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Abstract

Alzheimer’s disease (AD) imposes substantial personal, social, and economic burdens,
yet current therapies provide only modest slowing of clinical decline. Recent approvals
of amyloid-targeting antibodies confirm target engagement but also expose the limita-
tions of single-target strategies in a disease shaped by interacting processes, including
amyloid pathology, tau aggregation, neuroinflammation, vascular dysfunction, and
metabolic disturbances. These limitations suggest that therapeutic approaches should
target multiple pathways rather than isolated lesions. Over the past two decades, can-
cer therapy has shifted toward rational combinations, multi-target interventions, drug
repurposing, and adaptive trial designs. Several of these principles are directly relevant
to AD. Recent studies, including work showing that combinations of approved anti-
cancer agents can reverse AD-related network dysfunction across multiple brain cell
types, suggest that repurposing oncology drugs for neurodegeneration is biologically
plausible. An added advantage is that repurposing builds on existing safety, pharma-
cokinetic, and clinical experience, which may reduce development time and cost. In this
Perspective, we discuss how oncology-informed repurposing strategies, combined with
biomarker-based enrichment, system-level pharmacology, and adaptive platform tri-
als, could support more integrated therapeutic development for AD. We also consider
practical translational and regulatory issues, including expectations for demonstrat-
ing combination benefit, managing drug-drug interactions, and navigating intellectual
property pathways. Together, these cross-disciplinary strategies offer a realistic path
toward treatments that can produce durable, population-level benefits.
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Highlights
* Amyloid-targeting monoclonal antibodies such as lecanemab and donanemab val-
idate the amyloid hypothesis but provide only modest clinical benefit, limited by

safety risks and failure to address downstream mechanisms.
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1 | EVOLVING THERAPEUTIC STRATEGIES FOR
ALZHEIMER’S DISEASE (AD)

AD affects more than 55 million people worldwide and is projected
to exceed 130 million by 2050,! imposing a growing personal, soci-
etal, and economic burden. In 2025, dementia-related costs in the
United States alone reached USD 781 billion, driven not only by direct
health care and long-term care expenses but also by extensive unpaid
caregiving, which accounts for nearly half of total costs and often
requires more than 60 h of care per week.23 Despite this escalat-
ing impact, current therapies only modestly slow cognitive decline
and do not halt disease progression.2* This limited impact reflects
continued reliance on single-target interventions such as amyloid
beta (ApB) clearance, despite the multifactorial nature of the disease.
Recently, Liand colleagues demonstrated that combining two U.S. Food
and Drug Administration (FDA)-approved cancer drugs, letrozole and
irinotecan, reversed AD-related network dysfunction across multiple
cell types.® This proof-of-concept highlights the potential of system-
level approaches and provides a timely rationale for reframing AD

therapy.

2 | LIMITS OF AMYLOID-TARGETING THERAPIES
AND LESSONS LEARNED

Despite decades of investment, Ag-targeting therapies for AD have
produced only modest benefits. Their limited clinical gains and signif-
icant safety trade-offs highlight the need for alternative approaches.
The approvals of lecanemab and donanemab validate the amyloid
hypothesis, but their clinical impact remains limited. In the CLARITY
AD trial, lecanemab slowed a decline in cognition and daily function by
—0.45 points over 18 months compared with placebo,®” a difference
below the minimal clinically important thresholds for many patients.
Donanemab showed similar results, with a 0.67-0.70 point advantage
at 76 weeks.®

target interventions.

current AD research.

* Alzheimer’s disease (AD) arises from interconnected processes including tau aggre-
gation, neuroinflammation, vascular dysfunction, and metabolic failure, underscor-
ing the need for systems-level therapeutic approaches.

* Oncology offers a translational blueprint for AD through drug repurposing, multi-

target therapies, and adaptive trial designs that overcome the limitations of single-

* Repurposed oncology drugs, such as letrozole and irinotecan, have shown proof-
of-concept for “network correction” by reversing AD-associated gene expression
changes and restoring function in preclinical models.

* Epidemiological evidence of an inverse cancer-AD relationship highlights shared

mechanisms that can be exploited therapeutically but remain underutilized in

2.1 | Safety and practical limitations

These marginal effects are coupled with notable safety risks. Both
drugs are linked to amyloid-related imaging abnormalities (ARIA),
including edema (ARIA-E) and hemorrhage (ARIA-H). For lecanemab,
infusion reactions and ARIA were relatively common, particularly
among individuals who were apolipoprotein E (APOE) ¢4 carriers.”?
Post-marketing studies report serious adverse events, including fatal
cases.10 Comparable risks have been documented with donanemab,
leading to treatment discontinuations and rare fatalities.®~1° Reviews
and meta-analyses consistently conclude that although these agents
lower the AB burden and modestly slow cognitive and functional
decline, their overall benefits remain limited and are counterbalanced
by risks.1?

