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ABSTRACT:  The US FDA approved Aducanumab in June 2021 as the first Alzheimer's disease (AD) 
drug under its accelerated approval pathway. It has given some hope to patients suffering from AD 
around the world. Aducanumab is an antibody that targets one of the well-known key culprits of 
this disease, known as amyloid-beta (Aβ). The journey of Aducanumab was bumpy, and there are 
controversies around the rapid approval of this drug AD treatment. This article highlights the 
potential of Aducanumab in AD, its mode of action and controversies around it. 
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Alzheimer's disease (AD) is a neurodegenerative disease 
and also the primary cause of dementia. Approximately 
44 million people are living worldwide with AD or a 
similar form of dementia. By 2050, the number of AD 
patients may rise from 5.8 million to 13.8 million in 
America. Additionally, from 2000 to 2018, deaths 
associated with AD have seen a steep increase of 
146.2%, thus making AD the 5th leading cause of death 
in American geriatrics (2018 Alzheimer's disease facts 
and figures, 2018).   

 
The clinical expression of AD is believed to begin 
decades before the onset of the disease, which is 
observed via the amyloid plaque formation between the 
neurons, the build-up of intracellular neurofibrillary tau 
tangles and structural brain changes (Rajan et al., 2015). 
Plaques and smaller deposits of amyloid-beta (Aβ) 
termed oligomers trigger neurodegeneration by 
impeding neuron-to-neuron synaptic communication 
(Singh et al., 2016). On the other hand, tau tangles are 
known to obstruct the nutrients and essential molecules 

required for neuronal survival (Kent et al., 2020). 
Additionally, both Aβ and tau activate microglia, which 
triggers neuroinflammation, resulting in impaired 
glycolysis linked to acute Aβ, and tau observed post-
mortem (An et al., 2018). Three distinct phases in AD 
development start as a preclinical phase characterised 
by normal cognition and irregular brain biomarkers, 
followed by the mild cognitive impairment phase and 
the clinically apparent dementia phase (Marasco, 2020).         

      
Over the past decade, the therapeutic approaches to AD 
can be generally divided into two categories, 
symptomatic treatments, and disease-modifying 
treatments. Despite significant efforts and international 
clinical drug trials searching for a potential treatment 
for AD, only four cholinesterase inhibitors and an NMDA 
receptor antagonist exerted appropriate safety and 
efficacy, enabling international endorsement 
(Farrimond et al., 2012). However, these agents are 
symptomatic treatments that momentarily improve 
cognitive problems. Their clinical effects also appeared 
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to be modest, and they were unable to resolve the 
underlying cause of AD, thus failed to delay the rate of 
decline (Cummings et al., 2016; Cummings et al., 2014; 
Schneider et al., 2014). Recently, the focus on drug 
discovery and development has moved towards 
disease-modifying treatments that emphasise the 
underlying disease pathology by targeting changes 
observed in the brain of AD patients. These treatments 
slow down the disease progression and/or impedes its 
onset (Siemers, 2015). Several candidate agents have 
been developed; however, they have been unsuccessful 
in clinical stages and never passed phase 3 clinical trials 
(Cummings et al., 2016; Siemers, 2015). 

 
The antibody-based immunotherapeutic approach has 
recently been developed by choosing human B-cell 
clones that were activated Aβ aggregates epitopes 
(Sevigny et al., 2016). When the collection of human 
memory B cells were selected for reactivity against 
aggregated Aβ, Aducanumab, a human monoclonal 
antibody that was selectively reactive with Aβ 
aggregates and with soluble oligomers as well as 
insoluble fibrils, were selected as lead drug candidates 
(Ferrero et al., 2016). In preclinical studies, aducanumab 
could cross the blood-brain barrier, which diminished 
brain amyloid burden (Sevigny et al., 2016). 
Aducanumab is an antibody that binds to the Aβ 
aggregates and also the parenchymal amyloid (Crehan 
& Lemere, 2016). In preclinical studies using Tg2576 
mice, intraperitoneally injected Aducanumab bind and 
helped in the clearance of parenchymal plaques 
preventing micro haemorrhages (Dunstan et al., 2011). 
Additionally, the build-up of brain macrophages 
surrounding the remaining plaques was also reported, 
thus insinuating the possibility of phagocytosis being 
used to remove the Aβ plaques, thus potentially slowing 
neurodegeneration and disease progression (Crehan & 
Lemere, 2016).  

