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Safe and Efficacious Biologicals to Break
the Amyloidosis-Neuroinflammation
Vicious Cycle
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Abstract

Late-onset Alzheimer’s disease (LOAD) is a long-enduring neurodegenerative disease that progresses for decades before the

symptoms of cognitive decline and loss of executive function are measurable. Amyloid deposits among other pathological

changes, tau hyperphosphorylation, synapse loss, microglia and astroglia activation, and hippocampal atrophy are among the

pathological hallmarks of the disease. These are present in the brain before memory complaints are reported and an AD

diagnosis is made. The attempt to postpone or prevent the disease is becoming a more and more plausible goal because new

early electrophysiological, cognitive, blood-based, and imaging-based diagnostics are being brought forward at the same time

as the first anti-amyloid antibody is about to be approved. In view of known contributions of neuroinflammation to the

pathology of LOAD, we should not focus solely on anti-amyloid therapies and ignore the interactive neuroinflammatory

component of AD. Our belief is that it would be more rewarding to start clinical trials using combination therapies that are

based on approved, safe, and efficacious anti-neuroinflammatory agents such as anti-interleukin-1 signaling agents in com-

bination with the anti-amyloid antibodies that have been shown to be safe in multiyear trials. The proposal is that we should

administer these two classes of safe biologicals to symptom-free individuals in midlife who are identified as having a high-risk-

for-Alzheimer’s-disease using “precision medicine.”
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Late-onset Alzheimer’s disease (LOAD) is a long-
enduring neurodegenerative disease (Jack et al., 2018)
that progresses for decades before the symptoms of cog-
nitive decline and loss of executive function are
measurable.

The societal cost of AD in all its manifestations is
likely to continue to grow for the foreseeable future espe-
cially in an aging population. The growth of the inci-
dence of AD is very likely to put a severe strain on
families as well as medical and support services. The pro-
jected financial cost can be measured in trillions of dol-
lars (Bartfai and Lees, 2013).

Many pharmaceutical companies were pursuing can-
didate drugs. However, the only medications approved

for use in AD are a few cholinesterase inhibitors and
memantine, an N-methyl-D-aspartate receptor antago-
nist that has been shown to improve memory in some
cases. They are inadequate medicines to ameliorate the
disease. Trials are of very long duration and difficult to
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design and manage in a population often suffering from
multiple age-related conditions. In addition, the trials
now cost billions of dollars to conduct. As such, the
majority of Big Pharma companies have given up; there
are easier ways to make money. A new approach was
needed.

Among the pathological hallmarks of the disease are
amyloid deposits, tau hyperphosphorylation (Orr et al.,
2017), synapse disruption and loss (Mucke and Selkoe,
2012), microglia and astroglia activation, and hippocam-
pal atrophy—processes most of which we can now image
(Jack et al., 2018). These pathological markers are pre-
sent in the brain before memory complaints are reported
and an AD diagnosis is made. The attempt to postpone
or prevent the disease (Selkoe, 2012) in individuals at
high risk defined by diagnostic markers from genetics
(Alzheimer’s Prevention Registry Gene Match) from
cerebrospinal fluid (CSF) measurements, positron-
emission tomography (PET) imaging, and, recently,
from emerging blood-based markers (Hampel et al.,
2018; Niculescu et al., 2019) is becoming a more and
more plausible goal.

While multiple targets have been identified (Bartfai and
Lees, 2006, 2013), both basic and therapeutic research has
focused largely on reducing the amyloid load. A number
of companies created several anti-amyloid biologicals.
But, regrettably, the clinical trials showed that while the
drugs “worked” in that amyloid load in the brain was
reduced, no significant effect on cognition and cognitive
decline could be demonstrated. This may be illustrated
and exemplified most vividly by news of the development
of aducanumab by Biogen and Eisai.

1. The announcement that aducanumab would move to
Phase 3 clinical trials was greeted with guarded enthu-
siasm (Netzer, 2015).

