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Abstract

INTRODUCTION: Aducanumab selectively targets aggregated forms of amyloid beta

(Aβ), a neuropathological hallmark of Alzheimer’s disease (AD).

METHODS: PRIME was a Phase 1b, double-blind, randomized clinical trial of adu-

canumab. During the 12-month placebo-controlled period, participants with prodro-

mal AD or mild AD dementia were randomized to receive aducanumab or placebo.

At week 56, participants could enroll in a long-term extension (LTE), in which all

participants received aducanumab. The primary endpoint was safety and tolerability.

RESULTS: Amyloid-related imaging abnormalities–edema (ARIA-E) were the most

common adverse event. Dose titrationwas associatedwith a decrease in the incidence

of ARIA-E. Over 48months, aducanumab decreased brain amyloid levels in a dose- and

time-dependent manner. Exploratory endpoints suggested a continued benefit in the

reduction of clinical decline over 48months.

DISCUSSION: The safety profile of aducanumab remained unchanged in the LTE of

PRIME. Amyloid plaque levels continued to decrease in participants treated with

aducanumab.
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Highlights

∙ PRIMEwas a Phase 1b, double-blind, randomized clinical trial of aducanumab.

∙ We report cumulative safety and 48-month efficacy results from PRIME.

∙ Amyloid-related imaging abnormalities–edema (ARIA-E) were the most common

adverse event (AE); 61% of participants with ARIA-E were asymptomatic.

∙ Dose titration was associated with a decrease in the incidence of ARIA-E.

∙ Aducanumab decreased levels of amyloid beta (Aβ) in a dose- and time-dependent

manner.
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1 BACKGROUND

Accumulation of aggregated amyloid beta (Aβ) peptides is hypothe-

sized to drive neuropathological changes in Alzheimer’s disease (AD),

including neurodegeneration, that lead to cognitive symptoms.1–3

Aducanumab is a human monoclonal antibody that selectively tar-

gets aggregated forms of Aβ, including soluble oligomers and insoluble

fibrils.4 Biomarker and clinical efficacy results from the fixed-dose

portion of the placebo-controlled (PC) period of the PRIME study

demonstrated that aducanumab reduced brain amyloid plaque levels in

a dose- and time-dependentmannerwhile slowing clinical decline com-

pared with placebo.4 Amyloid-related imaging abnormalities (ARIA)

have beenobserved in participants treatedwith investigational anti-Aβ
monoclonal antibodies, including aducanumab. ARIA–edema (ARIA-E)

were the most common adverse event (AE) in aducanumab-treated

participants in the PC period of the PRIME study; the incidence of

ARIA-E was dose- and apolipoprotein E (APOE) ε4 carrier status-

dependent.4

Following the PC period, eligible participants could enroll in

the PRIME long-term extension (LTE) to receive dose-blinded adu-

canumab. Here, we report the cumulative safety data for PRIME and

48-month (12-month PCperiod and 36-month LTE) efficacy data for all

PRIME cohorts, including a titration to 10 mg/kg cohort. The reported

cumulative safety data will help characterize the safety profile of

aducanumab.

2 METHODS

2.1 Participants

2.1.1 PC period

The screening process and entry criteria for the PC period have been

reported previously.4,5 See the Methods section in the Supplementary

Material for the key inclusion criteria. Randomization and first dose of

treatment began onOctober 5, 2012, for the first cohort and ended on

March 30, 2015, for the last cohort.

2.1.2 LTE

At week 56, participants who had completed the PC period, had

received ≥11 doses of study treatment (without missing more than 2

consecutive doses), and had aMini-Mental State Examination (MMSE)

score of>10 atmonth 12 could enroll in the LTE. The LTE period began

on November 2, 2013. To be eligible to participate in the LTE, par-

ticipants must have been ambulatory and should have had a reliable

informant or caregiver. To be eligible to participate in the additional

years of the LTE (i.e., years 3 and 4 of the study), participants would

need to also have had an MMSE score of >10. The LTE was planned

until the last participantwhoenteredhadcompleted6years (1-yearPC

period, 5-year LTE).Due to the staggered-start design, the first enrolled

RESEARCH INCONTEXT

1. Systematic review: Following thepublication of the initial

results from the placebo-controlled period of the PRIME

study [1], this study reports cumulative safety data and

48-month efficacy results from PRIME. This study was

the first to evaluate titration dosing of aducanumab as

a means to ameliorate the incidence of amyloid-related

imaging abnormalities (ARIA).

