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HypotheticalModel of the Interaction
of Aband Tau Accumulation

Sperling et al, 2014



Il passato



Ipotesi colinergica e glutamatergica

bŜƭƭŀ ǇŀǘƻƎŜƴŜǎƛ ŘŜƭƭΩ!5 ǳƴƻ ŘŜƛ ǇǊƛƳƛ ŜǾŜƴǘƛ ŝ ƭŀ 
compromissione e la degenerazione dei neruoniglutamatergici
e GABAergiciŘŜƭƭΩƛǇǇƻŎŀƳǇƻ(Revettet al., 2012; Tiwariand 
Patel, 2012) e la degenerazione dei neuroni colinergici del 
proencefalo basale, in particolare del NBM (Francis et al., 1999); 
inoltre sono state descritte anche alterazioni dei neuroni 
noradrenergicidel locus coeruleuse dei neuroni serotoninergici
del nucleo dorsale del rafe (Trillo et al., 2013).

Normal



[ΩŀǇǇǊƻŎŎƛƻ ŦŀǊƳŀŎƻƭƻƎƛŎƻ
30 anni di storia

Å Onlyfour drugs(cholinesteraseinhibitors and memantine) havebeenmarketedfor the treatment of AD 
(since1996) and nonesince2002 in Europeand 2003 in the USA

Å Other cholinesterase inhibitors such as tacrine, velnacrine, physostigmine, eptastigmine and metrifonate 
ǎƘƻǿŜŘ ŜŦŬŎŀŎȅ ŀǎ ǿŜƭƭΣ ōǳǘ ǿŜǊŜ not marketed because of adverse events, safety and patent issues

Å Drugdiscoveryin neurosciencein general: 
- complicated, lengthyand uncertain, with anoverallfailure rate greaterthan 95%. 
- anygivendevelopmentprogrammemaycontinue for 10ς15 yearsfrom discoveryto marketing 
approval

PharmaceuticalResearchand Manufacturersof America
Researching!ƭȊƘŜƛƳŜǊΩsmedicines: setbacksand steppingstones,  2012
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Schneider, 2014
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Å all three ChEIshavedemonstratedefficacyfor mild to severe AD

Å improvementisstatisticallysignificantbut clinicallymarginal
Å a trial for mostpatientsis recommended(Grade1A)

Å direct comparisonsdo not suggestdifferences(Grade2B)

Donepezil Aricept Cholinesterase Inhibition FDA: 1996, EMEA: 1997; 

QD dosing; for mild, mod, 

severe AD

Rivastigmine Exelon Cholinesterase Inhibition BID; patch formulation 

released; for mild to mod 

AD

Galantamine Reminyl CholinesteraseInhibition BID; XR formulation

released; for mild to mod

AD

Recommendationsof the 4th Canadian ConsensusConference
on the Diagnosisand Treatment of Dementia(2012)

SergeGauthier, MD, Christopher Patterson, MD, Howard Chertkow, MD, Michael Gordon, MD, Nathan Herrmann, MD, Kenneth Rockwood, MD, 
Pedro Rosa-Neto, md, phd, Jean-PaulSoucy, MD on behalfof the cccdtd4 participants* McGillCenter for Studiesin Aging, Montreal, QC                                                



Il presente



Disease -modifying strategies

ÅAnti-amyloid production and aggregation agents:
g-secretase inhibition
BACE-1 inhibition 

ÅAmyloid removal: immunotherapy
ÅAnti-tau protein compounds

GoldeG, 2010



Immunotherapy



Nature, 1999



Active immunization
HUMAN TRIAL: AN1792 + AS21 adjuvant

in 2001 phase IIa study
372 probable AD (mild to moderate)

Study discontinuation !
Aseptic meningoencephalitis in 18 of 300 (6%) immunized patients

By the time of discontinuation:
24 patients received 3 immunizations

274 received 2 immunizations



MRI (T2): 
WIDESPREAD SIGNAL 
ALTERATION IN 
CEREBRAL WHITE 
MATTER

GRANULAR CHANGES IN 
CEREBRAL WHITE MATTER



éAND IMMUNO-STAINED 

WITH  A  T-LYMPHOCYTE

ANTIBODY (CD3)

LEPTOMENINGEAL 
INFILTRATE OF 
LYMPHOCYTES 
STAINED WITH 
H&Eé



Double-blind clinical assessment maintained for 
12 months:

significant differences in cognitionfavouring 
antibody responderscompared to placebo group

Gilman, 2005



Results after 6 yrs : clearance of amyloid plaques,
but no evidence of increased survival and

no improvement in the time to severe dementia!



