Feature

b

Trial coordinator Eric McDade assesses participant Marty Reiswig for cognitive ability.
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TREATING ALZHEIMER'S
BEFORE IT TAKES HOLD

Researchers are giving drugs to healthy people in hope of clearing
away toxic proteins in the brain and preventing neurodegeneration.

By Alison Abbott

very two weeks, a nurse visits
43-year-old Marty Reiswig in Den-
ver, Colorado, and injects him
with an experimental drug called
gantenerumab. Every month, Reiswig
drives into town for a brain scan to
make sure the drug has not caused
any bleeds. And every year he flies to
St Louis, Missouri, for four days of brain scans,
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spinal taps, blood analyses and exhaustive
tests of his memory and reasoning capacity.
Reiswig is fit and healthy and runs two
local businesses. He goes through all of this
because he has a rare genetic mutation that
almost guarantees he will develop early-onset
Alzheimer’s disease. He hopes that the inter-
national clinical trial he has been part of for
nineyears might prevent, or atleast delay, the
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onset of symptoms that will otherwise arisein
justafewyears’ time.

“lalways do my best to give the researchers
asmuch asIcan —even ifit turns out not to
help me, it might help my children,” he says.

The trial is one of several trying to under-
stand whether treating the root cause of
Alzheimer’s before symptoms start might be
the best way to handle a disease that exacts
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such a large toll. The drugs under scrutiny
are all antibodies that have been developed
to target and clear amyloid-f3 proteins in the
brain, which clog together into toxic masses
called plaques (see ‘Antibodies against amy-
loid’). These drugs are of the same type as
aducanumab, made by Biogen in Cambridge,
Massachusetts, which was provisionally
approved last year by the US Food and Drug
Administration (FDA) for the treatment of mild
Alzheimer’s, in large part owing toits ability to
remove amyloid-f.

And because such toxic proteins are a
feature of several types of dementia, these
antibody studies might also offer hints for
how to treat the 55 million people around the
world who have these conditions, says neurol-
ogist Paul Aisen at the University of Southern
Californiain San Diego, who is aleader of the
US Alzheimer’s Clinical Trials Consortium.
Most dementias hit after 65 years of age; all
have proved to be stubbornly incurable. Of
more than 100 trials around the world, most
are aiming to treat symptoms of the disease
rather thanits root cause.

But Aisen foresees a future — maybe just
a decade or so down the line — in which
much of the burden of Alzheimer’s disease
might actually be prevented. “We’re heading
towards screening people from middle age
on with blood tests, and treating those who
show amyloid abnormalities with drugs that
reduce the generation of amyloid plaques,” he
says. “lam optimistic.”

Alot needs to go right for this hopeful view
to become reality. Large clinical trials will
have to show that these therapies work, and
amyloid-clearing drugs will have to be proven
to besafeand affordable. After decades of set-
backs and failed clinical trials, some dementia
researchers prefer to express caution. “The
field is taking tremendous risks by engaging
instudies that can costbillions of dollars,” says
neurologist David Knopman at the Mayo Clinic
in Rochester, Minnesota.

It will take a while for answers to emerge.
Some trials of Alzheimer’s disease prevention
are just getting started, and some ongoing
ones could stretch into the next decade.

Gettinginearly

It was 1986 when Carol Jennings in Notting-
ham, UK, wrote a letter to geneticist John
Hardy asking whether she could be of use in
his research. Just like Reiswig, Jennings had
many relatives who succumbed to early-onset
dementia. Hardy’s team, now at University Col-
lege London, was interested in the genetics of
Alzheimer’s and invited the Jennings family to
donate blood toits project.

Afewyearslater, theteamidentified amuta-
tion shared by the affected family members. It
wasinagenethatcodesforalarge protein that
sitsin the membranes of neurons, the amyloid
precursor protein (APP).

APPin the brainis chopped into amyloid-p
and other short chains of amyloid protein by
asuite of enzymes. In healthy brains, these
amyloid peptides might serve useful func-
tions, but over time they can accumulate
— perhaps because the brain’s molecular sys-
tem for clearing them loses efficiency — and
clumptogetherinto plaques. Insomeone with
amutationinthe gene that codes for APP, the
amyloid-f proteins are stickier or more pro-
fuse, and the disease manifests earlier thanin
people who do not have the mutation.

Thisis the basis of the amyloid hypothesis of
Alzheimer’s disease, first formulated by Hardy
and his colleagues after their discovery of a
disease-causing APP mutation. According to
that theory, preventing the triggering event
of amyloid-f3 accumulation might slow the
disease process — or even stop it happening
inthefirst place.

