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B Bio480 — Debate on Amyloid aggregation and immunotherapy

Amyloid aggregation and immunotherapy:

Progress, challenges, and controversies
In Alzheimer’s treatment



=PFL The economic burden of AD: 4
Public health implications and financial impact
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=P-L Amyloid hypothesis: the issue is in the tissue s

De Loof et al., 2019
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=PFL  Genetic factors for Alzheimer’s disease

Genetic causes of AD Amyloid B hypothesis

Familial Alzheimer’s
mutations in the APP/A

APP
PSEN1 and/or PSEN2 ® _ 1 _ ® APP FAD mutations
FAD mutations i ) Trisomy 21
AB42 aggregation
‘?/ \ Deposited
Soluble forms amyloid-f
of oligomeric AB < ? _ peptide

Tau tangles

Neurodegeneration AGGREGATE STRESS

v

PHF formation

v

Neuronal dysfunction and death

v

Dementia

Neuroinflammation

==

Brain pathology
- Nature Reviews Drug Discovery 21, pp. 306-318 (2022)



EPFL Neuropathological alterations in Alzheimer’s disease:
the time scale
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EPFL [-amyloid cascade: a core mechanisms in Alzheimer’s disease ?

Soluble tau

Y

Tau dysfunction

Y

Restricted PHF

APP
FAD mutations in APP, @ > 1
PS1/PS2; trisomy 21
/? Aﬁ42 aggl'egation \
Soluble forms ? Amyloid
of oligomeric A < » plaque

Glial, vascular and neuronal
cell dysfunction

O

formation

Primary age-related
tauopathy

, PHF formation driven to
cortex via prionoid processes

{

Neuronal death
v

Ageing,

APOE genotype,
inflammation,
environmental
and genetic risks

®» ® ® ©

Autosomal dominant AD
Sporadic AD

= based on the AB hypothesis, this pathway should be the primary target for therapeutic strategies.

m Nature Reviews Drug Discovery 21, pp. 306-318 (2022)




=EPFL Amyloid hypothesis and its implication for disease-modifying therapeutics:
an ongoing debate

Why did the amyloid hypothesis gain popularity?
Because it is a “Simple” and straightforward explanation.

Rational therapeutic target:
If you block AB production or inhibit its aggregation, then you can treat AD.
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EPFL Therapies based on ‘B-amyloid cascade hypothesis’

Rationale for an anti-AR treatment:

Assum pti on: Tau pathology AP pathology

AB-related mechanisms 1 1

leading to familial early-onset

Alzheimer’s disease are similar AD onset /

delayed
to sporadic late-onset disease:
- \l“‘IIF -
— AB lowering treatment as ALl | |
/ | i
an approach to prevent / /! _ |
e _~ | AB therapeutic - |
downstream consequences | J | |
| | |
in Alzheimer’s disease? | | | - B |
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Current clinical trial in AD — Therapeutics strategies

=

APP

y-secretase
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y-secretase | |—

modulators

https://www.nature.com/articles/nrd2896
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—
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Decrease AP production

Enhance AB clearance
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=P-L Current clinical trials in Alzheimer’s disease
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55°000

Cummings et al., 2023

Patients
Worldwide

20%
» Clinical trials to reduce the
/”  cognitive symptoms

Symptomatic
Therapies
(ST)

Disease Modifying
Therapies
(DMT)

80%
Clinical trials
to slow or block AD progression
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ePFL 2023 AD drug development pipeline 1
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ePFL The cellular targets:
Mechanisms of action of the drugs under clinical trial

Other [l Phase 1
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£PFL Therapeutics targeting AR

Inhibitors of Presenilin (PSEN2)
Main issue: on-target side effects

(Notch signaling)

Inhibitors of BACE1 (beta secretase, PSEN1)
Main issue: lack of efficacy

and side effects

Antibodies against various forms of A
Main issue: lack of efficacy
and side effects (ARIA-E)

