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IMPORTANCE Amyloid-related imaging abnormalities (ARIA) are the major adverse event
associated with amyloid-targeting immunotherapy. Identifying clinical features and individual
risk factors for ARIA could facilitate effective prediction and prevention strategies.

OBJECTIVE To characterize ARIA in participants treated with donanemab.

DESIGN, SETTING, AND PARTICIPANTS These prespecified and post hoc exploratory analyses
use data from the placebo-controlled portions of the TRAILBLAZER-ALZ and ALZ 2
randomized clinical trials, conducted from December 2017 to December 2020 and from June
2020 to April 2023, respectively. Additional analyses are included from a stand-alone
open-label addendum conducted from August 2021 through August 2023. Participants in the
placebo-controlled trials and the open-label addendum aged 60 to 85 years with early
symptomatic Alzheimer disease and elevated amyloid levels were included. The
placebo-controlled trials, but not the addendum, had tau inclusion criteria.

INTERVENTIONS Placebo-controlled trial participants were randomized 1:1 to receive placebo
or donanemab, and all open-label participants received donanemab. Donanemab was
administered every 4 weeks for up to 72 weeks.

MAIN OUTCOMES AND MEASURES The primary outcomes were the frequency, radiographic
severity, seriousness, symptoms, timing relative to donanemab treatment, and risk factors for
ARIA.

RESULTS Across 3030 total participants (placebo-controlled trials: 999 placebo participants,
984 donanemab participants; open-label addendum: 1047 donanemab participants), mean
(SD) age was approximately 73.7 (6.0) years and 1684 participants (55.6%) were female.
Frequencies of ARIA-edema/effusions (ARIA-E) and ARIA-microhemorrhages and
hemosiderin deposition (ARIA-H) were higher with donanemab (24.4% and 31.3% in
placebo-controlled trials, respectively; 19.8% and 27.2% in open-label addendum,
respectively) than with placebo (1.9% and 13.0%, respectively). ARIA-E was mostly mild or
moderate in severity. Serious ARIA-E was reported in 1.5% and symptomatic ARIA-E in 5.8%
of donanemab-treated participants in the placebo-controlled trials. Symptoms most
frequently reported with ARIA-E were headache and confusional state. In 58.3% of
donanemab-treated participants with ARIA-E, the first event occurred by the third infusion
(approximately month 3). Risk analysis demonstrated independent associations between
ARIA-E and 6 baseline variables, including increased risk with APOE €4 allele number, greater
number of microhemorrhages, presence of cortical superficial siderosis, higher amyloid
plague, and elevated mean arterial pressure, and decreased risk with antihypertensive use.

CONCLUSIONS AND RELEVANCE ARIA is an adverse event associated with donanemab
treatment that requires safety monitoring. Individual ARIA risk can be assessed by APOE €4
status and baseline imaging findings.

TRIAL REGISTRATIONS ClinicalTrials.gov Identifiers: NCTO3367403 and NCT04437511
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myloid-related imaging abnormalities (ARIA) are ad-
verse events detected by magnetic resonance imaging
(MRI) in patients with Alzheimer disease (AD). ARIA
presents as 2 general types: (1) vasogenic cerebral edema or sul-
cal effusion (ARIA-E) and (2) microhemorrhages, hemosid-
erin deposits, and superficial siderosis (ARIA-H).! Macrohem-
orrhages (intracerebral hemorrhages =1 cm) are also adverse
events of special interest. Although significantly associated
with amyloid-targeting therapies (ATTs),%>* spontaneous
ARIA-H can frequently occur and spontaneous ARIA-E can
rarely occur as amyloid deposition increases in the cerebral
vasculature.!®
TRAILBLAZER-ALZ and ALZ 2 were phase 2 and 3 random-
ized clinical trials, respectively, designed to assess safety and
efficacy of donanemab for early symptomatic AD (mild cog-
nitive impairment or mild dementia). Donanemab demon-
strated rapid and robust amyloid removal and significantly
slowed cognitive decline compared with placebo.?* Pooled
data were analyzed from the placebo-controlled portions of
these trials, as well as data from an open-label addendum to
TRAILBLAZER-ALZ 2 to further characterize ARIA frequency,
clinical presentation, and its independent predictors.

