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Abstract

Alzheimer’s disease is a neurological condition resulting from the death of neural cells
that causes a deprivation in cognitive functionality, communication, and motor skills in patients.
The condition has an inordinate impact on older populations, with 90% of all cases affecting
those 65 years or older'. As the most common type of dementia, comprising approximately 70%
of all dementia cases, Alzheimer’s disease affects about 5 million people in the United States.
The rate of the condition’s extent among the population is increasing exponentially, with the

number of people enduring Alzheimer’s estimated to triple by 2060 in the United States.'

Due to the widespread impact of Alzheimer’s, developing treatments that govern the
symptoms of the condition is an immense priority for researchers all over the globe. In the spirit
of the venture to aid patients suffering from Alzheimer’s disease, also known as AD, researchers
have in recent years been testing several monotherapies, as well as the combination of these
drugs to examine the most viable treatment plan for Alzheimer’s for several stages, ranging from
mild to moderate to severe AD. Monotherapies are selective agents with a single therapeutic
action that may or may not have other less-significant side effects. Combination therapies
encompass multimodal agents including drug cocktails and multifunctional molecules that
combine multiple mechanisms of therapeutic action which may have a wider range of side
effects. This paper will explore the effects of combining monotherapies and the efficacy of
several drugs on Alzheimer’s patients by examining donepezil, memantine, the combination of

donepezil and memantine, rivastigmine, rasagiline, and ladostigil.

Introduction
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Furthering research by conducting comparative studies will be of critical value to
synthesize the relative efficacy of AD treatments. AD research often focuses highly on the
effects of a particular drug but often fails to underscore comparative potencies. In this manner,
the effectiveness of a monotherapy in contrast to its augmented versions (via combination
therapies) could receive more attention. While past research has concluded that there is a
“pronounced advantage over individual-target drug or cocktail of drug™?, this paper aims to
qualify the generalizability of this statement. Ultimately, a better understanding of such
comparative information could be a breakthrough in AD treatment, especially in circumstances
where a combination of treatments is more effective than a particular pathway. This paper
attempts to overcome these issues with a focus on acetylcholinesterase (AChE) inhibitors and
coupling mechanisms including monoamine oxidation (MAQ) inhibition and
N-methyl-D-aspartate receptor (NMDAR) antagonists. With the fundamental goal of
understanding the differences in efficacies of mono- and combination therapies in AD treatment,
we will start with an evaluation of an AChE and NMDAR silver bullet in conjunction with their
dirty drug. We will then assess AChE and MAO individually as well as their conjugated drug.
We will finally conclude with an analysis of experimental type, AD experimental treatment

measurements, and future recommendations for AD research.
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Analysis of Donepezil and Memantine as Monotherapies vs in Combination

Donepezil [Monotherapy]
Background

Donepezil is a monotherapy used to treat Alzheimer’s disease and dementia, both of
which are brain disorders that impair a patient’s ability to think coherently, perform normal tasks
and daily activities, and communicate with others.* The drug has been approved in over ninety
countries in the world for the treatment of Alzheimer’s disease of severities ranging from mild to
moderate, as well as severe Alzheimer’s in various nations, such as the United States, Canada,
Japan, etc. Some common side effects of utilizing this drug include nausea, vomiting, diarrhea,
and other gastrointestinal problems.’ While its benefits are often considered small in scale and
donepezil does not damage or revamp the pathophysiology of Alzheimer’s disease, its ability to
treat symptoms of the condition has made it a defining pillar of the treatment of Alzheimer’s in
North American countries.
Mechanism

Donepezil is in a class of inhibitors referred to as cholinesterase inhibitors®, denoting
their functionality of binding to an allosteric site which later binds to acetylcholinesterase
enzymes (AChE), the neural transmitter that breaks down acetylcholine at cholinergic synapses®,
which in turn increases the obtainability of acetylcholine at neuron synapses, boosting
cholinergic transmission.® Although there is no current evidence pointing to how donepezil
“alters the progression” of Alzheimer’s, it has the ability to remedy certain symptoms by
boosting cognitive function and improving behavior.

As a reversible drug,” donepezil disengages from the AChE, after which the regular

functionality of the AChE is resumed,® making the impact of donepezil temporary. In addition to
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this, donepezil is noncompetitive and therefore, unlike a plethora of drugs consumed by the
general public, binds separate from the active site of an enzyme, binding instead at an allosteric
site of the substrate. Therefore, the AChE inhibitor has an affinity for both the enzyme-substrate
complex and the enzyme and when the inhibitor binds to either, it “deactivates”, thus prohibiting
the generation of the end product.’
Study Design and Results

Donepezil has been approved to aid in the treatment of symptoms in mild to moderate
Alzheimer’s disease for patients in over ninety countries. The first “multicenter, randomized,
placebo-controlled clinical trial” that assessed the efficacy of donepezil in China was issued in
2002*. Patients aged 55 years and older with mild to moderate Alzheimer’s Disease were tested
with 5Smg/d donepezil in a 12-week treatment trial, resulting in an “improvement in cognitive
function, ADLs” (the Activities of Daily Living), “and global function” over the specified time
period. A potential downfall of this study is that the sample size was small and could have been
larger to minimize discrepancies. The patients received higher scores in assessments of the
MMSE (Mini-Mental State Examination), CDR (Clinical Dementia), and ADL in comparison to
a control group who were provided placebo.* In another prospective clinical trial of patients with
mild to moderate Alzheimer’s disease that spanned 72 months of treatment, providing more
longevity than the previous study, the group provided with donepezil performed exceedingly
better on cognitive function, ADLs, and global functions extending all the way to the end of the
72 months. A potential complication of this study is that it had an exceptionally high dropout rate
of 55.8% among those in the donepezil group and 74.4% for the control group by the end of the

