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Executive Summary

Significant advances in basic science and clinical research over the past 2 decades have led to the
recent re-evaluation of diagnostic criteria for Alzheimer’s disease and the development of novel
therapeutic strategies. There is now a clear desire to treat patients much earlier in the course of the
disease, ideally before the first typical signs and symptoms begin to manifest, and to prevent the
progression of the disease.

In this paper, Roza Hayduk, Lynne Hughes, and Amir Kalali evaluate the latest research findings
on the diagnosis, treatment, and preventative care of patients with Alzheimer’s disease and provide
their insights into the impact of the findings on future clinical trials and medical practice.
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Introduction

Alzheimer’s disease (AD) represents one of the most active areas of medical research with
reportedly the largest drug-development pipeline compared with any other neurological disorder
with the exception of pain.’

This flourishing arena for research is exemplified by data presented at the Alzheimer’s Association
International Conference on Alzheimer’s Disease (ICAD 10), held July 10-15, 2010 in Honolulu, Hawaii.

Unifying themes of the research presented were:

>  The need to unravel the complexity of AD biology, with the hope that greater understanding
of disease mechanisms will lead to earlier, preventative, and disease-modifying treatment
options

> The identification of patients with preclinical or asymptomatic AD and reclassification
of the disease

> The importance of an accurate diagnosis, with predictive genes, biomarkers, and improved
imaging likely to play increasing roles in the future

> The development of novel, targeted therapies that will hopefully result in better patient
outcomes

Unraveling the biological complexity of AD

The neuropathology of AD is somewhat heterogeneous. While much has been learned about the
possible underlying pathobiological causes of the disease over the years, the exact mechanisms
responsible for the progressive deterioration in neurofunctioning remain elusive, and better
understanding of the disease and its heterogeneity are, therefore, still required.

To date, the most popular hypothesis under evaluation has centered on the role that beta-amyloid
(AB) may play in the pathogenesis of AD3 and there has been significant speculation about the
mechanism by which AP may exert toxic effects.# The mechanisms underlying the production,
transport, and clearance of AP have all been considered as potential drug targets. In particular,
there has been growing interest in the role of B-secretase (BACE1) and y-secretase in plaque
formation, and inhibitors or modulators of these enzymes are in clinical development.s

However, considerable evidence now suggests that AD is most likely a multimodal and muilti-
component disease. With the failure, in development, of several drugs based on the amyloid
hypothesis, it is likely that potential alternative drug targets will increasingly receive greater
attention.? For example, hyperphosphorylation of the protein tau, and the development of
neurofibrillary tangles are thought to be associated with neuronal cell death in AD, although the
precise mechanisms remain unknown.®” Several agents blocking tau are currently in development.

In preclinical models of disease, the translocator protein (TSPO) has also been reported to cause
neurotoxic inflammation and may be important.2 Neurotoxic inflammation involves multiple factors,
however, with many of these yet to be discovered.

With greater knowledge of the underlying disease mechanisms and the identification of further novel
therapeutic drug targets, perhaps in specific populations, the goal of earlier and truly preventative
treatment for this devastating neurological disease may ultimately be achieved.
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Identification of preclinical and asymptomatic AD

There is a growing consensus that people at risk of developing AD should be identified as early as
possible, and ideally at least 1015 years before any symptoms develop. This approach may allow the
use of disease-modifying therapies at an earlier stage in the disease course than at present, when
their use is likely to be most effective. Identifying patients earlier in the preclinical or asymptomatic
stage is not without its difficulties, but may be possible in the near future considering AR plaques
are present in asymptomatic elderly individuals, some of whom will go on to develop clinical AD.

Rate of decline in asymptomatic individuals with amyloid burden

Assessment of AB-positive and AB-negative normal elderly controls (NEC) (as assessed

by imaging and CSF AB) from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) cohort
has shown correlations between AP deposition and the rate of cognitive and functional decline.