Methods

Participants and Study Design

Participants were enrolled in TRAILBLAZER-ALZ (N = 257),
conducted December 2017 to December 2020, TRAILBLAZER-
ALZ 2 (N = 1736), conducted June 2020 to April 2023, or the
stand-alone open-label addendum to TRAILBLAZER-ALZ 2
(N =1053), conducted August 2021 to August 2023. For each
study, an independent ethics committee or institutional re-
view board at each site approved the study protocol, and par-
ticipants and study partners provided written consent.

TRAILBLAZER-ALZ and ALZ 2 were multicenter, random-
ized, double-blind, placebo-controlled, 76-week registration
studies of participants treated with donanemab with early
symptomatic AD.>* A TRAILBLAZER-ALZ 2 addendum col-
lected open-label exposure and safety data over 76 weeks in
previously donanemab-naive participants with early symp-
tomatic AD who did not participate in the placebo-controlled
trials. The open-label addendum allowed for observation of
safety in a population with a lower baseline threshold of amy-
loid pathology (=24.1 Centiloids [CL] vs =37 CL for placebo-
controlled trials) and with no requirement for evidence of
tau pathology.

Dosing regimens were previously described??and are de-
tailed in the eMethods in Supplement 2. Placebo-controlled trial
participants were randomly assigned 1:1 to receive placebo or
donanemab intravenously every 4 weeks for up to 72 weeks;
outcomes were assessed through 76 weeks. Addendum dos-
ing was the same as that in TRAILBLAZER-ALZ 2, except that
the addendum was open-label and all participants received do-
nanemab. ARIA was managed as previously described, with
TRAILBLAZER-ALZ 2 allowing for greater investigator discre-
tion than TRAILBLAZER-ALZ for continued donanemab dos-
ing once ARIA occurred (eFigure 1in Supplement 2).%3
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Key Points

Question How is donanemab treatment associated with
amyloid-related imaging abnormalities (ARIA) in early
symptomatic Alzheimer disease?

Findings In this secondary analysis of 2 placebo-controlled trials
and 1open-label study, donanemab increased ARIA risk over 76
weeks, with ARIA-edema/effusions occurring in 20% to 24% of
donanemab-treated participants and ARIA-microhemorrhages
and hemosiderin deposition occurring in 27% to 31% of
donanemab-treated participants. ARIA was associated with APOE
€4 status and baseline imaging findings, and most events were
mild to moderate, asymptomatic, and initially presented within the
first 6 donanemab infusions, with most serious events occurring
within the first 3 infusions.

Meaning Safety monitoring is necessary with donanemab
treatment; identifying specific baseline characteristics may
facilitate risk assessment.

ARIA frequency, radiographic severity, seriousness, symp-
toms, and timing were evaluated separately in the pooled pla-
cebo-controlled trials and the open-label addendum. Data from
all 3 studies were integrated to evaluate onset, resolution, re-
currence, and medications prescribed to treat ARIA-E, and risk
factors associated with ARIA-E and ARIA-H. Unless other-
wise noted, no statistical comparisons were conducted across
groups.

Analysesinclude participant data from the first dose of ran-
domized assignment of donanemab or placebo plus 57 days
past the double-blind or open-label study period based on ap-
proximately 5 half-lives of donanemab. Data from the ongo-
ing TRAILBLAZER-ALZ 2 long-term extension are not in-
cluded in analyses, except as part of an integrated analysis to
evaluate the effect of the 4-week MRI on risk of serious ARIA
and symptomatic ARIA-E (eMethods in Supplement 2).

ARIA Characterization

ARIA and macrohemorrhage analyses were based on either
centrally read MRI scans or by ARIA treatment-emergent
adverse event (Medical Dictionary for Regulatory Activities
Preferred Term) clusters. Analysis types are noted in the re-
spective Table and Figure legends. Further details on MRI
schedule, ARIA Preferred Term groupings, severity evalua-
tion (eTable 1in Supplement 2), and event definitions are avail-
able in the eMethods in Supplement 2.

