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ABSTRACT

BACKGROUND

The accumulation of soluble and insoluble aggregated amyloid-beta (A) may initiate
or potentiate pathologic processes in Alzheimer’s disease. Lecanemab, a humanized
IgG1 monoclonal antibody that binds with high affinity to AB soluble protofibrils,
is being tested in persons with early Alzheimer’s disease.

METHODS

We conducted an 18-month, multicenter, double-blind, phase 3 trial involving persons
50 to 90 years of age with early Alzheimer’s disease (mild cognitive impairment or
mild dementia due to Alzheimer’s disease) with evidence of amyloid on positron-
emission tomography (PET) or by cerebrospinal fluid testing. Participants were ran-
domly assigned in a 1:1 ratio to receive intravenous lecanemab (10 mg per kilogram
of body weight every 2 weeks) or placebo. The primary end point was the change
from baseline at 18 months in the score on the Clinical Dementia Rating—Sum of
Boxes (CDR-SB; range, 0 to 18, with higher scores indicating greater impairment).
Key secondary end points were the change in amyloid burden on PET, the score on
the 14-item cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-
cogl4; range, 0 to 90; higher scores indicate greater impairment), the Alzheimer’s
Disease Composite Score (ADCOMS; range, 0 to 1.97; higher scores indicate greater
impairment), and the score on the Alzheimer’s Disease Cooperative Study—Activities of
Daily Living Scale for Mild Cognitive Impairment (ADCS-MCI-ADL; range, 0 to 53;
lower scores indicate greater impairment).

RESULTS

A total of 1795 participants were enrolled, with 898 assigned to receive lecanemab
and 897 to receive placebo. The mean CDR-SB score at baseline was approximately 3.2
in both groups. The adjusted least-squares mean change from baseline at 18 months was
1.21 with lecanemab and 1.66 with placebo (difference, —0.45; 95% confidence inter-
val [CI], —0.67 to —0.23; P<0.001). In a substudy involving 698 participants, there were
greater reductions in brain amyloid burden with lecanemab than with placebo (differ-
ence, —59.1 centiloids; 95% CI, —62.6 to —55.6). Other mean differences between the
two groups in the change from baseline favoring lecanemab were as follows: for the
ADAS-cogl14 score, —1.44 (95% CI, —2.27 to —0.61; P<0.001); for the ADCOMS, —0.050
(95% CI, —0.074 to —0.027; P<0.001); and for the ADCS-MCI-ADL score, 2.0 (95% CI, 1.2
to 2.8; P<0.001). Lecanemab resulted in infusion-related reactions in 26.4% of the par-
ticipants and amyloid-related imaging abnormalities with edema or effusions in 12.6%.

CONCLUSIONS

Lecanemab reduced markers of amyloid in early Alzheimer’s disease and resulted in
moderately less decline on measures of cognition and function than placebo at 18
months but was associated with adverse events. Longer trials are warranted to deter-
mine the efficacy and safety of lecanemab in early Alzheimer’s disease. (Funded by Eisai
and Biogen; Clarity AD ClinicalTrials.gov number, NCT03887455.)
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URRENT THERAPEUTIC AGENTS FOR ALZ-
heimer’s disease—related dementia tempo-
rarily improve symptoms but do not alter
the underlying disease course."* Some evidence
suggests that amyloid removal slows the progres-
sion of disease.®> One anti-amyloid antibody
(aducanumab) has received accelerated approval
from the Food and Drug Administration.
Lecanemab is a humanized monoclonal anti-
body that binds with high affinity to soluble amy-
loid-beta (AB) protofibrils, which have been shown
to be more toxic to neurons than monomers or
insoluble fibrils.*** A phase 2b, dose-finding trial
involving 854 participants with early Alzheimer’s
disease did not show a significant difference be-
tween lecanemab and placebo in a Bayesian analy-
sis of 12-month change in a composite score (pri-
mary end point). However, analyses at 18 months
showed dose- and time-dependent clearance of
amyloid with lecanemab, and the drug was asso-
ciated with less clinical decline on some mea-
sures than placebo. In that trial, intravenous
administration of 10 mg of lecanemab per kilo-
gram of body weight every 2 weeks was identified
as an appropriate dose, with a 9.9% incidence
(<3% symptomatic) of amyloid-related imaging
abnormalities (ARIA) with edema or effusions
(ARIA-E).”> We conducted a phase 3 trial (Clarity
AD) to determine the safety and efficacy of lec-
anemab in participants with early Alzheimer’s
disease.

METHODS

TRIAL DESIGN AND OVERSIGHT

Clarity AD was an 18-month, multicenter, double-
blind, placebo-controlled, parallel-group trial in-
volving persons with early Alzheimer’s disease.
Eligible participants were randomly assigned in a
1:1 ratio to receive intravenous lecanemab (10 mg
per kilogram every 2 weeks) or placebo. The ran-
domization was stratified according to clinical
subgroup (mild cognitive impairment due to Alz-
heimer’s disease or mild Alzheimer’s disease—re-
lated dementia on the basis of the criteria noted
below), the presence or absence of concomitant
approved medication for symptoms of Alzheim-
er’s disease at baseline (e.g., acetylcholinesterase
inhibitors, memantine, or both), apolipoprotein
E (ApoE) &4 carriers or noncarriers, and geo-
graphic region. During the trial, participants
underwent serial blood testing for plasma bio-
markers and could participate in three optional
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substudies that evaluated longitudinal changes in
brain amyloid burden as measured by positron-
emission tomography (PET), brain tau patho-
logic features as measured by PET, and cerebro-
spinal fluid (CSF) biomarkers of Alzheimer’s
disease.

The trial was conducted in accordance with
International Council for Harmonisation guide-
lines and the ethical principles of the Declaration
of Helsinki. The trial was approved by the insti-
tutional review board or independent ethics com-
mittee at each center, and all the participants
provided written informed consent. The sponsor
Eisai designed the trial and analyzed the data in
collaboration with the academic authors, provid-
ed lecanemab and placebo, provided funding for
medical writing, and aided in drafting the manu-
script. The sponsor could not delay or interdict
publication. The first, second, and sixteenth au-
thors wrote the first draft of the manuscript, with
professional medical writing assistance funded
by Eisai, and all the authors contributed to sub-
sequent drafts. Confidentiality agreements were
in place between the sponsor and the authors and
site investigators. Biogen provided partial funding
for the trial.