2.2 | Biological constraints and trial-design
challenges

The modest efficacy of amyloid-targeting therapies reflects the
underlying biology of the disease. AS accumulation begins long before
symptoms appear and often plateaus by the time of clinical presenta-
tion, thereby limiting the benefit of late interventions.!? Even among
amyloid-positive individuals, positron emission tomography studies
reveal significant interindividual differences in cortical and striatal A8
burden, demonstrating substantial biomarker heterogeneity within
trial-eligible groups.'® Moreover, A clearance has a minimal effect
on downstream processes, such as tau pathology, neuroinflamma-
tion, and synaptic dysfunction.!®1> Despite an expanding pipeline
of tau-directed therapies, ranging from antibodies to antisense
oligonucleotides and small molecules, progress remained limited as
of early 2025.1 AD’s heterogeneity—spanning tau, vascular, inflam-

matory, and metabolic pathways—further underscores the need for
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strategies beyond single-target interventions (Figure 1). APOE
¢4 carriers show substantially faster decline, ~1.5 x faster on
Clinical Dementia Rating-Sum of Boxes (CDR-SB) and 1.1-1.4
x faster on Mini-Mental State Examination (MMSE), intro-
ducing predictable genotype-linked heterogeneity in AD trial
populations.t”

An evolution of current therapeutic strategies is therefore required.
Systems-level approaches aim to target multiple interconnected
mechanisms simultaneously, including Ag, tau, neuroinflammation,
mitochondrial dysfunction, and synaptic loss, treating AD as a net-
work disease.'® These approaches build on earlier network-focused
work in AD rather than representing something entirely new. Prior
conceptual work has highlighted multi-target and pathway-focused
strategies.!? This perspective aims to bring oncology-derived repur-
posed agents and cancer-AD biology into a unified framework
for network correction. Oncology offers a clear precedent, hav-
ing moved from single-oncogene targeting to precision medicine,
network-level strategies, and combination therapies.'® Similarly, AD
research will need to adopt integrated, multi-mechanism approaches
to achieve genuine disease-modifying effects. A summary of these
interconnected scientific and translational arguments is presented in
Table 1.

Clinical Interventions

3 | ONCOLOGY DRUG REPURPOSING FOR
NETWORK CORRECTION IN AD

A promising alternative to single-target strategies is the repurposing
of oncology drugs with activity against multiple mechanisms relevant
to AD. Many anticancer agents target pathways such as cell cycle
regulation and DNA damage responses, with some also affecting pro-
teostasis mechanisms relevant to protein aggregation, which overlap
with processes that drive neurodegeneration.

3.1 | Experimental evidence for network
correction

Li et al. provide a detailed proof-of-concept for this strategy.”> Using
single-cell transcriptomics, they reconstructed disease-associated
gene-expression signatures across neurons, microglia, astrocytes, and
oligodendrocyte precursor cells, and then analyzed drug-perturbation
datasets to identify compounds capable of reversing these signa-
tures in a cell-type-specific manner. The resulting combination of
two U.S. FDA-approved oncology drugs, letrozole and irinotecan, nor-

malized dysregulated pathways related to synaptic function, choles-

Amyloid Monotherapy

Oncology-Inspired Network Correction

AB plaque

@

Letrozole | 7
Irinotecan
lé AB mAb
5
[ Modest clinical benefit ] :%:0 @Qg
o S
logy naptic O
| Network Correction |

[ Improved function (preclinical) ]

FIGURE 1 From amyloid beta (AB) monotherapy to systems-level network correction. Alzheimer’s disease (AD) is a multifactorial disorder
involving tau pathology, neuroinflammation, synaptic dysfunction, mitochondrial impairment, and vascular abnormalities, with AS pathology
representing only one component of this broader network. Amyloid-targeting monoclonal antibodies remove Aj plaques but provide only modest
clinical benefits, while also carrying amyloid-related imaging abnormalities (ARIA)-related safety risks. In contrast, oncology-inspired strategies
aim to correct network-level dysfunction by repurposing multi-target agents that simultaneously modulate several interconnected pathways.
Preclinical work with letrozole and irinotecan illustrates this approach, showing coordinated effects across Ag, tau, inflammatory, metabolic,
mitochondrial, and synaptic pathways that help restore system balance. Icons: NIAID Visual and Medical Arts (BIOART)—Cytokines (1D 98), Brain
Lateral (60), Mitochondria (352), Blood Vessel (55), Ceramide Synthase (73), and Pill (407); accessed Oct 7, 2024.

