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Abstract

INTRODUCTION: TRAILBLAZER-ALZ 6 (NCT05738486) is a multicenter, double-

blind, ongoing phase 3b study in early symptomatic Alzheimer’s disease.

METHODS: Participants (n = 843) were randomized 1:1:1:1 (standard + three alter-

native donanemab dosing arms). Primary outcome was relative risk reduction (RRR)

of amyloid-related imaging abnormalities with edema/effusions (ARIA-E) at 24 weeks

assessed with Bayesian logistic regression. Amyloid plaque levels by positron emission

tomography and serum donanemab pharmacokinetics weremeasured.

RESULTS:ARIA-E frequencies for standard, modified titration, dose skipping, and Cmax

arms were 23.7%, 13.7%, 18.6%, and 18.3%, respectively, at 24 weeks and similar at

52 weeks: 24.2%, 15.6%, 18.6%, and 18.8%, respectively. Modified titration met the

24-week primary outcome with 94% probability of achieving ≥ 20% RRR versus the

standard arm.Modified titration also had significantly lower ARIA-E severity, but simi-

lar cumulative exposure andmean amyloid reduction compared to the standard arm.

DISCUSSION: Gradual up-titration of dose significantly reduced ARIA-E risk while

demonstrating comparable pharmacokinetics/pharmacodynamics compared to stan-

dard dosing.

KEYWORDS

Alzheimer’s disease, amyloid, amyloid-related imaging abnormalities, donanemab, phosphory-
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Highlights

∙ In TRAILBLAZER-ALZ 6, the amyloid-related imaging abnormalities-

edema/effusions (ARIA-E) frequency was 13.7% in the modified titration arm

compared to 23.7% in the standard arm at week 24.

∙ The modified titration arm met the primary endpoint of ARIA-E relative risk

reduction at 24weeks versus the standard arm.
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∙ Themodified titration versus standard arm at week 24 had comparable non-ARIA-E

related safety profile, amyloid reduction, plasma phosphorylated tau217 reduction,

cumulative exposure, and pharmacokinetics.

∙ Data at week 52were consistent with week 24 results.

1 BACKGROUND

Alzheimer’s disease (AD) is an age-related neurodegenerative disor-

der characterized by progressive decline in cognitive and functional

abilities. The number of people with mild cognitive impairment due to

AD and AD dementia has been estimated to be 100 million globally.1

Amyloid-targeting therapies, such as donanemab and lecanemab, are

a class of drugs approved to treat AD.2,3 While brain amyloid removal

leads to significant slowing ofADprogression, amyloid-related imaging

abnormalities (ARIAs) are a well-recognized adverse event in clinical

trials.4–6 In TRAILBLAZER-ALZ 2, the 76-week, phase 3 donanemab

trial, ARIAs with edema/effusions (ARIA-E) occurred in 24.0% and

ARIAswithhemorrhages/hemosiderin deposition (ARIA-H) in31.4%of

donanemab-treated participants.5

Several baseline factors impact the risk of ARIA occurrence in par-

ticipants treated with amyloid-targeting therapies. Participants who

are apolipoprotein E (APOE) ε4 carriers have a greater risk of ARIAs

thannon-carriers,with homozygous carriers having thehighest risk.5–7

There is also increased riskwhen baselinemagnetic resonance imaging

(MRI) shows greater numbers of microhemorrhages and the presence

of cortical superficial siderosis, recognizedmarkers of cerebral amyloid

angiopathy.8–11

Based on historical data, ARIA-E occurrence is more likely earlier

in treatment, with nearly 90% of instances occurring within 6 months

after treatment initiation.2,4,5 Therefore, the timing and dosage of

initial infusions are important considerations in ARIA-E reduction.

The standard donanemab dosing regimen, which was implemented in

TRAILBLAZER-ALZ 2, includes a titration period in which the first

three doses are given once monthly at 700 mg before increasing to

1400 mg, which is then continued.5 Here, we report the 24- and 52-

week results of an ongoing phase 3b study investigating the effects of

different donanemab dosing regimens on the frequency and severity

of ARIAs and the extent of amyloid lowering in participants with early

symptomatic AD.

2 METHODS

2.1 Study design

TRAILBLAZER-ALZ 6 (NCT05738486) is a multicenter, randomized,

double-blind, phase 3b study in adults with early symptomatic AD

and the presence of amyloid pathology assessed by positron emission

tomography (PET) scans comparing the standard donanemab dosing

regimen2 to three alternative dosing arms. The first patient visit was

in February 2023. The double-blind period of the study is 76 weeks.