An independent data and safety monitoring
board consisting of experts in Alzheimer’s dis-
ease and statistics reviewed unblinded safety data
during the trial. An independent medical moni-
toring team, whose members were unaware of the
trial-group assignments, reviewed ARIA, infusion-
related reactions, and hypersensitivity reactions.
Clinical assessment raters were unaware of the
safety assessments and the trial-group assign-
ments. All the authors vouch for the complete-
ness and accuracy of the data, the fidelity of the
trial to the protocol (available with the full text
of this article at NEJM.org), and the full reporting
of adverse events.

ELIGIBILITY CRITERIA

The trial included participants 50 to 90 years of
age, with either mild cognitive impairment due to
Alzheimer’s disease or mild Alzheimer’s disease—
related dementia on the basis of National Institute
on Aging—Alzheimer’s Association criteria.'®"’
Amyloid positivity was determined by PET or CSF
measurement of A3, .. All the participants had
objective impairment in episodic memory as in-
dicated by at least 1 standard deviation below the
age-adjusted mean in the Wechsler Memory Scale
IV-Logical Memory IL
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END POINTS

The primary efficacy end point was the change
in the score on the Clinical Dementia Rating
(CDR)-Sum of Boxes (CDR-SB)'® from baseline at
18 months. The CDR-SB score is a validated out-
come measure used in clinical trials of Alzheimer’s
disease that is obtained by interviewing patients
and their care partners and captures cognition and
function. It assesses six domains that patients and
caregivers identify as important (Memory, Orienta-
tion, Judgment and Problem Solving, Community
Affairs, Home and Hobbies, and Personal Care).
Scores for each domain range from 0 to 3, with
higher scores indicating greater impairment. Total
scores range from 0 to 18, with a score of 0.5 to 6
indicating early Alzheimer’s disease.

Key secondary end points were the change
from baseline at 18 months in the following:
amyloid burden on PET as measured in centi-
loids (with either florbetaben, florbetapir, or
flutemetamol tracers) in a substudy, the score on
the 14-item cognitive subscale of the Alzheimer’s
Disease Assessment Scale (ADAS-cogl14; range,
0 to 90, with higher scores indicating greater
impairment),” the Alzheimer’s Disease Compos-
ite Score (ADCOMS; range, 0 to 1.97, with higher
scores indicating greater impairment),”® and the
score on the Alzheimer’s Disease Cooperative
Study—Activities of Daily Living Scale for Mild
Cognitive Impairment (ADCS-MCI-ADL; range,
0 to 53, with lower scores indicating greater im-
pairment).” Biomarker assessments included CSF
biomarkers (AB,_,,, AB, ,,, total tau, phosphory-
lated tau 181 [p-taul8l1], neurogranin, and neuro-
filament light chain [NfL]) and plasma biomark-
ers (AB,,,, ratio, p-taul8l, glial fibrillary acidic
protein [GFAP], and NfL). Tau PET and volumet-
ric magnetic resonance imaging (MRI) results have
not been fully analyzed.

A prespecified exploratory and multiplicity-
unadjusted analysis examined the time to wors-
ening of the global CDR score (range, 0 to 3, with
higher scores indicating greater impairment).
This end point was defined as the time to the
first increase of at least 0.5 points in the global
CDR score on two consecutive visits.

STATISTICAL ANALYSIS

The sample size for this trial was estimated on
the basis of comparison of lecanemab and pla-
cebo with respect to the primary efficacy end
point, the change from baseline at 18 months in
the CDR-SB score. On the basis of data from the

5967 Persons were screened

= 11 (0.2%) Had adverse event

4172 Had screening failure
3555 (59.6%) Did not meet
inclusion criteria or met
exclusion criteria

17 (0.3%) Were lost to
follow-up
201 (3.4%) Withdrew consent
388 (6.5%) Had other reason

1795 Underwent randomization

898 Were assigned to and received
lecanemab
729 (81.2%) Completed trial
169 (18.8%) Discontinued trial
51 (5.7%) Had adverse event
26 (2.9%) Chose to discontinue
the trial regimen
4 (0.4%) Were lost to follow-up
69 (7.7%) Withdrew consent
19 (2.1%) Had other reason

897 Were assigned to and received
placebo
757 (84.4%) Completed trial
140 (15.6%) Discontinued trial
28 (3.1%) Had adverse event
24 (2.7%) Chose to discontinue
the trial regimen
5 (0.6%) Were lost to follow-up
67 (7.5) Withdrew consent
16 (1.8%) Had other reason

859 Were included in the modified
intention-to-treat population

898 Were included in the safety
population

354 Were included in the substudy of
levels of amyloid on PET

875 Were included in the modified
intention-to-treat population

897 Were included in the safety
population

344 Were included in the substudy of
levels of amyloid on PET

Figure 1. Screening, Randomization, and Follow-up.

Participants who completed visit 42 (at 18 months) are considered to have
completed the trial. If the primary reason for trial discontinuation was miss-
ing, the participant was counted under “Other” for discontinuation reason.
The modified intention-to-treat population included randomly assigned
participants who received at least one dose of lecanemab or placebo and
underwent assessment for the primary end point. PET denotes positron-

emission tomography.

phase 2b trial of lecanemab,” the estimated
standard deviation of the change from baseline
at 18 months in the CDR-SB score with placebo
was 2.031 points, and the estimated treatment
difference between lecanemab and placebo in all
the participants was 0.373 points. This estima-
tion corresponds to 25% less decline in cogni-
tive function with lecanemab than with placebo
and is consistent with a clinically meaningful
difference on the basis of the Alzheimer’s dis-
ease literature, statistical principles, and agree-
ments with regulatory authorities.">?>* There-
fore, under the assumption of an estimated 20%
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dropout rate at 18 months in this trial, a total
sample size of 1566 participants, including 783
participants receiving lecanemab and 783 par-
ticipants receiving placebo, would provide the
trial with 90% power to detect the treatment

difference with the use of a two-sample t-test at
a two-sided alpha level of 0.05. The sample size
was increased by 200 to account for participants
who missed three or more consecutive doses
during the initial 6-month peak period of coro-