2. Interpretation: Safety resultswere consistentwith previ-

ous findings during the PRIMEplacebo-controlled period,

indicating that ARIA–edema (ARIA-E) is clinically man-

ageable with dose titration and routine brain imaging.

Long-term efficacy results also indicate that aducanumab

modifies one of the underlying pathological hallmarks of

Alzheimer’s disease.

3. Future directions: Future studies will continue to inform

the safety and efficacy profile of aducanumab.

participants had the potential to participate for up to 9 years. How-

ever, the study was terminated prematurely based on a preplanned

futility analysis of the two aducanumab Phase 3 studies. The results

of the futility analysis have been disclosed previously.6 The maximum

duration of treatment in PRIMEwas nearly 6.5 years.

2.2 Study design

PRIME was a U.S.-based, multicenter, double-blind, multiple-dose,

staggered-start, parallel-group study in which participants were ran-

domized 3:1 to intravenous aducanumab (1, 3, 6, or 10 mg/kg) or

placebo every 4 weeks. Each fixed-dose cohort was stratified by APOE

ε4 status (carrier/noncarrier). Following fixed-dose cohort enrollment,

a titration cohort of APOE ε4 carriers only was added to evaluate

the impact of up-titration on ARIA incidence. Titration to 10 mg/kg

occurred over 44 weeks: two doses of 1 mg/kg, four doses of 3 mg/kg,

five doses of 6mg/kg, and 10mg/kg of aducanumab thereafter.

The protocol-specified primary endpoint for the PC period was

safety and tolerability, as measured by outcomes including incidence

of AEs, serious AEs (SAEs), ARIA-E, and ARIA–hemorrhage or –

hemosiderosis (ARIA-H). Secondary objectives were the effect on Aβ
plaque levels, asmeasuredby 18F-florbetapir positronemission tomog-

raphy (PET) at month 6, and serum pharmacokinetics (PK) of multiple

aducanumab doses.7 Exploratory objectives included the effect of adu-

canumab on Aβ plaque levels at month 12 and the clinical decline of

AD.

2.2.1 LTE

Participants meeting the eligibility criteria at week 56 were enrolled

in a dose-blind, multiple-dose LTE phase in which all participants
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received intravenous aducanumab every 4 weeks (Figure S1). Partici-

pants treated with fixed doses of 3, 6, or 10 mg/kg aducanumab in the

PC period continued the same assigned dose in the LTE. Participants

previously treated with 1 mg/kg in the PC period switched to 3 mg/kg

aducanumab in the LTE. Participants in the titration group during the

PC period received 10 mg/kg in the LTE. Placebo-treated participants

during thePCperiod switched to one of three regimens in the LTE: adu-

canumab 3 mg/kg, titration to 6 mg/kg (two doses of 3 mg/kg followed

by 6 mg/kg thereafter), or titration to 10 mg/kg (following the same

regimen from the PCperiod: 1mg/kg [two doses], 3mg/kg [four doses],

6 mg/kg [five doses], and 10mg/kg thereafter).

The primary endpoint for the LTE was safety and tolerability. Other

LTE endpoints, including change in amyloid PET and measures of clin-

ical decline, were exploratory. Protocol-defined rules were changed

during the study such that patients who received a dose reduction in

the PC period due to ARIA were eligible to titrate up to the original

planned dose.

2.3 Endpoints and assessments

2.3.1 Safety assessments

Safety assessments were performed at regular intervals and included

the incidence of treatment-emergent AEs, including ARIA, SAEs, clini-

cal laboratory tests, vital signs, physical and neurological examinations,

and 12-lead electrocardiography. Brain magnetic resonance imaging

(MRI) for ARIA monitoring was performed at screening, at scheduled

times throughout the study, and at unscheduled visits if ARIA were

previously detected.6 See the Methods in the Supplementary Mate-

rial for the ARIA management protocol. Incidence was calculated by

treatment group for each AE.

