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Abstract

The health, well-being, and financial security of Americans are greatly impacted by

Alzheimer’s disease. The forecast paints an upward trajectory with the number of

Americans suffering from Alzheimer’s disease and related dementia. To discuss the

Alzheimer’s crisis, The Senate Committee on Finance, Subcommittee on Health Care,

held a hearing titled, “The Alzheimer’s Crisis: Examining, Testing, and Treatment

Pipelines and Fiscal Implications,” on December 16, 2020. Here, we summarize and

expand on the discussion of the panel and its review of recent progress, ongoing chal-

lenges associated with Alzheimer’s disease, and potential initiatives that promise to

speed progress in developing treatments and improving care.
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1 THE CURRENT STATE OF THE ALZHEIMER’S
DISEASE THERAPEUTICS AND DIAGNOSTIC
PIPELINES

TheSenateCommittee onFinance, Subcommittee onHealthCare, held

a hearing titled, “The Alzheimer’s Crisis: Examining, Testing, and Treat-

ment Pipelines and Fiscal Implications,” on December 16, 2020.1 The

committee convened this hearing because of growing concern about

the impact of Alzheimer’s disease (AD) on the health of Americans

and the financial impact of this disease on the US health-care sys-

tem. Recent experience in developing diagnostic tests, treatments, and

preventative vaccines for COVID-19 has shown how rapidly and effec-

tively biomedical advances can address a public health crisis under

certain circumstances; there is concern that the AD crisis is not being

addressed with sufficient speed and success. In this article, we sum-

marize and expand on the discussion of the panel and its review of

recent progress, ongoing challenges associated with AD, and potential
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initiatives that promise to speedprogress in developing treatments and

improving care.

The speakers at the hearing presented perspectives for the com-

mittee on four principal modalities of health care and their relevance

to AD: diagnostics, prognostics, therapeutics, and care (preventative,

curative, and palliative). All these modalities contribute to the well

beingof patients andareaimedatmaximizinghumanhealth andquality

of life. Among thesemodalities, preventative and curative therapeutics

would have the most profound impact on eliminating the financial and

societal burden associatedwith the disease, aswell as the quality of life

of AD patients and their families. The principal challenge in identifying

preventative and curative therapeutics is the current gap in scientific

knowledge of the early molecular events that are necessary to cause

disease—that is, theetiology.Disease-modifying therapeutics targeting

disease mechanisms, as opposed to palliative therapeutics that treat

symptoms, require an understanding of themechanisms of disease eti-

ology, which is currently not precise enough on an individual patient
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level to determine a curative strategy. Thus, it seems likely that preven-

tion will have a much bigger impact to implement a “cure” within the

next several decades.

Speakers presented an overview of some current hypotheses about

the pathophysiology of AD and the impact of those hypotheses on

development of candidate therapies and diagnostic biomarkers. One of

the hallmarks of AD is the accumulation of aberrant protein deposits

in patients’ brains. These pathological deposits called amyloid plaques

and tau tangles contain protein fragments called amyloid beta (Aβ)
peptide or tau protein, respectively. The observation of these aggre-

gated proteins, along with genetic variations that increase or decrease

Aβ species can cause or protect against AD, has become the central

premise for the amyloid cascade hypothesis:2 that the aggregation

process results in a toxic gain of function of the aggregated proteins,

ultimately resulting in neuronal death. The amyloid cascade hypothe-

sis has led to molecules in the AD drug pipeline: many drugs that have

been developed or are currently in clinical trials target either Aβ pro-
duction, promote peptide clearance, inhibit aggregation, or promote

neuronal resistance to aggregation.3 More recently, some drugs tar-

get tau aggregates andothermechanisms. The only drug programs that

have consistently shown some clinical and cognitive benefits are those

that substantially remove amyloid plaque by positron emission tomog-

raphy (PET). Minimal or partial removal do not seem to offer great

benefits.

Presently, the diagnosis of AD is based largely upon clinical evi-

dence, although recent advances in imaging, cerebrospinal fluid (CSF),

and blood-based biomarkers offer the possibility of amore precise and

accessible diagnosis and more effective screening in clinical research

and practice. Clinical evidence, such as clinical change over time, family

history, assessment of function manifested in activities of daily living,

and cognitive tests indicate whether a patient exhibits signs and symp-

toms of dementia. In some cases, PET, magnetic resonance imaging

(MRI), lumbar puncture, and more recently blood tests, aid in confirm-

ing or ruling out AD in patients with dementia. Evidence that patho-

logical changes appearmany years before clinical symptoms4 indicates

the possibility that pre-symptomatic assessment by biomarkers could

enable identification of patients early in the disease course.