Table 1. Characteristics of the Participants at Baseline (Modified Intention-to-Treat Population).*
Lecanemab Placebo

Characteristic (N=859) (N=875)
Age —yr 71.4+7.9 71.0+7.8
Sex —no. (%)

Female 443 (51.6) 464 (53.0)

Male 416 (48.4) 411 (47.0)
Race — no. (%)

White 655 (76.3) 677 (77.4)

Black 20 (2.3) 24 (2.7)

Asian 147 (17.1) 148 (16.9)

Other or missing 37 (4.3) 26 (3.0)
Hispanic ethnic group — no. (%) 107 (12.5) 108 (12.3)
Time since diagnosis — yr 1.41+1.51 1.34+1.54
Time since onset of symptoms — yr 4.13+£2.35 4.15£2.53
Global CDR score — no. (%)

0.5 694 (80.8) 706 (80.7)

1 165 (19.2) 169 (19.3)
Clinical subgroup — no. (%)

Mild dementia due to Alzheimer’s disease 331 (38.5) 331 (37.8)

Mild cognitive impairment due to Alzheimer’s disease 528 (61.5) 544 (62.2)
ApoE &4 status — no. (%)

Noncarrier 267 (31.1) 275 (31.4)

Carrier 592 (68.9) 600 (68.6)

Heterozygotes 456 (53.1) 468 (53.5)
Homozygotes 136 (15.8) 132 (15.1)

Current use of medication for symptoms of Alzheimer’s disease — no. (%) 447 (52.0) 468 (53.5)
CDR-SB score§

Mean 3.17+1.34 3.22+1.34

Range 0.5t0 8.0 0.5t08.5
Amyloid burden on PET — centiloids€

Mean 77.92+44.84 75.03+41.82

Range -16.6 to 213.2 -17.0t0 179.6
ADAS-cogl4 score|

Mean 24.45+7.08 24.37+7.56

Range 4.7t047.7 5.0to 60.7
ADCOMS**

Mean 0.398+0.147 0.400+0.147

Range 0.08 to 0.94 0.07t0 0.91
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Table 1. (Continued.)

Characteristic
ADCS-MCI-ADL scoref
Mean
Range
MMSE scorei:i:
Mean

Range

Lecanemab Placebo
(N=859) (N=875)
41.2+6.6 40.9+6.9

13to 53 12to 53
25.5+£2.2 25.6+2.2
22 to 30 22to 30

Plus—minus values are means +SD. ApoE denotes apolipoprotein E.

7 Race and ethnic group were determined by the participants.

i Global Clinical Dementia Rating (CDR) scores range from 0 to 3, with higher scores indicating greater impairment. A
score of 0.5 is considered to be the threshold for Alzheimer’s disease and was required for trial enrollment.

§ Scores on the CDR-Sum of Boxes (CDR-SB) range from 0 to 18, with higher scores indicating greater impairment.
Values for amyloid burden on positron-emission tomography (PET) were for the PET substudy population.

| Scores on the 14-item cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-cogl4) range from 0 to

90, with higher scores indicating greater impairment.

** Values for the Alzheimer’s Disease Composite Score (ADCOMS) range from 0 to 1.97, with higher scores indicating

greater impairment.

T Scores on the Alzheimer’s Disease Cooperative Study—Activities of Daily Living Scale for Mild Cognitive Impairment

(ADCS-MCI-ADL) range from 0 to 53, with lower scores indicating greater impairment.

pairment.

i1 Scores on the Mini—-Mental State Examination (MMSE) range from 0 to 30, with lower scores indicating greater im-

navirus disease 2019 (Covid-19), in accordance
with previous agreement with regulatory authori-
ties. No interim analyses for futility or efficacy
were planned or performed.

Efficacy analyses were performed in the
modified intention-to-treat population, which
was defined as the group of randomly assigned
participants who received at least one dose of
lecanemab or placebo and who had a baseline as-
sessment and at least one postdose primary effi-
cacy (CDR-SB) measurement. Sensitivity analyses
across efficacy end points to assess the robustness
of the primary analysis to missing data included
rank analysis of covariance with imputation of
missing values. Additional sensitivity analyses
were performed to evaluate potential effects of
functional unblinding due to ARIA and effects
of missed doses due to Covid-19—related absences
(see the Supplementary Appendix, available at
NEJM.org). Safety was evaluated in the safety
population, which was defined as the group of
participants who received at least one dose of
lecanemab or placebo. Safety evaluations included
monitoring of adverse events, vital signs, physi-
cal examinations, clinical laboratory variables,
and 12-lead electrocardiograms. Occurrences of
ARIA were monitored throughout the trial by
central reading of MRI performed at weeks 9, 13,

27, 53, and 79 as well as at the 3-month follow-
up visit (week 91) for safety monitoring. In addi-
tion, the populations for the substudies of amy-
loid burden on PET, tau pathologic features on
PET, and CSF biomarkers of Alzheimer’s disease
were the groups of participants who received at
least one dose of lecanemab or placebo and who
underwent a baseline PET or CSF evaluation and
at least one postdose evaluation.

The primary analysis was performed without
imputation of missing values. The primary anal-
ysis of the change from baseline at 18 months in
the CDR-SB score was performed to compare
lecanemab and placebo with the use of a mixed
model for repeated measures that included the
baseline CDR-SB score as a covariate, with trial
group, visit, stratification variables (i.e., clinical
subgroup, use of medication for symptoms of
Alzheimer’s disease at baseline [yes or no], ApoE
g4 carrier status [carriers or noncarriers], and
geographic region [North America, Europe, and
Asia—Pacific]), baseline CDR-SB score—by-visit
interaction, and trial group—by-visit interaction
as fixed effects. If the between-group difference
in primary end-point results was significant,
then key secondary end points were to be tested
hierarchically in the following order: change
from baseline at 18 months in amyloid burden
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A CDR-SB Score

