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ARTICLE INFO ABSTRACT

Keywords: Background: To date, studies have not compared the efficacy and safety of monoclonal antibodies (mABs) with

Monoclonal antibodies acetylcholinesterase inhibitors (AChEISs).

Alzheimer’s disease Methods: Five electronic databases were systemic searched from inception to 10 November 2024 for double-

Ap OI,iPOPmtem,E“, . blinded randomized controlled trial (RCT) of patients diagnosed with MCI or mild AD treated with mABs or

Cholinesterase inhibitors . . fs . . N

Cognitive function AChETISs for at least 6 months. The primary outcome was change in cognitive function, measured by the Alzheimer’s
Disease Assessment Scale-cognitive subscale 14-item (ADAS-Cog) and Clinical Dementia Rating Scale-Sum of
Boxes (CDR-SOB). The secondary outcomes were acceptability, tolerability, serious adverse events (SAE), and all -
cause mortality. For mABs, amyloid-related imaging abnormalities-edema (ARIA-E), and amyloid-related imaging
abnormalities-hemorrhage (ARIA-H) were also assessed. Subgroup analyses included (i) MCI versus mild AD; (ii)
with versus without concomitant AD medications; and (iii) Apolipoprotein E (ApoE4) carriers versus non-carriers.
Data were pooled using a random effects model within a Bayesian framework.
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Results: There were 8010 participants (mean age: 71.5 years) across seven mAB trials, and 4993 participants
(mean age:70.7 years) in nine AChEI trials. When compared to placebo, only mABs, not AChEIs, were associated
with a slower progression of cognitive decline on CDR-SOB (mean difference -0.41 (95 % credible interval -0.61 to
-0.22); minimally important difference (MID) -1) and ADAS-Cog (-1.35 (-2.36 to -0.36), MID -2); however, these
benefits of mABs did not reach MID across the two cognitive measurements. Besides, mABs were associated with
a slower progression of cognitive decline on CDR-SOB (-0.30 (-0.60 to -0.001)) than AChEIs, although mABs and
AChEIs did not differ across safety outcomes, including acceptability, tolerability, SAE, and all-cause mortality.
Further analysis of mABs indicated that their efficacy did not differ by disease stage, concomitant AD medications,
or APOE4 carrier status. However, APOE4 homozygotes carriers were associated with a 5.53-fold (2.48 to 13.07)
increased odds of developing ARIA-E compared to non-carriers. Finally, lecanemab demonstrated relatively better
efficacy and a more favorable profile on ARIA-E compared to aducanumab and donanemab.

Conclusions: mABs were associated with a slower progression of cognitive decline than AChEIs; however, this
effect did not reach the MID. The incidence of ARIA-E with mABs was associated with APOE4 carrier status and

was not indicative of treatment efficacy.

1. Background

Alzheimer’s disease (AD) is a progressive neurodegenerative disor-
der characterized by memory loss, cognitive decline, and behavioural
changes, which significantly impair daily functioning and contribute to
a substantial disease burden [1]. AD often develops following mild cog-
nitive impairment (MCI), and it is the most common cause of demen-
tia. As of 2018, it affects an estimated 50 million people worldwide,
with projections suggesting this number may triple by 2050 [1]. Ac-
cording to the cholinergic hypothesis, the loss of cholinergic neurons in
the brain leads to impaired cholinergic transmission, resulting in cog-
nitive dysfunction [2]. Acetylcholinesterase inhibitors (AChEIs) which
increase acetylcholine levels in the brain have been approved as a symp-
tomatic treatment for AD over the past 20 years [3]. However, this class
of medications does not modify the course of the disease [4]. Cummings
suggested disease-modifying treatments for Alzheimer’s disease as those
that demonstrate significant differences in clinical outcomes compared
to a placebo, along with biomarker outcomes that show a correlational
relationship with the clinical outcomes. Examples of such biomarkers
include the effect on cortical atrophy observed through magnetic res-
onance imaging (MRI) or reduced levels of tau or phosphorylated tau
in cerebrospinal fluid [5]. A Cochrane Review reported that AChEIs are
effective for mild to moderate AD demonstrating benefits in cognitive
function, daily living activities, and behavioural symptoms [6]. A meta-
analysis including both randomized controlled trials (RCTs) and non-
randomized studies found that donepezil, a AChEI, was beneficial for
patients with MCI. Another meta-analysis found that AChEIs were as-
sociated with a lower incidence of dementia progression compared to
placebo in patients with MCI, although the treatment effect on cogni-
tive measurement scores remained uncertain [7]. These findings sup-
port AChEIs as a first-line pharmacological treatment for AD in clinical
practice.

Recently, the United States Food and Drug Administration (FDA) has
accelerated the approval of monoclonal antibody (mABs) including ad-
ucanumab, lecanemab, and donanemab for MCI due to AD and mild AD
[8,9]. These mABs target amyloid-f plaques which was seen as disease-
modifying therapies based on the amyloid hypothesis of AD [9,10]. In-
deed, RCTs have shown that mABs can significantly reduce amyloid-#
burden, as measured by positron emission tomography (PET) scans [11-
13]. However, some concerns have been raised. Firstly, although mABs
compared to placebo produced a slower progression of cognitive decline
[11,13,14], few studies have discussed whether these findings meet the
threshold for a minimally important difference (MID) in clinical prac-
tice [15]. Secondly, amyloid-related imaging abnormalities (ARIA) oc-
curred in a significant proportion of patients receiving mABs. Certain
brain injury-related adverse effects, such as symptomatic and ventricu-
lar enlargement, are also more frequent compared to placebo [15].

Although several meta-analyses of mABs have been published [16-
19], the comparisons between disease-modifying therapy mABs and tra-
ditional symptomatic treatment AChEIs remain unexplored. Given that

early cognitive intervention during the prodromal to mild stages of AD
is essential for slowing disease progression, this study compared the ef-
ficacy and safety of mABs with AChEIs in patients with MCI or mild
AD. Additionally, we conducted an in-depth analysis of the efficacy and
safety of mABs across various conditions, including (i) MCI versus mild
AD; (ii) the moderating effect of concomitant AD medications; and (iii)
Apolipoprotein E (ApoE4) carriers versus non-carriers. We also assessed
whether the observed efficacy and safety outcomes met the threshold for
MID. Our findings may provide new insights into the practical utility of
mABs for prodromal to mild AD.

