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ducted to evaluate the effects of rasagiline, a monoamine oxidase B (MAO-B) inhibitor
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approved for Parkinson disease, in mild to moderate Alzheimer’s disease (AD). The

ated with improved regional brain metabolism (fluorodeoxyglucose-positron emission
tomography [FDG-PET]) compared to placebo. Secondary objectives included mea-
surement of effects on tau PET and evaluation of directional consistency of clinical end
points.

Methods: This was a double-blind, parallel group, placebo-controlled, community-
based, three-site trial of 50 participants randomized 1:1 to receive oral rasagiline or
placebo (NCT02359552). FDG-PET was analyzed for the presence of an AD-like pat-
tern as an inclusion criterion and as a longitudinal outcome using prespecified regions
of interest and voxel-based analyses. Tau PET was evaluated at baseline and longitudi-

nally. Clinical outcomes were analyzed using an intention-to-treat (ITT) model.
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Results: Fifty patients were randomized and 43 completed treatment. The study met
its primary end point, demonstrating favorable change in FDG-PET differences in
rasagiline versus placebo in middle frontal (P < 0.025), anterior cingulate (P < 0.041),
and striatal (P < 0.023) regions. Clinical measures showed benefit in quality of
life (P < 0.04). Digit Span, verbal fluency, and Neuropsychiatric Inventory (NPI)
showed non-significant directional favoring of rasagiline; no effects were observed in
Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-cog) or activities of
daily living. Rasagiline was generally well tolerated with low rates of adverse events
and notably fewer neuropsychiatric symptoms in the active treatment group.

Discussion: These outcomes illustrate the potential benefits of rasagiline on clinical
and neuroimaging measures in patients with mild to moderate AD. Rasagiline appears
to affect neuronal activity in frontostriatal pathways, with associated clinical bene-
fit potential warranting a more fully powered trial. This study illustrated the poten-
tial benefit of therapeutic repurposing and an experimental medicine proof-of-concept

KEYWORDS

rasagiline, tau PET

1 | INTRODUCTION

The need for effective therapeutics for patients with mild to
moderate Alzheimer’s disease (AD) is urgent, given limitations of
currently approved medications and a high rate of negative clin-
ical trial outcomes.! We conducted a Phase Il “proof of concept”
(POC) randomized clinical trial to evaluate the potential benefit
of rasagiline in patients with mild to moderate AD. Rasagiline is a
selective monoamine oxidase B (MAO-B) inhibitor approved for
treatment of Parkinson disease (PD) that has been shown to be
safe and well-tolerated. MAO-B inhibition increases the availability
of dopamine, which mediates cognitive functions including exec-
utive abilities, working memory, attention, and reward as well as
motor function.? In nonclinical AD models, rasagiline has demon-
strated potential neuroprotection, with reductions in amyloid
accumulation, tau hyperphosphorylation, and neurofibrillary tangle
formation.®#

Studies of rasagiline in patients with PD and schizophrenia sug-
gest that the agent produces cognitive and other clinical benefits.”~”
Selegiline, a related MAO-B inhibitor, has shown cognitive benefit in
AD and PD,210 and phase Il and llI trials of the MAO-B inhibitor
lazabemide in AD patients demonstrated benefit in several cogni-
tive and behavioral endpoints.!! However, some clinical studies of
MAO-B inhibitors have shown mixed or negative results. For exam-
ple, sembragiline did not meet cognitive or functional end points in
AD patients over 52 weeks, but neuropsychiatric and functional ben-
efit was noted in the more impaired subgroup. Ladostigil showed

potential atrophy-slowing effects but did not significantly alter clini-

design with biomarkers to characterize patient and detect treatment response.

Alzheimer’s disease, dopamine, FDG-PET, flortaucipir, glucose metabolism, MAO-B, QoL-AD,

cal progression in mild cognitive impairment patients.121% No trial has
examined the effects of rasagiline on functional brain networks and
relationship to clinical benefit. The present study sought to under-
stand the rasagiline as a potential treatment for patients with mild
to moderate AD, supported by imaging of neuronal function and tau
pathology.

The primary end point was change in cerebral glucose metabolism
measured using fluoro-2-deoxyglucose (FDG) positron emission
tomography (PET), demonstrated to correspond to disease progres-
sion and functional treatment effects.!*1> Based on prior studies,®
we hypothesized that FDG changes would be measurable with greater
power over a shorter duration than clinical effects and could aid in
understanding the biological basis for potential clinical outcomes.
FDG-PET was also used to evaluate the presence of an AD-like pattern
of glucose metabolism as an enrollment prerequisite, increasing
confidence in a diagnosis of AD. A progressive pattern of temporopari-
etal hypometabolism has been reported to differentiate AD from
other dementias, correlate with clinical status,” and to be consistent
with brain amyloidopathy.’® Clinical end points were evaluated as
secondary outcomes to verify directional consistency with FDG.