Statistical Analysis

Key factors associated with ARIA-E in donanemab-treated par-
ticipants were identified using a post hoc machine learning
model with an initial set of 42 baseline variables (eTable 2 in
Supplement 2). The least absolute shrinkage and selection op-
erator (LASSO) model® selected the most informative subset
of baseline predictors of ARIA-E, which were then incorpo-
rated into a multiple logistic regression model to predict ARIA-E
events (yes/no). Odds ratios (ORs) were adjusted for all covar-
iates and assessed using 2-sided hypothesis tests with a .05 sig-
nificance level. R version 4.1.2 (The R Foundation) was used
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Table 1. Baseline Demographic and Clinical Characteristics of Participants
in the Placebo-Controlled Trials and Open-Label Addendum

Participants, No. (%)

Placebo-controlled trials

Open-label
addendum,
donanemab-treated

Donanemab participants
Characteristic Placebo (n = 999) (n =984) (n=1047)
Age, mean (SD), y 73.3(6.1) 73.2(6.1) 74.6 (5.9)
Sex
Female 565 (56.6) 556 (56.5) 563 (53.8)
Male 434 (43.4) 428 (43.5) 484 (46.2)
Race?
American Indian or Alaska Native 0 4(0.4) 2(0.2)
Asian 49 (4.9) 58 (5.9) 64 (6.1)
Black or African American 23(2.3) 24 (2.4) 36 (3.4)
Multiple 1(0.1) 1(0.1) 4(0.4)
Missing 0 1(0.1) 5(0.5)
Native Hawaiian or Pacific Islander 0 0 1(0.1)
White 926 (92.7) 896 (91.1) 935 (89.3)
. ; ; S
Hispanic/Latino ethnicity 38(5.1) 40 (5.4) 99 (10.9) Abbreviations: AD, Alzheimer
APOE €4 carrier status disease; APOE, apolipoprotein E;
Noncarrier 282 (28.2) 291 (29.6) 391 (37.3) MMSE, Mini-Mental State
Examination.
Carri 712 (71.3 690 (70.1 649 (62.0
armer ( ) ( ) ( ) 2 Race data were self-reported by
Heterozygous 538(53.9) 522 (53.0) 535(51.1) participants within fixed categories
HOITIOZngUS 174 (17_4) 168 (17_1) 114 (10_9) (American Indian or Alaska Native,
Asian, Black or African American,
Unknown 5(0.5) 3(03) 7(0.7) Native Hawaiian or Other Pacific
Screening amyloid pathology, mean (SD), 101.5 (34.4) 103.9 (34.6) 82.5(37.2) Islander, and White). Ethnicity was
Centiloids limited to participants in the US and
Screening MMSE score by clinical category Puerto Rico (Hispanic or Latino, Not
Mild cognitive impairment (>26) 159 (15.9) 171 (17.4) 345 (32.0) Hispanic or Latino, Not Reported).
- ® Ethnicity data were not reported by
Mild AD (20-26) 831(83.2) 801 (81.4) 702 (67.0) all participants. The denominator
Moderate AD (<20) 4(0.4) 7 (0.7) 0 used to calculate the percent was
No baseline/screening MMSE 5(0.5) 5(0.5) 0 the number of participants with

ethnicity reported.

to fit the final model, with glmnet and caret packages used for
model training and 5-fold cross-validation.

Due to the common occurrence of ARIA-H, risk factors for
ARIA-H could be assessed in both the placebo and do-
nanemab populations. Baseline predictors were identified from
variables in eTable 2 in Supplement 2 using the treatment-
specific subgroup detection tool (TSDT),” which yielded a bias-
adjusted estimate of the differential effect (donanemab vs pla-
cebo) for theidentified predictors. TSDT R package version 1.0.7
was used for analysis.

. |
Results

Trial Populations

Analyses included 984 donanemab-treated and 999 placebo-
treated participants from the pooled, 76-week, placebo-
controlled portions of TRAILBLAZER-ALZ and TRAILBLAZER-
ALZ 2 and 1047 donanemab-treated participants from a
stand-alone 76-week addendum to TRAILBLAZER-ALZ 2
(eFigure 2 in Supplement 2). Across 3030 total participants,
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mean (SD) age was approximately 73.7 (6.0) years and 1684
participants (55.6%) were female.

