subjects participating in 
the Challenge Phase also return for examination on Days 40 and 41 for additional dermal assessments 
at 48 and 72 hours after removal of the last patch. 

To minimize the effect of inter-subject variability, each study participant receives all three treatments 
simultaneously. In addition, to control for the unlikely possibility of a treatment-by-site-interaction, the 
three treatments should be randomly assigned to three application areas so that each treatment 
occupied each application area with approximately equal frequency throughout the panel of study 
participants. 

Group 1 Cumulative Irritation Phase    
  

Test, 
Reference 
Placebo 

 
One patch of 
each drug 
applied daily 
to the back of 
each subject 
for 21 days 
 

   

 Induction of Contact 
Sensitization Rest Phase Challenge Phase 

  
Test, 
Reference 
Placebo 

 
One patch of 
each drug 
applied daily 
to the back of 
each subject 
for 21 days 

 
No patches 
applied tor 
2 weeks 

 
Test, 
Reference 
Placebo 

 
One patch of 
each drug 
applied to the 
back of 
each subject; 
patch 
removed after 
48 hours 
 

Group 2 Induction of Contact 
Sensitization Rest Phase Challenge Phase 

  
Test, 
Reference 
Placebo 

 
One patch of 
each drug 
applied to the 
back of each 
subject three 
times a week 
over a period 
of 21 days 
 

 
No patches 
applied tor 
2 weeks 

 
Test, 
Reference 
Placebo 

 
One patch of 
each drug 
applied to the 
back of 
each subject; 
patch 
removed after 
48 hours 
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Dermal response has to be assessed for all subjects in Group 1 and Group 2. Application sites for both 
groups are evaluated for skin irritation 30 minutes after patch removal (dermal response and other 
effects scores determined), and new patches are applied 1 hour after removal every time that the 
patch is removed during the Induction/Cumulative Irritation Phase. 

To evaluate contact sensitization during the Challenge Phase, test, reference, and placebo patches are 
applied simultaneously for 48 hours to previously unused sites on Group 1 and Group 2 subjects. 
Application sites were evaluated at 0.5, 24, 48, and 72 hours after patch removal. 

Skin reactions can be examined and graded using the numerical scores outlined in Table 1 (dermal 
response) and Table 2 (other effects). 

Each application site receives a separate dermal response score and other effects score. Dermal 
response scores require that at least 25% or more of the patch area demonstrate an observable 
response. During the Challenge Phase (contact sensitization evaluation), only combined dermal 
response scores ≥2 are considered a positive response. 

Table 1 Dermal Response Score 
 

Score Definition 
0 No evidence of irritation 
1 Minimal erythema, barely perceptible 
2 Definite erythema, readily visible; minimal oedema or minimal papular 

response 
3 Erythema and papules 
4 Definite oedema 
5 Erythema, oedema, and papules 
6 Vesicular eruption 
7 Strong reaction spreading beyond test site 
 
Table 2 Other Effect Score 

 
Score Definition 
0 None observed 
1 Slight glazed appearance 
2 Marked glazing 
3 Glazing with peeling and cracking 
4 Glazing with fissures 

Film of dried serous exudates covering all or part of the patch site 
Small petechial erosions and/or scabs 

"Strong" reaction to the test patch are defined as a dermal response score of 3-7 or any dermal score 
combined with other effects rating of 4 or greater. 

Group Phase Evaluation by 
observer 

Assessment of Test, Reference 
and Placebo 

Group 1 Cumulative Irritation 
Phase 

Dermal Response 
Score 
Other Effects Score 

• Mean Irritation Score = 
average of Dermal Response 
Scores 

• Total Cumulative Irritation = 
Score sum of Dermal 
Response Scores 

• Combined Dermal Response = 
Score sum of Dermal 
Response Score and Other 
Effects Score 

• Mean Combined Dermal 
Response Score 
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Group 1 + 2 Challenge Phase 
(Contact 
Sensitization) 
 

