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A Controversial New Hope
Exploring recent advancements in Alzheimer’s disease treatment

By Lauren Limbach



22

SCIENTIFIC KENYON 

The Aduhelm 
Controversy

Most people would 
probably acknowl-
edge that they’ve 

made a mistake at work from time 
to time. This is what happened 
to *Joe, a successful industrial 
researcher, who one day noticed 
that he had made a calculation 
error while at work. But this wasn’t 
an isolated incident, these types 
of calculation errors kept hap-
pening with increasing frequency. 
Eventually the repeated mistakes 
forced him to step away from a 
job in which he used to thrive. This 
trend continued for several years, 
causing him to bounce from job 
to job, before he was eventually 
fired and became unemployed. 
But the changes that Joe experi-
enced weren’t limited to mistakes 
at work. Joe began having difficul-
ty navigating places he had been 
many times before, and eventually 
he lost the ability to perform many 
basic tasks such as maintaining 
personal hygiene [1]. Based on 
these symptoms, you may not be 
surprised to learn that Joe was 
eventually diagnosed with Alzhei-
mer’s disease (AD). However what 
may be surprising is Joe’s age: he 
was diagnosed with AD at the age 
of 37 [1].
 Alzheimer’s disease (AD) is 
a neurodegenerative disease char-
acterized by drastic deteriorations 
in a patient’s cognition, memory 
and overall function — all of which 
were observed in Joe’s case [2]. 
AD also imposes large financial 
and emotional burdens on families 
and caregivers, and often necessi-
tates entry into a nursing home [3]. 
The vast majority of AD diagnoses 
are made in elderly individuals, 
while a smaller number of cases 
like Joe’s are diagnosed early in 
life [2]. Over 6 million Americans 
are currently living with AD, yet AD 
is not often a topic of daily conver-
sation despite the widespread and 

devastating effects imposed by the 
disease [3]. 
 However, in the summer of 
2021, AD was frequently featured 
in media headlines because of 
the US Food and Drug Associa-
tion’s (FDA) decision to approve 
Aduhelm: an innovative new drug 
designed to treat AD. Despite be-
ing the first AD drug approved in 
twenty years, the media coverage 
of Aduhelm’s approval was large-
ly negative. Confusion over the 
drug’s efficacy and the basis for 
the FDA’s decision overshadowed 
what could have been a victory 
for everyone involved in the fight 
against AD. Shortly following 
the approval of Aduhelm, stories 
detailing the departure of several 
members of the FDA’s advisory 
board began circulating in the 
news. These individuals cited their 
disagreement with Aduhelm’s 
approval as the motivating factor 
behind their departure from the 
FDA, stirring public intrigue as to 
whether or not the FDA’s decision 
was a sound one [4]. After the 
board members’ departure, the 
acting FDA commissioner initiated 
an external investigation into the 
proceedings that led to Aduhelm’s 
approval [5]. The acting commis-
sioner stated that the primary 
motivation for launching the inves-
tigation was to reestablish public 
confidence in the FDA approval 
process [5]. However, launching 
the external investigation fueled 
the fire of public speculation that 
something was amiss in regards 
to Aduhelm’s approval. What 
followed over the next several 
weeks was an onslaught of atten-
tion-grabbing headlines such as:

“How Aduhelm, an unproven 
Alzheimer’s drug, got approved”
 - New York Times

“FDA Approved Biogen Alzhei-
mer’s Drug Despite Some Staff 
Concerns” 
 - Wall Street Journal

“New Alzheimer’s drug could 
cost the government as much as 
it spends on NASA”
 - New York Times

