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IMPORTANCE Alzheimer disease (AD), a neurodegenerative disease characterized by
β-amyloid plaques and τ tangles in the brain, represents an unmet medical need with no fully
approved therapeutics to modify disease progression.

OBJECTIVE To investigate the safety and efficacy of crenezumab, a humanized monoclonal
immunoglobulin G4 antibody targeting β-amyloid oligomers, in participants with prodromal
to mild (early) AD.

DESIGN, SETTING, AND PARTICIPANTS Two phase 3 multicenter randomized double-blind
placebo-controlled parallel-group efficacy and safety studies of crenezumab in participants
with early AD, CREAD and CREAD2, were initiated in 2016 and 2017, respectively, and were
designed to evaluate the efficacy and safety of crenezumab in participants with early AD.
CREAD (194 sites in 30 countries) and CREAD2 (209 sites in 27 countries) were global
multicenter studies. A total of 3736 and 3664 participants were screened in CREAD and
CREAD2, respectively. A total of 3736 and 3664 participants were screened in CREAD and
CREAD2, respectively. Both trials enrolled individuals aged 50 to 85 years with early AD.
Participants with some comorbidities and evidence of cerebral infarction or more than
4 microbleeds or areas of leptomeningeal hemosiderosis on magnetic resonance imaging
were excluded. After 2923 and 2858 were excluded, respectively, 813 participants in CREAD
and 806 in CREAD2 were randomly assigned in a 1:1 ratio to either placebo or crenezumab.
In the final analysis, there were 409 participants in the placebo group and 404 in the
crenezumab group in CREAD and 399 in the placebo group and 407 in the crenezumab
group in CREAD2. Data were analyzed up until January 2019 and August 2019, respectively.

INTERVENTIONS Participants received placebo or 60 mg/kg crenezumab intravenously every
4 weeks for up to 100 weeks.

MAIN OUTCOMES AND MEASURES The primary outcome was change from baseline to week
105 in Clinical Dementia Rating–Sum of Boxes (CDR-SB) score.

RESULTS There were 813 participants in CREAD (mean [SD] age, 70.7 [8.2] years; 483 female
and 330 male) and 806 in CREAD2 (mean [SD] age, 70.9 [7.7] years; 456 female and 350
male). Baseline characteristics were balanced between both groups. The between-group
difference in mean change from baseline in CDR-SB score (placebo minus crenezumab)
was −0.17 (95% CI, −0.86 to 0.53; P = .63) at week 105 in the CREAD study (88 placebo;
86 crenezumab). Compared with previous trials, no new safety signals were identified,
and amyloid-related imaging abnormalities with edema were rare, mild, and transient.
No meaningful changes in AD biomarkers were observed. Both studies were discontinued
following a preplanned interim analysis indicating that CREAD was unlikely to meet the
primary end point.

CONCLUSIONS AND RELEVANCE Crenezumab was well tolerated but did not reduce clinical
decline in participants with early AD.

TRIAL REGISTRATION ClinicalTrials.gov Identifiers: CREAD, NCT02670083; CREAD2,
NCT03114657
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A lzheimer disease (AD) is characterized by amyloid-β
(Aβ) plaques and τ tangles in the brain.1 Several inves-
tigational treatments, including those targeting Aβ or

τ, aim to reduce clinical decline. Aβ oligomers have been hy-
pothesized to be the primary mediators of neurotoxicity.2 Cren-
ezumab (RO5490245), a humanized anti-Aβ monoclonal im-
munoglobulin G4 antibody, binds monomeric and aggregated
Aβ, with higher affinity for oligomeric Aβ. Low effector func-
tion of the immunoglobulin G4 backbone and minimal bind-
ing of crenezumab to vascular amyloid may reduce brain vas-
culature inflammation and risk of amyloid-related imaging
abnormalities (ARIA).3,4

Crenezumab was investigated in early phase 2 clinical trials
in participants with mild to moderate AD (A Study to Evalu-
ate the Efficacy and Safety of MABT5102A in Patients With Mild
to Moderate Alzheimer’s Disease [ABBY]3 and A Study to Evalu-
ate the Impact of MABT5102A on Brain Amyloid Load and
Related Biomarkers in Patients With Mild to Moderate Alzhei-
mer's Disease [BLAZE]4). Primary end points were not met;
however, exploratory analyses suggested trends toward re-
duced cognitive decline in mild AD subgroups and toward
reduced Aβ accumulation measured by positron emission
tomography (PET) at the higher of 2 doses tested (15 mg/kg
delivered intravenously [IV] once every 4 weeks [Q4W]). In
a phase 1b study,5 crenezumab was tolerated at doses up to
120 mg/kg IV Q4W. Two phase 3 multicenter randomized
double-blind placebo-controlled parallel-group studies of cren-
ezumab in participants with early (prodromal to mild) AD were
conducted to evaluate the efficacy and safety of a dose 4 times
greater (60 mg/kg of crenezumab, IV Q4W) than that tested
in phase 2 in individuals with early (prodromal to mild) AD.

