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Ipotesi colinergica glutamatergica

bStflF LI G23SySair RSEtfQl5 dzy?
compromissione e la degenerazione deruoniglutamatergici

e GABAergicR S f f QA LJR#ahidt of.1 AR12 Tiwariand

Patel 2012) e la degenerazione deturoni colinergici del
proencefalo basalein particolare del NBM (Fran@asal., 1999);
Inoltre sono state descritte anche alterazioni del neuroni
noradrenergicdel locuscoeruleuse dei heuronserotoninergici
del nucleo dorsale del rafe (Trikb al., 2013).
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Onlyfour drugs(cholinesterasanhibitors and memantine) havebeenmarketedfor the treatmentof AD
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Review: Cholinesterase inhibitors for Alzheimer's disease

Comparison: 1 Cholinesterase inhibitor (optimum dose) vs placebo

Outcome: 1 ADAS-Cog mean changes in score from baseline at 6 months or later {ITT-LOCF)

ChEl

Placebo

Mean difference

Mean difference

Study or subgroup N Mean (SD) N Mean (SD) IV Fixed,85% Cl Weight IV Fixed,95% Cl
DOM-302 150 =1.06 (5.43) 153 1.82 (543) — 8.4 % —2.88 [-4.10, -1.66]
DOM-304 254 -1.26 (5.5) 264 1.66 (5.5) —— 14.1 % -2.92 [-3.87, -1.97)
DOM-402 91 =1.64 (4.69) 55 0.69 {4.61) — 52 % -2.33 [-3.88, -0.78]
GAL-INT-1 Wilcock 220 0.5 (5.64) 215 2.4 (6.01) —— 10.5 % —2.90 [-4.00, —1.80]
GAL-USA-1 Raskind 202 =1.9(5.12) 207 2{6.47) —— 9.9 % —-3.90 [-5.03, -2.77]
GAL-USA-10 Tariot 253 -1.4 (6.2) 255 1.7 {6.23) —— 10.8 % —-3.10 [-4.18, -2.02]
RIv-B303 242 -0.3 (6.8) 238 1.3(7) —— 8.3% -1.60 [-2.83, -0.37]
RIV-B304 228 1.2(7.2) 220 2.8(7.2) —— 71% -1.60 [-2.93, -0.27]
RIv-B351 353 1(5) 171 2.4 (5) - 151 % -1.40 [-2.31, -0.49]
RIv-B3s2 pricy | 3 (6} 234 4.1 (8) —— 10.6 % =1.10 [-2.19, =0.01]

Total (95% CI) 2224 20212 * 100.0 % =2.37 [-2.73, =2.02]

Heterogeneity: Chi® = 23.98, df = 9 (P = 0.004); I* = 62%

Test for overall effect: £=13.10 (P < 0.00001)

Test for subgroup differences: Not applicable . . | . .

=10 -5 0 5 10
Favours ChEI Favours placebo

Fig. 1 Foresiplots for 6-month trials of the three currently marketed cholinesterase inhibitors showing the general
consistency of effect, mean drug-placebo differences on the ADAS-cog and 95% confidence intervals. The overall mean effect
is 2.37 ADAS-cog points. Reproduced with permission from Birks [39).

Schneider, 201-



Efficacy and safety of cholinesterase inhibitors in

Alzheimer’s disease: a meta—analysis

Cholinesterase ChEI Placebo Tolal Favours
Study inhibitor responders responders subjects Favours ChEl iy placebo
Rogers, ' 1998a Donepezil 107/305 27150 455 =
Rogers, ' 19980 Donepezil Th/298 17/152 450 =
Burns, 1 1999 Donepegil 125/544 187274 18 ——
Résler,"® 1999 Rivastigrmire 149467 447220 687 =
Raskind, " 2000 Calantamine G457 27196 553 ——
Wilcock, ! 2000 Calamamine Hd/414 337203 617 =
Rockwood, 4 2001 Calaniamine 61240 24123 363 i
Wilkinson,* 2001 Calantaming 594179 23783 2i2 =

25 % 16 % Mela-analylic diffierence -‘—
0% 20% 1% 0% -10%%

Fig. 1: Global response to treatment with cholinesterase inhibitors (ChEls) in 8 randomized, double-blind, placebo-controlled,
parallel-group trials. The graph indicates the proportions of global responders to ChEl treatment in excess of the proportions re-
sponding to placebo for each of the studies and overall, when the data were pooled, with 95% confidence intervals.

