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Cholinergic Deficiency in
Alzheimer’s Disease

Peter Davies, Elaine Perry - Neuropathologic
evidence for Cholinergic Deficit

Cholinergic Hypothesis




History of Cholinesterase

Inhibitors
- Early use

- Myasthenia gravis -

4

- Posion gas (organaphosphates) -

. Pesticides - Sevin



http://en.wikipedia.org/wiki/File:Myasthenia.jpg
http://en.wikipedia.org/wiki/File:Myasthenia.jpg

Cholinesterase Inhibitors in AD

- First use in AD- series of experiments
Leon Thal in the 80s with Physostigmine |
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. Use of oral THA in long-term treatment of
senile dementia, Alzheimer's type. Summers
WK, Majovski LJ, Marsh GM, Tachiki KH, Kling
A. New England Journal of Medicine 1986;

315: 1241-1245.ers




Established Therapeutic
Strategies for AD

Starting Dose

Drug Properties Schedule Titration Maximum Dose
Donepezil ACh specificity 5 mg QD T to 10 mg at 6W 10 mg QD
Rivastigmine BCh specificity 1.5mgBID T by 1.5 mg Q6W 6 mg BID
Galantamine NR modulator 4 mg BID T by 4 mg Q6W 12 mg BID
Memantine NMDA-ra 5 mg BID T by 5 mg QW 10 mg BID

ACh: acetylcholinesterase; BCh: butyrylcholinesterase; NMDA-RA: N-methyl-D-aspartate receptor
antagonist; NR: nicotinic receptor; QW: every week; Q6W: every 6 weeks.

1. Birks J. Cochrane Database Syst Rev. 2006 25;(1):CD005593.
2. Emre M, Mecocci P, Stender K. / Alzheimers Dis. 2008;14:193-199.
3. Homma A et al. Dement Geriatr Cogn Disord. 2008;25:399-407.




Common Side Effects
Associated with Available Therapies for AD

Cholinesterase Inhibitors Memantine
Nausea/vomiting Confusion
Diarrhea Sedation
Loss of appetite Constipation
Dizziness

Frank syncope

Leg cramps

Ulcers

Cardiac arrhythmias

Birks J. Cochrane Database Syst Rev. 2006 Jan 25;(1):CD005593. Emre M, Mecocci P, Stender K. J Alzheimers Dis. 2008;14:193-199.
Homma A et al. Dement Geriatr Cogn Disord. 2008;25:399-407.




Evolution of First Generation of
Drug Therapies for AD

- More convenient dosing

- Minimize adverse effects

- Extend utility across disease stages

- Derive approach to late treatment failures

- Broaden dementia indications for cognitive
drug therapies




2"d Generation Cholinesterase Inhibitor and
Memantine Therapy for Alzheimer’s Disease

Improve Dosing Convenience

- Galantamine XL dosing (comparable efficacy
to BID)

- Rivastigmine Patch (IDEAL Study)
(2/3 reduction in Gl adverse effects and
comparable efficacy to BID capsules)

- Namenda XR comparable efficacy to BID
dosing




Late Treatment Failure

- Dosage escalation
- Combination therapy

FIGURE 1
PROPOSED MOLECULAR MECHANISMS BEHIND THE CURRENT TREATMENT APPROACHES TO ALZHEIMER'S DISEASE*
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Donepezil/memantine combination in

moderate-severe AD (MMSE 5-14):cognition
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*p<0.05; *p<0.01; ***p<0.001 versus placebo + donepezil

Tariot et al. JAMA 2004; 281 (3): 317-324
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Effectiveness and Tolerability of High-Dose (23 mg/d) Versus Standard-
Dose (10 mg/d) Donepezil in Moderate to Severe Alzheimer’s Disease:
A 24-Week, Randomized, Double-Blind Study.