clinical trial.'®
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Donepezil has also been demonstrated to be effective in the treatment of moderate to
severe Alzheimer’s disease. When comparing groups, those maintaining donepezil treatment had
cognitive and functional benefits compared to groups with withdrawn donepezil amounts in
patients with moderate to severe Alzheimer’s disease.” In a 12-week study held in China
spanning 40 cities and 60 hospitals, 808 dementia patients, about 67% of whom were at a stage
of moderate to severe AD, were given 5 mg/d donepezil treatment. The results of this
investigative study indicate that donepezil “significantly enhanced the patients’ function in
ADLs, cognitive abilities, and psychological symptoms.” However, only the MMSE, or
Mini-Mental State Exam, was utilized to examine subgroups that pertain to specific diseases
within the study." A multicenter, randomized, double-blind study with a placebo control group
conducted over 24-week treatment with donepezil in patients with severe AD in China displayed
substantial improvements in the cognitive abilities and global function of patients."

Discussion

Donepezil is an effective treatment for the symptoms of Alzheimer’s among patients with
mild to moderate as well as moderate to severe AD. While some of the studies included
limitations and downsides, their results were consistent with one another and concluded that
donepezil increases cognitive function and global function, utilizing various techniques, such as
MMSE (Mini-Mental State Examination), CDR (Clinical Dementia), and ADL. In comparison to
the control group in all of the investigative studies and clinical trials conducted that were
provided with placebo, donepezil provided significant improvement in the cognitive abilities of
patients. It is important to note, however, that while global function and cognitive function are
significantly improved among mild to moderate and moderate to severe AD cases, only the

symptoms of AD are treated with donepezil and not the root mechanism of Alzheimer’s,
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meaning that donepezil cannot entirely treat patients, but has the ability to prolong the time
period in which the symptoms of AD affect patients’ everyday lives.

Memantine [Monotherapy]|

Background

Memantine(Namenda) has been approved by FDA for the treatment of moderate to
severe Alzheimer’s Disease (AD) symptoms since 2003." The drug was first synthesized in the
1960s by Eli Lilly, who initially aimed to develop an antidiabetic agent.'*Despite the limited
evidence in managing blood sugar levels, it was not until 1984 when German scientists
discovered that memantine affected the Central Nervous System and it could be effective in
treating Parkinson’s Disease."” In 1989, Bormann investigated the ability of memantine as an
N-methyl-D-aspartate receptor (NMDAR) antagonist and discovered its action of temporarily
blocking NMDAR,'® which inspired the later experimentations and discussions for the

development of memantine as a potential therapeutic option for treating AD.

Mechanism

Memantine targets the extrasynaptic NMDARs that are located on the dendrites."”
NMDAR functions as a cationic channel to which glutamates bind,'® and it has an important role
in the progression of AD. Memantine serves as a “low-affinity voltage-dependent uncompetitive
antagonist” of NMDAR that binds to NMDAR so that NMDAR will not be activated by

glutamate. '

In patients with AD, there is an excess release of glutamate in their brains which
increases the activity of NMDAR. This excitement stimulates an influx of Ca*+ ions into the

postsynaptic cells and results in the formation of neuronal oxidative stress. The consequence is
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the destruction and loss of synaptic connections, which is embodied in decreasing learning
abilities and memory capacity.'®* Memantine works by reducing the overstimulation of NMDAR
in the presence of a high concentration of glutamate by binding with NMDAR to prevent the
series of action leading to synaptic destructions. There is also evidence of memantine being able
to reduce the accumulation of AB from preclinical data.'* However, whether memantine could

slow down the disease progression remains controversial.?’

Study Design and Results

One of the first few clinical trials that treated AD patients with memantine can be traced
back to 2003 with 32 U.S. centers participating. It recruited 252 patients with moderate-to-severe
AD who were randomly assigned to a daily treatment of either 20 mg of memantine or a placebo
treatment for 28 weeks. The efficacy measures were evaluated from two levels. The primary
level included Clinician's Interview-Based Impression of Change Plus Caregiver Input
(CIBIC-Plus) and the Alzheimer's Disease Cooperative Study Activities of Daily Living
Inventory modified for severe dementia (ADCS-ADLsev), and the secondary level focused on
the Severe Impairment Battery (SIB) and cognition, function and behavior disturbances. 181
patients completed the study and results demonstrated that memantine alleviated the symptoms

of AD, evident by improvements in assessment scores.*'

Despite many years of clinical research, many later clinical trials indicated that there is
still insufficient evidence of therapeutic effectiveness from memantine monotherapy as a
symptomatic treatment for AD. A meta-analysis synthesized nine randomized controlled trials
(RCTs) that compared memantine monotherapy to placebo. These studies were conducted in

different countries including Austria, China, Japan, the United Kingdom, the United States, and
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multiple European countries (in one collaborative study) from 2003 to 2013 and lasted for 31
weeks on average. The meta-analysis analyzed the therapeutic outcomes of a total of 2433
patients with mild-to-severe AD (averaging 76 years old) who had not received cholinesterase
inhibitors (ChEI) treatment to make the distinction of the effects from the pure memantine
treatment. The primary efficacy measures emphasized the cognitive function (quantified by SIB,
ADAS-Cog, SMMSE, or MMSE) and behavior disturbances (quantified by NPI and
Behave-AD) while the secondary efficacy measures included activities of daily living (quantified
by ADCS-ADLsev, ADCS-ADL19, ADCS-ADL23, BADLS, CIBIC-Plus, FAST, or GAF).
Although the results showed that memantine monotherapy led to improvement in cognitive
function, behavior disturbances and activities of daily living, the effect sizes were argued to be
too trivial (with a Standardized Mean Difference from -0.09 to -0.27 across different tests) to
prove clear clinical benefits.” The statistical results from the meta-analysis, therefore, suggested

that memantine has limited clinical benefits in managing AD symptoms.