2. The announcement that the Phase 3 trial was being
suspended because of lack of efficacy was greeted as
yet another disappointment (Fagan, 2019).

3. Biogen/Eisai continued to assemble and assess data
and now conclude that aducanumab is effective
(Schneider, 2020).

Why the change? The futility analysis that caused the
trial to be stopped used data from approximately 1,750
subjects from 2 trials comprising 2,700 patients. The data
met the pre-established negative criteria, and the
announcement of ineffectiveness was made. Dennis
Selkoe (Fagan, 2019) responded to the announcement
by saying that

1. Perhaps “the trial patients were too symptomatic” and
had a too advanced stage of AD.

2. “The ‘amyloid hypothesis’ that we have been working
on for decades is incorrect.”

3. Aducanumab, in particular, is an antibody that does
not sufficiently neutralize and clear the key form of
amyloid—the soluble “Ab oligomers.”

Earlier, Biogen had increased the original sample size
to 3,300 patients, and more people had completed the
trial by the end of 2018. Biogen/Eisai continued to ana-
lyze the data incorporating these new data. Patients car-
rying the Apoe4 gene had been given lower doses than
noncarriers in the same group. Then, they were switched
to the higher dose of both the low- and high-dose groups.
The two trials, EMERGE and ENGAGE, had different
outcomes with EMERGE showing improvement. The
statistics are complex because of the dynamic nature of
the trial, shifting doses, and post hoc decisions, some
related to side effects. But, randomized data from both
trials showed an improvement (Schneider, 2020). The
fortunes of aducanumab in these trials were not smooth
(Selkoe, 2019a, 2019b).

We are very likely to find ourselves in the situation
where we will have aducanumab, an anti-Ab 1-40/42
antibody (Sevigny et al., 2016) regarded as efficacious
and approved by the Food and Drug Administration
(FDA). The evidence that the data from the aducanumab
trials were not immediately compelling may indicate that
treatment of AD with this monotherapy is not sufficient
to meet the societal need even if financially very success-
ful for Biogen/Eisai.

The Case For and Against Anti-Amyloid Monotherapy

The disease-modifying property and slowing of cognitive
decline of aducanumab may be shared by several similar
antibodies from previously “failed” clinical trials. For
example, gantenerumab, bapineuzumab, and solanezu-
mab were all shown to reduce amyloid load by measuring
amyloid concentrations in CSF and blood and/or by PET
imaging (Rinne et al., 2010; Novakovic et al., 2013;
Doody et al., 2014).Companies will be keen to revisit
their data with the hope of reassessing efficacy. It is
likely that these alternatives might be rapidly approved
following any approval of Biogen’s aducanumab.
Meanwhile, Roche’s gantenerumab continues in trials
in both familial AD (Dominantly Inherited Alzheimer
Network Trials Unit) and in sporadic AD (Graduate 1
and Graduate 2 trials) with read outs expected several
years from now. The Banner Institute and several
National Institutes of Health-supported studies focus
on early onset familial AD using single-agent therapy
with gantenerumab.

Obviously, not everyone gave up in March 2019. The
market likes alternatives, not just one drug in a class.

The aducanumab data may be used to support the
argument for using single anti-amyloid/tau therapeutic
approaches. Even if the start of single-agent therapy
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moved toward midlife (see Gandy et al., 2017), we might
still be preparing for new disappointments from modest
improvements. However successful this approach might
seem in terms of prescriptions filled, it represents a new
instance of lost time and funds to find an effective ther-
apy to postpone and prevent LOAD or to achieve slow-
ing of disease progression.

The data are indeed an important gain for our
designed therapy. However, the focus and concentration
on a monotherapy would, we believe, represent a missed
opportunity or even a grave mistake. We should not
forget the neuroinflammatory component of AD.