2.3.2 Amyloid PET imaging

Aβ plaque levels were measured by 18F-florbetapir PET at screen-

ing at week 26 (primary pharmacodynamic [PD] endpoint), week 54

(exploratory PD endpoint during the PC period), weeks 110, 166,

and 222 (exploratory PD endpoint during the LTE), and at study ter-

mination. A composite standardized uptake value ratio (SUVR; also

expressed on the Centiloid [CL] scale8) was computed as described

previously.5

2.3.3 Pharmacokinetics (PK)

See theMethods in SupplementaryMaterial for the PK assessments.

2.3.4 Exploratory efficacy endpoints

Exploratory objectives included effect of aducanumab on the clinical

decline of AD as assessed by the Clinical Dementia Rating–Sum of

Boxes (CDR-SB), MMSE, Neuropsychological Test Battery (NTB), and

Free and Cued Selective Reminding Test (FCSRT).6 The CDR-SB and

MMSE were conducted biannually through year 4, and then annually

and on study termination. The NTB and Neuropsychiatric Inventory

Questionnaire (NPI-Q) were conducted biannually through year 2. The

FCSRT was conducted annually through year 2. The Columbia Suicide

Severity Rating Scale was administered biannually and on termination

from the study. To maintain blinding to AEs, CDR-SB raters were not

permitted to conduct other clinical assessments and were blinded to

other clinical and safety assessments.

2.4 Oversight

This study (NCT01677572) was conducted in accordance with the

Declaration of Helsinki and the International Conference on Harmo-

nization and Good Clinical Practice guidelines and received ethics

committee approval at eachparticipating site. All participants provided

written informed consent. An independent datamonitoring committee

oversaw study conduct and routinely reviewed safety data.

2.5 Statistical analyses

The safety population was defined as all randomized participants who

received at least one dose of aducanumab. The safety MRI popu-

lation was defined as all randomized participants who received at

least one dose of aducanumab and had at least one postbaseline MRI.

Safety analyses include data from the PC period6 as well as cumula-

tive safety data from the PC period and LTE after first exposure to

active treatment and up to the final safety follow-up visit. Safety data

are presented according to active treatment dose,with placebo switch-

ers who were assigned originally to placebo (who represented a mix of

dose assignments in the LTE) separated according to LTE dose group.

AEswere coded using theMedicalDictionary for RegulatoryActivities,

v22.0. AEs are reported as incidence (percentage based on number of

participants in the safety population). ARIA are reported as incidence

(percentage based on the number of treated participants with at least

oneMRI during the active treatment period). Each patientwas counted

only once within each category. All AEs were analyzed based on the

principle of treatment emergence.

Because amyloid PET annual assessments were conducted only

through year 4 of the study, the amyloid PET and clinical endpoint

analyses presented here include data from the 12-month PC and 36-

month LTE periods. Participants included in these analyses received

either48monthsof continuedaducanumab treatment (for participants

originally randomized to active drug from study start) or 36 months

of aducanumab treatment (for participants randomized to placebo at

study start). For PK analyses, placebo switchers were separated into

LTE dose groups.

Amyloid PET and exploratory clinical efficacy analyses through the

month 48 visit used a mixed model for repeated measures (MMRM)

for longitudinal change from baseline data, adjusting for baseline and
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APOE ε4 status (carrier/noncarrier). Visit and treatment group were

treated as categorical variables in the model along with their inter-

action. An unstructured covariance matrix was assumed to model the

within-patient variability. For each time point, adjustedmeans for each

treatment, pairwise adjusted differences with placebo switchers, 95%

confidence intervals (CIs) for the pairwise differences, and associated

nominal p values for the comparison were calculated. No adjustments

were made for multiple comparisons or multiple interim analyses.

Given the complex nature of the PRIME LTE study design and the

exploratory nature of the clinical measures, caution should be used in

the interpretation of statistical findings in the present study.

2.6 Availability of data and materials

Data deposition statement can be found in the Methods in the

SupplementaryMaterial.