2 GAPS IN DATA OR UNDERSTANDING OF THE
DISEASE THAT ARE LIMITING THERAPEUTIC AND
DIAGNOSTIC DEVELOPMENT

Alzheimer’s disease, similar tomany other chronic diseases, has a com-

plex pathophysiology. This complexity makes treatment development

more difficult than is the case for some infectious diseases in which the

causal agent is well characterized, there are powerful treatments that

completely eradicate the cause, and the etiology is an external living

agent. Processes that lead to neurodegeneration arise at themolecular

level and consequently result in cellular death, but physiological dis-

ease onset and consequent cognitive manifestation occurs only after

significant and irreversible neuronal loss. As a result, neurodegen-

erative diseases are age-related and take from years to decades to

manifest, by which time, the only treatment available to mitigate the

disease is alleviation of symptoms or slowing or stopping progression.

The paramount challenge of developing treatments for neurodegen-

erative diseases lies in identifying the early pathological events that

would eventually result in cell death, and targeting those events to

rescue the afflicted neurons.

As of now, neurodegenerative diseases have few therapies that

would slow progression. Biomarkers that detect early events associ-

ated with the neurodegenerative process are in development and have

alreadyprovided theability toenhanceearly detectionandenable test-

ing of potential treatments earlier in the disease. To help accelerate

progress in developing effective treatments, the field of neurodegen-

eration needs new and disruptive thoughts and approaches. In a policy

context, it is worth noting that advances in the treatment of one neu-

rodegenerative disease could provide lessons for the treatment of

others.

The first and most significant barrier to progress in developing

new medicines is that we have not yet proven the key biological pro-

cesses causing AD dementia. As we have learned from experience with

COVID-19, once a clear causal agent is identified and characterized

biologically, the search for preventative measures and treatments can

proceed rationally through the conduct of highly informative basic and

clinical research. For a chronic disease such as AD with multiple risk

factors andwith complex pathology, the path to effective treatments is

quite uncertain. In the private sector, there is a high degree of inter-

est and considerable investment in AD drug development, but it is

considered higher risk than other therapeutic areas in which the per-

ceived likelihood of clinical and commercial success is seen as higher.

This is one reason why we have not seen the number of successful

new medicines we have seen in oncology, autoimmune diseases, dia-

betes, and other conditions. However, it should be noted that for those

diseases it also took decades to find effective interventions, and the

first drugs had small clinical effects. Today, the largest impacts are

realized through public health measures aimed at prevention and in

novel medications that slow or stop progression in cancer, diabetes,

and cardiovascular and other conditions.

The fundamental challenge of understanding AD etiology is a signif-

icant disconnect between times at which pathological processes start

and when they manifest in the form of symptoms (Figure 1). With the

development of newblood-based biomarkers,5 wemay be able to track

processes as they first appear in large numbers of people and before

irreversible damage occurs as these changes occur 20+ years before

symptom onset.6

However, there are challenges in how to implement intervention

strategies. Furthermore, we do not knowwhetherAβ and tau proteins7

are the sole or most significant early molecular events that lead to

downstream processes. Hence, it may be premature to conclude that

these deposits are the only or most direct cause of the disease. Yet,

while they can serve as biomarkers, little is known about what is trig-

gering these proteins to aggregate, and whether aggregates are the

reason why neurons die. Given this uncertainty, it seems scientifically

sound to explore other factors that could be involved in starting or

promoting neurodegeneration.
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F IGURE 1 Alzheimer’s disease timeline. Pathological processes start with abnormal molecular interactions leading eventually to neuronal cell
death. However, only when sufficient damage to the brain has occurred do patients exhibit mild cognitive impairment. This critical point defines
the realm of modernmedicine when the disease is manifested, and patients seek treatment and care strategies. The time preceding this critical
point is the prevention period, during which some irreversible tissue damage happens. Even though current advances in biomarkers can detect
multiple pathologies in this prevention period, we still do not have direct measures of key Alzheimer’s disease processes, which are driven by
aberrant molecular interactions.

3 CHALLENGES TO PRIVATE SECTOR
ENGAGEMENT IN THE DEVELOPMENT OF
THERAPEUTICS AND DIAGNOSTICS, AND
POTENTIAL SOLUTIONS TO THESE CHALLENGES

The for-profit private sector balances knowledge of drug targets

against the risks associated with them. Although AD is a potentially

profitable area for the pharmaceutical and biotechnological indus-

tries, the costs associated with clinical trials and their long duration

is a significant deterrent. The pharmaceutical industry is under signif-

icant pressure to create novel and innovative solutions and, thus, has

one of the highest research and development expenditures among all

industries.

