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Our experiences and perspectives are informed by (1)

2

Pfizer (pre 2019)

PM was Head of Global 
Pharmacometrics and Clinical 
Pharmacology lead on MIDD 
implementation for the Pfizer 
enterprise

RA was Head of Global Statistics 
and Statistics lead on MIDD 
implementation for the Pfizer 
enterprise
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Our experiences and perspectives are informed by (2)

3

Pharmetheus (since 2019)

PM is the CEO and acts as a 
consultant to clients on MIDD 
implementation and project related 
matters

RA is Chief Statistician and acts as 
a consultant to clients on MIDD 
implementation and project related 
matters
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Pharmaceutical industry sector level influence

Challenge: 

“Despite the well-documented sector, associated pressures, and productivity 
challenges, there is a large inconsistency in terms of MIDD utilization across 
the pharmaceutical industry. This is most likely a consequence of  the ROI for 
MIDD not being well understood within the higher echelons of the 
pharmaceutical industry and health authorities. Furthermore, although the 
current MIDD practice levels have been valuable and influential to a (variable) 
degree, it is unlikely that the overall sector-associated pressures can be 
meaningfully impacted if the status quo is maintained.”
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Pharmaceutical industry sector level influence

Opportunity:

“Generating greater awareness among industry and regulatory decision-makers as to 
why and how MIDD can be beneficial is essential. It is important for increased 
implementation to shift the balance from the technical advocates ‘‘pushing’’ 
MIDD to the decision-makers ‘‘pulling’’ MIDD. In order to support determination 
of the ROI for MIDD, sections 3.1 and 3.2 illustrated the nature and extent of 
impacts for a variety of quantitative approaches across a range of relevant 
R&D scenarios. In addition, in section 4.5 of this document we will introduce an 
‘‘EFPIA categorization of MIDD value for internal decision-making’’ that will 
enable determination of the business value obtained via MIDD.”
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Applications of MID3 in the public domain

About 100 case studies 
arranged by Application 
Type and R&D stages

~30 exemplified in document

Summarised by:
Key themes

Activities levels

Modelling approach

R&D questions

Internal impact and decision 
making
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Survey: further considerations

Educate decision makers in all organizations via workshops and guidelines

Role of modeling scientists in early strategic planning and looking to influence 
their organizations from an internal perspective

Role of professional bodies and consortia

“important to note that the overall goal should not be to raise the bar for few but 
to shift the baseline for the whole pharma sector”
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Improving Phase 2/3 success is biggest factor to improve R&D productivity
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Within companies, it is working organizationally, when:

The quantitative disciplines have a level of common understanding, and 

appreciation of, the skills within the other disciplines

each discipline brings complementary skills and perspectives/knowledge

each is necessary and important for achieving the overall objective efficiently

The decision makers (and the quantitative disciplines) can frame the “right” 

questions in a quantitative manner

The decision makers (and the quantitative disciplines) can quantify, understand 

and manage uncertainty

expressed through probability considerations relative to some pre-specified success 

criteria
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Within companies, it is working technically, when:

The quantitative disciplines adopt an appropriate blend of: 

Modelling components

Quantification of greatest compound risks (sources of uncertainty, most important 

assumptions) informing contingency plans to manage/mitigate risks appropriately

Knowledge management/evidence synthesis components

Generating insights (certainty) around a compound's properties by leveraging accumulated 

data more effectively

Informing the attributes of any “new” data and/or reducing the need for “new” data

Statistical components

Informing the selection of the most efficient study/program designs (optimized to the 

relevant “success” criteria)
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Pharmaceutical industry sector level influence

Comment on Progress:

Clear advancements have been made – more is being done and showcased 
Can Model Informed Drug Development → Drug Development?

Push and pull dynamic has shifted with FDA pilots programs of particular note
Client (medium/large) companies experiences are largely favorable 

Participation promotes considerable internal dialogue

What does “success” look like?
can we gain greater industry alignment?

can we have something similar for Regulatory Agencies – an umbrella guidance?
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Organizational level influence

Challenges #1:

“MIDD aims to enhance the extraction of inference from both existing information and data 

emanating from ongoing experiments. MIDD is an integrative approach that can effectively 
support translation across, and extrapolation beyond, a given set of experimental 

conditions. 

