
Could changing the course of Alzheimer’s
disease pathology with immunotherapy prevent
dementia?

This scientific commentary refers to

‘Persistent neuropathological effects

14 years following amyloid-b immu-

nization in Alzheimer’s disease’ by

Nicoll et al. (doi:10.1093/brain/

awz142).

Immunotherapy targeting amyloid-b
has been at the forefront of experi-

mental therapies for Alzheimer’s dis-

ease since it was independently

proposed in the late 1990s by

Schenk et al. (1999). Since then,

this approach has been tested by tar-

geting scores of other aggregating

proteins in neurodegenerative disor-

ders, including tau, a-synuclein and

TDP-43 (Valera et al., 2016). Both

active vaccination and immunother-

apy with monoclonal antibodies tar-

geting diverse regions of the amyloid-

b protein have been tested. However,

both forms of immunotherapy have

come under considerable criticism

following the negative results of sev-

eral phase III clinical trials (Panza

et al., 2019). AN1792 is an active

vaccine in which the immunogen

triggers the production of high anti-

body titres against the N-terminus of

amyloid-b protein. In this issue of

Brain, Nicoll and co-workers extend

previous neuropathological studies of

participants from the first clinical

trial of immunization with AN1792

(Bayer et al., 2005). In a 15-year

post-mortem neuropathology follow-

up study of 22 of the 80 participants,

they present new evidence indicating

that the effects of the anti-amyloid-b
protein vaccine on amyloid plaques

persisted for over a decade (Nicoll

et al., 2019).

Previous post-mortem studies of

cases analysed a few years after

vaccination with AN1792 showed a

consistent and striking removal of

amyloid plaques primarily in the neo-

cortex, with the clearance of fibrillar

amyloid-b protein material primarily

driven by microglia/macrophage-type

cells (Masliah et al., 2005; Boche

et al., 2010; Serrano-Pozo et al.,

2010). However, neurofibrillary tau

pathology and cerebrovascular dis-

ease persisted, in spite of the

widespread removal of amyloid.

Furthermore, cognitive impairment in

these patients continued to progress

to severe dementia. This is consistent

with other studies showing that

although AN1792 reduces the accu-

mulation of aggregated amyloid-b
protein, this does not in itself result

in clinical improvements (Gilman

et al., 2005).

Given the negative results with

respect to primary end-points in this

very first immunotherapy trial, subse-

quent studies have instead targeted

soluble amyloid-b protein, various

fibrillar and oligomeric species, or

post-translationally modified amy-

loid-b protein isoforms. However,

even though some of these studies

showed promise in phase II, the

phase III studies have so far not met

their primary end-points either (Panza

et al., 2019). Taken together, these

studies indicate that removal of fibril-

lar amyloid once Alzheimer’s plaque

pathology has been established is not

sufficient. Possible explanations for

the negative results are that too little

antibody reached the target, the treat-

ment was started too late or that

amyloid-b protein aggregate is the

wrong target. It is worth noting that

participants in the AN1792 trial all

had cognitive impairment ranging

from mild to moderate dementia

(Fig. 1). The latest immunotherapy

trial with a monoclonal antibody tar-

geting amyloid-b protein oligomers

tried to address several of these

issues by including participants with

mild cognitive impairment (MCI),

ensuring that higher levels of

antibody entered the brain, establish-

ing target engagement and showing a

dose-response effect on functional and

imaging biomarkers in a phase II clin-

ical trial (Sevigny et al., 2016)

(Fig. 1). Unfortunately, phase III of

this study was terminated due to futi-

lity, leading to the conclusion that

amyloid-b protein immunotherapy

might be best suited as a preventive

strategy.

Late-stage trials of amyloid-b pro-

tein immunotherapy supported by

the NIH National Institute on Aging

(NIA) are currently underway to test

whether starting the treatment at ear-

lier stages of the disease is effective

(Fig. 1). For example, in the A4

trial, asymptomatic individuals

selected for positive amyloid-b protein

biomarkers have been treated with

a higher dose of an antibody

against soluble amyloid-b, solanezu-

mab (Sperling et al., 2014). The

objective of this trial in participants

who are biomarker positive (PET

imaging of fibrillar amyloid-b protein)

and cognitively asymptomatic is to

determine whether immunotherapy

can delay or prevent the onset of

Alzheimer’s disease. Similarly, the

NIA is also sponsoring secondary pre-

vention trials in individuals with

dominantly inherited Alzheimer’s dis-

ease (Fig. 1). These participants, who

have been extensively characterized

using biomarkers, begin immunother-

apy years before their predicted onset

of cognitive impairment. The domi-

nantly inherited Alzheimer’s disease

network (DIAN) clinical trial includes

multiple sites in the US and Europe in

which individuals with APP and

PSEN1 mutations are being treated

with solanezumab and gantenerumab

(Bateman et al., 2017), while the

Alzheimer’s Prevention Initiative is

testing crenezumab in the Colombia

kindred with the ‘Paisa’ mutation in
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PSEN1 (van Dyck, 2018). Results of

these studies are expected in the next

couple of years (Fig. 1).

There are a number of other poten-

tial reasons why amyloid-b protein

immunotherapy might have failed in

patients with MCI and dementia,

including the fact that Alzheimer’s

disease pathology is not limited to

amyloid-b deposition. Tau oligomer

accumulation and neurofibrillary

pathology might play even more

important roles. In addition, recent

neuropathology studies have shown

that pure Alzheimer’s disease pathol-

ogy (plaques and tangles) is not the

rule; most cases of dementia over

the age of 80 years have combined

vascular, Lewy body and TDP-43

pathology. Nicoll et al. (2019) show

that amyloid-b protein vaccination

removed not only fibrillar amyloid

but also tau neuritic pathology,

although not tau neurofibrillary

pathology in neuronal cell bodies.

