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Alzheimer’s Disease Burden

Hurd et al. N Engl J Med. 2013
MMWR Morb Mortal Wkly Rep. 2017
Alz. Dis. Facts and Figures, Alzheimer’s & Dementia (2017)

 5.8 million with Alzheimer’s in 2020
 $259 billion costs in 2017
 5th leading cause of death among Americans aged 

65 and older
 AD results in memory loss, changes in behavior 

and loss of functional independence
 Patients become completely dependent as the 

disease advances
 There is no treatment that alters the disease 

course

The  
BURDEN is  
LARGE
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U.S. Alzheimer’s disease projections

Alzheimer’s Assoc., Alz & Dement, 2021
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https://www.alz.co.uk/sites/default/files/conf2018/5_Gretta_Stone_Researching_Alz_disease_medicines.pdf

Presentation by Greta Stone to PhRMA, 7/27/2018
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1 NEW APPROVAL

donepezil
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D. Galasko, FDA presentation, 2020-11-06
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Biomarker progression in AD

Adapted from Jack et al., Lancet Neurology, 2013

Estimated number of years from expected symptom onset

Dementia

Hippocampal
Volume
(MRI)

Glucose
Metabolism
(FDG-PET)

CSF Aβ42

CDR (measure of dementia)

Aβ deposition (starting event?)
(Amyloid PET)

CSF tau (neurodegeneration)

Preclinical
Up to 20 years

MCI
Up to 10 years

Dementia
Up to 15 years
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Global vs. Sum of Boxes Scores
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Current Alzheimer’s Disease Treatments
• Approved therapies

• Cholinesterase inhibitors (donepezil, 
galantamine, rivastigmine)

• NMDA antagonists (memantine)
• Modest effect on cognitive symptoms
• Approved for mild, moderate and severe dementia 

due to AD, but not MCI due to AD
• No effects on the underling brain pathology or 

disease course
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Donepezil in mild to moderate AD: ADAS-Cog

Rogers et al., Neurology, 1998
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Anti-amyloid therapy potential
• Accumulation of amyloid may be the initiating factor 

that leads to Alzheimer’s Disease.

• Removal of amyloid may interrupt this pathologic 
cascade.

• Early initiation of therapy before extensive 
neurodegeneration has taken place may be more 
successful
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β-Amyloid aggregation pathway

Sandrock, FDA presentation, 2020-11-06

• Aducanumab is a human IgG1 monoclonal antibody that binds aggregated forms of β-amyloid (oligomers, fibrils and plaques)

• Lecanemab (BAN2401) is a humanized IgG1 monoclonal antibody that binds to soluble Aβ aggregates (oligomers and protofibrils)

• Donanemab humanized IgG1 antibody directed at an N-terminal pyroglutamate Aβ epitope that is present only in established plaques
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Sevigny et al., Nature, 2016
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Sevigny et al., Nature, 2016

Aducanumab: Amyloid Scan Results: 
Phase 1b: 103

Treatment Groups



15

Aducanumab: Clinical Dementia Rating Scale: 
Phase 1b: 103

Sevigny et al., Nature, 2016

CDR
• Orientation
• Memory
• Judgment & Problem 

Solving
• Community Affairs
• Home and Hobbies
• Personal Care
-----------------------------
• Normal = 0
• Higher numbers = worse
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Haeberlein FDA presentation ,2020-11-06

Engage and Emerge
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Exclusion criteria
• Significant medical, neurological or psychiatric disease 
• Contraindications to having a brain MRI scan
• MRI

• Acute or subacute hemorrhage
• Prior macrohemorrhage (>1 cm on T2* sequence) or prior 

subarachnoid hemorrhage unless not due to vascular lesion
• > 4 microhemorrhages
• Superficial siderosis

• Use of medications with platelet anti-aggregant or anti-
coagulant properties except aspirin at a max dose of 325 
mg/day
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Haeberlein FDA presentation ,2020-11-06
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9

EMERGE and ENGAGE: Initial dose regimen

Expected # of 10 mg/kg in high dose group by Week 26: 1 dose by Week 50: 7 doses by Week 78: 14 doses
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Enrollment and timing of key protocol amendments
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ApoE, apolipoprotein E; ARIA, amyloid-related imaging abnormalities.

Population included in futility analysis

EMERGE

ENGAGE

Protocol Version 3
July 2016

Patients with ARIA to restart at
the same dose or titrate up to
the originally assigned dose

EMERGE: ~250  
ENGAGE: ~350

Protocol Version 4
March 2017

ApoE ε4 carriers to  
titrate to 10 mg/kg

EMERGE: ~600  
ENGAGE: ~800

Biogen presentation, CTAD 2019

Result: More patients in Emerge 
received a higher dose of the study 
drug. Mean cumulative dose 
before protocol change = 116 mg/kg; 
after protocol change = 153 mg/kg
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Gutis, NYT, March 22, 2019

• Futility analysis results announced 
March 21, 2019

• “Independent data monitoring 
committee advises aducanumab 
unlikely to meet primary 
endpoints.”

