
L I N K  TO  O R I G I N A L  A RT I C L E
L I N K  TO  I N I T I A L  C O R R E S P O N D E N C E

An article in Nature Reviews Drug Discovery 
(Nature Rev. Drug Discov. 11, 657–660; 
2012)1 reported that three prevention trials 
(known as API, DIAN and A4) in patients 
with asymptomatic Alzheimer’s disease (AD) 
hope, with biomarker and cognitive changes, 
to validate the amyloid hypothesis and set 
the stage for AD drug approvals. A response 
(Nature Rev. Drug Discov. 12, 324; 2013)2 
endorsed the plans in this earlier report.

Here, we question the wisdom of this 
step for these trials and another proposed 
study (known as DSBI) (TABLE 1). As cur-
rently designed, we consider that AD drug 
development trials have four important defi-
ciencies. First, without the addition of aims 
to test specific mechanistic hypotheses that 
are able to explain the conditions necessary 
to modify the course of AD, these clinical 
trials will not advance our knowledge of AD 
neuropathologies and their roles in progres-
sion to symptomatic AD. Second, knowledge 
of how the timing of neuropathologies may 
affect the successful use of agents that target 
the 42-amino-acid form of the amyloid-β 
peptide (Aβ42) or other AD drugs will not 
advance. Third, a potentially useful drug 
may be abandoned owing to lack of clinical 
efficacy. Fourth, drug effects on symptoms 
may be misinterpreted as evidence for dis-
ease modification.

Background
Lack of mechanistic grounding for currently  
proposed AD clinical trials. There are 
several issues that might confound the cur-
rently proposed AD clinical trials. First, 
both Aβ42-related and phosphorylated-tau 
(p-tau)-related neuropathologies are well 
established a decade or more before AD is 
clinically diagnosed1–3. Second, concentra-
tions in the brain of Aβ42 and its oligomers 
and neurofibrillary tangles correlate with 
— but do not predict — the severity, pro-
gression or diagnosis of dementia3,4. The 
planned trials initiate treatments before 
clinical AD onset, but without timing treat-
ment so that it specifically targets any irre-
versible neuropathology that later triggers 
clinical dementia5. They do not exclude or 
investigate these issues and therefore risk 

starting treatment after a self-sustaining 
pathology is established.  

Furthermore, clinical AD is associ-
ated with other disease conditions, such 
as cerebral amyloid angiopathy and other 
cerebrovascular pathologies. These or 
other accompanying conditions have the 
potential to precipitate patients with famil-
ial or sporadic AD into clinical dementia. 
Age, co-morbidity, vascular pathologies, 
insulin resistance, genetic, environmental, 
biochemical or cognitive reserve factors 
may be necessary for clinical expression of 
dementia. If such possibilities are not con-
sidered, the planned trials of the anti-Aβ42 
drugs may be confounded, undermining 
their utility. For example, the patients with 
familial AD involved in the DIAN trial6 
inevitably develop AD pathology and pro-
gress to clinical AD, which provides a unique 
opportunity to understand the roles of Aβ42 
and self-sustaining pathologies without 
involving subjects who do not progress on 
to dementia. However, if other confounding 
factors are not accounted for, its utility will 
be compromised. 

Elusive clinical efficacy. Other than immedi-
ately before and following the clinical diag-
nosis of mild cognitive impairment (MCI), 
there has been no evidence reported so far to 
support the ameloriation of cognitive defi-
cits as a demonstration of clinical efficacy 
for proposed therapeutic interventions for 
AD. Indeed, emerging evidence supports 
the view that ‘clinically silent’ AD neuro-
pathologies accumulate to cause clinically 
observable MCI and AD decades later1–3. 
Consequently, unless patients are followed 
up for 10 years or more, it seems unlikely 
that clinical efficacy of the anti-Aβ42 agents 
or other interventions being tested in cur-
rently proposed clinical trials will be seen.

