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Setbacks and promises for drugs against
Alzheimer’s disease
As pharmaceutical companies are retreating from drug development for Alzheimer’s, new approaches are
being tested in academia and biotech companies

Andrea Rinaldi

A diagnosis of Alzheimer’s disease (AD)

is a devastating experience, both for

patients and their families. The most

common type of dementia, AD, slowly builds

up in the brain, creeping in the parts that

control memory, thought, and language, and

ultimately destroys the patient’s ability to

interact with the human and physical envi-

ronment. About 50 million people in the

world suffer from dementia, and the number

is set to triplicate by 2050 (Fig 1). As the risk

of AD rapidly increases beyond the age of 65,

and as the human population is aging, much

of the forecasted increase of people with

dementia will take place in low- and middle-

income countries, according to the World

Health Organization (Fig 1).

Given the increasing prevalence and the

severity of AD, enormous financial and

human resources—both public and private—

have been devoted to finding a cure; in addi-

tion, a successful drug would reap immense

revenues. So far, however, scientists still do

not fully understand the causes of the

disease, and treatment is mainly focused at

slowing or delaying symptoms to help

patients maintain their mental functions.

Challenges and failures

The hallmark of AD is the accumulation of

extracellular plaques from amyloid-b (Ab)
protein—which is derived from a membrane

protein called amyloid precursor protein

(APP)—and of intracellular neurofibrillary

tangles of tau protein in brain cells (Fig 2).

These aggregates gradually lead to neuron

loss, synaptic dysfunction, and progressive

cognitive degeneration (Fig 3). This so-called

amyloid cascade hypothesis has been the

reference point for most research and drug

development. Most attempts to slow the

progression of the disease or to revert its

effects target the amyloid-b and tau proteins

to prevent the formation of fibrils and

plaques—but with no tangible results so far.

......................................................

“[W]hen it comes to treating
AD, the per se difficult drug-
discovery enterprise becomes a
titanic challenge”
......................................................

Indeed, when it comes to treating AD, the

per se difficult drug discovery enterprise

becomes a titanic challenge. Any candidate

must be able to cross the blood–brain barrier,

without exerting any toxicity to normal nerve

cells while breaking down or preventing Ab
plaques and tau tangles. These plaques accu-

mulate over decades, which make it difficult

to identify patients with early-stage AD who

might benefit from therapies that prevent

further damage and loss of neurons. AD diag-

nosis is not straightforward either, as symp-

toms overlap with other conditions that

affect cognition. As a result, trials are diffi-

cult to organize and extremely expensive.

The last Alzheimer’s approved drug was

memantine in 2003, and it is only used for

symptomatic treatment; since then some 400

clinical trials have failed.

In January this year, US pharmaceutical

giant Pfizer announced that it abandons its

efforts to develop drugs to treat Alzheimer’s

and Parkinson’s disease. “This was an

exercise to re-allocate spend across our port-

folio, to focus on those areas where our

pipeline, and our scientific expertise, is

strongest”, the company explained in the

statement (https://www.reuters.com/artic

le/us-pfizer-alzheimers/pfizer-ends-research-

for-newalzheimers-parkinsons-drugs-idUSKB

N1EW0TN). This decision came after years

of massive investment—including the spon-

sorship of a specialist venture capital fund

called Dementia Discovery Fund (http://

theddfund.com/)—and disappointing results.

Pfizer is not abandoning neurological

diseases altogether though. It still pursues its

research programs on rare neurological

diseases, such as transthyretin amyloidosis, a

condition characterized by the progressive

buildup of amyloid deposits in several organs

and tissues, including the peripheral and

central nervous systems. Development of

chronic pain treatment tanezumab, a mono-

clonal antibody targeting nerve growth factor,

that is currently in phase 3, will also continue.

......................................................

“In January this year, US
pharmaceutical giant Pfizer
announced that it abandons
its efforts to develop drugs to
treat Alzheimer’s and
Parkinson’s disease.”
......................................................

Within days after Pfizer’s announcement,

Axovant Sciences published negative results

for its clinical trial of intepirdine to treat

dementia with Lewy bodies, a progressive

neurodegenerative disorder characterized by
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the abnormal deposits of a protein called

alpha-synuclein (http://investors.axovant.com/

news-releases/news-release-details/axovant-

announces-negative-results-intepirdine-phase-

2b-headway), and JAMA published findings

showing that idalopirdine, a selective 5-

hydroxytryptamine-6 receptor antagonist,

was not able to improve cognitive change in

patients with mild to moderate Alzheimer in

three clinical trials [3]. At the same time, Eli

Lilly published the last round of data that

brought it to abandon development of sola-

nezumab, a monoclonal antibody designed

to target b-amyloid protein, that failed to

improve cognition in patients with mild

Alzheimer’s disease [4].

