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Cerebrovascular disease the most common comorbidity



HOW TO DIAGNOSE AD

• Clinical diagnosis of MCI or dementia is not sufficient!

• Final AD diagnosis requires biomarker diagnosis

• Amyloid PET, Tau PET, MRI (neurodegeneration)

• Lumbar puncture: cerebrospinal fluid

– Amyloid 42/40, phospho tau

• Plasma amyloid 42/40, phospho tau
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77 yr old, female

LMCI

Florbetapir-pos

Braak12 SUVR=1.43

Braak34 SUVR=1.81

Braak56 SUVR=1.56

RID 6529

61 yr old, female 

LMCI

Florbetapir-pos

Braak12 SUVR=1.79

Braak34 SUVR=1.85

Braak56 SUVR=1.72

TAU PET

AMYLOID POSITIVE SUBJECTS: 

High Flortaucipir scans



ADUHELM (ADUCANUMAB)

• ADUHELM is an amyloid  monoclonal antibody  for AD (Biogen)

• Accelerated FDA approval based on reduction of plaques. 

• Approval has been controversial for several reasons

– Trial results mixed

• One trial successful the other one negative

• US Medicare decided not to pay for Aduhelm
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Reduction of amyloid plaque levels was maintained during the treatment 

gap from the end of feeder studies to EMBARK baseline: Pooled 

EMERGE/ENGAGE substudy data and PRIME data
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The end-of-feeder-study amyloid PET SUVR was defined as the last non-missing post-baseline amyloid PET SUVR in the feeder study. Some subjects may receive aducanumab doses after the date of the last post-baseline amyloid PET in the feeder study. For the pooled 

EMERGE/ENGAGE analyses, adjusted mean  changes  were  based on an  MMRM  with change  from feeder-study baseline amyloid  PET composite SUVR as  outcomes using  fixed effects of treatment  group,  time (categorical),  treatment  group-by-time  interaction,  feeder-study 

baseline SUVR value, feeder-study baseline SUVR value by time interaction, feeder-study baseline MMSE, feeder-study baseline age, and laboratory ApoE status (carrier/noncarrier). ApoE, apolipoprotein E; BL, baseline; LTE, long-term extension; MMRM, mixed model for repeated 

measures; MMSE, Mini-Mental State Examination; PC, placebo-controlled; PET, positron emission tomography; SE, standard error; SUVR, standardized uptake value ratio.

Study duration Variable gap period
Mean = 1.14 years Mean = 1.61 years
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12 12 12
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Numerical differences for CDR-SB at the end of the PC period are maintained during the 

treatment gap from the end of EMERGE and ENGAGE to EMBARK baseline: Pooled PC 

cohort

Adjusted mean and standard errors at each time point were based on an MMRM, with change from feeder-study baseline in CDR-SB as the dependent variable and with fixed effects of treatment group, categorical visit, treatment-by-visit 

interaction, feeder-study baseline CDR-SB, feeder-study baseline CDR-SB by visit interaction, feeder-study baseline MMSE, AD symptomatic medication use at feeder-study baseline, region, and laboratory ApoE status. AD, Alzheimer’s disease; 

ApoE, apolipoprotein E; BL, baseline; CDR-SB, Clinical Dementia Rating–Sum of Boxes; MMRM, mixed model for repeated measures; MMSE, Mini-Mental State Examination; PC, placebo-controlled; SE, standard error.
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Amyloid-related imaging 

abnormalities ARIA

The major side effect of Aduhelm, and all monoclonal antibodies which 

remove amyloid plaques, is ARIA. Brain swelling (edema) and microbleeds





ARIA ASSOCIATED WITH ADUHELM



ARIA A MAJOR LIMITATION

• ARIA will be a limitation for monoclonal antibody 

treatment

– More common and severe in Apoe4 homozygotes (4/4)

– Also increased in Apoe4 carriers (3/4)

– Anticoagulants are exclusionary

– Amyloid angiopathy exclusionary

– Severe CVD (more common in Japan) exclusionary

• In the future there will be efforts to reduce the ARIA 

complications
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PET Centiloids and Amyloid PET SUVr Images at Baseline and 18 Months
Highly Significantly Reduced Amyloid Plaque (Centiloids) at All Time Points;

Mean at 18 Months of 23 Centiloids (Below 30 Centiloid Threshold of Positivity)

53

Note: Based on PD analysis population (PET substudy population). Adjusted mean change from baseline, SE and p-value 

are derived using MMRM with treatment group, visit, treatment group by visit interaction, clinical subgroup, use of AD 

symptomatic medication at baseline, ApoE4 carrier status, region, baseline value by visit interaction as fixed effects, and 

baseline value as covariate.
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* 73 subjects were not included at 18 months (per SAP) since their PET assessments were performed 

after receiving lecanemab in the extension phase.

