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Table 1 Overview of Alzheimer's disease clinical trials

o ) Table 2 Number of trials for agents with varying mechanisms of action
from clinicaltrials.gov

Year registered Symptomatic Symptomatic Disease-modifying Disease-modifying Therapeutic Stem Total
Year registered Phase 1 Phase 2 Phase 3 Total for cognition for behavior small molecule immunotherapy device cells
2002 0 2 3 g 2002 1 3 0 1 0 0 5
2003 o 5 7 12 2003 5 1 4 0 2 0 12
2004 1 g a 14 2004 5 2 ] a 1 a 14
2005 10 3 16 3 0 0 32
2005 4 19 9 32
2006 12 1 8 4 ] ] 25
Pl o o 7
2006 3 14 o = 2007 18 1 17 10 0 0 46
2007 16 2 8 46 2008 23 1 18 15 4 0 61
2008 15 27 9 61 2009 31 2 19 7 2 1 72
2009 28 30 14 72 2010 1 2 3 13 2 ] 51
2010 16 24 1 51 2om 17 2 17 5 3 1 45
2011 15 26 4 45 2012 18 4 17 g 2 1 50
2012 14 28 8 50 Total 151 22 145 76 16 3 413
P t 3656 533 3N 1840 3.87 0.73 100
Tetal 124 206 83 413 ereen
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54 studies found for: frontotemporal dementia | Open Studies
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Figure 1 Comparison of number of trials of ic cogniti hancing agents and of disease-modifying agents in the 2002 83 Stu d 1es fo un d fO r: IeWy bOdy dlsease

through 2012 period.
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Cummings et al. Alzheimer's Research & Therapy 2014, 6:37
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2019 Alzheimer's Drug Development Pipeline
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Fig. 1. All compounds in AD clinical trials as of February 12, 2019 (the inner ring shows phase 3 agents; the middle ring is comprised of phase 2 agents; the
outer ring presents phase 1 compounds; agents in green areas are biologics; agentsin purple areas are disease-modifying small molecules; agentsin orange areas
are symptomatic agents addressing cognitive enhancement or behavioral and neurops ychiatric symptoms; the shape of the icon shows the population of the trial;
the icon color shows the class of target for the agent.). Bolded names represent agents new to that phase since 2018,
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Trial fallito: Eli Lilly ritira il farmaco anti-Alzheimer
Solanezumab, considerato tra i prodotti piu promettenti contro la
malattia, non ha superato i test clinici di fase 3.

Impatto negativo di 150 milioni di dollari

Malattia di Alzheimer, alt a due studi di
fase Ill su anticorpo monoclonale di
Roche

Il farmaco continua ad essere studiato in un trial che ha arruolato 300 partecipanti provenienti
dalla Colombia che presentano una mutazione autosomica dominante del gene della presenilina-1
(PSENL1). Si tratta di una rara alterazione genetica che predispone allo sviluppo dei primi sintomi
dell’Alzheimer intorno ai 45 anni e che porta alla demenza completa intorno ai 50 anni. Il trial avra
una durata di 5 anni.

Questo studio determinera se il trattamento con crenezumab di persone che portano questa
mutazione prima dell'insorgenza dei sintomi della malattia rallentera o preverra il declino delle
capacita cognitive e funzionali. Questo studio e realizzato in collaborazione con il Banner Institute
ed é finanziato dal National Institute on Aging

BAN2401 interrotto Aprile 2019 |
per futilita Malattia di Alzheimer:

interrotto lo sviluppo clinico del farmaco
aducanumab
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Trial of Solanezumab for Mild Dementia Due to Alzheimer’s
Disease

Lawrence 5. Honig, M.D., Ph.D., Bruno Vellas, M.D., Michael Woodward, M.D., Merc2 Boada, M.D., Ph.D.,
Roger Bullock, M.D., Michael Borrie, M.B., Ch.B., Klaus Hager, M.D,, Niels Andreasen, M.D., Ph.D.,

Elio Scarpini, M.D., Hong Liu-Seifert, Ph.D., Michael Case, M.S., Robert A. Dean, M.D., Ph.D., Ann Hake, M.D.,

Karen Sundell, B.S., Vicki Poole Hoffmann, Pharm.D., Christopher Carlson, Ph.D., Rashna Khanna, M.D.,
Mark Mintun, M.D., Ronald DeMattos, Ph.D., Katherine . Selzler, Ph.D., and Eric Siemers, M.D.

BACKGROUND
Alzheimer's disease is characeerized by amyloid-bewa (A8) plagues and neurofibrillary
tangles. The humanized monodomal antibody solanezumab was designed o increase the
clearance from the brain of soluble A8, pepddes that may lead to voxic effects in the
synapses and precede the deposidon of fibei!lary amvloid.

METHODS

We conducted a double-Bind, placebo-control ed, phase 3 erial involving pacients wich mid
dementia due to Alzheimer's disease, defined as a Min>-Mental Scare Examination (MMSE]
soore of 20 vo 26 {on a scale from O to 30, with higher scores indicating becter cognition)
and with amvloid deposicon shown by means of florbewapir positron-emission comoe raphy
or A31-42 measirements in cerebrospinal fluid. Padents were randomly assizned oo receive
meg or placebo intravenously every
V ouncome was tie change from baseline oo week B0 in the score on the 14-iem
‘nitive subscale of the Alzheimer's Disease Assessment Scale (ADAS-cogl4d:; scores range
from —wieh hicher scores indicatng greater cognkdve impairment].