In a proof-of-concept, randomized study, Donohue and colleagues found that the rate of change
in volumetric magnetic resonance imaging (vMRI) in both the hippocampus and entorhinal cortex
at 2 years was highly significant in AB-positive versus AB-negative NEC.9 Changes in cognitive

and functional assessments were also significantly correlated with Ap deposits.®

These data provide insight into the numbers of subjects that would be required to participate

in a hypothetical 2-year, randomized, placebo-controlled study to detect at least a 50% reduction
in amyloid-specific decline in AB-positive individuals with 80% power. According to the authors,
613 patients per arm would be required to detect changes using the Functional Assessment
Questionnaire (FAQ), 279 per arm for the Mini-Mental State Exam (MMSE), and 187 per arm
for vMRL.® This knowledge will be useful in the design of future proof-of-concept studies

of disease-modifying agents in AD.

Genetic risk and screening for AD

Apolipoprotein (Apo)E4, the major known genetic risk factor for AD, is associated with a poor
prognosis and rapid disease progression. The genetic basis of AD in up to 50% of individuals
is unknown. However, numerous other genes have been identified and are under investigation.
Many of these are already listed within the Alzheimer Research Forum AlzGene database
(www.Alzgene.org), which provides a regularly updated repository for genetic association
study data in AD.

Additional genes that may be associated with AD risk include TOMMg4o0 and FTO. TOMM4o
encodes a protein involved in the transport of proteins into mitochrondria and has been linked to
the development of late-onset disease. Johnson and colleagues reported the findings of an imaging
study looking at a variable-length poly-T repeat polymorphism (rs10524523) of TOMM4o in 70
asymptomatic individuals at risk for AD." Compared with shorter poly-T lengths, the presence

of longer poly-T lengths was associated with lower gray matter volumes in regions of the brain
typically affected early in the course of late-onset AD.
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Further findings from the group, involving 726 middle-aged, symptomatic subjects, showed that the
rs10524523 polymorphism was also associated with memory and learning capabilities.” These
results suggest that it may be possible to use TOMMJ4o allelic variations to stratify individuals
according to their AD risk, at least in a clinical trial setting. Further research is required to confirm
these early observations, and to determine the likely interplay between TOMM40 and ApoE4.

The obesity-related gene FTO may also help to identify early those at risk of AD, according

to research reported by Graff and colleagues.’ They found that the FTO A-allele increased the
risk for AD and, in subjects with ApoEy, the risk was doubled. Their data suggest that metabolic
dysregulation is important in the development of AD.

While genetic screening for ApoE4, TOMM4o, FTO, and perhaps other yet-to-be-discovered AD-risk
genes may be useful in the future, no treatment options based on an individual’s genetic risk for AD
currently exist. Genetic testing, most likely for ApoE4 in the first instance, will no doubt become
more useful as preventative treatments based on genetic risk status are developed. The genetic
testing of individuals at risk of AD raises various regulatory and ethical issues in some countries,
however, which will need to be addressed before genetic screening for the disease could reach its
full potential.

Re-evaluation of diagnostic criteria

Distinguishing between preclinical or asymptomatic AD and overt Alzheimer’s dementia was

a hot topic for discussion at ICAD 10 due to the recent re-evaluation of the 1984 NINCDS-ADRDA*
criteria by the National Institute on Aging (NIA) and the Alzheimer’s Association.” While these
existing criteria have stood the test of time, advances in the field, such as improved understanding
of the genetic risks, imaging methods, and neuropsychological techniques, have led to the need

to review existing diagnostic recommendations.

The NIA and Alzheimer’s Association convened three workgroups to look specifically at AD
dementia, MCI due to AD, and the new category of preclinical AD (see box on next page), which
reflects the recognition of the various disease states and need for the much earlier diagnosis and
subsequent treatment of AD. First drafts of the groups’ recommendations require further expert
input before publication in a peer-reviewed journal and subsequent validation in a clinical trial
setting. Currently, the revised criteria should be considered for research purposes only.

*NINCDS, National Institute of Neurological and Communicative Disorders; ADRDA, Alzheimer’s Disease and Related

Disorders Association (now the Alzheimer’s Association).
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Hot topic at ICAD 10: Diagnostic criteria redefined

Workgroup on AD dementia

>

The workgroup is revising existing criteria to include possible biomarkers and other assessments
that may aid diagnosis.

