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First identified as a disease process
in the early 1900s, today Alzheimer’s
disease (AD) looms as a public health
crisis. In 2000, an estimated 4.5 mil-
lion persons in the United States had
mild, moderate, or severe AD; this
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Progression From Mild Cognitive Impairment
to Alzheimer’s Disease

figure could grow to 13.2 million by
2050.1 Peter V. Rabins, MD, MPH,
brought together a group of experts to
discuss ways to better diagnose and
more effectively treat this rapidly
growing population.

Prevalence
As the population ages and survival

rates increase for patients with AD, not
only will the number of persons with
the disease increase rapidly, said Neill
Graff-Radford, MB BCh, FRCP, but
also the age distribution of persons
with AD will change. In 2000, the ma-
jority of persons with AD were be-
tween the ages of 75 and 84 years; by
2050, persons with AD in this age
group could double from 2.4 million to
4.8 million.1 However, the number of
individuals with AD who are aged 85
years or older is expected to more than
quadruple, from 1.8 million to 8
million.1

The prevalence of AD increases
with age, and the proportion of pa-
tients with severe AD as opposed to
mild or moderate AD also increases
with age. In 2000, AD was present
in about 5% of those aged 65 to 74
years, almost 20% of those aged 75 to
84 years, and more than 45% of those
aged 85 years or older.1

 Autopsies have shown that AD is
by far the most common type of de-
mentia in the elderly, playing a role
in 77%, observed Dr. Graff-Radford.2

The next most common form of de-
mentia is Lewy body disease (26%),
followed by vascular dementia (18%),
hippocampal sclerosis (13%), and
frontotemporal dementia (5%). Barker
et al2 found that concomitant AD was

present in the majority of patients with
vascular dementia, Lewy body disease,
and hippocampal sclerosis.

Pathology
A pathological hallmark of AD is

senile amyloid plaques in the brain,
which are created through the deposi-
tion of amyloid beta (Aβ), specifically
the insoluble Aβ42 species of protein,
leading to accumulations of Aβ
deposits.3

Persons with the apolipoprotein E4
genotype (ApoE4) have greater amy-
loid deposits in the brain4 and are uni-
versally accepted to be at greater risk
for AD, said Dr. Graff-Radford. One
study5 found that people with homozy-
gote ApoE4 alleles had a 55% chance
of AD if they lived to 85, those with
1 allele had a 27% chance, and those
without ApoE4 had a 9% chance.

Another pathological characteristic
of AD is neurofibrillary tangles
(NFTs), which are aggregates of ab-
normally hyperphosphorylated tau pro-
teins. The NFT burden has been corre-
lated more closely with the severity of
clinical symptoms in AD than the ex-
tent of amyloid load.6

A study7 of 392 twin pairs in which
1 or both twins had AD evaluated the
relative importance of genetic and en-
vironmental influences on AD. The re-
searchers calculated that, after control-
ling for age, the heritability of AD was
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between 58% and 79%. Genetic fac-
tors were similar for men and women.
Thus, prevalence and heritability data
indicate that age and genetics are the
crucial risk factors for AD, said Dr.
Graff-Radford.

Mild Cognitive Impairment
Mild cognitive impairment (MCI)

is the pathological condition that lies
along a continuum between the cog-
nitive changes seen in the normal ag-
ing process and early dementia. A set
of criteria for diagnosing MCI has been
developed.8 The first criterion is a sub-
jective cognitive complaint from the
patient, preferably corroborated by an
informant. Second, neuropsychologi-
cal testing should confirm that the pa-
tient has cognitive impairment relative
to his or her age. Third, despite cogni-
tive problems, the patient’s general in-

tellectual functioning should be near
normal. The last criterion is that the
patient is able to function normally.
Based on these criteria and the Diag-
nostic and Statistical Manual of Men-
tal Disorders9 definition of dementia,
the physician may conclude that the
patient does not meet the criteria for
dementia.

Subtypes of MCI have been iden-
tified (Figure 1).8,10 If memory impair-
ment is the main cognitive problem,
the patient is considered to have am-
nestic MCI. Nonamnestic MCI could
mean the patient’s main cognitive
problem is with language, visuospa-
tial skills, executive function, or at-
tention. If only 1 cognitive domain is
affected (whether it is memory or not),
then the person has single domain
MCI. If the person has several areas
of cognitive impairment, he or she is

considered to have multiple domain
MCI.8

The MCI subtypes may have differ-
ent etiologies, which can help to deter-
mine the eventual outcome for the pa-
tient (Figure 2).10 For example, for
amnestic MCI, etiologies include AD,
vascular cognitive impairment, or de-
pression, and, for nonamnestic MCI,
the etiology may be frontotemporal
dementia, Lewy body dementia, or
vascular cognitive impairment.

