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Abstract

Alzheimer’s disease (AD) is characterized by progressive declines in cognitive function and
ability to carry out activities of daily living; and the emergence and worsening of behavioral/
neuropsychiatric symptoms. While there is no cure for AD, non-pharmacologic interventions and
medications that modulate neurotransmission can slow symptomatic progression. Medical foods
may also be useful as adjuncts to pharmacologic agents in AD. Medium chain triglycerides aimed
at improving cerebral metabolism significantly improve Alzheimer’s Disease Assessment Scale-
Cognitive scores when added to ongoing pharmacotherapy in patients with mild-to-moderate AD.
Combination of interventions, such as non-pharmacologic treatments, pharmacotherapy, and
medical foods, with complementary mechanisms of action may provide a rational approach that
may result in maximum preservation of cognitive function in patients with AD.
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Introduction

Alzheimer’s disease (AD) is the most common neurologic condition affecting the elderly in
the United States. Results from the Centers for Disease Control suggest that 5.3 million
Americans of all ages had AD in 2011 [1, 201, 202]. Alzheimer’s disease is the sixth-
leading cause of all deaths in the United States with 74,632 deaths attributed to AD in 2009
[203]. The cost associated with AD is currently high and is expected grow. Medicare and
Medicaid payments for services to beneficiaries with AD were $123 billion in 2010 [201].
The cost of AD care in the United States is expected exceed $1 trillion by 2050 [1].

This paper briefly reviews AD pathology, strengths and weaknesses of current and emerging
treatments, and suggests a polymodal approach to patient management.
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Natural History of Untreated AD

Pathology in AD

Three major hypotheses have been put forward to link changes in the brains of AD patients
and disease symptoms. These are the cholinergic hypothesis, the amyloid  cascade
hypothesis, and abnormal phosphorylation of the tau protein [2,3]. The cholinergic
hypothesis suggests that a dysfunctional cholinergic system is the primary cause of the
cognitive impairment and memory loss characteristic of AD. Brains from AD patients show
degeneration of cholinergic neurons of the basal forebrain and a decline in cholinergic
markers in the cerebral cortex [2]. The amyloid cascade hypothesis suggests that
neurodegeneration in AD is triggered by abnormal processing of amyloid precursor protein.
It has been suggested that inflammation in the vicinity of plaques comprised of amyloid
results in the death of nearby neurons, leading to AD symptoms [3]. The tau hypothesis
suggests that accumulation of hyperphosphorylated tau as paired helical filaments within
neurofibrillary tangles and in neuritic processes is linked to neuronal dysfunction and death
[3, 4].

Cerebral hypometabolism is also involved in AD. A 2-[18F] fluoro-2-deoxy-D-glucose
positron emission tomography (FDG-PET) study carried out by deLeon and colleagues and
published in 1983 demonstrated significant 21-28% regional reductions in glucose
utilization in AD patients [5]. It has been suggested that deficient energy metabolism may
change the overall oxidative microenvironment for neurons in AD and that this altered
environment could result in alterations in mitochondrial enzymes and glucose metabolism

[6].

It has also been shown that brain fatty acid profiles are altered in the brains of patients with
AD. Results from the Memory and Aging Project indicated the concentrations of
docosahexanoic acid in phosphatidylserine of mid-frontal and superior temporal cortices
were lower in patients with AD versus those without any cognitive impairment [7]. It has
also been shown folate levels in the cerebrospinal fluid (CSF) of patients with AD are
significantly lower than those of age-matched normal controls [8].

Homocysteine has also received considerable attention as a contributor to AD pathology.
Homocysteine is an amino acid that becomes elevated in the presence of inadequate folate,
vitamin B-12, or vitamin B-6 [9]; and elevated homocysteine is an independent predictor of
the development of dementia and AD [10]. Results from one study indicated that declines in
constructional praxis, measured by spatial copying, were significantly associated with higher
plasma homocysteine and lower folate, and vitamins B-6 and B-12 levels [9].

Progression in AD

Alzheimer’s disease is characterized by progressive declines in cognitive function and
ability to carry out activities of daily living (ADL); and the emergence and worsening of
behavioral/neuropsychiatric symptoms [11].