New players stepping in

These setbacks came at a time when other

key players pledged renewed efforts to find a

cure against dementia. In November last

year, Bill Gates invested US$100 million in

the Dementia Discovery Fund, motivated by

the fact that “men in my family have suffered

from Alzheimer’s”, (https://www.gatesnotes.

com/Health/Digging-Deep-Into-Alzheimers).

“The longer you live the more likely you are

to develop a chronic condition. Your risk of

getting arthritis, Parkinson’s or another non-

infectious disease that diminishes your qual-

ity of life increases with each year. But of all

the disorders that plague us late in life one

stands out as a particularly big threat to soci-

ety: Alzheimer’s disease”, Gates noted.

The World Health Organization also now

recognizes dementia as a public health prior-

ity. In May 2017, the World Health Assem-

bly endorsed the Global Action Plan on the

public health response to dementia 2017–

2025. The Plan is intended as a comprehen-

sive blueprint for action, to guide policy-

makers and WHO partners and members in

areas such as increasing awareness of

dementia and support for dementia caretak-

ers, and strengthening policies and service

planning. Later the same year, WHO

launched the Global Dementia Observatory,

“a data and knowledge exchange platform

that offers easy access to key dementia data

from Member States across the following

three domains: policies, service delivery,

and information and research”, (http://

www.who.int/mental_health/neurology/

dementia/Global_Observatory/en/).

Biotech picking up

“In view of the current failures of big

pharma to conduct well thought-through,

modern and state-of-the-art drug trials in the

field of AD, I think the future lies in the

hand of small biotech companies that work

closely together with academic frontrunners

and key opinion leaders in designing and

carrying out proof of concept trials with new

compounds that may or not may target Ab
or tau pathways”, said Philip Scheltens at

the Alzheimer Center, VU University

Amsterdam in the Netherlands. “Govern-

ments should invest much more than before

in drug development themselves together

with academia, instead of leaving it all to

pharma”.

Indeed, while large drug companies are

somehow retreating from dementia research,

various startup companies have stepped up

to the challenge by pursuing avenues that

diverge or are collateral to the mainstream

Ab/tau hypothesis. And, surprisingly, big

Figure 1. Dementia, a public health priority.
WHO infographic about the symptoms of dementia, the cause, the number of people affected and its cost.

Source: World Health Organization. Reproduced with permission.
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venture investment is flowing into these

companies.

Japanese pharmaceutical company

Takeda recently signed a US$1 billion deal

with San Francisco-based biotech Denali

that has a preclinical pipeline of drugs for

treating AD. At the heart of the Denali’s

strategy lies rigorous genetic definition of

the patient population and the identification

of specific biomarkers to monitor drug

effects. The platform technology Denali has

developed hinges on antibody transport

vehicles to help drug candidates penetrate

the blood–brain barrier and deliver sufficient

concentration of the drug to the brain. Two

of the running Alzheimer’s programs target

BACE1—an aspartic protease that initiates

the formation of Ab from APP—and TREM2,

an immune receptor found in brain micro-

glia that has been linked to the risk of devel-

oping Alzheimer’s.

......................................................

“. . . various startup companies
have stepped up to the challenge
by pursuing avenues that
diverge or are collateral to
the mainstream Ab/tau
hypothesis”
......................................................

Moreover, a recent study resulting from a

collaboration between Denali and Washing-

ton University School of Medicine in St

Louis, MS, USA, showed that an antibody

targeting the apoE protein found in brain

plaques cuts the level of plaques by half,

raising hopes that this could limit the debili-

tating symptoms of the disease [5]. The

researchers expressed the human APOE

gene—variants of which are considered the

most significant risk factor for AD—in

APOE-knocked mice. Intriguingly, the apoE-

directed antibody, HAE-4, did not bind to

the product of the gene found in the blood,

where it is involved in the transport of lipids

and cholesterol.

