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Introduction

Alzheimer’s disease (AD) has a 15-20 year 
preclinical phase during which the individuals 
have normal cognition by conventional 

measures and have state measures of AD pathology 
including elevated levels of brain amyloid when 
assessed with positron emission tomography (PET) 
and abnormally decreased levels cerebrospinal fluid 
(CSF) amyloid beta-protein (Aß) and increased levels 
of total tau and hyperphosphorylated tau (p-tau) (1, 
2). Recognition of this long-preclinical phase and the 
presence of biomarker changes affords, the opportunity 
to plan secondary prevention trials to prevent or delay 
the onset of cognitive impairment and progression to 
dementia.  The US Food and Drug Administration (FDA) 
facilitated planning of clinical trials for participants 
in the preclinical phase of AD by defining two stages 
of the preclinical period:  in stage 1 participants have 
characteristic pathophysiologic changes of AD but no 
evidence of clinical impact; in stage 2 participants have 
characteristic pathophysiologic changes of AD and subtle 
detectable abnormalities on sensitive neuropsychological 
measures, but no functional impairment.   Stage 3 
participants are no longer in the preclinical phase of AD; 
they have mild cognitive impairment (MCI)/prodromal 
AD with characteristic pathophysiologic changes of AD, 
subtle or more apparent detectable abnormalities on 
sensitive neuropsychological measures, and mild but 
detectable functional impairment.  Stages 4, 5, and 6 
describe patients with mild, moderate and severe AD 
dementia.  Biomarker, clinical definitions, and regulatory 
engagement have set the stage for planning and conduct 
of trials in preclinical AD.

Drug Development

Drug development programs are constructed around 
current understanding of target biology, treatment 
pharmacology, and clinical trial design with the intent of 
reducing the risk of a negative outcome and optimizing 

the opportunity to observe a drug-placebo difference 
with the intervention.  Principles of good clinical practice 
for drug development indicate that identifying a well-
supported target, discovering an agent with acceptable 
pharmacokinetic properties, demonstrating target 
engagement in Phase 2, implementing a well conducted 
trial in an appropriate population using qualified clinical 
and biomarker outcomes in Phase 3, and demonstrating 
safety throughout the program create the circumstances 
most likely to succeed in advancing an agent toward 
approval (3).  

These conditions are difficult to meet in preclinical AD 
than in other disease stages making it more challenging to 
successfully advance a drug candidate.  

Population

The efficacy of disease-modifying therapies (DMTs) is 
demonstrated by showing a drug-placebo difference on 
biomarkers or clinical measures.  Decline or worsening 
of the placebo group is critical to this comparison.  
Most people in the preclinical phase of AD with brain 
amyloidosis will not progress to AD dementia in their 
lifetime and will exhibit no or limited cognitive decline.  
An 80 year old person with a positive amyloid PET and 
eligible for a clinical trial has a 19.1% risk of developing 
AD dementia in their lifetime.  A 65 year old with a 
positive amyloid PET has a 29.3% risk for progressing 
to AD dementia in their lifetime (4).  These examples 
demonstrate that progression to AD dementia in the 
remaining lifetime of potential trial participants occurs 
in a minority of individuals and progression sufficient to 
demonstrate a drug-placebo difference in the course of a 
clinical trial is unlikely.  

Sensitive measures of cognitive decline can 
demonstrate change in cognition in preclinical 
populations corresponding to the FDA stage 2.  Using 
the Preclinical Alzheimer’s Cognitive Composite (PACC), 
a preclinical trial tool, there is a 1.51 point decline over 
four years.  The mean change in the Mini Mental State 
over 4 years is 0.56 points and the Clinical Dementia 
Rating – Sum of boxes declines 0.23 points (5).  Overall, at 

© The Author(s)



289

4 years, 14.5% of amyloid positive individuals progressed 
from cognitively normal to MCI.  Similarly, in a cohort 
followed for 30 months there was no difference in decline 
of those with and without brain amyloid on the Clinical 
Dementia Rating or the Mini Mental Status Examination.  
Four of 88 had progressed from cognitively normal to 
prodromal AD (6).  

These small changes over observation periods 
comparable to the duration of trials of preclinical 
populations indicate that very large sample sizes 
observed for extended periods of time would be needed 
to demonstrate a drug-placebo difference.  

When cognitively normal individuals are asked about 
preferred outcomes for treatment to avoid cognitive 
decline, they identify maintaining everyday functioning, 
enjoying life, keeping a sense of identity and maintaining 
relationship and social connections as priorities (7).  
Current assessment approaches in preclinical trials do not 
measure these preferred outcomes.

Biomarkers

The FDA Guidance indicates than an accelerated 
approval might be possible for a treatment for preclinical 
individuals based on biomarker outcomes (8).  The 
guidance states that in Stage 1 preclinical disease, an 
effect on the characteristic biomarker changes of AD may 
serve as the basis for an accelerated approval  --- with 
a post-approval requirement for a study to confirm the 
predicted clinical benefit --- if the biomarker effects are 
reasonably likely to predict clinical benefit. The FDA 
notes that at present no biomarker changes have been 
shown to be reasonably likely to predict clinical benefit.  

