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Summary:

Through its collaborations with the Critical Path Institute (C-Path), CDER has helped to expand and refine
clinical trial simulator toolsto informclinical trial planning and resolve the unmet needs in Alzheimer’s
disease, Parkinson’s disease, and Duchenne muscular dystrophy.

Opportunitiesfor innovation in drug development for neurological conditions

Background

The Center for Drug Evaluation and Research (CDER), a key branch of the FDA, has long recognized that
despite significant and sustained investments in drug development for neurological diseases, bringing
transformative therapies to patients in need remains challenging. Challenges include, but are not limited to,
incompl ete understanding of underlying disease progression and relevant sources of variability, inefficiencies
and/or limitations in traditional clinical trial designs and analysis methods, and inadequate trial size and
duration. These issues increase the risk for sponsors to engage in late-stage drug development and impede
development of novel therapies. CDER has funded projects to address these challenges, including research
designed to develop more efficient trial designs.

As part of efforts to address these challenges, CDER partnered with C-Path, the independent nonprofit
organization that brings together pharmaceutical, academic, government, patient, and nonprofit organizations
to tackle critical drug and therapeutic development challenges. Building on previous work, C-Path is
developing tools to advance clinical trials for neurologic diseases, and through funding from a broad agency
announcement, CDER and C-Path collaborated to develop model-informed drug development (MIDD) tools
designed to address unmet needs in designing trials for Alzheimer’ s disease, Parkinson’ s disease, Duchenne
muscular dystrophy, and more. MIDD tools are vital because they help synthesize current knowledge about
disease progression and sources of variability, incorporate sophisticated trial design methods, and help
inform adequate trial size and duration through clinical trial simulation (CTS) and sample size/effect size
estimation. Through CDER and C-Path’s collaboration, new MIDD tools and capabilities have been
developed as user-friendly graphical user interfaces viathe R Shiny web app, and these new tools are
described below.

I nnovative design toolsto inform clinical trialsin neurological disorders

Assessing therisk of dropoutsto the power of trialsin Alzheimer’s disease

A module was added to the first regulatory endorsed clinical trials simulation tool in Alzheimer’s diseasel to
inform the risk of dropouts due to COVID-19. The module estimates an effect of a dropout based on whether
it happened early or late in the trial, including a washout effect for trial participants unable to visit aclinic to
receive study treatment, while simulating the extra variability in measurements that may arise from virtual
vigits.
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Toolsthat aid the design of efficient and informative trialsin Parkinson’s disease and other neurologic
diseases, including those with multiple treatment arms and adaptive elements

Two tools were devel oped to assist with planning for a platform trial with up to five treatment arms
compared to a single control, saving time and resources compared to conducting five separate trials with five
separate control arms. The design of the trial allows for an interim analysis for early stopping for futility. The
first tool isamodule addition to aclinical trial simulation model? that simulates a platform trial in

Parkinson’ s disease while allowing users to adjust the effect size of each arm separately (Figure 1). The
second tool is a disease-agnostic graphical user interface that informs sample size requirements and statistical
criteria for trial success and early stopping using the MAMS (Multi-Arm Multi-Stage) R package.3

Many treatments in Parkinson’s disease only affect disease symptoms and not underlying progression. C-
Path also developed a module for the clinical trial simulation tool? that uses two methods for comparing a
disease-modifying effect versus a symptom-only effect in arandomized delayed start trial .4

Traditional clinical trials often use a predefined 1:1 or 2:1 allocation ratio, which may result in more
participants being allocated to a control treatment than necessary. To inform optimization of the number of
trial participants on treatment relative to control, an MIDD tool was developed that implements response
adaptive randomization (Figure 2), which optimizes the number of trial participants on treatment while
maintaining power and sample size based on prior patient responses to treatment.®

A tool that allowsfor pre-specified switching of Duchenne muscular dystrophy patientsto active
treatment depending on disease progression

Lastly, there are ethical concerns associated with leaving trial participants with progressive disease on control
medications. A module was developed for aclinical trial simulation model 7 for Duchenne muscular
dystrophy that allows for control group participants to switch from control to active treatment if their
progression passes a threshold of endpoint change from baseline that can be specified by the user (Figure 3)
using an inverse probability weighting approach.8

CDER and C-Path'’s collaboration has produced new MIDD tools to meet drug development challengesin
neurological diseases. These tools will help inform drug development and provide regulators and sponsors
with a platform to discuss regulatory submissions, assist with exploring various “what if” scenarios, and
serve as an educational resource for reviewers. Such MIDD solutions may also help with patient recruitment,
because potential trial participants may be more willing to enroll in trials where they are allowed to switch to
experimental treatment. Furthermore, wide adoption of these tools has potential to reduce the number of in-
house tools regulators need to review. Ultimately, they have the potential to remove bottlenecks in the drug
development process in the above disease areas and thereby make safe and effective therapies available for
patients in need.

How does thiswork to inform drug development in neurological diseases?

Clinical trial smulators and innovative trial design tools provide a means to plan and explore scenarios for
trialsin neurology. These tools have potential to help optimize and streamline trial design and can stimulate
communications between sponsors and regulators about how to best meet the needs of patients with
Alzheimer’ s disease, Parkinson’s disease, Duchenne muscular dystrophy, and other neurological diseases.

To request access to any of the tools discussed here, please send an email to QuantM edInfo@c-path.org.
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Figure 1: Screenshot from the platform-trial augmented Parkinson’s CTStool that allows simulation of more
than one drug treatment arm and checks for futility at the interim analysis. Top shows the tool inputs and
bottom shows one simulated trial arm compared to control with an interim analysis.
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Figure 2. Response adaptive randomization tool with example inputs and output.
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Figure 3. Treatment switching module for a CTS tool in Duchenne’s muscular dystrophy. The left shows the
tool inputs to design, drug effects, patient characteristics, and whether to account for patient switching using
inverse probability of censoring weights (IPCW). The upper right gives simulated trajectories for the
treatment arm (red), the placebo arm where treatment switching occurs (blue), and hypothetical arm where no
treatment switching is alowed (green). The table in the bottom right gives the number and proportion of
individuals who switch from placebo to treatment at each time point. Below the table, the difference between
groups had no patient switching (red vs green) is given along with the observed differences after switching
(red vs blue), as well asthe IPCW estimate of the no switching difference. The tool also outputs awarning if
too few individuals remain in the placebo arm at the end of thetrial, astoo few remaining placebo arm
individuals may result in less accurate IPCW estimates.



