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ARTICLE INFO ABSTRACT

Keywords: There is growing consensus in the Alzheimer’s community that combination therapy will be needed to maximize
Alzheimer’s disease therapeutic benefits through the course of the disease. However, combination therapy raises complex questions
Combination therapy and decisions for study sponsors, from preclinical research through clinical trial design to regulatory, statistical,

Clinical trials
Preclinical research
Biomarkers

and operational considerations. In January 2024, the Alzheimer’s Drug Discovery Foundation convened an expert
advisory board to discuss the key considerations in each of these areas. Experts agreed on the need to prioritize a
combination therapy approach that encompasses a wide range of targets associated with aging and the underlying
biology of Alzheimer’s disease. Progress in combination therapy could be accelerated by leveraging preclinical
research and Phase 1 and 2A trials to identify the most promising combinations for further development, exploring
repurposed agents with available preclinical and clinical data, building collaborations across sectors to support
operational challenges, and planning for the likely impact of anti-amyloid beta-protein monoclonal antibody
therapies on future clinical trial designs.

1. Introduction across the continuum of disease. This consensus is driven by the grow-
ing understanding of the diverse, interconnected mechanisms underly-

There is a growing consensus in the Alzheimer’s community that ing Alzheimer’s disease [1-3]; the success of combination therapy for
combination therapy will be needed to maximize therapeutic effect other complex chronic diseases like cancer and heart disease; and the
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modest effects on decline produced by the new generation of mono-
clonal antibodies targeting g-amyloid. Like many other chronic diseases,
aging is the leading risk factor for Alzheimer’s, and various aging-related
processes have been implicated in the development and progression of
the disease [1]. A comprehensive treatment approach that encompasses
the multiple mechanisms of pathogenesis will be necessary to address
Alzheimer’s on multiple fronts.

Combination therapy raises complex questions and decisions for
sponsors, from preclinical research through clinical trial design to regu-
latory, statistical, and operational considerations. Previous expert con-
venings and publications have highlighted the importance of these ques-
tions for the future of Alzheimer’s treatment [4,5]; given recent ad-
vances in the field, now is the time to begin more concerted, urgent,
and collaborative engagement with these questions to drive progress
towards delivering combination therapies.

In January 2024, the Alzheimer’s Drug Discovery Foundation
(ADDF) convened a panel of experts from the research, industry, clinical,
and regulatory communities to discuss the key considerations that will
guide the path forward for combination therapy. There was consensus
on the following priority action areas:

» The Alzheimer’s field has reached a critical juncture where new ther-
apies are advancing in the pipeline and coming to market, creating
a need to prioritize a combination therapy approach, especially for a
wider range of non-amyloid targets that reflect the multifactorial na-
ture of the disease. There are multiple combination therapies in the
current Alzheimer’s disease pipeline [6], and it is expected that the
number of combination therapy trials will grow in the years ahead.
Given the complexity of studying and managing combination thera-
pies, sponsors must begin now to plan, collaborate, and advance this
area of research.

There is an important role for preclinical research in the efficient de-
velopment of combination therapies. Preclinical studies can identify
mechanisms of action with potential synergistic or additive effects,
identify new biomarkers, and provide early data regarding safety,
pharmacokinetics, and pharmacodynamics.

Phase 1 and 2A clinical trials of combination therapies are essential
to lay the groundwork for later-stage trials. Phase 1 trials are im-
portant to understand dose, safety, and tolerability; dose-response
data, dose-limiting toxicity, and pharmacokinetics must be under-
stood for each new agent and for the combination. Iterative Phase
2A hypothesis-generating trials will likely be necessary to inform the
design of later-stage trials and to identify the most promising combi-
nations warranting additional investment. Moreover, innovations in
clinical trial designs should be considered to support the efficiency
of combination therapy development.

Repurposed agents offer one ideal starting point for combination
therapy in Alzheimer’s disease. These agents are often more acces-
sible and have the advantage of available preclinical and clinical
data that can be leveraged, potentially accelerating clinical devel-
opment and regulatory pathways for approval (e.g., FDA 505(b)(2)
pathway). The number of repurposed agents in the Alzheimer’s dis-
ease pipeline has increased in recent years, making up 31% of the
research pipeline [6]. Those targeting aging-related mechanisms will
likely have the greatest promise.

Collaboration across sectors will be needed to advance combination
therapy. Close engagement with regulators will be critical. Momen-
tum can be created with platform trials, non-competitive consor-
tia, and collaboration among biopharmaceutical companies, biotech
companies, and not-for-profit entities to navigate the operational,
legal, and strategic complexity presented by combination therapies.
The potential impact of recently approved anti-amyloid beta-protein
(Ap) monoclonal antibody therapies on future clinical trials for com-
bination therapies warrants further dedicated discussion and consid-
eration.

