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TABLE 1. Principal Failed Clinical Studies on Anti-Ap Therapies in AD and Related Disorders

Year

(main

reference #)
20022
2007''?
2009’
2009*
2010'"3
2011'4
2011%
2012'"
2012%
20127
2013”7
2013'1¢
2013'7
2013'"8
2013'"
20144
2014"°
2014

2014°!
20148
2014>°
2016°
2017'%
2017'%
2018

2018'%4

2018!%
2018'%

Drug

AN-1792
Tramiprosate
Tarenflurbil
Scyllo-inositol
Begacestat
Ponezumab
Semagacestat
Bapineuzumab
Avagacestat
Avagacestat
Solanezumab
Vanutide
Immunoglobulin
LY2886721
AZD3839
Affitope AD02
CAD-106
PBT2

Crenezumab
Gantenerumab
Gantenerumab
Solanezumab
Solanezumab
Verubecestat

Verubecestat

Atabecestat

Lanabecestat

Lanabecestat

Mechanism of Action

AP antigen

AP aggregation inhibitor
y-Secretase modulator
AP aggregation inhibitor
y-Secretase inhibitor
Anti-Ap MAb
y-Secretase inhibitor
Anti-Ap MAb
y-Secretase inhibitor
y-Secretase inhibitor
Anti-AB IgG1 MAb

AP antigen

Anti-Ap PAb
B-Secretase inhibitor
B-Secretase inhibitor

AP antigen

AP antigen

AP aggregation

inhibitor

Anti-Ap MAb
Anti-Ap IgG1 MAb
Anti-Ap IgG1 MAb
Anti-Ap IgG1 MAb
Anti-Ap IgG1 MAb
B-Secretase inhibitor

B-Secretase inhibitor

B-Secretase inhibitor

B-Secretase inhibitor

B-Secretase inhibitor

Subjects

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
Cognitively healthy
subjects at risk of
developing AD

MCI and mild AD
Mild AD

The list is ordered by the year of publication of the main results of the studies.

AP = amyloid-B; AD = Alzheimer disease; LOE = lack of efficacy; MAb = monoclonal antibody; MCI = mild cognitive impairment; PAb = polyclonal antibody;

TOX = toxicity.

Clinical
Phase
Phase II
Phase III
Phase III
Phase II
Phase II
Phase II
Phase III
Phase III
Phase II
Phase II
Phase II
Phase II
Phase III
Phase II
Phase I
Phase II
Phase II
Phase II

Phase II
Phase II
Phase II
Phase III
Phase III
Phase III
Phase III

Phase III

Phase III
Phase III

Subjects, N

372
1,052
1,684
353
17

15
1,537
2,452
209
263
2,052
245
390
70

54
332
121
42

433
797
387
2,129
2,450
1,958
1,454

600

2,202
1,899

Study
Duration, wk

52
78
78
78
2
24
76
78
24
104
78
52
78
26

78
90
52

73
104
104
80
104
78
104

231

104
104

Main Reasons
for Failure

TOX and LOE
LOE
LOE
TOX and LOE
TOX and LOE
LOE
TOX and LOE
LOE
TOX and LOE
TOX and LOE
LOE
LOE
LOE
TOX
TOX
LOE
LOE
LOE

LOE
LOE
LOE
LOE
LOE
LOE
LOE

TOX and LOE

LOE
LOE

Remarks

—

Worsens global status

Increases mortality

Worsens cognition

‘Worsens cognition

Worsens cognition

Worsens cognition

Worsens cognition

Binds oligomeric Ap
Binds oligomeric Ap
Binds oligomeric Ap

Worsens cognition

‘Worsens cognition
and behavior

‘Worsens cognition

‘Worsens cognition

Worsens cognition

AN-1792

(2002)

