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Learning Objectives

• To understand where we are in treatment of Alzheimer 
Disease in 2022.

• To appreciate the major mechanisms being pursued for 
disease modifying therapy in Alzheimer Disease, and the 
disease treatments that might emerge from these.

4



Dementias (such as Alzheimer Disease) are complex diseases

Treatments to: 
•improve the cognitive symptoms- memory loss, planning, language
•Stop and prevent the neurological brain damage from Alzheimer Disease
•Treat the neuropsychiatric symptoms and behavioural problems encountered



What are the Behavioural and Psychological 
Symptoms of Dementia (BPSD)?

•Anxiety, Sleeplessness

•Depression

•Agitation and aggression

•Wandering

•Psychosis, hallucinations, delusions

•Paranoia

•Apathy

Treatment approaches = combination of 
environment, non-pharmacological, and 
pharmacological approaches



MajTrq

AED

Anti
Dep,
SSRI

Relx

ChI

Misc

•Ritalin

Key thing is to have an interested and accessible and 
knowledgeable physician able and willing to try and try and 
try to find solutions



Timeline of therapy for Alzheimer’s 
Disease
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Symptomatic treatment of cognitive symptoms
• Cholinesterase inhibitors: 

Aricept (Donepezil), 
Exelon(Rivastigmine), Reminyl
(Galantamine), Exelon Patch

• Modest improvement/stabilization

• 25% AD - no benefit

• Best result: “roll back 6-12 months”

• Memantine  “Namenda” or “Ebixa”-
blocking NMDA glutamate receptors. 
- proven in moderate to severe AD. 
Mild benefit-particularly for agitation.

• Combination therapy advantageous

•None new released since 2004
•There is no evidence that one CI is more 
efficacious than another
äChoosing one- ease of use, side effects profile.
•Many new ones in different stages of research 
development
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AChEIs: meta-analysis
Lanctôt et al CMAJ 2003



Current Treatment for Early AD



Cognitive Continuum

Normal

Mild Cognitive

Impairment

AD DementiaNo functional loss

No cognitive complaints

And no objective cognitive 

loss

Significant cognitive impairment,

Functional impairment too

Can start Subjective Complaints here

Major 
Neurocognitive 
Disorder 
“due to Alzheimer’s 
disease”

• Mild Neurocognitive 

Disorder : 1 or more 

cognitive domains 

impaired

MCI plus biomarker evidence 
of amyloid = “prodromal AD”



There are many proposed mechanisms involved in Alzheimer’s Disease
- Are they all present in every patient? Can they be targetted for treatment?
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Mitochondrial dysfunction, 
energy processing

Calcium
homeostasis

Synaptic and neuronal 
network dysfunction

Lysosome & proteasome
Autophagy dysfunction

Neuroinflammation
Innate Immunity

Accumulation and 
spreading of 

misfolded toxic
proteins

Apoptosis

ROS and metals

adapted from slide by Ouassila Habi (OIAP)

*

*



Agents in Clinical Trials for Treatment of AD in 2021

120 agents in 
development



What is being tried to treat AD now?



Drug mechanisms and DMT 
approaches for Alzheimer Disease

• Reduce Amyloid*
• Reduce Tau Hyperphosphorylation*
• Improve synaptic activity and neurotransmitters
• Neuroprotection, augment synaptic plasticity*
• Mitochondrial and metabolic function*
• Bioenergetics approaches*
• Inflammation and microglial modulators*
•   Counteract cell senescence*

• Improve Vascular function
•   Growth factors
•   Hormones
•   Epigenetics 
•   Proteostasis, proteinopathy approach
•   Other novel mechanisms-lipid rafts



Amyloid  beta and Tau Protein Misfolding Pathways



Amyloid Targets: Aβ Aggregates 
and Plaques

Mucke, 2009; LaFerla, 2007

Soluble Species

Monomers

Oligomers

Insoluble Species

Protofibrils

Neuritic Plaques

In-vivo imaging of 
fibrillar amyloid



Senile neuritic plaques

Decrease in A clearance
Sporadic AD, LOAD

Failure of clearance mechanisms, 
multiple causes

Inflammation
Oxidative Stress

Neurodegeneration

Scarpini et al. Lancet Neurol. 2003;2:539-547

A production 

 secretase too active

-secretase too active
-secretase too low 

 A deposition (familial AD)



Phase 3 failure of anti-amyloid therapies
• Bapineuzamab results:negative 2013

• Tramiprosate , Scyloinossitol failures - 2010

• IVIG Results: Negative

• Solenuzemab: Negative -no individual studies have 
reached significance- Lilly 2016.

