Accelerate Cures/Treatments for All Dementias (ACT-AD)
15 Annual FDA/ACT-AD Allies Meeting 2022
Opportunities for New Interventions in Alzheimer’s Disease and Related Dementias

1. Introduction

The 2022 Accelerate Cures/Treatments for All Dementias (ACT-AD) Allies meeting convened
experts from academia, pharmaceutical companies, the Food and Drug Administration (FDA), and the
National Institutes of Health (NIH), as well as members of the Alzheimer’s disease (AD) community, to
robustly discuss emerging issues and innovative therapies for AD, and Alzheimer’s Disease-Related
Dementias (ADRD).

In 2011, the National Alzheimer’s Project Act (NAPA) established the NAPA Council and the
National Plan, which aims to effectively treat AD/ADRD by 2025. In 2017, the 10" Annual ACT-AD Allies
meeting examined the behavioral and neuropsychiatric symptoms (NPS) of AD/ADRD; the 15™ Annual
meeting continued these discussions. NPS affect approximately 98% of individuals with AD/ADRD and
have been demonstrated to exacerbate the progression of the disease while increasing caregiver
burden.! NIH-funded research is evaluating the therapeutic benefits of tetrahydrocannabinol (THC) and
cannabidiol (CBD), investigating the role of the gut microbiome in neurological health, and utilizing
advanced genomic and proteomic approaches to identify novel therapeutic targets and biomarkers for
NPS in AD/ADRD.

2.1.Advancing precision medicine approaches for AD/ADRD treatment and prevention

The National Institute on Aging (NIA) and the National Institute of Neurological Disorders and
Stroke (NINDS) have established robust translational programs such as the AD Drug Development
Program (ADDP) and the Blueprint Neurotherapeutics Program—that provide funding and expertise to
researchers in academia and biotech communities to more effectively execute preclinical and early
clinical drug development for AD/ADRD. NIA’s ADDP program has delivered 13 new clinical drug
candidates that are currently being tested in Phase | and Phase Il clinical trials. The clinical development
for most of these new drug candidates is supported by NIA’s AD/ADRD Clinical Trials funding initiatives
and clinical trials infrastructure for AD/ADRD. In addition to providing funding opportunities for all
stages of AD/ADRD drug discovery and drug development, NIA has established a series of large precision
medicine consortia, translational centers and clinical infrastructure programs that provide critical data
and research resources to overcome major barriers in drug discovery and drug development for
AD/ADRD. These programs target discovery to clinical trials and bring open science practices in
translational research.

One of the signature programs through which NIA supports AD/ADRD research is the
Accelerating Medicines Partnership for Alzheimer’s Disease (AMP AD), a public-private partnership
between NIH, pharmaceutical companies, and non-profit organizations. In February 2021, AMP AD
expanded its target discovery and validation projects portfolio by pivoting to implement a precision
medicine approach to identifying candidate targets and biomarkers. The resulting AMP AD 2.0 strives to
gather data from diverse populations, including African Americans and Hispanic Americans, who are
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disproportionately affected by AD. The NIA AD/ADRD research portfolio also supports research on all
aspects of the exposome, including research aimed at understanding how the gut microbiome impacts
AD/ADRD risk and resilience.

2.2. Expanding the therapeutic pipeline for AD/ADRD

NIA funds a large and growing portfolio of early- and late-stage AD/ADRD clinical trials
evaluating the safety and efficacy of a diverse set of new and repurposed drug candidates for AD/ADRD
targeting various aspects of disease biology beyond amyloid and tau. A key component of NIA's
translational and clinical research portfolio is focused on understanding the heterogeneity of disease
and differential responsiveness to treatment across diverse populations. Thanks to NIA’s data and
resource sharing requirements that are being implemented in discovery research as well as in NIA-
supported clinical trials, the research community has learned that cognitively healthy, older, non-
Hispanic Blacks show comparatively less amyloid positivity compared to non-Hispanic Whites when
matched for age, sex, and geographic location.? NIA’s policy requires that data and biosamples from
non-pivotal trials are shared at the time of publication or within nine months of the data lock. For
pivotal trials, the expectation is that data and biosamples from the pre-randomization screening are
made available within 12 months of completing patient enrollment; post-randomization data and
biosamples must be available after regulatory approval, or within 18 months of trial completion/trial
termination, whichever comes first.

