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Abstract

BACKGROUND—Monoclonal antibodies that target amyloid-beta (AB) have the potential to
slow cognitive and functional decline in persons with early Alzheimer’s disease. Gantenerumab
is a subcutaneously administered, fully human, anti-Ag IlgG1 monoclonal antibody with highest
affinity for aggregated Ag that has been tested for the treatment of Alzheimer’s disease.

METHODS—We conducted two phase 3 trials (GRADUATE | and I1) involving participants 50
to 90 years of age with mild cognitive impairment or mild dementia due to Alzheimer’s disease
and evidence of amyloid plaques on positron-emission tomography (PET) or cerebrospinal fluid
(CSF) testing. Participants were randomly assigned to receive gantenerumab or placebo every 2
weeks. The primary outcome was the change from baseline in the score on the Clinical Dementia
Rating scale-Sum of Boxes (CDR-SB; range, 0 to 18, with higher scores indicating greater
cognitive impairment) at week 116.

RESULTS—A total of 985 and 980 participants were enrolled in the GRADUATE I and Il
trials, respectively. The baseline CDR-SB score was 3.7 in the GRADUATE | trial and 3.6 in

the GRADUATE Il trial. The change from baseline in the CDR-SB score at week 116 was 3.35
with gantenerumab and 3.65 with placebo in the GRADUATE | trial (difference, —0.31; 95%
confidence interval [C1], —0.66 to 0.05; P = 0.10) and was 2.82 with gantenerumab and 3.01 with
placebo in the GRADUATE I trial (difference, —0.19; 95% CI, —0.55t0 0.17; P = 0.30). At
week 116, the difference in the amyloid level on PET between the gantenerumab group and the
placebo group was —66.44 and —56.46 centiloids in the GRADUATE I and Il trials, respectively,
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and amyloid-negative status was attained in 28.0% and 26.8% of the participants receiving
gantenerumab in the two trials. Across both trials, participants receiving gantenerumab had lower
CSF levels of phosphorylated tau 181 and higher levels of Ap42 than those receiving placebo;
the accumulation of aggregated tau on PET was similar in the two groups. Amyloid-related
imaging abnormalities with edema (ARIA-E) occurred in 24.9% of the participants receiving
gantenerumab, and symptomatic ARIA-E occurred in 5.0%.

CONCLUSIONS—Among persons with early Alzheimer’s disease, the use of gantenerumab led
to a lower amyloid plaque burden than placebo at 116 weeks but was not associated with slower
clinical decline. (Funded by F. Hoffmann—La Roche; GRADUATE I and Il ClinicalTrials.gov
numbers, NCT03444870 and NCT03443973, respectively.)

Monoclonal antibodies that target different amyloid-beta (AS) protein species in persons
with Alzheimer’s disease have been developed, but phase 2 and phase 3 clinical trials

of these drugs have had mixed results.1=7 Trials in which removal of amyloid plaques
was reported to a level below the threshold for amyloid positivity, as assessed by means
of positron-emission tomography (PET), showed a benefit with respect to the slowing of
cognitive and functional decline.1-3>8:9 However, trials in which incomplete removal of
amyloid plaques was reported showed little to no benefit.4:6.7

Gantenerumab is a subcutaneously administered, fully human, anti-AS 1gG1 monoclonal
antibody with highest affinity for aggregated A, including oligomers, fibrils, and
plagues.1011 It removes Ag through microglia-mediated phagocytosis, promotes amyloid
plaque clearance, and has been shown to have effects on biomarkers of Alzheimer’s disease
and neurodegeneration.10:12 We conducted two phase 3 trials (GRADUATE | and 11) to
determine the clinical and biologic effects and safety of the use of gantenerumab in persons
with early symptomatic Alzheimer’s disease, defined as mild cognitive impairment or mild
dementia due to Alzheimer’s disease.13

METHODS
TRIAL DESIGN

The GRADUATE I and Il trials were phase 3, multicenter, randomized, double-blind,
placebo-controlled, parallel-group trials. Participants were recruited from 288 sites in 30
countries (156 sites in 15 countries in the GRADUATE | trial; 152 sites in 18 countries

in the GRADUATE Il trial) on five continents. Recruitment methods differed across sites
and included review of patient databases and local advertising. After screening, eligible
participants entered a double-blind treatment period. Some participants were enrolled in
substudies that involved longitudinal cerebrospinal fluid (CSF) evaluation for amyloid, PET
evaluation for amyloid, or PET evaluation for tau; these substudies were conducted to
evaluate the effect of gantenerumab on brain amyloid and tau levels. CSF evaluation was
conducted only at sites where lumbar puncture could be performed.

