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Abstract
It is of vital importance to patients and physicians, as well as administrators and drug regulators, that the treat-
ment for a disease has been shown to be safe and clinically meaningful in long-term use. Recent literature 
has highlighted 3 major categories of arguments for and against modification of the underlying disease 
process in Alzheimer’s disease (AD): pathophysiology, biomarkers and data from clinical trials. We argue 
that the Alzheimer’s arena is over-reliant on theories of disease modification based solely on brain positron 
emission tomography (PET) imaging and blood biomarkers of tau and Aβ peptides. Here, we instead focus 
on a historically-grounded empirical criterion from other fields of medicine to overcome the weak interpreta-
tions of short Alzheimer’s trials: survival time (ST). Our analysis has identified 3 key points. First, if anti-amyloid 
therapies are AD-modifying treatments, then we argue that they should increase ST more than the standard 
“symptomatic” care with memantine and acetylcholinesterase inhibitors. Second, we question memantine 
and cholinesterase inhibitors being labeled simply as “symptomatic” Alzheimer’s drugs since long-term 
use of them can produce disease modification, that is, increase ST. Third, we make a case for memantine 
or cholinesterase inhibitors being used as controls in clinical trials with amyloid-lowering and other drugs, 
and argue against their current under-use in care of Alzheimer’s patients.
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Introduction

It is of vital importance to patients and physicians, as well 
as administrators and drug regulators, that the treatment 
for a disease has been shown to be safe and clinically mean-
ingful in long-term use. Recent 12–18 month clinical trials 
in early Alzheimer’s disease (AD) patients with anti-Aβ 
monoclonal antibodies have demonstrated significant re-
duction of amyloid plaques in the brain as seen in amy-
loid positron emission tomography (PET) scans. However, 
a clinically meaningfull effect on slowing disease progres-
sion and cognitive decline has not been demonstrated.

On June 7, 2021, the U.S. Food and Drug Administration 
(FDA) approved aducanumab (Aduhelm®; Biogen, Cam-
bridge, USA), an anti-Aβ monoclonal antibody, the first 
new drug in 18 years for the treatment of patients with 
AD, citing the “evidence that Aduhelm reduces amyloid 
beta plaques in the brain and that the reduction in these 
plaques is reasonably likely to predict important benefits 
to patients”.1 On January 31, 2024, Biogen announced that 
it would stop manufacturing Aduhelm and would also stop 
the ENVISION clinical trial, a confirmatory trial requested 
by the FDA to determine whether Aduhelm could actu-
ally slow disease progression and cognitive decline in AD 
patients. In the words of Christopher Viehbacher, CEO 
of Biogen: “When searching for new medicines, one break-
through can be the foundation that triggers future medi-
cines to be developed. Aduhelm was that groundbreak-
ing discovery that paved the way for a new class of drugs 
and reinvigorated investments in the field.”2 Ultimately, 
this rhetoric of revolution has often been brandished in-
stead of rigor when discussing the clinical benefits of adu-
canumab and other anti-amyloid antibodies.3

On July 6. 2023, the FDA approved lecanemab (Leqembi®; 
Eisai, Tokyo, Japan), an  anti-Aβ monoclonal antibody 
which reduced amyloid in the brain, did not slow cognitive 
decline in women, and enhanced the decline of study par-
ticipants with 2 APOE4 genes. The claim of 27% of slow-
ing cognitive decline in 18 months with lecanemab over 
placebo is due to a misinterpretation of data and trivial 
miscalculation; the real number is 9.3%.4

On July 2, 2024, the FDA approved donanemab (Kisunla™; 
Eli Lilly and Company,5 Indianapolis, USA), an anti-Aβ 
monoclonal antibody for people with early symptomatic AD. 
The claim of 36% of slowing cognitive decline in 18 months 
with donanemab over placebo is due to a misinterpretation 
of data and trivial miscalculation; the real number is 9.6%.6 
On July 26, 2024, the European Medicines Agency (EMA) 
did not approve lecanemab, saying that “the benefits of lec-
anemab did not counterbalance the risk of serious side effects, 
especially bleeding and swelling in the brain”.7 Lecanemab, 
now being approved in China, Israel, Japan, and the USA, but 
nowhere else, raises the obvious question: How is it possible 
the same clinical trial data can be interpreted so differently, 
as providing experimental evidence to argue both for and 
against the efficacy and safety of lecanemab in human use?