• The trial was stopped… but data 
collection continued.
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‘Reports of My Death Are Greatly Exaggerated.’ 
Signed, Aducanumab (alzforum 10/24/19)

• October 22, 2019: Aducanumab resurrected

• Additional data collected after futility analysis → Full analysis

• Full analysis hits primary endpoint and secondary outcomes, in 1/2 
Phase 3 trials (Emerge: 302)

• Second trial (Engage: 301) negative, but is said to show supportive 
data from those with adequate exposure (high dose)

• Biogen files for a biologics licensing application with the FDA
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November 9, 2020: FDA advisory committee for 
aducanumab votes against approval, as there is no 
reason to favor the positive result in one phase 3 trial 
over the negative result in the other. 
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https://www.statnews.com/2021/05/30/if-the-fda-approves-biogens-alzheimers-treatment-i-wont-prescribe-it/
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https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-drug
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https://www.alz.org/get-involved-now/new-day
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Haeberlein FDA presentation , 2020-11-06



36

Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06
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Summary of 302 study: Emerge
• Met its primary and secondary objectives in the high 

dose arm

• Intermediate effect observed in the low-dose group, 
indicative of a dose-response relationship

• Substantial effects on objective measures of 
underlying Alzheimer’s disease pathophysiology
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Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06
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Aducanumb effects on Biomarkers of Alzheimer’s Disease-
Specific  Tau Pathophysiology: study 302 vs. 301

Study 302 Study 301
Haeberlein FDA presentation , 2020-11-06
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Aducanumb effects on Biomarkers of Neurodegeneration: 
studies 302 vs. 301

Study 302 Study 301

Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06



47

Summary of study 301: Engage
• Study 301 failed to meet its primary or secondary objectives

• Methodologic concerns
• Lower amount of study drug received in study 301
• More rapid progressors in study 301
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Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06
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Haeberlein FDA presentation , 2020-11-06

Biogen Says: 

… “Nothing to see here. Move along.”
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Haeberlein FDA presentation , 2020-11-06
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Methodologic concerns
• Analysis of a trial stopped for futility

• More likely to under- rather than overestimate an effect.

• Use of the Phase 1b trial to provide a “second” positive trial 
• Phase 1b - independent but small. Not the same as a positive phase 3 trial.

• Analyses excluding “rapid progressors” 
• No prior definition of rapid progressors. No prior plan to analyze data this 

way. It is not valid to remove subjects based on outcomes of a trial.

• Effect of functional unblinding due to ARIA
• Potentially could affect CDR particularly in ApoE4+, but unlikely to affect 

MMSE. Future studies might account for this in the placebo group.

• Lack of racial and ethnic diversity in the clinical trials
ICER Draft Evidence,  5/5/21
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Methodologic concerns
• Post-hoc analysis of trial results. 

• Biogen started with premise that drug was effective, and used an 
exploratory analysis as evidence (i.e., Looked at Engage PV4 with OTC). 
Increases risk of type 1 error due to multiple comparisons. Story was still 
not consistent.)

• Use of CDR as an endpoint
• Scale is not used in clinical practice. What is clinically significant? (1-2 

points)

• Was follow-up long enough (78 weeks)?
• Is the drug effective in the long term? What is the long-term safety profile?

• Unknown duration of treatment – stopping not assessed

ICER Draft Evidence,  5/5/21
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ARIA–H ARIA-E

Best viewed on gradient echo and susceptibility weighted sequences Best viewed on a FLAIR sequence

Microhemorrhage Superficial Siderosis
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Where’s the ARIA?
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VandeVrede et al., Alz Dement, 2020

Note: Methylprednisolone has not been definitively shown to treat ARIA-E

He developed sudden-onset explosive headaches and fluctuating confusion, and he self-diagnosed alexia without 
agraphia. He presented to the hospital, where his systolic blood pressure was 206/116 on admission to the 
intensive care unit (ICU), where he received intravenous nicardipine. 
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Cummings et al., J Prev Alz Dis, 2021

Symptomatic ARIA-E: mild 67.7%, moderate 28.3%, and severe 4%
The most common symptoms reported were confusion or altered mental 
status (5%), dizziness (4%), visual disturbances (2%), and nausea (2%). 

See paper for ARIA management.
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Cummings et al., J Prev Alz Dis, 2021
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Patient item Appropriate use in clinical practice

Age 50-85 (consider older/younger if all other criteria met)

Diagnosis Clinical criteria for MCI due AD or mild AD dementia

Scale scores MMSE: 21-30 or equivalent, such as MoCA: 17-30

Amyloid status Amyloid PET positive (visual read), CSF consistent with AD

ApoE genotyping Discuss. Inform greater ARIA risk with ApoE4 positive

Neuro exam Exclude non-AD neurological disorders

Cardiovascular history Stable cardiovascular status (clinical judgment)

Medical history Stable medical conditions (clinical judgment)

Psychiatric history Stable psychiatric status (clinical judgment)

Reproductive status Exclude if pregnant or breast feeding; if female patient of childbearing age, practice contraception.

