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Abstract

Objective This study aimed to evaluate the cumulative benefits of Food and Drug
Administration (FDA)-approved monoclonal antibodies (mABs), administered at FDA-
approved dosing regimens in slowing cognitive decline compared with placebo and
acetylcholinesterase inhibitor (AChEIl), and the dynamic relationships between
cognitive decline, amyloid reduction and whole brain volume (WBV) changes in mAB
treatment.

Methods Five major databases were systematically searched for double-blinded
randomised controlled trials of patients with mild cognitive impairment due to
Alzheimer’s disease (AD) or mild AD treated with mAB or AChEI for at least 6 months.
The primary outcomes were the change in cognitive function measured by Alzheimer’s
Disease Assessment Scale—cognitive subscale 14-ltem (ADAS-Cog) and Clinical
Dementia Rating Scale—Sum of Boxes (CDR-SOB). The secondary outcomes included
amyloid burden and WBV changes.

Results There were 6479 participants across seven mAB trials, and 4993 participants in
nine AChEl trials. Compared with placebo, the pooled percentage of cognitive slowing
was 27.6% (95% CIl 24.6% to 30.9%), and the pooled progression delay was 5.52
months over 19.5 months (1.40 to 9.65) on CDR-SOB in patients treated with mABs. For
cognitive trajectories on ADAS-Cog, mAB progressively attenuated cognitive decline,
whereas AChEI exhibited a smaller effect with large uncertainty and eventually provided
no benefits. Additionally, the rates of cognitive decline and amyloid reduction stabilised
over time, while WBV initially showed a rapid decline but progressively slowed. Finally,
WBV decline was not associated with worsening cognitive function. Instead, a 1 cm®
reduction in WBV was linked to a 0.0975-point reduction in CDR-SOB (0.0614 to
0.1336).

Conclusions In prodromal to mild AD, mAB therapy provided greater cumulative
cognitive benefits than placebo and AChEI, and WBV reduction may reflect a treatment-
related process rather than a detrimental sequela.

PROSPERO registration number CRD42024628107.



WHAT IS ALREADY KNOWN ON THIS TOPIC

The US Food and Drug Administration recently approved monoclonal antibodies
(mAB) targeting B-amyloid plaques as disease-modifying therapies for
Alzheimer’s disease (AD). In clinical trials, mAB treatment has been associated
with amyloid reduction and whole brain volume (WBV) loss. However, the
relationship with amyloid reduction, WBV loss and cognitive function
preservation remains unclear. Moreover, the cumulative benefits of mAB therapy
in slowing cognitive decline compared with acetylcholinesterase inhibitors
(AChEls) have not been examined.

WHAT THIS STUDY ADDS

Our findings suggested that mAB therapy demonstrated greater efficacy in
slowing cognitive decline compared with placebo (5.52 months pooled
progression delay over 19.5 months). When compared with AChEI, mAB
progressively attenuated cognitive decline, whereas AChEI exhibited a smaller
effect with large uncertainty and provided no benefit. Both amyloid reduction
and WBYV loss stabilised over time and correlated with cognitive benefits rather
than impairment.

In the prodromal to mild AD, mAB therapy provided greater cumulative cognitive
benefits than placebo and AChEI. The observed WBYV loss during mAB therapy
may reflect a treatment-related process rather than a detrimental sequela.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

This study highlights the cumulative cognitive benefits of monoclonal antibody
therapy over AChEls in early AD, supporting its use as a disease-modifying
approach rather than purely symptomatic treatment. The findings also suggest
that WBV loss during treatment may represent a therapeutic effect rather than
neurodegeneration, which could inform future biomarker interpretation and
clinical trial design.



Introduction

Acetylcholinesterase inhibitor (AChEI) has been approved as the first-line
pharmacological treatment for reducing symptoms of Alzheimer’s disease (AD) over the
past 20-30 years.' The US Food and Drug Administration (FDA) recently approved three
monoclonal antibodies (mABs), namely aducanumab, lecanemab and donanemab
targeting B-amyloid plaques as disease-modifying therapies for mild cognitive
impairment (MCI) due to AD or mild AD.?* However, several challenges have emerged.