While there are clear barriers to developments in the diagnos-

tic, therapeutic, and research pipelines for AD, new federal strategies

could enable clinically meaningful advances in the disease’s diagnosis

and treatment, like what has been accomplished for diagnostics and

vaccines for the COVID-19 pandemic. Recent increases in National

Institutes of Health (NIH) funding for AD and related dementia

research has already realized significant growth in research produc-

tivity and capabilities. Novel initiatives, such as Advanced Research

Projects Agency for Health, could enable additional transformational

changes in implementation of the basic and translational advance-

ments. Summarized below are some of the ongoing challenges, and the

associated opportunities that could greatly accelerate the discovery

and validation of AD treatments and preventions.

Barriers to therapeutic development include regulatory burden,

risk-averse trial designs, and sometimes lack of urgency and not

accounting for the costs of inaction, leading to clinical trial delays

and higher overall costs. Extensive international regulatory reporting

requirements and approval delays contribute to the time and cost of

major trials, which can be several hundred million dollars and take 3

to 5 years to complete. Prevention trials are even longer (7 years or

more). These trials are too expensive and too long, causing potential

treatments to be “left on the shelf” untested, and somedrugdevelopers

to abandon AD drug development programs. To implement large-scale

global trials, the field needs tomove quickly and testmore drugs in par-

allel, creating more “shots on goal.”8 Recent efforts to conduct smaller

and faster yet informative trials have the potential to increase the

probability of success for later phase 3 trials.9

How can this be helped? Policy makers and agencies can enable and

support standards which: (1) account for the personal and financial

cost of AD in terms of the opportunity costs of delays into decision

making (i.e., a balanced risk–benefit analysis accounting for time lost

on deliberations); (2) enable science and medicine to advance at opti-

mal speed, accounting for potential benefit while managing risk; and
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(3) encourage investment in the development of treatments and

preventions for AD.

Highly accurate diagnostic measures of AD amyloid plaques and

tau tangles have been available for several years, and more recently,

simple blood tests have been developed,10,11 but they are not used

in clinics yet for several reasons, including lack of payer support.

Symptomatic patients and their doctors have a need for an accurate

diagnosis. These tests can accurately identify who has AD, and impor-

tantly, who does not have AD. Because ≈50% of AD patients are

not accurately diagnosed through a clinical assessment alone, test-

ing for pathology would provide specific and accurate treatment to

those with AD, while informing the physician to investigate other

causes if problems with memory and thinking are not due to AD.

Because some of the causes (e.g., depression, medication side effects,

thyroid disorders) are treatable or reversible, it is important to have

an accurate diagnosis. We must identify the disease to treat and

manage it.

For research purposes, measurable indicators of AD pathology

(biomarkers), such as blood and CSF amyloid and tau, offer immense

promise. These biomarkers are being used to screen for the disease,

track the effects of treatments onADbiological processes, and are also

being considered for surrogate biomarker development, which would

greatly speed AD trials. When preventions are developed, screen-

ing biomarkers will be essential to identify those on the AD path to

appropriately treat those with high risk.

There is a disconnect between the way patients with AD are diag-

nosed in current clinical practice and the way research studies identify

study participants. Most practicing physicians wait andmake a diagno-

sis of AD relatively late, when patients manifest clear symptoms and

need counseling on how to manage those symptoms after significant

functional decline has occurred. We now know that the pathology of

ADbegins in the brain decades before patients develop symptoms such

as memory loss and impairment in activities of daily living. Biomarkers,

including PET brain scans, CSF amyloid and tau, and now blood-based

measures of amyloid and tau enable the detection ofADpathologywell

before symptoms of AD are noticeable. Many drugs in development

are expected to be most effective by intervening when pathology is

just starting rather than when it has advanced enough to cause major

impairment. As a result, clinical trial sponsors must evaluate many

potential study participants with cognitive tests and expensive, time-

consuming PET scans to enroll appropriate trial participants; that is,

participants with AD pathology but with only a mild form or no symp-

toms. This disconnect is one of the reasons AD trials are difficult to

conduct even relative to trials in other chronic conditions such as heart

disease, cancer, and diabetes.