Lanctot 2003



MEASURES STUDY

Mean differences

(95% CI)
COGNITIVE
ADAS-cog [0-T0] InDDEX 0.0 (-0.8;0.8)
Petersen  0.06 (—1.06; 1.18) *
ADAS-cogl3 [0-89] Salloway 19 (0.5 3.3) F + §
ADAS-cog-MCl [n.a] Ga-INT18 -0.1 (-0.9;0.7) *
GakINT11 05 (-0.3:1.3) B
DSST[na] GakINT11 1.0 (=0.9;29) +
NYU [na] Salloway 03 (=0.4;1.0) e |
Symbol Digit [n.a] Salloway 1.7 (-0.1;3.5) B
WMS-R[na] Salloway 05 (-08:1.8) . 4
Z-cognitive® InDDEX -0.10 (-0.63; 0.44) ——
Petersen  =0.02 (=0.24; 0.20) s
GLOBAL and CLINICAL
COR [0-8] INODEX  0.02 (0.03; 0.07) . Shudy Drug Owsiion 5. subjecks
COR-SB [0-18] GakINT18 0.2 (0.0;0.4) i i i il
GakINT11 041 (-0.1:0.3) H— GarinTia W 2 years 106z
S84 (-0 Ad) GaHINT11  galantamine 2 years 995
GDS [0=7] InDDEX 0.00 {=0.12; 0.12) [ FR - i r-
Salloway donezepi 24 weeks 270
Petersen  —0.03 (-0.19; 0.13) (o
MMSE [0=30] InDDEX 0.1 (-0.30.5) e
Patersan 044 (=0.23; 1.11) —t—
ACTIVITIES of Daily Living
ADCS-ADL [0-54] InDDEX =03 (=1.7:1.1) * |
ADCS-ADL-MCI [0-53] Petersen  0.13 (—1.40; 1.68) -
NEUROPSYCHIATRI SYMP.
BDI [0-63] InDDEX 0.3 (-04:1.0) —_—
NP1 [0-144] InDDEX 0.3 (-0.86;1.2) *
MNEURO-IMAGING
MRI-Rate of Atrophy Gal-INT11 021 (0.14; 0.27) B
MRI-Whole Brain Volume InDDEX 0.15 (—4.52; 4.82) = + -
20 15 10 05 00 05 10 15 20 25 30 35 40
Favours control Favours treatment

Fig. 2 Outcomes of clinical trials of cholinesterase inhibitors for mild cognitive impairment showing a general lack of
cognitive and global effects in trials from 2 to 4 years in duration (except for one 24-week trial). The data show the point
estimates and 95% confidence intervals of the drug-placebo differences. The Z-cognitive is a composite of the

neuropsychological test battery wsed in the rivastigmine trial. Reproduced with permission from Raschetti et al. [76].




Recommendation®f the 4th CanadiarConsensu€onference
onthe Diagnosisand Treatmentof Dementia(2012)

SergeGauthier MD, ChristophePatterson MD, HowardChertkow MD, Michael GordonMD, NathanHerrmann MD, KennethRockwood MD,
PedroRosaNeto, md, phd, JearPaulSoucy MD onbehalfof the cccdtd4participants* McGillCenterfor Studiesn Aging Montreal, QC

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 CholinesteraselInhibition BID; XR formulation
released for mild to mod
AD

A all three ChElhavedemonstratedefficacyfor mild to severe AD

A improvementis statistically significantbut clinicallymarginal
A atrial for mostpatientsis recommendedGradelA)

A directcomparisonsio not suggestifferences(Grade2B)
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ABT-089 (I) inhibitors (GSls):
AZD-03328 LY450139
R-4996/MEM63908 Begacestat
EVP-6124 BMS-708163 MT stabilizers|  [Kinase inhibitors| |Aggregation inhibitors
PRX-03140 NP 12 Methylene Blue
lecozotan l
MK-0249 / l
f Neurofibrillary
— —_— > Tangles
Disease -modifying strategies ,’7 '\4%0 ol
Clearance "Activators’]

Aanti-amyloid production and aggregation agents:
inhibition

g secretase
BACE-1 inhibition

Aamyloid removal: immunotherapy
Aanti-tau protein  compounds

Microtubule
bound tau

Soluble tau

Soluble tau
Aggregates

Tau Aggregates Drive
| Neurotoxicity

l

Neuronal Death

GoldeG, 2010
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Immunization with amyloid-3
attenuates Alzheimer-
disease-like pathology

inthe PDAPP mouse

Dale Schenk, Robin Barbour, Whitney Dunn, Grace Gordon,
Henry Grajeda, Teresa Guido, Kang Hu, Jiping Huang,

Kelly Johnson-Wood, Karen Khan, Dora Kholodenko,

Mike Lee, Zhenmei Liao, lvan Lieberburg, Ruth Motter,
Linda Mutter, Ferdie Soriano, George Shopp, Nicki Vasquez,
Christopher Vandevert, Shannan Walker, Mark Wogulis,
Ted Yednock, Dora Games & Peter Seubert

Elan Pharmaceuticals, 800 Gateway Boulevard, South San Francisco,
California 94080, USA

200 pm
Nature, 1999



Active immunization

HUMAN TRIAL: AN1792 + AS2ladjuvant

in 2001 phase lla 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
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% Clinical effects of A immunization
(AN1792) in patients with AD in
an interrupted trial

8. Gilman, MD, FRCE; M. Koller, MD, MPH; R.5S. Black, MD; L. Jenkins, Ph;
5.G. Griffith, MD, PhD, MECP; N.C. Fox, MD, FRCP; L. Eisner, MD; L. Kirbv, MIx M. Boada Rovira, MD;
F. Forette, MD); and J.-M. Orgogozo, MD, for the AN1792005-21)-201 Study Team®

Doubleblind clinical assessment maintained for
12 months:

significant differences in cognitiofavouring
antibody respondersompared to placebo group

Gilman 2005



Long-term effects of AB,, immunisation in Alzheimer’s
disease: follow-up of a randomised, placebo-controlled

phase | trial

Clive Holmes, Delphine Boche, David Wilkinson, Ghasem Yadegarfar, Vivienne Hopkins, Anthony Bayer, Roy W Jones, Roger Bullock, Seth Love,

James W Neal Elina Zotova, fames A EMicoll

Lancet 2008; 372: 216-23

B0 subjects enrolled
into phase | studhy

L

Phas= | study completed

L

24 patients andfor carers

refused consent for
clim cal follow-up

+

+

w

20 patients dead at start
of follow-up study
L2 post mortems)
15 treated
5 placebo

12 patients dead
G treated
3 placebo

12 patients alive
10 treated
2 placsho

.