Insights of the past 4 to 14 years show that microglia
activation (Butovsky and Weiner, 2018; Dong et al.,
2019) and neuroinflammatory processes (Sheng et al.,
1996; Heneka et al., 2018) are locked in a vicious cycle
with amyloidosis, and, hence, the new pharmacothera-
pies should target both processes. To prevent, postpone,
or slow AD, such combination treatments should start in
symptom-free patients and be closely monitored within
new clinical trials.

These trials would address both arms of this self-
enhancing “neuroinflammation–amyloidosis–neuro-
inflammation” process simultaneously (Figure 1).

The anti-neuroinflammatory biologicals we are suggest-
ing (Table 1) are already approved as subcutaneously
administered treatments. These anti-neuroinflammatory
agents that reduce or block interleukin (IL)-1 action have
been used as approved drugs in tens of thousands of patients
for many years in several inflammatory diseases involving
inflammation in the periphery—rheumatoid arthritis,
Crohn’s disease, and psoriasis—but lately also in the brain
in reducing effects of Mediterranean fever (€Ozçakar et al.,
2016; De Benedetti et al., 2018), neurotrauma, and acting on
certain forms of epilepsy in children (Kenney-Jung et al.,
2016; Dilena et al., 2019). Thus, safe and efficacious subcu-
taneous anti-neuroinflammatory drugs can be easily
deployed as part of a combination with subcutaneous or
even intravenous anti-amyloid biologicals.

Multipharmacy and Safety

Before any Phase 2 and 3 trials of anti-amyloid and anti-
neuroinflammatory combinations are designed, it is only the
safety as a fixed-dose combination (FDC) that needs to be
established. However, there are many diseases treated with
multipharmacy—pain, epilepsy, diabetes, and so forth—and
among these are approved FDCs such as angiotensin-
converting enzyme (ACE) inhibitors with diuretic thiazides,
for example, Zestoretic (lisinopril/hydrochlorothiazide) and
Stalevo (carbidopa/levodopa/entacapone) for Parkinson’s
disease (PD). Some drug combinations have been used in
millions of patients. ACE inhibitor–diuretic and angiotensin
type 2 receptor blocker–diuretic combinations have been
around for decades.

When proposing combinations of drugs for a treat-

ment, in particular as here, for chronic treatment in

symptom-free patients, the safety of the combination is

paramount. It should be noted, therefore, that we are

suggesting combining biologicals—antibodies to amyloid

peptide and oligomers, and a small protein recombinant

IL-receptor antagonist, or a medium-sized recombinant

protein IL-1 Trap, or a large protein antibody to IL-1b—

and hence, they likely will not have drug–drug interac-

tion issues as it often is the case when combining two or

more low-molecular weight (MW) drugs. With low-MW

drugs, their metabolism may proceed via the same cyto-

chrome p450 isoenzyme and/or the same drug transport-

ers, and thus, one needs to match their pharmacokinetics

and pharmacodynamics. These concerns are very unlike-

ly to present a problem when two biologicals are com-

bined. It is also suggested that neither of the components

of the combination of the two biologicals should be used

in a higher dose than is known to be safe individually. We

have data from years of administration in the large Phase

3 studies of the anti-amyloid antibodies—some of which

were administered for 1 to 4 years duration in up to

14,000 patients—and we have data from the more than

a decade of treatments for the approved anti-IL-1 agents

that show that these are safe and also that they have

positive effects on central nervous system diseases.
This suggests that safety will not be a major obstacle for

the combined use of two suitable biologicals in larger clinical

trials on postponement/prevention of conversion of mild

cognitive impairment (MCI) to LOAD or clinical trials on

postponement of onset of LOAD in high-risk individuals.

The Efficacy of Anti-Amyloid Biologicals: Can AD Be

Ameliorated Once It Is Established?