85U8017 SUOWILLIOD @A 118D 3|qeol [dde 8Ly Aq peueob ae sajoie YO ‘8sh JO Sa|n 10} AIq1T8UIUO AB]IM UO (SUONIPUOD-PUR-SWBIAL0D" AB| 1M Ae.ql1|Bul [UO//:SdNL) SUORIPUOD PUe SWia | 8u1 89S *[9202/c0/cT] Uo AriqiTauliuo A8|Im ‘Axoered AiseAIuN Ad TEZ0L Zo4/200T 0T/I0pAu0o A8 M Alelq Ul uo'S euIno [z fe//:sdny Wl pepeojumod ‘T ‘9202 ‘L£2825€2



23528737, 2026, 1, Downloaded from https://al z-journals.onlinelibrary.wiley.com/doi/10.1002/trc2.70231 by University Palacky, Wiley Online Library on [13/03/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

DASET AL.

Translational Research
Clinical Interventions

40f11

£T'9z'0C

9r-v¥

9T'TT

SE'YE-1E'8C

S¢-ve

8Y'Ly'TY'TT

€¢-1¢

oc

ST'61'81

L1-CT

T1-5€

£ |

s|eld} Qy uoljelauas-jxau
10} uoljepunoy 8uoJls

sugisap paydlius pue aaldepe
93eJ0diodul pjnoys sjer1 ay
so1393e43s Aemyzed-3nw

O} Hlys pinoys av

AJ1anodsip 193.e)

sopInd dejuano J13SIueydd|A
Juawdo|aAsp 10329s-d1|qnd

+ dlwapede uoj yred sAloeI Y
SpJepue)s Jejiwis

1dope 3snw suoljeuiquiod gy

3|geIA AJ[e124aWWod
9q ued 3uisodunday

av
10§ 350D pue SauljdWi} padnNpay

3|qisea4 suoieuIquod
1o8.e3-13Inw [euoney

avepind
1SN SuBjUIY) [9AS|-WDISAS

papaau sayoeoudde
213nadeJay} apou-13|nip|

saldesayy Ajuo-plojAwe
puoAaq puedxs 3snw qy

uonesidwy

sauljadid
Buppuanyjul Apeaudje sajdiputid ASojoouQ

JusBWIYdLIUD
‘swe aAlldepe sasn A30j0ouQ

SUOIJUSAIRIUL
apou-3|3uls 3sed parow A30|0ouUQ

2ouapoul
AV PaonpaJ %41 T MOYs sasAjeue-e1a|n

AJ1j1q1se9) 9n0.d S21WOU023 AS0j0dUQD

sul-ped| A}ajes ‘A3ISUAs
‘uoiyoelalul dd/Md serepuew A30j0ouQ

spaau
@V Joldiw s3|nJ uojjeulquiod ASojoouQ

A30]0ouo0 uj paepueis s| 3uisodinday

Ajsnoauejnwis swsiueydaw
a|di3nw 328.€3 suawi3a4 uoleuIquiod

uoisaid
< uoljeuiquod « Adessyjouow wo.y
uo1IN|0AS 3SIMdals smoys A30j0ouQ

2duapuadapuajul Aemyied Suideaqus
AqQ papas2dns Adesayy 4odued)

A30j0duo0 ul sneaje|d Adediyye
payoeal sa1393e.)s 198.4e3-9|3uIS

ySisul ASojoouQ

sjuase
pasodundaJ saajoaul auljadid Qy Jo pA1y3l-auQ

$302443 93N|1p S}10Y0D SNOBUSF0IDIH

Juawa3e3us ja3.e) 931dsap |1e) salpoqijue nej

uojju3od
aul|askeq J19339( ‘}9SUO J33e| [SIOAIAINS J3dUeD)

suol||iq SA IN 00E ASN~ ‘T 35eYd SPIOAY

10314 1@ pajuswa|dwi Jou sey Qv

9|qissod
uol329304d D4 PUE ‘UoIIe|NW.IOS ‘9SN-JO-POYID|A|

uol1123|9s
paads spoyjaw [euoljeindwod :umou| dd/Arajes

A3ojoyied pue sainjeudis
AV 2dA3-|[92-13INW 9SI9AS1 UBISJOULI] + 9]0Z04)T]

sosAjeue
¥29ud|3130q pue sjesodoud }93Je3-13nw AjJe3

0ue.es|d gy AQ pa3dalse Aj[ewiulw S4e UoI3duNnsAp
Je[NJSeA pue ‘J1jogejaw ‘Uoljewweljul ‘nep

uapJng [B32100S {SUIDIUOD Y[V PUE SHSII Ajo4es
15109449 }S9POW MOYS (ewaUBUOp/(ewaued