Methods
Study Design
CREAD and CREAD2 were randomized placebo-controlled
phase 3 studies in participants with prodromal to mild AD.
Study protocols were approved by the institutional review
boards or ethics committees at each participating site and are
available in Supplement 1. Participants were enrolled at 194
clinics across 30 countries for CREAD and 209 clinics across
27 countries for CREAD2 (eAppendix in Supplement 2). The
trials were conducted in accordance with International Con-
ference on Harmonisation E6 Good Clinical Practice guide-
lines and the principles of the Declaration of Helsinki. All en-
rolled participants and their caregivers provided written
informed consent. The study followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guideline.

Participants
Recruitment took place between March 22, 2016, and Decem-
ber 14, 2017, for CREAD and between March 29, 2017, and Au-
gust 29, 2018, for CREAD2. Both trials enrolled individuals aged
50 to 85 years with prodromal or mild AD consistent with
National Institute on Aging–Alzheimer Association criteria,6,7

increased Aβ burden (confirmed by cerebrospinal fluid [CSF]
Aβ42 levels or visually read positive amyloid PET scan), a Mini-

Mental State Examination score of 22 or higher, a Clinical De-
mentia Rating Scale–Global Score of 0.5 or 1.0, and abnormal
memory function defined by a Free and Cued Selective Re-
minding Test cueing index score of 0.67 or lower and a free re-
call score of 27 or lower. Participants were excluded if their
medical history included other conditions causing neurologi-
cal deficit; cancer; or cardiovascular, hepatic, immune, or meta-
bolic disorders. Other exclusion criteria included evidence of
cerebral infarction or more than 4 microbleeds or areas of lep-
tomeningeal hemosiderosis (ARIA-hemosiderosis) on mag-
netic resonance imaging (MRI). Participants were random-
ized 1:1 to crenezumab (60 mg/kg) or placebo, administered
by IV infusion Q4W for up to 100 weeks. The 60 mg/kg dose
was hypothesized to enhance the efficacy potential of cren-
ezumab relative to phase 2 observations.3,4 Randomization was
stratified by clinical diagnosis of AD (prodromal vs mild AD),
apolipoprotein E ε4 carrier status, antidementia medication
use at baseline, and geographic region. Target enrollment was
375 participants per treatment arm in each trial. Continued use
and stable doses of AD medications, such as cholinesterase
inhibitors, memantine, or medical food supplements, were
allowed.

Outcomes
The primary efficacy measure was the Clinical Dementia Rat-
ing–Sum of Boxes (CDR-SB) score measuring decline in 6 clini-
cal domains due to cognitive loss (score range 0 to 18, with
higher scores indicating more impairment).8 Secondary effi-
cacy measures included cognition assessed by the 13-item Alz-
heimer’s Disease Assessment Scale9,10 and Mini-Mental State
Examination,11 function assessed by the Alzheimer’s Disease
Cooperative Study–Activities of Daily Living Inventory, its
instrumental subscale,12 and other secondary efficacy
measures.13-18 Biomarker assessments included CSF Aβ42,
Aβ40, total τ, phosphorylated τ-181, [18F]-florbetapir amyloid
PET, and [18F]–Genentech τ Probe 1 PET in subsets of partici-
pants and volumetric MRI, plasma Aβ40, and Aβ42 in all par-
ticipants. Exploratory analyses were conducted using bio-
markers from the current NeuroToolKit (Roche Diagnostics),
a panel of robust prototype assays.19 An experimental tech-
nique was used to measure Aβ oligomers in CSF.20 Cren-
ezumab pharmacokinetics were quantified in serum and CSF.

Key Points
Question Is the antiamyloid antibody crenezumab safe and
efficacious in people with early Alzheimer disease (AD)?

Findings The randomized clinical trials of crenezumab CREAD
(813 participants) and CREAD2 (806 participants) were
discontinued early following a preplanned interim analysis
indicating CREAD was unlikely to meet the primary end point.
Crenezumab, 60 mg/kg delivered intravenously every 4 weeks
for up to 100 weeks, was well tolerated but did not reduce
clinical decline nor affect AD-relevant biomarkers.

Meaning Crenezumab was well tolerated but did not reduce
clinical decline or change disease-relevant biomarkers in
participants with early AD.
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Assessment methods and time points are described in the
eMethods in Supplement 2. Safety was assessed by monitor-
ing and recording adverse events, laboratory assessments,
vital signs, electrocardiogram (ECG) findings, and brain MRI.
Suicidality was assessed using the Columbia−Suicide Sever-
ity Rating Scale.21 Antidrug antibodies were measured by an
enzyme-linked immunosorbent assay to detect serum anti-
crenezumab antibodies (eMethods in Supplement 2).

Statistical Analysis
The studies were designed to have 80% power to demon-
strate a treatment effect of a 30% reduction in deterioration
in CDR-SB scores with a 2-sided significance level of P < .05.
Enrollment was planned for 750 participants (375 placebo; 375
crenezumab) in each study. Estimated sample sizes were based
on the assumption that the mean change in CDR-SB score from
baseline to week 105 was 2.6 points in the placebo group, a com-
mon standard deviation across both treatment groups for
change from baseline to week 105 in mean CDR-SB score of ap-
proximately 3.07, the dose level has a true effect of a 30% rela-
tive reduction in deterioration of CDR-SB score, and 35% of
randomized participants would drop out by week 105. A pre-
planned interim analysis for futility was conducted by the in-
dependent data monitoring committee on CREAD study data
18 months after enrollment reached 50% using SAS version 9.4
(SAS Institute); the sponsor remained blinded. The threshold
for declaring futility was a relative reduction of less than 10%
in CDR-SB score for crenezumab vs placebo in the 18-month
mixed model for repeated measures.