All the participants were evaluated for adverse events, concomitant medication use, and
vital signs at every visit. Visits took place every 2 to 4 weeks (depending on dosing
frequency), either at a trial site or at home (when applicable). Personnel who prepared
and administered gantenerumab or placebo were not involved in any efficacy or safety
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assessments. All clinical assessments were completed by raters who were unaware of the
trial-group assignments. The Clinical Dementia Rating (CDR) scale was used by raters
who had appropriate training and experience, were not involved in safety assessments, and
did not receive any data regarding amyloid-related imaging abnormalities (ARIA). Efforts
were made to keep the CDR rater consistent throughout the trial for each participant.
Different raters were involved in the other clinical assessments. Long-term safety follow-up
visits were conducted 14 and 50 weeks after the last dose of gantenerumab or placebo

was administered. Additional details regarding the design of the trials and substudies are
provided in the protocol, available with the full text of this article at NEJM.org.

TRIAL OVERSIGHT

The GRADUATE I and |1 trials were designed and funded by the sponsor, F. Hoffmann-La
Roche. The sponsor provided the trial drug and placebo. Two authors employed by the
sponsor analyzed the data in collaboration with academic authors. The first, second, and last
authors wrote the first draft of the manuscript with professional medical writing assistance,
which was funded by the sponsor. All the authors contributed to subsequent drafts. The
authors vouch for the completeness and accuracy of the data and for the fidelity of the

trials to the protocol. Confidentiality agreements were in place between the authors and the
sponsor, and the sponsor could not interdict or delay the publication of results.

The trials were conducted in accordance with the International Council for Harmonisation
E6 Guideline for Good Clinical Practice and the principles of the Declaration of Helsinki,
as well as the laws and regulations of the country in which the research was conducted.
The protocol and any subsequent amendments were approved by the relevant institutional
review board or ethics committee and by regulatory authorities. All the trial participants
provided written informed consent. An independent data and safety monitoring committee,
which consisted of experts in Alzheimer’s disease and statistics, reviewed unblinded safety
data during the trials.

ELIGIBILITY CRITERIA

Persons 50 to 90 years of age were eligible for inclusion in the trials if they had

mild cognitive impairment due to Alzheimer’s disease or had mild dementia due to
Alzheimer’s disease (conditions previously referred to as prodromal Alzheimer’s disease
and mild Alzheimer’s disease, respectively), in accordance with National Institute on
Aging—Alzheimer’s Association diagnostic criteria.141® Specifically, participants needed to
have a CDR-Global Score (CDR-GS) of 0.5 or 1, indicating very mild or mild dementia,
respectively. The CDR-GS is derived from an algorithm with six domains; possible scores
are 0, 0.5, 1, 2, or 3, with higher scores indicating greater cognitive impairment.16
Participants also needed to have a score on the Mini—Mental State Examination (MMSE) of
22 or higher (range, 0 to 30, with lower scores indicating greater impairment)17; cognitive
impairment as manifested by abnormal memory, with a Free and Cued Selective Reminding
Test (FCSRT) cueing index of 0.67 or lower (range, 0 to 1, with higher values indicating
better performance) and an FCSRT free recall score of 27 or lower (range, 0 to 48, with
higher values indicating better performance); and the presence of amyloid plaque on visual
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reading of PET or a ratio of phosphorylated tau 181 to AB42 of more than 0.024 on CSF
testing.

Persons were excluded from the trials if they were taking anticoagulants or GV-971

(an oligosaccharide intended to reduce inflammation in the brain by regulating the gut
microbiota)!® or if they had clinically significant findings on magnetic resonance imaging
(MRI) at screening that could cause cognitive impairment, such as more than five
microhemorrhages, more than two lacunar infarcts, or a Fazekas score of 3, indicating that
confluent areas of the brain are affected by white-matter hyperintensity. Details are provided
in the Supplementary Appendix, available at NEJM.org.