A key challenge is quantifying the cumulative cognitive benefits of mAB therapy versus
placebo using disease progression models. This includes three metrics: the percentage
of cognitive slowing and progression delay, the latter of which measures the time
preserved after mAB treatment.*® This is particularly important because mAbs are
claimed to be disease-modifying treatments, yet they demonstrate minimal effect sizes
in attenuating cognitive decline despite significantly reducing amyloid levels on positron
emission tomography (PET) imaging. They should demonstrate longer survival time
(cognition preservation) than standard symptomatic treatment with AChEI.® A second
challenge is the observation of greater brain volume loss with mAB treatment compared
with placebo in mAB trials, noting that some degree of volume loss is expected over
time in AD.” Brain atrophy due to neuronal loss may compromise long-term brain
health and is unlikely to contribute to slowing cognitive decline. This raises concerns
about whether such changes reflect beneficial amyloid- clearance, ongoing
neurodegeneration or other unintended effects,'® while amyloid-removal-related
pseudo-atrophy has been suggested.'" A third challenge lies in determining the extent to
which amyloid-B clearance translates to cognitive preservation. Previous studies, such
as those by Ackley et al '* and Pang et al,"® attempted to quantify this relationship by
examining the cognitive benefits associated with a 0.1-unit reduction in amyloid-f.
However, these analyses included failed mAB drugs, non-mAB therapies and
treatments across different AD stages, limiting the applicability of their findings to
currently approved mAB therapies.

The major aim of this study is to accurately quantify the cumulative benefits of mAB in
slowing cognitive decline compared with placebo and AChEI. Given concerns that mAB-
associated brain volume loss may diminish therapeutic benefits, the second aimis to
investigate the dynamic relationships among cumulative cognitive benefit, amyloid
reduction and brain volume changes over time. Finally, we examined whether whole
brain volume (WBYV) loss correlates with changes in cognitive decline and amyloid
reduction. This analysis provides valuable insights into how amyloid reduction,
cognitive benefits and brain volume changes interact over time during mAB treatment.

To ensure transparency regarding related work, we have recently published a related
systematic review and meta-analysis comparing anti-amyloid mABs with AChEls, which
focused primarily on the magnitude of treatment effects on conventional cognitive



scales and subgroup analyses across genotypes and disease stages.' In contrast, the
present study addresses distinct research questions and applies analyses. Specifically,
we quantify longitudinal disease-modifying signals by estimating cognitive slowing and
progression delay, and we evaluate the relationships among dynamic cognitive
trajectories, amyloid biomarker changes and longitudinal neuroimaging outcomes
(including WBV change) under anti-amyloid therapy. Accordingly, although some
underlying trial literature may overlap, the objectives, endpoints and inferences of the
present work are different, and the neuroimaging-focused analyses constitute the
primary novel contribution of this study.

Methods

The study protocol has been registered in advance on PROSPERO. The study is reported
following the Preferred Reporting Items for Systematic Review and Meta-analysis
statement online supplemental appendix 1.%°

Eligibility criteria

The inclusion criteria required studies to be double-blinded randomised controlled
trials (RCTs) enrolling patients at the prodromal to mild stages of AD, defined as MCI
due to AD or mild AD. Eligible studies needed to evaluate treatments with FDA-
approved mABs or AChEls in comparison to placebo, with a minimum treatment
duration of 24 weeks. Studies were excluded if they were non-randomised, focused on
other types of dementia (eg, vascular dementia), or lacked clear specification of the AD
stage. Additional exclusion criteria included studies reporting only pharmacodynamic
or pharmacokinetic outcomes, studies involving patients with moderate or severe AD or
MCI due to non-AD aetiologies and studies that did not report primary outcomes.

Search strategy and study selection

Two reviewers independently searched the PubMed, Cochrane Central Register of
Controlled Trials, Embase, PsycINFO and ClinicalTrial.gov databases without language
restrictions from database inception to 15 December 2024. Manual searches of
reference lists of included studies and other systematic reviews were undertaken to
identify additional studies. Two reviewers independently screened titles, abstracts and
full-text articles of selected records to confirm eligibility. Title, abstract and full-text
screening required agreement between reviewers. Reviewers resolved disagreements
by discussion and, if necessary, by consultation with a third senior author. Appendix 2
shows the complete search strategies, and Appendix 3 presents the reasons for
exclusion.

Outcomes and data extraction

The primary outcome was cognitive function, measured through two validated
assessment tools: the Alzheimer’s Disease Assessment Scale—cognitive subscale 14-



Item (ADAS-Cog) and the Clinical Dementia Rating Scale—Sum of Boxes (CDR-SOB). To
ensure standardisation, different versions of ADAS-Cog (such as 11-item or 13-item)
were converted to the 14-Item version using validated methods.'® The secondary
outcomes included amyloid burden and WBV. Amyloid burden was quantified through
the standardised uptake value ratio (SUVR) derived from amyloid PET imaging, which
reflects the extent of amyloid deposition in the brain. WBV was assessed using MR,
providing a structural measurement of brain atrophy and volume changes over time. To
ensure accuracy of the data collected, two reviewers independently extracted data
using standardised and pre-piloted extraction forms. Data were extracted from
intention-to-treat or last observation carried forward analyses, along with estimates
from mixed-effect models for repeated measures. Numerical data from figures were
extracted using WebPlotDigitizer (https://automeris.io/WebPlotDigitizer/). For both mAB
and AChEl trials, only data from FDA-approved recommended doses were included.

