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Abstract

The Food and Drug Administration granted traditional approval of lecanemab for the treatment of Alzheimer’s disease (AD).
Lecanemab is a humanized anti-amyloid monoclonal antibody directed towards AB protofibrils. Lecanemab is the only drug that targets
AP soluble protofibrils and has shown statistical differences in mild AD or mild cognitive impairment. In its landmark phase Ill trial,
lecanemab was shown to slow the progression of clinical decline, and a reduction in amyloid protein accumulation. The difference in
mean CDR-SOB score improvement between the treatment and placebo groups was -0.45, of which the clinical significance could be
argued. Amyloid burden was also considerably reduced as well, but the true clinical consequence of this reduction remains to be seen.
This beneficial impact on daily living is offset by rare but serious side effects including amyloid-related imaging abnormalities (ARIA)
causing cerebral edema (ARIA-E) or cerebral microhemorrhages or hemosiderin deposits (ARIA-H). Benefits of therapy must be
considered against the risk of cerebral microhemorrhages and edema. Affordability must also be taken into consideration. The current
estimated yearly cost for twice monthly lecanemab infusion is $26,500. In addition to the significant cost challenges, the frequent
infusions may pose concerns related to access. Additional agents within this class are in the pipelines with possibly increased efficacy
or decreased adverse events.
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Introduction

Alzheimer’s disease (AD) is one of the most common forms of
dementia worldwide and affects an estimated 5.7 million
patients in the United States alone.1 Healthcare costs in 2018
related to hospitalization, long term care and hospice services
for AD was $277 billion (U.S. dollars). Due to the cost along the
spectrum of AD progression, disease modifying agents are an
attractive proposition to slow down this process. The incidence
and prevalence of AD is expected to grow in the future and may
lead to increased strain on caregivers and the healthcare
system at large. In turn, the potential for increased financial
burden on healthcare systems and caregivers cannot be
understated. Therefore, it is important to weigh the therapeutic
benefit of novel agents against true cost. Markov modeling is
one method to assess the clinical and financial impact of a
potential intervention along disease state severity.2
Specifically, Markov models used in the healthcare setting can
be a tool to help with the decision-making process for formulary
addition of disease modifying agents such as monoclonal
antibodies targeting AD pathology.

AD is thought to be due to several genetic and/or
environmental risk factors, with an estimated 70% of risk
factors being associated with genetic or inherited risk.3 The
highest recognized genetic risk factor is due to the
apolipoprotein E gene (ApoE) and its associated polymorphisms
€2, €3 and €4. Apolipoproteins are responsible for transporting
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lipids and cholesterol in the periphery as well as in the central
nervous system.4

Impaired cholesterol or lipid metabolism is thought to be one
of the hallmark pathways for downstream neurodegenerative
processes in AD. Carriers of ApoE (€4 > €3 > €2) have a higher
risk of amyloid deposition, increased AB production, and
reduced AB clearance.5 The highest risk of development of AD
is with €4 homozygotes, with heterozygotes having a lower risk
of AD development. The constellation of symptoms associated
with presentation and progression of AD is related to
accumulation of extracellular amyloid plaques and
neurofibrillary tangles (NFT). The primary theory for AD
pathology is the amyloid hypothesis and is associated with
amyloid beta (AB) deposits and aggregation into plaques.
Accumulation of NFTs and AP plaques lead to a pathological
pattern of progressive neuronal cell death and loss of cognitive
function.

Previously approved Food and Drug Administration (FDA)
treatment options for AD are focused on symptom
management.6 Traditionally, therapeutic agents for AD include
drugs that are primarily from two classes of medications:
acetylcholinesterase inhibitor (AChEI) and N-methyl-D-
aspartate (NMDA) receptor antagonist (Table 1).7-16 AChEI
medications such as donepezil, rivastigmine, and galantamine
target loss of cholinergic activity in the brain and are clinically
proven to reduce the symptoms of mild to moderate AD based
on validated cognitive function tests such as the AD Composite
Score (ADCOMS), Mini-Mental State Exam (MMSE) or
Alzheimer’s Disease Assessment Scale — cognitive subtype
(ADAS-cog). Patients taking galantamine or rivastigmine may
have more difficulty reaching target doses based on adverse
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drug effects than patients taking donepezil. Memantine is a
NMDA receptor antagonist and modulates glutamate activity.
Modulating glutamate activity reduces aberrant neuronal
overexcitation seen in AD. Memantine shows initial benefit on
cognitive function and symptoms but may have limited long-
term benefit on symptoms.

More recently, clinical trials for AD have utilized the Clinical
Dementia Rating Scale — Sum of Boxes (CDR-SOB) to assess
global cognitive outcomes. This assessment tool is favored for
its ability to track precise changes over time.17 The CDR-SOB
assessment tool was validated by the Texas Alzheimer’s
Research Consortium Study. CDR-SOB scores for dementia
staging may aid in delineating mild cognitive impairment (MCl)
from very early AD. The CDR-SOB tool was developed by
Washington University and is scaled from 0 to 18 points.
Categories assessed include memory, orientation, judgement,
and problem solving, community affairs, home and hobbies,
and personal care. The severity of impairment is scored from O,
0.5, 1, 2 and 3, with 3 indicating severe impairment. The sum of
these categories correlates to the AD staging category. A score
of 0.5 to 2.5 is staged as questionable impairment, 3.0-4.0 as
very mild dementia, 4.5-9.0 as mild dementia, 9.5-15.5 as
moderate dementia, and 16.0-18.0 as severe dementia.

Recognition and detection of incremental changes in cognitive
function in patients suspected of, or diagnosed with, AD using
cognitive scoring analyses reflects the downstream effects of
neuropathological changes. Detection of AR serum or cerebral
spinal fluid (CSF) levels with clinical correlation may offer an
opportunity to treat the neurocognitive decline at an earlier
stage.18 Furthermore, development of anti-amyloid
monoclonal antibodies has led to the emergence of
pharmacotherapeutic pathways to attempt to slow the
trajectory of AD.19 In January 2023, the Food and Drug
Administration (FDA) granted accelerated approval of
lecanemab for the treatment of mild AD with full approval given
five months later.20 The applicability and interpretation of
clinical trials for lecanemab as it relates to clinical practice will
be discussed here.

Methods

A literature search was conducted on PubMed using the search
terms “BAN2401” and “lecanemab.” Studies were limited to
clinical trials with human subjects, and the search was
conducted in November 2023 with a search period of ten years.
Ten articles resulted as follows: phase | dose finding trial, three
phase Il trials, a statistical analysis of a phase Il trial and another
of a phase Il trial, one major phase lll trial, and finally one trial
on a quality-of-life analysis based on phase lll trial results. Two
trials were excluded, one for being a review article and another
due to lack of relevance to the study medication.