The anti-amyloid antibodies bapineuzumab, solanezu-

mab, gantenerumab, and aducanumab have all led to a

IL-1 ac�vates Aβ & tau

microglia
β-amyloid
plaques

β-amyloid ac�vates microglia

Figure 1. “Two Hit” Synergy to Break the Vicious Cycle: Anti-IL-1
Strategy Backed Up by Simultaneous Ab Reduction. Amyloid
oligomers and plaque increase IL-1 and NLRP3 and activate
microglia. Anti-Ab antibody reduces oligomer and plaque burden,
relieving proinflammatory signaling. Anti-IL-1 biologicals, such as
anakinra, canakinumab, or rilonacept, block IL-1 signaling, relieving
proinflammatory activation of amyloidosis and tau phosphorylation
(see text for details).
IL¼ interleukin.
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reduction in amyloid load, but there has not been any large

pivotal study to prove that the reduction in amyloid load

or in phospho-tau was accompanied with a slowing of the

cognitive decline and loss of the executive function. Except,

that is, for the small Phase 2 study of aducanumab that led

to the large Phase 3 study by Biogen that started aduca-

numab’s remarkable “roller-coaster ride.” Now, Biogen is

urging the FDA to approve it as the first AD-disease-

modifying biological. However, these up to 30% reduc-

tions of total amyloid burden did not reduce the rate of

cognitive decline in patients already presenting with cogni-

tive decline and massive amyloid loads.
It was surmised that perhaps the anti-amyloid or anti-tau

treatment needs to start in midlife, some 15 to 20 years

before memory complaints appear. This agreement on

moving the start of the treatment earlier is almost universal

now—see Gandy et al. (2017)—but it adds to another prob-

lem. Trials take 4 to 7 years, and patent life for the drugs

that require these long trials has not been adjusted by gov-

ernments. Therefore, it is a losing economical proposition to

work on disease modification of slow neurodegenerative

diseases, while some success of symptom treatment in

other diseases may be shown much faster after just 12 to

24 months. Here, the emerging blood-based biomarkers that

in small studies start to show predictive value of the conver-

sion from no or mild memory complaint to mild AD within

12 to 24 months may offer means to reduce clinical trial

duration (Hampel et al., 2018; Niculescu et al., 2019).

Anti-Neuroinflammatory Therapies

Why is this monotherapeutic anti-amyloid approach a so

deeply rooted approach for such a complex and chroni-

cally progressive neurodegenerative disease? After all, we

have used multipharmacy to treat pain for millennia and

cancer for decades. There is definitely more than one risk

factor for LOAD and hence more than one therapeutic

target. Many studies in the past 4 years found that micro-

glia play an important role in AD. It is hardly surprising

that these “brain macrophages” that mediate the innate

immune response within the brain should be activated

when neurodegeneration is starting, ongoing, or becom-

ing dominant. For example, over past years, triggering

receptor expressed on myeloid cells 2-DNAX-activating

protein of 12 kDa (TREM2-DAP12) articles are now in

great abundance showing that microglial activity and
their proteins play a role in AD and may also prevent
the strong transgenically driven amyloidosis in transgenic
AD models (see, e.g., Leyns et al., 2017).

The therapeutic targeting of neuroinflammation in the
brain was accepted in the case of neurotrauma, when the
blood–brain barrier integrity is compromised, and it has
been well known now for decades that the endogenous
pyrogen is the key proinflammatory cytokine IL-1 in the
brain, acting on the neuronal IL-1 receptor (IL1R1,
IL1RAP/IL1R3) complex. IL-1b is the major proinflam-

matory cytokine in excitable tissues such as heart, brain,
and smooth muscle. It induces other proinflammatory
cytokines, such as IL-6 and tumor necrosis factor, and
the b-secretase pathway. The molecular mechanism of its
action on amyloid precursor protein (APP) processing
and on neuronal activity during the hyperactivity of cor-
tical neurons in early AD involves signaling through the
IL1R1-IL1RAP (IL1R accessory protein or IL1R3) het-
erodimer. The pathway that leads to both serine and
tyrosine kinase activation is thus involved in protein