Workgroup on MCI due to AD

>

The workgroup is refining current criteria for MCI in AD, which will help indicate cognitive
change before dementia and better differentiate MCI from AD. Biomarkers that may signal
early cognitive deterioration and imaging methods are being evaluated for their ability to
predict progression to AD.

Workgroup on Preclinical AD

>

The workgroup aims to identify assessment methods that may help predict risk for developing
AD. Biomarkers and other clinical assessment tools to identify early cognitive decline are being
investigated to establish the presence of brain changes in asymptomatic individuals and identify
those who may go on to develop AD.

Further information available at http://www.alz.org/research/diagnostic_criteria/
Source: NIA/Alzheimer’s Association

The definition of AD is important in clinical research. Regarding the new diagnostic criteria,
Dr. Guy McKhann, Chair of the workgroup on AD dementia, stated that the workgroup has
essentially retained the three categories, although the definitions have been modified (below).

>

Pathologically proved AD dementia, a diagnosis that requires patients to meet clinical and
cognitive criteria for AD dementia during life and then have proven AD by pathological
examination.

Probable AD dementia, which includes patients who meet the clinical and cognitive criteria for
dementia and do not have evidence of an alternative diagnosis (particularly cerebrovascular
disease). In these cases, probability can be enhanced by a documented longitudinal decline,
evidence of AD mutation, or positive evidence from biomarkers.

Possible AD dementia, including those who meet clinical or cognitive criteria but for whom
information on the course of progression is lacking (atypical course) or who are negative for
biomarkers, or those who have a mixed presentation.

Not AD dementia, defined as patients who do not meet clinical and cognitive criteria and who
have sufficient evidence of an alternative diagnosis not concomitant with AD.

Clinical research trials usually only include patients with probable AD, as defined above.

In clinical practice, diagnosis of AD is not 100% accurate and is therefore currently confirmed post
mortem; this is likely to remain the case for the immediate future. With the identification of new
predictive genes, biomarkers, and further refinement to imaging modalities, however, more accurate
antemortem diagnosis may be possible.
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Biomarkers for AD

The NIA-Alzheimer’s Disease workgroups recognize the importance of biomarkers and that they
may aid a diagnosis of AD. They broadly group biomarkers into the following four categories:

> Biomarkers of AR pathology, such as the detection of amyloid via Pittsburgh compound B (PIB)
positron emission tomography (PET) imaging. 18F-AV-45 also shows promise in phase 111 clinical
development as a novel amyloid tracer in PET imaging.

> Biomarkers of neuronal injury, including levels of cerebrospinal fluid (CSF) tau and phospho-tau.

> Biomarkers of neuronal dysfunction, such as the decreased uptake of fluorine-18

fluorodeoxyglucose (FDG) on PET scans.

> Biomarkers of neurodegeneration, including the detection of brain atrophy on structural MRI
scans, such as vMRI of the hippocampal and medial temporal lobe volume.

Of these, data on the use of vMRI measurement of hippocampal and medial temporal lobe volume
are increasingly compelling, with evidence that early, preclinical changes are indeed present in the
brains of individuals at risk of AD. Biomarkers currently under evaluation for the diagnosis of AD are

listed in Table 1.

Table 1. Biomarkers under investigation for AD diagnosis

Molecular neuropathology

Downstream measures of structural change

Downstream measures of functional
or metabolic change

Associated biochemical change

CSF AB-42
CSF tau/phospho-tau
PET amyloid imaging

Hippocampal volume or medial atrophy
volumetric measures or visual rating
Rate of brain atrophy

Diffusion tensor imaging, voxel-based,
and multivariate measures*

FDG-PET

SPECT perfusion imaging

fMRI activation studies, resting BOLD
functional connectivity, MRI perfusion,
MR spectroscopy

Inflammatory biomarkers

Oxidative stress (isoprostanes)

Other markers of synaptic damage and
neurodegeneration (e.g. cell death)

*Less well validated than other biomarkers. CSF, cerebrospinal fluid; SPECT, single photon emission computed

tomography; fMRI, functional magnetic resonance imaging; BOLD, blood oxygenation-dependent.

