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

acetylcholinesterase inhibitors (AChEIs). 

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

blinded randomized controlled trial (RCT) of patients diagnosed with MCI or mild AD treated with mABs or 

AChEIs 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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T  
. Background 

Alzheimer’s disease (AD) is a progressive neurodegenerative disor-

er characterized by memory loss, cognitive decline, and behavioural

hanges, which significantly impair daily functioning and contribute to

 substantial disease burden [ 1 ]. AD often develops following mild cog-

itive impairment (MCI), and it is the most common cause of demen-

ia. As of 2018, it affects an estimated 50 million people worldwide,

ith projections suggesting this number may triple by 2050 [ 1 ]. Ac-

ording to the cholinergic hypothesis, the loss of cholinergic neurons in

he brain leads to impaired cholinergic transmission, resulting in cog-

itive dysfunction [ 2 ]. Acetylcholinesterase inhibitors (AChEIs) which

ncrease acetylcholine levels in the brain have been approved as a symp-

omatic treatment for AD over the past 20 years [ 3 ]. However, this class

f medications does not modify the course of the disease [ 4 ]. Cummings

uggested disease-modifying treatments for Alzheimer’s disease as those

hat demonstrate significant differences in clinical outcomes compared

o a placebo, along with biomarker outcomes that show a correlational

elationship with the clinical outcomes. Examples of such biomarkers

nclude the effect on cortical atrophy observed through magnetic res-

nance imaging (MRI) or reduced levels of tau or phosphorylated tau

n cerebrospinal fluid [ 5 ]. A Cochrane Review reported that AChEIs are

ffective for mild to moderate AD demonstrating benefits in cognitive

unction, daily living activities, and behavioural symptoms [ 6 ]. A meta-

nalysis including both randomized controlled trials (RCTs) and non-

andomized studies found that donepezil, a AChEI, was beneficial for

atients with MCI. Another meta-analysis found that AChEIs were as-

ociated with a lower incidence of dementia progression compared to

lacebo in patients with MCI, although the treatment effect on cogni-

ive measurement scores remained uncertain [ 7 ]. These findings sup-

ort AChEIs as a first-line pharmacological treatment for AD in clinical

ractice. 

Recently, the United States Food and Drug Administration (FDA) has

ccelerated the approval of monoclonal antibody (mABs) including ad-

canumab, lecanemab, and donanemab for MCI due to AD and mild AD

 8 , 9 ]. These mABs target amyloid- 𝛽 plaques which was seen as disease-

odifying therapies based on the amyloid hypothesis of AD [ 9 , 10 ]. In-

eed, RCTs have shown that mABs can significantly reduce amyloid- 𝛽

urden, as measured by positron emission tomography (PET) scans [ 11–

3 ]. However, some concerns have been raised. Firstly, although mABs

ompared to placebo produced a slower progression of cognitive decline

 11 , 13 , 14 ], few studies have discussed whether these findings meet the

hreshold for a minimally important difference (MID) in clinical prac-

ice [ 15 ]. Secondly, amyloid-related imaging abnormalities (ARIA) oc-

urred in a significant proportion of patients receiving mABs. Certain

rain injury-related adverse effects, such as symptomatic and ventricu-

ar enlargement, are also more frequent compared to placebo [ 15 ]. 

Although several meta-analyses of mABs have been published [ 16–

9 ], the comparisons between disease-modifying therapy mABs and tra-

itional symptomatic treatment AChEIs remain unexplored. Given that
2

ipants (mean age: 71.5 years) across seven mAB trials, and 4993 participants

hEI trials. When compared to placebo, only mABs, not AChEIs, were associated

itive decline on CDR-SOB (mean difference -0.41 (95 % credible interval -0.61 to

rence (MID) -1) and ADAS-Cog (-1.35 (-2.36 to -0.36), MID -2); however, these

ID across the two cognitive measurements. Besides, mABs were associated with

decline on CDR-SOB (-0.30 (-0.60 to -0.001)) than AChEIs, although mABs and

y outcomes, including acceptability, tolerability, SAE, and all-cause mortality.

d that their efficacy did not differ by disease stage, concomitant AD medications,