Worsening

0.0
0.4

0.8+

Lecanemab

Adjusted Mean Change from
Baseline

1.2+
1.6+ Placebo
P<0.001 at 18 mo
2.0 T T T T 1
0 3 6 12 15 18
Visit (mo)
No. of Participants
Lecanemab 859 824 798 779 765 738 714
Placebo 875 849 828 813 779 767 757
B Amyloid Burden on PET C ADAS-Cogl4 Score
Less amyloid Worsening
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) > 3 o
E_. 0 i} ) e 14
%3 & Lecanemab
c'c -10- <
© = < 24
£ 5 < o
OE -2 U £
£ £9
3 o 30 0 ©
S £ s 4
- o —40 -
Q9 Q
%o Lecanemab k7 5
2@ _50- 3
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< 760 T T T 1 < 6 T T T T T 1
0 3 6 12 18 0 3 6 9 12 15 18
Visit (mo) Visit (mo)
No. of Participants No. of Participants
Lecanemab 354 296 275 276 210 Lecanemab 854 819 793 771 753 730 703
Placebo 344 303 286 259 205 Placebo 872 844 823 807 770 762 738
D ADCOMS E ADCS-MCI-ADL Score
Worsening Worsening
0.00+ 0e
© 0.05- ‘e -1
B B
Se 0.10 So 2 Lecanemab
O£ S Lecanemab U £
o o] —3]
s 0 © 0
Lo 0.15+ 9 ®©
s @ 4]
T o
% 0.20+ 2
Placebo 3 =51
= P<0.001 at 18 mo =4 P<0.001 at 18 mo
] <
< 0.25 T T T T T 1 < -6 T T y
0 3 6 9 12 15 18 0 6 12 18
Visit (mo) Visit (mo)
No. of Participants No. of Participants
Lecanemab 857 820 796 774 757 733 708 Lecanemab 783 756 716 676
Placebo 875 847 822 808 775 764 749 Placebo 796 783 739 707

on PET as measured in centiloids in the sub-
group tested and change from baseline at 18
months in the ADAS-cogl4 score, change from
baseline at 18 months in the ADCOMS, and

change from baseline at 18 months in the ADCS-
MCI-ADL score, all in the modified intention-to-
treat population. Each test was performed at an
alpha level of 0.05 (two-sided) and was to be

14 N ENGLJ MED 388;1 NEJM.ORG JANUARY 5, 2023

The New England Journal of Medicine

Downloaded from nejm.org on June 22,

2024. For personal use only.

No other uses without permission. Copyright © 2023 Massachusetts Medical Society. All rights reserved.




LECANEMAB IN EARLY ALZHEIMER’S DISEASE

Figure 2 (facing page). Primary and Key Secondary End
Points.

All panels except Panel B show results in the modified
intention-to-treat population. Panel A shows the results
for the primary end point, the score on the Clinical De-
mentia Rating—Sum of Boxes (CDR-SB). Scores for each
of six domains range from 0 to 3, with higher scores
indicating greater impairment. Total scores range from
0 to 18, with a score of 0.5 to 6 indicating early Alzhei-
mer’s disease. The adjusted mean changes from base-
line, standard errors (indicated by I bars), and P value
were derived with the use of a mixed model for repeated
measures, with trial group, visit, trial group—by-visit
interaction, clinical subgroup, use of medication for
symptoms of Alzheimer’s disease at baseline, ApoE ¢4
carrier status, geographic region, and baseline value—
by-visit interaction as fixed effects and baseline value
as a covariate. Panels B through E show the results for
the key secondary end points; values were calculated
in the same manner as those for the primary end point.
Panel B shows results for the change from baseline

in amyloid burden on PET as measured in centiloids
(with either florbetaben, florbetapir, or flutemetamol
tracers) in a trial substudy. Panel C shows results for
the change from baseline in the score on the 14-item
cognitive subscale of the Alzheimer’s Disease Assess-
ment Scale (ADAS-cogl4; range, 0 to 90, with higher
scores indicating greater impairment). Panel D shows
results for the change from baseline in the Alzheimer’s
Disease Composite Score (ADCOMS; range, 0 to 1.97,
with higher scores indicating greater impairment).
Panel E shows results for the change from baseline

in the score on the Alzheimer’s Disease Cooperative
Study—Activities of Daily Living Scale for Mild Cogni-
tive Impairment (ADCS-MCI-ADL; range, 0 to 53, with
lower scores indicating greater impairment).

performed only if the preceding test was signifi-
cant at a two-sided level of 0.05. Additional details
on the design and analysis methods are provided
in the Supplementary Appendix and protocol.

RESULTS

PARTICIPANTS

A total of 5967 persons were screened and 1795
underwent randomization; 898 were assigned to
receive lecanemab and 897 to receive placebo at
235 sites in North America, Europe, and Asia from
March 2019 through March 2021. Of these par-
ticipants, 729 (81.2%) in the lecanemab group
and 757 (84.4%) in the placebo group completed
the trial and had data available on the primary
end point (Fig. 1). The modified intention-to-
treat population included 1734 participants (859
in the lecanemab group and 875 in the placebo

group), and the safety population included all
1795 randomly assigned participants. Enrollment
in three longitudinal substudies included 698
participants in the substudy of amyloid burden
on PET, 257 in the study of tau pathologic fea-
tures on PET, and 281 in the substudy of CSF
biomarkers of Alzheimer’s disease. The baseline
characteristics of the substudy groups were gen-
erally similar to those in the main analysis. This
trial made efforts to enhance global enrollment
of a diverse group of participants (20% non-White),
including in the United States, where 6.1% and
28.1% of the 3638 screened participants and 4.5%
and 22.5% of randomly assigned participants were
Black and Hispanic, respectively. The character-
istics of the participants at baseline were gener-
ally similar in the two trial groups (Table 1).
These characteristics were similar to what has
been observed in population studies involving
persons with early Alzheimer’s disease, although
there was an underrepresentation of Black persons
in the United States and an overrepresentation of
Hispanic persons in the United States. The repre-
sentativeness of the trial population is shown in
Table S1 in the Supplementary Appendix.

END-POINT RESULTS

The mean CDR-SB score at baseline was approxi-
mately 3.2 in both the lecanemab and placebo
groups, findings consistent with early Alzheimer’s
disease (score of 0.5 to 6). The adjusted mean
change from baseline at 18 months in the CDR-
SB score was 1.21 in the lecanemab group and
1.66 in the placebo group (difference, —0.45;
95% confidence interval [CI], —0.67 to —0.23;
P<0.001) (Fig. 2A and Table 2).