Dermal Response 
Score 
Other Effects Score 

-Combined Dermal Response 
Score 2:2 

The primary analysis compares the test and reference treatments for the mean irritation scores 
(average numeric dermal response over the observations) and the total cumulative irritation scores 
(sum of the numeric dermal response scores over the observations). A predefined statistical evaluation 
based on a non-inferiority approach is deemed sufficient to support a positive benefit risk evaluation 
for such a product. The two one-sided t-test method should be used to compare the irritation scores 
between treatments. For each parameter, least squares means for each treatment are derived from an 
ANOVA model where subject and treatment are fixed effects. The ratio of the least squares means of 
the test treatment to the reference treatment has to be calculated, along with its 90% confidence 
interval. A 90% confidence interval that falls completely within the interval 0.8 to 1.25 leads to the 
conclusion that the two treatments are equivalent. 

The assessment of contact sensitization consists of tabulations of dermal response scores ≥2 during 
the Challenge Phase. No statistical analysis has to be performed on these data. 
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Appendix II: in vivo skin adhesion 
1. Applications for a TDDS of a new chemical entity or a known active substance 

newly developed as TDDS  

The investigation of in vivo adhesive performance will be usually part of the efficacy studies. The 
robustness of the product to normal human behaviours (e.g. moisture resistance to washing, 
showering, saunas, use of moisturisers and risk of removal during exercise and/or sleeping, possible 
transfer to partners or family) should be evaluated, as appropriate, based on risk analysis and the 
instructed conditions of use for the individual products.  

Accidental transfer of a patch to the skin of a non- patch wearer has to be prevented as well as other 
poor-adhesion related risks have to be minimized by ensuring acceptable adhesion characteristics by 
the patch.   

• The adhesion should be measured as the percentage of area that remains adhered at the end 
of the dosing interval. 

• In general, it is expected that the 90% confidence interval of mean adherence for the test 
product at the end of the dosing interval should lie above 90%. 

Any deviation from this requirement has to be justified considering all potential risks associated with 
the incomplete attachment of the patch. 

2. Application for a TDDS referring to a marketed TDDS 

The investigation of in vivo adhesive performance may be included as an integrated part of human 
clinical pharmacokinetic (both single dose and multi dose), or may be an independent study with either 
patients or volunteers. In general these studies should ensure adequate adhesion properties in the 
intended population, which implies that different studies may be necessary for the adhesion and the 
pharmacokinetic studies.  

For transdermal patches covering a range of different dosage strengths, the largest patch sizes should 
be tested in vivo, unless otherwise justified.  

a. Recommendations on how to conduct an adhesion study: 

Generally, patch reinforcement such as over-taping is not allowed. However, in case a product has to 
be used in accordance to the SmPC with a separate overlay to ensure adequate adhesion, the adhesion 
studies are to be performed using this separate overlay. 

The frequency of assessment should be stated and justified, and should include transdermal patch 
administration and removal time points. In general the frequency of assessment should depend on the 
wearing period of the patch. Satisfactory and unsatisfactory performance might also be supported by 
photographs. 

In those cases where adhesion is investigated in the pharmacokinetic multiple dose study, sample size 
calculation should consider not only the pharmacokinetic endpoints but also the hypothesis of adequate 
adhesion. 

A descriptive summary of the results should be provided. The results should be reported by treatment 
in explanatory tabular and graphical formats. 

In addition to the table including the individual values of percentage of adhesion vs. time, with their 
corresponding descriptive statistics, the table below could be used for descriptive presentation of the 
study results. 
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  Evaluation time point 
 Adherence ..h ..h ..h ..h 
  Ref. Test Ref. Test Ref. Test Ref. Test 
  Nr.(%) Nr.(%) Nr.(%) Nr.(%) Nr.(%) Nr.(%) Nr.(%) Nr.(%) 
≥ 90%                 
≥ 80%                  
≥ 70%                  
≥ 60%                 
≥ 50%                 
0% to < 50%         

In addition to the individual and mean plots of percentage of adhesion vs. time, a histogram of the 
adhesiveness in the two treatment groups should be presented. 

b. Assessment criteria:  

Primary objective: 

• The adhesion should be measured as the percentage of area that remains adhered at the end of 
the dosing interval. 

