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Learning Objectives 

Describe the underlying mechanisms of anti-amyloid 

medications used in the management of Alzheimer’s disease.

Differentiate efficacy and safety profiles of available anti-

amyloid medications for Alzheimer’s disease.

Explain the place in therapy anti-amyloid medications have in 

the management of Alzheimer’s disease.

Identify anti-amyloid therapeutics currently in development.



What is Alzheimer’s Disease (AD)?

A type of dementia (syndrome) that also includes the following 
types: Vascular, Lewy Body, Frontotemporal and Mixed

Can include a collection of symptoms that include cognitive 
impairment and behavioral/psychological changes

Cognitive impairment is a normal part of aging, but mild cognitive 

impairment (MCI) is a known risk factor for dementia

Alzheimer’s Association. What is Alzheimer’s Disease. Available at: https://www.alz.org/alzheimers-

dementia/what-is-alzheimers. Accessed March 21, 2024.



Epidemiology of AD

Alzheimer’s Association. Alzheimer’s Disease Facts and Figures (infographic). Available at: 

https://aaic.alz.org/downloads2020/facts2020_infographic.pdf. Accessed March 21, 2024.
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AD Risk 

Factors

Breijyeh Z, Karaman R. Comprehensive review on alzheimer’s disease: Causes and treatment. Molecules. 2020;25(24). doi: 

10.3390/molecules25245789.



AD Risk Factors – cont.
Environmental Risk 

Factors

Acquired Risk FactorsGenetic Risk Factors

 Secondhand smoke

 Air pollution

 Pesticides

 Hypertension

 Hyperlipidemia

 Cerebrovascular 

disease

 Atherosclerosis

 Type 2 DM

 Obesity

 Lifestyle and activity

 Brain trauma

 Medications

 Autosomal dominant 

inheritance of mutations 

that alter amyloid beta 

protein…

 Amyloid beta 

precursor protein 

(APP), Presenilin 1 

(PSEN1), Presenilin 

(PSEN2)

 APOE e4

Ballard C, et al. Alzheimer's disease. Lancet. 2011; 377:1019-31



Genetics of AD
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Ballard C, et al. Alzheimer's disease. Lancet. 2011; 377:1019-31



APOE

- AA: 1.93  (1.72-2.17)

- EUR: 3.32  (3.20-3.45)

- JAP: 5.5    (4.4-6.9)*

ABCA7

- AA: 1.41 (1.21-1.65)

- EUR: 1.13 (1.09-1.18)

- JAP: NS

SORL1

- AA: NS

- EUR: 0.81 (0.76–0.88)

- JAP: 0.75 (0.66–0.85)*

 Miyashita A, et al. (2013) Correction: SORL1 Is Genetically Associated with 

Late-Onset Alzheimer’s Disease in Japanese, Koreans and Caucasians. 

PLOS ONE 8(7).

 Belloy ME, et al. A Quarter Century of APOE and Alzheimer's Disease: 

Progress to Date and the Path Forward. Neuron. 2019 Mar 6;101(5):820-838.

Genetics of AD – cont.



AD

Pathology

Breijyeh Z, Karaman R. Comprehensive review on alzheimer’s disease: Causes and treatment. Molecules. 2020;25(24). doi: 

10.3390/molecules25245789.



Pathogenesis of AD

Singh B, et al. Alzheimer's disease current therapies, novel drug delivery systems and future directions for better disease management. J 

Controlled Release. 2024; 367:402.



AD Pharmacotherapy

Dementia Symptoms

• Cholinesterase inhibitors

o Donepezil, galantamine, rivastigmine

• NMDA receptor antagonist

o Memantine

Neuropsychiatric symptoms

• Atypical antipsychotics

o Aripiprazole, quetiapine, risperiodone, olanzapine

• Antidepressants

o Citalopram, sertraline

• Anticonvulsants

o Carbamazepine

Ballard C, et al. Alzheimer's disease. Lancet. 2011; 377:1019-31



AD Treatment Pathway

Hajjo R, et al. A review of the recent advances in alzheimer’s disease research and the utilization of network 

biology approaches for prioritizing diagnostics and therapeutics. Diagnostics. 2022;12(12).