3 RESULTS

3.1 Patient disposition and treatment exposure

Overall, 197 participants were randomized, and 196 received at least

one dose during the PC period (Figure S2). At baseline, no apparent dif-

ferences in demographics and clinical characteristics were observed,

except for numerically lower mean composite PET SUVR levels in the

titration group (Table S1).

The mean ± standard deviation (SD) number of active treatment

infusions during the combined PC and LTE periods was 35 ± 25 for all

aducanumab groups combined.

3.2 Safety

The incidence of AEs and SAEs was balanced across treatment groups

during the PC period (Table 1). The incidence of ARIA-E during the

PC period was numerically higher among APOE ε4 carriers than non-

carriers across aducanumab dose groups. Among APOE ε4 carriers,

the incidence of ARIA-E was numerically lower in participants receiv-

ing aducanumab titrated to 10 mg/kg (35%) than in those receiving

aducanumab fixed doses of 6mg/kg (43%) or 10mg/kg (55%). The inci-

dence of ARIA-H microhemorrhage during the PC period was 22% in

the fixed-dose 10-mg/kg group, whereas it was numerically lower in

the titration to 10 mg/kg group (17%). However, the different treat-

ment regimen in the 10-mg/kg group did not affect the incidence of

ARIA-H superficial siderosis during thePCperiod, as itwas13% inboth

the fixed-dose 10-mg/kg group and the titration to 10 mg/kg group,

respectively.

Table 2 details safety data from the combined PC and LTE period

after the first exposure to aducanumab, along with the mean ± SD

treatment duration between each treatment arm. The most common

AEs (≥15%) by preferred term were fall (29%), headache (29%), ARIA-

E (25%), urinary tract infection (22%), ARIA-H (19%), diarrhea (16%),

nasopharyngitis (16%), and upper respiratory tract infection (16%) in

all aducanumab dose groups combined.

ARIA-E and falls were the most common (≥5% in all aducanumab

dose groups combined) SAEs reported. Seven participants (six receiv-

ing aducanumab, one receiving placebo) died during the study, and one

placebo-treatedparticipant died afterwithdrawing from the studydur-

ing the PC period. During the PC period, two participants died (one

placebo-treated participantwith cardiac arrest and one patient receiv-

ing fixed-dose aducanumab 10 mg/kg who died due to a cerebrovas-

cular accident). Only one death (participantwho received aducanumab

at 1 mg/kg and then 3 mg/kg), which was due to cerebral hemorrhage,

was considered treatment related by the investigator. Other reported

causes of death were consistent with AD and comorbid conditions,

encompassing AD, myocardial infarction, and cardiorespiratory arrest

due to coronary atherosclerotic disease.

Across all aducanumab dose groups combined, the incidence of

ARIA-E was 46 of 185 (25%) in the safety MRI population, with 40 of

129 (31%) occurring in APOE ε4 carriers and 6 of 56 (11%) occurring in
noncarriers (Table 2). AmongAPOE ε4 carriers, the incidence of ARIA-E
was 9 of 23 (39%) and 31 of 106 (29%) in homozygous and heterozy-

gous carriers, respectively. The incidence of brain microhemorrhages

and localized superficial siderosis was 36 of 185 (19%) and 14 of 185

(8%), respectively, across all aducanumab dose groups combined.APOE

ε4 carriers titrating to 10 mg/kg had a numerically lower incidence of

ARIA-E compared with APOE ε4 carriers in the 10-mg/kg fixed-dose

group (10 of 31, 32% vs 11 of 20, 55%, respectively). In the 10-mg/kg

titration group, the incidence of ARIA-E was 50% (2 of 4) and 30% (8

of 27) in APOE ε4 homozygous and heterozygous carriers, respectively.

In the 10-mg/kg fixed-dose group, ARIA-E incidencewas 50% (3 of 6) in

homozygous carriers and57% (8of 14) in heterozygous carriers. For 35

of 46 participants (76%) with ARIA-E events, ARIA-E occurred within

the first 6 months of treatment (Figure S3). ARIA-E radiographically

resolved in 44 of 46 participants within 4–12 weeks and was ongoing

in two participants at the time of study withdrawal.