However, monotherapy targeting

amyloid-b protein may be insufficient

to produce clinical improvement. We

may need to combine immunotherapy

targets including at a minimum amy-

loid-b protein, tau, a-synuclein and

TDP-43. This can be achieved by

mixing monoclonal antibodies or

immunogens for active vaccination

or designing multivalent single chain

antibodies. To date, vaccinations

against tau (Novak et al., 2018) and

a-synuclein have advanced to phase II

(Valera et al., 2016), showing safety

in their use, but there is still a long

road until these antibodies are tested

in later stage clinical trials and in

combination with anti-amyloid-b pro-

tein immunotherapy.

One last and important concept to

keep in mind is that although protein

accumulation might play a key role in

Alzheimer’s disease and other neuro-

degenerative disorders, the impor-

tance of ageing as a risk factor

suggests that other factors might be

independently or co-dependently con-

tributing to these disorders (Fig. 1).

These include age-related alterations

in proteostasis, inflammation, stem

cell biogenesis, mitochondrial func-

tion, cell senescence and DNA

damage/repair. Combinatorial thera-

peutics might therefore require

targeting not only multiple proteins

but also some of these pillars of

geroscience. This multi-pronged

approach is consistent with the idea

Figure 1 Diagrammatic representation of the alignment between stages of Alzheimer’s disease, immunotherapy clinical trials

targeting amyloid-b protein and the potential pathogenic mechanisms involved. Anti-amyloid immunotherapy trials such as the

AN1792 active immunization study from which the neuropathological study by Nicoll et al. (2019) originated, were conducted in symptomatic

participants with mild to moderate Alzheimer’s disease. At this stage there is extensive amyloid-b protein deposition, and tau, a-synuclein and

TDP-43 also begin to accumulate. Further complicating the picture is the contribution by other processes such as inflammation, alterations in lipid

metabolism and vasculature and the development of co-morbidities such as obesity, diabetes mellitus (DM), arterial hypertension (HTA) and

trauma. A number of passive immunotherapy trials that showed amyloid removal but no clinical improvement were conducted at the mild to

moderate stage, including studies with bapineuzumab (AAB-001) and solanezumab (EXPEDITION I, II, III). More recent trials conducted at earlier

stages of the Alzheimer’s disease continuum with monoclonal antibodies against higher order multimers (crenezumab and aducanumab) failed to

show clinical improvement in spite of demonstrable effects on amyloid biomarkers. Even at the MCI stage, tau pathology and neurodegenerative

pathology characterized by synapse loss are already developing. Current trials with anti-amyloid antibodies are being performed in asymptomatic

participants who are positive for amyloid. Examples of such secondary prevention trials include A4 (solanezumab) and API-APOE4 [active

vaccination with CD106 versus a BACE inhibitor (CNP520)] in sporadic preclinical Alzheimer’s disease and API-ADAD (crenezumab) and DIAN-

TU (solanezumab and gantenerumab) in familial Alzheimer’s disease. The antibody to be used in the A3 trial in asymptomatic cases has yet to be

decided. Overall, this diagram suggests that anti-amyloid immunotherapy might be best suited for preclinical stages, while in symptomatic stages

other targets including tau, a-synuclein, TDP-43, inflammation, lipid metabolism, vascular and ageing-related comorbidities might need to be

included in the context of combinatorial therapy. Amyl = amyloid; Neuro = neurodegeneration.
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of personalized medicine. The key

issue, as illustrated by Fig. 1, is to

identify the ideal window of opportu-

nity for anti-amyloid immunotherapy

and when to combine it with antibo-

dies against other proteins as well as

approaches targeting inflammatory,

lipid metabolism, vascular and insulin

signalling pathways, among others.
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Functional neurological disorder: an ethical
turning point for neuroscience

This scientific commentary refers to

‘The prognosis of functional limb

weakness: a 14-year case-control

study’, by Gelauff et al. (doi:10.1093/

brain/awz138).

I would like you to imagine writing an

ethics application for a new study.

Let’s imagine that it relates to a

common and disabling cause of neuro-

logical symptoms that is more frequent

in females than males; often affects

people of working age; is usually

straightforward to diagnose; where

time between symptom onset and diag-

nosis is correlated with outcome; for

which there are treatments with some

efficacy. Imagine that you propose a

study where you will deliberately not

tell people their diagnosis. Instead you

will simply follow them up and see

what happens to them. Imagine that

they will have no access to specific

advice or treatment. If this disorder

was called multiple sclerosis, do you

think the application would make it

through? Do you think it should?

But, in the parallel universe of func-

tional neurological disorder (FND), it

does. The result is the paper by

Gelauff and co-workers in this issue

of Brain, detailing the 14-year prog-

nosis of a cohort of patients with

functional limb weakness (Gelauff

et al., 2019). This is not at all a criti-

cism of the conduct of the study itself,

nor the authors, amongst whom there

are those who have done more than

any in recent times to bring FND the

scholarship and clinical attention it

deserves. The criticism is instead dir-

ected towards ‘us’—those scientists

and clinicians who care about dis-

orders of the nervous system and the

people they affect. It is time for us to

reflect on the causes for our abject

poverty of ambition with regard to

people with FND. The paper by

Gelauff et al. provides us with a dir-

ection, but do we have the guts to

follow?
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