, APOE4 homozygotes carriers were associated with a 5.53-fold (2.48 to 13.07)

-E compared to non-carriers. Finally, lecanemab demonstrated relatively better

file on ARIA-E compared to aducanumab and donanemab. 

ed with a slower progression of cognitive decline than AChEIs; however, this

 incidence of ARIA-E with mABs was associated with APOE4 carrier status and

fficacy. 

arly cognitive intervention during the prodromal to mild stages of AD

s essential for slowing disease progression, this study compared the ef-

cacy and safety of mABs with AChEIs in patients with MCI or mild

D. Additionally, we conducted an in-depth analysis of the efficacy and

afety of mABs across various conditions, including (i) MCI versus mild

D; (ii) the moderating effect of concomitant AD medications; and (iii)

polipoprotein E (ApoE4) carriers versus non-carriers. We also assessed

hether the observed efficacy and safety outcomes met the threshold for

ID. Our findings may provide new insights into the practical utility of

ABs for prodromal to mild AD. 

. Methods 

The study protocol was registered with PROSPERO

CRD42024606860). We followed the Preferred Reporting Items for

ystematic Reviews and Meta-analyses (PRISMA) extension statement

or reporting systematic reviews incorporating network meta-analysis

appendix 1) [ 20 ]. 

.1. Data sources and searches 

Two reviewers independently searched the PubMed, Cochrane Cen-

ral Register of Controlled Trials (CENTRAL), Embase, and PsycINFO,

nd ClinicalTrial.gov databases without language restrictions from

atabase inception to 10 November 2024. The reviewers also searched

he grey literature and reviewed reference lists of the included studies

nd related systematic reviews[ 17 , 21 ]. 

.2. Inclusion and exclusion criteria 

The inclusion criteria were: (i) double-blinded RCT; (ii) patients di-

gnosed with MCI or mild AD [ 22 ]; (iii) treated with FDA-approved mAB

r AChEI; and (iv) the treatment duration needed to be at least 6 months

24 weeks). The exclusion criteria include: (i) non-randomized studies;

ii) AD without clear stage or severity; (ii) moderate or severe AD; (iv)

ther types of dementia (e.g., vascular dementia); and (v) studies only

eporting results of pharmacodynamics or pharmacokinetics, (vi) MCI

ue to non-AD etiologies (e.g., vascular dementia or Parkinson’s dis-

ase), and (vii) RCTs without providing primary outcomes. In the case

f multiple publications based on the same RCT, we only included ar-

icles with the richest information and the largest sample source. Two

eviewers independently screened the retrieved studies for eligibility,

nd discrepancies were resolved by consulting the corresponding au-

hors. Appendix 2 shows the complete search strategies, and appendix

 presents the reasons for exclusion. 

.3. Definition of outcomes and risk of bias 

The study evaluated both cognitive function and safety outcomes.

he primary outcome focused on cognitive function, measured through
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o  
hree validated assessment tools: the Alzheimer’s Disease Assessment

cale–cognitive subscale 14-Item (ADAS-Cog), the Clinical Dementia

ating scale–Sum of Boxes (CDR-SOB), and the Mini-Mental State Exam-

nation (MMSE). To ensure standardization, different versions of ADAS-

og (such as 11-item or 13-item) were converted to the 14-Item version

sing validated methods [ 23 ]. 

Secondary outcomes encompassed six safety parameters: accept-

bility (all-cause discontinuation), tolerability (discontinuation due to

dverse events), serious adverse events, all-cause mortality, and two

ypes of amyloid-related imaging abnormalities-edema (ARIA-E) and -

emorrhage (ARIA-H). 

Data were extracted from intention-to-treat or last observation car-

ying forward analyses, along with estimates from mixed-effect models

or repeated measures. Numerical data from figures were extracted us-

ng WebPlotDigitizer ( https://automeris.io/WebPlotDigitizer/ ). For tri-

ls involving mAB, only data from FDA-approved recommended doses

ere included. 

To ensure data quality and minimize bias, two authors independently

onducted data extraction and review, with additional verification by a

hird author. The risk of bias assessment utilized the Cochrane random-

zed trial risk of bias tool (version 2.0), with any discrepancies resolved

hrough consensus discussion among the authors [ 24 ]. 