2. Methods

The study protocol was registered with PROSPERO
(CRD42024606860). We followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) extension statement
for reporting systematic reviews incorporating network meta-analysis
(appendix 1) [20].

2.1. Data sources and searches

Two reviewers independently searched the PubMed, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Embase, and PsycINFO,
and ClinicalTrial.gov databases without language restrictions from
database inception to 10 November 2024. The reviewers also searched
the grey literature and reviewed reference lists of the included studies
and related systematic reviews[17,21].

2.2. Inclusion and exclusion criteria

The inclusion criteria were: (i) double-blinded RCT; (ii) patients di-
agnosed with MCI or mild AD [22]; (iii) treated with FDA-approved mAB
or AChEIL, and (iv) the treatment duration needed to be at least 6 months
(24 weeks). The exclusion criteria include: (i) non-randomized studies;
(i) AD without clear stage or severity; (ii) moderate or severe AD; (iv)
other types of dementia (e.g., vascular dementia); and (v) studies only
reporting results of pharmacodynamics or pharmacokinetics, (vi) MCI
due to non-AD etiologies (e.g., vascular dementia or Parkinson’s dis-
ease), and (vii) RCTs without providing primary outcomes. In the case
of multiple publications based on the same RCT, we only included ar-
ticles with the richest information and the largest sample source. Two
reviewers independently screened the retrieved studies for eligibility,
and discrepancies were resolved by consulting the corresponding au-
thors. Appendix 2 shows the complete search strategies, and appendix
3 presents the reasons for exclusion.

2.3. Definition of outcomes and risk of bias

The study evaluated both cognitive function and safety outcomes.
The primary outcome focused on cognitive function, measured through
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three validated assessment tools: the Alzheimer’s Disease Assessment
Scale—cognitive subscale 14-Item (ADAS-Cog), the Clinical Dementia
Rating scale-Sum of Boxes (CDR-SOB), and the Mini-Mental State Exam-
ination (MMSE). To ensure standardization, different versions of ADAS-
Cog (such as 11-item or 13-item) were converted to the 14-Item version
using validated methods [23].

Secondary outcomes encompassed six safety parameters: accept-
ability (all-cause discontinuation), tolerability (discontinuation due to
adverse events), serious adverse events, all-cause mortality, and two
types of amyloid-related imaging abnormalities-edema (ARIA-E) and -
hemorrhage (ARIA-H).

Data were extracted from intention-to-treat or last observation car-
rying forward analyses, along with estimates from mixed-effect models
for repeated measures. Numerical data from figures were extracted us-
ing WebPlotDigitizer (https://automeris.io/WebPlotDigitizer/). For tri-
als involving mAB, only data from FDA-approved recommended doses
were included.

To ensure data quality and minimize bias, two authors independently
conducted data extraction and review, with additional verification by a
third author. The risk of bias assessment utilized the Cochrane random-
ized trial risk of bias tool (version 2.0), with any discrepancies resolved
through consensus discussion among the authors [24].

2.4. Minimally important difference (MID)

To ensure practical clinical relevance, we also considered minimally
important difference (MID) for the efficacy and safety outcomes in MCI
or mild AD. We defined efficacy threshold for cognitive measures based
on recent review findings [25]. A treatment was considered efficacious
if it achieved a decrease of at least 2 points for the ADAS-Cog, a decrease
of at least 1 point for the CDR-SOB, or an increase of at least 1 point for
the MMSE. For safety outcomes, we established a threshold odds ratio
of 1.15 based on clinical consensus, which approximates a relative risk
of 1.1 when assuming baseline incidences between 10 % and 30 %.

2.5. Data synthesis

We computed the mean difference with a 95 % credible interval (CrI)
for continuous outcomes, defined as the difference between the change
scores of the active and placebo arms, and calculated the odds ratio (OR)
for categorical outcomes. We focused only on results where the 95 % Crl
for the mean difference did not cross zero or where the 95 % CrlI for the
OR did not cross one. We conducted a random-effects contrast-based
network meta-analysis within a Bayesian framework [26,27]. The pos-
terior probabilities were calculated. We initially compared the overall
effects of mABs and AChEIs, and then we evaluated the effects of in-
dividual mABs and individual AChEIs. The transitivity assumption was
assessed by visual comparisons of the distribution of potential effect
modifiers across treatment comparisons. The consistency assumption
was not examined, as all included studies were two-armed, placebo-
controlled RCTs without direct comparisons between active treatments.
We calculated the surface under the cumulative ranking area (SUCRA)
to rank the priority of the different interventions, with higher SUCRA
values indicating greater benefits for both efficacy and safety. To pro-
vide a clear comparison of treatment effects and safety across multiple
outcomes, we used spie charts to present a comprehensive overview of
each treatment’s relative benefits and risks [28].

Several subgroup analyses were conducted to examine the efficacy
and safety of mABs across different conditions, including (i) MCI ver-
sus mild AD; (ii) the moderating effect of concomitant AD medications;
and (iii) ApoE4 carriers versus non-carriers. The interaction between
treatment and placebo was assumed to be independent. For the risk of
ARIA-E and ARIA-H, we performed subgroup analyses stratified by (i)
ApoE4 non-carriers versus ApoE4 carriers and (ii) ApoE4 non-carriers,
heterozygotes, and homozygotes.
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Publication bias was assessed by visual inspection of a comparison
adjusted funnel plots with placebo as the comparator. Additionally, we
conducted the Egger test, Begg test, and Thompson test to examine the
asymmetry of the funnel plot. We conducted sensitivity analyses using
separate Bayesian models: a base model with treatment effects only,
five individual models each incorporating one covariate (baseline score
of cognitive function (e.g., ADAS-Cog), trial duration, proportion of MCI
patients, proportion of combined AD medications, or publication year)
as random effects, and a final model including all covariates simultane-
ously for the primary outcomes.