This trial also included longitudinal measurement of tau with flor-
taucipir (Tauvid; Avid Radiopharmaceuticals) as a measure of AD
pathology. Tau aggregation is observed early in AD in medial temporal
regions, spreading to lateral temporal, posterior, and frontal neocortex
as AD progresses.’?~21 Tau increases have been detected over periods
as short as 9 months.22 This trial expanded on prior studies by measur-
ing tau changes over a shorter period of 24 weeks and a broad range of
AD severity, concurrent with FDG-PET.



MATTHEWSET AL.

Translational Research 30f12

HIGHLIGHTS

* Rasagiline is a monoamine oxidase B inhibitor approved in
Parkinson disease.

* Rasagiline was evaluated in patients with mild to moderate
Alzheimer’s disease.

* A beneficial effect on frontostriatal glucose metabolism
was observed versus placebo.

* Directional changes in quality of life and cognition sup-
ported clinical benefit.

* Relationships were observed between tau, other biomark-

ers, and treatment effect.

2 | METHODS

2.1 | Study design

This was a double-blinded, randomized, placebo-controlled study of
the effects of 0.5 mg of rasagiline daily followed by 5 months of 1 mg of
oral rasagiline daily in 50 patients with mild to moderate AD (clinical-
trials.gov NCT02359552). The study was conducted after institutional
review board approval with informed consent. Key inclusion criteria
were a clinical diagnosis of probable AD (National Institute of Neuro-
logical and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINDS-ADRDA) criteria),
age 50 to 90 years, Mini-Mental State Exam (MMSE) 12-26, and Flu-
orodeoxyglucose Positron Emission Tomography (FDG-PET) pattern
of hypometabolism consistent with AD.2% Exclusion factors included
neurologic, radiologic, or laboratory indications of non-AD dementia;
medications that might interact with rasagiline; and factors that might
lead to inability to complete the study. Patients on stable doses of
cholinesterase inhibitors and memantine for at least 3 months prior to
randomization were permitted. No dose changes were permitted dur-
ing the study.

The primary outcome measure of this exploratory trial was the
change from baseline to week 24 in FDG-PET in pre-specified
AD-relevant regions including medial and lateral temporal, poste-
rior cingulate-precuneus, inferior parietal, and middle frontal cor-
tices. The anterior cingulate and striatum, relatively preserved in
late AD, were prespecified given their glucose metabolic correla-
tion with dopamine?* and a reported increase in striatal glucose
metabolism with associated neuropsychiatric benefit following selegi-
line administration.2> A voxel-based data-driven pattern derived from
amultivariate machine learning analysis of baseline and 24-week scans
was evaluated. This approach measures multi-region response as a sin-
gle end point, taking into account relationships between regions.

Secondary outcome measures included change in tau measured
by flortaucipir PET over 24 weeks; safety and tolerability; and the
following clinical end points: Alzheimer’s Disease Assessment Scale-
Cognitive Subscale (ADAS-cog), MMSE, Digit Span (DS), Controlled

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using PubMed, meeting abstracts and presentations, and
other on-line searches. Relevant publications regarding
studies of monoamine oxidase B (MAO-B) inhibitors and
imaging biomarkers used in the study were cited.

2. Interpretation: This double-blind, placebo-controlled
experimental medicine study of the effects of rasagiline
in Alzheimer’s disease (AD) met its primary outcome of
improved or mitigated decline of glucose metabolism
in the treatment group compared to placebo. Direc-
tional changes consistent with treatment benefit were
observed in some measures of cognition, including those
mediated by frontal subcortical systems sensitive to
dopaminergic effects, and quality of life.

3. Future Directions: Improved treatments for patients with
mild-to-moderate AD are needed. Repurposed agents
offer a means of developing new therapies while short-
ening development times and reducing cost. This study
suggests that rasagiline warrants further evaluation as
a repurposed therapy for AD, and illustrates a proof-of-
concept (POC) study design as a model for other studies.

Oral Word Association Test (COWAT), Alzheimer’s Disease Coopera-
tive Study-Clinical Global Impression of Change (ADCS-CGIC), ADCS
Activities of Daily Living (ADL) scale, Quality of Life-AD (QoL-AD, with
study partner), and Neuropsychiatric Inventory (NPI).

2.2 | Randomization

The study was conducted by the Cleveland Clinic Lou Ruvo Center for
Brain Health at three sites (Las Vegas NV, Cleveland OH, Lakewood
OH). Randomization was stratified by site, performed by the research
pharmacist using a predetermined randomization schedule in which
participants were assigned to rasagiline or placebo in a 1:1 ratio using

randomly generated blocks of four or six participants.

