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Learning objectives
By the end of this session, the learner will be able to:

Describe the amyloid cascade hypothesis 

Describe the mechanism of action of aducanumab

Discuss the efficacy and safety of aducanumab in the treatment of 
Alzheimer’s disease and the controversial FDA approval



Case: Meet Bob



Case
ID 83 year old male

CC Declining cognition – “my memory is slipping!”

HPI Insidious and progressive cognitive dysfunction over 2 years
- Forgets what he has done the day before
- Forgets where items are in the home
- Forgot the steps to make turkey soup 
- Gets irritated when his memory issues are pointed out 

Allergies None known

Family Hx Mother had Alzheimer’s disease dementia. Father had 
cognitive impairment (unclear etiology)

Social Hx Lives with supportive wife; non-drinker; non-smoker

Compliance Uses dosette and sets alarms to remind him to take his 
medications



Case
Past Medical history Medications

Hypertension Trandolapril 2mg PO daily

Dyslipidemia Atorvastatin 20mg PO daily

Coronary artery disease ASA 81mg PO daily

Vitamin B12 deficiency Vitamin B12 1000mcg SL daily

Lumbar spinal stenosis – 3 back 
surgeries 1995, 1998, 2005
Total hip arthroplasty - 2009



Case
Physical Ax - BP = 140/76 (HR=77)

- Chronic numbnessand weakness in lower extremities
- No other significant findings on review of systems

Cognitive Ax - MOCA = 25/30 (4 points lost on recall and 1 point on trails B)
- No major functional loss – continues to grocery shop, cook, clean, 
drive and handles the finances

Medical Imaging CT head shows “Deep white matter is homogeneous. Prominent 
dilation of the temporal horns in keeping with the presence of 
hippocampal atrophy. Mild generalized atrophy elsewhere with deep 
white matter ischemic changes”

Diagnosis Mild Neurocognitive disorder – probable mixed Alzheimer’s and 
vascular etiology of mild severity



Bob asks:
“WH AT  CAN I  DO OR TAKE  TO PREVENT MY 
MEMORY AND T H INKING FROM GET T ING 

WORS E??”



Neurocognitive 
Disorders(NCD)

AL ZH EIMER’S DIS EAS E



Neurocognitive Disorders
Clinical syndrome of cognitive and functional decline

◦ Frequently associated with behavior or personality changes 

Clinical diagnosis that can’t be replaced by any laboratory or imaging 
test

Clear decline from a previous level of functioning in one or more of a 
key cognitive domain 

Nat Rev Neurol. 2014 Nov;10(11):634-42. 



Neurocognitive domains

Nat Rev Neurol. 2014 Nov;10(11):634-42. 



Mild vs major NCD
Difference between mild and major NCD is the severity of cognitive 
deficits and functional impairment

Mild NCD = ‘Mild Cognitive Impairment’ (MCI)
◦ Modest decline in cognition from a previous level of performance in one or 

more cognitive domains 
◦ Do not interfere with the capacity for independence in everyday activities

Major NCD = ‘Dementia’
◦ Significant cognitive decline from previous level of performance in one or 

more cognitive domain
◦ Cognitive deficits interfere with independence in everyday activities

Nat Rev Neurol. 2014 Nov;10(11):634-42. 



Main types of NCD
Alzheimer’s Disease (AD)

Vascular Disease

Lewy Body Disease

Parkinson’s Disease 

Frontotemporal lobar degeneration

Nat Rev Neurol. 2014 Nov;10(11):634-42. 



AD pathophysiology: Amyloid 
cascade hypothesis 

Nat Rev Neurol. 2014 Nov;10(11):634-42. 



6 stages of AD

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



Cognitive enhancers
Acetylcholinesterase Inhibitors

◦ Donepezil
◦ GalantamineER
◦ Rivastigmine
◦ Rivastigmine patch

NMDA Receptor Antagonist
◦ Memantine

Cochrane Database Syst Rev. 2006 Jan 25;(1):CD005593.
Cochrane Database Syst Rev. 2019 Mar 20;3(3):CD003154.



June 7, 2021
EXCIT ING NEWS  IN T H E  AD WORL D……..



FDA. FDA Grants Accelerated Approval for Alzheimer’s Drug. 2021. 
Available from: https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-drug

ADU



Aducanumab 
(ADU)

T H E NEW WONDER DRUG?



Mechanism of action

Nat Rev Neurol. 2019 Feb;15(2):73-88.



Failed anti-
amyloid-beta 
therapies in 
AD

Nat Rev Neurol. 2019 Feb;15(2):73-88. 