In some cases, ARIA were serious. Twenty participants had at

least one SAE of ARIA during the active treatment period. The inci-

dence of serious ARIA was as follows (note that participants may

have experienced more than one type): ARIA-E in 19 participants

(10%);ARIA-Hsuperficial siderosis in six participants (3%); andARIA-H

microhemorrhage in fourparticipants (2%). TwocasesofARIA required

hospitalization. In the safetyMRI population, three of 185 participants

(2%) experienced ARIA-H macrohemorrhage, which were reported as

AEs. In addition, macrohemorrhage was reported as MRI findings for

two participants without being reported as an AE.

Three of 31 participants (10%) titrated to 10 mg/kg discontinued

treatment due to anAE (2 of 31 [6%]were due toARIA). The study pro-

tocol required permanent treatment discontinuation in participants

with ARIA under certain circumstances (see Section 2). In eight par-

ticipants (8 of 185 [4.3%]), there was more than one occurrence of

ARIA-E.

Among participants with ARIA-E, 28 of 46 (61%) did not have

accompanying clinical symptoms in the setting of the ARIA episode
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TABLE 1 Summary of safety data during the PC period.

Aducanumab

Safety population

Placebo

(n= 48)

1mg/kg

(n= 31)

3mg/kg

(n= 32)

6mg/kg

(n= 30)

10mg/kg

(n= 32)

Titration to

10mg/kg (n= 23)

Participants with an AE, n (%) 47 (98) 29 (94) 27 (84) 28 (93) 29 (91) 21 (91)

Participants with an SAE, n (%) 16 (33) 4 (13) 4 (13) 4 (13) 12 (38) 4 (17)

SafetyMRI population

Placebo

(n= 46)

1mg/kg

(n= 31)

3mg/kg

(n= 32)

6mg/kg

(n= 30)

10mg/kg

(n= 32)

Titration to

10mg/kg (n= 23)

ARIA-E, n (%)a 0/46 (0) 1/31 (3) 2/32 (6) 11/30 (37) 13/32 (41) 8/23 (35)

APOE ε4 carrier 0/32 (0) 1/19 (5) 1/21 (5) 9/21 (43) 11/20 (55) 8/23 (35)

APOE ε4 noncarrier 0/14 (0) 0/12 (0) 1/11 (9) 2/9 (22) 2/12 (17) —

Brainmicrohemorrhage, n (%) 3/46 (7) 1/31 (3) 3/32 (9) 5/30 (17) 7/32 (22) 4/23 (17)

Localized superficial siderosis, n (%) 0/46 (0) 2/31 (6) 1/32 (3) 2/30 (7) 4/32 (13) 3/23 (13)

Notes: AEs for fixed-dose cohorts during the PC period were reported previously in Sevigny et al. (2016)4. Titration to 10 mg/kg: two doses of 1 mg/kg, four

doses of 3mg/kg, five doses of 6mg/kg, and 10mg/kg of aducanumab thereafter.

Abbreviations: AE, adverse event;APOE ε4, apolipoprotein E ε4; ARIA, amyloid-related imaging abnormalities;MRI, magnetic resonance imaging; PC, placebo

controlled; SAE, serious adverse event.
aIncidence of ARIA based onMRI.

(Table 2). When symptoms were reported, 61% (11 of 18) were mild

in clinical severity. The most common symptoms were headache,

dizziness, and confusion. Severe symptoms were reported in 3 of

18 participants (17%) and included headache, confusion, and in one

patient, seizures.

3.3 Aducanumab PK

PK parameters observed in this study were consistent with those of

other immunoglobulin G1monoclonal antibodies (Table S2).9

3.4 Changes in amyloid plaque levels with
aducanumab

During the PC period, a dose- and time-dependent reduction in amy-

loid PETwas observed in participants from the fixed-dose and titration

groups (Figure 1A). Placebo switchers showed a numerical decline in

amyloid plaque levels following a period of minimal change during the

first 12-month PC period. During the first year of the LTE, amyloid

plaque levels decreased in the 6-mg/kg, 10-mg/kg fixed-dose, and 10-

mg/kg titration groups relative to the placebo switchers. Specifically,

at month 24, composite SUVR adjusted mean ± standard error (SE)