A different strategy is pursued by Rodin

Therapeutics, a biotech firm based in

Cambridge, MA, USA. Their main idea is

“synaptic resilience through targeted epige-

netics”, that is, trying to restore synaptic

function in degenerative brain diseases

through modulation of histone deacetylases

(HDAC) with tailored, proprietary molecules.

In particular, Rodin is targeting HDAC2, that

when bound to transcription factor Sp3, is

known to negatively regulate synaptic func-

tion in neurons and blocks memory-related

gene expression. A recent study has shown

that inhibition of HDAC2-Sp3 binding amelio-

rates memory deficit in a mouse model of

AD [6].

Rodin is not the only player to believe

that epigenetics could be a key mechanism

for treating AD. In April this year, biotech

Oryzon Genomics, based in Barcelona,

Spain, received approval to start a phase IIa

clinical trial. Their candidate compound

ORY-2001 is designed to selectively inhibit

Lysine-specific histone demethylase 1 (LSD1),

a histone-modifying enzyme that is an impor-

tant regulator of neural stem cell proliferation

and neuronal development, and monoamine

oxidase B (MAO-B), the levels of which are

elevated in AD brain and thought to regulate

Ab production in neurons via c-secretase
(https://www.oryzon.com/sites/default/files/

PRESS_RELEASE_11-2018.pdf).

Probiodrug, based in Halle, Germany, is

another biotech that is trying to tackle AD

from a different angle. The target here is not

Ab itself, but rather pyroglutamate-Ab,
which has enhanced aggregation potential

and propensity to form toxic oligomers.

Probiodrug’s lead candidate PQ912, now in

phase 2b trials, is an inhibitor of glutaminyl

cyclase that catalyzes pyroglutamate forma-

tion. Preclinical studies have also shown

that another molecule, a pyroglutamate-Ab-
specific antibody, reduces plaques and

improves cognition in a mouse model.

Exploring alternative targets

An increasing number of researchers are

also walking off the beaten track to reach

the promised land of AD therapeutics [see

Box 1]. For instance, the finding that mito-

chondrial dysfunction is an early event in

AD pathogenesis offers new clues to under-

stand what makes neuronal cells go haywire.

The mitochondrial membrane protein

VDAC1 (voltage-dependent anion channel

1), in particular, has been repeatedly linked

to AD, given its role in calcium homeostasis,

oxidative stress, and mitochondria-mediated

apoptosis [7]. A related, intriguing observa-

tion is the inverse association between

cancer and AD, namely that AD patients

have lower rates of cancer and, conversely,

cancer survivors experience a decreased risk

of AD.

......................................................

“A related, intriguing observa-
tion is the inverse association
between cancer and AD,
namely that AD patients have
lower rates of cancer and,
conversely, cancer survivors
experience a decreased risk of
AD”
......................................................

“With respect to the inverse association

between cancer and Alzheimer’s disease,

metabolism can be the link. Highly meta-

bolic activity in cancer and the opposite for

AD-associated cells, would result in different

products of metabolism, with a different

pattern of expression/repression of genes in

Figure 2. Molecular architecture of amyloid plaques and neurofibrillary tangles in Alzheimer’s
disease.
Reproduced from [1], with permission.
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a cell, leading to the different diseases”,

commented Varda Shoshan-Barmatz from

Ben Gurion University, Beersheva, Israel. “I

believe that as in cancer, where metabolism-

related studies make a comeback, Alzhei-

mer’s researchers will soon focus on unre-

vealing the network of metabolism pathway

to find out what goes awry in Alzheimer’s

diseases”.

While there is a relative scarcity of thera-

peutics in clinical development, basic and

preclinical research continues to grow

driven by the increasing prevalence of

neurodegenerative diseases. In total, more

than 100 agents (including symptomatic

agents) are at the drug-testing stage, with a

wide range of mechanisms of action even if

the main focus is still on anti-amyloid or

anti-tau agents, especially for what concerns

the leads in phase III clinical trials (Fig 4).