In the substudy of amyloid burden on PET (a key
secondary end point) involving 698 participants,
the mean amyloid level at baseline was 77.92 cen-
tiloids in the lecanemab group and 75.03 centi-
loids in the placebo group. The adjusted mean
change from baseline at 18 months was —55.48
centiloids in the lecanemab group and 3.64 cen-
tiloids in the placebo group (difference, —59.12
centiloids; 95% CI, —62.64 to —55.60; P<0.001)
(Fig. 2B and Table 2). In the modified intention-
to-treat population, the mean ADAS-cogl4 scores
at baseline were 24.45 in the lecanemab group
and 24.37 in the placebo group. The adjusted
mean change from baseline at 18 months in the
ADAS-cogl4 score was 4.14 in the lecanemab
group and 5.58 in the placebo group (difference,
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Table 2. Primary and Secondary End Points (Modified Intention-to-Treat Population).

End Point
Primary efficacy end point
Change from baseline to 18 mo in the CDR-SB score
No. of participants evaluated
Adjusted mean change
Adjusted mean difference vs. placebo (95% Cl)
P value vs. placebo
Secondary efficacy end points
Change from baseline to 18 mo in amyloid burden on PET
No. of participants evaluated

Adjusted mean change — centiloids

P value vs. placebo
Change from baseline to 18 mo in the ADAS-cogl4 score
No. of participants evaluated
Adjusted mean change
Adjusted mean difference vs. placebo (95% Cl)
P value vs. placebo
Change from baseline to 18 mo in the ADCOMS
No. of participants evaluated
Adjusted mean change
Adjusted mean difference vs. placebo (95% Cl)

P value vs. placebo

No. of participants evaluated
Adjusted mean change
Adjusted mean difference vs. placebo (95% Cl)

P value vs. placebo

Adjusted mean difference vs. placebo (95% Cl) — centiloids

Change from baseline to 18 mo in the ADCS-MCI-ADL score

Lecanemab Placebo
(N=859) (N=875)
859 875
1.21 1.66
-0.45 (~0.67 to -0.23)
<0.001
354 344
-55.48 3.64
-59.12 (-62.64 to -55.60)
<0.001
854 872
4.14 5.58
-1.44 (~2.27 t0 -0.61)
<0.001
857 875
0.164 0.214
-0.050 (~0.074 to -0.027)
<0.001
783 796
-3.5 -5.5
2.0 (1.2t0 2.8)
<0.001

—1.44; 95% CI, -2.27 to —0.61; P<0.001) (Fig. 2C
and Table 2). The mean ADCOMS in the modi-
fied intention-to-treat population at baseline
was 0.398 in the lecanemab group and 0.400 in
the placebo group. The adjusted mean change
from baseline at 18 months in the ADCOMS was
0.164 in the lecanemab group and 0.214 in the
placebo group (difference, —0.050; 95% CI,
—0.074 to —0.027; P<0.001) (Fig. 2D and Table 2).
In the modified intention-to-treat population,
the mean ADCS-MCI-ADL scores at baseline
were 41.2 for lecanemab and 40.9 for placebo.
The adjusted mean change from baseline at 18
months in the ADCS-MCI-ADL score was —3.5 in
the lecanemab group and -5.5 in the placebo

group (difference, 2.0; 95% CI, 1.2 to 2.8; P<0.001)
(Fig. 2E and Table 2).

For each of these assessments, separation of
the trial groups was apparent by visual inspection
of graphs at 3 months. However, no conclusions
can be drawn because there was no prespecified
plan for analysis that included adjustment of con-
fidence intervals for multiple comparisons at any
intermediate time point.

Sensitivity analyses of the CDR-SB score that
evaluated the effect of Covid-19 (missed doses)
and potential for bias from functional unblinding
due to ARIA were generally consistent with the
primary analysis (Table S2). Results were also con-
sistent across key randomization strata, as well as
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for other factors that affect Alzheimer’s disease
(Figs. S1 through S4). The exploratory subgroup
analysis involving ApoE &4 homozygotes (15% of
the trial population) numerically favored lec-
anemab for the ADAS-cogl4 and ADCS-MCI-
ADL scores but not for the CDR-SB score and the
ADCOMS. Results of prespecified analyses of
end points involving CSF and plasma biomarkers
showed numerical improvements for all assess-
ments comparing lecanemab with placebo, with
the exception of CSF NfL (Fig. S5). In a pre-
specified, multiplicity-unadjusted analysis of the
time to worsening of the global CDR score, the
hazard ratio for progression to the next stage of
dementia (0.69) numerically favored lecanemab
over placebo (Fig. SO6).

SAFETY

Deaths occurred in 0.7% of the participants in
the lecanemab group and 0.8% of those in the
placebo group (Table 3). No deaths were consid-
ered by the investigators to be related to lec-
anemab or occurred with ARIA. Serious adverse
events occurred in 14.0% of the participants in
the lecanemab group and 11.3% of those in the
placebo group. The most commonly reported
serious adverse events were infusion-related re-
actions (in 1.2% of the participants in the lec-
anemab group and 0 participants in the placebo
group), ARIA-E (in 0.8% and 0, respectively),
atrial fibrillation (in 0.7% and 0.3%), syncope
(in 0.7% and 0.1%), and angina pectoris (in 0.7%
and 0). The overall incidence of adverse events
was similar in the two groups (Table 3). Adverse
events leading to discontinuation of the trial
agent occurred in 6.9% of the participants in the
lecanemab group and 2.9% of those in the pla-
cebo group. The most common adverse events
(affecting >10% of the participants) in the lec-
anemab group were infusion-related reactions
(26.4% with lecanemab and 7.4% with placeboy);
ARIA with cerebral microhemorrhages, cerebral
macrohemorrhages, or superficial siderosis
(ARIA-H; 17.3% with lecanemab and 9.0% with
placebo); ARIA-E (12.6% with lecanemab and 1.7%
with placebo); headache (11.1% with lecanemab
and 8.1% with placebo); and falls (10.4% with
lecanemab and 9.6% with placebo). Infusion-
related reactions were largely mild to moderate
(grade 1 or 2, 96%) and occurred with the first
dose (75%). A total of 56% of the participants
did not take preventative medications (i.e., non-

steroidal antiinflammatory drugs, antihistamines,
or glucocorticoids) for infusion-related reactions.
Of those who took preventative medications for
subsequent doses, 63% did not have additional
reactions.

