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Abstract

Combination therapy is expected to play an important role
for the treatment of Alzheimer’s disease (AD). In October
2018, the European Union-North American Clinical Trials in
Alzheimer’s Disease Task Force (EU/US CTAD Task Force)
met to discuss scientific, regulatory, and logistical challenges
to the development of combination therapy for AD and current
efforts to address these challenges. Task Force members
unanimously agreed that successful treatment of AD will likely
require combination therapy approaches that target multiple
mechanisms and pathways. They further agreed on the need
for global collaboration and sharing of data and resources to
accelerate development of such approaches.

Key words: Alzheimer’s disease, amyloid, tau, therapeutics, trial
design.

Introduction

ombination therapy has resulted in
improved outcomes for many of the world’s
most significant and complex diseases,
including cancer, AIDS, and cardiovascular disease,
and the prospect of combination therapy has also
gained traction in the Alzheimer’s disease (AD) field
(1-3). The reasons for pursuing combination therapy
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for AD go beyond the disappointing track record in
developing effective treatments for this disease that is
likely to affect more than 150 million people worldwide
by 2050 (4-6). As with many other complex diseases,
AD arises from a series of pathological changes and
the involvement of many pathogenic pathways that
begin well before symptoms appear (7), suggesting
that effective treatment will require targeting multiple
pathways, either simultaneously or sequentially.
However, the complexity of AD pathophysiology also
introduces substantial hurdles to the development of
combinatorial approaches. To better understand current
efforts to develop such approaches and the steps that
need to be taken to expedite this process, the European
Union-North American Clinical Trials in Alzheimer’s
Disease Task Force (EU/US CTAD Task Force) discussed
combination therapy for AD at its 2018 meeting. The
Task Force brings together investigators from industry,
academia, and regulatory agencies to build consensus
and promote collaboration and information sharing
on issues important for the development of effective
Alzheimer’s treatments. Many Task Force members
expect combination therapy to play an important role in
treating AD and call for global collaboration to develop
combination therapies (8, 9), but agree that the path
forward has yet to be clearly defined.



Best candidates for combination therapy

Combination therapy for AD could involve
interrupting a single important pathogenic pathway
(such as amyloid or tau) at multiple points or targeting
two or more pathways together (such as amyloid plus
tau). Despite the many disappointing clinical trials of
disease-modifying therapies targeting amyloid, it remains
a promising target for disease modification, in particular
for prevention studies. The rationale for targeting
amyloid is strong (10). Most known genetic mutations
related to AD are involved in amyloid production or
processing. This includes mutations in the Presenilin 1
and 2 and amyloid precursor protein (APP) genes, and
Down syndrome, the most common cause of early-onset
AD, which is caused by a trisomy of chromosome 21
where the APP gene resides. In addition, a mutation in
the APP gene known as the Icelandic mutation (A673T)
has been shown to be protective against AD and cognitive
decline (11).

Moreover, there is abundant evidence that AP
oligomers and amyloid plaques are toxic (12, 13),
and encouraging although preliminary evidence that
removing plaques may be associated with improved
cognition and clinical outcomes.

The APP molecule undergoes sequential cleavage via
[- and y-secretases to produce amyloidogenic fragments.
Amyloid peptides take on monomeric, oligomeric, and
fibrillar forms that may cause toxicity through a variety
of mechanisms including oxidative stress, excitotoxicity,
synaptic failure, and other mechanisms associated with
neuronal death (14). This complex pathway from APP to
toxicity thus creates multiple potential therapeutic targets
(Figure 1). Antibodies directed at different amyloid
fragments have been developed as potential treatments
against AD with varying degrees of success at removing
amyloid and halting the disease process; secretase
inhibitors have also been effective at reducing amyloid
load but have been associated with cognitive worsening
and other adverse events (15, 16).

A workgroup of the National Institutes on Aging and
the Alzheimer’s Association (NIA-AA) recently published
a research framework that defines and stages the disease
according to the presence of Amyloid (A), Tau (T) and
neurodegeneration (N) biomarkers (17). Yet while the
AD disease-modifying drug development pipeline
continues to reflect the predominance of the amyloid
pathway, there has recently been an increase in the
number of drug trials testing non-amyloid mechanisms
(18, 19). In agreement with the NIA-AA Research
Framework, the Task Force recognized the need to add
biomarkers of other pathologies commonly seen in the
brains of people with AD, such as vascular pathology (V),
inflammation (I), and Lewy bodies (L).
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Figure 1. Opportunities for amyloid-based combination
therapies based on therapeutics currently in clinical
development
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Possible combination trial designs that target
amyloid

Preclinical AD is marked primarily by amyloid
accumulation, with cognitive performance and
biomarkers of neurodegeneration, tau, and cerebral
metabolism increasing markedly only in the clinical
stages of disease (20). This suggests that a vigorous attack
on amyloid using multiple agents simultaneously to
target different steps in the amyloid pathway may slow,
stop, or reverse the progression of AD.