 Overall, the media cover-
age of Aduhelm painted the drug 
as an uninspiring advancement 
in AD treatment, and a poten-
tial misstep by the FDA. Many 
articles questioned the efficacy 
of Aduhelm [6], [7], and others 
highlighted the high price tag 
associated with the drug [8], [9]. 
Some characterized the rollout of 
the drug as unsuccessful and cited 
numerous reputable hospitals and 
insurance companies who were 
choosing not to prescribe or cover 
Aduhelm [10], [11].
 Additionally, in October of 
2021 the biotechnology compa-
ny Eli Lilly filed for FDA approval 
of their new Alzheimer’s drug, 
Donanemab, which is mechanisti-
cally quite similar to the controver-
sial Aduhelm drug [12], [13], [14]. 
This raises the question of whether 
or not the FDA will grant approval 
to an AD drug similar to Aduhelm 
after the backlash that resulted 
from their original approval. The 
Aduhelm controversy and recent 
developments with Donanemab 
highlight the importance of inves-
tigating the biological basis of AD, 
as well as how these treatments fit 
into our current understanding of 
AD.
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Are amyloid-β 
proteins the 
underlying cause of 
AD?
 For the last several de-
cades, the most commonly accept-
ed explanation for AD has been 
the amyloid-β hypothesis: AD 
symptoms arise due to aggrega-
tions of amyloid-β proteins in the 
brain [15]. According to the bio-
logical definition of AD, the build-
up of amyloid-β proteins is a nec-
essary precursor for an individual 
to be diagnosed with AD [16]. Am-
yloid-β proteins are derived from 
the breakdown of the amyloid pre-
cursor protein (APP): a protein that 
is found in neurons and that plays 
an unknown role in their growth 
and survival [17]. APP is normally 
broken down by an enzyme called 

the α-secretase (Figure 1), [17]. The 
breakdown of APP by α-secretase 
produces benign byproducts that 
do not contribute to AD pathol-
ogy [17]. However APP can also 
be broken down by two different 
enzymes, β-secretase and γ-secre-
tase, which yield slightly different 
products than those produced by 
the normal pathway (Figure 1), 
[2]. Among those products are 
amyloid-β proteins [2]. The physi-
cal properties of these amyloid-β 
proteins make it easy for them to 
combine into clumps, referred to 
as insoluble plaques or fibrils [17]. 
Amyloid-β plaques are arguably 
the most prominent feature of 
AD pathology, and are thought to 
underlie the cognitive and behav-
ioral abnormalities associated with 
AD [2]. Research has suggested 
that the balance between the two 
pathways for breaking down APP is 
different in AD patients compared 
to non-AD patients, leading to 

increased production of amyloid-β 
in AD patients [2].
 If there is so much evi-
dence that amyloid-β is the under-
lying cause of AD, then why have 
the collective efforts of researchers 
around the globe not resulted 
in an amyloid-β-clearing treat-
ment capable of curing AD? And 
why are there studies circulating 
saying that the severity of amy-
loid-β plaque buildup isn’t even 
predictive of the severity of AD 
symptoms [2]? There are several 
viable theories for why this is the 
case. Some scientists think that the 
initial presence of amyloid-β pro-
teins, rather than the quantitative 
buildup of amyloid-β over time, 
triggers a chain of events that 
leads to the clinical symptoms of 
AD [2]. In this scenario the quanti-
tative extent of amyloid-β buildup 
would not predict symptom sever-
ity because the symptoms would 
not result from amyloid-β aggrega-

Figure 1. Possible pathways for APP breakdown. Original image by Lauren Limbach. Created in BioRender.
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tion, but would instead result from 
meree amyloid-β presence [2]. 
Should this theory be true, amy-
loid-β-clearing drugs would likely 
prove ineffective in alleviating the 
symptoms of AD once the initial 
presence of amyloid-β triggered 
the ensuing downstream effects 
[2]. A second theory suggests that 
only a subset of amyloid-β proteins 
are AD-causing agents, and that 
the clinical symptoms of AD are as-
sociated with the quantity of these 
particular amyloid-β subtypes, as 
opposed to amyloid-β aggregation 
as a whole [2]. If this is the case, 
amyloid-β-based treatments for 
AD would only be effective if they 
target the specific disease-causing 
subtypes of amyloid-β [2].
 In fact, recent develop-
ments in AD research support the 
hypothesis that not all amyloid-β 
buildup plays an equal role in AD 