2duapINe AV

Buisodundau
J0J wnjuawow Suisry

s|9(|eJed udisap |elt} aAndepy

saJnj|ie} [euojoouow pajeaday

A3o|ojwapida
9sJaAul Qy-J490ue)

Bujsodundau Jo solwouod3

sjuswadinbau
uoljoe.aiul 3nup-3nug

Aiqisea) d| + A1oje|n3ay

uolje|suely
sojeJa)ad0e 3uisodinday

9|geAalyde Ajjejuswiiadxa
SI UOI3034402 YI0MIBN

yoJeasal qy
ul s3s1xa Apeau|e 2130| 310MIaN

aseasIp

3IoM)aU e se saneyaq qy
s|euojoouow
Surjas.ey-plojAwe
Jo30edwi pajiwi

away |

*94N3.49}1] JUSLIND B} WO} SDUSPIAS dAIFEIUISAIADI UM ‘QY 104 A8a3el)s dl3nadelay) pawiojul-ASojoduo ue Suijioddns spuswing.e [euolje|suely pue ‘[esiul|d OI13Ua10s Asy Jo Alewwns T 379V.L



DASET AL.

Translational Research 50f11

terol metabolism, neuroinflammation, and oxidative stress, reduced
amyloid- and tau-associated pathology, and preserved hippocampal
neuronal integrity in preclinical models. Beyond supporting the feasi-
bility of repurposing anticancer agents, the study shows that network
rewiring across multiple brain cell types can be engineered systemati-
cally, providing an experimental template for systems-based precision
medicine in AD.

3.2 | Practical considerations in repurposing
oncology agents

Repurposing offers practical advantages. Unlike de novo drug dis-
covery, which requires extensive safety evaluation, this approach
builds on compounds with established pharmacokinetics (PK) and
safety records, enabling shorter development timelines and lower
costs.2 Advanced computational and multi-omics approaches can fur-
ther accelerate candidate identification by integrating drug databases,
patient records, and disease networks.2? Although generic status may
limit commercial incentives, affordability and clinical familiarity make

repurposed agents attractive for high-burden conditions like AD.

3.3 | Intellectual property and regulatory
considerations for oncology repurposing

From an industry perspective, the feasibility of repurposing hinges on
whether meaningful intellectual property and regulatory protection
can be secured for an existing molecule in a new indication.?! Even
for generic drugs, exclusivity can be achieved through method-of-use
patents covering new indications, dosing strategies, or biomarker-
defined subgroups when these elements are central to the AD
application.?! In addition, formulation and delivery patents—such
as extended-release, intranasal, or central nervous system-targeted
systems—can support product-specific claims when necessary to
ensure adequate brain exposure or mitigate adverse effects.?!
Combination-use and fixed-dose combination patents can be granted
when data show that each component contributes added therapeutic
benefit beyond monotherapy, in line with regulatory expectations for
combination products.?2?2 These approaches are compatible with
existing regulatory exclusivity pathways, including the United States
505(b)(2) route and the European Union hybrid pathway, which allow

off-patent drugs to be incorporated into protected AD products.2-23

4 | TRANSLATIONAL SUPPORT FOR
REPURPOSING IN AD

Economic analyses suggest that repurposed regimens can shorten
development timelines and reduce costs, largely because much of
the early safety work has already been completed.2* Phase 1 in AD

typically lasts 12.8 months and represents a significant portion of

Clinical Interventions

early-stage expenditure.2> Avoiding this stage by entering directly into
Phase 2 can shorten the development process and reduce costs. Cross-
indication analyses estimate development costs for repurposed agents
at approximately USD 300 million, compared to USD 0.3-4.5 billion for
de novo programs, with AD candidates typically falling at the upper end
of this range due to high attrition and lengthy trials.2® Although combi-
nations still require component-contribution and interaction studies,??
using known active compounds preserves much of the time and cost
advantage of repurposing, particularly when biomarker-enriched or
adaptive designs are used.20

Repurposed drugs now account for about one-third of the AD
pipeline, with many already being tested in Phase 2 and Phase
3 trials.2® Examples include pioglitazone, sildenafil, and brex-
piprazole, which target inflammation, tau phosphorylation, and
neurotransmission.2® These efforts demonstrate that repurposing is
a practical and cost-effective approach to expanding AD treatment

options.

