Alzheimer Disease-2

Pathogenesis and

Some Clinical Concepts
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Case Vignette

A 74 year-old man is brought to the ED with “altered mental status”. His
wife reports that he has been fighting with invisible men for weeks and
accuses her of infidelity. He got into an argument with a neighbor, claiming
they stole his eye-glasses. He has fallen 4 times within the last month. He is
more “moody” than usual, does not sleep at all at night and naps most of
the day.

* On physical exam, he is alert but argumentative. He knows his name and
the year but is confused about the date and believes he is at a “sick ward”
in Arizona. He has no focal neurological deficits. The cognitive exam is
documented simply as “A/Ox2”.

* A head CT is interpreted as “no acute abnormality”, EKG and laboratory
tests are WNL except 10 WBC/HPF and (+) leukocyte esterase in the urine.



Chart Review

* PMHx: HTN, OA, COPD, insomnia, back pain, overweight, GERD
* PWHXx: unspecified anxiety

* Meds: Lisinopril, ibuprofen, albuterol, hydroxyzine, cyclobenzaprine,
trazodone, melatonin, amitriptyline, ranitidine

e Substance use: EtOH “socially”, past smoker

* Social hx: Married, lives with wife, retired after 45 years of gainful
employment 8 years ago



* What is the most likely diagnosis?

* A psychotic disorder or encephalopathy is suspected and psychiatry
and neurology are consulted.



* IV hydration and antibiotics are administered. Hydroxyzine,
cyclobenzaprine, and amitriptyline are held. An EEG shows
generalized slowing.

* The next morning, Pt is calmer, oriented to person and place and off
by a few days on the date. The still reports suspicions about his wife
and neighbor but denies any memory problems. He reports he lets his
wife take care of most chores due to “lack of time”.



* What is the next step?



* His daughter is contacted and she provides further history:

* Pt had no neuropsychiatric complaints when he retired 8 years ago. Since
then, he gradually withdrew from social interactions.

* About 5 years ago, his wife took over their finances after he forgot to pay
some bills.

* He was driving until about 3 years ago but stopped after a couple of
uncharacteristic accidents.

* He used to enjoy cooking and gardening but his wife “doesn’t let him”
anymore after he repeatedly misplaced cookware and fertilizer.

* His wife reports:

* his mood has been more irritable for 6 months but does not recall any
hopeless statements or crying spells.

* She states his memory is “just fine, | wish he didn’t keep talking about his
time in the Navy” but got concerned in the last few months due to his
paranoia.



Bedside cognitive testing and Depression screen

* MOCA:
* Visuospatial/Executive: 1/5
 Naming: 3/3
e Attention: 4/6
* Language: 2/3
* Abstraction: 2/2
* Delayed Recall: 0/5, improves to 1/5 with multiple choice
* Orientation: 5/6
e TOTAL: 17/30 (12+ years of education)

 PHQ9: 7 (3 points for sleep, 2 points for anhedonia)



Approach to Dementia

Dementia = progressive cognitive decline from baseline +

Dementia in an old adult with
classic presentation and no focal
deficits

e Limited DDx

* Alzheimer or other _
neurodegenerative dementias

e Vascular dementia

* “Reversible” causes of dementia
are rare in real life

* A basic w/u sufficient
 B-12, TSH
 PHQO (or similar depression screen)
* MRI probably reasonable

functional impairment in iADLs (DSM term: Major neurocognitive disorder)

Dementia in a young patient
Rapidly progressive dementia
Unusual symptoms/focal deficits

* Very wide DDx

e Reversible and less common
etiologies are possible (e.g. prion
disease, tumor, etc)

* Extensive w/u may be necessary



* What is the Gold Standard diagnostic test for dementias?