pathology. Most AD pharmaceu-
tical trials target insoluble amy-
loid-β: clusters of amyloid-β oligo-
mers that form a plaque or fiber 
[18]. However another form of am-
yloid-β, soluble amyloid-β oligo-
mers, may be wreaking the most 
havoc in the brains of AD patients 
[18], (Figure 2). Soluble amyloid-β 
oligomers are smaller and more 
mobile than amyloid-β plaques, 
and appear to be more toxic than 
insoluble amyloid-β oligomers [2]. 
If this is the case, the many unsuc-
cessful attempts to treat AD by 
dissolving amyloid-β plaques may 
be due to the fact that the solu-
ble amyloid-β oligomers, rather 
than the insoluble plaques, are to 
blame for AD symptoms [18].
 So what do scientists think 
are the effects of soluble oligo-
mers and how do they lead to the 
devastating clinical symptoms of 

AD? They are perhaps implicated 
in the ability to form memories. 
Memory formation is a complex 
process, and its loss is perhaps 
the most commonly recognized 
symptom of AD. Memory forma-
tion relies on a complex molecular 
process called long-term potenti-
ation in which the connections be-
tween certain neurons in the brain 
are strengthened over time [19]. 
Soluble amyloid-β oligomers are 
capable of altering the proteins 
on the exterior of neurons, which 
can prevent long-term potenti-
ation from taking place (Figure 
3), [19]. The hindrance of long-
term potentiation in AD patients 
by soluble amyloid-β oligomers 
would provide a powerful expla-
nation for the memory loss and 
cognitive deficits experienced by 
AD patients. Furthermore, overall 
cognitive functioning is dependent 

Figure 2. “Biogenesis of types 1 and 2 Aβ oligomers in the brain” by Karen Hsiao Ashe is available under CC 
BY-NC 4.0. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7984270/)
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on timely and accurate commu-
nication between neurons. This 
occurs via the release of small 
biological containers called synap-
tic vesicles that contain messenger 
molecules called neurotransmitters 
[19]. Soluble amyloid-β oligo-
mers have been demonstrated to 
interact with many of the proteins 
involved in synaptic vesicle gen-
eration and release, providing a 
potential pathway through which 
amyloid-β oligomers may interfere 
with neuronal communication and 
as a result, cognitive functioning 
(Figure 3), [19].

Neuroinflammation 
in AD
 Recently there has been 
an increased focus on the link 
between amyloid-β aggregation 
and neuroinflammation, as well as 
what role this relationship plays in 
AD pathology. Neuroinflammation 
occurs when the brain’s immune 
system is activated in response to 
a threatening stimulus such as a 
foreign pathogen [17]. Neuroin-
flammation is mediated by mi-
croglia: a group of cells within the 
central nervous system (CNS) that 

are responsible for defending the 
brain and spinal cord from exterior 
threats [17]. Microglia are essential 
for maintaining stability within the 
CNS, and as such, microglial and 
neural immune dysfunction have 
been speculated to play a role in 
AD [17].
 Microglia are responsible 
for clearing amyloid-β following 
its secretion from neurons [17]. It 
is important for amyloid-β to be 
broken down soon after its release 
because its molecular makeup 
makes it easy for it to assemble 
into oligomers and plaques [17]. 
The delicate balance of amy-
loid-β secretion and removal can 
be upset and result in amyloid-β 
accumulation if neurons increase 
their production of amyloid-β to 
the point where the microglia can’t 
keep up [17].
 When microglia detect a 
threat in the environment, they 
enter a distinct activated state and 
release molecules called proin-
flammatory cytokines that promote 
inflammation and other immune 
responses [17]. Microglia contain 
receptors capable of identifying 
amyloid-β in their environment, 
meaning that microglia become 
chronically activated following 

