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ABSTRACT

Introduction: Alzheimer's disease (AD) is a progressive neurodegenerative disorder
characterized by the accumulation of B-amyloid plaques and neurofibrillary tangles. BACE1
(B-site amyloid precursor protein cleaving enzyme 1) inhibition has been proposed as a therapeutic
strategy fo reduce B-amyloid production and slow disease progression. However, clinical trials on
BACET1 inhibitors have yielded conflicting results regarding their efficacy and safety.

Objective: To evaluate the efficacy and safety of BACE1 inhibitors in Alzheimer's disease by
synthesizing key clinical trial findings and biomarker outcomes.

Method: This systematic review followed the PRISMA 2020 guidelines. A literature search
was conducted in PubMed and Cochrane Library databases using the terms "BACE inhibitor,"
"Alzheimer," "Beta-secretase," and "Amyloid beta." Only randomized controlled trials assessing
BACET inhibitors in patients with mild-to-moderate Alzheimer's disease were included.

Result: Analysis of 15 selected studies revealed that BACE1 inhibitors significantly reduced
B-amyloid levels in cerebrospinal fluid and plasma. However, they failed to slow cognitive
decline, with some studies reporting functional worsening in treated patients. Adverse events
included neuropsychiatric symptoms, sleep disturbances, brain volume reduction, and an
increased incidence of severe side effects, leading to the discontinuation of several clinical trials.

Conclusion: While BACE1 inhibitors effectively lower amyloid biomarkers, the lack of
cognitive benefits and associated risks raise concerns about their viability as a therapeutic

Central Message

BACE inhibitors have been shown to be
effective in reducing brain amyloid load:
however, they failed to demonstrate
significant clinical benefits in slowing
the progression of Alzheimer disease.
In addition, adverse events, such as
neuropsychiatric effects and unexpected
brain structural changes, raise concerns
about the safety of these therapies.

Perspectiv

Inhibiion  of BACET  (B-site amyloid
precursor protein cleaving enzyme 1)
has emerged as a promising approach to
modify the course of Alzheimer's disease,
one of the most prevalent and debilitating
neurodegenerative  conditions.  The
therapeutic rationale is based on the
interruption of the amyloid cascade,
preventing the formation of -amyloid
plaques, a central pathogenic element in
the disease. However, despite advances

in the development of BACET inhibitors,
clinical trials have generated ambiguous
results, raising doubts about the safety
and efficacy of this strategy.

strategy for Alzheimer's disease.
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RESUMO

Introducdo: A doenca de Alzheimer (DA) é uma condicéo neurodegenerativa progressiva,
caracterizada pelo acimulo de placas de B-amiloide e emaranhados neurofibrilares. A
inibicdo da enzima BACE1 (B-site amyloid precursor protein cleaving enzyme 1) tem sido
proposta como uma estratégia terapéutica para reduzir a producéo de B-amiloide e retardar
a progressdo da doenca. No entanto, os ensaios clinicos com inibidores da BACE1 tém
produzido resultados conflitantes quanto & sua eficécia e seguranca.

Objetivo: Avaliar a eficacia e seguranca dos inibidores da BACE1 na Doenca de Alzheimer,
sintetizando os principais achados clinicos e biomarcadores em ensaios clinicos randomizados.

Método: Esta reviséo sistemdtica seguiu as diretrizes PRISMA 2020. A busca foi realizada nas bases
de dados PubMed e Cochrane Library, ufilizando descritores como "BACE inhibitor", "Alzheimer",
"Befa-secrefase" e "Amyloid beta". Foram incluidos ensaios clinicos randomizados que avaliaram a
eficdcia e seguranca dos inibidores da BACE 1 em pacientes com DA leve a moderada.

Resultado: A andlise de 15 estudos selecionados revelou que os inibidores da BACE1
reduzem significativamente os niveis de 3-amiloide no liquido cefalorraquidiano e plasma.
No entanto, ndo demonstraram eficcia na desaceleracdo do declinio cognitivo, e alguns
estudos relataram piora funcional nos pacientes tratados. Eventos adversos incluiram sintomas
neuropsiquidtricos, distirbios do sono, perda volumétrica cerebral e aumento da incidéncia
de efeitos adversos graves, levando & interrupcdo de diversos ensaios clinicos.