2.3 | Statistical power

Prior FDG-PET studies showed that metabolic changes associated
with cognitive effects in AD can be detected in an unpaired design
with less than 20 participants per arm.2* Disease-related decline can
be detected, although powered measurement of mitigation requires
additional participants or time.’® The study was not powered for
clinical significance, but—as an experimental medicine approach—was
designed to assess directionality for consistency with FDG findings and
to determine the number of participants required to show a rasagiline-

placebo difference in a powered trial.
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Clinical diagnosis AD, 61y, F
MMSE 13, ADAScog 52
FDG AD Progression score 9.32

Total Tau SUVR
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FIGURE 1
scores. d, Pattern of hypometabolism and preservation relative to whole brain that is quantified by the AD Progression score. e, Relationship

between participant age and total tau SUVR. f, Relationship between tau burden in a composite of temporal and parietal regions involved in the
pattern of (d) versus FDG-AD Progression score

2.4 | Procedures

2.4.1 | Medication

Rasagiline was initiated at 0.5 mg once daily for 4 weeks, increased to
a 1 mg dose once daily at week 5, and maintained at this dose until
the end of week 24. Active and placebo tablets were provided by Teva,
re-coated identically, and repackaged by randomization ID in a blinded

manner.

24.2 | Image acquisition and measurement
MRI was acquired at screening, and FDG and flortaucipir PET imag-
ing were performed at baseline and at week 24. Images were acquired
using protocols based upon the Alzheimer’s Disease Neuroimaging Ini-
tiative (ADNI, www.adni-info.org) and processed as described in the
Supplemental Material.

Each participant’s baseline FDG-PET scan was evaluated using two
previously developed image classifiers that use a single time point.

The first was trained to differentiate scans of persons having status of

Clinical diagnosis AD, 71y, M
MMSE 23, ADAScog 24
FDG AD Progression score 2.54

FDG AD Progression Score

Clinical diagnosis AD, 79y, M
MMSE 23, ADAScog 20
FDG AD Progression score 1.34

f)| Tau SUVR vs. FDG AD Prog score
R=0.50

10

o - =
09 1.0 1.1 12 13 1.4 15 16 1.7

Tau composite region SUVR

Baseline FDG and Tau burden. a-c, Tau burden for three participants age 61, 72, and 79 years shown with baseline clinical and FDG

amyloid negative and cognitively normal, amyloid positive with various
stages of MCI and AD, frontotemporal dementia, and dementia with
Lewy bodies (DLB). The second quantifies the degree to which a scan
expresses a pattern of hypometabolism and preservation relative to
whole brain that reflects the progression of AD from amyloid negative,
cognitively normal status through amyloid-positive AD dementia. This
pattern (Figure 1d) is characterized by hypometabolism in posterior
cingulate, precuneus, inferior parietal, and temporal cortices, and cor-
relates with subsequent rate of cognitive decline.?® Participants were
included if their highest probability class was on the AD spectrum, with
or without indication of secondary disease such as DLB.

FDG Standardized Uptake Value ratios (SUVRs) were measured
and compared using different reference regions to confirm that
changes were not driven by a single reference. Data-driven multi-
variate machine learning was applied to identify voxel intensity pat-
terns characterizing differences between treatment arms. Scans were
grouped into classes based upon visit (baseline, 24 weeks), study arm,
and age (younger, older), and input to the classifier software. The
software used Principal Component Analysis (PCA), Canonical Variate
Analysis (mathematical combinations of PCs), and intensive iterative

split-half data resampling to determine the pattern(s) that best discrim-
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inated groups while minimizing data overfitting.2 Pattern expression
was quantified as a numeric score for each participant.

Tau SUVRs were measured in cortical tissue excluding cerebellum;
a composite temporal region, the regions measured for FDG-PET; and
using an adaptive approach that measured the change in subject-
specific set of voxels that were suprathreshold at baseline or 24 weeks
to avoid directional bias, standardized to a common total volume.
White matter and cerebellar cortex reference regions were defined

using a Gaussian decomposition approach (PERSI) (Supplement).?”

2.4.3 | Clinical end points

The ADAS-cog, NP1, ADCS-ADL, DS, and COWAT were administered
at baseline, and at weeks 4, 8, 24, and 28. MMSE was administered
at screening, baseline, and 24 weeks. The CGIC was collected at
4, 8, 24, and 28 weeks. QoL-AD was administered at baseline and
24 weeks. Safety was monitored through weekly review of adverse

events throughout the study.

2.4.4 | Statistical analysis

Participants who completed both PET visits and passed image quality
control were evaluated longitudinally. Six-month changes in SUVR val-
ues and classifier scores were compared between treatment arms by
ANOVA adjusted for age, baseline values, and interaction terms when
applicable (JMP v14 (SAS); G:Power software). Comparisons were also
made within younger and older age strata given reports of greater tau
and more rapid progression in younger AD participants2° and potential
comorbidities that may influence outcomes in older participants. Sta-
tistical comparisons were based on absolute change values.

Mixed-model repeated-measures analyses were used to assess
between-group clinical end point differences in modeled change over
24 weeks. The dependent variable was the change from baseline score.
Fixed effects were baseline outcome measure scores, treatment arm,
visit, and treatment-by-visit interaction. Study visit was treated as
a continuous variable; an unstructured variance-covariance matrix
was used. The primary efficacy analysis was based on the modified
intention-to-treat (mITT) population, including all randomly assigned
participants with at least one post-baseline observation. Testing for
treatment differences was conducted by assessing the statistical signif-
icance of the treatment-by-visit regression coefficient. Relationships
between clinical and imaging end points were explored using correla-
tion (Pearson R). Because this was a preliminary POC study, no adjust-
ments for multiple comparisons were made and a two-sided P-value of
0.05 was considered significant.