All failied

ANN NEUROL 2019;85:303-315



60%

50%

40%

30%

20%

10%

0%

35%

30%

25%

20%

15%

10%

5%

0%

i
\

\

/

P

2016

2017 2018 2019

%

N\

WA

X

'y

/\

phase 1

Anti-amyloid

Anti-tau

Neuroproteciton

Anti-neuroinflammation

Cognitive enhancer

= BPSD relieving

phase 2

Anti-amyloid
Anti-tau

Neuroproteciton

Y P

Wl
Y/

Nt

2016

T T

2017 2018 2019

Anti-neuroinflammation

Cognitive enhancer

= BPSD relieving

Journal of Biomedical Science (2020) 27:18

16
A2 \ = Anti-amyloid
10 L3 Anti-tau
8 VS Neuroprotection
6 / == Anti-neuroinflammation
/ - (Cognitive enhancer
4
== BPSD relieving
2 -
0 T T T 1
2016 2017 2018 2019
B.
60%
50% /\\
A Anti-amyloid
\ Anti-tau
30% P W Neuroprotection
/ Anti-neuroinflammation
20% Cognitive enhancer
/ = BPSD relieving
0% T T T 1
2016 2017 2018 2019




Immunotherapy of AD
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Adverse effects a/w AD immunotherapy
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ARIA (Amyloid-related Imaging Abnormality)

« ARIA-E (Edema)

R.A. Sperling et al. / Alzheimer’s & Dementia 7 (2011) 367-385



Resolution of ARIA-E & e i s

Week 12 Unscheduled 1, 36 days
B Subject B, EXPEDITION-EXT

Week 52 Unscheduled 1, 50 days

Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 2 (2016) 75-85



ARIA-H

« Micronemorrhage (microbleed) and superficial siderosis

R.A. Sperling et al. / Alzheimer’s & Dementia 7 (2011) 367-385



CHE 8 27| (SWHvs. GRE)

Susceptibility- weighted imaging (SWI) vs. T2-GRE (gradient refocused echo)

« Microbleeds in SWI and GRE

R.A. Sperling et al. / Alzheimer’s & Dementia 7 (2011) 367-385



ARIA-E and ARIA-H, coincidental

R.A. Sperling et al. / Alzheimer’s & Dementia 7 (2011) 367-385



Oops! Oligomers there!
Cerebral Amyloid Angiopathy (CAA)

Non-immunised AD Immunised AD

perivascular lymphatic drainage pathways



Spontaneous cerebral amyloid angiopathy-related inflammation

R.A. Sperling et al. / Alzheimer’s & Dementia 7 (2011) 367-385



Did you know?
« Anti- Abeta treatments shrink the brain!

doi:10.1093/brain/awaa332 BRAIN 2020: 143; 3816-3826 | 3816

A JOURNAL OF NEUROLOGY

BACE inhibition causes rapid, regional, and
non-progressive volume reduction in
Alzheimer’s disease brain

Cyrille Sur,’ James Kost,' David Scott,’ Katarzyna Adamczuk,? Nick C. Fox,?

Jeffrey L. Cummings,“""7 Pierre N. Tariot,® Paul S. Aisen,? Bruno Vellas,'® Tiffini Voss,'
Erin Mahoney,' Yuki Mukai,' Matthew E. Kennedy,I Christopher Lines,' David Michelson'
and Michael F. Egan'

In the phase 3 EPOCH trial (Clinicaltrials.gov; NCT01739348), treatment with the BACE inhibitor verubecestat failed to improve
cognition in patients with mild-to-moderate Alzheimer’s disease, but was associated with reduced hippocampal volume after 78
weeks as assessed by MRI. The aims of the present exploratory analyses were to: (i) characterize the effect of verubecestat on brain
volume by evaluating the time course of volumetric MRI changes for a variety of brain regions; and (ii) understand the mechanism
through which verubecestat might cause hippocampal (and other brain region) volume loss by assessing its relationship to measures
of amyloid, neurodegeneration, and cognition. Participants were aged 55-85 years with probable Alzheimer’s disease dementia and
a Mini Mental State Examination score >15 and <26. MRIs were obtained at baseline and at Weeks 13, 26, 52 and 78 of treat-
ment. MRIs were segmented using Freesurfer and analysed using a tensor-based morphometry method. PET amyloid data were
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Donanemab

C Results on Volumetric MRI
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Immunogencity of Mab (Donanemab)

LS Mean Titer Value
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FIGURE 5 Mean antidrug antibodies titers by time for dose groups. HV, healthy volunteers; LS, least squares; LY, LY3002813 (donanemab); SC,

subcutaneous

Alzheimer’s Dement. 2021;7:€12112.