amyloid-β accumulation [17]. This 
chronic activation causes microglia 
to release copious amounts of the 
proinflammatory cytokines TNF-α 
and Il-1β, which have been found 
in higher levels in the brains of 
AD patients [17]. While microglial 
activation and proinflammatory 
cytokine release may be helpful 
following exposure to an isolated 
pathogen, the long-term contin-
uation of these responses is dam-
aging to the brain [17]. Elevated 
TNF-α and Il-1β levels have been 
associated with declining cognitive 
abilities, suggesting a direct role 
for neuroinflammation in a hall-
mark characteristic of AD clinical 
pathology [17]. Neuroinflammation 
may also increase the severity of 
AD pathology in patients because 
there is a positive feedback loop 
between neuroinflammation and 
amyloid-β production: neuroin-
flammation activates the enzymes 
that generate amyloid-β, increas-
ing its accumulation in the brain 
over time [17]. However, the 
precise role that neuroinflamma-
tion plays in AD pathology remains 
unclear, making it a promising area 
of future research — particularly as 
the search continues for effective 
treatments for AD.

Figure 3. Downstream effects of amyloid-β proteins. Original image by Lauren Limbach. Created in BioRender.
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Current treatments 
for AD
 The Alzheimer’s Associ-
ation website breaks down the 
currently available pharmaceu-
tical treatments for AD into two 
broad categories: “Drugs that may 
change disease progression” and 
“Drugs that treat symptoms” [20]. 
Aduhelm is the only drug that is 
acknowledged to potentially pos-
sess the ability to change disease 
progression of AD. The other 
drugs may be effective at address-
ing the symptoms of AD, but have 
no effect on the eventual advance-
ment of the disease. These symp-
tom-oriented drugs fall into four 
classes: cholinesterase inhibitors, 
glutamate regulators, cholinester-
ase inhibitor + glutamate regulator 
combinations and orexin receptor 
antagonists [20]. The drugs in each 
category mitigate AD symptoms 
by targeting neurotransmitter 
systems that are disrupted in the 
brains of AD patients. Therefore, 
these drugs attempt to remedy the 
downstream effects of amyloid-β 
aggregation, rather than directly 
addressing amyloid-β aggregation 
itself.

 Cholinesterase inhibitors, 
one class of symptom-oriented AD 
drugs, prevent the breakdown of 
the neurotransmitter acetylcholine 
[21]. The acetylcholinergic system 
is integral to memory formation, 
and AD-associated memory loss 
likely partially results from de-
creased acetylcholine production 
due amyloid-β aggregation [22]. 
Furthermore, decreased acetyl-
choline activity may increase the 
formation of amyloid-β plaques 
[22]. Cholinesterase inhibitors 
that increase acetylcholine activi-
ty therefore not only address the 
shortage of acetylcholine that re-
sults from amyloid-β formation, but 
may slow the pace of amyloid-β 
accumulation by elevating acetyl-
choline activity. Clinical trials have 
demonstrated that cholinesterase 
inhibitors are capable of improving 
the cognitive abilities and overall 
functioning levels of AD patients, 
albeit to a limited extent [22], [21].
 In addition to the ace-
tylcholine system, another neu-
rotransmitter system associated 
with AD pathology is the gluta-
mate system. Amyloid-β affects 
glutamate activity in an opposite 
manner than it does acetylcho-
line. By blocking the reuptake of 

glutamate molecules back into 
neurons, amyloid-β aggregation 
leads to an excess of glutamate 
that continually activates neuronal 
glutamate receptors (Figure 3) 
[19]. Overactivation of glutamate 
receptors can lead to changes 
in gene expression that impact 
cell functioning and survival [19]. 
Glutamate regulating drugs de-
signed to treat AD block neuronal 
glutamate receptors, thus prevent-
ing the buildup of glutamate from 
overactivating glutamate recep-
tors [23]. Similar to cholinesterase 
inhibitors, glutamate regulators 
are capable of improving cognitive 
and global functioning levels to a 
limited extent in AD patients [23]. 
Glutamate regulators are often 
prescribed in addition to cholines-
terase inhibitors [23]. Simultaneous 
treatment with both classes of 
drugs may improve outcomes by 
addressing the separate effects 
of amyloid-β aggregation on two 
different neurotransmitter systems.
 The other drug cate-
gory listed on the Alzheimer’s 
Association website consists of 
orexin antagonists. Orexin is a 
neurotransmitter responsible for 
keeping individuals awake and 
alert [24]. Its role in AD is support-

