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Alzheimer’s vs 
Dementia

Alzheimer’s….Dementia….

specific neurological disease 
with dementia symptomscognitive symptoms associated 

with neurological diseases

60-80% of dementia cases are 
related to Alzheimer’s disease

Alzheimer’s vs Dementia

e.g. memory loss, confusion etc..



2019

2030

2050

55 million 78 million 139 million

global no. of people with Alzheimer’s

Global impact of Alzheimers

WHO Global status report, 2021

US$
1.3

trillion

US$
2.8

trillion

2021 2030

global cost of dementia

Dementia care homes

US - $2,500 per week

Medication

US - $1,000 per week
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Only 8 FDA-
approved 

Alzheimer’s drugs
(mildly manage 

symptoms) 

Failure rate of 
Alzheimer's 

drugs in clinical 
trials is ~ 99%

NIH - US$3.98 
billion budget 

for 2026 funding

(1906 - now)
No cure for 

Alzheimer’s - only 
treatments for 

symptoms

Extremely expensive 
for Pharma companies 
to bring drugs to market

Desperate need for 
Alzheimer’s cure



Talk outline

Part I
History of Alzheimer’s - Alois Alzheimer

Alzheimer’s disease causing hypotheses

Part II
Alzheimer’s drug treatment strategies

Clinical case studies (controversial FDA approvals)

Part III
Outlook & future directions - how are Pharma companies 

tackling Alzheimer’s



Alois Alzheimer
(1864 – 1915)

1901 present day

Auguste Deter
observations: memory loss, confusion, and behavioral 

changes

Bavaria

1906 mid-1900s

Aβ plaques Tau tangles

Aβ plaques & 
Tau tangles 

widely accepted

postmortem: “unusual plaques & tangles in 
the brain tissue”

1907

medical 
conference

Auguste 
died

History of Alzheimers - Alois Alzheimer



Amyloid Beta (Aβ) & Tau tangles hypotheses

Aβ plaques Tau tangles

healthy neurons

microtubules

Alzheimer’s neuronsAβ peptides aggregate

blocks neuronal signals/functions

Aβ
(DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV)



Amyloid Beta (Aβ) & Tau tangles hypotheses

Aβ plaques Tau tangles

healthy neurons

microtubules

Alzheimer’s neuronsAβ peptides aggregate

blocks neuronal signals/functions

Cholinergic hypothesis

reduced synthesis of acetylcholine in AD patients

AChR

reduces neuronal signals/functions

1970s
Aβ

(DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV)



Alzheimer’s

Aβ plaquesAChR

Tau tanglesNMDA

Cognitive symptom management
Alzheimers treatments & cures

Disease-modifying treatments (DMTs)



AChR

Alzheimers treatments & cures



AChR

Cholinesterase Inhibitors (1990s)
manages cognitive decline

increase levels of acetylcholine (neurotransmitter) deficient in Alzheimer’s patients

Alzheimers treatments & cures
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treating dementia symptoms
1993 - 2003

Tacrine (Cognex) - 1993 Donepezil (Aricept) - 1996

Rivastigmine (Exelon) - 2000 Galantamine (Razadyne) - 2001



Alzheimer’s

Aβ plaques

Tau tangles

Cognitive symptom management

NMDA

AChR

Alzheimers treatments & cures

treating dementia symptoms treatments/cures for Alzheimer’s disease needed1993 - 2003

Disease-modifying treatments (DMTs)
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Alzheimer’s

Aβ plaquesAChR

Tau tanglesNMDA

Cognitive symptom management
Alzheimers treatments & cures

Disease-modifying treatments (DMTs)



Aβ monomers Aβ oligomers protofibrils

Aβ fibrilsAβ plaques

Lecanemab
(binds to protofibrils)

Gantenerumab
(blocks fibril 
elongation)

Aducanumab
(stops 2nd phase 

aggregation)

β-secretase

γ-secretase

Solanezumab 
(stops 1st phase 

aggregation)

APP

Aβ

Alzheimers treatments & cures - Aβ plaques

1
2
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5
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5
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Antibody-based drugs

Nat. Rev. Neurol., 2019, 15, 73-88.
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Lecanemab
(binds to protofibrils)

Gantenerumab
(blocks fibril 
elongation)

Aducanumab
(stops 2nd phase 

aggregation)

Solanezumab 
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aggregation)
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Antibody-based drugs

Nat. Rev. Neurol., 2019, 15, 73-88.



Case study - Aducanumab (Aduhelm) 

Aβ fibrils

X

Aβ plaques

6

Aβ (3 - 7)

monoclonal AB - FDA approved in 2021

 1st Alzheimer’s drug approved in 18 years

 1st disease-modifying Alzheimer’s drug

Nature, 2016, 537, 50-56.