Participants needed to have amyloid-positive status on the basis of PET or CSF testing at
screening. If amyloid was detected on PET, the participant was eligible for enrollment in the
amyloid PET substudy. If amyloid was detected on CSF testing, the participant was eligible
for enrollment in the amyloid CSF substudy. There were no restrictions on eligibility for
enrollment in the tau PET substudy.

RANDOMIZATION AND TREATMENT

EFFICACY

Participants were randomly assigned in a 1:1 ratio to receive gantenerumab or placebo,
administered at a trial site or at home by a nurse. Randomization was stratified according
to clinical stage (mild cognitive impairment due to Alzh eimer’s disease vs. mild dementia
due to Alzheimer’s disease); apolipoprotein E (APOE) £4 genotype (no &4 allele vs. one
or two &4 alleles); use of medication for Alzheimer’s disease symptoms, such as donepezil
or memantine (use vs. no use); geographic region (Western Europe and Australia vs. North
America vs. other regions); and participation in the amyloid PET substudy or the tau PET
substudy (participation vs. no participation).

During the double-blind treatment period, the gantenerumab dose was increased over a
period of 36 weeks to a target level of 510 mg every 2 weeks, regardless of APOE &4
genotype. Participants received a minimum of three doses at each level: the dose was
started at 120 mg every 4 weeks (for three doses) and was increased to 255 mg every

4 weeks (for three doses), then to 510 mg every 4 weeks (for three doses), and finally

to 510 mg every 2 weeks. At weeks 12, 24, and 36, participants underwent MRI for
confirmation of the safety of dose escalation, performed with the use of an algorithm for
the management of ARIA, before the next dose level was administered (Table S1 in the
Supplementary Appendix); MRI monitoring continued throughout the trial (weeks 48, 60,
76, 104, and 116). MRIs were assessed by independent neuroradiologists who were unaware
of the trial-group assignments. The double-blind treatment period was initially planned to
be 104 weeks and was extended to 116 weeks in response to delayed and missed visits due
to the coronavirus disease 2019 (Covid-19) pandemic. After completion of the 116-week
double-blind treatment period, eligible participants could receive open-label gantenerumab,
either under the GRADUATE protocol or after enrollment in the PostGRADUATE trial.

The primary outcome was the change from baseline in the score on the CDR-Sum of Boxes
(CDR-SB; range, 0 to 18, with higher scores indicating greater cognitive impairment) at
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week 116. Three outcomes were defined in the statistical analysis plan as confirmatory
secondary outcomes: the change from baseline in the score on the 13-item cognitive subscale
of the Alzheimer’s Disease Assessment Scale (ADAS-Cog;3; range, 0 to 85, with higher
scores indicating greater cognitive impairment), in the total score on the Alzheimer’s
Disease Cooperative Study—Activities of Daily Living Inventory (ADCS-ADL; range, 0

to 78, with lower scores indicating greater functional impairment), and in the score on the
Functional Activities Questionnaire (FAQ; range, 0 to 30, with higher scores indicating
greater functional impairment) at week 116. Additional secondary and exploratory outcomes
are listed in the protocol.

Safety outcomes included the incidence, nature, severity, and timing of adverse events,
serious adverse events, and ARIA, including ARIA with edema (ARIA-E) and ARIA

with hemosiderosis (ARIA-H). Additional safety outcomes included injection-site reactions,
findings on physical examination, vital signs, results of blood tests, findings on
electrocardiography, the score on the Columbia—Suicide Severity Rating Scale, and the
presence of antidrug antibodies. All safety assessments were completed by raters who were
unaware of the trial-group assignments.

BIOMARKERS

Exploratory biomarker outcomes included the change from baseline in plasma levels of
phosphorylated tau 181 and AB42, as well as the change from baseline in the volume of the
whole brain, ventricles, and hippocampi on volumetric MRI. Plasma and MRI biomarkers
were assessed in all the participants. Additional biomarker outcomes included the change
from baseline in CSF levels of total tau, phosphorylated tau 181, Ap42, AB40, neurogranin,
and neurofilament light. CSF biomarkers were assessed in the participants in whom amyloid
had been detected on CSF testing at screening and a CSF sample had been obtained at week
116.