Four Markov chains were implemented. 50,000 iterations occurred
per chain and the first 20,000 iterations for each chain were discarded
as a warm-up. Convergence was assessed by visual inspection of the
trace plots of the key parameters for each analysis. The prior settings
and convergence results are shown in appendix 4. All statistical analy-
ses were done using R version 4.3.1. The network meta-analysis within
a Bayesian framework was fitted using the Bayesian statistical software
called Stan within R package multinma and brms [27]. Reasons for pro-
tocol changes are in Appendix 5.

3. Results
3.1. Characteristics of included study

After searching the database and excluding duplicated records, we
identified 3360 unique potential studies. We then screened the titles and
abstracts of these studies for eligibility and excluded 3126 of them, in
which 234 studies remained. 224 studies were excluded after an assess-
ment of the full text for various reasons (appendix 3). We identified four
additional studies through a manual search resulting in total 14 eligible
studies (efigure 1). Details of the characteristics of the included studies
are shown in eTable 1. Overall, 6479 people (mean age of 71.5 years,
53.4 % (3366,/6309) were women) were included in mABs trials (7 tri-
als, 6 articles) [11,13,14,29-31], and 4993 participants (mean age of
70.7 years, 56.8 % (2748/4839) were women) were included in AChEIL
trials (9 trials, 8 articles) [32-39].

3.2. Risk of bias of the included studies

No mAB study (0/7) had a high overall risk of bias (efigure 2 and
efigure 3). The percentages of studies with high, some concerns, or low
risk of bias in the 7 mAB trials were as follows: 0 % (k = 0), 0 % (k = 0),
and 100 % (k = 7) for randomisation; 0 % (k = 0), 0 % (k = 0), and
100 % (k = 7) for deviations from intended Interventions; 0 % (k = 0),
0 % (k = 0), and 100 % (k = 7) for missing outcome data; 0 % (k = 0),
0 % (k = 0), and 100 % (k = 7) for measurements of outcomes; 0 %
(k =0), 0% (k =0), and 100 % (k = 7) for selection of reported results.
No AChEI studies (0/9) were rated as high risk of bias. The percentages
of studies with high, some concerns, and low risk of bias in the 9 AChEIs
studies were as follows: 0 % (k = 0), 0 % (k = 0), and 100 % (k = 9)
for randomisation; 0 %, (k = 0), 11 % (k = 1), and 89 % (k = 8) for
deviations from intended interventions; 0 %, (k = 0), 11 % (k = 1), and
89 % (k = 8) for missing outcome data; 0 % (k = 0), 0 % (k = 0), and
100 % (k = 9) for measurements of outcomes; 0 % (k = 0), 78 % (k = 7),
and 22 % (k = 2) for selection of reported results.

3.3. Cognitive outcomes

The evidence for every outcome analyzed had a star-shaped struc-
ture with placebo as the common comparator (detailed in supplement
efigures 4-19). The placebo group demonstrated cognitive deterioration
with pooled changes of 1.90 points (95 % Crl: 0.16 to 3.74) in ADAS-
Cog, 1.37 points (95 % Crl: 0.81 to 2.01) in CDR-SOB, and —2.30 points
(95 % Crl: —3.26 to —1.33) in MMSE (Fig. 1)

Compared to placebo, mABs were associated with mean differences
of —1.35 points (95 % Crl: —2.36 to —0.36) on ADAS-Cog and —0.41
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points (95 % Crl: —0.61 to —0.22) on CDR-SOB (Fig. 1). In contrast,
the 95 % credible intervals for AChEIs included zero in all cognitive
measures. Importantly, mABs were associated with a mean difference of
—0.30 points (95 % Crl: —0.60 to —0.001) compared to AChEIs on CDR-
SOB (Fig. 1). The mean differences for all pairwise comparisons among
mABs, AChEIs, and placebo were below the predefined MID thresholds
across all cognitive measurements.

In the analysis of individual medications, lecanemab was associated
with a mean difference of —2.27 points (95 % Crl: —4.56 to —0.08) com-
pared to galantamine on ADAS-Cog (efig. 20). For CDR-SOB (efig. 21),
both donanemab and lecanemab were associated with mean differences
of —0.59 points (95 % Crl: —0.96 to —0.18) and —0.43 points (95 % Crl:
—0.81 to —0.05), respectively, compared to placebo. For MMSE (efig.
22), the 95 % credible intervals included zero for all comparisons be-

tween individual mABs, AChEIs, and placebo. While several compar-
isons showed credible intervals excluding zero, only the comparison
between lecanemab and galantamine on ADAS-Cog exceeded the pre-
determined MID thresholds.

3.4. Safety outcomes

Compared to placebo (Fig. 2), AChEIs (OR 1.70; 95 % CrlI 1.27 to
2.27) and mABs (OR 1.35; 95 % CrI 1.01 to 1.84) were associated with
increased odds of all-cause discontinuation. Similarly, both AChEIs (OR
2.34; 95 % Crl 1.84 to 2.92) and mABs (OR 2.21; 95 % CrI 1.71 to 2.89)
were associated with increased odds of discontinuation due to adverse
events compared to placebo. For all four safety outcomes, the odds ratios
comparing mABs with AChEIs had 95 % credible intervals including one.
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Fig. 2. Comparisons between mABs and AChEIs on adverse
events

Abbreviations: AChEI = acetylcholinesterase inhibitor;
Crl = credible interval; mAB = anti-amyloid monoclonal
antibody; MID = minimally important difference; OR = odds
ratio; Pr = posterior probability.
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Fig. 3. Subgroup analysis of mABs on cogni-
tive function
Abbreviations: AChEI = acetylcholinesterase
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In the analysis of individual medications (efig. 23 to efig. 26). donepezil
and lecanemab were associated with increased odds of all-cause discon-
tinuation, and aducanumab, donanemab, donepezil, galantamine, and
lecanemab were associated increased odds of discontinuation due to ad-
verse event.

3.5. Subgroup analyses of mABs on cognitive outcomes

We examined potential effect modifiers by incorporating interaction
terms between treatment (mABs versus placebo) and three clinical con-
ditions in our models (Fig. 3): (A) disease stage (MCI versus mild AD);
(B) medication status (with versus without concomitant AD medica-
tions); and (C) genetic profile (ApoE4 carriers versus non-carriers). The
95 % credible intervals of all interaction effects included zero, suggest-
ing that the treatment effects of mABs compared to placebo were not
modified by these clinical conditions (Fig. 3).