4.1 | Non-oncology drugs within a systems-level
framework

Although this Perspective focuses on oncology-derived agents, several
classes of non-oncology drugs also fit within a systems-level framework
for AD. Acetylcholinesterase inhibitors such as donepezil, rivastigmine,
and galantamine remain the foundation of symptomatic treatment.
Other classes are being explored for their effects on specific disease
mechanisms, such as the antidiabetic agent, sitagliptin, which targets
metabolic and inflammatory pathways, and calcium-channel blockers,
such as nimodipine, for cerebrovascular regulation, selective serotonin
reuptake inhibitors for neuropsychiatric symptoms and possible neu-
roprotection, and metabolic modulators like diazoxide, which have
emerged from network analyses as potential enhancers of neuronal
resilience.?” These agents demonstrate that multi-pathway targeting is
not unique to oncology. In principle, oncology-derived candidates such
as letrozole and irinotecan could be paired with selected metabolic
or neurotransmitter-modulating drugs to create rational combination
regimens for AD.

Against this broader therapeutic landscape, oncology offers some
of the most compelling candidates for multi-pathway targeting. Anti-
cancer drugs are designed to act on fundamental cellular processes,
many of which are dysregulated in AD. Mechanisms such as cell
cycle re-entry, mitochondrial dysfunction, and immune dysregulation
directly link the two diseases.?8 Of note, oncology compounds often
exert effects across multiple targets, aligning with the systems-level
framework required for AD. Together, these features make oncology-
informed repurposing both conceptually appealing and increasingly
practical for clinical translation. Building on existing safety and dosing
data, these agents can advance to AD trials more rapidly than novel
compounds. Together with biomarker-guided strategies, this approach
offers one of the most realistic paths toward meaningful disease

modification (Figure 1).
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4.2 | Regulatory incentives and translational
support infrastructure

Beyond technical intellectual property (IP) strategies, several reg-
ulatory and translational incentives also support the repurposing
of drugs. Although repurposed drugs offer limited composition-of-
matter protection, multiple regulatory and translational incentives
increase their viability for industry. Orphan drug pathways in
the EU and United States provide extended exclusivity, reduced
fees, and structured engagement for genetically defined or oth-
erwise rare dementia subgroups.?? The European Medicines
Agency (EMA) Repurposing Pilot demonstrates that coordinated
scientific advice can clarify the evidence required for off-patent
medicines, thereby reducing uncertainty for academic and industry
sponsors.3°

Early-stage translation barriers are reduced by the National Insti-
tutes of Health (NIH) and the National Center for Advancing Trans-
lational Sciences (NCATS) programs, which provide medicinal chem-
istry, PK/pharmacodynamic (PK/PD) optimization, toxicology support,
formulation and manufacturing expertise, and Phase 1 clinical infras-
tructure. These programs help academic groups and small compa-
nies advance repurposed candidates toward regulatory-ready devel-
opment more efficiently than would otherwise be possible.2> The
National Institute on Aging (NIA) funding mechanisms further support
nonindustry entrants in AD drug development.

Public-private partnerships, such as the AD Neuroimaging Initia-
tive and the Accelerating Medicines Partnership, strengthen biomarker
development, trial readiness, and translational infrastructure relevant
to repurposed agents.2°> Together, these incentives and support struc-
tures make it more feasible to develop repurposed drugs either as
standalone therapies or as components of rational combinations for
AD.20

5 | THE CANCER-ALZHEIMER'’S PARADOX:
INSIGHTS AND MISSED OPPORTUNITIES

One of the most consistent epidemiological observations in neurol-
ogy is the inverse correlation between cancer and AD.%® Individuals
with a prior cancer history show better baseline cognition and later AD
onset, while progressing at similar rates, indicating that cancer history
contributes to baseline variability rather than differences in decline.3!
Meta-analytic and population-level evidence consistently support this
inverse association. A pooled analysis of 22 studies covering more
than 9.6 million individuals reported an 11% reduction in AD incidence
among cancer survivors.32 Another meta-analysis described reciprocal
associations, implicating APOE in anti-tumor immunity as a poten-
tial mechanistic link.2® Dementia registries further show that cancer