RESULTS
A woeal of 2129 patients were enrolled, of whom 1057 were assipned o recebre solanezu-
mab and 1072 w0 recewve placebo. The mean change from baseline in the ADAS-cogld
score wias 6,65 in the solanesumab group and 744 in the placebo group, with no sig-
nificant between-group difference atwesk B0 (difference, ~LE0; 99% con fidence interval,
175 w0 0.14; P=0.10) As a result of the fathire to reach significance wich regard to the
primary puwcome in the prespecified hierarchical analysis, the secondary outcomes were
considered wo be descriptive and are reporeed without significance esting. The change
from baseine in the MMSE score was —3.17 in the solanezumab group and —3.66 in the
placebo group. Adverse cerebral edema or effusion lesions that were observed on mag-
neoc resonance maging after randomizacon ocourred n 1 padent in the solanezumab
group and in 2 in the placebo group.

CONCLUSIONS

Solanezumab at 2 dose of 400 mg administerad every 4 weeks in patients with mild
Alheimer's disease did not sipnificandy affect cocnithve decline. [Funded by EL Lilly;
EXPEDITIONS ClinkcalTrials.gov mimber, NCTO1900665.)




A Change in Alcheimer's Disease Assessment Scale Cognitive Subscale Score Table 1. Characteristics of the Patients at Baseline.®
i
Placebs Solane umakb
e Characteristic [M=1072) M= 1057) P value
u
- £ Age —yr 73380 727+ R 007
& 5 H Solanezumab g ¥ *
g g Female sex — no. (3 £31 [55.9) BO0 [56.8) 034
-2
= Race — mo.ftatal no. () 0.76
ir
whita E94/ 986 (90.7) E7ES970 (B0.5)
h 13 75 &0 0 o B0 Elack 19986 [1.9) 14f970 [1.4)
Weeks Asian 71986 (7.2) 7S/970 [7.7)
;':;::E"ﬁ 07— — — _ _ £93 Multiple or other I 9E6 (0.2) 31970 (0.3)
Solanersmab 1053 — — — — — Lt
APOE rd allele — noftotal no. [56) 6851033 [66.3) 7121027 (E9.3) 0.14
B Change in Alzheimer's Diszase Cooperative Study_Instrumental Activities
of Dl Living Subacale Seorc = el et Education — yr 137438 13.7:3.7 0.91
“ Duration since sympiom onset— yr 43426 43225 0.41
o M Cruration since diagnosis — yr LE£l.7 1.5:z16 0.13
i g i Solanezumab Acetylcholinesterase inhibitor or memantine usa E56 (79.9) BIZ 77E) 024
5 g — . 3]
S .
# - ADAS-CogL4 scoret 20TE5 IB.9:813
B ADCS-ADL scoref 45.4+8.1 45.6=7.9
T T T T T 1
1 ®oowowmEH MMSE scored 77.6+29 728:28
Weeks
Mo at Risk FAQ score| 10.6+7.1 103268
Solanersmab 1053 — — — — — Lt
Placebo 10E3 — — — — — 9 CDR-3B score*= 31.9+2.0 39:19
Grie by E o e o i oy *  Plus—minus values are means +50. APOE denotes apolipoprotein E.
Fanel A shows the results for the primary outoome, the least-squares mean + Racewas repurted h}- the patient.
S e 2 A ) [ TR = T 2 TR T T B 1 Scores on the 14-item cognitive subscale of the Alzheimer's Disease Assessment Scale (ADAS-cogld) range from 0 to
subscale of the Alzheimers Disease Assessment Scale jon a scale from O to i R s ) B R i
90, with higher scores indicating greater cognitive impairment). Panel B shows 20, ""_'ith higher scores indicating great.er ':':'E"'FWE impairment. . Lo )
the results regarding the secondary functional outcome of the lezst-squares § The instrumentzl subscale of the Al heimer' s Disease Cooperative Study Adtivities of Daily Living Imventosy (ADCS-ADLY
mean change from basskine (dashed fing} in the instrumental subscale of is used to assess complex activities such as using public transporation, managing finances, or shopping; scores
the Alzheimer's Disease Cooperative Study Activities of Daily Living Inven- ranga from O to 56, with lower scores indicating greater functional boss.
tory; this subscale assesses complex activities such as using public trans- 9§ scores on the Mini-Mental State Bramination (MMSE) range from 0 to 30, with higher scores indicating better cog-
portation, managing finances, or shopping {on a scale from 0 to 56, with niticn
I indicati ter functional loss). In both graphs, I bars indi- :
;ﬁ::::;ﬁé:;:r:,:s, gresier functianalioss). Inboth graghs, {Rars s | ?DJ;E:S- u:-r1I 'Iche- Functional Activities Questionnaire {FAGQ) range from 0 to 30, with higher scores indicating greater
unctional loss.

+* Scores on the Clinical Dementia Rating—5um of Boxes (CDR-SE) range from O to 18, with higher scores indicating
greater impairment.




Ma perche sono falliti questi studi?

Cosa ci possono insegnare?