3.6. Individual mABs on ARIA-E and AIRA-H

Compared to placebo, aducanumab (OR 5.00; 95 % CrI 2.72 to 8.25)
and donanemab (OR 3.22; 95 % Crl 1.88 to 6.49) reached the MID
threshold on ARIA-H (Fig. 4). Notable, lecanemab was associated with
a lower risk of ARIA-H than aducanumab (OR 0.36; 95 % CrI 0.15 to
0.82). On ARIR-E, aducanumab (OR 15.49; 95 % CrI 2.53 to 53.52) and
donanemab (OR 11.59; 95 % CrI 1.36 to 48.42) reached the MID thresh-
old when compared to placebo.

3.7. Genotypes on ARIA-E and AIRA-H

Compared to ApoE4 non-carriers (Fig. 5), the ApoE4 carriers were
not associated with increased odds of ARIA-E (OR 1.97; 95 % CrI 0.54
to 6.96), although they had an 89 % posterior probability of ARIA-E
and an 84 % posterior probability of reaching the MID threshold. Com-
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pared to ApoE4 non-carriers, the ApoE4 carriers were not associated
with a higher risk of ARTA-H (OR 1.77; 95 % CrI 0.01 to 50.91), although
they had an 80 % posterior probability of ARIA-H and a 78 % posterior
probability of reaching the MID threshold. A dose-response relationship
was observed when considering heterozygotes and homozygotes. Com-
pared to non-carriers, heterozygotes had a higher risk of ARIA-E (OR
2.08; 95 % CrI 0.98-5.10) with a 95 % posterior probability of reaching
the MID threshold. Homozygotes demonstrated an even higher risk (OR
5.53; 95 % Crl 2.48-13.07) and a 99 % probability of reaching the MID
threshold.

3.8. The overall profile of each active treatment and placebo across the
nine outcomes

Fig. 6 summarized the overall profile on cognitive and safety out-
comes among three mABs, three AChEIs, and placebo using SUCRA.
The higher SUCRA values indicated greater benefits for the outcome.

Donanemab and lecanemab seemed to have slightly better efficacy on
cognitive function. Lecanemab showed relatively lower risk of ARIA-E
among mABs, and aducanumab revealed better acceptability across all
active treatments. The three AChEIs showed limited efficacy on cogni-
tive outcomes.

3.9. Transitivity assumption and publication bias

The assessments of transitivity assumption are showed in efig. 27 to
efig. 34. The results of the statistical tests (Egger, Begg, and Thompson-
Sharp tests) for funnel plot asymmetry, along with visual inspection of
the funnel plots, did not indicate publication bias (efig. 35 to efig. 37).

3.10. Sensitivity analyses

Sensitivity analysis on ADAS-Cog (efig. 38) revealed robust treat-
ment effects across different model specifications. While point estimates
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Fig. 5. The association between different genotypes and
ARIA-E and ARIA-H

Abbreviations: ARIA-E = Amyloid-related imaging
abnormalities-edema; ARIA-H = Amyloid-related imag-
ing abnormalities-hemorrhage; Crl = credible interval;
mAB = anti-amyloid monoclonal antibody; MID = mini-
mally important difference; OR = odds ratio; Pr = posterior
probability.
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Fig. 6. Summary of spie plots for the overall profile of each active treatment and placebo across the nine outcomes
Abbreviations: ADAS-Cog = Alzheimer’s Disease Assessment Scale-Cognitive Subscale 14-item; ARIA-E = Amyloid-related imaging abnormalities-edema; ARIA-
H = Amyloid-related imaging abnormalities-hemorrhage; CDR-SOB = Clinical Dementia Rating Scale Sum of Boxes; MMSE =Mini-Mental Status Examination;

SAE = serious adverse event

* Values are presented as surface under the cumulative ranking (SUCRA), with higher SUCRA values indicating more beneficial outcomes.

remained stable (ranging from —1.38 to —1.46 points) when incorporat-
ing covariates either individually or simultaneously, the wider CrI in
the full model of five covariates (—4.02 to 1.05) suggested these covari-
ates contributed primarily to model uncertainty rather than meaningful
effect modification. This pattern of stable estimates with increased un-
certainty in full models was consistent across sensitivity analyses for
both CDR-SOB and MMSE outcomes (efig. 39-40).

4. Discussion

Our comprehensive analysis of treatments for prodromal to mild AD
revealed several key findings with important clinical implications. In
this patient population, AChEIs showed credible intervals including zero
when compared with placebo for cognitive outcomes. However, mABs
were associated with greater efficacy in slowing cognitive decline com-
pared to both placebo and AChEIs, though these improvements did not
exceed the MID threshold. The safety profile analysis suggested compa-
rable results between mABs and AChEIs in terms of acceptability, tolera-
bility, serious adverse events, and all-cause mortality. The cognitive ben-
efits of mABs showed no evidence of differential effects across disease
stages (MCI versus mild AD), medication use status, or ApoE4 carrier
status. However, an important safety consideration emerged regarding
APOE4 homozygotes, who were associated with a 5.53-fold increased
odds ARIA-E compared to non-carriers. Although mABs showed promis-
ing cognitive benefits compared to both placebo and AChEIs, the effect
sizes remained below the MID thresholds. Moreover, the safety signals,
particularly ARIA concerns in APOE4 homozygotes, warrant careful con-
sideration in clinical practice. These findings suggest that treatment de-
cisions should carefully weigh modest cognitive benefits against poten-
tial safety concerns, particularly in APOE4 homozygotes.

Over the past 20 years, AChEIs have provided therapeutic benefits
through symptom relief by increasing acetylcholine levels, but without

addressing the underlying amyloid pathology [2]. In contrast, mABs di-
rectly target amyloid deposits and show possibly slight clinical bene-
fits. Notably, patients selection criteria differed between these trials:
AChEI trials relied solely on clinical symptoms, while mAB trials re-
quired confirmation of AD pathology through amyloid-# PET imaging
or cerebrospinal fluid (CSF) Ap1-42. This biomarker-based patient se-
lection in mAB trials suggests more precise targeting of the underly-
ing amyloid-$ pathophysiology, which might contribute to the observed
treatment effects.