An inherent consequence of this integrative approach is that the necessary source data, 

information, expertise will reside across a broad range of personnel, departments, and 
institutions. However, an unintended consequence can be the potential for ‘‘narrower’’ 

concerns emanating from infringements of actual or perceived ‘‘control,’’ ‘‘ownership,’’ 

‘‘territory,’’ and ‘‘domain’’ diminishing the likelihood that the ‘‘broader’’ organization can 
derive the greatest benefit.”
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Organizational level influence

Challenges #2:

“Another ‘integration’’ challenge surrounds how well MIDD can fit within R&D 
planning, processes, and timelines that are designed to service the needs of 
study level activities. For the potential for MIDD to be realized, the associated 
outputs need to be available for specific R&D decisions and be of a 
quality consistent with appropriate industry and regulatory standards. 
This can present a significant challenge for what are predominately iterative 
modeling approaches and can also curtail the choice of approach taken 
because of both data and time constraints.”
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Organizational level influence

Opportunities: 

“The desired technical methodologies for MIDD are established, and 
companies have colleagues with the appropriate skills to deliver them. 
However, most companies do not fully capitalize on this opportunity as a result 
of organizational and/or cultural impediments. Mitigating or removing these 
organizational impediments has been shown to improve late-stage clinical 
development productivity. 
In addition, the adoption of a more realistic assessment of the merits of any given 
compound can bring productivity dividends to the organization. A cultural shift 
toward ‘‘truth-seeking’’ and away from ‘‘progression-seeking’’ across 
individuals, teams, and governance can mitigate many if not all of the principal 
challenges for enhanced MIDD implementation.”
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Confirmation Bias: 

Ignore evidence that contradicts their preconceived notions (conclude 

bad data v null drug effect)

Anchoring: 

Weigh one piece of information too heavily in making decisions (focus 

on the one positive trial….but of how many?)

Loss aversion: 

Too cautious (continue project - sunk costs or don’t want to accept 

the project isn’t going to yield a drug)

Bias in Decision Making 

Daniel Kahneman

Harvard Business Review – June 2011
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Interaction with PSI/ EFSPI (Statisticians in the Pharmaceutical Industry) 
Special Interest Group for M&S workshop May 2016
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Basic standards in planning & reporting for MID3 activities

Risk Based QC/verification

Documentation of assumptions, evaluation & impact assessment of 
MID3 activities

Basic standards in planning & reporting M&S related to trial 
design

M&S plans templates proposed 

Sensitivity analyses and operating characteristics

Pre-specification of assumptions
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Publications by Journal type: MIDD distributions
Lalonde (2007) (N=415)

Medical and Health Sciences (other than Pharmacology)

Pharmacology and Pharmaceu�cal Sciences

Other

Mathema�cal Sciences

24

Milligan (2013) N=145

Medical and Health Sciences (other than Pharmacology)

Pharmacology and Pharmaceu�cal Sciences

Other

Mathema�cal Sciences

Marshall (2016) N=140

Medical and Health Sciences (other than Pharmacology)

Pharmacology and Pharmaceu�cal Sciences

Other

Mathema�cal Sciences

Visser (2018) N=6

Medical and Health Sciences (other than Pharmacology)

Pharmacology and Pharmaceu�cal Sciences

Other

Mathema�cal Sciences
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Model Informed Drug Development, in words

Lalonde et al:

“Development and application of pharmaco-statistical 
models of drug efficacy and safety from pre-clinical 

data to improve drug development knowledge 
management and decision making”

PDUFA VI Goals Letter:

“Development and application of exposure-based, 
biological, and statistical models derived from pre-

clinical and clinical sources to address drug 
development or regulatory issues”

Marshall et al:

“A quantitative framework for prediction and 
extrapolation centered on knowledge and inference 
generated from integrated models of compound, 

mechanism and disease level data aimed at improving 
the quality, efficiency and cost effectiveness of 

decision making”