In a population-based study of
1,704 individuals with a median age
of 79 years, the prevalence rate of
MCI was 17%.11 Among those 70 to 74
years, 9% had MCI, and among those
85 to 89 years, 25% had MCI. Three
fourths had amnestic MCI. More men
than women had MCI, and the rate was
also higher in people with fewer years
of education.

FOR CLINICAL USE

◆ Alzheimer’s disease (AD) is an already prevalent diagnosis that is predicted to increase rapidly in the next few decades.

◆ New diagnostic tests and neuroimaging techniques are helping to diagnose AD earlier and more accurately.

◆ Treatments approved for AD include cholinesterase inhibitors and an N-methyl-D-aspartate antagonist, and new drugs are
in development using a variety of potential treatment targets.
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Figure 1. Flowchart for Diagnosis of Mild Cognitive Impairment (MCI) Subtypesa

aReprinted with permission from Petersen and Morris.10
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Petersen et al12 studied patients with
MCI and healthy control subjects. Dur-
ing 4 years of follow-up, 12% of pa-
tients diagnosed with MCI at baseline
converted to AD each year. During 10
years of follow-up, healthy control
subjects developed MCI or AD at a
rate of 1% to 2% per year. Identifying
MCI in a patient could be useful as a
predictor for AD and allow for earlier
intervention in the disease process.

Cerebrospinal Fluid Biomarkers
for AD in MCI Patients

One way to predict whether MCI
will progress to AD is to study bio-
markers in the patient’s cerebrospinal
fluid (CSF). Riemenschneider et al13

found that patients with MCI who pro-
gressed to probable AD had higher
CSF tau protein levels and lower Aβ42

protein levels than patients with stable
MCI. Dr. Graff-Radford added that pa-
tients with MCI in Europe often un-
dergo a spinal tap to determine their
tau and Aβ42 levels, while patients with
MCI in the United States are more
commonly followed clinically.

Fagan et al14 found that, whether
individuals had dementia or not, the
level of CSF Aβ42 corresponded with
the presence or absence of amyloid de-

posits in the brain. Together, the pres-
ence of brain amyloid deposits (deter-
mined by imaging tests) and reduced
levels of CSF Aβ42 can help to confirm
the clinical diagnosis of MCI related to
AD pathology and can also possibly be
used to predict future MCI in cogni-
tively normal individuals or progres-
sion to AD in people with MCI.

Plasma Biomarkers
for AD in MCI Patients

Using the comparison of checking
cholesterol levels to predict heart dis-
ease, Dr. Graff-Radford reported on a

study15 that he and his colleagues con-
ducted to investigate whether plasma
levels of Aβ40 and Aβ42 could identify
cognitively normal persons at risk for
MCI or AD. The study found that par-
ticipants with plasma ratios of Aβ42/
Aβ40 in the lowest quartile had 3 times
the risk for developing MCI or AD
compared to those in the highest
quartile. These findings were similar
to those reported by van Oijen et al.16

They found that those in the lowest
tertile of the Aβ42/Aβ40 ratio had a 10
times greater chance of developing
dementia. Another study17 has shown
that the same low plasma ratio of Aβ42/
Aβ40 in subjects with depression was
associated with greater impairment in
memory, possibly representing a sub-
type of depression that could be a
manifestation of prodromal AD.

Searching for a molecular test for
AD, Ray et al18 identified 18 signaling
proteins found in blood plasma that
could distinguish normal controls from
individuals with AD with almost 90%
accuracy. These blood proteins also
correctly predicted those individuals
with MCI who would later develop
AD.

Conclusion
The prevalence of AD is growing as

the population ages. An understanding
of the biomarkers that predict risk for
developing AD, concluded Dr. Graff-
Radford, may enable studies of how to
delay or prevent the disease.

