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Aducanumab (BIIBO37, ADU), being a monoclonal antibody 1gG1, is the newest AD treatment. The activity of the drug is
targeted towards amyloid B, which is considered one of the main causes of Alzheimer’s disease. Clinical trials have
revealed time- and dose-dependent activity towards AR reduction, as well as cognition improvement.
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| 1. Introduction

Alzheimer’s disease is an irreversible CNS disorder. Up to June 2021, medicine had in its arsenal only four drugs based
on AChE inhibitors and an NMDA agonist. The situation changed when the FDA approved a new drug based on the
amyloid hypothesis.

Aducanumab is a recombinant, human immunoglobulin G1 monoclonal antibody targeting soluble amyloid beta and
insoluble fibrils . The antibody was derived from a blood lymphocyte library from elderly people without cognitive
impairment or with unusually slow cognitive decline. In 2018, Arndt et al. presented the structure of the aducanumab
amyloid beta complex [@. Further research provided a structural rationale for the low affinity of the molecule for non-
pathogenic monomers (Figure 1). In later work, in silico studies allowed the analysis of the structure of the molecule,
along with its interaction with the amyloid (residues 1-11). It is now known that aducanumab is able to bind AR residues
3-7 in an external conformation. Further work has led to the crystallization of Fab from aducanumab (AduFab). The most
important amyloid residues interacting with AduFab are Phe4 and His6, along with Glu3, while the main-chain carbonyl of
Arg5 makes additional contributions to the binding interaction.

Figure 1. Structure of AduFab with bound AB (1-11) peptide. The figure shows Fab light chain in green, Fab heavy chain
in brown, and amyloid { in blue, along with hydrogen interactions between AduFab and amyloid. Prepared with the use of



Protein Data Bank.

A characteristic feature of aducanumab is its ability to bind oligomeric and fibrillar states of amyloid rather than monomers.
The monoclonal antibody provides specific amino acid interactions, which allow for more shallow and compact binding in
comparison to other monoclonal antibodies [,

In vivo research is an obligatory stage of research on a new drug. Similar to other studied substances, the activity of
aducanumab was analyzed with the use of mice models (22-month-old mice genetically modified to overexpress APP).
The studies were performed in acute and chronic (6 months) models. Changes in the brain were observed with the use of
fluorescent microscopy to tag AR plaques. Similarly, before and after treatment, the inositol triphosphate receptor, NMDA
receptor, ryanodine receptor, and visinin-like-protein activity were observed. Detailed analysis of the obtained results
revealed that acute treatment caused a greater decrease in amyloid plaques than the placebo. A reduction was observed
to 48% of the total number of AR plaques, whereas the control group revealed only a 14% reduction. However, chronic
treatment did not bring a significant reduction of amyloid plaques Ell4],

The specificity of aducanumab is the fact that it is the only drug based on AB. The amyloid hypothesis has many
contradictions and therefore the drug is controversial. The drug’s history had its start in 2016 when Biogen reported data
from the phase 1b PRIME trial, which revealed a reduction of the amyloid burden in the brain (10 mg/kg). Additionally, a
positive influence on cognition was observed . Aducanumab was subjected to subsequent trials (EMERGE and
ENGAGE), and while ENGAGE did not reveal a positive effect in comparison with the placebo, EMERGE revealed
amyloid reduction and was supported by an ad hoc analysis [. The study results revealed dose-dependent and time-
dependent amyloid reduction. It is important to mention that EMERGE was based on a small group of patients who were
in treatment for at least 14 months. Despite the controversy surrounding the conducted clinical trials, the FDA approved
aducanumab (ADUHELM®, 100 mg/mL solution) for the treatment of AD .