* Autopsy

Clinical
Svyndromes

Biomarkers



Alzheimer Disease - Definition

 Dementia + Classic pathology in the brain
* Extracellular Amyloid deposition (Amyloid-f)
e Neurofibrillary tangles (P-tau)
* Neuritic plaques: Amyloid-p + dystrophic neurites + P-tau

o Amyloid plague
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Alzheimer Disease — Natural History

* Preclinical phase (10-20 years before symptoms)
* No objective cognitive decline
* No impairment in iADLs
* Biomarkers detectable

* Prodromal phase
* Objective cognitive decline
* No impairment in iADLs
* Biomarkers detectable
* aka MCI, or mild neurocognitive disorder

* Dementia phase
* Objective cognitive decline + impairment in iADLs
e Duration: 3-20 years, median 8-10 years



Biomarkers

lmaging

e Structural MRI
e | hippocampal volume
e FDG-PET and SPECT

e Hypometabolism and
hypoperfusion

e Hippocampus, precuneus,
temporoparietal cortex

e Amyloid PET imaging
e Florbetapir F-18, flutemetamol F-
18, florbetaben F-18

e Tau PET imaging

The Lancet Neurology VOLUME 19, ISSUE 11, P951-962, NOVEMBER 01, 2020

CSF

e AB,, (low) or AB,,/AB,, ratio (low)
e Total tau, or P-tau (high)
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Genetics

Familial, Early-onset Sporadic

Mendelian w/ high penetrance

(~1% of cases) (Non-mendelian risk genes)

e APP e APOE
e PSEN1 e TREMZ2
e PSEN2 e Possibly others
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Figure 1. Proteolytic processing of the amyloid precursor protein (APP)
APP is processed by either of two pathways. First, the large extracellular domain is removed
by either α-(left) or β-secretase (right) in a processed termed “ectodomain shedding” to release
the soluble APP ectodomain (sAPPα and sAPPβ, respectively) into the extracellular space. The
resulting APP C-terminal stubs (C83 and C99, respectively) can then serve as substrates for
intramembranous cleavage by γ-secretase. Cleavage of C83 generates the p3 peptide and the
APP intracellular domain (AICD), whereas cleavage of C99 generates the Aβ peptide and
AICD. p3 and Aβ are ultimately released into the extracellular space, whereas AICD remains
in the cytosol. Note that cleavage of APP by α-secretase precludes formation of Aβ.

The active γ-secretase complex (left) is composed of four components: presenilin (PS,
green), nicastrin (Nct, light blue), Aph-1 (dark blue), and Pen-2 (pink). PS is cleaved in the
hydrophobic region (Φ) to yield the PS N- and C-terminal fragments (PS-NTF and -CTF,
respectively). The catalytic aspartic acid residues, Asp257 and Asp385, are found on TMDs 6
(VI) and 7 (VII), respectively. Glu333 of the DAP domain of Nct binds the N-terminal amine
of substrates for positioning in the γ-secretase active site. Endogenous Nct is heavily
glycosylated (orange) in active γ-secretase complexes. The Nct·Aph-1 heterodimer binds to
PS-CTF through TMD4 (iv) of Aph-1 and both the TMD and extracellular domain of Nct.
Pen-2 is buried in interactions with PS-NTF, and both Pen-2 and the first TMD of PS appear
to modulate the active site. A “docking site” for substrates may also exist near the active site.
Inset, γ-secretase cleaves APP (yellow) at multiple sites within its transmembrane domain. The
resulting Aβ peptides are named according to their length from the N-terminus. Aβ40 and
Aβ42 (large, bold) represent the majority of the Aβ species produced.