Results
Pharmacology and Pharmacokinetics

Lecanemab is a humanized anti-amyloid monoclonal antibody
directed towards both soluble and insoluble forms of AB.21
Specifically, lecanemab has a high affinity for oligomers,
protofibrils and fibrils, with a thousand-fold higher selectivity
for protofilbrils than monomers. Protofibrils induce an
inflammatory process through the initiation of toll-like
receptors and microglial activation.22 Due to this pathology,
protofibrils have been proposed as being the primary toxin in
AD. Lecanemab is currently the only anti-amyloid that
preferentially binds to protofibrils; thus blocking both the
ongoing formation of AP plaque and reducing inflammation
contributing towards AD.

Dosed at 10 mg/kg (total body weight) every two weeks
intravenously (1V), lecanemab requires an infusion time of one
hour through a 0.2-micron IV filter tubing. 21 Phase | clinical
trial data for single ascending doses (SAD) and multiple
ascending doses (MAD) of 10 mg/kg every two weeks showed
first-order elimination kinetics. The 10 mg/kg MAD arm
achieved steady state after the third dose. Serum levels of AR
increased during treatment but subsequently declined after
treatment was discontinued in the MAD arm. In the 10 mg/kg
biweekly MAD arm, lecanemab had a mean half-life of 5.3 days
after the final dose. Lecanemab is eliminated through
proteolytic cleavage and does not rely on hepatic metabolism
or renal elimination. During a study period of 18 months, anti-
drug antibodies were observed in ~25% of patients. The clinical
impact of these antibodies is not yet known.

Phase I Clinical Trial

The first clinical study of lecanemab was published in 2016 by
Logovinsky and colleagues.23 This phase | study focused on the
safety and tolerability of BAN2401 at multiple doses while also
assessing the pharmacokinetic properties of study drug. The
pharmacokinetic properties were discussed in the previous
section and thus will not be summarized here.

A multicenter double-blind randomized placebo-controlled
study was conducted in adults at least 50 years of age with mild
to moderate AD (MMSE scores 16-28) and on stable treatment
regimens for AD. This was a two-part trial in which subjects
were enrolled into the SAD or MAD treatment groups. Eight
patients were enrolled in the SAD group of which two patients
were randomized into the placebo group and six into the
treatment arm. Those in the SAD group received doses of 0.1
mg/kg, 0.3 mg/kg, 1 mg/kg, 3 mg/kg, 10 mg/kg, and 15 mg/kg
with doses administered four weeks apart. The MAD group had
the same number of subjects in the treatment and placebo
arms as the SAD group. Those in the MAD group received doses
of 0.3 mg/kg, 1 mg/kg, and 3 mg/kg administered four weeks
apart then received 10 mg/kg biweekly for seven doses. The
safety of BAN2401 was evaluated at three weeks post each
dose with a non-contrast brain magnetic resonance imaging
(MRI) to assess for amyloid-related imaging abnormalities
(ARIA) causing cerebral edema (ARIA-E) or cerebral
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microhemorrhages or hemosiderin deposits (ARIA-H). Patients
in the MAD group did not receive treatment until safety of that
dose was confirmed within the SAD group.

The average age amongst those enrolled in all treatment groups
was about 70 years old with half the subjects identified as
females. At baseline, the mean MMSE score was 23.8 in the SAD
arm and 23.3 in the MAD arm. Demographic and baseline
characteristics between the SAD, MAD, and placebo groups
were similar. With regards to the primary outcome of safety,
ARIA-E did not occur in any subjects throughout the study.
Asymptomatic ARIA-H was found in two patients within the SAD
group, one each in the 0.3 mg/kg dose and 1 mg/kg dose.
Within the MAD group, asymptomatic ARIA-H was found in
both the placebo and treatment arms. One occurrence was
detected at baseline in the placebo arm. During the 1mg/kg
dosing segment, new ARIA-H was discovered in two patients
within the placebo arm and one within the treatment group.
Other notable side effects were dizziness, fatigue, orthostasis,
and sinusitis with rates of sinusitis and orthostasis only
occurring in those receiving the study drug. BAN2401 was
generally well tolerated across the doses studied though a
major limitation is the short duration of monitoring (6 months
for the SAD arm and <9 months for the MAD arm). The results
of this study were utilized to guide the doses for subsequent
phase 2b trials.

Phase Il Clinical Trials

Following positive results from the phase | study, Swanson and
colleagues conducted Lecanemab 201, the first phase I
prospective study to evaluate the safety and efficacy of
lecanemab at various doses in patients with early AD.24 This
18-month, multi-center, double-blind, placebo-controlled
clinical trial evaluated five different arms of study drug (2.5
mg/kg biweekly, 5 mg/kg monthly, 5 mg/kg biweekly, 10 mg/kg
monthly, 10 mg/kg biweekly) and utilized a Bayesian adaptive
design in order to randomize a greater number of patients to
the treatment arm most likely to be the ED90 dose, defined as
the simplest regimen that achieves greater than or equal to 90%
of the predicted maximum treatment impact at specified
interim analyses. The primary endpoint of this study was
change in baseline ADCOMS at 12 months following treatment
initiation. The primary outcome was met if the Bayesian
analysis found at least 80% probability that the ED90 dose
attained at least 25% less clinical deterioration on the ADCOMS
scale versus placebo at the 12-month final analysis.

Between December 2012 and November 2017, 854 patients
received treatment (lecanemab, 609; placebo, 245) across 117
sites in several countries. Baseline characteristics were similar
among all groups, expect that there were a greater proportion
of males randomized to lecanemab versus placebo (54% versus
42%). The adaptive randomization Bayesian method identified
two treatment arms (10 mg/kg monthly, 10 mg/kg biweekly) as
potential ED90 regimens and had the greatest number of

subjects randomized to each; 253 and 161, respectively,
accounting for 68% of all subjects. The 10 mg/kg biweekly
treatment arm was identified as the ED90 dose at the 12-month
analysis; however, did not meet the primary outcome, as it
exhibited 64% probability of 25% less decline on ADCOMS,
which was less than the prespecified threshold of 80%. Among
secondary endpoints, lecanemab did illustrate a reduction in
brain amyloid PET across the 18-month treatment duration, as
well as a dose-dependent reduction in clinical decline versus
placebo by multiple clinical measures. Lecanemab was well
tolerated, exhibiting ARIA-E incidence of <10% in the general
subject pool among the two highest doses, and 14.3% in ApoE
e4-postive subjects. Other adverse events, including infusion
reactions, were not significantly different between subjects
receiving lecanemab and placebo. Despite not meeting the
primary endpoint, the beneficial impact on several key
biomarkers following 18 months of treatment confirms efficacy
of lecanemab.

