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Executive summary 51 

A growing number of regulatory submissions include Physiologically Based Pharmacokinetic (PBPK) 52 
models that require the use of specialised software platforms. If PBPK modelling is intended to support 53 
a regulatory decision, the PBPK platform needs to be qualified for the intended use and the predictive 54 
performance of the specific drug models needs to be evaluated. While PBPK modelling is presently 55 
mentioned in several existing EMA guidelines, this is the first to specifically provide detailed advice on 56 
what to include in a PBPK modelling report, to allow assessment of the predictive performance of the 57 
drug model. In addition, this document aims to clarify which supportive data are expected in order to 58 
qualify a PBPK platform for an intended purpose.  59 

1.  Introduction 60 

For the purpose of this guideline, a PBPK model is defined as one that simulates the concentration of a 61 
drug over time in tissue (s) and blood, by taking into account the rate of its absorption into the body, 62 
distribution in tissues, metabolism and excretion (ADME) on the basis of interplay among critical 63 
physiological, physicochemical and biochemical determinants.. The majority of PBPK regulatory 64 
submissions today involve the use of commercially available specialised PBPK platforms. If used for 65 
regulatory decisions, simulations performed using these platforms need to be carefully assessed 66 
regarding e.g. ability of the platform to adequately perform simulation of the intended type, as well as 67 
drug model specific issues. These includes consequences of assumptions made, the validity and 68 
biological plausibility of input parameters, uncertainty around the determination or prediction of 69 
parameters, and clarity around any optimisation process or any update of the model based on in vivo 70 
data. The PBPK platform needs to be qualified for the intended use by showing adequately prediction of 71 
the same kind of situations with external data. Further, the predictive performance of the specific drug 72 
models needs to be evaluated. The level of these evaluations depends on how much weight of evidence 73 
the PBPK simulation will have in the decision making and the risk for the patient in case the modelling 74 
predictions or assumptions lead to erroneous regulatory decisions.  75 

If PBPK modelling is used in the development of an investigational drug, it is strongly recommended 76 
that the in vitro and in vivo clinical pharmacology studies are designed to provide data to successively 77 
improve the model and support the planned model applications.  78 

Presently, the main purposes of PBPK models in regulatory submissions are to qualitatively and 79 
quantitatively predict drug-drug interactions (DDIs) and support initial dose selection in paediatric and 80 
first in human trials. However, it is expected that the extent of use of PBPK modelling will expand as 81 
additional system knowledge is gained and confidence increases. 82 

For the qualification of PBPK platforms for an intended purpose, sponsorsmay apply for a Committee 83 
for Medicines for Human Use (CHMP) qualification via its Scientific Advice (Qualification of novel 84 
methodologies for drug development: guidance to applicants EMA/CHMP/SAWP/72894/2008/Rev.3) or 85 
supply the qualification in the application where the PBPK modelling is applied. In the future 86 
qualification may also be supported by, e.g. learned societies.  Seeking CHMP scientific advice for 87 
additional guidance on the use of PBPK modelling and simulation in support of regulatory submissions 88 
is encouraged. 89 
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2.  Legal basis 90 

This guideline should be read in conjunction with Directive 2001/83/EC as amended. Applicants should 91 
also refer to other relevant European and ICH guidelines on the conduct of clinical trials, including 92 
those on: 93 

• Investigation of drug interactions (CPMP/EWP/560/95/Rev. 1). 94 

• Guideline on the use of pharmacogenetic methodologies in the pharmacokinetic evaluation of 95 
medicinal products. (EMA/CHMP/37646/2009).  96 

• Note for guidance on the evaluation of the pharmacokinetics of medicinal products in patients with 97 
impaired renal function (CHMP/EWP/225/02).  98 

• Pharmacokinetic and clinical evaluation of modified-release dosage forms (EMA/CHMP/EWP/280/96 99 
Rev. 1).  100 

• Guideline on the evaluation of the pharmacokinetics of medicinal products in patients with impaired 101 
hepatic function (CPMP/EWP/2339/02). 102 

• Guideline on the role of pharmacokinetics in the development of medicinal products in the 103 
paediatric population (EMEA/CHMP/EWP/147013/2004).  104 

• A guideline on summary of product characteristics (SmPC) September 2009 (Eudralex vol. 2C). 105 

• Guideline on the clinical investigation of the pharmacokinetics of therapeutic proteins 106 
(EMEA/CHMP/89249/2004).  107 

• Pharmacokinetic studies in man (Eudralex vol. 3C C3A).  108 

• Guideline on reporting the results of population pharmacokinetic analyses 109 
(EMEA/CHMP/EWP/185990/2006).  110 

• Note for Guidance on General Considerations for Clinical Trials (ICH E8, CPMP/ICH/291/95).  111 

