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Abstract

Previous findings from the positron emission tomography
(PET) substudy of the SCarlet RoAD and Marguerite RoAD
open-label extension (OLE) showed gantenerumab doses up to
1200 mg every 4 weeks administered subcutaneously resulted
in robust beta-amyloid (Aβ) plaque removal over 24 months
in people with prodromal-to-moderate Alzheimer ’s disease
(AD). In this 36-month update, we demonstrate continued
reduction, with mean (standard error) centiloid values at
36 months of -4.3 (7.5), 0.8 (6.7), and 4.7 (8.0) in the SCarlet
RoAD (double-blind pooled placebo and active groups),
Marguerite RoAD double-blind placebo, and Marguerite RoAD
double-blind active groups respectively, representing a change
of -57.0 (10.3), -90.3 (9.0), and -74.9 (10.5) centiloids respectively.
These results demonstrate that prolonged gantenerumab
treatment, at doses up to 1200 mg, reduces amyloid plaque
levels below the amyloid positivity threshold. The ongoing
GRADUATE Phase III trials will evaluate potential clinical
benefits associated with gantenerumab-induced amyloidlowering in people with early (prodromal-to-mild) AD.
Key words: Gantenerumab, Alzheimer’s disease, positron emission
tomography, amyloid.

Introduction

A

lzheimer’s disease (AD) accounts for 60–80%
of all cases of dementia globally (1). Currently,
the available treatments for AD offer only
limited benefits and there is an urgent need for diseasemodifying therapies that reverse neuropathologic
changes, or slow or stop neurodegeneration (1, 2).
AD pathogenesis is driven by the gradual
accumulation of beta-amyloid (Aβ) plaques and
neurofibrillary tangles (NFTs) in the brain (1, 3). In vitro
and in vivo evidence suggests that soluble Aβ oligomers
and insoluble Aβ plaques contribute to cognitive failure
by causing neuronal loss, synaptic dysfunction and
disconnection syndromes (4, 5). The recognition of Aβ
accumulation as the earliest identifiable marker of AD
Received September 30, 2020
Accepted for publication November 9, 2020

3

has led to the development of amyloid positron emission
tomography (PET), a neuroimaging technique that can be
utilized to visualize Aβ accumulation that helps improve
diagnostic accuracy and may also facilitate appropriate
participant selection in clinical trials (6).
Gantenerumab is a fully humanized, anti-Aβ
immunoglobulin (Ig) G1 that binds to Aβ species
with high affinity for aggregated forms, including
oligomers and plaques, and is thought to remove Aβ
via microglia-mediated phagocytosis (7, 8). The longterm, pharmacodynamic effect of gantenerumab-induced
Aβ plaque removal in participants with prodromalto-mild and mild-to-moderate AD is currently being
investigated in the PET substudies of the Phase III
SCarlet RoAD (SR; NCT01224106) and Marguerite
RoAD (MR; NCT02051608) open-label extension (OLE)
studies, respectively (7). Interim results showed robust
Aβ plaque removal with gantenerumab doses up to
1200 mg administered subcutaneously, with mean
amyloid reductions of 59 centiloids and 51% of
participants below the Aβ positivity threshold after 24
months (7). Here, we tested whether amyloid signal
plateaus or continues to decline with continued therapy
in the 36-month results of the ongoing OLE PET substudy.

Methods
Participants and study design
Complete details of the study designs and
methodologies of SR and MR, the associated OLE studies,
and the OLE PET substudies have been previously
reported (7-9). Briefly, participants in the SR trial who
received double-blind treatment and had ≥1 follow-up
visit and those who were currently enrolled in the MR
trial were eligible for participation in the OLE. Various
titration schemes were used to allow OLE participants to
gradually reach the target dose of gantenerumab 1200 mg
per month while decreasing the risk of amyloid-related
imaging abnormality (ARIA)-related adverse events. The
target gantenerumab dose was reached within 6 to 10
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Table 1. Baseline characteristics of participants enrolled in the SR, MR-DBP, and MR-DBA cohorts, including 36-month
completers
Total study