.4. Minimally important difference (MID) 

To ensure practical clinical relevance, we also considered minimally

mportant difference (MID) for the efficacy and safety outcomes in MCI

r mild AD. We defined efficacy threshold for cognitive measures based

n recent review findings [ 25 ]. A treatment was considered efficacious

f it achieved a decrease of at least 2 points for the ADAS-Cog, a decrease

f at least 1 point for the CDR-SOB, or an increase of at least 1 point for

he MMSE. For safety outcomes, we established a threshold odds ratio

f 1.15 based on clinical consensus, which approximates a relative risk

f 1.1 when assuming baseline incidences between 10 % and 30 %. 

.5. Data synthesis 

We computed the mean difference with a 95 % credible interval (CrI)

or continuous outcomes, defined as the difference between the change

cores of the active and placebo arms, and calculated the odds ratio (OR)

or categorical outcomes. We focused only on results where the 95 % CrI

or the mean difference did not cross zero or where the 95 % CrI for the

R did not cross one. We conducted a random-effects contrast-based

etwork meta-analysis within a Bayesian framework [ 26 , 27 ]. The pos-

erior probabilities were calculated. We initially compared the overall

ffects of mABs and AChEIs, and then we evaluated the effects of in-

ividual mABs and individual AChEIs. The transitivity assumption was

ssessed by visual comparisons of the distribution of potential effect

odifiers across treatment comparisons. The consistency assumption

as not examined, as all included studies were two-armed, placebo-

ontrolled RCTs without direct comparisons between active treatments.

e calculated the surface under the cumulative ranking area (SUCRA)

o rank the priority of the different interventions, with higher SUCRA

alues indicating greater benefits for both efficacy and safety. To pro-

ide a clear comparison of treatment effects and safety across multiple

utcomes, we used spie charts to present a comprehensive overview of

ach treatment’s relative benefits and risks [ 28 ]. 

Several subgroup analyses were conducted to examine the efficacy

nd safety of mABs across different conditions, including (i) MCI ver-

us mild AD; (ii) the moderating effect of concomitant AD medications;

nd (iii) ApoE4 carriers versus non-carriers. The interaction between

reatment and placebo was assumed to be independent. For the risk of

RIA-E and ARIA-H, we performed subgroup analyses stratified by (i)

poE4 non-carriers versus ApoE4 carriers and (ii) ApoE4 non-carriers,

eterozygotes, and homozygotes. 
3

Publication bias was assessed by visual inspection of a comparison

djusted funnel plots with placebo as the comparator. Additionally, we

onducted the Egger test, Begg test, and Thompson test to examine the

symmetry of the funnel plot. We conducted sensitivity analyses using

eparate Bayesian models: a base model with treatment effects only,

ve individual models each incorporating one covariate (baseline score

f cognitive function (e.g., ADAS-Cog), trial duration, proportion of MCI

atients, proportion of combined AD medications, or publication year)

s random effects, and a final model including all covariates simultane-

usly for the primary outcomes. 

Four Markov chains were implemented. 50,000 iterations occurred

er chain and the first 20,000 iterations for each chain were discarded

s a warm-up. Convergence was assessed by visual inspection of the

race plots of the key parameters for each analysis. The prior settings

nd convergence results are shown in appendix 4. All statistical analy-

es were done using R version 4.3.1. The network meta-analysis within

 Bayesian framework was fitted using the Bayesian statistical software

alled Stan within R package multinma and brms [ 27 ]. Reasons for pro-

ocol changes are in Appendix 5. 

. Results 

.1. Characteristics of included study 

After searching the database and excluding duplicated records, we

dentified 3360 unique potential studies. We then screened the titles and

bstracts of these studies for eligibility and excluded 3126 of them, in

hich 234 studies remained. 224 studies were excluded after an assess-

ent of the full text for various reasons (appendix 3). We identified four

dditional studies through a manual search resulting in total 14 eligible

tudies (efigure 1). Details of the characteristics of the included studies

re shown in eTable 1. Overall, 6479 people (mean age of 71.5 years,

3.4 % (3366/6309) were women) were included in mABs trials (7 tri-

ls, 6 articles) [ 11 , 13 , 14 , 29–31 ], and 4993 participants (mean age of

0.7 years, 56.8 % (2748/4839) were women) were included in AChEI

rials (9 trials, 8 articles) [ 32–39 ]. 