The relationship between ApoE4 status and mAbs’ efficacy and safety
profiles warrant attention. Evidence suggests that ApoE4 carriers tend to
have a higher amyloid burden [40], while non-carriers may develop AD
with less amyloid buildup or through other mechanisms [40]. Our analy-
sis revealed a dose-response relationship between ApoE4 genotypes and
ARIA-E risk, with the highest risk in homozygous carriers, followed by
heterozygous carriers, and then non-carriers. This pattern is consistent
with previous findings that ApoE4 genotype was associated with a dose-
dependent increase in amyloid-f plaque accumulation in the brain tissue
[40,41]. The mechanism underlying ARIA-E may involve mAB-induced
clearance of amyloid-p plaques via perivascular and vascular pathways,
potentially leading to temporary increases in cerebral amyloid angiopa-
thy and vascular permeability, resulting in protein-rich fluid extrava-
sation [42]. While this mechanism explains the increased ARIA-E risk
in ApoE4 homozygotes who typically have higher amyloid burden, the
greater amyloid clearance did not translate to enhanced treatment ef-
fects in this population.

Among the three mABs, donanemab showed the best possible cogni-
tive benefits but higher ARIA risks, lecanemab demonstrated balanced
efficacy-safety profile with some possible cognitive effects (less than do-
nanemab) and moderate ARIA risks, while aducanumab had relatively
modest performance but better acceptability. A previous meta-analysis
[17] reported that donanemab ranked first among mABs in g-amyloid
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clearance, as measured by PET-Standardized Uptake Value ratios, and
aducanumab ranked second. Consistently, in our study, we found that
aducanumab and donanemab were associated with a higher risk of
ARIA-E and ARIA-H. However, aducanumab did not show greater effi-
cacy in slowing cognitive decline despite its strong amyloid-g clearance
effect. On the other hand, lecanemab specifically targets Af protofib-
rils, smaller aggregates implicated in earlier disease stages. Lecanemab
demonstrated better cognitive outcomes, lower risk of ARIA-E, but
poorer acceptability and tolerability. Importantly, while ARIA emerged
as a distinct safety concern specific to mAB therapy, other safety out-
comes including mortality and serious adverse events showed compara-
ble profiles across all treatments, suggesting these novel therapies don’t
introduce additional major safety concerns beyond ARIA.

4.1. Major concerns regarding mAB studies

First, mAB trials are often subject to cohort bias. Previous studies
have shown that amyloid-PET positivity indicates only about a 50 %
risk of developing AD later in life [43-45], and it is also observed that
amyloid positivity tends to decrease with age in patients with probable
AD [46]. Whether amyloid positivity is a reliable hallmark of AD still
remains questionable [43]. However, to date, mAB trials have exclu-
sively enrolled amyloid-positive patients, which may in turn limit the
generalizability of their findings. Second, mAB trials failed to control
for changes in other treatments over time, particularly the concurrent
use of AChEIs or Memantine (or both). In these trials, approximately
50 % to 60 % of participants were simultaneously using AD medications.
However, whether these medications were adjusted throughout the long
study period remains unclear. More importantly, there is currently a
lack of head-to-head comparisons between mABs and standard practice
(AChEIs or Memantine), or at least, ACHEI or memantine should be ad-
ministered to 100 % of participants in both the mAb arm and the control
arm. Otherwise, failing to compare the mAb with the most proven ef-
fective intervention may constitute a violation of research ethics as out-
lined in the Declaration of Helsinki [47]. Third, to date, all published
mARB trials have failed to demonstrate clinically meaningful effects (i.e.,
not achieving MID thresholds in cognitive scale scores at the study end-
point). Additionally, the treatment groups usually experienced two to
three-times higher dropout rates compared to the control groups. The
estimated efficacy of mAB was based on a highly selected and substan-
tially reduced sample. This substantial attrition raises concerns about
the long-term risk-benefit ratio of mAB therapy in real-world settings.
Fourth, the clinical efficacy of mAB was lower in individuals with the
APOE4 genotype, which is a well-known risk factor for AD-related amy-
loid beta pathophysiology. The paradoxical finding is difficult to recon-
cile with the hypothesis that amyloid beta is a causal factor of the disease
[48-50]. Fourth, the occurrence of ARIA-related poses a risk to blinding
integrity in mAB studies. This may introduce bias into efficacy assess-
ment, because most mAB trials use unusual or self-constructed cogni-
tive/functional scales as primary outcomes. Additionally, the long-term
consequences of ARIAs remain unknown. Several deaths in the mAB
arms have been considered ARIA-related [51,52]; however, the deter-
imination of whether these deaths are therapy-related currently judged
by the sponsoring pharmaceutical companies [53]. Sixth, brain volume
loss (both whole brain and hippocampus) occurs across all mAb trials,
and its long-term impact remains unclear. However, amyloid accumu-
lation does not cause brain swelling, so it is unlikely that amyloid clear-
ance would lead to brain atrophy [54]. Autopsy studies have shown that
the total volume of amyloid deposition accounts for less than 1 % of the
neocortex, and in patients with early Alzheimer’s disease, amyloid occu-
pies virtually no space in the cerebral cortex [55-57]. Therefore, brain
atrophy may be a warning sign of neuronal damage. Despite the known
potential risks of ARIA and brain volume loss, as well as the unknown
long-term effects identified in earlier phase I-II studies, continuing with
subsequent trials could potentially violate research ethics of the Decla-
ration of Helsinki [47].
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4.2. Strengths and limitations of this study

This study has several strengths. Firstly, our study also considered
MID for all outcomes. Using Bayesian network meta-analysis, we lever-
aged borrowing of strength to enhance estimate precision and calcu-
lated posterior probabilities for a more nuanced interpretation, along-
side comprehensive uncertainty estimates from full posterior distribu-
tions. Additionally, we conducted extensive sensitivity analyses, demon-
strating consistent treatment effects despite varying covariate adjust-
ments. We also performed several subgroup analyses to examine the
efficacy and safety of mAbs across different disease stages, genotypes,
and concomitant medication use. Finally, we used SCURA and spie plots
to illustrate the performance of different drugs across various outcomes,
providing clinicians with a valuable reference for drug selection.