2o patients andfor carers
agree to cinmical follow-up
and/or post morterm

* +

10 patient s dead 26 patients alive
(7 post mortems) 20 treated
10 treated 6 placebo
O placekao

September, 2000

Treatment sty
cormmenced

June 2002
Treatment studky
cormipleted

Juns 2003
Fallowr - up stchy
commenced

September, 2006
Followr-up sty
completed

Results after 6 yrs: clearance of amyloid plaques,

but no evidence of increased survival
IN the time to severe demential

no improvement

and
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11C-PiB PET assessment of change in fibrillar amyloid-f3 load
in patients with Alzheimer’s disease treated with
bapineuzumab: a phase 2, double-blind, placebo-controlled,
ascending-dose study

Juha O Rinne, David] Brooks, Martin N Rossor, Nick C Fox, Roger Bullock, William E Klunk, Chester A Mathis, Kaj Blennow, Jerome Barakos,
Aren A Okello, Sofia Rodriguez Martinez de Liano, Enchi Liu, Martin Koller, Keith M Gregg, Dale Schenk, Ronald Black, Michael Grundman

Estimated mean change from haseline in mean “C-FiB

04

0.3

014

-014

@ Placebo
A Bapineuzumab

-0-2
Baseline

Week

2
1
i
E
£
g
:
i
z
2

Placebo-treated patients

Figure 2: Estimated change from baseline over time in mean 11C-PiB PET
Data are least squares means and 95% Cls. * Difference between patients in the placebo group and those in the
bapineuzumab group at week 78=-0.24 (p=0.003). PiB=Pittsburgh compound B.

Figure 4: 11C-PIB PET images from patients treated with bapineuzumab and those given placebo

Changes from screening toweek 78 in patients treated with bapineuzumab (A,B) and in patients treated with placebo (C,D). Mean *C-PiB PET changes are shown at
the top centre of each panel for each patient. The scale bar shows the PiB uptake ratios relative to cerebelium by colour. The scans before and after treatment are from
MRI co-registered images in the same plane. PiB=Pittsburgh compound B

ORIinne 2010



Bapineuzumab
VASOGENIC OEDEMMICROHEMORRHAGES

Adetected onMRIin 12/124 patient{9.7%)

Asymptomaticpatients: headache, confusion, vomiting, and gait disturbance
AOSaal A2y 2F R2aAy3 [h aevLlizya NBaz2f
resolved over several months

Predose W 13 weeks 1S weeks 58 weeks

v/
X

Appearedon the FLAIR MRI sequence vwhigh signal intensityin the white matterjeptomeningesor
sulci frequently associated withyralswelling and cortical TRyperintensityin the adjacent cortex



ARIA

AmyloidRelatedimagingAbnormalities

A AR'AEA parenchymal or sulcal hyperintensities on FLAIR indicative of
parenchymal edema or sulcal effusions

ldae

A AR |AH A hypointense regions on gradient recalledho/T2* indicative of
hemosiderin deposition




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Two Phase 3 Trials of Bapineuzumab
in Mild-to-Moderate Alzheimer’s Disease

Stephen Salloway, M.D., Reisa Sperling, M.D., Nick C. Fox, M.D., Kaj Blennow, M.D.,
William Klunk, M.D., Murray Raskind, M.D., Marwan Sabbagh, M.D.,
Lawrence S. Honig, M.D., Ph.D., Anton P. Porsteinsson, M.D., Steven Ferris, Ph.D.,
Marcel Reichert, M.D., Nzeera Ketter, M.D., Bijan Nejadnik, M.D., Volkmar Guenzler, M.D.,
Maja Miloslavsky, Ph.D., Daniel Wang, Ph.D., Yuan Lu, M.S., Julia Lull, M.A.,
lulia Cristina Tudor, Ph.D., Enchi Liu, Ph.D., Michael Grundman, M.D., M.P.H_,
Eric Yuen, M.D., Ronald Black, M.D., and H. Robert Brashear, M.D.,
for the Bapineuzumab 301 and 302 Clinical Trial Investigators*

RESULTS

There were no significant between-group differences in the primary outcomes. At
week 78, the between-group differences in the change from baseline in the ADAS-cogl1
and DAD scores (bapineuzumab group minus placebo group) were —0.2 (P=0.80)
and —1.2 (P=0.34), respectively, in the carrier study; the corresponding differences in
the noncarrier study were —0.3 (P=0.64) and 2.8 (P=0.07) with the 0.5-mg-per-kilogram
dose of bapineuzumab and 0.4 (P=0.62) and 0.9 (P=0.55) with the 1.0-mg-per-kilogram
dose. The major safety finding was amyloid-related imaging abnormalities with edema
among patients receiving bapineuzumab, which increased with bapineuzumab dose
and APOE £4 allele number and which led to discontinuation of the 2.0-mg-per-kilogram
dose. Between-group differences were observed with respect to PIB-PET and cerebrospi-
nal fluid phospho-tau concentrations in APOE £4 allele carriers but not in noncarriers.

