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What are the reasons for the repeated 
failures of clinical trials with anti-
amyloid drugs for AD treatment?

Quais são as razões para as repetidas falhas 
dos ensaios clínicos com terapias anti-

amiloide para o tratamento da DA?

Orestes Vicente Forlenza1 , Breno José Alencar Pires Barbosa2 

The recent position article from the Scien-
tific Department of Cognitive Neurology 

and Aging of the Brazilian Academy of Neu-
rology not only provides recommendations 
for the appropriate use of anti-amyloid 
therapies in Brazil but also aims to raise 
critical points that limit potential approval 
for clinical use in the country1. Among the 
main topics of discussion is the need to ex-
plore the reasons for the repeated failures of 
anti-amyloid therapies.

A swift analysis of the available trials 
involving anti-amyloid immune compounds 
prompts that the clinical benefits have fallen 
short of expectations, despite accomplishing 
the expected biological outcome, i.e., amyloid 
clearance from the brain. Methodological 
shortcomings have been proposed to explain 
the limited or lacking efficacy observed in 
several well-conducted, large-scale random-
ized controlled trials (RCTs) using these com-
pounds. Criticism ranges from identifying 
flaws in experimental design to questioning 

core neurobiological assumptions within 
the disease model2. In the bottom line, some 
authors suggest that the “amyloid cascade 
hypothesis” may be incorrect or insufficient 
to fully explain the pathogenesis of sporadic 
Alzheimer Disease (AD). Addressing these 
concerns is essential for improving the suc-
cess rate in AD drug development, particu-
larly in passive immunotherapy trials, which 
remain the most promissing disease-modify-
ing approach to date3,4.

Hypothesis 1: flawed experimental design
At least two critical concerns regarding the 
possibility of experimental flaws have been 
raised. First, anti-amyloid treatments must 
be administered during the early stages of 
the disease process, i.e., before the establish-
ment of severe neurodegeneration secondary 
to AD pathology, which refers to downstream 
pathological events that pertain to the 
amyloid cascade. The timing of treatment 
implementation along the disease continuum 

1Universidade de São Paulo, Faculdade de Medicina, Hospital das Clínicas, Instituto de Psiquiatria, Laboratório de Neurociências, São Paulo SP, Brazil.

2Universidade Federal de Pernambuco, Centro de Ciências Médicas, Área Acadêmica de Neuropsiquiatria, Recife PE, Brazil.

Correspondence: Orestes Forlenza; Email forlenza@usp.br.

Disclosure: OVF was principal investigator in a clinical trial for Biogen (ENVISION). BJAPB has spoken at symposiums promoted by the laboratories Sandoz, Roche, 

Knight Therapeutics, Novo Nordisk, and Lilly, served on Roche’s advisory board, and received financial support from Novo Nordisk for participating in events.

Funding: OVF receives financial support from National Institutes of Science, Technology and Innovation, INCT (INBioN, National Institute for Biomarker research in 

Neuropsychiatry, CNPq465412/2014-9 and FAPESP 14/50873-3), CNPq (443979/2023-5) and PRONAS (Ministry of Health, Brazil NUP: 25000. 002058/2020-71).

Editor-in-Chief: Sonia M. D. Brucki.

Received on November 27, 2024; Accepted on November 30, 2024

https://doi.org/10.1590/1980-5764-DN-2025-E001
http://orcid.org/0000-0002-6962-5899
http://orcid.org/0000-0003-4333-2024
mailto:forlenza@usp.br


2    Repeated failures of RCTs with anti-amyloid drugs.    Forlenza OV, et al.

Dement Neuropsychol 2025;19:e2025E001

is a crucial determinant of success. Results from failed 
phase 3 trials indicate that the interventions are inef-
fective in patients with AD who already present symp-
toms of full-blown dementia, even at mild to moderate 
stages5-7. In other words, at the dementia stage of AD, 
it may be too late (in the disease continuum) for am-
yloid removal to yield any clinical improvement. More 
promising, though not definitive, results have been 
reported by more recent trials designed to address dis-
ease modification among patients with incipient AD8-10. 
These trials enrolled cases of mild cognitive impairment 
(MCI) due to AD, or even at earlier stages of asymptom-
atic AD, with diagnostic confirmation of prodromal or 
preclinical disease according to validated AD biomark-
ers. Delivering disease-modifying interventions during 
pre-dementia stages represents a pragmatic shift in the 
management of AD, i.e., from treatment to prevention 
or attenuation of dementia. 