.2. Risk of bias of the included studies 

No mAB study (0/7) had a high overall risk of bias (efigure 2 and

figure 3). The percentages of studies with high, some concerns, or low

isk of bias in the 7 mAB trials were as follows: 0 % ( k = 0), 0 % ( k = 0),

nd 100 % ( k = 7) for randomisation; 0 % ( k = 0), 0 % ( k = 0), and

00 % ( k = 7) for deviations from intended Interventions; 0 % ( k = 0),

 % ( k = 0), and 100 % ( k = 7) for missing outcome data; 0 % ( k = 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.

o AChEI studies (0/9) were rated as high risk of bias. The percentages

f studies with high, some concerns, and low risk of bias in the 9 AChEIs

tudies were as follows: 0 % ( k = 0), 0 % ( k = 0), and 100 % ( k = 9)

or randomisation; 0 %, ( k = 0), 11 % ( k = 1), and 89 % ( k = 8) for

eviations from intended interventions; 0 %, ( k = 0), 11 % ( k = 1), and

9 % ( k = 8) for missing outcome data; 0 % ( k = 0), 0 % ( k = 0), and

00 % ( k = 9) for measurements of outcomes; 0 % ( k = 0), 78 % ( k = 7),

nd 22 % ( k = 2) for selection of reported results. 

.3. Cognitive outcomes 

The evidence for every outcome analyzed had a star-shaped struc-

ure with placebo as the common comparator (detailed in supplement

figures 4–19). The placebo group demonstrated cognitive deterioration

ith pooled changes of 1.90 points (95 % CrI: 0.16 to 3.74) in ADAS-

og, 1.37 points (95 % CrI: 0.81 to 2.01) in CDR-SOB, and − 2.30 points

95 % CrI: − 3.26 to − 1.33) in MMSE ( Fig. 1 ) 

Compared to placebo, mABs were associated with mean differences

f − 1.35 points (95 % CrI: − 2.36 to − 0.36) on ADAS-Cog and − 0.41

https://automeris.io/WebPlotDigitizer/
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Fig. 1. Comparisons between mABs and AChEIs on Cog- 

nitive Function 

Abbreviations: AChEI = acetylcholinesterase inhibitor; 

ADAS-Cog = Alzheimer’s Disease Assessment Scale- 

Cognitive Subscale 14-item; CDR-SOB = Clinical Demen- 

tia Rating Scale Sum of Boxes; CrI = credible interval; 

mAB = anti-amyloid monoclonal antibody; MID = mini- 

mally important difference; MMSE = Mini-Mental Status 

Examination; Pr = posterior probability. 
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oints (95 % CrI: − 0.61 to − 0.22) on CDR-SOB ( Fig. 1 ). In contrast,

he 95 % credible intervals for AChEIs included zero in all cognitive

easures. Importantly, mABs were associated with a mean difference of

 0.30 points (95 % CrI: − 0.60 to − 0.001) compared to AChEIs on CDR-

OB ( Fig. 1 ). The mean differences for all pairwise comparisons among

ABs, AChEIs, and placebo were below the predefined MID thresholds

cross all cognitive measurements. 

In the analysis of individual medications, lecanemab was associated

ith a mean difference of − 2.27 points (95 % CrI: − 4.56 to − 0.08) com-

ared to galantamine on ADAS-Cog (efig. 20). For CDR-SOB (efig. 21),

oth donanemab and lecanemab were associated with mean differences

f − 0.59 points (95 % CrI: − 0.96 to − 0.18) and − 0.43 points (95 % CrI:

 0.81 to − 0.05), respectively, compared to placebo. For MMSE (efig.