CONCLUSIONS
Bapineuzumab did not improve clinical outcomes in patients with Alzheimer's
disease, despite treatment differences in biomarkers observed in APOE £4 carriers.
(Funded by Janssen Alzheimer Immunotherapy and Pfizer; Bapineuzumab 301 and
302 ClinicalTrials.gov numbers, NCT00575055 and NCT00574132, and EudraCT
number, 2009-012748-17) Salloway§ 2014
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Figure 1. Primary Outcome.

Panel A shows the estimated mean change from baseline to week 78 in scores on the 11-item cognitive subscale of
the Alzheimer's Disease Assessment Scale (ADAS-cogll, with scores ranging from 0 to 70 and higher scores indi-
cating greater impairment), and Panel B the estimated mean change from baseline to week 78 in the Disability As-
sessment for Dementia (DAD, with scores ranging from 0 to 100 and higher scores indicating less impairment)
among APOE &4 carriers and noncarriers, according to study regimen. The P values that are shown are unadjusted.
Bapi denotes bapineuzumab.
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ORIGINAL ARTICLE

Phase 3 Trials of Solanezumab for
Mild-to-Moderate Alzheimer’s Disease

Rachelle S. Doody, M.D., Ph.D., Ronald G. Thomas, Ph.D., Martin Farlow, M.D.,
Takeshi lwatsubo, M.D., Ph.D., Bruno Vellas, M.D., Steven Joffe, M.D., M.P.H.,
Karl Kieburtz, M.D., M.P.H., Rema Raman, Ph.D., Xiaoying Sun, M.S.,
and Paul 5. Aisen, M.D., for the Alzheimer's Disease Cooperative Study
Steering Committee; and Eric Siemers, M.D., Hong Liu-Seifert, Ph.D.,
and Richard Mohs, Ph.D., for the Solanezumab Study Group

RESULTS
Neither study showed significant improvement in the primary outcomes. The modeled
difference between groups (solanezumab group minus placebo group) in the change
from baseline was —0.8 points for the ADAS-cog11 score (95% confidence interval [CI],
—2.1 to 0.5; P=0.24) and —0.4 points for the ADCS-ADL score (95% CI, —2.3 to 1.4;
P=0.64) in EXPEDITION 1 and —1.3 points (95% CI, —2.5 to 0.3; P=0.06) and 1.6 points
(95% CI, —0.2 to 3.3; P=0.08), respectively, in EXPEDITION 2. Between-group dif-
ferences in the changes in the ADAS-cogl4 score were —1.7 points in patients with
mild Alzheimer’s disease (95% CI, —3.5 to 0.1; P=0.06) and —1.5 in patients with mod-
erate Alzheimer’s disease (95% CI, —4.1 to 1.1; P=0.26). In the combined safety data
set, the incidence of amyloid-related imaging abnormalities with edema or hemor-
rhage was 0.9% with solanezumab and 0.4% with placebo for edema (P=0.27) and
4.9% and 5.6%, respectively, for hemorrhage (P=0.49).

CONCLUSIONS
Solanezumab, a humanized monoclonal antibody that binds amyloid, failed to
improve cognition or functional ability. (Funded by Eli Lilly; EXPEDITION 1 and 2
ClinicalTrials.gov numbers, NCT00905372 and NCT00904683.)

DoodyRS, 2014



Table 2. Primary and Secondary Outcomes in EXPEDITION 1, Intention-to-Treat Population.®

Variable

ADAS-cogll score
ADAS-cogld scorel
ADCS-ADL score
CDR-SB scoref

MPI score|

MMSE score

Free AB,, in CSF — pg/ml
Free AB,, in CSF — pg/ml

Total AB,, in CSF — pg/ml
Total AB.,in CSF— pg/ml

Mean Change from Baseline to Wk 80 (95% Cl)

Placebo
45 (3.3t05.8)
5.8 (4.3 to 7.3)
8.7 (-10.4 to -7.0)
1.8 (L3 to 2.3)
0.6 (-1.5to 2.8)
2.0 (-28t0-1.2)

80.9 (-2100.5 to 2262.3)
-28.5 (-160.0 to 102.9)
-1902.1 (-6660.1 to 2855.8)
-242.3 (-1144.4 to 659.7)

Solanezumab
3.8 (2.5 t0 5.0)
4.5 (2.9 0 6.0)
9.1 (-10.9 to -7.4)
2.0 (15 to 2.4)
-0.3 (-2.4t0 1.7)
1.4 (-2.2 to -0.6)
-1127.3 (-3272.4 10 1017.9)
-54.4 (-186.7 to 77.9)
1325.4 (-3162.0 to 5812.9)
471.4 (-436.0 to 1378.8)

Mean Difference (95% CI)

0.8 (-2.1t0 0.5)
1.4 (-2.9t00.2)
0.4 (-2.3t0 1.4)
0.1 (-0.3 to 0.6)
0.9 (-2.6 to 0.8)
0.6 (0.0t0 1.2)
-1208.2 (-2132.4 to -283.9)
-25.8 (-88.3 to 36.6)
3227.6 (1253.6 to 5201.5)
713.7 (309.1 to 1118.4)

P Value

0.24
0.09
0.64
0.51
0.29
0.06
0.01
0.41
0.002
=0.001

Table 3. Primary and Secondary Outcomes in EXPEDITION 2, Intention-to-Treat Population.®