Clotting status Max aspirin 325 mg/day, no other anti-platelet, anticoagulant medications

Concomitant meds Can be on standard cholinesterase inhibitors and/or memantine

Baseline MRI Exclude if acute or subacute hemorrhage, macrohemorrhage, >4 microhemorrhages, cortical or 
lacunar infarct (>1.5 cm), >1 area superficial siderosis, diffuse WM disease or cannot have an MRI

Care support May live independently or with a care partner

Informed consent Document understanding of requirements for therapy (monthly) and expected outcome (slowing of 
decline, not symptomatic improvement)

Cummings et al., J Prev Alz Dis, 2021
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Special populations
Consider aducanumab although information is 
incomplete

Avoid using aducanumab

Autosomal Dominant AD Alzheimer’s disease but not in trials

Atypical AD (logopenic aphasia, posterior cortical 
atrophy, frontal AD, corticobasal syndrome)

Moderate AD

Severe AD

Preclinical AD

Amyloid positive but not in trials

Down syndrome

Dementia with Lewy bodies

Cerebral amyloid angiopathy
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Aducanumab dosing and MRI schedule

*

* Added in appropriate use recommendations

Cummings et al., J Prev Alz Dis, 2021
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Time to first ARIA-E
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ARIA Management
• ARIA-E

• Mild: mild FLAIR hyperintensity, affecting an area max <5 
cm. Only a single region of involvement

• Moderate: FLAIR hyperintensity measuring max 5-10 cm or 
more than one site

• Severe: FLAIR hyperintensity max >10 cm in one or more 
areas

• ARIA-H 
• Superficial Siderosis Severity

• Mild: single focus of hemosiderosis
• Moderate: 2 focal areas of hemosiderosis
• Severe: more than 2 focal areas of hemosiderosis

• Microhemorrhage Severity
• Mild: 1-4 microhemorrhages
• Moderate: 5-9 microhemorrhages
• Severe: 10 or more microhemorrhages
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Cost considerations
• Drug cost = $56,000 per year 

• Additional costs = MRI scans, infusions, examinations, care of 
complications

• Paid for under Medicare part B = 20% copay

• Currently available only to wealthy patients (Biogen does have a 
support program)

• Medicare National Coverage Determination – pending

• If covered by Medicare treatment will still have steep costs for many 
patients.

• What about treatment of younger patients not yet on Medicare?
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• Inclusion
• Age 50- 90 years with mild cognitive impairment due to AD or mild AD dementia.
• Confirmed amyloid positive via amyloid positron emission tomography (PET) or cerebrospinal 

fluid (CSF) Aβ1–42
• Objective impairment in episodic memory (on Wechsler Memory Scale-IV Logical Memory II
• Mini Mental State Examination (MMSE) score ≥ 22 at screening and baseline
• Naïve to or on stable dose (12 weeks) of approved AD medications

Swanson et al., Alz Res & Ther, 2021
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Lecanemab (BAN2401) Phase 2b

Swanson et al., Alz Res & Ther, 2021

Amyloid PET CSF phospho-tau

CSF total-tau

ADCOMS



69

Lecanemab adverse events

Swanson et al., Alz Res & Ther, 2021

• ARIA-H (new cerebral microhemorrhages, cerebral macrohemorrhages, and superficial siderosis)
• 13 (5.3%) subjects in the placebo group (N = 245) 
• 65 (10.7%) subjects in the lecanemab  groups (N = 609). 
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Mintun et al., NEJM, 2021

• Age 60 – 85 years with mild cognitive impairment due to AD or mild AD dementia.

• Mini–Mental State Examination score of 20 to 28
• Confirmed amyloid positive via amyloid positron emission tomography (PET)

• Tau PET SUVR 1.10 – 1.46 
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Donanemab Outcomes

Mintun et al., NEJM, 2021

Trial powered to show 50% slowing of decline
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Donanemab Outcomes

Mintun et al., NEJM, 2021

Not significant
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Donanemab Adverse events

Mintun et al., NEJM, 2021
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Changes to practice
• Workup will need to be expedited. Prolonged evaluation may mean a 

patient becomes ineligible for treatment during the evaluation

• Alzheimer’s disease previously a diagnosis of exclusion. Diagnostic 
workflow will need to include biomarkers in treatment eligible patients

• Amyloid PET (no insurance), CSF (invasive), blood tests (early days, not 
reimbursed by insurance)

• Genetic testing – ApoE because of drug adverse event risks

• Treatment exclusions: MRI contraindicated, or patient on anti-
coagulation

• Patients will need closer follow-up. 

• Shared decision-making will be very important.
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End
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