• In general, it is expected that the 90% confidence interval of mean adherence for the test product 
at the end of the dosing interval should lie above 90%. This should therefore normally be the 
primary comparison. 

• If it is considered unlikely that this requirement can be met it may be possible to establish non-
inferiority of the test product to the reference product. This may be possible if the reference 
product has poor adherence (< 90%). The lower limit of the 90% confidence interval for the 
difference of adhesiveness (test – reference), using the percentage of adhesion as continuous 
variable, should not be less than -10%. 

In addition, it is necessary to evaluate and compare:  

• The percentage of adhesion for all time-points to assess how adhesion changes during study 

• The proportion of subjects achieving greater than 90% adherence at each evaluation time-point.  

• The proportion of subjects with a meaningful degree of detachment (more than half of the patch 
lifting off the skin or falling off) for each product at all time points. 

• The number of patches that are completely detached at each evaluation time. 

• Instances of complete detachment should be discussed, poor adherence events should be 
investigated and possible causes and risk factors determined. 

The qualitative evaluation should also include: 

• Residue formation on release liner removal and on transdermal patch removal. 

• Cold flow, such as the formation of a dark ring around the transdermal patch during use, patch 
movement or displacement, wrinkling. 

The results of the study should be included in the SmPC. 
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Appendix III: in vitro in vivo correlation 

1. Introduction 

An in vitro in vivo correlation (IVIVC) is a mathematical model describing the relationship between an 
in vitro property of a dosage form (mainly dissolution or drug release) and a relevant in vivo response 
(mainly drug plasma concentration or amount absorbed). It is self-evident that such a relationship is 
only likely to exist when the formulation controls the rate of appearance of drug in plasma. 

When a modified release formulation is developed, it is highly recommended to establish an IVIVC: 

a) to quantify in vivo release and formulation related effect on absorption, 

b) to establish the in vivo relevance of in vitro dissolution tests and associated dissolution 
specifications 

c) to support biowaiver claims in later phases of clinical development or post-authorisation if there are 
changes in formulation.  

Historically different levels of IVIVC relationships have been described; including levels A, B and C (see 
Annex 2, Guideline on quality of oral modified release products EMA/CHMP/QWP/492713/2012. Level A 
IVIVCs, in contrast to levels B and C, predict the entire concentration-time profile and for this reason 
are highly encouraged. Where an IVIVC is used to support a biowaiver, a validated level A correlation 
is generally a prerequisite. 

The usefulness of an IVIVC depends on how accurately it can predict resultant plasma concentrations 
from any given set of in vitro data. This in turn is heavily dependent on the design of the in vitro and in 
vivo studies used to develop and validate the IVIVC.  

2. Study Design Considerations 

Generally, two or more formulations exhibiting the same release mechanism with sufficiently different 
dissolution profiles and an appropriate reference formulation (for the purpose of deconvolution) (RFD) 
with fast drug release (e.g., oral solution or immediate release formulation) are administered in a 
crossover study in healthy volunteers. Other designs are also possible (e.g. parallel groups, 
randomised or partially or fully randomised) and should be decided on a case by case basis depending 
on the nature of the modified release formulation, variability, tolerability, etc. For modified release 
products, the IVIVC study is normally conducted in the fasted state, even when the product is 
recommended to be taken with food. Drug levels (parent or other appropriate analyte according to the 
guideline on the investigation of bioequivalence; CPMP/EWP/QWP/1401/98) are quantified as a 
function of time in blood or plasma. 