Pathogenesis — Amyloid “hypothesis”
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https://www.researchgate.net/journal/Neural-Plasticity-0792-8483
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Figure 2. Functional Effects of TREM2 Variants
TREM2 variants associated with NHD or AD impact the expression, ligand binding affinity, and signaling efficacy of TREM2. TREM2 signaling via DAP12 can be
activated by anionic phosopholipids, such as found in lipoprotein particles. Upon stimulation, Syk is recruited to DAP12 resulting in the downstream activation
of PI3K, MAPKs, and elevations in intracellular Ca2+. The T66M TREM2 variant that is associated with NHD severely disrupts the proper folding of the
TREM2 ectodomain. Heterologously expressed TREM2-T66M exhibits decreased surface expression, impaired trafficking, and intracellular aggregation. The
AD-associated TREM2 variants, R47H and R62H, do not appear to alter the surface expression of TREM2. However, both variants decrease the affinity of TREM2
for lipid ligands and lipid-induced TREM2 activation. In contrast, the T96K variant exhibits increased affinity for lipids and an increased responsiveness to lipid
stimulation. Interestingly, cells expressing TREM2-R47H and TREM2-R62H also exhibited reduced uptake of lipoprotein particles. Whether TREM2 directly
mediates lipoprotein uptake has not yet been determined.
This gene encodes a membrane protein that forms a receptor signaling complex with the TYRO protein tyrosine kinase binding protein. The encoded protein functions in immune response and may be involved in chronic inflammation by triggering the production of constitutive inflammatory cytokines. Defects in this gene are a cause of polycystic lipomembranous osteodysplasia with sclerosing leukoencephalopathy (PLOSL). Alternative splicing results in multiple transcript variants encoding different isoforms. [provided by RefSeq, Nov 2012]
Forms a receptor signaling complex with TYROBP which mediates signaling and cell activation following ligand binding (PubMed:10799849). Acts as a receptor for amyloid-beta protein 42, a cleavage product of the amyloid-beta precursor protein APP, and mediates its uptake and degradation by microglia (PubMed:27477018, PubMed:29518356). Binding to amyloid-beta 42 mediates microglial activation, proliferation, migration, apoptosis and expression of pro-inflammatory cytokines, such as IL6R and CCL3, and the anti-inflammatory cytokine ARG1 (By similarity). Acts as a receptor for lipoprotein particles such as LDL, VLDL, and HDL and for apolipoproteins such as APOA1, APOA2, APOB, APOE, APOE2, APOE3, APOE4, and CLU and enhances their uptake in microglia (PubMed:27477018). Binds phospholipids (preferably anionic lipids) such as phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol and sphingomyelin (PubMed:29794134). Regulates microglial proliferation by acting as an upstream regulator of the Wnt/beta-catenin signaling cascade (By similarity). Required for microglial phagocytosis of apoptotic neurons (PubMed:24990881). Also required for microglial activation and phagocytosis of myelin debris after neuronal injury and of neuronal synapses during synapse elimination in the developing brain (By similarity). Regulates microglial chemotaxis and process outgrowth, and also the microglial response to oxidative stress and lipopolysaccharide (By similarity). It suppresses PI3K and NF-kappa-B signaling in response to lipopolysaccharide; thus promoting phagocytosis, suppressing pro-inflammatory cytokine and nitric oxide production, inhibiting apoptosis and increasing expression of IL10 and TGFB (By similarity). During oxidative stress, it promotes anti-apoptotic NF-kappa-B signaling and ERK signaling (By similarity). Plays a role in microglial MTOR activation and metabolism (By similarity). Regulates age-related changes in microglial numbers (PubMed:29752066). Triggers activation of the immune responses in macrophages and dendritic cells (PubMed:10799849). Mediates cytokine-induced formation of multinucleated giant cells which are formed by the fusion of macrophages (By similarity). In dendritic cells, it mediates up-regulation of chemokine receptor CCR7 and dendritic cell maturation and survival (PubMed:11602640). Involved in the positive regulation of osteoclast differentiation (PubMed:12925681).
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Figure 2. Effect of Tau on Synapses in Healthy Neurons and Tauopathies. (A) In healthy neurons, tau is predominantly found in axons and is responsible for the stabilization of the microtubules. Tau can also be found in dendrites, where it binds to Fyn, which phosphorylates a subunit of the NMDA receptor (NMDAR) and maintains the interaction between the receptor and PSD-95. In addition, there is no change in the number of synapses vesicles in the presynaptic terminals. Likewise, tau is also found inside the nucleus of the neuron, where it maintains DNA integrity. (B) During tauopathies, there is a reduction in the number of dendritic spines. Fyn loses its affinity to PSD-95 and begins interacting only with tau. Meanwhile, glutamate a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) are phosphorylated, resulting in their endocytosis. Tau does not enter the nucleus of the neuron, resulting in DNA damage. There is a reduction in the number of mitochondria and also in the number of presynaptic vesicles, which leads to synaptic loss. Such loss is also due to the entrance of tau into dendrites and postsynaptic areas. Tau also aggregates extracellularly, enabling it to be captured by other neurons. 