Following publication of the aforementioned lecanemab phase
lIb clinical trial 201, a follow-up study was published by Berry
and colleagues to further explicate and defend the use of
Bayesian adaptive design.25 Critique of utilization of the
Bayesian adaptive randomization approach included that it
allows authors to modify the study design. Rather, this design
allows for a dynamic understanding of each treatment arm
throughout the trial, specifically, at each interim analysis, and
allows analysts to predict if the trial will reach its goal. In such a
dose finding study, this approach allowed for greater efficiency,
quickly revealing that the lower-dose treatment arms were
ineffective, and as a result, assigned a greater number of
patients to the higher-dose treatment regimens overall
improving the treatment of participants. The use of Bayesian
design also accounts for missing data. During lecanemab 201, a
regulatory authority outside the United States mandated that
subjects who were ApoE €4 carriers be dropped from the 10
mg/kg biweekly treatment arm, decreasing both the number of
patients in what was expected to be the ED90 dose as well as
the overall power of the trial. Bayesian modeling allows for
known observations to predict future observations to account
for missing data, which undoubtedly is a limitation of the study.
Moreover, concerns were raised regarding the lesser number
of ApoE &4 carrier subjects in receipt of the 10 mg/kg biweekly
dose, possibly impacting conclusions about lecanemab and
interactions with that specific patient population. Authors
explain that the benefit of the 10 mg/kg biweekly dose
increased between 12 and 18 months of treatment despite
many patients stopping therapy per mandate. The impact of
lecanemab persisted despite stopping treatment, as these
particular patients continued to perform better on ADCOMS
compared to placebo.

Another study published by McDade and colleagues built upon
the original lecanemab 201 phase 2 study with an open label
extension (OLE) study following the core data collection period
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of 18 months.26 Following core data analysis, subjects could
receive open label lecanemab 10 mg/kg biweekly for up to 24
months to evaluate long-term drug efficacy. A gap period
existed between the end of core data collection and re-
initiation of study drug where no drug was received, on average
24 months (range 9 — 59 months). Original treatment arm
assignments remained blinded; however, statistical focus was
placed on two groups: patients in receipt of placebo originally,
and those who received 10 mg/kg biweekly from study start.
Endpoints including CDR-SOB, ADCOMS, and ADAS-Cog14 were
evaluated at OLE baseline and compared at treatment
conclusion. A total of 180 patients from treatment core entered
the OLE study. Of those patients, 45 received placebo originally
and 38 received lecanemab 10 mg/kg biweekly during the core.
At the 3 month follow up following treatment discontinuation,
treatment differences seen in the lecanemab groups were
maintained, but the treated subjects continued to exhibit
clinical decline at the same rate as placebo, suggesting the need
for continuation of therapy. During the OLE period, brain
amyloid was statistically significantly decreased versus OLE
baseline after 3 months of treatment in patients who were
originally assigned placebo or lecanemab 10 mg/kg biweekly. In
patients originally on placebo during the core study, during the
OLE their amyloid status converted from positive to negative as
early as 3 months following receipt of study drug, with greater
than 80% of patients being amyloid negative by 12 — 18 months.
Both groups of subjects (newly treated with lecanemab and re-
treated with lecanemab 10 mg/kg biweekly) exhibited an
increase in ADCOMS, CDR-SOB, and ADAS-Cogl4. Decline in
brain amyloid paralleled slowing of clinical decline across
different clinical efficacy scores. Authors concluded results
from the core study were reproduced in the OLE, and brain
amyloid reduction by use of lecanemab is associated with
slowing of clinical decline, clinical benefit, and may potentially
act as a disease-modifying drug.

Finally, Dhadda and colleagues reevaluated results from the
lecanemab 201 study to provide confirmation of efficacy.27
Authors conducted sensitivity analyses using different
statistical methods on three key secondary clinical endpoints
including change in baseline in ADCOMS, CDR-SOB, and ADAS-
Cogl4. Statistical models utilized were disease progression
model, natural cubic spline model, quadratic mixed model, and
two types of mixed model for repeat measures (MMRM)
including aMMRM1 and aMMRM2. Across all five additional
statistical models, authors confirmed the robustness of original
conclusions from the lecanemab 201 study and further confirm
the drug’s clinical efficacy.

Phase Il Clinical Trial

The efficacy of lecanemab was evaluated in the major phase lll
trial, Clarity AD, whose results led to FDA approval.28 Clarity AD
was an 18-month long, multicenter, double blind, placebo-
controlled trial in patients with mild AD. Patients qualified for
enrollment if they were 50 to 90 years old and were diagnosed

with MCI due to AD or mild AD on the National Institute of
Aging-Alzheimer's Association criteria. Additionally, patients
had to have evidence of amyloids either through positron
emission tomography (PET) scan or cerebrospinal fluid testing
via lumbar puncture. The primary end point was the change in
the CDR-SOB. Notable secondary outcomes include amyloid
burden on PET scan and rates of ARIA-E and ARIA-H. Over 1,700
patients were enrolled with 898 receiving the study medication
and 897 in the placebo arm. The average age between the two
groups was 71 years with approximately half being female. At
baseline, the mean CDR-SOB score in the lecanemab group was
3.17 vs 3.22 in the placebo group. In a modified intention to
treat analysis the mean change in CDR-SOB score at 18-months
was 1.21 vs 1.66 in the lecanemab group (n=859) and placebo
group (n=875), respectively (p<0.001). The least squares mean
change of -0.45, was found to be statistically significant as well
(95% Cl —0.67 to —0.23, p<0.001). A considerable change was
found with regards to amyloid burden in the treatment group.
The mean change in amyloid burden in the lecanemab group
was —55.48 centiloids vs 3.64 centiloids in the placebo group
(p<0.001). Other notable outcomes, particularly related to
ARIA, were reported as well. The safety analysis including all
patients enrolled in the trial. Rates of ARIA-H were as high as
17.3% in the treatment group and 9.0% in the placebo group,
resulting in a number needed to harm of 12. ARIA-E occurred in
12.6% of the lecanemab group vs 1.7% in the placebo group.
The most common reported adverse effect was infusion related
reactions with higher rates in the lecanemab group.

The efficacy data was further analyzed through the
employment of the Bayesian method by Costa and
colleagues.29 The re-analysis failed to confirm the statistical
significance of the primary outcome from the Clarity AD trial. In
fact, the results of this analysis suggested the placebo arm
performed better than the treatment arm, disputing the results
Clarity AD.