Year
2007

2009

2011

2012

2013

2013

2016

2016

2016
2016

2018

2018

2018

2018

2019

2019

2019

2019

2020

Drug

Tramiprosate

Tarenflurbil

Semagacestat

Bapineuzumab

Gammagard
Solanezumab
Gantenerumab
Solanezumab

Solanezumab

Verubecestat

Verubecestat
Atabecestat
Lanabecestat
Lanabecestat
Crenezumab
Elenbecestat
Umibecestat
Amilomotide

Aducanumab

Company

Neurochem

Myriad Genetics/
Lundbeck

EliLilly

Elan/Pfizer/
Johnson &
Johnson

Baxter

EliLilly

Hoffman LaRoche
EliLilly

EliLilly
Merck

Merck
Janssen

AstraZeneca/Eli
Lilly

AstraZeneca/Eli
Lilly

AC Immune/
Hoffman LaRoche
Biogen/Eisai
Amgen/Novartis

Novartis

Biogen/Eisai

Mechanism of action
Unclear; may interact
with ABoligomers

y-Secretase
modulator

y-Secretase inhibitor

Anti-AB mAb

Unclear; IVIG may
bind soluble AR
Anti-AB mAb
Anti-AB mAb
Anti-AB mAb

Anti-Ap mAb
BACE inhibitor

BACE inhibitor
BACE inhibitor
BACE inhibitor
BACE inhibitor
Anti-Ap mAb
BACE inhibitor
BACE inhibitor
Vaccine

Anti-AB mAb

Target

Soluble
AB/AB
oligomers

Soluble AR

Soluble A

Soluble AR
and plaque

Soluble AR
Soluble AR
Plaque

Soluble AR

Soluble AB
Soluble AR

Soluble AB
Soluble AR
Soluble AR
Soluble AR
Soluble AB
Soluble AR
Soluble AB
AB

Plaque

Patient population
Mild to moderate AD

Mild AD

Mild to moderate AD

Mild to moderate AD

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

Prodromal AD
Mild to moderate AD

Prodromal AD

Asymptomatic
atrisk of AD

Early AD
Mild AD

Prodromal to
mildAD

Prodromal to
MCl due to AD

Asymptomatic
atrisk of AD

Asymptomatic
atrisk of AD

MCl to early
dementia

Outcome

Lack of efficacy

Lack of efficacy

Toxicity and
lack of efficacy

Lack of efficacy

Lack of efficacy
Lack of efficacy
Lack of efficacy
Lack of efficacy

Trial halted
Lack of efficacy

Lack of efficacy
Toxicity

Lack of efficacy
Lack of efficacy
Lack of efficacy
Lack of efficacy
Lack of efficacy

Trial halted

Evidence of
efficacy

Observations

Unlikely to have
achieved adequate
target engagement
in the brain

Increases cognitive
decline/no lowering
of brain amyloid

Nosignificant
removal of amyloid

No removal of
amyloid
Converted into an
open-label study

No removal of
amyloid

Increases cognitive
decline/modest
lowering of brain
amyloid (~20 CL)
Increases cognitive
decline

Increases cognitive
decline

Increases cognitive
decline

Increases cognitive
decline

Increases cognitive
decline

Increases cognitive
decline

BLAgiven
accelerated
approval by the FDA
but rejected by the
CHMP of the EMA



£PFL Immunotherapy against Amyloid 3 pathology: historical perspective

The link between AB and
neurofibrillary tangles
was demonstrated

The first study to show that the
periphery AR passed the blood
brain barrier into the brain

“The amyloid cascade
hypothesis” was proposed

Senile plaques were
firstly discovered

Aducanumab - the first

AB was produced by the E
: FDA approved drug to

cleavage of amyloid
precursor proteins

The inhibitory effect of A4,
on LTP was identified

reduce AB plaques

1984 1987 1990

1995 1997 1998 2001 2004 2016 2017 2018 2021

1906 1992
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The neurotoxicity
of AB aggregates