“Brain Inflammation from Alzheimer’s Disease” by NIH Image Gallery. 2017. Flickr.
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ed by the fact that patients with 
moderate to severe AD exhibit 
increased orexin levels compared 
to patients with mild AD [24]. 
Furthermore, AD patients often 
exhibit abnormal sleep/wake 
cycles, including insomnia: the 
primary AD symptom that orexin 
antagonists are designed to treat 
[24]. Orexin dysregulation and 
amyloid-β aggregation also appear 
to be connected. Blocking orexin 
activity reduces amyloid-β levels, 
suggesting that orexin influences 
amyloid-β dynamics, although the 
precise nature of this relationship 
remains unknown [24].
 The current treatment 
options available to AD patients 
attempt to address the symptoms 
of AD through a variety of pharma-
ceutical methods targeting dif-
ferent neurotransmitter networks. 
While these treatments may have 
positive impacts on the patient’s 
cognitive and functional abilities, 
or delay the patient’s entry into a 
nursing home, they do not ad-
dress the underlying causes of AD, 
and therefore do not represent a 
cure. The only drug that currently 
targets the underlying biology of 
AD is Aduhelm. However, even the 
Alzheimer’s Association website 
states that Aduhelm “may change 
disease progression,” indicating 
that a lot of uncertainty remains 
regarding its efficacy. So how 
exactly does Aduhelm work? And 
in what ways is it different from the 
current treatments available to AD 
patients?

Aduhelm and 
Donanemab
 Instead of addressing 
the adverse effects of amyloid-β 
aggregation, Aduhelm and 
Donanemab target amyloid-β 
aggregation itself. Both Aduhelm 
and Donanemab belong to a 
class of pharmaceuticals known as 
monoclonal antibodies [12], [14]. 
Antibodies are generated natu-

rally by our immune system and 
are used to identify and destroy 
potentially harmful pathogens 
[25]. In recent decades, antibody 
production has been harnessed 
by the biotechnology industry to 
produce therapeutic monoclonal 
antibodies. Biotechnology com-
panies can design and produce 
antibodies that target biological 
threats of interest. The antibodies 
are then administered to patients 
to prompt the immune system to 
mount an attack against the patho-
gen of interest. In addition to their 
use in AD treatments, monoclonal 
antibodies can be used to treat a 
host of other disorders from asth-
ma to leukemia, and have recently 
demonstrated potential for treat-
ing COVID-19 [25], [26]. Currently 
therapeutic antibody treatments 
are one of the largest areas of bio-
medical research and account for 
50% of biomedical sales revenue 
[27].
 Aduhelm and Donanemab 
both attempt to treat the under-
lying biological cause of AD by 
using monoclonal antibodies to 
target and breakdown amyloid-β 
plaques in AD patients [12], [14]. 
The main difference between the 
two drugs is that Aduhelm targets 
the entire amyloid-β sequence in 
humans, while Donanemab recog-
nizes a specific region of the am-
yloid-β protein [12], [14]. Because 
of their slightly different targets, 