Variable

ADAS-cogll scoref
ADAS-cogl4d scoret
ADCS-ADL score
CDR-5B score

MNPl score

MMSE scare

Free A, in CSF —pg/ml
Free AB, in CSF — pg/ml
Total AR, in CSF — pg/ml
Total AB,, in CSF — pg/ml

Mean Change from Baseline to Wk 80 (95% ClI)

Placebo
(5.2 to 7.9)
(5.8 0 9.1)
-10.9 (-12.7 to -9.1)
1.9 (L4 to 2.4)
3.0 (0.8 10 5.1)
-2.8 (-3.6 to -2.0)
-649.0 (-2139.5 to 841.5)
-35.1 (-129.5 to 59.3)
-876.4 (—4342.5 to 2589.8)
3238 (86.2to 561.5)

6.6
7.5

Solanezumab
5.3 (4.0t0 6.7)
5.9 (4.3 to 7.5)
9.3 (-11.2t0-7.5)
1.6 (L.2t02.1)
2.8 (0.7 to 5.0)
-2.1(-2.8t0-1.3)
-1258.1 (-2695.8 to 179.7)
1.0 (-94.1 to 96.2)
2156.8 (-1211.9 to 5525.4)
726.6 (489.4 to 963.9)

Mean Difference (95% Cl)

1.3 (-2.5t0 0.3)
1.6 (-3.1t0 0.1)
1.6 (-0.2 to 3.3)
0.3 (-0.7t0 0.2)
-0.2 (-1.8to 1.5)
0.8 (0.2 to 1.4)
-609.1 (-1228.4 to 10.2)
36.1 (-1.0t0 73.3)
3033.1 (1628.4 to 4437.9)
402.8 (307.7 to 497.8)

P Value

0.06
0.04
0.08
0.17
0.85
0.01
0.05
0.06
=0.001
<0.001

DoodyRS, 2014



Immunization direct comparison

Active Passive (full 1IgG)
Safety Encephalitis Microhemorrhages, edema
T1/2 Up to years 2-4 weeks
Low High

Titer control

T 1/2 up to years

T 1/2 2-4 weeks

Immune response

Polyclonal humoral and

Monoclonal

cellular
Less than 100%:
20-80% L : L
Responders ° antidiotypic antibodies
Dosing Prime and boosts 4-12 times per year
Administration i.m. i.v. and s.c.
Costs Low High
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Active Immunotherapy second generation
CAD106

A A DAEFRHEGC A

Carrier: Linker: Peptide: Qb-Ab1-6

Qb-VLP SMPH Ab1-6 - Spacer (CAD106} Drug substance:
Space
no T celmediated immune
reaction

Newantigendesigned to generate highb antibody titers without
InducingAb-reactive TFcells

A Abetal-6 peptide, shorter than known humarcéll epitopes
A Its sequenceis predicted not to activate-Gell responses
A Experimentallyit containsB-cell but not T-cell epitopes

Monsonego 2003¢ Staufenbiel 2006



Reductionof amyloidaccumulation
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Activeimmunotherapy
CAD106 firsstudyin ADpatients

Safety, tolerability, and antibody response of active A3
immunotherapy with CAD106 in patients with Alzheimer’s
disease: randomised, double-blind, placebo-controlled,
first-in-human study

Bengt Winblad, Nids Andreasen, Lennart Minthon, AnnetteFloesser, Georges Imbert, Thomas Dumortier, R Paul Maguire, Kaj Blennow,
JoensLundmark, Matt hias Staufenbiel, Jean-Marc Orgogozo, Ana Graf
- phase |, 52vs study inb8 mild to moderate AD pts (2 cohorts), aged&0
yrs, randomly allocated to receive either CAD 106 or placebo
- primary objectives: safety and tolerability and to identity-@ntibody
response tfesponders patients withAb-lgGserum titers>16 units at least
once during the study)
- 56/58 reported minor adverse eventdo cases omeningoencephalitis

- 67%o0f treated patients in cohort | an82%in cohort 2
developed A antibody response

WinbladB, 2012



The Jowrmed of Prevention of Alzheimer v Dieeare - JFADE

Addendum

CTAD 2016 (Clinical Trials on Alzheimer’'s Disease), San Diego, USA: Addendum

EXPEDITION3: A Phase 3 Trial of
Solanezumab in Mild Dementia
due to Alzheimer’s disease

L.5. Honig', A. Hake’, K. Sundell’, C. Carlson’,
V. Poole Hoffmann®, M. Case®, H. Liu-Seifert?,
R. Dean? R. DeMattos’, M. Mintun?®?,
R. Khanna?®, K.J. Selzler?, E. Siemers®

(1. Columbia Umniversity Medical Cemter, New York, NY; 2 Eli Lilly
and Company, Indisnapolis, IN, USA; 3. Avid Radiopharmacenficals
Ime., o wholly ewned subsidiary of Elf Lilly and Company,
Philadelphua, PA, LISA)