Cognition—Before diagnosis of AD, individuals may have memory complaints, which
represent periods of subjective cognitive impairment (SCI) [12, 13] or mild cognitive
impairment (MCI); and longitudinal evaluation has indicated that changes in visuospatial
skills may be apparent 3 years prior to AD diagnosis [14].

Neuropsychiatric Symptoms—Almost all patients with AD are affected by

neuropsychiatric symptoms at some point during their illness, and in some cases, such
symptoms may occur before diagnosis of dementia [15]. In a sample of 50 consecutive
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outpatients with mild, moderate, or severe AD, 88% had psychopathology. Apathy is an
important neuropsychiatric symptom and it occurred in 72%, agitation occurred in 60%,
followed by anxiety in 48%, irritability in 42%, dysphoria in 38%, aberrant motor behavior
in 38%, and disinhibition in 36% [16].

Activities of Daily Living—Instrumental ADL include the integration of task initiation,
planning, and performance [17]. Evaluation of 471 women with mild-to-moderate AD
indicated that 80.7% were impaired in doing grocery shopping, 76.0% in taking medication,
72.2% in preparing meals, 41.4% in traveling on public transportation even when assisted,
40.6% in managing purchases, 30.1% in laundering small items, 14.2% in participating in
some housekeeping tasks, and 11.0% in answering the telephone [18]. Impairment in ADL
is a significant predictor of placement in a long-term care facility in patients with AD [19].

Factors Influencing Disease Progression

A recent systematic review of results from both randomized controlled trials and
observational studies indicated that the APOE &4 genotype, low plasma selenium,
depression, diabetes mellitus, metabolic syndrome, and tobacco use were all associated with
more rapid cognitive decline in AD [20]. Cognitive training, vegetable intake,
Mediterranean diet, intake of omega-3 fatty acids, physical activity, and non-cognitive, non-
physical leisure activities were all associated with slower decline [20]. VVascular factors,
such as hypertension and hypercholesterolemia, have not been found to be significantly
associated with disease progression [20-22], but there is evidence that other factors, such as
ingestion of antioxidant nutrients, fish, and B-vitamins, may be associated with some
preservation of cognitive function [23].

It has been hypothesized that individuals with greater cognitive reserve (i.e., alternative
cognitive processing approaches or compensatory brain networks) are better able to
withstand AD-related pathology without developing symptoms of dementia [24, 25]. This
hypothesis was tested in 161 subjects who were not demented and 37 with AD who were
evaluated for cognitive function and uptake of N-methyl-[11C] 2-(4'-
methylaminophenyl)-6-hydroybenzothiazole ([*1C]-Pittsburgh Compound-B [PIB]), a
marker whose levels are positively correlated with years of education and negatively
correlated with symptom severity in AD patients. Study results showed that cognitive
performance was predicted by the interaction of [11C]-PIB uptake and years of education,
such that performance on these measures improved with increasing education for
participants with elevated PIB uptake [24].

Screening for and Diagnosis of AD in Office Practice

Screening

The use of brief cognitive tests is insufficient for the differential diagnosis of AD [26], but
they may be employed for identification of individuals who should undergo additional
evaluation. Many of these evaluations are also useful for monitoring response to therapy in
AD. These tests can be divided into two general types: performance- and informant-based
tests.

Performance Tests

MM SE: The MMSE includes 30 questions (orientation, recall, reverse spelling or serial
subtraction, learning, oral language, reading, writing, and construction) and it changes at a
rate of approximately 3 points per year in a typical AD patient. It is relatively insensitive to
mild changes in well-educated individuals and is not useful in advanced dementia. It also
lacks tests of executive function [27,204].
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Clock Drawing Test (CDT): The CDT is a simple test to assess cognitive or visuospatial
impairment. The patient is asked to draw the face of a clock with all of the numbers and then
draw the hands set to a certain time. It is best used in combination with other cognitive
assessment instruments [27,204].

Mini-Cog: The Mini-Cog test is a three-item 3-minute instrument developed as a screen for
cognitive impairment in older adults in the primary care setting. The Mini-Cog has an
administration time about one-half of that for the MMSE and it is less affected by subject
ethnicity, language, and education, and can detect a variety of different dementias [28-30].