Events of ARIA-E with lecanemab were most-
ly mild to moderate (91%) on the basis of central
reading of imaging with the use of protocol defi-
nitions. These events were mostly asymptomatic
(78%), occurred during the first 3 months of the
treatment period (71%), and resolved within 4
months after detection (81%). A total of 2.8% of
the participants in the lecanemab group had
symptomatic ARIA-E; commonly reported symp-
toms were headache, visual disturbance, and
confusion. The incidence of isolated ARIA-H
(i.e., ARIA-H in participants who did not also
have ARIA-E) was 8.9% in the lecanemab group
and 7.8% in the placebo group. The incidence of
isolated symptomatic ARIA-H was 0.7% in the
lecanemab group and 0.2% in the placebo group.
The most common symptom associated with
isolated symptomatic ARIA-H was dizziness.
Macrohemorrhage occurred in 5 of 898 partici-
pants (0.6%) in the lecanemab group and 1 of
897 participants (0.1%) in the placebo group.
ARIA-H that occurred with ARIA-E tended to
occur early (within 6 months). Isolated ARIA-H
occurred throughout the trial. ARIA-E and ARIA-
H were numerically less common among ApoE
€4 noncarriers than among carriers, with higher
frequency among ApoE &4 homozygotes than
among ApoE &4 heterozygotes (Table 3).

DISCUSSION

In this phase 3 trial, the change from baseline
at 18 months in the CDR-SB score (primary end
point) was less with lecanemab than with pla-
cebo, favoring lecanemab. Results for secondary
clinical end points were in the same direction as
those for the primary end point. Lecanemab has
high selectivity for soluble aggregated species of
AB as compared with monomeric amyloid, with
moderate selectivity for fibrillar amyloid; this
profile is considered to target the most toxic
pathologic amyloid species.*”®131* After 18 months
of treatment in the amyloid substudy, the mean
amyloid level of 22.99 centiloids in the lecanemab
group was below the threshold for amyloid posi-
tivity of approximately 30 centiloids, above which
participants are considered to have elevated brain
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Table 3. Adverse Events.*

Lecanemab
Event (N=898)
Overall — no. (%)
Any adverse event 798 (88.9)
Adverse event related to lecanemab or placebo 401 (44.7)
Serious adverse event 126 (14.0)
Death 6(0.7)
Adverse event leading to discontinuation of the trial agent 62 (6.9)
Adverse event that occurred in =5% of participants in either group
Infusion-related reaction 237 (26.4)
ARIA with microhemorrhages or hemosiderin deposits 126 (14.0)
ARIA-E 113 (12.6)
Headache 100 (11.1)
Fall 3 (10.4)
Urinary tract infection 78 (8.7)
Covid-19 64 (7.1)
Back pain 60 (6.7)
Arthralgia 53 (5.9)
Superficial siderosis of central nervous system 50 (5.6)
Dizziness 49 (5.5)
Diarrhea 48 (5.3)
Anxiety 45 (5.0)
ARIAZ:
ARIA-E — no. (%) 113 (12.6)
Symptomatic ARIA-E — no. (%)§ 25 (2.8)
ApoE &4 noncarrier — no./total no. (%) 4/278 (1.4)
ApoE &4 carrier — no./total no. (%) 21/620 (3.4)
ApoE &4 heterozygote 8/479 (1.7)
ApoE &4 homozygote 13/141 (9.2)

ARIA-E according to ApoE €4 genotype — no./total no. (%)

ApoE &4 noncarrier
ApoE &4 carrier
ApoE &4 heterozygote
ApoE €4 homozygote
ARIA-H — no. (%)
Microhemorrhage
Superficial siderosis
Macrohemorrhage
Symptomatic ARIA-H§
Isolated ARIA-H: no concurrent ARIA-E

15/278 (5.4)
98/620 (15.8)
52/479 (10.9)
46/141 (32.6)
155 (17.3)
126 (14.0)

(
50 (5.6)
5 (0.6)
6(0.7)
80 (8.9)

15 (1.7)

0/286
0/611
0/478
0/133
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Table 3. (Continued.)

Event

ApoE &4 noncarrier
ApoE &4 carrier
ApoE &4 heterozygote
ApoE €4 homozygote
ARIA-E or ARIA-H — no. (%)
Concurrent ARIA-E and ARIA-H — no. (%)

ARIA-H according to ApoE &4 genotype — no./total no. (%)

Lecanemab Placebo
(N=898) (N=897)
33/278 (11.9) 12/286 (4.2)
122/620 (19.7) 69/611 (11.3)
67/479 (14.0) 41/478 (8.6)
55/141 (39.0) 28/133 (21.1)
193 (21.5) 85 (9.5)
74 (8.2) 9 (1.0)

* ARIA denotes amyloid-related imaging abnormalities, ARIA-E ARIA with edema or effusions, ARIA-H ARIA with hemo-

siderin deposits, and Covid-19 coronavirus disease 2019.

T The relatedness of adverse events to lecanemab or placebo was determined by the investigators.
1 ARIA events were based on central review of MRI studies and include events that occurred after the double-blind inter-

vention period.

§ Symptomatic ARIA-H concurrent with ARIA-E were included under ARIA-E.

amyloid levels.” In the CSF substudy and in
plasma analyses involving the overall population,
markers of amyloid, tau, neurodegeneration, and
neuroinflammation (plasma GFAP) were re-
duced to a greater extent with lecanemab than
with placebo, with the exception of NfL, which
is less sensitive to neurodegeneration than the
other markers and has a slower time course for
change than the others.

A definition of clinically meaningful effects
in the primary end point of the CDR-SB score
has not been established; however, this trial ex-
ceeded the prospectively defined target, with an
estimated treatment difference of 0.373 points
on a scale range of 18, a baseline value of 3.2,
and early Alzheimer’s disease typically charac-
terized by a score of 0.5 to 6. In a prespecified
exploratory and multiplicity-unadjusted analysis
of the time to worsening (increase) of the global
CDR score of at least 0.5 points on two consecu-
tive visits, the hazard ratio for progression to the
next stage of dementia numerically favored lec-
anemab over placebo. An open-label extension
study of Clarity AD is ongoing to provide addi-
tional safety and efficacy data beyond 18 months.