Aduhelm
(Aducanumab)

Predicted to be best-selling drug of all time 
($10 billion by 2028)
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Case study - Aducanumab (Aduhelm) 

"FDA Approves Alzheimer’s Drug Aduhelm, the First New Treatment for 
Disease in Nearly Two Decades"

The New York Times (June 2021)

"FDA Approval of Aduhelm: A Step Toward Changing the Course of 
Alzheimer's"

Washington Post (June 2021)

"Aduhelm Approval Offers New Hope for Alzheimer's Patients"

CNN (June 2021)

"FDA Approves Aduhelm, First Drug to Target the Root Cause of 
Alzheimer's"

Reuters (June 2021)

"Aduhelm's Approval Marks Historic Milestone for Alzheimer's Disease"

NBC News (June 2021)

Predicted to be best-selling drug of all time 
($10 billion by 2028)



Case study - Aducanumab (Aduhelm) 

"FDA Approval of Aduhelm Draws Criticism for Lack of Solid Evidence"

The New York Times (June 2021)

"FDA’s Approval of Aduhelm Raises Concerns Among Experts"

The Wall Street Journal (June 2021)

"Alzheimer’s Drug Aduhelm Faces Strong Backlash From Medical Experts"

The Guardian (June 2021)

"FDA’s Approval of Aduhelm Sparks Legal Action and Calls for 
Reassessment"

Politico (June 2021)

"Aduhelm Approval: Growing Rejection Among Medical Community"

BBC News (June 2021)

"FDA's Approval of Aduhelm Stirs Concerns Over High Cost and 
Effectiveness"

NBC News (June 2021)



Case study - Aducanumab (Aduhelm) 

Aβ fibrils

X

Aβ plaques

6

monoclonal AB - FDA approved in 2021

3 FDA advisers resignedabsence of evidence in clinical trials that the 
medication was effective

 1st Alzheimer’s drug approved in 18 years

 1st disease-modifying Alzheimer’s drug

Aduhelm
(Aducanumab)



Case study - Aducanumab (Aduhelm) 

Prof. Aaron Kesselheim - Harvard 
Harvard - undergraduate 1996

University of Pennsylvania Medicine - M.D. 2002
University of Pennsylvania Law School - J.D. 2002

Harvard - M.P.H. 2007
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University of Pennsylvania Medicine - M.D. 2002
University of Pennsylvania Law School - J.D. 2002

Harvard - M.P.H. 2007

“…the aducanumab decision by FDA administrators was probably the worst drug 
approval decision in recent U.S. history…”
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Case study - Aducanumab (Aduhelm) 

Prof. Aaron Kesselheim - Harvard 

David Knopman, M.D. - Mayo Clinic neurologist 

Joel Perlmutter, M.D. - Washington University neurologist

“…the aducanumab decision by FDA administrators was probably the worst drug 
approval decision in recent U.S. history…”

“…disappointed at how the advisory committee input was treated by the FDA…”

“…ruling by the FDA without further discussion with our advisory committee…”



Case study - Aducanumab (Aduhelm) 

Aβ fibrils

X

Aβ plaques

6

phase IV confirmatory trials - 2021

Biogen CEO Michel Vounatsos 
“…the company has up to nine years to deliver the final results…”

(results in 2030)

Aduhelm
(Aducanumab)



Case study - Aducanumab (Aduhelm) 

Aβ fibrils

X

Aβ plaques

6

absence of evidence that the medication was effectiveAduhelm
(Aducanumab)



Case study - Aducanumab (Aduhelm) 

3,285 participants

348 sites

20 countries

criteria: 50-85 years of age, had a diagnosis of early symptomatic AD and were 
positive for brain amyloid pathology as assessed by PET

2015 - Phase III

2 identical 18-month-long randomized, doubleblind, placebo-controlled, parallel-group 
studies (EMERGE and ENGAGE)



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

2 identical 18-month-long randomized, doubleblind, placebo-controlled, parallel-group 
studies (EMERGE and ENGAGE)

Aβ plaques Tau tangles
Clinical dementia 

rating (CDR)



Case study - Aducanumab (Aduhelm) 

Aβ plaques

2015 - Phase III

Placebo
Low dose
High dose

EMERGE ENGAGE

Biogen clinical trial data slides, 2019.



Case study - Aducanumab (Aduhelm) 

Placebo
Low dose
High dose

2015 - Phase III

EMERGE ENGAGE

Tau tangles

Biogen clinical trial data slides, 2019.