2), the 95 % credible intervals included zero for all comparisons be-
4

ween individual mABs, AChEIs, and placebo. While several compar-

sons showed credible intervals excluding zero, only the comparison

etween lecanemab and galantamine on ADAS-Cog exceeded the pre-

etermined MID thresholds. 

.4. Safety outcomes 

Compared to placebo ( Fig. 2 ), AChEIs (OR 1.70; 95 % CrI 1.27 to

.27) and mABs (OR 1.35; 95 % CrI 1.01 to 1.84) were associated with

ncreased odds of all-cause discontinuation. Similarly, both AChEIs (OR

.34; 95 % CrI 1.84 to 2.92) and mABs (OR 2.21; 95 % CrI 1.71 to 2.89)

ere associated with increased odds of discontinuation due to adverse

vents compared to placebo. For all four safety outcomes, the odds ratios

omparing 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; 

CrI = credible interval; mAB = anti-amyloid monoclonal 

antibody; MID = minimally important difference; OR = odds 

ratio; Pr = posterior probability. 

5
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Fig. 3. Subgroup analysis of mABs on cogni- 

tive function 

Abbreviations: AChEI = acetylcholinesterase 

inhibitor; AD = Alzheimer’s disease; ADAS- 

Cog = Alzheimer’s Disease Assessment Scale- 

Cognitive Subscale 14-item; CDR-SOB = Clin- 

ical Dementia Rating Scale Sum of Boxes; 

INT = interaction effect; mAB = anti-amyloid 

monoclonal antibody; MCI = mild cognitive im- 

pairment; MID = minimally important differ- 

ence 
∗ Values are presented as means with 95 % 

credible intervals. 
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n the analysis of individual medications (efig. 23 to efig. 26). donepezil

nd lecanemab were associated with increased odds of all-cause discon-

inuation, and aducanumab, donanemab, donepezil, galantamine, and

ecanemab were associated increased odds of discontinuation due to ad-

erse event. 

.5. Subgroup analyses of mABs on cognitive outcomes 

We examined potential effect modifiers by incorporating interaction

erms between treatment (mABs versus placebo) and three clinical con-

itions in our models ( Fig. 3 ): (A) disease stage (MCI versus mild AD);

B) medication status (with versus without concomitant AD medica-

ions); and (C) genetic profile (ApoE4 carriers versus non-carriers). The

5 % credible intervals of all interaction effects included zero, suggest-

ng that the treatment effects of mABs compared to placebo were not

odified by these clinical conditions ( Fig. 3 ). 
6

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

Compared to placebo, aducanumab (OR 5.00; 95 % CrI 2.72 to 8.25)

nd donanemab (OR 3.22; 95 % CrI 1.88 to 6.49) reached the MID

hreshold on ARIA-H ( Fig. 4 ). Notable, lecanemab was associated with

 lower risk of ARIA-H than aducanumab (OR 0.36; 95 % CrI 0.15 to

.82). On ARIR-E, aducanumab (OR 15.49; 95 % CrI 2.53 to 53.52) and

onanemab (OR 11.59; 95 % CrI 1.36 to 48.42) reached the MID thresh-

ld when compared to placebo. 

.7. Genotypes on ARIA-E and AIRA-H 

Compared to ApoE4 non-carriers ( Fig. 5 ), the ApoE4 carriers were

ot associated with increased odds of ARIA-E (OR 1.97; 95 % CrI 0.54

o 6.96), although they had an 89 % posterior probability of ARIA-E

nd an 84 % posterior probability of reaching the MID threshold. Com-
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Fig. 4. Comparions between individual mABs on ARIA-E 

and ARIA-H 

Abbreviations: ARIA- E = Amyloid-related imaging 

abnormalities-edema; ARIA- H = Amyloid-related imag- 

ing abnormalities-hemorrhage; CrI = credible interval; 

mAB = anti-amyloid monoclonal antibody; MID = mini- 

mally important difference; OR = odds ratio; Pr = posterior 

probability. 
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m  
ared to ApoE4 non-carriers, the ApoE4 carriers were not associated

ith a higher risk of ARIA-H (OR 1.77; 95 % CrI 0.01 to 50.91), although

hey had an 80 % posterior probability of ARIA-H and a 78 % posterior

robability of reaching the MID threshold. A dose-response relationship

as observed when considering heterozygotes and homozygotes. Com-

ared to non-carriers, heterozygotes had a higher risk of ARIA-E (OR

.08; 95 % CrI 0.98–5.10) with a 95 % posterior probability of reaching

he MID threshold. Homozygotes demonstrated an even higher risk (OR

.53; 95 % CrI 2.48–13.07) and a 99 % probability of reaching the MID

hreshold. 