Risk of bias (ROB) assessment

Following a similar approach to the data extraction process, two authors independently
assessed the ROB for the primary outcomes of the included RCTs. We used the
Cochrane Risk of Bias Tool for randomised trials V.2.0,"” with any discrepancies resolved
through consensus discussion and, when necessary, by consulting a third reviewer.

Data synthesis

All analyses were performed using R (V.4.2.2) with the nlme, dosresmeta, meta and
dplyr packages. For both primary and secondary outcomes, we calculated the mean
difference (95% CI) as the change from baseline in the treatment group (mAB or AChEI)
minus that of the placebo group. To model cognitive measures over time, for mAB trials,
we conducted a one-stage, random-effects dose-response meta-analysis using
restricted maximum likelihood estimation' with restricted cubic spline models (three
knots set at 10th, 50th and 90th percentiles, per Harrell’s recommendation).”™ We
assessed the efficacy on slowing cognitive decline using two metrics: (1) Percentage of
cognitive slowing: this quantifies how much cognitive decline was reduced by treatment
compared with placebo. For each study, we calculated the difference in decline
between the treatment and placebo groups, then expressed it as a percentage of the
placebo group’s decline. These results were combined using random-effects meta-
analysis. Higher percentages indicate greater efficacy in slowing cognitive decline. (2)
Progression delay: This measures how much sooner it takes for the placebo group to
reach the level of cognitive decline as the treatment group. In each study, we estimated
the cognitive trajectories of both treatment and placebo groups and calculated the time
difference (in months) at which they reached the same decline.

The progression delay metric requires that the cognitive trajectories of the treatment
and placebo groups remain parallel over time in each study, without substantial



divergence or reversal. To verify this assumption, we visually inspected the between-
group difference curves and applied two tests (treatment endpoint within placebo range
and local monotonicity around crossing). A detailed methodology is provided in
Appendix 4. These two metrics were then pooled using random-effects meta-analysis
with the Knapp-Hartung adjustment and profile-likelihood Cls for between-study
variance. Heterogeneity was measured by |2, and substantial heterogeneity was further
examined using leave-one-out sensitivity analysis.

To examine the temporal relationships between cognitive decline, amyloid reduction
and WBYV loss, we conducted a two-phase analysis. First, we used fractional
polynomials, selected based on Akaike information criterion and adjusted R-squared, to
determine the optimal time-scaling function for each outcome. This approach identified
linear patterns for cognitive measures, a square root function for amyloid reduction and
a cubic pattern for WBV changes. Second, based on these non-linear relationships, we
estimated the rate of change over time using mixed-effects models with variance
weighting to account for between-study heterogeneity.

Amyloid accumulation, brain atrophy and cognitive decline represent key
interconnected pathways in AD progression. We specifically examined their
relationships to better understand the mechanisms underlying treatment effects.
However, although these studies were RCTs, the number of participants with amyloid
and WBV measurements was substantially lower than those with cognitive
assessments, raising concerns about unmeasured confounding factors. To address
potential biases from differential missing data, we conducted instrumental variable
meta-analysis (IVMA) using randomisation as the instrumental variable.””"® IVMA
allowed us to quantify: (1) the effect of amyloid reduction on slowing cognitive decline,
(2) the association between amyloid reduction and WBV loss and (3) the association
between WBYV loss and slowing cognitive decline. Detailed statistical analysis methods
are provided in Appendix 4, while the reasons for protocol changes are described in
Appendix 5.

Patient and public involvement

Patients and the public were not involved in the design, conduct, reporting or
dissemination plans of this study because it was a systematic review and meta-analysis
of aggregated, de-identified clinical trial data. We plan to disseminate the findings to
clinicians and lay audiences through academic presentations, lectures and social
media. Dissemination to participants and related patient and public communities:
Dissemination of the work to the public and clinical community through social media
and lectures is planned.



Results
Characteristics of the included studies

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 assessment of the full text for various reasons (Appendix 3). We
identified four additional studies through a manual search, resulting in a total of 14
eligible studies(online supplemental figure 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 trials, 6 articles),” %>
22 and 4993 participants (mean age of 70.7 years, 56.8% (2748/4839) were women) were
included in AChEl trials (9 trials, 8 articles).”**

Risk of bias

No mAB trial (0/7) was judged to be at high overall ROB (eFigures 2 and 3). All seven
mAB trials were rated as low ROB across all five RoB 2 domains (randomisation,
deviations from intended interventions, missing outcome data, outcome measurement
and selection of the reported result).

Similarly, no AChEIl trial (0/9) was rated as high overall ROB. All nine AChEI trials were
judged to have low ROB for randomisation and outcome measurement, whereas some
concerns were noted for deviations from intended interventions and missing outcome
data in one trial each (1/9). In contrast, selection of the reported result raised some
concerns in most AChEl trials (7/9), with the remaining two trials (2/9) rated as low risk
in this domain.