The debate around disease 
modification in Alzheimer’s 
disease

Indeed, there is no consensus on what we mean by the ben-
efit/risk measure of anti-amyloid immunotherapies. Planche 
and Villain recently summarized 3 kinds of arguments for 
and against disease modification, pathophysiology, bio-
marker evidence, and clinical trial data, and argued that 
“With currently available data, one can therefore argue that 
anti-amyloid immunotherapies are [disease-modifying ther-
apies (DMTs)] and are not”.8 One’s position on the “disease-
modifying” debate naturally depends on how one defines 
both AD (i.e., disease) itself, and what kind of modification 
is considered to be important for regulatory decision-mak-
ing. It is not accidental that the largely USA-based definition 
of AD9 as brain amyloidosis separate from cognitive symp-
toms led to regulatory approval of anti-amyloid antibodies, 
whereas the more European definition of AD10 requiring 
symptoms before diagnosis, also led to more skepticism 
about benefit for patients.11

Concerning Planche and Villain’s 3 classes of arguments 
for disease modification,8 we consider that the AD field 
in general has been over-reliant on theoretical criteria, 
i.e., the amyloid hypothesis and amyloid-centric biomark-
ers including PET scans, to evaluate treatments.12 We ar-
gue that the field should go beyond theoretical criteria 
to consider empirical and statistical criteria that histori-
cally were at the heart of decision making at the FDA.13 
We think it  is  important to consider objective, clinical 
criteria for claims of disease modification. Importantly, 
none of the recently approved monoclonal antibodies for 
AD reach thresholds for minimal clinically important dif-
ference (MCID)14 in various cognitive domains.15 However, 
the clinical level is not reducible to the cognitive level. 
It is important to consider functional and neuropsychiatric 
symptoms of AD when discussing disease modification.16 
A positive disease-modifying treatment should not worsen 
neuropsychiatric17 or functional symptoms. Even though 
AD is a complex disease with different pathways,18 we ar-
gue that the worsening of non-cognitive symptoms would 
be an argument against modification of those underlying 
disease processes leading to abnormal functioning.

In the context of these considerations of clinical benefit, 
it should be noted that an acetylcholinesterase inhibitor, 
donepezil (Aricept; Eisai) provides comparable, if not bet-
ter, benefit in cognition and behavior than the anti-Aβ 
antibodies as measured by CDR-SB.19 However, because 
of  the  fame of  the  amyloid hypothesis of  AD,20 and 
since donepezil does not reduce amyloid in the brain,21 
it is by definition not considered to be a disease-modifying 
treatment. What is important for the disease modification 
debate is whether objective measures in cognition with 
anti-amyloid treatments are maintained or even increase 
over time as compared to donepezil.22
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However, these data for anti-amyloid treatments are 
not yet available. Evidence suggests that long-term use 
of donepezil leads to reduced functional decline23 and 
mortality24 in  AD patients and also in  nursing home 
residents with mixed dementia.25 Interestingly, a causal 
inference study using data from electronic health records 
suggests that combination use of donepezil and meman-
tine (an NMDA receptor inhibitor) creates “a significant 
beneficial additive drug-drug interaction” leading to sig-
nificantly improved (ST) in AD patients.26 In American 
veterans, memantine was associated with increased ST 
compared to donepezil.27

Survival time in Alzeimer’s disease

Alzheimer’s disease is a slowly progressing irreversible 
disorder of the brain and mind, and ST, after diagnosis 
at age 65 and over, is 4–20 years. There is a general consen-
sus that earlier age of AD onset leads to a more aggressive 
form of the disease with a shorter ST.28 To our knowledge, 
there has been no discussion of ST as a criterion for disease 
modification in AD. This is perhaps related to the ambigu-
ity about whether AD is fatal, since in most cases, patients 
with severe AD die of secondary complications resulting 
from inadequate personal care and immobility, including 
pneumonia.29 We can nevertheless draw on literature from 
oncology that uses ST as an important measure of disease 
modification.30 From a public health perspective, improv-
ing ST is of vital importance, since AD is cited as a leading 
“cause of death,” at 7th place in the USA.31

If the anti-amyloid therapies are AD modifying treat-
ments in slowing disease progression and cognitive de-
cline, then we argue that they should increase ST more 
than supposedly “symptomatic” treatments such as ace-
tylcholinesterase inhibitors (donepezil, rivastigmine and 
galantamine) and/or memantine. Survival time is likely 
to be the most solid estimate for clinically meaningful ben-
efit of putative treatments for AD, including current and 
future anti-Aβ monoclonal antibodies, since it has high 
value to public health and a low chance of bias compared 
to current measures used to evaluate treatments for AD, 
which may be sensitive to unblinding and not translate 
into clinical benefit.32