Montreal Cognitive Assessment (MoCA): The MoCA is a brief 30-question test that takes
about 10 minutes to complete. It assesses cognitive abilities, including orientation, short-
term memory, executive function, language abilities, and visuospatial ability. It includes a
CDT and a test of executive function known as Trails B [31-33].

Informant Tests

ADB8: The ADS is a brief dementia screening interview validated against clinical and
cognitive evaluations [34]. Assessment of a sample of 257 subjects indicated that individuals
with AD8 scores positive for dementia had higher rates of abnormal PIB binding (P<0.001)
and CSF AD biomarkers (P<0.001) versus those with AD8 scores not indicative of dementia
[35].

Infor mant Questionnaire on Cognitive Declinein the Elderly (IQCODE): The IQCODE
was developed from a study of 39 interview questions assessing changes in memory and
intelligence in older people [36]. A short 16-question version of the IQCODE has been
developed and found to provide results that are highly correlated (r=0.98) with the full
version [37].

Biomarkers in AD

Markers of Cerebral Metabolism

Cerebral metabolism associated with regionally specific default activity may predispose
cortical regions to AD-related changes, including amyloid deposition, metabolic disruption,
and atrophy. It has been suggested that these cortical regions may be part of a network with
the medial temporal lobe whose disruption contributes to memory impairment [38]. This
hypothesis is based in part on the observation that AD is associated with progressive, region
specific, declines in the cerebral glucose metabolism [5]. Hypometabolism in patients with
AD is most notable in the posterior cingulate, parietal, temporal, and prefrontal cortices [39,
40]; and it occurs early in AD [41].

Cerebrospinal Fluid Markers

Development of CSF markers has focused largely on amyloid B and tau protein.
Accumulation of amyloid B peptides in amyloid plaques is a hallmark of AD [42]. CSF
levels of amyloid B4, are reduced in AD, even in early and preclinical stages of the disease.
A low CSF level of amyloid B4, is a well-validated marker of cortical amyloid deposition
(as assessed by /in vivo amyloid imaging with PIB) [42]. Levels of CSF total tau and
phosphorylated tau increase in AD and accelerate during later disease stages, concomitant
with neurofibrillary tangle formation and synapse and neuron loss [43].
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Current Guidance for Biomarkers in AD

Guidance on biomarkers from the National Institute on Aging-Alzheimer’s Association
states that although both amyloid B deposition and elevated tau/phosphorylated tau are
hallmarks of AD, alterations in these proteins are also seen in other neurological disorders
[44]. This group has divided biomarkers into two major categories: 1) amyloid B
accumulation (abnormal tracer retention on amyloid PET imaging and low CSF amyloid
B42); and (2) biomarkers associated with neuronal degeneration or injury, which include
elevated CSF tau (both total and phosphorylated tau); decreased FDG uptake on PET in a
specific topographic pattern involving the temporoparietal cortex; and atrophy on structural
magnetic resonance imaging (MRI) in a specific topographic pattern involving medial,
basal, and lateral temporal lobes and medial and lateral parietal cortices [44].

The Alzheimer’s Disease Neuroimaging Initiative (ADNI) is an ongoing, longitudinal,
multicenter study designed to develop clinical, imaging, genetic, and biochemical
biomarkers for the early detection and tracking of AD [45]. This group has carried out
multiple projects aimed at achieving its overall goal. A paper published by Trojanowski et al
has synthesized results from this initiative related to the timing of appearance of different
biomarkers associated with AD. This analysis indicated that amyloid p biomarkers become
abnormal first, followed by changes in neurodegenerative biomarkers including CSF tau,
FDG-PET, and MRI [46]. Another recent publication from this group demonstrated that a
combination of FDG-PET and MRI significantly improved detection of AD and
differentiation from frontotemporal lobar degeneration [47]. The ADNI has also identified a
set of MRI features in the medial temporal lobe that are effective for the identification of
prodromal AD [48].