Among donanemab-treated and placebo-treated partici-
pants in the placebo-controlled trials and donanemab-
treated participants in the open-label addendum, 17.1% t0 17.4%
and 10.9% of participants, respectively, were apolipoprotein
(APOE) €4 homozygotes, mean baseline amyloid levels were
101.5t0103.9 CL and 82.5. CL, respectively, and 15.9% t0 17.4%
and 32.0% of participants, respectively, had mild cognitive im-
pairment per the Mini-Mental State Examination (Table 1).

ARIA Frequency

Frequency of ARIA (ARIA-E and/or ARIA-H) was higher
in donanemab-treated participants (37.0% in placebo-
controlled trials; 32.0% in open-label addendum) than
in placebo-treated participants (14.2%; Table 2). In
donanemab-treated participants from both populations and
placebo-treated participants, ARIA-E occurred in 19.8% to
24.4% and 1.9% of participants, respectively, and ARIA-H
occurred in 27.2% to 31.3% and 13.0% of participants,
respectively. Across all groups, frequencies were similar for
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Table 2. Amyloid-Related Imaging Abnormalities (ARIA) Frequency
in the Placebo-Controlled Trials and Open-Label Addendum

No. (%)

Placebo-controlled trials®

Open-label addendum,

Donanemab donanemab-treated
Event Placebo (n = 999) (n =984) participants (n = 1047)
Any ARIA (E or H)® 142 (14.2) 364 (37.0) 335(32.0)
Serious adverse events© 0 16 (1.6) 9(0.9)
Treatment discontinuation® 8(0.8) 52 (5.3) 27 (2.6)
ARIA-EP 19 (1.9) 240 (24.4) 207 (19.8)
APOE €4 carrier status, No./total No. (%)
Noncarrier 2/282(0.7) 43/291 (14.8) 43/391(11.0)
Heterozygote 10/538 (1.9) 126/522 (24.1) 115/535(21.5)
Homozygote 6/174 (3.4) 70/168 (41.7) 48/114 (42.1)
Symptomatic? 1(0.1) 57 (5.8) 42 (4.0)
APOE €4 carrier status, No./total No.
(%)
Noncarrier 0/282 12/291 (4.1) 10/391 (2.6)
Heterozygote 0/538 32/522 (6.1) 24/535 (4.5)
Homozygote 1/174(0.6) 13/168 (7.7) 7/114 (6.1)
Serious adverse events© 0 15 (1.5) 7 (0.7)
Treatment discontinuation® 4(0.4) 28(2.8) 14 (1.3)
ARIA-HP 130(13.0) 308 (31.3) 285 (27.2) Abbreviations: APOE, apolipoprotein

APOE €4 carrier status, No./total No. (%)

E; ARIA-E, amyloid-related imaging
abnormality-edema/effusions;

Noncarrier 30/282 (10.6) 55/291 (18.9) 71/391(18.2) ARIA-H, amyloid-related imaging
abnormality-microhemorrhages and
Heterozygote 66/538 (12.3) 162/522 (31.0) 156/535(29.2) hemosiderin deposits.
Homozygote 34/174 (19.5) 90/168 (53.6) 57/114 (50.0) a Reflects TRAILBLAZER-ALZ final
Symptomatic 3(0.3) 10(1.0) 2(0.2) data lock.
Serious adverse eventsS 0 4(0.4) 3(0.3) ® Based on safety magnetic
. . — resonance imaging or
Treatment discontinuation 4(0.4) 24 (2.4) 13(1.2) treatment-emergent adverse event
Macrohemorrhage® 2(0.2) 3(0.3) 4(0.4) (TEAE) cluster.
Serious adverse events® 1(0.1) 1(0.1) 2(0.2) © Based TEAE Medical Dictionary for
Regulatory Activities cluster.
Treatment discontinuation® 1(0.1) 2(0.2) 3(0.3)

9Based on ARIA clinical report form.

isolated ARIA-H (11.7%-12.5%; eTable 3 in Supplement 2) and
macrohemorrhage (0.2%-0.4%).