| 2. Phase 1b: PRIME

It is commonly known that the approval of a new medicinal substance and drugs is preceded by many years of research
based on in vitro, in silico, and in vivo tests, which end with clinical tests. Significant in vivo studies of aducanumab were
presented by Sevigny et al. in 2016 . To date (January 2023), the paper has been cited 1591 times, which underlines the
importance of the presented study results. The researchers presented the interim results from a double-blind, placebo-
controlled phase 1b trial. The aim of the studies was to evaluate the safety, tolerability, pharmacokinetics, and
pharmacodynamics of aducanumab. The PRIME phase was based on 165 patients with diagnosed prodromal or mild
Alzheimer’s disease and confirmed by positive emission tomography (PET) scans of amyloid beta in the brain. The
outcome of the study explicitly indicated a positive impact of aducanumab on A3 reduction in a dose- and time-dependent
fashion. The trial, which lasted 54 weeks, brought about a significant decrease in the PET standard uptake value ratio
(SUVR) in the 3, 6, and 10 mg/kg dose groups, in comparison to the baseline, whereas the placebo group was not
significant. Equally interesting and important is that the trial established that aducanumab can penetrate the brain to a
sufficient extent to allow the accumulation of AB plaques. What is more, aducanumab was found to be able to clear
plaques of all sizes, which suggests that the substance is able to prevent the formation of new plaques .

Nevertheless, it is worth mentioning the limitation of the studies. The PRIME phase 1b was based on a small sample size,
was conducted in the USA only, had a staggered parallel-group design, and indicated possible partial unblinding due to
ARIA-E (vasogenic edema). Moreover, ARIA-E was observed in 1 (3), 2 (6%), 11 (37%), and 13 (41%) participants who
were treated with 1, 3, 6, and 10 mg/kg, respectively. The trial was also continued with more than half (56%) of all
participants displaying the aforementioned side effect. However, referring to these limitations, the researchers underlined
the results of their post hoc analysis, which indicated no apparent differences in treatment effect when comparing patients
with and without ARIA-E. Other side effects of the therapy were headaches, urinary tract infections, and upper respiratory
tract infections [,

| 3. Phase 3: ENGAGE and EMERGE

Phase 3 studies were conducted with 1600 amyloid-positive participants with early AD in each trial. The trials involved
adults and older adults (50 years to 85 years) who met a number of criteria. Among these were the following: Objective
evidence of cognitive impairment at screening, a Mini-Mental State Examination (MMSE) score between 24 and 30, a
positive amyloid PET scan, and a Clinical Dementia Rating (CDR)-Global score of 0.5, as well as having a reliable
informant or caregiver. In the case of patients who were treated with AD drugs, doses had to be stable for at least 8 weeks
prior to their first screening visit 8. The most important exclusion criteria were the following: Clinically significant unstable



psychiatric illness in the past 6 months, impaired renal or liver function, taking blood thinners, except aspirin, at a
prophylactic dose or less, brain hemorrhage, bleeding disorder, and cerebrovascular abnormalities, any condition other
than AD conditions that can influence cognitive impairment, and having a stroke or Transient Ischemic Attack or
unexplained loss of consciousness in the past 1 year. Dosage differed from the recommendation for the trials, namely,
EMERGE participants were treated with higher doses for longer periods.

The study results revealed no drug—placebo difference for primary and secondary clinical outcomes in the final dataset of
the ENGAGE trial. Moreover, differences were observed between the ENGAGE and EMERGE trials; notably, ENGAGE
did not have positive results. The trial did not reveal a benefit in comparison to the placebo. In contrast, the EMERGE trial
revealed a 22% decreased rate of cognition impairment in the group of patients treated with high-dose of aducanumab (10
mg/kg) . The FDA then performed post hoc analysis, which revealed a decrease in the amyloid burden: Low-dose
aducanumab = 0.179 reduction in mean SUVR; high-dose aducanumab: 0.278 reduction in mean SUVR [n = 109],
placebo = no change [n = 93] [&. In both trials, adverse events were observed. Herein, amyloid-related imaging
abnormalities occurred in 34% of the test population in the EMERGE group and 35.5% in the ENGAGE group. Both
ENGAGE and EMERGE trials also revealed ARIAs, which occurred within eight doses (7 months of initiation). It should be
underlined that almost all ARIA-E cases were resolved within 3 months (69%) and 4 months (83%). Patients who suffered
from ARIAs also revealed other symptoms such as headache (47%), confusion (15%), dizziness (11%), and nausea (8%).
All patients were treated with the highest dose of 10 mg/kg 19,

Clinical trials of aducanumab in patients with Alzheimer’s diseases listed on Clinicaltrials.gov (accessed on 16 January
2023) are presented in Table 1.