In the amyloid PET substudy, the main outcome was the change from baseline to week 116
in the amyloid level. The amyloid level was assessed on florbetaben or flutemetamol PET
and was measured as a standardized uptake value ratio (SUVR), which is the ratio of the
standardized uptake value in the composite region of interest to the value in the inferior
cerebellar cortex; the SUVR results were converted to centiloids. In the tau PET substudy,
the main outcome was the change from baseline to week 116 in the tau level. The tau level
was assessed in medial temporal, lateral temporal, frontal, and parietal composite regions
on PET with 18F-GTP1 (Genentech tau probe 1, an investigational radioligand for in vivo
imaging of tau protein aggregates) and was measured as an SUVR. Details are provided in
the Supplementary Appendix.

STATISTICAL ANALYSIS

We calculated that a sample of approximately 1016 participants per trial group (in both
trials combined) would provide the trials with 90% power to detect a change from baseline
in the CDR-SB score in the gantenerumab group that was 30% lower than the change

in the placebo group, at a two-sided alpha level of 0.05. Assumptions for the power
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calculation, which were based on earlier studies such as the SCARLET ROAD trialt®

and the Alzheimer’s Disease Neuroimaging Initiative study (ClinicalTrials.gov numbers,
NCT00106899, NCT01231971, and NCT01078636), included the following: a mean change
from baseline in the CDR-SB score at week 104 of 2.5 points with placebo, on the basis of
expected disease progression and earlier studies; a common standard deviation across trial
groups for the change from baseline in the CDR-SB score at week 104 of approximately
2.97; and a true effect of a 30% relative reduction in the deterioration of the CDR-SB

score with gantenerumab. A decrease in sample size of up to 35% was also assumed. It
was estimated that because of the Covid-19 pandemic, participants would miss a mean of 8
weeks of the double-blind treatment period (i.e., two to four visits during that period) over
the course of the trials, which would reduce the power from 90% to 80%. The protocol was
therefore amended to extend the double-blind treatment period to a total of 116 weeks to
mitigate the effect of missed visits.

The efficacy analysis included participants who had received at least one dose of
gantenerumab or placebo. Primary and secondary outcomes were analyzed according to a
fixed hierarchical testing procedure,20 in the order provided above, for control of the overall
type | error at 5%. The primary outcome was the first outcome analyzed in the hierarchical
analysis. If the between-group difference in the primary outcome was not significant, the
difference for all subsequent outcomes was considered to be not significant. Control of the
type | error was performed at the trial level, and each trial had a separate analysis.

In line with the estimand framework,2! primary and secondary outcomes were analyzed with
conditional mean imputation followed by analysis of covariance,?2 as implemented in the

R package for reference-based mean imputation (R Project for Statistical Computing).23 In
statistical models that used change from baseline as the dependent variable, there was no
imputation of the baseline value; therefore, participants missing the baseline value did not
contribute to the analysis. When data were missing for a participant after the occurrence of
a prespecified intercurrent event that was deemed by an independent adjudication committee
to be unrelated to the trial drug or condition, the data were imputed with the standard
“missing at random” assumption; when data were missing for a participant after the
occurrence of a prespecified intercurrent event that was deemed to be related to the trial

drug or condition, the data were imputed on the basis of the trajectory in the placebo group,
with the “copy increment from reference” assumption. Sensitivity analyses of the primary
outcome were conducted, including a mixed model for repeated measures (MMRM) analysis
with adjustment for the baseline CDR-SB score, stratification factors, and key prognostic
factors (see the statistical analysis plan, available with the protocol). Statistical analyses
were performed with SAS software, version 9.4 (SAS Institute).

