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Currently FDA Approved Treatments for 
AD 
 

• The U.S. Food and Drug Administration (FDA) 
has approved two types of medications to treat 
cognitive symptoms of AD. 
 

• Provide temporary cognitive improvement and 
deferred decline in some patients 
 
 



Currently Approved Treatments for AD 

• Cholinesterase Inhibitors* 
• Donepezil (Aricept) 
• Rivastigmine (Exelon) 
• Galantamine (Razadyne) 

• Memantine (Namenda)# 
 
 

*Cholinesterase inhibitors are drugs that block the activity of an enzyme in the brain: 
cholinesterase. Cholinesterase breaks apart acetylcholine, a neurotransmitter vital 
for the transmission of nerve impulses. Cholinesterase inhibitors reduce the action 
of cholinesterase, thus making more acetylcholine   available to neurons. 
#N-Methyl-D-aspartate (NMDA) antagonist; thought to be a neuroprotective agent       
that blocks excitotoxicty; May have a potentially disease modifying effect 

 
 
 



Agent    Target/Mechanism              Outcome 
Atorvastatin   HMG CoA reductase  Negative 
Dimebon   Mitochondrial function  Negative 
LY450139   Gamma secretase   Negative 
NSAIDs    Inflammation   Negative 
Phenserine   Cholinesterase/Amyloid                Negative 
Rosiglitazone   PPAR gamma agonist                 Negative 
Simvastatin                       HMG CoA reductase                   Negative 
Tarenflurbil   Gamma secretase  Negative 
Xaliproden   Serotonin antagonist                  Negative 

 
Failure of AD Candidate Therapeutics in the Clinic 

 
  Phase III randomized, placebo controlled , double-blind 

clinical trials 

The most common reasons for Phase III failure: lack of efficacy  
and  toxicity. 



• If no new medicines are found to prevent, delay or stop 
the progression of Alzheimer’s disease, the number of 
afflicted in America will jump to 13.5 million by 2050 
(Alzheimer’s Association).  
 
 

• Costs for care for Alzheimer’s patients will increase five-
fold to $1.08 trillion a year. That is about 25 times more 
than the 2010 budget for the Department of Homeland 
Security. 







Disease Modification 
• An improved understanding of the pathogeneses of AD 

has led to the identification of numerous therapeutic 
targets 
 

• Many of these targets have been validated in proof of 
concept studies in preclinical animal models, and a 
number are being tested in human clinical trials.  
 



Avenues for New AD Therapies 
 Prevent build up of plaque (anti-amyloid) 

o slow or prevent amyloid production by inhibiting clipping enzymes 
or by vaccine therapy 

o slow aggregation into plaques 
o dissolve plaques 
o increase clearance 

 Prevent build up of paired helical filaments 
(tau focused) 
o slow or prevent tau aggregation and dysfunction 
o dissolve paired helical filaments 

 Prevent brain cell dysfunction and death 
o slow or prevent oxidative stress, inflammation, reduced blood flow 
o increase levels of protective molecules in brain 
o maintain viable connections between cells 



Amyloidogenic Pathways: Possible 
Therapeutic Targets 

Salloway, S. et al. Alzheimer's and 
Dementia  2008; 4: 65-79 

 
 



Aβ Immunotherapy 
• Altering Aβ deposition by inducing a humoral immune 

response to fibrillar Aβ42 (active) or administering anti-Aβ 
antibodies (passive) 



AN1792: Active Immunization 
• Initial human clinical trial was halted due to a 

meningoencephalitis in 6% of treated subjects. 
 

• Leading hypothesis, supported by some recent 
experimental data: SAE attributable to an autoreactive 
T-cell response against Aβ.  
 

• Passive immunization approaches do not initiate this 
type of response; in human trials 
 

• Alternative active immunization strategies are in 
human trials 

 
 
 



AN1792: Active Immunization 

• AN1792 4½ year follow-up:  
• After active immunization was D/C’d, researchers 

continued to follow the participants.   
 

• Patients who developed antibodies to Aβ continued to 
show detectable Aβ antibodies and less decline in 
activities of daily living (ADL) compared to placebo 
treated patients.  