Following termination of the phase 3 program in spo-
radic AD, efficacy analyses were conducted in the prespeci-
fied modified intent-to-treat population (defined as all ran-
domized participants who received 1 dose or more of the study
drug). Data acquired after the company press release (Janu-
ary 29, 2019) on futility were censored to avoid bias. A sensi-
tivity analysis without censoring data was performed. For the
primary end point, change in CDR-SB scores from baseline to
week 105 (week 77 for CREAD2, since the trial was stopped be-
fore participants reached week 105) was analyzed using a mixed
model for repeated measures adjusting for disease severity,
apolipoprotein E ε4 status, geographic region, and sympto-
matic AD therapy usage. Secondary efficacy end points were
also analyzed using a mixed model for repeated measures.
Since expected sample sizes at week 105 were not reached due
to early study termination, an exploratory analysis on CDR-SB
scores using a random coefficient regression model was per-
formed to draw further insight on the overall rate of change
in both treatment arms. An exploratory mixed model for re-
peated measures investigated crenezumab treatment effects
in participants with prodromal AD vs mild AD in CREAD/
CREAD2 pooled. The 95% CIs for secondary end points were
not adjusted for multiplicity or termination of hierarchical test-
ing; thus clear inferences cannot be drawn. See the eMethods
in Supplement 2 for the statistical analysis for the biomarker
substudies.

Safety data included incidence, nature, and severity of
adverse events. MRI safety findings were summarized, and
mean change from baseline over time was assessed for

clinical laboratory tests, ECG assessments, vital signs, and
Columbia−Suicide Severity Rating Scale score. In CREAD,
the numbers and proportion of participants with positive
and negative antidrug antibody results during treatment and
follow-up were summarized by treatment group (eMethods
in Supplement 2). Safety analyses were conducted in the
modified intent-to-treat population.

Results
Study Population Characteristics
There were 813 participants in CREAD (mean [SD] age, 70.7 [8.2]
years; 483 female and 330 male; 56 [6.9%] Asian, 8 [1.0%]
Black, 15 [1.8%] Native American or Alaska Native, 712 [87.6%]
White, 1 [0.1%] of more than 1 race, and 21 [2.6%] of unknown
race) and 806 in CREAD2 (mean [SD] age, 70.9 [7.7] years; 456
female and 350 male; 92 [11.4%] Asian, 7 [0.9%] Black, 13 [1.6%]
Native American or Alaska Native, 675 [83.7%] White, 7 [0.9%]
of more than 1 race, and 12 [1.5%] of unknown race). In CREAD,
409 participants were enrolled in the placebo group and 404
in the crenezumab group; in CREAD2, 399 were enrolled in the
placebo group and 407 in the crenezumab group (Figure 1).
Baseline characteristics in both studies were balanced be-
tween placebo and crenezumab groups regarding age, sex, eth-
nicity, education, and cognitive and functional scale scores
(Table 1). In CREAD and CREAD2, respectively, 346 partici-
pants (42.6%) and 388 participants (48.1%) of participants had
prodromal AD; 467 (57.4%) and 418 (51.9%) had mild AD.

Both studies were discontinued early after a preplanned
interim analysis of CREAD indicated the study was unlikely
to meet the primary end point. Overall, 173 participants
(21.3%) completed CREAD before discontinuation (88
[21.5%] placebo; 85 [21.0%] crenezumab); CREAD2 was dis-
continued before any participants completed the study
(Figure 1). The mean (SD) treatment duration was 78.8 (23.3)
weeks (mean [SD] cumulative dose, 1220.2 [354.0] mg/kg) in
CREAD, and 41.9 (14.2) weeks (mean [SD] cumulative dose,
675.6 [214.2] mg/kg) in CREAD2. Due to the early discon-
tinuation, sample sizes at assessment visits decreased over
time and were smaller in CREAD2 than in CREAD (Table 2;
Figure 2; eTable 1 in Supplement 2). Hence, this article
focuses on efficacy results from CREAD and includes sum-
marized end point data from CREAD2.

Efficacy Outcomes
In CREAD, the difference between crenezumab and placebo
in mean change in CDR-SB score from baseline to week 105 was
−0.17 (favored placebo; 95% CI, −0.86 to 0.53; P = .63) (Table 2;
Figure 2), with the relative percentage change being −4.9%. In
the smaller CREAD2 data set, the difference for crenezumab
(n = 12) vs placebo (n = 15) in mean change in CDR-SB score
from baseline to week 77 was 1.30 (favored crenezumab; 95%
CI, 0.00 to 2.60) (eTable 1 in Supplement 2), with the relative
percentage change being 40.7%. Using the random coeffi-
cient regression model approach, the differences in yearly rate
of change between treatment arms (standard error [SE]), pla-
cebo minus crenezumab) in CDR-SB scores in CREAD and
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CREAD2 were 0.02 (0.14) and 0.46 (0.20), respectively
(eMethods in Supplement 2).