Advances in Neuroimaging and Other Diagnostic Strategies

Accurately diagnosing AD in clini-
cal practice remains challenging. Gary
W. Small, MD, cited a literature re-
view19 of studies that addressed the di-
agnostic accuracy of current sets of
criteria. Criteria for dementia of the
Alzheimer’s type in the Diagnostic and
Statistical Manual of Mental Disor-
ders, Third Edition, and criteria for
probable AD from the National Insti-
tute of Neurological and Communica-
tive Disorders and AD and Related

Disorders Association averaged a good
sensitivity of 81%, with 70% specific-
ity. Criteria for a “possible” AD diag-
nosis had a high sensitivity of 93%,
with 48% specificity. With fairly low
specificity, room for improvement ex-
ists, said Dr. Small.

Use of imaging tools can increase
the diagnostic accuracy of AD. The
Alzheimer’s Disease Neuroimaging
Initiative20 now provides information
to clinicians on which neuroimaging
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aReprinted with permission from Petersen and Morris.10

Abbreviations: AD = Alzheimer’s disease, Depr = depression, DLB = dementia with Lewy
bodies, FTD = frontotemporal dementia, MCI = mild cognitive impairment,
VaD = vascular dementia.
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tools are the most helpful in diagnos-
ing and monitoring AD and the effects
of AD treatments.

Structural Imaging Tools
In clinical practice today, magnetic

resonance imaging (MRI) and com-
puted tomography scans are used to
rule out space-occupying lesions, tu-
mors, strokes, normal pressure hy-
drocephalous, and so forth, said Dr.
Small. However, these structural im-
aging tools can also be used to detect
tissue atrophy to rule in a diagnosis
of AD.

Generally, atrophy in the medial
temporal regions is greater in patients
with AD compared with controls.
Frisoni et al21 demonstrated that high-
resolution MRI can pinpoint in vivo
the regions and subregions that are in-
formative about diagnosis. Their
imaging of patients with mild-to-
moderate AD showed tissue loss of
20% or more in the hippocampal for-
mation. Another study22 using MRI has
shown that patients with AD had 10%
to 15% greater cortical atrophy than
patients with amnestic MCI, making
MRI a useful technique for differenti-
ating these 2 groups during diagnosis.

Functional Imaging Tools
Different types of imaging can

assist clinicians with prognosis. Func-
tional imaging tools, such as positron
emission tomography (PET), can be
used to predict disease progression.
Metabolism throughout the cortex and
deeper structures can be progressive or
nonprogressive,23 and AD has a recog-

nizable pattern of progressive hypo-
metabolism in the temporoparietal and
posterior cingulate cortices. Other pro-
gressive diseases are associated with
hypometabolism in other areas of the
brain. Nonprogressive patterns of me-
tabolism may be seen with a tumor or
stroke. The use of PET to view areas of
hypometabolism in the brain was stud-
ied as an adjunct in the diagnosis of
AD and was found to increase diag-
nostic accuracy by decreasing false
positive and false negative diagnoses.24

Mosconi et al25 combined PET with
screening for the ApoE4 genotype to
improve prediction of MCI conversion
to AD. They found that hypometabo-
lism in the inferior parietal cortex pre-
dicted conversion to AD with an accu-
racy of 84%. In patients with the
ApoE4 genotype, metabolism reduc-
tions within frontal areas such as the
anterior cingulate and inferior frontal
cortices increased prediction of con-
version to AD to 94% accuracy.

Dr. Small also described a study26

that he and his colleagues conducted
using PET in patients with normal
memory to determine patterns of cog-
nitive and metabolic decline. After 2
years, patients with one copy of the
ApoE4 allele had 5% lower inferior
parietal and lateral temporal metabo-
lism and 4% lower left posterior cin-
gulate metabolism. Amyloid senile
plaques and tau NFTs are the neuro-
pathological hallmarks of AD; they ac-
cumulate in cortical regions of the
brain in people with MCI who are at
risk for AD. Identifying the patterns of
plaques and tangles in vivo can facili-

tate early diagnosis. Small-molecule
probes used with PET imaging in hu-
mans have shown differences in the
areas of the brain known to collect
plaques and tangles between patients
with AD, those with cognitive impair-
ment, and controls who are aging
normally.27–29As patients decline clin-
ically, the plaque and tangle burden
increases.

Neuropsychological Testing
Neuropsychological testing is often

used to validate the diagnosis of AD
and help differentiate MCI from AD
and normal aging. A variety of cogni-
tive functions on neuropsychological
tests, such as immediate memory, have
been found to correlate with various
neuroimaging results, such as hip-
pocampal volume measured by MRI,
explained Dr. Small (Table 1).30

In clinical practice, these tests can
be used to document and confirm cog-
nitive deficits early in the disease or
in atypical populations. Documenting
specific deficits can assist in character-
izing a specific dementia diagnosis and
in determining the functional conse-
quences of that diagnosis.

