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Visual Abstract
IMPORTANCE There are limited efficacious treatments for Alzheimer disease. [& Editorial pages 503, 505, 507,

OBJECTIVE To assess efficacy and adverse events of donanemab, an antibody designed to and 510

clear brain amyloid plaque. Supplemental content

DESIGN, SETTING, AND PARTICIPANTS Multicenter (277 medical research centers/hospitals in 8
countries), randomized, double-blind, placebo-controlled, 18-month phase 3 trial that
enrolled 1736 participants with early symptomatic Alzheimer disease (mild cognitive
impairment/mild dementia) with amyloid and low/medium or high tau pathology based on
positron emission tomography imaging from June 2020 to November 2021 (last patient visit
for primary outcome in April 2023).

INTERVENTIONS Participants were randomized in a 1:1ratio to receive donanemab (n = 860) or
placebo (n = 876) intravenously every 4 weeks for 72 weeks. Participants in the donanemab
group were switched to receive placebo in a blinded manner if dose completion criteria were met.

MAIN OUTCOMES AND MEASURES The primary outcome was change in integrated Alzheimer
Disease Rating Scale (IADRS) score from baseline to 76 weeks (range, 0-144; lower scores
indicate greater impairment). There were 24 gated outcomes (primary, secondary, and
exploratory), including the secondary outcome of change in the sum of boxes of the Clinical
Dementia Rating Scale (CDR-SB) score (range, 0-18; higher scores indicate greater
impairment). Statistical testing allocated a of .04 to testing low/medium tau population
outcomes, with the remainder (.01) for combined population outcomes.

RESULTS Among 1736 randomized participants (mean age, 73.0 years; 996 [57.4%] women;
1182 [68.1%] with low/medium tau pathology and 552 [31.8%] with high tau pathology), 1320
(76%) completed the trial. Of the 24 gated outcomes, 23 were statistically significant. The
least-squares mean (LSM) change in iADRS score at 76 weeks was -6.02 (95% Cl, -7.01 to
-5.03) in the donanemab group and -9.27 (95% Cl, -10.23 to -8.31) in the placebo group
(difference, 3.25 [95% Cl, 1.88-4.62]; P < .001) in the low/medium tau population and -10.2
(95% Cl, -11.22 to -9.16) with donanemab and -13.1 (95% Cl, -14.10 to -12.13) with placebo
(difference, 2.92 [95% Cl, 1.51-4.33]; P < .001) in the combined population. LSM change in
CDR-SB score at 76 weeks was 1.20 (95% Cl, 1.00-1.41) with donanemab and 1.88 (95% Cl,
1.68-2.08) with placebo (difference, -0.67 [95% Cl, -0.95 to -0.40]; P < .001) in the
low/medium tau population and 1.72 (95% Cl, 1.53-1.91) with donanemab and 2.42 (95% Cl,
2.24-2.60) with placebo (difference, -0.7 [95% Cl, -0.95 to -0.45]; P < .001) in the
combined population. Amyloid-related imaging abnormalities of edema or effusion occurred
in 205 participants (24.0%; 52 symptomatic) in the donanemab group and 18 (2.1%; O
symptomatic during study) in the placebo group and infusion-related reactions occurred in 74
participants (8.7%) with donanemab and 4 (0.5%) with placebo. Three deaths in the

donanemab group and 1in the placebo group were considered treatment related. Author Affiliations: Author

CONCLUSIONS AND RELEVANCE Among participants with early symptomatic Alzheimer affiliations are listed at the end of this

article.
disease and amyloid and tau pathology, donanemab significantly slowed clinical progression .
s i ith1 di dinth bined | di d high Group Information: The
at 76 weeks in those with low/medium tau and in the combined low/medium and high tau TRAILBLAZER-ALZ 2 Investigators

pathology population. appear in Supplement 4.
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Trial of Donanemab in Early Symptomatic Alzheimer Disease

eposition of B-amyloid in the brain is an early event in

Alzheimer disease that leads to neurofibrillary tangles

composed of tau protein and other characteristic brain
changes referred to as the amyloid cascade.»> Abnormal
-amyloid is a key pathological hallmark of Alzheimer dis-
ease defined by the 2018 National Institute on Aging and the
Alzheimer’s Association Research Framework? and is one
of the major targets in Alzheimer disease research and drug
development.

Over the past decade, considerable advances occurred in
testing the amyloid cascade hypothesis in Alzheimer disease
clinical trials. Numerous amyloid-targeting therapy trials failed
to show appreciable slowing of clinical disease progression*7;
however, aducanumab, lecanemab, and donanemab recently
showed promising amyloid plaque clearance, potentially ben-
efitting patients.®1°

Donanemab is an immunoglobulin G1 monoclonal anti-
body directed against insoluble, modified, N-terminal trun-
cated form of B-amyloid present only in brain amyloid
plaques. Donanemab binds to N-terminal truncated form of
-amyloid and aids plaque removal through microglial-
mediated phagocytosis. In the phase 2 TRAILBLAZER-ALZ trial
of donanemab vs placebo, the primary outcome was met, as
measured by the integrated Alzheimer Disease Rating Scale
(iADRS), an integrated assessment of cognition and daily
function.® Adverse events of interest included amyloid-
related imaging abnormalities and infusion-related reactions.®
To confirm and expand results from TRAILBLAZER-ALZ, we
report results from TRAILBLAZER-ALZ 2, a global phase 3ran-
domized clinical trial that assessed donanemab efficacy and
adverse events in a larger group of participants with low/
medium tau pathology (the population studied in the phase 2
trial) and in a combined population including those with high
tau pathology, a population hypothesized to be more diffi-
cult to treat due to more advanced disease.

Methods

Trial Conduct and Oversight

TRAILBLAZER-ALZ 2 was a 76-week, phase 3, randomized,
double-blind, parallel, multicenter, placebo-controlled trial with
participants screened at 277 sites in 8 countries (eTable 1 in
Supplement 3). Enrollment began June 19, 2020, and ended
November 5, 2021, and database lock/unblinding (double-
blind phase) occurred on April 28, 2023. The trial was origi-
nally designed as a phase 2 trial but was subsequently amended
to alarger phase 3 trial in February 2021 in an effort to confirm
and expand the results of the previous TRAILBLAZER-ALZ
trial. The trial was conducted according to the Declaration of
Helsinki, the International Conference on Harmonization Good
Clinical Practice Guideline, and local regulatory requirements.
Anindependent ethics committee/institutional review board at
each site approved the study protocol (Supplement 1), which is
provided alongside the statistical analysis plan (Supple-
ment 2). Participants and study partners provided written
consent. An independent data and safety monitoring board pro-
vided trial oversight.
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Key Points

Question Does donanemab, a monoclonal antibody designed to
clear brain amyloid plaque, provide clinical benefit in early
symptomatic Alzheimer disease?