Participants (N = 843) were randomly assigned to the standard arm

or one of three alternative arms in a 1:1:1:1 ratio. Participants were

stratified by baseline amyloid PET scan results in Centiloids (CL; 24.1

≤ CL < 54, 54 ≤ CL < 79, 79 ≤ CL < 107, or CL ≥ 107) and APOE ε4
genotype (heterozygous carrier, homozygous carrier, or non-carrier).

The four treatment arms varied in donanemab dosage per infusion

and frequency of dosing but the total donanemab exposure by week

16 was the same (Figure 1). Amyloid PET scans were scheduled at

screening and weeks 24, 52, and 76. Participants met amyloid plaque

reduction criteria for stopping treatment if amyloid levels decreased

to < 11 CL at any one measure or 11 CL to < 25 CL at two consecutive

measures. MRI of the brain was scheduled at screening and weeks 4,

12, 24, and 52 (matching the previous TRAILBLAZER-ALZ 2 study up

to 52weeks5) to monitor for ARIAs and other clinically relevant safety

findings. Additional unscheduled MRIs were recommended if partic-

ipants presented with ARIA symptoms, or for monitoring purposes if

ARIAs were detected, following the criteria used in TRAILBLAZER-

ALZ 2.5

The protocol was approved by local ethical review boards and was

conducted in accordance with the protocol and consensus ethical

principles derived from international guidelines including the Dec-

laration of Helsinki and Council for International Organizations of

Medical Sciences International Ethical Guidelines, applicable Inter-

national Conference on Harmonization Guideline for Good Clinical

Practice, and all applicable laws and regulations.

2.2 Participants

Participantswere eligible for inclusion in the study if theywere aged60

to 85 years with gradual and progressive change in memory function

for 6 or more months; Mini-Mental State Examination score of 20 to

28 (inclusive) at visit 1; and an amyloid PET scan result from a central

read, consistent with the presence of amyloid pathology.

Participants were excluded from the study if they had a significant

neurological disease affecting the central nervous system (other than

AD) that could affect cognition or their ability to complete the study,

including but not limited to, other dementias, serious infection of the

brain, Parkinson’s disease, multiple concussions, or epilepsy or recur-

rent seizures, except febrile childhood seizures; any contraindications

for MRI or PET; and a centrally read screening MRI demonstrating

the presence of ARIA-E, more than four cerebral microhemorrhages,

more than one area of cortical superficial siderosis, any macrohemor-

rhage (cerebral hemorrhage > 1 cm), or severe white matter disease
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(Fazekas score 312). The fact that TRAILBLAZER-ALZ 6 did not require

participants to have confirmed tau pathology is a key difference from

the TRAILBLAZER-ALZ 2 randomized population, but it is consistent

with the open-label exposure addendum of the TRAILBLAZER-ALZ 2

study.5

All patients gave informed consent for participation in the study

prior to any study-specific procedures.

2.3 Outcomes

The primary outcome was to assess the effect of alternative

donanemab dosing regimens versus the standard donanemab dosing

regimen (three once-monthly 700mg doses followed by once-monthly

1400 mg) on ARIA-E frequency at 24 weeks. ARIA-E was the focus of

the primary outcome given that most serious and symptomatic cases

of ARIAs occur in the presence of ARIA-E, and ARIA-E is associated

with treatment and not often spontaneous.

Secondary outcomes included the effects on brain amyloid depo-

sition, the proportion of participants with any occurrence of ARIA-H,

the severity of ARIA-E and ARIA-H, and donanemab serum pharma-

cokinetics. Tertiary and exploratory outcomes included blood-based

biomarkers and the frequency and severity of infusion-related reaction

events.

2.4 Pharmacokinetics

Pharmacokinetic analyses were conducted for participants who

received at least one dose of investigational product and had blood

samples collected. Samples for determination of donanemab serum

concentration were collected as follows: pre-dose (before beginning

the infusion) sampleswere collected fromthe intravenous site atweeks

4, 8, 12, and 24. Post-dose (within 30minutes of completion of the infu-

sion) samples for donanemabwere collectedatweeks0, 4, 12, and24. If

donanemab infusionwas permanently discontinuedbut the participant

remained in the study, one pharmacokinetic sample was collected at

the earliest scheduled visit. Population pharmacokinetic analyseswere

conducted.

2.5 Pharmacodynamic effect and biomarkers

Acquisition, processing, and analysis of amyloid PET scans were con-

ducted as previously described.4,5 For the 24-week analysis, the effect

on brain amyloid deposition of each alternative donanemab dos-

ing regimen compared to the standard donanemab dosing regimen

was assessed using an analysis of covariance (ANCOVA) model to

derive least squares mean change in brain amyloid plaque from base-

line. The ANCOVA model adjusted for baseline amyloid PET value

as well as baseline age. For the analyses through 52 weeks, the

effect of each alternative donanemab dosing regimen versus the stan-

dard donanemab dosing regimen on brain amyloid deposition was

RESEARCH INCONTEXT

1. Systematic review: Authors reviewed the literature

(PubMed, meeting abstracts, and presentations) regard-

ing amyloid-related imaging abnormalities (ARIAs) in

Alzheimer’s disease (AD) biology. ARIAs are not yet as

widely studied as other aspects of AD; however, sev-

eral recent publications have described clinical aspects.