Criteria for Differential Diagnosis of AD

The National Institute on Aging and the Alzheimer’s Association have supported a revision
of the 1984 diagnostic criteria for AD dementia with the aim of providing flexible criteria
useful for general healthcare providers without access to neuropsychological testing,
advanced imaging, and CSF measures; and specialists involved in research and/or clinical
trials with access to such tools [49]. The National Institute on Aging-Alzheimer’s
Association workgroups on diagnostic guidelines for Alzheimer’s disease have also
provided new recommendations for the diagnosis MCI. The core criteria for a diagnosis of
this condition include concern regarding a change in cognition, impairment in one or more
cognitive domains, preservation of independence and functional abilities, and no evidence of
dementia [50]. This group has also defined a staging framework for preclinical AD based on
biomarker analysis carried out under the aegis of the ADNI. These three stages are: Stage 1)
asymptomatic cerebral amyloidosis characterized by PET or CSF positive for amyloid £;
Stage 2) asymptomatic amyloidosis plus “downstream” neurodegeneration (indicated by tau,
FDG-PET, or structural MRI); and Stage 3) amyloidosis plus neuronal injury and subtle
cognitive/behavioral decline [51]

Treatment of AD

Non-pharmacologic Interventions

Olazaran and colleagues have recently systematically reviewed the efficacy of non-
pharmacologic interventions for AD. This review included 179 randomized controlled trials
and 29 different types of interventions [52]. Specific interventions that demonstrated
efficacy in improving cognitive function in at least one study included cognitive training,
behavioral interventions, physical exercise, music, reminiscence, and recreation therapy.
Those demonstrating efficacy for improving ADLs included cognitive training, behavioral
interventions, reminiscence, ADL training, multisensory stimulation, and muscle relaxation.

Neurodegener Dis Manag. Author manuscript; available in PMC 2012 September 10.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Galvin

Page 6

Behavioral improvements were observed with interventions that included cognitive training,
behavioral interventions, music, reminiscence, massage and touch, recreation therapy, use of
light, multisensory stimulation, and support and psychotherapy [52].

Consideration of the results from this analysis prompted the conclusion that non-
pharmacologic interventions for patients with AD have multiple advantages, including a
general absence of side effects and the potential for individualization based on patient
symptoms. It was also suggested that these interventions may provide greater benefit in
improving quality of life and patient well-being than medications. However, it was also
emphasized that non-pharmacologic interventions should be considered as a complement to
rather than a substitute for pharmacotherapy [52].

Pharmacotherapy

All current treatments for AD are symptomatic. They do not provide detectable and
sustained improvements in cognitive function above baseline and their benefits are not
maintained if treatment is terminated. Despite these limitations, the symptomatic benefit
achieved with these treatments is clinically important and they are widely used in AD
patients [53]. Two classes of pharmacologic agents approved for treatment of AD are
cholinesterase inhibitors (ChEIs) and an N-methyl-D-aspartate (NMDA\) receptor antagonist
[54-56].

Long-term Benefits of Current Treatments—While results from numerous clinical
trials have demonstrated short-term benefits with the above-listed agents [53], there is less
information about the long-term effects of these interventions. This information is
particularly important in designing treatment regimens since most AD patients will require
therapy for a number of years.

Results from a study of 794 outpatients treated with a ChEl and followed for a mean of 36.9
months indicated that after 3 months’ treatment, MMSE scores remained stable (responders)
in 60% and improved (increase of 3 or more points - good responders) in 15%. After 15
months, the percentage of “good responders” decreased to 7%, while after 15, 27, and 39
months the percentage of responders progressively declined to 40%, 30% and 8%,
respectively. Onset of behavioral disturbances was associated with significant worsening of
both cognition and function [57].

Long-term ChEI treatment has also been evaluated in a placebo-controlled study of
donepezil in 565 outpatients with mild-to-moderate AD who were followed for 3 years and
36 weeks [58]. Study results indicated no significant differences in the rates of
institutionalism between donepezil and placebo at 1 year (9% versus 14%; P=0.15) or at 3
years (42% versus 44%; P=0.4). After 12 weeks and until the end of the trial, the Bristol
ADL scores of donepezil-treated patients were statistically significantly better than those for
placebo (average +1.0 point; P=0.0004). Similarly, MMSE scores were modestly, but
statistically significantly higher, in donepezil- versus placebo-treated patients (average 0.8
points; P=0.001). According to the authors, the clinical significance of these findings is
questionable [58]. Results from a smaller-scale study of 40 AD patients treated with
donepezil for =3 years indicated significant decreases in MMSE scores over the study period
(P<0.01) [59].