Other studies comparing non-Hispanic Whites to the Mexican Americans have shown that Mexican
Americans develop mild cognitive impairments at younger ages, have lower levels of APOE4, and
present with biomarkers of neurodegeneration earlier in the disease process.? These findings emphasize
the need to evaluate the ATN biomarkers across diverse populations.

NIA has placed major emphasis on improving the inclusion and retention of under-represented
groups including racial and ethnic minorities in clinical research and clinical trials. To this end, NIA
established the Clinical Research Operations and Management System (CROMS). CROMS tracks, reports,
and manages enrollment data, in real time, across all NIA clinical research projects. CROMS will serve as
a key tool for addressing issues and gaps related to recruitment and retention of diverse populations.
Complementing NIA’s existing data and resource sharing policies, the NIH is expanding data sharing
expectations for all NIH-funded projects.
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3. Moving Forward: Exploring Behavioral and Neuropsychiatric Symptoms

NPS are a common feature of AD/ADRD but are poorly understood. NPS are associated with
higher rates of caregiver burden and accelerated disease progression. Additionally, pharmacological
treatments for NPS in AD/ADRD may produce unwanted side effects, such as insomnia, movement
disorders, and increased risk of suicide. Thus, elucidating the underlying mechanisms of NPS and
identifying novel therapeutic targets are essential to improving quality of life for individuals suffering
from AD/ADRD.

3.1. Exploring use of cannabinol and tetrahydrocannabinol in HAAD

Approximately 50% of people diagnosed with AD/ADRD will receive end-of-life hospice care, and
70% of that population will receive psychiatric medication for agitation. Approved guidelines for the
treatment of hospice care-eligible, agitated people with AD (HAAD) currently do not exist; clinicians thus
often use commonly prescribed medications like benzodiazepines and antipsychotics that produce
unwanted side effects such as confusion, sedation, and increased risk of falling. Alternatively, emerging
research studies have explored the therapeutic benefits of tetrahydrocannabinol (THC) and cannabidiol
(CBD) to reduce agitation in dementia. Many clinical trials have administered synthetic THC analogues,
such as Dronabinol or Nabilone, and a significant portion of participants in those trials have used or are
currently using psychoactive medications. Jacobo Mintzer and Brigid Reynolds, supported by the
Alzheimer’s Clinical Trials Consortium (ACTC), aim to assess the efficacy of an oral combination of THC
and CBD on agitation in HAAD patients. In addition, they explore commonly prescribed medications,
such as opioids, benzodiazepines, and antipsychotics, and their impact on caregiver burden and quality
of death. Their team is committed to maximizing the recruitment of people from underrepresented
populations by working with each recruitment site to understand its unique challenges and to develop a
tailored recruitment plan.

3.2. Effects of methylphenidate on apathy

Apathy in dementia is characterized by a lack of initiative, interest, and emotion. Approximately
49% of people with AD will develop apathy, which often goes untreated despite its correlation with
increased mortality and caregiver burden. Physiologically, apathy is generally associated with disruption
of the dorsal anterior cingulate cortex and ventral striatum, and imaging studies utilizing single-photon
emission computed tomography (SPECT) and magnetic resonance imaging (MRI) suggest that altered
frontal subcortical neural circuitry underlies the occurrence of apathy in AD. Furthermore, tau-related
pathologies in the orbitofrontal cortex are also linked to the presence of apathy in AD.