Neuropsychological tests can also
be used to document disease progres-
sion; the rate of change in cognitive
performance may predict a diagnosis
up to a decade in advance.31 Comput-
erized cognitive testing has been de-
veloped, which can improve the effi-
ciency of testing in clinical practice;
these tests can identify MCI or demen-
tia even in patients with depression.32

Thus, neuropsychological tests can be
used quantitatively and longitudinally.

Conclusion
Dr. Small ended by stating that

neuroimaging increases the accuracy
of clinical diagnosis in AD in several
ways. Structural imaging can show
hippocampal atrophy, which is accel-
erated in individuals with MCI and
AD compared with controls. Func-
tional imaging can reveal a character-
istic pattern of parietal, temporal, and
posterior cingulate hypometabolism in
patients with AD. The ApoE4 allele

Table 1. Correlations Between Neuropsychological Performance and Quantitative
MRI Analysis of Neuropsychological Domainsa

Neuropsychological Domain VBR Hippocampal Volume Temporal Horn Volume

Immediate memory –.27** .22* –.28†
Delayed memory –.24** .26** –.22*
Visual/spatial/praxis –.19* .03 –.19*
Language –.32† .06 –.39†
Executive –.26** –.03 –.19*
Intelligence –.21* .21* –.11
aReprinted with permission from Bigler et al.30

*P = .05.
**P = .01.
†Significant after Bonferroni correction, P = .008.
Abbreviation: VBR = ventricle-to-brain ratio.
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further helps predict cognitive decline.
Small-molecule probes hold tremen-
dous promise in visualizing amyloid
plaques and NFTs. In addition, neuro-
psychological testing continues to be
helpful in the diagnosis of AD and
allows for monitoring of disease
progression and documentation of
deficits.

Current Treatments for
Different Phases

The American Psychiatric Associa-
tion (APA) guidelines for the treatment
of AD were first published in 1997 and
were updated33 in 2007. In 2006, the
American Association of Geriatric
Psychiatry (AAGP) published a posi-
tion statement on principles of care
for patients with AD,34 and in 2001,
the American Academy of Neurology
(AAN) published its practice param-
eter for managing dementia.35 Dr.
Rabins reviewed and compared these
guidelines for the treatment of AD.

American Psychiatric Association
The APA guidelines33 advise that

the treatment of patients with AD
should be based on the results of a
thorough evaluation of their medical,
neurological, and psychiatric status.
Medical problems that may contribute
to dementia should be identified and
treated.

The APA states that cholinesterase
inhibitors (ie, tacrine, donepezil, riva-
stigmine, and galantamine) are mod-
estly effective for treating AD symp-
toms. These agents and memantine, an

N-methyl-D-aspartate (NMDA) an-
tagonist, have been approved by the
US Food and Drug Administration
(FDA) for the treatment of different
phases of AD (Table 2).36

Vitamin E is no longer recom-
mended for AD by the APA. High-
dose vitamin E may have cardiovas-
cular toxicity, and trials have not
supported efficacy in more than a dec-
ade. The guidelines also recommend
against the use of estrogen or other
hormone replacement therapy agents
and against the use of nonsteroidal
anti-inflammatory drugs (NSAIDs),
based on both the potential for toxicity
and adverse effects as well as a lack of
demonstrated efficacy of either preven-
tion or benefit once the diagnosis has
been established. Evidence also does
not currently support the use of ginkgo
biloba, selegiline, or chelating agents.

The APA guidelines state that pa-
tients should be evaluated for major
depression and treated with antide-
pressants if necessary. Pharmaco-
therapy for depression is beneficial
in the AD population.

The use of antipsychotic agents
should be limited. Evidence has shown
that both first- and second-generation
antipsychotics increase mortality risk
for elderly patients. Therefore, it is
recommended that nonpharmacologic
interventions be tried first for disor-
ders of behavior involving agitation,
aggression, or symptoms of psychosis
unless there is clear, acute danger or
the symptoms are causing severe dis-
tress to the patient. Antipsychotics
should be used only if they are neces-
sary and effective. If, after an adequate

trial, the agent shows no benefit, it
should be discontinued; if the drug
does provide benefit, its use should be
reassessed after several months and a
dosage reduction trial considered.