Extrapolation beyond the range of formulations used in IVIVC development and validation is not 
acceptable for regulatory applications (e.g. specification setting and biowaiver requests). Thus, the 
choice of formulations requires careful consideration, the various aspects of which (release mechanism, 
how to assure that formulations are sufficiently different, etc.) are detailed in the Guideline on quality 
of oral modified release products (EMA/CHMP/QWP/492713/2012). As the sensitivity of the plasma 
concentration-time profile for a given drug will depend on its particular disposition properties, it is 
advisable to base formulation selection on expected plasma concentration-time profiles (simulated 
using an assumed IVIVC relationship or range of possible relationships and the known disposition 
characteristics of the drug). 
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While it is acceptable to use different dosage strengths to establish an IVIVC or for external 
predictability assessment (see Section 3.3), it should be noted that different dosage strengths of the 
same formulation would generally not be considered to represent “different” release rates. For this 
reason, judgement of whether the dissolution profiles for different formulations are “different” is 
normally based on % of labelled (or actual) content.  

2.1 Role and Choice of Reference Formulation for Deconvolution 

A reference formulation for deconvolution is a fast-releasing formulation included in IVIVC studies to 
allow estimation of the in vivo release of drug as a function of time for each MR formulation (see 
Section 3.2). For oral MR products, the in vivo release-time profile is normally obtained by 
deconvolution and truly reflects drug release in vivo only when the RFD is an oral solution (and there is 
no precipitation from this solution in the stomach or GI tract). Immediate release formulations can be 
used as RFDRFDs in IVIVC studies and will also allow adequate approximation of the in vivo drug 
release from the MR formulations as long as the rate of dissolution from the IR formulation is fast 
relative to its absorption (which is normally the case for the drugs that are chosen as suitable for MR 
product development). Sometimes an IV product is used as the RFD for IVIVC. This will also allow 
adequate approximation of in vivo drug release as long as absorption is fast (i.e. for drugs with high 
permeability). Where permeability plays a role (in addition to release from the formulation) in the rate 
of drug absorption from the MR formulations, an oral solution is the best choice of RFD (i.e. better than 
an IV or IR formulation). For drugs with solubility and/or permeability limitations, particularly where 
permeability changes throughout the gastrointestinal tract, physiologically based PK modelling 
approaches to IVIVC may bring value. 

For intramuscular/subcutaneous depot formulations, an appropriate RFD would be an aqueous solution 
administered by the same route (preferable) or an IV formulation. For TDDS, an IV formulation would 
represent an appropriate RFD.  

The RFD should be included in any study where the data will be used to support the development of 
the IVIVC and internal or external predictability assessment. The advantage of including an RFD in 
IVIVC studies is that it increases the probability of successful IVIVC development and validation, 
particularly for external predictability assessment. The RFD is one of the more important design 
elements of a successful IVIVC because it normalises on an individual basis for differences in drug 
disposition. It has a role in every method of data analysis for both internal and external validation 
(described later). It is especially important where between-subject variability is moderate to high and 
where subject numbers do not compensate. When variability is low and/or subject numbers are high, it 
may be possible to develop and successfully validate an IVIVC without using an RFD (e.g. using 
literature data or a previously established population pharmacokinetic model) but it is best to evaluate 
this by simulation, incorporating known variability and the proposed study design to make an informed 
decision. It is possible for generic MR products to use the reference MR product to normalise for 
clearance differences between individuals, although this is likely to be less reliable. This strategy can 
also be evaluated by simulation taking into account the variability of the RFD and reference MR 
formulations. 

2.2 Sampling Times 

Considerations for the choice of in vitro sampling times are discussed in the Guideline on quality of oral 
modified release products (EMA/CHMP/QWP/467527/2012). The sampling times for in vitro dissolution 
and in vivo blood/plasma samples should take into consideration that the data will be combined in the 
IVIVC analysis and thus, an integrated approach to the design of the IVIVC study (including in vitro 
dissolution testing) is encouraged. 
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Sampling time decisions for blood/plasma are best made based on simulations using the actual (or 
modelled) in vitro release data for the clinical batches manufactured for the IVIVC study.  If the in vitro 
dissolution is affected by pH or dependent on rotation speed, dips per minute (dpm) or flow rate 
(depending on the apparatus), it is useful to do simulations using the range of in vitro dissolution 
profiles in order to design a sampling regimen to cover the range of potential in vivo behaviours. Also, 
if there is some a priori understanding of the likely IVIVC relationship this is best built into the initial 
simulation. For example, for injectable controlled release formulations, in vitro release testing is often 
designed to be complete within 24-48 h, while the in vivo delivery is designed to continue for 1-2 
months. Thus, a time-scaling factor (or to account for uncertainty in expected in vivo release, a range 
of factors) can be anticipated a priori and built into the model to provide a more realistic picture of the 
expected in vivo behaviour and better choice for appropriate sampling times for the test formulations. 