.
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A summary of the advisory board’s key considerations and key ques-
tions is provided below, as well as a high-level perspective on the state
of the field, landscape for combination therapy, and lessons from com-
bination drug development in oncology.

2. State of the field

In the 5+ years since previous expert convenings on combina-
tion therapy in Alzheimer’s disease, including a panel at the 2018
Alzheimer’s Association Research Roundtable and a meeting of the
European Union/United States/Clinical Trials in Alzheimer’s Disease
(EU/US/CTAD) task force [4,5], understanding of the underlying biol-
ogy, therapeutic targets, and new biomarkers for diagnosis and demon-
stration of target engagement has significantly expanded. Critically,
anti-Af monoclonal antibody therapies have shown positive results in
Phase 3 clinical trials [7,8], resulting in Food and Drug Administration
(FDA) approval of two agents (Leqembi and Kisunla) [9,10]. However,
anti-Ap therapies, alone, are likely insufficient to completely stop dis-
ease progression, given the complexity of the underlying pathogenic
pathways.

These scientific advances indicate the need to pursue a wider range
of non-amyloid targets associated with aging and the underlying biol-
ogy of Alzheimer’s disease, such as inflammation, vascular dysfunction,
aberrant proteostasis and autophagy, tau protein abnormalities, mito-
chondrial oxidative stress, metabolic dysfunction, cellular senescence,
and epigenetic dysregulation [1,2,11]. There are promising therapeu-
tics in development that target these processes, indicating the potential
for combination therapies that address multiple dysregulated systems
with additive or synergistic effects.

This approach aligns with the overall state of the Alzheimer’s dis-
ease therapeutic pipeline, as over 70% of disease-modifying therapies
in the 2024 pipeline target biology other than amyloid or tau [6]. The
pipeline also includes several combination therapies, though the num-
ber is currently limited. Additionally, the share of repurposed agents in
the pipeline continues to grow — providing a promising starting point
for combination therapy.

2.1. Understanding the landscape for combination therapy & applying
lessons from oncology

While the rationale for combination therapy is clear, the path for-
ward is complex. As sponsors turn to this area, they must navigate a set
of interrelated questions, decisions, and potential development avenues.
These include:

Different types of combination therapies, such as combination prod-
ucts, a sequential combination, add-on therapies, and multi-target
drugs.

The regulatory implications of study design, dose optimization, and
endpoint acceptability of two experimental agents developed to-
gether, one approved and one experimental agent developed to-
gether, or the use of approved or experimental therapies as add-on
treatment to anti-A# monoclonal antibodies or other clinically avail-
able therapies.

Different modalities in combination (e.g., small molecule thera-
pies, biologic therapies, medical devices, and lifestyle interventions)
and/or different formulations (e.g., oral, intravenous, intramuscular,
intrathecal, subcutaneous, transdermal, or intra-nasal).

Different rationales for pursuing a combination therapy, including
improved efficacy, use of multiple mechanisms of action, improve-
ment in pharmacokinetics, and targeting of specific clinical symp-
toms which develop as the disease progresses.

Different patient needs in a heterogenous disease, as well as different
combination strategies across the continuum of disease, from preven-
tative or early interventions through interventions later in disease
course.

.
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« Alterations in the interpretation of biomarkers, especially given the
rising number of patients with varying exposures (dose and duration)
to anti-Ap monoclonal antibodies.

While these considerations introduce complexity, other therapeutic
areas, principally oncology, have shown that progress with combination
therapy is not only possible, but likely necessary for effective treatment.
The expert advisory board highlighted four key lessons from oncology
for Alzheimer’s disease: the importance of understanding the underly-
ing biology and interactions among diverse mechanisms of disease; the
potential for repurposed drugs, including previously shelved therapies,
to provide impactful effects in combination; the necessity of consider-
ing adaptive trial designs and discussing them with the FDA early in the
process; and the need for integrated, interdisciplinary solutions, devel-
oped through collaboration within the field and with other fields, using
interoperable data systems to deliver therapies for patients.

The Alzheimer’s field needs a similar approach. To aid sponsors in
achieving this goal, we summarize considerations and questions drawn
from the advisory board. These are intended to provide a framework
that can inform discussions, generate ideas, and support sponsors as they
make decisions based on their specific goals.