ARIA Severity

ARIA maximum radiographic severity was determined from
centrally read MRI scans (eTable 3 in Supplement 2). Using a
3-point severity scale,® ARIA-E, ARIA-H microhemorrhage, and
isolated ARIA-H were mostly mild or moderate in donanemab-
treated participants in both the placebo-controlled trials and
open-label addendum. Serious ARIA events (eg, events requir-
ing hospitalization) occurred more with moderate to severe
radiographic ARIA in both donanemab-treated populations.
Symptomatic ARIA-E was more likely to be classified as
radiographically severe than asymptomatic ARIA-E. Among
donanemab-treated participants in the placebo-controlled
trials and open-label addendum, severe ARIA-E was observed
in 15 of 54 symptomatic cases (27.8%) and 9 of 42 sympto-
matic cases (21.4%), respectively, compared with 6 of 183
asymptomatic cases (3.3%) and 5 of 165 asymptomatic cases
(3.0%), respectively.

JAMA Neurology May 2025 Volume 82, Number5

ARIA Serious Adverse Events

Frequencies of serious adverse events of ARIA and macro-
hemorrhage are reported in Table 2. Serious adverse events as-
sociated with macrohemorrhage are detailed in eTable 4 in
Supplement 2.

In both donanemab-treated populations, 18 of 25 serious
ARIA cases (ARIA-E and/or ARIA-H) (72.0%) occurred within
the time of the first 3 monthly donanemab infusions (Figure 1).
This included 3 of 4 participants who had both serious ARIA-E
and serious ARIA-H (Figure 1B).

Due to increased frequency of serious ARIA during initial
infusions, a 4-week MRI scan was added to the TRAILBLAZER-
ALZ 2 protocol (eMethods in Supplement 2). Approximately
16% of donanemab-treated participants in TRAILBLAZER-
ALZ 2 had a 4-week MRI scan. Cox proportional hazards indi-
cated the 4-week MRIreduced risk of symptomatic ARIA-E by
36.3% (hazard ratio [HR], 0.64; 95% CI, 0.41-0.98; P = .04). The
4-week MRIresulted in a statistically nonsignificant 23.9% risk
reduction of serious ARIA (ARIA-E, ARIA-H, or macrohemor-
rhage) (HR, 0.76; 95% CI, 0.35-1.65; P = .49).
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There were overall 17 deaths in the donanemab group and
12 deaths with placebo in the placebo-controlled trials (eTable 5
in Supplement 2). As discussed by Sims and colleagues,? 3 par-
ticipants had serious ARIA and subsequently died during TRAIL-
BLAZER-ALZ 2. One of these participants had large baseline
superficial siderosis; 2 of the 3 deaths were among APOE €4 het-
erozygotes and 1 was in a noncarrier.? Other than these ARIA-
related deaths, no pattern or trend was reported in events that
led to death in the placebo-controlled trials and open-label ad-
dendum. Beyond these studies, in the ongoing long-term ex-
tension of TRAILBLAZER-ALZ 2, an APOE €4 heterozygote died
due to ARIA-E after the fifth donanemab dose; corticosteroids
were initiated 5 days after identification of ARIA-E. In addi-
tion, a death occurred following thrombolytic administration
for potential acute strokelike symptoms, where MRI the same
day showed severe ARIA-E; the patient subsequently died due
to intracranial hemorrhage.

ARIA-E-Associated Symptoms

Among donanemab-treated participants with ARIA-E, 57 of 240
participants (23.8%) in the placebo-controlled trials and 42 of
207 participants (20.3%) in the open-label addendum re-
ported symptoms (eTable 6 in Supplement 2). The most fre-
quently reported symptoms were headache (10.4%-13.5%) and
confusional state (3.9%-5.4%); approximately 80% of partici-
pants in the placebo-controlled trials and 90% in the open-
label addendum had symptom resolution within the study pe-
riod. Of 52 donanemab-treated participants with symptomatic
ARIA-Ein TRAILBLAZER-ALZ 2, where symptom severity was
collected, 30 participants (57.7%) had mild symptoms, 12
(23.1%) had moderate symptoms, and 10 (19.2%) had severe
symptoms.