• Note for Guidance on Guideline for Good Clinical Practice (ICH E6, CPMP/ICH/135/95). 112 

• Structure and Contents on Clinical Study Reports (ICH E3, CPMP/ICH/137/95). 113 

3.  Scope 114 

The aim of this guideline is to describe the expected content of PBPK modelling and simulation reports 115 
included in regulatory submissions, such as applications for authorisation of medicinal products, 116 
paediatric investigation plans and clinical trial applications. This includes the documentation needed to 117 
support the qualification of a PBPK platform for an intended use. The guideline applies both to 118 
commercially available platforms and to in-house built platforms  119 

Presently, the regulatory experience of PBPK involves primarily the drug-interaction area as described 120 
in the Guideline on the investigation of drug interactions (CPMP/EWP/560/95/Rev. 1 Corr.*) and the 121 
Guideline on the use of pharmacogenetic methodologies in the pharmacokinetic evaluation of medicinal 122 
products (EMA/CHMP/37646/2009). PBPK modelling and simulation are also used to select paediatric 123 
and first in human dose. Specific examples on how to apply this guideline to other areas are not given. 124 
The guidance may, however, conceptually be applied when qualifying a PBPK platform for use in any 125 
area. 126 
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4.  Qualification of the PBPK platform 127 

To certify that a specific version of a PBPK platform can be used for an intended regulatory purpose, 128 
the ability of the platform to perform that specific type of simulation should always be explicit 129 
evaluated (i.e. the PBPK platform should be qualified for the intended purpose) using external data. 130 
The extent of qualification required depends on the regulatory impact of the modelling (see section 131 
4.2). 132 

A qualification of a certain version of a PBPK platform for an intended purpose may occur via a CHMP 133 
qualification procedure (EMA/CHMP/SAWP/72894/2008/Rev.3). If there is a CHMP qualification opinion 134 
supporting the intended use of the platform (and version), then the qualification is presented on the 135 
European Medicines Agency’s (EMA) web site and a reference to this location in a regulatory 136 
submission is sufficient.  In this case, the qualification can be referred in future applications with the 137 
same intended use, and no new submission of the qualification data is needed.  138 

The qualification could also be assessed within the context of a regulatory submission. However, a 139 
qualification issued within the context of a particular regulatory submission should be considered only 140 
valid for that particular submission and need to be resubmitted and re-evaluated in future applications.  141 

Qualification can include published papers if the included validation dataset is described in sufficient 142 
detail to allow a secondary assessment. In the future, qualification may also be supported by, e.g. 143 
learned societies. In these cases, their qualification report for a specific use of the PBPK platform 144 
should be submitted in the submission. The data set and results should be described in sufficient detail 145 
to allow a secondary assessment.  146 

When the PBPK platform is used in a regulatory submission related to a certain medicinal product, the 147 
predictive performance of the drug-specific model needs to be evaluated. This is further described in 148 
Section 6. 149 

If an in-house built computer program is used for high regulatory impact simulations (such as waiving 150 
of studies) the applicant is strongly encouraged to seek CHMP Scientific Advice for further guidance. 151 

4.1.  Qualification of the PBPK platform for the intended purpose 152 

The process of qualification should be pre-specified. This should describe selection criteria for the drugs 153 
included in the qualification dataset and the in vitro and in vivo parameters for these drugs. The 154 
dataset should, if possible, cover a range of pharmacokinetic characteristics, such as permeability, 155 
extraction ratio, protein binding etc. that could influence the outcome. A restricted dataset could in 156 
some cases lead to constraints in the validity of the qualification. Any references describing the use of 157 
the PBPK platform that are cited to support the qualification (e.g., evaluations based on model drugs) 158 
should be discussed and provided as supporting documents. 159 

The qualification report for a particular purpose of use should show the ability of the PBPK platform to 160 
predict observed outcomes, with adequate precision, for a wide variety of drugs based on certain types 161 
of background information (e.g. only in vitro data, or a combination of in vitro and in vivo data). For 162 
example, if the intended purpose is to predict whether a drug is an in vivo CYP3A4 inhibitor in adult 163 
healthy subjects, it needs to be shown that a wide range of weak to strong CYP3A4 inhibitors can be 164 
identified using the same set of background in vitro and in vivo information and having adult healthy 165 
subjects as the study population. 166 
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4.2.  Qualification requirements at different levels of regulatory impact 167 