Nonetheless, as most trials so far have

failed, the low success rate of drugs remains

DEMENTIA

DOMINANTLY INHERITED 
FORMS OF AD

NON-DOMINANT 
FORMS OF AD

(including ‘sporadic’ AD)

(e.g., ApoE4 inheritance, 
faulty Aβ degradation, etc)

Widespread neuronal/synaptic dysfunction
and selective neuronal loss with

attendant neurotransmitter deficits

Altered kinase/phosphatase activities 
lead to tangles

Altered neuronal ionic homeostasis,
oxidative injury

Microglial and astrocytic activation and
attendant inflammatory responses

Gradual deposition of Aβ42 
oligomers as diffuse plaques

Subtle effects of Aβ oligomers on 
synaptic efficacy

Increased relative
Aβ42 production throughout life 

Gradually rising
Aβ42 levels in the brain

Failure of Aβ clearance 
mechanisms

Missense mutations in the APP 
or presenilin 1 or 2 genes

Accumulation and oligomerization of Aβ42 
in limbic and association cortices

Figure 3. The sequence of major pathogenic events leading to AD proposed by the amyloid cascade
hypothesis.
The curved blue arrow indicates that Ab oligomers may directly injure the synapses and neurites of brain
neurons, in addition to activating microglia and astrocytes. Reproduced from [2], with permission.

Box 1. Tapping into regenerative med-
icine to heal AD brain

Nearly all efforts to identify therapeutics
for AD have just generated frustration and
disappointment. While the currently
prevailing emphasis is on preventing the
neurodegeneration purportedly caused by
the deposition of Ab plaques and the
formation of tau tangles, a growing
number of researchers believe modulation
of neurogenesis might hold the key to
mend AD-damaged brains.
“To tackle the current lack of effective drugs
and the continuous clinical failures, we are
called to shift from the prevailing drug
discovery paradigm targeting pathogenesis
to the one rather targeting the brain endoge-
nous regenerative process”, said medicinal
chemist Maria Laura Bolognesi at the
University of Bologna, Italy, an expert in AD
drug discovery. The concept focuses on stim-
ulating the regeneration of neural stem cells
and the activation of neuroprotective path-
ways through small molecules and nanome-
dicines. In regard to small molecules, two
main approaches have been pursued: target-
based strategies to inhibit signaling path-
ways and proteins such as HDAC, kinases,
and neutrophins, and cell-based phenotypic
screens of small-molecule libraries [10].
Interesting case stories indeed support the
view that neuroregeneration could untangle
the Gordian knot of AD. Biotech Neuronas-
cent has an orally administered molecule in
preclinical stage, NNI-362, that “significantly
increased the number of neurons in a key
memory region of the brain, which was
associated with the actual reversal of
memory impairment in elderly mice”, (http://
www.neuronascent.com/r&d-alzheimers.htm).
Another example is P7C3: Discovered about a
decade ago by Andrew Pieper and colleagues
at the University of Iowa, USA, the molecule
is neuroprotective, preventing both newborn
and mature neurons from cell death in animal
models of neurodegenerative diseases. A recent
study showed that a P7C3-based compound
helped maintain normal neurologic function in
AD rats, even in the presence of the pathologi-
cal traits, such as amyloid plaques, tau tangles,
and neuroinflammation (https://medicine.uio
wa.edu/content/saving-neurons-may-offer-new-
approach-treating-alzheimer%E2%80%99s-
disease-0).
“Although in their infancy, small molecules
triggering neurogenesis and neuroprotection
have huge therapeutic potential in counter-
acting neurodegeneration and showing
disease-modifying effects”, said Bolognesi.
“Surely, we must proceed with caution until
they prove effective and safe in patients,
critically challenge ourselves and look at the
question from all possible angles. However,
as academic scientists, we should be willing
to take the risk to invest in less conventional
pharmaceutical tools, which, if successful,
will have tremendous health benefits”.
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a major concern. “There are many factors

contributing to the currently low rate of

success of drug development for AD. The

understanding of the biology of AD is incom-

plete, the emphasis on testing single thera-

pies where combinations may be required,

the few candidates entering phase I, the lack

of predictive validity of animal models, lack

of efficacy of candidate therapies, and the

emergence of unacceptable side effects all

limit successful treatment development”,

commented Jeffrey Cummings and colleagues,

in a recent review [8]. In particular, the slow

recruitment of patients for clinical trials is a

critical point. Cummings and colleagues noted

that, in many cases, the recruitment period is

longer than the treatment period, and failure

of meeting the recruitment goal is not rare [8].