Findings In this randomized clinical trial that included 1736
participants with early symptomatic Alzheimer disease and
amyloid and tau pathology, the least-squares mean change in the
integrated Alzheimer Disease Rating Scale score (range, 0-144;
lower score indicates greater impairment) at 76 weeks was -6.02
in the donanemab group and -9.27 in the placebo group for the
low/medium tau population and -10.19 in the donanemab group
and -13.11in the placebo group in the combined study population,
both of which were significant differences.

Meaning Among participants with early symptomatic Alzheimer
disease and amyloid and tau pathology, donanemab treatment
significantly slowed clinical progression at 76 weeks.

Trial Design and Participants

The trial included participants aged 60 to 85 years with early
symptomatic Alzheimer disease (mild cognitive impairment
[MCI]*? or Alzheimer disease with mild dementia). P-taul81
screening was removed in an early protocol amendment
(eMethods in Supplement 3). Eligible participants had
screening Mini-Mental State Examination (MMSE) scores of 20
to 28, amyloid pathology (=37 Centiloids) assessed with
18F-florbetapir®® or ®F-florbetaben'* positron emission tomog-
raphy (PET), and presence of tau pathology assessed by
18F-flortaucipir PET imaging with central image evaluation.!>1>
Tau PET scans were categorized as low/medium or high tau
by visual and quantitative reads as previously described!®-2°
(Supplements 1 and 2). Screening procedures also included
magnetic resonance imaging (MRI), and key exclusion cri-
teria included presence of amyloid-related imaging ab-
normalities of edema/effusion, more than 4 cerebral micro-
hemorrhages, more than 1 area of superficial siderosis, and
any intracerebral hemorrhage greater than 1 cm or severe
white matter disease on MRI. For all eligibility criteria, see
Supplement 1. Demographic information, including race and
ethnicity, was collected to potentially understand any differ-
ences in disease course, treatment effects, or adverse events.
The participants self-reported race and ethnicity based on
fixed categories.

Randomization and Intervention

Eligible participants were randomly assigned in a 1:1 ratio
(Figure 1) by a computer-generated sequence using interac-
tive web response systems, with stratification by baseline
tau categorization and enrolling sites; the randomization
block size was 4. Randomized participants received either
donanemab (700 mg for the first 3 doses and 1400 mg
thereafter) or placebo, administered intravenously every 4
weeks for up to 72 weeks. If amyloid plaque level (assessed
at 24 weeks and 52 weeks) was less than 11 Centiloids on any
single PET scan or less than 25 but greater than or equal to 11
Centiloids on 2 consecutive PET scans (TRAILBLAZER-ALZ
cutoffs®), donanemab was switched to placebo in a blinded
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Figure 1. Participant Flow in a Trial of Donanemab for Early Symptomatic Alzheimer Disease

8240 Adults aged 60-85 y with early symptomatic
Alzheimer disease assessed for eligibility

1736 Rand

860 Randomized to receive donanemab

231 Discontinued study
111 Withdrawal by participant
50 Adverse event
21 Withdrawal due to caregiver
Ll circumstances
19 Physician decision
15 DeathP
11 Lost to follow-up
7 Final visit after data lock
4 Progressive diseasel
130 Met treatment completion
criterial at 24 wk (1%.1%)'9l ]
313 Met treatment completion
criterial at 52 wk (46.6%) kU |
429 Met treatment completion
criterial at 76 wk (69.2%)kt  |©

622 Completed study and were included
in final analysis at 76 wk

6504 Excluded
1631 Low tau pathology?
1601 Low amyloid pathology®
1510 Mini-Mental State Examination score <20 or >28¢
465 Withdrew
295 P-tau 181 pathologyd
259 Unreliable
234 Findings on magnetic resonance imaging®
76 Concurrent illness
75 Clinically important abnormality
40 Significant neurological disease
38 Study partner
32 Physician decision
29 History of cancer
28 Age<60yor>85y
23 Poor venous access
21 Elevated liver function test results

21 Withdrew due to caregiver circumstances
126 Otherf

omized?

876 Randomized to receive placebo

173 Discontinued study
94 Withdrawal by participant
21 Adverse event
20 Withdrawal due to caregiver
circumstances
10 Physician decision
10 Death
11 Lost to follow-up
5 Final visit after data lock
7 Progressive diseasel

698 Completed study and were included
in final analysis at 76 wk

2 Inclusion criteria for tau pathology: low/medium or high tau indicated by
standardized uptake value ratio >1.10 or positive visual read assessed by
8F-flortaucipir positron emission tomography (PET) imaging.

®Inclusion criteria for amyloid pathology (=37 Centiloids) assessed with
'8F_florbetapir or '8F-florbetaben PET.

€ Inclusion criteria for Mini-Mental State Examination: score of 20 to 28.

9 Phosphorylated tau 181 (P-taul81) screening criterion was not implemented
for the entire trial duration (eMethods in Supplement 3).

¢ Exclusion criteria for MRI include presence of amyloid-related imaging
abnormalities of edema/effusion, >4 cerebral microhemorrhages, >1 area of
superficial siderosis, and any intracerebral hemorrhage >1 cm or severe white
matter disease.

f Summary of other screen failure can be found in eTable 3 in Supplement 3
(lists reason if =20 participants).

8 Stratified by baseline tau categorization and enrolling sites.

" One additional death occurred after treatment completion and in the
follow-up period.

i Alzheimer disease progression to a degree prompting study discontinuation,
per investigator judgment.

J Treatment completion criteria: amyloid plague level of 11 Centiloids on any
single scan or 11 to <25 Centiloids on 2 consecutive scans.

X Participants who met treatment completion criteria are included in
discontinuation and completion numbers.

! Percentage calculated as No./total No. of participants with a PET scan at visit:
n = 761at 24 wk, n = 672 at 52 wk, and n = 620 at 76 wk. Corresponding
number of participants and percentages for the low/medium tau population
were 20.3% (n = 106) at 24 wk, 51.9% (n = 241) at 52 wk, and 73.5% (n = 321)
at 76 wk.

514 JAMA August 8,2023 Volume 330, Number 6

jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Albert Einstein College of Medicine user on 06/22/2024


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.13239?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.13239
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.13239?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.13239
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.13239

Trial of Donanemab in Early Symptomatic Alzheimer Disease

procedure. Final adverse events and efficacy assessments
were performed at 76 weeks. Amyloid-related imaging
abnormality monitoring occurred with scheduled MRIs at 4,
12, 24, 52, and 76 weeks and unscheduled MRIs at investiga-
tor discretion. Any participant with detected amyloid-related
imaging abnormalities had imaging every 4 to 6 weeks until
resolution or stabilization. Amyloid-related imaging abnor-
mality management and treatment interruption guidelines
(eTable 2 in Supplement 3) depended on severity and symp-
toms. If infusions were held, investigators were advised to
await resolution of amyloid-related imaging abnormalities of
edema/effusion on radiographic imaging and stabilization of
amyloid-related imaging abnormalities of microhemorrhages
and hemosiderin deposits before resuming infusions. Perma-
nent discontinuation was advised for macrohemorrhages.
Investigators made final amyloid-related imaging abnormal-
ity management decisions.