survivors have an 8%-14% lower risk of AD and related dementias.?*

5.1 | Biological mechanisms underlying inverse risk

Several biological mechanisms may help explain this paradox. Neurons
in AD often re-enter the cell cycle aberrantly, triggering apoptosis,
whereas cancer cells evade checkpoints to proliferate.?8 This con-
trast is exemplified by p53 signaling, which promotes apoptosis in AD
neurons but is suppressed in cancer cells to sustain proliferation.28
Metabolic pathways also diverge, with cancer cells relying on the War-
burg effect to fuel rapid growth, whereas AD neurons exhibit impaired
glucose metabolism.28 Immune responses follow the same pattern, as
cancer progression is driven by immune evasion, whereas AD pathol-
ogy is amplified by chronic neuroinflammation.?® Recent evidence
on clonal hematopoiesis further strengthens this link. Mutations in
DNMT3A or TET2 expand with age and increase the risk of hemato-
logic malignancies, yet are paradoxically associated with a lower risk of
AD.?° These findings suggest that somatic alterations related to cancer
can modulate neurodegenerative trajectories.

Despite converging evidence, the translational potential has been
overlooked. Most AD drug development remains focused on AS-
targeting antibodies,'>3¢ whereas anti-tau antibodies have simi-
larly underperformed.t¢ Several tau monoclonal antibodies, including
gosuranemab, semorinemab, tilavonemab, and zagotenemab, were
recently discontinued after Phase 2 or 3 trials showed target engage-
ment but no meaningful clinical efficacy.'® This pattern of repeated
failure underscores the limitations of single-target approaches and
reinforces the need for multi-mechanism strategies. We previously
argued that AD trials should incorporate cancer history and prior ther-
apy into their design.?” Rather than viewing cancer-AD biology as a
confounder, it should be recognized as an opportunity for therapeutic
innovation.

Insights from oncology can help identify protective mechanisms and
new points of intervention for AD. Overlap in cell cycle regulation,
metabolism, and immune function suggests clear biological pathways
where oncology drugs might be effectively redeployed. Cancer history
may also help in trial stratification by revealing subgroups with distinct
underlying biology. If these links are overlooked, the field risks missing
a significant therapeutic opportunity. These biological and clinical con-
nections also extend to trial design, where oncology offers a valuable

model for building multicomponent treatment strategies in AD.

6 | TRANSLATIONAL AND TRIAL-DESIGN
LESSONS FROM ONCOLOGY

Oncology drugs should be integrated into AD pipelines not only for
their multi-target activity but also for their translational readiness.
Agents such as letrozole and irinotecan reversed AD-relevant gene
expression changes, reduced protein aggregation, and improved cog-

nitive performance in preclinical models.” These findings demonstrate
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how existing PK and safety data from oncology can facilitate the
translation of treatments into neurology.

Historical experience in oncology and infectious diseases shows
that multidrug strategies often face initial resistance before being
accepted once survival benefits are clear. In oncology, early com-
bination chemotherapy for Hodgkin’s lymphoma, exemplified by the
mechlorethamine, oncovin, procarbazine and prednisone (MOPP) reg-
imen developed by De Vita and colleagues, was initially viewed
with skepticism but ultimately demonstrated that drugs with distinct
mechanisms could achieve durable remissions and markedly reduce
relapse rates.3® A similar shift occurred in HIV care with highly active
antiretroviral therapy, where triple-drug regimens, initially controver-
sial, rapidly became the standard of care by suppressing viral evolution
through multi-target blockade and converting HIV from a fatal disease
into a chronic condition.3? These well-established precedents illustrate
how multicomponent strategies succeed when single-target interven-
tions plateau, providing a practical historical rationale for pursuing
analogous approaches in AD.

This readiness is already reflected in clinical development. Phase 2
trials with immunomodulatory oncology agents, such as lenalidomide,
leverage established dosing and safety data accumulated through
years of cancer treatment.2® Kinase inhibitors, originally developed
for oncology, are now widely used in autoimmune and inflammatory
disorders and are being evaluated in neurological diseases.*>*! These
examples demonstrate how anticancer compounds can be redeployed
once mechanisms prove broadly relevant.

Regulatory expectations have also constrained the pace of
combination-therapy development outside oncology. The FDA
permits the approval of combination regimens, including those whose
individual components are not yet approved independently, pro-
vided that the combination as a whole demonstrates a favorable
benefit-risk profile and, where feasible, that the contribution of each
component is characterized in co-development trials and interaction
studies.?2 Comparable EMA guidance mandates explicit justification
over monotherapy, evidence that the combination improves clinical
outcomes, and a thorough evaluation of PK/PD interactions.*? As
recent analyses highlight, unapproved drug combinations are generally
confined to controlled clinical trials under strict oversight, and payer
coverage decisions can further limit their use even after regulatory
clearance.*® In AD, these requirements impose a substantially higher

evidentiary standard for multicomponent regimens.