The Swedish Alzheimer Treatment Study followed 435 patients with AD who were treated
with donepezil and followed for 3 years [60]. Patients were assessed with MMSE, ADAS-
cog, global rating (Clinician’s Interview-Based Impression of Change [CIBIC]) and
Instrumental ADLs at baseline and every 6 months. After 3 years, the mean change from
baseline in MMSE-score was 3.8 points and the ADAS-cog rise was 8.2 points. These
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results were described as being better than expected in untreated historical cohorts.
However, after 3 years, only 38% of the initial cohort remained in the study and only 30% of
them were unchanged or improved in the CIBIC global assessment [60].

A 132-week, open-label extension study assessed the long-term efficacy of donepezil in 579
patients with mild-to-moderate AD who had previously participated in a 24-week double-
blind placebo-controlled trial [61]. After 6 weeks of open-label treatment with donepezil 5
mg/day, mean ADAS-cog improved by approximately 2 points, while after 12 weeks of
open-label treatment (with a majority of patients receiving 10 mg/day), the mean ADAS-cog
score was 1 point better than that at the end of the placebo washout period. Scores then
declined gradually over the remainder of the study. Mean changes in Clinical Dementia
Rating scale Sum of Boxes (CDR-SB) scores showed slight improvement over the first 12
weeks of open-label treatment and then also declined [61].

Results from 133 patients who completed a total of 254 weeks of treatment with donepezil
indicated that during the first 69 months of the study, mean ADAS-cog and CDR-SB
scores improved from baseline. After this time, scores gradually deteriorated. Overall, the
decline was less than that estimated for untreated patients [62]. Similarly, results from an
open-label extension of 2 United States phase |11, double-blind, placebo-controlled clinical
trials of donepezil in 763 AD patients indicated that this treatment was effective for
treatment of mild to moderately severe AD for up to 144 weeks [63].

Four-year follow-up of 88 patients treated with donepezil indicated that 64.7% remained on
treatment beyond 6 months, 57.9% beyond 1 year and 12.5% beyond 4 years. It was also
noted that 56% remained alive at 4 years (almost twice the number predicted); and that mean
MMSE scores among patients remaining on treatment did not deteriorate over 4 years [64].

There is very little information about the long-term efficacy of memantine in patients with
AD. Results from a 26-week study of memantine versus in 181 patients with moderate-to-
severe AD indicated that those who received memantine had significantly better scores on
the ADL and cognitive endpoints compared to placebo. Borderline significance was found
for global functioning (CIBIC-plus score). This trial was followed by a 24-week open-label
extension in which all patients received memantine. Patients who switched to memantine
treatment from their previous placebo therapy experienced a significant benefit in all main
efficacy assessments (functional, global, and cognitive) relative to their mean rate of decline
with placebo. For the patients who were randomized to memantine treatment during the
double-blind phase, the clinically relevant benefits observed during the first part of the trial
also appeared to be maintained during the extension [65]. It is important to note that
memantine is not effective in patients with mild AD. A recent meta-analysis of results from
clinical trials has indicated that there is no evidence to support the use of memantine in mild
AD (MMSE score 20-23) and only limited evidence to support its use in patients with
moderate AD (MMSE score 10-19) [66]. These results are consistent with the fact that
memantine is approved only for the treatment of patients with moderate-to-severe AD [67].

Results from a long-term study of patients treated with a ChEI plus memantine have
suggested greater benefit than ChEl monotherapy. This study compared the combination of
a ChEI with memantine versus ChEI alone and no treatment in 382 subjects with probable
AD and showed that combination treatment resulted in significantly lower mean annualized
rates of deterioration in the Blessed Dementia Scale and ADL scores versus ChEI alone or
no treatment (both P<0.001) [68]. The benefit seen with combination treatment was
sustained for several years.