Outcomes
The primary outcome was change in the iADRS score from
baseline to 76 weeks in either the low/medium tau popula-
tion or combined (low/medium and high tau) population.
The iADRS is an integrated assessment of cognition and
daily function from the 13-item cognitive subscale of the
Alzheimer Disease Assessment Scale (ADAS-Cog,;5) and Alz-
heimer Disease Cooperative Study—Instrumental Activities
of Daily Living (ADCS-iADL), measuring global disease
severity across the Alzheimer disease continuum as a single
summary score. The iADRS is validated and captures clinical
progression from MCI due to Alzheimer disease through
moderate dementia due to Alzheimer disease, and treat-
ment effects have been demonstrated across MCI and
Alzheimer disease with mild dementia.®2127 The possible
scores on the iADRS range from O to 144 (lower scores indi-
cate greater impairment), and the meaningful within-
patient change (MWPC) is a change of 5 points for those
with Alzheimer disease with MCI and 9 points for those
with Alzheimer disease with mild dementia. The MWPC, or
minimal clinically important difference (MCID) as in
Supplement 1 and 2, is a threshold for outcome scores
(either patient-reported or physician-measured) above
which a patient or physician would consider the change
meaningful.?®

Prespecified secondary outcomes included changes
from baseline to 76 weeks by sum of boxes of the Clinical
Dementia Rating Scale (CDR-SB), the ADAS-Cog,5, the
ADCS-iADL, and MMSE in the low/medium tau or combined
population. Amyloid plaque reduction at 76 weeks, percent-
age of participants reaching amyloid clearance (<24.1 Cen-
tiloids measured by amyloid PET®-2°) at 24 weeks and 76
weeks, tau PET” (frontal cortical regions) change, volumetric
MRI (vMRI; whole brain, hippocampus, and ventricles)
change, and adverse events were additional secondary out-
comes. Supplement 1 provides a complete listing and meth-
odology of adverse events assessments. Amyloid-related
imaging abnormalities of edema/effusion, amyloid-related
imaging abnormalities of microhemorrhages and hemosid-
erin deposits, and infusion-related reactions were adverse
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events of special interest because they were considered
class effects or observed in previous trials.®*9-32 Secondary
outcomes related to pharmacokinetics and antidrug anti-
bodies were also prespecified and are planned for subse-
quent studies. Exploratory outcomes included change in
plasma P-tau217 (C,N Diagnostics) at 76 weeks and time-
based analyses: progression risk using the CDR Global score
(CDR-G; progression defined as any increase from baseline
in CDR-G at consecutive visits), participants with no pro-
gression at 1 year on the CDR-SB, and clinical progression
delay (ie, months saved with treatment) on the iADRS and
CDR-SB. Additional information about outcome measures,
including score ranges and MWPCs, is provided in eMethods
in Supplement 3.

Prespecified primary and secondary outcomes were con-
trolled for multiplicity (gated) at 76 weeks (Supplement 2 and
eMethods in Supplement 3) except for MMSE, changes in
vMRI measurements, and adverse event assessments. Addi-
tional time points were gated for amyloid clearance and
P-tau217. Nominal P values are reported for gated and non-
gated outcomes.

Sample Size Calculation

The trial was originally designed as a phase 2 trial with a plan
to enroll 500 participants and assess CDR-SB as the primary
outcome, but was subsequently amended to a phase 3 trial as-
sessing the iADRS score as the primary outcome in February
2021 in an effort to confirm and expand the results of the
TRAILBLAZER-ALZ trial. No unblinded data analysis of
TRAILBLAZER-ALZ 2 was performed or used to inform de-
sign or analyses. Further details regarding major protocol or
study adjustments are in eMethods in Supplement 3 and the
trial protocol in Supplement 1.

Revised study sample size and power calculations were
based on the primary results from the TRAILBLAZER-ALZ trial,®
where mean progression in the placebo and donanemab
groups on iADRS was -10.06 and -6.86 (approximately 32%
slowing of disease progression) over 76 weeks, respectively.
Multiple longitudinal data sets were simulated and the natu-
ral cubic spline model with 2 degrees of freedom (NCS2) was
fit to each sample to determine the power. The powering and
sample size determination of the trial was based on the low/
medium tau population. With a sample size of approximately
1000 randomized participants in the low/medium tau popu-
lation and an assumed 30% discontinuation rate, the NCS
model provided greater than 95% power to achieve statistical
significance at a 2-sided a level of .05. The total planned
enrollment (including both the low/medium and high tau
populations) was 1800.

Statistical Analyses

Most statistical analyses were done with SAS version 9.4 (SAS
Institute). Some time-based progression analyses were ana-
lyzed with R Project version 4.3.0 (R Foundation).

Efficacy Analyses
The efficacy analyses were conducted by using the evaluable

efficacy population (participants with a baseline and at least 1
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postbaseline efficacy measurement based on randomized treat-
ment). A prespecified gated testing scheme>>>* was used to con-
trol for study-wise type I error rate at 2-sided alevel of .05, with
80% of'initial a spend (.04) for multiplicity control allocated to
the low/medium tau population and 20% of initial a spend (.01)
for multiplicity control allocated to the combined population
(testing scheme in Supplement 2; eMethods in Supplement 3 also
describes time-based analyses not described below).

NCS2 Model | Clinical outcomes (except for CDR-SB) were pri-
marily analyzed using an NCS2 model. The protocol-specified
week value for each participant was used as a continuous vari-
able to create NCS basis functions with knot locations at O weeks,
the median observation time, and 76 weeks. The model re-
stricted baseline estimates to be the same for treatment and pla-
cebo groups. The baseline score and each scheduled postbase-
line score were dependent variables in the model. The model’s
independent variables included NCS basis expansion terms
(2 terms), NCS basis expansion term x treatment interaction
(2 terms), baseline age, concomitant acetylcholinesterase in-
hibitor and/or memantine use at baseline (yes/no), and random-
ization stratifying factors (pooled site and baseline tau cat-
egory [baseline tau category in combined population only]). An
unstructured variance covariance matrix was used to model the
within-participant errors using restricted maximum likeli-
hood. The Kenward-Roger approximation was used to esti-
mate the denominator degrees of freedom.

Mixed Models for Repeated Measures (MMRM) | The MMRM was
used to primarily assess CDR-SB, plasma P-tau217, amyloid
PET, and vMRI. The analysis model used change from
baseline as the dependent variable. The model was adjusted
for age, baseline value, visit as a categorical variable, treat-
ment, baseline x visit interactions, treatment x visit interac-
tions, concomitant acetylcholinesterase inhibitor/memantine
use at baseline (CDR-SB only), and randomization stratifying
factors of pooled site and, for combined population only,
baseline tau category. For vMRI, only age and baseline brain
volumes were covariates. The covariance matrix structure
used was the same as NCS. Plasma P-tau 217 value was log;,-
transformed to meet the normality assumption.