• Subanalyses and post-hoc analyses of some studies  
indicate efficacy in removing plaques, without clinical 
benefit (Holmes et al, 2008, Lancet; Castellani (2011), 
J. Pathology)

• Low dose Gantenerumab (Roche ) 2017:  failure

• DIAN (Dominantly Inherited Alzheimer Network): Five 
year trial of FAD gene positive carriers, with 
Solenuzemab and Gantenerumab- Failure to delay AD 
symptoms! (2020 release)



Anti-AB MABs Currently in Phase 3 Clinical Trials
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Sevigny,J. (2016) Nature, PMID 27582220



Aducanumab Effect on CDR-sb

Analysis visit (weeks)

*

*P<0.05 vs placebo

Placebo (n=36, 36, 22) Aducanumab 1 mg/kg (n=28, 28, 23)

Aducanumab 3 mg/kg (n=30, 30, 27) Aducanumab 6 mg/kg (n=27, 27, NA)

Aducanumab 10 mg/kg (n=28, 28, 23)

Difference from 

placebo at 

Week 54

-0.33

-0.71

-1.44

Aducanumab is an investigational drug and not approved in Canada

18 point scale- MCI  range from .5 to 3.5. Higher score = worse
A difference on CDR-sb of >.98 is clinically significant
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Meta-Analysis of Difference in CDR-SB versus 
Placebo – High Dose

Thus, one study succeeded, one study failed in meeting 
planned endpoint at high dose.
•Efficacy (as specified by company beforehand) meant both 
studies had to meet primary endpoint.



How effective might Aducanumab be?
{Watt et al, CMAJ 2021 , Sept 13. Commentary}

• Concept of “Minimally clinically important difference in 
outcome” = what effect can be detected clinically.

• On the CDR-SB (Clinical Dementia Rating Scale Sum of 
Boxes) this =.98 point in subjects with MCI and 1.6 in AD 
(Andrews et al., Alz & Dementia, 2019). 

• In EMERGE trial the difference was only 0.39 points.

• Minimally clinically important difference in outcome scale on 
the MMSE is noted to be 1 to 3 points (Andrews et al., Alz & 

Dementia, 2019.. In EMERGE it is 0.6 points.

• These levels cannot be reliably distinguished  from chance 
variations (Jutten et al., Neurology (2021) 96, e2673-e2684.)
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Published in Canadian Geriatrics Journal,vol. 24,no.4, December, 2021



July 2021 – Letter to Health Canada on Aducanumab 
(see www.ccna-ccnv.ca/aducanumab); 
Chertkow et al.; Canadian Geriatrics Journal, Dec. 2021 (available 
online)

• Canadian experts were not impressed by the argument that 
“people should have choices”……in a single payer system, the 
cost/benefit must be clearly established.

• “What [evidence] is available suggests aducanumab does not 
meet accepted criteria for clinical efficacy, safety, and risk 
benefit of an agent for Alzheimer’s disease that would justify 
Health Canada regulatory approval. 

• Concerns were raised about raising false hope.
• Concerns were raised that aducanumab might in the end prove 

ineffective.
• A further Phase 3 trial was suggested. 
• Health professionals volunteered to form a committee to work 

with Health Canada to establish criteria for DMT in AD. We must 
develop a feasible cost-effective trajectory for access to 
biomarkers and DMT’s in the future.

• Finally…concerns over  scientific decision-making for non-scientific 
reasons.
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http://www.ccna-ccnv.ca/aducanumab


Post-Hoc Analysis of Adjusted Mean Change from 
Baseline in CDR-SB: % Difference from Propensity-
Matched Placebo by Cumulative Dose Received

These subjects received 
at least 14 high dose 
injections





Some arguments for licensing of aducanumab

• Cummings et al,2021:  “We support providing 
persons with AD, who face a progressive and 
incurable disease, with the option of making 
informed choices about their health and lives (with 
aducanumab).”

• Cavazzoni of FDA, letter June 7th:“we listened to 
the perspectives of the patient community ….The 
need for treatments is urgent”.
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Latest news

• Dec 2021: Centers for Medicare and Medicaid Services (MS) 
announces it will only cover aducanumab (or other monoclonal 
antiobodies directed against amyloid for AD) in the context of CMS-
approved randomized controlled trials.

• Dec 2021: Independent group of expert physicians (Whitehouse, 
Schneider) calls for FDA to recall aducanumab.