The “rights” of precision drug development
for Alzheimer’s disease

Druggable; Right
Supporied by genetics: T t
Criical mechanism Hes
Abstract
There is a high rate of failure in Alzheimer's disease (AD) drug development with 99% of trials showing no drug- Agr'::\géﬁgeepmpszﬁ 4
placebo difference. This low rate of success delays new treatments for patients and discourages investment in AD MTD esfrgglgshe%'ed'
drug development. Studies across drug development programs in multiple disorders have identified important Dose-response f
strategies for decreasing the risk and increasing the likelihood of success in drug development programs. These demonstrated
experiences provide guidance for the optimization of AD drug development. The “rights” of AD drug development
incdude the right target, right drug, right biomarker, right participant, and right trial. The right target identifies the
appropriate biologic process for an AD therapeutic intervention. The right drug must have well-understood
pharmacokinetic and pharmacodynamic features, ability to penetrate the blood-brain barrier, efficacy demonstrated Participant selection; Riaht
in animals, maximum tolerated dose established in phase |, and acceptable toxicity. The right biomarkers include Target engagement; Bi g K
participant selection biomarkers, target engagement biomarkers, biomarkers supportive of disease modification, and Outcomes omarker
biomarkers for side effect monitoring. The right participant hinges on the identification of the phase of AD
(preclinical, prodromal, dementia). Severity of disease and drug mechanism both have a role in defining the right
participant. The right trial is a well-conducted trial with appropriate clinical and biomarker outcomes collected over
an appropriate period of time, powered to detect a clinically meaningful drug-placebo difference, and anticipating
variability introduced by globalization. We lack understanding of some critical aspects of disease biology and drug Preclinical; Right
action that may affect the success of development programs even when the “rights” are adhered to. Attention to Prodromal; Participants
disciplined drug development will increase the likelihood of success, decrease the risks associated with AD drug AD dementia
development, enhance the ability to attract investment, and make it more likely that new therapies will become
available to those with or wulnerable to the emergence of AD.
Keywords: Alzheimer's disease, Drug developrment, Clinical trials, Biomarkers )

Well powered;
Well conducted;

Fig. 1 The rights of AD drug development

Cummings et al. Alzheimer's Research & Therapy (201901178
httpsy/doiorg/10.1186/513195-019-0529-5




The right target: PATHOGENESIS OF ALZHEIMER'S DISEASE (AD)
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La genetica ha indirizzato.....

1984
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ALZEEIHER'S DISEASE: INITIAL REPORT OF TRE PURIFICATION
AND CHARACTERIZATION OF A NOVEL CEREBROVASCULAR AMYLOID PROTEIN

CGeorge G. GLEWNER, M.D. and Caine W. WONG
University of California, San Diego (¥-012), La Jolla, CA 92093

Received 4pril 2, 1984

STSGRY: & purified protetn derived from the tulsted C-pleated sheot fibrils in
with = disease has beer iso-
lated by SEpIIudEK €-100 colum ch(mnsmgraphy um. 5y guansum AC1 dn 1 ¥

acetic acid and by high performance Jlquid chromatopraphy. Amino acid sequence
analysis and a computer search reveals this protein to have mo hemelogy With
any protein sequenced thus far. This protein may be derived from a umique serum
precursor which may provide a diagmostic test for Alzheimer's discase and a
means to understand its pathogenesis.
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The amyloid hypothesis of Alzheimer’s disease at
25 years

Table 1. Findings that appear to undercut the amyloid hypothesis of
AD and counterarguments that could explain these discrepancies.

[ncluding "sporadic” AD}
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Figure 1. Thesequence of major pathogenic events leading to AD
proposed by the amyloid casade hypothesis

The qunred bllue armow indicartes that AR oligomes may diectly injune the
synapses and nauries of brain neurons, in add o n to acthating microglia and

astrocytes
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Immunotherapeutic Approaches
for Alzheimer’s Disease
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Figure 2. Different Immunotherapeutic Approaches to Ameliorate AD Pathology
(A) Active immunization can be performed using AR peptides, phosphorylated tau (ptau) peptides, or preparations such as pBrias an immunogen. These im-
muncgens are presented to B cells by antigen-presenting cells (APC). Use of Ap peptides or ptau paptides will give dse to the production by B cells of antibodies
to AR or ptau epitopes, mspectively. Use of pBr (or equivalent prepamtions of an immunogen that is a non-self peptide, in a stabilized, oligomedc p shest
conformation) will lead to the preduction of antibodies that recognize both A and tau pathological conformers (but not nomal monomaric sAR or tau proteins).
(B) Passive immunization can be performed by the production of mAbs that bind to AR, ptau, or p sheet pathological conformations. These antibodies need to ba
infused systemically in concentrations sufficient for adequate BEE penetration (typically only ~0.1% of a systemically injected mab will cross the BBE).

Once antibodies cross the BBB (using either active or passive immunization), they will act to enhance the clearance and degradation of their targets. Additional or
alternative mechanisms may include disaggregation or neutralization of their target {i.e., blocking of toxddty). Antibodies to AR will recognize nomal sAR, olig-
omadc AR, and/or deposited fibrillar AR (with varying preference depending on the typefs] of antibodies to AR). Similady, antibodies to ptau will recognize
monomeric ptau species, oligomerdc tau, andfor NFTs, with varying preference depending on the specific anti-ptau antibody(ies). Antibodies to p sheet will
simultaneously act to ameliorate both Af and tau pathologies by specifically binding pathological conformers, without binding to nomal sAR or tau.

(C) Stimulation of innate immunity also can be used to amaliorate AD pathology by enhancing microgliamacrophage function wia TLRs or related pathways.
Microglia/macrophages are stimulated similady by the immune complexes produced using active or passive immunization approaches.