We also consider that over-reliance on anti-Aβ treat-
ments as sources of disease modification has led to un-
der-use of acetylcholinesterase inhibitors and meman-
tine in both clinical trials and care. For instance, a recent 
longitudinal study of over 25,000 French nursing home 
residents found that over 80% of residents had received no 
exposure to either acetylcholinesterase inhibitors or me-
mantine.25 The authors of this study concluded that “use 
of conventional anti-dementia drugs is associated with 
a lower mortality in nursing home residents with dementia 
and should be widely used in this population”.25 We agree 
with this conclusion and argue that there is a solid case 

to be made for this to be applied to the research context 
of clinical trials. In other words, acetylcholinesterase in-
hibitors and/or memantine should be used as the “standard 
of care” control instead of placebo in amyloid-lowering and 
other clinical trials in Alzheimer’s patients (dependent 
on disease stage).33 We consider that provision of such care 
should be an ethical duty of trial sponsors, the absence 
of which would amount to withholding treatment, which 
would require further ethical justification.34 We also con-
sider that over-reliance on the amyloid hypothesis to find 
a disease-modifying treatment may also have led to neglect 
for studying the possible positive long-term consequences 
of  acetylcholinesterase inhibitors and/or  memantine. 
We consider that it  is not appropriate to reduce the ef-
fects of these treatments to the merely “symptomatic” such 
as when the National Institute of Aging claims that they 
are “FDA-approved medications to manage symptoms”.33

We argue that following up current patients and analyz-
ing historical data on ST for AD trials should be a priority 
to establish the value of anti-amyloid and other therapies 
in the treatment and prevention of AD. Following up cases 
of autosomal dominant early-onset AD (ADAD) would 
provide the highest evidence of disease modification.35 
Survival time analyses have been performed in ADAD, 
finding that age of symptom onset is a stronger predic-
tor of ST than different mutant variants of APP or PS1 
responsible for ADAD.36 However, the few cases of ADAD 
and the limited trial data on treatments37 reduce statistical 
power and limit the amount of evidence available. Thus, 
follow up of the ST of tens of thousands of  individuals 
having volunteered in historical and ongoing prevention 
trials in cognitively normal subjects at risk of developing 
AD with lecanemab (AHEAD3 and AHEAD45 studies) 
and donanemab (TRAILBLAZER-ALZ 3 study) will pro-
vide crucial analyses of disease modification. Importantly, 
our long-term follow-up proposal overcomes the current 
problem of the trial, i.e. disease mismatch, since current 
12–18 month trials are only a snapshot of the long AD 
process.8

Overcoming limitations

However, there are limits to our position. Historical data 
on the first anti-amyloid therapy suggest that immuniza-
tion with Aβ peptide as a treatment for AD provided “no 
evidence of improved survival”.38 However, historical data 
may be confounded by the fact that approx. 30% of people 
enrolled in amyloid-lowering trials were not amyloid posi-
tive and therefore, by definition, did not have AD before 
in vivo biomarkers became available.39 Consequently, anal-
yses of historical data should be limited to those where 
biomarker confirmation of AD was used. Second, older 
age leads to an exponential increase in all-cause mortality 
rates,40,41 as well as less aggressive forms of dementia. Both 
of these factors could simultaneously lead to under- and 
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over-estimation of treatment effects on ST. Finally, there 
is evidence that age-standardized rates of dementia have 
been declining over the last few decades in higher-income 
countries,42 perhaps due to a “compression” effect whereby 
people are increasingly developing dementia later in life 
and living with it for a shorter amount of time.43

Thus, when determining clinical meaningfulness by ST 
between treatment and non-treatment groups, there are 
several factors to  take into count. These include age 
of symptom onset, age at the start of treatment, background 
demographics, and also longitudinal changes between co-
horts. Nevertheless, if such factors can be controlled for 
and treatment groups can be shown to have increased ST, 
then we consider it both likely and meaningful that such 
treatments are modifying the disease process.

Conclusions

We consider that ST should be used to ground claims 
of disease modification in AD. We argue that, currently, 
the over-reliance on amyloid-lowering drugs has led to ne-
glect of the long-term benefits of memantine and acetyl-
cholinesterase inhibitors, which we do not consider to be 
merely symptomatic, since they demonstrate some long-
term disease-modifying effects. We argue for increased use 
of acetylcholinesterase inhibitors in research (as a standard 
of care rather than placebo) and care settings (to reduce 
under-prescribing). Finally, we consider that if anti-amy-
loid treatments are truly disease-modifying as is claimed 
by the proponents and defenders of the amyloid hypoth-
esis, then they should increase ST more than memantine 
or acetylcholinesterase inhibitors.
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