Pharmaceutical and biotechnology com-
panies set about targeting the amyloid sys-
tem, developing drugs to block the enzymes
that cleave APP, or creating antibodies to
the amyloid-f peptides. But their drugs
continuously bombed in clinical trials. Five
phase Ill clinical trials of a drug that blocks
an amyloid-chopping enzyme, 3-secretase,
were discontinued because of side effects that
made cognition temporarily worse. Blockers
of another enzyme, y-secretase, went the same
way. Time and time again, trials of antibodies

T0 OPTIMIZE THE
POTENTIAL IMPACT OF
REMOVING AMYLOID
YOUNEEDTODO SO AS
EARLY AS POSSIBLE

—

designed to latch onto and bind to amyloid-3
failed toimprove people’s clinical symptoms.
At least one major pharmaceutical company,
Pfizer, left the Alzheimer’s field, in 2018.

The serial failures divided the research
community into camps. One camp argued that
if targeting amyloid hadn’t worked, then the
amyloid hypothesis must be wrong. Knopman
acceptsthat APP processingis part of the dis-
easeinitiation process, but says that therole of
amyloid-p hasnot been proved. “It’s plausible,
forexample, that other APP cleavage products
are more important to the disease process,”
he says.

The other camp argued that the trials had
been poorly designed, in particular because
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theyrecruited people who had already begun
to show early signs of Alzheimer’s disease.

“The fact is that, to optimize the potential
impact of removing amyloid, you need to
doso as early as possible,” says Aisen. Amy-
loid-B accumulation beginsits slow and silent
campaign of destruction in the brain many
years before its damage is extensive enough
to cause symptoms, he says. “The total dura-
tion of Alzheimer’s disease is over 25 years,
and the trials were only engaging in the final
decade when there is constant worsening of
neurodegeneration.”

Animalstudies back up this insight.In mice
that were genetically altered to overexpress
APP, treating young animals withaducanumab
before amyloid- deposits were detectable
resulted in significant reductions in deposits
and fewer signs of disease in the brain six
months later?.

When the FDA made the controversial
decision to approve Biogen’s aducanumab
in June last year, it was recognizing this
long-term picture: that the drug’s ability to
remove amyloid-3 made it likely that it could
reduce Alzheimer’s symptoms down the line.
Biogen’s large, placebo-controlled trials of
aducanumabin people withmild Alzheimer’s
had not unambiguously improved their clini-
cal symptoms, but the drug did a good job of
clearing amyloid plaques from their brains.
The agency declared that aducanumab was the
first treatment to affect the biological cause
of the disease.

The decision enraged many researchers who
claimedthat the FDA had lowered its standards.
(Knopman resigned from the FDA’s advisory
committee over thisissue.) Butinthe following
months, more dataemerged from other trials
of different drugs, showing trends towards a
modest slowing of cognitive decline as amy-
loid-p was cleared, as well as reductions in
other biomarkers of Alzheimer’s progression,
such as the build-up of a protein called tau.
Later that year, the agency put three further
antibodies onto a fast-track review process:
Genentech-Roche’s gantenerumab, Biogen-
Eisai’s lecanemab and Eli Lilly’s donanemab.
Similarly to aducanumab, all three have been
shownin early trials to clear plaques.

“These drugs are big, big game changers,”
says neuroscientist Bart de Strooper, direc-
tor of the UK Dementia Research Institute at
University College London. “They will allow the
amyloid hypothesis to be tested definitively.”

Many researchers agree that the best test of
the hypothesis — and the best way to stop the
disease inits tracks —is to give people these
drugs early, without waiting for Alzheimer’s
symptoms to set in first.

Timing is everything

According to Hardy, designers of even
the earliest trials might have realized that
they were recruiting too late in the disease.
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ANTIBODIES AGAINST AMYLOID

Several clinical trials are testing whether drugs called monoclonal antibodies can stem the symptoms of
Alzheimer’s by preventing the toxic clumping of amyloid-f3 proteins. This process starts when enzymes
cleave the amyloid precursor protein (APP). Amyloid-3 proteins elongate into fibrils and then nucleate into
plaques. All of the drugs bind to amyloid-3, but their primary targets in the process are different.
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“Through the retrospectoscope, it was clear
—the data were already there,” he says. In the
1980s, pathologist George Glenner at the
University of California, San Diego, and his
colleagues discovered that individuals with
Down’s syndrome developed dementia rel-
atively young®. They suggested that this was
because people with Down’s syndrome have
anextrachromosome 21 (wherethe APPgene
sits). Their post-mortem studies* showed
that plaques developed many years before
cognitive symptoms did.

The field is not ignoring the importance
of finding treatments for symptomatic
Alzheimer’s, says Aisen. But clinical research-
ers are now turning more attention to drug
trials for the treatment of presymptomatic
Alzheimer’s disease. It is not easy to find par-
ticipants for such trials, however. People need
to be symptomless but highly likely to begin
developing symptoms onameasurable times-
cale. Thereare two approachestoidentifying
theseindividuals: find people like Reiswig with
arare genetic predisposition, or peopleinthe
general population with a high risk of devel-
oping Alzheimer’s because of the presence of
amyloid-f in their brains.