3. Regulatory considerations

The FDA provides guidance for development of combination prod-
ucts which varies depending on the type of combination [12]. No
equivalent guidance is currently available from the European Medicines
Agency (EMA). Advisory board members agreed that the Alzheimer’s
field needs to be educated not only on the FDA guidance, but also what
the framework indicates about the overall regulatory perspective on
combination therapy.

3.1. Key considerations

Sponsors can consider the following areas for engaging regulators on com-
bination therapy:

The Alzheimer’s field overall must use consistent language and def-
initions aligned with the FDA in regard to combination therapy. This
consistency is essential, given that the FDA guidelines vary depending
on the type of combination therapy. Similar recommendations from the
EMA underscore the importance of considering analogous regulatory in-
teractions with authorities globally.

The experience of other disease areas shows the value of engaging
the FDA early, with Pre-Investigational New Drug (p-IND) meetings to
work through questions and decisions. Through the Prescription Drug
User Fee Act (PDUFA), the FDA must provide pre-IND advice to study
sponsors. Most issues that result in IND refusals to file or clinical holds
can be avoided with pre-IND meetings. Designing preclinical and Ex-
ploratory IND Phase 0 studies to evaluate pharmacokinetics and target
engagement helps build confidence that there is a strong rationale for
combination therapy, based on data and a good understanding of toxi-
city.

3.2. Key questions

Sponsors can consider the following regulatory questions:

.

How can the data collected in the preclinical phase and early-stage
trials be maximized to build confidence among regulatory authori-
ties in the rationale for exploring combination therapy and acceler-
ate clinical development?

What patient inclusion and exclusion criteria and clinical study end-
points help ensure that study data in combination drug trials will
support NDA approval for the targeted indication for use?

What are the unique regulatory considerations for different types of
combinations?

Are there unique safety concerns arising from the combination ther-
apy that must be addressed?

.
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4. Considerations for the impact of anti-a monoclonal antibody
therapies on trial design

The FDA'’s approval of two anti-Af monoclonal antibody therapies
(Legembi and Kisunla) make it likely that a growing number of patients
with early Alzheimer’s disease will be exposed to anti-Af monoclonal
antibody therapies [9,10]. This class may become part of the standard
of care for eligible patients in the future, in which case the complexity
of trials for combination therapy may increase dramatically. As spon-
sors consider how these therapies should be included, the drug under
investigation, objectives of the trial, disease stage, and safety risks will
guide how inclusion of participants on anti-Af monoclonal antibodies
affects the clinical development program.

These questions and considerations related to anti-Af monoclonal
antibodies and their impact on the future of clinical trials will need to
be considered. Greater collaboration and prioritization are needed to
ensure the field is prepared for the implications of these developments.

4.1. Key considerations

Sponsors can consider the following areas related to the inclusion of anti-
Ap monoclonal antibody therapies in combination trials:

First, sponsors will need to decide whether to allow anti-Af mono-
clonal antibodies into a combination therapy trial as prior medication,
background therapy, or cotreatment. Incorporating anti-Af monoclonal
antibodies into clinical trials would require that participants meet eli-
gibility criteria for any anti-Af monoclonal antibodies allowed, while
ensuring the sample size is sufficiently large for adequately powered
analyses. If anti-A# monoclonal antibodies are included as cotreatment,
study sponsors will need to decide which monoclonal therapy, as well
as the appropriate dosing regimen and safety monitoring plan for the
combination study. To reduce potential confounding and safety issues,
sponsors may also want to consider whether doses of a previously ad-
ministered anti-amyloid monoclonal antibody should be stable for a cer-
tain length of time; or if discontinued, discontinued for a certain length
of time before allowing subjects to be randomized in a clinical trial of a
new investigational agent.

Further, anti-Ap monoclonal antibody exposure will have impli-
cations for the interpretation of biomarkers. For example, treatment-
related amyloid clearance may mean patients no longer meet amyloid
positron emission tomography criteria for Alzheimer’s disease diagno-
sis, and the biomarker changes of a novel agent will occur on top of
significant existing changes. The Alzheimer’s Association’s Treatment-
Related Amyloid Clearance (TRAC) Working Group is currently exam-
ining this area. In addition to amyloid plaque removal, reductions in
plasma phosphorylated-tau (e.g., p-tau 181 and p-tau 217) as well as de-
creased glial fibrillary acidic protein are observed in patients receiving
treatment with anti-Af monoclonal antibodies, making interpretation of
these biomarkers more difficult in combination and add-on trials.

4.2. Key questions

Sponsors can consider the following questions related to anti-Af mono-
clonal antibody therapies:

« Will anti-Ap monoclonal antibodies become standard of care for
early Alzheimer’s disease? If so, when is this likely to happen, and
what are the implications on combination trials? Will there be de-
mographic and geographical differences?