Results from the Clarity AD trial were further analyzed to assess
the effects of lecanemab on quality-of-life, specifically looking
at the EQ-5D-5L and QOL-AD scores.30 Designed by the EuroQol
Group, the EQ-5D-5L is a validated tool which measures the
following parameters, mobility, self-care, daily activities, pain
and anxiety or depression.31 Each parameter has five levels of
severity, 1 being no problem to 5 being extreme problems. The
result of this survey is represented by a 5-digit number which is
used in a scoring algorithm corresponding to an index score,
ranging from -0.59 to 1 (1 being best health state). Additionally,
a visual analog scale (VAS) of 0 (worse health state) to 100 (best
health state) is used for the patient to identify their current
state of health. The QOL-AD is an interviewer led scoring tool
evaluating various physical, social, emotional and financial
aspects of daily life.32 A score of 1 meaning poor state and
score of 4 being excellent state. The sum of all scores is the total
score with a maximum possible score of 52.
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At baseline, the placebo group had an EQ-5D-5L (VAS) and a
QOL-AD score of 81.4 and 39.1, respectively. Those in the
lecanemab group had a baseline score of 82.2 for EQ-5D-5L
(VAS) and 39 for the QOL-AD score. At the end of 18 months,
the adjusted mean change in EQ-5D-5L was 2.07 (p=0.00383)
between the two groups, favoring lecanemab. This correlated
to a slower functional decline by 49% with treatment. When
broken down into the five parameters, the difference was
primarily led by an improvement in anxiety or depression and
in usual activities. Similar results were seen with the QOL-AD
scores with an adjusted mean treatment difference of 0.657
(p=0.00231) and a slower decline in function by 55.6% with
lecanemab.

Discussion

The study of medications targeting AR proteins has been on-
going for years with few trials ever culminating into phase lli
studies with significant positive outcomes. Lecanemab is the
only drug that targets AR soluble protofibrils and has shown
statistical differences in mild AD or MCI. In its landmark phase
Il trial, lecanemab was shown to slow the progression of clinical
decline, evaluated using CDR-SOB scores, and a reduction in
amyloid protein accumulation. While protein burden does not
correlate to severity of the disease, statistical significance was
found in the change in CDR-SOB score. The difference in mean
CDR-SOB score improvement between the treatment and
placebo groups was -0.45. On a scoring scale of 0 to 18, the
difference of —0.45 may be the difference between memory
loss that interferes with daily activities versus benign
forgetfulness. The clinical significance of this could be
challenging to quantify, especially with the Bayesian re-analysis
refuting the statistical significance.29 To better assess these
benefits, the manufacturer performed a simulation model using
data from Clarity AD.33 This model predicted that in mild AD or
mild MCI, lecanemab in addition to standard of care could
result in a mean delay in progression to AD dementia of 2.95
years.

This impact on daily living is offset by a rare but serious side
effect of ARIA-E and ARIA-H. Amyloid plaques along the
cerebral vessel wall contribute to vascular dysfunction and
vascular wall weakness.34 Mechanistically, reduction of
amyloid burden would expose weakened vascular walls and
contribute towards blood vessel rupture. The Clarity AD trial
showed lecanemab was able to decrease large burdens of
amyloid which may explain rates of microhemorrhages. A case
report was published after the release of the Clarity AD trial
results of a patient with multiple cerebral hemorrhages after
receiving intravenous tissue plasminogen activator (t-PA).
While this patient was homozygous for the ApoE e4 allele, the
risk of hemorrhagic stroke should be considered by vascular
neurologists in all patients receiving lecanemab.35 Rates of
ARIA-H were higher in patients concurrently taking antiplatelet
or anticoagulants, thus lecanemab should be avoided or used
cautiously in patients on those agents.36

Amyloid proteins can also trigger cellular apoptosis and an
inflammatory response and subsequent cerebral edema.
Significantly higher rates of ARIA-E and ARIA-H mandates the
need for routine imaging, ideally through MRI, which can be
cost prohibitive. Evaluation of amyloid burden was performed
using PET. Access to such technology outside of the clinical trial
setting is uncommon, questioning the feasibility of routine
monitoring for amyloid burden and if there is any clinical
significance in such monitoring.

The most comparable medication on the market s
aducanumab, which was granted accelerated approval by the
FDA in 2021.37 Aducanumab, a monoclonal antibody, is highly
selective for aggregate forms of AB.38 In the EMERGE trial,
aducanumab resulted in a mean change from baseline in CDR-
SOB score of -0.39 (95% CI, -0.69 to -0.09), favoring
aducanumab. Like lecanemab, aducanumab significantly
reduced AB burden.39 These benefits were offset by high rates
of ARIA-E and ARIA-H. ARIA-E occurred in >30% of patients
receiving aducanumab compared to 2% in the placebo group.
Rates were higher in subjects identified as ApoE €4 carriers. The
primary outcome was not significant in the ENGAGE trial, which
was published concurrently with EMERGE. Both studies were
halted early due to a futility analysis.

While these lecanemab and aducanumab have not been
compared in a head-to-head trial, lecanemab was associated
with lower rates of ARIA-E in the ClarityAD (12.6% lecanemab
vs 1.7% placebo) trial versus aducamumab in both the EMERGE
(35% high dose aducanemab vs 2% placebo) and ENGAGE (36%
high dose aducanumab vs 3% placebo) trials.28, 39 This
difference may be explained by their primary AB protein
targets. Unlike lecanemab, aducanumab removes existing
amyloid plaques while the primary mechanism of lecanemab is
to prevent the formation of such plaque. As mentioned
previously, vessels walls can become less stable with removal
of existing AP plaque, potentially explaining the higher rates of
ARIA with aducanumab. Higher affinity for the AB precursor,
protofibrils, may also explain the statistical significance in the
mean change in CDR-SOB found with lecanemab but not found
with aducanumab.

Cost and Accessibility

In March 2023, the Veterans Health Administration released
notification that it will provide coverage of lecanemab for
veterans meeting criteria.40 The Centers for Medicare and
Medicaid Services have announced their agreement to cover
treatment for qualified participants once the FDA grants full
approval of lecanemab through the traditional pathway.41 In
July 2023, the FDA granted full traditional approval for
lecanemab for adults with AD.42 The makers of lecanemab
have also announced a subcutaneous version of lecanemab to
be in the pipelines which may aid in the accessibility of
treatment for patients with transportation or geographic
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obstacles. The current estimated yearly cost for the twice
monthly lecanemab infusion is $26,500.43 This does not include
neuroimaging, biomarkers/analysis, infusion center costs, or
any additional costs to the patient.