Combination therapies

Given the evident difficulties in finalizing

the canonical drug discovery process in AD,

several key players across the field now

believe combination therapy might offer

new hopes. This approach involves the use

of two or more treatments, each targeting

one of the factors involved in AD initiation

and progression: the accumulation of

misfolded proteins, oxidative stress, or mito-

chondrial dysfunction [9]. To spur researchers

along this path, the Alzheimer’s Association

and Alzheimer’s Drug Discovery Foundation

recently partnered to create a new grant

scheme, called the Alzheimer’s Combination

Therapy Opportunities (ACTO). With this

initiative, the partners “[c]hallenge the

research community to propose combina-

tions of repurposed and/or repositioned

drugs that have the potential to be disease-

modifying for Alzheimer’s disease and are

hypothesized to work synergistically to

provide a large effect in slowing or reversing

Alzheimer’s disease progression”, (https://

www.alzdiscovery.org/assets/content/static/

ACTO_rfa_2016.pdf). Focusing on

compounds that have already been tested for

other conditions and found safe will eventu-

ally hasten delivery of the combination in

the AD clinical practice, they believe.

The first combination therapy project

funded under the new mechanism is the

clinical trial of AMX0035, an oral formula-

tion of sodium phenylbutyrate and taurour-

sodeoxycholic acid, developed by Amylyx

Pharmaceuticals (http://amylyx.com/inno

vative-alzheimers-disease-combination-thera

py-trial-supported-by-new-joint-funding-initi

ative/). Preclinical studies have shown that

AMX0035 is able to block nerve cell death

and neuroinflammation in models of Alzhei-

mer’s. Further, the combination will be

shortly tested in a clinical trial as a treat-

ment for amyotrophic lateral sclerosis.

“The main challenge to developing

successful Alzheimer’s combination thera-

pies is that there currently are no disease

modifying drugs for Alzheimer’s disease that

are approved by the US Food and Drug

Administration. Therefore, we will need to

combine experimental drugs that have not

yet been shown effective as a mono-

therapy”, explained James Hendrix, Alzhei-

mer’s Association Director of Global Science

Initiatives. “Second, very few companies

have more than one drug candidate that they

would be able to combine. As such, we may
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Figure 4. Alzheimer’s disease drug development pipeline.
Mechanisms of action of agents in phase II (A) and phase III (B). BACE, b-site amyloid precursor protein cleaving
enzyme. Original data were retrieved from www.clinicaltrials.gov. Reproduced from [8], with permission.
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need to combine drugs from different,

competing companies. This means there are

business challenges as well as scientific

challenges”.

Beyond amyloid and tau

Notwithstanding the recent attempts to look

beyond amyloid and tau, these elements

really define AD as a unique neurodegenera-

tive disorder, and the quest for treatments

cannot leave aside a better understanding of

the interplay between the two. “While the

recent failures are disheartening, we learn

from each of these trials. With advances in

neuroimaging, now allowing monitoring of

amyloid, tau and neurodegeneration, in addi-

tion to bioinformatics and biotechnology, we

are poised to discover new treatments for

this complex disease”, commented Krista

Lanctôt, at Sunnybrook Health Sciences

Centre in Toronto, Canada, whose research

focus is on the neurobiology of dementia.

Lanctôt pointed to the framework recently

drafted by the US National Institute on Aging

and Alzheimer’s Association, that, she believes,

will pave the way forward for a responsive

research agenda based on biomarkers

(https://www.alzheimersanddementia.com/

article/S1552-5260(18)30072-4/fulltext). The

document outlines the “ATN” biomarker

classification that defines validated biomark-

ers for A-amyloid beta, T-tau, and N-neuro-

degeneration. The underlying vision of the

biomarker-based research framework is that

defining AD as a biological construct will

permit a better characterization and under-

standing of the sequence of events that lead

to cognitive impairment, enabling a more

targeted research on pharmaceutical

interventions. “The classification defines a

third category, nonspecific neurodegenera-

tion. These additional processes, though not

specific to the diagnostic features of AD,

likely play a substantial role and should not

be underestimated”, Lanctôt added.

......................................................

“Given the evident difficulties
in finalizing the canonical
drug discovery process in AD,
several key players across the
field now believe combination
therapy might offer new
hopes.”
......................................................

Even with the most optimistic view, the

road to an effective treatment for AD will be

long and bumpy. However, given the number

of sufferers at stake, giving up is not an

option. When looking at a black future, the

late Stephen Hawking commented: “black

holes ain’t as black as they are painted. They

are not the eternal prisons they were once

thought. Things can get out of a black hole

both on the outside and possibly to another

universe. So if you feel you are in a black

hole, don’t give up—there’s a way out”.
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