The Global Alzheimer’s Platform (GAP) foundation is in the process

of standing up a platform study thatwill test the efficacy ofmore than a

dozenpromising bloodbiomarkers anddigital cognitive assessments as

prognostic or diagnostic indicators for AD. Known as the Bio-Hermes

study,12 it will generate biological samples and digital biomarker data

from 1000 participants; the study will also enable development of

a data algorithm to produce next-generation clinical trial enrollment

solutions. The Bio-Hermes study will include racially and ethnically

diverse participants to assess whether biomarker risk factors vary by

race and ethnicity.

Recruiting a diverse group of informed and willing participants

for an AD clinical trial is both extremely important and challenging.

Despite making up about 30% of the US population, Black and Latino

people usually make up only about 3% to 8% of clinical trial partici-

pants. To help address this issue, GAP has committed to recruiting at

least 20% Black or Latino volunteers for the upcoming Bio-Hermes

study and will not close recruitment for this trial until it has a group of

study participants that accurately reflects the community of people liv-

ing with AD. GAP’s intention is for the Bio-Hermes study to be amodel

for building back a clinical trial infrastructure that is more efficient and

gets us to better diagnostics andmedicines faster.

4 OTHER BARRIERS THROUGHOUT THE
RESEARCH AND DEVELOPMENT PROCESS AND
APPROVAL PROCESS FOR ALZHEIMER’S DISEASE
AND POTENTIAL SOLUTIONS TO THESE BARRIERS

Federal grant programs, specifically those sponsored by the NIH, offer

support for both fundamental and translational biomedical research.

At the NIH, scientific merit reviews are performed by scientists, and,

therefore, offer a broad and fair coverage of research directions. These

grant programs are highly competitive, and thus proposals that offer

something radically different and risky (“high risk, high reward”) tend

to fare worse than risk-averse proposals that continue established

lines of research. While the NIH has provided venues for high-risk

high-return projects, they remain extremely competitive, especially for

younger scientists and those with new ideas who come from outside of

a traditional neuroscience background.

Protein aggregation is a hallmark of neurodegenerative diseases,

including AD. The mechanisms of protein aggregation are understood

from a biophysical perspective, but how this molecular knowledge

relates to physiology remains unknown. Thus, translational science

programs aimed at marrying disparate scientific fields with clinical

research are critical to establish a working model of disease. The

success of translational science relies on attracting scientists with

backgrounds in diverse fields to build inter-disciplinary programs.

In addition, attracting industrial partners to these inter-disciplinary

consortiums will facilitate their progress.

The dominant cost associated with caring for AD patients stems

from the extensive care required in later stages of the disease. Reduc-

ing the cost of care is mostly an untapped direction in mitigating

the growing cost of the disease in the United States. Recent scien-

tific and engineering innovations, especially in machine learning and

artificial intelligence, wireless solutions, and miniature devices, may

offer new and unparalleled means of caring for patients, especially in

the advanced stages of the disease. For example, wearable devices

with geofencing abilities may allow automated remote monitoring of

a patient’s health state,while location servicesmay significantly reduce

the risk of a patient with dementia wandering from home, thus allow-

ing those with AD to remain at home and out of care homes for
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longer. Facilitating such innovations through federal and private sec-

tor programs will have a major impact on improving the quality of care

and reduce financial burden on both government programs and on

individuals.

The Food and Drug Administration (FDA) is an essential partner to

the efforts of the pharmaceutical industry and academic researchers

when it comes to the search for better diagnostics and treatments for

AD. We applaud the agency’s approach to public engagement around

their evaluations. We appreciate that the FDA has been transparent

and energetic in its engagement with a broad range of stakeholders,

including patient advocates, researchers, and pharmaceutical compa-

nies. Given the need for greater diversity in clinical trials, Congress

could use the Prescription Drug User Fee Act renewal process to

encourage the FDA to develop clear guidance on minimum standards

for diversity in clinical trials.

We hope that Congress will take lessons learned from COVID-19

and apply them to the AD crisis. For example, the Federal government

should establish a task force with authority to evaluate the barriers

to progress and move with great urgency to deliver on the National

Alzheimer’s Project Act promise for effective therapeutics by 2025.

Federal agencies should have increasing support for greater involve-

ment and coordination to address the AD challenge. For example,

increased collaboration between the FDA and the Centers for Medi-

care and Medicaid Services could accelerate future reviews regarding

efficacy of new diagnostics and medicines and consideration of their

merits for reimbursement can occur concurrently, more efficiently,

and in less time. This would help speed the delivery of innovative

diagnostics andmedicines to patients and clinicians.
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