However, an even more promising approach may be
attacking the amyloid pathway sequentially at different
times and disease stages. Sequential therapy offers
efficiency advantages by enabling the assessment of
individual adverse events and benefits more readily. One
potential sequential therapy design using an induction/
maintenance approach would be to start treating with
an inhibitor of A production, such as a beta-secretase
inhibitor (BACEi), before there is any detectable amyloid;
and then introducing amyloid-reducing antibodies when
amyloid becomes elevated but before neuronal damage
has begun. This approach could reduce the number of
anti-amyloid antibody infusions required, thus saving
costs and reducing exposure. However, designing a trial
using this strategy could become very complicated.

An alternative would be to start with an anti-amyloid
antibody first to induce an amyloid-free state for 3
months to 1 year (long enough to see cognitive benefit
in early stage), and then push backwards and treat with
BACEi as maintenance therapy. Although BACEi have
shown significant adverse events in several trials, a lower
dose (e.g. inhibiting only <30% of BACE) may improve
the risk/benefit calculation. Other secretase modulators,
antibodies that target diffusible amyloid, or amyloid
active vaccine may also be used for maintenance.

A combination study including both anti-tau and anti-
amyloid drugs also has been suggested although many
questions remain about the efficacy of anti-tau agents, the
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best tau epitopes to target, the optimal stage of disease
to treat, how to establish target engagement, and how to
design anti-tau trials (31). Another combination clinical
trial that combines two non-amyloid approaches is also
underway at Amylyx Pharmaceuticals in partnership
with the Alzheimer’s Drug Discovery Foundation
and the Alzheimer’s Association. This Phase 2 trial of
AMXO0035 combines sodium phenylbutyrate, which is
approved for the treatment of urea cycle disorders, and
tauroursodeoxycholic acid (TUDCA), a bile acid that
supports mitochondrial energetics (19). The combination
is expected to protect neurons from inflammation and
oxidative stress.

Best target populations and study designs

For clinical trials of combination therapies such as
those described above, the stage of disease and study
design for proof-of-concept and Phase 3 studies will be
determined by a medication’s mode of action on disease
pathophysiology. For example, trials designed to treat
patients in early disease stages, i.e., symptomatic with a
CDR 0.5 or 1, should maximize the likelihood of detecting
disease progression during the trial and demonstrating
a slowing of progression if the treatment is efficacious.
Enabling optimal designs and optimizing treatment
assignment will require that participants have adequate
biological characterization with biomarkers.

The most informative trial design for a two-agent
combination therapy trial would employ a 2 x 2 factorial
structure where each agent is tested alone and in
combination (21). A more efficient approach, however,
would be a 2-arm trial of the combination vs. placebo,
with deconvolution of the contribution of each agent
should the initial approach be successful. In either case,
selecting dose and treatment regimens for combination
studies is complicated and often leads investigators to
take shortcuts, which can lead to misleading results
or unacceptable risks to participants. The statistical
and regulatory implications of various trial designs are
discussed below.

For trials in patients with AD dementia, since many
individuals will already be taking acetylcholinesterase
inhibitors (e.g., donepezil) and/or memantine (22), add-
on designs that combine the standard treatment plus the
disease-modifying agent being tested may be necessary.
To test combinations in early AD patients, a different type
of add-on design could provide more precision. For this
type of study, participants would be randomized first
to induction therapy with an agent that targets the most
prominent apparent pathology (amyloid for most, tau
for a few); then after a pre-determined time period (e.g.,
6 months), a second treatment is added that targets the
second most predominant pathology (e.g., tau, amyloid,
inflammation, Lewy bodies, or vascular).

Open perpetual platform trials using a master protocol
with defined inclusion and exclusion criteria may be

the most efficient way to conduct combination trials.
The Dominantly Inherited Alzheimer’s Network Trials
Unit (DIAN-TU) has developed such a platform for
testing a variety of therapeutics in people with autosomal
dominant AD (23). Such platforms enable testing of
multiple active treatment arms with shared control arm,
and they allow for: 1) pooling of placebo groups, 2) the
discontinuation of arms for futility, 3) the addition of
new arms including either new drugs or new doses, 4)
adaptive randomization, and 5) personalization of arms
to specific subgroups (24).