ICH MIDD Proposal

“the use of quantitative models for prediction and extrapolation, 
centered on knowledge and inference from integrated model-informed 
representations of compound, mechanism, patient population, and 
disease-level data derived from appropriate pre-clinical, clinical, and real-
world data sources with the aim to reduce uncertainty about safety and 

efficacy of investigational drugs and increase transparency in 
regulatory standards to improve drug development efficiency”



Organizational level influence

Comment on Progress: 

Top-down – leadership buy-in as to what “success” looks like, focus on stakeholders 
Fosters gap analysis approach, supporting choice of route to advance, based on the level of ambition 
within the organization 

Top-down – Clinical Pharmacology/Pharmacometrics leaders perform development team 
leader roles

Bottom-up - “we” read “our” journals, focus on the statisticians
(MIDD) Regulatory publications appearing in statistical journals
(MIDD) Academic/methods publications appearing in statistical journals
More MIDD presentations at statistical conferences

Bottom-up - “we” read “our” journals, focus on the clinician
(MIDD) Application publications appearing in medical journals
More MIDD presentations at therapeutic area conferences
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Plan level influence

Challenges:

“Clinical development plans emanating from a rigid ‘‘confirmatory mind-
set,’’ which can lead to an overreliance on empirical evidence to address 
clinically important questions. This can be the result of a narrow 
interpretation of the validity of alternative approaches to the randomized 
clinical trial in generating a robust evidence base from which to draw 
clinical inference.”
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Plan level influence

Opportunities:
“There should be more effective dialog during plan creation. Consideration should be made of the following 
qualifying questions in order to gain greater alignment and consensus across stakeholders and the multiple 
disciplines contributing to the plan construction and implementation.”

 Determine what information will be generated and how will these activities inform the decision(s).
 Check that the proposed activity can provide answers to the identified questions and that the questions are pertinent.
 Check that there is an efficient balance between study-based activities vs. broader compound, mechanism, and disease-

based activities.
 Determine what are the technical and resource interdependencies and time sequences between each activity in the MIDD

plan.
 Determine what the most impactful assumptions are.
 Determine what the most likely limitations are.
 Determine what will be done to ensure availability of deliverables in sufficient time to inform the decision.
 Determine what would be the impact of not performing these activities.”
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Drivers of high development costs

Preclinical screens and predictive 
model performance

Chronic and complex indications

Clinical trial size

Patient recruitment and retention

Increased protocol complexity

Regulatory demands

Commercial demands
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PDUFA VI: Janet Woodcock* perspectives**

Additional tools beyond RCT will “come into play”

Extreme heterogeneity in disease manifestation and rare 
diseases compromise RCT efficiency

More questions rather than “does the drug work”?
re-position the (over) emphasis on preserving α

Largely becomes a set of Clinical Pharmacology questions
coupled with statistics and medicine…

greater collaboration across the 3 disciplines within FDA needed 
during policy/guidance development and review cycle …..
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* Director of the Center for Drug Evaluation and Research (CDER)

** Presented at DIA/FDA Statistics Forum 24th April 2017, North Bethesda, MD



PDUFA VI: Janet Woodcock* perspectives**

New methodological approaches that can answer more than one 
question at a time “are the future”

Platform trials with disease centric Master Protocols***

consider regimen improvement benefits as well as NCE benefits

“inherently adaptive” in design

Quantitative benefit: risk analysis and move away from current “pseudo-
qualitative” approach

Explicit assumptions - particularly relative weighting

Patient focussed drug development will require “a significant shift in how 
development is implemented” 

PRO instruments to characterise “what matters to patients” – the burden of 
treatment
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* Director of the Center for Drug Evaluation and Research (CDER)

** Presented at DIA/FDA Statistics Forum 24th April 2017, North Bethesda, MD
***Woodcock J, LaVange LM. Master Protocols to Study Multiple Therapies, Multiple Diseases, or Both. N Engl J Med 2017; 377:62-70.



PDUFA VI: Janet Woodcock* perspectives**

Trend towards (mechanistically plausible) targeted therapies

Necessitates different development programme design

Genetic predisposition implications for interventions 

Use of natural history comparative data should be fit for purpose

Greater emphasis on outcomes rather than heterogeneity

Qualification of clinical outcomes to become more robust and 
move beyond clinician “face validity”

What is the “minimally significant” clinical benefit level? 