Other “hypotheses”

* Vascular hypothesis
» Risk factors for Alzheimer disease = Risk factors for atherosclerosis
* (?) Atherosclerosis makes it more difficult to clear amyloid from the brain

* (?) Amyloid pathology extends to intracranial vessels and causes a vascular
component

* Metabolic/Insulin signaling hypothesis

 Excitotoxicity/Ca** toxicity/mitochondrial dysfunction hypotheses
 NMDA antagonist memantine has small benefit

* Neuroinflammation/Microglia hypothesis



®)

Microglia “hypothesis™

Ramified microglia

Cytokines
(IL-4, IL-10, TGF B)

Anti-inflammatory

* Phagocytosis
* Network remodelling
* Trophic support

Quantitative balance of
microglia in different states

Cytokines
(IL-1B. IL-8, TNF)

Fro-inflammatory

* Excitotoxicity
* Synaptic pruning
* Demyelination

Protective homeostatic functions

A

Detrimental ‘inflammatory’ functions

Microglia
AP plaque Phagocytosis and
"g" @ : degradation of Ap
- —— D) NLRP3
'37 f\ ——> | N8| —> vlr
T DO AsC
» Neuronal damage oo L ]
Err::t’l;nce:dhﬁ «— = Glial activation — Q0 Q0 o
production » BACE uprequlation oo Activated 1
Cytokines CENRGC Caspase
(e.g. IL-1B, IL-8, TNF)
]

Exocytosis of

Serve as core of AB aggregation ASC specks

Nature Reviews | Neurology


Presenter
Presentation Notes
Fig. 2 | Different phenotypes of microglia. The figure demonstrates the multifaceted roles of microglia in neurological
diseases. Under certain conditions, microglia have a predominately protective role by secreting anti-inflammatory
cytokines, performing phagocytosis and supporting network remodelling, whereas under other conditions, these cells
contribute to neuroinflammation and cause damage to neuronal networks. Phenotypic changes in microglia underlie
this phenomenon and a pro-inflammatory–anti-inflammatory scheme has been proposed to categorize microglial
phenotypes. However, advances in single-cell transcriptomics have revealed much more sophisticated transcription-level
regulation that determines microglial cell fate. Nevertheless, a working model of a pro-inflammatory–anti-inflammatory
spectrum driven by distinct transcriptomes could shed light on how microglia could be harnessed to induce beneficial
effects in neurodegenerative diseases. Expression heatmap reproduced with permission from Galatro et al.86.
TGFβ, transforming growth factor β; TNF, tumour necrosis factor.
Fig. 3 | Microglial response to amyloid-β species. Amyloid-β (Aβ) species can be
recognized by a range of pattern recognition receptors (PRRs) on microglia, which further
activate phagocytic or inflammatory pathways. The upregulation of their phagocytic
capacity enables microglia to internalize and degrade Aβ and activation of the nuclear
factor-κB (NF-κB) pathway leads to the expression of pro-inflammatory cytokines and
assembly of the pyrin domain-containing 3 (NLRP3) inflammasome. NLRP3 inflammasome
activation can lead to the release of apoptosis-associated speck-like protein containing a
C-terminal caspase recruitment domain (ASC) specks, which might serve as binding cores
for Aβ aggregation. The release of pro-inflammatory cytokines could promote further
glial activation, neuronal damage and upregulation of β-secretase (BACE), an enzyme
that is involved in the production of pathogenic Aβ species. TNF, tumour necrosis factor.
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Figure 2. Protective Effect of Microglia. (A) A low concentration of amyloid b in the neuropil far from plaques causes increased glutamate release but synapses are not damaged. (B) Synapses on axons in the immediate vicinity of plaques are damaged by a high concentration of soluble amyloid b via phosphorylation of Tau and Ca2+ influx which cause mitochondrial damage. Continued Ca2+ influx and spread of damaged mitochondria cause ongoing synaptic damage up and down the axon at a distance away from the plaque. (C) If microglia remove damaged synapses promptly, damage may be restricted to the immediate vicinity of the plaque. Abbreviation: Ab, amyloid b. 
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Intercellular transfer of protein aggregates. (a) A pathological pathway leading from native monomers to
amyloid fibrils underlies the most common human neurodegenerative diseases. The formation of seeds from
monomers is slow and energetically unfavorable. By contrast, the growth of fibrils from seeds through the
addition of protein monomers is rapid. Fibrils can in turn give rise to additional seeds through
fragmentation. (b,c) Possible mechanisms of intercellular aggregate transfer. Seeds can be released into the
extracellular space in a free form or within membrane-bound vesicles, such as exosomes. Free seeds may
penetrate the plasma membrane of a recipient neuron or enter the neuron by fluid-phase or receptormediated
endocytosis. Exosomes will fuse with the plasma membrane of a recipient neuron. The
intercellular transfer of seeds may also occur through nanotubes that connect the cytoplasm of two adjoining
cells. In the cytoplasm of recipient cells, seeds will grow into fibrils through the addition of protein
monomers. The transfer of aggregates may be bidirectional (arrows). This drawing is schematic; Tau
aggregates can spread between connected neurons, but it is unclear if their release is (entirely) through
synaptic mechanisms. Adapted from Goedert et al. (2014) with permission from Spring