.8. The overall profile of each active treatment and placebo across the 

ine outcomes 

Fig. 6 summarized the overall profile on cognitive and safety out-

omes among three mABs, three AChEIs, and placebo using SUCRA.

he higher SUCRA values indicated greater benefits for the outcome.
7

onanemab and lecanemab seemed to have slightly better efficacy on

ognitive function. Lecanemab showed relatively lower risk of ARIA-E

mong mABs, and aducanumab revealed better acceptability across all

ctive treatments. The three AChEIs showed limited efficacy on cogni-

ive outcomes. 

.9. Transitivity assumption and publication bias 

The assessments of transitivity assumption are showed in efig. 27 to

fig. 34. The results of the statistical tests (Egger, Begg, and Thompson-

harp tests) for funnel plot asymmetry, along with visual inspection of

he funnel plots, did not indicate publication bias (efig. 35 to efig. 37). 

.10. Sensitivity analyses 

Sensitivity analysis on ADAS-Cog (efig. 38) revealed robust treat-

ent 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; CrI = credible interval; 

mAB = anti-amyloid monoclonal antibody; MID = mini- 

mally important difference; OR = odds ratio; Pr = posterior 

probability. 

8
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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. 
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emained stable (ranging from − 1.38 to − 1.46 points) when incorporat-

ng covariates either individually or simultaneously, the wider CrI in

he full model of five covariates (− 4.02 to 1.05) suggested these covari-

tes contributed primarily to model uncertainty rather than meaningful

ffect modification. This pattern of stable estimates with increased un-

ertainty in full models was consistent across sensitivity analyses for

oth CDR-SOB and MMSE outcomes (efig. 39–40). 

. Discussion 

Our comprehensive analysis of treatments for prodromal to mild AD

evealed several key findings with important clinical implications. In

his patient population, AChEIs showed credible intervals including zero

hen compared with placebo for cognitive outcomes. However, mABs

ere associated with greater efficacy in slowing cognitive decline com-

ared to both placebo and AChEIs, though these improvements did not

xceed the MID threshold. The safety profile analysis suggested compa-

able results between mABs and AChEIs in terms of acceptability, tolera-

ility, serious adverse events, and all-cause mortality. The cognitive ben-

fits of mABs showed no evidence of differential effects across disease

tages (MCI versus mild AD), medication use status, or ApoE4 carrier

tatus. However, an important safety consideration emerged regarding

POE4 homozygotes, who were associated with a 5.53-fold increased

dds ARIA-E compared to non-carriers. Although mABs showed promis-

ng cognitive benefits compared to both placebo and AChEIs, the effect

izes remained below the MID thresholds. Moreover, the safety signals,

articularly ARIA concerns in APOE4 homozygotes, warrant careful con-

ideration in clinical practice. These findings suggest that treatment de-

isions should carefully weigh modest cognitive benefits against poten-

ial safety concerns, particularly in APOE4 homozygotes. 

Over the past 20 years, AChEIs have provided therapeutic benefits

hrough symptom relief by increasing acetylcholine levels, but without
9

ddressing the underlying amyloid pathology [ 2 ]. In contrast, mABs di-

ectly target amyloid deposits and show possibly slight clinical bene-

ts. Notably, patients selection criteria differed between these trials:

ChEI trials relied solely on clinical symptoms, while mAB trials re-

uired confirmation of AD pathology through amyloid- 𝛽 PET imaging

r cerebrospinal fluid (CSF) A 𝛽1–42. This biomarker-based patient se-

ection in mAB trials suggests more precise targeting of the underly-

ng amyloid- 𝛽 pathophysiology, which might contribute to the observed

reatment effects. 