Despite this shift, predicting treatment responses 
in patients with incipient disease remains complex. 
Recent evidence from post-hoc analyses of studies us-
ing compounds such as donanemab, lecanemab, and 
gantenerumab — presented at the 16th Clinical Trials 
on Alzheimer’s Disease Conference (CTAD), held in Bos-
ton, USA, October 24-27, 2023 — suggests that clinical 
(cognitive) benefits are more significant when treatment 
is delivered at the earliest stages of the pathological pro-
cess, i.e., at some point between amyloid deposition and 
the onset of neurofibrillary degeneration. Responders 
are typically individuals with asymptomatic or oligo-
symptomatic AD with proven intracerebral amyloid 
burden but limited tangle pathology, as shown by lower 
tau-PET or plasma phospho-tau levels at baseline (www.
alzforum.org, “Treat Before ‘Aβ Bothers Tau,’ Scientists 
Say at CTAD”; accessed on Nov 15th, 2023). On the other 
hand, the failure of gantenerumab and solanezumab 
trials to prevent cognitive decline in asymptomatic 
individuals with dominantly inherited AD highlights 
significant challenges, emphasizing the complexity of 
this approach11. Furthermore, including asymptomatic 
subjects in immunotherapy trials raises ethical con-
cerns, considering that most asymptomatic subjects 
with isolated amyloidosis will not clinically manifest the 
symptoms of the disease during the follow-up period12.

Another methodological limitation is that the 
duration of the intervention in most trials may have 
been insufficient to yield good discrimination between 
experimental and control groups concerning primary 
(clinical) outcome measures. AD is an insidious disease, 
with cognitive decline occuring at a slow pace, partic-
ularly in sporadic, late-onset cases. Global cognitive 
function in patients with very mild cognitive deficits 

within the MCI continuum may outlive the duration of 
the trial, reducing the likelhood of detecting objective 
differences between treatment groups by the study’s 
endpoint. Therefore, the dynamics of the long-term 
therapeutic effects of AD immunotherapy remain un-
clear. Detectable clinical benefits from amyloid removal 
from the brain require extended follow-up periods. 
Although possible in small, open-label studies and clini-
cal practice, such long-term controlled studies are often 
unrealistic to be conducted in the experimental setting. 
In practical terms, it is a requirement that jeopardizes 
the feasibility of large-scale trials. 

Nonetheless, exciting analyses are emerging from 
open-label extension (OLE) studies with several anti-am-
yloid drugs. Although the findings are not compelling, 
clinical deterioration rates after treatment discontin-
uation often mirror those observed in placebo groups. 
Rather than reinforcing the expected disease-modifying 
pattern, long-term responses to anti-amyloid immuno-
compounds largely resembles the curves seen with symp-
tomatic anti-dementia drugs. For instance, an OLE study 
of lecanemab monitored clinical parameters after the pri-
mary study endpoint; similar between-group differences 
were observed through an intervening off-treatment pe-
riod of 24 months, suggesting that, after discontinuation, 
treated patients continued to deteriorate at a similar rate 
as untreated ones13.

Hypothesis 2: the selection of participants must be improved
Even though most clinical trials have systematically 
adopted biomarker information (Aβ and tau) for patient 
enrollment, other sources of biological heterogeneity 
may have endured in study samples, rendering heteroge-
neous treatment groups and, hence, mixing responders 
with non-responders. Therefore, limited or insufficient 
biomarker instrumentation, precluding an optimized 
identification of eligible patients, is another possible 
methodological flaw that might help explain some of 
these failures. As stated in the previous topic, staging 
tau pathology and the actual characterization of amyloid 
burden may also be needed to better identify responders 
among cases with minimal neurodegeneration. Some 
effort has been made in this direction. Donanemab’s tri-
al, for example, used PET-tau positivity as an inclusion 
criterion and differentiated individuals based on low/
medium and high tau pathology. Counterintuitively, 
the results showed a statistical effect regardless of tau 
pathology severity10. Additionally, the presence of intra-
cerebral amyloid per se may not suffice to predict clinical 
response, given the numerous concurrent pathological 
processes downstream of amyloid and beyond tau-re-
lated neurodegeneration, such as neuroinflammation, 
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oxidative stress, mitochondrial dysfunction, lysosomal 
dysfunction, insulin resistance, lipid abnormalities, and 
other putative mechanisms14. 

Furthermore, the pathogenic process in AD is inter-
twined with multiple midlife and late-life risk factors, 
which interact with components of the amyloid cascade. 
These interactions exacerbate neurofibrillary degenera-
tion by upregulating inflammation and oxidative stress 
while downregulating neuroprotective and restorative 
responses, causing additional neuronal and synaptic 
damage. This complex pathophysiological process un-
folds long before the onset of cognitive decline. There-
fore, conceptualizing AD as a simple consequence of 
amyloid overproduction and accumulation in the brain 
overlooks the intricate interplay between amyloid and 
other pathological or age-related mechanisms. While 
such amodel may be effective in controlled preclinical 
models, it may not accurately reflect real-life scenarios 
or clinical practice. This oversimplification poses signifi-
cant challenges in accounting for all intervening factors 
during clinical experimentation.