What are the trial design implications for anti-Af monoclonal anti-
bodies as background therapy; for anti-Ap monoclonal antibodies as
a combination trial agent?

How will sponsors and trial investigators monitor amyloid-related
imaging abnormalities and identify potential synergistic toxicities
when investigating novel agents as add-on therapy to an anti-Ap
monoclonal antibody?
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* How should changes in the interpretation of biomarkers related to
anti-Ap monoclonal antibodies be approached?

5. Trial design considerations

Combining novel therapies with approved treatments can be inves-
tigated using an add-on therapy design that compares the combination
to the novel agent alone. When studying combinations of two or more
investigational agents, innovative trial designs may represent an oppor-
tunity to efficiently study these agents in combination. Factorial or mod-
ified factorial designs may be needed to demonstrate the contribution
of each therapeutic agent to the combined effect and to characterize
whether the effect is additive, synergistic, or antagonistic. Advance-
ments in biomarker development require that sponsors consider how to
best leverage novel biomarkers in combination trial designs. Addition-
ally, sponsors will need to strategize on integrating validated measures
of clinical benefit to comprehensively assess therapeutic effects, partic-
ularly in later-stage trials.

5.1. Key considerations

Sponsors can consider the following areas for innovative trial design:

Preclinical research studies should be designed to examine combined
mechanisms and identify synergistic, additive, or antagonistic effects. In
addition, preliminary modeling of pharmacokinetics and pharmacody-
namics for treatment interaction can reduce risk of failure.

Phase 1 and Phase 2 trials should be designed to identify early safety
signals, inform dosing strategy, and provide insight into the clinical ef-
fect of the combination. Optimal dosing, including dose-limiting toxi-
city, should be well-understood in the early stages of development to
meet regulatory requirements for a successful Phase 3 trial. In pivotal
Phase 3 trials, study sponsors must consider the clinical outcomes that
will best reflect meaningful benefits of the combination. FDA New Drug
Application approval requires the demonstration of clinical benefit, not
just biomarker changes. Further, statistical study design will be impor-
tant to determine appropriate sample sizes that will be needed as the
safety and efficacy of each agent in the combination may require sepa-
rate evaluation and comparison with the combined effect.

Additionally, early regulatory approval may be obtained with rigor-
ous post-market surveillance. Phase 4 studies and real-world evidence
can evaluate the persistence of the effects of combination therapy, the
need for dose adjustments, data from under-studied populations, and
long-term safety and tolerability.

Sponsors will also need to consider biomarker strategy for every step
of the development program, from recruitment through clinical effect
and safety monitoring. Biomarkers should be leveraged to inform partic-
ipant selection, as well as target engagement and the pharmacodynamics
of each agent in combination, and to support the pathophysiological and
clinical effect of the combination. For the field overall, it is important
to align and clearly define terminology for biomarker analysis and how
the terminology changes in combination drug development.

5.2. Key questions

Sponsors can consider the following trial design questions:

What mechanisms are involved, and to what extent at a given state
in the disease process?

What will the dosing schedule be? (Combinations that pose difficult
adherence challenges for participants should be avoided.)

How to navigate participant heterogeneity, particularly due to dif-
fering exposures to anti-Af monoclonal antibodies?

What degree of clinical and biomarker change is clinically meaning-
ful and, ultimately, meaningful for regulators and valued by payers?
How to account for changes in the fast-evolving field? (e.g., avail-
ability of blood-based biomarkers, global approval of anti-Af mon-

.

.
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oclonal antibodies, and establishment of these therapies as standard
of care)

» How will a deeper understanding of each patient’s biology with
biomarkers impact trial design? For example, how will such data
guide participant selection and the formation of treatment groups?
Should participants with synucleinopathies, for instance, be consid-
ered as a distinct treatment group?

6. Statistical considerations

Consideration should be given to how to power studies with a suffi-
cient, but still achievable sample size, and to navigate heterogeneity and
patient-patient variability. Covariates and risk models can help to ad-
dress this variability. Employing Bayesian statistical methods and adap-
tive trial designs is an important approach, and FDA guidelines for such
approaches are available [13].

Large sample sizes may be needed for some trials of combination
therapy, especially those that target early disease. For example, a 4-arm
classic 2 x 2 factorial design may require a larger sample size. Achieving
the required sample size is also impacted by the patient population,
experience with background therapy, the type of combination, whether
effects are additive, synergistic, or antagonistic, and the rate of disease
progression.