2.3 Number of Subjects 

The number of subjects to be included in an IVIVC study is dependent on the between and within 
subject variability in absorption and disposition of the drug from the drug product. Although no firm 
guidance can be given, a pragmatic approach would be to use no fewer than 12 in a crossover IVIVC 
study.  

3. IVIVC Development and Validation 

3.1 General Considerations 

The overall goal of IVIVC is to be able to reliably predict the entire time course of plasma concentration 
from a modified release formulation based on in vitro release data. In principle any methodology that 
is scientifically sound can be used for this. Although a few are discussed below, methodology will 
continue to evolve and this list should not be considered to be exhaustive. As the purpose of the IVIVC 
is to be able to predict without in vivo testing the plasma concentration resulting from a modified 
formulation with different in vitro release data, it is a prerequisite that a single IVIVC relationship is 
applicable to all formulations used in its development and validation.  

3.2 Acceptable Methods of Data Analysis 

Two general categories of mathematical approaches to IVIVC modelling are one- and two-stage 
methods. The two-stage method is deconvolution-based. One stage approaches include convolution-
based and differential equation-based methods and use of physiologically-based pharmacokinetic 
(PBPK) models. 

Deconvolution-based methods involve two stages of data analysis and can be used as the primary 
IVIVC analysis method or for exploratory analysis to inform the one stage-method(s). The first stage 
employs deconvolution to estimate the time course of in vivo absorption. Non-compartmental methods 
of deconvolution are preferred over compartmental methods such as Wagner-Nelson or Loo-
Riegelman. Deconvolution methodology is available in commercially available pharmacokinetic analysis 
software and normally involves fitting of the unit impulse response function (Cδ) to the RFD data for 
each individual subject followed by deconvolution of individual subject data for each MR formulation 
according to the following relationship to derive the in vivo input rate, r(t): 

 

where C is plasma concentration, Cδ is the unit impulse response (i.e. the plasma concentration profile 
resulting from instantaneous absorption of a unit dose of drug) and * is the convolution operator. 

∫ −=∗=
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The second stage establishes the relationship between cumulative in vivo absorption and in vitro drug 
release. As is generally recommended in mathematical modelling, parsimony should be observed and 
the simplest model to describe the data should be utilised. Normal practice would be to utilise models 
of increasing complexity, starting with linear relationships and increasing complexity as necessary 
according to the data and considerations of biological plausibility. A linear relationship between in vivo 
absorption and in vitro release, although desirable, is not necessary and there are many physiological 
and physicochemical factors that make this less likely. In principle, any relationship that is applicable 
to all IVIVC formulations is acceptable including sigmoidal, Hill, incorporation of time-scaling and time-
shifting parameters and approaches to account for incomplete absorption (e.g. absorption cut-off time, 
for oral formulations) with justification based on an understanding of the formulation, physicochemical, 
pharmacokinetic and physiological factors controlling drug release in vitro and vivo. Different time 
scales for each formulation points to the absence of a single relationship for the IVIVC formulations. 
Deconvolution-based methods are particularly helpful for exploratory data analysis during the model 
building process, as they provide graphical output (cumulative amount absorbed in vivo versus 
cumulative amount released in vitro and Levy plots: time for a specific % of dose absorbed in vivo 
versus time for a specific % of dose released in vitro) that can be used to identify appropriate models 
for the IVIVC relationship and provide appropriate initial parameter estimates necessary for one-stage 
modelling methods. 

