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PERSPECTIVE

At key stages in the drug-development program, decision 
makers rely on the best rationale to select targets, drug can-
didates, trial designs, dose regimens, patient populations, 
and suitable end point measures. A lack of informed deci-
sion making can have detrimental effects to patients, cause 
attrition of potentially successful development programs, or 
induce substantial financial losses.3

M&S is seen as the core technology in MBDD to describe 
and predict the behavior of complex diseases, biological sys-
tems, and drug actions; essential to knowledge integration; 
and through inference providing the quantitative basis for well-
informed decision making. But the current path to model-based 
knowledge integration is hampered by a lack of common tools, 
languages, and standards for M&S, with limited or time-con-
suming access to stored information, thereby creating unnec-
essary hurdles to exploit knowledge.

To facilitate knowledge integration for decision making, 
DDMoRe, a consortium of European Federation of Pharma-
ceutical Industries and Associations (EFPIA), Academic and 
Small Medium Enterprise (SME) partners, is developing a 
public drug and disease model library supported by an open 
source interoperability framework which will provide access to 
existing and future modeling tools. This may be ambitious; how-
ever, DDMoRe envisages that the standards and tools devel-
oped over the course of the project will become the reference 
for future collaborative work in drug and disease M&S, serving 
internal and external stakeholders, regulators, academics, and 
the pharmaceutical industry in addressing the current bottle-
necks in the drug-development process. (Figure 1)

ESTABLISHING A DRUG AND DISEASE MODEL 
LIBRARY

A drug and disease model library is being created to store 
and promote the reusability of models. DDMoRe has 

identified a number of high interest disease areas to exem-
plify the implementation of its language standards within 
the open source interoperability framework. A collection of 
diabetes and oncology models, both existing and requiring 
development, were selected for their value in drug develop-
ment. Thirty published pharmacokinetic, pharmacodynamic, 
pharmacokinetic–pharmacodynamic, physiologically based 
pharmacokinetic, disease and systems pharmacology/biol-
ogy models covering differing phases of the drug-develop-
ment process will initially be stored in the library and new 
models in key therapeutic areas added over time. In each 
therapeutic area, relevant models were identified from the 
literature, but gaps were also highlighted in model coverage 
which will direct new model development over the course of 
the DDMoRe project.

DRAFTING A NEW MODEL DESCRIPTION LANGUAGE

The model coding language (MCL) has been conceived to 
provide a single, unified language that can capture the defini-
tion of models together with their parameters and data attri-
butes, irrespective of the target software for performing the 
M&S task.

The MCL will bring together features of various languages 
to code models and is intended to be flexible, extensible and 
easy to code, understand and use. This will reduce rework 
and recoding in passing models between software platforms 
thereby helping to promote consistency and reusability of 
models and propagate knowledge throughout the drug-
development process.

Forming a model description language, the MCL is com-
bined with a complementary task execution language (TEL), 
which describes how the input from the MCL will be used to 
generate a desired output. The TEL will allow connecting the 
users’ modeling aims, the immediate task of execution of a 
modeling-related task, and the overarching analysis workflow 
within the interoperability framework.

Model-based drug development (MBDD) is accepted as a vital approach in understanding patients’ drug-related benefit and 
risk by integrating quantitative information integration from diverse sources collected throughout drug development.1 This 
perspective introduces the activities of the Drug and Disease Model Resources (DDMoRe) consortium, founded in 2011 through 
the Innovative Medicines Initiative Joint Undertaking (IMI-JU)2 as a European public–private partnership to address a lack of 
common tools, languages, and standards for modeling and simulation (M&S) to improve model-based knowledge integration.
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Specifications for both aspects of the model description 
language (MCL and TEL) have been drafted, reviewed, and 
will be made public shortly, but a depiction of the key com-
ponents constituting the model description language is given 
in Figure 2.

DEVELOPING AN OPEN SOURCE INTEROPERABILITY 
FRAMEWORK

For the DDMoRe project to be successful, a platform must be 
developed that enables the integration of existing software, 
tools, and desired modeling workflows, as well as improving 
the integration efficiency for new methodologies.

There will be mechanisms to translate the new modeling 
language into the specific languages of different softwares 
such as NONMEM, Monolix, R, and WinBUGS. Once basic 
commands are supported, an engine will be incorporated 
that orchestrates the execution of complex modeling work-
flows, involving simulation of trial designs, parameter esti-
mation, derivation of inferences, and analysis reporting. The 
framework will be extended to allow interactions with the 
modeling Ontology KnowledgeBase server that will provide 
assistance with the annotation of models to facilitate sharing 
and reuse.

The infrastructure of the framework will also comprise a 
distributed tool execution framework, connectors within this 
framework, and rule sets that define constraints on how the 
tools will be executed (exemplified illustration of process flow 
given in Supplementary Figure S1 online).