*
*

% Amyloid Negative (<30 

Placebo
CL)

15 14 15 16

Lecanemab 24 36 54 68



Clarity AD Primary Endpoint: CDR-SB
Lecanemab Significantly Slowed Disease Progression on CDR-SB by 27% at 18 Months 

and at All Time Points Beginning at 6 Months
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Note: Based on modified intention-to-treat analysis population. Adjusted mean change from baseline, SE and p-value are derived using mixed model repeat measures (MMRM) with treatment group, visit, treatment group 

by visit interaction, clinical subgroup, use of Alzheimer’s disease symptomatic medication at baseline, ApoE4 carrier status, region, baseline value by visit interaction as fixed effects, and baseline value as covariate.

CDR-SB, Clinical Dementia Rating, sum of boxes; LS, least squares; SE, standard error.
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ADAS-Cog14:
Lecanemab Significantly Slowed Disease Progression on ADAS-Cog14 by 26% at 18 Months 

and at All Time Points Beginning at 6 Months

**

Note: Based on modified intention-to-treat analysis population. Adjusted mean change from baseline, SE and p-value are derived using mixed model repeat measures (MMRM) with treatment group, visit, treatment group by visit interaction,

clinical subgroup, use of Alzheimer’s disease symptomatic medication at baseline, ApoE4 carrier status, region, baseline value by visit interaction as fixed effects, and baseline value as covariate. 

ADAS-Cog14, Alzheimer’s Disease Assessment Scale–cognitive subscale; LS, least squares; SE, standard error.



ADCS MCI-ADL:
Lecanemab Significantly Slowed Disease Progression on ADCS MCI-ADL by 37% at 18 Months 

and at All Time Points Beginning at 6 Months
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Note: Based on modified intention-to-treat analysis population. Adjusted mean change from baseline, SE and p-value are derived using mixed model repeat measures (MMRM) with treatment group, visit, treatment group by visit interaction, 

clinical subgroup, use of Alzheimer’s disease symptomatic medication at baseline, ApoE4 carrier status, region, baseline value by visit interaction as fixed effects, and baseline value as covariate.

ADCS ADL-MCI: Alzheimer's Disease Cooperative Study/Activities of Daily Living scale adapted for mild cognitive impairment (MCI) subjects; LS, least squares; SE, standard error.



Overall Adverse Event (AE) Summary
Core Study

39

*Cause of deaths in placebo group: death, acute respiratory failure, myocardial infarction, metastases to bone, hemorrhage intracranial, COVID-19, pancreatic cancer.

Cause of death in lecanemab group: death, cerebrovascular accident, myocardial infarction, respiratory failure, metastases to meninges, COVID-19. No participants died with or from ARIA in Core study.

**AE rates are similar between placebo and lecanemab when ARIA and infusion-related reactions are excluded.

AESI, adverse event of special interest; ARIA-E, amyloid related imaging abnormalities - edema; ARIA-H, ARIA-H, ARIA with hemosiderin deposits.

Placebo Lecanemab

(n=897)

n (%)

(n=898)

n (%)

Deaths* 7 (0.8) 6 (0.7)

Serious adverse event (SAE) 101 (11.3) 126 (14.0)

SAE with ARIA-E 0 7 (0.8)

SAE with ARIA-H 1 (0.1) 5 (0.6)

SAE with infusion-related reactions 0 11 (1.2)

SAE without ARIA or infusion-related reactions 101 (11.3) 111 (12.4)

Treatment-emergent AE (TEAE)** 735 (81.9) 798 (88.9)

TEAE without ARIA or infusion-related reactions 719 (80.2) 746 (83.1)

TEAE leading to drug withdrawal 26 (2.9) 62 (6.9)

TEAE leading to drug withdrawal excluding AESI 24 (2.7) 28 (3.1)



Most Common Adverse Events

ARIA-E, amyloid related imaging abnormalities - edema; ARIA-H, ARIA-H, ARIA with hemosiderin deposits; COVID-19, coronavirus disease of 2019, ECG, electrocardiogram.
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Placebo Lecanemab

Other Adverse Events >5% (n=897) (n=898)

% %

Headache 8.1 11.1

Fall 9.6 10.4
Urinary tract infection 9.1 8.7

COVID-19 6.7 7.1

Back pain 5.8 6.7

Arthralgia 6.9 5.9

Dizziness 5.1 5.5

Diarrhea 6.5 5.3

Anxiety 4.2 5.0

• There were no significant 

trends in mean changes 

over time or shifts from 

baseline for any of the 

laboratory, ECG or vital 

sign parameters and no 

notable differences 

between groups

Adverse Events Of Special Interest

(Pooled preferred terms [PTs])