Estimating the overall utility of agents on a cost-efficacy basis
relies on several subjective and objective outcomes. Predictive
models for cost efficacy are one method that has been
suggested to assist with the decision-making process.44 By
accepting the use of assumed values, modeling cannot
completely account for all the potential “real-world” scenarios
of patients across the spectrum of disease progression.
Recently, The Institute for Clinical and Economic Review (ICER)
used Markov modeling to assess cost-effectiveness of
formulary addition of lecanemab.45 ICER’s expert panel
suggested that current evidence was not sufficient to balance
the potential cost of lecanemab against standard of care. The
estimated total cost of lecanemab against standard of care was
significantly higher. Recent publications used similar modeling
of a hypothetical APOE gene therapy to assess maximal cost-
effectiveness against quality-adjusted life-years (QALY). This
strategy has been criticized as potentially problematic due to its
methodology. Therefore, it may be more prudent to adopt
institutional best-use strategies on an individualized approach
to different therapeutics to help with cost-containment, while
using cost-efficacy modeling as a tool for assistance in the larger
decision-making process, rather than the sole determining
factor.

Future therapies

Multiple therapeutic mechanisms of action for reduction in AD
burden have been evaluated in clinical trials. Previously or
currently investigated therapeutic targets include BACE-1
inhibitors, y-secretase inhibitors, passive immunotherapy
agents, anti-tau protein antibodies, and anti-amyloid agents
like lecanemab. Selected disease-modifying biologics of interest
include remternetug, gantenerumab, and donanemab.46

Remternetug is a monoclonal antibody that targets AP
plaques.47 Remternetug can be administered as either a
subcutaneous injection or intravenous infusion.48 This agent is
currently being evaluated in a placebo-controlled, phase Il
study, TRAILRUNNER-ALZ1, with a primary outcome of amyloid
plague clearance. Investigators have an anticipated primary
completion date of October 2023. Interim trial data from an
ongoing phase | trial showed positive results in the reduction of
amyloid positivity in a dose-related fashion.49

Gantenerumab is an anti-amyloid antibody with high affinity to
AB fibrils investigated in clinical trials for reduction of cognitive
decline, reduction of amyloid plaques, and prevention of
cognitive decline.50 Use of gantenerumab in clinical trials was
suspended by the manufacturer due in part to a pre-planned
analysis of the GRADUATE | and Il trials showing futility.51, 52
The entirety of the GRADUATE | & Il phase Il trials were

published on November 16th, 2023.53 Administered as a
subcutaneous injection, this agent could reduce barriers
regarding accessibility. Unfortunately, as expected, no
difference was found in the primary outcome of the mean
difference in CDR-SOB scores from baseline to the end of the
study period in GRADUATE | (-0.31, p=0.1) and GRADUATE II (-
0.19, p=0.3). Of interest, these trials excluded patients on
anticoagulation but had overall ARIA-H rates of 22.9% in the
treatment group versus 12.3% in the placebo group.
Surprisingly, these rates were slightly higher than that of Clarity
AD (17% treatment group vs 9% placebo). It is unknown if rates
of ARIA-H would have been significantly higher in those on
anticoagulation and gantenerumab or if the use of such agents
would have made minimal difference in ARIA-H rates. Due to
the futility of the GRADUATE | and Il trials, the manufacturer has
reformulated gantenerumab in combination with their brain
shuttle technology to increase transport across the blood-brain
barrier.54 This reformulated agent, RG6102, is currently in
phase | and Il trials.

Donanemab is an anti-amyloid antibody poised to be the third
agent in this drug class to come on the market. In the phase |l
trial, TRAILBLAZER-ALZ, patients with early AD showed
significant reductions in functional and cognitive decline.55
Those in the treatment group, however, had a larger sample of
patients affected with ARIA-H compared to placebo (40 [n=131]
vs 9 [n=125]) as well as a higher dropout rate (37.4% v 27.2%).
Comparatively these adverse event rates were higher with
donanemab than with lecanemab. Donanemab was rejected by
the FDA for accelerated approval in January 2023 due to the
lack of safety data.56 The manufacturer plans to resubmit
accelerated approval pending the results of TRAILBLAZER-ALZ2,
an anticipated confirmatory phase lll trial.

Conclusion

In the Clarity AD trial, all patients experienced a clinical decline
based on CDR-SOB scores, however the decline was less severe
in the lecanemab group. Although amyloid burden was also
considerably reduced in those treated with lecanemab, amyloid
burden does not always correlate with severity, so the true
clinical consequence of this reduction remains to be seen.
While lecanemab had a more favorable safety profile than
aducanumab due to lower rates of ARIA, the benefit of therapy
compared with its risks warrants careful consideration and
further study. Ultimately, the magnitude of clinical benefit of
lecanemab noted in the Clarity AD trial when analyzed against
its potential true cost is not unassailable. In a simulation study
seeking to estimate long-term healthcare outcomes,
lecanemab potentially can increase time spent in the
community, rather than in institutional care settings.57 Further
open-label extension analyses from the manufacturer noted a
continued 6-month response with lecanemab beyond the initial
18-month trial period.58 Despite this, adding medications like
lecanemab to formularies is not without need for continual
reevaluation of use and cost/benefit. If healthcare systems are
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to add novel monoclonal antibodies targeting AD pathology, it
should be done so carefully with cost-containment restrictions
in place (outpatient use only, select physician groups, follow-up
medication use evaluations to assess true system cost) and with
enhanced safety measures, including restricting use to select
patients without high-risk comorbidities or medications.
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FORMULARY EVALUATIONS

Table 1. Medications for Alzheimer’s Disease

Medication (dosage
forms available)

Dose Range (Target or
Maximum)

Recommended Titration

Common Side Effects (>5%)

Donepezil (IR,
transdermal patch)®®

IR: 5 mg once daily (10
mg target, maximum of
23 mg)

Transdermal: 5 mg/24
hour (10 mg)

IR: 10 mg daily after 4-6 weeks
of 5 mg dose

Transdermal: 10 mg/24 hour
after 4-6 if 5 mg/24 hour
tolerated

Nausea, vomiting, diarrhea,
insomnia, muscle cramps,
fatigue, anorexia

Rivastigmine (IR,
transdermal patch)!01?

IR: 1.5 mg twice daily (6
mg twice daily)

Transdermal: 4.6 mg/24
hours, once daily (13.3
mg/24 hours)

IR: Increase by 1.5 mg twice
daily every two weeks until
maximum tolerated dose

Transdermal: After a minimum
of 4 weeks, titrate to 9.5 mg/24
hours. If tolerated after 4
weeks, may increase to 13.3
mg/24 hours

Nausea, vomiting, diarrhea

Galantamine (IR, ER)?