Un po’ di storia per capire il presente

Primo vaccino: AN1792

Sospeso per casi di
meningoencefalite

Nei superstiti comparsa di
risposta anticorpale

Table 2 Active immunotherapies in Alzheimer’s disease, in
clinical Phase 0, as of January 2013

Clinical
Company Drug AP epitope stage

Alzheimer ACC-001 N-terminal, Phase Il
immunotherapy Apl-6

Novartis/ Cytos CAD106 N-terminal, Phase Il
Ap1-6

GSK/Affiris AFFITOPE N-terminal, Phase Il
ADOZ ABp1-6

*Pre-aggregated Abetal-42 and QS21 as adjuvant

*Polysorbate 80 as an emulsioner, was added to increase solubility of Abetal-42
*Shift from a Th2 humoral responces to a proinflammatory TH1 responce
*Postmortem examination: drammatic clearance of plaques in the brain parenchima

ournal of internal Medicine, 3114, I7% 284-295
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Fig. 1. Diagrammatic presentation of APP processing pathways.
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Figure 1. Processing of APP and AP mAb epitopes. In the Non-amyloidogenic pathway APP is first cleaved by
a-secretase (ADAM-10) producing two fragments, sSAPPa and €83, the late is cleaved by the y-secretase complex
generating the p3 and AICD peptides. The Amyloidogenic pathway involves the cleavage of APP by p-secretase
(BACE1L) producing the sAPPf and C99 fragments; C99 is then processed by the y-secretase complex producing
AR and AICD peptides. The Figure shows the epitope region within the Af sequence for sequence-derived mAb.

Passive Immunotherapy

Clinical trial

mAb Company of origen Antigen or Epitope /IgG Binding species phase AD Patient status ~ Result

Crenezumab AC Immune/Genentech  Pyroglutamate- AB1-15(A)/hlgG4 Oligomers, fibrils and plaques I Mild Decreased Ap levels
Bapineuzumab Janssen/Pfizer NT AB1-5 (E)/hlgGl Monomer. fibrils and amyloid plaques III Mild to moderate  Stabilized AP levels
Ponezumahb Janssen/Pfizer CT AR40 (E)/hlIgG2a Ap40>monomers, oligomers and fibrils Il Mild to moderate  Decreased A levels
Solanezumab  Eli Lilly AB16-24 (E)/higGl Monomers=oligomers and fibrils i Mild Decreased Af levels

NT AB1-10 and central region . . .

Gantenerumab Roche AB18-27 (E)/human [gG1 Monomers, oligomers and fibrils Jiis Prodromal to mild Decreased A levels
Aducanumab Biogen NT AB3-6 (E)/human IgG1 Oligomers and fibrils Ib Prodromal to mild Decreased AP levels
BAN-2401 Biogen/Eisai/ BioArctic  AB42 AM protofibrils (A)/hlgG1 Protofibrils 1 Mild NR

A: Antigen; E: Epitope; hlgG: H ized IgG; NT: N inal region; CT: C inal region; AM: Arctic mutation; NR: Not reported

Source: http:/ /www.clinicaltrials.gov
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The antibody aducanumab reduces A3
plaques in Alzheimer’s disease

Alzheimer’s disease (AD) is characterized by deposition of amyloid-{3 (AB) plaques and neurofibrillary tangles in the brain,
accompanied by synaptic dysfunction and neurodegeneration. Antibody-based immunotherapy against AP to trigger
its clearance or mitigarte its neurotoxicity has so far been unsuccessful. Here we report the generation of aducanumab,
a human monoclonal antibody that selectively targets aggregated A3. In a transgenic mouse model of AD, aducanumab
is shown to enter the brain, bind parenchymal A3, and reduce soluble and insoluble AP in a dose-dependent manner.
In patients with prodromal or mild AD, one year of monthly intravenous infusions of aducanumab reduces brain AB ina
dose- and rime-dependent manner. This is accompanied by a slowing of clinical decline measured by Clinical Dementia
Rarting—5Sum of Boxes and Mini Menrtal State Examination scores. The main safery and tolerability findings are amyloid-
related imaging abnormalities. These resulis justify further development of aducanumab for the treatment of AD. Should
the slowing of clinical decline be confirmed in ongoing phase 3 clinical trials, it would provide compelling support for

the amyloid hypothesis.
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Figure 2. Different Immunotherapeutic Approaches to Ameliorate AD Pathology
{4) Active immunization can be performed using AR peptides, phosphorylated tau (ptau) peptides, or preparations such as pBri as an immunogen. These im-
munogens are presented to B cells by antigen-presenting cells (APC). Use of AR pepbdesor ptau peptides will give rise to the production by B cells of antibodies
1o Ap or ptau epitopes, respectively. Use of pBri (or equi prep i of an that is a non-self peptide, in a stabilized, oligomerc j sheet
conformation) will lead to the production of antibodies that recognize both AR and tau pathological conformers (but not nomal monomernic sAR or tau proteins).
(B) Passive immunization can be performed by the production of mibs that bind to AR, ptau, or p sheaet pathological conformations. These antibodies nead to be
infused systemically in concentrations sufficient for adequate BEB penetration (typically only ~0. ‘I% of a system.calha m,ected mAb will cross the BBE).
Once antibodi the BBE (using either active or passive immunization), they will act b h dation of their targets. Additional or
alternative mechanisms may include disaggregation or neutralization of their target {i.e., blocking of tmaty] Antibodies to Ap will recognize nomal sAp, olig-
omeric Af, and/or deposited fibrilar Ap {with varying preference depending on the typefs] of antibodies to Af). Similady, antibodies to ptau will recognize
monomenc plau species, oligomedc tau, andfor NFTs, with varying p:eference dependmg on me specific anti-ptau antibody(ies). Antibodies to p sheet will
ly act to i both Ap and tau pathologies by specifi y binding p | i , without binding to nomal sAR or tau.
{C) Stimulation of innate immunity also can be used to ik AD path by i i i phage function via TLRs or related pathways.
Microglia/macrophages are stimulated similady by the immune complexes produced using active or passive immunization approaches

Meuron 85, March 18, 2015

Immunotherapeutic Approaches
for Alzheimer’s Disease

*Nel 2007 primo tentativo di vaccinazione tau su topi
trangenici

Risultati incoraggianti ma al momento uno studio di
fase |

E stato dimostrato che gli Ab anti-tau passano la BEE
e sono catturati da recettori Fc a bassa affinita
interagendo con la tau a livello lisosomiale