Nevertheless, our study has several limitations. Firstly, there are no
head-to-head studies comparing mABs and AChEIs, and therefore, the
comparisons between mABs and AChEIs rely on indirect comparisons.
We addressed this by including studies with similar patient populations
and applying Bayesian statistical methods. Secondly, most AChEI trials
were published between 2000 and 2010, while the mAB trials were pub-
lished after 2020. Thirdly, in the mAB trials, approximately 50 % to 60 %
of participants were concurrently using AD medications, such as AChEIs
or memantine. However, our subgroup analysis showed no evidence of
differential treatment effects based on concomitant AD medication use.
Fourthly, the treatment duration of the included studies varied, ranging
from 24 weeks to 48 months. For these time-varying factors, we con-
ducted sensitivity analyses through separate Bayesian models with each
potential effect modifier, and our results remained robust across dif-
ferent model specifications. Finally, interpretation of safety profiles re-
quires careful consideration. The reporting of adverse events in clinical
trials lacks standardization across studies and is often conducted within
the context of efficacy assessments. Moreover, our safety analyses re-
lied on general trial reports rather than specialized safety assessments,
which may limit the comprehensiveness of safety comparisons.

4.3. Implications and conclusions

In patients with prodromal to mild AD, mABs were possibly asso-
ciated with a slower progression of cognitive decline compared to ei-
ther AChEIs or placebo; however, neither treatment benefits exceeded
the MID threshold. Regarding safety outcomes, mABs showed compa-
rable risks with AChEIs in terms of acceptability, tolerability, serious
adverse events, and all-cause mortality. We found no evidence of dif-
ferential treatment effects between ApoE4 carriers and non-carriers on
cognitive outcomes, though ApoE4 homozygotes were associated with
a 5.53-fold increased odds of developing ARIA-E. These findings offer
valuable insights to guide clinical decision-making regarding first-line
pharmacological treatments for patients in the early stages of AD.

Financial disclosure
All authors have no financial relationships relevant to this article to
disclose.

Ethical approval

Not required; analysis of aggregated identified clinical trial data.

Consent statement

Consent was unnecessary because this is an analysis of aggregated,
de-identified clinical trial data.



C.-W. Hsu, T.-W. Hsu, Y.-C. Kao et al.
Funding source

This study is supported by Taiwan National Science and Technology
Council (112-2314-B-182-070-MY3) and the funding source had no role
in the design of the study.

Data sharing

The data that support the findings of this study are available from
the corresponding author (CSL) upon reasonable request.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

CRediT authorship contribution statement

Chih-Wei Hsu: Writing — review & editing, Validation, Funding ac-
quisition, Data curation, Conceptualization. Tien-Wei Hsu: Writing —
original draft, Data curation, Conceptualization. Yu-Chen Kao: Writ-
ing — review & editing, Validation. Yu-Hsuan Lin: Writing — review
& editing, Validation. Trevor Thompson: Writing — review & editing,
Validation. Andre F. Carvalho: Writing — review & editing, Validation.
Brendon Stubbs: Writing — review & editing, Validation. Ping-Tao
Tseng: Writing — review & editing, Validation, Data curation. Fu-Chi
Yang: Writing - review & editing, Validation. Chia-Kuang Tsai: Writing
- review & editing, Validation. Chia-Ling Yu: Resources, Data curation.
Yu-Kang Tu: Validation, Supervision, Conceptualization. Chih-Sung
Liang: Writing — original draft, Visualization, Validation, Methodology,
Formal analysis, Conceptualization.

Acknowledgements
None.
Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.tjpad.2025.100195.

References

[1] Scheltens P, De Strooper B, Kivipelto M, Holstege H, Chetelat G, Teunissen CE, et al.
Alzheimer’s disease. Lancet 2021;397(10284):1577-90.

Sharma K. Cholinesterase inhibitors as Alzheimer’s therapeutics (Review). Mol Med
Rep 2019;20(2):1479-87.

Moreira N, Lima J, Marchiori MF, Carvalho I, Sakamoto-Hojo ET. Neuroprotective
Effects of Cholinesterase Inhibitors: current Scenario in Therapies for Alzheimer’s
Disease and Future Perspectives. J Alzheimers Dis Rep 2022;6(1):177-93.
Cummings JL. Use of cholinesterase inhibitors in clinical practice: evidence-based
recommendations. Am J Geriatr Psychiatry 2003;11(2):131-45.

Cummings JL. Defining and labeling disease-modifying treatments for Alzheimer’s
disease. Alzheimers Dement 2009;5(5):406-18.

Birks JS. Cholinesterase inhibitors for Alzheimer’s disease. Cochrane Database of
Systematic Reviews 2006(1).

Matsunaga S, Fujishiro H, Takechi H. Efficacy and Safety of Cholinesterase Inhibitors
for Mild Cognitive Impairment:a Systematic Review and Meta-Analysis. J Alzheimers
Dis 2019;71(2):513-23.

Dyer O. Donanemab: FDA experts recommend approval of Alzheimer’s drug. British
Medical Journal Publishing Group; 2024.

Huang LK, Kuan YC, Lin HW, Hu CJ. Clinical trials of new drugs for Alzheimer
disease: a 2020-2023 update. J Biomed Sci 2023;30(1):83.
Hansson O. Biomarkers for neurodegenerative
2021;27(6):954-63.

Mintun MA, Lo AC, Duggan Evans C, Wessels AM, Ardayfio PA, Andersen SW, et al.
Donanemab in Early Alzheimer’s Disease. N Engl J Med 2021;384(18):1691-704.
Sevigny J, Chiao P, Bussiere T, Weinreb PH, Williams L, Maier M, et al. The
antibody aducanumab reduces Abeta plaques in Alzheimer’s disease. Nature
2016;537(7618):50-6.

van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, Gee M, et al. Lecanemab
in Early Alzheimer’s Disease. N Engl J Med 2023;388(1):9-21.

[2]

[3

=

[4]
[5]

[6

iy

[7

—

[8

—

[9

—

[10] diseases. Nat Med
[11]

[12]

[13]

11

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100195

Budd Haeberlein S, Aisen PS, Barkhof F, Chalkias S, Chen T, Cohen S, et al. Two
Randomized Phase 3 Studies of Aducanumab in Early Alzheimer’s Disease. J Prev
Alzheimers Dis 2022;9(2):197-210.