Conclusdo: Apesar da capacidade dos inibidores da BACE1 de reduzir biomarcadores
amiloides, a auséncia de beneficios cognitivos e os riscos associados & sua administracdo
questionam sua viabilidade como estratégia terapéutica para a DA.

PALAVRAS-CHAVE: Inibicdo da BACE. Revisdo sistemdtica. Tratamento. Alzheimer.
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INTRODUCTION

|zheimer's disease (AD) is the most common

form of dementia, affecting millions of

people worldwide and posing a growing
challenge to public health systems. Its prevalence is
estimated to increase dramatically with the aging of the
population, which amplifies its socioeconomic impact.
In addition to the direct costs related to medical care,
there is also a considerable burden on caregivers and
patients' families. In view of this reality, it is essential to
develop effective therapeutic strategies to slow or stop
the progression of the disease.'?

At the pathological level, AD is characterized by
2 main brain changes: the formation of beta-amyloid
plaques and neurofibrillary tangles. The aggregation
of the beta-amyloid peptide is considered an initial
event in the degenerative process, being facilitated by
the action of the enzyme BACE1 (Beta-secretase 1),
which cleaves the amyloid precursor protein (APP). This
process results in the production of fragments that are
deposited in the brain, leading to synaptic dysfunction
and neuronal death.># Thus, BACE1 inhibition emerges
as a promising strategy to interrupt the amyloid cascade
and potentially modify the course of the disease.*®
Given the complexity and devastating impacts

of AD, this review aims to explore the therapeutic
potential of BACE1 inhibitors. Based on evidence from
recent clinical trials, the benefits and limitations of this
approach will be discussed, aiming to contribute to the
understanding of the advances and challenges in the
search for disease-modifying treatments.?!°

METHOD

This is a systematic literature review with a
qualitative-quantitative approach, guided by PRISMA
2020. The guiding question of this review was
elaborated following the PICO strategy, an acronym
that consists of defining the population (P), the
intervention (), the comparison (C) and the outcome
(O) of interest, resulting in the following question: Are
BACE inhibitors effective for patients with Alzheimer's
disease in terms of efficacy and safety in terms of
response fo treatment, remission of symptoms and
adverse effects? Table 1 illustrates the strategy used.

TABLE — Application of the PICO strategy

P (population)
Patients with Alzheimer's disease

| (intervention:
( | Comparative treatment with BACE inhibitors vs. conventional treatments

C (comparison)

Efficacy and safety (response fo treatment,
remission of symptoms and adverse effects)

O (outcome)

To answer this question, a systematic search was
carried out in the electronic databases Medline/
PubMed, and Cochrane Library. The variables of
methodological elucidation to compose the theoretical
framework were the following descriptors, based onthe
Health Sciences Descriptors (DeCS/MeSH) platform,
combined with the Boolean operator "AND": " BACE
inhibitor”; “Alzheimer 's”; “Beta secretase”; “Amyloid

C

beta”; “Therapeutic targets”, resulting in the following
search strategy: "Bace inhibitor and Alzheimer”;
" Beta secretase and Alzheimer's"; “Amyloid beta
and BACE inhibitor”; “Therapeutic targets Beta-
secretase”. In addition, the bibliographic references
of the selected articles were consulted to identify
possible relevant studies not retrieved in the initial
search. The studies eligible for inclusion in this review
were those that met the following criteria: randomized
controlled trials that evaluated cognitive training after
intervention by BACE inhibitors, reporting at least one
of the outcomes of interest. Studies with laboratory
specimens, studies that included treatment without
involving BACE inhibitors, preclinical studies, review
articles, and letters to the editor were also excluded.

Studies published in Portuguese, English or
Spanish were included. Studies that did not have
any of the outcomes of interest or were published in
other languages were excluded, as well as studies
with laboratory specimens, studies on Alzheimer's
treatment without BACE inhibitors, review articles,
and letters to the editor.