Medications Used to Treat ARIA-E

Medications prescribed to treat ARIA-E included corticoste-
roids, paracetamol, and ibuprofen. Guidance for corticoste-
roid dosage was provided (eTable 7 in Supplement 2), with
treatment at the discretion of the investigator. Of 42 do-
nanemab-treated participants in the placebo-controlled trials
and open-label addendum who received medication to treat
ARIA-E, 21 received corticosteroids for a median duration of
17 days (eTable 8 in Supplement 2). Given that corticosteroids
were generally administered for more severe events and not
in a controlled manner, these biases preclude conclusions of
the effectiveness on symptom resolution.

APOE €4 Status and Other Potential ARIA Risk Factors

The frequency or severity of ARIA varied by APOE €4 status
(Table 2; eTable 9 in Supplement 2). Among donanemab-
treated patients in the placebo-controlled trials and open-
label addendum, ARIA-E occurred in 41.7% to 42.1% of APOE
€4 homozygotes, 21.5% to 24.1% of heterozygotes, and 11.0%
to 14.8% of noncarriers (Table 2). ARIA-H occurred in 50.0%
to 53.6% of homozygotes, 29.2% to 31.0% of heterozygotes,
and 18.2% to 18.9% of noncarriers. Across both donanemab-
treated populations, frequencies of serious and severe ARIA-E
and ARIA-H, as well as symptomatic ARIA-E, were highest in
APOE €4 homozygotes, although the increase in sympto-
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Figure 1. Number of Infusions to First Serious Amyloid-Related Imaging
Abnormalities (ARIA) Event in Donanemab-Treated Participants
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matic ARIA-E in homozygotes was modest compared with the
increase in overall ARIA (eTable 9 in Supplement 2). eTable 10
and eFigure 3 in Supplement 2 summarize ARIA frequencies
by APOE €4 status and baseline MRI findings.

Of 2031 donanemab-treated participants across studies,
883 participants (43.5%) used antithrombotics at any time, with
700 (34.5%) using aspirin and 232 (11.4%) using anticoagu-
lants. Overall ARIA frequencies were similar with and with-
out antithrombotic use, regardless of APOE €4 status (Figure 2).

In donanemab-treated participants with (n = 883) and
without antithrombotic use (n = 1148), ARIA-E occurred in 174
(19.7%) and 270 participants (23.5%), and ARIA-H occurred in
269 (30.5%) and 322 participants (28.0%), respectively
(eTable 11in Supplement 2). In both studies, approximately 6%
of ARIA-E cases and approximately 11% of ARIA-H cases were
severe with or without antithrombotic use. In donanemab-
treated participants with ARIA-H superficial siderosis, 20 of
135 cases with antithrombotic use (14.8%) and 11 of 150 cases
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Figure 2. Frequency of Amyloid-Related Imaging Abnormalities-Edema/Effusions (ARIA-E) and ARIA-
Hemorrhage/Hemosiderin Deposition (ARIA-H) Based on Concomitant Antithrombotic Medication Use

[ Total with use within 30 d of event¢
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without (7.3%) were severe. In placebo-treated participants,
5 of 16 ARIA-H superficial siderosis cases with antithrom-
botic use (31.3%) were moderate compared with O of 12 cases
without antithrombotic use.

ARIA-E Onset and Resolution
In 259 of 444 participants with at least 1 ARIA-E (58.3%), the

first event occurred by the third donanemab infusion (approxi-

JAMA Neurology May 2025 Volume 82, Number5

mately month 3; eFigure 4 in Supplement 2). Of 578 ARIA-E
episodes documented on centrally reviewed MRI with do-
nanemab, 555 episodes (96.0%) resolved radiographically, with
a median (range) resolution time of 58 days (13-350).

Recurrence and Rechallenge
Following the first ARIA-E episode, 315 of 443 participants
(71.1%) across all trials were rechallenged (received at least 1
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Figure 3. Association of Baseline Risk Factors With Amyloid-Related Imaging

Abnormalities-Edema/Effusions (ARIA-E)
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donanemab dose after resolution of the first ARIA-E epi-
sode); 216 of 315 rechallenged participants (68.6%) did not have
ARIA-E recurrence. The maximum severity of the second
ARIA-E episode in rechallenged participants is provided in
eTable 12 in Supplement 2, and recurrence by APOE €4 status
is summarized in eTable 13 in Supplement 2. The maximum
number of ARIA-E events occurring in a participant was 5.