Regulatory issues

Regulatory authorities encourage innovative
development approaches for delivering combination
therapies for AD. In 2013, the U.S. Food and Drug
Administration (FDA) published guidance for
co-development of two or more new investigational
drugs for use in combination (25). According to this
guidance, combination therapy is justified for treating
serious diseases with unmet medical needs when there
is a strong rationale and strong preclinical data for the
combination, and when there is a compelling reason
for developing the two drugs in tandem rather than
independently.

Selecting agents to combine begins with assessing
and characterizing whether the interaction between the
components is additive, synergistic, or antagonistic. In
addition, since most amyloid treatments activate the
immune system, nonclinical studies are needed to
assess the interaction of combinations with immune
mechanisms. How the effectiveness of the combination
is defined affects the study design and may depend
on the stages of development of the components.
Thus, if one component is already approved, it may be
sufficient to demonstrate how much greater is the effect
of the combination of new drug plus the approved drug
compared to the effect of the approved drug alone. If
both components are novel, however, a full factorial
design may be needed to understand contributions of the
different agents to the treatment response. Additive or
synergistic effects may be demonstrated.

Both FDA and the European Medicines Agency (EMA)
require preclinical studies of the combination. In some
cases, toxicology of the combination will need to be
tested, although there have been some studies where
regulators were sufficiently confident that a combination
would be safe and allowed advancing to Phase 2.

Blazing the trail to combination therapy

In December 2017, Lilly launched the multi-site
TRAILBLAZER-ALZ Phase 2 trial, which combined
a BACEi with the anti-amyloid monoclonal antibody
LY3002813 (NCT03367403), a humanized IgG1 antibody
directed at N3pG, an amyloid epitope that is present only



in amyloid plaques (26). In preclinical studies, LY3002813
was shown to remove amyloid plaque through
microglial-mediated clearance (27). In the PDAPP mouse
model, an antiN3pG plus a BACEi removed most pre-
existing plaque and improved neuronal health in a
synergistic, dose-dependent manner (28).

A phase 1 study of the monoclonal antibody
demonstrated a significant reduction in brain amyloid
by florbetapir positron emission tomography (PET); and
a phase 1 study of the BACEi demonstrated a lowering
of cerebrospinal fluid (CSF) AP, with no safety or
tolerability concerns. These results in Phase 1, combined
with the preclinical data, prompted Lilly to plan the
TRAILBLAZER trial that would include three arms: 1)
placebo, 2) N3pG monoclonal antibody alone, and 3)
N3pG mAb plus BACEi. Rather than using a full factorial
design, external data from multiple ongoing BACEi
studies would be used to demonstrate the efficacy of the
BACEi alone.

The study enrolled participants with early
symptomatic AD who are amyloid positive with a
low-to-medium tau burden, randomized to the three
arms. These inclusion/exclusion criteria were selected
to produce a relatively homogeneous population. A
composite scale of cognition and function was selected
as the primary outcome, and a robust biomarker strategy
was planned to demonstrate the contribution of each
component of the combination (29). Other cognitive and
functional measures as well as amyloid PET, tau PET,
and volumetric magnetic resonance imaging (MRI) were
included as secondary outcome measures.

The combination BACEi plus N3pG mADb arm of the
trial was subsequently discontinued based on data from
multiple sources that raised concerns about the risk/
benefit profile of BACEi (30). Nonetheless, the study
design holds lessons for future trials of combination
therapies, including the use of preclinical data in animal
models to demonstrate synergy, the use of robust Phase
1 data to simplify Phase 2 combination designs, and the
importance of early interaction with regulators to design
toxicology and clinical studies.

Moving forward

Despite the discontinuation of the combination therapy
arm in the TRAILBLAZER trial, Task Force members
unanimously agreed that successful treatment of AD
will require combination approaches that target multiple
mechanisms and pathways. However, many questions
remain regarding how best to move forward in the
development of combination therapies.

Task Force members suggested several steps
that should be taken to expedite the development of
combination therapies:

e Establish thresholds for pathologies beyond amyloid
and tau, including inflammation and vascular load.
e Pool observational studies to determine natural history
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of various combinations of pathologies.

e Negotiate a DIAN-like structure with global resources
from companies and academia, for example through
the European Prevention of Alzheimer’s Dementia
Consortium (EPAD).

e Enlarge the dialogue about combination therapy to
include disease modifying as well as symptomatic
treatments and mechanisms that address the
neurodegenerative process.

* Pool resources, for instance by testing add-on
compounds in participants enrolled in preclinical
or Phase 2 clinical trials with a single agent, having
completed the double-blind placebo-controlled phase
of the study.

Task Force members also agreed that patient
engagement is key to the development of combination
therapies, particularly for treatments intended for the
presymptomatic stages of the disease.
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