For Stage 2 individuals, a pattern of putatively 
benef ic ia l  e f fects  across  mult iple  individual 
neuropsychological tests or a large magnitude of effect 
on sensitive measures of neuropsychological performance 
may increase their persuasiveness.  It is expected that 
neuropsychological benefits would be supported by 
similarly persuasive effects on biomarkers (8).  Given the 
small changes observed on sensitive neuropsychological 
measures in preclinical populations, demonstration of 
“large magnitude” effects is daunting.

Tau PET may serve as an important biomarker for 
preclinical trials.  The presence of an elevated tau burden 
on PET is associated with more rapid cognitive decline 
(9).  Power calculations based on tau PET measures 
demonstrate that to detect a 25% annual slowing of 
disease progression on this measure with 80% power 
(two-sided alpha of 0.05), using an early AD meta-region 
of interest analysis with partial volume correction, would 
require 1228 patients. A whole brain meta-region of 
interest analysis would require 3512 participants (10).  
With tau PET substantial sample sizes are required to 
show drug-placebo differences in clinical trials with 
preclinical participants.  

Biomarkers characterize the biology of AD (11).  Their 

longitudinal change in preclinical populations is limited, 
and they do not de-risk drug development in this early 
phase of the AD continuum.

Treating Early

Preventing cognitive impairment and the associated 
functional compromise, caregiver distress, costs, and 
accelerated mortality are critical goals for those at risk 
for AD and for clinicians and drug developers striving to 
maintain individuals at the highest level of function for 
the longest period of time.   Treatment responsiveness 
may be improved by treating AD in the preclinical phase 
of the disease when pathological abnormalities are more 
limited and have been present for a shorter period of 
time (12).  Cognitive resilience, however, may persist late 
into AD.  Current therapies are approved for patients 
with moderate to severe AD demonstrating the brain’s 
ability to respond in advanced states.  This suggests that 
treating early may not be required for successful drug 
development.

Responsiveness to treatment with anti-amyloid 
therapies may not be limited to the earliest phases of AD.  
Aducanumab produced equivalent reductions in brain 
amyloid in mild AD dementia (global Clinical Dementia 
Rating of 1.0) and in prodromal AD (global Clinical 
Dementia Rating of 0.5), and clinical benefit correlated 
with amyloid removal (13, 14).  This suggests that the 
failure of drug candidates in later phase disease may 
have been due to lack of efficacy of the agents; use of 
more effective agents later in the course of the disease is 
plausible.

Post-Approval Use

The cost and effort of developing drugs is justified if 
the ensuing treatments are welcomed and used by those 
for whom the treatments were developed.  In a survey 
of cognitively normal individuals to determine if they 
would participate in a trial of an approved medication 
intended to lower the risk of dementia, 32.4% said they 
were very likely to participate, 51.4% were neutral, and 
16.2% said it was very unlikely (15).

Payers will be required to pay for medications for 
cognitively normal individuals at risk for dementia to 
create a market for agents to treat individuals in the 
preclinical phases of AD.  Payers preferentially use 
number-needed-to-treat (NNT) and number-needed-to-
harm (NNH) approaches to determine the cost-utility 
of medications proposed for the insured population.  
Given the high rate of non-progression in amyloid PET 
positive individuals and the high cost of more precise 
characterizations (e.g, amyloid PET plus tau PET) as well 
as the risk associated with some infusion approaches 
(16), the NNT and NNH calculations are likely to be 
unfavorable, and payers may question the value of the 
investment.  The availability of blood tests to identify 
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preclinical persons at high risk for progression and the 
emergence of safer medications will impact the NNT/
NNH discussion (17, 18).

Complicating the post-approval use of treatments 
for preclinical at-risk individuals is the lack of sufficient 
diagnostic and therapeutic capacity.  Recent surveys of 
the ability to respond to the approval of new treatments 
for prodromal AD show that there are too few clinicians 
skilled in diagnosis, too few PET facilities to establish 
the amyloid status, and too few infusion centers to treat 
all treatment candidates if the therapy is administered 
intravenously (19, 20). These same considerations apply 
to persons with preclinical disease; the larger numbers 
of those in the preclinical phase of AD would make the 
deficiencies relatively more severe.

Conclusion

Clinical trials in preclinical disease are important 
experiments to determine if AD-related cognitive decline 
can be prevented to deferred.  These trials will provide 
critical information regarding the clinical and biomarker 
features of the earliest phases of the AD continuum and 
their response to intervention.  The lack of progression 
to dementia of most people in the preclinical phase, 
the limited cognitive decline observed in the preclinical 
period, the absence of surrogate biomarkers on which 
an accelerated approval could be based, the limited 
interest of individuals in the preclinical phase to pursue 
treatment, and the challenges to obtaining payment 
combine to make development programs focusing on 
preclinical populations high risk propositions.
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