Monoclonal antibodies to Abeta (phase?2/3)

Drug
Aducanumab

Aducanumab

Crenezumab

Solanezumab
Gantenerumab
Donanumab

Lecanumab
(BAN2401)

Sponsor
Biogen

Biogen

Genentech
/Roche

Eli Lilly
Roche
Eli Lilly

Eisai

Trial
ENGAGE 3
EMERGE 3

CREAD 1 & 2 |3

EXPEDITION 3 |3

Early AD

Early AD

Early AD

Early AD

SCarlet/Margue 3 OLE® Early AD

rite RoAD OLE®

TRAILBLAZER- |2
ALZ

BAN2401- 2
GO00-201

Early AD

Early AD

Phase Population Target

Plaques and oligomeric Ap

Plaques and oligomeric Ap

Monomeric Ap and
oligomeric Ap

Monomeric A

Plaques and oligomeric Ap

Pyroglutamate Ap

Plagues and Ap protofibrils

Qutcome

TermiQated due to
futility

High dose arm
positive on primary
outcome

Terminated due to
futility

Terminated due to
futility

Terminated due to
futility

Met primary clinical
outcome

Did not meet
primary outcome
Secondary
outcomes positive

https://doi.org/10.1007/s00415-021-10790-5



Aducanumab reduced CSF biomarkers of tau pathology and

neurodegeneration at Week 782
Previously reported at ADPD 2021

EMERGE ENGAGE
Low High Low High W I Low High
Placebo dose dose Placebo dose dose Placebo dose dose Placebo dose dose
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In EMERGE and ENGAGE, aducanumab also reduced tau levels in areas of the brain that have tau pathology at early
stages of Alzheimer’s disease (tau PET pooled data)

Dose-dependent reduction in brain tau levels in the frontal, temporal and medial temporal composite brain regions

Slide from Eisai Korea



Aducanumab significantly lowers plasma p-tau'®
EMERGE ENGAGE
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Greater reduction in plasma p-tau'® is associated with less
clinical decline across all four clinical measures in both studies

Association between Correlation (p-value)
change in p-tau and efficacy Expectgd
at Week 78 correlation EMERGE ENGAGE
(n=514-521) (n=577-581)

- 0.11 0.14
CDR-SB Positive (0.0166) (0.0005)

. -0.21 -0.15
Ve Negalive (<0.0001) (0.0002)

e 0.17 0.15
ADAS-Cog13 Positive (0.0001) (0.0002)

. -0.12 -0.14
ADCS-ADL-MCI Negative (0.0086) (0.0010)

Slide from Eisai Korea



DONANEMAB

CLINICAL TRIAL TIMELINE
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No hemorrhage with donanemab’s pre-drugs
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Donanemab - Cognition

The NEW ENGLAND JOURNAL

of MEDICINE

Donanemab

A Primary Outcome: iADRS Score
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Donanemab — PET (Abeta, tau)

A Amyloid Plaque Level on Florbetapir PET B Global Tau Load on Flortaucipir PET
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LECANEMAB (BANZ240

CLINICAL TRIAL TIMELINE

Phase 1 Phase 2 . Phase 3 St;ldv co;nplzted Planfl§]d g;ld date [ Study aborted
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https://www.alzforum.org/therapeutics/lecanemab
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_ECANEMAB PHASE 11 (2021)

Swanson et al. Alzheimer's Research & Therapy (2021) 13:80

https//doi.org/10.1186/513195-021-00813-8 Alzheimer's
Research & Therapy
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Lecanemab Phase 2 Core Study Results:

Early Clinical Effects: Amyloid Reduction Correlates with Reduction in Clinical Decline

’—

* Clinical decline slowed as early as 6 months in assessments of cognition and function
* Core Phase 2 data suggest that clinical efficacy is correlated with amyloid reduction