Cumulative cognitive benefit of mAB

Figure 1 shows the cumulative cognitive benefit of mAB compared with placebo. After
19.5 months of mAB therapy, the pooled percentage of cognitive slowing was 25.6%
(17.6% to 37.2%; 1>=0%; efigure 4) on ADAS-Cog and 27.6% (24.6% to 30.9%; 1°=0%);
efigure 5) on CDR-SOB. The pooled progression delay was 3.67 months (2.20 to 5.14;
1°=40%; efigure 6) on ADAS-Cog and 5.52 months (1.40 to 9.65; 1°=93%); efigure 7) on
CDR-SOB over 19.5 months. The substantial heterogeneity of progression delay on
CDR-SOB might be derived from the study by Haeberlein et al (2022) (efigure 8).
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Figure 1. The efficacy of cumulative cognitive benefits for (A) ADAS-Cog and (B) CDR-
SOB. ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Subscale 14-item;
CDR-SOB, Clinical Dementia Rating Scale Sum of Boxes; mAB, anti-amyloid beta

monoclonal antibody.

Visual comparison of mAB with AChEI on cumulative cognitive benefit

On both the ADAS-Cog and CDR-SOB assessments (figure 2A and B), mAB progressively
slowed cognitive decline compared with placebo, with the difference between mAB and
placebo becoming larger over time. In contrast, AChEl showed a smaller and more
gradual effect, with a trajectory that remained closer to placebo. Notably, in ADAS-Cog,
the AChEI versus placebo difference eventually became negative (figure 2A). The pooled
percentage of cognitive slowing and the pooled progression delay of AChEl compared
with placebo could not be estimated (Appendix 4), because the AChEI and placebo
groups showed highly divergent trends, non-parallel trajectories or crossing curves
(efigures 9-10). Therefore, we used pairwise meta-analyses to examine the mean
difference of AChEl compared with placebo on ADAS-Cog (-0.24, 95% Cl -1.22t0 0.73;
1°=76%; efigure 11) and CDR-SOB (-0.11, 95% CI -0.22 to —0.002; I>=0%; efigure 12). For
mAB compared with placebo, the pooled mean difference was —1.27 (-1.69 to -0.84;
12=0%; efigure 13) on ADAS-Cog and -0.41 (-0.62 to -0.20; 1>=56%; efigure 14) on CDR-
SOB.
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Figure 2. Comparisons of cumulative cognitive benefits between mABs versus AChEls
on (A) ADAS-Cog and (B) CDR-SOB. AChEI, acetylcholinesterase inhibitor; ADAS-Cog,
Alzheimer’s Disease Assessment Scale-Cognitive Subscale 14-item; CDR-SOB, Clinical
Dementia Rating Scale Sum of Boxes; mAB, anti-amyloid beta monoclonal antibody.

Temporal relationship between cognitive function, amyloid burden and WBV

The estimated rate of change for the CDR-SOB, ADAS-Cog, amyloid reduction and WBV
loss is shown in figure 3. For CDR-SOB, the estimated rate continued to decrease and
reached —0.52 (95% CI —0.82 to —0.22) at the last time window. For ADAS-Cog, the rate
was —-1.60 (95% CI -2.66 to —0.54) at the last time window. The amyloid reduction
demonstrated a steady decline, stabilising at —-0.43 (95% CI -0.82 to —0.22) at the last
time window. However, for WBY, the rate of change started at -9.39 and showed a
slower rate of decline over time, stabilising to -2.83 (95% CI -5.07 to —0.59) at the last
time window. The results of fractional polynomials and the pairwise meta-analyses of
amyloid reduction and WBV loss are shown in efigures 15-17.
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Figure 3. Estimated annual rate of change in cognition, amyloid burden and brain
volume. ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Subscale 14-
item; CDR-SOB, Clinical Dementia Rating Scale Sum of Boxes.

IVMA for potential causal association

The results of the IVMA demonstrated that a 0.1-unit reduction in PET amyloid beta
SUVR was associated with a 0.1165-point reduction in cognitive decline as measured by
CDR-SOB (95% C10.0829 to 0.1500) (figure 4). Additionally, WBV decline was not
associated with worsening cognitive function. Instead, a 1 cm?® reduction in WBV was
linked to a 0.0975-point reduction in cognitive decline on CDR-SOB (95% CI 0.0614 to
0.1336). Finally, a 1 cm® decline in WBV was associated with a 0.1-unit reduction in PET
amyloid beta SUVR.
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Figure 4. IVMA estimates of the potential causal association between amyloid
reduction, whole brain volume decline and CDR-SOB change. CDR-SOB, Clinical
Dementia Rating Scale Sum of Boxes; IVMA, instrumental variable meta-analysis;
SUVR, positron emission tomography-measured AB standardised uptake value ratio.