The safety analysis included participants who had received at least one dose of
gantenerumab or placebo; those who had received at least one dose of gantenerumab were
included in the gantenerumab group, regardless of the trial-group assignment. Amyloid PET,
tau PET, and plasma biomarker outcomes were analyzed with MMRM. CSF biomarker
outcomes were analyzed with analysis of covariance. For plasma and CSF biomarker
outcomes, a logarithmic transformation was applied before model fitting.
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Trial Population

Of the 9993 persons who underwent screening, 1965 were enrolled in the trials; 985 were
enrolled in the GRADUATE | trial and 980 in the GRADUATE Il trial (Fig. 1). Most
screening failures were due to participants’ not meeting FCSRT or MMSE inclusion criteria.
In the GRADUATE | trial, 499 and 485 participants were randomly assigned to receive
gantenerumab and placebo, respectively, and received at least one dose of the trial drug

or placebo. In the GRADUATE Il trial, 498 and 477 participants were randomly assigned
to receive gantenerumab and placebo, respectively, and received at least one dose of the
trial drug or placebo. The characteristics of the participants were similar between trials and
trial groups (Table 1 and Table S2). The distribution of the participants with regard to sex,
age, and race and ethnic group indicates the representativeness of the trial population as
compared with the general population in the United States and other regions (Table S3).

Clinical Outcomes

In the GRADUATE | trial, the estimated mean change from baseline in the CDR-SB score
at week 116 was 3.35 in the gantenerumab group and 3.65 in the placebo group (difference,
-0.31; 95% confidence interval [CI], —0.66 to 0.05; P = 0.10) (Fig. 2A and Table 2). In

the GRADUATE I trial, the change was 2.82 in the gantenerumab group and 3.01 in

the placebo group (difference, —0.19; 95% CI, —0.55 to 0.17; P = 0.30). A prespecified
analysis of pooled data from both trials showed a difference in clinical decline at week

116 that directionally favored gantenerumab over placebo (difference, —0.26; 95% CI, -0.51
to —0.01); the pooled analysis was not part of the hierarchical analysis, and no definitive
conclusions can be drawn from the findings.

The results of sensitivity and supplementary analyses, including the MMRM analysis of the
primary outcome, were generally consistent with the results of the primary analysis (Figs.
S1 and S2). Estimates of the treatment effect with respect to the secondary outcomes — the
change from baseline in the ADAS-Cog;3, ADCS-ADL, and FAQ scores at week 116 in the
gantenerumab group as compared with the placebo group — for the GRADUATE | and 11
trials (Fig. 2B and 2C, Table 2, and Fig. S3) were not significant because the hierarchical
analysis had failed with the analysis of the primary outcome in each trial.

BIOMARKER OUTCOMES

The amyloid level on PET at week 116 among participants receiving gantenerumab was
lower than the level among those receiving placebo (Fig. 3A). The difference in the
adjusted mean (£SE) amyloid level between the gantenerumab group and the placebo group
was —66.44+4.17 centiloids (95% Cl, —74.71 to -58.16) in the GRADUATE | trial and
-56.46+3.98 centiloids (95% CI, —64.36 to —48.56) in the GRADUATE Il trial. The mean
(xSD) amyloid level at week 116 was 40.68+27.39 and 104.44+33.15 centiloids in the
gantenerumab and placebo groups, respectively, in the GRADUATE 1 trial and 44.85+26.67
and 99.52+27.72 centiloids in the gantenerumab and placebo groups, respectively, in the
GRADUATE I trial.
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At week 116, amyloid-negative status (amyloid level, <24 centiloids) was attained in 28.0%
and 2.4% of the participants receiving gantenerumab and placebo, respectively, in the
GRADUATE I trial and in 26.8% and none of the participants receiving gantenerumab and
placebo, respectively, in the GRADUATE Il trial (Table S4). A post hoc exploratory analysis
of clinical response in participants who had attained amyloid-negative status was performed
(Fig. S4); no definitive conclusions can be drawn from the findings.

On volumetric MRI performed at week 116, participants in the gantenerumab group had a
greater decrease in the whole-brain volume and a greater increase in the ventricular volume
than those in the placebo group in both trials (Fig. S5). Participants in the gantenerumab
group had a greater decrease in the left hippocampal volume than those in the placebo group
in the GRADUATE | trial, but this finding was not observed in the GRADUATE |1 trial.
The change in the right hippocampal volume was similar in the gantenerumab and placebo
groups in both trials.