Both the NCS2 and MMRM use the same protocol-
specified time values for each participant in the analysis; the
NCS2 model makes additional parametric assumptions for
the shape of the longitudinal mean structure that can lead to
increased efficiency.

Slowing of Clinical Disease Progression | The percent slowing rela-
tive to placebo was calculated by dividing the least-squares
mean (LSM) change from baseline treatment differences
at 76 weeks by the LSM change from baseline with placebo at
76 weeks and multiplying by 100.

Analysis of Covariance (ANCOVA) | ANCOVA analysis was con-
ducted for tau PET standardized uptake value ratio (SUVR),
with change from baseline to 76 weeks as the dependent vari-
able and covariates of baseline tau SUVR, age, and, for the com-
bined population, tau burden.

JAMA August 8,2023 Volume 330, Number 6
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Sensitivity and Additional Analyses | MMRM, NCS with 3 degrees
of freedom model (NCS3), and bayesian disease progression
model (DPM) were applied as sensitivity analyses for the
primary outcome. DPM was applied to measure the propor-
tion of disease progression in donanemab-treated partici-
pants relative to placebo-treated participants using a dis-
ease progression ratio, as previously described.>* Details on
sensitivity analyses for censoring after amyloid-related
imaging abnormalities or infusion-related reactions, per-
protocol analysis, and analysis of study completers are in
eMethods in Supplement 3. Details of subgroup analyses
and time-based analyses are also described in eMethods in
Supplement 3.

Cox proportional hazard models were applied to CDR-G
(gated), iADRS (nongated), and CDR-SB (nongated). Progres-
sion to next clinical stage was defined as any increase in CDR-G
at 2 consecutive visits from baseline. MWPC was established
as aniADRS change of greater than or equal to 5 for those with
Alzheimer disease with MCI and greater than or equal to 9
points for those with Alzheimer disease with mild dementia
and a CDR-SB change of greater than or equal to 1 point for those
with Alzheimer disease with MCI and greater than or equal to
2 points for Alzheimer disease with mild dementia at 2 con-
secutive visits from baseline.

Analyses of the high tau population alone (ie, not com-
bined with the low/medium tau population) for primary and
secondary outcomes was performed post hoc.

Adverse Events

Adverse events were evaluated in all participants exposed to
study drug and were summarized according to event fre-
quency by treatment assignment.

Missing Data

If less than 30% of the ADCS-iADL, 3 or fewer items of the
ADAS-Cog;5 or 1 box of the CDR were missing, the total
score for these assessments was imputed. If more items
were missing than defined, the total score at that visit
was considered missing (Supplement 2). If either the ADCS-
iADL or ADAS-Cog,; scores were missing, the iADRS score
was considered as missing. The missing data for NCS and
MMRM analyses were handled by the likelihood-based
mixed-effect model and the model parameters were esti-
mated using restricted likelihood estimation incorporating
all the observed data.

. |
Results

All presented primary, secondary, and exploratory outcomes
were controlled for multiplicity (gated) in at least 1 popula-
tion except for MMSE, vMRI measurements, and safety as-
sessments. Of the 24 gated outcomes (eMethods in Supple-
ment 3), 23 were statistically significant.

Trial Population and Baseline Characteristics
0f 8240 participants screened, 1736 were enrolled (mean age,

73.0 years; 996 [57.4%] women) and 76% completed the trial:
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860 were assigned to receive donanemab and 876 were as-
signed to receive placebo (Figure 1). Baseline characteristics
are summarized by treatment groups in both low/medium tau
(n =1182) and combined populations (n = 1736) (Table 1). As
expected, the combined population had higher tau biomark-
ers at baseline due to the inclusion of participants with high
tau pathology and showed greater impairment across base-
line clinical assessments.

Primary Outcome

In the low/medium tau population, LSM change from base-
line in the iADRS score at 76 weeks was -6.02 (95% CI, -7.01
to -5.03) in the donanemab group and -9.27 (95% CI,
-10.23 to -8.31) in the placebo group (difference, 3.25 [95%
CI, 1.88-4.62]; P < .001), representing a 35.1% (95% CI,
19.90%-50.23%) slowing of disease progression (Figure 2,
Table 2).

In the combined population, LSM change from baseline in
theiADRS score at 76 weeks was —10.19 (95% CI, -11.22 t0 —9.16)
in the donanemab group and -13.11 (95% CI, -14.10 to -12.13)
in the placebo group (difference, 2.92 [95% CI, 1.51-4.33];
P <.001), representing a 22.3% (95% CI, 11.38%-33.15%) slow-
ing of disease progression (Figure 2, Table 2).

Secondary Outcomes

Clinical Assessments

In the low/medium tau population, the differences between
treatment groups in the LSM change from baseline at 76 weeks
was -0.67 (95% CI, —0.95 to -0.40) (36.0% [95% CI, 20.76%-
51.15%] slowing of clinical progression) for CDR-SB, 1.83 (95%
CI, 0.91-2.75) (39.9% [95% CI, 19.15%-60.58%] slowing of clini-
cal progression) for ADCS-iADL, and -1.52 (95% CI, -2.25 to
-0.79) (32.4% [95% CI, 16.55%-48.35%] slowing of clinical pro-
gression) for ADAS-Cog,; (Figure 2, Table 2; eFigure 1 and 3
in Supplement 3).

In the combined population, the differences in the LSM
change from baseline to 76 weeks between the donanemab
and placebo groups were -0.70 (95% CI, -0.95 to -0.45)
(28.9% [95% CI, 18.26%-39.53%] slowing of clinical pro-
gression) for CDR-SB, 1.70 (95% CI, 0.84-2.57) (27.8% [95%
CI, 13.48%-42.13%] slowing of clinical progression) for
ADCS-iADL, and -1.33 (95% CI, -2.09 to -0.57) (19.5%
[95% CI, 8.23%-30.83%] slowing of clinical progression)
for ADAS-Cogl3 (Figure 2, Table 2; eFigures 2 and 4 in
Supplement 3).