To evaluate the effectiveness of the research
technique and eliminate duplicate work, the Rayyan
software from the Qatar Computing Research Institute
(QCRI) was used. Two independent reviewers
conducted the selection of studies, the extraction of
data from Excel spreadsheets, and the evaluation
of the methodological quality of the included
studies, following the criteria of PRISMA 2020. The
extracted data include study characteristics (authors,
year, country, study type, sample size, patient age,
duration of follow-up) and outcomes (response rates,
remission, defined criteria, and major adverse events).
Figure describes the research process, as well as the
results of the search performed.

DISCUSSION

During the systematic search based on the
research strategies, 3738 references from the Pubmed
and Cochrane Library electronic databases were
identified, and 3674 texts were excluded because
they did not have the stipulated design or because
they did not meet the objective of the present study.
Sixty-four articles were accessed to verify eligibility,
among which, after screening with the Mendeley
software, 35 duplicates were removed, 8 were
excluded because they were not BACE inhibitors,
and another 15 because they did not agree with the
methodology.

Thus, a total of 15 articles were selected for the
present review.

In a randomized, double-blind, placebo-
controlled study conducted in Japan and Europe,
individuals with abnormal CSF AB 1-42 levels were
selected and diagnosed as clinically asymptomatic
(preclinical AD) who were cognitively and
functionally normal (Clinical Dementia Score [CDR]
of 0), or diagnosed with MCI due to AD who had
some limited cognitive impairment, but they were
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FIGURE — Application of the PRISMA flowchart
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still functionally normal and therefore did not have
dementia. In addition, neoplastic patients and those
with other comorbidities were excluded, and tests
were performed to adequately ascertain the cognitive
capacity and metabolic levels of these patients.
Patients received atabecestat 50 mg, followed by
comparison of baseline CSF levels of the following
biomarkers: AB 1-40, AR 1-42, APP fragments,
p-tau 181p, and t-tay, in which it was observed that
mean plasma concentrations of atabecestat increased
with increasing dose, and no major differences in
concentration-time profiles were observed between
the atabecestat 10 and 50 mg groups on days 1
and 28 for Caucasian and Japanese participants,
and between the preclinical AD and MCI groups
due to AD and that individual CSF concentrations at
day 28 also increased with increasing free plasma
concentrations of atabecestat. Thus, model simulations
confirmed that 10 mg and 50 mg atabecestat once
daily can achieve reductions of 60-70% and 90% of
AB 1-40, respectively, and overall, atabecestat was
well tolerated, the incidence of TEAE in both studies
was not significantly different from that of placebo,
and no new safety signals were identified. In addition,
the incidence of treatment-emergent adverse events
(TEAEs) was low; however, the atabecestat 50 mg
group experienced nausea (n = 1), Alzheimer's-type
dementia (n = 1), headache (n = 1), and possibly
related to the study drug was urticaria (n = 1). Finally,
despite the results found, this study is limited because
it is short-term and in a limited number of patients with
early-stage AD."

According to Fleischer et al.% in its multicenter
randomized controlled study with placebo and
LY450139, individuals who received stable doses
of cholinesterase inhibitor drugs or memantine
were included, in which adverse effects such as
skin and subcutaneous tissue problems with a p
value = 0.05, color changes, and transient intestinal
obstruction were included. However, plasma AR 40

C

concentration was reduced by 58.2% for the 100
mg group and 64.6% for the 140 mg group with p
<0.001, but without any significant reduction in AB
values in cerebrospinal fluid, as well as variations in
cognitive or functional measures. Thus, although the
study presented a small scale, it was possible to find
that LY450139 was generally well tolerated at doses
of up to 140 mg/d for 14 weeks, despite requiring
clinical follow-up. In addition, decreases in plasma
AB concentrations were consistent with inhibition of
Y-secretase.