Pathogenic Targets of AD

Aβ 
peptide

Tau 
protein

Inflammation

Gu X, et al. Monoclonal antibody therapy for alzheimer's disease focusing on intracerebral targets. BST. 2024;18(1):49.



Amyloid Beta (Aβ) Targets

Perneczky R, et al. Anti‐amyloid antibody treatments for alzheimer's disease. Euro J of Neurology. 2023;31(2).



MOA | Anti-Amyloid Monoclonal Antibodies

• Amyloid beta (Aβ) plaque 

reduction via activation of 

microglia with phagocytosis of 

fibrillar Aβ and degradation 

through the endosomal/ 

lysosomal system

• Each approve mAb targets a 

different constellation of Aβ 

species

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Learning Assessment – Question 1 

Which of the following amyloid beta (Aβ) species is 

targeted by current generation monoclonal antibodies? 

a. Amyloid beta (Aβ) monomers

b. Amyloid beta (Aβ) oligomers

c. Amyloid beta (Aβ) protofibrils

d. Amyloid beta (Aβ) plaques



History of Monoclonal Antibody (mAb) Immunotherapy

1999

Vax against 
amyloid-
PDAPP

2001

1st trial of 
AN1792 vax

2006

1st trial of mAb
bapineuzumab 

2009          
ARIA 1st 
observed

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Anti-Amyloid mAb Clinical Trials
1o TEAE1o Efficacy 

Endpoint

SubjectsStudy 

Phase

Major 

Target(s)

Agent

ARIASlowing cognitive 

decline

Early AD3Aβ multimersAducanumab

ARIAImproved markers of 

amyloid

Early AD3Aβ oligomersLecanemab

ARIA with 

microhemorrhages 

and hemosiderin

Slowing cognitive 

decline; reduced Aβ 

plaque

Early AD3Aβ plaqueDonanemab

ARIAReduced Aβ plaqueEarly AD3Aβ multimers or 

monomers

Gantenerumab

ARIAReduced Aβ plaqueEarly AD3Aβ 

(promulgated)

Remternetug

 Gu X, et al. Monoclonal antibody therapy for alzheimer's disease focusing on intracerebral targets. BST. 2024;18(1):49.

 Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Select Anti-Amyloid Monoclonal Antibodies

Aducanumab-avwa
(Aduhelm®)

• Biogen

• ENGANGE, 
EMERGE

• FDA approval 
(accelerated) June 
2021

Lecanemab
(Leqembi®)

• Esai & Biogen

• CLARITY AD

• FDA approval 
(accelerated) 
January 2023  

Donanemab

• Eli Lilly

• TRAILBLAZER –
ALZ 2

• FDA decision 
delayed, March 
2024 (accelerated 
pathway)

 Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.

 Food and Drug Administration. Drugs@FDA. Available at: 

https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=BasicSearch.process. Accessed 20 March 2024. 



Aducanumab Clinical Program 

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Lecanemab Clinical Program

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Donanemab Clinical Program

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



FDA – Approved | Anti-Amyloid mAb

Safety 

Considerations

Administration 

Considerations

Indication(s)Generic Name

BBW: Yes - ARIA

REMS: No

Post-marketing: 

ENVISION

ROA: Infusion

Freq: q 4 weeks

SOC: outpt infusion

Other: requires 

initial dose titration

AD (Aβ confirmed) -

patients with MCI or 

mild dementia

Aducanumab

BBW: Yes - ARIA

REMS: No

Post-marketing: 

Yes

ROA: Infusion

Freq: q 2 weeks

SOC: outpt infusion

Other: 10 mg/kg

AD (Aβ confirmed) -

patients with MCI or 

mild dementia

Lecanemab

 Aduhelm [package insert]. Bridgewater, NJ: Biogen, Inc. Revised August 2023.

 Leqembi [package insert]. Nutley, NJ: Esai, Inc. Revised July 2023.



Anti-Amyloid Black Box Warning

Aduhelm [package insert]. Bridgewater, NJ: Biogen, Inc. Revised August 2023.



Under FDA Review | Anti-Amyloid mAb

Safety 

Considerations

Administration 

Considerations

Indication(s)Generic Name

BBW: ?

REMS: ?