Table 1. Data obtained during aducanumab clinical trials.

Study Namel/ldentification g:::):)lzrd Key Inclusion Criteria Level of Evidence Statement
Single ascending dose stud Clinically confirmed AD, age:
9 . 9 L y 55-85 years old, others: Good Single dose of aducanumab (up to 30 mg/kg)
of BIIB037 in participants 53 . .
. health, reliable informant or was safe and tolerable
with AD .
caregiver
Prodromal or mild AD, Decreasing amyloid value studied with the
PRIME (Multiple dose study Age: 50-90 years old; g amy
197 . use of PET SUVR at 1 year vs. placebo
of aducanumab) others: Good health, reliable
. R (dosage: 3-10 mg/kg)
informant or caregiver
MCI due to AD or mild AD;
Age: 50-85 years old; MMSE Aducanumab (3-10 mg/kg) did not
24-30; significantly affect mean change in CDR-SB
ENGAGE (Phase 3 Study) 1647 others: Positive amyloid PET scores vs. placebo over 78 weeks whereas the
scan, stable doses of drugs same doses caused decrease in amyloid PET
treating AD symptoms, reliable SUVR at 78 weeks vs. placebo
informant or caregiver
MCI due to AD or mild AD; Aducanumab at a dose of 10 mg/kg results in
Age: 50-85 years old; MMSE less worsening of the CDR-SB vs. placebo at
24-30; others: Positive amyloid 78 weeks; degree less than a clinically
EMERGE (Phase 3 study) 1638 PET scan, stable doses of relevant change; doses of 3-10 mg/kg caused
drugs treating AD symptoms, decrease in amyloid PET SUVR at 78 weeks
reliable informant or caregiver vs. placebo
MCI due to AD or mild AD;
Age: 50-85 years old; MMSE
EVOLVE 52 24-30 NA
others: Positive amyloid PET
scan
PROPEL (Single and multiple Clinical diagnosis of mild-
ascending dose study in 21 moderate AD; age: 55-85 years NA

Japanese participants with
AD)

old; others: Good health,
reliable informant or caregiver

An interesting fact is that aducanumab can impact calcium homeostasis, of which dysregulation is one of the possible pro-
AD factors. Based on in vivo studies performed on 2756 transgenic mice, aducanumab caused restoration of calcium
homeostasis. Treatment of cognitive impairment resulting from the mitigation of overload of calcium was observed 411l
(221 Aducanumab administration in 22-month-old mice did not clear existing plaques whereas calcium overload was
ameliorated over time. Analysis of the obtained results suggests that expression of the intracellular store channel was



reduced in Tg2576 mice treated with the control antibody and restored with aducanumab immunotherapy, which suggests

that intracellular calcium stores may contribute to calcium dyshomeostasis 41,

It is known that the effective action of drugs is possible after reaching the appropriate concentration in the treated organ,

which, in the case of the brain, is very difficult due to the blood-brain barrier. Study results revealed that the maximal

effectiveness of aducanumab was observed around the fifth month of the therapy, which results from the establishment of

the appropriate concentration of the substance that will be able to induce the destruction of amyloid aggregates.

Pharmacodynamic analysis revealed that aducanumab binds fibrils and targets them for microglial-mediated removal,

interrupting the bridge between neuroprotective amyloid monomers and neurotoxic oligomers B3],
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