PRIME: Phase 1b 
Trial

(S T UDY 103)



Nature. 2016 Sep 1;537(7618):50-6. 



EMERGE and 
ENGAGE: Phase 3 

Clinical Trials
(S T UDIES  302 AND 301)  



EMERGE and ENGAGE  

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf

Outcome

Primary
Clinical dementia 
rating – sum of 
boxes (CDR-SB) at 
18 months

Secondary
MMSE, ADAS-Cog 
13, ADCS-ADL-MCI 
at 18 months

Sub-studies
Amyloid PET, tau 
PET, CSF disease 
related biomarkers

348 sites in 20 
countries

Randomization stratified 
by Apolipoprotein E 
(APOE) e4

Inclusion:
- MMSE 24-30
- +ve amyloid PET scan
- Stable meds x 8 weeks

Exclusion:
- Any unstable cardiac or 
psychiatric conditions 
- Any medical conditions 
that may contribute to 
cognitive impairment
- Any bleeding disorders, 
brain hemorrhage, or CV 
disorders
- Any blood thinners 
(except ASA ≤ 325mg)



Protocol amendments
Version 1: Issued April 9, 2015

Version 2: No patients were consented

Version 3: Issued July 21, 2016
◦ Modified dosing in relation to amyloid related imaging abnormalities (ARIA) 

management 

Version4: Issued March 24, 2017
◦ Allowed ApoE ε4 carriers randomized to ADU high dose to receive the same 

ADU dose received by ApoE ε4 non-carriers (titrate to 10mg/kg)

Version 5: ?

Version 6: Issued June 28, 2018
◦ Updated sample size from 450 to 535 per treatment group following blinded 

sample size re-estimation    

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



Dose regimen 

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



Statistics
Statistical analysis plan finalized on September 11, 2018

Mixed model repeated measures model to analyze primary endpoint 
change from baseline CDR-SB

Multiplicity adjustments to control Type I error rate

Analysis of pre-defined subgroups 

Interim analysis – blinded sample size reassessment

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



Statistics
Interim analysis – futility assessment

◦ Planned to occur after ~50% of patients had completed week 78 visit
◦ Conducted by an independent, unblinded statistician 
◦ Futility criteria based on conditional power 

◦ Defined as the chance that the primary efficacy endpoint analysis would be statistically 
significant in favor of aducanumab at the planned final analysis, given the data at the futility 
analysis

◦ Studies considered futile if both studies had conditional power for the primary efficacy analysis 
that was less than 20% in both the high-dose and low-dose treatment groups

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



Baseline characteristics

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



March 21, 2019
FUT IL ITY AS S ESSMENT - OH  NO……



Futility assessment
Estimated conditional power values, based on pooled data for CDR-SB in 
high dose group:

◦ EMERGE (302):12%
◦ ENGAGE (301): 0%

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



October 22, 2019
BUT, WAIT ….



Review of futility results
Using pre-specified analysis methods, CDR-SB showed:

◦ EMERGE (302): Treatment difference favoring high dose ADU of -18%
◦ ENGAGE (301): Treatment difference favoring placebo of 15%

Results violated assumption that the estimation of conditional power 
would be similar 

Conditional power re-estimated for individual studies:
◦ EMERGE (302): 59%
◦ ENGAGE (301): 0%

Results violated assumption that treatment effect would not change 
over time

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



FDA conclusion

“Based on the data presented….the pre-
specified plan for the futility analysis in the 
meeting minutes [is] flawed, and….would 

have been more appropriate if futility had not 
been declared for those studies. ”

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.



EMERGE and ENGAGE: 
Results Post-futility 

Assessment
(S T UDIES  302 AND 301)  



Primary outcome
(301) (302)

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



Secondary outcomes

(301) (302)

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



Change from baseline in 
beta-amyloid PET SUVR

(301) (302)

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



Pooled adverse events

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



Pooled ARIA data

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



Patient disposition 
Randomized EMERGE (302)

(n = 1643)
Dosed n = 1638

Placebo
n = 548

Low dose
n = 543

High dose
n = 547

DC Tx, n(%)
Adverse Event

82 (15.0)
16 (2.9)

108 (19.9)
41 (7.6)

121 (13.9)
26 (4.8)

WD study, n(%)
Adverse Event

39 (7.1)
10 (1.8)

54 (9.9)
11 (2.0)

66 (12.1)
18 (3.3)

*DC = Discontinued, Tx = Treatment, WD = Withdrew

November 6, 2020: Meeting of the Peripheral and Central Nervous System Drugs Advisory Committee Meeting Announcement. 
Available from: https://www.fda.gov/media/143502/download.