Although stating that not enough
rigorous evaluation has been done on
the efficacy of psychosocial treat-
ments, the APA guidelines advise that
some research does support its effec-
tiveness. Dr. Rabins added that care-
giver education and support improve
the emotional well-being of the care-
giver and also decrease behavioral
and neuropsychiatric symptoms in the
patient.

American Association
for Geriatric Psychiatry

The AAGP position statement on
principles of care for patients with AD
stresses that the management of vascu-
lar disease and its risk factors should
be considered a part of the standard
care for these patients.34 Care should
include monitoring the patient’s blood
pressure, glucose, cholesterol, and
homocysteine levels. The administra-
tion of low-dose aspirin or other
anticoagulation treatment should be
considered for patients who have
significant vascular disease.

The AAGP supports the use of
cholinesterase inhibitors in the treat-
ment of mild to moderate AD but rec-
ommends that tacrine be avoided due
to its complex titration and risk of he-
patic toxicity. The position statement
cites better evidence for the combina-
tion of memantine with a cholines-
terase inhibitor than for switching be-
tween cholinesterase inhibitors or
combining 2 of them.

Dr. Rabins pointed out that the
AAGP principles of care caution
against doses of vitamin E above 400
IU per day. The AAGP also does not
recommend using estrogen, ginkgo
biloba, or NSAIDs as treatments for
AD.

The AAGP guidelines give similar
recommendations concerning antipsy-
chotics as the APA. The AAGP policy
statement also emphasizes caregiver
support and education about patient

Table 2. Treatment Options for Alzheimer’s Diseasea

Approved Indication Description Drug

Mild to moderate dementia Reversible ChEI Tacrine
of the Alzheimer’s type

Mild to severe dementia Reversible, selective ChEI Donepezil
of the Alzheimer’s type

Mild to moderate dementia Reversible ChEI Rivastigmine
of the Alzheimer’s type

Mild to moderate dementia Reversible, competitive ChEI Galantamine
Moderate to severe dementia Noncompetitive NMDA receptor antagonist Memantine

of the Alzheimer’s type
aAdapted with permission from Geldmacher.36

Abbreviations: ChEI = cholinesterase inhibitor, NMDA = N-methyl-D-aspartate.
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safety and health, problem-solving
skills, long-term care planning, and re-
spite for oneself.

American Academy of Neurology
Because the AAN practice param-

eter is an older set of guidelines than
the others, it not only supports the use
of cholinesterase inhibitor medications
for AD but also reports efficacy of vi-
tamin E and requests more study of
selegiline, NSAIDS, and estrogen.35

Recommendations regarding antipsy-
chotic medicines and antidepressants
in patients with AD are similar to those
of the other 2 sets of guidelines. Care-
giver education is also recommended
to delay the time to nursing home
placement.

Conclusion
The APA guidelines, the AAGP

principles of care, and the AAN prac-
tice parameter agree on many elements
of treating patients with AD. Various
medications are approved for the treat-
ment of different phases of AD, but
nonpharmacologic interventions for
both patients and caregivers are also
crucial. Dr. Rabins reminded clinicians
that recommendations will change as
new treatments and diagnostic tests be-
come available for AD.

Advances in
Pharmacotherapy and
Potential New Treatment
Targets

Treatments in development for AD
are currently divided into the 2 major
categories of symptomatic therapy and
disease-modifying therapy. Symptom-
atic therapies do not affect the under-
lying pathological process of AD that
leads to cell death, but they can pro-
vide benefit for the patient in such ar-
eas as cognition, global measures, ac-
tivities of daily living, and behavior.
Disease-modifying therapies are drugs
that target the pathophysiology of AD
and could potentially slow or stop dis-
ease progression.37 The earlier that this

type of therapy could be used in the
disease process, the greater benefit it
could provide to the patient. These cat-
egories are not mutually exclusive; po-
tentially, a compound could be both a
symptomatic therapy and a disease-
modifying therapy.

Both symptomatic and disease-
modifying therapies are under in-
vestigation (Table 3). Investigational
symptomatic therapies are mainly
neurotransmitter-based interventions.
Disease-modifying therapies target
either the amyloid pathway or the tau
pathway. Roy Yaari, MD, MAS, re-
viewed current research into new
treatments for AD.