Amyloid PET

At 76 weeks, brain amyloid plaque level decreased by 88.0
Centiloids (95% CI, -90.20 to —85.87) with donanemab treat-
ment and increased by 0.2 Centiloids (95% CI, -1.91 to 2.26)
in the placebo group in the low/medium tau population; in
the combined population, amyloid plaque level decreased by
87.0 Centiloids (95% CI, -88.90 to -85.17) with donanemab
treatment and decreased by 0.67 Centiloids (95% CI, -2.45 to
1.11) in the placebo group (Figure 3A). The percentages of
donanemab-treated participants in the low/medium tau
population who reached amyloid clearance®®-3® were 34.2%
(95% CI, 30.22%-38.34%) at 24 weeks and 80.1% (95% CI,
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76.12%-83.62%) at 76 weeks compared with 0.2% (95% CI,
0.03%-1.02%) at 24 weeks and 0% (95% CI, 0.00%-0.81%) at
76 weeks of placebo-treated participants. In the combined
population, amyloid clearance was reached in 29.7% (95% CI,
26.56%-33.04%) of participants at 24 weeks and 76.4% (95%
CI, 72.87%-79.57%) at 76 weeks of donanemab-treated par-
ticipants compared with 0.2% (95% CI, 0.07%-0.90%) at 24
weeks and 0.3% (95% CI, 0.08%-1.05%) at 76 weeks of
placebo-treated participants (Figure 3B).

Tau PET

Evaluation of the LSM change from baseline to 76 weeks in
frontal tau SUVR (cerebellar gray reference) did not show a
significant difference in the low/medium tau or in the com-
bined population (eFigure 5 in Supplement). The difference
in LSM change in tau SUVR from placebo in the frontal lobe at
76 weeks was —0.0002 (95% CI, —0.01 to 0.01; P = .97) in the
low/medium tau population and -0.0041 (95% CI, -0.01 to
0.01; P = .45) in the combined population.

Volumetric MRI

For both the low/medium tau and combined populations, at
76 weeks, vVMRI (a non-gated secondary outcome) showed a
greater decrease in whole brain volume, a lesser decrease in
the hippocampal volume, and a greater increase in ventricu-
lar volume in the donanemab group than in the placebo group
(eFigure 6 in Supplement 3).

Exploratory Outcomes

Plasma P-tau217

P-tau217 was significantly reduced from baseline with do-
nanemab treatment compared with placebo in the low/
medium tau and combined population. The difference in LSM
change in tau SUVR (log,o-based) vs placebo was -0.25 (95%
CI, -0.28 to -0.22; P < .001) in the low/medium tau popula-
tion and -0.22 (95% CI -0.24 to -0.20; P < .001) in the com-
bined population at 76 weeks (Figure 3C and D).

Time-Based Analyses

There was a 38.6% (CDR-G hazard ratio, 0.61 [95% CI, 0.47-
0.80]; P < .001) lower risk of disease progression in the low/
medium tau population and a 37.4% (CDR-G hazard ratio,
0.63 [95% CI, 0.51-0.77; P < .001) lower risk of disease pro-
gression in the combined population with donanemab treat-
ment compared with placebo over the 18-month trial
(Figure 3E and F; see eFigure 7 in Supplement 3 for nongated
disease progression analyses of iADRS and CDR-SB). Substan-
tial decline in the low/medium tau population occurred in
100 (18%) donanemab-treated participants and 163 (28%)
placebo-treated participants and, in the combined popula-
tion, occurred in 186 (23%) donanemab-treated and 288
(34%) placebo-treated participants. In addition, in the low/
medium tau population, an estimated 47% of participants
were stable (showed no decline in CDR-SB from baseline)
with donanemab at 1 year compared with 29% of participants
receiving placebo (P < .001) (eTable 6 in Supplement 3). At 76
weeks, disease progression with donanemab treatment in the
low/medium tau population was delayed by 4.36 months
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Table 1. Baseline Demographics and Clinical Characteristics in the Low/Medium and Combined Tau Populations

Low/medium tau

Combined tau

Donanemab Placebo Donanemab Placebo
Characteristic (n =588) (n =594) (n = 860) (n =876)
Sex, No. (%)
Women 325 (55.3) 321 (54.0) 493 (57.3) 503 (57.4)
Men 263 (44.7) 273 (46.0) 367 (42.7) 373 (42.6)
Age, mean (SD), y 74.3 (5.7) 74.3 (5.8) 73.0(6.2) 73.0(6.2)
Race, No. (%)?
American Indian 1(0.2) 0 2(0.2) 0(0.0)
or Alaska Native
Asian 48(8.2) 38(6.4) 57 (6.6) 47 (5.4)
Black or African American 17 (2.9) 17 (2.9) 19(2.2) 21(2.4)
White 522 (88.8) 539(90.7) 781 (90.9) 807 (92.1)
Multiple 0 0 0 1(0.1)
Missing 0 0 1(0.1) 0
Race (US only), No./
total No. (%)?
American Indian 1/415 (0.2) 0 2/619 (0.3) 0
or Alaska Native
Asian 4/415 (1.0) 2/417 (0.5) 8/619 (1.3) 3/632(0.5)
Black or African American 17/415 (4.1) 13/417 (3.1) 18/619 (2.9) 16/632 (2.5)
White 393/415 (94.7) 402/417 (96.4) 591/619 (95.5) 612/632 (96.8)
Multiple 0 0 0 1/632(0.2)
Ethnicity (US only), No. (%)°
Hispanic/Latino 24 (5.8) 26 (6.3) 35(5.7) 36 (5.7)
Not Hispanic/Latino 390 (94.2) 390 (93.8) 583 (94.3) 594 (94.3)
Education of 213y, No. (%) 407 (69.2) 421 (71.0) 606 (70.5) 637 (72.8)
APOE carrier, No. (%) 421(71.7) 427 (72.3) 598 (69.8) 621(71.2)
E2/E2 0 1(0.2) 0 1(0.1)
E2/E3 10(1.7) 14 (2.4) 18(2.1) 20(2.3)
E2/E4 17 (2.9) 19(3.2) 22(2.6) 25(2.9)
E3/E3 156 (26.6) 149 (25.2) 241 (28.1) 230(26.4)
E3/E4 314 (53.5) 308 (52.1) 433 (50.5) 450 (51.6)
E4/E4 90 (15.3) 100 (16.9) 143 (16.7) 146 (16.7)
Acetylcholinesterase 332 (56.5) 341 (57.4) 521 (60.6) 538 (61.4)
inhibitor/memantine use,
No. (%)
Clinical outcomes,
mean (SD)©
iADRS score 105.7 (13.8) 105.5(13.7) 104.1(14.3) 103.6 (14.0)
CDR-SB score 3.7(2.1) 3.7(2.0) 4.0(2.1) 3.9(2.1)
ADAS-Cog, 5 score 27.5(8.5) 27.8(8.4) 28.7 (8.8) 29.3(8.9)
ADCS-ADL score 66.7 (8.5) 66.9 (8.5) 66.3 (8.6) 66.4 (8.3)
ADCS-iADL score 48.1(7.9) 48.4(7.9) 47.8(7.9) 47.8(7.8)
MMSE score? 23.1(3.6) 22.8(3.8) 22.4(3.8) 22.2(3.9)
MMSE category, No. (%)
I(Vli£d7<):0gnitive impairment 115 (19.6) 116 (19.6) 146 (17.0) 137 (15.7)
>
Mild Alzheimer disease 472 (80.3) 477 (80.4) 713 (82.9) 738 (84.3)
(20-26)
Moderate Alzheimer disease 1(0.2) 0 1(0.1) 0
(<20)
CDR-G score, No. (%)
0 2(0.3) 3(0.5) 2(0.2) 4(0.5)
0.5 382 (65.9) 387 (65.5) 514 (60.8) 532(61.2)
1 177 (30.5) 185 (31.3) 304 (36.0) 308 (35.4)
2 19(3.3) 16 (2.7) 25(3.0) 25(2.9)
(continued)
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Table 1. Baseline Demographics and Clinical Characteristics in the Low/Medium and Combined Tau Populations (continued)

