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Abstract
Alzheimer’s disease pathology begins decades before the 
onset of clinical symptoms. This provides an opportunity for 
interventional clinical trials to potentially delay or prevent 
the onset of cognitive impairment or dementia. CNP520 (a 
beta-site-amyloid precursor protein-cleaving enzyme inhibitor) 
is in clinical development for the treatment of preclinical 
Alzheimer’s disease under the Alzheimer’s Prevention Initiative 
Generation Program. The Alzheimer’s Prevention Initiative is a 
public-private partnership intended to accelerate the evaluation 
of Alzheimer’s disease prevention therapies. The Generation 
Program comprises two pivotal phase II/III studies with similar 
designs to assess the efficacy and safety of investigational 
treatments in a cognitively unimpaired population at increased 
risk for developing Alzheimer’s disease based on age and 
apolipoprotein E (APOE) genotype (i.e., presence of the 
APOE ε4 allele). The program has been designed to maximize 
benefit to Alzheimer’s disease research. Generation Study 1 
(NCT02565511) and Generation Study 2 (NCT03131453) are 
currently enrolling; their key features are presented here.    
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Introduction

Alzheimer’s disease (AD) is the most common 
degenerat ive  brain  disease ,  af fect ing 
approximately 10% of the population over 65 

years of age (1). AD is characterized clinically by the 
presence of short-term memory loss, impaired judgment 
and problem solving, changes in mood and behavior, and 
eventual functional impairment, resulting in significant 
familial, societal and economic burden. Recent reports on 
the economic implications of AD in the US alone estimate 
that by 2050, 13.5 million people will have clinical AD 
dementia, resulting in Medicare costs of $627 billion 
dollars (1). A treatment that could delay the onset of 
AD would have a tremendous public health benefit; 
postponing the onset of AD symptoms by five years 
has the potential to reduce the prevalence of AD by 

nearly 50% (2), and in turn reduce the economic burden 
dramatically.        

Substantial evidence from genetic at-risk groups and 
otherwise cognitively unimpaired individuals suggests 
that progressive AD biomarker changes begin decades 
before mild cognitive impairment (MCI) or dementia. 
One critical, detectable change is the accumulation of 
pathological amyloid-beta (Aβ) species in the brain, 
beginning more than two decades before the onset of 
cognitive impairment. 

This long preclinical phase of AD provides a critical 
window for AD prevention strategies. However, the 
development of AD treatments in this early disease 
stage requires novel scientific approaches: because of 
the unprecedented complexity of these study designs, 
duration of treatments, regulatory approval paths, ethical 
considerations, and required financial investments, this 
research may be better supported through public-private 
partnerships. The studies discussed here (collectively, 
The Generation Program) are supported by a partnership 
among Novartis, the Banner Alzheimer’s Institute, and 
Amgen to bring collective resources together for the 
development and potential commercialization of a new 
prevention treatment for AD. 

The Generation Program is one component of the 
Alzheimer’s Prevention Initiative (API), a public-private 
partnership that was created to evaluate promising 
investigational prevention treatments in cognitively 
unimpaired people who are at the highest risk for the 
onset of clinical symptoms of AD (3). The API has several 
important goals that go beyond those of usual clinical 
trials, including: to provide a better test of the amyloid 
hypothesis than trials at later stages of AD; to determine 
the extent to which treatment affects brain imaging and 
other biomarkers, predicting clinical benefit; to establish 
AD prevention registries needed to support recruitment 
into preclinical AD trials; to share data and samples 
with the scientific community; and to give healthy 
individuals at high risk for AD access to promising 
investigational treatments. In concordance with these 
goals, the Generation Program has a theragnostic 
biomarker development effort with the specific aim to 
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correlate biomarkers for AD with therapeutic efficacy. 
This will help provide the evidence needed to qualify 
biomarker endpoints as potential surrogates for use in 
future prevention trials and could also provide a rationale 
to extend the evaluation of new therapies to amyloid 
negative subjects with genetic risk factors for AD. To 
support research in the AD scientific community, the 
baseline and post-baseline data from these studies will 
be shared. This resource will represent the largest data 
repository in subjects at the highest risk to develop 
symptoms of late onset AD based on their apolipoprotein 
E (APOE) genotype (i.e., presence of the APOE ε4 allele) 
and the presence of underlying brain amyloid pathology. 