When determining the level of qualification needed, the regulatory impact of the modelling should be 168 
considered. This can be classified as high, moderate and low (Manolis et al 2013) and the higher the 169 
impact, the greater the requirements on qualification of the PBPK platform. The regulatory impact is 170 
directly linked to the risk to the patient in case the modelling predictions or assumptions lead to 171 
erroneous regulatory decisions. The impact of a simulation also depends on how much weight of 172 
evidence the PBPK simulation will have in a certain scenario (i.e., how much other data are available to 173 
support a certain decision), the therapeutic context and the resulting treatment recommendation 174 
(labelling). Different impact levels and the associated requirements are illustrated below. The level of 175 
regulatory impact should be discussed and justified in the submission. 176 

4.2.1.  High regulatory impact analyses 177 

All simulations that affect the SmPC (Summary of Products Characteristics) are considered a high-178 
impact analysis. This could include but are not limited to: 179 

• the use of a PBPK model in place of clinical data (e.g. to waive studies, such as interaction studies, 180 
or to simulate non-studied scenarios);  181 

• evaluation of the investigational drug as a victim of DDIs in a pharmacogenetic subpopulation (See 182 
Guideline on the use of pharmacogenetic methodologies in the pharmacokinetic evaluation of 183 
medicinal products, EMA/CHMP/37646/2009) or in paediatric patients; 184 

• evaluation of so called “complex DDIs” where e.g. the combined effect of two inhibitors are 185 
simulated (Investigation of drug interactions, CPMP/EWP/560/95/Rev. 1); 186 

• prediction of changes of study design of an available DDI study, such as using other doses/dose 187 
regimens; 188 

or 189 

• simulations that are reflected in section 5.2 Pharmacokinetics information in the SmPC 190 

As outlined above, whether these situations should be considered high impact also depends on the 191 
availability of supportive data and on the therapeutic context.  192 

To illustrate the concept of qualification for high impact situations, two examples are described below. 193 
A similar concept should be applied to other high impact analyses. 194 

Example 1: Qualification of the ability to quantify the effects on investigational drugs being 195 
victim of drug interaction 196 

To qualify the ability of a PBPK platform to quantitatively predict the effect of inhibition of a specific 197 
enzyme on the pharmacokinetics of drugs metabolised by this enzyme, adequate prediction of 198 
observed in vivo effects of inhibition of the enzyme in question should be demonstrated. This should be 199 
made using a pre-specified qualification dataset and should include simulation of inhibition effects on 200 
drug exposure and derived pharmacokinetic parameters such as total clearance, clearance through 201 
each pathway, bioavailability, AUC, Cmax, t1/2 etc. If the inhibition process is time-dependent, additional 202 
parameters should be simulated, such as time to steady state. 203 

The qualification dataset should, if possible, consist of a series of drug substances (victims) eliminated 204 
to a significant extent through metabolism catalysed by the enzyme in question. For each drug, in vivo 205 
data supporting the clearance fraction of the pathway/contribution of the enzyme (fm) should be 206 
presented. Preferably, the chosen drug substances should reflect different degrees of dependence of 207 
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clearance on blood flow, plasma protein binding and, if relevant, different degrees of intestinal first-208 
pass metabolism.  209 

The predictive performance of the used inhibitor files included in the qualification should be 210 
demonstrated (see section 4.3). In case there are a limited number of inhibitors of the specific 211 
pathway and in vivo data on inhibition is scarce, the qualification could also be made using data on the 212 
consequences of genetic polymorphisms in the enzyme in question.  213 

The scenarios that will be considered qualified will depend on the type of input data included in the 214 
qualification dataset. As an example, to qualify simulations of the effects of an inhibitor of a certain 215 
enzyme, in vivo data needs to be able to support the fm of the pathway/contribution of the enzyme to 216 
the elimination of the drugs in the qualification dataset. If the results of in vivo DDI studies with a 217 
potent inhibitor have been used to support fm, this will be considered the qualified scenario. If mass-218 
balance data are used together with in vitro data on metabolite formation, the qualification will be valid 219 
for this specific input data scenario. 220 

Example 2: Qualification of the ability to detect investigational drugs as perpetrators of drug 221 
interaction 222 

This section describes how the PBPK platform should be qualified to predict whether an investigational 223 
drug may act as a perpetrator in drug interactions in vivo. The concept is described for competitive 224 
enzyme inhibition, but can be applied also for other interaction mechanisms.  225 

The qualification should aim at showing the capacity to detect the observed in vivo inhibitory effect of 226 
different inhibitors on sensitive probe substrate(s) for the enzyme in question. The qualification dataset 227 
should be pre-specified and should include a large number of inhibitors of different potency. If the 228 
number of known in vivo inhibitors of the enzyme in question is limited, an attempt should be made to 229 
include all known inhibitors. The predictive performance of the probe substrate PBPK model included in 230 
the qualification should be demonstrated (see section 4.3). 231 