AADVacl:peptide sintetico derivato dai residui
di 294-305 di tau, che sono coinvolti nella
Polimerizzazione della tau

ACI-35: integra i residui di 393-408 in liposomi
Risposta anticorpale verso la conformazione
della proteina




COMMENTARY

“Tau immunotherapy: Hopes and hindrances”

ABSTRALCT

Alzheimer's disease (AD) is a progressive neurological disorder having two major pathological hallmarks:
the extracellular senile plaques and intracellular neurcfibrillary tangles composed of amyloid beta protein
and hyperphosphorylated tau respectively. Removal of protein deposits from AD brains are the newer
attempts for treating AD. The major developments in this direction have been the amyloid and tau based
therapeutics. While senile plague removal employing monocdonal antibodies (mAbs) restore brain
function in mouse models of AD, tau has been recently introduced as the major neurodegenerative factor
mediating neural cell death. So, several research groups have focused on tau therapy. So far, the outcome
of tau immunotherapy has been promising and clearance of hyperphosphorylated tau has been shown to
restore the brain function in animal models. But the point is which phosphorylated tau is the most critical
form to be removed from the brain, especially because removal of physiologic tau can cause
neurodegenerative consequence. Recently, we have shown that phosphorylated tau at Thr231 in the cis
conformation is a very early driver of neurodegeneration and cis mAb treatment efficiently restores brain
structure and function in TBl models. Because of efficient therapeutic effects in mice model of TBI and
considering cis pT231-tau accumulation in AD brains, it could be a very good candidate for tau
immunotherapy upon several tauopathy disorders including AD.

HIURAN W INES & IMMUNOTHERARFEITICS
2008, WOL 14, NOUT, 177-284
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Tau-targeting therapies for Alzheimer disease

Figure 3 |. Proposed modes of action of anti-tan antibodies.
Antbodies can target tau both extracellularly and mtracellnlarly. Pathological tau mostly

resides within neuwrons but in certam mdmiduals and’or taucpathies, it 15 also evident in other
cell types, pnmanly gha (in particular, astrocytes and ohgodendrocytes). 4 much smaller
pool of tau aggregates 15 found extracellularly, in the form of small aggregates that are not
easily detected or as remmants of neurofibrillary tangles following the death of the neuron.
Some anfi-tau antibodies are not readily taken up into neurons, presumably because of thew
unfavourable charge and, therefore, they work pnncipally in the extracellular compartment.
Within this compartment, antibodies mizght sequester tau aggregates, mterfere with their
assembly and promote microghal phagocytosis, with the overall effect of blockmg the
spread of tau pathology between neurons. Other antibodies are easily detected withun
neurons, In assoctation with tau, and have been shown to work both mtracellularly and
extracellularly. Within the cells, these antbodies could bind to tau aggregates within the
endosomal-lysosomal system and promote their disassembly, leading to enhanced access of
ly=osomal enzymes to degrade the agzregates; sequester tan assemblies in the cyvtosol and
prevent their release from the newron: or promote proteosomal degradation via E3 ubiquitin—
protein hzase TRIM?21 inding. The most efficacious antibodies are hikely to target more
than one pathway and’or pool of tau.

Nat Rev Newrol Anthor mannscript; available in PMC 2019 July 01.



Climeal trials of tau-targefing immunotherapies for Alzheimer dizeasa

Agent Climical trial identifier | Dates Trial descripfion Trrial stafms
Active immnnotheramy
AAThac] NCTO1830238 013-2015 | Phase I mndomized, double-blind, placebo-commolled | Completed
5.%{_\' i tkerability shady i mild to modeate AD (2
NCTO2031102 2014-2015 | Phase I upmasked |B-month follow-up for patients in Conpleied
pravaous stady (8= 15)
NCTO2579252 016-2019 | Phase I randomized, double-hlmd, bo-comfrallad, | Recroiting
safpry and efficacy stdy in mild AT (o= 183)
ACT33 ISRCTW1E033012 Started 2013 Hlamlmn&n;@mg.nddquble-hm pﬁ%ﬂgﬂrﬂ]ﬁi Completed
safety. inderability and immmmesenicity stady n mild o
maderats AT [(m=14) )
Passive immunotheramy
BGT345 WCTO2281785 015 Phase | modomnized, double-blind sinsle ascending Completed
dose safety smdy in healthy individuals (o= 48)
BM5-OB6168 | MCTOX204851 014-2016 | Phase I mndomized double-blind. bo-coommalled Complated
Easgecy i tnlerabilify study individnals (7=
NCTORAE0004 0152017 | Phase I mndomized, double-blind, placebo-comirolled, | Completed
mmitiple ascending doss shady m PSP (n=2§)
NCTR658915 0162019 %&ass&]m stady for participants in previes fal | Eorelling by imviftion
o=
NCTO306E468 017-2020 | Phase I randomized, doubile-blind, bo-conrrolled, | Active, pot enmolling
parallel-proup eficacy sady m. (=38
CIN-EE12 WCTO2484024 0152016 | Phase I mndomized, double-blingd. placebo-commolled, | Active, not recruiting
single ascendmg dose safety and ilsty shady m
PSP (n=31)
NCTO2083R79 016-2019 | Phase I randomized, double-blind, placebo-conmolled, | Becroitine
Egg]ﬁple-m safiety and eficacy snudy in PSP (p=
-
NCTO2830055 016-2020 | Phase I randanmized, double-blind, bo-commolled | Recitng
eficacy and safety stody in earty AD (2= 400)
BOTI05705 | NCTOREINENS 2016-2017 | Phase I mndonmized, double-blnd, placebo-comirolled, | Complefed
gﬂf of muiifiple ascending dose safsty and eficacy
in imdividals and patients with mild to
moderate AT (=74
LY3303550 NCTO2T34830 016-2017 | Phase I mndomized, double-blind. placebo-conirolled, | Active, not recruiting
i escalation study to assess safety in healthy
éﬂ fidual: and patients with mild to moderate AT (o=
N
NCTO3019535 017-2020 | Phase I mndomized, parallel-assi mniliple-dose | Recroidng
escalation :ﬁm sﬁg in il cogmit -
impaimment and mild i AD (=131
TNI463733457 | MCTO3375607 Started 2017 | Phase I mndontized safery and tolerabiity mal m Recritng
bealthy individuals mmd patients with r nuild
AD (z=69)
UCBOIOT NCTO3484227 Started 2012 | Phase I mndomvized safety and tolerabdlity trial m
healthy individuals (o= 31)