 
 



 

IVIg – Intravenous Immunoglobulin (Gammagard) 
 
Purified human immunoglobulin preparation recently found to contain 
polyclonal anti-Aβ antibodies 
 
PHASE II: 24 patients with mild to moderate AD, one of four doses of IVIg or 
placebo for 24 mos.  
.  
RESULTS:  Treatment with IVIg over nine months resulted in statistically 
significant improvements on both cognitive and global clinical measures; 
FDG-PET: treated groups were observed to show 16% higher brain 
metabolism (hippocampus, temporal-parietal regions) after treatment 
compared to placebo  
 
SAFETY:  No significant side effects 
 
PHASE III:  supported by the NIA through the Alzheimer’s Disease Cooperative 
Study (ADCS), and Baxter, N=390 
 

PASSIVE IMMUNIZATION : 



Kerchner & Boxer Expert Opin Biol Ther. 2010 July; 10(7): 1121–1130 



AD Neuropathology 
• A growing body of evidence suggests that the underlying 

pathology precedes the onset of clinically detectable AD 
by a decade or  more 
 

• By the time a patient is diagnosed, there is thought to be 
massive neuronal loss and widespread pathology 
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Fig. 2. Hypothetical model of the Alzheimer’s disease (AD) pathophysiological sequence leading 
to cognitive impairment. This model postulates that Aβ accumulation is an “upstream” event in 
the cascade that is associated with “downstream” synaptic dysfunction, neurodegeneration, and 
eventual neuronal loss. RA Sperling et al. http://dx.doi.org/10.1016/j.jalz.2011.03.003 
 

http://dx.doi.org/10.1016/j.jalz.2011.03.003


Figure 2.  Dynamic biomarkers of the Alzheimer's pathological cascade 
Aβ is identified by CSF Aβ42 or PET amyloid imaging. Tau-mediated neuronal injury 
and dysfunction is identified by CSF tau or fluorodeoxyglucose-PET. Brain structure 
is measured by use of structural MRI. Aβ=β-amyloid. MCI=mild cognitive impairment. 



ADNI - LONI 



 
 
Fig. 1 The stage of preclinical AD precedes mild cognitive impairment (MCI) and encompasses 
the spectrum of presymptomatic autosomal dominant mutation carriers, asymptomatic biomarker-
positive older individuals at risk for progression to MCI due to AD and AD dementia, as well as 
biomarker-positive ndividuals who have demonstrated subtle decline from their own baseline 
that exceeds that expected in typical aging, but would not yet meet criteria for MCI.  
RA Sperling et al http://download.journals.elsevierhealth.com/pdfs/journals/1552-
5260/PIIS1552526011000999.pdf 
 
 

The Continuum of 

http://download.journals.elsevierhealth.com/pdfs/journals/1552-5260/PIIS1552526011000999.pdf
http://download.journals.elsevierhealth.com/pdfs/journals/1552-5260/PIIS1552526011000999.pdf
http://download.journals.elsevierhealth.com/pdfs/journals/1552-5260/PIIS1552526011000999.pdf




Implications for the development  
of effective treatments 
• Suggests that researchers should begin to  

 

• 1)  target selected therapies to specific stages of AD 
and  
 

• 2) think about the disease in terms of primary, 
secondary, and tertiary prevention rather than lumping 
together all disease-modifying treatments across the 
disease spectrum (see figure 1) 

RA Sperling et al www.ScienceTranslationalMedicine.org Nov 2011 Vol 3  





Implications for the development  
of effective treatments 
• It is hoped that the advances in pre-clinical detection of 

AD will enable earlier, more effective treatment,  
• nearly all of therapeutic gains in cancer, cardiovascular 

disease, osteoporosis, and diabetes involve treatment before 
significant clinical symptoms are present 

 
• It is possible that promising drugs, particularly amyloid-

modifying agents, may fail to affect the clinical course of 
AD at the stage of dementia or even MCI, when the 
neurodegenerative process is well established, but may 
be beneficial at the earliest stages of the AD, before the 
onset of symptoms 

RA Sperling et al http://download.journals.elsevierhealth.com/pdfs/journals/1552-
5260/PIIS1552526011000999.pdf; RA Sperling et al www.ScienceTranslationalMedicine.org Nov 2011 Vol 3  
 

http://download.journals.elsevierhealth.com/pdfs/journals/1552-5260/PIIS1552526011000999.pdf
http://download.journals.elsevierhealth.com/pdfs/journals/1552-5260/PIIS1552526011000999.pdf