change from baseline ranged from −0.149 ± 0.032 (−32.8 ± 7.0; 1- to

3-mg/kg group) to −0.322 ± 0.032 (−71.1 ± 7.0 CL; 10-mg/kg fixed-

dose group). Similar to the 10-mg/kg fixed-dose group, the 10-mg/kg

titration group (average expected dose of 7.6 mg/kg) demonstrated

an adjusted mean change of −0.275 ± 0.033 (−60.7 ± 7.3 CL) from

baseline. Amyloid plaque levels generally continued to decline in a

dose-dependent manner from month 24 to 48. Specifically, at month

48, the adjusted mean changes from baseline in amyloid PET com-

posite SUVR ranged from −0.227 ± 0.044 (−50.0 ± 9.6 CL; 1- to

3-mg/kg group) to −0.335 ± 0.043 (−73.8 ± 9.6 CL; 10-mg/kg fixed-

dose group) (Figure 1A). From month 24 to 48, both the 10-mg/kg

fixed-dose and the titration groups experienced an apparent plateau in

amyloid reduction.

To better understand this observation, we analyzed the mean com-

posite SUVR at each time point of the follow-up period (Figure 1B).

Participants in the titration and 10-mg/kg fixed-dose groups during the

PCperiodwho continued aducanumab treatment tomonth 24 reached

a mean composite SUVR of 1.07 and 1.06, respectively. At month

48, the mean composite SUVR in the titration and 10-mg/kg fixed-

dose groups remained similar, respectively. These composite SUVR

means fell below1.10, a quantitative cut point reported to discriminate

between amyloid-positive and amyloid-negative scans.10 At month 24,

nine (69%) and 10 participants (67%) in the 10-mg/kg fixed-dose group

and 10-mg/kg titration group, respectively, had a composite SUVR of

≤1.10 (69%); at month 48, five (71%) and four participants (67%) in the

10-mg/kg fixed-dose group and 10-mg/kg titration group, respectively,

had a composite SUVR of ≤1.10. Placebo switchers also experienced

a reduction in amyloid as measured by the decline in composite SUVR

frommonth 12 to 48.

3.5 Clinical effects of aducanumab

Analyses of change from baseline in the exploratory endpoints, CDR-

SB (Figure 2A) and MMSE (Figure 2B) through month 48, suggested a

continued slowing in clinical decline in aducanumab-treated cohorts,

measured as numerical differences from the change from baseline in

placebo switchers. Effects were most apparent for participants in the

10-mg/kg titration and fixed-dose groups. Adjusted mean changes in

NTB, FCSRT, or NPI-Q scores at month 24 are reported in Table 3.
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(A)

(B)

F IGURE 1 Effect of aducanumab on amyloid plaque levels through 48months. APOE ε4, apolipoprotein E ε4; CL, Centiloid; LTE, long-term
extension; MMRM,mixedmodel for repeatedmeasures; PBO, placebo; SE, standard error; SUVR, standardized uptake value ratio. (A) Effect of
aducanumab on amyloid plaque levels (composite SUVR and CL units) over 48months. Results based onMMRM fitted with change from baseline
as a dependent variable and fixed effects for categorical treatment, categorical visit and treatment-by-visit interaction, continuous baseline value,
and laboratory APOE ε4 status (carrier/noncarrier). (B) Descriptive summary of mean SUVR (SE). Amean SUVR value of 1.10 is a quantitative cut
point reported to discriminate between an amyloid-positive and amyloid-negative scan.10 aPlacebo switchers received aducanumab 3mg/kg or
titration (3–6mg/kg or 1–10mg/kg) in the LTE. Nominal *p< 0.05; **p< 0.01; ***p< 0.001 versus placebo in the placebo-controlled period and
versus placebo switchers in the LTE.
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(A)

(B)