There was no appreciable difference between the gantenerumab group and the placebo group
in the tau level assessed in any of the four composite regions on PET at week 116 (Fig. 3B
and Fig. S6). For example, the between-group difference in the median SUVR assessed in
the medial temporal composite region, which did not include the hippocampus, was —0.02
(95% Cl, —0.06 to 0.03) in the GRADUATE I trial and 0.04 (95% CI, —0.03 to 0.09) in the
GRADUATE I trial.

On CSF testing performed at week 116, participants receiving gantenerumab had lower
geometric mean levels of total tau, phosphorylated tau 181, and AB40 and had a higher
geometric mean level of AB42 than those receiving placebo across both trials (Table S5).
Participants receiving gantenerumab had a greater decrease in the level of neurogranin (a
CSF biomarker of synaptic integrity) and a lesser increase in the level of neurofilament light
(a CSF biomarker of neurodegeneration) than those receiving placebo. On plasma testing
performed at week 116, participants receiving gantenerumab had a lower geometric mean
level of phosphorylated tau 181 and a higher geometric mean level of ApB42 than those
receiving placebo (Fig. S7).

PHARMACOKINETIC OUTCOMES

The administration of gantenerumab at 2-week intervals was associated with a higher trough
level and a lower maximum level in serum than the administration of similar doses at
4-week intervals. The mean overall levels were not affected, which indicates that the overall
exposure was consistent with that observed in modeling (Fig. S8).

ADVERSE EVENTS

The safety profile of gantenerumab did not differ substantially between the GRADUATE |
trial and the GRADUATE Il trial. Therefore, pooled safety results are described (Table 3 and
Table S6). Overall, 10 deaths occurred in the gantenerumab group, and 14 deaths occurred in
the placebo group. In the safety population, serious adverse events were reported in 13.6%
and 16.5% of the participants in the gantenerumab and placebo groups, respectively. At

least one adverse event was reported in 90.1% of those receiving gantenerumab and 87.1%
of those receiving placebo. Discontinuation of gantenerumab or placebo due to an adverse
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event occurred in 9.1% of the participants in the gantenerumab group, as compared with
1.8% of those in the placebo group, a difference predominantly driven by protocol-specified
discontinuation criteria for ARIA-H. Injection-site reactions, which were typically mild

(as assessed by the investigator) and were not typically associated with discontinuation,
occurred in 16.8% of the participants in the gantenerumab group, as compared with

7.7% of those in the placebo group. Intraparenchymal macrohemorrhages (>10 mm) and
subarachnoid hemorrhages were reported in 1.4% and 1.0% of the participants receiving
gantenerumab and placebo, respectively. The incidence of ARIA-E reported as an adverse
event was 21.8% with gantenerumab and 1.8% with placebo.

MRI findings were reported independently of adverse events. In accordance with the
protocol, some MRI findings were not required to be reported as adverse events by the
investigator but were still analyzed. The incidence of ARIA-E overall was 24.9% with
gantenerumab and 2.7% with placebo, and the incidence approximately doubled with each
APOE &4 allele present (Table 3). Most cases of ARIA-E were asymptomatic; 5.0% of

the participants receiving gantenerumab had ARIA-E temporally associated with central
nervous system (CNS) symptoms, whereas only 0.2% of the participants receiving placebo
had symptomatic ARIA-E. The most common symptoms associated with ARIA-E were
headache and dizziness (Table S7). Serious symptomatic ARIA-E (cases in which ARIA-E
or the associated CNS symptom was reported as a serious adverse event) occurred only in
participants receiving gantenerumab (1.1%). The median time to the resolution of ARIA-E
in the gantenerumab group was 9 weeks (range, 3.0 to 82.9); the median time to the
resolution of CNS symptoms associated with ARIA-E was 2 weeks (range, 0.1 to 50.6). No
cases of fatal ARIA-E were reported.

The incidence of any new ARIA-H was 22.9% with gantenerumab and 12.3% with placebo,
but the incidence of new isolated ARIA-H was 8.6% and 11.4%, respectively. The higher
incidence of concurrent ARIA-E and ARIA-H in the gantenerumab group than in the
placebo group (13.5% vs. 0.7%) can account for these findings.