Risk factors for progression to AD

Pathological ly,  AD is  characterized by the 
accumulation of extracellular Aβ oligomers, plaques, and 
hyperphosphorylation of tau protein that is aggregated 
in intraneuronal neurofibrillary tangles. A causal role for 
aggregated and deposited forms of Aβ is supported by 
a vast body of histopathologic, genetic and biomarker 
studies. 

APOE4 is the major genetic risk factor for developing 
Alzheimer’s disease at older ages. Each additional copy 
of the APOE4 in a person’s genotype is associated with 
a higher risk of AD and a younger age at dementia onset 
(Table1) (4-6). According to available prospective cohort 
data, cognitively unimpaired individuals, 60–75 years of 
age, who are APOE4 homozygous carriers (HMs) have a 
30–55% risk of developing MCI or dementia due to AD 
by age 85, and APOE4 heterozygote (HTs) carriers have a 
20–25% risk (4). 

The presence of APOE4 has been associated with 
reduced Aβ clearance, increased Aβ accumulation, 
increased Aβ-induced neurotoxicity, inflammation, 
reduced  energy  metabo l i sm,  impai rment  in 
mitochondrial function, and other processes relevant 
to AD risk (6, 7). APOE4 carriers have greater fibrillar 
amyloid deposition than age-matched non-carriers and 
accelerated age-dependent cognitive decline; further, 
the amount of amyloid deposition in preclinical AD 
individuals and rate of cognitive decline are directly 
associated with APOE4 gene dose (8). As previously 
noted, a recent longitudinal survival study has illustrated 
the age dependent effects of APOE4 in cognitively 
normal individuals who go on to develop clinical AD (4). 
APOE4 testing may help to identify people predisposed 
to progress clinically and can serve as a source of 
enrichment for clinical trials through a non-invasive and 
inexpensive test. Longitudinal data from prospective 
cohort studies are not yet available to accurately 
determine risk estimates for developing MCI or dementia 
due to AD in cognitively unimpaired APOE4 HTs with 
elevated brain amyloid. 

Current Aβ development strategies

Given the compelling genetic and pathophysiological 
support for a causal association between Aβ and AD, an 
effective treatment that targets Aβ could have a profound 
impact on public health. Various investigational 
treatments targeting Aβ are in late clinical development; 
however, several treatments have failed to meet their 
primary endpoints in cognition and activities of daily 
living. One widely held hypothesis for why these trials 
have failed is that the intervention occurred too late 
in the course of the disease. The vast majority of the 
failed trials enrolled subjects with mild-to-moderate 
AD—the amyloid pathology, the extensive appearance 
of tau (neurofibrillary) pathology and the irreversible 
synaptic or neuronal loss may have been too advanced 
for treatments to have any measureable impact. The 
development of drugs targeting amyloid focuses 
increasingly on the newly-defined earlier stage of AD, i.e. 
MCI and preclinical AD, which reflects current evidence 
that measurable changes in brain biomarkers may occur 
years before symptoms appear (1). We predict that the 
benefits of a disease-modifying therapy targeting Aβ will 
be greatest during these early stages. 

The Generation Program 

The Generation Program comprises two pivotal 
studies, Generation Study 1 (NCT02565511) and 
Generation Study 2 (NCT03131453). The program is 
designed to provide efficacy, safety and tolerability data 
for two investigational Aβ-targeting drugs compared 
with matching placebo. CAD106 is a second generation, 
active Aβ immunotherapy expected to enhance the 
clearance of Aβ. CAD106 is tested in Generation study 
1. CNP520, an orally-active inhibitor of beta-site amyloid 
precursor protein (APP) cleaving enzyme (BACE) that 
is involved in APP processing, has approximately 3-fold 
selectivity for BACE-1 over BACE-2 and no relevant 
off-target binding or activity.Following single and 
multiple dose administration of CNP520 in animals and 
humans, Aβ concentrations in cerebrospinal fluid were 
reduced by up to 95% compared with baseline, and 
results of toxicology studies have not raised major safety 
concerns (Novartis, data on file). CNP520 is included in 
both Generation Study 1 (50 mg dose vs placebo) and 
Generation Study 2 (15 and 50 mg vs placebo).