Hoilund-Carlsen PF, Revheim ME, Costa T, Alavi A, Kepp KP, Sensi SL, et al. Pas-
sive Alzheimer’s immunotherapy: a promising or uncertain option? Ageing Res Rev
2023;90:101996.

Lyu D, Lyu X, Huang L, Fang B. Effects of three kinds of anti-amyloid-beta drugs on
clinical, biomarker, neuroimaging outcomes and safety indexes: a systematic review
and meta-analysis of phase II/III clinical trials in Alzheimer’s disease. Ageing Res
Rev 2023;88:101959.

Qiao Y, Gu J, Yu M, Chi Y, Ma Y. Comparative Efficacy and Safety of Monoclonal
Antibodies for Cognitive Decline in Patients with Alzheimer’s Disease: a Systematic
Review and Network Meta-Analysis. CNS Drugs 2024;38(3):169-92.

Terao I, Kodama W. Comparative efficacy, tolerability and acceptability of do-
nanemab, lecanemab, aducanumab and lithium on cognitive function in mild cog-
nitive impairment and Alzheimer’s disease: a systematic review and network meta—
analysis. Ageing Res Rev 2024;94:102203.

Zeng B, Tang C, Wang J, Yang Q, Ren Q, Liu X. Pharmacologic and Nu-
tritional Interventions for Early Alzheimer’s Disease: a Systematic Review and
Network Meta-Analysis of Randomized Controlled Trials. J Alzheimers Dis
2024;99(4):1173-86.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. The
PRISMA extension statement for reporting of systematic reviews incorporating net-
work meta-analyses of health care interventions: checklist and explanations. Ann
Intern Med 2015;162(11):777-84.

Lyu D, Lyu X, Huang L, Fang B. Effects of three kinds of anti-amyloid-# drugs on
clinical, biomarker, neuroimaging outcomes and safety indexes: a systematic review
and meta-analysis of phase II/III clinical trials in Alzheimer’s disease. Ageing Res
Rev 2023;88:101959.

2023 Alzheimer’s disease facts and figures. Alzheimers Dement
1598-1695.

Thorlund K, Walter SD, Johnston BC, Furukawa TA, Guyatt GH. Pooling health-re-
lated quality of life outcomes in meta-analysis-a tutorial and review of methods for
enhancing interpretability. Res Synth Methods 2011;2(3):188-203.

Sterne JAC, Savovic¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. Bmj 2019;366:14898.
Muir RT, Hill MD, Black SE, Smith EE. Minimal clinically important difference in
Alzheimer’s disease: rapid review. Alzheimers Dement 2024;20(5):3352-63.
Phillippo DM, Dias S, Ades AE, Belger M, Brnabic A, Schacht A, et al. Multilevel
network meta-regression for population-adjusted treatment comparisons. J R Stat
Soc Ser A Stat Soc 2020;183(3):1189-210.

Phillippo D.M. multinma: bayesian network meta-analysis of individual and aggre-
gate data. 2020.

Daly CH, Mbuagbaw L, Thabane L, Straus SE, Hamid JS. Spie charts for quantifying
treatment effectiveness and safety in multiple outcome network meta-analysis: a
proof-of-concept study. BMC Med Res Methodol 2020;20(1):266.

Chen T, O’Gorman J, Castrillo-Viguera C, Rajagovindan R, Curiale GG, Tian Y, et al.
Results from the long-term extension of PRIME: a randomized Phase 1b trial of ad-
ucanumab. Alzheimers Dement 2024;20(5):3406-15.

Sims JR, Zimmer JA, Evans CD, Lu M, Ardayfio P, Sparks J, et al. Donanemab in
Early Symptomatic Alzheimer Disease: the TRAILBLAZER-ALZ 2 Randomized Clini-
cal Trial. JAMA 2023;330(6):512-27.

Swanson CJ, Zhang Y, Dhadda S, Wang J, Kaplow J, Lai RYK, et al. A random-
ized, double-blind, phase 2b proof-of-concept clinical trial in early Alzheimer’s
disease with lecanemab, an anti-Abeta protofibril antibody. Alzheimers Res Ther
2021;13(1):80.

Devanand DP, Pelton GH, D’Antonio K, Ciarleglio A, Scodes J, Andrews H, et al.
Donepezil Treatment in Patients With Depression and Cognitive Impairment on Sta-
ble Antidepressant Treatment: a Randomized Controlled Trial. Am J Geriatr Psychi-
atry 2018;26(10):1050-60.

Doody RS, Ferris SH, Salloway S, Sun Y, Goldman R, Watkins WE, et al. Donepezil
treatment of patients with MCI: a 48-week randomized, placebo-controlled trial.
Neurology 2009;72(18):1555-61.

Feldman HH, Ferris S, Winblad B, Sfikas N, Mancione L, He Y, et al. Effect of rivastig-
mine on delay to diagnosis of Alzheimer’s disease from mild cognitive impairment:
the InDDEx study. Lancet Neurol 2007;6(6):501-12.

Peters O, Lorenz D, Fesche A, Schmidtke K, Hull M, Perneczky R, et al. A combination
of galantamine and memantine modifies cognitive function in subjects with amnestic
MCI. J Nutr Health Aging 2012;16(6):544-8.

Petersen RC, Thomas RG, Grundman M, Bennett D, Doody R, Ferris S, et al. Vita-
min E and donepezil for the treatment of mild cognitive impairment. N Engl J Med
2005;352(23):2379-88.

Salloway S, Ferris S, Kluger A, Goldman R, Griesing T, Kumar D, et al. Efficacy
of donepezil in mild cognitive impairment: a randomized placebo-controlled trial.
Neurology 2004;63(4):651-7.

Seltzer B, Zolnouni P, Nunez M, Goldman R, Kumar D, Ieni J, et al. Efficacy of
donepezil in early-stage Alzheimer disease: a randomized placebo-controlled trial.
Arch Neurol 2004;61(12):1852-6.

Winblad B, Gauthier S, Scinto L, Feldman H, Wilcock GK, Truyen L, et al. Safety
and efficacy of galantamine in subjects with mild cognitive impairment. Neurology
2008;70(22):2024-35.