Methylphenidate, also known as Ritalin, is a well-studied dopaminergic treatment to increase
motivation and attention.* Two preliminary studies by Mintzer and colleagues assessed the benefits of
methylphenidate as a treatment for apathy in older populations and revealed a potential therapeutic
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benefit when used in conjunction with a psychosocial intervention.>® Subsequently, Mintzer and
colleagues conducted a third study (ADMET 2) on the efficacy of methylphenidate, which followed 200
participants for 6 months. Compared to placebo control, participants who received methylphenidate
exhibited decreased apathy—measured by the Neuropsychiatric Inventory subscale—after two months
of treatment; the diminished apathy persisted for four months without affecting other NPS, except for
increased motor behavior.” Notably, 79% of participants were simultaneously being treated with current
dementia medications, such as cholinesterase inhibitors and memantine. Although no drug cross-
interactions were observed, participants who benefited from methylphenidate were more likely to be
on cholinesterase inhibitors and less likely to have NPS other than apathy. To follow up on the ADMET 2
study, Mintzer and colleagues are developing the ADMET 3 study which will utilize predictive biomarkers
identified from ADMET 2 to select participants likely to respond to methylphenidate.

3.3.NPS in ADRD and FTD

Different neurodegenerative disorders are often characterized by distinct changes in
neuroanatomical structures or biological markers. Intriguingly, AD and frontotemporal dementia (FTD)
can have overlapping cognitive and non-cognitive (including NPS) symptoms. This potential overlap in
therapeutic targets presents an exciting opportunity for drug discovery research. Recent work by Huey
and colleagues determined that behavioral symptoms and NPS, such as apathy, disinhibition, and
agitation, were among the earliest identifying markers of FTD, even prior to detectable cognitive
decline.® Additionally, neuropsychiatric tests have utility as measures for trial outcomes and to detect
the earliest cases to enroll in clinical trials for both AD and FTD. Currently, Dr. Huey is utilizing a factor
analysis approach to determine the most significant forms of NPS in ADRD and corresponding
involvement of neuroanatomical structures. Preliminary data have identified hypersomnolence,
insomnia, irritability, and apathy as significant distinct factors in ADRD which can be assessed with novel
psychometric evaluations in the future.

3.4. Tyrosine kinase inhibitor therapy in Parkinson’s disease dementia

Parkinson’s disease dementia (PDD) is characterized by an accumulation of alpha-synuclein
proteins, which inhibit synaptic transmission and induce the activation of glia as an immune response.
Furthermore, PDD is characterized by disruption of lysosomal and proteasomal autophagy, suggesting
that mechanisms to enhance autophagy may provide therapeutic benefits. In rodent models of PD,
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animals reared on Nilotinib, a tyrosine kinase inhibitor that enhances autophagy in the central nervous
system (CNS), recover cognitive and motor functioning and display decreased phosphorylated alpha-
synuclein. In addition, Pagan and colleagues assessed the potential therapeutic benefits of Nilotinib in
12 patients with PDD or dementia with Lewy bodies.® Participants showed improved cognition and
motor function that correlated with reduced alpha-synuclein and phosphorylated tau levels; participants
did not experience edema, stroke, or seizures. Nilotinib putatively inhibits the Discoidin Domain
Receptor Tyrosine Kinase 1 (DDR1 receptor), decreasing inflammation while enhancing autophagy;
Nilotinib reverses deterioration of the blood-brain barrier as well. ¥ 1! Future studies will explore the
effects of combining Nilotinib treatment with traditional standards of care, and will assess the role of
kinase inhibitor Bosutinib in reducing PDD; exploratory trials currently demonstrate that Bosutinib
reduces levels of alpha-synuclein in the cerebrospinal fluid (CSF)2.

3.5. Genetic and proteomic landscape of NPS

Insights into the genetic architecture of NPS are limited. Individuals diagnosed with
schizophrenia during early adulthood have 6 times greater risk for developing dementia,*® individuals
that experience major depression before 45 years of age have 4 times higher risk of developing
dementia,** and up to 90% of individuals with ADRD develop NPS.'®> Wingo and colleagues interrogated
the shared genetic underpinnings between major depressive disorder and ADRD by analyzing data from
over 1.2 million individuals who participated in genome-wide association studies (GWAS) using the
linkage disequilibrium score regression.'® They found that there is indeed some shared genetic basis
between major depression and AD. Furthermore, using results from a large GWAS of depression, Wingo
and team estimated a depression polygenic risk score (PRS), or an estimate of the genetic risk for
depression, in 1,288 participants and found that high depression PRS was associated with faster episodic
memory decline. In a follow up study, they found that high AD PRS was also associated with higher risk
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for experiencing depression before any manifestation of cognitive impairment.t” Further analysis
identified transcripts and proteins that are associated with both major depression and AD.® Lastly,
Wingo and colleagues found 13 shared causal proteins among ADRD and psychiatric conditions (major
depression, schizophrenia, anxiety, etc.) that likely underlie the manifestation of NPS in ADRD.*®