PRESYMTOMATIC 



Anti-Amyloid treatment in 
Asymptomatic AD (A4 Trial) 
• ADCS 
• Converging evidence from both age and genetic at risk 

cohorts that the pathophysiological process of AD begins 
more than a decade before dementia 

• Aβ accumulation is thought to be one of the critical factors 
in the early pathogenesis of AD 

• Multiple trial failures at the stage of mild to moderate 
dementia with anti-Aβ therapies, despite evidence of 
biological activity 

• Need to intervene much earlier to adequately test the 
amyloid cascade hypothesis 



Fig. 2. Hypothetical model of the Alzheimer’s disease (AD) pathophysiological sequence leading 
to cognitive impairment. This model postulates that Aβ accumulation is an “upstream” event in 
the cascade that is associated with “downstream” synaptic dysfunction, neurodegeneration, and 
eventual neuronal loss. RA Sperling et al. http://dx.doi.org/10.1016/j.jalz.2011.03.003 
 

http://dx.doi.org/10.1016/j.jalz.2011.03.003
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A4 Trial Aims 
• To determine whether decreasing Aβ burden will  slow the 

rate of cognitive decline in clinically normal older Aβ+ 
individuals at risk for progression to MCI and AD dementia 
 

• To investigate the impact of anti-Aβ treatment on 
“downstream” markers of neurodegeneration, and explore 
whether there is a “critical window” for anti-Aβ therapy 
within the preclinical stages of AD 
 

• To develop more sensitive outcome measures to improve 
the efficiency of future secondary prevention trials 



A4 Trial Design 
• Clinically normal older individuals (> age 70) Aβ+ on PET imaging 

 
• Treat with biologically active compound for 3 years in a randomized, 

double-blind, placebo-controlled trial 
 

• Total N=1000 (N=500 per treatment arm) 
 

• 2 year additional clinical follow-up 
 

• Test the hypothesis that altering “upstream” amyloid accumulation will 
impact ”downstream” neurodegeneration and cognitive decline 
 

• Include Aβ- arm (N = 500) for natural history study  (no treatment) for 
clinical and novel outcomes 



DIAN Coordinating Center at 
Washington University 

Goals 
Enroll 400 individuals from families with a known pathogenic mutation 
for AD 
 Longitudinally study carriers in comparison with sibling noncarriers for 
rate and sequence of AD biomarker changes prior to expected AAO of 
AD  
Performance Sites 
 US: Washington Univ (Bateman), MGH/BWH (Sperling), Butler Hosp/Brown 

Univ (Salloway), Columbia Univ (Mayeux), Indiana Univ (Ghetti), UCLA 
(Ringman)  

 UK: Institute of Neurology, Univ College London (Rossor) 

 Australia: Prince of Wales Medical Research Institutes, Sydney (Schofield), 
Mental Health Research Institute, Melbourne (Masters), Edith Cowan Univ , 
Perth (Martins) 

 
 

http://www.nih.gov/icd/od/ocpl/resources/HHS_Sone.htm
http://www.nih.gov/icd/od/ocpl/resources/NIH_logo.htm


Figure 2.  Dynamic biomarkers of the Alzheimer's pathological cascade 
Aβ is identified by CSF Aβ42 or PET amyloid imaging. Tau-mediated neuronal injury 
and dysfunction is identified by CSF tau or fluorodeoxyglucose-PET. Brain structure 
is measured by use of structural MRI. Aβ=β-amyloid. MCI=mild cognitive impairment. 



DIAN Clinical Trials 
• First phase: 

• Compare three different drugs to a shared placebo group. 
 

• Each drug arm would enroll 80 people, assigning non-carriers to 
placebo to maintain genetic status blinding, and randomizing 
mutation carriers to drug versus placebo in a 3 to 1 ratio (a 75 
percent chance of receiving drug).  
 

• Determine whether the drug engages its intended target and 
whether it affects any downstream biomarkers of 
neurodegeneration 
 

• First phase would go on for two years, at which point drugs that 
met primary aims would be considered for longer-term cognitive 
endpoint studies.  



DIAN Clinical Trials 
• Second phase: 

 
• Drugs that met primary aims would be considered for longer-term 

cognitive endpoint studies.  
 