IR: 4 mg twice daily (8-
12 mg twice daily)

ER: 8 mg once daily (16-
24 mg)

IR: if starting dose tolerated,
increase to 8 mg twice daily for
>4 weeks, and if tolerated,
increase to 12 mg twice daily

ER: if starting dose tolerated
for 4 weeks, increase to 16 mg
once daily for > 4 weeks; if
tolerated, increase to 24 mg
once daily

Nausea, vomiting, diarrhea,
dizziness, headache,
suppressed appetite, weight
loss

Namenda (IR, XR)*34

IR: 5 — 20 mg daily (20
mg)

ER: 7 mg daily (28 mg)

IR: Increase by 5 mg weekly
until maximum dose tolerated

ER: increase daily dose weekly
by 7 mg until maximum dose
tolerated

Dizziness, headache,
confusion, constipation

ER, extended release; IR, immediate release; XR, extended release

http://z.umn.edu/INNOVATIONS

2024, Vol. 15, No. 1, Article 3
DOI: https://doi.org/10.24926/iip.v15i1.5787

INNOVATIONS in pharmacy n



References

1. Alzheimers Disease and Healthy Aging. Centers for Disease Control and Prevention. Updated June 6, 2018. Accessed June
22, 2023. https://www.cdc.gov/ aging/publications/aag/alzheimers.html

2. Komorowski M, Raffa J. Markov Models and Cost Effectiveness Analysis: Applications in Medical Research. In: MIT Critical
Data, ed. Secondary Analysis of Electronic Health Records. Cham (CH): Springer; September 10, 2016.351-367.

3. Mantzavinos V, Alexiou A. Biomarkers for Alzheimer's Disease Diagnosis. Curr Alzheimer Res. 2017;14(11):1149-1154.
DOI:10.2174/1567205014666170203125942

4. Risacher SL, Kim S, Nho K, et al. APOE effect on Alzheimer's disease biomarkers in older adults with significant memory
concern. Alzheimers Dement. 2015;11(12):1417-1429. DOI:10.1016/j.jalz.2015.03.003

5. Zhao N, Liu CC, Qiao W, Bu G. Apolipoprotein E, Receptors, and Modulation of Alzheimer's Disease. Biol Psychiatry.
2018;83(4):347-357. DOI:10.1016/j.biopsych.2017.03.003

6. Cummings JL, Tong G, Ballard C. Treatment Combinations for Alzheimer's Disease: Current and Future Pharmacotherapy
Options. J Alzheimers Dis. 2019;67(3):779-794. DOI:10.3233/JAD-180766

7. LA. Lockhart, S.A. Mitchell, S. Kelly; Safety and Tolerability of Donepezil, Rivastigmine and Galantamine for Patients with
Alzheimer’s Disease: Systematic Review of the ‘Real-World’ Evidence. Dement Geriatr Cogn Disord 1 December 2009; 28
(5): 478-492.

8. Ruth Knight, Mizanur Khondoker, Nicholas Magill, Robert Stewart, Sabine Landau; A Systematic Review and Meta-Analysis
of the Effectiveness of Acetylcholinesterase Inhibitors and Memantine in Treating the Cognitive Symptoms of Dementia.
Dement Geriatr Cogn Disord 3 July 2018; 45 (3-4): 131-151.

9. Aricept® [package insert]. Woodcliff Lake, NJ: Eisai, Inc.
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/020690s042,021720s014,022568s0111bl.pdf. December
2018.

10. Adlarity® [package insert]. Boston, MA: Corium.
https://www.accessdata.fda.gov/drugsatfda docs/label/2022/212304s000Ibl.pdf. March 2022.

11. Exelon® Patch [package insert]. East Hanover, NJ: Novartis.
https://www.accessdata.fda.gov/drugsatfda docs/label/2015/022083s020lbl.pdf. January 2015.

12. Exelon® [package insert]. East Hanover, NJ: Novartis.
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/0208235036,021025s0241bl.pdf. December 2018.

13. Razadyne® [package insert]. Titusville, NJ: Janssen Pharmaceuticals, Inc.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/021615s021Ibl.pdf. February 2015.

14. Namenda® [package insert]. Madison, NJ: Allergan USA, Inc.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/021487s025Ibl.pdf. November 2018.

15. Namenda® XR [package insert]. Madison, NJ: Allergan USA, Inc. https:// https://www.rxabbvie.com/pdf/namenda-
xr_pi.pdf. November 2019.

16. Wang J, Logovinsky V, Hendrix SB, et al. ADCOMS: a composite clinical outcome for prodromal Alzheimer's disease trials. J
Neurol Neurosurg Psychiatry. 2016;87(9):993-999. doi:10.1136/jnnp-2015-312383

17. O'Bryant SE, Waring SC, Cullum CM, et al. Staging dementia using Clinical Dementia Rating Scale Sum of Boxes scores: a
Texas Alzheimer's research consortium study. Arch Neurol. 2008;65(8):1091-1095. DOI:10.1001/archneur.65.8.1091

18. Khan S, Barve KH, Kumar MS. Recent Advancements in Pathogenesis, Diagnostics and Treatment of Alzheimer's Disease.
Curr Neuropharmacol. 2020;18(11):1106-1125. DOI:10.2174/1570159X18666200528142429

19. Jeremic D, Jiménez-Diaz L, Navarro-Lopez JD. Past, present and future of therapeutic strategies against amyloid- peptides
in Alzheimer's disease: a systematic review. Aging Res Rev. 2021;72:101496. DOI:10.1016/j.arr.2021.101496

20. U.S. Food & Drug Administration. FDA grants accelerated approval for alzheimer’s disease treatment. FDA News Release.
January 6, 2023. Accessed June 16, 2023. https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-
approval-alzheimers-disease-treatment

21. Legembi™ [Package insert]. Nutley, NJ: Eisai Inc. and Biogen. https://www.legembi.com/-
/media/Files/Leqembi/Prescribing-Information.pdf?hash=3d7bfla2-5db2-4990-8388-81086f415676, January 2023.