ADCOMS ADCOMS / PET*
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CDR-58: Cinical Dementia Rating, sum of boxes. ADCOMS: Alzheimer's Disease Comgposite Score. ADAS-cog: Alzheimer's Disease Assessment Scale-cognitive subscale. PET SUVE positron emission fopography standardzed uptake value raio. ¢
Adusted mean was based on a protocol-speciied mixed model for repeated measuwes (MMRM). The MMRM included baseline as a covariate, with reatment group, visit, region, randomizaion sratfication variables (dinical stage, concurent AD medication, APOE4 status), and treatment 4
group-by-visk interacion as fixed effects. Analysis population: FAS. Data shown in right figure are for subjects envalled in the PET sub-study with PET SUVT and dinical data at 12 or 18 montha. 1, Is Pearsons” comelation coefficient and r, is Spearman's correlation coeffic

Adapted from Swanson et. J

ent
19* Cinical Trials on Alzheimer's Disease (CTAD) Conference Octiober 24-27, 2018 and Swanson et al. Alzheimers Res Ther. 2021,13(1x80 Sllde from E’sa’ Korea



Monoclonal antibodies to Tau

Drug

Gosuranemab

(BlIB092)

Semorinemab

(RO7105705)

Tilavonemab

(ABBV-8E12)

Zagotenemab
(LY3303560)

Sponsor

Biogen

Roche/AC
Immune

Roche/AC
Immune

AbbVie/C2N
Diagnostics

Eli Lilly

Trial
TANGO

TAURIEL

LAURIET

NCT02880956

NCT03518073

Population
Early AD

Early AD

Moderate AD

Early AD

Early AD

Target

N-terminal 2
epitope

N-terminal 2
epitopes

N-terminal 2
epitopes

N-terminal 2
epitope

Mid-region and | 2
N-terminal
epitope

(phase?)

Phase Outcome

Terminated due to lack
of efficacy

Failed phase I

Completes September
2021

Terminated Jul 2021

Terminated Oct 2021

https://doi.org/10.1007/s00415-021-10790-5



......
"""""
.

SEMORINEMAB A~

I ABBV-8E12

JINJ-63733657 UCB0107 RG7345
BIIB092 ,l\ BIIBO76 )\ )k ,I\ ,l\
« Anti-tau IlgG4 antibody 1 45 103 151 244 369 241

) Neurobiology of Disease 144 (2020) 105010;
 targets extracellular, not intracellular, tau.

 antibodies with reduced effector functionin an effort to limit microglial activation leading to inflammatory
responses

e |n October 2017, Genentech started TAURIEL
« aPhase 2 study in 457 people with prodromal or probable AD = failed

e In February 2019, Roche started LAURIET,
« another Phase 2 study in 272 people with a diagnosis of probable AD conirmed by amyloid positivity
« 43.6% slowing of decline on the ADAS-Cog1 1



# Damaged neuron

R ed u C ed eff e Ct O r Model for cell-to-cell spread of pathological tau
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Lee et al., 2016, Cell Reports 16, 1690-1700
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JBC, Volume 287, Issue 23, 1 June 2012, Pages 19440-19451



https://www.sciencedirect.com/science/journal/00219258/287/23

No effector function could be better

[

Full effector anti-tau ~(’

Antibody blocks tau spread
but induces microglia activation
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Antibody blocks tau spread
without microglial engagement
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Tau-acetylation

pS237
pRsd pS409 ns412
pS235 pTa03 ||
pT231 pS400 ppu“
T71 pT217 pS262 pS396
J pv394 |[|(Il 5416
pree pS113 e Ub-K311  Ub-K353
pS68 pT111 pT21 Ub-K254 pS422

441aa

sron QN X2

Ac-K148| ||| |ac-k234 ackaz1| Il S8
AC-K150 g
AC-K240 AC-K321 AC-K383
AC-K163 AC-K254 Ack317 | facks7o
A:;:K}::;o AC-K257 AC-K311 AC-K369
o b AC-K353
AC-K190 Af\g 2967 P e
AC-K290
AC-K274 AC-K281
AC-K280
acidic region proline-rich region microtubule-binding domain C-terminus

ADEL-YO1 (ADELO)



Discussion

« Target population
« Stage of AD
« Heterogeneity of AD / pure AD?

« Long-term safety issues

 Brain atrophy
- ARIA-E/H
« Anti-drug antibody

« Socioeconomical impact

« High cost and reimbursement
« MRI, PET scan availability