Relevant publications are appropriately cited.

2. Interpretation: The study investigated whether different

donanemab dosing regimens, including standard, modi-

fied titration, dose skipping, and Cmax, could reduce the

frequency and severity of ARIAs with edema/effusions

(ARIA-E) while maintaining donanemab’s pharmacologi-

cal effect (amyloid removal). The modified titration arm

met the primary endpoint of ARIA-E reduction while

maintaining amyloid removal.

3. Future directions: Understanding how dosing regimens

for amyloid-targeting therapies may influence amyloid

removal and ARIA frequency is critically important for

future optimization of benefit and reduction of risk when

treating early symptomatic AD.

assessed using the mixed model for repeated measures (MMRM)

methodology with fixed factors being treatment, visit, treatment-by-

visit interaction, and covariates being baseline PET value, baseline

PET value-by-visit interaction, and baseline age with an unstructured

variance–covariance.

Plasma samples were collected at baseline and weeks 4, 8, 12, 24,

36, 52, 64, and76. Plasmaphosphorylated tau (p-tau)217was assessed

as an exploratory and supportive measure conducted on Eli Lilly and

Company’s Meso Scale Discovery platform and analyzed using the

MMRM.13

2.6 Statistical analyses

The primary endpoint was met if the posterior probability of an alter-

native dosing arm achieving at least 20% relative risk reduction (RRR)

compared to the standard arm was > 80% by 24 weeks. The study

was powered assuming a relative benefit of 40% reduction in ARIA-E

risk by week 24 in each of the alternative arms compared to the stan-

dard arm. The ARIA-E rate by week 24 was assumed as 18.5% in the

standard arm, based on observations fromTRAILBLAZER-ALZ 2 open-

label addendum data, and the false positive rate was controlled at a

one-sided 5% level (if any of the three arms showed a risk reduction

of at least 20% under the null, it was considered a false positive find-

ing). The probability of study success and the false positive rate of the

study under different assumptions of ARIA-E rates were determined

by simulations using R version 4.1.2. Specifically, posterior samples
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Visit number 1 2 3 4 5 6 7 8 9 10 11 12

Study week Screening 0 2 4 6 8 10 12 14 16 20 24

Standard 700 PBO 700 PBO 700 PBO 1400 PBO 1400 1400 1400

Modified titration 350 PBO 700 PBO 1050 PBO 1400 PBO 1400 1400 1400

Dose skipping 700 PBO PBO PBO 1400 PBO 1400 PBO 1400 1400 1400

Cmax 350 350 350 350 350 350 700 700 1400 1400 1400

Amyloid PET scan √ √

MRI √ √ √ √
350 = 1 x 350 mg vial
700 = 2 x 350 mg vials
1050 = 3 x 350 mg vials 
1400 = 4 x 350 mg vials

Primary Outcome1:1:1:1 Randomization stratified by APOE and by baseline amyloid 

F IGURE 1 Study design. All participants received a dosing regimen that included donanemab, but at different dose levels and frequency.
Placebowas given at the indicated visits to preserve the blind for the different dosing schedules. The double-blind period of the study was
76weeks. Total donanemab amounts were scheduled to be the same for the four dosing regimens. After week 16, participants in all armswere
scheduled to receive 1400mg of donanemab oncemonthly until dose-stopping criteria weremet or the end of the study. An additionalMRI
occurred at week 52 and additional amyloid PET scans occurred at weeks 52 and 76. APOE, apolipoprotein E; Cmax, maximum serum
concentration; MRI, magnetic resonance imaging; PBO, placebo; PET, positron emission tomography

were generated through rjags package in R. The primary analysis used

a Bayesian logistic regression model (including fixed effects for treat-

ment regimen, APOE ε4 status, baseline presence of microhemorrhage,

baseline presence of cortical superficial siderosis, and baseline amy-

loid level) to compare the relative reduction in ARIA-E frequencies by

week 24 for the alternative arms versus the standard arm based on

RRR estimates.

Cox proportional hazard models without factors beyond treatment

groups were used for time-to-first-ARIA analyses.

All analyses related to safety, including analyses for theprimaryend-

point, were based on the safety analysis set defined as all participants

randomly assigned to study treatment and who took at least one dose

of study treatment.