DISCUSSION

In two randomized trials of gantenerumab (a human monoclonal antibody with high affinity
for aggregated amyloid) for the treatment of early symptomatic Alzheimer’s disease, there
was no significant difference between the gantenerumab group and the placebo group in the
primary clinical outcome, the change from baseline in the CDR-SB score at week 116. The
results for secondary clinical outcomes were not supportive of a beneficial clinical effect of
the drug. When the analysis of the primary outcome was based on pooled data from both
trials, the results were generally consistent with the results from the primary analysis in each
trial.

The use of gantenerumab led to partial removal of amyloid plaques and improvement in
some soluble biomarkers of Alzheimer’s disease. However, the magnitude of amyloid plaque
removal was smaller than expected on the basis of previous trials and prespecified modeling
predictions.1224 The mean amyloid level on PET remained elevated after treatment, and

N Engl J Med. Author manuscript; available in PMC 2024 November 16.
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only approximately one quarter of the participants receiving gantenerumab had amyloid
plaque removal to a level below the threshold for amyloid positivity (i.e., attained amyloid-
negative status).! The results of the GRADUATE | and Il trials of gantenerumab, taken
together with results of trials of other anti-Ag monoclonal antibodies, suggest the hypothesis
that rapid plaque reduction, probably to a level below the threshold of detection, may be
necessary to show clinical efficacy within the time frame of 18 to 27 months. However, the
current trials did not assess this hypothesis.

The CSF and plasma levels of phosphorylated tau 181 in the gantenerumab group were
lower than the levels in the placebo group, findings consistent with data observed in previous
trials of gantenerumab.1925 However, there was no treatment effect with respect to the
accumulation of tau in the brain on PET; the absence of such an effect may be due to the
limited amyloid plaque removal observed.

Volumetric MRI showed greater decreases in whole-brain volume and greater increases

in ventricular volume in the gantenerumab group than the levels observed in the

placebo group. These results are similar to those reported in other trials and studies

of monoclonal antibodies and vaccines that target amyloid plaque removal and may not
reflect neurodegeneration, given that amyloid plaque removal and fluid shifts could affect
brain volume.326 Among participants receiving gantenerumab, the levels of biomarkers of
synaptic and axonal integrity in CSF moved in a normalizing direction, as compared with the
levels observed among participants receiving placebo.

Participants receiving gantenerumab had a higher incidence of ARIA-E than those receiving
placebo, and homozygous carriers of the APOE 4 allele were more likely to have ARIA-

E than heterozygous carriers or noncarriers. Most cases of ARIA-E were asymptomatic;
CNS symptoms associated with ARIA-E occurred in 5.0% of the participants receiving
gantenerumab. In the gantenerumab group, there were cases of serious symptomatic ARIA-
E (in 11 participants), ARIA-E that led to permanent discontinuation of gantenerumab

(in 2 participants), and ARIA-E that led to permanent discontinuation of the trial (in

4 participants), but no deaths were associated with ARIA-E in either trial group. ARIA-

E led to interruptions in the administration of gantenerumab or placebo or delays in

dose escalation in 21.2% of the participants receiving gantenerumab and 1.5% of the
participants receiving placebo. Results of sensitivity analyses performed to evaluate whether
the occurrence of ARIA-E affected the trial outcomes suggest that the observed findings in
the primary analysis did not result from unblinding of safety data (Table S8).

The dose-escalation scheme was introduced in the trial design to limit the increase in
ARIA-E that was expected to result from the gantenerumab dose used in the GRADUATE

I and 11 trials, which was 5 times as high as the dose used in the SCARLET ROAD

and MARGUERITE ROAD trials.2* On the basis of modeling, an ARIA-E incidence of
approximately 25% was predicted at the trial population level. The finding that the observed
ARIA-E incidence in the GRADUATE | and Il trials was in line with the prediction of 25%
but amyloid plaque removal was lower than predicted suggests that different mechanisms
may be involved in driving ARIA-E and plague removal.10:27.28
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Limitations of the GRADUATE | and I trials were the lack of racial diversity in the trial
population from the United States, which may affect the generalizability of our findings,
and the multiple differences between the protocol for these trials and the protocols for
earlier trials of anti-amyloid monoclonal antibodies (including the previously untested dose-
escalation scheme), which make it difficult to draw comparisons between trials.