Discussion

It is important to note that one of the RCTs in this meta-analysis is Reignsberg’s clinical
trial in 2003. Reignsberg’s result, in addition to the synthesized results from the meta-analysis
uniformly yielded improving scores from multiple AD-associated tests comparing memantine
monotherapy to placebo. However, the combined results stressed that the effect size of
quantifiable outcomes was not big enough to translate into clinical meaningfulness of memantine
monotherapy. This might be because all these RCTs reported the mean differences between
placebo and memantine groups from multiple AD-associated scales. One significant drawback of
this outcome-reporting strategy is that the mean scores may not be necessarily representative of

every individual in the study. There might be a few participants who scored significantly higher
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or lower than the majority and their scores exerted a larger effect in the mean. For example, the
smaller single trial might include more uniqueness in treatment outcomes as compared to the
meta-analysis that takes into account a larger volume of data. This possibly explains why the
meta-analysis result seems to partially contradict the single trial. It is still important to know the
mean point differences, but it will be helpful to include a responder analysis that reports the
clinical response because it shows the percentage of patients achieving a pre-defined outcome or
effect, indicating the probability of a therapy achieving a particular clinical effect. Combining
statistical analysis from test scores with the responder analysis might produce a more holistic

picture of the therapeutic effect.

Donepezil & Memantine [Combination Therapy]

Introduction

Memantine is an FDA-approved drug for the treatment of moderate to severe
Alzheimer’s Disease while donepezil is approved for the treatment of mild to moderate
Alzheimer’s Disease. Both memantine and donepezil as monotherapies have proven their
efficacy through increased cognitive functions and improved daily activities. Memantine, an
uncompetitive antagonist of NMDAR, and donepezil, an acetylcholinesterase inhibitor, both
follow two different mechanisms. These two different inhibitors can also be used as a
combination therapy to treat moderate to severe AD. Recently, the FDA has approved a drug
called Namzaric that uses memantine and donepezil as a treatment of moderate to severe AD.
This drug can be taken orally by capsules in two dosages: 4 mg memantine hydrochloride
extended-release and 10 mg donepezil hydrochloride (14 mg/10 mg) or 28 mg memantine

hydrochloride extended-release and 10 mg donepezil hydrochloride (28 mg/10 mg) which should
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be taken once daily.”* Although the FDA has approved the use of the two drugs combined,

ambiguity on the efficacy of this dirty drug has remained.

Background

There are many reasons why Donepezil and Memantine work together efficiently. It is
important to find out the root cause of AD to truly understand the effectiveness of the
combination therapy. Deposition of beta-amyloid peptide (AP) plays an important role in the
early developmental stages of AD. Insoluble AP plaques deposits in the brain parenchyma that
disrupt neural connectivity and synaptic dysfunction, leading to lower cognitive function and
results in AD.**Although deposition of AB does not directly contribute to the severity of AD, the
accumulation of it triggers a downstream cascade of inflammatory response such as the
production of proinflammatory cytokines by CD4+ T cells. Th1 cells and Th2 cells are part of
the CD4+ T cells family which are responsible for adaptive immunity. Th1 cells produce IL-2,
IFN-y, and TNFa that act as a defence against intracellular viral and bacterial pathogens. IFN-y
activates macrophages, promotes antigen presentation and natural killer cell function. Th2
thereby counteracts the proinflammatory response by secreting IL-4, IL-5, and IL-13 to promote
an anti-inflammatory response.” Th2 cells repress Thl with the help of astrocytes that clears A
deposition and protects neuronal synapses in the central nervous system. Astrocytes are
components of the Neurovascular Unit (NVU) that are responsible for neurodevelopment, brain
maintenance, and repair and support cerebral homeostasis. Astrogliosis is a process when
astrocytes undergo molecular and morphological changes that induce them to eliminate toxic
substances.?® One of the morphological changes includes an increase in expression of the glial
fibrillary acidic protein (GFAP). A study using 3xTg-AD mice with GFAP—/— astrocytes found

inability to form a barrier-like structure around amyloid  (AB) deposits, suggesting a role for
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GFAP in the structural alterations of reactive astrocytes surrounding plaques in Alzheimer
Disease (AD).”" In the early stages of AD, astrocytes also present AB to antigens of Th2 cells
thus, suppressing Th1 cells. However, in the late stages of AD, astrocytes produce IL-1p and
IL-6 which recruits proinflammatory Th1 and Th17 cells. Donepezil is used to inhibit Th1 and
promotes Th2, while Memantine decreases the pro-inflammatory response by blocking glutamate
receptor NMDA .* Due to their ability to target different pathways, a combination of memantine

and donepezil is a potentially effective drug to treat moderate to severe AD.