Discussion
Principal finding

This study found that, compared with placebo, mAB may delay the progression of
cognitive decline by 4-5 months over 19.5 months of treatment, with a 26%-

27% cognitive slowing estimates from the ADAS-Cog and CDR-SOB assessments.
Additionally, the cumulative cognitive benefits of mAB were better than those of AChEI.
The temporal analysis showed that the rates of cognitive decline and amyloid reduction
both stabilised over time, indicating consistent and sustained treatment benefits. In
contrast, WBV loss initially shows a rapid decline but progressively slows, reflecting a
distinct temporal dynamic compared with the other measures. Finally, the WBV loss
might not be associated with worsening cognitive function, but correlated to cognitive
function benefit and amyloid reduction.

Comparison with other studies

In our study, mAB demonstrated significant cumulative benefits by preserving more
time compared with placebo, indicating slower progression of cognitive decline.
Furthermore, mAB showed greater cumulative cognitive benefits compared with AChEI
over approximately 2 years of treatment. In our leave-one-out analysis, we found that
the Haeberlein et al (2022) (ENGAGE) was the heterogeneity source.” The phase 3 trials
EMERGE and ENGAGE of aducanumab produced inconsistent outcomes, with only
EMERGE showing a post hoc high-dose benefit while ENGAGE failed to meet its primary
endpoint. This discrepancy likely resulted from differences in high-dose exposure due to
mid-trial protocol changes, early discontinuation and random baseline variation rather
than a reproducible therapeutic effect.®’ A previous cohort study using data from the
National Alzheimer’s Coordinating Centre reported that patients with mild to moderate



AD treated with AChEI experienced a smaller decline in Mini-Mental Status Examination
score (5.7 vs 10.8) over 12 years.*” To ensure a level playing field when indirectly
comparing mAB trials with AChEI trials, we deliberately restricted the AChEI evidence
base to early AD and excluded trials enrolling mild-to-moderate or later-stage dementia
(eg, the 24-week donepezil study by Rogers et al),** where faster baseline decline can
inflate the apparent absolute treatment gain. Notably, demonstrating benefit in earlier
disease stages is intrinsically more challenging because placebo decline is smaller, so
an equivalent percentage slowing translates into a smaller absolute difference on
cognitive scales. For illustration, our pooled AChEI effects versus placebo were modest
(-0.24 on ADAS-Cog and -0.11 on CDR-SOB), whereas the donepezil study by Rogers et
alin patients with CDR global 1-2 reported larger absolute benefits (2.9 on ADAS-Cog
and 0.6 on CDR-SOB). This contrast likely reflects differences in disease stage, baseline
trajectory and trial design/endpoint timing, underscoring why later-stage AChEl trials
were excluded from the indirect comparison despite their larger absolute changes. On
the other hand, our study using RCT data showed that AChEI was initially more effective
than placebo in slowing cognitive decline, while its efficacy diminished over time and
fell below placebo by 40 months on ADAS-Cog. Our findings addressed whether mABs,
compared with AChEls, can further extend survival time (in terms of slowing cognitive
decline), although through indirect comparison.® Unfortunately, there is still a lack of
direct comparison (head-to-head RCT) evidence. Although some scholars have
guestioned the hypothesis that AB is the central cause of the disease,***° long-term use
of mABs (around 20 months) has shown that, in addition to clearing amyloid plaques,
mABs still have a positive effect on preserving cognitive function. It is worth noting that
mABs and the amyloid- hypothesis still face scepticism, particularly regarding the
reduced effectiveness of mABs in patients who are APOE-4 carriers.?°?243738 APOE-4 is
a well-known risk factor for AD and is believed to be associated with AB pathology.*®

Although WBV loss was observed following mAB therapy, this phenomenon should be
interpreted within a broader context. Several scholars have questioned whether mAB-
related brain volume loss is a warning sign of neuronal damage rather than merely a

result of amyloid plaque removal.****? |n this study, WBV initially declined rapidly but
gradually slowed and eventually stabilised over time, suggesting a self-limiting adaptive
process rather than progressive pathological atrophy. Notably, during this period,
continuous amyloid clearance was observed alongside sustained cognitive benefits. If
the WBV loss represented harmful atrophy, concurrent attenuation in cognitive decline
would not be plausible. Indeed, our IVMA revealed a 0.0975-point reduction in CDR-
SOB per 1 cm® reduction in WBV. Importantly, we specifically addressed the potential
co-linearity between amyloid removal and WBV loss to validate this finding. We
distinguished their effects by first observing their distinct temporal trajectories (square-
root vs cubic patterns). Furthermore, the IVMA confirmed that treatment-associated
WBV reduction was not associated with cognitive decline, but rather independently



linked to cognitive improvement. Collectively, this evidence supports the conclusion
that changes in WBV are likely a normal adaptive phenomenon during the treatment
process, rather than a harmful atrophic process—at least from the perspective of
cognitive function.