F IGURE 2 Effect of aducanumab on clinical endpoints through 48months. APOE ε4, apolipoprotein E ε4; CDR-SB, Clinical Dementia
Rating–Sum of Boxes; LTE, long-term extension; MMRM,mixedmodel for repeatedmeasures; MMSE,Mini-Mental State Examination; PBO,
placebo; SE, standard error. (A) Effect of aducanumab on clinical decline as measured by the CDR-SB (exploratory endpoint) over 48months. (B)
Effect of aducanumab on clinical decline as measured by theMMSE (exploratory endpoint) over 48months. Results based onMMRM fitted with
change from baseline as a dependent variable and fixed effects for categorical treatment, categorical visit and treatment-by-visit interaction,
continuous baseline value, and laboratory APOE ε4 status (carrier/noncarrier). *Nominal p< 0.05. aPlacebo switchers received aducanumab
3mg/kg or titration (3–6mg/kg or 1–10mg/kg) in the LTE.
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TABLE 2 Cumulative aducanumab safety data: PC period and LTE after first aducanumab dose.

Safety population

1 to

3mg/kg

(n= 31)

3mg/kg

(n= 42)

6mg/kg

(n= 30)

10mg/kg

(n= 32)

Titration, 3 to

6mg/kg (n= 19)

Titration, 1to 3

to 6 to

10mg/kg

(n= 31)

All aducanumab dose

groups combined

(n= 185)

No. of weeks on study

treatment, mean (±SD)

123 (105) 158 (120) 165 (98) 120 (113) 146 (87) 155 (72) 145 (103)

AEs, n (%) 29 (94) 39 (93) 30 (100) 29 (91) 19 (100) 31 (100) 177 (96)

SAEs, n (%) 11 (35) 19 (45) 14 (47) 16 (50) 12 (63) 12 (39) 84 (45)

Fatal AEs, n (%)a 1 (3) 1 (2) 1 (3) 2 (6) 1 (5) 0 6 (3)

AEs leading to discontinuation

of treatment, n (%)
4 (13) 9 (21) 5 (17) 16 (50) 6 (32) 3 (10) 43 (23)

SafetyMRI population

1 to

3mg/kg

(n= 31)

3mg/kg

(n= 42)

6mg/kg

(n= 30)

10mg/kg

(n= 32)

Titration, 3 to

6mg/kg (n= 19)

Titration, 1to 3

to 6 to

10mg/kg

(n= 31)

All aducanumab dose

groups combined

(n= 185)

ARIA-E, n/total (%) 4/31 (13) 5/42 (12) 11/30 (37) 13/32 (41) 3/19 (16) 10/31 (32) 46/185 (25)

APOE ε4 carriers 4/19 (21) 3/25 (12) 9/21 (43) 11/20 (55) 3/13 (23) 10/31 (32) 40/129 (31)

APOE ε4 homozygote 0/1 1/5 (20) 2/4 (50) 3/6 (50) 1/3 (33) 2/4 (50) 9/23 (39)

APOE ε4 heterozygote 4/18 (22) 2/20 (10) 7/17 (41) 8/14 (57) 2/10 (20) 8/27 (30) 31/106 (29)

APOE ε4 noncarriers 0/12 (0) 2/17 (12) 2/9 (22) 2/12 (17) 0/6 (0) — 6/56 (11)

In participants with ARIA-E,

n/total (%)

Asymptomatic 2/4 (50) 2/5 (40) 7/11 (64) 8/13 (62) 1/3 (33) 8/10 (80) 28/46 (61)

Symptomatic 2/4 (50) 3/5 (60) 4/11 (36) 5/13 (38) 2/3 (67) 2/10 (20) 18/46 (39)

ARIA-E, discontinued

treatment, n/total (%)
1/31 (3) 2/42 (5) 3/30 (10) 9/32 (28) 3/19 (16) 2/31 (6) 20/185 (11)

Brainmicrohemorrhage 2/31 (6) 10/42 (24) 8/30 (27) 7/32 (22) 4/19 (21) 5/31 (16) 36/185 (19)

Localized superficial siderosis 2/31 (6) 1/42 (2) 3/30 (10) 4/32 (13) 0/19 4/31 (13) 14/185 (8)

Notes: Columns reflect patient aducanumab dose assignment while on active treatment. The treatment assignment of 1to 3mg/kg represents an assignment

to 1mg/kg in the PC period and 3mg/kg in the LTE.