Treatment of Dementias

1. Make a diagnosis if possible
* Prognostic information
* Valued by families and patients
* May be important for pharmacological approaches, eg:
* DLB
* May benefit more from cholinesterase inhibitors
* Avoid Haloperidol!

2. Control vascular risk factors



Treatment of Alzheimer Disease

* No disease modifying treatments

* Symptomatic pharmacotherapy
* Cholinesterase inhibitors (Donepezil, Galantamine, Rivastigmine)

* Modest benefit in MMSE scores (+1-1.5 points, equivalent to ~3-9 months
slowing of progression) and Global Impression Scales

* ? Benefit for delaying nursing home placement, or caregiver QOL
* Probably no benefit for patient QOL
* Diarrhea and bradycardia can be limiting
* Memantine (NMDA antagonist)
* Only approved for moderate-severe dementia.
* Modest benefit (+1 — 1.5 points) on MMSE scores
* Probably no benefit for delaying nursing home placement



Treatment of Neuropsychiatric Symptoms

* Pharmacotherapy is of limited benefit!

 Look for the cause!

* Pain —may have to treat empirically!

 Sleep deprivation — Circadian rhythm disturbance — “Sundowning”
Medication side effects
Changes to routine; strict, impersonal routines
Depression — may have to treat empirically!
Delirium (UTlIs, drugs, insomnia, any non-trivial medical iliness)
Hearing and vision problems — Hearing aids and eye-glasses!
Misperception, misunderstandings, caregiver fatigue/frustration



Treatment of Agitated Behaviors

* Non-pharmacological methods are moderately effective. Encourage
them at every opportunity
* Caregiver education
* Distraction and redirection
Structured but personalized routines
* Exposure to sunlight in the morning (best option for sleep issues!)
Music therapy
Massage therapy
Aromatherapy
* Exercise training



Pharmacotherapy for Agitation

* Anti-dementia meds
* No evidence of benefit for behavioral Sxs, reasonable to try if tolerated

* SSRIs

 Citalopram (QTc prolongation!) and Sertraline have RCT evidence of slight
benefit

* Trazodone may have additional benefit of I slow-wave sleep, no RCT
evidence but some expert opinion recommendations for agitation



Antipsychotics for Agitation in Dementia

* Often treatment of last resort for severe agitation

* BBW for increased mortality (believed to be due to excess
CVD/strokes)

* Probably more effective if frank psychosis (hallucinations,
delusions) exists

 2"d generation (olanzapine, risperidone, quetiapine) preferred,
start low, go slow



Future Treatments



Table 1|Principal failed clinical studies on anti-Ap therapies in AD and related disorders

Drug

2002
AN-1792 [REF*)

2007
Tramiprosate ™
2009

Tarenflurbil ™

Scyllo-inosital™

2010
Begacestat™

2011
Ponezumab™*

Semagacestat™

2012
Bapineuzumab’®

Avagacestat’™’
Avagacestat™

2013
Solanezumab®
Vanutide*™
Immunoglobulin™*
LY2886721 [REF™Y)
AZD3830 REF'™)
2014

Affitope ADOZ
[REF7¢)

CAD106 [REF*")
PBT 2 [REF")