Symptomatic Treatments
Cholinergic therapies. The cholin-

ergic hypothesis is based on consider-
able evidence that central cholinergic
neurotransmission plays a critical role
in aspects of cognition.38 The produc-
tion of choline acetyltransferase, a key
enzyme in the synthesis of the neuro-
transmitter acetylcholine, is reduced in
AD, which leads to less acetylcholine
synthesis and, therefore, impaired cor-
tical cholinergic function.39

The hypothesis that the ameliora-
tion of cholinergic neurotransmission
would result in improved cognition led
to the development of the acetylcholin-
esterase inhibitors. These drugs inhibit
the cholinesterase enzyme from break-
ing down acetylcholine, increasing
both the level and the duration of ac-
tion of acetylcholine. New cholines-
terase inhibitors are in development.

Additionally, research has shown
that nicotinic acetylcholine receptors
are lost in the hippocampus and tem-
poral and frontal cortex in patients with
AD.40 In small studies, nicotine im-
proved memory, cognition, and atten-
tion in AD, while nicotinic antagonists
showed the opposite effect.41 Nicotinic
agonists that selectively target the
central nervous system (CNS) are in
development.40

Glutamatergic therapies. Gluta-
mate is the primary excitatory amino
acid in cortical and hippocampal neu-
rons, and it plays an important role in

synaptic transmission.42 Normally, it
binds to a variety of receptors, result-
ing in long-term potentiation of neu-
ronal activity that may be critical in
memory and learning. Excessive acti-
vation of these receptors by glutamate
can destroy cells through what is called
excitotoxicity,43 so it is possible that
glutamatergic dysregulation plays a
role in AD. The NMDA receptors are a
subtype of glutamate ionotropic recep-
tors, and NMDA receptor antagonists
are in development; memantine is the
only one approved at this time.

Histamine modulators. Histamine,
a neurotransmitter in the brain, may
play a role in the control of cognition
and is decreased in the brains of pa-
tients with AD.44 Therefore, drugs that
increase histaminergic activity may
improve cognition in AD. Preclinical
tests of H3 receptor antagonists have
found improvement in attention and
memory tasks, while H3 receptor ag-
onists have had impairing effects on
cognition.45

One particular histamine modulator,
the antihistamine dimebon (dimebolin
hydrochloride), is currently in phase
III development. A 6-month random-
ized, double-blind, placebo-controlled
phase II trial showed significant
benefit of dimebon over placebo
(P < .0001) on cognitive measures
in patients with mild to moderate AD
(Figure 3).46 This compound is thought
to inhibit neuronal death by mitochon-
drial-mediated inhibition of apoptosis47

and to contain properties that inhibit
acetylcholine esterases and NMDA
receptors.48

Disease-Modifying Treatments
Amyloid-based interventions. Dr.

Yaari explained that the amyloid
cascade hypothesis posits that one
cause of AD, as mentioned by Dr.
Graff-Radford, is the accumulation, or
decreased clearance, of Aβ from the
brain. The aggregation of Aβ42 pep-
tides into amyloid plaques is thought
to interfere with cognition and lead to
synaptic dysfunction and cell death and
to contribute to the formulation of
NFTs. Steps in this cascade could
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provide targets for drug development,
which Dr. Yaari described (Figure 4).49

Immunotherapies. Immunotherapy
could target several steps in the amy-
loid cascade hypothesis (see Figure 4).
One immunotherapy hypothesis is that
immunization could clear Aβ from the
brain through microglial-mediated
phagocytosis.50 The “sink” hypothesis
of immunotherapy holds that brain
plaque clearance does not require an-
tibody entry into the brain or a cell-
mediated response but that brain Aβ
can be reduced through an agent that
sequesters plasma Aβ peripherally into
a “sink.”51

Immunotherapies can be divided
into 2 categories: active and passive.49

Active immunotherapies introduce
an antigen, which is a variant of the
Aβ peptide, producing an immune re-
sponse against that antigen. Passive
immunization delivers synthetic anti-
bodies against the Aβ peptide into the
host, facilitating an immune-mediated
clearance of the antigen.

Passive immunotherapy requires
less time to generate an immune reac-
tion in the host than active immuni-
zation and also eliminates the issue of
inadequate antibody response that is
sometimes seen with active immuno-
therapy, especially in older people.
However, active immunization could
theoretically require a 1- or 2-time
dose, whereas passive immunization
would require regular administration
of antibodies at fixed intervals to con-
tinue the immune response, said Dr.
Yaari.