Aduhelm and Donanemab have 
differing abilities to bind soluble 
and insoluble amyloid-β. Aduhelm 
is capable of binding soluble 
amyloid-β oligomers and insolu-
ble amyloid-β plaques, whereas 
Donanemab’s more targeted se-
quence means that it only binds to 
insoluble amyloid-β plaques [12], 
[28].
 A phase 1 clinical tri-
al found some evidence that 
Aduhelm reduces amyloid-β 
aggregation and slows the clinical 
progression of AD [12]. However, 
it is important to note that assess-
ing the clinical symptoms of AD 
was not the primary focus of this 
study, and therefore these findings 
remain promising but inconclu-
sive [12]. Following administration 
of Aduhelm, greater numbers of 
microglia were identified in close 
proximity to amyloid-β plaques, 
suggesting that Aduhelm may in-
duce microglial phagocytic activity 
to facilitate amyloid-β clearance 
[12]. Similarly, a phase 2 clini-
cal trial identified cognitive and 
functional benefits to Donanemab 
treatment in AD patients, as well 
as increased amyloid-β clearance 
[14]. These initial results suggest 
an incredibly promising future for 
amyloid-β monoclonal antibody 
treatments — so why is there such 
controversy surrounding the FDA 
approval process?
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The Future of AD 
Research and 
Treatments  
 The FDA granted approval 
of Aduhelm via the accelerated 
approval pathway [29]. This path-
way does not represent perma-
nent approval, nor does it mean 
that the FDA views Aduhelm as 
a definitive cure for AD. What it 
does mean is that the FDA be-
lieves it has strong evidence that 
Aduhelm successfully targets an 
underlying, physiological cause of 
AD: in this case, amyloid-β plaques 
[29]. Because there are no other 
viable treatments targeting the 
underlying cause of AD, the FDA 
is allowing patients to start taking 
Aduhelm based only on its success 
in clearing amyloid-β [29]. What 
remains to be seen is whether or 
not its success in clearing amy-
loid-β translates into cognitive and 
functional improvements in AD 
patients. Biogen is currently con-

ducting experiments to determine 
whether or not this is the case, and 
if Aduhelm’s efficacy for treating 
the clinical symptoms of AD re-
mains unproven, the FDA may re-
voke its approval.  The accelerated 
approval pathway through which 
Aduhelm was approved rests on 
a basic assumption: ameliorating 
the underlying source of a disease 
will alleviate the associated clinical 
symptoms as well. It is a relatively 
valid assumption, although its ac-
curacy likely varies based on how 
many factors are involved in the 
etiology of any given disease. AD 
is an extremely complex disease 
whose underpinnings remain in-
completely understood after years 
of research. While this article has 
focused on the complexities asso-
ciated with amyloid-β aggregation 
and neuroinflammation, there are 
other biological factors associat-
ed with AD including neurofibril-
lary tangles and loss of synaptic 
connections, not to mention the 
roles of genetics, environmental 
conditions, comorbidities, gender, 

nutrition, physical activity and so 
much more [30].  
 So will the clearance of 
amyloid-β plaques facilitated by 
Aduhelm reduce the clinical symp-
toms of AD? The short answer 
is maybe. Despite the extreme-
ly tangled web of contributing 
factors, amyloid-β does seem to 
play a large role in AD, and clear-
ance of amyloid-β plaques may 
prove effective at alleviating the 
clinical symptoms of the disease. 
However, as previously discussed, 
amyloid-β plaques may be of sec-
ondary importance compared to 
soluble amyloid-β oligomers when 
it comes to AD onset and progres-
sion [18], [2]. It therefore remains 
to be seen whether or not the 
clearance of amyloid-β plaques will 
prove sufficient for alleviating the 
cognitive and functional symptoms 
of AD. If so, treatments such as 
Aduhelm and Donanemab would 
represent a major step forward in 
addressing one of the most press-
ing biomedical issues of our time.   



29

SCIENTIFIC KENYON 

1.  Um YH, Choi WH, Jung WS, Park 
YH, Lee C-U, Lim HK. A Case Report 
of a 37-Year-Old Alzheimer’s Disease 
Patient with Prominent Striatum 
Amyloid Retention. Psychiatry 
Investig. 2017;14: 521. doi:10.4306/
pi.2017.14.4.521

2.  Murphy MP, LeVine H. Alzheimer’s 
Disease and the Amyloid-β Peptide. 
Lovell MA, editor. J Alzheimers Dis. 
2010;19: 311–323. doi:10.3233/
JAD-2010-1221

3.  Alzheimer’s Facts and Figures Re-
port | Alzheimer’s Association. [cited 
18 Nov 2021]. Available: https://
www.alz.org/alzheimers-dementia/
facts-figures

4.  Two members of an FDA advisory 
committee quit after approval of 
controversial Alzheimer’s drug. 
Washington Post. Available: 
https://www.washingtonpost.
com/health/2021/06/09/alzhei-
mers-drug-controversy/. Accessed 
18 Nov 2021.