Crenezumab®™
Gantenerumab®
Gantenerumab®™
2016
Solanezumab™
Solanezumab™®

Verubecestat™

2018
Verubecestat™
Atabecestat™

Lanabecestat™

Lanabecestat™

Company

Elan

Meurochem

Myriad Genetics/
Lundbeck

Transition
Therapeutics/Elan

Wyeth

Pfizer
Eli Lilly

Elan/Wyeth

Bristal-Myers
Squibb

Bristol-Myers
Squibb

Eli Lilly
Janssen
Baxter

Eli Lilly

AstraZeneca

Affiris/
GlaxoSmithKline
Novartis

Prana
Biotechnology

Genentech/Roche
Chugasi/Roche
Chugai/Roche

Eli Lilly
Eli Lilly
Merck

Merck

Janssen

= Astra
= Eli Lilly

= Astra
= Eli Lilly

Mechanism of action

AP antigen

AP aggregation inhibitor

y-Secretase modulator

AP aggregation inhibitar

y-Secretase inhibitor

Anti-Ap monoclonal antibody
y-Secretase inhibitor

Anti-AP monoclonal antibody
y-Secretase inhibitor

y-Secretase inhibitor

Anti-AP monoclonal antibody
AP antigen

Anti-AB polyclonal antibody
B-Secretase inhibitor

B-Secretase inhibitor

AP antigen

AP antigen
AP aggregation inhibitor

Anti-Ap monoclonal antibody
Anti-AB monoclonal antibody
Anti-Af monoclonal antibody

Anti-AP monoclonal antibody
Anti-Ap monoclonal antibody
BACE inhibitor

BACE inhibitor
BACE inhibitor

BACE inhibitor

BACE inhibitor

Patient population

Mild to moderate AD

Mild to moderate AD

Mild AD

Mild to moderate AD

Mild to moderate AD

Mild to moderate AD
Mild to moderate AD

Mild to moderate AD
Mild to moderate AD

Prodromal AD

Mild to moderate AD
Mild to moderate AD
Mild to moderate AD
Mild to moderate AD

Healthy volunteers

Early AD

Mild AD
Prodromal AD

Mild to moderate AD
Prodromal AD
Mild AD

Mild AD
Prodromal AD
Mild to moderate AD

Prodromal AD

Asymptomatic atrisk
of AD

Early AD

Mild AD

Trial
phase

Main reasons
for failure

Toxicity and
lack of efficacy

Lack of efficacy

Lack of efficacy

Toxicity and
lack of efficacy

Toxicity and
lack of efficacy

Lack of efficacy

Toxicity and
lack of efficacy

Lack of efficacy

Toxicity and
lack of efficacy

Toxicity and
lack of efficacy

Lack of efficacy
Lack of efficacy
Lack of efficacy
Toxicity
Toxicity

Lack of efficacy

Lack of efficacy
Lack of efficacy

Lack of efficacy
Lack of efficacy
Lack of efficacy

Lack of efficacy
Strategic
Lack of efficacy

Lack of efficacy
Toxicity

Lack of efficacy

Lack of efficacy

Studies are grouped by year of publication of the main results. Af, amyloid-f: AD, Alzheimer disease; BACE, f-secretase.

Remarks

Worsens global status

= Increases mortality
= Inactivates AP
oligomers

Worsens cognition

Worsens cognition

Worsens cognition

Worsens cognition

Worsens cognition

Binds oligomeric AP
Binds oligomeric AR
Binds oligomeric Af

» Increases mortality
= Worsens cognition

Worsens cognition

Worsens cognition
Worsens cognition

Worsens cognition

Table 2 | Ongoing double-blind, placebo-controlled phase lll studies of anti-Ap therapies for AD and related disorders

Study and sponsor

= AMBAR (NCT01561053)
= Crifols Biologicals

= NCT02203015
* Shanghai Green Valley

» NCT0O2051608
s Roche—Genentech

» MissionAD1
(NCT02956486)

= Eisai-Biogen

* MissionAD2
(NCTO3036280)

* Eisai-Biogen

= APIADAD
(NCT01008841)
s Roche—Genentech

= EMERGE
(NCTO2477500)
= Biogen

= ENGAGE
(NCT02454547)
= Biogen

» ADCS A4
(NCT02008357)
« Eli Lilly

» GRADUATE 1
(NCTO3444870)
» Roche-Genentech

» GRADUATE 2
(NCTD3443073)
* Roche-Genentech

= DIAN-TU
(NCT01760005)