Results from a 1-year observational study of 140 AD patients showed further that addition
of memantine to treatment with a ChEI significantly extended time to nursing home
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admission [69]. It is important to note that there are theoretical concerns about the long-term
use of memantine in patients with AD as well as employment of the drug in combination
with donepezil. Results from studies in rats carried out by Creeley et al have indicated
memantine treatment may result in neurotoxicity (an intra-cytoplasmic vacuole reaction) and
that this effect is exacerbated when it is given along with donepezil [70]. Administration of
10-20 mg/day memantine to mice for 6 months has also been shown to result in a significant
increase in degenerating axons [71].

A major unmet need in AD is new potentially disease-modifying therapies. There have been
no new FDA-approved treatments for AD since 2003 despite an intensive research effort.
This has prompted increased attention to other alternatives that may be added on to existing
pharmacologic agents in patients with AD.

Medical Foods

The United States Food and Drug Administration has defined a medical food as a food
which is formulated to be consumed or administered enterally under the supervision of a
physician and which is intended for the specific dietary management of a disease or
condition for which distinctive nutritional requirements, based on recognized scientific
principles, are established by medical evaluation. Medical foods are distinguished from the
broader category of foods for special dietary use and from foods that make health claims by
the requirement that medical foods be intended to meet distinctive nutritional requirements
of a disease or condition, used under medical supervision and intended for the specific
dietary management of a disease or condition [205].

Ketone Bodies—As noted above, the brains of patients with AD display early,
progressive, region specific, declines in the cerebral metabolic rate of glucose [39, 41].
Normally, the main energy substrate for the brain is glucose. However, in certain situations,
such as extended fasting, the liver produces ketone bodies that serve as an alternative energy
source for extrahepatic tissues, including the brain [72-74]. Ketone bodies are an efficient
cellular fuel [75-76]; and results from preclinical studies have suggested that induced
ketosis may be beneficial in AD [77, 78]. A small study that included 23 older adults with
MCI who received either a high carbohydrate or ketogenic diet for 6 weeks indicated
improved verbal memory performance for the latter group (P=0.01). Results from this study
also indicated that ketone levels were positively correlated with memory performance (P=
0.04) [79]. While this intervention has promise, it may be difficult to maintain patients on
ketogenic diets for extended periods.

Use of a medical food provides an alternative to a low-carbohydrate diet for raising levels of
ketone bodies. Administration of medium chain triglycerides (MCTSs) that increase blood
levels of ketone bodies has been shown to be beneficial for the treatment of patients with
mild-to-moderate AD [80]. The efficacy and safety of MCTs for the treatment of mild-to-
moderate AD have been assessed in a multicenter, randomized, double-blind, placebo-
controlled study of 152 outpatients with MMSE scores between 14 and 24 at screening [80].
Subjects were randomized to 90 days of treatment with either MCTs or placebo followed by
a 2-week washout. All subjects were allowed to continue on stable concomitant AD
treatments (80% were taking a ChEI and/or memantine) [80]. Treatment-associated changes
from baseline in ADAS-Cog scores were analyzed in subgroups of patients based on APOE
e4 genotype. Per protocol and dosage-compliant patients lacking the APOE &4 allele and
administered MCTs demonstrated a significant difference from placebo in ADAS-Cog at
both days 45 and 90 (both P<0.05) [80]. While this study was well controlled, it is still
limited by a relatively short duration; and it is not clear whether long-term administration of
MCTs will have sustained clinical benefit in patients with AD.
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Cerefolin NAC—This medical food contains folate, vitamin B6, alpha-tocopherol, S-
adenosyl methionine, N-acetyl cysteine, and acetyl-L-carnitine. Meta-analysis of results
reported in a small number of studies carried out to date has provided no consistent evidence
that folic acid, with or without vitamin B-12, positively affects cognitive function in healthy
or cognitively impaired elderly individuals [81]. It has also been shown that high-dose
vitamin B-6, vitamin B-12, and folate supplementation do not significantly slow cognitive
decline in patients with AD [82]

Souvenaid—Souvenaid includes omega-3 fatty acids, uridine, and choline. Results from a
12-week, randomized, double-blind controlled trial that included 225 patients with AD
indicated significant improvement in a delayed verbal recall task for patients treated with
this preparation versus controls (P=0.021). However, there were no between-group
differences for Modified ADAS-Cog and other outcome scores, including Clinician
Interview Based Impression of Change plus Caregiver Input, 12-item Neuropsychiatric
Inventory, Alzheimer’s disease Cooperative Study-ADL, and Quality of Life in Alzheimer’s
Disease [83]. As for the other medical foods considered in this section, available results
provide no information about the long-term benefit of souvenaid.