Background: Alzheimer's disease (AD) is a neurodegenerative
disorder characterized by amyloid beta (AP} plagues,
neurofibrilliary tangles, and neuronal loss with clinical
symptoms mcludmg cognitive and functional impairment.
Solanezumab, a humanized monoclonal antibody, was studied
to determine if it would slow the progression of AD by
increasing clearance of soluble A from the brain. Methods:
EXPEDITIONS was a double-blind, placebo-controlled, Phase
3 global study conducted in 11 countries at 210 sites in patients
age 55 to 90 vears with mild dementia due to AD (mild AD)
(Mini-Mental State Examination [MMSE] score of 20 through
26}, with confirmed amyloid pathology based on biomarkers
(amyloid positive by F18 florbetapir PET or C5F AB1-42), with
an optional open-label extension. Patients were randomized
to 400-mg solanezumab {N=1057) or placebo (MN=1072)
administered intravenously every 4 weeks. The primary
efficacy outcome was change on the 14-item Alzheimer’'s
Disease Assessment Scale-Cognitive subscale (ADAS-Cogl4)
from baseline to Week 80. Kev functional measures assessed
included the Instrumental activities of the Alzheimer's Disease
Cooperatives Study Activities of Daily Living Inventory (ADCS-
iADL) and the Functional Activities Cuestionnaire (FAQ).
Additional efficacy measures assessed included the MMSE
and the Clinical Dementia Rating scale-Sum of Boxes {CDR-

S5B). Key safety assessments included adverse event (AE)
reporting and magnetic resonance imaging (MRI). Biomarkers
included plasma changes in Af1-40 and AB1-42, OSF changes
in total and phosphorylated tau (p-tau), and neurcimaging
measures including positron emission tomography (PET) scans
using florbetapir F18 and F18 flortaucipir, and volumetric MEL
Results: There was no statistically significant difference between
treatment groups for the primary endpoint, ADAS-Cogld
(p=.095); numerically there was 11% less decline in cognition
in the solanezumab-treated group compared with placebo.
For the key secondary endpoints, treatment effects favoring
solanezumab were seen on cognitive and functional measures,
including 13% less decline on the MMSE (p=.014), 15% less
decline on the CDE-58 (p=.004), and 147% less decline on the
ADCS-iADL (p=.019). FAQ did not show statistically significant
differences (7% less decline, p=.140). Solanezumab-treated
patients showed a statistically significant greater increase in
plasma AP1-40 and AF1-42 compared with placebo-treated
patients (p<.001 for each biomarker), confirming peripheral
target engagement. Changes between treatment groups for
florbetapir PET, CSF total tau and p-taw, and flortaucipir PET
did not show significant treatment differences. Whole brain
atrophy and ventricular enlargement were not statistically
different between treatment groups, as demonstrated by
volumetric MEL Safety findings were comparable across study
treatment groups with respect to deaths, serious AEs
(SAEs), discontinuations due to an AE and treatment-
emergent AEs (TEAEs). There were few statistically
significant treatment group differences at the individual
Preferred Term level for TEAEs and none for any
SAEs. Conclusions: EXPEDITION3, a Phase 3 trial of
solanezumab initiated in a mild AD patient population,
did not meet the primary objective of decreasing
cognitive decline. Several secondary clinical endpoints,
including beth cognitive and functional measures,
directionally favored sclanezumab, but the effect sizes
were small. Factors possibly relevant to interpretation
of the study results include drup target, discase stage
studied, and drug dosage delivered. Sclanezumab had a
favorable safety profile at the dose studied.



ARTICLE

doi:10.1038/naturel19323

The antibody aducanumab reduces A(3
plaques in Alzheimer’s disease

Jeff Sevigny'#, Ping Chiao'*, Thierry Bussiere'*, Paul H. Weinreb'#, Leslie Williams', Marcel Maier?, Robert Dunstan’,
Stephen Salloway®, Tianle Chen!, Yan Ling’, John O’Gorman!, Fang Qian', Mahin Arastu!, Mingwei Li', Sowmya Chollate',
Melanie S. Brennan', Omar Quintero-Monzon', Robert H. Scannevin', H. Moore Arnold!, Thomas Engber!, Kenneth Rhodes',
James Ferrero!, Yaming Hang!, Alvydas Mikulskis!, Jan Grimm?, Christoph Hock?#, Roger M. Nitsch?4§ & Alfred Sandrock'§

Alzheimer’s disease (AD) is characterized by deposition of amyloid-3 (A3) plaques and neurofibrillary tangles in the brain,
accompanied by synaptic dysfunction and neurodegeneration. Antibody-based immunotherapy against A3 to trigger
its clearance or mitigate its neurotoxicity has so far been unsuccessful. Here we report the generation of aducanumab,
a human monoclonal antibody that selectively targets aggregated AJ. In a transgenic mouse model of AD, aducanumab
is shown to enter the brain, bind parenchymal A3, and reduce soluble and insoluble A3 in a dose-dependent manner.
In patients with prodromal or mild AD, one year of monthly intravenous infusions of aducanumab reduces brain ABina
dose- and time-dependent manner. This is accompanied by a slowing of clinical decline measured by Clinical Dementia
Rating—Sum of Boxes and Mini Mental State Examination scores. The main safety and tolerability findings are amyloid -
related imaging abnormalities. These results 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.