Several mechanisms have been proposed to explain the WBV reduction with mAB
treatment. First, the direct physical impact is that B-amyloid plaques are cleared.
Previous studies suggested that f-amyloid plaques occupy approximately 6%-8% of
cortical grey matter in post-mortem brains of AD, equivalent to around 2%-3% of total
brain volume."“** The second mechanism is the attenuation of the cellular response to
aggregated B-amyloid. Increased microglial activity is proposed as a key driver of plaque
clearance.* Once B-amyloid is cleared, microglia may disperse and reduce their
activity. Histological studies on patients treated with AN1792 showed that the
percentage of cortical area occupied by microglia was halved compared with untreated
AD patients.”* These changes may directly or indirectly contribute to the volume
reduction observed on MRIL."

Strengths and limitations of this study

Our study has several limitations. First, most AChEl trials were published between 2000
and 2010, while the mAB trials were published after 2020. Advances in trial
methodology might contribute to more stable treatment trajectories observed in the
mAB trials. Second, the inclusion criteria were different between these two types of
RCTs. For example, in the AChEI trials, amyloid-PET or equivalent biomarkers were not
required to confirm the diagnosis of AD, which might contribute to treatment
heterogeneity in AChEI trials. Third, because of the limited number of mAB trials, we
could not conduct subgroup analyses for sex and Apolipoprotein E4 genotype.*® RCTs
have shown that the cognitive effects of lecanemab and donanemab are less favourable
for APOE4 homozygous carriers compared with non-carriers.?°#* Finally, the cumulative
benefits of MAB observed in RCTs may underestimate real-world effectiveness,
because the absolute benefits of mMAB treatment are observed without the need for
comparison in real-world settings.

Implications and conclusions

Although our study found that mAb therapy was associated with greater cumulative
benefits compared with AChEl treatment, these findings should be interpreted in the
context of differences in patient populations between the two treatment groups. We
also found that amyloid burden was cleared at a steady rate and correlated with slowing
cognitive decline during mAB therapy. The mAB-associated WBYV loss was not linked to
worsening cognitive function but was instead associated with cognitive benefits and
amyloid reduction. These findings offer valuable insights into the dynamic relationships
among cognitive function, amyloid-beta burden and WBV.



Ethics approval

E-DA Hospital institutional review board approved the study protocol (2025018) and
waived the requirement for informed consent since this investigation used aggregated
identified clinical trial data, and no human subjects contact was required.

Acknowledgments

We wish to transparently disclose that our group has recently published a related
systematic review and meta-analysis in the Journal of Prevention of Alzheimer’s Disease
(JPAD) evaluating anti-amyloid monoclonal antibodies in comparison with
acetylcholinesterase inhibitors, focusing primarily on the magnitude of treatment
effects on conventional cognitive scale outcomes and subgroup analyses across
genotypes and disease stages. The present manuscript addresses distinct research
questions and includes analyses that were not reported in the JPAD publication.
Specifically, here we quantify longitudinal disease-modifying signals by estimating
cognitive slowing and progression delay, and we further examine the relationships
among dynamic cognitive trajectories, amyloid biomarker changes and longitudinal
neuroimaging outcomes (including brain volume change) with anti-amyloid therapies.
Accordingly, while the underlying trial literature may partially overlap, the analytical
aims, endpoints and inferences of the present work are different, and the neuroimaging-
focused findings are emphasised as the primary novel contribution of this manuscript.
Dissemination to participants and related patient and public communities: We plan to
disseminate the findings of this study to lay audiences through mainstream and social
media.



References

1.

10.

11.

12.

13.

Sharma K. Cholinesterase inhibitors as Alzheimer’s therapeutics (Review). Mol
Med Rep 2019;20:1479-87. d0i:10.3892/mmr.2019.10374

Hansson O . Biomarkers for neurodegenerative diseases. Nat Med 2021;27:954~
63. d0i:10.1038/s41591-021-01382-x

Huang LK, Kuan YC, Lin HW, et al. Clinical trials of new drugs for Alzheimer
disease: a 2020-2023 update. J Biomed Sci 2023;30:83. doi:10.1186/512929-023-
00976-6

Elhage A, Cohen S, Cummings J, et al . Defining benefit: Clinically and
biologically meaningful outcomes in the next-generation Alzheimer’s disease
clinical care pathway. Alzheimers Dement 2024. doi:10.1002/alz.14425

Petersen RC, Aisen PS, Andrews JS, et al . Expectations and clinical
meaningfulness of randomized controlled trials. Alzheimers Dement
2023;19:2730-6. doi:10.1002/alz.12959