These clinical trials are recruiting cognitively 
unimpaired people who, on the basis of their age (60–75 
years), genetics (carriage of APOE4) and presence of 
elevated amyloid (only in APOE4 HTs) are at particularly 
high risk of developing symptoms of AD (study design 
in Figure 1). Most of these people are considered to be in 
the preclinical stage of AD, i.e., they are at particularly 
elevated risk of developing AD dementia but do not 
have overt symptoms and do not yet meet criteria for
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MCI or dementia (1, 8). Generation Study 1 will enroll 

approximately 1,300 cognitively healthy older adults, 
ages 60–75 years, who are APOE4 HMs, and Generation 
Study 2 will enroll 2,000 APOE4 carriers (APOE4 HMs 
or HTs; HTs must also have elevated brain amyloid 
load as assessed by either amyloid positron emission 
tomography imaging or cerebrospinal fluid assay). 
Participants will receive disclosure of their risk estimates 
to develop clinical symptoms of AD based on their 
genotype. Individuals are excluded from the studies 
if they have current neurological conditions; severe, 
progressive, or unstable disease that may interfere with 
the study assessments; brain magnetic resonance imaging 
findings that could lead to cognitive decline; or history of 
malignancy.

Both studies employ the same two primary outcomes: 
time-to-event (TTE) with event defined as diagnosis of 
MCI due to AD and/or dementia due to AD, and the API 
preclinical composite cognitive (APCC) test battery. The 
APCC battery was developed as a sensitive tool to detect 
and track cognitive decline in individuals at risk for 
progression to clinical stages of AD (9).

The Clinical Dementia Rating Sum of Boxes (CDR-
SOB), a global measure widely used in clinical research

in AD; Repeatable Battery for the Assessment of 
Neuropsychological Status (RBANS) total score, a clinical 
tool used to assess the neuropsychological status; and 
Everyday Cognition Scale (ECog), a measurement of 
daily function and subjective/study partner memory 
concerns will be included as secondary endpoints. 
These secondary endpoints are intended to thoroughly 
investigate potential drug effects and further assess the 
clinical relevance of treatment effects. 

Based on the mechanism of CNP520 and CAD106, 
no short-term benefit is expected, particularly in this 
preclinical stage. It is expected that if the investigational 
drug delays  the  under ly ing pathologica l  or 
pathophysiological disease processes, clinical benefit will 
emerge only gradually over time. As discussed in the 
draft CHMP Guideline (10), prevention trials require long 
treatment durations, typically at least five years. In these 
trials, participants will be treated for at least 60 months 
(five years) up to an expected maximum of 84 months 
(seven years). The minimum treatment duration of 60 
months was chosen based on the likelihood of detecting 
(1) a sufficient number of events and (2) sufficient 
cognitive decline as measured by APCC test score in 

Figure 1. Study Design of the A) Generation 1 Study* and B) Generation 2 Study**

*Study population comprises cognitively unimpaired men or women aged 60–75 years homozygous for the APOE ε4 allele. Primary endpoints include time to diagnosis 
of mild cognitive impairment due to Alzheimer’s disease or dementia due to Alzheimer’s disease; and change in Alzheimer’s Prevention Initiative preclinical composite 
cognitive test score. Estimated study completion date: 2023. APOE, apolipoprotein E

**Study population comprises cognitively unimpaired men or women aged 60–75 years homozygous or heterozygous for the APOE ε4 allele; if heterozygous, also amyloid 
positive by positron emission tomography or cerebrospinal fluid assay. Primary endpoints include time to diagnosis of mild cognitive impairment due to Alzheimer’s 
disease or dementia due to Alzheimer’s disease; and effect on cognition using Alzheimer’s Prevention Initiative preclinical composite cognitive test score. Estimated study 
completion date: 2024. APOE, apolipoprotein E
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the placebo arm to allow the detection of clinically 
meaningful treatment effects. 