• Those drugs would then be tested in the entire population for three 
more years. Such a larger, longer trial is necessary for this second 
phase because its cognitive endpoints are likely to be subtle and 
change slowly in asymptomatic or very mildly symptomatic family 
members.  
 

• If none of the three drug hits its target or a downstream biomarker 
in the first four-arm phase, then it would also likely fail to provide a 
cognitive benefit later on. Three new drugs would then be chosen 
for a second Phase 1 study. 
 
 

 



Alzheimer’s Prevention Instrument (API) 
• Cognitively normal AD-causing presenilin 1 (PS1) E280A 

mutation carriers, at least 35 years of age (i.e., within 10 
years of the carriers’ estimated median age at clinical 
onset), from the world’s largest early-onset AD kindred, 
located in Antioquia, Colombia.  
 

• Kindred includes about 5,000 people with a sufficient 
number of presymptomatic carriers in the targeted age 
group to make it possible to relate a treatment’s effects on 
both biomarker and clinical endpoints within 2–5 years.  
 

• PS1 mutation carriers would be randomized to active 
treatment or placebo, non-carriers would be assigned to 
placebo 
 Reiman et al. Journal of Alzheimer’s Disease 26 (2011) 321–329 



API 
• 24 months double-blind, randomized, placebo-controlled trial 

using amyloid PET, FDG PET, volumetric MRI, CSF, and 
cognitive endpoints. 
 

• If after two years, the treatment is not associated with 
predicted effects on one or more of the biomarkers, the 
DSMB would declare futility, the trial would be discontinued, 
and the participants would be eligible to participate in a trial 
of the next most promising AD-modifying treatment.  
 

• If, however, the treatment is associated with predicted 
biomarker effects, the trial would be continued to assess 
effects on a compound cognitive endpoint 
 

Reiman et al. Journal of Alzheimer’s Disease 26 (2011) 321–329 



Targeting Tau 
 • Increased phosphorylation of the tau protein 

appears to be a pivotal event in the pathogenesis of 
AD.  
• Like deposition of Aβ in plaques, accumulation of 

hyperphsophorylated tau as paired helical filaments within 
neurofibrillary tangles is a hallmark of AD pathogenesis (Lee 
and Trojanowski 1992; Selkoe 2001).  

• Hyperphosphorylation of tau is known to interfere with the 
ability of tau to stabilize and promote the assembly of 
microtubules (Lee et al. 2001; Geschwind 2003).  
 



Fig. 2. Hypothetical model of the Alzheimer’s disease (AD) pathophysiological sequence leading 
to cognitive impairment. This model postulates that Aβ accumulation is an “upstream” event in 
the cascade that is associated with “downstream” synaptic dysfunction, neurodegeneration, and 
eventual neuronal loss. RA Sperling et al. http://dx.doi.org/10.1016/j.jalz.2011.03.003 
 

http://dx.doi.org/10.1016/j.jalz.2011.03.003


Tau Focused Strategies 
• Although not ignored as a therapeutic target, tau 
has not received as much attention until recently.  
 

• General strategies for altering tau accumulation 
include: microtubule stabilizing agents, kinase 
inhibitors, aggregation inhibitors and methods to 
enhance clearance of either soluble tau or tau 
aggregates via chaperones (e.g. HSPs, CHIP) or 
proteases (e.g. the proteasome). 
 
 



Bunden, Trojanowski, & Lee. Rev Drug Discov. 2009 October ; 8(10): 783–793 



Secondary Pathways: Possible 
Therapeutic Targets 

Salloway, S. et al. Alzheimer's and Dementia  
2008; 4: 65-79 

 
 
 
   



Alternative Strategies Towards Disease 
Modification  
• Both chronic inflammation and oxidative stress are likely 

to contribute to the degenerative process (Akiyama et al. 
2000).  
 

• However, to date, treatments targeting these processes 
(e.g, NSAIDs, Vitamin E, B vitamins, DHA) have not 
shown efficacy in human trials.  
 



Neuroprotective/Restorative Strategies: 
Neurotrophins 
• Growth factors potently influence neuronal survival  and 

function. They exhibit broad activity against a  multitude of 
toxic mechanisms  
 

• Growth factors offer the potential to treat 
neurodegenerative disorders  
 

• Gene delivery seems to meet the need for accurately 
targeted, regionally restricted, safe, and long-term 
neurotrophin delivery tot he brain.  
 

