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Alzheimer’s Disease: Clinical Trials and the Amyloid Hypothesis
Jeffrey Cummings,1MD

Alzheimer’s disease (AD) is a progressive fatal 
neurodegenerative disease whose numbers are approaching 
epidemic proportions as the world’s population ages.  
There are currently 35 million victims worldwide with an 
anticipated 115 million by 2050 if effective treatments are 
not found.1 There is an urgent need to identify treatments 
that will prevent or delay the onset, slow the progression, or 
improve the symptoms of AD and related neurodegenerative 
disorders affecting cognition and survival in the elderly.

Many of the agents currently in clinical trials and focusing 
on disease-modifi cation of AD are based on the amyloid 
hypothesis2 and target some aspect of amyloid metabolism. 
The agents include beta- and gamma-secretase inhibitors, 
alpha secretase enhancers, aggregation inhibitors, and 
plaque removing agents among others. Recent failures of 
drugs targeting amyloid pathways have raised questions 
about this approach and the validity of the amyloid 
hypothesis itself. No agent aimed at modifying the amyloid 
cascade has met prespecifi ed effi cacy outcomes. There is 
no treatment-based validation of the amyloid hypothesis 
or the centrality of amyloid to the etiopathogenesis of AD.

A review of the trials of amyloid-related drugs reveals that 
none have rigorously tested the amyloid hypothesis. Some 
trials failed because of issues related to trial conduct and 
methodology, others failed for pharmacokinetic or tolerability 
and safety-related problems. For example, it is now thought 
that tarenfl urbil did not reach adequate concentrations in 
the brain,3 and semagascestat had intolerable side effects 
and increased skin cancer.4 Tramiprosate and rosiglitazone 
trials exhibited features suggesting methodologic fl aws in 
trial conduct.  Bapineuzumab appeared to be effi cacious in 
patients who received all treatments for 18 months or who 
did not have the apolipoprotein E e4 AD risk gene but failed 
in the prespecifi ed intent-to-treat (ITT) analysis required 
to support a claim for effi cacy.5 None of the trials tested 
the amyloid hypothesis, and the absence of trial successes 
does not constitute evidence against the amyloid hypothesis.

Autopsy and biomarker studies have provided new 
information on the role and timing of amyoid deposition 
in AD. Studies using stable isotope labeled kinetic (SILK) 
techniques have shown that the abnormality of amylolid 
beta-protein (Aβ) in late onset AD is reduced clearance;6  this 

contrasts with the autosomal dominant form of AD where 
mutations in the amyloid precursor protein or presenilin 
component of gamma-secretase result in the overproduction 
of Aβ. Measurement of Aβ1-42 in cerebrospinal fl uid (CSF) 
show reduced levels that begin before symptoms appear 
and remain low throughout the prodromal and dementia 
phases of AD.7 Similarly, amyloid imaging has confi rmed 
that amyloid deposition begins before signifi cant cognitive 
symptoms occur and the Aβ burden in the brain remains 
approximately the same throughout the remainder of the 
disease.8,9 Approximately 20% to 30% of cognitively 
normal elderly have substantial amyloid deposition in the 
brain comparable to the levels observed in AD dementia.10 
Amyloid levels in CSF and amyloid imaging do not correlate 
with cognitive decline or brain atrophy as shown by magnetic 
resonance imaging (MRI) during the stage of progressive AD 
dementia.9 These observations have important implications 
for understanding the role of Aβ in AD and approaches to 
AD therapeutics. Documentation that Aβ is deposited early 
in AD— beginning before detectable cognitive decline 
occurs— and continues to be present throughout the course 
of AD confi rms that Aβ abnormalities are central to AD and 
offers important support for the amyloid hypothesis. On 
the other hand, this new information indicates that some 
types of amyloid interventions might have to begin very 
early in the disease process to be effective; the brain can 
tolerate a high Aβ burden without cognitive dysfunction; 
and the total amount of amyloid in the brain may change 
little despite cognitive worsening and eventual death of 
the patient. Autopsy studies of patients in the AN1792 Aβ 
vaccination trial show that cognitive decline continues 
despite effective removal of Aβ plaques.11 Together these 
new data suggest that while amyloid is one means of 
identifying AD and is characteristic of AD, its relationship 
to cell dysfunction and cognitive decline is uncertain and 
it may not be the optimal treatment target for arresting the 
progressive neurodegeneration leading to dementia.  

Aβ deposition is the fi rst detectible change in AD. What 
triggers the appearance of this protein in the brain? Studies 
of resting state MRI and default network activity suggest that 
sustained cerebral activity may provide local predisposing 
circumstances that lead to Aβ  deposition and that these local 
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changes are the “cause” of AD.12 Aβ may be a result of these 
processes or, at least, they may comprise a predisposing 
cerebral ecology for the deposition of Aβ. If correct, these 
local changes may provide additional therapeutic targets 
for the treatment or prevention of AD.