Clinical Therapeutics 32(7): 1234-1251, 2010.
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Figure I. Effectiveness of donepezil 23 or 10 mg/d in patents with moderate to severe Alzheimer’s disease. [A) Changes from baseline in Severe Imipairment
Battery (SIB)'-2? total soore (observed cases [(OC] and intent-to-treat [ITT)
of Clinician's Interview-Based Impression of Change Plus Caregiver Input [CIBIC+)*-T scores at week 24 (ITT-LOCF). (C) Changes from baseline

in Alzheimer’s Disease Cooperative Study-Activities of Dailly Living (ADCS-ADHLRE ol score (OO and IMTT-LOCF). (DY) Changes from baseline

in Mini-Mental State Examination (MMSE)7 total soore (OO and ITT-LOCF). LSM = least squares mean. *Donepexzil 23 mg: Tdonepesil 10 mg;

#7 < 005 between reatment groups: 57 < 0001 between reatment groups; and 1P < 0U01 between reatment groups.
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Efficacy, safety and tolerability of rivastigmine patch 13.3 mg/24h (15 cm?) versus 4.6 mg/24h (5 cm?)
in patients with severe Alzheimer’s disease: results of the ACTivities of daily living and cognitlON
(ACTION) study Martin R Farlow, Xiangyi Meng, Monique Somogyi

Figure 3: Change from baseline to Week 24 on (&) ADGS-ADL-5IV and (B) SIE score (Modified full analysis set).

A Weel B Weel
0 4 2 12 16 20 24 0 4 2 12 16 20 2

Ui 1 | | | | | |:| | | 1 | |

14 z 7
W T * @
= 1 -2 4 iz =
BT 4| I B =
g8 X % £ T
S = =5
o

74

2

133 mgs24 h patch w5 O/24 b patch

ADCE-ADL-SN, Alzheimer's Disease Cooperative Study-Activities of Daily Living scale—Severe Impairment Yersion, LEM, least
square mean; SIE, Severe Impairment Battery. Modified full analysis set, population of patients including all randomized patients
with at least one post-baseline efficacy measurement. Error bars represent the standard error of the LSM. The difference of
L5M and p-values are obtained from an analysis of covariance model with treatment and pooled center as factors and baseline
SCores as a covariate, Tp < 005 *'p < 0.0001 wersus 4.6 mg/24 h patch,




Metrifonate

- High dose AChE-I in mild-to-moderate AD -
90% cholinesterase inhibition

- 6 month - 2.75 point ADAS-cog point
improved from baseline

- Downside - muscular weakness and
respiratory failure




Broaden Spectrum of Dementia Diagnoses Benefits
from Treatment

Rivastigmine for Dementia
Associliated with Parkinson’s Disease

Murat Emre, M.D., Dag Aarsland, M.D., Ph.D., Alberto Albanese, M.D.,
E. Jane Byrne, F.R.C.Psych., M.B., Ch.B., Gunther Deuschl, M.D.,

Peter P. De Deyn, M.D., Ph.D., Franck Durif, M.D., Ph.D., Jaime Kulisevsky, M.D.,
Ph.D., Teus van Laar, M.D., Ph.D., Andrew Lees, M.D., Werner Poewe, M.D.,
Alain Robillard, M.D., F.R.C.P.C., Mario M. Rosa, M.D., Erik Wolters, M.D., Ph.D.,
Peter Quarg, M.Sc., Sibel Tekin, M.D., and Roger Lane, M.D.
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Fif?ure 2. Results of the Primary
Efficacy Analysis in the Efficacy
P<0.001 Population.

