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Is There a Way. Out of Ongoing Failures?

Abstract

The attempt to develop a causal treatment against the
progression of Alzheimer’s disease is an unparalleled series
of nearly two decades of failures in drug development, with
hundreds of molecules being assessed and multiple billions
of dollars burnt, while Alzheimer's disease may be seen as the
biggest still-to-address medical need.

At least this series of failures also allowed much better
insights into the disease pathology, study methodologies and
— as a consequence — in the design of future development
programmes for anti-Alzheimer medications.

These insights, in combination with advances in all types of
biomarkers (blood, imaging and digital), are to be used to end
the series of failures with novel targets and molecules.

Introduction

No new drugs have been approved for the treatment of Alzheimer’s
Disease (AD) in the past 15 years (Fig. 1) despite US National Institutes
of Health (NIH) alone investing more than a billion dollars per year in
dementia research [Richard Harris, 10 Years After Alzheimer's Report:
Any Progress?, Forbes, 25 March 2019)].
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Figure 1: The last approved drug reaches back to 2003 — for a molecule known since many

years before. Since then, a constant stream of assessed molecules led to failures until today,

with a peak of 14 drugs failing in 2009, alone [modified from: PRRMA analysis of ADIS R&D
insight database, 17 June 2015].

These numerous negative projects include a wide variety of
mechanisms of action:

+  Inhibition of amyloid-beta aggregation and amyloid-beta
(A-beta) antibodies

+  Inhibition and modulation of gamma-secretase

+  Beta-site amyloid precursor protein cleaving enzyme 1 (BACE1)
inhibition

+  Inhibition of tau-pathology

The fact all these programmes did not reveal even a minimal effect
on disease progression may create quite a pessimistic outlook.

Even worse, AD drug development costs substantially exceed
development costs in most other therapeutic areas. It is estimated
that total costs of an AD drug development programme are at $5.6
billion [T]. Scott, A.C. O'Connor, AN. Link, T.J. Beaulieu. Economic
analysis of opportunities to accelerate Alzheimer's disease research
and development. Ann N Y Acad Sci, 1313 (2014), pp. 17—34).

Even though the expected return on any such investment would
justify these enormous costs, only a few and financially highly potent
pharmaceutical companies can afford such risks going forward. Not
least due to a failure in AD drug development, Phizer pulled out of
neuroscience research in 2018. Most ongoing Phase III programmes
are sponsored by multiple companies in a research consortium,
minimising the individual company’s risk.

Aside from these financial considerations, an estimated 50 million
AD patients worldwide and their families urge researchers to push on.

And the industry is taking on the challenge: A recent report on the
status of the AD drug development pipeline identified 112 agents: 26
in Phase III studies, 75 in Phase II studies, and 23 in Phase I studies
[J. Cummings, G. Lee, A. Ritter, K. Zhong. Alzheimer’s disease drug
development pipeline: 2018. Alzheimers Dement (N Y) 2018;4:195-214].

And the industry is learning: Whereas most of the negative studies
in recent years targeted brain A-beta, current studies are targeting a
broader repertoire of mechanisms []. Cummings et al., for the EU/US/
CTAD Task Force, ] Prev Alz Dis 2019;3(6):157-163].

It thus is still too early to be nihilistic, but future drug development
needs to change historic concepts to have a realistic chance for a
causal treatment reaching the market, at least in the next decade.
Also, the competent authorities are willing to change gears. The FDA
published in 2018, “Early Alzheimer’s Disease: Developing Drugs for
Treatment Guidance for Industry” in the attempt to facilitate future
successes.

Why Did Historic Programmes Fail?
The first question to ask is: What could have caused the historic
failures? Three major reasons can be made accountable:

1. The wrong patient population was observed, e.g., therapy
started too late in the progression of the disease, when damage
is irreparable, or effects are only happening in still-to-identify
sub-populations, e.g. those with an ApoEy allele.

2. The therapeutic effects were not large enough to reach statistical
significance, either because of too-low doses or because the
endpoints (ratings scales such as ADAS-Cog) were not sensitive
enough to reflect a relevant effect.