Studies of autosomal dominant AD (ADAD) provide 
some of the most compelling data in support of the amyloid 
hypothesis. Mutations in the amyloid precursor protein 
(APP) gene, presenilin 1 (PS1) gene, or presenilin 2 (PS2) 
gene result in overproduction of Aβ1-42 and an alteration 
of the Aβ1-42/ Aβ1-40 ratio in favour of the form that 
oliogmerizes more readily.13 The pathology and the clinical 
syndrome of progressive cognitive impairment is generally  
the same for ADAD and late onset AD, the causative 
mutation is known and the resulting pathophysiology is 
closely linked to Aβ abnormalities. The similarity of ADAD 
and sporadic AD supports the role of Aβ in the latter.  There 
are important differences between these 2 forms of AD, 
however. SILK studies of Aβ show that the sporadic form 
of AD is a product of reduced clearance of AD whereas in 
ADAD, Aβ is overproduced.6,14  ADAD generally occurs 
in those aged 40 to 55 years with little comorbidity and no 
age-related cerebral changes, whereas sporadic AD occurs 
in individuals aged 65 to 100 years where brain changes of 
ageing and comorbid cerebral pathology are the rule.15 These 
differences in pathophysiology may create different roles 
for Aβ in the 2 conditions and may affect both treatment 
effi cacy and side effect vulnerability.  

Most trials of therapeutic agents for AD have been 
conducted in patients with mild-to-moderate dementia of 
the Alzheimer’s type. Given the biomarker evidence that 
Aβ changes precede this stage of AD and begin prior to 
the onset of cognitive changes and also given the goal of 
minimising cognitive impairment by intervening at a time 
when cognitive and neuronal changes are limited, there is 
concern that treating at this stage may be too late. Trials 
are now beginning in prodromal AD defi ned as a syndrome 
of cognitive impairment without dementia and with 
biomarker evidence of the presence of an AD process.16,17 

The intent of targeting this stage is to limit the amyloid 
burden prior to major degeneration and progression of 
symptoms to AD dementia. Since there are no completed 
trials involving this disease stage, it is not proven that this 
approach will improve the chance of success. The logic 
of intervening early in AD may extend to trials of patients 
who are cognitively normal and have biomarker evidence 
of AD pathology or to patients who are at high risk for AD 
yet with no evidence of AD in the brain.  Different agents 
might also have different optimal windows of time for 
intervention. Secretase inhibitors that reduce Aβ production, 
for example, might be most effi cacious when administered 
during the period of amyloid deposition, whereas agents 

intended to remove plaques might have a role later in the 
disease course.  Drugs such as PBT2 and the scyllo-inositol 
AZD-103 (ELND5000) targeting aggregation may be most 
effective in prodromal AD when MRI evidence suggests the 
onset of neurodegenerative changes. Secretase inhibitors 
that reduce monomer production would also be expected 
to reduce oligomer concentrations.  

Aβ is thought to go through a process of progressive 
aggregation from monomers to oligomers through 
fi brillization to plaque formation.18 There is growing 
evidence that Aβ oligomers are responsible for synaptic 
dysfunction and for initiating the process that leads to cell 
death and neurodegeneration.19 An unresolved conundrum 
is why Aβ and Aβ oligomers can be resident in the brain 
for many years without producing suffi cient cognitive 
dysfunction to be detected. Possibly, oligomers need to 
reach specifi c concentrations or be present in the brain for 
prolonged periods of time before neurotoxicity is triggered. 
The relationship between Aβ and cell death in the course 
of human AD requires clarifi cation.

Existing evidence can also be interpreted to suggest that Aβ 
generation and Aβ-related neurobiological changes continue 
throughout the course of AD. Although Aβ1-42 levels are 
decreased and remain low beginning in the asymptomatic 
phase of AD and continuing through prodromal AD and 
AD dementia, Aβ levels are turned over at least twice daily 
suggesting that Aβ production continues throughout the 
disease course. Similarly, although amyloid imaging appears 
to suggest a stable amyloid burden across all stages of AD 
from the asymptomatic onset through severe dementia, these 
stable images may obscure dynamic changes in maturing 
and resolving plaques as suggested by observations in 
experimental animals.20 Autopsy evidence indicates that 
plaque burden extends geographically during the course 
of AD,21 and rare examples of cerebral biopsies early in 
the disease course and autopsy when the patient succumbs 
also support an increasing plaque burden.22 Finally, amyloid 
imaging may be susceptible to saturation effects and the 
apparent absence of change in amyloid burden in the 
course of AD may not accurately refl ect changes in plaque 
burden.23 Until these issues are resolved, it is too early to 
abandon mild-to-moderate or even severe dementia of the 
Alzheimer’s type as a suitable treatment target for anti-
amyloid therapies.  

With serious questions about the suitability of Aβ as a 
therapeutic target, the pharmacologic tractability of the 
complex pathways involved in Aβ metabolism, and the 
optimal timing of anti-Aβ therapies, what alternative 
treatment strategies might be adopted? The microtubule 
associated protein tau becomes hyperphosphorylated and 
aggregates in the form of neurofi brillary tangles in the 
course of AD.24 Aggregated tau has an oligomeric form 
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with neurotoxic properties similar to the process noted 
for Aβ.25 Tau therapeutics with microtubule stabilisers, 
phosphorylation inhibitors, and anti-aggregants represent 
an alternate therapeutic approach. Available evidence 
suggests that tau abnormalities are more closely related 
to neurodegeneration and to cognitive changes than Aβ.26 
Targets involving oxidative cellular injury, mitochondrial 
activity, membrane integrity, apoptosis or other related 
processes affecting cell function and survival are 
under consideration as viable pathways for therapeutic 
intervention. Combination therapies also deserve 
consideration since intervening in one pathway may be 
insuffi cient to meaningfully alter the disease course.27  

Effective disease-modifying therapies for AD are urgently 
needed and the available data cast doubt on targeting Aβ as 
the most viable pathway to developing new treatments for 
AD. The chances of success in identifying new therapies 
will be enhanced by proliferating the disease pathways 
targeted and diversifying the drug development portfolio.
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