When aiming to predict the ability of a drug to act as perpetrator of drug interactions qualitatively, 232 
false negatives, i.e. incorrect rejection of a drug in the qualification dataset as perpetrator, should be 233 
addressed, e.g., by considering whether sensitivity analysis could be applied to detect the in vivo 234 
perpetrator potential. 235 

Again, the qualification will only be valid for situations covered by the qualification dataset, e.g. only 236 
for the specific enzyme(s), site of inhibition (e.g., liver, intestine) and the type of background data 237 
(including pharmacokinetic data, the system parameters and the population used) on which the 238 
simulations were based. 239 

4.2.2.  Moderate and low level regulatory impact analyses 240 

Examples of analyses considered to be of moderate impact include when PBPK is used to support the 241 
dose selection for a PK study in a specific paediatric population (see below).  Examples of a low impact 242 
simulation could include pre-study optimization of a PK study design.  243 

4.2.3.  Paediatric analyses 244 

The qualification needed for a PBPK simulation of pharmacokinetics in paediatric subjects depends on 245 
the impact of the analysis on the paediatric development of the drug and on the clinical consequences 246 
of altered exposure to the drug. Posology recommendations in children that are supported by only 247 
limited clinical exposure data and heavily rely on PBPK modelling are considered to be high regulatory 248 
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impact applications, while simulations to set initial dose to be confirmed in a clinical study may be 249 
considered to be of moderate impact. 250 

When qualifying a PBPK platform intended for paediatric dose selection e.g. in a Paediatric 251 
Investigational Plan (PIP), the system data and variables accounting for the impact of body size, 252 
maturation and other potential co-variates affecting the model predictions need to be specifically 253 
justified, presented and discussed. The qualification could include demonstration of accurate prediction 254 
of the pharmacokinetics of drugs with similar pharmacokinetic properties as the investigational drug, 255 
such as having the same major elimination pathways, e.g., the same metabolising enzyme. 256 

4.3.  Compound files supplied in the PBPK platform  257 

The quantitative predictive performance of any compound files (e.g., inhibitors, inducers and probe 258 
drugs) used in a simulation needs to be confirmed. This could be done in qualification procedure for an 259 
intended purpose of the PBPK platform or in a regulatory submission.  260 

To support that a compound file can be used for simulation the simulated pharmacokinetics of the 261 
specific drug included in the file should be compared against several representative in vivo 262 
pharmacokinetic studies for this drug. The data to be supplied includes AUC, Cmax, t1/2 and the 263 
plasma concentration-time course including the shape (both linear and semi-log graphs). 264 

For example, for an inhibitor compound file the ability to quantitatively predict results of available in 265 
vivo DDI studies with probe substrates of the inhibited enzyme needs to be shown in addition to the 266 
basic pharmacokinetic results. If the enzyme is expressed at multiple sites, such as CYP3A4, accurate 267 
prediction of inhibition at each site should be demonstrated. The inhibition at the site of the enzyme 268 
over time should be discussed and supported by suitable parameters.  269 

Also for a substrate compound file, the ability to quantitatively predict available in vivo DDI study 270 
results need to be shown. Furthermore, the fm of the substrate should be confirmed by in vivo data, 271 
e.g., from a study with a strong inhibitor of the enzyme or from a study in a genetic sub-population 272 
having a markedly reduced activity of the enzyme. Data should support detection of inhibition at each 273 
site of the enzyme. 274 

If deemed necessary for the specific application, the compound files included in a commercial PBPK 275 
platform can be modified, but the modifications need to be clearly described and justified. The 276 
consequences for the validity of qualification(s) referred to needs to be supported. A new qualification 277 
may be needed.  278 

4.4.  Version control of the PBPK platform 279 

Many commercial PBPK platforms are regularly updated, therefore changing the mathematical models, 280 
drug specific parameters for model drugs or physiological parameters for different populations. While it 281 
is understood and encouraged that PBPK platforms evolve with new science and published data, it 282 
introduces the need to demonstrate that a previously performed qualification is valid also for the new 283 
version.  284 

Differences between PBPK platform versions should be clearly communicated and thoroughly 285 
discussed. If a given version of a platform has previously been considered qualified for a certain use, 286 
the possibility to extrapolate the predictive performance from the previous version to the updated new 287 
version(s) should be supported if the new version is to be used for a regulatory purpose (See section 288 
4.2). 289 
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If the version of a platform used in a submitted report is not the most recent one, the Applicant should 290 
discuss whether the simulation would have been significantly different if the most recent version had 291 
been used.  292 