3. A-betais the wrong target, meaning the formation of A-beta does
not drive the pathophysiology of AD but instead is only a result
of underlying disease progression.
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Ttem 1 is still under investigation: Roche has a study ongoing
in otherwise healthy people being genetically predisposed to
Alzheimer’s, and Lilly runs a similar study in otherwise healthy
elderly people who only yet showed a higher than normal level of
amyloid plaques in brain PET scans. NIH is sponsoring two more
such studies. These projects will be the final “defence” lines to
justify the amyloid hypothesis.

Reason 2 could be discussed from a statistics viewpoint, but drug
effects too small to be detected in studies with several thousand
patients — even if the assessment tools are not ideal — would hardly
justify a year-long use in otherwise healthy people. Furthermore,
the failed Phase III study with Merck’s verubecestat revealed
the stunning result that people with prodromal AD who took the
inhibitor scored worse on cognitive tests than those on placebo
[verbal communication at the 1™ Clinical Trials on Alzheimer’s
Disease conference, held October 24—27 in Barcelona, Spain]. That
means the outcome measures used are sufficiently sensitive to detect
a clinically relevant change — in that case unfortunately in the wrong
direction.

Some further reasons for failure can be found in the pre-clinical
stages of development.

1. Scientists still do not fully understand the underlying causes
and mechanisms of the disease, particularly when trying to
separate potential causes from effects of the disease. Major
investments in basic CNS research such as The Human Brain
Project (HBP), which is the largest scientific project ever funded
by the European Union, employing some 500 scientists at more
than 100 universities, teaching hospitals and research centres
across Europe, may provide the currently missing insights in
the next years. Until then, only more upfront investment in
small but sufficiently long-lasting Phase Ib studies in the target
population would help to de-risk the subsequent investment in
large Phase II and III studies.

2. Poor methodology of animal studies and use of models that
do not accurately reflect human pathogenesis. This is due to
the fact that the human brain is the most complex structure
we know in the universe — much more complicated than
any animal brain. A further confounding factor may be that
neutral or non-significant animal studies are less likely to
be published. This would further flatten the learning curve.
Attempts are made to use artificial intelligence and machine
learning to simulate the human brain, replacing animal models
[Magali Haas et al.,, on behalf of the Brain Health Modeling
Initiative (BHMI), Big data to smart data in Alzheimer’s
disease: Real-world examples of advanced modeling and
simulation, Alzheimer’s & Dementia 12 (2016) 1022—-1030], but
these concepts are also years away from being useful.

3. The absence of validated non-invasive biomarkers of disease
activity and progression. For A-beta, a number of such
markers got developed in the recent past. The most recent
advancement is the characterisation of the ratio of A-beta
42 and A-beta 40 in blood being 94% accurate in diagnosing
brain amyloidosis [Megan Brooks, New Alzheimer's Blood
Test 94% Accurate, Medscape Medical News, August 02, 2019)].
This would make the early identification of people “at risk” for
Alzheimer’s much easier and cheaper.

Even though A-beta may actually be the wrong target, making
use of new targets and modes of action is not a sufficient change
to avoid ongoing failures.
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What Are the “Lessons Learned”?
Any coming project should also apply the below lesson learned from
the past:

A.  Marker for early detection of drug effects: In case novel targets
such as tau will get selected, these will also require novel
imaging agents and biomarkers, a deeper understanding of tau
biology and the dynamic interaction of tau and A-beta protein.
In the past years, such markers were developed in parallel to
ongoing clinical development programmes. When de-risking
novel target developments, markers should get developed
prior to entering large clinical trials. Markers are anyway a
“must” based on the revised Research Criteria for AD [C.R.
Jack et al.,, NIA-AA Research Framework: Toward a biological
definition of Alzheimer's disease, Alzheimers Dement.
2018, 14(4): 535-562]. The diagnosis of AD is confirmed for
clinical research by the biomarkers amyloid (A), tau (T) plus
neurodegeneration (N), observed in imaging techniques. In
this ATN classification, the diagnosis is no longer based on
the clinical consequences of the disease (i.e., symptoms/
signs), but it shifts the definition of AD in living people from a
syndromal to a biological construct. This should also help with
any future development programme.