In the lecanemab group, the incidence of
ARIA-E was 12.6%, and the incidence of ARIA-H
was 17.3%. These incidences compare with 9.9%
and 10.7%, respectively, in the phase 2b trial of

lecanemab, in which ApoE &4 carriers were un-
derrepresented in the group that received 10 mg
per kilogram every 2 weeks.”® The incidence of
ARIA, including symptomatic ARIA, was nu-
merically lower than in similar clinical trials,
but differences in the drugs used and in trial
design do not allow direct comparisons.*?
ARIA-E generally occurred in the first 3 months,
was mild and asymptomatic, did not lead to
discontinuation of lecanemab or placebo if mild,
and resolved within 4 months. The incidences of
both overall and symptomatic ARIA-E were high-
est among ApoE &4 homozygotes.

Among the limitations of this trial is that it
includes data for only 18 months of treatment; an
open-label extension study is ongoing. The Clarity
AD trial was conducted during the Covid-19 pan-
demic and encountered obstacles including missed
doses, delayed assessments, and intercurrent ill-
nesses. The dropout rate was 17.2%, and a sen-
sitivity analysis that evaluated the effect of
missed doses was consistent with the primary
end-point analysis. An additional potential limi-
tation was the use of modified intention-to-treat
analysis without imputation of missing values.
However, a sensitivity analysis that was con-
ducted with the use of a standard intention-to-
treat population with imputation yielded similar
results. Finally, occurrences of ARIA may have
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caused participants and investigators to be aware
of the trial-group assignments. We attempted to
minimize this bias by making clinical raters
unaware of the safety assessments and the trial-
group assignments, and sensitivity analyses that
were performed to examine the effect of ARIA
on clinical outcomes showed that ARIA had no
effect on the results. Additional trials of lecane-
mab include a 5-year phase 2 long-term extension
trial (ClinicalTrials.gov number, NCT01767311)
and a 4-year phase 3 long-term extension trial
(NCT03887455) in early Alzheimer’s disease, the
4-year AHEAD 3-45 trial (NCT04468659) in pre-
clinical Alzheimer’s disease, and the 4-year
DIAN-TU (Dominantly Inherited Alzheimer
Network Trials Unit) Next Generation trial
(NCT05269394) in dominantly inherited Alzhei-
mer’s disease.

In persons with early Alzheimer’s disease,
lecanemab reduced brain amyloid levels and was

associated with moderately less decline on clini-
cal measures of cognition and function than pla-
cebo at 18 months but was associated with adverse
events. Longer trials are warranted to determine
the efficacy and safety of lecanemab in early Alz-
heimer’s disease.

Supported by Eisai (regulatory sponsor), with partial funding
by Biogen.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

We thank the trial participants and their families, as well as
all the investigators and site staff who made the trial possible
(see the Supplementary Appendix for a list of collaborators);
the members of the data and safety monitoring board and the
raters; Lars Lannfelt and the staff of BioArctic for their early
research on lecanemab; the staff of the clinical research orga-
nization Worldwide Clinical Trials for their ongoing support in
conducting the trial; and J. David Cox (Mayville Medical Com-
munications) and Lisa Yarenis (Eisai) for writing and editing as-
sistance with an earlier version of the manuscript, in accordance
with Good Publication Practice 4 ethical guidelines.

APPENDIX

The authors’ full names and academic degrees are as follows: Christopher H. van Dyck, M.D., Chad J. Swanson, Ph.D., Paul Aisen,
M.D., Randall J. Bateman, M.D., Christopher Chen, B.M., B.Ch., Michelle Gee, Ph.D., Michio Kanekiyo, M.S., David Li, Ph.D., Larisa
Reyderman, Ph.D., Sharon Cohen, M.D., Lutz Froelich, M.D., Ph.D., Sadao Katayama, M.D., Marwan Sabbagh, M.D., Bruno Vellas,
M.D., David Watson, Psy.D., Shobha Dhadda, Ph.D., Michael Irizarry, M.D., Lynn D. Kramer, M.D., and Takeshi Iwatsubo, M.D.

The authors’ affiliations are as follows: the Alzheimer’s Disease Research Unit, Yale School of Medicine, New Haven, CT (C.H.D.);
Eisai, Nutley, NJ (C.J.S., M.K., D.L., L.R., S.D., M.L,, L.D.K.); the Alzheimer’s Therapeutic Research Institute, University of Southern
California, San Diego (P.A.); Washington University School of Medicine in St. Louis, St. Louis (R.B.); the Memory, Aging, and Cognition
Center, Department of Pharmacology, Yong Loo Lin School of Medicine, National University of Singapore, Singapore (C.C.); Eisai,
Hatfield, United Kingdom (M.G.); Toronto Memory Program, Toronto (S.C.); Medical Faculty Mannheim, University of Heidelberg,
Central Institute of Mental Health, Mannheim, Germany (L.F.); Katayama Medical Clinic, Okayama (S.K.), and the Department of Neu-
ropathology, Graduate School of Medicine, University of Tokyo, and the National Center of Neurology and Psychiatry, Tokyo (T.I.) —all
in Japan; Barrow Neurological Institute, Phoenix, AZ (M.S.); Toulouse Gerontopole University Hospital, Université Paul Sabatier,
INSERM Unité 1295, Toulouse, France (B.V.); and Alzheimer’s Research and Treatment Center, Wellington, FL (D.W.).

REFERENCES

1. Marasco RA. Current and evolving
treatment strategies for the Alzheimer
disease continuum. Am J Manag Care
2020;26:Suppl:$167-S176.

2. Long JM, Holtzman DM. Alzheimer
disease: an update on pathobiology and
treatment strategies. Cell 2019;179:312-39.
3. Avgerinos KI, Ferrucci L, Kapogian-
nis D. Effects of monoclonal antibodies
against amyloid-B on clinical and bio-
marker outcomes and adverse event risks:
a systematic review and meta-analysis of
phase III RCTs in Alzheimer’s disease.
Ageing Res Rev 2021;68:101339.

4. Tucker S, Moller C, Tegerstedt K, et al.
The murine version of BAN2401 (mAb158)
selectively reduces amyloid-B protofi-
brils in brain and cerebrospinal fluid of
tg-ArcSwe mice. ] Alzheimers Dis 2015;
43:575-88.