7 | LESSONS FROM ONCOLOGY FOR AD TRIAL
DESIGN

Lessons from oncology trial design are directly relevant to AD. Strat-
ifying cohorts by cancer history may reveal biologically distinct sub-
groups, consistent with evidence that survivors often exhibit a reduced
risk and delayed onset.**#> A similar argument was recently made
by Harris et al.,’® who emphasized that tau trials must account for
prior anti-amyloid therapy, as previous exposure to anti-amyloid ther-

apy can influence treatment response. Similarly, a history of cancer

Clinical Interventions

and prior use of oncology drugs should be recognized as critical
stratification variables in AD trials. Current AD trials typically enroll
biologically heterogeneous populations and apply single-mechanism
interventions broadly, contributing to modest effect sizes and high
variability (Figure 2A). Adaptive trial designs, widely adopted in oncol-
ogy, enable mid-trial modifications such as dose adjustments, arm
expansion, or early termination (Figure 2B). These strategies enhance
efficiency, reduce costs, and facilitate the identification of responder
populations more rapidly (Figure 2B).%¢

Moving toward multicomponent regimens in AD requires careful,
systematic evaluation of drug-drug interactions (DDIs) and safety.
Preclinical assessment typically integrates in vitro interaction assays
with in silico PK/PD modeling, alongside quantitative synergy meth-
ods such as isobolograms and dose-equivalence analysis to distinguish
additive, synergistic, or antagonistic interactions.*24” More recent
computational approaches utilize machine-learning models to iden-
tify potential DDI risks early in the development process.*® Clinically,
most combination-therapy programs include a Phase 1 or Phase 1b
safety lead-in with cautious dose escalation, intensive PK sampling,
and predefined stopping rules to detect unforeseen interactions before
randomization. Embedding a similar safety lead-in or adaptive dose-
finding stage within AD combination trials would provide an essential
safeguard for the simplified design proposed in Figure 2B, so that unan-
ticipated safety liabilities do not offset potential network-correcting
benefits.

Despite these advantages, repurposed agents in AD often show
encouraging early signals but still fail to progress to approval or
widespread use. This is usually due to barriers beyond the biological
validity of the target.?® Strengthening IP, for example, by develop-
ing a new prodrug, salt form, co-crystal, or fixed-dose combination,
can help; however, this requires additional chemistry, manufactur-
ing, and controls work, along with new toxicology studies and clinical
bridging.2! These steps increase cost and development time and intro-
duce additional risk. Many academic-led programs stall after Phase 2
because exclusivity is limited, and Phase 3 trials in AD remain lengthy,
expensive, and resource intensive.2>4?

Additional obstacles also impede translation. Other obstacles
include fragmented funding, limited regulatory experience among non-
industry sponsors, and trial designs that often fail to generate the
payer-relevant evidence necessary for adoption. The EMA Repurpos-
ing Pilot further illustrates that even strong scientific cases for off-
patent medicines may struggle to attract the engagement of Marketing
Authorization Holders, despite structured regulatory support.©

Several practical steps can help reduce these risks. For exam-
ple, developers can pursue method-of-use, formulation, or PK
claims through 505(b)(2) or EU hybrid pathways, seek orphan
designation where appropriate, and engage regulators early to
ensure that studies generate registration-grade data.2®> Stronger
partnerships linking programs from the NIH, NIA, and NCATS
with disease foundations, philanthropic funders, and later-
stage investors, together with adaptive, biomarker-driven trials,
could help repurposed agents move toward industry uptake and

approval.204?
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Patients

Heterogeneous patients:

> Mixed APOE €4 and non-g4
genotypes
- Mixed amyloid burden among

amyloid-positive participants
- Variable family history and cancer
history influencing baseline risk