In CREAD, a treatment effect was not suggested across sec-
ondary efficacy outcomes with a difference in mean change
from baseline to week 105 between crenezumab treatment and
placebo for 13-item Alzheimer’s Disease Assessment Scale score
of −0.26 (favored placebo; 95% CI, −2.39 to 1.87) for Alzhei-
mer’s Disease Cooperative Study–Activities of Daily Living
Inventory score of 1.88 (favored placebo; 95% CI, −1.43 to 5.18),
and for Mini-Mental State Examination score of 0.33 (favored
placebo; 95% CI, −0.62 to 1.29). For a full list of secondary
end points, see Table 2. CREAD2 results on secondary effi-
cacy outcomes are in eTable 1 in Supplement 2. Results from
a sensitivity analysis including all data (noncensored post–
company press release on futility) did not change the primary
or secondary outcomes.

There was no difference in change from baseline to week
105 in prodromal AD vs mild AD subgroups in the pooled data
set in efficacy measures of CDR-SB, Mini-Mental State Exami-
nation, 13-item Alzheimer’s Disease Assessment Scale, and
Alzheimer’s Disease Cooperative Study–Activities of Daily Liv-
ing Inventory (eFigure 1 in Supplement 2; for baseline charac-
teristics, see eTable 2 in Supplement 2).

Safety
Safety populations for CREAD and CREAD2 comprised 405 and
398 participants for the placebo groups, respectively, and 404
participants for each crenezumab group. The proportion of par-
ticipants with adverse events and serious adverse events
(Table 3), as well as the rates of serious and nonserious ad-

verse events that were suspected by the investigator to be drug
related were similar between groups (CREAD: placebo, 72
[17.8%] and crenezumab 78 [19.3%]; CREAD2: placebo, 52
[13.1%] and crenezumab, 52 [12.9%]). Nineteen participants
died during the studies, 13 in CREAD and 6 in CREAD2 (Table 3).
These deaths were not considered to be related to cren-
ezumab treatment.

New ARIA-edema findings were reported in 3 partici-
pants (Table 3), 2 of whom experienced asymptomatic ARIA-
edema and 1 of whom reported a worsening headache. All
3 cases of ARIA-edema were mild and resolved within 4 weeks.
Baseline numbers of ARIA-hemosiderosis were similar be-
tween groups (CREAD: placebo, 49 [12.1%] and crenezumab,
62 [15.3%]; CREAD2: placebo, 39 [9.8%] and crenezumab, 43
[10.6%]) as were rates of newly diagnosed ARIA-hemosidero-
sis (Table 3). Active suicidal ideation according to the Colum-
bia−Suicide Severity Rating Scale was rare in both treatment
arms (CREAD: placebo, 9 [2.2%]; crenezumab, 8 [2.0%];
CREAD2: placebo, 6 [1.6%]; crenezumab, 5 [1.2%]), as were ad-
verse events of suicidal ideation (CREAD: placebo, 2 [0.5%];
crenezumab, 1 [0.2%]; CREAD2: placebo, 4 [1.0%]; cren-
ezumab, 1 [0.2%]). Other safety data are reported in Table 3.
In CREAD, postbaseline incidence of antidrug antibodies was
0.5% with 2 participants having 1 transient positive ADA sig-
nal after crenezumab treatment (not tested in CREAD2 due
to low ADA incidence in CREAD).

Pharmacokinetics and Biomarker Outcomes
Crenezumab reached steady state after 13 weeks of dosing in
CREAD with 60 mg/kg IV Q4W and concentrations were main-

Figure 1. Enrollment, Randomization, and Study Completion in CREAD and CREAD2

CREAD 2BCREADA

3736 Patients screened

2923 Excluded for not meeting 
enrollment criteria

813 Randomized

409 Assigned to receive placebo 409 Assigned to receive crenezumab

88 Completed study
321 Did not complete study

257

32
16
4
2
1

9

Because of study 
termination by sponsor
Withdrew
Because of adverse events
Dieda

Lost to follow-up
Because of noncompliance
with study drug
For other reasons

85 Completed study
319 Did not complete study

254

31
13
6
2
2
2

9

Because of study 
termination by sponsor
Withdrew
Because of adverse events
Dieda

Lost to follow-up
Because of physician decision
Because of symptomatic
deterioration
For other reasons

3664 Patients screened

2858 Excluded for not meeting 
enrollment criteria

806 Randomized

399 Assigned to receive placebo 407 Assigned to receive crenezumab

0 Completed study
399 Did not complete study

355

28
9
4
2
1

Because of study 
termination by sponsor
Withdrew
Because of adverse events
Dieda

Because of physician decision
For other reasons

0 Completed study
407 Did not complete study

374

22
6
2
1

0
2

Because of study 
termination by sponsor
Withdrew
Because of adverse events
Because of physician decision
Because of symptomatic
deterioration
Dieda