4.5.  Verification 293 

The model verification is a part of the qualification focused on the correctness of the mathematical 294 
model structure. Details of the differential equations used (the mathematical model) and the 295 
parameterisations of the PBPK model needs to be presented. The maintenance of mass-balance as well 296 
as blood flow balances within the model should be supported; equations and parameter values should 297 
be devoid of syntax or mathematical errors. Furthermore, it should be ensured that there are no 298 
numerical errors (World Health Organisation, 2010). If the PBPK platform has gone through a CHMP 299 
qualification procedure for an intended purpose, it is assumed that the verification is satisfactory for 300 
the parts of the platform used for this purpose. In other cases, the verification approach that has been 301 
used to support the PBPK platform as well as the verification results should be available on request. 302 

4.6.  Physiological parameters for populations included in the PBPK 303 
platform  304 

The system-dependent parameters, including typical physiological parameters for the population(s) for 305 
which qualification is claimed, should be presented and justified. The data should be presented in an 306 
appendix to the qualification report in a structured way to allow assessment. If possible, literature 307 
references should be provided as full articles and the rationale for the chosen system-dependent 308 
parameters should be given.  309 

If the PBPK platform has gone through a CHMP qualification procedure for an intended purpose, it is 310 
assumed that the qualification for the involved physiological parameters is satisfactory. 311 

4.7.  Installation control of the PBPK platform 312 

A control of the installation of the PBPK platform should be performed to ensure that the program and 313 
any new versions work fully as intended when installed in the computing environment. The key 314 
functionality of the program should be tested. The qualification report should include a presentation of 315 
how this was done. The installation processes should be included in a CHMP qualification procedure. 316 

5.  Reporting of PBPK modelling and simulation 317 

This part of the guideline describes the recommended content of a PBPK report and issues that should 318 
be addressed in order to enable assessment by regulators.  319 

It is not necessary to append documents to the report that are already included in other parts of the 320 
dossier (e.g., study reports, analytical reports etc.). However, cross-references with hyperlinks should 321 
be provided to allow easy navigation. 322 

5.1.  Objective and regulatory purpose  323 

The objective and the intended regulatory purpose of the PBPK modelling, including any proposed 324 
changes to the SmPC, should be clearly described at the start of the report.  325 
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5.2.  Background information  326 

The introduction of a PBPK report should include information about the investigational drug, 327 
emphasising in vivo and in vitro ADME and other relevant pharmacokinetic characteristics of the drug 328 
(see section 5.5). If possible, a quantitative mass-balance diagram (Figure 2) presenting elimination 329 
pathways with involved enzymes and transporters, should be included along with an explanatory text 330 
and references.  331 

Figure 2: Example of a quantitative mass balance diagram after oral and intravenous 332 
administration of drug, showing contribution of drug absorption, first-pass drug loss and the 333 
contribution of different elimination pathways to the overall clearance of the drug (Shepard 334 
et al 2015). 335 

 336 

 337 

Additional information of relevance for the PBPK model could include data on solubility, permeability, 338 
potential dose- or time-dependent pharmacokinetics, DDIs or effects due to pharmacogenetic 339 
differences. The appropriateness of the used population should be justified. 340 

The report should also include sufficient background information to place the PBPK modelling in its 341 
context in the clinical development of the drug. If the PBPK modelling is used to predict scenarios 342 
where the exposure to the investigational drug may be altered, the background information should also 343 
contain a summary of the available knowledge about the exposure-response relationship for efficacy 344 
and safety and/or the exposure level at the therapeutic dose in the pivotal efficacy/safety trial 345 
population. If possible, a well justified target exposure (a range for relevant exposure parameters 346 
specifying what change in exposure would justify a posology adjustment) should be defined. 347 

If simulating pharmacokinetics in paediatric patients, an overview of the available pharmacokinetic 348 
information in other age groups, such as older children and adults, should be presented as a 349 
background for the discussion of the confidence in paediatric PBPK model predictions and the 350 
consequence of variability and uncertainty. Available PBPK simulations of pharmacokinetics in adults 351 
should be submitted as support. Effects of maturation, such as potential quantitative changes in the 352 
contributions of the various elimination pathways in paediatric age subsets should be addressed. 353 
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5.3.  Assumptions  354 

An explicit and systematic discussion of the assumptions made in the submitted drug model and in the 355 
associated analysis should be provided. Data to support the assumptions and their biological 356 
plausibility should be presented and discussed as well as the impact the assumptions have on the 357 
model and the outcome.  358 

Unless well-established or impossible, the effects of assumptions should be tested in additional 359 
experiments or simulations. A discussion of which of the assumptions are considered testable should 360 
be provided. Some assumptions may be tested through sensitivity analysis (see section 5.5.4). The 361 
approaches used to test the assumptions and the outcomes should be presented. 362 