3 RESULTS

3.1 Participants

A total of 2529 adults with early symptomatic AD were assessed for

eligibility and 843 were randomized into the standard (N = 208), mod-

ified titration (N = 212), dose skipping (N = 210), and Cmax (N = 213)

arms (Figure S1A). Treatment disposition is shown in Figure S1B.

The demographic and baseline characteristics were balanced across

groups, including APOE ɛ4 carrier status, which was a stratification

factor (Table 1).

The analyses presented in this report focus on the results of the 24-

week donanemab treatment period andwere based on a database lock

date of August 2, 2024. Results of the 52-week donanemab treatment

period based on a database lock date of October 19, 2024 are included

to demonstrate data consistency. At the time of this report, the study

is ongoing with the estimated last participant visit projected for mid-

2025.

3.2 ARIA-E

The primary outcomewasARIA-E frequency andRRRat 24weeks. The

percentage of participants who experienced ARIA-Ewas 23.7% for the

standard arm, and 13.7%, 18.6%, and 18.3% for the three alternative

dosing arms (modified titration, dose skipping, and Cmax, respectively;

Table 2 and Table S1). The modified titration arm met the primary

objective (> 80% probability of achieving at least 20% RRR) with a

posterior risk reduction (standard deviation [SD]) of 0.405 (0.123) and

a 94.1% probability that the RRR was ≥ 20% (Table 2 and Table S2).

The other alternative dosing regimens did not meet the prespecified

success criteria (Table S2).

At 52weeks, the percentage of participantswho experiencedARIA-

Ewas 24.2% for the standard arm, and 15.6%, 18.6%, and 18.8% for the

three alternative dosing arms (modified titration, dose skipping, and

Cmax, respectively; Table S3 in supporting information). At 52 weeks

the RRR of the modified titration arm was still significant (87% prob-

ability of achieving ≥ 20% RRR versus the standard arm; Table S4 in

supporting information).

Due to significant differences only occurring between the standard

and modified titration arms and the primary endpoint occurring at

24 weeks, the rest of this report will focus on the modified titration

arm compared to the standard arm at 24 weeks. Corresponding data

for all arms at 24 weeks and 52 weeks can be found in the supporting

information.

The modified titration arm also met the secondary outcome mea-

sure of improved ARIA-E severity at 24 weeks. Radiographic severity

of ARIA-E was significantly reduced compared to the standard arm

(P= 0.011, Cochran–Mantel–Haenszel test). Notably, 86.3% of partici-

pants in themodified titrationarmhadnoARIA-EbyMRI throughweek

24 (compared to 76.3% in the standard arm) and no radiographically

severeeventswereobserved (Figure2AandFigureS2A;52-weekdata:

Figure S2B).
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TABLE 1 Demographics and baseline characteristics of the population.a

Characteristicsa
Standard

(N= 208)

Modified titration

(N= 212)

Dose skipping

(N= 210)

Cmax

(N= 213)

Sex, female, n (%) 121 (58.2) 126 (59.4) 117 (55.7) 123 (57.7)

Age, mean (SD), in years 73.3 (5.7) 74.3 (5.7) 73.4 (5.8) 73.2 (6.0)

Race, n (%)

Asian 0 (0) 3 (1.4) 3 (1.4) 3 (1.4)

Black or African American 11 (5.3) 14 (6.6) 8 (3.8) 13 (6.1)

White 197 (94.7) 193 (91.0) 197 (93.8) 196 (92.0)

Ethnicity, n (%), Hispanic/Latinob 11 (5.3) 11 (5.2) 9 (4.3) 15 (7.0)

Country, n (%), United States 188 (90.4) 192 (90.6) 182 (86.7) 186 (87.3)

APOE ε4 carrier, n (%) 133 (64.6) 136 (64.5) 137 (65.2) 137 (64.3)

ε4 homozygous, n (%) 21 (10.2) 21 (10.0) 22 (10.5) 21 (9.9)

Screening amyloid in Centiloids, mean (SD) 85.3 (36.6) 84.4 (37.6) 83.1 (35.3) 84.9 (39.4)

Microhemorrhage or cortical superficial siderosis, n (%) 50 (24.2) 55 (25.9) 44 (21.0) 49 (23.0)

MMSE, mean (SD) 24.6 (2.5) 25.1 (2.3) 24.7 (2.5) 24.5 (2.6)

ScreeningMMSE by clinical category

Mild cognitive impairment (27–28), n (%) 59 (28.4) 73 (34.4) 69 (32.9) 57 (26.8)

Mild AD (20–26), n (%) 149 (71.6) 139 (65.6) 141 (67.1) 155 (72.8)

Time since onset of AD symptom, mean (SD), in years 3.8 (3.3) 3.9 (3.2) 4.1 (3.3) 3.8 (2.3)

AChEI and/ormemantine use, n (%), yes 84 (40.4) 70 (33.0) 69 (32.9) 85 (39.9)

Abbreviations: AChEI, acetylcholinesterase inhibitor; AD, Alzheimer’s disease; APOE, apolipoprotein E; Cmax, maximum serum concentration; MMSE, Mini-

Mental State Examination;N, number of participants in randomized population; n, number of participants per category; SD, standard deviation.
aThe number of participants with non-missing data was used as the denominator.
bOnly included responses from sites in the United States; n is the number of participants with a value of “Hispanic or Latino” or “Not Hispanic or Latino.”

