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PERSPECTIVE

PDUFA VI: It Is Time to Unleash the Full Potential  
of Model- Informed Drug Development

Lokesh Jain1, Nitin Mehrotra1, Larissa Wenning1 and Vikram Sinha1*

With years of experience in modeling and simulation (M&S), 
and model- informed drug development (MIDD) as one of the 
goals in Prescription Drug User Fee Act (PDUFA) VI authori-
zation, it is now the right time to apply MIDD for high- impact 
decisions. Over the past two decades, current applications 
of MIDD in drug discovery, dose selection, benefit–risk as-
sessment, and labeling have been useful. The value proposi-
tion of M&S is acknowledged in the PDUFA VI authorization, 
which provides an excellent opportunity for industry and reg-
ulators to collaborate in further advancing the applications 
of MIDD, potentially changing drug development paradigms.

THE PREAMBLE

Approximately 20 years ago, the US Food and Drug Admini-
stration (FDA) guidance on Providing Clinical Evidence of 
Effectiveness for Human Drug and Biologic Products1 laid 
out fundamental principles with opportunities for the role 
of M&S in satisfying the regulatory requirements for the 
evidence of effectiveness. Subsequent guidances, such 
as the guidance on exposure–response analysis, detailed 
applications of model- based approaches in regulatory de-
cision making. Therefore, a natural extension would be its 
application in various regulatory submissions, including 
marketing approval based on a single efficacy trial with 
M&S providing additional primary “confirmatory” evidence. 
Throughout these years, there has been significant growth 
in applications of M&S by industry from discovery to clin-
ical development and by regulatory agencies to support 
approval and labeling decisions. However, these are gener-
ally supportive and often post hoc rather than the primary 
basis of approval. Inclusion of MIDD in PDUFA VI authori-
zation is an opportunity to reflect on prior successes and 
determine regulatory scenarios in which MIDD can play a 
more pivotal role in substantiating the evidence required 
for approval and labeling decisions uniformly across ther-
apeutic areas. The current senior leadership at the FDA, 
including the FDA commissioner Dr. Scott Gottlieb and 
Center for Drug Evaluation and Research Director Dr. Janet 
Woodcock, stands in full support of leveraging M&S to in-
crease the efficiency of drug development.2 The decision 
makers in industry should also leverage opportunities pre-
sented by PDUFA VI for greater integration of M&S in devel-
opment programs to improve efficiency and enable faster 
access to new treatments. PDUFA VI presents an excellent 

opportunity for drug developers and regulators to come  
together to achieve the full potential of MIDD.

CONTRASTING THE CURRENT VS. MIDD- BASED 
DECISION MAKING

Although there are many promising examples of applica-
tion of MIDD approaches, as summarized in a white paper 
from the European Federation of Pharmaceutical Industries 
and Associations (EFPIA) Model Informed Drug, Discovery 
and Development (MID3) Workgroup3 and by the American 
Society for Clinical Pharmacology and Therapeutics 
Quantitative Pharmacology Impact and Influence Initiative,4 
few examples in the current state go beyond supportive 
information to something that would be truly transforma-
tive for drug development. The published examples cover 
a broad spectrum of approaches and development stages, 
demonstrating how MIDD can increase confidence in deci-
sions (notably around the appropriate dose and dose ad-
justments), provide support for assessment of benefit–risk, 
and support labeling. Despite the evident success of MIDD 
approaches in some categories, it is striking that few of the 
examples described in the literature fall into the category 
of providing confirmatory evidence of efficacy/safety in lieu 
of clinical data for regulatory submissions, and none de-
scribes true replacement of a clinical trial, the “gold stan-
dard,” for initial registration purposes. Although, in itself, 
this is not the only application of MIDD, an overarching goal 
of MIDD, as outlined in PDUFA VI, is to use the value of 
predictive attributes of M&S to reduce the need to generate 
clinical trial data where possible.