In addition to including baseline values as model covariates,
methods were implemented to further assess the impact of baseline
differences on outcomes. The software package “designmatch”28 was
used to match treatment and placebo groups for MMSE, ADL, ADAS,
and QoL-AD at baseline. T-test and Analyses of Covariance (ANCO-

VAs) were run on the reduced set. A Cochran-Mantel-Haenszel test

Clinical Interventions

was performed on the full data set, splitting the sample at the median
for the MMSE (score of 20). Pre-defined exploratory analyses eval-
uated treatment effects for all clinical end points by baseline clinical
severity measured by MMSE.

3 | RESULTS

3.1 | Participants

Between May 19, 2015 and January 26, 2018, 96 participants were
screened, of whom 50 were randomized to rasagiline or placebo and
43 completed treatment. Of the 25 placebo participants, 3 were lost
to follow-up (delusions, stroke, worsening pseudobulbar/other effects),
and one did not have a week-24 FDG PET scan, resulting in 21 placebo
participants for image analysis. Of the 25 participants in the rasagiline
arm, 4 were lost to follow-up (broken hip/rib, atrial fibrillation, other
non-adverse event factors) (Figure S1).

Table 1 shows the demographic and baseline clinical characteristics
of enrolled patients by treatment arm. Age, sex, education, genotype,
and baseline NPI, DSPAN, and COWAT scores did not differ between
groups. MMSE and ADAS-cog baseline scores were more impaired (by
chance) in the placebo arm than the rasagiline arm (P < 0.06), whereas
the rasagiline arm had worse baseline QoL-AD scores (P < 0.02). Of
the 43 participants who completed the study, one did not have a
week-24 FDG PET scan and 3 were excluded from analysis due to
pre-specified behavioral or motion confounds during image acquisi-
tion. Among the 39 participants included in longitudinal image anal-
ysis, baseline MMSE and ADAS-cog scores did not differ between
groups and QoL-AD scores were worse in the rasagiline-treated group
(P<0.05).

3.2 | Baseline PET and ApoE characterization

Of the 59 participants whose screening FDG scans were analyzed using
the Dementia Classifier, 57 exhibited a pattern of hypometabolism
classified as AD-like and were included for potential enroliment.
Seventy-one percent of participants were apolipoprotein E gene
(APOE) &4 variant carriers, consistent with trials where positive amy-
loid imaging is used as an entry criterion.?? Participants were diverse
in FDG AD Progression Classifier scores (Figure 1f), which correlated
with baseline MMSE (R = -0.44, P < 0.001) and ADAS-cog scores
(R=0.42,P <0.003). AD Progression score and baseline MMSE did not
differ significantly between study arms in the PET analysis population.

Tau burden varied widely across participants (Figures 1a-c) but did
not differ between treatment arms. Tau was associated with age (Fig-
ure 1e), as younger participants (age 57 to 69 years) exhibited perva-
sive burden while oldest participants (late 70s to 90) had lower, pri-
marily temporal burden with smaller posterior clusters, and patients in
their 70s showed a wide range. Spatial patterns varied in asymmetry
and occipital involvement. Forty-seven of the 50 participants (94%) had

readily visualized elevated flortaucipir and positive regional SUVRs,
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TABLE 1 Baseline demographic and clinical characteristics of the study population
Mean (std dev) Placebo (N = 25) Rasagiline (N = 25) All (N =50) P-value (Placebo vs Rasagiline)
Age (range) 73.4(7.1) 74.7 (7.4) 74(7.2) 0.53
(57-84) (62 -90) (57-90)

Gender (F/M)% 44/56 56/44 50/50 0.60
Education 14(2) 14 (3 14(3) 0.83
ADAS-Cog 28(11) 23(6) 26(9) 0.06
MMSE 19(5) 21(4) 20 (4) 0.06
ADL 58(11) 62(8) 60 (10) 0.20
NPI 8(9) 8(8) 8(8) 0.78
DSPAN 12(3) 13(3) 12(3) 0.13
COWAT 21(13) 27 (13) 24(13) 0.13
QOL-AD 40 (5) 36 (6) 38(6) 0.02
APOE 2/3 4% 4% 4% 0.50

2/4 0% 4% 2%

3/3 16% 29% 22%

3/4 60% 38% 49%

4/4 20% 25% 22%
AChEI(s) 84% 84% 84% 1.00
Memantine 44% 40% 42% 0.78
Antidepressant(s) 36% 56% 46% 0.16
Anxiolytic(s) 4% 4% 4% 1.00
Antipsychotic(s) 8% 4% 6% 0.56
siteid 1 48% 52% 50% 1.00
siteid 2 36% 36% 36%
siteid 3 16% 12% 14%

while three had threshold cortical SUVR values (1.3). Total tau corre-
lated with FDG AD Progression classifier score (R = —0.41, P < 0.003).