Cox proportional hazard analysis of time to first ARIA-E based on

MRI showed a significantly (P = 0.016) lower percentage of partici-

pants with ARIA-E risk in the modified titration arm compared to the

standard arm through24weeks (Figure 2B; 52-weekdata: Figure S2C).

When the impact of APOE ε4 genotypes was assessed, ARIA-E was

numerically less frequent in themodified titration arm than in the stan-

dard arm regardless of genotype. The biggest difference (both relative

and absolute) in ARIA-E frequency was observed in those homozygous

for APOE ε4 (57.1% in the standard arm compared to 19.0% in the

modified titration arm; Figure 3A, Figure S3A and Table S5; 52-week

data: Figure S3B and Table S6). The frequency of symptomatic ARIA-E

in homozygous, heterozygous, and non-carrier participants was 4.8%,

8.0%, and0%, respectively, in the standard armand0%, 3.5%, and2.7%,

respectively, in the modified titration arm (Figure 3B and Figure S3C;

52-week data: Figure S3D).

3.3 ARIA-H and macrohemorrhage

Compared to 25.1% of participants in the standard arm at 24 weeks,

the modified titration arm resulted in 20.3% participants experiencing

ARIA-H (Table 2 and Table S1; 52-week data: Table S3). The posterior

probability that theRRRwas≥20%was47.9% in themodified titration

arm, which did not meet the predefined threshold of 80%. Consistent

with the non-significant ARIA-H result, the frequency of microhem-

orrhage was not significantly different in the modified titration arm

versus the standard arm. Cortical superficial siderosis, on the other

hand, was significantly reduced in themodified titration arm compared

to the standard arm with a 45% RRR and a 92.3% probability that the

RRR was ≥ 20% (Table 2 and Table S2; 52-week data: Table S4). For

ARIA-H events that were concurrent with ARIA-E (15.5% and 9.9%

of events in the standard and modified titration arms, respectively),

the modified titration arm also had a significantly lower relative risk

(33.7%) and an 80.5% probability that the RRR was ≥ 20%. ARIA-H

radiographic severities were not significantly different between the

standard and modified titrations arms (Figure S4A; 52-week data:

Figure S4B).

Macrohemorrhage occurred in one (0.5%) participant in the stan-

dard arm and two (0.9%) participants in the modified titration arm

(Table 2 and Table S1; 52-week data: Table S3). By the primary outcome

data lock date, one participant in themodified titration armdied due to

cerebral hemorrhage, as discussed in the following section.

3.4 Safety

One death occurred in an APOE ɛ4 heterozygous genotype partici-

pant in the modified treatment arm due to cerebral hemorrhage after
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TABLE 2 ARIA through 24weeks.

Modified titration versus standard arm

Category, n (%)

Standard

(N= 207)

Modified titration

(N= 212)

Posterior RRR

(Posterior SD) 95%CrI RRR

Posterior probability

of RRR≥ 20%

Intercept prior

was elicited asN

ARIA-Ea,b 49 (23.7) 29 (13.7) 0.405 (0.123) 0.135, 0.616 94.1* (−1.49, 8.10)

Asymptomatica,b 39 (18.8) 23 (10.8)

Symptomatica,b 10 (4.8) 6 (2.8)

ARIA-Ha,c 52 (25.1) 43 (20.3) 0.181 (0.145) −0.138, 0.434 47.9 (−1.31, 8.55)

Asymptomatica,c 52 (25.1) 42 (19.8)

Symptomatica,c,d 0 (0) 1 (0.5)

Microhemorrhagee 41 (19.8) 36 (17.0) 0.128 (0.175) −0.262, 0.421 36.7 (−1.59, 7.88)

Cortical superficial siderosise 26 (12.6) 14 (6.6) 0.450 (0.168) 0.066, 0.711 92.3* (−2.34, 6.83)

Macrohemorrhagesa,f 1 (0.5) 2 (0.9)

SAE of macrohemmorrhageg 0 (0) 1 (0.5)

Cerebral hemorrhageg 0 (0) 1 (0.5)

Hemorrhagic strokeg 0 (0) 0 (0)

Any ARIA (either E or H)a,b,c 67 (32.4) 50 (23.6) 0.261 (0.111) 0.023, 0.458 73.1 (−1.01, 9.55)