Modeling ARIA Risk Factors

Univariate associations between 42 baseline variables and
ARIA-E events in donanemab-treated participants are pre-
sented in eTable 14 in Supplement 2. LASSO analysis identi-
fied 6 independent baseline predictors that were then applied
into a single multiple logistic regression model (Figure 3). All
identified variables were significantly associated with
increased ARIA-E risk except antihypertensive medication
use, which was associated with decreased risk compared with
no use (OR, 0.58; 95% CI, 0.47-0.73; P < .001). APOE €4 status
showed the strongest association with ARIA-E, with both
homozygotes and heterozygotes having higher odds of
ARIA-E than noncarriers (homozygotes: OR, 4.57; 95%
CI, 3.27-6.39; P < .001; heterozygotes: OR, 2.03; 95% CI, 1.55-
2.67; P < .001). ARIA-E risk increased with number of micro-
hemorrhages at baseline (2-4 vs O microhemorrhages: OR,
2.53; 95% CI, 1.59-4.02; P < .001) and presence vs absence of
superficial siderosis at baseline (OR, 2.18; 95% CI, 1.18-4.04;
P =.01). ARIA-E risk also increased with higher categories of
mean arterial pressure (MAP)® (2107 mm Hg vs <93 mm Hg:

jamaneurology.com

OR, 1.73; 95% CI, 1.21-2.48; P = .003) and with greater baseline
amyloid plaque imaging burden (=108 CL vs <74 CL: OR, 1.31;
95% CI, 1.00-1.71; P = .05).

TSDT identified APOE €4 and superficial siderosis as the
strongest baseline predictors for ARIA-H events for both do-
nanemab-treated and placebo-treated participants. In the pla-
cebo-controlled trials, the differential occurrence rates of
ARIA-H between the donanemab and placebo groups were
34.6% for APOE €4 homozygotes vs 8.3% in noncarriers and
52.9% in participants with superficial siderosis at baseline vs
18.1% without (eTable 15 in Supplement 2).

|
Discussion

Analyses of ARIA from the TRAILBLAZER-ALZ program dem-
onstrate the frequency, severity, and factors associated with
ARIA and macrohemorrhage across 2031 participants treated
with donanemab.

Several baseline factors were associated with ARIA risk,
including APOE €4 status (eTable 9 in Supplement 2) and MRI
findings (eTable 10 in Supplement 2), and these results were
further supported by findings from risk factor regression analy-
sis (Figure 3). The highest frequency of ARIA was observed in
APOE €4 homozygotes. APOE €4 status has previously been
identified as the main risk factor for ARIA among several
ATTs.1°13 This is hypothesized to be due to higher parenchy-
mal and vascular amyloid burden in carriers than in noncar-
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riers, which is subsequently removed via microglial activa-
tioninduced by ATTs.!*!> Present data also indicated that ARIA
risk increased with greater numbers of microhemorrhages (re-
stricted to the range of 0-4 by study exclusion criteria) and pres-
ence of superficial siderosis (restricted to no more than 1
focus).*'¢18 Findings here further support the hypothesis that
underlying cerebral amyloid angiopathy (CAA) is linked with
ARIA emergence during ATT.'® Microhemorrhages and corti-
cal superficial siderosis play a role in diagnoses of probable
or possible CAA per the Boston 2.0 Criteria,?° and APOE €4
has been previously linked to increased risk of CAA.?! One do-
nanemab-treated participant with a large area of baseline su-
pertficial siderosis developed fatal ARIA-H with cerebral hem-
orrhage. Another participant with severe ARIA-E and numerous
concurrent microhemorrhages, which resolved and stabi-
lized, respectively, subsequently died following rechallenge
with donanemab that resulted in serious ARIA-E and ARIA-H.
These results collectively suggest that APOE €4 status and base-
line imaging findings help inform a patient’s risk of develop-
ing ARIA with ATTs, and both factors should be reevaluated
throughout the course of treatment and prior to rechallenge.