For other reasons

CREAD indicates A Phase III, Multicenter, Randomized, Double-Blind,
Placebo-Controlled, Parallel-Group, Efficacy and Safety Study of Crenezumab
in Patients With Prodromal to Mild Alzheimer’s Disease.
a The number of participant deaths does not represent the total number of

deaths in the studies but only those where the death itself led to study
discontinuation. A total of 13 deaths occurred (CREAD: 5 in placebo and 8 in
crenezumab; CREAD2: 6 in placebo and 0 in crenezumab).
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tained during the study. Mean (SD) steady-state serum cren-
ezumab concentrations were 1580 (487) μg/mL and 345 (146)
μg/mL for maximum concentration and minimum concentra-
tion, respectively. The mean (SD) CSF/serum ratio of cren-
ezumab was 0.26% (0.21%). Predose total Aβ42 and Aβ40
concentrations in plasma and CSF were significantly in-
creased following the administration of crenezumab and
maintained throughout the study: mean steady-state (SD)
predose Aβ42 and Aβ40 levels were 2.72 (0.55) ng/mL and
44.6 (10.0) ng/mL, respectively. Serum pharmacokinetics, CSF
pharmacokinetics, and plasma pharmacodynamics in CREAD2
were consistent with those in CREAD (eTable 5 and eFigures 7
and 8 in Supplement 2). There were no significant differences
in longitudinal changes between treatment groups in amyloid
PET, volumetric MRI measures, CSF Aβ oligomers, total τ, phos-
phorylated τ-181, and other fluid biomarkers studied. From
baseline to week 53, an increase in τ PET standardized uptake
value ratio was measured that was higher in the crenezumab
arm compared to placebo. See eTables 3-9 and eFigures 2-6
in Supplement 2 for details on biomarker outcomes.

Discussion

The randomized double-blind placebo-controlled parallel-
group phase 3 studies CREAD and CREAD2 investigated the
efficacy and safety of crenezumab (60 mg/kg IV Q4W) in
individuals with early AD with confirmed Aβ pathology. Fol-
lowing early study termination, CREAD did not show a ben-
eficial effect with crenezumab vs placebo on the primary
outcome, change from baseline in CDR-SB scores at week
105. Analyses of secondary end points were consistent with
the primary outcome data. Results from CREAD2, where no
participants reached week 105 and few reached week 77,
were consistent with CREAD. Observed small differences
between treatment arms in both studies lacked consistency
across end points and between studies and were consistent
with random variation around the null hypothesis. Disease
progression was within the hypothesized range.

These phase 3 results did not confirm the efficacy signal
hypothesized in phase 2. An analysis of prodromal vs mild de-

Table 1. Demographic and Baseline Characteristics for Individuals in CREAD and CREAD2a

Characteristic

No. (%)

CREAD CREAD2

Placebo
(n = 409)

Crenezumab
(n = 404)

Placebo
(n = 399)

Crenezumab
(n = 407)

Age, mean (SD), y 70.3 (8.4) 71.0 (7.9) 70.7 (7.9) 71.1 (7.5)

Female 247 (60.4) 236 (58.4) 225 (56.4) 231 (56.8)

Male 162 (39.6) 168 (41.6) 174 (43.6) 176 (43.2)

Raceb

Asian 28 (6.8) 28 (6.9) 45 (11.3) 47 (11.5)

Black 3 (0.7) 5 (1.2) 4 (1.0) 3 (0.7)

Native American or Alaska Native 5 (1.2) 10 (2.5) 8 (2.0) 5 (1.2)

White 360 (88.0) 352 (87.1) 333 (83.5) 342 (84.0)

>1 0 1 (0.2) 4 (1.0) 3 (0.7)

Unknown 13 (3.2) 8 (2.0) 5 (1.3) 7 (1.7)

Education level below
undergraduate degree

239 (58.4) 229 (56.7) 232 (58.1) 229 (56.3)

Antidementia therapy at baseline

Acetylcholinesterase inhibitor
alone

218 (53.3) 212 (52.5) 197 (49.4) 208 (51.1)

Memantine alone 20 (4.9) 30 (7.4) 27 (6.8) 32 (7.9)

Acetylcholinesterase inhibitor
and memantine

46 (11.2) 49 (12.1) 55 (13.8) 49 (12.0)

Prodromal disease status 175 (42.8) 171 (42.3) 190 (47.6) 198 (48.6)

Mild disease status 234 (57.2) 233 (57.7) 209 (52.4) 209 (51.4)

CDR-SB score, mean (SD) 3.79 (1.60) 3.88 (1.68) 3.76 (1.55) 3.68 (1.58)

MMSE score, mean (SD) 23.4 (2.9) 23.7 (3.0) 23.5 (2.9) 23.6 (2.8)

ADAS-Cog13 score, mean (SD) 28.9 (7.4) 29.4 (7.6) 28.9 (7.3) 28.8 (7.4)

ADCS-ADL Total score, mean (SD) 67.6 (8.1) 67.1 (8.3) 66.8 (8.1) 67.1 (8.5)

FCSRT-Free Recall score,
mean (SD)

8.0 (5.7) 7.6 (5.0) 7.9 (5.4) 7.4 (5.3)

FCSRT-cueing index score,
mean (SD)