There is a marked
reduction of CSF

AR oligomer was
the key offender of

The light therapy reduced AR

Lecanemab has
been approved by

was demonstrated

AB,, in AD patients

neuronal damage

Amyloid B protein (AB) was
purified as the key component
of plaques in AD brain

The relation between
AB and inflammation
was identified

Sig Transduct Target Ther 8, 248 (2023)

E load in AD animals and patients

the FDA to treat AD

The first amyloid PET tracer,
Pittsburgh Compound-B(PIB)

was developed

Simoa, an ultra-sensitive
technology, was developed
to measure AB at sub-
femtomolar concentrations

Pathology Mechanisms

Biomarkers Treatments




=PrL
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Current clinical trial in AD — The immunotherapy approach

Anti-amyloid antibodies
are given by infusion
into the arm

Antibodies clear amyloid
from the body and the brain

Antibodies can
promote removal
of amyloid before
it forms plagues

Antibodies trigger
immune cells to
clear amyloid

Antibodies can
also bind to
amyloid plaques
that have formed

https://www.alzheimersresearchuk.org/news/new-alzheimers-drug-donanemab-what-is-it-and-how-does-it-work/

17


https://www.alzheimersresearchuk.org/news/new-alzheimers-drug-donanemab-what-is-it-and-how-does-it-work/

=PrL

B Bio480 — Debate on Amyloid aggregation and immunotherapy

Current clinical trial in AD

—— Neuron
- [B-Secretase
enzyme
(:-
\ Amyloid-3
Y- Secretase ,
enzyme
7'«’5
Solanezumab

Stops first phase
of aggregation

Mullard, Nat Rev Drug Discov. 2023;22:89

— The immunotherapy approach

Donanemab

Binds to Almy10|d B
clumps into
plaques plaques
Lecanomab
Binds to
protofibrils

Fibril

Y ~{

Gantenerumab Aducanumab
Blocks fibril

elongation

Blocks second phase
of aggregation

enature
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Bapineuzumab (1-5) Solanezumab (16-26)

Aducanumab (3-7) Crenezumab (13-24)

Donanemab (p3-7)

Gantenerumab (2-11 and 18-27)

Lecanemab (1-16)

Solanezumab
Crenezumab
Gantenerumab
Aducanumab

Donanemab

$
S
M
.

Weak [N Strong

Binding strength

Cell, Vol. 186(20), (2023), pp. 4260-4270
= Nature Reviews Drug Discovery volume 21, pages 306-318 (2022)

Nature Structural & Molecular Biology volume 27, pages 1125—-1133 (2020)




=PFL  Anti-amyloid 3 therapy: antibody-mediated clearance

Phase 1b trial with Aducanumab in prodromal or mild AD

Amyloid PET imaging at baseline
and week 54

Effect on Clinical Dementia Rating (CDR-SB)

Baseline One year

" Pacebo 1 3 6 10 Placebo 1 3 6 10
10 mg kg™ (n=28) (n=27) (n=23) (n=26)
L | L |
Aducanumab (mg kg) Aducanumab (mg kg™)

Sevigny J et al, Nature 537, 2016

Placebo CDR'SB
2.5 1

Week 26 Week 54

3mgkg™

25

6 mg kg™

>

Adjusted mean change from baseline (+s.e.)