In post hoc analysis, blood pressure was the only variable
identified that may be a modifiable ARIA risk factor, with el-
evated MAP increasing ARIA-E risk and antihypertensive use
decreasingrisk. Analysis also suggested increased ARIA-E risk
with higher amyloid burden prior to initiation of donanemab
treatment. These previously undetected associations will re-
quire replication in additional samples of treated patients.

Although clinical efficacy was not assessed in the open-
label population, these data allowed for observing safety in a
population of amyloid-positive participants with no require-
ment for evidence of tau pathology. ARIA findings were gen-
erally similar between donanemab-treated study popula-
tions, but overall ARIA frequencies were numerically lower
in the open-label addendum (32.0%) than in the placebo-
controlled trials (37.0%), possibly due to differences in base-
line characteristics identified in the ARTIA-E risk analysis. In par-
ticular, among donanemab-treated participants, there were
more APOE g4 carriers in the placebo-controlled trials (70.1%)
than in the addendum (62.0%), and mean screening amyloid
level was higher in the placebo-controlled trials (103.9 CL) than
in the addendum (82.5 CL). This finding offers support for re-
duced ARIA risk when treatment is initiated earlier in the
progression of amyloid pathology.

Concomitant antiplatelet or anticoagulant use was not as-
sociated with increased ARIA frequency in donanemab-
treated patients in this study (Figure 2). However, this study
was not powered to characterize the impact of antithrombot-
ics on infrequently occurring events, including macrohemor-
rhage. The most frequently used antithrombotic was aspirin,
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followed by anticoagulants, nonaspirin antiplatelets, and dual
(aspirin and nonaspirin) antiplatelet usage. One participant
with ARIA-E treated with a thrombolytic for strokelike symp-
toms had a fatal intracranial hemorrhage. Caution is advised
for use of thrombolytic therapy, as symptoms of ARIA may be
similar to those of stroke.

Asnoted in the eMethods in Supplement 2, serious ARIA-E
frequency decreased after amendment of TRAILBLAZER-
ALZ 2 protocol to include dose titration (700 mg for the first 3
infusions and 1400 mg thereafter). Lower ARIA-E rates were
also observed with modified titration in 24-week findings from
TRAILBLAZER-ALZ 6 (NCT05738486), in which participants
received 350 mg, 700 mg, and 1050 mg doses, respectively, for
the first 3 monthly infusions and 1400 mg thereafter.??
Consistent with previous studies that indicate ARIA is more
likely to first occur closer to treatment initiation,*23 the present
study shows that most serious ARIA-E and ARIA-H events
occurred within the time of the first 3 donanemab infusions
(Figure 1). Although the sample size is small, initial analyses
on inclusion of the 4-week MRI suggest that early monitoring
may decrease the risk of serious ARIA and symptomatic ARIA-E.
Given these results, enhanced clinical vigilance and increased
frequency of monitoring for ARIA should be performed early
in donanemab treatment.

Limitations

The impact of race and ethnicity on ARIA was limited in these
analyses due to underrepresentation of racial and ethnic
minority populations. When evaluating ARIA-E risk, interac-
tion terms among the identified 6 key factors were omitted
from the regression model due to insufficient power. Addi-
tional data may further guide management of serious and
symptomatic events. Present data reflect outcomes over 76
weeks; longer-term data are needed on individuals who expe-
rienced ARIA during the trials. The TRAILBLAZER-ALZ 2 long-
term extension and the TRAILBLAZER-ALZ 6 study aim to
further characterize ARIA risk factors and provide additional
imaging-related insights.

. |
Conclusions

In these randomized clinical trials and open-label addendum,
donanemab treatment increased ARIA risk compared with
placebo. While ARIA-E events were typically transient and
asymptomatic, ARIA can be serious, life threatening, or fatal;
therefore, safety monitoring is necessary with donanemab as
with other ATTs used in slowing disease progression in early
symptomatic AD. Identification of independent baseline risks for
ARIA supports efforts to predict or prevent this adverse event.
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