Convolution-based differential equation- and PBPK model -based methods are classified as single stage 
because modelling involves utilising the observed data directly without transformation (i.e. through 
deconvolution). Single stage approaches offer a number of advantages over deconvolution based 
methods, as the model predicts directly the plasma concentration-time course; modelling focuses on 
the ability to predict measured quantities, not indirectly calculated quantities such as the cumulative 
amount absorbed; and the results are more readily interpreted in terms of the effect of the in vitro 
release on conventional bioequivalence metrics. Additionally, the compartmental approach allows for 
nonlinear (e.g. Michaelis-Menten) disposition kinetics, whereas the convolution-based method assumes 
linear disposition. Although both convolution-based and differential-equation based methods are single 
stage, they differ in the form of the relationship between in vitro release and plasma drug 
concentration. The convolution-based approach uses the integral transform, transform shown above 
for the relationship between concentration for the MR formulation, C(t), given the in vivo input rate, 
r(t), and unit impulse response, Cδ: 

 

The differential equation-based approach utilises a traditional compartmental model framework for 
drug disposition and incorporates an input function. 

In both cases, an IVIVC equation quantifies the relationship between drug release in vitro [rdis(t)] and 
drug absorption in vivo [r(t)]. The simplest relationship is where drug dissolution reflects its rate of 
drug absorption. In this case: 

 

Various more complex functions that account for time lags for absorption, different time scales for in 
vitro dissolution and in vivo absorption and changing permeability through the gastrointestinal tract 
can be incorporated into the IVIVC equation. For example, the following equation includes a lag time 
(t0), a time scaling factor (s1), and a scaling factor (sr) that allows incomplete absorption or utilisation 
of different units between in vitro dissolution and in vivo absorption. 
𝑟(𝑡) = 𝑠𝑟 ∙ 𝑟𝑑𝑖𝑠𝑠(𝑡0 + 𝑠1 ∙ 𝑡) 
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The differential equation-based approach utilises a traditional compartmental model framework for 
drug disposition and incorporates an input function. Alternatively, PBPK model may be used. The PBPK 
model should be mechanistic and have sufficient experimental data to adequately describe the 
absorption, metabolism, distribution, and elimination phases of the drug being tested. As with the 
differential equation-based convolution method, a PBPK approach uses the in vitro release profile as 
input into the model and a plasma profile will be generated that predicts the in vivo performance of the 
formulation.  

   

Where a two-stage approach is utilised, the average absorption profile should be derived from 
averaging of the individual subject absorption profiles (i.e. from individual deconvolution), rather than 
by deconvolution of the average concentration-time profiles. Unless the in vitro dissolution data are 
particularly variable, the use of average dissolution normally has little impact on the outcome of data 
analysis and is considered an acceptable practice. 

3.4 IVIVC Model Qualification and Predictability Assessment 

Model selection should be based on an understanding of the physicochemical properties of the drug, its 
absorption characteristics, the dissolution test characteristics and criteria for assessing goodness of fit 
(e.g. posterior predictive check).  The purpose of the model is to be able to predict with adequate 
accuracy the expected plasma concentration-time curve from an in vitro dissolution data for a modified 
formulation. This is demonstrated by a graphical comparison of predicted and observed concentrations 
and calculation of prediction errors for summary parameters including at least Cmax, AUC0-t and 

partialAUC (see Section 6.8.1). General requirements for model evaluation within the nonlinear mixed 
effects context are outlined in detail in the Guideline on reporting the results of population 
pharmacokinetic analyses (CHMP/EWP/185990/06). 

Where PBPK models are utilised for IVIVC development, it will be necessary to demonstrate that the 
model predicts the RFD data as well as the MR formulation data. Sufficient data needs to be submitted 
to support the performance of the model. 

Most IVIVC analyses use averaged in vitro dissolution to predict an averaged in vivo concentration-
time profile. This approach does not address adequately random variation in vitro, but more 
importantly, in vivo. From this point of view the one stage approaches offer the advantage that they 
are amenable to a nonlinear mixed effects analysis framework, which allows individual variability to be 
incorporated into the model, potentially improving the reliability of the model for inferences regarding 
the bioequivalence metrics of new formulations. 