&l
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EPFL Alzheimer’s pathology in a patient treated with Aducanumab (32-months treatment)
shows reduction of AR plaque pathology

Microglia surrounding amyloid plaques
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Acta Neuropathologica vol 144, pp 143—153 (2022)



EPFL The ups and downs of a ‘promising’ anti-A3 treatment

BIOGEN AND EISAI TO DISCONTINUE PHASE 3 ENGAGE AND EMERGE TRIALS OF

ADUCANUMAB IN ALZHEIMER'S DISEASE
March 21 2019

Shock revelation sees Biogen erase its

aducanumab losses
Oct 22 2019

Biogen Asks FDA To Approve Aducanumab
July 8 2020

Data for Biogen's Alzheimer's hopeful aducanumab 'highly
persuasive': FDA briefing documents

Nov 4 2020
Biogen's Alzheimer’s drug candidate takes a beating
from FDA advisers

Nov 6 2020

FDA grants accelerated approval for
ADUHELM™ as the first and only Alzheimer’s
disease treatment to address a defining
pathology of the disease

June 7 2021

Biogen, with sales falling sharply, posts "obviously
disappointing' Aduhelm sales of $300K, CEO Vounatsos says

October 20 2021

0 EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

Aduhelm: Withdrawal of the marketing authorisation
application



=PFL Side-effects associated with anti-Af3 immunotherapy

= Amyloid-related imaging abnormalities (ARIA= edemal/effusion)
linked to pre-existing Ap deposition (especially CAA).

= Changes in brain volume.

Amyloid plaques
in the brain parenchyma

Cerebral B-amyloid
angiopathy (CAA)

Ayt
.-x " ‘ e
g

MERRERY et

‘. “."@o. ‘l
- SR SR
t‘q‘ .
p'. z ~
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Cell, Vol. 186, Issue 20, 2023, pp. 4260-4270

Estimated Probability of ARIA-E

Frequency of ARIA in lecanemab-treated AD patients

0.20 -

= Placebo
w— 10 mg/kg bi-Weekly

0.18 (= 10 mg/kg bi-Weekly | -
= 10 mg/kg Monthly
0.16 R T e
014 e o e e e o e e e e e e e e e e e e e i e e e e e e
(iR b e e Rt )
] 1
010 Ao r | | [ |
# J
1
1 - Ir = Vl”"” 1 - - 1
39 52 65 78 9
Visit (weeks)



=PFL  Ap immunotherapy: evaluation of efficacy

PET imaging of amyloid B load in the brain

Anti-AB
mAb
110 { n108 Donanemab phase II:

. . ‘ _________ titration to 20 mg per kg i.v. Q4W
Am_yl0|d load in 4 |emeeccemmcascemscemmmsssmmosnn=onSnnTT 100 —@— Aducanumab phase Il
typical AD brain : TAE A 90 —A— titration to 10 mg per kg i.v. Q4W

' d Lecanemab phase II:
= : Lot 80 - 10 mg per kg i.v. Q2W
5 80 : =t g’ A
- . (= - |
- g B4
P Z e ' 2 2" swao
o g . | = H
—°>'., ] ) S S 0
E i . o2 £ i Trailblazer-Alz
< 40 TAA — S 40 i
> 30 -
Amyloid-negative 2
threshold
10
\ 0
: Clinical trial duration ' 0 6 12 18
Placebo Anti-AB mAb | Clinical trial duration (months)

= Nature Reviews Drug Discovery volume 21, pages 306-318 (2022)



=PFL AR immunotherapy: evaluation of efficacy of the different antibodies

0.4- Adu Ph3
o ENGAGE Adu Ph3
[}
O ool Ph3 Lec Ph2
o = (average) 5mg/kg
oy monthly
S
© 0.0 - (ORI | QR (00 N BEEUICEEN
S
[}
(3] Donanemab Lecanemab
§ § -0.2 Ph2 Ph3 AD Adu Phi
s ) 1mg/kg
2 = Lec Ph2
o T -0.44 2.5mg/kg
g g biweekly
£ 2 h Adu Ph1
he] -0.6 - 3mg/k
S o 0.6 Lec Ph2 e
. 9 ‘ 5mg/kg
2 S Adu Ph3 nbyankly
> g EMERGE Adu Pht
% © (high) 6mg/kg
&) m Lec Ph2
5 @ -1.0+ 10mg/kg *&ﬁ;’:é
) o biweekly monthly
: 3
10 Adu Ph1
<g< k2 10mg/kg
% I 1 1 1 I 1 1 I I I
2 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0
‘? Amyloid PET adjusted mean difference from placebo (centiloid)
o
[ee)
<
K}
o
|