Hypothesis 3: better immunocompounds are needed
Improvements in immunotherapeutic compounds per 
se are likely necessary. The drugs tested for treating 
AD target distinct epitopes and conformations of am-
yloid-beta (e.g., Aβ monomers, oligomers, protofibrils, 
fibrils, and plaques)15. Certain anti-amyloid compounds 
have been argued to be ineffective in removing the par-
ticularly toxic forms of the peptide, highlighting the 
need for further development to identify the specific 
Aβ forms that must be targeted to yield neuroprotec-
tive effects and modify the biological trajectory of the 
disease16. It is also crucial to improve the safety profile 
of anti-Aβ immunotherapy, given the high incidence of 
amyloid-related imaging abnormalities (ARIAs) ob-
served with most clinically tested compouds. In this 
regard, promising perspectives have been emerging 
from preclinical studies utilizing engineered anti-amy-
loid antibodies. Pizzo et al. have recently demonstrated 
that the introduction of a transferrin receptor (TfR) 
binding site at the tail region (Fc domain) of an anti-Aβ 
antibody not only improved its access to the brain and 
distribution within the parenchyma, but also reduced its 
presence in perivascular spaces, therefore minimizing 
the contact of the immunocompound with its target in 
leptomeningeal arteries. In a transgenic mouse model 
of AD, this modification lessened antibody binding to 
vascular Aβ, therefore reducing the incidence of amyloid 
angiopathy17. If replicated clinically, this effect should 
warrant an actual reduction of the incidence of ARIA 
events associated with passive anti-Aβ immunotherapy.

An important aspect has been raised in discussing 
why specific trials yielded positive clinical results while 
similarly well-conducted trials with comparable drugs 
produced less consistent or negative results. Secondary 
analyses of these trials suggest that the rate and degree 
of amyloid removal are critical determinants of success, 
meaning that clinical benefit appears to depend on 
achieving practical and sustained removal of amyloid 
from the brain18. The effectiveness of amyloid removal 
may help explain the clinical success of lecanemab in 
the CLARITY trial9, as well as the inconsistent results 
obtained with aducanumab in EMERGE and ENGAGE 
trials19, and the largely negative clinical results with 
gantenerumab in the GRADUATE trials20. These findings 
suggest that therapuetic benefits emerge only after in-
tracerebral amyloid content is reduced beyond a critical 
level. This would implicate longer treatments, higher 
doses, or more effective amyloid-lowering compounds. 
In addition, understanding the epitope-binding prop-
erties of these compounds is essential for evaluating 
their potential to deliver therapeutic effects and induce 
adverse event18. 

Hypothesis 4: biological assumption is insufficient or incorrect
Much of the knowledge on disease modification in AD 
derives from animal models where anti-amyloid agents 
attenuated intracerebral amyloidosis and respective 
downstream effects. In these models, biological im-
provements were accompanied by behavioral changes 
that parallel cognitive benefits. Such a large and com-
pelling body of evidence from experimental models 
has nonetheless created a “translational gap” between 
animal and human studies21. Therefore, high expecta-
tions based on preclinical studies have often been ut-
terly frustrated by the actual outcomes of clinical trials. 
Improved animal models may be necessary to better 
depict the biological complexity of sporadic AD and 
more accurately predict the outcomes in human trials. 

AD is undeniably a multifaceted disease. Hence, 
considering alternative (non-amyloid) disease path-
ways may uncover new molecular targets which 
may be more amenable to pharmacological manip-
ulation. The neurobiological complexity of AD will 
most likely support the development of combined 
approaches and multi-target compounds22. Although 
amyloid plaques, along with neurofibrillary tangles, 
represent pathological hallmarks of AD, it remains 
unclear whether the actual removal of amyloid from 
the brain will decisively modify the disease’s natural 
progression. According to the amyloid hypothesis of 
AD, abnormal Aβ overproduction and accumulation 
are prime molecular events that trigger downstream 
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neurodegenerative effects, ultimately leading to cog-
nitive decline. On the other hand, evidence suggests 
that amyloid production may represent a protective 
response to neurotoxic insults, such as inflammatory 
and immune-mediated processes. This hypothesis 
posits that Aβ secretion by neural cells may occur as 
a compensatory mechanism in response to primary 
insults, challenging the amyloid cascade hypothesis. 
This notion also subsumes that soluble Aβ species 
would be more neurotoxic than insoluble ones (e.g., 
oligomeric and protofibrillary Aβ, respectively), and 
their removal would be more beneficial than remov-
ing the amyloid content deposited in plaques. All in 
all, there is still much to learn about this, given that 
results from clinical trials using immunocompounds 
that predominantly target soluble Aβ have not con-
sistently supported this notion23.

In conclusion, developing effective new treatments 
for AD may require multiple amendments to the 
current state of the art. Efforts should include opti-
mizing the recruitment processes to ensure a more 
accurate and specific selection of eligible patients 

with clinical-biological profiles that are more likely to 
respond to anti-amyloid drugs. Additionally, a better 
comprehension of treatment dynamics is needed 
to refine clinical trial designs, encompassing more 
realistic endpoints24. In the forthcoming years, the 
AD drug development pipeline will probably incorpo-
rate a diversification of molecular targets, combined 
therapies, and non-pharmacological treatments to 
simultaneously intervene in multiple disease mecha-
nisms of the disease. The timing of intervention will 
be crucial to avoid recapitulating the failure of recent 
trials with anti-amyloid compounds. The complexity 
of the disease, including, but not limited to, amyloid 
accumulation, highlights the necessity of multi-tar-
get and multi-modal interventions, reducing the gap 
between experimental and clinically-driven interven-
tions with disease-modifying strategies.  
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