36-month completers

Characteristic

SR

MR-DBP

MR-DBA

SR

MR-DBP

MR-DBA

Participants with at least 1 post-baseline scan, n

19

27

21

10

12

8

72 (70-81)

72 (68-75)

71 (62-82)

11 (52)

10 (100)

8 (67)

5 (63)

19 (5.0)

19 (4.0)

Age at start of OLE, median (IQR), years
APOEε4 carriers, n (%)
MMSE score at OLE baseline, mean (SD)
OLE baseline amyloid burden, Centiloids, mean (SE)

72 (70–78)
17 (89)

74 (69–77) 65 (59–79)
18 (67)

19 (4.8)

22 (4.5)

49.6 (12.1)

91.1 (9.0)

79.6 (11.3) 62.9 (11.1)

21 (5.0)

23 (3.4)

83.1 (17.8)

88.5 (20.5)

APOEε4, Apolipoprotein E; IQR, Interquartile range; MMSE, Mini-Mental State Examination; MR-DBA, Marguerite RoAD double-blind active; MR-DBP,@@@@@@@
Marguerite RoAD double-blind placebo; OLE, open-label extension; SE, standard error; SD, standard deviation; SR, SCarlet RoAD.

Statistical analysis

months for SR OLE participants, and 2 to 6 months in MR
OLE participants.
Participants of the OLE substudy were divided
into three cohorts based on their prior exposure to
gantenerumab and their stage of AD. The SR cohort
included SR participants with all SR treatment arms
pooled together (received gantenerumab 105 mg or
225 mg or placebo every 4 weeks during the doubleblind phase), all participants in the SR cohort were off
treatment for 16 to 19 months prior to OLE higher dosing.
The MR double-blind placebo cohort (MR-DBP) included
participants in the MR trial who received placebo during
the double-blind phase and the MR double-blind active
cohort (MR-DBA) included participants of the MR trial
who received either 105 or 225 mg gantenerumab during
the double-blind phase.

This analysis included all study participants who had
a PET scan at OLE baseline (or 9–12 months prior to OLE
dosing) and received ≥1 follow-up scan. PET centiloid
values were analyzed using a mixed model for repeated
measures (MMRM), with treatment visit, treatment
group, and the interaction for treatment group by visit
as independent variables. An unstructured covariance
matrix was used to capture within-participant correlation.

Results
Participant characteristics
A total of 67 participants with at least 1 post-baseline
scan were enrolled in the OLE PET substudy (SR,
n = 19; MR-DBP, n = 27; MR-DBA, n = 21). A total of
30 participants completed the 36-month scan (SR,
n = 10; MR-DBP, n = 12; MR-DBA, n = 8). The baseline
characteristics for both the overall population and
the 36-month completers are shown in Table 1. More
than half of the participants in each cohort were
Apolipoprotein E (APOE) ε4 carriers (SR, 89%; MR-DBP,
67%; MR-DBA, 52%). Across all three cohorts, the mean
[SE] baseline amyloid burden in centiloids was above the
positivity threshold (SR, 49.6 [12.1]; MR-DBP, 91.1 [9.6];
MR-DBA, 79.6 [10.9]).

Amyloid-β plaque PET imaging and
quantification
Amyloid PET scans were obtained at baseline and at
12, 24, and 36 months after baseline using intravenous
370 MBq 18 F-florbetapir, with each 15-minute scan
obtained 50 minutes after 18 F-florbetapir injection.
Participants who received a PET scan during the doubleblind phase, within 9 to 12 months of OLE dosing, were
not scanned at OLE baseline to minimize participant
burden.
Volume-weighted, gray matter-masked standard
uptake value ratios (SUVR) were calculated for six
bilateral cortical regions using the Automated Anatomical
Labeling (AAL) template, normalized by a cerebellar
cortex reference region (10, 11). SUVR values were then
converted to centiloid values as previously described,
using the following linear transformation: Centiloid =
SUVR*184.12 – 233.72 (7, 12). The threshold for amyloid
positivity has been previously established as 24
centiloids, which corresponds to 1.40 SUVR units. The
amyloid positivity threshold represents the quantitative
threshold that best discriminates pathologically verified
absence of plaques or sparse plaques from moderate-tofrequent plaques (13).