3.3 | Trial outcomes

3.3.1 | Primary end point

The study met its primary end point of improvement in longitudinal
glucose metabolism in rasagiline-treated participants versus placebo
in one or more prespecified regions and in the pattern determined
through voxel-based analysis (Figure 2a,b). Rasagiline-treated par-
ticipants decreased less than placebo-treated participants in middle
frontal cortex (left P < 0.012, E.S. 0.82; bilateral P < 0.025, E.S. 0.75),
anterior cingulate cortex (P < 0.043, E.S. 0.68), striatum (P < 0.02,
E.S. 0.83) (Table 2) and in the voxel-based classifier-derived pattern
(P <0.02, Figure 2b), which was consistent with regional effects. Treat-
ment effects remained significant when including age, baseline SUVR,
and baseline MMSE as covariates. Age was a significant covariate for
middle frontal cortex and striatum. Results using whole brain, subcor-
tical white matter, and pons as alternate reference regions were in

agreement regarding affected regions and directionality.

Placebo arm FDG AD Progression scores increased in sever-
ity (P < 0.01), and regional SUVRs likewise decreased in posterior
cingulate-precuneus (P < 0.03, E.S. 0.74), inferior parietal (P < 0.01,
E.S.0.86), and middle frontal (P < 0.001, E.S. 1.74) regions, with decline
greater in younger participants.

3.3.2 | Secondary end points

Longitudinal clinical end points for the rasagiline and placebo arms
over 24 weeks are presented in Figure 3. A favorable outcome for
rasagiline compared to placebo was observed for QoL-AD (P < 0.04 all
participants, adjusted for baseline QoL; P < 0.07 with a reduced set
of matched baseline participants and adjusted for baseline QoL and
MMSE; P < 0.07 Mantel-Haenszel chi-square). In particular, uniform
improvements were observed in rasagiline-treated participants com-
pared to decline in placebo participants with similar baseline values
(Figure 3b,c), and trajectories were clearly separated in the matched
baseline analysis of all ages (Figure 3d). Directionally favorable out-
comes were observed in Digit Span, CGIC, COWAT, and NPI. No sig-
nificant differences were observed in ADL and ADAS-cog (Figure 3a,

Table S1). Mean values for each time point and results for pre-specified
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FIGURE 2

a, Twenty-four-week change in FDG SUVR in placebo- versus rasagiline-treated patients. b, Longitudinal voxel-based classifier

results showing regions where rasagiline-treated participants declined less in glucose metabolism than placebo-treated participants

MMSE strata are shown in the Supplementary Material. There were no
side effects.

Increases in tau PET were observed in some participants over
24 weeks, particularly those with higher baseline values (Figure 4a,b).
Greater slopes and statistical power were observed when using the
adaptive method that defined the region of interest according to com-
bined pre- or post-suprathreshold voxels (Figure 4b). No treatment dif-
ferences in change in flortaucipir were observed in cortical regions hav-
ing suprathreshold values at baseline. Uniform longitudinal decreases
were observed in the rasagiline but not placebo arm in subcortical
regions, particularly accumbens (P < 0.0001) and putamen (P < 0.003)
(Supplement).

3.3.3 | Relationships between imaging and clinical
end points

Higher tau burden, lower glucose metabolism, and lower cortical thick-
ness in temporal regions at baseline correlated with greater decline in
MMSE score in placebo participants (P < 0.008, P < 0.05, P < 0.004,
respectively). These relationships (Figure S2a) were not seen in rasag-
iline trajectories, which were relatively stable or improved indepen-
dent of these baseline values. Longitudinal differences between rasag-
iline and placebo arms were most pronounced in participants having
greater tau, lower metabolism, and lower volumes in temporal regions
at baseline. Change in QoL-AD score, which differed between placebo

and rasagiline arms, correlated with a pattern of increased metabolism

in anterior cingulate, frontal, and striatal regions (Figure S2b,c) and
with FDG SUVR increases in these regions (anterior cingulate R=0.47,
P < 0.002, caudate R =0.47, P < 0.002) (Figure S2d).

3.3.4 | Safety and tolerability

Rasagiline was generally well tolerated, with neuropsychiatric adverse
events (AEs) in 5 (20%) placebo and 0 (0%) rasagiline patients, non-
neuropsychiatric AEs in 10 (40%) placebo and 13 (52%) rasagiline
patients, and no treatment-related deaths (Table S2). No rasagiline-
treated participants experienced neuropsychiatric symptoms of agi-
tation/irritability or psychosis compared to five placebo participants
(t test not significant).