An IVIVC model is generally accepted as adequately accurate if from visual inspection the entire 
concentration-time curve is well predicted and the prediction errors are within acceptable limits. 
Internal predictability is assessed using the IVIVC model to predict the concentration-time profile from 
the respective dissolution data for each formulation. The summary parameters (Cmax, etc) are 
calculated from the predicted concentration-time curve and compared to the respective summary 
parameters for the observed data. The prediction error (PE), defined as %PE =[(observed value - 
predicted value) /observed value] x 100, is calculated for each of the summary parameters. 
The absolute value of the prediction error for all summary parameters should be less than 15% for 
each formulation and the average prediction error for all formulations included in IVIVC development 
should be less than 10% for each summary parameter. Where an individual formulation is found to be 
inadequately predicted by the IVIVC, it is acceptable to redevelop the IVIVC excluding the outlier 
formulation, resulting in a narrower range of dissolution data included in the IVIVC. However, this will 

)()()( 10 tstrsttr disrabs += ϕ
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then determine the range over which the IVIVC is accepted as predictive, impacting on the potential 
for specification and biowaiver justification. At least two formulations must remain and the exclusion 
should be supported by discussion of possible reasons for the deviation (e.g. release mechanism, 
production process). 

In addition to evaluation of internal predictability utilising the batches included in a formal IVIVC study, 
it is encouraged to continue to demonstrate the applicability of the IVIVC with additional development 
batches (e.g. large scale batches used in pivotal studies, additional dosage strengths, any later 
formulation changes that were studied in vivo, etc). Ideally, whenever pharmacokinetic studies of 
formulations of different in vitro release profiles are conducted, these data should be utilised to provide 
or strengthen the evidence supporting the in vivo relevance of the in vitro dissolution test. This can be 
done through a cross study IVIVC development (using either one or two stage methods as described 
above) or through initial IVIVC development using small scale batches and external validation using 
large scale batches.  In either case, any IVIVC development should demonstrate that the relationship 
holds for batches representative of the to-be-marketed formulation. 

The procedure for external predictability analysis is as described above utilising the IVIVC previously 
developed.  The concentration-time profiles are predicted based on the pharmacokinetics of the fast 
releasing formulation (i.e. the RFD) included in the study for external validation purposes and the in 
vitro dissolution data for the particular external validation batch.  The absolute value of the prediction 
error for all summary parameters should be less than 10% for each formulation used for external 
validation. 

3.4 Reporting 

The IVIVC report should include a listing of all in vivo studies available for the modified release 
formulation and a rationale for the selection of data included in IVIVC analysis.  Data listings should 
include: individual data and summary statistics for in vitro dissolution data, plasma concentration-time 
data, derived pharmacokinetic parameters and cumulative amount absorbed (derived from 
deconvolution, even if a one stage method is used for model development) for all batches used in 
model development.  

Graphical displays should include in vitro dissolution versus time (highlighting batches of clinical 
significance, such as the to-be-marketed formulation, etc), cumulative amount absorbed versus time, 
absorption rate versus time, overlay of dissolution and absorption time courses (to judge different time 
frames, time lags between in vitro and in vivo data) and cumulative amount absorbed in vivo (% 
relative to RFD) versus amount released (% of dose) at same time in vitro (with overlay of 1:1, 
regression lines as helpful/appropriate) for all formulations included in IVIVC analysis.  A Levy plot 
(time for a specific fraction released in vivo versus the time for the same fraction in vitro) may also be 
a useful graphical display where an obvious time difference exists between time courses of in vitro 
release and in vivo absorption (i.e. deviating from 1:1). 

The dissolution test method should be described and a justification of its appropriateness given the 
physicochemical properties of the drug, etc should be included. 