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

Clinical dementia 
rating (CDR) Placebo

Low dose
High dose

EMERGE ENGAGE

Biogen clinical trial data slides, 2019.



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

EMERGE

ENGAGE

~ 

Clinical dementia 
rating (CDR)Tau tanglesAβ plaques



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

March 2019 - Biogen stopped development of Aduhelm

March 
2019

Biogen spent $2.4 billion on Alzheimer's-
related research toward Aduhelm



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

- US$100 billion

March 
2019

March 2019 - Biogen stopped development of Aduhelm

Biogen spent $2.4 billion on Alzheimer's-
related research toward Aduhelm
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- US$100 billion
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2019

October 
2019

October 2019 - announcement for FDA approval
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Case study - Aducanumab (Aduhelm) 

2015 - Phase III

March 
2019

October 
2019

October 2019 - announcement for FDA approval

- US$100 billion + US$60 billion



Case study - Aducanumab (Aduhelm) 

Placebo
Low dose
High dose

EMERGE ENGAGE

Clinical dementia 
rating (CDR)

EMERGE ENGAGE



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

March 
2019

October 
2019

June 
2021

FDA approval

US$56,000 a year

IV every 4 weeks

FDA accelerated approval - approval June 2021



Case study - Aducanumab (Aduhelm) 

"FDA Approval of Aduhelm Draws Criticism for Lack of Solid Evidence"

The New York Times (June 2021)

"FDA’s Approval of Aduhelm Raises Concerns Among Experts"

The Wall Street Journal (June 2021)

"Alzheimer’s Drug Aduhelm Faces Strong Backlash From Medical Experts"

The Guardian (June 2021)



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

March 
2019

October 
2019

June 
2021

FDA approval

US$56,000 a year

IV every 4 weeks

safety concerns
ARIA-E (Edema) - 

brain swelling

social media

2022 - total sales $2.8 million
(predicted to be +$1 billion)



Case study - Aducanumab (Aduhelm) 

2015 - Phase III

March 
2019

October 
2019

June 
2021

FDA approval

January 
2024

sales halted

January 2024 - Biogen removed Aduhelm from the market



Aβ monomers Aβ oligomers protofibrils

Aβ fibrilsAβ plaques

β-secretase

γ-secretase

APP

Aβ

Alzheimers treatments & cures - Aβ plaques

1
2

3 4

5

6

Have we been trying to drug something irrelevant?

Lecanemab
(binds to protofibrils)

Gantenerumab
(blocks fibril 
elongation)

Aducanumab
(stops 2nd phase 

aggregation)

Solanezumab 
(stops 1st phase 

aggregation)
3

4

5

6

Antibody-based drugs

2021

2023



Alzheimers treatments & cures - Aβ plaques

Alzheimer’s
Aβ plaques

Tau tangles

causes

Aβ plaques:
“Correlation vs Causality”



Alzheimers treatments & cures - Aβ plaques

Alzheimer’s
Aβ plaques

Tau tangles

causes

Aβ plaques:
“Correlation vs Causality”



Where has Alzheimer’s research gone wrong?

Karl Herrup 
(neurobiologist) “…when two things occur together, it doesn’t necessarily mean that one causes the other…”

“…in confusing correlation with causality, the field has been trapped into this 
model of the disease…”

(we may have gone down a big rabbit hole!)

“Alzheimer’s research direction likely went wrong right back at the very 
beginning, in 1906 with Auguste Deter”



Where has Alzheimer’s research gone wrong?

Karl Herrup 
(neurobiologist)

“…decided they had to do something to attract the funding dollars, and 
they realized that the idea of aging is not really scary…”

“…they needed a boogeyman, and they decided that, of all the diseases of 
aging, dementia was probably the most feared…”

“…the pharmaceutical industry stands to make so much money, if they 
can have proprietary rights on a drug…”

“…what was argued by the founders of the NIA was that, well, if you look at 
the brains of anyone with dementia, you can find these plaques…”



Aβ monomers Aβ oligomers protofibrils

Aβ fibrilsAβ plaques

β-secretase

γ-secretase

Aβ

Alzheimers treatments & cures - Aβ plaques

1
2

3 4

5

6

APP

Lecanemab
(binds to protofibrils)

Gantenerumab
(blocks fibril 
elongation)

Aducanumab
(stops 2nd phase 

aggregation)

Solanezumab 
(stops 1st phase 

aggregation)
3

4

5

6

Antibody-based drugs

2021

Biogen spent $2.4 billion on Alzheimer's-
related research toward Aduhelm



Aβ monomers Aβ oligomers protofibrils

Aβ fibrilsAβ plaques

β-secretase

γ-secretase

Aβ

Alzheimers treatments & cures - Aβ plaques

1
2

3 4

5

6

APP

Lecanemab
(binds to protofibrils)