Post-marketing: 

Yes

ROA: Infusion

Freq: q 4 weeks

SOC: outpt infusion

Other: requires 

dose titration after 3 

months; not weight-

based 

(700 – 1400 mg)

Early AD (Aβ 

confirmed)

Donanemab

N3pG-Aβ 

Monoclonal 

Antibody, 

LY3002813

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 

2023;38(1):5.



Phase 

II – III

Primary 

Efficacy

Outcomes

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Comparative Effectiveness | Primary Outcome

Wu W, et al. The FDA-approved anti-amyloid-β monoclonal antibodies for the treatment of alzheimer’s disease: A 

systematic review and meta-analysis of randomized controlled trials. Eur J Med Res. 2023;28(1).



Comparative Effectiveness | Biomarker Outcome

Wu W, et al. The FDA-approved anti-amyloid-β monoclonal antibodies for the treatment of alzheimer’s disease: A 

systematic review and meta-analysis of randomized controlled trials. Eur J Med Res. 2023;28(1).



Phase II – III Primary Safety Outcome

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.



Comparative Effectiveness | Safety Outcome, ARIA-E

Wu W, et al. The FDA-approved anti-amyloid-β monoclonal antibodies for the treatment of alzheimer’s disease: A 

systematic review and meta-analysis of randomized controlled trials. Eur J Med Res. 2023;28(1).



Wu W, et al. The FDA-approved anti-amyloid-β monoclonal antibodies for the treatment of alzheimer’s disease: A 

systematic review and meta-analysis of randomized controlled trials. Eur J Med Res. 2023;28(1).

Comparative Effectiveness | Safety Outcome, ARIA-H



Learning Assessment – Question 2 

Which of the following are the 1o efficacy / safety outcome 

measures of the aducanumab and lecanemab pivotal trials? 

a. iADRS / ARIA

b. CDR-GS / ARIA

c. CDR-SB / ARIA

d. MMSE / ARIA



Anti-Amyloid mAb | Characteristics

Cummings J, et al. Anti-amyloid monoclonal antibodies for the treatment of alzheimer’s disease. BioDrugs. 2023;38(1):5.

 Aβ

 Aβ 

ARIA

Similarities

A 
species

PK 
parameters

Infusion/ 
titration

Differences



• Futility Analysis Halted Trial: Mar 2019

• Expanded Data Analysis Reported CTAD: Dec 2019

– Reduction in clinical decline

– Effects on cognition and function

– Reduction in amyloid/tau biomarkers

• Open Label Extension Studies Launced: March 2020

• FDA grants ‘Priority Review’: Aug 2020

• FDA Approval: June 2021

• Major US insurers refuse to cover: Summer 2021

• Manufacturer announces removal of drug from 

market: January 31, 2024

• Patients may continue drug until: November 1, 2024

Aducanumab Status

Alzforum. Therapeutics - ALZForum Web site. Available at: https://www.alzforum.org/therapeutics/search. 



Donanemab Status 

Eli Lilly Announcement – March 8, 2024

• FDA action on Alzheimer drug, donanemab, delayed

• FDA convening panel of independent experts for discussion

Reason for Delay

• FDA seeks further understanding of safety and efficacy

• Focus on safety results in donanemab-treated patients

• Efficacy implications of novel trial design

Previous Expectations

• FDA was expected to approve the drug in the first quarter of 2024

Postponed Decision

• Approval decision delayed until at least later 2024

• Advisory panel meeting expected in Q1 or Q2 of 2024

Lilly Medical Affairs: update regarding donanemab (email communication, March 11, 2024)



Anti-Amyloid mAb Clinical Trials
Est  complete 

date

Lead 

Sponsor

Clinical Trial 

No.

CADRO TargetStudy 

Phase

Drug

Oct 2023

Dec 2025

BiogenNCT04241068

NCT05310071

Amyloid β3Aducanumab

Apr 2023

Oct 2027

Sep 2022

Apr 2027

Eli LillyNCT04437511

NCT05026866

NCT05108922

NCT05508789

Amyloid β3Donanemab

Oct 2027

Sep 2027

Oct 2027

Jul 2027

Wash U SOM

Esai

Esai

Wash U SOM

NCT01760005

NCT03887455

NCT04468659

NCT05269394

Aβ oligomers3Lecanemab

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res & Clin Interv. 2023; 9(2).