B. Even earlier start of therapy: This, however, not only requires
a sufficiently cheap and easy to apply test to identify people
“at risk” as described above, but also a drug which is cheap and
easy to adhere to, justifying its use over many years before the
disease shows its first symptoms.

C. Less complex and more naturalistic outcomes. In the
past decade, the complexity of AD studies has constantly
increased. The clinical trials leading to the approval of the first
AD treatment Tacrin [Farlow et al., JAMA (1992) 268(18) 2523-
2529 / Davis et al, NEJTM (1992) 327 (18) 1253-1259] recruited
20.3 patients and 31.6 patients respectively per site. That was
made possible because these studies had no requirements
for amyloid or tau-PET, no MRI, no CSF sampling, no PK
sampling and no genotyping — all of which are more or less
standard in today’s studies. The number of patients fulfilling
all the complex selection criteria shrank by half (see Fig
2), with a subsequent consequence on the number of sites
required. This leads to a vicious circle as detailed in Figure
3 [from: P. Schueler, M\W. Weiner and JW. Ashford, Can IT
Help with the Screening for Alzheimer’s Disease Trials? ] Prev
Alz Dis 2017;4(4):288—-289)].
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Figure 2: The change in key study performance parameters in recent years, 2012 to 2017,

compared to the years 2000 to 2005: The number of patients per site was cut nearly by half.

As a consequence, the number of sites nearly tripled, also because the number of enrolled
patients per study doubled.

D. Clinically highly relevant outcomes such as “death” or
“requiring home care” would convince payers, but also lower
the development costs because these endpoints are more
easy and cheap to measure. These will, however, require
long observational periods of five to ten years. As another
alternative, digital technology may offer alternative solutions.

www.jforcs.com

Journal for Clinical Studies 37



Therapeutics

More complex studies (trying to enrich 2 homogenous population)
More competition (less sites fulfill the complex reguirements)
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Figure 3: The higher study complexity leads to the need for more sites, which increases the
variability of rating-scale-dependent endpoint data. Consequently, the increased data
variability requires a larger sample size.

Smartphones are widely available and have an array of
inbuilt technology including accelerometers, gyroscopes,
magnetometers, global positioning systems (GPSs), proximity
sensors, ambient light sensors, microphones, cameras, and
touch-screen sensors. These sensors facilitate the capture
of a multitude of data, including activity, gait cadence, falls,
speech, and location. Such assessments have the potential
to make results more reliable and can offer a means of
continuous longitudinal monitoring. Even changes in
language and voice are being evaluated as predicators of
disease progression [M. McCarthy and P. Schueler, Can
Digital Technology Advance the Development of Treatments
for Alzheimer’s Disease? ] Prev Alz Dis, Published online
2019).

E. Last but not least: Less targeted treatments or combination
therapies. In other complex and not yet fully understood CNS
disease, such as depression and schizophrenia, the initial and
still most effective treatments were “dirty” drugs with multiple

modes of action — often only defined years after the drug got
approved. The better we started to understand the brain, the
more we attempted to develop highly specific therapies. It may
well be we do not yet understand our brain sufficiently well to
successfully develop targeted anti-AD drugs.

Conclusion

Even though we still lack a profound understanding of our brain’s
function, how we create “memory” and what pathologic mechanisms
may disrupt these pathways in Alzheimer’s disease, we have learned
a lot about the disease progression and the ability to measure that
progression with biomarkers. We also learned that Alzheimer's
patients are not a homogenous population. Together with a refined
development methodology, it should help us to find new therapies.
Unfortunately, in case the still ongoing Phase III studies in pre-
symptomatic populations also fail, it will take another decade for
such alternative therapies to reach the first patients as an approved
treatment.
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