To identify the rare genetic cases, the
US National Institute on Aging (NIA) in
Bethesda, Maryland, funded the launch of
the Dominantly Inherited Alzheimer Network
(DIAN) in 2008. It now includes more than
600 people from 20 countries, representing
around 300 families who have mutations in
one of the three genes associated with ear-
ly-onset Alzheimer’s. Each family member has
a50% chance of inheriting a mutation.

The network quickly gathered more funding
and research partners, and began enrolling
families, including Reiswig’s, into an observa-
tional programme. The researchers conducted
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positron emission tomography (PET) scans
of the brain to check for amyloid-f and other
biomarkers of Alzheimer’s at regularintervals,
and compared family members who carried
the gene with those who didn’t. They also
noted whensymptoms tended to beginineach
family. The network’s 2018 report confirmed
that the first signs of amyloid abnormalities
occur up to 25 years before symptoms start’.

The DIAN consortium began a seven-year
trial of amyloid-binding antibodies in 2012.
It aimed to delay the progress of disease in

THE COSTS T0 SOCIETY
OF THISDISEASE
JUSTIEY ENORMOUS
INVESTMENTSIN
EFFECTIVE TRERTMENT:

people who have no cognitive symptoms but
who have started to develop the primary mark-
ersof Alzheimer’s —amyloid plaques — in their
brains. The trial recruited 194 participants at
various stages of their condition, and divided
theminto groups toreceive either one of two
antibodies, gantenerumab or solanezumab,
oraplacebo.

But the results of the trial, announced in
2020, were disappointing. The trial failed to
prove that the drugs could slow cognitive
decline — although there was little decline in
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treated presymptomatic participants, there
was also little decline in the placebo group®.
“That meant that we were simply unable to say
whether the drugs would eventually help an
asymptomatic population or not,” says Randall
Bateman at Washington University School of
Medicinein St. Louis, who leads the DIAN Trials
Unit that conducted the study.

Still, one of the antibodies, gantenerumab,
had anotableimpact on thebiologicalmarkers
of the disease. It not only reduced amyloid
plaques, but alsoreduced levels of tau protein
and of another marker of neurodegeneration,
aneuronal protein that shows upinthe blood.

These results encouraged Bateman and
the DIAN consortium to continue studying
gantenerumab for afurther three years, drop-
ping the solanezumab and placebo arms but
allowing participants in those groups to con-
verttogantenerumab, and letting them know
what drug they were taking.

That presented Reiswig with a dilemma.
When he was originally tested for the gene
mutation, he had chosen not to be informed
of the result. But the extension of the study
was only available to mutation carriers, so a
request to participate would automatically
reveal his genetic status. “I decided it was
time for me to know, but I planned things
carefully,” he says. He retreated to a holiday
rental in Colorado with his wife to receive the
phone callfrom his genetic counsellor. “Ididn’t
want to find outin my own house — that was at
least something I wanted to have control over.”
Reiswig wept when helearnt that he carried the
mutation, and decided that his only chance
was to continue with the trial.

Last year, the consortium decided to try
treating people with no cognitive symptoms
and no plaquesintheir brains. “It’s really going
tobethe ultimatetrial of Alzheimer’s preven-
tion,” says Bateman. In the next few months,
the team plans to begin recruiting 160 muta-
tion carriers, some as youngas 18, who are not
expected to develop symptoms for another
11-25 years. The placebo-controlled trial
will run for four years, monitoring people’s
amyloid status atregularintervals. Thenit will
move into an ‘open label study’ for a further
few years: the placebo arm will be dropped
and all the participants will receive the trial
drug. At that point, it will also measure other
biomarkers of disease progression.

It would be impractical to run the trial for
the decades it might take for participants to
develop symptoms, says Eric McDade, the
trial’s principal investigator at Washington
University in St. Louis. Instead, the team
will monitor changes in biomarkers, such
as amyloid-f and tau, that are now known
to predict symptom onset during the long
silent period of the disease. “The more of these
other biomarkers that we canalter, the higher
the probability that we can offset or at least
significantly delay onset.” The researchers will
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continue to monitor as many participants as
possible after the trial’s second phase, he says.
Outside the DIAN consortium, other trials
for early-onset Alzheimer’s are under way,
testing drugsin people who already have some
amyloid build-up. Genentech-Rocheis study-
ingindividuals fromalarge family in Colombia,
half of whom carry a pathological mutation
in a gene that encodes part of one of the
amyloid-chopping secretase enzymes. Its trial
of the drug crenezumab will finish this year.
Studiesarealso gearing up to test Alzheimer’s
drugsin people with Down’s syndrome.