Panel A shows the changes from
Ienprovement baseline in the score for the cognitive
f subscale of the Alzheimer's Disease
Assessment Scale (ADAS-cog).
Placebo Scores can range from 0 to 70, with
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e e 98 e impairment and decreases in scores
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Amyloid imaging and memory change
for prediction of cognitive impairment

Table 3. Amyloid imaging and prediction of conversion to Alzheimer's disease

Numberof Mean

Study Year Radiotracer Sample® subjects® age (5D) Method Findings
COkello et al, [24] 2009 FiB MCI 31 69.4 SUVR 829 PiB-positive MCl convert to AD compared to 7% of
[75) FiB-negative MCI

47% FiB-positive MCl who convert to AD within 1 year have
higher Fik in anterior cingulate and frontal cortex (F < 0.05),
APOE 4 is associated with faster corversion rates in
PiB-pasitive MO (P < 0.05)

Wolk et al. [25] 009 FiB MCI 26 (23 with 702 VR 35% FiB-positive MC| but no FiB- convert to AD over 22 months
follow-up)  (B.8)

Mairris et ai. [45] 009 FiB M 158 s g Higher FiB ratantion predicts progression from COR O to MCI

(B&) (hazard ratioc = 2.74) and AD (hazard ratio = 4.85) ower mean
2.4 years

Kovunen et al. [44] 2008 FiB aMCl 15 7 SUVR, Elevated FiB in six converters in posterior cingulate and fronta
(7.2) OVR cortex as well as elevated neoccortical score

Forsbergetal. [23] 2008 FiB MCI | 633 SUVR Higher FB retention in frontal, parietal, and temporal cortices
(78] (P = 001) in MC| converters than CN individuals

Higher FiB ratantion in posterior cingulate gyrus in MC
converters than MOl nonconverters (£ < 001)
Mo difference in FiB retention between MCl converters and AD

Small et al. [20] 006  [SFJFDDNP AL, MO, 4MC, MAforthis DVR Three dis=ase progressors had increases in [*F]FDONP between
M BN subsat 5.5% to 11.2% compared to £3% in ning Non-progressors

“In some cases a study subsample. AD, Alzheimer’ disease; aMCl, amnastic MCI; APOE, Apolipoprotein E; B, binding potential; CM, cognitively normal; DVR,
distribution volume ratio; MCI, mild cognitive impairment; MA, not available; B, ["C]Pittsburgh Compound-B; 5D, standard deviation; SUVR, standard uptaka value
ratio.

Resnick et al Alzheimer’s Research & Therapy 2011, 3:3




Clinical Progression in EXPEDITION1 and EXPEDITIONZ2
Placebo-Treated Mild AD Patients Based on Evidence

of Amyloid Pathology by Florbetapir '8F or CSF AB,_,,
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Implications of Amyloid Plaque
Positive vs Negative Dementia

- Previous long-term open-label phase for ChE-I
trials likely reflect selection bias for continuing
drug to patients who are amyloid negative and
non-progressors

- Previous MCI delay to conversion studies
suggesting ApoE4 patients benefit from ChE-I
therapy. May be amyloid positive patients derive
greatest symptomatic benefits

- Need Cholinesterase Inhibitor and possibly
memantine trial in patients who meet clinical
criteria for AD but are negative for amyloid




Vitamin E and Donepezil for the Treatment
of Mild Cognitive Impairment

Ronald C. Petersen, Ph.D., M.D., Ronald G. Thomas, Ph.D., Michael Grundman, M.D., M.P.H,,
David Bennett, M.D., Rachelle Doody, M.D., Ph.D., Steven Ferris, Ph.D., Douglas Galasko, M.D.,
Shelia Jin, M.D., M.P.H., Jeffrey Kaye, M.D., Allan Levey, M.D., Ph.D., Eric Pfeiffer, M.D., Mary Sano, Ph.D.,
Christopher H. van Dyck, M.D., and Leon J. Thal, M.D., for the Alzheimer's Disease Cooperative Study Group*
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Figure 1. Kaplan—Meier Estimates of the Rate of Progression from Mild Cognitive Impairment to Alzheimer's Disease [AD).
Panel A shows the survival estimates in all three groups during the three-year study. Panel B shows the results of pre-
specified comparisons involving z-tests at & months (P=0.004) and 12 months (P=0.04). Panel C shows the effect of
APOE e4 carrier status on the rate of progression to Alzheimer's disease, and Panel D shows the effect of treatment
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Long-term Effects of Donepezil on Cognition:
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Medical Foods