Source: NIA/Alzheimer’s Association
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The negative results from
a trial of AN1792 (and
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Improved therapies for improved outcomes

Effective and earlier interventions in appropriately assessed and accurately diagnosed,
pre-symptomatic individuals are required to improve patient outcomes in AD beyond what can
already be achieved. The AP hypothesis of AD remains the central theme for the majority of current
drug research, with novel immunotherapies, monoclonal antibodies, y-secretase inhibitors or
modulators (GSI/GSM), and vaccines under clinical investigation.

Early attempts at immunotherapy

AN1792 was the first immunotherapy designed to provide active immunization against AR plaques.
A subset of patients with raised antibodies to AR showed evidence that amyloid (and tau from cell
processes) was removed from the brain when compared with control subjects with no AB antibody
titers. However, there was no major impact on clinical progression of Alzheimer’s dementia in these
patients compared with the control arm, and AN1792-treated patients progressed and died at the
same rate as controls.'*'® A number of patients who were given the immunotherapy developed
meningoencephalitis, which led to the subsequent discontinuation of this agent.”

The negative results from this trial raise the question as to whether AP constitutes the correct
target for therapeutic intervention, or if the changes in AB content constitute manifestations
after neurological damage is done. Nevertheless, other agents that target AP are in late-stage
development, which may provide further insights as to whether this longstanding target should
be re-evaluated, or perhaps targeted in combination with other factors.

New generation of anti-AP therapeutics
Solanezumab

Eli Lilly’s solanezumab is a humanized monoclonal antibody targeted at the mid-domain epitope

of the AB peptide. Currently in phase Il development as a passive immunization treatment to slow
the progression of AD by binding and clearing soluble AB, solanezumab is expected to have a good
safety profile as very little, if any, of the drug is thought to cross the blood-brain barrier and the drug
does not activate complement or cause encephalitis in the small number of patients exposed to the
agent thus far. It is hoped that the intravenous immunotherapy will provide proof of concept for the
AB hypothesis in patients with mild-to-moderate AD.

Two posters were presented on solanezumab at ICAD 10. Goto and colleagues reported data

from a small (n=33), phase Il, multicenter, randomized, open-label trial that showed solanezumab
was well tolerated in Japanese patients, which is consistent with findings of a US study involving
Caucasian and African-American subjects.” In the Japanese trial, patients with mild-to-moderate AD
were randomized to 8 weeks of intravenous treatment with solanezumab 400 mg given once

a week, once every 4 weeks, or once every 8 weeks. There were no on-study deaths reported,

or treatment-emergent effects leading to discontinuation, and no evidence of meningoencephalitis
or other serious adverse events related to the treatment. Most treatment-related effects, which
included nasopharnygitis, diarrhea, and increased blood creatine phosphokinase, were mild

to moderate.

Other data on solanezumab, reported by DeMattos and colleagues, highlighted the heterogeneity
of amino-terminally truncated AP peptides in the brain and quantified a series of amino-terminally
truncated AB42 peptides that accumulate in plasma after solanezumab treatment.' This opens
the door for patterns of truncated or modified AP proteins to serve as a ‘fingerprint’ of AD central
pathology.
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Bapineuzumab

Another monoclonal antibody targeted at the AB peptide, this time at the N-terminal region,
showing promise is bapineuzumab (Janssen/Pfizer). Phase Il study results in 234 subjects
suggested a possible effect of the drug in non-APOE4 carriers. Bapineuzumab is currently
in phase 11l development.zo>

lgVL2-t2EG and IgVL-t5D3

Degradation of the AP plaque may be achieved by multiple mechanisms, and recent progress

in immunotherapy has led to the development of catalytic antibodies that are targeted at A
degradation.?? These antibodies exhibit proteolytic activity only when bound to Af and result

in approximately 95% degradation of the peptide, in either its monomeric or aggregated forms.