Study Design and Results

A double-blind placebo clinical trial done by Howard et al. have shown that there were

1.8 This research was

no notable benefits of adding memantine to a stable dose of donepezi
funded by the U.K. Medical Research Council and the U.K. Alzheimer's Society. The trial lasted
52 weeks with a total of 295 participants. Each person was assigned to one of the four subgroups:
donepezil and placebo, only placebo memantine, and a combination of memantine and
donepezil. All the selected patients (age 60 to 75) were required to have a stable dose of
donepezil (10mg) for at least 3 months and have SMMSE scores between 5 and 13 that indicate
moderate to severe AD. This study showed that patients that were assigned to stabilized
donepezil doses had a higher SMMSE score by 1.9 points and a lower BADLS score by 3.0
points compared to patients that discontinued donepezil. Additionally, patients with continued
memantine compared to discontinued memantine had higher SMMSE by 1.2 points and BADLS
scores by 1.5 points. It is also noted that patients who were taking memantine and donepezil had
higher SMMSE scores by 0.8 and lower BADLS scores by 0.5 compared to placebo and

memantine. The researchers observed a slight increase (1.2 points higher) in SMMSE score

(P<0.001) and a slight decrease in BADLS (1.5 points lower, P=0.02), suggesting that donepezil
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and memantine efficacy “did not differ significantly in the presence or absence of each other”.®

Thus, the results of the trial were not significant enough to conclude that combination therapy is
more effective relative to the monotherapy treatments. Therefore, patients that had either only
donepezil or only memantine showed better efficacy than patients that were taking a combination

of the two.

On the other hand, two 24 weeks long randomized placebo-controlled trials done by Atri
et al. in several centers across the United States have proven that the addition of memantine to a
stable dose of donepezil has a significant reduction in clinical worsening and an increase in
safety and efficacy. The clinical worsening is a measure of deterioration from a baseline of three
domains (cognitive, functional and global) and is determined when there is a decline of > 4
points on ADAS-Cog or > 5 points on SIB, and any decline on ADCS-ADL19/ADCS-ADL23
and CIBIC-Plus. All 510 patients were prescribed donepezil for at least 6 months with stable
doses for 3 months and were separated into two groups: mild to moderate AD (171 patients) and
moderate to severe AD (339 patients). The mild to moderate group was given 10mg of
memantine once daily with a stable dose of donepezil while the moderate to severe group was
given 20mg of memantine twice daily with a stable dose of donepezil as well. These two groups
were then compared with a placebo group. This clinical trial has shown that the clinical
worsening effect is lower by more than half for patients that were on combination therapy
compared to patients stabilized on donepezil only for both moderate to severe group (8.7% of
patients for combination and 20.4% of patients for donepezil only group) and mild to moderate

group (5.9 % of patients for combination group and 15.0% for donepezil only group).”

A pooled area under the curve (AUC) analysis by Atri et al. performed a six-month

randomized double-blind controlled trial of a total of 1,408 patients observed that all the
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monotherapy groups had significantly higher cumulative worsening rates.?’ The combination
therapy group had statistically significant cognitive function compared to monotherapy followed
by the placebo group with almost no improvement in cognitive function. This study observed
four different areas: cognition (SIB), function (ADCS-ADL19), behavior (NPI), and global status
CIBIC-plus). Memantine and donepezil combination showed statistically significant compared to
donepezil only (SIB (P =0.019), NPI (P=0.003), and CIBIC-plus (P<0.001)). To compare with
memantine only therapy, SIB (P<0.001), NPI (P<0.001), CIBIC-Plus (P<0.001). The results
were not significant for ADCS-ADL19 measurement for both monotherapies (donepezil only,
P=0.407) and memantine only, P=0.310) compared to combination therapy. Patients who were
treated with donepezil and memantine had cumulative improvements in all four areas by 450%,
while patients on placebo showed a decline in cognitive activity.® The observed statistically
significant results suggest that further studies on the efficacy of the dirty drug could be of interest

in future research.

Discussion

Donepezil and memantine combination therapy has proven to improve cognitive
functions and daily activity. However, some studies have shown that the effect of combined
drugs is not as significant compared to using donepezil or memantine alone. This inconsistency
in the results shows that the combination therapy still needs to be further investigated and it is
invalid to draw a conclusion of its effectiveness. Some of the variability in clinical trials that
influence the confidence of each study include age, gender, underlying health condition, and the
sample size drawn. The length of the trials also plays an important role in determining the
effectiveness of the drug. Some studies have shown that cognitive function is only observed after

14 weeks of trial. Although donepezil and memantine combination therapy was FDA approved,
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there is limited knowledge and information on how the drug works effectively. Therefore, further
experimental research at different geographic locations, same age range, and same sample size

might portray new information on donepezil and memantine combination therapy.

Donepezil and Memantine: Monotherapy vs Combination Therapy

A double-blind and randomized controlled clinical trial conducted between 8 medical
centers in China provided a comparative analysis between donepezil and memantine
monotherapy. 167 participants with a mean age of 69.95 years old and starting MMSE scores
between 10 to 24 which categorized them into mild-to-moderate AD patients were selected,
among which 80 received 10 mg memantine twice daily and 87 received 10 mg donepezil once
daily throughout a 24-week period. Researchers set ADAS-cog, 20-item ADL and CIBIC-Plus as
the primary outcome measure and NPI and MMSE as the secondary outcome measures. Results
indicated a greater decrease in agitation in the memantine group and better naming ability in the
donepezil group. Any of the four test items (memory, language, praxis, and attention) in the
ADAS-cog did not change significantly in either group. In addition, NPI, 20-item ADL,
CIBIC-Plus or MMSE scores did not exhibit any statistically significant differences in the
changes from the start of the study in response to either treatment. Therefore, this study
concluded that the differences in terms of treatment efficacy between donepezil and memantine

monotherapy in mild-to-moderate AD patients is similar.*

While donepezil and memantine are similar in treatment efficacy, there are nuanced
differences between the two drugs that indicate that the drugs are not guaranteed to be similar in
efficacy, as proven by Zhang and Gordon’s meta-analysis comparing various studies and