The relationship between ApoE4 status and mAbs’ efficacy and safety

rofiles warrant attention. Evidence suggests that ApoE4 carriers tend to

ave a higher amyloid burden [ 40 ], while non-carriers may develop AD

ith less amyloid buildup or through other mechanisms [ 40 ]. Our analy-

is revealed a dose-response relationship between ApoE4 genotypes and

RIA-E risk, with the highest risk in homozygous carriers, followed by

eterozygous carriers, and then non-carriers. This pattern is consistent

ith previous findings that ApoE4 genotype was associated with a dose-

ependent increase in amyloid- 𝛽 plaque accumulation in the brain tissue

 40 , 41 ]. The mechanism underlying ARIA-E may involve mAB-induced

learance of amyloid- 𝛽 plaques via perivascular and vascular pathways,

otentially leading to temporary increases in cerebral amyloid angiopa-

hy and vascular permeability, resulting in protein-rich fluid extrava-

ation [ 42 ]. While this mechanism explains the increased ARIA-E risk

n ApoE4 homozygotes who typically have higher amyloid burden, the

reater amyloid clearance did not translate to enhanced treatment ef-

ects in this population. 

Among the three mABs, donanemab showed the best possible cogni-

ive benefits but higher ARIA risks, lecanemab demonstrated balanced

fficacy-safety profile with some possible cognitive effects (less than do-

anemab) and moderate ARIA risks, while aducanumab had relatively

odest performance but better acceptability. A previous meta-analysis

 17 ] reported that donanemab ranked first among mABs in 𝛽-amyloid
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learance, as measured by PET-Standardized Uptake Value ratios, and

ducanumab ranked second. Consistently, in our study, we found that

ducanumab and donanemab were associated with a higher risk of

RIA-E and ARIA-H. However, aducanumab did not show greater effi-

acy in slowing cognitive decline despite its strong amyloid- 𝛽 clearance

ffect. On the other hand, lecanemab specifically targets A 𝛽 protofib-

ils, smaller aggregates implicated in earlier disease stages. Lecanemab

emonstrated better cognitive outcomes, lower risk of ARIA-E, but

oorer acceptability and tolerability. Importantly, while ARIA emerged

s a distinct safety concern specific to mAB therapy, other safety out-

omes including mortality and serious adverse events showed compara-

le profiles across all treatments, suggesting these novel therapies don’t

ntroduce additional major safety concerns beyond ARIA. 

.1. Major concerns regarding mAB studies 

First, mAB trials are often subject to cohort bias. Previous studies

ave shown that amyloid-PET positivity indicates only about a 50 %

isk of developing AD later in life [ 43–45 ], and it is also observed that

myloid positivity tends to decrease with age in patients with probable

D [ 46 ]. Whether amyloid positivity is a reliable hallmark of AD still

emains questionable [ 43 ]. However, to date, mAB trials have exclu-

ively enrolled amyloid-positive patients, which may in turn limit the

eneralizability of their findings. Second, mAB trials failed to control

or changes in other treatments over time, particularly the concurrent

se of AChEIs or Memantine (or both). In these trials, approximately

0 % to 60 % of participants were simultaneously using AD medications.

owever, whether these medications were adjusted throughout the long

tudy period remains unclear. More importantly, there is currently a

ack of head-to-head comparisons between mABs and standard practice

AChEIs or Memantine), or at least, ACHEI or memantine should be ad-

inistered to 100 % of participants in both the mAb arm and the control

rm. Otherwise, failing to compare the mAb with the most proven ef-

ective intervention may constitute a violation of research ethics as out-

ined in the Declaration of Helsinki [ 47 ]. Third, to date, all published

AB trials have failed to demonstrate clinically meaningful effects (i.e.,

ot achieving MID thresholds in cognitive scale scores at the study end-

oint). Additionally, the treatment groups usually experienced two to

hree-times higher dropout rates compared to the control groups. The

stimated efficacy of mAB was based on a highly selected and substan-

ially reduced sample. This substantial attrition raises concerns about

he long-term risk-benefit ratio of mAB therapy in real-world settings.