Cell, Volume 186, Issue 22, 2023, Pages 4757-4772



=PrL

Amyloid Burden on PET

Less amyloid

£ 10+ Placebo
g O] )
©
é’g 10
-
U s -20-
eS8
8 o -30-
= £
- @ —40-
g & 50 Lecanemab
= P<0.001 at 18 mo ——
ne} A
v < _60 I | I I
0 3 6 12 18
Visit (mo)
No. of Participants
Lecanemab 354 296 275 276 210
Placebo 344 303 286 259 205

m N Engl J Med 2023;388:9-21. DOI: 10.1066/NEJMoa2212948

AB immunotherapy: lecanemab efficacy

CDR-SB Score

Lecanemab

Placebo
P<0.001 at 18 mo

Worsening
£ 0.0+
e
=
g 0.4+
c
o
52 o
ST
38
Em 1.2_
16
2
v 2 20
0

No. of Participants

Lecanemab 859
Placebo 875

3 6 9 12 15 18
Visit (mo)

824 798 779 765 738 714
849 828 813 779 767 757
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L

AB immunotherapy: the importance of the therapeutic window

D

Max

Degree of abnormality

Min

First disease stage Second disease stage

A
A
A
A 4

AB deposition
(Ap-PET)

:Neurodegeneration
(CSF/blood NfL)

Current
AB trials
-20 -10 0 +10
Presymptomatic Symptomatic
immunoprevention immunotherapy

"

Cell, Vol. 186, Issue 20, 2023, pp. 4260-4270
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P=L DIAN-TU preventive trial for Alzheimer’s disease

= Autosomal dominant AD caused by mutations in APP, Presenilin 1 or Presenilin 2.
» Treatment initiated at pre-symptomatic and mild symptomatic stages.
= DIAN-TU-001: testing gantenerumab (anti-fibrillar AB) and solanezumab (anti-soluble AB).
= 2015: 4-years treatment trial started to slow or prevent cognitive decline.

B Bio480 — Debate on Amyloid aggregation and immunotherapy

a b
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=P~L AP immunotherapy: towards prevention ?

Biomarker cascade

Biomarkers
Maximum |
-_——— >
=
Soluble amyloid Amyloid plaques ©
(CSF or plasma (PET) E
AB42/40) 2
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Sl ©
Soluble tau Tau tangles ‘S
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P-tau181, 217) 5
9]
a r— O Dpetection = =====: Ca-tau-strophe
© threshold
2 Cognition Normal
) -20 -15 -6 Symptom Severe
g onset dementia
= Years
=
g Treatment (e.g., lecanemab, doanemab phase 3) Prevention (A3-45 AHEAD study)
®©
S
:.(‘E Maximum Reduced cognitive declin_:l';'_ R Cognitive declirl'e_ prevented
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e ‘? ; > Anti-amyloid E
) = = =~
% g , 5 mAb (A45)l,é \\ :
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= Cell, Volume 186, Issue 22, 2023, Pages 4757-4772



EPFL Barriers to the CNS

Acellular and cellular brain barriers

a Barriers at the surface of the human brain b Blood-brain barrier
MA MV '
Dura ———rdf - ML
Arachnoid barrier—{" i = :
SAS containing CSF
- Trabecula

Pia mater
Subpial space emevate: sz, Collagen seravsocsad
Glia limitans

A Artery —L- Small Vein
Brain parenchyma——+ < groups of

pial cells =7

Ependymal cells
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=PFL Engineering of anti-Ap antibodies to cross the blood-brain barrier

» Anti-AB antibody designed to bind the transferrin receptor
to induce shuttling through the BBB.
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