Low/medium tau

Combined tau

Donanemab Placebo Donanemab Placebo

Characteristic (n =588) (n =594) (n = 860) (n =876)
Biomarker measures, mean (SD)

Amyloid plaque level, Centiloid" 102.4 (34.7) 100.9 (35.1) 103.5(34.5) 101.6 (34.5)

Alzheimer disease signature weighted 1.21(0.12) 1.21(0.13) 1.34(0.25) 1.35(0.26)

neocortical flortaucipir

SUVR16-e9

Plasma P-tau217, pg/mL" 6.6 (17.7) 5.4(11.3) 7.5 (18.5) 6.8 (15.4)

Abbreviations: ADAS-Cog;, 13-item cognitive subscale of the Alzheimer Disease
Assessment Scale; ADCS-ADL, Alzheimer Disease Cooperative Study—Activities
of Daily Living; ADCS-iADL, Alzheimer Disease Cooperative Study—Instrumental
Activities of Daily Living; APOE, apolipoprotein E; CDR-G, Clinical Dementia
Rating Global Score; CDR-SB, sum of boxes of the Clinical Dementia Rating
Scale; iADRS, Integrated Alzheimer Disease Rating Scale; MMSE, Mini-Mental
State Examination; P-tau217, phosphorylated tau 217; SUVR, standardized
uptake value ratio.

@ Race data were self-reported by participants within fixed categories.

b Ethnicity reporting was limited to participants in the US and Puerto Rico only;
percentages were calculated using the number of participants with
nonmissing data as the denominator.

© See eMethods in Supplement 3 for further details on scales and their
explanations. Clinical outcome ranges were as follows: ADAS-Cog;; scores
range from O to 85, with higher scores indicating greater overall cognition
deficit; ADCS-ADL scores range from O to 78, with lower scores indicating

greater level of impairment; ADCS-iADL scores range from O to 59, with lower
scores indicating greater impairment in daily function; CDR-G scores range
from O (no dementia) to 3 (severe dementia); CDR-SB scores range from O to
18, with higher scores indicating greater clinical impairment; iADRS scores
range from O to 144, with lower scores indicating greater impairment; and
MMSE scores range from O to 30, with lower scores indicating greater level

of impairment.

d Last nonmissing MMSE score prior to or at the start of study treatment.
€ Based on screening data.
f Assessed with '8F-florbetapir or '®F-florbetaben PET.

& Assessed with '8F-flortaucipir PET. Global tau uptake was measured using a
composite neocortical SUVR with white matter signal reference.>®

" Plasma P-tau217 denotes plasma-measured phosphorylated tau at threonine

217, a blood biomarker specific to Alzheimer disease and associated with both
amyloid and tau pathology.>”

(95% CI, 1.87-6.85) on the iADRS and 7.53 months (95% CI,
5.69-9.36) on the CDR-SB.

Other Analyses

Sensitivity Analyses

Sensitivity analyses of the iADRS score (eFigure 8 in Supple-
ment 3) using NCS3, MMRM, and DPM analyses, NCS2 in the
completers and per protocol populations, and censoring change
scores after amyloid-related imaging abnormalities edema/
effusion and/or infusion-related reaction observations were
consistent with the primary analysis (33.4%-39.6% slowing of
clinical progression).

Subgroup Analyses

The findings as measured by iADRS and CDR-SB were generally
consistent across baseline characteristic subgroups where the
subgroup was sufficiently large (eFigure 9 in Supplement 3).

Post Hoc Outcomes

Analysis of the smaller (n = 552) high tau population alone
(ie, not combined with the low/medium tau population) for all
primary and secondary outcomes was completed post hoc. The
difference between the donanemab and placebo groupsin the
LSM change from baseline at 76 weeks was 1.26 (95% CI, -1.77
to 4.28; P = .42) for the iADRS score and -0.69 (95% CI -1.19
to -0.20; P = .006) for the CDR-SB score. For additional as-
sessments in the high tau population, see eTables 4, 5, and 10
and eFigures 10-13 in Supplement 3.

Adverse Events

The incidence of death was 1.9% in the donanemab group
and 1.1% in the placebo group, while the incidence of serious
adverse events was 17.4% in the donanemab group and 15.8%

jama.com

in the placebo group (Table 3). In the donanemab group, 3
participants with serious amyloid-related imaging abnormali-
ties subsequently died (2 APOE €4 heterozygous carriers and
one noncarrier; none were prescribed anticoagulant or anti-
platelet medications; one resumed treatment after resolution
of severe amyloid-related imaging abnormalities edema/
effusion that was accompanied by severe amyloid-related
imaging abnormalities microhemorrhages and hemosiderin
deposits and one had superficial siderosis at baseline)
(eTable 9 in Supplement 3). Treatment-emergent adverse
events were reported by 759 of 853 participants (89.0%)
receiving donanemab and 718 of 874 participants (82.2%)
receiving placebo. Treatment discontinuation due to adverse
events was reported in 112 participants receiving donanemab
and 38 participants receiving placebo. The most common
adverse events that led to treatment discontinuation were
infusion-related reactions, either amyloid-related imaging
abnormalities edema/effusion or microhemorrhages and
hemosiderin deposits, and hypersensitivity (eTable 7 in
Supplement 3).