summarizing their results®'. In a multi-center study conducted in China comparing the efficacy of
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donepezil and memantine, it was found that the effects of the two drugs were equivalent with
some nuances in efficacy. Mild to severe Alzheimer's patients within the age group of 45-80
years old were divided into two groups, one of which was given 10 mg/day of donepezil, while
the other was provided with 10 mg/day of memantine. On all basic outcome measures, such as
CIBIC-plus (Clinician’s Interview-Based Impression of Change plus Caregiver Input), 20-item
ADL, ADAS-cog, the NPI, and the MMSE (with scores ranging from 3-24), the results of
donepezil and memantine exhibited efficacy of equivalent levels.'> However, in a secondary
analysis, patients provided with donepezil displayed increased scores on the ADAS-cog (a
behavior and mood test) in comparison to those in the mild to moderate subgroup who were
given memantine, while the group provided with memantine exhibited more effective agitation
scores on the NPI (The Neuropsychiatric Inventory).*® In another study conducted by Hu HT,
Zhang ZX, Yao JL, et al. to examine the different efficacies of donepezil and memantine in
Alzheimer's disease patients, donepezil had a “trend toward better improvement in daily living”
than those provided with memantine at the 8 week mid-point of the study, however, at the

16-week endpoint, there were no notable outcome differences between the two groups.®!

Both Zhang et al.’s clinical trial’® and Zhang and Gordon’s meta-analysis®' suggested that
the efficacy outcomes maintained largely similar between donepezil and memantine groups in
terms of the majority of AD-associated tests, and the changes in scores were not statistically
significant to dictate either treatment’s symptomatic benefits. However, both studies still
manifested subtle yet statically significant differences in the subscales of the major tests; for
example, different facets of cognitive function tests. In Zhang et al.’s study, the ability to name
objects improved more in the donepezil group, while the agitation declined more in the

memantine group. In Zhang and Gordon’s meta-analysis that synthesized results regarding to
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treatment outcomes between donepezil and memantine from multiple clinical trials, there was no
significant difference in outcome between the two on all basic outcome measures, however, the
secondary analysis pointed to variations, with donepezil increasing the ADAS-cog score, a

behavior and mood test, and memantine exhibiting more effective agitation scores on the NPI.

A 24 weeks long double-blind, randomized placebo-controlled trial for moderate to
severe AD was performed at 37 sites across the U.S in 2001 to study the effectiveness of the
combination therapy. All 404 patients chosen were required to have a MMSE score between
5-14, at least 60 years old and have been prescribed 5-10mg donepezil for at least 3 months.
Patients were assigned to one of two groups: memantine and donepezil group (203) or donepezil
and placebo group (201). Statistical analysis was measured using SIB, ADCS-ADL19,
CIBIC-Plus, and NPI. Patients were given Smg of memantine with weekly increments of Smg
until it reached 20mg starting week 4 of trial and the placebo group were given placebo and a
stable dose of donepezil. All analysis of data was taken from patients who had taken the baseline
assessment for SIB and ADCS-ADL19 once. The addition of memantine to donepezil showed
statistically significant results where the SIB p-value was less than 0.001 and the ADCS-ADL19
p-value was 0.03 after week 8. As a secondary measure, CIBIC-Plus for memantine and
donepezil had a lower score and p-value of 0.03 for combination therapy, lastly, the NPI score
was significantly lower for memantine-donepezil (P=0.002) when compared to
donepezil-placebo at the end point.** The previously mentioned study by Howard et al. observed
that patients who were taking memantine and donepezil had a higher MMSE score and a lower
BADLS score, indicating that patients experienced better cognitive and ability to do daily

activity.?®
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Discussion

According to the clinical trials and meta-analysis we have gathered in this paper,
donepezil and memantine as monotherapies show firm proof of effectiveness and significantly
improved AD symptoms. The question of whether combination therapy is better than
monotherapy is still uncertain. From the clinical trials mentioned above, patients who had
memantine and donepezil together had an increase in cognitive function, improvement in overall
observation and behavior of patients, and significantly fewer behavioral symptoms. Some of the
reasons why they obtained similar results may include having the same age range and requiring
patients to be stabilized on donepezil for at least 3 months. However, it is still unclear to
conclude whether monotherapy is better than combination therapy because each individual
clinical trial may have different methods to test or measurements to determine what truly is a

better treatment.
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Analysis of Monotherapies Rivastigmine and Rasagiline vs Combination Therapy

Ladostigil

Rivastigmine [Monotherapy]

Introduction

The semi-synthetic derivative of physostigmine- rivastigmine- developed by Martha

Weinstock-Rosin played a key role in framing dementia treatment.”

Rivastigmine first received
global approval for mild to moderate dementia treatment for symptoms associated with
Parkinson’s disease (PD).** Having received approval from 60 major countries including that of

the FDA in the US in 2000 for treatment of AD and other forms of dementia,** understanding the

efficacy of rivastigmine in conjunction with its safety will be crucial.