With years of experience in M&S approaches, the time is 
now right to move to a paradigm in which M&S is routinely 
leveraged to integrate early- phase data and exposure– 
response relationships to predict the dosing regimens for 
clinical use, with a requirement for only a single registra-
tion trial to confirm the model predictions5 (Figure 1). M&S 
should be considered equally in the mix of options in think-
ing about how to generate evidence for efficacy, safety, and 
benefit–risk for approval decisions. Indeed, the application 
of M&S to fill the knowledge gaps should be driven by con-
sideration of scientific merit and limitations, and experts with 
proper know- how of M&S methods should be made inte-
gral members of the teams making development decisions 
to properly articulate the merits and limitations of these 
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methods. For example, in some scenarios, in which prior in-
formation is robust enough, approvals based only on M&S 
(without any additional registration trial) should be consid-
ered, such as approval in pediatrics after approval in adults.

BARRIERS

There are many applications of MIDD, ranging from new 
and efficient designs of clinical trials, to incorporation of 
new end points, to how the data are analyzed to provide 
evidence of effectiveness (Table 1). These applications 
have been discussed for years by academia, industry, and 

regulatory agencies, but there remain barriers to realization 
of their true potential.

First, medical and biostatistical experts have traditionally 
played a central role in making key decisions on what is con-
sidered acceptable evidence of effectiveness at both regula-
tory agencies and industry, and these decisions often hinge 
on prior established precedent. Because of this, although the 
information collected during drug development has increased 
exponentially, the fundamental view on what is routinely 
considered as evidence by regulators (replicate randomized 
controlled trials) has not changed since the 1970s. Lack of 
(or limited) familiarity with M&S approaches by medical and 

Figure 1 Opportunities for application of model- informed drug development.
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Table 1 Opportunities for application of MIDD- based approaches in clinical drug development

Typical current paradigm MIDD- based paradigm Advantages of MIDD paradigm

Sequential phase II– III trial 
approach

Innovative designs assisted with Clinical Trial Simulations (e.g., 
seamless phase II–III designs, adaptive designs, and biomarker- 
based designs)

Better (integrated) use of prior information 
to make the subsequent steps more 
efficient

Clinical trials in general population 
with post hoc analysis in subgroups

More targeted clinical trials to fill gaps in evidence for clinical use, 
based on predictions of benefit–risk in population subgroups

Use of resources to address the relevant 
questions in a more efficient and timely 
manner

Primary hypothesis in dose- ranging 
trials based on pairwise comparison 
of two doses or a dose and placebo

Primary hypothesis based on demonstration of positive slope in 
dose–response or exposure–response analysis

• Requires small sample size
• Doses other than those tested in 

clinical study can be proposed

Traditionally designed pediatric 
studies (e.g., fully powered to 
demonstrate efficacy and safety end 
points)

Either replace the need for pediatric studies with evidence from 
M&S analysis or develop efficient designs to minimize burden 
on pediatric patients

Fast access to treatments in pediatric 
population

Specific population labeling based 
on studies evaluating drug–drug 
interaction, renal impairment, and 
hepatic impairment 

Leverage integrated understanding of systems and drug PK 
characteristics to make predictions and evaluate only the 
extreme scenarios

• Alleviation of specific population trials
• More efficient use of resources

Evidence for approval from replicate 
randomized trials

Evidence of approval from predictions using M&S, which are 
confirmed with single- efficacy and safety study if necessary

• Faster access to treatments
• Lower cost and more efficient use of 

resources

MIDD, model- informed drug development; M&S, modeling and simulation; PK, pharmacokinetic.
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biostatistical experts often leads to situations in which the 
contributions of M&S are not judged on the basis of the value 
offered but considered as being secondary or less compel-
ling. Although modeling is based on observed clinical data, 
it is often perceived with skepticism. A change in this para-
digm will only occur if key decision makers in the regulatory 
agencies and industry, including medical experts, show more 
openness in discussing the utility of M&S, rely on appropri-
ate experts for technical know- how, are willing to deviate 
from precedent based on the scientific merits of a new ap-
proach, and are transparent about why M&S is not accepted 
for certain decisions. The call to action by the FDA leadership 
has to be met with actions at the drug review division levels. 
Similarly, industry should advance proposals to use M&S to 
support key regulatory decisions in addition to using M&S to 
support internal decisions. New regulatory mechanisms, such 
as the FDA MIDD Pilot Meeting, offer opportunities to obtain 
specific feedback; and sponsors should leverage these op-
portunities to work closely with regulators in thinking about 
innovative approaches and not restrict themselves to follow-
ing precedent.