4 | DISCUSSION

4.1 | Rasagiline effects

This investigation of rasagiline as a treatment for AD met its pri-
mary outcome of demonstrating improvements or less decline in glu-
cose metabolism changes in prespecified regions compared to placebo
over 24 weeks. FDG-PET findings suggested that rasagiline supports
metabolic function in frontostriatal networks. Rasagiline prolongs
dopamine availability through MAO-B inhibition, and results were

consistent with previous studies that have established dopaminergic
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TABLE 2 Region of interest results: difference (24 weeks minus baseline) mean, S.D. and difference between arms with 95% confidence interval

Post cing - precuneus Inferior parietal

Lateral temporal

Medial temporal

Striatum

Superior frontal

Anterior cingulate

Middle frontal

SUVRs

—0.025 (0.029)
—0.018(0.022)

—0.015 (0.034) —0.020 (0.029) —0.017 (0.023)
—0.016 (0.024) —0.016(0.018)

—0.010(0.034)

—0.024 (0.029)
—0.002 (0.028)

—0.016 (0.022)
—0.003(0.018)

—0.020 (0.021)

—0.003(0.026)

—0.032(0.030)

Placebo

—0.011(0.030)
0.020 (0.00-0.04)

Rasagiline

0.007 (—0.01-0.02)

0.005(—0.01-0.02) —-0.001(-0.01-0.01)

0.005 (—0.02-0.03)

0.013(0.00-0.04) 0.022 (0.00-0.04)

0.016 (—0.00-0.03)

Difference (95% Cl)

Percentages

MATTHEWS ET AL.

—2.6%
(3.5%)

-2.2%
(3.1%)
-2.0%
(3.1%)

—-2.7%
(4.4%)

-2.5%
(5.7%)

-2.6%
(3.1%)

—-2.0%
(2.7%)
—0.4%
(2.1%)

—2.8%

(3.1%)
—0.6%

(3.1%)

-3.5%

Placebo

(3.5%)
—-1.0%

—1.6%
(3.5%)

-2.1%
(4.4%)

—-1.8%

(5.7%)

-0.2%
(3.1%)

Rasagiline

(3.5%)
2.5% (0.3-4.7%)

0.025

0.9% (—1.5-3.3%)

0.2% (—1.5-1.9%)

0.6% (—1.8-3.0%)

0.8% (—2.4-4.0%)

2.4% (0.2-4.3%)

0.023

1.6% (0.0-3.2%)

0.054

2.2% (0.1-4.3%)

0.041

Difference (95% CI)

n.s. n.s. n.s.

n.s.

P-values?

2based on the SUVR values and comparison of differences from baseline. Abbreviation: ns, not significant.

effects on frontostriatal neuronal function, with benefits on working
memory and other cognitive function.?%3! Because84% of participants
in each arm of the present study were taking acetylcholinesterase
inhibitors and/or medications such as memantine, rasagiline effects
were incremental to the action of these medications.

The favorable effect in QoL observed for rasagiline was consistent
with benefits on QoL reported with rasagiline in PD patients.”® QoL
has been associated in other studies with dopaminergic function.®?
Changes in DS, CGIC, COWAT, and NPI were directionally consistent
with FDG results. The lack of ADAS-cog effect was similar to some
studies of MAO-B inhibitors and rotigotine,? illustrating that a POC
approach may efficiently identify end points for larger trials relevant
to the cognitive signature of the treatment. The lower number of
rasagiline-treated participants who spontaneously reported neuropsy-
chiatric events compared to the placebo group suggests an additional
effect worthy of further study. This observation supports the finding of
a potential MAO-B inhibition effect on neuropsychiatric symptoms in
AD patients reported in a phase 2 trial of sembragiline.12

Our findings indicate that differences associated with rasagiline
treatment may be most detectable in participants exceeding baseline
thresholds of temporal tau burden, hypometabolism, and atrophy (Fig-
ure S2). Prospective biomarker stratification may help focus analyses
on subgroups in which benefit is greatest.

The longitudinal progression in AD classifier pattern in placebo
group and the 2% to 3% differences between study arms in frontos-
triatal regions were similar to the magnitude of change observed in
other FDG-PET studies of AD and central nervous system drugs.141°
The placebo group decreases in striatum, which is relatively preserved
in late-onset AD, was driven by decreases in left caudate in younger
patients. Caudate glucose metabolism has been identified as signifi-
cantly reduced in early onset versus Late-onset AD.33

42 | Tau

This study illustrated the diverse distribution of tau in AD as well as its
relationships to age, FDG-PET, and clinical status. Results suggest that
tau accumulation is observable over periods as short as 24 weeks, with
higher accumulation rates associated with higher baseline tau burden.
Adaptive region definition increased change detection likely because
it captured the diverse spatial distribution of tau across participants
without diluting to entire cortex, and may minimize impact of head
motion-induced tissue shifts by “ORing” pre- and post-suprathreshold
boundaries.