Mechanism

Rivastigmine functions as a reversible inhibitor of acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE) that sustains its effects for at least 12 months of repeated
administration.*® As a fundamental building block of neural communication, AChE is
characterized by a family of enzymes that catalyzes the hydrolysis of acetylcholine- a crucial
neurotransmitter. Similarly, BuChE aids the hydrolysis of particular choline-based esters. A
combination of the inhibitors actively works to block the AChE to limit the breakdown of
acetylcholine in a reversible mechanism.”” The resulting increase in acetylcholine levels in the

brain provides relief to AD symptoms.
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Study Design and Results

Rivastigmine couples BuChE and AChE inhibitors to inhibit AChE with the end goal of
providing AD treatment. A retrospective statistical analysis of three double-blind databases
(Investigation of transDermal Exelon in Alzheimer’s disease [IDEAL; AD], EXelon in
PaRkinson’s disEaSe dementia Study [EXPRESS; PDD]; Alzheimer’s Disease with ENA 713
[ADENA] database) conducted by Weintraub et al.*® derived a twofold analysis of memory and
language from ADAS-cog (Alzheimer’s Disease Assessment Scale) to investigate this claim.
Now considered the “gold standard” for mild to moderate AD analysis, the ADAS-cog utilized
was categorically designed to “measure the change in cognitive deficits that characterize AD”.
Even though data were pooled and analyzed for 4,540 participants with AD and PD, this paper
concerns itself with the 3,959 AD patients [[DEAL; EDNA] whose collective and subgroup data

streams were aggregated and analyzed separately to the PD and placebo groups.®®

In comparison with the placebo group (Ps < 0.0001) the rivastigmine-treated participants
showed significant increases in ADAS-cog scores; however, with a P> 0.05 no statistically
significant difference was observed in the adjusted scores in memory and language of AD
population when accounting for placebo effects. Notably, the considerable sample size of 3,959
AP participants improves confidence in the final conclusions. Relatedly, the robust two-pronged
approach (synthesized from 11 baseline ADAS-cog factors) lends credence to the study by
providing statistical validation of a broader domain of factors that are affected by Alzheimer’s.
And by integrating data from multiple doses as well as delivery methods (1 to 4 mg/d, 6 to 12
mg/d by rivastigmine capsule; 293 to 9.5 mg/24 h, 303 to 17.4 mg/24 rivastigmine patch), and by
clustering a larger placebo population (1350) a comparative analysis of titration quantity could

be made. More specifically, it was observed that the greatest effect on memory and language
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domains was for the 17.4 mg/24 h patch memory group. While the statistical significance was
not designed for subgroup comparisons, studying such a comparison of titration quantity could

be the focus of future research.*®

Discussion

Despite progressive steps in the choice of outcome measurements, more holistic
conclusions could be drawn using ‘adverse event’ data coupled with QoL (quality of life) indices
that only certain studies in the database gauged. An underlying criticism is that the study
accepted the assumption that the ADAS-cog system is a “gold standard” metric. Albeit, the
original ADAS-cog consisted of 11 items including memory, language, praxis, and orientation,*
but the component of patient well-being using QoL would fundamentally provide a more holistic
approach to AD research. QoL data would ideally include physical, mental, social, and emotional
health as well as adverse event analysis.* Future studies could incorporate activities in daily
living and global functioning data to evaluate the efficacy and tolerability of rivastigmine in AD

participants.

Rasagiline [Monotherapy]

Introduction

The inhibition of a particular group of mitochondrial-bound flavoprotein isoenzymes has
surfaced as a viable outlet for clinical use in antidepressants and cognitive disorders. As the first
type of antidepressant developed,*' Monoamine Oxidase Inhibitors (MAOI) hold a long history of
clinical experimentation and even received FDA approval for Parkinson’s Disease Treatment in
2006. While the cross-application of a mechanism, such as MAO inhibition to cognitive

disorders, would not be solely unique, its aforementioned clinical prominence could potentially
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play a role in its usage for a patient facing a combination of depression and cognitive disorder
symptoms. Moreover, the breakthroughs of MAOI in the treatment of neuropsychiatric disorders
varying from Parkinson’s disease to mood disorders has distinctly characterized MAOI as an
untested yet versatile and unique candidate for the treatment of a range of mental disorders. In

this paper, the known effects of MAO inhibition on Alzheimer’s disease is of central concern.

Mechanism

The MAO isoenzymes catalyze the degradation of monoamines into its aldehyde
counterpart, which can then be converted to acids or alcohols by aldehyde dehydrogenase and
aldehyde reductase respectively. This process is regarded as one of the central mechanisms for
the functioning of synaptic neurotransmission and consequently for the regulation of emotions,
mood, and cognitive control.** In turn, particular isoenzymes of monoamine oxidase have been
linked to apoptosis. The activity of MAO-A increased during apoptosis in PC-12 rat adrenal
medulla cells,*” and the presence of si-RNA (short interfering RNA) that downregulates MAO-A
expression in human neuroblastoma SH-SYSY cells was reported to reduce cell death and toxin
binding.* Such in vitro findings implicate clinically testing the MAO pathway for cognitive
disorder treatment where apoptosis is thought to play a role, such as Alzheimer’s disease.* In

particular, selegiline and rasagiline have been posed as tenable candidates.

Study Design and Results

Coupled with its previously reported promotion of anti-apoptotic activity, the irreversible
MAO-B inhibitors such as rasagiline have been suggested as treatments for Alzheimer’s (AD)
and Parkinson’s diseases (PD). While studies that link rasagiline to tau accumulation (or the

buildup of a specific family of neurotoxic proteins*®) such as that of the Cleveland Clinic surface
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to attention, a deeper dive into the clinical and biochemical efficacy reveals that such generalized

suggestions require further examination, as specificity and viability may not be unconditional.