5.4.  System dependent parameters  363 

The parameters of the simulated datasets should be summarised. Any modification of the default 364 
values of the system-dependent parameters supplied in a commercial PBPK platform should be justified 365 
e.g., changing the values of the degradation constant (kdeg) of metabolising enzymes (Investigation of 366 
drug interactions, CPMP/EWP/560/95/Rev. 1). A re-qualification may be needed, see section 4.4. The 367 
ontogeny of enzymes for paediatric modelling could be justified by using a conservative approach 368 
supported by literature references.  369 

5.5.  Drug model 370 

The PBPK report should include a thorough description of the investigational drug model. The different 371 
components of the drug model development that should be addressed in the report are described in 372 
detail below. 373 

5.5.1.  Description of model building 374 

The building of a PBPK model is a continuous process that includes construction, verification, 375 
evaluation and modification of the model prior to its application. A description of the full history of the 376 
construction of the PBPK model through discovery and development is not needed. However, an 377 
overview of the model building should be supplied, with more detailed information on the supportive 378 
data for important assumptions and on uncertain parts of the model. Any adaptation of the model to 379 
optimize the fit of the simulation to in vivo results should be justified, and it should be clear during 380 
which part of the construction process the adaptation was performed. If several updates were made to 381 
adapt the model to improve the fit for a certain parameter, the consequences of the choices made for 382 
the subsequent simulations should be discussed. The overview can be illustrated with a figure (Figure 383 
3). 384 
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Figure 3: Example of a modelling workflow 385 
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 386 

5.5.2.  Drug dependent parameters  387 

A summary of parameter name, parameter values (mean with known or predicted variability) and 388 
sources of the parameter values, ideally compiled in table format (Appendix 1, Table 1), should be 389 
included in the report. The parameters described should include physico-chemical properties and ADME 390 
data. If there is more than one source of a certain parameter, the value chosen should be justified and 391 
the consequences discussed. 392 

Some parameters in the model can be either measured or predicted (e.g. fumic, log D). Importance for 393 
the model of such parameters should be assessed. If deemed important, the parameters should 394 
preferably be measured or otherwise justified.  395 

For estimated parameters, the chosen estimation procedure must be described such as the used 396 
objective function, minimisation method and error models. The estimated parameter value should also 397 
be discussed with regard to its biological plausibility.  398 

Consideration should be given to whether there are parameters in the model that are correlated and if 399 
there is uncertainty in the value of more than one of the parameters. In the case that an identifiability 400 
issue is suspected additional in vitro or clinical data may be required to increase certainty in the 401 
parameters. A description on how any identifiability issues have been handled should be given.  402 
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5.5.3.  Drug model structure 403 

The model structure, including the absorption model for orally administered drugs, should be described 404 
in the report. The scientific rationale for using the specific model structures should be provided, 405 
together with assumptions associated with the model. If lumping of compartments is made this should 406 
be justified and potential consequences should be discussed. 407 

5.5.4.  Sensitivity analysis 408 

Sensitivity analysis can broadly be described as a systematic investigation that leads to an 409 
understanding of how changes in the model input parameters (both system and drug dependent 410 
parameters) can influence the simulation outputs.  411 

The approach for sensitivity analysis and the range of the parameter values tested in the sensitivity 412 
analysis should be described in the analysis plan. The range of parameter values should be justified 413 
based on prior scientific knowledge or known variability in the estimation, and a conservative approach 414 
is recommended. The basis for the decision to go forward with as specific value of a parameter should 415 
be presented.  416 

Sensitivity analysis should be performed for all parameters that are likely to markedly influence the 417 
outcome of the simulated pharmacokinetics and/or the model application. This includes key 418 
experimentally determined parameters (such as Ki), parameters with a variety of values reported in 419 
the literature (such as kdeg) and parameters that are difficult to determine, such as accumulation 420 
within hepatocytes or fu in enterocytes. Important assumptions (see section 5.3) can be subject to 421 
sensitivity analysis using a “worst-case” approach. Parameter values that are highly uncertain should 422 
be used with caution. 423 

When the sensitivity analysis is performed in the modelling of the investigational drug as perpetrator of 424 
DDIs, the PBPK model of the investigational drug needs to maintain its ability to predict the observed 425 
plasma concentration-time curve of the perpetrator drug. The consequence of the uncertainty in an 426 
important parameter for the prediction could therefore be added to the uncertainty in the interaction 427 
parameters (e.g. Ki) by performing sensitivity analyses on these parameters (Investigation of drug 428 
interactions, CPMP/EWP/560/95/Rev. 1).  429 

When PBPK is used for simulation in the paediatric population additional sensitivity analysis on the 430 
uncertainty related to maturation of enzymes and transporters involved in the elimination should be 431 
performed, if relevant. 432 