Stopping symptoms

The second approach to preventive trials is
to identify those in the general population
who are at high risk of developing late-onset
Alzheimer’s. Theinternational Alzheimer’s Dis-
ease Neuroimaging Initiative, apublic-private
partnership headquartered at the University
of California, San Francisco, tracks Alzheim-
er’s biomarkers in many hundreds of people
through normal ageing and all stages of the
disease. Its datashow that around one-third of
cognitively normal people aged over 65 have
amyloid plaquesin their brains, and that more
than 85% of them will go on to develop symp-
toms of Alzheimer’s within 10 years’.

On this basis, three large, placebo-con-
trolled clinical trials are under way, each
recruiting more than 1,000 people who are
cognitively fitbut have brain plaques, as seen
by PET scanning. Each trialis testing a different
antibody. All three will run for four years, by
which time cognitive decline is usually meas-
urable after plaques begin to accumulate.

Aisen’sinstituteis coordinating the A4 trial
— Anti-Amyloid treatment in Asymptomatic
Alzheimer’s — which is testing the Lilly drug

solanezumab. Results are expected next year.
Aisenalso co-leads the AHEAD 3-45trial, which
beganin 2020 and is testing lecanemab. That
sameyear, Lilly started a trial called-Alz2 with
donanemab. And this year, Roche is launch-
ingits own phase Il trial with gantenerumab,
which will run for sixyears.

The costs of such trials “is typically hun-
dreds of millions of dollars”, says Aisen. Just
recruiting the 1,169 participantsin the A4 trial
required around 4,500 PET scans, each costing
anaverage of US$7,000. “But costs to society
ofthis disease in terms of suffering, mortality
and economicimpactjustify enormous invest-
ments in effective treatment,” he says.

In recent years, there has been substan-
tial progress in developing simpler, blood-
based biomarkers of Alzheimer’s disease.
Two of these prevention trials are using
such biomarkers to help select people for
PET screening, chipping away at the cost of
PET scans and the inconvenience for partic-
ipants. One biomarker measures the ratio of
twosslightly different forms of amyloid-3, and
another measures a tau-related molecule.

So far, the preventive trials all use antibod-
ies against amyloid-f3. These drugs have two
disadvantages. They can have side effects:
small brain bleeds or swellings, which are
mostly harmless, but which can be serious.
And they are expensive. Biogen initially
fixed its price of a year’s treatment with adu-
canumab at $56,000, although it halved it in
December 2021.

But the field is thinking about revisiting
simpler, small-molecule drugs, which would
be much cheaper to produce than anti-
body-based therapies. Some companies are
starting to consider revisiting the secretase
enzymes, says Aisen, perhaps tweaking the

PET (positron emission tomography) scans of the brain of a person with Alzheimer’s show the
build-up of amyloid plaques (circled) not present in healthy brains.
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structure of the enzyme-blocking molecules
that failedin early trials, or finding better ways
to administer them.

Complex causes

Researchersinthe field are aware that address-
ing dementia also requires an effort beyond
amyloid-f. “Alzheimer’s disease is more com-
plex,” says neurobiologist Roger Nitsch, one
of the original developers of aducanumab at
the University of Zurich, Switzerland. “Amyloid
isavery slow-burning neurotoxin whichiniti-
ates the disease, but brain cells — including
those connecting to blood vessels and cells
of theimmune system — fight back.” There will
be more ways to target established disease,
he says. Also, only around two-thirds of all
dementias are of the Alzheimer’s type, and
post-mortem studies show that half of these
have mixed pathology —the brains contain
other toxic proteins in addition to amyloid
and tau, or signs of blood-vessel damage®.

Prevention trials are important and prom-
ising, says NIA director Richard Hodes, “but
we are not giving up on people who already
have disease”. Because there will probably be
multiple contributors to dementia — evenin
thesameindividual — arange of treatments will
beneeded, he says. The NIAis funding 72 clin-
ical trials for dementia, trialling drugs aimed
at various targets. Some, for example, aim to
lower blood pressure to reduce the risk of small
blood vessels breaking in the brain; others
target tau. Only 20 target amyloid. The NIA is
also supporting at least 120 trials to study the
impactof non-pharmacologicalinterventions,
such as cognitive training, exercise and diet.

Researchers estimate that,in 2021, a total of
atleast126 differentagents —including those
in NIA studies — were being investigated in
clinical trials around the world®.

Asavolunteer, Reiswig has hadtoacceptthe
special burden that his particular trial brings
— notjust the time commitment, but also the
constantreminders of the fate that awaits him
ifthetrial drugdoesn’t work. It helps, he says,
that the DIAN consortiumbrings participants
from all over the world together once a year
to share their experiences. “We’ve created a
wonderful community and we know we con-
tribute strongly to science.”

Alison Abbott is a writer based in Munich,
Germany.
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