Vemuri P, Wiste HJ, Weigand SD, Knopman DS, Shaw LM, Trojanowski JQ, et al.
Effect of apolipoprotein E on biomarkers of amyloid load and neuronal pathology in
Alzheimer disease. Ann Neurol 2010;67(3):308-16.

Caselli RJ, Walker D, Sue L, Sabbagh M, Beach T. Amyloid load in nondemented
brains correlates with APOE e4. Neurosci Lett 2010;473(3):168-71.

2023;19(4):


https://doi.org/10.1016/j.tjpad.2025.100195
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0001
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0002
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0003
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0004
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0005
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0006
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0007
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0008
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0009
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0010
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0011
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0012
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0013
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0014
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0015
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0016
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0017
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0018
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0019
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0020
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0021
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0022
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0023
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0024
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0025
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0026
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0028
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0029
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0030
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0031
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0032
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0033
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0034
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0035
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0036
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0037
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0038
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0039
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0040
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0041

C.-W. Hsu, T.-W. Hsu, Y.-C. Kao et al.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Filippi M, Cecchetti G, Spinelli EG, Vezzulli P, Falini A, Agosta F. Amyloid-Related
Imaging Abnormalities and beta-Amyloid-Targeting Antibodies: a Systematic Re-
view. JAMA Neurol 2022;79(3):291-304.

Hoilund-Carlsen PF, Alavi A, Castellani RJ, Neve RL, Perry G, Revheim ME, et al.
Alzheimer’s Amyloid Hypothesis and Antibody Therapy: melting Glaciers? Int J Mol
Sci 2024;25(7).

Jansen WJ, Ossenkoppele R, Knol DL, Tijms BM, Scheltens P, Verhey FR, et al. Preva-
lence of cerebral amyloid pathology in persons without dementia: a meta-analysis.
JAMA 2015;313(19):1924-38.

Roberts RO, Aakre JA, Kremers WK, Vassilaki M, Knopman DS, Mielke MM,
et al. Prevalence and Outcomes of Amyloid Positivity Among Persons Without
Dementia in a Longitudinal, Population-Based Setting. JAMA Neurol
2018;75(8):970-9.

Ossenkoppele R, Jansen WJ, Rabinovici GD, Knol DL, van der Flier WM, van
Berckel BN, et al. Prevalence of amyloid PET positivity in dementia syndromes: a
meta-analysis. JAMA 2015;313(19):1939-49.

Daly T, Olluri A, Kurkinen M. Anti-amyloid treatments in Alzheimer’s disease: ele-
gance, evidence and ethics. Adv Clin Exp Med 2024;33(12):1303-9.

Ebell MH, Barry HC, Baduni K, Grasso G. Clinically Important Benefits and Harms of
Monoclonal Antibodies Targeting Amyloid for the Treatment of Alzheimer Disease:
a Systematic Review and Meta-Analysis. Ann Fam Med 2024;22(1):50-62.

12

[49]

[50]

[51]

[52]

[53]

[54]

[55]
[56]

[571

The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100195

Espay AJ, Kepp KP, Herrup K. Lecanemab and Donanemab as Therapies for
Alzheimer’s Disease: an Illustrated Perspective on the Data. eNeuro 2024;11(7).
Kepp KP, Sensi SL, Johnsen KB, Barrio JR, Hoilund-Carlsen PF, Neve RL, et al. The
Anti-Amyloid Monoclonal Antibody Lecanemab: 16 Cautionary Notes. J Alzheimers
Dis 2023;94(2):497-507.

Piller C. Second death linked to potential antibody treatment for Alzheimer’s disease.
Science 2022:27.

Piller C. Scientists tie third clinical trial death to experimental Alzheimer’s drug.
Science 2022;21.

Lenzer J, Donanemab BrownleeS. Conflicts of interest found in FDA committee that
approved new Alzheimer’s drug. BMJ 2024;386 q2010.

Alves F, Kalinowski P, Ayton S. Accelerated Brain Volume Loss Caused by Anti-be-
ta-Amyloid Drugs: a Systematic Review and Meta-analysis. Neurology 2023;100(20)
e2114-e24.

Ayton S. Brain volume loss due to donanemab. Eur J Neurol 2021;28(9) e67-€8.
Madsen JB, Folke J, Pakkenberg B. Stereological Quantification of Plaques
and Tangles in Neocortex from Alzheimer’s Disease Patients. J Alzheimers Dis
2018;64(3):723-34.

Reilly JF, Games D, Rydel RE, Freedman S, Schenk D, Young WG, et al. Amyloid de-
position in the hippocampus and entorhinal cortex: quantitative analysis of a trans-
genic mouse model. Proc Natl Acad Sci U S A. 2003;100(8):4837-42.


http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0042
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0043
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0044
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0045
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0046
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0047
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0048
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0049
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0050
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0051
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0052
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0053
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0054
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0055
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0056
http://refhub.elsevier.com/S2274-5807(25)00140-2/sbref0057

	The efficacy and safety of anti-amyloid monoclonal antibody versus acetylcholinesterase inhibitor with an in-depth analysis across genotypes and disease stages: a systematic review and meta-analysis
	1 Background
	2 Methods
	2.1 Data sources and searches
	2.2 Inclusion and exclusion criteria
	2.3 Definition of outcomes and risk of bias
	2.4 Minimally important difference (MID)
	2.5 Data synthesis

	3 Results
	3.1 Characteristics of included study
	3.2 Risk of bias of the included studies
	3.3 Cognitive outcomes
	3.4 Safety outcomes
	3.5 Subgroup analyses of mABs on cognitive outcomes
	3.6 Individual mABs on ARIA-E and AIRA-H
	3.7 Genotypes on ARIA-E and AIRA-H
	3.8 The overall profile of each active treatment and placebo across the nine outcomes
	3.9 Transitivity assumption and publication bias
	3.10 Sensitivity analyses

	4 Discussion
	4.1 Major concerns regarding mAB studies
	4.2 Strengths and limitations of this study
	4.3 Implications and conclusions

	Financial disclosure
	Ethical approval
	Consent statement
	Funding source
	Data sharing
	Declaration of competing interest
	CRediT authorship contribution statement
	Acknowledgements
	Supplementary materials
	References