Kurkinen M, Daly T . Survival time in Alzheimer’s disease: An overlooked measure
of safety and efficacy of disease-modifying therapies. Adv Clin Exp Med
2024;33:1039-43. d0i:10.17219/acem/194003

Budd Haeberlein S, Aisen PS, Barkhof F, et al . Two Randomized Phase 3 Studies
of Aducanumab in Early Alzheimer’s Disease. J Prev Alzheimers Dis 2022;9:197-
210. doi:10.14283/jpad.2022.30

Mintun MA, Lo AC, Duggan Evans C, et al. Donanemab in Early Alzheimer’s
Disease. N EnglJ Med 2021;384:1691-704. doi:10.1056/NEJM0a2100708
Swanson CJ, ZhangY, Dhadda S, et al. Arandomized, 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;13:80.
doi:10.1186/s13195-021-00813-8

Hgilund-Carlsen PF , Revheim M-E, Costa T, et al . Passive Alzheimer’s
immunotherapy: A promising or uncertain option? Ageing Res Rev
2023;90:101996. doi:10.1016/j.arr.2023.101996

Belder CRS, Boche D, Nicoll JAR, et al . Brain volume change following anti-
amyloid B immunotherapy for Alzheimer’s disease: amyloid-removal-related
pseudo-atrophy. Lancet Neurol 2024;23:1025-34. doi:10.1016/S1474-
4422(24)00335-1

Ackley SF , Zimmerman SC, Brenowitz WD , et al . Effect of reductions in amyloid
levels on cognitive change in randomized trials: instrumental variable meta-
analysis. BMJ 2021;372:n156. doi:10.1136/bmj.n156

Pang M, Zhu L, Gabelle A, et al . Effect of reduction in brain amyloid levels on
change in cognitive and functional decline in randomized clinical trials: An
instrumental variable meta-analysis. Alzheimers Dement 2023;19:1292-9.
doi:10.1002/alz.12768



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hsu C-W, Hsu T-W, Kao Y-C, et al . 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. J Prev Alzheimers Dis 2025;12:100195. doi:10.1016/j.tjpad.2025.100195
Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi:10.1136/bmj.n71

Thorlund K, Walter SD , Johnston BC, et al . Pooling health-related quality of life
outcomes in meta-analysis—a tutorial and review of methods for enhancing
interpretability. Res Synth Methods 2011;2:188-203. doi:10.1002/jrsm.46

Sterne JAC , Savovi¢ J, Page MJ, et al. RoB 2: a revised tool for assessing risk of
bias in randomised trials. BMJ 2019;366:14898. d0i:10.1136/bmj.l4898

Crippa A, Discacciati A, Bottai M, et al . One-stage dose-response meta-analysis
for aggregated data. Stat Methods Med Res 2019;28:1579-96.
doi:10.1177/0962280218773122

HarrellJ, Frank E, Harrell FE . Ordinal logistic regression. Regression modeling
strategies: with applications to linear models, logistic and ordinal regression, and
survival analysis 2015:311-25. 2015. doi:10.1007/978-3-319-19425-7_13

van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in Early Alzheimer’s
Disease. N EnglJ Med 2023;388:9-21. doi:10.1056/NEJM0a2212948

ChenT, O’Gorman J, Castrillo-Viguera C, et al . Results from the long-term
extension of PRIME: A randomized Phase 1b trial of aducanumab. Alzheimers
Dement 2024;20:3406-15. doi:10.1002/alz.13755

Donanemab in Early Symptomatic Alzheimer Disease: The TRAILBLAZER-ALZ 2
Randomized Clinical Trial. JAMA 2023;330:512-27. d0i:10.1001/jama.2023.13239
Devanand DP, Pelton GH, D’Antonio K, et al . Donepezil Treatment in Patients
With Depression and Cognitive Impairment on Stable Antidepressant Treatment: A
Randomized Controlled Trial. Am J Geriatr Psychiatry 2018;26:1050-60.
doi:10.1016/j.jagp.2018.05.008

Doody RS, Ferris SH, Salloway S, et al. Donepezil treatment of patients with MCI:
a 48-week randomized, placebo-controlled trial. Neurology (ECronicon)
2009;72:1555-61. doi:10.1212/01.wnl.0000344650.95823.03

Feldman HH, Ferris S, Winblad B, et al . Effect of rivastigmine on delay to
diagnosis of Alzheimer’s disease from mild cognitive impairment: the INDDEXx
study. Lancet Neurol 2007;6:501-12. doi:10.1016/5S1474-4422(07)70109-6

Peters O, Lorenz D, Fesche A, et al. Acombination of galantamine and
memantine modifies cognitive function in subjects with amnestic MCI. J Nutr
Health Aging 2012;16:544-8. doi:10.1007/s12603-012-0062-8