Placebo  

(n=897)

Lecanemab  

(n=898)

% %

Infusion-related reaction 7.4 26.4

ARIA-E 1.7 12.6
ARIA-H (pooled PTs) 9.0 17.3

Isolated ARIA-H (pooled PTs) 7.8 8.9



ARIA-E
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ApoE4 noncarrier 1/286 (0.3) 15/278 (5.4)

ApoE4 carrier 14/611 (2.3) 98/620 (15.8)

ApoE4 heterozygote 9/478 (1.9) 52/479 (10.9)

ApoE4 homozygote 5/133 (3.8) 46/141 (32.6)

Symptomatic ARIA-E* 0 25/898 (2.8)

ApoE4 noncarrier 0 4/278 (1.4)

ApoE4 carrier 0 21/620 (3.4)

ApoE4 heterozygote 0 8/479 (1.7)

ApoE4 homozygote 0 13/141 (9.2)

Placebo  

(N=897)

n/N (%)

Lecanemab  

(N=898)

n/N (%)

15/897 (1.7) 113/898 (12.6)ARIA-E

ARIA-E by ApoE4 genotype

• ARIA-E events were largely mild- 

to-moderate radiographically 

(91%) and asymptomatic (78%)

• In the 2.8% of subjects with 

symptomatic ARIA-E, commonly 

reported symptoms were 

headache, visual disturbance, 

and confusion

• Recurrent ARIA-E

– Placebo: 1 (0.1%)

– Lecanemab: 28 (3.1%)

*Symptomatic concurrent ARIA-E and ARIA-H were included under ARIA-E.
ApoE4, apolipoprotein E4; ARIA-E, amyloid related imaging abnormalities - 

edema; ARIA-H, ARIA-H, ARIA with hemosiderin deposits.



ARIA-H
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• Isolated ARIA-H was similar between lecanemab (8.9%) and placebo (7.8%) with low rates of clinically symptomatic ARIA-H

• Timing of isolated ARIA-H occurs randomly during treatment course, while ARIA-H that occurs with ARIA-E tended to occur 

early in the course of lecanemab treatment

Total Isolated ARIA-H (no ARIA-E)

Placebo

(N=897)

n (%)

Lecanemab

(N=898)

n (%)

Placebo Lecanemab

(N=897) (N=898)

n (%) n (%)

ARIA-H (micro, macro, superficial) 81 (9.0) 155 (17.3) 70 (7.8) 80 (8.9)

Microhemorrhage 68 (7.6) 126 (14.0) 63 (7.0) 60 (6.7)

Superficial siderosis 21 (2.3) 50 (5.6) 13 (1.4) 23 (2.6)

Cerebral macrohemorrhage 1 (0.1) 5 (0.6) 1 (0.1) 4 (0.4)

Symptomatic ARIA-H 2 (0.2) 13 (1.4) 2 (0.2) 4 (0.4)

ARIA-H by ApoE4 genotype

ApoE4 noncarrier, n/N (%) 12/286 (4.2) 33/278 (11.9) 11/286 (3.8) 23/278 (8.3)

ApoE4 carrier, n/N (%) 69/611 (11.3) 122/620 (19.7) 59/611 (9.7) 57/620 (9.2)

ApoE4 heterozygote, n/N (%) 41/478 (8.6) 67/479 (14.0) 35/478 (7.3) 40/479 (8.4)

ApoE4 homozygote, n/N (%) 28/133 (21.1) 55/141 (39.0) 24/133 (18.0) 17/141 (12.1)

ApoE4, apolipoprotein E4; ARIA-E, amyloid related imaging abnormalities - edema; ARIA-H, ARIA-H, ARIA with hemosiderin deposits.



Cerebral Macrohemorrhage in Lecanemab Studies
Data Cutoff October 22, 2022 for Open-Label Extension (OLE; Ongoing)

46

Study

Total Anticoagulant Use

Placebo

n/N (%)

Lecanemab

10 mg/kg q2wk 

n/N (%)

Placebo

n/N (%)

Lecanemab

10 mg/kg q2wk 

n/N (%)

201 Core Phase 0/245 (0%) 1/161 (0.6%) 0/20 (0%) 0/11 (0%)

201 OLE N/A 1/180 (0.6%) N/A 0/18 (0%)

301 Core Phase 2/897 (0.2%) 1 6/898 (0.7%) 2 0/74 (0%) 2/83 (2.4%) 2

301 Core + OLE

(includes cases in 301 Core above)
N/A 10/1608 (0.6%) 2, 3 N/A 5/140 (3.6%) 2, 3

301 Core & OLE Deaths with

concurrent macrohemorrhage
1/897 (0.1%) 4 2/1608 (0.1%) 3 0/74 (0%) 2/140 (1.4%) 3