0.41 (0.20) 0.39 (0.20) 0.42 (0.20) 0.39 (0.20)

APOE ε4 carrier 292 (71.7) 293 (72.7) 263 (65.9) 271 (66.9)

Amyloid PET SUVR,c mean (SD) 1.37 (0.17) 1.35 (0.16) 1.37 (0.14) 1.37 (0.18)

CSF Aβ42, mean (SD), pg/mL 580.48
(179.83)

568.52 (166.87) 617.88
(191.03)

607.10 (178.71)

Abbreviations: Aβ, amyloid-β;
ADCS-ADL, Alzheimer’s Disease
Cooperative Study–Activities of Daily
Living; ADAS-Cog13, Alzheimer’s
Disease Assessment Scale 13;
APOE ε4, apolipoprotein E ε4;
CDR-SB, Clinical Dementia
Rating–Sum of Boxes;
CSF, cerebrospinal fluid; FCSRT, Free
and Cued Selective Reminding Test;
MMSE, Mini-Mental State
Examination; PET, positron emission
tomography; SUVR, standardized
uptake value ratio.
a The population presented is the

intent-to-treat population with
all randomized patients grouped
according to their randomly
assigned treatment. The
between-group difference in mean
change from baseline in CDR-SB
score (placebo minus crenezumab)
was −0.17 (95% CI, −0.86 to 0.53;
P = .63)

b Race data were collected per trial
protocol and were self-reported
using multiple choice questions.
The choices for race were American
Indian or Alaska Native, Asian,
Black or African American, Native
Hawaiian or Other Pacific Islander,
White, and unknown. More than
one choice for race could be
selected.

c SUVR was calculated for the
composite cortical region of interest
using a subcortical white matter
reference region.
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mentia subgroups within the pooled CREAD/CREAD2 data sets
yielded no consistent treatment differences.

The safety of crenezumab was consistent with previ-
ously reported data for this molecule. ARIA-edema was rare,
mild, and transient. ARIA-edema did not occur more often in
the drug-treated group than in the placebo group. Incidence

of new ARIA-hemosiderosis was similar between groups. Rates
of treatment-emergent adverse events, including those that
were serious or of severe intensity, were similar between
groups. Higher rates of pneumonia and deaths reported in the
crenezumab group vs placebo in the ABBY phase 2 study3 were
not replicated in the CREAD studies.

Crenezumab serum exposure in CREAD was, as ex-
pected, 4 times higher than that achieved in the Study to Evalu-
ate the Efficacy and Safety of Crenezumab in Participants With
Mild to Moderate AD (ABBY)3 and the Study to Evaluate the
Impact of Crenezumab on Brain Amyloid Load and Related Bio-
markers in Participants With Mild to Moderate AD (BLAZE).4

The CSF/plasma ratio of 60 mg/kg of crenezumab evaluated
in CREAD was consistent with observations from previous
studies of lower doses3,4 and supports the notion that drug pen-
etration into the central nervous system was not saturated at
this higher dose.

Early termination and lack of efficacy observed in the
CREAD trials may be due to a variety of causes. Investiga-
tional antiamyloid antibody treatments have demonstrated
mixed results in late-phase clinical trials in AD.1,22 Important
themes in the discussion of the reasons for this include un-
certainty around the importance of Aβ as a driver of disease
pathophysiology across disease stages; uncertainty around
needing to target particular Aβ species, not all of which may
be equally neurotoxic; uncertainty around the impact of re-
duced effector function of the antibody; the question of choos-
ing a sufficiently high dose or long enough duration treat-

Table 2. Primary and Secondary Outcomes for CREAD

Variablea

Placebo Crenezumab

Mean difference (95% CI)No.
Mean change from baseline
at week 105 (95% CI) No.

Mean change from baseline
at week 105 (95% CI)

CDR-SB scoreb 88 3.42 (2.90 to 3.93) 86 3.59 (3.07 to 4.11) −0.17 (−0.86 to 0.53)

CDR-GS score 88 0.55 (0.44 to 0.66) 86 0.50 (0.39 to 0.61) 0.05 (−0.10 to 0.20)

MMSE score 90 −4.63 (−5.37 to −3.89) 87 −4.96 (−5.72 to −4.21) 0.33 (−0.62 to 1.29)

ADAS-Cog11 score 86 8.43 (6.94 to 9.92) 80 8.53 (7.01 to 10.05) −0.10 (−2.08 to 1.88)

ADAS-Cog13 score 86 9.55 (7.94 to 11.17) 80 9.82 (8.16 to 11.47) −0.26 (−2.39 to 1.87)

ADCS-ADL 90 −11.51 (−13.92 to −9.10) 88 −13.39 (−15.83 to −10.94) 1.88 (−1.43 to 5.18)

ADCS-iADL subscore 90 −9.22 (−11.12 to −7.31) 88 −10.44 (−12.37 to −8.51) 1.22 (−1.35 to 3.79)

NPI-Q total severity score 84 1.02 (−0.09 to 2.12) 87 1.55 (0.45 to 2.64) −0.53 (−1.95 to 0.90)