Qualification of biomarkers codified as “fit for purpose within a 
context of use”
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* Director of the Center for Drug Evaluation and Research (CDER)

** Presented at DIA/FDA Statistics Forum 24th April 2017, North Bethesda, MD
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CID and MIDD Pilot Programs

36 https://www.fda.gov/CIDpilot and https://www.fda.gov/drugs/development-resources/model-informed-drug-development-pilot-program

Jointly administered by statisticians from
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

Enhancing regulatory decision tools to support drug 
development and review

includes designs involving complex adaptations, Bayesian 
methods, or other features requiring simulations to determine 
statistical properties (e.g., type I error)

To facilitate the advancement and use of CIDs
Develop staff capacity
Conduct a pilot meeting program
Develop or revise relevant Manuals of Policies and Procedures 
(MAPPs), Standard Operating Policy and Procedures (SOPPs), 
and/or review templates
Publish draft guidance
Convene a public workshop

Jointly administered by 
CDERs Office of Clinical Pharmacology
CBERs Office of Biostatistics and Epidemiology

Conduct a pilot program with a priority for requests on:
Dose selection or estimation (e.g., for dose/dosing 
regimen selection or refinement)
Clinical trial simulation (e.g., based on drug-trial-disease 
models to inform the duration of a trial, select appropriate 
response measures, predict outcomes, etc.)
Predictive or mechanistic safety evaluation (e.g., use of 
systems pharmacology/mechanistic models for predicting 
safety or identifying critical biomarkers of interest)

Develop or revise MAPPs, SOPPs, review templates 
and training, to incorporate MIDD guidelines

Publish draft guidance, or revise relevant existing 
guidance, on MIDD

https://www.fda.gov/CIDpilot
https://www.fda.gov/drugs/development-resources/model-informed-drug-development-pilot-program
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39 https://pharmetheus.com/covid-19-impact-on-clinical-trials



Plan level influence

Comment on Progress:

If an MIDD plan exists is it core to the Development Plan?
Model Informed Drug Development → Drug Development

We have for some time been developing drugs “differently” due to
the nature of the compound, the modality of medicine, the diseases studied, the data 
generated, the basis upon which decisions are made etc. which have effected drug 
development conduct …… 

then the SARS-CoV-2 virus appeared…..

What role will MIDD have in the new norm? 
Fail to plan, plan to fail
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Activity level influence

Challenges #1: 

“Approaches that are precedented and conservative can be considered in some 

quarters to be the most robust and trustworthy. In line with good clinical practice 

and International Conference on Harmonization guidelines, primary data analyses 
are defined in clinical study protocols and statistical analysis plans in advance of 

study initiation and conduct. Although this approach fulfils a requirement for both 

statistical rigor and integrity, which is of particular importance within a confirmatory 

setting, pre-specification will often lead to the adoption of more straightforward 
‘‘assumption-light’’ analysis methods.”
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Activity level influence

Challenges #2: 

“Within a confirmatory setting, MIDD approaches are often conducted as secondary or exploratory analyses after the 

primary analysis has been conducted and communicated, limiting the potential for MIDD approaches to effectively 

influence R&D decision-making and regulatory assessment. Another challenge is the degree of inconsistency in the 

format and detail of MIDD application that exist across the range of reports submitted to regulators (e.g., clinical 

overview or SmPC both across companies and between regulatory reviewers). Important elements, such as questions to be 

addressed by particular analyses, resultant conclusions, and recommendations, are not always clearly and 

effectively communicated. There is a tendency for sponsors and regulators to focus on the technical aspects of MIDD, 

such as individual parameter uncertainty and variability rather than on the ‘‘bigger picture’’ joint/integrated uncertainties 

manifest in, for example, an exposure-response curve and the resultant influence on dosing and labeling recommendations.” 
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Activity level influence

Challenges #3: 