Figure I: Criteria for Medical Foods, Nutrition Labeling and Education Act of 1990

Specifically for management of
distinctive nutrient needs, resulting
from a specific clinical condition

Used under medical

supervision, and for
patients receiving
ongoing medical
care

Specially formulated &
processed; not naturally

Medical occurring
Foods
Criteria

For oral intake or enteral

For patients who cannot normally take or feeding by a tube

metabolize ordinary food or those whose
distinctive dietary needs cannot be met

through normal diet Frost & Sullivan, 2008



Axona/ketosyn mechanism
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Ketosyn Phase Il Trial




ADAS-Cog, by Genotype APOE4(+)

Per Protocol for ADAS-Cog, By Genotype ApoE4(+)
(i.e. completed all ADAS-Cog scales through d104, no LOCF)
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ADAS-Cog , by Genotype APOE4(-)

Per Protocol for ADAS-Cog, By Genotype ApoE4(-) -
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Souvenaid
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Efficacy of Souvenaid in Mild
Alzheimer’s Disease: Results from a
Randomized Controlled Trial
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—a— _pivirol

Mean change from baseline in
MTB memory domain z-score

Ntens, et. al, Journal of Alzheimer’s Disease 31 (2012) 225-236






Drug Classes with Evidence for
Efficacy but Failed in Development

- Muscarinic Agonists
- Ca+ Channel Blockers
- Nicotinic Agonists




New Directions in Sympomatic
Drug Development

- Different less well studied mechanisms of
action, different neurotransmitter systems

- Che-l/peripheral delivery blockade




Proposed MoA of idalopirdine

Idalopirdine - ) _
@ In cognition-relevant brain regions:
5-HT @ =, « Impact on multiple neurotransmitters

#a  5-HT, receptor el o : : i
G = Facilitation of cholinergic, glutamatergic
and, likely, monoaminergic signalling

= Facilitation of neuronal activity

Excitatory e Tanic inhibition = . . - :
transmission 1 : (GABA) | Receptor localization and microdialysis

data suggest regulation through:

N ¢ S » Glutamatergic pyramidal cells
eurotransmission . e
ACh, GLU, (DA, 5-HT) » GABAergic (inter)neurons (reduced inhibition)

Cognition T

5-HT=gerotonin; GABA=gamma aminobutyric acid;
ACh=acetylcholine; DA=dopamine; MoA=mode of action

Added benefit in combination with
cholinesterase inhibitors




Primary endpoint — cognition

ADAS-Cog
2 . - — Donepezil + placebo
; — Donepezil + idalopirdine
c | - p=0.013
S - =0.004
— -1 _i (] p .
© |
on i a
% |
-
£ 9 - @
o 3
@ =
2 1 I -
< 0
2 - . : . I ¥
0 4 8 12 16 20 24

Week
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Secondary endpoints — functional and global

outcomes
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Chase Pharma - AD Therapeutics

- Cholinesterase inhibitor dose in practice limited
by adverse effects

- Only 20 to 30% inhibition of cholinesterase in the
brain with high dose AChE-I in current use

- Decrease adverse effects, increase maximum
tolerated dose by combining AChEI with
peripheral cholinergic drug such as solifenacin

- Potential to increase dosing to 40 mg or more of
donepezil, comparable increase with other
cholinesterase inhibitor




Summary

- Slow evolutionary progression improving
current medications

- Maximizing therapeutic benefit, more
convenient dosing, minimizing adverse
effects

- Expanding usage to broaden range of disease
stage

- Expanding use to other dementias




Future Directions




Future

- Need for better targeting for symptomatic
drugs regarding disease stage and diagnosis

- Continue evolving available cognitive
therapies

- Investigate new potential disease mechanisms
that may reveal symptomatic treatment
targets




The End
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