In the proposed clinical trials involv-
ing asymptomatic patients, any observed 
cognitive changes (or lack of cognitive 
changes) could not be definitively ascribed 
to effects of the intervention on AD-relevant 
neuropathologies without additional evi-
dence. For example, cognitive enhancement 
may occur without affecting AD-relevant 

neuropathologies and important neuro-
pathological benefits may occur without 
cognitive effects. This could lead to errone-
ous decisions to claim (or not claim) effects 
on disease progression and to progress (or 
terminate) the further development of the 
compounds being studied.

A new roadmap
Drug development for AD has failed to 
significantly improve on earlier drug treat-
ments, despite impressive advances in our 
understanding of the cellular and molecular 
biology of the disease. In our view, this is 
partly because clinical trials so far have 
focused on efficacy and not on the rigorous 
testing of the putative mechanisms of disease 
and the impact of the drugs tested on these 
mechanisms.

Known mechanisms that increase the 
levels of Aβ42 in AD include the following: 
increased synthesis of the amyloid precur-
sor protein; altered γ-secretase activities; 
and reduced clearance of Aβ42. Subjects in 
the API, DIAN and DSBI trials have known 
genetic factors that potentially affect the 
increased synthesis of the amyloid precursor 
protein and/or altered γ-secretase activities. 
In the A4 trial, subjects predominantly have 
genetic or other factors affecting clearance of 
Aβ42. However, none of the trials are timing 
the drug intervention on the basis of prior 
investigations of the onset of possible irrevers-
ible Aβ42 accumulation or Aβ42 induction of 
a neuropathology critical to progression into 
clinical dementia. Nor are the trials designed 
to specifically test the different timings of 
possible critical Aβ42 accumulations or induc-
tions. Because of the pathological effects 
of p-tau on neurons, controlling only Aβ42 
concentrations even a decade or more before 
clinical AD may have no effect on AD proges-
sion regardless of the various factors that are 
thought to underlie the development of AD in 
the different trial populations (TABLE 1).

We propose that investigators give priority 
to the development of a molecular mecha-
nistic theory for AD that will distinguish 
disease by the pathogenesis underlying the 
final common pathway to clinical AD. In 
addition, this theory will discriminate the 
specific neuropathological target or targets 
to be tested and how they will be tested for 
clinical relevance. For example, the current 
amyloid hypothesis of AD does not identify 
a specific pathogenic target or targets respon-
sible for clinical AD, or differentiate roles 
for Aβ42, Aβ42 oligomers or Aβ42 amyloid 
concentrations and multiple other factors 
and the interactions among these. The amy-
loid hypothesis is also not able to predict the 
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effects from drugs used to alter Aβ42 targets 
or define the timing of interventions. With 
long durations between interventions and 
disease onset, at least three of the currently 
proposed AD clinical trials — API, DIAN 
and DSBI — are well positioned to take on 
these tasks of turning AD drug development 
away from an overly exclusive focus on prod-
uct development and onto the investigation 
and validation of a mechanistic theory of AD.

Consistent with this effort, and to avoid 
the mistaken termination of drugs for lack 
of clinical efficacy, we recommend that 
investigators in the current trials pursue 
evidence for mechanistic efficacy as rigor-
ously as possible rather than overly invest in 
clinical efficacy as end points. Trials will be 
regarded as scientifically successful if they 
demonstrate both drug safety and, with bio-
markers grounded in refined and tested AD 
mechanistic theory, neuropathologically sig-
nificant, not merely statistically significant, 
reductions in pre-specified, theoretically jus-
tified, Aβ42-related or other neuropatholo-
gies. Preferred end points would be a return 
of the targeted neuropathology to levels 
found in non-at-risk AD subjects. Using 
biomarkers with documented mechanistic 

implications, currently proposed trials can 
test the molecular mechanisms that are able 
to explain both the lack of efficacy for per-
sons at-risk of AD but still not symptomatic 
and the grounds for expecting the subjects to 
progress to clinical AD.