In the randomized study by Streffer et al.”? a
screening based on the following parameters: general
health status, level of cognition, magnetic resonance
imaging and cerebrospinal fluid biomarkers, having
early and age-related Alzheimer's disease, as well
as being aged between 50 and 90 years. Thus, after
the study was applied to the target population, a
positive association was found for the treatment of
AD patients with INJ-54861911, a potent inhibitor of
BACE, resulting in strong reductions in plasma (10 mg:
83%; 50 mg: 93%) and CSF (10 mg: 67%; 50 mg:
90%) for having a central nervous action. In addition,
sAPPn peptides decreased while sAPPa increased up
to 2-fold and no change was observed in total sAPP,
either in healthy elderly patients, and individuals with
early AD.

In addition, 2 randomized phase | clinical trials,
analyzed by Alexander et al." demonstrate that
AZD3293 was well tolerated at all doses tested,
with no serious adverse effects occurring. At first, a
significant reduction in the levels of AR peptides in
plasma and cerebrospinal fluid was observed, with
prolonged suppression, even with a weekly dose
regimen. Subsequently, the doses of 15 mg and
50 mg resulted in reductions of 264% and 278%,
respectively, suggesting an effective effect on the
reduction of amyloid load, a crucial target in the
treatment of AD. Additionally, the data indicate
a potential disease-modifying effect, reflecting in
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improvements in patients' cognition and function.
However, the small sample size and the absence of
formal statistical tests limit the generalization of the
results, highlighting the need for additional studies for
validation.

In the meantime, a multicenter, randomized,
double-blind, placebo-controlled study evaluated
209 outpatients, aged 50 to 90 years with a diagnosis
of mild to moderate AD, treated with fixed doses of
avagacestat, administered over 24 weeks. The results
showed that the 25 mg (77.5%) and 50 mg (74.1%)
doses were well tolerated, while the 100 mg and 125
mg doses resulted in higher discontinuation rates, with
48.1% and 64.7% of patients discontinuing treatment
due to adverse events, predominantly gastrointestinal
and dermatological, both of a dose-dependent nature
(p <0.05). In addition, analyses of cerebrospinal fluid
biomarkers revealed significant reductions in AB42
isoforms (p = 0.04), suggesting effective engagement
of the therapeutic target. There were also numerical
declines in T-tau and P-tau, although these did not
reach statistical significance (p > 0.05).

However, higher doses were associated with
trends of cognitive worsening, with a mean decrease
in ADAS-Cog score of 1.2 points, although no clear
evidence of neurodegeneration such as brain atrophy
or CSF tau elevation was observed. These findings
indicate that lower doses of avagacestat are safe and
promising for future investigations, provided there
is close follow-up of adverse events and cognitive
responses.'

Similarly, Egan et al. 5, used verubecestat at
doses of 12 mg, 40 mg, or placebo in a 78-week
trial evaluating 1,958 participants aged 55 to 85
years. During the period, 39 (6.0%) of patients in the
12 mg group, 49 (7.5%! in the 40 mg group, and 31
(4.7%) in the placebo group withdrew due to adverse
events. What's more, the results showed that there was
no significant difference in cognition and function
between the treated groups and the placebo, with
cognitive decline observed in all groups. However,
there was a significant reduction in amyloid burden in
the verubecestat groups, but this did not translate into
clinical benefits.

In the following study, Egan et al.> randomized
1,454 patients with criteria similar to the above, and
verubecestat also did not show superior efficacy
compared to placebo. Furthermore, the treated
groups had higher rates of progression to dementiq,
with the 40 mg group showing significantly lower
performance. In addition, hippocampal volume
decreased from 6.1% in the placebo group to 6.56.7%
in the verubecestat groups and the concentration of
AB in the cerebrospinal fluid decreased by more than
60% in both treated groups, indicating drug action.

In 2 other studies by Egan et al.>*> more frequent
adverse events were reported among the treated
groups, including rashes and other symptoms, with a
total of 9 deaths occurring in the 12 mg group, 12 in
the 40 mg group, and 5 in the placebo group. The
safety analysis highlighted an increase in suicidal

C

ideation and nervous system-related events in the
treated groups. However, despite reductions in
biomarkers, the data suggest that AD progression may
not be dependent on AR production, raising questions
about the amyloid hypothesis of the disease.