Either amyloid-related imaging abnormalities of edema/
effusion or microhemorrhages and hemosiderin deposits oc-
curred in 314 participants (36.8%) receiving donanemab and
130 (14.9%) receiving placebo. Amyloid-related imaging ab-
normalities of edema/effusion, determined via MRI, oc-
curred in 205 participants (24.0%) in the donanemab group
and in 18 (2.1%) in the placebo group. Most amyloid-related
imaging abnormalities of edema/effusion events were mild to
moderate (see eTable 2 in Supplement 3) (n = 188 [93.1%] in
the donanemab group; n = 17 [100%] in the placebo group).
Symptomatic amyloid-related imaging abnormalities of edema/
effusion were reported by 52 participants (6.1%) in the do-
nanemab group (25.4% of those with amyloid-related imaging
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Figure 2. Integrated Alzheimer Disease Rating Scale (IADRS) and Sum of Boxes of the Clinical Dementia Rating Scale (CDR-SB)

From Baseline to 76 Weeks
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A, 35.1% slowing (95% Cl, 19.90%-50.23%) of clinical progression. B, 22.3%
slowing (95% Cl, 11.38%-33.15%) of clinical progression. C, 36.0% slowing
(95% Cl, 20.76%-51.15%) of clinical progression. D, 28.9% slowing (95% Cl,
18.41%-39.44%) of clinical progression. iADRS data were analyzed using the
natural cubic spline model with 2 degrees of freedom (NCS2) and CDR-SB data
were analyzed with mixed models for repeated measures (MMRM). For MMRM
analyses, 95% Cls for least-squares mean changes were calculated with the

normal approximation method. For the Alzheimer Disease Cooperative
Study—Instrumental Activities of Daily Living, 13-item cognitive subscale of the
Alzheimer Disease Assessment Scale, and CDR-SB clinical assessments analyzed
with NCS2, see eFigure 1 (low/medium tau population) and eFigure 2 (combined
population) in Supplement 3 and Table 2. For all clinical assessments analyzed
with MMRM, see eFigure 3 (low/medium tau population) and 4 (combined
population) in Supplement 3 and Table 2. P < .001 for all 76 week time points.

abnormalities of edema/effusion), with 45 participants (86.5%)
having symptom resolution. Most cases (57.9%) of first amy-
loid-related imaging abnormalities of edema/effusion oc-
curred after receiving up to 3 donanemab infusions. Serious
amyloid-related imaging abnormalities of edema/effusion (see
Table 3) occurred in 13 participants (1.5%) receiving do-
nanemab. First events of amyloid-related imaging abnormali-
ties of edema/effusion radiographically resolved in 198 (98.0%)
donanemab-treated participants and 11 (64.7%) placebo-
treated participants, with a mean amyloid-related imaging ab-
normalities of edema/effusion resolution time of 72.4 days for
those receiving donanemab and 63.5 days for those receiving
placebo. Edema/effusion were numerically less common
among APOE €4 noncarriers than carriers, with higher fre-
quency among homozygotes than heterozygotes (Table 3; fur-
ther details in eTable 8 in Supplement 3).

JAMA August 8,2023 Volume 330, Number 6

The incidence of amyloid-related imaging abnormalities
of microhemorrhages and hemosiderin deposits, deter-
mined via MRI, was higher in the donanemab group than
the placebo group (268 participants [31.4%] vs 119 partici-
pants [13.6%]). Incidence of amyloid-related imaging ab-
normalities of microhemorrhages and hemosiderin deposits
in the absence of amyloid-related imaging abnormalities
of edema/effusion was not different between treatments
(12.7% in the donanemab group vs 12.4% in the placebo
group). The incidence of microhemorrhage and superfi-
cial siderosis was greater in the donanemab group than in
the placebo group (microhemorrhage: 26.8% vs 12.5%;
superficial siderosis: 15.7% vs 3.0%). Three intracerebral
hemorrhages greater than 1 cm were recorded in the
donanemab group and 2 were recorded in the placebo group
(Table 3).
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Figure 3. Brain Amyloid, Plasma Phosphorylated Tau 217 (P-tau217), and Hazard Ratios for Risk of Disease Progression
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Biomarker data shown were analyzed using mixed models for repeated
measures (MMRM). For MMRM analyses, 95% Cls for the least-squares mean
changes were calculated with the normal approximation method. P < .001 for
all time points in panels A-D. B, P value is from Fisher exact test comparing the
percent amyloid negative by treatment groups at each visit. E and F, The
analysis was conducted using a Cox proportional hazards model. There were

163 events among 573 participants in the placebo group and 100 events among
555 participants in the donanemab group in the low/medium tau population
and 288 events among 844 participants in the placebo group and 186 events
among 805 participants in the donanemab group in the combined population.
CDR-G indicates Clinical Dementia Rating Global Score.
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Table 3. Summary of Adverse Events (AEs) by Treatment Group

Donanemab Placebo
Event (n = 853)° (n =874)°
Overview of AEs, No. (%)
Death® 16 (1.9)¢ 10(1.1)
Death considered related to treatment 3(0.4) 1(0.1)
Participants with =1 serious AE® 148 (17.4) 138 (15.8)
Treatment discontinuations due to AEs 112 (13.1) 38(4.3)
Study discontinuations due to AEs 69 (8.1) 32(3.7)
Participants with =1 treatment-emergent AE 759 (89.0) 718 (82.2)
Treatment-emergent AEs 5% incidence, No. (%)
ARIA-E 205 (24.0) 17 (1.9)
ARIA-H 168 (19.7) 65 (7.4)
COVID-19 136 (15.9) 154 (17.6)
Headache 119 (14.0) 86 (9.8)
Fall 114 (13.4) 110 (12.6)
Infusion-related reaction 74 (8.7) 4(0.5)
Superficial siderosis of central nervous system 58 (6.8) 10(1.1)
Dizziness 53(6.2) 48 (5.5)
Arthralgia 49 (5.7) 42 (4.8)
Urinary tract infection 45 (5.3) 59 (6.8)
Diarrhea 43 (5.0) 50 (5.7)
Fatigue 42 (4.9) 45(5.1)
Overview of ARIAY
Microhemorrhage or superficial siderosis 124 (14.5) 161 (18.4)
present at baseline, No. (%)
ARIA-E by APOE €4 allele status, No./total No. (%)
Noncarrier 40/255 (15.7) 2/250(0.8)
Heterozygous carrier 103/452 (22.8) 9/474 (1.9)
Homozygous carrier 58/143 (40.6) 5/146 (3.4)
Any ARIA, No. (%)" 314 (36.8) 130 (14.9)
ARIA-E, No. (%) 205 (24.0) 18(2.1)
Asymptomatic 153 (17.9) 17 (1.9)
Symptomatic 52 (6.1) 1(0.1)
ARIA-H, No. (%) 268 (31.4) 119 (13.6)
Microhemorrhage 229 (26.8) 109 (12.5)
Superficial siderosis 134 (15.7) 26 (3.0)
Intracerebral hemorrhage >1 cm 3(0.4) 2(0.2)

Abbreviations: APOE, apolipoprotein E; ARIA-E, amyloid-related imaging

abnormalities of edema/effusions; ARIA-H, amyloid-related imaging

abnormality of microhemorrhages and hemosiderin deposits; MRI, magnetic

resonance imaging.

@ Participants may have been counted in more than 1 category; adverse events
population is defined as all participants that received at least 1infusion.

b Deaths are also included under serious AEs and discontinuations due to AEs.

€ Includes 1death that occurred after treatment completion and in the follow-up
period.

dDeaths related to donanemab occurred subsequent to ARIA and the death
related to placebo occurred due to arteriosclerosis.