In summary, we suggest that for AD drug 
development to become more soundly scien-
tifically grounded, researchers need to give 
priority to the development of a molecular 
theory of disease that will be systematically 
tested and refined in clinical trials7. AD 
clinical trials continue to be initiated with 
little or no robust data relating to the mecha-
nism of action leading to disease progres-
sion. Most problematic, the planned trials 
initiate treatments prior to clinical AD onset, 
but without timing that specifically targets 
any irreversible neuropathology that later 
triggers clinical dementia8 . Scientifically 
and ethically, mechanisms of drug action are 
optimally identified, confirmed and charac-
terized in preclinical studies before progress-
ing to clinical trials. The abandonment of 
anti-Aβ42 drugs and pursuit of clinical effi-
cacy for new targets will not fix the problems 
we discuss. As a first step we propose modi-
fications of currently planned and future AD 

clinical trials to provide maximum support 
for the advance of theory and for continued 
research with compounds with potential 
uses as pharmacological probes of disease 
mechanisms or drug candidates in future 
AD clinical trials.
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Table 1 | Selected trials of amyloid-β (Aβ)-targeted interventions for Alzheimer’s disease (AD)* 

Sponsoring 
group

Subjects (number 
proposed)

Special 
conditions

Rationale for subject 
selection

Drug 
intervention

Trial 
duration

Outcome variable(s)

Alzheimer’s 
Prevention 
Initiative (API)9,10

Asymptomatic 
subjects with 
mutations in PS1 
(100 drug; 100 
placebo)

PS1-positive 
subjects within 
10 years before 
apparent 
cognitive decline

Excess Aβ
42 

levels 
predispose to  
early-onset AD

Crenezumab 5 years PET-fibrillar Aβ, PET-FDG, 
structural MRI and clinical 
end point biomarkers 
accepted as indicators 
of AD progression and 
an untested composite 
of five cognitive tests not 
specified9,10

Dominantly 
Inherited 
Alzheimer 
Network (DIAN)6

Asymptomatic 
subjects at-risk 
for familial AD 
(mutations in APP, 
PS1 and PS2) (160)

Subjects within 
15 years of 
predicted AD 
onset

Confirmed family  
pedigree for autosomal 
dominant AD

Solanezumab 
and 
gantenerumab

5 years Neuropathological 
biomarkers to validate 
target effects of drug 
interventions and an 
undisclosed cognitive end 
point6

Anti-amyloid 
treatment in 
asymptomatic AD 
(A4)11

Elderly 
asymptomatic 
and symptomatic 
subjects (500 drug; 
500 placebo)

Subjects positive 
for brain amyloid 
with PET imaging

Drug intervention 
prior to irreversible 
neuropathological  
damage to neurons

Solanezumab 3 years The untested ADCS–
PACC outcome includes 
the Free and Cued 
Selective Reminding Test, 
the Logical Memory IIa, 
Digit Symbol and Mini 
Mental State Exam8,11.

Down Syndrome 
Biomarker 
Initiative’ (DSBI)12

Subjects with 
Down’s syndrome 
(12)

APP trisomy Development of brain 
amyloid plaques and 
neurofibriallary tangles 
by age 30 years and 
increased lifetime risk 
(75%) for AD

Not specified12 3 years Not specified12

ADCS–PACC, Alzheimer’s Disease Cooperative Study–Preclinical Alzheimer’s Cognitive Composite; APP, amyloid precursor protein; FDG, fludeoxyglucose;  
MRI, magnetic resonance imaging; PET, positron emission tomography; PS, presenilin. *The concern for all of these studies (discussed in the main text) is that 
Aβ-induced phosphorylated-tau and/or other self-sustaining cascades may have already been initiated, and as currently designed they miss the opportunity  
to test these or other mechanistic hypotheses.
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