22. Ono K and Tsuji M. Protofibrils of amyloid-p are important targets of a disease-modifying approach for alzheimer’s disease.
Int. J. Mol. Sci. 2020;21(3):952. DOI: https://doi.org/10.3390/ijms21030952

23. Logovinsky V, Satlin A, Lai R, Swanson C, Kaplow J, Osswald G, et al. Safety and tolerability of BAN2401 —in Alzheimer’s
disease with a protofibril selective AB antibody. Alzheimers Res Ther 2016 Apr 6;8(1):14. DOI: 10.1186/s13195-016-0181-2

http://z.umn.edu/INNOVATIONS 2024, Vol. 15, No. 1, Article 3 INNOVATIONS in pharmacy ‘

DOI: https://doi.org/10.24926/iip.v15i1.5787


https://www.cdc.gov/
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020690s042,021720s014,022568s011lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/212304s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/022083s020lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/020823s036,021025s024lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/021487s025lbl.pdf
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.leqembi.com/-/media/Files/Leqembi/Prescribing-Information.pdf?hash=3d7bf1a2-5db2-4990-8388-81086f415676
https://www.leqembi.com/-/media/Files/Leqembi/Prescribing-Information.pdf?hash=3d7bf1a2-5db2-4990-8388-81086f415676
https://doi.org/10.3390/ijms21030952

24. Swanson CJ, Zhang Y, Dhadda S, Wang J, Kaplow J, et al. A randomized, double-blind, phase 2b proof-of-concept clinical trial
in early Alzheimer’s disease with lecanemab, an anti-AB protofibril antibody. Alzheimers Res Ther 2021;13(80). DOI:
10.1186/s13195-021-00813-8

25. Berry DA, Dhadda S, Kanekiyo M, Li D, Swanson CJ, Irizarry M, et al. Lecanemab for patients with early Alzheimer disease:
Bayesian analysis of a phase 2b dose-finding randomized clinical trial. JAMA Netw Open 2023;6(4). DOI:
10.1001/jamanetworkopen.2023.7230

26. McDade E, Cummings JL, Dhadda S, Swanson CJ, Reyderman L, Kanekiyo M, et al. Lecanemab in patients with early
Alzheimer’s disease: detailed results on biomarkers, cognitive, and clinical effects from the randomized and open-label
extension of the phase 2 proof-of-concept study. Alzheimers Res Ther 2022;14(191). DOI: 10.1186/s13195-022-01124-2

27. Dhadda S, Kanekiyo M, Li D, Swanson CJ, Irizarry M, Berry S, et al. Consistency of efficacy results across clinical measures
and statistical methods in the lecanemab phase 2 trial of early Alzheimer’s disease. Alzheimers Res Ther 2022;14(182). DOI:
10.1186/s13195-022-01129-x

28. Van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, Gee M, et al. Lecanemab in early alzehimer’s disease. N Engl J Med
2023;388:9-21. DOI: 10.1056/NEJM0a2212948

29. Costa T, Premi E, Liloia D, Cauda F, Manuello J. Unleashing the power of Bayesian re-analysis: enhancing insights into
lecanemab (Clarity AD) phase llI trial through informed t-Test. J Alzheimers Dis 2023;95(3):1059-1065. DOI: 10.3233/JAD-
230589

30. Cohen S, van Dyck CH, Gee H, Doherty T, Kanekiyo M, Dhadda S, et al. Lecanemab clarity AD: quality-of-life results from a
randomized double-blind phase 3 trial in early alzheimer’s disease. J Prev Alz Dis 2023;4(10):771-777. DOI:
https://doi.org/10.14283/jpad.2023.123

31. Devlin N, Parkin D, Jansse B. Methods for analysing and reporting EQ-5D data. Springer. 2020. Springer Link,
https://link.springer.com/book/10.1007/978-3-030-47622-9.

32. Quality of life in alzheimer’s disease. Accessed: November 9, 2023. https://www.cogsclub.org.uk/professionals/files/QOL-
AD.pdf

33. Tahami Monfared AA, Ye W, Sardesai A, et al. A Path to Improved Alzheimer's Care: Simulating Long-Term Health Outcomes
of Lecanemab in Early Alzheimer's Disease from the CLARITY AD Trial. Neurol Ther. 2023;12(3):863-881.
DO0I:10.1007/s40120-023-00473-w

34. Ghiso J, Tomidokoro Y, Revesz T, Frangione B and Rostagno A. Cerebral amyloid angiopathy and alzheimer’s disease.
Hirosaki Igkau 2010;61(Suppl):S111-S124. PMID 21037967

35. Reish NJ, Jamshidi P, Stamm B, Flanagan ME, Sugg E, Tang M, et al. Multiple cerebral hemorrhages in a patient receiving
lecanemab and treated with t-PA for stroke. N Engl J Med 2023; 388:478-479. DOI: 10.1056/NEJMc2215148

36. Biogen. Eisai presented new analysis of ARIA and QOL on lecanemab in clarity AD at the AD/PD 2023 annual meeting. News
Release. March 30, 2023. Accessed July 12, 2023. https://investors.biogen.com/news-releases/news-release-details/eisai-
presented-new-analyses-aria-and-gol-lecanemab-clarity-ad

37. U.S. Food & Drug Administration. FDA grants accelerated approval for alzheimer’s drug. FDA News Release. July 7, 2021.
Accessed June 16, 2023. https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-
alzheimers-drug

38. Aduhelm® [package insert]. Cambridge, MA: Biogen. https://www.biogencdn.com/us/aduhelm-pi.pdf. February 2023.

39. Haeberlein SB, Aisen PS, Barkhof F, Chalkias S, Chen T, Cohen S, et al. Two Randomized Phase 3 Studies of Aducanumab in
Early Alzheimer’s Disease. J Prev Alz Dis 2022;2(9):197-210. DOI: 10.14283/jpad.2022.30

40. Eisai. U.S. veterans’ health administration (VHA) provides coverage of leqembi (lecanemab-irmb) two months after
legembi’s FDA accelerated approval for veterans living with early stages of alzheimer’s disease. March 14, 2023. Access
June 30, 2023. https://www.eisai.com/news/2023/news202319.html

41. CMS.gov. CMS announces plans to ensure availability of new alzheimer’s drugs. June 1, 2023. Accessed June 30, 2023.
https://www.cms.gov/newsroom/press-releases/cms-announces-plan-ensure-availability-new-alzheimers-drugs

42. U.S. Food & Drug Administration. FDA converts novel alzheimer’s disease treatment to traditional approval. FDA News
Release. July 6, 2023. Accessed July 12, 2023. https://www.fda.gov/news-events/press-announcements/fda-converts-
novel-alzheimers-disease-treatment-traditional-approval