phosphorylation that accelerates APP b-secretase proc-
essing, tau hyperphosphorylation, and changes in ion
channel activity.There is now extensive literature show-
ing that Ab peptide and its oligomers stimulate microglia,
which, after activation of the inflammasome, secrete IL-
1b, IL-18, IL-1Ra, and other cytokines (Halle et al.,
2008; Cai et al., 2014; Venegas et al., 2017; Hansen
et al., 2018; Lu�ci�unait _e et al., 2019). Therefore, it is not
such a surprise that we now see publications suggesting
Alzheimer’s drug development should target microglia

(Butovsky and Weiner, 2018; Dong et al., 2019).
Yet, the more than 2,250 studies listed in ClinicalTrials.

gov under AD are sadly deficient in trials with combination
therapies and even more so of combinations with a good
scientific rational. Moreover, the changes in the fortune of

aducanumab brought forth a monotherapeutic approach
focusing on anti-amyloid–anti-tau when clearly we should
try simultaneously to prevent amyloidosis and the neuro-
inflammation it causes.

Conclusions

Given the available data, we conclude that we should be
conducting clinical trials with anti-amyloid antibodies

Table 1. Available Anti-Neuroinflammatory and Anti-Amyloidosis Agents That May Be Combined for Postponement and/or Prevention of
LOAD in High-Risk Individuals

Anti-IL-1 signaling biologicals Anti-Amyloidosis biologicals

IL-1Ra—anakinra (sc) antibodies to monomers or oligomers of Ab 1-40/42

IL-1 Trap—rilonacept (sc) gantenerumab (iv, sc), solanezumab (iv, sc), bapineuzumab (iv, sc)

anti-IL-1b antibody—canakinumab (sc) aducanumab (iv), crenezumab (iv), BAN2401 (iv)

Note. sc¼ subcutaneous; iv¼ intravenous.
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combined with approved anti-neuroinflammatory agents
such as the three classes of anti-IL-1 agents: anakinra,
rilonacept, or canakinumab (Kahlenberg, 2016) and that
these combinations should be administered early, in mid-
life, to symptom-free high-risk-for-AD individuals. We
recommend safe biologicals from both classes of agents.
This extreme focus on safety enables the treatment over
many years of symptom free but high-risk-for-AD indi-
viduals. Some combinations can be administered in sub-
cutaneous formulations. This would make such
treatments self-administered and cause little interruption
of normal life. For other combinations, only an intrave-
nous formulation of anti-amyloid currently exists. These
proposed biologicals can be administered once weekly to
once monthly.

How do we identify individual at high-risk-for-AD
while symptom-free? Today, we have more than 20
genome-wide association study (GWAS)-identified
genes that very significantly increase the risk of LOAD:
Apoe4 heterozygotes make up approximately 20% of the
population and increase risk by 8- to 12-fold; IL1RAP G-
mutation carriers have a 4 to 8 times higher risk; and
there are approximately 20 more identified targets with
lesser but very significant risk for AD.The genotyping
company 23andMe reported that they have genotyped
more than four million subjects for Apoe genotype.
There are thousands of those who are Apoe4 heterozy-
gotes and have one or several close relatives who suffer
(ed) from dementia that in many cases was confirmed as
being LOAD. Blood-based markers are advancing pre-
dictions of who will convert from a nonsymptomatic
state or from MCI to mild AD (Hampel et al., 2018).
Thus trial recruitment of such individuals will be possi-
ble, for whom an 18- to 36-month trial may clearly show
whether postponement or prevention of LOAD is
achieved. We thus believe that recruiting to a preven-
tion/postponement study in LOAD will not be difficult
if two approved safe biologicals are used in an FDC.