5.5.5.  Characterizing the level of confidence in PBPK models, including 433 
uncertainty  434 

The reliability of the evaluated model predictions should be addressed. Uncertainty reflects a lack of 435 
knowledge about the true value of a parameter or the validity of an important assumption. In principle, 436 
uncertainty can be reduced e.g. by more precise measurements. The uncertainty could also be 437 
addressed by sensitivity analyses for specific input parameters, as described above, or by additional 438 
experiments to get a better understanding of the uncertain parameter. The best way to handle 439 
uncertainty in a model besides these measures is presently not clear. The applicant is encouraged to 440 
follow the scientific literature in this area and to seek CHMP Scientific Advice as appropriate. 441 



 
 
Guideline on the qualification and reporting of physiologically based pharmacokinetic (PBPK) modelling 
and simulation 

 

EMA/CHMP/458101/2016 Page 14/18 
 

5.5.6.  Evaluation of the drug model 442 

A drug model must be shown to be capable of predicting the observed basic pharmacokinetics of the 443 
investigational drug before the model can be used for simulations of special situations. Otherwise it is 444 
necessary to refine and update the model with more ADME data. The PBPK report should include an 445 
evaluation of the predictive performance of the investigational drug model, to ensure that the drug 446 
model consistently describes the observed pharmacokinetic behaviour of the drug.  447 

The evaluation should be made by assessing the ability of the model to predict the outcome of 448 
representative in vivo pharmacokinetic studies or population pharmacokinetic analyses, preferably at 449 
different dose levels and at single and repeated drug administrations. Additional support could be 450 
gained by simulating potential dose dependency (non-linearity), DDIs, different routes of 451 
administration (e.g. intravenous vs. oral) and urine excretion. A critical discussion of the 452 
representativeness of the selected studies should be included. 453 

The comparison of the simulated and the observed plasma concentration-time data should be 454 
presented as plots of simulated against observed data (linear and semi-log plots) and as tabulated 455 
pharmacokinetic data. Visual predictive plots may be presented comparing the central trend and 456 
variability of the observed data with the simulation. The consequences of poor predictive performance 457 
in any part of the plasma concentration time curve should be discussed (Cmax, tmax, t1/2 and AUC). 458 

Any outliers in observed pharmacokinetic data should be addressed and the potential reasons for the 459 
outlying data should be discussed.  460 

The acceptance criteria for the closeness of the comparison of simulated and observed data need to be 461 
considered separately for each situation e.g. the acceptance limits for a victim drug must be set in 462 
perspective of the concentration-effect and concentration-safety relationships of the drug. Biologically 463 
plausible reasons for any discrepancy in the prediction should also be considered.  464 

The evaluation of the drug model for a certain purpose should focus on evaluating the parts of the drug 465 
model that are central to the intended purpose. For example, for a high regulatory impact simulation of 466 
a drug as victim of a DDI involving a certain enzyme, the drug model evaluation may include 467 
demonstration of adequate prediction of the observed results of an in vivo drug-interaction study with 468 
a well characterised inhibitor of the same enzyme, in addition to prediction of basic in vivo 469 
pharmacokinetic data. If the affected enzyme is significantly present in several tissues, such as CYP3A 470 
in the intestine and liver, adequate prediction of effects on the investigational drug needs to be shown 471 
for inhibition at both locations with satisfactory prediction of Cmax and t1/2 as well as AUC. If a 472 
polymorphic enzyme is involved in the metabolism, adequate prediction of the results of a study on the 473 
effects of pharmacogenetics could be used to confirm the accuracy of the drug model.  474 

When assessing the results of the simulation if the inhibitor used in the study may have affected other 475 
proteins involved in the disposition of the investigational drug should be considered. For high impact 476 
simulations aiming at qualitatively predicting the in vivo relevance of an observed in vitro enzyme 477 
inhibition by the investigational drug, the most important part of the simulation is that adequate 478 
unbound concentration is simulated at the site of the enzyme. This is supported by demonstration of 479 
an adequate prediction of the plasma concentration-time course for the investigational drug. However, 480 
the possibility of transporter effects leading to higher hepatocyte than blood concentrations needs to 481 
be considered in the simulation (See Section 5.5.4 and Investigation of drug interactions, 482 
CPMP/EWP/560/95/Rev. 1). If the enzyme is present in the intestine, adequate prediction of the 483 
absorption of the investigational drug should be demonstrated. 484 
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5.6.  Results  485 

The results of the final simulation should be presented in a clear and comprehensive manner. The 486 
relevant, simulated pharmacokinetic parameters (e.g., AUC, Cmax, t1/2, Cmin, interaction ratios, and 487 
inter-individual variability) should be tabulated and presented visually by figures and graphs, if 488 
relevant. The parameter values should be reported with descriptive statistics such as mean and 489 
standard deviation and/or range.  490 

The details of all simulation conditions should be specified including, but not limited to, dosing 491 
information, number of individuals, length of study, etc.  492 