Abbreviations: AE, adverse event; APOE ε4, apolipoprotein E ε4; ARIA, amyloid-related imaging abnormalities; LTE, long-term extension; MRI, magnetic

resonance imaging; PC, placebo controlled; SAE, serious adverse event; SD, standard deviation.
aTwo additional deaths in participants who received placebo.

4 DISCUSSION

In this report, combined data from the PC and LTE periods of the

PRIME study are presented. ARIA-E occurred primarily during the first

24 weeks of treatment and was transient and mostly asymptomatic

in participants who received aducanumab during the PC period. The

incidence of ARIA-E in placebo switchers during the LTE was con-

sistent with this observation. Specifically, the instances of ARIA-E

were more prevalent during the initial stages of treatment among the

placebo switchers. This observation contributed to the count of partic-

ipants who discontinued treatment in the LTE phase due to AEs among

placebo switchers. Dose titration appeared to reduce the incidence of

ARIA-E in APOE ε4 carriers.
Amyloid plaque levels continued to a dose- and time-dependent

decrease in aducanumab-treated participants who completed 48

months of treatment, with participants from the 10-mg/kg and titra-

tion cohorts reaching a plateau at month 24. Analyses revealed that

mean (net) amyloid plaque levels reached and remained at an SUVR

level below 1.10, a quantitative cut point proposed to discriminate

between a positive and negative amyloid PET scan (e.g., pathological vs

nonpathological accumulation).10 After 36 months of treatment, par-

ticipants in the titration cohort reached a mean change from baseline

in amyloid plaque levels comparable to that in the10-mg/kg group. This

observation is consistent with the expected average aducanumab dose

received in the titration group: 8.4 mg/kg by month 36 and 8.8 mg/kg

by month 48. Overall, amyloid plaque levels appeared to plateau in the

later stages of the trial (e.g., after 36 months), although caution should

be used in this interpretation, as the later time points comprised very

small patient numbers. As expected, a decline in amyloid plaque levels

was not observed in participants randomized to placebo during the PC

period. In contrast, placebo switchers experienced a decline in amyloid

PET levels in the LTE period.
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Exploratory analyses of the changes from baseline in CDR-SB and

MMSE showed a dose-dependent reduction in clinical decline for adu-

canumab. During the LTE period, participants continuing aducanumab

treatmentwere comparedwithplacebo switchers, given that therewas

no placebo group for comparison after the 12-month PC period. The

trajectories for changes frombaseline inCDR-SB score for participants

continuing aducanumab showed separation from placebo switchers,

with adjusted mean ± SE changes from baseline at month 48 of

3.83 ± 1.33 and 3.68 ± 1.31 in the 10-mg/kg fixed-dose and 10-mg/kg

titration groups, respectively, compared with 6.15 ± 0.97 for placebo

switchers. Although these exploratory results should be interpreted

with caution, they suggest a continued benefit in the reduction of

clinical decline over 48months with the highest doses of aducanumab.

Limitations of this study include the small number of participants

per cohort coupled with moderate attrition and the inherent selection

bias associated with any LTE period. Placebo switchers were treated

with a range of aducanumab doses when entering the LTE period, mak-

ing analysis of such a group complex. In addition, heterogeneity existed

in this study regarding ARIA management, as certain aspects of ARIA

management weremodified over time.

In conclusion, the PD effects seen in aducanumab-treated partici-

pants indicated that aducanumab modifies the underlying pathology

of AD in a dose-dependent manner. Clinically, aducanumab-treated

participants with the highest doses (10 mg/kg fixed and titration to

10 mg/kg) experienced benefits over placebo in reduction of clinical

decline as measured by changes from baseline in CDR-SB and MMSE

scores starting at 1 year; beyond 1 year, the clinical benefit appeared to

continue with longer-term treatment compared with participants who

switched from placebo to aducanumab treatment. ARIA ismonitorable

via brain MRI, and aducanumab dose titration can reduce the inci-

dence of ARIA. EMBARK (NCT04241068), an open-label, longitudinal,

single-arm, global, Phase 3b study in participants from aducanumab

studies that were halted inMarch 2019, is expected to provide further

information regarding the long-term safety of aducanumab.
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