Any SAE of ARIA (either E or H)g 0 (0) 0 (0)

Concurrent ARIA-E and ARIA-He 32 (15.5) 21 (9.9) 0.337 (0.168) −0.043, 0.608 80.5* (−2.18, 9.99)

Abbreviations: ARIA-E, amyloid-related imaging abnormalities with edema/effusions; ARIA-H, amyloid-related imaging abnormalities with hemor-

rhages/hemosiderin deposition; CrI, credible interval; MRI, magnetic resonance imaging; N, number of participants in the analysis population; n, number

of participants within each specific category; RRR, relative risk reduction; SAE, serious adverse event; SD, standard deviation; TEAE, treatment-emergent

adverse event.

*Bold text indicates significant difference.
aBased onMRI or TEAE cluster.
bARIA-E TEAE cluster preferred terms are ARIA edema/effusion, brain edema, and vasogenic cerebral edema.
cARIA-H TEAE cluster preferred terms are ARIA-microhemorrhage and hemosiderin deposits, brainstem microhemorrhage, cerebellar microhemorrhage,

cerebral hemosiderin deposit, cerebral microhemorrhage, and cortical superficial siderosis of the central nervous system.
dSymptomatic ARIA-H low level term includes symptomatic ARIA-H, symptomatic ARIA-microhemorrhages and hemosiderin deposits, symptomatic ARIA-

microhemorrhages and hemosiderin deposits, and symptomatic ARIA-cortical superficial siderosis.
eBased onMRI only.
fMacrohemorrhage preferred terms are cerebral hemorrhage and hemorrhagic stroke.
gBased on TEAE cluster.

thrombolytic administration for presumed acute right middle cere-

bral artery stroke. After receiving six doses of donanemab, ARIA-E of

mild severity with six microhemorrhages in the right parietal lobe was

detected on the scheduled week-24 MRI. Seven days after this MRI,

the participant presented with seizures and left hemiparesis and was

treated for presumed acute right middle cerebral artery stroke with

hypodensity in the right parietal lobe on computerized tomography.

The participant received intravenous tenecteplase (a tissue-type plas-

minogen activator treatment) as a treatment and died 2 days later due

to a large cerebral hemorrhage. This highlights the label caution indi-

cating ARIAs canmimic a stroke and thrombolytic treatment should be

carefully considered.2

The frequency of serious adverse events was 8.7% in the stan-

dard arm and 9.9% in the modified titration arm. The frequency of

treatment-emergent adverse events was similar in both arms (84.5%

in the standard arm compared to 85.4% in the modified titration arm;

Table 3 and Table S7; 52-week data: Table S8). The fivemost frequently

reported treatment-emergent adverse events in either the standard or

modified titration arm, respectively, were ARIA-E (23.7% and 13.7%),

headache (19.8% and 15.1%), ARIA-H (15.9% and 13.2%), infusion-

related reaction (13.5%and17.0%), and fall (7.7%and9.0%;Table4and

Table S9; 52-week data: Table S10).

A total of 8 (3.9%) participants in the standard arm and 11 (5.2%)

in the modified titration arm reported at least one adverse event as a

reason for treatment discontinuation (Table 3 and Table S7; 52-week

data: Table S8). The most common adverse event leading to treatment

discontinuationwas infusion-related reaction. Serious infusion-related

reactionwas reported inone (0.5%) participant in the standard armand

two (0.9%) participants in themodified titration arm by 24weeks.

3.5 Pharmacokinetics

The planned and observed cumulative doses, cumulative area under

the curve (AUC)(0-12 weeks) and Caverage,ss in the standard and mod-

ified titration arms were comparable. The overlapping distributions
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of cumulative AUC(0-12 weeks) from individual participants on stan-

dard and modified titration are shown in Figure 4A and Table S11.

Donanemab concentration-time profiles following standard and mod-

ified titration arms overlap completely after week 12, when the same

once-monthly 1400 mg dosing regimen is used for both arms for the

remainder of the study (Figure 4B).

3.6 Pharmacodynamics and biomarkers

Participants had significant and highly comparable amyloid reduction

from baseline to 24weeks with an adjustedmean (standard error [SE])

change of 58.8 (1.8) CL in the standard arm, and 56.3 (1.7) CL in the

modified titration arm (Figure 4C; 52-week data Figure S5A). Approx-

imately 56.7% and 50.7% of participants in the standard regimen and

modified titration regimen, respectively, reached an amyloid threshold

level below 24.1 CL by week 24 (Table S12; 52-week data: Table S13).