5.  Acting FDA commissioner calls 
for independent investigation into 
approval of Alzheimer’s drug - CNN. 
[cited 18 Nov 2021]. Available: 
https://www.cnn.com/2021/07/09/
health/aduhelm-fda-requests-in-
spection/index.html

6.  FDA Approved Biogen Alzheimer’s 
Drug Despite Some Staff Con-
cerns - WSJ. [cited 18 Nov 2021]. 
Available: https://www.wsj.com/
articles/fda-approved-biogen-alzhei-
mers-drug-despite-some-staff-con-
cerns-11624393800

7.  Belluck P, Kaplan S, Robbins R. How 
an Unproven Alzheimer’s Drug Got 
Approved. The New York Times. 20 
Jul 2021. Available: https://www.
nytimes.com/2021/07/19/health/
alzheimers-drug-aduhelm-fda.html. 
Accessed 18 Nov 2021.

8.  Katz J, Kliff S, Sanger-Katz M. New 
Drug Could Cost the Government 
as Much as It Spends on NASA. 
The New York Times. 22 Jun 2021. 
Available: https://www.nytimes.
com/2021/06/22/upshot/alzhei-
mers-aduhelm-medicare-cost.html. 
Accessed 18 Nov 2021.

9.  Aduhelm Alzheimer’s: How everyone 
on Medicare could end up paying 
for the pricey new drug - CNNPoli-
tics. [cited 18 Nov 2021]. Available: 
https://www.cnn.com/2021/07/10/
politics/aduhelm-alzhei-
mers-drug-medicare/index.html

10.  Belluck P. Cleveland Clinic and 
Mount Sinai Won’t Adminis-

ter Aduhelm to Patients. The 
New York Times. 14 Jul 2021. 
Available: https://www.nytimes.
com/2021/07/14/health/cleve-
land-clinic-aduhelm.html. Accessed 
18 Nov 2021.

11.  Robbins R. Sales of Biogen’s costly 
new Alzheimer’s drug fall far short of 
expectations. The New York Times. 
20 Oct 2021. Available: https://
www.nytimes.com/2021/10/20/
business/biogen-aduhelm-
sales-q3-2021.html. Accessed 18 
Nov 2021.

12.  Sevigny J, Chiao P, Bussière T, 
Weinreb PH, Williams L, Maier M, 
et al. The antibody aducanumab 
reduces Aβ plaques in Alzheimer’s 
disease. Nature. 2016;537: 50–56. 
doi:10.1038/nature19323

13.  Eli Lilly Asks FDA to Approve 
Alzheimer’s Drug - WSJ. [cited 
30 Nov 2021]. Available: https://
www.wsj.com/articles/eli-lilly-
asks-fda-to-approve-alzheimers-
drug-11635262324

14.  Mintun MA, Lo AC, Duggan Evans 
C, Wessels AM, Ardayfio PA, Ander-
sen SW, et al. Donanemab in Early 
Alzheimer’s Disease. N Engl J Med. 
2021;384: 1691–1704. doi:10.1056/
NEJMoa2100708

15.  Walsh DM, Selkoe DJ. Amyloid 
β-protein and beyond: the path 
forward in Alzheimer’s disease. Curr 
Opin Neurobiol. 2020;61: 116–124. 
doi:10.1016/j.conb.2020.02.003

16.  Jack CR, Bennett DA, Blennow K, 
Carrillo MC, Dunn B, Haeberlein 
SB, et al. NIA‐AA Research Frame-
work: Toward a biological definition 
of Alzheimer’s disease. Alzhei-
mers Dement. 2018;14: 535–562. 
doi:10.1016/j.jalz.2018.02.018