Petersen RC, Thomas RG, Grundman M, et al. Vitamin E and donepezil for the
treatment of mild cognitive impairment. N EnglJ Med 2005;352:2379-88.
doi:10.1056/NEJM0a050151



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Salloway S, Ferris S, Kluger A, et al . Efficacy of donepezil in mild cognitive
impairment: a randomized placebo-controlled trial. Neurology (ECronicon)
2004;63:651-7. doi:10.1212/01.wnl.0000134664.80320.92

Seltzer B, Zolnouni P, Nunez M, et al .. Efficacy of donepezil in early-stage
Alzheimer disease: a randomized placebo-controlled trial. Arch Neurol
2004;61:1852-6. doi:10.1001/archneur.61.12.1852

Winblad B, Gauthier S, Scinto L, et al . Safety and efficacy of galantamine in
subjects with mild cognitive impairment. Neurology (ECronicon) 2008;70:2024—-
35.d0i:10.1212/01.wnl.0000303815.69777.26

Vaz M, SilvaV, Monteiro C, et al . Role of Aducanumab in the Treatment of
Alzheimer’s Disease: Challenges and Opportunities. Clin Interv Aging
2022;17:797-810. doi:10.2147/CIA.S325026

Zuin M, Cherubini A, Volpato S, et al . Acetyl-cholinesterase-inhibitors slow
cognitive decline and decrease overall mortality in older patients with dementia.
Sci Rep 2022;12:12214. d0i:10.1038/s41598-022-16476-w

Rogers SL, Doody RS, Mohs RC, et al . Donepezil improves cognition and global
function in Alzheimer disease: a 15-week, double-blind, placebo-controlled study.
Donepezil Study Group. Arch Intern Med 1998;158:1021-31.
doi:10.1001/archinte.158.9.1021

Kepp KP, Sensi SL, Johnsen KB, et al. The Anti-Amyloid Monoclonal Antibody
Lecanemab: 16 Cautionary Notes. J Alzheimers Dis 2023;94:497-507.
doi:10.3233/JAD-230099

Madsen JB, Folke J, Pakkenberg B . Stereological Quantification of Plaques and
Tangles in Neocortex from Alzheimer’s Disease Patients. J Alzheimers Dis
2018;64:723-34. doi:10.3233/JAD-180105

Reilly JF, Games D, Rydel RE, et al . Amyloid deposition in the hippocampus and
entorhinal cortex: Quantitative analysis of a transgenic mouse model. Proc Natl
Acad Sci USA 2003;100:4837-42. doi:10.1073/pnas.0330745100 Abstract/FREE
Full Text

Ebell MH, Barry HC , Baduni K, et al . 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;22:50-62.
doi:10.1370/afm.3050 Abstract/FREE Full Text

Espay AJ, Kepp KP, Herrup K. Lecanemab and Donanemab as Therapies for
Alzheimer’s Disease: An lllustrated Perspective on the Data. eNeuro
2024;11:ENEURO.0319-23.2024. doi:10.1523/ENEURO.0319-23.2024

Ayyubova G . APOE4 is a Risk Factor and Potential Therapeutic Target for
Alzheimer’s Disease. CNS Neurol Disord Drug Targets 2024;23:342-52.
doi:10.2174/1871527322666230303114425

Ayton S . Brain volume loss due to donanemab. Euro J of Neurology 2021;28:e67-
8.doi:10.1111/ene.15007



41.

42,

43.

44,

45.

46.

Daly T, Olluri A, Kurkinen M . Anti-amyloid treatments in Alzheimer’s disease:
elegance, evidence and ethics. Adv Clin Exp Med 2024;33:1303-9.
doi:10.17219/acem/198674

Hgilund-Carlsen PF, Alavi A, Castellani RJ, et al.. Alzheimer’s Amyloid
Hypothesis and Antibody Therapy: Melting Glaciers? Int J Mol Sci 2024;25:3892.
d0i:10.3390/ijms25073892

Josephs KA, Whitwell JL, Ahmed Z, et al . B-amyloid burden is not associated with
rates of brain atrophy. Ann Neurol 2008;63:204-12. doi:10.1002/ana.21223

Zuroff L, Daley D, Black KL, et al . Clearance of cerebral AB in Alzheimer’s
disease: reassessing the role of microglia and monocytes. Cell Mol Life Sci
2017;74:2167-201. d0i:10.1007/s00018-017-2463-7

Zotova E, Bharambe V, Cheaveau M, et al.. Inflammatory components in human
Alzheimer’s disease and after active amyloid-betad42 immunization. Brain
2013;136:2677-96. doi:10.1093/brain/awt210

Ossenkoppele R, van der Flier WM . APOE Genotype in the Era of Disease-
Modifying Treatment With Monoclonal Antibodies Against Amyloid-. JAMA Neurol
2023;80:1269-71. doi:10.1001/jamaneurol.2023.4046