In transgenic mouse models of AD,
immunotherapy has successfully

cleared Aβ deposits52 and improved
various cognitive deficits.53 In a hu-
man study54 using an active vaccine,
300 participants received the drug,
and 59 (19.7%) developed an anti-
body response; however, no clinical
benefit was seen on the primary out-
come measures. Those who responded
to the antibody showed a decrease in
CSF tau. Serial MRIs showed an un-
expected loss of brain volume in the
individuals who were antibody re-
sponders versus the placebo patients,
but the decreased brain volume was
not associated with worsened cogni-
tive performance.55 Autopsies of pa-
tients who had responded to immuni-
zation showed clearance of amyloid
plaque.56

The study was prematurely termi-
nated because 18 (6%) of the partici-
pants developed aseptic meningoen-
cephalitis.54 Current development
efforts for active immunotherapies are
focusing on activating highly specific
antibody responses to the Aβ antigen
to minimize adverse effects.

Passive immunotherapy trials
are also underway.57 Bapineuzumab,
a monoclonal antibody targeting amy-
loid, completed a phase II study show-
ing benefit in a subgroup of patients.58

A very large phase III study of bap-
ineuzumab is currently underway.
Human intravenous immunoglobulin,

a drug that is currently available for
treatment of other neurological disor-
ders and contains Aβ antibodies, has
shown positive effects in open-label
pilot studies, such as reducing Aβ in
the CSF and stabilizing cognitive mea-
sures.59,60

Secretase inhibitors. The transmem-
brane amyloid precursor protein (APP)
is a substrate for the 3 enzymes α-,
γ-, and β-secretase. Normally, APP is
cleaved by α-secretase at a site that
does not result in Aβ42 production,
but, in pathological conditions, APP
is cleaved initially by β-secretase and
then γ-secretase, resulting in increased
Aβ42 production (see Figure 4).

The β-secretase inhibitors are
potentially more useful for AD than
γ-secretase inhibitors because β-
secretase inhibitors target one of the
initial events in the amyloid cascade,
but they tend to be large molecules,
making it difficult to penetrate the
blood-brain barrier. No β-secretase
inhibitors have lasted beyond early
clinical development.

The development of γ-secretase
inhibitors is further along than that
of β-secretase inhibitors. However, γ-
secretase inhibitors also affect the
Notch signaling protein, which is an
important intermediary in cellular
functions that regulate the differen-
tiation of cells in such areas as the

Figure 3. Effect of Dimebon on Cognition in Patients With Alzheimer’s Diseasea
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aReprinted with permission from Doody et al.46

Mean change in the ADAS-cog scale from baseline to week 26. All analyses shown are
intention to treat, last observation carried forward analyses. Error bars show SE. P values are
shown for comparison of mean changes from baseline for dimebon versus placebo groups at
week 26, for dimebon mean baseline score versus week 26 mean score, and placebo mean
baseline score versus week 26 mean baseline score.
Abbreviation: ADAS-cog = Alzheimer’s disease assessment scale-cognitive subscale.

Table 3. Categories of Investigational
Therapies

Symptomatic therapies
Neurotransmitter-based interventions

Cholinergic therapies
Glutamatergic therapies
Histamine modulators

Disease-modifying therapies
Amyloid-based interventions

Immunotherapy
Secretase inhibitors/modulators
Anti-aggregation agents

Tau-based interventions
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gastrointestinal tract and immune sys-
tem.61 Therefore, current research aims
at finding compounds that are specific
to the γ-secretase cleavage of APP.
Trials of γ-secretase inhibitors have
demonstrated reduced Aβ concentra-
tion in plasma but not CSF.62

Selective Aβ42-Lowering Agents.
Selective Aβ42-lowering agents
(SALAs) are NSAID analogues that
allosterically modulate, instead of in-
hibit, γ-secretase. By altering the site
of action of γ-secretase on the APP
membrane (see Figure 4), SALAs
promote formation of the shorter, less
toxic Aβ peptides and reduce the
amount of longer, more toxic Aβ42

peptides.63 These agents do not seem
to affect the Notch system.61 One of
these agents reached Phase III study
but failed to show efficacy on the pri-
mary outcome measures, so develop-
ment stopped.64

Anti-aggregation agents. By bind-
ing to soluble Aβ peptides, anti-

aggregation agents can prevent the
downstream toxic effects of Aβ depo-
sition (see Figure 4). A Phase II study65

among patients with mild to moderate
AD showed that an anti-aggregation
agent reduced CSF Aβ42 levels, but test
results showed no significant change
in cognition. A multicenter Phase III
trial failed to show efficacy for cog-
nitive improvement.66 Another anti-
aggregate is in Phase I study.67