A full description of the modelling methodology and software employed and basis of decisions should 
be included, supported by a discussion of the formulation, physicochemical, pharmacokinetic and 
physiological factors controlling drug release in vitro and vivo.  Where a compartmental deconvolution 
method is used (e.g. Wagner-Nelson or Lou-Riegelman), the appropriateness of the approach should 
be discussed. 
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Plots evaluating goodness of fit, appropriate to the modelling methodology employed, should be 
included as well as final parameter estimates for all fitted data (e.g. in vitro dissolution and in vivo 
absorption in case a model is used for interpolation, as well for the IVIVC model itself).  

The final IVIVC model predicted plasma concentration-time data, derived parameters and associated 
prediction error should be included in a table.  Graphical comparison of predicted and observed 
concentration-time profiles should be provided. 



 
 
Guideline on the pharmacokinetic and clinical evaluation of modified release dosage 
forms (EMA/CPMP/EWP/280/96 Corr1)  

 

EMA/CHMP/EWP/280/96   Page 43/46 
 
 

Appendix IV: summary of study recommendations for 
abridged applications 

Prolonged release single unit formulation (SmPC recommends intake under fasting or 1 
fasting and fed conditions) 2 

Strength Single dose 
fasting study** 

Single dose  
fed Study** 

Fasting Multiple 
dose  study* 

high yes yes yes 

middle yes Waiver, if 
shape is similar waiver 

low yes Waiver, if 
shape is similar waiver 

*  see criteria for necessity in section 6.1 
** bracketing approach possible if criteria (see section 6.6) are met  

 
Prolonged release single unit formulation (SmPC recommends intake under fed conditions) 3 

Strength Single dose 
fasting study** 

Single dose  
fed Study** 

Fed Multiple 
dose  study* 

high yes yes yes 

middle Waiver, if 
shape is similar yes waiver 

low waiver, if 
shape is similar yes waiver 

*  see criteria for necessity in section 6.1 
** bracketing approach possible if criteria (see section 6.6) are met  

 

 
= if criteria (see section 6) are met, waivers to some strengths or bracketing 
approach are possible 
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Prolonged release multiple unit formulation (SmPC recommends intake under fasting or 4 
fasting and fed conditions) 5 

Strength Single dose 
fasting study 

Single dose  
fed Study 

Fasting Multiple 
dose  study* 

high yes yes yes 

middle waiver waiver waiver 

low waiver waiver waiver 

*  see criteria for necessity in section 6.1 6 

Prolonged release multiple unit formulation (SmPC recommends intake fed conditions) 7 

Strength Single dose 
fasting study 

Single dose  
fed Study 

Fed Multiple 
dose  study* 

high yes yes yes 

middle waiver waiver waiver 

low waiver waiver waiver 

*  see criteria for necessity in section 6.1 8 

 
= if criteria (see section 6) are met, waivers to some strengths or bracketing 
approach are possible 

 
9 
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Delayed release single unit formulation (SmPC recommends intake under fasting or fasting 10 
and fed conditions) 11 

Strength Single dose 
fasting study** 

Single dose  
fed Study** 

high yes yes 

middle yes waiver, if 
shape is similar 

low Yes waiver, if 
shape is similar 

** bracketing approach possible if criteria (see section 6.6) are met  12 

Delayed release single unit formulation (SmPC recommends intake under fed conditions) 13 

Strength Single dose 
fasting study** 

Single dose  
fed Study** 

high Yes yes 

middle waiver, if 
shape is similar yes 

low waiver, if 
shape is similar yes 

** bracketing approach possible if criteria (see section 6.6) are met  14 

 
 

= if criteria (see section 6) are met, waivers to some strengths or bracketing 
approach are possible 

 
15 
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Delayed release multiple unit formulation (SmPC recommends intake under fasting or 16 
fasting and fed conditions) 17 

Strength Single dose 
fasting study 

Single dose  
fed Study 

high yes yes 

middle waiver waiver 

low waiver waiver 

Delayed release multiple unit formulation (SmPC recommends intake under fed conditions) 18 

Strength Single dose 
fasting study 

Single dose  
fed Study 

high yes yes  

middle waiver waiver 

low waiver waiver 

 
 

 
= if criteria (see section 6) are met, waivers to some strengths or bracketing 
approach are possible 

 