AD, Alshemmer disease; PAE progressie supmmclsar palsy:




Therapeutic Inhibition of the
Complement System in Diseases of
the Central Nervous System
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FIGURE 1 | Schematic raprasantation of cedl types In he brain and thalr responsss to injury. (A) Schematic rapresentation of e call types In the healiny brein.

{B) During CNS Injury and diseese the BB & compromised. Thers i Signiicant microglicsts and estrogiiosts, charachertzed by glisl cell profieration, upreguiation of
COMmpiament compaonents, reguiators end receptors, proimemmatony mediators, and acive phagocytosts, Complement protain expresslon/depoetion ere Incraased
on neurons and oligodendrocytes: tagging them for removal by phagocyiosts and driving neurcdeganeration and demysination.
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Amyloid-3 and Tau
The Trigger and Bullet in Alzheimer Disease Pathogenesis

The defining features of Alzheimer disease (AD) include conspicuous changes in both brain
histology and behavior. The AD brain is characterized microscopically by the combined
presence of 2 classes of abnormal structures, extracellular amyloid plaques and intraneuronal
neurofibrillary tangles, both of which comprise highly insoluble, densely packed filaments.
The soluble building blocks of these structures are amyloid-B (AB) peptides for plagues and
tau for tangles. Amyloid-B peptides are proteolytic fragments of the transmembrane amyloid
precursor protein, whereas tau is a brain-specific, axon-enriched microtubule-associated
protein. The behavioral symptoms of AD correlate with the accumulation of plaques and
tangles, and they are a direct consequence of the damage and destruction of synapses that
mediate memory and cognition. Synapse loss can be caused by the failure of live neurons to
maintain functional axons and dendrites or by neuron death. During the past dozen years, a
steadily accumulating body of evidence has indicated that soluble forms of AP and tau work

together, independently of their accumulation into plagues and tangles, to drive healthy Table. Tau-Dependent Effects of A
peuruns into the diseased state and that hallmark toxic prcp@rtles of .AB require tau. For Study System Summary of Main Results
instance, acute neuron death, delayed neuron death following ectopic cell cycle reentry, and Gotzetal® 2001 Mouse Tangle formation accelerated by injection of AB fibrils
synaptic dysfunction are triggered by soluble, extracellular AB species and depend on soluble, into the brain
cytoplasmic tau. Therefore, AR is upstream of tau in AD pathogenesis and triggers the Lewis et al, & 2001, Mouse Mutant APP expression accelerates tangle formation by
conversion of tau from a normal to a toxic state, but there is also evidence that toxic tau and Hurtado et al,” 2010 T B
enhances AP toxicity via a feedback loop. Because soluble toxic aggregates of both AR and Roberson et al,® 2007 Mouse Tfa“ Lﬂ“ﬁ';:d i:;el‘:j’""“g and memery deficits when
tau can self-propagate and spread throughout the brain by prionlike mechanisms, successful s P ?
o ; ] ) h Leroy et al,” 2012 Mouse A feedback loop connects AR and tau pathologies
therapeutic intervention for AD would benefit from detecting these species before plaques, -
tangles, and cognitive impairment become evident and from interfering with the destructive Ittner etal, ™ 2010 e f‘iﬁﬁﬂiﬁ tau-dependent excitotoxicity at NMDA
biochemical pathways that they initiate.
P iE ¥ Rapoport et al,'* 2002 12 Neurons AR fibrils are cytotoxic
King et al,* 2006 1° Neurons APOs cause tau-dependent MT loss
Nussbaum et al,** 2012 1? Neurons Pyroglutamylated ABOs cause tau-dependent
cytotoxicity
Seward et al,™* 2013 12 Neurons AROs cause tau-dependent, ectopic cell cycle reentry
sShipten etal,** 2011 Brain slice APOs cause tau-dependent impairment of long-term
potentiation
Vossel etal,’® 2010 12 Neurons ABOs cause tau-dependent inhibition of mitochondrial

transport on MTs

Zempel et al, 17 2013 12 Neurons ABOs cause tau-dependent MT severing and synaptic
damage in dendrites

MA Neurol. 2014;71(4):505-508. doi:10100V/jamaneurcl 2013.5847




(A) Action of anti-A antibodies
binding to fibrillar deposits

(B) amyloid clearance via a
“peripheralsink” with anti-Af}
antibodies to monomeric Ap
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B) Antibodies to AP that specifically bind monomeric forms (such as solanezumab), can
sequester and clear sAP in the penipheral circulation, forming a “peripheral sink™, whereby
the brain AP peptide pool 1s reduced, gradually reducing deposited plaque and vessel
amyloid. This method of AD pathology reduction. appears to be only potentally effective in
very early stages of disease progress.
i C) Active or passive immunization that specifically target oligomeric conformations of AP
bemng cleared. and/or tau have the advantage that these oligomeric species are thought to be the chief
mediators of neurotoxicity. Such approaches have a much lower likelihood of inducing
ARIA. as vessel amyloid is not directly targeted.