CREATING A MODELING FRAMEWORK PROTOTYPE

To demonstrate and facilitate the development of the lan-
guages, examples were defined addressing various aspects 
of the modeling workflow. Although simpler models and mod-
eling tasks will be illustrated using warfarin pharmacokinetic–
pharmacodynamic models, more complex models involving 
integrated physiological systems, disease progression, 
categorical and time-to-event data, and multilevel random 
effects models will be illustrated in the oncology, diabetes, 
and Alzheimer’s disease areas. All examples will exercise 
the main integration points of the framework, namely running 
an analysis workflow that will allow execution and manipula-
tion of modeling tasks. The prototypes will also be used to 
address other relevant tasks, such as meta-analyses, simula-
tion, and optimal design problems.

An initial prototype has been developed that provides a 
client for modeling with MCL objects, and a server for the 
execution of corresponding workflow tasks.

CREATING STANDARDS IN MARKUP LANGUAGES, 
METADATA FRAMEWORKS, AND ONTOLOGIES

To facilitate interoperability of data, models, and related meta-
data in storage and system-to-system interchange, there is 
a need for a common set of comprehensive standards. The 
needs of MBDD were explored in terms of prevailing stan-
dards, with respect to markup languages (ML) that allow 
annotation of documents, controlled vocabularies (ontolo-
gies), and model components. A relevant set of MLs was 
identified (SBML, SED-ML, NuML, CellML, and UncerML) 
and evaluated to determine whether they could form part of 
a set for DDMoRe. Beyond providing the modeling commu-
nity with a complete set of interoperable MLs, with the first 
schema to be made publically available in March 2013, the 
eventual goal is to create a coherent ontology-based solution 
in support of classification and reasoning over data and vari-
able types in databases and model libraries.

To achieve external acceptance and compatibility of the 
developed ontology and meta standards, collaborations have 
been established with the Clinical Data Interchange Standards 
Consortium, the Ricordo4 project to scope the integration of 
semantic relationships within the framework, the Pistoia Alli-
ance to achieve endorsement, and the IMI consortia Open 
PHACTS (http://www.openphacts.org) and EHR4CR (http://
www.ehr4cr.eu) to ensure compatibility of standards.

INTEGRATING EXISTING MODELING SOFTWARE INTO 
THE OPEN SOURCE INTEROPERABILITY FRAMEWORK

DDMoRe will integrate some existing softwares such as 
NONMEM, Monolix, and WinBUGS, and various R and 

Figure 1  Drug and disease model resources: main deliverables of 
the project.
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Figure 2  Modeling description language (MDL). Although the 
MCL will allow the user to define new models, the TEL will provide 
the functionality to update the objects and execution settings and 
handles the modeling tasks. MCL, model coding language; TEL, task 
execution language.

Language

Sublanguage

Objects Data Parameter Model

MCL

MDL

TEL

TEL command
(Target application)

R command
(R environment)

Task
attributes



www.nature.com/psp

Drug and Disease Model Resources
Harnisch et al

3

Matlab-based tools into the interoperability framework. It 
will also provide means to integrate other existing softwares 
by adopting standards for the design, analysis, and inter-
pretation phases of the M&S workflow and embedding the 
application programming interface and modeling language 
developed.

DEVELOPING NEW MODELING APPROACHES AND 
SOFTWARE

The participation of numerous partners provides DDMoRe 
with the unique opportunity to integrate existing modeling 
tools and address gaps in the current array of modeling soft-
ware tools and related methodological aspects to facilitate 
MBDD.

Clinical trial simulation is at the center of quantitative deci-
sion making to derive an optimal drug development path for 
future trials or optimal portfolio management in the pharma-
ceutical industry. DDMoRe is developing a clinical trial simula-
tion engine to address most realistic trial scenarios, for which 
a prototype has already been released, and has explored 
demand among industry partners for adaptive optimal design 
methodologies to increase trial informativeness. New meth-
odologies for parameter estimation in complex models, new 
strategies for covariate and random effects modeling, and 
new diagnostics for time-to-event data and random effects 
components have already been developed and are among 
the 16 DDMoRe scientific contributions to the 2012 PAGE 
conference.5

TRAINING AND EDUCATION

An initiative such as DDMoRe can only show its potential if it 
is accompanied early by a comprehensive training program 
to influence the drug-development environment in a persis-
tent way. Training will cover methodological and technological 
aspects of the project, and model-based training exercises 
will cover a number of drug-development scenarios across a 
variety of therapeutic areas. To this end, a survey on the tech-
nical and conceptual requirements in drug/disease M&S was 
conducted to identify opportunities for training and education 
purposes and will be published shortly.

OUTLOOK

This is an abbreviated summary of the activities of DDMoRe 
for the first of the 5 years of this partnership. It is by no means 
a complete detailed account of all deliverables and tangible 
outcomes, which will be provided through subsequent 
publications.

It was a considerable effort to bring more than two dozen 
organizations into a common enterprise, with many more 
colleagues being actively involved in the various develop-
ments, but it is also important to notice that this initiative can 
only succeed on its set goals if the community not directly 
involved is kept informed, allowed to comment, and interact. 
In this regard, we conducted an Advisory Board meeting with 
external stakeholders to gain feedback on plans and prog-
ress. Because external acceptance and contribution is vital 
for the long-term success of this initiative, we will continue 
to engage with stakeholders and the community by making 
outcomes public at http://www.ddmore.eu and through com-
munications at conferences and workshops.
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