It is hypothesized that degradation of the peptide chains will be associated with an improved safety
profile, attributable to the neutral effect the degradation has on existing cerebral amyloid angiopathy.
Two antibodies that show particular promise at this stage are IgVL2-t2E6 and IgVL-t5D3. In vivo

data suggest that these catalytic antibodies also prevent AP aggregation as well as degradation

of pre-formed fibrils. In vitro findings suggest they have a significant effect on plaque clearance

and AP degradation.

Ponezumab

Ponezumab (PFo4360365) is another humanized IgGA2A monoclonal antibody that, like
solanezumab, reduces A burden in the brain by sequestering the peptide in the periphery

(the peripheral sink hypothesis of plaque dissolution). However, unlike solanezumab, ponezumab
targets the C-terminus of the AB1-40 peptide; thus, it will be interesting to see if the drug will
cause encephalitis.

Several presentations on ponezumab, which is currently in phase Il clinical development by Pfizer
to delay disease progression in patients with mild-to-moderate AD, were made at ICAD 10
(abstracts O3-07-05, P1-440, P1-454, P1-459, P3-450).%% These showed that pharmacokinetic and
pharmacodynamic parameters have good dose proportionality across a 0.1 to 1omg/kg range,
and that there is a dose-dependent effect on pharmacodynamic markers such as AB in the
cerebrospinal fluid.

Semagacestat

Semagacestat (LY450139) is a GS| originally developed by Eli Lilly and Elan. No new data on

this agent were reported at ICAD 10, although at the time of the meeting patient accrual into

the IDENTITY (Interrupting Alzheimer’s Dementia by EvaluatiNg Treatment of amylold paThologY)
and IDENTITY 2 phase Ill, randomized, double-blind, placebo-controlled clinical trials had been
completed. In a recent announcement on August 17, 2010, Eli Lilly indicated that they will halt the
development of semagacestat because preliminary results from these two trials have shown that
the drug did not halt disease progression and was associated with worsening clinical measures

of cognition and the ability to perform activities of daily living.
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BMS708163

BMS 708163 (Bristol-Myers Squibb) is an oral, small molecular GSI that selectively inhibits

AB synthesis relative to Notch and is in phase || development. Phase | data reported at ICAD 10
by several authors showed that the novel agent is well tolerated by healthy subjects, with good
pharmacokinetic and pharmacodynamic profiles (abstracts P3-289, P3-298, P3-303, P3-318,
03-07-07).2832 Furthermore, no difference between Japanese and non-Japanese subjects was
observed. This agent is thought to have a better side-effect profile and may be slightly more
tolerable than other agents currently under investigation.

ELNDooG

ELNDoo6 (Elan) is an amyloid precursor protein (APP)-selective GSI in phase | development.
Data show that the novel therapeutic is between 15 and 70 times more selective for inhibiting
v-secretase-mediated cleavage of APP than Notch cleavage (abstracts P3-320, P3-321, P3-322).33%
Preclinical data also show a reduction of AB-related pathologies. These early results with ELNDoo6
complement those seen with another of Elan’s neurodegenerative disease products, ELNDooos,
which is now entering phase Ill clinical trials.

EVP-0015962

Another y-secretase-targeting agent, now in preclinical development, is EVP-0015962. This
is a modulator rather than an inhibitor of y-secretase and had been proposed to result in the

production of less toxic AB peptides, such as A ..

Rogers and colleagues reported data from a study in Tg2576 mice showing that the GSM improves
cognitive defects and that this is associated with concomitant decreases in AB42.3

Vogso

Merck is currently undertaking a new immunological strategy, with development of several AD
‘vaccines’ that recognize multiple, mid-domain epitopes of the AR peptide. These vaccines will
potentially be able to target all forms of AB including those that are the most neurotoxic. Merck’s
lead molecule is V950, which has been shown to cause significant delays in AB aggregation. Indeed,
Vos5o0 elicits a strong anti-sera response to all forms of Af without T-cell activation. This molecule

is scheduled to complete phase | studies in the fall of 2010.
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Agents in development

>  Bapineuzumab

> BMS708163

> ELNDoos5/ELNDoo6

> EVP-0015962

> IgVL2-t2EG and IgVL-t5D3

> Ponezumab (PF04360365)
>  Solanezumab (LY2062430)

> MABT5102A

While many agents in current development target AP or tau, other agents such as the histaminergic
and serotonergic agent, Dimebon (latrepirdine), have also undergone considerable evaluation.
However, the phase Il data of Dimebon in patients with mild-to-moderate AD did not replicate

the positive phase Il clinical results. As such, further development of Dimebon is unlikely.