Because rasagiline is a highly selective MAO-B inhibitor, this study
provided a stringent test of possible MAO-B binding of flortaucipir. The
uniform flortaucipir signal reductions observed in subcortical regions
in rasagiline-treated but not placebo-treated participants may suggest
binding to MAO-B. However, effects were very weak compared to
MAO-B-binding reductions caused by a rasagiline dose equal to that
in the present study®* and to the signal depletion of [18F]THK5351,
a tracer with strong MAO-B affinity, following rasagiline treatment3>

(further discussion in Supplement).
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4.3 | Study limitations
Limitations of the study include its small sample size and 24-week dura-
tion, intended for POC. The lack of amyloid measurement was a diag-
nostic limitation. However, flortaucipir, selective for AD variant tau,
provided evidence of AD pathology and may serve as a surrogate indi-
cator of amyloid given the observed relationship between neocortical
tau and positive amyloid burden.2¢3” The high number of APOE ¢4 car-
riers (71%) in the study is consistent with a trial population comprised
primarily of AD patients.

The by-chance imbalance in baseline MMSE, ADAS-cog, and QoL
scores between treatment arms posed a challenge also seen in other
studies.?®3? The multiple approaches applied to adjust for and/or

balance these variables all supported the baseline-adjusted model
results. However, imbalances impact analysis complexity and inter-
pretation, and prospective approaches to balancing arms could aid in

other trials.

4.4 | Conclusion

The findings of a favorable effect of rasagiline on longitudinal FDG over
24 weeks of treatment and directional benefit on clinical outcomes
support a potential benefit of rasagiline for AD patients. Given that
this is an available, generic treatment with substantial safety data, it

would be a cost- and time-effective addition to available treatments. A
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Image: Increases in flortaucipir SUVR
values from baseline to 24 weeks in
participant with high tau burden
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a, Example of increases in tau burden in a high tau imaging participant over 24 weeks. b, Twenty-four-week changes in flortaucipir

SUVRs for middle frontal, posterior cingulate-precuneus, and an adaptive region determined by baseline and week 24 suprathreshold voxels, by

study arm

powered clinical trial with assessment of QoL-AD, executive function,
and neuropsychiatric aspects is warranted. More broadly, this study
demonstrated the utility of a POC/experimental medicine design incor-
porating imaging biomarkers for participant inclusion, evaluation, and
stratification as a path to increase the probability of success of larger
AD trials.
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1. Tables referenced in main manuscript

Table S1. Clinical endpoint longitudinal results

Endpoint 24 week mean change (S.D.) p-value
Placebo Rasagiline

MMSE 1.14 (2.27) 0.65 (2.48) n.s.
ADAS-cog 2.76 (4.30) 1.81 (4.43) n.s.
ADL 3.23 (6.71) 3.75(7.27) n.s.
COWAT 1.09 (6.31) -0.62 (5.55) 0.08
CGIC n/a n/a n.s.
Digit Span 1.18 (1.92) 0.29 (3.08) n.s.
NPI 2.00 (7.18) 0.20 (6.79) n.s.
QoL-AD 1-95 (3-28) -1-11 (3:77) 0.04

S.D. = standard deviation; Mod = moderate; n.s. = non-significant

Table S2. Adverse Events

Placebo (n=25 Rasagiline (n=25
Adverse Event Number( Pe)rcent Num%)er ( Percgnt
Abnormal Urinary Analysis 1 4% 2 8%
Agitation 2 8% 0 0%
Confusion 2 8% 2 8%
Delusions 3 12% 0 0%
Elevated blood pressure or cardiac related 2 8% 3 12%
Elevated thyroid stimulating hormone 1 4% 2 8%
Fall 1 4% 2 8%
Insomnia 2 8% 0 0%
Rash / skin lesion 1 4% 2 8%

Number of subjects (%) with adverse events who received 1 or more doses of study drug (occurring
in 5% or more in either treatment group).




2. Figures referenced in main manuscript
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a) 24 week change in MMSE score vs. baseline imaging biomarkers
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Figure S2. a) Twenty-four week change in MMSE scores vs. baseline temporal tau SUVRs, FDG
PET SUVRs, and cortical thickness. Blue = placebo, Red = rasagiline. b) Classifier pattern of
glucose metabolism increases (orange) associated with greater QoL-AD scores. ¢) Relationship
between change in classifier score for pattern in (b) and change in QoL-AD score. Placebo = open
blue circles, rasagiline-treated = solid red circles. d) Relationship between Anterior Cingulate FDG
SUVR (pre-specified region of interest that is part of the classifier pattern) and change in QoL-AD
score.



3. Imaging Methods

Image acquisition protocols were consistent with those used in the Alzheimer’s Disease
Neuroimaging Initiative (ADNI)(www.adni-info.org) as described below.

3.1. MRI

Volumetric MR images of 3T field strength were acquired at three imaging sites using a 3D
magnetization prepared rapid gradient echo (MPRAGE) T1 weighted scan with field of view (FOV)
=256 x 256 x 160; voxel size =1 x 1 x 1.2 mm*; TR = 2300 ms, TE = 2.98 ms; TI = 900 ms and flip
angle = 9° or similar MPRAGE parameters.