Adaptive trial designs and a Bayesian statistical approach can allow
better assessment of efficiency of trials, with faster time to conclusions
[14]. However, the FDA must be engaged early to ensure regulatory
alignment with adaptive trial designs.

6.1. Key questions

Sponsors can consider the following questions regarding statistical impli-
cations:

» What is the target patient population, disease stage, and number of
comparisons needed for the combination, and how does this impact
the sample size required for sufficient statistical power?

» What adaptive study designs or alternative approaches could be dis-
cussed with regulatory authorities? When should these conversations
be held?

» What endpoints and statistical criteria will be sufficient to demon-
strate contribution of components?

7. Operational and strategic considerations

Combination therapy with two or more investigational agents may
present significant operational and strategic challenges, especially if dif-
ferent sponsors are combining agents. These include cross-licensing of
patents, agreements about who will manufacture and distribute the com-
bination therapy, and the mechanisms to reach agreement on clinical
trial design, validated biomarkers and biomarker analysis, dose selec-
tion, safety monitoring, shared intellectual property, data ownership,
and more.

While these challenges can be solved, the field must begin to engage
with these questions promptly. Biopharmaceutical companies would po-
tentially require multiple years to work through these questions prior
to entering formal partnership agreements. Larger biopharmaceutical
companies may have concerns about such agreements, given that risk-
benefit cannot be predicted, safety may be the responsibility of multiple
entities, and incentives may be limited. A combination of two novel
agents from two biopharmaceutical companies may make these chal-
lenges more difficult.

7.1. Key considerations

Sponsors can consider the following areas for implementing combination
therapy approaches:
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Sponsors can consider models that mitigate competing commercial
incentives, such as a non-competitive consortium or a collaboration be-
tween a biopharmaceutical company and a not-for-profit entity, an aca-
demic institution, or a public-sector entity. Sponsors might also consider
a platform trial with a precompetitive process, where the IND applica-
tion is led by a not-for-profit entity.

For collaboration involving a for-profit company, potential incen-
tives could include co-funding, potential for intellectual property ex-
pansion, differentiation within a therapeutic class, support for pricing
negotiations, label extension, and increased likelihood of commercial
success if a monotherapy is unlikely to succeed. There is also potential
for larger biopharmaceutical companies to leverage their open-label ex-
tension to test novel drugs in combination with well-studied assets, as
well as for those investigating anti-Af monoclonal antibodies to con-
duct smaller sub-studies that examine a novel agent with the antibody
as background therapy.

Given operational and strategic challenges, repurposed drugs offer
sponsors a potential starting point for developing combination therapy.
There are many opportunities to repurpose agents to support or accel-
erate combination therapy in Alzheimer’s disease, with those indicated
for other age-related neurological disease holding the greatest promise.

In addition, a consortium can be built to provide guidelines on con-
ducting combination trials. Similar models have been implemented in
rheumatology, pain, and stroke treatment development programs. In the
Alzheimer’s field, the Dominantly Inherited Alzheimer Network Trials
Unit (DIAN-TU) platform is an important example of collaboration, in-
cluding the Tau NexGen trial that will conduct “the first Alzheimer’s
prevention trial to target both tau tangles and amyloid plaques with
two drugs at the same time.” [15]

7.2. Key questions

Sponsors can consider the following operational and strategic questions:

How might sponsors collaborate to merge data from platform tri-
als assessing multiple drugs concurrently? Valuable insights on this
approach can be gained from past initiatives [16].

How can the field collaborate to advance biomarker banking and
sampling to support combination trials?

How should data ownership be determined? What are best practices
for mutual disclosure of results?

How can repurposed therapies be leveraged to mitigate the chal-
lenges of testing two novel compounds in combination?

8. Conclusion

The Alzheimer’s field is positioned for the development of combi-
nation therapies. The combination approach is supported by the need
to target multiple pathophysiologic pathways implicated in Alzheimer’s
and aging, preclinical models that provide scientific rationale, and
advances in biomarker development and clinical outcomes to as-
sess the contribution of different agents in combination. Combina-
tion trials will pave the way for precision medicine in Alzheimer’s,
where combination therapies can be tailored to a patient’s individual
profile.

While combination therapy presents complex considerations and
challenges, other disease areas illustrate that these challenges can
be overcome, especially by employing innovative models and col-
laborations. Given the projected increases in prevalence and costs
of Alzheimer’s disease, the field must move with urgency to lay
the groundwork for these collaborations, consider the likely im-
pact of anti-Af monoclonal antibodies on the future of trial design,
and ultimately develop the right models to advance a range of dif-
ferent combination therapies for the future of Alzheimer’s disease
care.
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