As the understanding of the disease pathways grows, new therapeutic targets are being identified.
One example is the insulin signaling pathway, which Craft and colleagues looked at in a randomized,
double-blind, placebo-controlled pilot trial.’” Their research suggests that intranasal insulin could

be a possible therapeutic option for patients with MCl and AD. Other intriguing new targets under
investigation include glycogen synthase kinase-3 (GSK3) (abstract S4-01-04),% the 1 adrenergic
receptor (abstract P4-120), and the receptor for advanced glycation end-products (RAGE)

(abstracts P1-167, P2-348).394°
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Preventing AD

Obtaining proof of concept and confirmatory evidence for a disease-modifying drug in a successful
pivotal phase 1l AD trial will not only lead to providing a much needed treatment option for patients
with AD, but may also provide the impetus to embark on long-term trials to prevent this devastating
disease. The phase Ill Continued Safety Monitoring of Solanezumab in Alzheimer's Disease
(EXPEDITION EXT) trial may provide proof of concept in this regard, although this trial is being
conducted in patients with mild-to-moderate AD; it will be interesting to see if solanezumab could
prevent the accumulation of amyloid in the brain earlier in the disease process (e.g. in preclinical

or asymptomatic AD) .4’

The ideal design for a preventative trial would most likely involve individuals who are no older

than 55 years at recruitment and who are at high risk of developing AD. High-risk patients could
eventually be identified using biomarkers or combinations of biomarkers. Long-term follow-up

of patients, for up to 15-20 years, would of course be needed to gauge the true preventative effects
of any intervention, and to see if a therapeutic agent delays the onset or reduces the severity of AD.
If such a preventative trial were performed, and in turn an agent found that could prevent the
progressive deterioration toward Alzheimer’s dementia, it could potentially make a huge difference
to current treatment practices and the lives of so many patients.

In the absence of such a trial and treatment, ethical considerations with respect to the optimal
management of patients with AD will remain. Challenges of current symptomatic treatment
approaches include deciding upon the best time to initiate treatment and whether to prolong

the period when patients are in a ‘twilight zone’, caught in a state where they are aware of what is
happening to them and are upset with the cognitive changes that impair their ability to apprehend
and/or recall important information. A further challenge is not having a complete understanding
of when to stop symptomatic treatment that appears to be no longer effective.

Non-pharmacological approaches

Non-pharmacological approaches in managing risk and preventing the progression to AD may
prove important as well. Several presentations on the benefits of exercise were given at ICAD 10
(abstracts S4-01-01, P3-033, S1-01-03, 03-04-08).4*4 Data suggest that aerobic exercise changes
insulin sensitivity, A levels, brain-derived neurotrophic factor, along with other factors associated
with AD risk. Although aerobic exercise may represent a potentially efficacious preventative strategy
to forestall both age-related changes and deleterious neurological processes leading to AD, as yet
there are no data from large, well-controlled trials investigating the impact of exercise on AD pathology.
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Conclusions

Significant progress is being made in understanding the likely pathogenic mechanisms underlying
AD. However, there is still much to be learned with regards to determining how these basic research
findings correlate with clinically meaningful outcomes, making the development of novel therapeutic
agents somewhat challenging at the present time.

There is increasing recognition of the need to identify and treat patients at risk of AD dementia

as early as possible, perhaps 10-15 years before signs and symptoms of cognitive or functional
impairment are likely to manifest. Continued improvements in our understanding of AD pathology,
the identification of new drug targets, use of potential biomarkers, and the study of a more
homogenous population in clinical trials, will drive drug development forward, with a view

to achieving the ultimate goal: the preventative treatment of AD.
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