• Dec 2021: Biogen slashes annual cost of Aduhelm to $23,000/patient

• May, 2022: Still no response from Health Canada on Biogen’s 
aducanumab application.

• May 2022- CEO of Biogen resigns…fate of Aduhelm? 33



ARIA (amyloid related imaging abnormalities) , 
microbleeds, and screening for anti-amyloid therapy

•ARIA  occurred in 35% of individuals receiving 
anti-amyloid therapies, more if ApoE4 positive.

•May need ApoE screening in all subjects.

•ARIA-E = focal edema, ARIA-H = microbleeds.

•Usually within first few months-first year of 
starting therapy. Reflect drug action.

•80% asymptomatic. 20% = headache, dizziness, 
focal findings.

•Rarely (but occasionally) fatal.

•Do not start therapy if >6 microbleeds exist 
already; microhemorrhages can change to 
macro. Screen and follow with MRI.
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“Alzheimer Syndrome” = 
Cortical dementia, not 

FTD, diagnosed clinically 
(with MRI, lab tests)

1/3 = 
No amyloidopathy =

SNAP, LATE, PART, 
Hippocampal 

sclerosis, Tau-only 
AD, unsuspected 

vascular dementia, 
or Other.

2/3 
=Amyloidopathy = 
Alzheimer Disease
(or MCI due to AD)

Patients meeting 
clinical criteria 
for AD or MCI

If anti-amyloid drugs used in the 
future, they can only work on this 
group

The new way 
of seeing AD
In the clinic:



Tau Processing to Tangles

4 repeat 

sequences 

(R1-R4) 

make up the 

microtubule-

binding 

domain 

(MBD) of tau

Querfurth HW, LaFerla,FM N Engl J Med 2010:362:329-44



Other target: Anti-tau drugs against 
Neurofibrillary tangles

•Tangles include intracellular aggregates of microtubule-

associated proteins (tau) that are hyper-phosphorylated.

•Increase correlates with symptoms, progression, severity.



Treatments Directed at Microtubules and 
Tau Pathology

Adapted from Brunden et al Nature Rev Drug Discovery 2009; Boutajangout et al J Neurosci 2010 

Epothilone D

Paclitaxol

HDAC Inhibitors 

GSK 3b inhibitors

IMMUNOTHERAPY DIRECTED AT TAU OLIGOMERS

Lithium, Valproate



Anti NFT approaches 
(Knopman (2021), Nature Reviews, Disease Primers, 
Alzheimer Disease. Vol 7, pp 33.)

• Genetic targeting: Antisense oligonucleotides to suppress tau gene 
(MAPT). Current BIIB080 intrathecal ASO against tau mRNA.

• Immunotherapy vs. N-terminal: 4 negative trials of monoclonal 
antibodies at phase 2 (Gosuranemab, Tilavonemab, Semorinemab, 
Zagotenemab).

• Immunotherapy vs. C-terminal and MTBR (Microtubule binding 
region):  Current Esai: E2814, UCB 0107, AF87908

• Combining with anti-amyloid therapy  (DIAN-TU, presymptomatic
FAD subjects).

• Unanswered questions: Primary tauopathy (PSP), vs. secondary 
tauopathies (AD). 3 repeat vs. 4 repeat tauopathy, etc.  
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Hepatitis C Virus
Methicillin-resistant 

Staphylococcus aureus 

Calcoen, Elias & Yu. Nature Reviews Drug Discovery 14, 161–162 (2015)

Attrition Profile for Drug Development for Alzheimer’s Disease
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How to treat Alzheimer’s & Dementia? – Complex & 

Multifactorial illness

Norton et al, Lancet Neurol 2014
Livingston et al., Lancet 2020

Multiple disease mechanisms
Old 
age

Birt
h

Genes x Environment

Diabetes Depression

Hypertension Smoking

Obesity Low education

Physical inactivity 
Alcohol, 

air pollution

Boyle et al., Ann Neurol 2018
Kivipelto, Ngandu et al., Nature Neurology (in press)
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metabolism

Oxidative stress
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Glucose 

metabolism
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Neuronal death
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Slide courtesy of Dr. Miia Kivipelto
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The coming Alzheimer Disease prevention / 

treatment cocktail

Neurotransm 

modulators

Next generation targets

Neuroprotection

Risk factors

intervention

Amyloid & 

Tau lowering

molecules

Cocktail vs. 
Personalized 

Medicine

Dietary 

interventions/

Medical food 
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Chertkow lab- prior to pandemic
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Thank you! Time for questions
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