In the verubecestat study, 118 patients (placebo: n
=37, 12 mg: n = 31, 40 mg: n = 50) were analyzed,
measuring biomarkers in cerebrospinal fluid over
78 weeks, with mean NF-L concentrations (pg/ml)
ranging from 1509 (baseline) to 1875 (placebo)
and 1723 (baseline) to 1937 (40 mg verubecestat).
The mean UCH-L1 scores were 2206 (placebo) for
2556 and 2768 (12 mg) for 2900. In addition, for
total tau, the averages were 265 (placebo) for 284
and 319 (40 mg) for 311, while GFAP ranged from
32,071 (placebo) to 33,894 and 37,401 (40 mg) to
42,850, despite there being no significant differences
from placebo for NF-L or other biomarkers.” In the
LY3202626 study, which included 316 patients with
mild Alzheimer's dementia, only 47 completed,
leading to discontinuation due to the low likelihood
of slowing cognitive decline. There were also no
significant changes at 52 weeks between the groups,
and psychiatric adverse events increased, although
there were no deaths or related serious events, and
the treatment did not significantly impact the brain tau
load measured by flortaucipir.™

According to lopez et al.” the Generation
program  evaluated CAD106 and umibecestat,
focusing on APOEA4 patients at high risk of developing
AD. Participants were monitored for 60 to 96 months,
and the results indicated that APOE4 carriers may
be less responsive to treatment due to rapid amyloid
deposition. In  addition, the study highlighted
limitations in generalizing the results to people without
the APOE4 allele, suggesting that the treatment may
be less effective if not given early. However, Lynch
et al.’® looked at 70 subjects randomized to placebo
or elenbecestat, with 61% completing the study.
The group receiving 50 mg/day of elenbecestat
demonstrated statistically significant reductions in PET
SUVR in subgroups: -5.8% (p = 0.013) for florbetaben
and -13.6% (p = 0.014) for florbetapir. In terms of
cognitive decline, the 50 mg/day group showed 30%
less decline in CDR-SB, although without statistical
significance (p = 0.55). A subgroup with baseline PET
SUVR between 1.4 and 1.9 showed 72% less decline
in CDR-SB compared to placebo.

In this context, BACE inhibitors, such as LY2886721
and verubecestat, show important pharmacodynamic
effects, but also present significant challenges.
LY2886721 demonstrated a substantial reduction in
amyloid-B (AB) levels in plasma and CSF, as well as
promising results in animal models, with a reduction
in AB in the hippocampus and cortex. However,
safety concerns have emerged, such as abnormal
elevations of liver enzymes in patients, resulting in the
interruption of phase 2 clinical trials.’ On the other
hand, verubecestat, despite also impacting AB, was
associated with a brain volumetric loss detected as
early as week 13, with no further progression until
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week 78. This volumetric effect was not directly
correlated to amyloid load, raising hypotheses
that the changes could be linked to the amyloid
plaque microenvironment, inflammation, or fluid
reorganization."

Finally, Wessels et al. in their studies with APECS
and AMARANTH investigated the cogpnitive effects
of BACE inhibitors verubecestat and lanabecestat
in participants with early AD and mild cognitive
impairment (MCI). In APECS, 1,454 participants
were randomized, 485 to verubecestat 12 mg, 484
to verubecestat 40 mg, and 485 to placebo, while
in AMARANTH, 2,218 participants were randomized
between lanabecestat and placebo. The results
demonstrated that verubecestat resulted in cognitive
worsening, particularly in episodic memory and
attention, from week 13 onwards, with a greater
effect for the 40 mg dose, although the dominance
of executive function showed improvements. In
AMARANTH, lanabecestat showed significant
worsening in measures such as RBANS score and digit
symbol coding, with more pronounced effects for the
50 mg dose. However, in both studies, improvements
in letter fluency were maintained over time, although
category fluency stabilized after week 78.

The studies analyzed different drugs in order to
understand the efficacy of drugs in the treatment of
AD and their safety, since such drugs have adverse
effects, most of them severe, which make adherence
unfeasible, among them gastrointestinal and
dermatological ones.