The model files that were used to generate the final PBPK simulations (including compound and 493 
population files) should be provided in a tabular format in the report as well as submitted separately in 494 
an executable format.  495 

The outcome of performed sensitivity analysis should be provided (see section 5.5.4). 496 

5.7.  Discussion of the simulation results and regulatory consequences 497 

The contribution of the PBPK modelling and simulations to regulatory decision making and the 498 
regulatory impact (high, moderate or low) should be explicitly stated.  499 

Any decision (e.g., on dose adjustments) based on PBPK modelling of changes in the exposure to the 500 
investigational drug should consider the relationship between exposure and efficacy/safety, taking into 501 
account the exposure target range, if identified (see section 5.2).  502 

The confidence in the model predictions should be considered before conclusions are drawn based on 503 
the model, and it should be discussed how the potential uncertainty may influence decision making. 504 

A discussion of the scientific plausibility of the simulation results should be provided taking into 505 
account data from other sources. 506 

Definitions  507 

The following terms and definitions will be used for the purpose of in this guideline: 508 

Computational model/solver: Parts or algorithms included in the computing platform that 509 
numerically solves the mathematical model. 510 

Drug dependent parameters: Physiochemical properties, in vitro and in vivo ADME parameters, 511 
pharmacokinetic characteristics. 512 

Drug model structure: The structure, i.e. framework of compartments, of the PBPK model (including 513 
absorption model, perfusion- or permeability-rate limited , number of distribution compartments, etc.) 514 
and connecting organ blood flows. 515 

Identifiability: There is sufficient information in the experimental input–output design to uniquely 516 
identify model parameters. 517 

Compound files: Compound PBPK files supplied within a platform (e.g., inhibitors, inducers and 518 
substrates). 519 

Mathematical model: The underlying equations proposed to model a process. 520 
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PBPK platform: The platform used, i.e., a collection of computer programs and included system data. 521 
This includes the model structures, mathematical model, computational model, system dependent 522 
parameters including library compound files, etc. 523 

Predictive performance of drug model: The process of establishing confidence in the drug model. 524 
The reliability is assessed on the basis of how well important characteristics of the drug model has 525 
been tested against in vivo pharmacokinetic data and whether adequate sensitivity and uncertainty 526 
analyses have been conducted to support the models ability to provide reliable predictions. 527 

Qualification: The process of establishing confidence in a PBPK platform to simulate a certain 528 
scenario, in a specific context, on the basis of scientific principles, and ability to predict a large dataset 529 
of independent data thereby showing the platforms ability to predict a certain purpose. In the context 530 
of PBPK models, qualification is purpose and platform version specific. 531 

Sensitivity analysis: Quantitative evaluation of how changes and uncertainty in input parameters 532 
influence the model output. 533 

System dependent components: These include parameters related to human physiology (in the 534 
population simulated) e.g. anatomical representation, organ blood flow, tissue composition, abundance 535 
of enzymes and transporters. 536 

Uncertainty: A lack of knowledge about the true value of a parameter or the true physiological 537 
processes. This occurs due to a lack of knowledge either from incomplete data or an incomplete 538 
understanding of a process. Uncertainty can often be reduced by collecting more and better data. 539 
Uncertainty can be qualitative or quantitative 540 

ADME: Absorption, distribution, metabolism and excretion  541 

AUC: Area under the plasma concentration-time curve  542 

CHMP: Committee for Medicines for Human Use  543 

CL: Clearance 544 

CLint: Clearance intrinsic  545 

CLH: Hepatic clearance 546 

Cmax: Maximum /peak concentration  547 

Cmin Minimum concentration 548 

DDI: Drug-drug interaction 549 

EMA: European Medicines Agency 550 

fm: Clearance fraction via a certain metabolic pathway 551 

fu: Fraction unbound in plasma 552 

fugut: Fraction unbound in gut (entrocytes)  553 

fumic: Fraction unbound in microsomes 554 

Ka: Absorption rate constant 555 

Kdeg: Degradation rate constant  556 

Ki: Inhibition constant  557 
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Km: Michaelis constant 558 

PBPK:  Physiologically Based Pharmacokinetic models  559 

PIP: Paediatric Investigational Plan  560 

SmPC: Summary of product characteristics 561 

t1/2: Half-life 562 

tmax: Time to reach Cmax 563 

Vmax: Maximal initial metabolism rate 564 
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APPENDIX I 575 

Table 1: Example of drug-specific information needed for a parameter during PBPK model 576 
development of a candidate drug  577 

Parameter Mean ±SD / 
or min-max) 

Reason for use Source 

Parameter 1    

Parameter 2    

Parameter 3    

etc    

    

    

 578 
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