Dietary Supplements

Coconut Oil—Coconut oil is proposed as another source of ketone bodies that has been
touted as an effective treatment for AD in popular print and electronic media. However, to
date, there have been no controlled studies of coconut oil in patients with AD.

Omega-3 Fatty Acids—Docosahexaenoic acid (DHA) is the most abundant long-chain
polyunsaturated fatty acid in the brain and results from epidemiological studies suggest that
consumption of DHA may be associated with a reduced incidence of AD. However, a
randomized, double-blind, placebo-controlled trial of DHA supplementation (2 g/day)
versus placebo in 402 patients with mild-to-moderate AD did not support this relationship
[84].

INM-176—INM-176, a dietary supplement, is a plant extract from Angelica gigas nakai that
inhibits amyloid B production [206]. The effects of INM 176 versus placebo on cognitive
function have been evaluated in 92 elderly Korean patients with cognitive impairment
(Korean-MMSE score <25) in a 12-week trial. Study results showed that INM-176 was
significantly superior to placebo for total error scores on the ADAS-Cog [85]. The short-
term study provides no information about the long-term benefit of INM 176 in the treatment
of AD.

Emerging Therapies for AD

A large number of agents with many different mechanisms of action are in various stages of
development for the treatment of AD. Agents in phase Il development for the treatment of
AD (Table 1) include thalidomide, intravenous immune globulins (IVIG), solanezumab,
bapineuzumab, and SK-PC-B70M [206]. Thalidomide is an angiogenesis inhibitor and its
potential utility in AD is based on observations of increased expression of pro-angiogenic
growth factors, such as vascular endothelial growth factor, in regions with senile plaques
[86]. Treatment with IVIG, solanezumab, or bapineuzumab in patients with AD is aimed at
increasing clearance of amyloid p [87]. SK-PC-B70M is an oleanolic-glycoside saponin-
enriched fraction derived from the root of Pulsatilla koreana with neuroprotective effects
against amyloid  [206].

Bapineuzumab, solanezumab, and I1VVIG are passive immunotherapeutic approaches to the
treatment of AD. A phase Il trial of bapineuzumab that included 234 AD patients who
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received this antibody or placebo for 78 weeks indicated no significant differences between
treatments for effects on ADAS-Cog. However, an exploratory analysis showed potential
treatment differences (P<0.05, unadjusted for multiple comparisons) on this measure for
patients who completed the study and were APOE e4 noncarriers [88]. A phase |1 study of
solanezumab in 52 patients with mild-to-moderate AD and 16 healthy volunteers indicated
that the antibody increased amyloid B in blood, reflecting increased clearance from the brain
[89]. An open-label dose-ranging study of IVIG in 8 mild AD patients indicated that plasma
amyloid B concentrations increased transiently after each infusion and that CSF levels of this
protein decreased significantly at 6 months. MMSE scores increased by an average of 2.5
points after 6 months [90]. No clinical results have been published for SK-PC-B70M or
thalidomide.

Vaccination strategies (active immunotherapy) are also in development for the treatment of
AD. Amyloid B1_42 peptide immunotherapy resulted in significant toxicity and autoimmune
responses and newer approaches are aimed at identifying new classes of safe amyloid B
fragments [91]. ACC-001 is a short amino-terminal amyloid B1_g fragment that is derived
from the N-terminal B cell epitope of amyloid B. It is currently being evaluated in a phase 1
study [207] Other vaccines based on amyloid  fragments are currently in development
(Table 1).

y-secretase is the pivotal enzyme involved in the generation of amyloid p and a number of
different y-secretase inhibitors have been developed and evaluated as treatment for the
treatment of AD. Agents evaluated in phase Il trials to date have been limited by toxicity or
poor efficacy. Nevertheless, new more potent compounds with enhanced brain penetration
and which have been modified to decrease toxicity are currently in development [92] B-site
amyloid precursor protein-cleaving enzyme 1 (BACE-1) catalyzes the rate-limiting step in
the production of amyloid B and inhibition of this enzyme is a major target for drug
development in AD [93]. Some orally effective BACE-1 inhibitors have been developed and
at least one (CTS-21166) has entered a human clinical trial [94].