Sevignyj, 2016
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Figure 1 | Amyloid plaque reduction with aducanumab: example
amyloid PET images at baseline and week 54. Individuals were chosen
based on visual impression and SUVR change relative to average one-year
response for each treatment group (n = 40, 32, 30 and 32, respectively).
Axial slice shows anatomical regions in posterior brain putatively related
to AD pathology. SUVR, standard uptake value ratio.
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Figure 3 | Aducanumab effect (change from baseline) on CDR-SB

and MMSE. a, b, Aducanumab effect on CDR-5B (a) and MMSE (b).
*P < 0,05 versus placebos two-sided tests with no adjustments for multiple
comparisons. CDR-5B and MMSE were exploratory endpoints. Adjusted
mean &+ s.e. Analyses using ANCOVA. CDR-8B, Clinical Dementia
Rating—Sum of Boxes; MMSE, Mini Mental State Examination.
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ORIGINAL ARTICLE

A Phase 3 Trial of Semagacestat
for Treatment of Alzheimer’s Disease

Rachelle S. Doody, M.D., Ph.D., Rema Raman, Ph.D., Martin Farlow, M.D.,
Takeshi lwatsubo, M.D., Ph.D., Bruno Vellas, M.D., Steven Joffe, M.D., M.P.H.,
Karl Kieburtz, M.D., M.P.H., Feng He, M.S., Xiaoying Sun, M.S.,

Ronald G. Thomas, Ph.D., and Paul 5. Aisen, M.D., for the Alzheimer's
Disease Cooperative Study Steering Committee; and Eric Siemers, M.D.,
Gopalan Sethuraman, Ph.D., and Richard Mohs, Ph.D.,
for the Semagacestat Study Group

RESULTS

The trial was terminated before completion on the basis of a recommendation by the
data and safety monitoring board. At termination, there were 189 patients in the group
receiving placebo, 153 patients in the group receiving 100 mg of semagacestat, and
121 patients in the group receiving 140 mg of semagacestat. The ADAS-cog scores
worsened in all three groups (mean change, 6.4 points in the placebo group, 7.5 points
in the group receiving 100 mg of the study drug, and 7.8 points in the group receiving
140 mg; P=0.15 and P=0.07, respectively, for the comparison with placebo). The ADCS-
ADL scores also worsened in all groups (mean change at week 76, -9.0 points in the
placebo group, —10.5 points in the 100-mg group, and —-12.6 points in the 140-mg group;
P=0.14 and P<0.001, respectively, for the comparison with placebo). Patients treated
with semagacestat lost more weight and had more skin cancers and infections, treat-
ment discontinuations due to adverse events, and serious adverse events (P<0.001 for
all comparisons with placebo). Laboratory abnormalities included reduced levels of
lymphocytes, T cells, immunoglobulins, albumin, total protein, and uric acid and ele-
vated levels of eosinophils, monocytes, and cholesterol; the urine pH was also elevated.
CONCLUSIONS

As compared with placebo, semagacestat did not improve cognitive status, and patients
receiving the higher dose had significant worsening of functional ability. Semagacestat
was associated with more adverse events, including skin cancers and infections. (Fund-
ed by Eli Lilly; ClinicalTrials.gov number, NCT00594568.)

or Organ Class and Preferred Term.*

Table 3. Summary of Adverse Events Occurring during the Study Treatment, According to the MedDRA System

Placebo

15
48
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16
11
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Event [N=501) Semagacestat
100 mg 140 mg Combined
(N=506) (N=527) (N=1033)
percent of participants
Systerm or organ class
Meoplasms — benign, malignant, or unspecified 5 15 16
Skin or subcutaneous-tissue disorders 21 45 52
Preferred term
Alopecia 0 1 5
Basal-cell carcinoma 1 3 5
Decreased appetite 3 7 11
Epistaxis 1 3 3
Eyelash discoloration 0 2 5
Hair-color changes 1 13 19
Nausea 5 11 12
Pruritus 2 3 4
Rash
Erythematous 2 5 5
Macular 4 7 8
Maculopapular 1 3 5
Papular 1 3 4
Skin lesion 1 3 3
Squamous-cell carcinoma of skin 1 6 5
Syncope 1 3 3
Vomiting 4 10 9
Weight decrease 3 5 9

Total
(N=1534)

12
39
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* The listed adverse events are those with an incidence of at least 2% in any one group and a rate in the combined
semagacestat groups that was at least two times as high as the rate in the placebo group. MedDRA denotes Medical

Dictionary for Regulatory Activities, version 13.1.

DoodyRS, 201z




Original Investigation | CLINICAL TRIAL

Targeting Prodromal Alzheimer Disease With Avagacestat
A Randomized Clinical Trial

Wladimir Coric, MD; Stephen Salloway, MD; Christopher H. van Dyck, MD; Bruno Dubaois, MD; Niels Andreasen, MD, PhD;

Mark Brody, MD; Craig Curtis, MD; Hilkka Soininen, MD; Stephen Thein, PhD; Thomas Shiowitz, MD; Gary Pilcher, PhD;

Steven Ferris, PhD; Susan Colby, BA; Wendy Kerselaers, BA; Randy Dockens, PhD; Holly Soares, PhD; Stephen Kaplita, MSc;
Feng Luo, PhD: Chahin Pachai, PhD; Luc Bracoud, M5c; Mark Mintun, MD; Joshua D. Grill, PhD: Ken Marek, MD; John Seibyl, MD;
Jesse M. Cedarbaum, MD; Charles Albright, PhD; Howard H. Feldman, MD; Robert M. Berman, MD

RESULTS Of the 263 participants in the treatment phase, 132 were randomized to avagacestat
and 131 to placebo; an additional 102 participants were observed in an untreated
observational cohort. Avagacestat was relatively well tolerated with low discontinuation rates
(19.6%) at a dose of 50 mg/d, whereas the dose of 125 mg/d had higher discontinuation rates
(43%), primarily attributable to gastrointestinal tract adverse events. Increases in
nonmelanoma skin cancer and nonprogressive, reversible renal tubule effects were observed
with avagacestat. Serious adverse event rates were higher with avagacestat (49 participants
[371%]) vs placebo (31[23.7%]), attributable to the higher incidence of nonmelanoma skin
cancer. At 2 years, progression to dementia was more frequent in the PDAD cohort (30.7%)
vs the observational cohort (6.5%). Brain atrophy rate in PDAD participants was
approximately double that of the observational cohort. Concordance between abnormal
amyloid burden on positron emission tomography and pathologic CSF was approximately
87% (k = 0.68; 95% Cl, 0.48-0.87). No significant treatment differences were observed in
the avagacestat vs placebo arm in key clinical outcome measures.