Tuszynski, ADAD, 21, 2007 



Neuroprotective/Restorative Strategies: 
Neurotrophins 
o Nerve Growth Factor (NGF): Hypotheses - NGF will 

protect cholinergic neurons in the pathogenic 
environment of the AD brain, targeting of the cholinergic 
system will be sufficient to meaningfully benefit quality of 
life in patients.  
 
 

o NIA Funded Gene Therapy Trial – AAV-NGF:   
o Phase II NGF placebo controlled trial to restore 

function to degenerating cholinergic neurons; effect on 
cognition, brain metabolism, safety/tolerability in AD 

 

Tuszynski, ADAD, 21, 2007 



AD RISK AND 
INTERVENTIONS 



AD Risk Factors 

Age 
Head Injury 

High Blood Pressure 
High Cholesterol 

High Homocysteine 
Diabetes 

Diet 
Education 
Exercise 

Social Interaction 
 



Diet and Exercise 

• Mediterranean Diet (MeDi) adherence and physical 
activity (PA) on AD risk 
• Prospective multi-ethnic cohort study of 1880 community-

dwelling elders without dementia living in New York, New 
York, with both diet and physical activity information 
available 

• Results: Risk for incident AD was lower for both higher 
MeDi adherence and more PA.   

• Adoption of both physical activity and healthy nutrition 
seem to be independently associated with low risk for AD 

Scarmeas, N. et al. JAMA 2009;302:627-637 



Exercise 
• Home-based Physical Activity 

• 170 community-dwelling older adults from the Perth 
Metropolitan area, who were free of dementia, but had 
subjective memory complaints or Mild Cognitive Impairment 

• Randomized controlled trial of a 24-week physical activity 
intervention vs. usual care conducted between 2004 and 
2007 in metropolitan Perth, Western Australia. Assessors of 
cognitive function were blinded to group membership.  

• Results: Modest improvement in cognition over 18 months. 
The effect of exercise was apparent by 6 months and 
persisted at the 12 and 18-months assessments 

Lautenschlager et al JAMA 2008 



Diabetes Treatment 
• Research has suggested that AD and diabetes/insulin resistance 

are closely related. For example, AD is associated with reduced 
brain insulin signaling and low levels of insulin in cerebrospinal 
fluid (CSF). These deficiencies may reduce or eliminate insulin's 
beneficial roles in the brain. 
 

• Diabetes Medications: 
• Postmortem study: 124 older adult diabetic patients and 124 

non-diabetic older adult controls 
 

• Found that those treated with both insulin and oral diabetic  
agents had significantly fewer amyloid plaques (as much as 
80 percent) than patients with other medication statuses (none, 
or only insulin or oral anti-diabetic medication) or non-diabetic 
controls.   Beeri et al., Neurology. 2008; 71(10): 750–757 
 
 
 

 



Trials Targeting Diabetes/Insulin 
Resistance 
• Intranasal insulin: Effects on cognition, cerebral 
glucose metabolism, markers of AD pathology, 
neuroendocrine functions in AD. Completed 
 

• Insulin Sensitizing Agents: 
• Pioglitazone and Exercise: Effects of the 
medication or exercise on cognition, inflammation, 
insulin resistance in individuals with MCI and 
Metabolic Syndrome. Ongoing  

• Metformin: Effects on cognition, brain metabolism in 
overweight/obese individuals with MCI. Ongoing 

 
 



Intranasal Insulin 
 

• Restoring normal insulin function in the brain may provide 
therapeutic benefits to adults with AD. 
 

• The SNIFF-120 trial was a 4-month, randomized, double-
blind trial of placebo vs 2 doses of intranasal insulin (20 or 
40 IU).  
 

• 104 patients with AD or amnestic MCI participated; 
patients with diabetes were excluded. 
 

Craft, et al. Arch Neurol. 2012 January ; 69(1): 29–38. 



Intranasal Insulin 
• Results: 20 IU dose of insulin delayed story recall 

significantly improved compared to placebo, as did functional 
status.  

• Improvements in delayed memory recall persisted for 2 mos. 
after treatment ended.  
 

• Improved memory and functional status with insulin were 
associated with an improved AD biomarker profile as 
reflected by a lowered CSF Aβ40/42 ratio.  
 