Conclusions and Future Perspective

AD is a progressive disease with patient, caregiver, and societal burdens that all rise as
disease severity increases. Current treatments for AD are symptomatic. They slow disease
progression versus no treatment, but this benefit appears to wane over time. There is a
significant requirement for new treatments that can be used in conjunction with current
pharmacotherapies to further slow or even arrest/reverse the progressive cognitive and
behavioral declines characteristic of AD.

In the absence of agents with proven efficacy for modifying disease in patients with AD, it is
reasonable to suggest that combining symptomatic interventions with complementary
mechanisms of action may be the best approach to managing individuals with this disease.
Combining mechanisms may afford optimal approaches to address cognitive, functional and
behavioral deficits without necessarily increasing adverse effects. This approach is similar to
addressing symptomatic treatments for other chronic diseases including hypertension,
diabetes, and heart disease. The available literature supports that a combination of validated
non-pharmacologic interventions, approved medications, and a medical food containing
MCTs may be useful in patients with mild-to-moderate AD. Results from Atri and
colleagues have supported the efficacy of combination therapy with memantine and a ChEl
in patients with AD [68]; and it has also been shown that combination of hon-pharmacologic
intervention with a ChEI was superior to drug alone [95]. Addition of MCTs to treatment in
patients already receiving pharmacotherapy has also been shown to improve cognitive
function [80]. Combination of all of these elements with complementary mechanisms of
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action (Figure 1) is a strategy that may be considered for the treatment of patients with mild-
to-moderate AD.
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Figure 1. Complementary mechanisms of action for ChEIl, memantine, and MCTsin the
treatment of AD [54,67,80,98,99]

AChE inhibitors are believed to correct the cholinergic deficit seen in AD in which there is a
loss of ACh producing neurons in the brain. These agents increase ACh concentrations by
blocking the action of AChE which catalyzes the hydrolysis of acetylcholine into choline
and acetic acid. Memantine is a low-to-moderate affinity noncompetitive N-methyl-D-
aspartic acid (NMDA\) receptor antagonist. It inhibits the prolonged influx of Ca2* ions that
forms the basis of neuronal excitotoxicity that may be involved in AD. It should be noted
that memantine is approved only for the treatment of moderate-to-severe AD. Ketone bodies
are an efficient fuel for cells and may provide an alternative additional energy source for
neurons in patients with AD.
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Treatments in development for AD [94, 96, 97, 204].

Page 19

Agent

M echanism of Action

Thalidomide

Tumor necrosis factor and angiogenesis inhibitor

Passive | mmunother apy

IVIG

Decreases amyloid

Solanezumab

Humanized anti-amyloid B monoclonal antibody

Bapineuzumab

Humanized anti-amyloid  monoclonal antibody

PF-04360365

Anti-amyloid B monoclonal antibody

R1450

Fully human anti-amyloid B monoclonal antibody

GSK933766A

Anti-amyloid B monoclonal antibody

Active Immunother apy

ACC-001 Amyloid B amino-terminal conjugate

CAD-105 Amyloid B;_5 coupled to Qb virus-like particles

Affitope Amyloid B amino-terminal mimotope * adjuvant

V950 Amyloid p amino-terminal peptides conjugated to ISCO-MATRIX®
UB311 Amyloid By_14 using UBITh®

y-secretaseinhibitors

LY2811376

BACE-1inhibitors

CTS-21166

GSK188909

Other

SK-PC-B70M

Oleanolic-glycoside saponin-enriched fraction derived from the root of Pulsatilla koreana with neuroprotective

effect against amyloid
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