 
Aducanumab, marketed as Aduhlem, is the first AD 
treatment approved by the U.S. Food and Drug 
Administration (FDA) since 2003 and this disease's first 
targeted therapy. This is deemed the first approved 
treatment to treat AD's root cause instead of just 
treating the symptoms. FDA gave the green light to the 
therapy in June 2021 under its accelerated approval 
pathway that provides early access to this potentially 
valuable treatment. The accelerated approval 
regulations allow drugs of severe conditions that filled 
an unmet medical need to be approved based on a 
surrogate endpoint. While most drug trials measure 
success based on clinical endpoints that ascertain 
whether a drug provides a clinical outcome, a surrogate 

endpoint is a marker or a measure that is used to predict 
clinical outcomes. These surrogate endpoints are viable 
substitutes for hard clinical endpoints because they are 
linked to the desired clinical outcomes. In the case of 
Aducanumab, the desired clinical endpoint was to 
observe a reduction in clinical decline. Since the clinical 
endpoint was not met, the surrogate endpoint, which 
reduces amyloid-beta plaque, was considered in 
approving this drug. However, the accelerated approval 
pathway requires the company to verify clinical benefits 
in a post-approval trial. If clinical benefits cannot be 
verified, the FDA may initiate proceedings to withdraw 
the approval. This drug approval serves as a positive 
step forward for patients with Alzheimer's disease who 
now have a critical new treatment to help combat this 
disease. Many patients, their families and advocacy 
groups have extended their support in the approval, 
stating that Aducanumab is the first to tackle the 
underlying root cause of AD. Although it might not be 
the cure, it could serve as a start for more enhanced 
treatments and foster more significant innovation in AD 
treatment (Mullard, 2021).    

 
Numerous controversies were surrounding the approval 
of Aducanumab.  Although Aducanumab reduced 
amyloid plaque, there was insufficient validation to 
prove that this decrease led to clinical significance 
enhancement of cognitive tests scores (Mullard, 2021). 
Cognitive tests are accurate assessments of cognitive 
function and are extremely important in Alzheimer's 
disease drug development. Since Aducanumab did not 
demonstrate a reduction in clinical decline depicted as 
improvement in memory which is crucial in most 
Alzheimer's drug trials and only showed a reduction in 
Aβ plaques, the reliability of this drug appeared to be 
questionable. Furthermore, decreased amounts of 
plaques even in early AD conditions failed to stop 
disease progression. 
 
Additionally, post-mortem studies of AD patients in the 
Elan trial revealed that even though low amounts of 
amyloid plaque burden were observed, most patients 
still succumb to AD (Bachmann et al., 2019). Similarly, 
some monoclonal antibodies (Bapineuzumab, 
Solanezumab, and Gantenerumab) also reported 
decreased plaque burden but were unsuccessful in 
slowing down disease progression (Sevigny et al., 2016). 
ENGAGE and EMERGE were two identical global Phase 3 
randomised, double-blind, placebo-controlled, parallel-
group studies carried out to evaluate the efficacy and 
safety of Aducanumab in patients with mild cognitive 
impairment (MCI) due to Alzheimer's disease and mild 
Alzheimer's disease dementia (Huang et al., 2020; 
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Schneider, 2020). During both the studies, participants 
were randomly assigned either a placebo, low dose of 
Aducanumab (3 mg/kg if an APOE ε4 carrier & 6 mg/kg 
if not) and a high dose of Aducanumab (6 mg/kg if an 
APOE ε4 carrier & 10 mg/kg if not), based on their APOE 
ε4 genotype which is a key genetic risk factor for AD 
(Schneider, 2020). The performance of the participants 
in a battery of cognitive tests served as the primary trial 
endpoints. In December 2018, both the studies went 
through a futility analysis; a test used to evaluate if the 
trial is worth continuing to completion based on 
preliminary data (Schneider, 2020). The analysis found 
no benefit versus the placebo at either the low or high 
doses. Both of these extensive studies were unable to 
show the drug's effectiveness. However, further 
analysis of additional data was found to be conflicting, 
especially the efficacy between the two trials, with only 
one, EMERGE, showing a benefit in a sub-analysis of 
data limited to the higher doses (Cummings et al., 2021; 
Knopman et al., 2021).  

 
Another controversial issue surrounding Aducanumab 
was the clinical trials conducted on the early to mild 
stages of AD with evidence of amyloid plaques and were 
never tested on those with moderate to severe AD 
patients. However, the drug is not limited to the specific 
AD stage, which was tested and approved to be widely 
used for AD in general. Additionally, the data also 
demonstrated that Aducanumab had significant side 
effects. In both trials, approximately 40% of the treated 
participants developed brain swelling and tiny brain 
bleeds (Mullard, 2021). Some of the other effects 
observed include amyloid-related imaging 

abnormalities (ARIA), which represented outflow via the 
blood-brain barrier (ARIA-E) or haemorrhages (ARIA-H) 
linked with a defective blood-brain barrier. It is said that 
ARIA-E were observed in 34% and 35.5% of those 
receiving high-dose Aducanumab in EMERGE and 
ENGAGE trials, respectively (Cummings et al., 2021). 
Likewise, those who proceed to take this treatment will 
still need to undergo routine brain scans to avoid 
serious complications, thus exerting a burden on 
patients, neurologists, and the healthcare system.  

 
Given that there is currently no approved disease-
modifying treatment available for AD, it is 
understandable that most are in a desperate search for 
one that will delay the onset or reduce the progression 
of this devastating disease. However, any treatment 
made available must be beneficial and not unleash a 
risky precedent that could derail the work being done to 
develop an effective treatment for AD. Furthermore, 
approval of a drug or treatment that is not effective has 
serious potential to impair future research into new 
medicines that may effectively treat AD. Thus, if 
Aducanumab turns out to be not as effective, this could, 
in turn, lower the bar for future drugs and fewer 
effective therapies.    
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