Figure 1. Different mechanisms by which immunotherapy can target AD related pathology

A) Active immunization using Af peptides as an immunogen or passive immunization with
antibodies that binding to fibrillar AP deposits will led to opsonization of plaques and
vascular amyloid and resulting macrophage/microglia clearance of deposits. However, this
may also lead to excessive mflammation and ARIA. in association with vessel amyloid

(Expert Rev Vaccmes. 2016 ; 15(3): 401415,

Developing Therapeutic Vaccines Against Alzheimer's Disease
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EMERGE and ENGAGE dosing regimens

ApoE4

carriers
3 mg/k
Dosing Titrated L)
Regimen Low Dose

ApOE4
carmers
Titrated R0

High Dose

. Biogen

EMERGE/ENGAGE Overview

- Two identically designed Phase 3 studies

= Enrolled patients with mild cognitive
impairment due to Alzheimer's disease
(AD) and mild AD dementia

= All patients screened with PET" for
elevated brain amyloid beta levels

- ~ 2/3 of patients were ApoE4 carriers in
each study, well balanced across arms

- Primary endpoint: CDR-SB* at 18 months
ApoE4
camiers = All treatment arms included titration

(10 mg/kg)

Protocol
Amendment

" PET = positron emission tomography
# CDR-5B = Chnical Dementia Rating-Sum of Boxes




EMERGE and ENGAGE timeline

July 2016:
Protocol amendment -
Patients dose-suspended March 2017:
due to ARIA* to resume Protocol amendment -
aducanumab treatment at ApoE4 carrers to titrate
fhe: onginall anod d June 2019: October 2019:
e originally assigned dose o 10 mg/kg FDA Type C FDA Type C

| . .
il P A 0|

August 2015: September 2015: June 2017: July 2018: December 2018: March 2019:
ENGAGE intiated EMERGE initiated Enroliment Full enrollment  Futility analysis Pre-specified futility
completed for completed for both data cutoff date  analysis completed
patients included in studies
the futili lysi
ity analysis New .

Larger dataset
available, including
additional data that

became available after
the pre-specified
futility analysis

» .
Elugen " ARLA = amyloid-related imaging abnormality




Outline of available datasets

Subject Population EI'T?;}]GE Eﬁﬁ;}?E
Futility Opportunity to Complete (OTC)? 803 (49%) 945 (57%)
Opportunity to Complete (OTC)P 982 (60%) 1,084 (66%)
Larger Dataset Intent to Treat (ITT)e 1,638 (100%) 1,647 (100%)
Amyloid beta PET sub-study 485 (30%) 582 (35%)

3 Subjects who have had the opportunity to complete week 78 visit by December 26, 2018.
¥ Subjects who have had the opportunity to complete week 78 visit by March 20, 2015.
¢ All subjects’ data (data after March 20, 2019, are censored for efficacy analyses).

. Biozen




EMERGE (larger dataset)
| iTropuation | OTCPopuation

% Reduction vs. Placebo? % Reduction vs. Placebo?
p-value p-value
Low dose High dose Low dose High dose
(N=543) (N=547) (N=329) (N=340)

-14% -23% -16% -23%
0.117 0.010 0.134 0.031

2 difference in change from baseline vs_ placebo at Week 78. Negative percentage means less decline in the treated arm.

N: numbers of randomized and dosed subjects that were included in the analysis. Placebo = 548 [ITT) and 313 (OTC)

] ITT Population OTC Population
% Reduction vs. Placebo? % Reduction vs. Placebo?
p-value p-value
Low dose High dose Low dose High dose
(N=543) (N=54T) (N=329) (N=340)
3% -15% 3% -23%
0.650 0.062 0872 0.032
-14% -27% -10% -25%
S 0.167 0.010 0410 0.038
-16% -40% -20% -46%
S 0.156 0.001 0117 0.0002

2- difference in change from baseline vs_ placebo at Week 78. Negative percentage means less decline in the treated arm.
M: numbers of all randomized and dosed subjects that were included in the analysis. Placebo = 548 (ITT) and 313 (OTC)-

MMSE = Mini-Mental State Examination; ADAS-Cog13 = AD Assessment Scale-Cognitive Subscale 13 tems;
ADCS-ADL-MCI = AD Cooperati i i g 0 gnitive Impairment Version




Amyloid PET SUVR: Longitudinal change from baseline
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CSF biomarkers of tau pathology and neurodegeneration in AD are

reduced in aducanumab-treated subjects

CSF pTau CSF total Tau
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The right partecipant

Primary | Secondary Y xcab Stow
Prevention Prevention Progression

Alsheimer’s
[
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The diagnosis of dementia due to Alzheimer’s disease:
Recommendations from the National Institute on Aging and
the Alzheimer’s Association workgroup

Guy M. McKhann®"*, David S. Knopman®, Howard Chertkow", Bradley T. Hyman',
Clifford R. Jack, Jr®, Claudia H. Kawas"™ " William E. Klunk", Walter J. Koroshetz',

Jennifer J. Manly ™™, Richard Mayeux™"™", Richard C. MohsP, John C. Morris9,
Martin N. Rossor’, Philip Scheltens”, Maria C. Carillo'. Bill Thies'. Sandra Weintraub"™",