• Also, compared with placebo patients, those in the insulin 
groups showed preserved glucose metabolism on FDG PET 
scanning in areas affected by AD pathology. 

Craft, et al. Arch Neurol. 2012 January ; 69(1): 29–38. 



Treatment Approaches For 
Neuropsychiatric Symptoms 
In AD 



Prevalence of Neuropsychiatric 
Symptoms in AD 
• Behavioral changes/neuropsychiatric symptoms 

commonly accompany AD, although they are not required 
for diagnosis 

• Prevalence is high, varying from about 60% of individuals 
in population-based studies , up to 92% in clinical 
samples  

Lykestsos, et al. Int J Geriatr  Psychiatry 2001; 
Fernandez-Martinez, et al. Curr Alz Res 2008 



• These symptoms are often multiple and simultaneous in 
dementias 
 

• Contribute to patient distress, add to caregiver burden, increase 
medical care and costs, and often precipitate institutionalization 
in nursing homes 
 

• Tend to increase in prevalence and  severity as the disease 
progresses  
 

• Are associated with more rapid cognitive decline 
 
 
 
 

Assal & Cummings, Curr Opin Neurol 2002; Beier Pharmacotherapy 2007, Bruen, et al Brain 
2008 
     



Pharmacologic Interventions for 
Neuropsychiatric Symptoms in AD 
• No drugs are specifically approved by the U.S. Food and 

Drug Administration (FDA) to treat neuropsychiatric 
dementia symptoms.  
 

• The drugs currently used “off label” use, a medical 
practice in which a physician may prescribe a drug for a 
different purpose than the ones for which it is approved. 



Antipsychotics 

• Atypical and conventional antipsychotics have been used 
to treat agitation, aggression,  and psychosis  in AD and 
other dementias 

• However these medications are associated with an 
increased risk of mortality and cerebrovascular 
events in older dementia patients 

Gianluca et al Pharmacol Res 2008 



Information for Healthcare Professionals 
Antipsychotics 

FDA ALERT [6/16/2008]:  FDA is notifying healthcare professionals that both 
conventional and atypical antipsychotics are associated with an increased 
risk of mortality in elderly patients treated for dementia-related psychosis.   
 
In April 2005, FDA notified healthcare professionals that patients with dementia-
related psychosis treated with atypical antipsychotic drugs are at an increased 
risk of death.  Since issuing that notification, FDA has reviewed additional 
information that indicates the risk is also associated with conventional 
antipsychotics.  
 
Antipsychotics are not indicated for the treatment of dementia-related 
psychosis.    

FDA is requiring the manufacturers of conventional antipsychotic drugs to add a 
Boxed Warning and Warning to the drugs’ prescribing information about the 
risk of mortality in elderly patients treated for dementia-related psychosis 
similar to the Boxed Warning and Warning added to the prescribing information 
of the atypical antipsychotic drugs in 2005.*   



Serotonergic Antidepressants 

• RCTs have demonstrated modest effects in treating 
depression associated with AD* 

• Fairly well tolerated 
• One small RCT using citalopram demonstrated reduced 

agitation in AD patients† 
• A large NIA-funded multi-site double-blind RCT of 

citalopram for agitation in AD began in 2009. 
 

 

*Beier Pharmacotherapy 2007; Sink, Holden, & Yaffe JAMA 2005  
†Pollock et al. AJP 2002 
 



Non-pharmacologic Interventions 

• Non-pharmacologic strategies are the cornerstone of the 
management of AD–related neuropsychiatric symptoms 

• However there is a paucity of high quality research, 
particularly RCTs 

• The cumulative research to date suggests these 
interventions may be efficacious   
 

 
 

Ayalon  et al. Arch Intern Med 2006; Beier Pharmacotherapy 2007 
 



Ongoing NIA Funded Clinical Trials 
 

• Currently support over 30 active clinical trials, including 
both pilot and large scale trials, of a wide range of 
interventions to prevent, slow, or treat AD and/or MCI.  
 

• 7 primary and 6 secondary prevention trials. Of the 7 
primary prevention trials, 2 are NIA-funded cognitive/AD 
measure add-ons to large NIH primary prevention trials 
that address a variety of other primary outcomes.  













Thank You! 

E-mail:  
Laurie Ryan: ryanl@mail.nih.gov 
 

mailto:ryanl@mail.nih.gov
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