Recruitment is a key challenge as it requires screening 
of a cognitively unimpaired population willing to 
undergo genetic testing and risk disclosure. We estimate 
that investigators will need to screen approximately 
100,000 people. This is a global program, including more 
than 20 countries and approximately 200 sites, which will 
recruit participants using a variety of approaches. For 
example, in order to support recruitment of US-based 
participants into these (and other studies), the Banner 
Alzheimer’s Institute developed the GeneMatch program 
under the auspices of the Alzheimer’s Prevention 
Registry (NCT02564692).  GeneMatch, which is 
only open in the US, performs APOE genotyping in 
cognitively unimpaired individuals ages 55–75 years in 
order to enrich referrals to prevention studies. Buccal 
swabs are sent to participants’ homes or distributed 
at partner sites after online enrollment and consent. 
Although GeneMatch does not disclose APOE results to 
participants directly or inadvertently through invitations 
to studies, recruiting studies may require individuals to 
learn their results. As of August 2017, over 42,000 have 
joined GeneMatch, of whom nearly 4% are APOE4 HMs 
and 30% are HTs; more than 900 have been referred to 
Generation Study 1.

Conclusion

Current therapies used in clinical practice for AD 
treatment aim to temporarily relieve symptoms, but they 
do not treat the underlying pathology of the disease. 
Advances in recent research have highlighted the 
importance of molecular processes in AD pathogenesis, 
which support the development of potential disease-
modifying agents. The most advanced pharmacological 
therapeutics for AD are anti-Aβ monoclonal antibodies 
and BACE inhibitors; however, recent clinical failures 
of anti-Aβ therapies in mild-to-moderate AD suggest 
that Aβ-directed treatments may need to be used earlier 
in the clinical course of the disease (11). Results from 
amyloid-based studies in preclinical models and early 
clinical programs support the premise that intervention 
is more effective in early stages of amyloid accumulation. 
Further, the recently defined diagnostic criteria of 
different preclinical stages of AD may help to identify 

an at-risk population with biomarker evidence of AD 
pathology or carrying a genetic risk (i.e. mutations in the 
amyloid pathway or carriers of APOE4 allele).

Importantly, the definitive studies to determine 
whether treatment in the preclinical stages will prevent 
cognitive decline are likely to take more than a decade to 
fully accomplish, highlighting the importance of scientific 
partnerships to drive these complex prevention studies. 
The Generation Program provides access to promising 
and suitable investigational treatments for individuals 
with the highest risk for developing AD. They are also 
designed to further develop the biomarker endpoints 
needed to evaluate preventative AD treatments, and 
will provide more critical evidence to support the 
amyloid hypothesis than clinical trials in patients with 
symptomatic AD. They will also provide a public 
resource of data and biological samples to help advance 
the scientific study and prevention of AD and help the 
field to find effective prevention therapies as quickly as 
possible.
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Table 1. Age and Genetics for At-Risk Alzheimer’s Disease Population
Percentage of General 

Population (12)
Lifetime MCI/AD Risk 

by 85 Years (13)
Percentage of AD  
Population* (14)

Age of Dementia  
Diagnosis (Years) (6)

APOE4 non-carriers 73% 10%–15% 51% 84
APOE4 heterozygote 24% 20%–25% 39% 76
APOE4 homozygote  3% 30%–55% 10% 68
*Percentage of dementia due to Alzheimer’s disease dementia population who were clinically characterized, not verified by neuropathology. AD, Alzheimer’s disease; 
APOE, apolipoprotein E; APOE4, APOE ε4 allele; MCI, mild cognitive impairment.
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