Creighton H. Phelps™

Fig. 2 Specrum of AD and the cormsponding ogrisve and biormadker e of Tal mncpans (A amylod abnarmaties; T, Duabromnaites
N neundeasnerzan]

Current Treatment Windows for Alzheimer’s Disease Progression

Abnormal

~—— Amyloid-8 accumulation (CSF/PET)
~—— Synaptic dysfunction (FDG-PET/MRI)
~— Tau-mediated neuronal injury (CSF)

Preventative measures. Delaying AD progression.  Majority of therapeutic development:
targats mitochondrial and  targets bioenergetics and no cure, thus targets raversal therapies

= Brain structure (volumetric MRI) bioenergetic pathways symptom reduction and alleviation of symptoms
— Cotiile
— Ciniea fanction A A A

Mild Cognitive
Impairment (MCI) |

s
memary :ﬂ E
thinking ability

Preclinical MCI Dementia

Cognitive Function

Clinical Disease Stage




The right biomarker

Predittivo e prognostico

Table 1 Role of biomarkers in AD drug development
Role in trial Examples of biomarker used

Identification of trial population Fresence of presenilin 1 (P51), presenilin 2 (P52), or amyloid precursor protein (APF) mutations; ApoE-4 plus
FTOMMAD; trisormy 21

Confirmation of diagnosis; exclude non-  Amyloid imaging; CSF AD signature
AD diagnoses

Prognosis and course projection In MCI, ApoE-4 carriers progress more rapidly
Armyloid production and clearance Stable isotope-labeled kinetics (SILK); BACE activity reduction with BACE inhibitor; CSF AR reduction by
(target engagement) BACE inhibitor or gamma-secretase inhibitor

Impact of therapy on brain circuit and fMRI; EEG
network function

Impact of therapy on intermediate Amyloid imaging; C5F amyloid; tau PET; C5F phospho-tau

targets

Disease modification MRI atrophy; CSF total tau; FOG PET; neurofilament light

Stratification for trial analysis ApoE-4 genotype

Side effect monitoring MRI surveillance for amyloid-related imaging abnormalities (ARIA); liver function tests; complete blood

counts; electrocardiography

ummings = al Alheimers Geearch & Theapy (AnsinTe




Preclinical

AD

AD
Dementia

Prodromal
AD

I Cummings et al. / Clinical Trials for DMT in AD

Cognitively Normal EpISOdII:' Memory Dementia
Impairment
Functionally Functionally Functionally
Normal Normal Impaired

+ Amyloid Imaging; AD

+ Amyloid Imaging; AD | + Amyloid Imaging; AD

CSF Signature CSF Signature CSF Signature
MRI Marked
MRI Normal MRI Atrophy Atrophy
Prevent/Delay Prevent Progression to Slow Progression of
Cognitive Decline AD Dementia AD Dementia

Fig. 6. Phases of Alzheimer’s disease (AD) as defined by cognitive, functional, and biomarker observations. Trial goals for each phase are

noted.
Table 2
Outcome tools used for the progressive phases of Alzheimer’s disease [39, 40, 63-70]
Feature Preclinical AD Prodromal AD AD Dementia
Cognition Preclinical Alzheimer Cogmtive Clinical Dementia Rating- Sum of Alzheimer's Disease Assessment
Composite (PACC); Alzheimer Boxes (CDR-sb); Scale — Cognitive Subscale
Prevention Imtiative Cognitive AD Composite Score (ADAS-cog); Severe Impairment
Composite (APCC) Test (ADCOMS): Integrated AD Rating Battery (SIB); Neuropsychological
Scale iADRS) Test Battery (NTB)
Function None Alzheimer’s Disease Cooperative Alzheimer’s Disease Cooperative

Trial Outcome

Drug-placebo difference in
biomarker considered reasonably
likely to predict clinical benefit;

Reduction in cognitive decline
compared to placebo

Study — Activities of Daily Living

(ADCS ADL) Scale, Mild

Cognitive Impairment (MCT)
Drug-placebo difference in a
composite outcome plus biomarker
outcomes supportive of disease
modification (composite differences
between drug and placebo should not
be due exclusively to cognitive

benefits of therapy)

Study — Activities of Daily Living
(ADCS ADL) Scale; Disability
Assessment for Dementia (DAD)
Drug-placebo difference in dual
cognitive and functional or global
outcomes plus biomarker outcomes
supportive of disease modification




The “rights” of precision drug development

for Alzheimer’s disease

Table 3 Five “rights” implementad across the spectrum of drug development

Right Target Crug Mon-dinical Phase 1 Phase 2 Phase 3
element  identification candidate assessment
optimization
Target Druggable PD effect PD effect may be assessed PD effect supported  PD effect supported by
target identified supported with biomarkers b biomarkers biomarkers and clinical
in AD biology outcomes
Crug Chemical ADME towicity;  PE, ADME in healthy PK, PD in AD PDin AD
properties  efficacy in wolurteers; MTD established;
animals BBE penetration established
Biomarker Development of  Toxicity biomarkers Patient selection; Patient selection; DM,
biomarkers target engagement  toxicity; predictive biomarkers
useful in trials biomarkers
Fatient Healthy volunteers; AD for Frodromal AD, AD High-risk nomal subjects;
immuuno-therapy trials dementia prodromal A AD dementia
Trial Single ascending dose; Drugplacebo Drug-placebo difference at
multiple ascending dose difference at endpoint; adaptive designs;

endpoint; adaptive
designs

delay to milestane

AD Alzheimer's disease; ADME absomtion, distribution, metabaolism, excretion; DM disease modification; PK pharmacokinetics; PD phamacodynamic