¢ Definition of serious AE: results in death, is life-threatening, required inpatient

hospitalization or prolongation of existing hospitalization, results in persistent
disability/incapacity, or based on other medical/scientific judgment.

f Definition of treatment-emergent adverse event: an untoward medical
occurrence that emerges during a defined treatment period, having been
absent pretreatment, or worsens relative to the pretreatment state, and does
not necessarily have to have a causal relationship with this treatment.

8Based on safety MRI or treatment-emergent AE cluster (after baseline);

APOE4 is a known risk factor for ARIA-E.3©

" Based on MRI.

' One placebo-treated participant had ARIA-E during the placebo-controlled
period; however, the participant developed symptoms during the long-term

extension period.

Infusion-related reactions were reported by 74 partici-
pants (8.7%) in the donanemab group and 4 (0.5%) in the pla-
cebo group. Serious infusion-related reactions or hypersensi-
tivity occurred in 3 participants (0.4%) in the donanemab
group. Most infusion-related reactions were mild to moder-
ate and occurred during or within 30 minutes of the end of
the infusion and between the second and fifth infusion
(73.6%). Anaphylactic reaction occurred in 3 participants

JAMA August 8,2023 Volume 330, Number 6
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(0.4%) in the donanemab group and were considered to be

mild to moderate.

Discussion

In this phase 3 trial, donanemab significantly slowed Alzheimer
disease progression, based on the iADRS score, compared with
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placebo in the low/medium tau and combined tau popula-
tions and across secondary clinical outcomes of CDR-SB, ADAS-
Cog;3, and ADCS-iADL scores.

Donanemab treatment resulted in clinically meaningful
benefit (considered to be >20% slowing of clinical pro-
gression®°-4!) on the iADRS and CDR-SB scales for both the low/
medium tau and combined populations, regardless of statis-
tical model. Additional support for clinical relevance is the
38.6% risk reduction of disease progression as measured on
the CDR-G score and the 4.4 to 7.5 months saved over the 18-
month study (low/medium tau population). Furthermore, an
estimated 47% of participants receiving donanemab had no
change in the CDR-SB at 1 year (no disease progression), com-
pared with 29% of participants receiving placebo.

This trial used a definition of a MWPC?® based on any in-
cremental change on the CDR-G scale (Alzheimer disease with
MCI to mild Alzheimer disease or mild Alzheimer disease to
moderate Alzheimer disease) or point changes of -5 on the
iADRS and 1 on the CDR-SB for those with Alzheimer disease
with MCI or -9 on the iADRS and 2 on the CDR-SB for those
with Alzheimer disease with mild dementia at consecutive vis-
its from baseline. In analyses assessing whether individual par-
ticipants reached thresholds of clinically important progres-
sion over the course of the trial, donanemab resulted in
significantly lower risk of meaningful change on the CDR-G as
well as the prespecified nongated analyses of the iADRS and
CDR-SB outcomes.

These clinical outcomes were achieved in 52% of low/
medium tau participants completing donanemab treatment
by 1 year, based on when a participant met amyloid clearance
criteria. Limited-duration dosing was a distinct trial design
feature reflecting donanemab binding specificity for amyloid
plaque and implemented to decrease burden, cost, and
potentially unnecessary treatments.!! Early significant
changes on both brain amyloid PET scans and P-tau217 blood
test results suggest opportunities for clinical monitoring of
therapy. Donanemab treatment resulted in significantly
reduced brain amyloid plaque in participants at all time
points assessed, with 80% (low/medium tau population) and
76% (combined population) of participants achieving amy-
loid clearance at 76 weeks. Clearance beyond 76 weeks, and
associated Alzheimer disease biomarkers levels, are currently
being studied in the ongoing extension phase. The lack
of response in frontal tau-PET is inconsistent with the
TRAILBLAZER-ALZ phase 2 results.®*® Additional regions
have yet to be analyzed and reported. Factors resulting in this
inconsistency will be examined. Changes in vMRI (including
a greater decrease in whole brain volume in the donanemab
group) were consistent with previous reports®“2? and would
benefit from further exploration.

The general belief is that treating Alzheimer disease at
the earliest disease stage is likely to result in more clinically
meaningful effects.*3* Post hoc evaluation in only high
tau participants demonstrated no differences (P< .05) on
the primary outcome or on most secondary clinical outcomes
in donanemab-treated compared with placebo-treated
participants within the 18-month trial, with the exception
of CDR-SB. Compared with significant differences in the
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low/medium tau population, this supports the hypothesis
that a greater benefit from amyloid-lowering therapies may
occur when initiated at an earlier disease stage.

Similar to other amyloid-lowering drugs, and the phase 2
TRAILBLAZER-ALZ trial, amyloid-related imaging abnormali-
ties are an associated adverse event. When amyloid-related
imaging abnormalities occur, they are mostly asymptomatic
and resolve in approximately 10 weeks. When symptoms oc-
cur, they are usually mild, consisting of a headache or in-
crease in confusion, but can have more severe symptoms
such as seizures. In some instances, these events can be life-
threatening and result in, or lead to, death. For 1.6% of par-
ticipants in the donanemab treatment group, amyloid-
related imaging abnormalities led to serious outcomes, such
as hospitalization, and required supportive care and/or corti-
costeroid use. It is also important to note that 3 deaths in
TRAILBLAZER-ALZ 2 occurred after serious amyloid-related
imaging abnormalities. Further evaluation of the risks asso-
ciated with serious and life-threatening amyloid-related
imaging abnormalities will be important to identify the best
approaches for managing risks and maximizing benefit, in ad-
dition to earlier treatment of the disease when less amyloid pa-
thology is present and, theoretically, when amyloid-related
imaging abnormalities risk is lower.

Limitations

This study has several limitations. First, an inherent limita-
tion to limited-duration dosing was variability in total
donanemab doses received and/or duration of donanemab
dosing. Second, data collection was for 76 weeks, limiting
long-term understanding of donanemab; however, a study
extension is ongoing. Third, the studied populations were
primarily White (91.5%), which may limit generalizability to
other populations due to a lack of racial and ethnic diversity.
Fourth, although no related protocol amendments were nec-
essary, this trial was conducted during the COVID-19 pan-
demic, and COVID-19 was the most commonly reported
adverse event across treatment groups (see eMethods in
Supplement 3). Fifth, direct comparison of results to other
amyloid-targeting trials is not possible due to trial design dif-
ferences such as stratification by baseline tau PET category.
Sixth, amyloid-related imaging abnormality and infusion-
related reaction occurrences may have caused participants
and investigators to infer treatment assignment; attempts to
minimize bias included blinding CDR raters to adverse event
information and, based on sensitivity analyses, censoring
change scores after the first observation of amyloid-related
imaging abnormalities of edema/effusion and/or infusion-
related reactions did not impact the results.

. |
Conclusions

Among participants with early symptomatic Alzheimer dis-
ease and amyloid and tau pathology, donanemab signifi-
cantly slowed clinical progression at 76 weeks in those with
low/medium tau and in the combined low/medium and high
tau pathology population.
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