In the article by Alexander et al. titled "AZD3293
a novel BACE1 inhibitor: pharmacokinetics and
effects on plasma and CSF a-beta peptides following
multiple-dose administration in Alzheimer's disease
patients," the authors investigate the effects of
lanabecestat, a BACE1 inhibitor, on the reduction
of beta-amyloid peptides, which are crucial in the
pathogenesis of AD. Regarding the efficacy with the
drug, there was a significant reduction in the levels of
AP peptides in both plasma and cerebrospinal fluid,
in which multiple doses of lanabecestat resulted in a
reduction of up to 78% in plasma levels of AP peptides
at doses of 50 mg or more, and a reduction of up to
76% in cerebrospinal fluid. In addition, single doses
of 5 mg or more were sufficient to reduce plasma
concentrations of AR 40 and AB 42 by more than
70%, with effects prolonged for up to 3 weeks, and
for safety it was well tolerated and without serious
adverse effects.

In the article by Coric et al.?2 They evaluated
the safety and tolerability of avagacestat, a
gamma-secretase inhibitor, in patients with mild
to moderate AD. The results indicated that doses
of 25 to 50 mg of avagacestat were well tolerated
by the study participant but showed no significant
efficacy in reducing the levels of beta-amyloid in the
cerebrospinal fluid. In contrast, higher doses, from 100
to 125 mg, resulted in a significant reduction in beta-
amyloid protein in the cerebrospinal fluid. However,
these doses have been associated with considerable

C

adverse effects, including gastrointestinal and
dermatological problems such as maculopapular
rashes, pruritus, and increased incidence of non-
melanoma skin cancer.

In addition, higher doses of avagacestat worsened
participants' cognition, without the authors being able
to clearly identify the reason for this adverse effect.

The studies conducted by Egan et al.®** and
Kennedy et al.” in the EPOCH clinical trial investigated
the use of the BACE-1 inhibitor, verubecestat (MK-
8931), in patients with mild to moderate Alzheimer's.
Verubecestat was evaluated at doses of 12 mg and
40 mg, focusing on adverse effects, biomarkers,
and brain volumetric changes. The results indicated
that verubecestat reduced cerebrospinal fluid AP
concentrations and brain amyloid load, but failed to
reduce cognitive or functional decline compared to
placebo. The second paper revealed on MRI greater
brain volume atrophy in the verubecestat-treated
group, especially in amyloid-rich regions, from 13 to
week 78. This volumetric loss was not associated with
progressive neurodegeneration, suggesting changes
in the microenvironment of amyloid plaques, possibly
due to inflammation or changes in fluid organization.

The drug was well tolerated, but adverse
effects associated with verubecestat included
increased falls, injuries, syncope-like events, sleep
disturbances, psychotic symptoms, anxiety, weight
loss, and dermatological events similar to those seen
in the study conducted on avagacestat. There was
also a higher incidence of suicidal ideation, with 2
completed suicides and 1 attempt.

It is noteworthy that both avagecast and
verubecestat showed a reduction in amyloid
AB concentration, but without improvement in
cognitive aspect. The authors question whether the
pathophysiology of the disease, therefore, would be
correct.

CONCLUSION

From the studies analyzed, it can be concluded that
BACE inhibitors are able to reduce the concentrations
of B-amyloid protein in plasma and cerebrospinal
fluid. In addition, these drugs do not produce serious
adverse events in relation to the use of placebo, with
gastrointestinal and dermatological events being
predominant, which are not tolerated at high doses.
However, in regard to the prognosis of AD patients,
few studies have obtained clinical improvement
recorded in studies, with a predominance of those
with a limited number of patients analyzed. Other
studies did not analyze the parameter in question or
did not obtain a correlation between a reduction in
beta-amyloid protein and an increase in the cognitive
potential of the participants, with an increase in the
progression of cognitive decline being recorded.
Thus, although BACE have the potential to decrease
plasma and cerebrospinal fluid concentrations of
substances involved in AD, the disease-modifying
effect is still uncertain.
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