= Eli Lilly. Roche—
Genentech and Janssen

» APl Generation 51
(NCTD2565511)
» Novartis

» APl Generation 52
(NCTD3131453)
= Movartis

Drugis)

Immunaoglobulin
+albumin

Sodium oligo-
mannurarate (CV-97 1)

Cantenerumab

Elenbecestat

Elenbecestat

Crenezumab

Aducanumab

Aducanumab

Solanezumab

Gantenerumab

Cantenerumab

= Solanezumab
s Cantenerumab
= Atabecestat

= CAD106
= CNP520

CNP520

Mechanism of action

Polyclonal antibodies

AP aggregation
inhibitor

Monaoclonal antibody

BACE inhibitor

BACE inhibitor

Monaoclonal antibody

Monoclonal antibody

Monaoclonal antibody

Monaoclonal antibody

Monoclonal antibody

Monaoclonal antibody

* Monoclonal antibody
* Monoclonal antibody
= BACE inhibitor

= AR antigen
» BACE inhibitor

BACE inhibitor

Study cohort and treatment
duration

=406 patients with mild to
moderate AD
= 14 months

= 818 patients with mild to
moderate AD
» 7 2weeks

= 1,000 patients with mild AD
=100 weeks

= 1,330 patients with earty AD
= 24 months

= 1,330 patients with earty AD
= 24 months

= 152 asymptomatic PSEN1
Glu280Ala carriers
= 60 months

= 1,350 patients with early AD
=78 weeks

= 1,350 patients with early AD
=78 weeks

= 1,150 asymptomatic individuals
atrisk of AD
= 240 weeks

= 750 patients with early AD
=104 weeks

= 750 patients with earty AD
* 104 weeks

= 438 asymptomatic APP or PSEN
mutation carriers
» 208 weeks

= 1,340 asymptomatic homozygous
APOE"e4 carriers
=60 months

= 1,000 asymptomatic homozygous
APOE g4 carriers and
heterozygous APOE *e4 carriers
with brain amyloid accumulation
= 60 months

Primary
outcomes

= ADAS-Cog
= ADCS-ADL

ADA5-Cog

» ADAS-Cog13
» ADCS-ADL

CDR-5B

CDR-58

APCC

CDR-5B

CDR-58B

ADCSPACC

CDR-5B

CDR-5B

DIAN-TU
composite
score

= MCI
diagnosis

= APCC

= MCI
diagnosis

= APCC

Expected
completion

Completed™*

Completed™®

July 2020

December
2020

December
2020

February

2022

March 2022

April 2022

July 2022

June 2023

June 2023

December
2023

May 2024

July 2024

The table shows the status of studies on 10 July 2016, as reported in ClinicalTrials.gov. AR, amyloid-f: AD. Alzheimer disease; ADAS-Cog, Alzheimer': Disease
Aszzezsment Scale—Cognitive subscale; ADAS-Cogl3, 15-item ADAS-Cog; ADCS5-ADL, AD Cooperative Study—Activities of Daily Living: ADCI-PACC, Alzheimer’s

Diseaze Cooperative Study—Preclinical Alzheimer Cognitive Composite; APCC, Alzheimer disease Pravention Initiative Composite Cognitive; APOE,

apolipeprotein E gene; AFP, amyloid precursor protein gene; BACE, f-secretase; CDR-3B, Clinical Dementia Rating scale-Sum of Boxes; DIAN-TU, Deminantly
Inherited Alzheimer Network-Trials Unit: MCI, mild cognitive impairment: PSEN, presenilin gene.



C2N-8E12 Sodium selenate

Tideglusib
BMS-986168 " .
Phase | Lithium chloride
RG7345 ..
RO 7105705 o Methylene
Phase |l blue/LMTX
L'Y3303560 )
."’_. Curcumin
ACI-35 )
AADvacl 0""_—.
@ Epithilone D
INJ-63733657 ©) O NAP
ucso107 @ O TPi287
BPN14770 O
MK EHQO Salsalate
O Kinase inhibitor or phosphatase activator O PDE4 inhibitor
@ Aggregation inhibitor () Acetylation inhibitor (O Immunotherapy
() Microtubule stabilizer () Deglycosylation inhibitor
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