1 Includes one non-treatment emergent case in 

placebo (event > 30 days after discontinuing study 

medication)
2 Includes one non-treatment emergent case on 

anticoagulation (event > 30 days after discontinuing 

study medication)
3 1 case of macrohemorrhage in 65F E4 homozygous 

after tPA for left MCA occlusion (OLE) and 1 case in 

87M E4 non-carrier on apixaban (stopped) then 

received heparin for MI (OLE, cause of death 

cardiopulmonary)
4 In core phase

AD, Alzheimer’s disease; ApoE4, apolipoprotein E4; 

MRI, magnetic resonance imaging; NA, Not applicable; 

q2wk, every 2 weeks.

Cerebral Macrohemorrhage in AD

• Lobar macrohemorrhage in AD in the absence of arteriovenous malformation, 

hemorrhagic cerebral infarction, or tumor is usually caused by cerebral amyloid 

angiopathy (CAA)

• Risk factors for lobar macrohemorrhage include ApoE4 genotype, presence of

microhemorrhages (which is evidence of CAA), and anticoagulant medications

• Background rates of macrohemorrhage in placebo arms of prior AD clinical 

trials is 0.4% (JAMA Neurol. 2022;79:13-21)

Safety Assessment

• There is a low rate of macrohemorrhage with lecanemab therapy (0.6-0.7%), 

which is higher than placebo (0.2%)

• Rate of macrohemorrhage for subjects on both anticoagulants

and lecanemab was 2.4-3.6%. Background rate of macrohemorrhage in

AD patients on anticoagulation is not known but is expected to be higher than in

non-AD patients due to CAA; therefore, comparative risk is difficult to assess.

• No clear relationship of macrohemorrhage to ApoE4 status, baseline MRI, or 

timing of treatment

• Subjects allowed to continue on anticoagulation in OLE with informed consent 

language regarding increased risk of cerebral hemorrhage with concomitant 

anticoagulant use





In Phase 1, donanemab significantly 

reduced amyloid plaque, even with a 

single dose, in participants with amyloid 

positive AD

Lowe et al. CTAD, 2019

Donanemab is being investigated for the treatment of 

symptomatic AD, including TRAILBLAZER-ALZ (completed) and 

TRAILBLAZER-ALZ2 (ongoing)

3

Donanemab is an immunoglobulin 

G1 antibody specific for an N- 

terminal pyroglutamate amyloid-β 

epitope that is present only in mature 

brain amyloid plaques

Adapted from Jawhar et al. J Biol Chem, 2011

Single dose
LY20 mg/kg

Q4W dosing
LY20 mg/kg

Formation of N3 pyroglutamate:
D A E F R

E F R

F RpE

Pyroglutamate (pE)

+H20

Glutamate
glutaminyl cyclase

Increased 

hydrophobicity

Faster aggregation  

and ß–sheet 

stabilization

Rapid oligomer  

formation

Synaptic and 

neuronal deficits

Neurological deficits

Resistance 

to degradation

Higher toxicity

In Phase 2, donanemab significantly 

slowed disease progression on 

iADRS at 76 weeks, compared with 

placebo

Mintun et al. NEJM, 2019

AD = Alzheimer’s disease; iADRS = Integrated Alzheimer's Disease 

Rating Scale; Q4W = every 4 weeks



















Plasma Phosphotau

• There are many species of phospho tau

• Initial studies were with Ptau 181, but Ptau 217 appears 

superior

• Ptau 217 can be measured with mass spectroscopy (C2N) or 

immuno-assay ( Fujirebiro, Alzpath, Quanterix using 

antibodies from Lilly, Janssen)



ALZpath pTau217 levels by AT profile for WRAP, TRIAD & SPIN cohorts

Reproduced from Ashton et al., 2023, MedRxiv



ALZpath pTau217 ROC (Sensitivity X Specificity) Curves

Reproduced from Ashton et al., 2023, MedRxiv



SUMMARY
• Alzheimer’s disease (AD) is amyloid, tau, neurodegeneration

• Brain amyloid, tau, and neurodegeneration can be detected in 

living participants

– Amyloid and tau Pet scans, MRI

– Blood tests for amyloid, tau, neurodegeneration 

• Amyloid plaque clearing antibodies  slow cognitive decline

• We are now in the era of blood tests and effective treatments!!!!

• BUT ONLY 30-40% SLOWING! MUCH MORE TO DO
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