New AD Targets

Hajjo R, at al. A review of the recent advances in alzheimer’s disease research and the utilization of network biology approaches for 

prioritizing diagnostics and therapeutics. Diagnostics. 2022;12(12).



AD Drug Pipeline

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res Clin Interv. 2023; 9(2).



Learning Assessment – Question 3 

FDA-approved Anti-amyloid mAb are currently 

recommended in which AD patient population?

a. Early AD

b. Mild AD

c. Preclinical AD

d. Mild-moderate AD



* As of Apr. 2021

33 99 55

Phase I Phase II Phase III

Need for Diverse Participants

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res Clin Interv. 2023; 9(2).

AD Drug Pipeline | Development Status



AD Drug Pipeline | MOA – Phase 2

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res & Clin Interv. 2023; 9(2).

CADRO: Common Alzheimer’s Disease Research Ontology



AD Drug Pipeline | MOA – Phase 3

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res & Clin Interv. 2023; 9(2).

CADRO: Common Alzheimer’s Disease Research Ontology



AD Drug Pipeline | MOA – Phase I, II, III

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res & Clin Interv. 2023; 9(2).



AD Drug Pipeline – 2024 Anticipated Data
AL002 (Alector/AbbVie)

– Monoclonal antibody targeting TREM2

– Activates TREM2 signaling to improve cell survival and activity

– Phase II testing ongoing, Phase III development rights held by AbbVie

Fosgonimeton (Athira)

– Modulates HGF system for neuroprotection and anti-inflammatory effects

– Initial Phase II trial in Parkinson’s disease dementia showed mixed results

– Phase II/III trial for mild-to-moderate AD underway, topline data expected soon

ALZ-801 (Alzheon)

– Oral disease-modifying treatment targeting amyloid oligomers

– Phase II results showed preservation of hippocampus without increased risk of ARIA

– Phase III testing ongoing, positive data may lead to partnerships

BioSpace. Five Alzheimer’s Data Readouts to Watch in 2024. Available at: https://www.biospace.com/article/five-alzheimer-

s-data-readouts-to-watch-for-in-2024/. Accessed 10 February 2024.



AD Drug Pipeline – 2024 Anticipated Data
PRX012 (Prothena)

– Next-generation anti-amyloid antibody with subcutaneous delivery

– Phase I trials ongoing, potential for best-in-class status

– Delayed clinical readouts, but continued interest

AXS-05 (Axsome Therapeutics)

– Symptom-treating drug for Alzheimer’s-related agitation

– Repurposed antidepressant tested against agitation

– Positive Phase II and Phase III data, second Phase III study to 

read out soon

BioSpace. Five Alzheimer’s Data Readouts to Watch in 2024. Available at: https://www.biospace.com/article/five-alzheimer-

s-data-readouts-to-watch-for-in-2024/. Accessed 10 February 2024.



On the Horizon | Stem Cell Therapy

Cummings J, et al. Alzheimer's disease drug development pipeline: 2023. Transl Res & Clin Interv. 2023; 9(2).



On the Horizon | FDA Action

Food and Drug Administration. FDA Guidance Document (March 2024). Available at: https://www.fda.gov/regulatory-

information/search-fda-guidance-documents/early-alzheimers-disease-developing-drugs-treatment. Accessed 22 March 2024.



Learning Assessment – Question 4 

Which of the following is a target of anti-amyloid 

mAb currently in the development pipeline?

a. Tau protein

b. Aβ oligomers

c. Stem cells

d. TREM2



Risk vs. Benefit vs. Cost

Institute for Clinical and Economic Review (ICER). Alzheimer’s Disease. Available at: https://icer.org/?s=Alzheimer. Accessed 20 March 2024. 



Resources

Trial Match 

ALZ.org/trialmatch

Alzheimer’s Association 

Science Hub app

ALZ Forum

alzforum.org



Key Takeaways

Anti-amyloid mAb target high molecular weight fibrillar Aβ 

aggregates

Anti-amyloid mAb reduced Aβ demonstrated on amyloid 

imaging, but clinical benefits in early AD are modest at best

Anti-amyloid mAb are associated with amyloid-related 

imaging abnormalities (ARIA)

Numerous other anti-amyloid therapies are in various stages 

of development; novel and multimodal therapies are the future
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