Heavy metal ions are thought to
play a role in the fibrillization of Aβ,
and a heavy metal chelator could po-
tentially reduce the polymerization of
the Aβ. One agent with copper and
zinc chelation properties reduced
plasma Aβ but showed no clinical ben-
efit and was associated with optic
nerve damage, so development was
halted.68,69 A Phase IIa study of another
chelating agent showed reduced CSF
(but not plasma) Aβ42 concentration
and also demonstrated cognitive
improvement.70

Curcumin, an active ingredient in
turmeric powder (giving the spice its
color but not flavor), possesses antiox-
idant and anti-aggregation properties.
Curcumin has been shown to bind to
amyloid deposits in mice, reducing
amyloid plaque burden and reversing
some of the structural changes associ-
ated with the plaques.71 A 6-month pi-
lot clinical trial72 did not show clinical
benefit, but any protective effect of the
agent may have been obscured because
patients taking placebo did not show
cognitive decline. Finally, colostrinin,
a proline-rich polypeptide found in
sheep colostrum, is thought to inhibit
Aβ aggregation and has shown a stabi-
lizing effect on cognitive function.73

Other amyloid-based interventions.
The receptor for advanced glycation
endproducts (RAGE) enzyme is a
transporter of Aβ from the periphery
into the CNS. Inhibition of RAGE
is being investigated as a means of
blocking the transport of Aβ from the
blood to the brain to lower Aβ levels
in the CNS.74 A Phase II trial is
underway.75

Epidemiologic data76 suggest that
statins may decrease the risk of de-
mentia, possibly by upregulating α-
secretase and thereby decreasing toxic
Aβ42. Epidemiologic data77 have also
suggested a reduced risk of dementia,
particularly AD, with fish consump-
tion. Docosahexaenoic acid, better
known as DHA, is an omega-3 fatty
acid found in fish oil and is an integral
component of neural membrane phos-
pholipids. A large multicenter Phase
III study of DHA for AD is being
conducted.78

Tau-based interventions. The ab-
normal hyperphosphorylation of tau
proteins that results in NFTs is as-
sociated with an imbalance in the ac-
tivity levels of tau kinases and phos-
phatases. Inhibition of the kinases
responsible for tau hyperphosphoryla-
tion is being pursued as a treatment
strategy for treatment of AD,79 but de-
velopment of tau-based interventions
lags far behind that of amyloid-based
therapies. Lithium and valproate in-
hibit a kinase that is involved in

aReprinted with permission from Yaari et al.49

Abbreviation: Aβ = amyloid beta, AD = Alzheimer’s disease, APP = amyloid precursor
protein, NFTs = neurofibrillary tangles.

Figure 4. Amyloid Cascade Hypothesis and Potential Treatments for
Targeted Stepsa
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tau hyperphosphorylation,80 and re-
search is beginning to explore the vi-
ability of these agents as AD treat-
ment. Methylthioninium chloride is an
agent thought to inhibit tau aggrega-
tion;81 a phase III trial is scheduled
for 2009.

Conclusion
Meaningful advances in the under-

standing of AD pathophysiology have
occurred, said Dr. Yaari, and these
have led to the discovery of multiple
targets for the development of drugs
that could potentially halt or even
prevent the disease. Neurotransmitter-
based therapies have been shown to
improve cognition; all FDA-approved
therapies that are currently available
are neurotransmitter-based therapies.
Amyloid-based therapies are further
along in development than other thera-
pies, although it is still unknown
whether they will actually yield clini-
cal benefits. The severity of cognitive
impairment is closely related to NFTs,
but the antitangle therapy pipeline
is not as robust as that of the anti-
amyloid pathway. Progress has been
made, but continuing research is
needed to develop disease modifying
treatments and prevention methods
for AD.

Drug names: donepezil (Aricept and others),
galantamine (Razadyne and others), lithium
(Eskalith, Lithobid, and others), memantine
(Namenda), rivastigmine (Exelon and others),
selegiline (Eldepryl, Zelapar, and others),
tacrine (Cognex).

Disclosure of off-label usage: The chair has
determined that, to the best of his knowledge,
human intravenous immunoglobulin, lithium,
selegiline, and valproate are not approved by
the US Food and Drug Administration for
the treatment of dementia and Alzheimer’s
disease.
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