“From the perspective of the regulatory assessor, there is often insufficient information 
provided to be able to effectively judge the appropriateness of the model for estimation and/or 

prediction/simulation. The 2011 EMA/EFPIA M&S workshop identified two common limitations 

of analysis documentation submitted for regulatory review: a lack of transparent description 
of influential assumptions, and an ineffective evaluation or reporting of the impact of 
potentially erroneous assumptions (i.e., sensitivity analyses) on the resultant 

conclusions and recommendations. These limitations were considered to be an unequivocal 
barrier to the wider acceptance of MIDD approaches within the regulatory agencies 
(and industry).”
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Activity level influence

Opportunities #1:

“There is a growth in the use of analysis methodologies, such as systematic 
reviews to complement, and in many aspects enhance, the level of 

information derived from traditional randomized controlled studies. There is 

a greater recognition that fit-for-purpose approaches derived from a broader 

set of analysis methods can efficiently inform clinical and regulatory 
decision making.”
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Activity level influence

Opportunities #2:

“Of particular importance to MIDD capability and capacity will be the Drug Disease Model Resources 

consortium. This Innovative Medicines Initiative call will enable a continuous integration of available 

information related to a drug or disease into constantly evolving mathematical models. The models will be 

capable of describing and predicting the behavior of studied systems to address the questions of researchers, 

regulators, and public health care bodies. This will be achieved through the generation of a common definition 

language for data, models, and workflows, along with an ontology-based standard for storage and 

transfer of models. All drug and disease model libraries developed will be made available as a public resource 

and an opensource interoperability framework will be the backbone for the integration of modeling 

applications.”
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Activity level influence

Opportunities #3:

“With respect to the second challenge, this document aims to establish de 
facto standards and good practices. As stated earlier, greater 
transparency with respect to the chosen data, methodologies used, key 
assumptions, model assessment, and pre-specification (when 
appropriate) have been highlighted as important issues to address. The EFPIA 

workgroup proposal with respect to good practices and documentation for MIDD 

is addressed in section 5.”
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International Society of Pharmacometrics (ISOP): dataset standards 

50

CDISC: Study Data Tabulation Model (SDTM)

CDISC formed 1997

Limited uptake, each company had own 
standards and limited motivation to 
change without assurance that the 
standard would be universal

Precipitating event in 2004, this standard 
referenced in the eCTD Guidance

Within two years becomes standard 
practice for companies 

ISOP: Standards for Pharmacometrics 
Datasets

Builds on CDISC, but specific for 
Pharmacometric datasets

Established 2015

Version 1 of standards Nov 2020

Limited uptake so - similar reasons to 
CDISC at first?

Does this need a similar precipitating event  
galvanize support and drive compliance? 

Could/should this fall under CDISC?
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Activity level influence

Comment on Progress: 

We (still) have variability in practice levels across our community

Our community’s approach to standards creation and utilization is rate limiting

We recognize the need greater consistency in practice levels, we express a 
desire to follow standards, but we have difficulties to create “community 
norms” 

What is the MIDD “carrot and stick”? 
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Global Regulators are actively embracing MIDD

Complex 
Innovative 

Trial 
Designs 

Model-
informed 

Drug 
Developmen

t

Biomarker 
Qualification

Real World 
Evidence

Benefit/Risk 
Assessment

Patient 
Voice

EMA

FDA

Extrapolation 
Framework 

PDUFA VI
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Current Applications

Dose Optimization 

Dose Optimization for the general patient population 
prior to drug approval 

Dose Optimization for subgroups 

Dose Optimization post approval 

Supportive evidence of efficacy Informing clinical trial 
designs 

Policy development

Future trends and considerations

MIDD under PDUFA VI

Mechanistic models

Models to analyze medical images

Real world data/ real world evidence



Closing comments

Model Informed Drug Development → Drug Development

We have a shared ambition to realize the potential of MIDD

We seek greater normalization of quantitative activities towards company and 
regulatory decision making 

We seek a shift in our practitioners from solution provider to problem owner

We seek an improved integration with related quantitative disciplines

We posses the technical foundations and we have the ability to grow technically to 
meet increased challenges 

We need to do better with our practice standards and our collective norms
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