ENGAGE (301)  
(n = 1653)
n = 1647

Placebo 
n = 545

Low dose
n = 547

High dose
n = 555

96 (17.6)
26 (5.4)

104 (19.2)
43 (7.9)

148 (26.7)
64 (26.7)

58 (10.6)
16 (2.9)

60 (11.0)
23 (4.2)

78 (14.1)
26 (4.7)



And the 
conclusion is…



FDA

FDA. FDA’s decision to approve new treatment for Alzheimer’s disease; 2021 Jun 7.
Available from: https://www.fda.gov/drugs/news-events-human-drugs/fdas-decision-approve-new-treatment-alzheimers-disease

ADU
ADU

ADU

ADU



Institute for Clinical and 
Economical Review

“ The need for disease-modifying treatment for patients with AD is great, 
however, it is unclear that treatment with aducanumab provides net 

health benefits to patients. Given the certainty that harms can occur in 
patients treated with aducanumab and uncertainty about benefits, we 
rate the evidence to be insufficient to determine the net health benefit 

of aducanumab in patients with MCI or mild AD”

Lin GA, et al. 2021 Aug 5. Available from: https://icer.org/wp-content/uploads/2020/10/ICER_ALZ_Final_Report_080521.pdf



Critical Appraisal



Evidence - strengths
Randomized

Double blind

Placebo-controlled

Multicentre



Evidence - limitations
Data not published in a peer reviewed journal

Numerous protocol adjustments during trial

Changes in statistical analysis of data during trial

Trial was stopped for futility

Post-hoc analysis after futility assessment is exploratory

Potential functional unblinding with adverse effects – ARIA 

Higher dose had larger proportion of patients discontinuing treatment

Not using intention-to-treat population



Evidence - limitations
CDR-SB showed statistical significance, but not clinical significance 

Use of surrogate markers to evaluate efficacy 
◦ Amyloid PET scans showed amyloid reduction 
◦ Similar reduction in both trials on surrogate marker, but ?clinical benefit in 

EMERGE, but not ENGAGE 

Drug approved on accelerated pathway

Close collaboration between the drug company and the FDA on trial 
design and data analysis

Use of phase 1b trial to provide a second positive trial

CMAJ. 2021 Sep 13;193(36):E1430-E1431. 



Clinical limitations
Excluded patients who were on blood thinners

Lack of ethnic diversity (~75% white) 

PET scan to confirm beta-amyloid present in brain

Frequent MRIs to monitor for ARIA performed in clinical trials is not 
required by FDA labeling

ARIA occurred in 1/3 of patients 
◦ 6% discontinued due to serious symptoms
◦ 15-20% develop ARIA-E within 6 months 
◦ Long term impact of ARIA unknown

Cost of $56,000 USD per year

Not approved or available in Canada

CMAJ. 2021 Sep 13;193(36):E1430-E1431. 



Aducanumab in the 
Treatment of 

Alzheimer’s Disease
T H E NEW WONDER DRUG OR A F IGMENT OF OUR 

IMAGINATION?



Clinical application 
Given numerous limitations to the efficacy data, lack of clear clinical 
benefit, significant potential adverse effects, and need for close 
monitoring, it is difficult to apply these results to any specific patient 
population group with cognitive impairment 

These trials can help re-define future clinical trial designs of other anti-
beta amyloid monoclonal antibodies 



Back to the case 
of Bob……



Bob asks:
“WH AT  CAN I  DO OR TAKE  TO PREVENT MY 
MEMORY AND T H INKING FROM GET T ING 

WORS E??”



Drug therapy problem
Bob is experiencing mild cognitive impairment and would benefit from a 
review of the available treatment options



Therapeutic options 
Aducanumab 10mg/kg IV Q4weeks

Acetylcholinesterase inhibitor
◦ Donepezil titrated up to 10mg PO daily
◦ GalantamineER titrated up to 24mg PO daily
◦ Rivastigmine titrated up to 12mg PO BID
◦ Rivastigmine patch titrated up to 13.3mg (15) TOP daily

Memantine titrated up to 10mg PO BID

Lifestyle measures
◦ Optimization of medical conditions  
◦ Exercise
◦ Diet
◦ Social engagement
◦ Intellectual stimulation



Recommendation
Lifestyle measures
Optimization of medical conditions  

◦ Manage vascular risk factors

Exercise
◦ Moderate level of exercise of 30 minutes 4x/week

Diet
◦ Mediterranean diet

Social engagement

Intellectual stimulation



Monitoring plan & follow-up
Cognitive and functional assessment annually

Screening blood work annually

Blood pressure check at each healthcare visit
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Questions?
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