Patient QoL-AD total score 90 −1.69 (−2.67 to –0.70) 86 −2.08 (−3.09 to −1.07) 0.40 (–0.81 to 1.60)

ZCI-AD total score 86 22.72 (12.62 to 32.82) 87 24.11 (14.07 to 34.15) −1.39 (−13.64 to 10.86)

Patient EQ-5D VAS score 89 −4.54 (–7.94 to –1.13) 87 −6.35 (–9.82 to −2.89) 1.82 (−2.64 to 6.27)

Caregiver EQ-5D VAS total score 89 −3.16 (−6.53 to 0.21) 88 −4.09 (−7.48 to −0.71) 0.94 (−3.45 to 5.32)

Abbreviations: ADAS-Cog13, Alzheimer’s Disease Assessment Scale 13;
ADAS-Cog11, Alzheimer’s Disease Assessment Scale 11; ADCS-ADL, Alzheimer’s
Disease Cooperative Study–Activities of Daily Living; ADCS-iADL, Alzheimer’s
Disease Cooperative Study–Activities of Daily Living Instrumental Subscale;
CDR-GS, Clinical Dementia Rating Scale–Global score; CREAD, A Phase III,
Multicenter, Randomized, Double-Blind, Placebo-Controlled, Parallel-Group,
Efficacy and Safety Study of Crenezumab in Patients With Prodromal to Mild
Alzheimer’s Disease; MMSE, Mini-Mental State Examination; NPI-Q,
Neuropsychiatric Inventory Questionnaire; QoL-AD, Quality of Life–Alzheimer
Dementia; VAS, visual analogue scale; ZCI-AD, Zarit Caregiver Interview for
Alzheimer Disease scale.
a Analyses conducted using mixed model for repeated measures in the modified

intent-to-treat analysis. Secondary efficacy measures included cognition
assessed by ADAS-Cog11 (score range 0 to 70); ADAS-Cog13 (score range 0 to

85), in which higher scores indicate greater impairment9,10; MMSE (score
range 0 to 30), with lower scores indicating more severe impairment11;
dementia severity assessed by CDR-GS (score range 0 to 3), with higher score
indicating more severe dementia13; function assessed by ADCS-ADL (score
range 0 to 78); and the instrumental subscale of ADCS-ADL (score range 0 to
56),12 where lower scores indicate worse functioning. Behavioral disturbances
were assessed with NPI-Q (severity score range from 0 to 36), where higher
scores indicate more severe symptoms,14 The impact of crenezumab on
quality of life and caregiver burden was measured using QoL-AD scale,15

ZCI-AD scale16,17 (modified from the original Zarit Burden Interview), and
EQ-5D VAS score for patients and caregivers.17,18

b CDR-SB was the primary outcome, measuring decline due to cognitive loss in
6 clinical domains (score range 0 to 18), with higher scores indicating more
impairment.8,13

Figure 2. Mean Change in Clinical Dementia Rating–Sum of Boxes Scores
for CREAD
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ment; and the related question of evidence of sufficient target
engagement.

There is still considerable interest in investigating anti-Aβ
treatments; efficacy signals in symptomatic disease have been
reported for anti-Aβ antibodies that target monomers (solan-
ezumab) as well as aggregated Aβ (gantenerumab, adu-
canumab, lecanemab,23 donanemab24). Notably, the US Food
and Drug Administration recently granted accelerated ap-
proval for the anti-Aβ antibody aducanumab for the treat-
ment of AD after studies25 demonstrated a reduction in Aβ
plaques. Clinical trials of β-secretase inhibitors, on the other
hand, have been discontinued early due to futility or safety
findings, including worsening in cognition in active treat-
ment groups,1 which is not well understood.26 Crenezumab was
designed to target Aβ oligomers, which have been hypoth-
esized to be a primary mediator of neurotoxicity2; cren-
ezumab also binds to Aβ monomers, albeit with approxi-
mately 10-fold lower affinity.27 In vivo studies in PS2APP mice
appear to substantiate this preferential Aβ oligomeric bind-

ing by showing that crenezumab binds to regions surround-
ing the periphery of Aβ plaques and the hippocampal mossy
fibers, brain regions enriched with oligomeric Aβ.2

Phase 3 studies3,4 tested crenezumab at a 60-mg/kg IV Q4W
dose. Evidence of target engagement by crenezumab in clinical
trial participants includes consistent and dose-dependent in-
creases in total plasma and CSF Aβ40 and Aβ42 concentrations.
Modeling of peripheral pharmacokinetics/pharmacodynamics
effects of monomeric Aβ40 and Aβ42 suggested that even higher
doses would yield limited additional peripheral target engage-
ment with a dose of 120 mg/kg IV Q4W resulting in maximal
effects.5,28,29 How this translates into target engagement of oligo-
meric Aβ in the brain remains unclear. No significant treatment
effects on brain Aβ load as measured by florbetapir PET were ob-
served. There was no evidence of treatment effects on putative
downstream biomarkers in CSF and plasma. The τ PET substudy
outcome should be interpreted with caution due to the limited
samplesizeandshortfollow-uptime.The60-mg/kgcrenezumab
dose was selected as it was expected to result in increased brain

Table 3. Summary of Adverse Events During the CREAD and CREAD2 Studies

Event

No. (%)