Second, there is a lack of consensus in standards among 
key regulatory agencies from different geographic regions. 
Because companies design clinical programs for global sub-
missions, the full potential of M&S cannot be realized if all 
key regulatory agencies do not accept the approach. To this 
end, existing mechanisms of communication would need to 
be maximized to support worldwide acceptance. This may 
not lead to full harmonization, but recognition of the reasons 
for differences and transparent communication can inspire 
sponsors to propose innovative solutions. In addition, meth-
ods and models for conducting M&S and communicating 
results should also be standardized. This standardization 
would enable greater acceptance of M&S among decision 
makers, particularly for those with less experience in M&S 
approaches.

Third, another main challenge is acceptance of M&S- 
based results by physicians and payers. There is a general 
perception that it is difficult to get drugs reimbursed by pay-
ers if observed clinical trial data do not exist and that physi-
cians would not prescribe the drugs in absence of observed 
clinical data, which limits the utility of M&S approaches. The 
community will need to work together to resolve this chal-
lenge and enable acceptance through systematic education 
and communication of applications.

NEW OPPORTUNITIES FOR INNOVATION

The applications of MIDD have progressed in some ther-
apeutic areas more than others and are often limited to 
certain types of decisions. Applications have been more in 
areas with better understanding of pharmacodynamic end 
points and biomarkers and how they relate to clinical out-
comes. Continued efforts are needed to harness untapped 
and new opportunities (Figure 1).

For example, MIDD has not been routinely used in vac-
cines development. M&S can be used to develop an un-
derstanding of the relationship between biomarkers (e.g., 
antibody titers) and efficacy to establish a correlate of pro-
tection.6 Such analysis can enable early drug development 

decisions, such as selection of vaccine platforms and end 
points, and inform dosing regimens and clinical strategy to 
use biomarkers, thus presenting an opportunity to accelerate 
the traditionally protracted timeline for vaccine development.

Real- world data/real- world evidence, a commitment 
under PDUFA VI, is an emerging area for extending the ap-
plication of M&S. This field is rapidly evolving with ongoing 
refinements in terms of standardization of data collection 
and use. Such data from postmarketing registries are al-
ready using M&S approaches to answer questions that can-
not be answered during routine drug development.

Other applications of M&S include evaluation and devel-
opment of novel end points, trial design considerations for 
duration, or need for separate trial in population subgroups 
by conducting integrated analysis of data from across trials 
and drug classes. In Alzheimer’s disease area, M&S anal-
ysis using item response theory has been shown to pro-
vide more power to detect treatment effect than traditional 
method of analysis using the composite score.7 In oncol-
ogy, M&S approaches have been applied to evaluate the 
adequacy of Response Evaluation Criteria in Solid Tumors 
(RECIST) in determining disease progression in patients re-
ceiving immunotherapy treatments.8 Recently, the FDA used 
M&S analysis to demonstrate that in children with partial- 
onset seizures, aged ≥4 years, efficacy can be fully extrap-
olated from adults, which obviated the need for efficacy 
trials in that pediatric subgroup.9 Similarly, M&S analysis of 
integrated data from multiple trials for acute schizophrenia 
indication led to recommendation that the duration of regis-
tration trials for atypical antipsychotics for the treatment of 
schizophrenia can be shortened to 4 weeks instead of the 
typical duration of 6 weeks.10

THE CALL FOR ACTION

With technological advances and years of experience 
with M&S approaches, now is a better time than ever to 
make disruptive changes in how M&S is used to support 
regulatory decision making. PDUFA VI and 21st Century 
Cures Act are providing the legislative push with the 
FDA leadership strongly supporting application of MIDD. 
Through the MIDD Pilot Meeting program, PDUFA VI has 
also opened new avenues for the FDA–industry interac-
tion to obtain specific feedback on M&S- informed deci-
sions. Although MIDD cannot be an approach in every 
situation, experts have to continue communicating the 
value and limitations with key stakeholders, including the 
medical community, to ensure long- term success. In this 
enabling environment, it is time to unleash the full poten-
tial of MIDD and maximize the use of M&S in approval and 
labeling decisions.
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