3.6. Gut microbiome and dementia

Individuals with AD have an altered gut microbiome compared to healthy, non-AD individuals,
and these alterations are correlated with beta-amyloid and tau levels in the CSF.?° In animal models,
germ free mice and antibiotic-treated mice both show decreased beta amyloid plaques,?! but these
changes appear to be male specific.?? Additional work found that only female mice on a calorie
restricted diet had reduced plaques,? a finding attributed to the diet blocking an age-related increase in
the bacteria Bacteroides;?* delivering Bacteroides to mice led to elevated plaques by suppressing
immune responses to amyloid-beta. Microglia, in particular, are one mechanism by which the gut may
affect the brain, but effects may be different depending on the disease In AD and PD, antibiotics
decrease microglial inflammation and improve the disease, whereas the depletion of microbiota with
antibiotics is shown to activate microglia and stimulate neurodegeneration in an animal model of
amyotrophic lateral sclerosis (ALS, Lou Gherig’s disease).? In the future, it may be possible to treat
neurologic diseases with beneficial microbes, but more work is needed to identify disease-specific
bacteria. Cox and colleagues were able to identify a unique bacterium called Akkermansia associated
with progressive multiple sclerosis and found that increase in this bacterium may play a protective
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role.?® Cox and colleagues aim to assess the protective effects of Akkermansia across multiple
neurodegenerative diseases including AD.

4. Perspectives on Clinical Development

Discussion at the meeting highlighted the importance of (1) listening to patients and amplifying
their voices within the regulatory environment, (2) leveraging research opportunities in disease
prevention and early treatment, (3) understanding the role of regulatory flexibility during drug
development and approval, and (4) addressing the spread of misinformation.

4.1. Challenges in drug development during COVID-19

During the COVID-19 pandemic, pharmaceutical companies faced challenges in drug
development because many sites and staff were reassigned to COVID-19 research and trials. Although
trials in neurological diseases, such as AD and PD, did not experience site closures, many trial
participants were hesitant about in-person site visits. This participant hesitation forced many sites to
begin conducting at-home trials, and in turn develop novel assessments and endpoints. At-home trials
have provided a substantial benefit for clinical trial infrastructure by increasing the number of
participants and easing their travel burden. Because of these benefits, at-home trials have become a
permanent fixture for clinical trials that involve participants who struggle to travel, highlighting a
patient-centered aspect of care that arose from the COVID-19 pandemic.

4.2. Patient voice and advocacy groups

The patient’s voice is critical for informing drug and therapeutic development, as opposed to the
notion that the expertise of physicians and researchers alone should determine patient treatments. FDA
and patient advocacy organizations host patient-focused drug development (PFDD) meetings, which
help ensure that patients’ experiences, perspectives, needs, and priorities are captured and
meaningfully incorporated into drug development and evaluation processes. During these meetings,
patients have expressed that they do not expect complete cures for diseases, but rather desire more
therapeutic options.. In recent years, patients have also expressed frustration that their participation in
a clinical trial often contributes little data to other research outside of the trial itself. This frustration has
led to revised informed trial consents that now outline broader contributions per participant, including
sample banking for future third party research.