In a Phase II “proof of concept” randomized clinical trial of the Cleveland Clinic,
rasagiline potency in Alzheimer’s treatment was investigated on patients with mild to moderate
AD.* In addition to being a placebo-controlled, double-blind, and parallel-group study,
demographic information pertaining to the age, sex, and education of the participants did not
differ substantially between groups. Despite the limitation of a small sample size of 50, the
longitudinal analysis of the experiment in conjunction with FDG-PET and Tau PET evaluations
allowed for an interesting visual comparative analysis of tau aggregation. Crucially, tau- a
protein linked to multiple brain diseases- had previously been found to agglomerate early in AD
patients and this effect was found to increase with time.***° By using Tau PET data over an
interval of 24 weeks, the Cleveland Clinic Study expounded on prior findings while establishing
new links to rasagiline and mild to moderate AD. Ultimately, the study met its primary objective
of improving longitudinal metabolism- a key aspect of improvement in AD treatment- versus
placebo in the frontal cortex (left P < 0.012 bilateral P < 0.025), anterior cingulate cortex (P <
0.043), and striatum (P < 0.02).*” Utilizing the Digit Span, CGIC, COWAT, and NPI indexes for
quality of life (QoL), a quantitative relationship was established between uniform improvements
in QoL and receiving rasagiline treatment. Conversely, there was an observed decline in placebo
participants. Hence, the study expands its evaluation of ‘improvement’ during treatment from
mere quantitative or biochemical perspectives to considering the QoL, adverse events, and
neuropsychiatric symptoms. Subsequently, this satisfies the need to understand the effect of
treatments in daily life beyond the research laboratory, lending credence to the claims of

improved wellbeing.
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Discussion

These findings are promising for the future of rasagiline studies but the limitations on
confidence must also be considered. Principally, a small sample size (noted by the authors
themselves) renders the likelihood of the sample data (and consequent conclusions) in concert
with generalizability to the larger Alzheimer patient population as questionable. As a further
complication, 84% of the participants were taking AChE inhibiting medications such as
memantine prior to and during the duration of the experiment. While the authors present that
rasagiline effects were “incremental to the action of the medication”, the true improvement in the
dependent variable (baseline scores) that can be attributed to rasagiline is called into question.
Additionally, the recognized imbalances in baseline MMSE, ADAS-cog, and QoL scores
between treatment arms of participants that materialized by chance add another layer of
complexity in analysis.”” However, in contrast to several other MAO inhibitors, rasagiline could
still be of viable interest for future studies. For instance, a Cochrane Database systematic review
of selegiline (another MAO inhibitor) concluded that “[t]here would seem to be no justification
(...) to use it in the treatment of people with Alzheimer's disease, nor for any further studies of its
efficacy in Alzheimer's disease.”* Thus, despite the identified drawbacks of lacking
generalizable, controlled, and significantly conclusive results, the results seem promising and

indicate that the repurposing of rasagiline in AD treatment holds a future in clinical trials.

Ladostigil [Combination Therapy]

Introduction

Ladostigil is a multimodal/multifunctional drug that was designed with the intention to

treat dementia comorbid with extrapyramidal disorders and depression. It is a combination of the
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neuroprotection properties of rasagiline and the cognitive enhancing properties of rivastigmine™,
both FDA approved drugs used to treat Parkinson’s Disease and Alzheimer’s Disease (AD)
respectively. There have been two Phase 2 studies investigating ladostigil — one evaluating the
course of escalating doses of up to 80mg twice daily in people with mild to moderate AD>! and
another evaluating a lower dose for its ability to delay progression from Mild Cognitive
Impairment (MCI) to AD.>* Although the developers intended to use ladostigil to treat AD it was

later changed “to an indication of mild cognitive impairment (MCI)”.%

Mechanism

Weinstock et al. developed Ladostigil with the intention of using it to treat AD alongside
extrapyramidal disorders and depression.”* One of the main reasons for the cognitive deficit in
Alzheimer’s Disease (AD) is the degeneration of cholinergic cortical neurons. Many subjects
with AD experience extrapyramidal dysfunction and depression resulting from the degeneration
of dopaminergic, noradrenergic and serotonergic neurons. For this reason, ladostigil was
developed with both cholinesterase (ChE) and monoamine oxidase (MAQ) inhibitory activity, as

a potential treatment of AD.>*

MAQO is one of several contributing enzymes of oxidative stress, which “contribute to the
observed synaptic dysfunction and neurodegeneration [in AD], which are most severe in the
cholinergic system.” The subsequent decreased levels of acetylcholine lead to cognitive and
memory deficits — a key characteristic in AD patients.> Ultimately, ladostigil was created with
the expectation that reduced cell damage and preservation of cholinergic neurotransmission
would have a good chance at slowing down AD as well as maintaining cognitive function and

the ability for self-care.**
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Study Design and Results

Preclinical Research

Weinstock et al. conducted research on rats where they orally administered 35-100
mol/kg of ladostigil that was observed to inhibit ChE by 25%-40%. And after daily oral
administration of 75 mol/kg for 2 weeks, it was found to inhibit MAO-A and B in the brain by
about 80%. Ladostigil was also shown to have neuroprotective effects against a variety of insults
in PC12 cells and in vivo. Additionally, it significantly reduced hippocampal cell damage caused
by global ischemia in gerbils and the cerebral oedema induced by a closed head injury in mice
and sped recovery of their motor and memory.> These findings displayed great potential in

ladostigil being used to treat AD which led to further development and studies on the drug.