How might a multipharmaceutical approach lead to
successful disease modification of LOAD? A major
obstacle is that clinical trials for this long-lasting progres-
sive disease are already astonishingly long and expensive,
and combination drug trials are, in themselves, notori-
ously complex, large, and expensive. Nevertheless, we
have to do the following to have any chance of therapeu-
tic success in postponing, preventing or slowing AD.

1. Move the start of treatment to midlife, nonsympto-
matic subjects at risk;

2. Address pathways (e.g., amyloidosis, tauopathy, neu-
roinflammation) that contain one or more of the
major risk factors identified; and

3. Use precision medicine to select those for the preven-
tive decade of therapy—by genotyping, by imaging,
and by blood-based markers. Note that subjects

voluntarily do this with 23andMe and other genotyp-

ing companies, or as they do by participating in the

350,000-people strong Alzheimer’s Prevention

Registry GeneMatch Program.

To make starting trials with combinations somewhat

easier, some biological therapeutics can all be given sub-

cutaneously. For example, any combination of gantener-

umab or bapineuzumab, with rilonacept, anakinra, or

canakinumab could be administered subcutaneously by

the subjects themselves (Table 1). The subjects of these

trials should be annually tested for cognitive decline,

blood AD biomarkers, imaged for amyloidosis and

tested for markers of neuroinflammation by blood

assays or imaging. The safety of anti-amyloid antibodies

in causing amyloid-related imaging abnormalities

(ARIA) needs to be tested by magnetic resonance imag-

ing as already determined for these agents. It is a distinct

possibility that with an early start of treatment, when less

oligomeric and fibrillary amyloid is present and in the

simultaneous presence of an anti-neuroinflammatory

agent, ARIA will be reduced.
Multipharmacy holds promise in this chronic neuro-

degenerative disease as it has shown in the clinic in

addressing pain, cardiovascular diseases, and other dis-

eases. These combinations could be put into trials almost

immediately and could pave the way for other combina-

tion therapies, each potentially more effective at different

stages of this long neurodegenerative and neuroinflam-

matory disease. The doses would be determined before

the trial, but the doses might be modulated during the

trial according to the individual-specific monitoring data.

If indeed such therapies are approved, the ratio of the

components of the combination medicine might be

adapted according to patients’ needs as determined by

disease progression monitoring. Indeed, the particular

biologicals might change as other biologicals might

become more efficacious and available.
The vicious cycle that reigns under the

neuroinflammation-stimulated progression of amyloid-

osis (Mrak and Griffin, 2001; Jiang et al., 2018) and

amyloid-stimulated microglial activation (Butovsky and

Weiner, 2018; Dong et al., 2019) has been known for

many years but has not been addressed simultaneously

using a drug combination. Indeed, it is likely that many

patients who were in trials for reducing amyloidosis were

also being treated with drugs blocking neuroinflamma-

tion, as both conditions last for decades and afflict many

people. Instead of finding those who have been on anti-

neuroinflammatory therapy while being enrolled in anti-

amyloid trials and performing a highly difficult meta-

analysis of individuals who had both classes of drugs, it

would be more prudent to start an interventional double-

blind large study at midlife, on high-risk-for-LOAD

Bartfai and Lees 5



persons to investigate and hopefully demonstrate the

benefit of combination therapy.
One could in the long term devise better patent laws

and clinical trial regulations for developing drugs in dis-

eases with such a long prodromal phase as LOAD has.

But we already have many drugs that are safe, exhibiting

pharmacodynamic results, which have been administered

to tens of thousands of subjects, that is, amyloid-load-

lowering anti-amyloid antibodies. They were adminis-

tered far too late, and alone, without simultaneous

anti-neuroinflammatory therapy, to succeed.
We propose here concrete combination therapies that

will use the existing and already clinically tested drugs for

both the amyloidosis pathway and the neuroinflamma-

tory IL-1 signaling pathway where IL1RAP stands out

among risk factors uncovered by GWAS.
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