Patient advisory meetings face unresolved communication barriers that arose during the COVID-
19 pandemic, when these meetings moved to a teleconferencing model that created a more impersonal
atmosphere and thus hindered the exchange and impact of patient opinions. In addition to this
relatively new barrier, researchers and clinicians have often assumed that patients are desperate for
treatment and that this desperation invalidates their therapeutic risk assessments. Focusing on
measuring and mapping biomarkers can reduce the impression of patient desperation by including
delayed-onset and at-risk patients in advocacy groups. Patient advocacy organizations can help combat
the spread of misinformation by relaying public misconceptions to federal agencies and pressing social
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media companies to screen posts for misinformation. The Alliance for Aging Research also hosts a Talk
NERDY to Me program, which brings older adults, caregivers, clinicians, and researchers together to
discuss aspects of disease research and treatment that are most important to patients.

4.3. Advancing biomarker studies

In the era of biomarker cartography, listening to patients can help guide research on biological
mechanisms of action for targeted therapy. Progressive diseases provide researchers with the
opportunity to identify biomarkers before the emergence of symptoms, which justifies research into
early treatments that can prevent symptom onset. In addition, identifying biomarkers can help define
diseases based on biological mechanisms rather than clinical phenotypes alone, which will help further
characterize complex disease populations for more targeted therapeutics.

The research community can also address misperceptions of terminology—for example, by
defining “early-onset” to include sporadic emergence of disease based on disease-indicative
biomarkers,. Identifying such biomarkers can assist in designing trials, as well as aid in early clinical
decisions about treatment. However, the complex interplay of different biomarkers calls for an increase
in biomarker measures in trials, as exemplified by the recognition that anti-amyloid treatments for AD
have been associated with an effect on tau and other downstream biomarkers. In addition to biomarker
measures, a national registry, such as the recently launched Alzheimer’s Network for Treatment and
Diagnostics (ALZ-NET) platform, can aid in collaborative efforts and sample banking to provide ongoing
information about the effects of new agents.

4.4. FDA’s support and role in drug development

Although all international regulatory agencies may not review primary clinical trial data, FDA
rigorously reviews clinical trial data in-house to determine whether they are suitable to support
development programs and approval. FDA also offers guidance to clinical developers during the drug
development process, which can be especially relevant in the context of severe and life-threatening
diseases. For example, when a sponsor is conducting investigational new drug (IND) development, it can
hold a pre-submission IND meeting (i.e., a type B meeting) with FDA. Under circumstances of novel
treatment areas or rare disease treatment, FDA may grant additional pre-submission IND meetings (i.e.,
type C meetings) to help address the development needs of sponsors.

Although sponsors are often familiar with pre-submission IND meetings, sponsors may be less
familiar with other aspects of flexibility that may be relevant during development FDA frequently
considers the complexity of diseases, and specifically considers patient input, novel outcome measures,
and other innovative approaches to help advance development for serious and life-threatening diseases
with unmet medical needs.

As part of the drug approval process, FDA emphasizes the importance of communicating its
decisions in a clear manner, for instance by the provision of approval documents, drug labeling, and
other information. FDA works to develop clear language in drug labels to convey accurate information to
prescribers and patients. This clear and accurate portrayal of information can provide context for the
general public to make well-informed decisions about treatments, as well as combat the spread of
scientific misinformation.



5. Conclusion

The 15" Annual FDA/ACT-AD and Allies Meeting, Opportunities for New Interventions in
Alzheimer’s Disease and Related Dementias, assembled experts from academia, industry, FDA, NIH, and
the AD community to learn about emerging issues and therapies in the treatment of AD/ADRD. The
meeting centered on advancing research underlying NPS in AD/ADRD, with discussions encompassing
the use of THC, CBD, and Ritalin, investigating the gut microbiome in neurological health, and utilizing
advanced genomic and proteomic analysis to identify novel therapeutic targets. The novel research
approaches discussed during this meeting simultaneously repurpose currently existing drugs, which may
help streamline the path to potential approval by regulators. Furthermore, the meeting emphasized the
differences with which biological markers express across categories of race and sex, highlighting the
importance of including diverse populations in research studies. Collectively, these breakthroughs
provide an entrée into deep research discoveries to unravel the genetic-molecular-behavioral interplay

that characterizes AD/ADRD, and ultimately to generate impactful and inclusive treatment for all
individuals affected.