New approach: passive immunization



AlvesRPS, 2014



Barrera-Ocampoand Lopera, 2016



O Rinne, 2010



Bapineuzumab:
VASOGENIC OEDEMA - MICROHEMORRHAGES

Ådetected on MRI in 12/124 patients (9.7%)
Åsymptomaticpatients: headache, confusion, vomiting, and gait disturbance 
ÅŎŜǎǎŀǘƛƻƴ ƻŦ ŘƻǎƛƴƎ Ҧ ǎȅƳǇǘƻƳǎ ǊŜǎƻƭǾŜŘ ƻǾŜǊ ǎŜǾŜǊŀƭ ǿŜŜƪǎΤ awL ŦƛƴŘƛƴƎǎ 
resolved over several months

Appeared on the FLAIR MRI sequence with high signal intensityin the white matter, leptomeninges, or 
sulci,  frequently associated with gyralswelling and cortical T2 hyperintensityin the adjacent cortex



ARIA
Amyloid-RelatedImagingAbnormalities

ÅARIA-E Ą parenchymal or sulcal hyperintensities on FLAIR indicative of 

parenchymal edema or sulcal effusions 

ÅARIA-H Ą hypointense regions on gradient recalled-echo/T2* indicative of 

hemosiderin deposition 



SallowayS, 2014



SallowayS, 2014



DoodyRS, 2014



DoodyRS, 2014



Active Passive (full IgG)

Safety Encephalitis Microhemorrhages, edema

T 1/2 Up to years 2-4 weeks

Titer control
Low

T 1/2  up to years

High

T 1/2 2-4 weeks

Immune response
Polyclonal humoral and 

cellular
Monoclonal

Responders 20-80%
Less than 100%: 

antidiotypic antibodies

Dosing Prime and boosts 4-12 times per year

Administration i.m. i.v. and  s.c.

Costs Low High

Immunization: direct comparison



ActiveVS Passive immunization

NO

ÅMeningoencephalitis

YES

ÅFewerdoctor visit

ÅLesscostly

ÅLong lastingeffect

MORE FEASIBLE

Back to vaccination!



Active immunotherapy second generation

CAD106

Linker:

SMPH

Qb-Ab1-6

(CAD106)- Drug substance: 
no T cell-mediated immune 
reaction!

Carrier:

Qb-VLP

Peptide:

Ab1-6 - Spacer

Å=Å+ Å+
ÅDAEFRH-GGC

ÅK
ÅK

ÅKÅK

ÅK

Newantigen designed to generate high Abantibody titers without 
inducing Ab-reactive T-cells

ÁAbeta1-6 peptide,  shorter  than known human T-cell epitopes

Á Its sequenceis predicted not  to activate T-cell responses

ÁExperimentallyit containsB-cellbut not T-cellepitopes

Monsonego, 2003 ςStaufenbiel, 2006



Amyloidplaque area:  ~80 % lowerthan in control mice

Longer treatment and start at earlierage:increased effect!

BrainAb42 content
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Staufenbielet al., 2006

Reductionof amyloidaccumulation

Control CAD106

APP24 mice



- phase I, 52-ws study in 58mild to moderate AD pts (2 cohorts), aged 50-80 
yrs, randomly allocated to receive either CAD 106 or placebo

- primary objectives: safety and tolerability and to identify Ab-antibody 
response (responders: patients with Ab-IgGserum titers>16 units at least 
once during the study)

- 56/58 reported minor adverse events. No cases ofmeningoencephalitis

- 67% of treated patients in cohort I and 82% in cohort 2 
developed Abantibody response. 

WinbladB, 2012

Activeimmunotherapy:
CAD106 first studyin AD patients





SevignyJ, 2016



SevignyJ, 2016



Secretasemodulation



DoodyRS, 2013



CoricV, 2015



HawkesN, 2017



Cummingset al., 2016