CONCLUSIONS AND RELEVANCE Avagacestat did not demonstrate efficacy and was associated
with adverse dose-limiting effects. This PDAD population receiving avagacestat or placebo
had higher rates of clinical progression to dementia and greater brain atrophy compared with
CSF biomarker-negative participants. The CSF biomarkers and amyloid positron emission
tomography imaging were correlated, suggesting that either modality could be used to
confirm the presence of cerebral amyloidopathy and identify PDAD.

CoricV, 2015

Table 2. Summary of AEs

Placebo Avagacestat
Characteristic (n=131) (n=132)
Any SAE, No. (%) 31(23.7) 49(37.1)
Cardiac disorders 1{0.8) 3{2.3)
Gl tract disorders 1 {0.B) 6(3.5)
Meoplasms 12 (9.2} 23(17.4)
Injury, poisoning, and procedural 4{3.1) 7 (5.3)
complications
Any AE leading to treatment discontinuation, 13{9.9) 45 (34.8)
No. {%)
Any Gl tract AE 3(2.3) 15 (14.4)
Any skin AE 1{0.8) 7(5.3)
Any nervous system disorder 2({1.5) 8(6.1)
Any AE, No. (%) 110({84.0) 126 (95.5)
Any Gl tract AE 48 (36.6) 87 (65.3)
Diarrhea 24 (18.3) 41 (31.1)
Mausea 4(3.1) 35 (26.5)
Vomiting 2(1.5) 14 (10.56)
Any skin AE 30(38.2) 72 (54.5)
Rash 8(6.1) 27 (20.5)
Any neoplasms 20¢15.3) 25(18.9)
BCC 5(3.8) 8 (6.1)
SCC skin 1{0.8) 8 (6.1)
SCC a 8 (6.1)
Malignant melanoma 1{0.8) 0
Other AEs
Fatigue 9 {6.8) 24 (18.2)
Weight decreased 2(1.5) 14 (10.8)
Appetite decreased 3(2.3) 14 (10.6)
Dizziness 13 (9.9} 20 (15.2)
Depression 11({8.4) 7(5.3)
Anxiety 12 (9.2} 4 (3.0)
Cerebral microbleed 2(1.5) 4 ({3.0)
Vasogenic edema 1 {0.8) 3({2.3)

Abbreviations: AE, adverse event; BCC, basal cell carcinoma;
Gl, gastrointestinal; SAE, sericus AE; SCC, sguamous cell carcinoma.




Merck ends trial of potential Alzheimer’s drug

verubecestat

Nigel Hawkes

London

The drug giant Merck has pulled the plug on a trial of an
Alzheimer’s drug, verubecestat, after early data showed
“virtually no chance” that it would work. But a second trial of
the same drug continues in patients at an earlier stage of the
disease.

Verubecestat was seen as a promising candidate in a field littered
with failures, after data published last November showed that
the drug reduced the levels of amyloid protein in the spinal fluid
of patients and healthy controls who took it for short periods.’

The build-up of amyloid is one of the signatures of Alzheimer’s,
and various drugs have been designed to reduce it, using
different approaches. Verubecestat is a small molecule taken
orally that targets an enzyme, BACE-1 (beta site amyloid
precursor protein cleaving enzyme 1), involved in the creation
of amyloid. By attaching itself to the enzyme, verubecestat
inhibits its ability to slice up amyloid precursor protein, a key
step in producing amyloid.

Merck started two large trials: one in patients with mild to
moderate disease, due to last 18 months; and a second in patients
at an earlier stage of the disease, due to last two years. The first
of these has now been halted after the data monitoring committee
concluded that it would not produce positive clinical effects.
However, the side effects were mild enough to justify continuing
the second trial in patients at an earlier stage of amyloid
build-up. Results are expected in February 2019 if the trial runs
its full course.

This latest disappointment follows the abandonment by Lilly
in November 2016 of its anti-amyloid drug, solanezumab.” That

drug's mode of operation was different, but the results were
equally bleak. Since 2000 around 250 compounds designed as
treatments for Alzheimer’s have been tested, and only one has
been granted a licence.

While some experts now believe that attempts to target amyloid
are doomed, hopes are being kept alive by another candidate,
Biogen's drug aducanumab. In trials involving 165 patients with
either mild Alzheimer's or preliminary evidence of amyloid in
brain scans, aducanumab reduced levels of amyloid and showed
some slowing in the decline of memory and thinking skills, but
the trial was too small to generate statistically significant results,”
Bigger trials are ongoing.

Verubecestat's failure is disappointing, said Bryce Vissel,
director of the Centre for Neuroscience and Regenerative
Medicine at the University of Technology in Sydney, Australia.
Although this was not the end for amyloid theory, he said, *It
is my strong view that new approaches need to be developed
and new directions of research need to be supported.”
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