The use of the antiamyloid antibody gantenerumab did not lead to a slower decline in
cognitive function than placebo over a period of 116 weeks among participants with early
symptomatic Alzheimer’s disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A GRADUATE |

4539 Persons were assessed
for eligibility

3554 Were excluded because they

985 Underwent randomization

[

did not meet eligibility criteria

l

l

499 Were randomly assigned to receive
gantenerumab and received
at least one dose

485 Were randomly assigned to receive
placebo and received
at least one dose

124 (24.8%) Did not complete trial
29 Had adverse event
2 Died
11 Were withdrawn by physician
3 Had protocol deviation
63 Withdrew
16 Had other reason

-

98 (20.2%) Did not complete trial

7 Had adverse event

10 Died
1 Was lost to follow-up
3 Were withdrawn by physician
4 Had protocol deviation

56 Withdrew

17 Had other reason

375 (75.2%) Completed trial

387 (79.8%) Completed trial

B GRADUATEII

5454 Persons were assessed
for eligibility

4474 Were excluded because they

980 Underwent randomization

did not meet eligibility criteria

l

l

498 Were randomly assigned to receive
gantenerumab and received
at least one dose

477 Were randomly assigned to receive
placebo and received
at least one dose

126 (25.3%) Did not complete trial
19 Had adverse event
7 Died
1 Was lost to follow-up
6 Were withdrawn by physician
2 Had protocol deviation
1 Discontinued because of
perceived lack of efficacy
79 Withdrew
11 Had other reason

-

80 (16.8%) Did not complete trial
5 Had adverse event
5 Died
5 Were withdrawn by physician
1 Had protocol deviation
1 Discontinued because of
perceived lack of efficacy
54 Withdrew
9 Had other reason

372 (74.7%) Completed trial

397 (83.2%) Completed trial

Figure 1. Screening, Randomization, Treatment, and Follow-up.

Overall, 6 participants (1 in the GRADUATE | trial and 5 in the GRADUATE |1 trial) were

randomly assigned to receive placebo but did not receive at least one dose.
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A CDR-SB Score
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Figure 2 (facing page). Clinical Outcomes.
Shown is the adjusted mean change from baseline in the score on the Clinical Dementia

Rating scale-Sum of Boxes (CDR-SB; range, 0 to 18, with higher scores indicating greater
cognitive impairment) (Panel A), in the score on the 13-item cognitive subscale of the
Alzheimer’s Disease Assessment Scale (ADAS-Cogs; range, 0 to 85, with higher scores
indicating greater cognitive impairment) (Panel B), and in the total score on the Alzh eimer’s
Disease Cooperative Study-Activities of Daily Living Inventory (ADCS-ADL; range, 0 to
78, with lower scores indicating greater functional impairment) (Panel C) through week 116.
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| bars indicate 95% confidence intervals. The analyses were performed with conditional
mean imputation followed by analysis of covariance. The primary outcome was the change
from baseline in the CDR-SB score at week 116; secondary outcomes included the change
from baseline in the ADAS-Cogi3 and ADCS-ADL scores at week 116. Data are shown for
participants who had available baseline values for a given outcome.
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A Amyloid Level on PET
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Figure 3. Biomarker Outcomes.
Shown is the adjusted mean change from baseline in the amyloid level (Panel A) and

the tau level (Panel B) on positron-emission tomography (PET) through week 116. I bars
indicate 95% confidence intervals. In the amyloid PET substudy, the main outcome was the
change from baseline to week 116 in the amyloid level. The amyloid level was assessed

on florbetaben or flutemetamol PET and was measured as a standardized uptake value ratio
(SUVR), which is the ratio of the standardized uptake value in the composite region of
interest to the value in the inferior cerebellar cortex; the SUVR results were converted to
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centiloids. In the tau PET substudy, the main outcome was the change from baseline to
week 116 in the tau level. The tau level was assessed in medial temporal, lateral temporal,
frontal, and parietal composite regions on PET with 18F-GTP1 (Genentech tau probe 1, an
investigational radioligand for in vivo imaging of tau protein aggregates) and was measured
as an SUVR.
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