Gantenerumab
(blocks fibril 
elongation)

Aducanumab
(stops 2nd phase 

aggregation)

Solanezumab 
(stops 1st phase 

aggregation)
3

4

5

6

Antibody-based drugs

2021

2023

(more toxic)

Biogen spent $2.4 billion on Alzheimer's-
related research toward Aduhelm



Case study - Lecanemab (Leqembi)

Clinical dementia 
rating (CDR)

N. Engl. J. Med., 2023, 388:9-21.

Leqembi
(2023)

protofibrils

Aβ fibrils

X 5

is this enough to make it a 
noticeable difference… ?



Case study - Lecanemab (Leqembi)

N. Engl. J. Med., 2023, 388:9-21.

Leqembi
(2023)

protofibrils

Aβ fibrils

X 5

(sales expected to decline in 2025)

2024 - Leqembi total sales $280 million



Aβ monomers Aβ oligomers protofibrils

Aβ fibrilsAβ plaques

β-secretase

γ-secretase

Aβ

Alzheimers treatments & cures - Aβ plaques

1
2

3 4

5

6

APP

Lecanemab
(binds to protofibrils)

Gantenerumab
(blocks fibril 
elongation)

Aducanumab
(stops 2nd phase 

aggregation)

Solanezumab 
(stops 1st phase 

aggregation)
3

4

5

6

Antibody-based drugs

2021

2023

Kisunla
(2024)



Aβ plaques

Case study - Donanemab (Kisunla)

Clinical dementia 
rating (CDR)

Kisunla
(2024)

JAMA., 2023, 330(6):512-527.

pyroglutamate 
(Aβ3pE-42)

more selective
(better safety profile)



Leqembi
(2023)

Alzheimers treatments & cures - Aβ plaques

Clinical trials have not been 
entirely satisfactory…

Clinical dementia 
rating (CDR)

Kisunla
(2024)



Talk outline

Part III
Outlook & future directions - how are Pharma companies 

tackling Alzheimer’s

Part I
History of Alzheimer’s - Alois Alzheimer

Alzheimer’s disease causing hypotheses

Part II
Alzheimer’s drug treatment strategies

Clinical case studies (controversial FDA approvals)



Alzheimer’s

Aβ plaquesAChR

Tau tanglesNMDA

Cognitive symptom management Disease-modifying treatments
Alzheimers treatments & cures

Alternative treatment 
strategies?



Alzheimer’s

Aβ plaquesAChR

Tau tanglesNMDA

Cognitive symptom management Disease-modifying treatments
Alzheimers treatments & cures

Genetic factors



Genetic factors

inherited genetic mutations

β-secretase

γ-secretase

APP

Aβ

Aβ plaques

APP
β-secretase (BACE)

γ-secretase (PSEN1 & PSEN2)

Sporadic Alzheimer's Disease (sAD)Familial Alzheimer’s Disease (fAD)

random genetic mutations

APOE

Front. Genet., 2017, 8:58.

lipid transport

cellular uptake of 
cholesterol & 
lipoproteins

search for other sAD Aβ modifying proteins



Bottleneck in brain drug 
development: 

the BBB

“…>98% of all small molecule drugs do not cross the BBB, 
and ~100% of biologic drugs do not cross the BBB…”

Pardridge, W.M., et al., NeuroRx. 2005, 2, 3–14.

By 2025, pharmaceutical companies are expected to invest 
over $2 - $3 billion annually in BBB delivery mechanisms…



BBB cell monolayer

Brain

Blood

Brain

The Blood-Brain Barrier (BBB)
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BBB cell monolayer

Brain

Blood

Brain

The Blood-Brain Barrier (BBB)



Strategies to overcome the BBB

Antibody-Engineering

Cranial Injections

Eur. J. Med. Res., 2024, 29:313.

Nanoparticles 
(NPs)

Chemical Alterations

lipophilicityrigidity

Focused Ultrasound 
(FUS)



Strategies to overcome the BBB

Antibody-Engineering

Eur. J. Med. Res., 2024, 29:313.

Nanoparticles 
(NPs)

Brain

Blood

Brain

BBB receptor 
ligand

BBB receptor 
ligand

BBB receptor



Disease-modifying treatments (DMTs)

Outlook

Donanemab
(2024)

Aduhelm
(2021)

Clinical dementia 
rating (CDR)

Aβ plaques:
Correlation vs Causality

Alternative treatment strategies

Genetic factors

Tackling the BBB

Antibody 
engineering

Leqembi
(2023)

Early detection

brain imaging



Thank you!

Any Questions?