- Mixed amyloid burden and APOE
genotypes within each arm
- Diverse clinical risk and comorbidity

profiles in each arm
- Increased variability reduces power

- One mechanism applied to
biologically diverse patients

- Non-amyloid co-pathologies dilute the
apparent treatment signal

- Mismatch between drug target and
mixed disease drivers

- Modest and inconsistent treatment
effects

High variability masks true responders
Elevated trial failure rates

>
>

Patients

Enrichment criteria:
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- Family history
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- DDI
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FIGURE 2 Comparison of traditional and oncology-inspired adaptive trial designs for Alzheimer’s disease (AD). (A) Current AD trials enroll
heterogeneous populations with mixed genetic, biomarker, and clinical risk profiles. Randomization distributes this heterogeneity across arms, and
single-mechanism interventions (e.g., monoclonal antibodies) are applied broadly, resulting in modest effects, high variance, and elevated failure
rates. (B) The oncology-inspired adaptive designs enrich patients based on biological criteria (cancer history, apolipoprotein E [APOE], APOE ¢4
status, amyloid positivity, and family history) and incorporate a Phase 1b safety lead-in to evaluate drug-drug interactions (DDlIs),
pharmacokinetic/pharmacodynamic (PK/PD) relationships, and dose finding before randomization. Multiple treatment arms are tested in parallel,
and interim analyses expand promising arms, discontinue ineffective ones, and refine dosing. This framework improves efficiency, reduces cost and

time, and increases the likelihood of identifying responder subgroups.

Collectively, these examples outline a practical path forward for AD
research. By adopting oncology’s strategies, multi-target compounds,
translationally ready agents, and adaptive trial frameworks, AD drug
development can avoid the bottlenecks that have hindered progress.
Rather than continuing to rely on single-target monoclonals, the field
should draw directly from oncology’s successes to implement flexible,

systems-level approaches tailored to AD’s complexity.

8 | INTEGRATING ONCOLOGY PRINCIPLES INTO
FUTURE ALZHEIMER'’S THERAPY

A system-based approach is likely essential for meaningful disease
modification in AD. The experience with amyloid-only therapies shows
that monotherapies cannot change the course of disease at the pop-

ulation level. AD should instead be viewed as a dynamic network
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disorder, where restoring system balance offers the best chance of
progress.’

Oncology provides a model for this shift. By adopting precision
medicine, network-level approaches, and rational drug combinations,
oncology overcame barriers that once seemed insurmountable.
AD research should take a similar path, using multi-target lig-
ands, rational combinations, and repurposed oncology drugs.
Evidence from epidemiology, mechanistic studies, and policy con-
verges on a simple conclusion: oncology-informed repurposing
provides both the tools and the rationale to reshape AD drug
development.

Adaptive frameworks and stratification by clinical and biological
features, including cancer history, can identify responder groups that
traditional trials overlook.**=#¢ Family history strongly shapes base-
line AD risk: having one affected first-degree relative increases risk by
~1.7x, whereas families with multiple affected first-degree relatives or
multigenerational clustering show substantially higher risks, in some
cases approaching 3-4x.°° Adding biomarkers for amyloid, tau, and
inflammation can further refine these approaches by linking patient
selection to disease mechanisms, thereby enhancing the accuracy of
treatment decisions.

Moving beyond the “magic bullet” model will allow therapies to
better reflect AD’s complexity. The priorities now are to test network-
correcting strategies, broaden the use of repurposed oncology drugs,
and redesign AD trials for greater efficiency and precision. Adopt-
ing this broader framework could help turn mechanistic insights
into more durable benefits at the population level (see Outstanding
Questions).

9 | OUTSTANDING QUESTIONS

* How can oncology drugs that are being repurposed for AD be
integrated into existing development pipelines, given the much
longer disease course, different endpoints, and distinct regulatory
expectations in neurodegeneration?

* Which properties of oncology drugs—such as their effects on inflam-
mation, protein homeostasis, metabolism, or cell-cycle control—are
most likely to be relevant in AD, and how should these candidates be
selected for follow-up experiments?

* Which types of biomarkers, including transcriptomic profiles,
immune-state markers, or indicators of clonal hematopoiesis, could
realistically be used to identify AD subgroups that might benefit
from oncology-informed treatments?

* How should adaptive trial designs be adjusted for AD, where dis-
ease progression is slow, biomarker changes are less predictable,
and early treatment effects are harder to measure than in cancer
trials?

* Towhat extent do a history of cancer or cancer-associated biological
states influence AD risk, baseline cognitive performance, or treat-
ment response, and should these factors be considered routinely in

trial stratification or randomization?

Clinical Interventions

* Which regulatory routes, such as 505(b)(2) in the U.S. or EU hybrid
applications, are most practical for repurposing off-patent oncology
drugs for AD, while still ensuring patient safety, transparency, and
equitable access?

* Can combination therapies in AD realistically achieve meaningful
multi-pathway modulation across amyloid, tau, inflammation, and
metabolism, and what preclinical benchmarks should be met before
advancing such combinations into clinical trials?

* How can DDI risks be evaluated early and systematically for AD
combinations, and what quantitative tools are needed to ensure safe

and effective dosing before pivotal trials?
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