43. TanneJ H. Lecanemab: US Veterans Health Administration will cover cost of new Alzheimer’s drug. BMJ 2023; 380 :p628
DO0I:10.1136/bmj.p628

http://z.umn.edu/INNOVATIONS 2024, Vol. 15, No. 1, Article 3 INNOVATIONS in pharmacy 10
DOI: https://doi.org/10.24926/iip.v15i1.5787


https://link.springer.com/book/10.1007/978-3-030-47622-9
https://investors.biogen.com/news-releases/news-release-details/eisai-presented-new-analyses-aria-and-qol-lecanemab-clarity-ad
https://investors.biogen.com/news-releases/news-release-details/eisai-presented-new-analyses-aria-and-qol-lecanemab-clarity-ad
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-drug
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-drug
https://www.biogencdn.com/us/aduhelm-pi.pdf
https://www.eisai.com/news/2023/news202319.html
https://www.cms.gov/newsroom/press-releases/cms-announces-plan-ensure-availability-new-alzheimers-drugs
https://www.fda.gov/news-events/press-announcements/fda-converts-novel-alzheimers-disease-treatment-traditional-approval
https://www.fda.gov/news-events/press-announcements/fda-converts-novel-alzheimers-disease-treatment-traditional-approval

FORMULARY EVALUATIONS

44. Langley P. Rejecting False Claims from Markov Simulations in Alzheimer’s Disease. Innovations in Pharmacy. 2023; 14(3):1-
3. DOI: https://doi.org/10.24926/iip.v14i3.5701

45. Wright AC, Lin GA, Whittington MD, Agboola F, Herron-Smith S, Rind D, Pearson SD. The effectiveness and value of
lecanemab for early Alzheimer disease: A summary from the Institute for Clinical and Economic Review's California
Technology Assessment Forum. J Manag Care Spec Pharm. 2023 Sep;29(9):1078-1083. DOI: 10.18553/jmcp.2023.29.9.1078

46. Cummings J, Zhou Y, Lee G, Zhong K, Fonseca J, Cheng F. Alzheimer's disease drug development pipeline: 2023 [published
correction appears in Alzheimers Dement (N Y). 2023 Jun 28;9(2):e12407]. Alzheimers Dement (N Y). 2023;9(2):e12385.
DOI:10.1002/trc2.12385

47. Lilly.com. Medicines in development. April 27, 2023. Accessed July 6, 2023. https://www.lilly.com/discovery/clinical-
development-pipeline

48. A study of remternetug (LY3372993) in participants with alzheimer's disease (TRAILRUNNER-ALZ 1) ClinicalTrials.gov
identifier: NCT05463731. Updated May 17, 2023. Accessed July 6, 2023.
https://classic.clinicaltrials.gov/ct2/show/NCT05463731

49. JinY, Gueorguieva I, Cheng YJ, Tunali I, Shcherbinin S, Perahia D, et al. Safety and amyloid plaque reduction effects of
remternetug in patients with alzheimer’s disease: Interim analysis from a phase 1 study. Presented at: International
Conference on Alzheimer’s and Parkinson’s Disease (AD/PD) 2023: Gothenburg Swedene. March 28-April 2, 2023. Retrieved
July 6, 2023 from:
https://assets.ctfassets.net/mpejy6umgthp/51SvOwOrFxfiHINgcyuNYu/0c5df804e8a23256262fcb40489ae181/REMIPT3 A
DPD2023 JIN SAFETY PLAQUE REDUCTION Ph1LAKB.pdf

50. Bohrmanna B, Baumanna K, Benz J, Gerbera F, Hubera W, Knoflach F, Messer J, et al. Gantenerumab: a novel human anti-
AB, antibody demonstrates sustained cerebral amyloid-p binding and elicits cell-mediated removal of human amyloid-f. J of
Alzheimers Dis. 2012;28:49-69 DOI: 10.3233/JAD-2011-110977

51. A study of potential disease modifying treatments in individuals at risk for or with a type of early onset AD caused by a
genetic mutation (DIAN-TU). ClinicalTrials.gov identifier: NCT05552157. Updated January 1, 2023. Accessed July 6, 2023.

52. Roche provides update on Phase Il GRADUATE programme evaluating gantenerumab in early alzheimer’s disease.
November 14, 2022. Accessed July 6, 2023. https://www.roche.com/media/releases/med-cor-2022-11-14

53. Bateman RJ, Smith J, Donoue MC, Delmar P, Abbas R, Salloway S, et al. Two phase 3 trials of gantenerumab in early
alzheimer’s disease. N Engl J Med. 2023;389:1862-76. DOI: 10.1056/NEJM0a230430

54. Kulic L, Vogt A, Alcaraz F, Barrington P, Marchesi M, Klein G, et al. 053 Brainshuttle AD: investigating safety, tolerability, and
PK/PD of RG6102 in prodromal/mild-to-moderate AD. J of Neurol, Neurosurg Psychiatry 2022;93:e2

55. Mintun MA, Lo AC, Evans CD, Wessels AM, Ardayfio PA, Andersen SW, Shcherbinin S, et al. Donanemab in early alzheimer’s
disease. N Engl J Med. 2021;384:1691-1704. DOI: 10.1056/NEJM0a2100708

56. Lilly News Release. U.S. food and drug administration issues complete response letter for accelerated approval of
donanemab. January 19, 2023. Accessed: July 6, 2023. https://investor.lilly.com/news-releases/news-release-details/us-
food-and-drug-administration-issues-complete-response-0

57. Tahami Monfared AA, Ye W, Sardesai A, et al. A Path to Improved Alzheimer's Care: Simulating Long-Term Health Outcomes
of Lecanemab in Early Alzheimer's Disease from the CLARITY AD Trial. Neurol Ther. 2023;12(3):863-881.
doi:10.1007/s40120-023-00473-w

58. Bioarctic Press Release. New data from LEQEMBI® (lecanemab-irmb) phase 3 Clarity AD study and subcutaneous
formulation presented at CTAD. October 25, 2023. Accessed: January 15, 2024.
https://mb.cision.com/Main/9978/3862461/2386751.pdf

http://z.umn.edu/INNOVATIONS 2024, Vol. 15, No. 1, Article 3 INNOVATIONS in pharmacy 11
DOI: https://doi.org/10.24926/iip.v15i1.5787


https://doi.org/10.24926/iip.v14i3.5701
https://www.lilly.com/discovery/clinical-development-pipeline
https://www.lilly.com/discovery/clinical-development-pipeline
https://classic.clinicaltrials.gov/ct2/show/NCT05463731
https://assets.ctfassets.net/mpejy6umgthp/51Sv0wOrFxfiHJNqcyuNYu/0c5df804e8a23256262fcb40489ae181/REMIPT3_ADPD2023_JIN_SAFETY_PLAQUE_REDUCTION_Ph1LAKB.pdf
https://assets.ctfassets.net/mpejy6umgthp/51Sv0wOrFxfiHJNqcyuNYu/0c5df804e8a23256262fcb40489ae181/REMIPT3_ADPD2023_JIN_SAFETY_PLAQUE_REDUCTION_Ph1LAKB.pdf
https://www.roche.com/media/releases/med-cor-2022-11-14