Phase 2: Safety and Efficacy of Ladostigil in Patients with Mild to Moderate Probable AD

This double-blind, randomized, placebo-controlled trial, sought to evaluate the safety and
efficacy of ladostigil compared to placebo. The study consisted of two cohorts: one which
received ladostigil from the start of the first 26-week period and another that received a placebo
during that time. After the first 26-week period all participants received a 26-week treatment of
ladostigil. The trial missed its primary endpoint of change on the Alzheimer’s Disease

Assessment Scale-Cognitive Subscale (ADAS-Cog), and development for AD was terminated. '

Phase 2: Delaying Progression of MCI to AD

In this 3-year, randomized, double-blind, placebo-controlled phase 2 clinical trial 210
patients with mild cognitive impairment (MCI) and medial temporal lobe atrophy were allocated

to placebo or ladostigil. The primary goal of this study was to explore its effect on ameliorating
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progression from MCI to AD alongside the goals to assess the effect of ladostigil on cognition,

daily functioning, and biomarkers.*

Over the three years, 20.4% of the placebo group progressed from MCI to dementia
compared to the 14.1% of the ladostigil group. However, there were no statistically significant
differences in secondary/exploratory outcomes when comparing the two cohorts. At the same
time, there was a significantly reduced loss of whole-brain and hippocampal volume in the
ladostigil-treated patients. Notably, the participants with MCI in the placebo groups were more
cognitively impaired compared to those in the ladostigil trial which supports previous
observations that decrease in brain volumes may precede cognitive impairment and dementia

onset.>

Although this study ultimately showed that a low dose of ladostigil was well-tolerated
and safe, and even had some potential benefits it is hard to say whether ladostigil is truly
effective in delaying the neurodegeneration of MCI to AD. Conversely, even if that was clear,

MCI diagnosis predicts over a 3-year period.>

Both Phase 2 studies failed to meet their primary research goals. Despite that, both clinical trials
provided results that promote the continued development of ladostigil. Although ladostigil is no

longer being considered for the treatment of AD it still seems to have the potential to treat MCI.

Monotherapies Rivastigmine and Rasagiline vs Combination Therapy Ladostigil

Given an overall significance value of p<0.005 and a significance threshold set to
p=0.045 based on the O’Brien Method?®, there were no statistically significant differences
between placebo and ladostigil treatment. And with an observed 20% progression in the placebo

group, the Ladostigil group detected a non-significant risk difference of 7%.’
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Similarly, while the rivastigmine-treated population showed statistically significant
increases in ADAS-cog scores, adjusted memory and language scores had no significant

differences (P > 0.05) when compared to the placebo group.

Meanwhile, Rasagiline silver bullet research detailed that the placebo trial observed a
decline in longitudinal metabolism while improvements were observed in the rasagiline-treated
participants (frontal cortex left P < 0.012 bilateral P < 0.025 among other statistically significant
p-values). Importantly, improvements in QoL (quality of life) were observed in the

rasagiline-treated population.*®

Discussion

While each trial was conducted in appreciably distinct locations, had different sample
sizes and administration methods, and measured efficacy through disparate experimental metrics,
the pooled differences between the treatment and placebo groups for each independent study was

made clear and is statistically sound.

Recognizing the flaws in direct commensurability of the three data streams, this paper
chose to individually evaluate the efficacy of each drug in conjunction with questioning the
experimental design and execution of each paper. Given this premise and the aforementioned
data, we conclude that while rasagiline and rivastigmine silver bullet drugs showed signs of
effectiveness, there are recognizable limitations such as a smaller sample size, exposure to
confounding variables such as other AD drugs, and the use of suboptimal AD outcome measures
that require further evaluation in future studies. However, the dirty drug ladostigil was largely
ineffective. It can be reasonably inferred that this could have contributed to the repurposing of

ladostigil for the delay of Mild Cognitive Impairment (MCI) to AD.
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Conclusion

Overall, the relative effectiveness of “silver bullet” and “dirty” drugs of AChE inhibitors
and their derivatives depends on a myriad of variables including the biochemical mechanisms,
experimental administration, and limited data. This leaves no decisive conclusion, as
re-evaluations would highly depend on the “type-specificity” of the inhibitor as well as
circumventing issues of suboptimal experimental design. Even then, there may not be significant
differences due to the lack of changes in biochemical efficacy of the augmented dirty drug
relative to its silver bullet counterparts. However, confidence in experimental components could
be improved by incorporating the aforementioned considerations: (1) avoiding significantly high
dropout rates (2) combining point-based analysis accounting for mean point differences with the
responder analysis (3) adjusting the time duration of observations based on cognitive function
data (4) increasing the sample size of smaller studies and avoiding confounding variables of
patients being exposed to other drugs (5) improving AD outcome measurement indices to
account for the holistic quality of life in conjunction with biological components. Despite solely
relying on comparative data between placebo trials and the administered treatment, we recognize
the incommensurability due to experimental conditions and the statistical significance of such
concerns that could affect conclusions. Future research that pools data in similarly controlled

circumstances could address this factor.

Despite many chemical therapies targeting different disease etiologies that have been
researched and developed, they only showed evidence in managing disease symptoms but lacked
effects in preventing the onset of AD or intervening in the disease progression. This suggests the

urgent need for novel therapeutic approaches to address those unrealized medical needs.
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Among diverse options, immunotherapy, i.e. administering biopharmaceuticals to
stimulate people’s own immune response, has been attracting attention in AD therapeutic
development. More specifically, immunotherapies that target AP protofibrils have been regarded
as a hopeful approach to affect disease progression.*® In addition, the popular, versatile
CRISPR/Cas9 gene-editing technology sheds light on the strategy to target AP at the genetic
level. The APPswe mutation plays a pivotal role in the heritability of AD, and researchers
modified the mutant genes using CRISPR/Cas9 and gained evidence for both successful ex vivo
and in vivo disruption of the APPswe allele which could potentially decrease the abnormally high
level of AB that occur in the mutant-carrying population.® This would eventually prevent AD
from taking place. While immunotherapies and gene therapies are still undergoing clinical trials
up to phase III, both are highly promising therapeutic options in the future to fuel a revolution in

the current AD treatment scheme.
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