5. Sehlin D, Englund H, Simu B, et al.
Large aggregates are the major soluble A8
species in AD brain fractionated with

density gradient ultracentrifugation. PLoS
One 2012;7(2):e32014.

6. Sehlin D, Hedlund M, Lord A, et al.
Heavy-chain complementarity-determin-
ing regions determine conformation se-
lectivity of anti-af antibodies. Neurode-
gener Dis 2011;8:117-23.

7. Magnusson K, Sehlin D, Syvdnen S,
et al. Specific uptake of an amyloid-B pro-
tofibril-binding antibody-tracer in ABPP
transgenic mouse brain. J Alzheimers Dis
2013;37:29-40.

8. Soderberg L, Johannesson M, Nygren
P, et al. Lecanemab, aducanumab, and
gantenerumab — binding profiles to dif-
ferent forms of amyloid-beta might ex-
plain efficacy and side effects in clinical
trials for Alzheimer’s disease. Neurother-
apeutics 2022 October 17 (Epub ahead of
print).

9. Hampel H, Hardy J, Blennow K, et al.
The amyloid-B pathway in Alzheimer’s
disease. Mol Psychiatry 2021;26:5481-503.

10. Nilsberth C, Westlind-Danielsson A,
Eckman CB, et al. The ‘Arctic’ APP muta-
tion (E693G) causes Alzheimer’s disease
by enhanced Abeta protofibril formation.
Nat Neurosci 2001;4:887-93.

11. O’Nuallain B, Freir DB, Nicoll AJ, et al.
Amyloid B-protein dimers rapidly form
stable synaptotoxic protofibrils. J Neuro-
sci 2010;30:14411-9.

12. Yu X, Zheng J. Polymorphic structures
of Alzheimer’s B-amyloid globulomers.
PLoS One 2011;6(6):e20575.

13. Lublin AL, Gandy S. Amyloid-B oligo-
mers: possible roles as key neurotoxins in
Alzheimer’s disease. Mt Sinai ] Med 2010;
77:43-9.

14, Haass C, Selkoe DJ. Soluble protein
oligomers in neurodegeneration: lessons
from the Alzheimer’s amyloid beta-pep-
tide. Nat Rev Mol Cell Biol 2007;8:101-12.
15. Swanson CJ, Zhang Y, Dhadda S, et al.
A randomized, double-blind, phase 2b
proof-of-concept clinical trial in early

N ENGL J MED 388;1 NEJM.ORG JANUARY 5, 2023

The New England Journal of Medicine
Downloaded from nejm.org on June 22, 2024. For personal use only.
No other uses without permission. Copyright © 2023 Massachusetts Medical Society. All rights reserved.



LECANEMAB IN EARLY ALZHEIMER’S DISEASE

Alzheimer’s disease with lecanemab, an
anti-AB protofibril antibody. Alzheimers
Res Ther 2021;13:80.

16. Albert MS, DeKosky ST, Dickson D,
et al. The diagnosis of mild cognitive im-
pairment due to Alzheimer’s disease: rec-
ommendations from the National Insti-
tute on Aging-Alzheimer’s Association
workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement
2011;7:270-9.

17. McKhann GM, Knopman DS, Chert-
kow H, et al. The diagnosis of dementia
due to Alzheimer’s disease: recommenda-
tions from the National Institute on Aging-
Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s dis-
ease. Alzheimers Dement 2011;7:263-9.

18. Morris JC. The Clinical Dementia Rat-
ing (CDR): current version and scoring
rules. Neurology 1993;43:2412-4.

19. Mohs RC, Knopman D, Petersen RC,
et al. Development of cognitive instru-

ments for use in clinical trials of antide-
mentia drugs: additions to the Alzheimer’s
Disease Assessment Scale that broaden its
scope: the Alzheimer’s Disease Coopera-
tive Study. Alzheimer Dis Assoc Disord
1997;11:Suppl 2:513-S21.

20. Wang J, Logovinsky V, Hendrix SB,
et al. ADCOMS: a composite clinical out-
come for prodromal Alzheimer’s disease
trials. J Neurol Neurosurg Psychiatry 2016;
87:993-9.

21. Galasko D, Bennett D, Sano M, et al.
An inventory to assess activities of daily
living for clinical trials in Alzheimer’s
disease: the Alzheimer’s Disease Cooper-
ative Study. Alzheimer Dis Assoc Disord
1997;11:Suppl 2:533-S39.

22. Liu KY, Schneider LS, Howard R. The
need to show minimum clinically impor-
tant differences in Alzheimer’s disease
trials. Lancet Psychiatry 2021;8:1013-6.
23. Abushakra S, Porsteinsson A, Vellas
B, et al. Clinical benefits of tramiprosate

in Alzheimer’s disease are associated
with higher number of APOE4 alleles: the
“APOE4 Gene-Dose Effect”. J Prev Alz-
heimers Dis 2016;3:219-28.

24. Insel PS, Weiner M, Mackin RS, et al.
Determining clinically meaningful de-
cline in preclinical Alzheimer disease.
Neurology 2019;93(4):e322-e333.

25. Fleisher AS, Chen K, Liu X, et al. Us-
ing positron emission tomography and
florbetapir F18 to image cortical amyloid
in patients with mild cognitive impair-
ment or dementia due to Alzheimer dis-
ease. Arch Neurol 2011;68:1404-11.

26. Mintun MA, Lo AC, Duggan Evans C,
et al. Donanemab in early Alzheimer’s
disease. N Engl J Med 2021;384:1691-704.
27. Budd Haeberlein S, Aisen PS, Barkhof
F, et al. Two randomized phase 3 studies
of aducanumab in early Alzheimer’s dis-
ease. J Prev Alzheimers Dis 2022;9:197-
210.

Copyright © 2022 Massachusetts Medical Society.

TRACK THIS ARTICLE’S IMPACT AND REACH

Visit the article page at NEJM.org and click on Metrics for a dashboard
that logs views, citations, media references, and commentary.

NEJM.org/about-nejm/article-metrics.

N ENGLJ MED 388;1

NEJM.ORG JANUARY 5, 2023

The New England Journal of Medicine
Downloaded from nejm.org on June 22, 2024. For personal use only.
No other uses without permission. Copyright © 2023 Massachusetts Medical Society. All rights reserved.

21