ourth, the clinical efficacy of mAB was lower in individuals with the

POE4 genotype, which is a well-known risk factor for AD-related amy-

oid beta pathophysiology. The paradoxical finding is difficult to recon-

ile 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

ntegrity in mAB studies. This may introduce bias into efficacy assess-

ent, because most mAB trials use unusual or self-constructed cogni-

ive/functional scales as primary outcomes. Additionally, the long-term

onsequences of ARIAs remain unknown. Several deaths in the mAB

rms have been considered ARIA-related [ 51 , 52 ]; however, the deter-

mination of whether these deaths are therapy-related currently judged

y the sponsoring pharmaceutical companies [ 53 ]. Sixth, brain volume

oss (both whole brain and hippocampus) occurs across all mAb trials,

nd its long-term impact remains unclear. However, amyloid accumu-

ation does not cause brain swelling, so it is unlikely that amyloid clear-

nce would lead to brain atrophy [ 54 ]. Autopsy studies have shown that

he total volume of amyloid deposition accounts for less than 1 % of the

eocortex, and in patients with early Alzheimer’s disease, amyloid occu-

ies virtually no space in the cerebral cortex [ 55–57 ]. Therefore, brain

trophy may be a warning sign of neuronal damage. Despite the known

otential risks of ARIA and brain volume loss, as well as the unknown

ong-term effects identified in earlier phase I-II studies, continuing with

ubsequent trials could potentially violate research ethics of the Decla-

ation of Helsinki [ 47 ]. 
10
.2. Strengths and limitations of this study 

This study has several strengths. Firstly, our study also considered

ID for all outcomes. Using Bayesian network meta-analysis, we lever-

ged borrowing of strength to enhance estimate precision and calcu-

ated posterior probabilities for a more nuanced interpretation, along-

ide comprehensive uncertainty estimates from full posterior distribu-

ions. Additionally, we conducted extensive sensitivity analyses, demon-

trating consistent treatment effects despite varying covariate adjust-

ents. We also performed several subgroup analyses to examine the

fficacy and safety of mAbs across different disease stages, genotypes,

nd concomitant medication use. Finally, we used SCURA and spie plots

o illustrate the performance of different drugs across various outcomes,

roviding clinicians with a valuable reference for drug selection. 

Nevertheless, our study has several limitations. Firstly, there are no

ead-to-head studies comparing mABs and AChEIs, and therefore, the

omparisons between mABs and AChEIs rely on indirect comparisons.

e addressed this by including studies with similar patient populations

nd applying Bayesian statistical methods. Secondly, most AChEI trials

ere published between 2000 and 2010, while the mAB trials were pub-

ished after 2020. Thirdly, in the mAB trials, approximately 50 % to 60 %

f participants were concurrently using AD medications, such as AChEIs

r memantine. However, our subgroup analysis showed no evidence of

ifferential treatment effects based on concomitant AD medication use.

ourthly, the treatment duration of the included studies varied, ranging

rom 24 weeks to 48 months. For these time-varying factors, we con-

ucted sensitivity analyses through separate Bayesian models with each

otential effect modifier, and our results remained robust across dif-

erent model specifications. Finally, interpretation of safety profiles re-

uires careful consideration. The reporting of adverse events in clinical

rials lacks standardization across studies and is often conducted within

he context of efficacy assessments. Moreover, our safety analyses re-

ied on general trial reports rather than specialized safety assessments,

hich may limit the comprehensiveness of safety comparisons. 

.3. Implications and conclusions 

In patients with prodromal to mild AD, mABs were possibly asso-

iated with a slower progression of cognitive decline compared to ei-

her AChEIs or placebo; however, neither treatment benefits exceeded

he MID threshold. Regarding safety outcomes, mABs showed compa-

able risks with AChEIs in terms of acceptability, tolerability, serious

dverse events, and all-cause mortality. We found no evidence of dif-

erential treatment effects between ApoE4 carriers and non-carriers on

ognitive outcomes, though ApoE4 homozygotes were associated with

 5.53-fold increased odds of developing ARIA-E. These findings offer

aluable insights to guide clinical decision-making regarding first-line

harmacological treatments for patients in the early stages of AD. 
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