Approximately 33% of participants (32.3% in the modified titration

arm; 34.0% in the standard arm)met the eligibility criteria for dose ces-

sation at week 24 by achieving amyloid levels below 11 CL (Table S12;

52-week data: Table S13). Plasma p-tau217, assessed as an exploratory

objective, was significantly reduced from baseline at 24 weeks and the

reductions were similar in the standard and modified titration arms.

The least squares mean change (log10) difference from baseline ± SE

at week 24 was 0.136 ± 0.012 in the standard arm and 0.145 ± 0.012

in themodified titration arm (P< 0.0001; Figure 4D and Figure S5B).

4 DISCUSSION

The primary endpoint for this study was ARIA-E frequency reduction

at 24 weeks with an alternative donanemab dosing regimen compared

to the standard donanemab dosing regimen and, therefore, that time

point was the focus for this report. The modified titration arm had

a lower frequency of ARIA-E (13.7%) compared to the standard arm

(23.7%) and met the primary objective, with a 40.5% lower relative

ARIA-E risk and a 94.1% probability that the RRR was ≥ 20%. Further-

more, the modified titration arm showed a significantly lower severity

of ARIA-E and risk of cortical superficial siderosis compared to the

standard arm. Importantly, the standard and modified titration arms

had a similar amyloid reduction from baseline as assessed by PET

scans (adjusted mean change at 24 weeks: 58.8 CL vs. 56.3 CL, respec-

tively). The standard arm and modified titration arms also had similar

cumulative exposure and plasma p-tau217 response.

The 52-week results were consistent with the 24-week results

suggesting that ARIA-E was reduced rather than delayed in the modi-

fied titration arm. In addition, the amyloid reduction remained similar

between the standard and the modified titration arms at week 52

(adjustedmean change at 52weeks: 71.2 CL vs. 70.3 CL, respectively).

Previous trials with amyloid-targeting therapies have suggested

that not only is the frequency of ARIA dose dependent, but also that

the risk of ARIA can be reduced by implementing titration.7,15–17

Additionally, it has been hypothesized that ARIAmight be Cmax depen-

dent, however lecanemab data did not support this observation.18,19
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To achieve the goal of reducing ARIA-E frequency while maintaining

comparable amyloid reduction, the rational design and selection of

the alternative dosing regimens in this study were based on human

safety, efficacy, pharmacokinetic, and pharmacodynamic data from

donanemab phase 1 through 3 studies. All dosing regimens were

expected to result in robust amyloid plaque reduction. The compara-

ble cumulative exposure and the pharmacodynamic effect observed

between the standard and modified titration arms validated the dos-

ing regimen selection. The modified titration arm dosing differed from

the standard arm simply by the timing of a single vial (350 mg), which

was removed from the first infusion and added to the third infusion.

The randomization and stratification approaches in this study were

designed to balance ARIA risk factors; thus, APOE ε4 genotype, base-

line amyloid levels, baseline microhemorrhage, and cortical superficial

TABLE 3 Safety overview through 24weeks.

Categorya, n (%)

Standard

(N= 207)

Modified titration

(N= 212)

Deathsb 0 (0) 1 (0.5)

Serious adverse events 18 (8.7) 21 (9.9)

SAE of ARIA-Ec 0 (0) 0 (0)

Discontinuations from study due to

an adverse event

4 (1.9) 5 (2.4)

Discontinuations from study

treatment due to an adverse event

8 (3.9) 11 (5.2)

Treatment-emergent adverse events 175 (84.5) 181 (85.4)

Treatment-emergent adverse events

related to study treatmentc
104 (50.2) 103 (48.6)

Abbreviations: ARIA-E, amyloid-related imaging abnormalities with

edema/effusions; N, number of participants in the analysis population; n,
number of participants with at least one adverse event per event type; SAE,

serious adverse events; TEAE, treatment-emergent adverse events.
aParticipants may be counted inmore than one category.
bDeaths are also included as serious adverse events and discontinuations

due to adverse events.
cIncludes events thatwere considered related to study treatment as judged

by the investigator.

TABLE 4 Treatment-emergent adverse events occurring in≥ 5%
of participants in standard ormodified titration arm through 24weeks.

Preferred term, n (%)
Standard

(N= 207)

Modified titration

(N= 212)

Participants with≥ 1 TEAE 175 (84.5) 181 (85.4)

Amyloid-related imaging

abnormality-edema/effusion

49 (23.7) 29 (13.7)

Headache 41 (19.8) 32 (15.1)

Amyloid-related imaging

abnormality-hemorrhages and

hemosiderin deposits

33 (15.9) 28 (13.2)

Infusion-related reaction 28 (13.5) 36 (17.0)

Fall 16 (7.7) 19 (9.0)

Dizziness 19 (9.2) 17 (8.0)

COVID-19 10 (4.8) 19 (9.0)

Urinary tract infection 7 (3.4) 16 (7.5)

Diarrhea 12 (5.8) 6 (2.8)

Fatigue 11 (5.3) 12 (5.7)

Cortical superficial siderosis of

central nervous system

12 (5.8) 5 (2.4)

Arthralgia 8 (3.9) 13 (6.1)

Abbreviations: COVID-19, coronavirus disease 2019; N, number of par-

ticipants in the analysis population; n, number of participants within each

specific category; TEAE, treatment-emergent adverse event.

siderosis were equal across arms. As a result, the standard arm

provides a reliable internal comparison for the alternative dosing arms.