17.  Webers A, Heneka MT, Gleeson PA. 
The role of innate immune respons-
es and neuroinflammation in amy-
loid accumulation and progression 
of Alzheimer’s disease. Immunol Cell 
Biol. 2020;98: 28–41. doi:10.1111/
imcb.12301

18.  Ashe KH. The biogenesis and biol-
ogy of amyloid β oligomers in the 
brain. Alzheimers Dement. 2020;16: 
1561–1567. doi:10.1002/alz.12084

19.  Karisetty BC, Bhatnagar A, Armour 
EM, Beaver M, Zhang H, Elefant 
F. Amyloid-β Peptide Impact on 
Synaptic Function and Neuroepi-
genetic Gene Control Reveal New 
Therapeutic Strategies for Alzhei-
mer’s Disease. Front Mol Neurosci. 
2020;13: 577622. doi:10.3389/
fnmol.2020.577622

20.  Medications for Memory Loss | 

Alzheimer’s Association. [cited 18 
Nov 2021]. Available: https://www.
alz.org/alzheimers-dementia/treat-
ments/medications-for-memory#-
Types%20of%20drugs

21.  Sharma K. Cholinesterase inhibitors 
as Alzheimer’s therapeutics (Review). 
Mol Med Rep. 2019 [cited 18 Nov 
2021]. doi:10.3892/mmr.2019.10374

22.  Hampel H, Mesulam M-M, Cuel-
lo AC, Farlow MR, Giacobini E, 
Grossberg GT, et al. The cholinergic 
system in the pathophysiology and 
treatment of Alzheimer’s disease. 
Brain. 2018;141: 1917–1933. 
doi:10.1093/brain/awy132

23.  Atri A. The Alzheimer’s Disease Clin-
ical Spectrum. Med Clin North Am. 
2019;103: 263–293. doi:10.1016/j.
mcna.2018.10.009

24.  Liguori C. Orexin and Alzhei-
mer’s Disease. In: Lawrence AJ, 
de Lecea L, editors. Behavioral 
Neuroscience of Orexin/Hypocre-
tin. Cham: Springer International 
Publishing; 2017. pp. 305–322. 
doi:10.1007/7854_2016_50

25.  Buss NA, Henderson SJ, McFarlane 
M, Shenton JM, de Haan L. Mono-
clonal antibody therapeutics: history 
and future. Curr Opin Pharmacol. 
2012;12: 615–622. doi:10.1016/j.
coph.2012.08.001

26.  Robbins R. The F.D.A. authoriz-
es another antibody treatment 
for high-risk Covid patients. The 
New York Times. 27 May 2021. 
Available: https://www.nytimes.
com/2021/05/26/business/
covid-monoclonal-antibody-treat-
ment-approved.html. Accessed 18 
Nov 2021.

27.  Elgundi Z, Reslan M, Cruz E, Sifnio-
tis V, Kayser V. The state-of-play and 
future of antibody therapeutics. Adv 
Drug Deliv Rev. 2017;122: 2–19. 
doi:10.1016/j.addr.2016.11.004

28.  DeMattos RB, Lu J, Tang Y, Racke 
MM, DeLong CA, Tzaferis JA, et 
al. A Plaque-Specific Antibody 
Clears Existing β-amyloid Plaques in 
Alzheimer’s Disease Mice. Neuron. 
2012;76: 908–920. doi:10.1016/j.
neuron.2012.10.029

29.  FDA Grants Accelerated Approval 
for Alzheimer’s Drug | FDA. [cited 
18 Nov 2021]. Available: https://
www.fda.gov/news-events/press-an-
nouncements/fda-grants-accelerat-
ed-approval-alzheimers-drug

30.  Breijyeh Z, Karaman R. Comprehen-
sive Review on Alzheimer’s Disease: 
Causes and Treatment. Molecules. 
2020;25: 5789. doi:10.3390/mole-
cules25245789

References