CREAD CREAD2
Placebo
(n = 405)

Crenezumab
(n = 404)

Placebo
(n = 398)

Crenezumab
(n = 404)

Participants with any adverse event 337 (83.2) 347 (85.9) 291 (73.1) 297 (73.5)

Participants with any serious adverse
event

63 (15.6) 67 (16.6) 42 (10.6) 33 (8.2)

Adverse event of severe intensity 49 (12.1) 52 (12.9) 24 (6.0) 20 (5.0)

Participants with at least one adverse
event resulting in treatment
discontinuation

15 (3.7) 14 (3.5) 9 (2.3) 5 (1.2)

Death 5 (1.2) 8 (2.0) 6 (1.5) 0

Adverse events, by PT, with incidence
of ≥5% in either groupa

Headache 45 (11.1) 39 (9.7) 22 (5.5) 25 (6.2)

Nasopharyngitis 33 (8.1) 40 (9.9) 25 (6.3) 24 (5.9)

Fall 33 (8.1) 43 (10.6) 24 (6.0) 20 (5.0)

Hypertension 22 (5.4) 27 (6.7) 15 (3.8) 27 (6.7)

Back pain 31 (7.7) 26 (6.4) 15 (3.8) 16 (4.0)

Upper respiratory tract infection 29 (7.2) 33 (8.2) 13 (3.3) 10 (2.5)

Anxiety 21 (5.2) 28 (6.9) 17 (4.3) 18 (4.5)

Depression 27 (6.7) 28 (6.9) 14 (3.5) 15 (3.7)

Diarrhea 26 (6.4) 25 (6.2) 15 (3.8) 17 (4.2)

Dizziness 27 (6.7) 23 (5.7) 10 (2.5) 19 (4.7)

Serious adverse events, by PT, with
incidence of ≥0.5% in either group

Fall 1 (0.2) 4 (1.0) 6 (1.5) 2 (0.5)

Pneumonia 3 (0.7) 5 (1.2) 2 (0.5) 1 (0.2)

Subdural hematoma 3 (0.7) 4 (1.0) 0 3 (0.7)

Syncope 4 (1.0) 3 (0.7) 2 (0.5) 0

Dehydration 0 3 (0.7) 0 1 (0.2)

Adverse events of interest

New findings of amyloid-related
imaging abnormalitiesb

With edemac 1/397 (0.3) 1/399 (0.3) 0 1/398 (0.3)

With hemorrhage 31/397 (7.8) 39/399 (9.8) 23/388 (5.9) 20/398 (5.0)

Infusion-related reactionsd 41 (10.1) 47 (11.6) 31 (7.8) 24 (5.9)

Pneumoniae 7 (1.7) 10 (2.5) 8 (2.0) 3 (0.7)

Abbreviations: CREAD, A Phase III,
Multicenter, Randomized,
Double-Blind, Placebo-Controlled,
Parallel-Group, Efficacy and Safety
Study of Crenezumab in Patients
With Prodromal to Mild Alzheimer’s
Disease; PT, preferred term.
a Adverse events by PT according to

Medical Dictionary for Regulatory
Activities version 22.0.

b Percentages are based on
participants with postbaseline
safety magnetic resonance imaging
data.

c Of 3 reported amyloid-related
imaging abnormality–edema events,
2 were asymptomatic and 1
participant experienced worsening
of a preexisting headache at the
time of amyloid-related imaging
abnormality–edema detection
(crenezumab arm in the CREAD
study). All were mild (Barkhof grand
total score between 1 and 3).

d Infusion-related reaction rates were
similar between both groups
(CREAD: placebo, 41 [10.1%],
crenezumab, 47 [11.6%]; CREAD2:
placebo, 31 [7.8%]; crenezumab,
24 [5.9%]) with the most common
reactions being headache, phlebitis,
and back pain. Most infusion-related
reactions were nonserious and were
mild to moderate in severity.

e Of the 17 reported cases of
pneumonia, an adverse event of
interest, 5 cases were suspected to
be treatment related (CREAD:
placebo, 2 [0.5%], crenezumab,
2 [0.5%]; CREAD2: placebo,
1 [0.3%], crenezumab 0).
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exposure and target engagement relative to what was investi-
gated in phase 2 studies while maintaining a favorable safety
profile.3,4 Demonstrating target engagement in the central com-
partment early in development, preferably corroborated by
disease-relevant downstream biomarkers, is an important con-
sideration to help exclude lack of sufficient target engagement
as a reason for lack of efficacy.

Limitations
Limitations of the studies reported here include that both stud-
ies were terminated early; hence data sets were smaller and
truncated in terms of longitudinal follow-up, particularly in
CREAD2, where no participants reached week 105. Analyses

in prodromal vs mild dementia subgroup within the pooled
CREAD/CREAD2 data sets were limited by the large overlap in
terms of clinical baseline scale scores between both groups.
Also, there is limited data in ethnically and racially diverse pa-
tients, given that more than 80% of participants were White
in both studies.

Conclusions
CREAD and CREAD2 phase 3 crenezumab trials were termi-
nated early due to lack of efficacy. No new safety signals were
observed.
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