While the modified titration dosing regimen significantly reduced

the relative ARIA-E risk there was no significant reduction in ARIA-

H risk, although it was numerically lower. One possible reason for

this finding is that the study was not powered to find a significant
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lowering of ARIA-H given that it commonly occurs spontaneously (in

TRAILBLAZER-ALZ 2, 13.6% of placebo-treated participants expe-

rienced ARIA-H).5 Most ARIA-H resulting from amyloid-targeting

therapies co-occurs with ARIA-E and there is generally no difference

between placebo and amyloid-targeting therapies for isolated ARIA-

H.20,21 Assuming this pattern is maintained, a larger study would be

needed to detect significant overall lowering of ARIA-H. Consistent

with this hypothesis, forARIA-Hevents that are concurrentwithARIA-

E, which are mostly treatment induced, the modified titration regimen

demonstrated significantly reduced risk, with > 80% probability of

achieving at least 20%RRR.

The mechanistic basis behind the lower ARIA-E frequency in the

modified titration arm is yet to be determined. A possible mechanism

is that the initial lower dose reduces binding of the antibody to vas-

cular amyloid resulting in slower removal of vascular amyloid with

less leakiness and inflammation. A second potential explanation is that

the slower increase in serum donanemab concentration might result

in more gradual mobilization of amyloid via the perivascular spaces,

thus limiting exacerbation of cerebral amyloid angiopathy.22 These

two candidate mechanisms are not mutually exclusive and could both

contribute to the observed reduction in ARIA risk.

Infusion-related reaction frequency observed in this study was

higher than that previously reported with donanemab treatment

(13.5% in the standard arm vs. 8.7% in TRAILBLAZER-ALZ 2).5 The

standard arm in this study differed from the donanemab arm in

TRAILBLAZER-ALZ 2 as the standard arm incorporated additional

placebo infusions to maintain the study blind (Cmax dosing was bi-

weekly for the first 16 weeks). This bi-weekly infusion schedule, as

opposed to once monthly, as well as the participants’ awareness of

receiving donanemab as opposed to blinded placebo-controlled tri-

als, might have influenced the observed infusion-related reaction

frequency.

In interpreting these results, it is important to consider that the

TRAILBLAZER-ALZ 6 study is ongoing at the time of this report,

with only data through 52 weeks available. Nevertheless, in previ-

ous donanemab trials, nearly 90% of ARIA-E events occurred within

the first 24 weeks.2,4,5 Continued monitoring and dosing through

18 months in TRAILBLAZER-ALZ 6 will further confirm the find-

ings reported here. Another limitation is that the study size restricts

the ability to detect significant differences in small subgroups or

less frequent safety events. Although not powered to detect differ-

ences within APOE ε4 genotypes, post hoc Bayesian logistic regression
analyses showed more than an 80% posterior probability of achiev-

ing at least a 20% RRR in ARIA-E frequency across all APOE ε4
genotypes in the modified titration arm compared to the standard

arm. Furthermore, the study was conducted in two countries, rep-

resenting a smaller geographic scope than TRAILBLAZER-ALZ 2. In

addition, TRAILBLAZER-ALZ 6 was designed as a safety study and
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clinical changes (in cognition and function) were not assessed. How-

ever, cumulative dose, cumulative exposure, and pharmacodynamic

measures of amyloid lowering and p-tau217 lowering were similar

between the standard arm (as used in TRAILBLAZER-ALZ 2) and all

three alternative dosing arms. This supports pharmacokinetic- and

pharmacodynamic-based bridging to clinical efficacy, as presented in

guidance from the US Food and Drug Administration.23,24 Amyloid

reduction is an acceptable surrogate biomarker for clinical outcomes

in AD.23,24

TRAILBLAZER-ALZ6aims to expand the science andunderstanding

of ARIAs in relationship to amyloid lowering, with the goal of maximiz-

ing the benefits and lowering the risks of amyloid-targeting therapies

for patients with early symptomatic AD. The primary endpoint at week

24 showed that modified titration of donanemab can decrease the fre-

quencyofARIAswithout impacting amyloid removal. At the timeof this

report, the estimated last participant visit is projected for mid-2025.
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