Amyloid PET results
Consistent with our previous report, reductions in
mean amyloid burden were observed across cohorts
after 12 and 24 months of open-label therapy, with 37%
and 52% of participants, respectively, reaching levels
below the amyloid positivity threshold (Figure 1) (7).
Continued reductions beyond 24 months were observed
after 36 months, with mean amyloid levels approaching
zero centiloids across all cohorts. The absolute mean
(SE) amyloid burden after 36 months were -4.3 (7.5), 0.8
(6.7), and 4.7 (8.0) centiloids for the SR, MR-DBP and
4
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Figure 1. Reduction of amyloid burden towards zero centiloids after 36 months of open-label therapy

*LS mean (SE); †Analyzed using an MMRM; LS, least-squares; MMRM, mixed model for repeated measures; MR-DBA, Marguerite RoAD double-blind active; MR-DBP,
Marguerite RoAD double-blind placebo; SE, standard error; SR, SCarlet RoAD; SUVR, standard uptake value ratio.

MR-DBA cohorts, respectively, representing a change of
-57.0 (10.3), -90.3 (9.0), -74.9 (10.5) centiloids respectively.
Furthermore, the proportion of participants below the
amyloid positivity threshold was 24 of 30 participants
(80%) at 36 months (Figure 1).

people with prodromal-to-mild AD as other studies
with aducanumab and lecanemab (BAN2401) have
observed amyloid PET reduction as well as clinical
efficacy (7, 14, 15). Specifically, in a Phase Ib placebocontrolled study, aducanumab demonstrated reduced
brain amyloid plaque levels after 24 months with a
reduction in clinical decline as measured by the Clinical
Dementia Rating–Sum of Boxes (CDR-SB) and MiniMental State Examination (MMSE) (14). In a Phase II
placebo-controlled study, lecanemab produced a dosedependent reduction in amyloid plaque levels after
18 months and a reduction in clinical decline as measured
by AD Composite Score (15). In light of these studies,
the current PET results suggest that the process of Aβ
reduction at the gantenerumab dose of 1200 mg every
4 weeks has the potential to produce clinical benefits. The
precise relation between amyloid reduction and clinical
benefit is still an open question, including the question
of whether a reduction to below amyloid positivity or to
centiloid zero makes a difference in the clinical outcome
and management of patients with early AD. The ongoing
GRADUATE Phase III program evaluates the safety and
efficacy of gantenerumab, subcutaneously administered,
in participants with early AD. This program includes
two global, double-blind, placebo-controlled trials in
people with early AD, designed to maximize exposure
to gantenerumab and to prospectively examine the
correlation between amyloid-lowering and clinical
outcomes.

Discussion
This 36-month OLE PET substudy investigated
the effect of gantenerumab on Aβ plaque removal on
participants with prodromal-to-moderate AD. Prior
results have shown that while the three cohorts began
with considerably different mean baseline centiloid
values, all three cohorts demonstrated a mean centiloid
value just below the amyloid positivity threshold after
24 months of treatment with gantenerumab 1200 mg
every 4 weeks. The latest results showed continued
Aβ reduction with gantenerumab treatment below the
amyloid positivity threshold, without plateau, with 80%
of completers below the amyloid positivity threshold
after 36 months of open-label therapy. Mean centiloid
values of all three cohorts at this time are near a value
of zero, which represents the mean amyloid burden
expected in a healthy control group (12). Given that
the SR and MR-DBA groups may have experienced
some amyloid reduction due to low-dose gantenerumab
treatment during the double-blind period of the SR
and MR studies, the 90-centiloid reduction seen in the
MR-DBP group represents the amyloid reduction that
could be expected in a treatment-naïve population. The
consistent reduction in Aβ suggests that gantenerumab is
able to remove Aβ species successfully.
These findings may translate to clinical benefit in
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