MRI scans were visually inspected for anatomical inclusion, subject motion, and other artifacts. MRI
scans were processed using Freesurfer version 6.0'*!* to produce regional segmentation masks with
measurements of volume and cortical thickness. This processing included N3 correction for
nonuniformities. MRI scans were also spatially transformed to a template in Montreal Neurological
Institute (MNI) space using statistical parametric mapping (SPM12)'. Freesurfer segmentation
results were visually inspected, and volume values were corrected for total intracranial volume (ICV)
as calculated using the gray, white, and cerebrospinal (CSF) segments determined by SPM12.

3.2. FDG PET

Image Acquisition

FDG PET scans were acquired using 5 mCi FDG with an uptake time of 20 minutes during which
participants were at rest but awake in a dimly lit room with eyes and ears open. Sleep medications
such as zolpidem were disallowed on the evening prior to FDG PET scans. Emission scans were
acquired over a 30-minute period comprised of six five-minute frames following a transmission scan
used for attenuation correction. Participants were monitored to confirm conformance to the at-rest
protocol during uptake and were monitored for motion during image acquisition. At-rest
requirements included refraining from movement, conversation, or sleep during FDG uptake.
Reconstruction was performed using Ordered subset expectation maximization (OSEM).?

Image Processing

FDG PET scans were visually inspected for participant motion and other artifacts. Multi-frame
images were motion corrected and averaged into static images that were smoothed using a Gaussian
filter. The 24-week PET scans were co-registered to baseline PET scans, which had been co-
registered to their respective MRI scans. Volumetric masks generated by Freesurfer 6.0 were visually
inspected and used to measure the signal intensities from the co-registered PET scans, as individual
or composite regions. In addition, the spatial transforms determined for the MRI scans were applied
to the PET scans to enable voxel-based comparisons using images in template space.

For FDG PET SUVR measurement, the reference region was based upon spatial clusters found to be
metabolically preserved during the progression of AD based upon our prior development of a voxel-
based multivariate classifier (“AD Progression Classifier ** These reference clusters included



paracentral gyrus and subregions of pons and cerebellar vermis, similar to preserved clusters
identified by Chen et al*. However, the striatum was omitted due to reported metabolic change
associated with rasagiline in this region. Longitudinal results were compared to those obtained using
whole brain (minus ventricles) and subcortical white matter reference regions to verify that effects
were not specific to the primary reference region.

Endpoints

FDG Standardized Uptake Value ratios (SUVRs) were measured in the following prespecified
regions of interest associated with progressive hypometabolism in AD: medial temporal, lateral
temporal, posterior cingulate-precuneus, inferior parietal, and middle frontal. The anterior cingulate
and striatum were also prespecified given prior findings of correlation between dopamine and
glucose metabolism in those regions’ and reported selegiline effects on FDG in striatum associated
with clinical benefit®.

Images were also evaluated using both apriori and data driven machine learning classifiers. In brief,
these classifiers were developed using the NPAIRS framework’®, which performs feature reduction
using Principal Component analysis followed by Canonical Variate Analysis, coupled with many
iterations of split half resampling. In each iteration, the half data sets are treated as training and test
data sets. The models derived from each half are compared to one another using correlation,
producing a metric of reproducibility. Each half is also used as the test half for the other half, and the
classification accuracy for the test subjects produces a quantitative prediction measure. These
parameters are then used to determine consensus patterns of relative hypo- and hyper- (or preserved)
metabolism that differentiate classes while minimizing risk of overfitting. The degree to which each
individual participant scan expresses each pattern is captured by a Canonical Variate score, which
can then be analyzed using descriptive statistics.

Two previously developed (apriori) FDG PET classifiers were applied at baseline to determine
whether participants exhibited metabolic patterns associated with AD as compared to those of
individuals with several other dementias:

1. The Dementia Differentiation Classifier identifies the probability of association with a
combination of patterns that characterize the following different types of dementia (or lack of
disease): Normal amyloid negative, MCI amyloid positive, AD amyloid positive, Severe AD
amyloid positive, frontal (behavioral) variant Frontotemporal Dementia (FTD), semantic
variant FTD, and Lewy Body Disease.

2. The AD Progression Classifier quantifies the degree to which a scan expresses a pattern of
hypometabolism and preservation relative to whole brain that reflects the progression from
cognitively normal amyloid negative status to amyloid positive MCI and AD dementia, as
described in Matthews et. al.?

The data driven classifier that was included as one of the FDG primary endpoints (Figure 2 in the
main manuscript) was derived by defining classes based upon study arm, stratified by younger and
older age groups, and using the difference scans between 24 weeks and baseline as the inputs.



Participant Inclusion/Exclusion

Participants were excluded from longitudinal FDG PET analysis if major behavioral confounds
occurred during FDG uptake, if motion was so severe that it could not be adequately corrected, or if
other protocol deviation or image artifact was identified that would prevent proper signal
measurement. Of the 42 participants who had baseline and 24-week FDG PET scans available, two
participants from the placebo group and one participant from the rasagiline group were excluded due
to major behavioral confounds during the FDG uptake period and/or severe motion during image
acquisition. Longitudinal analyses were conducted using this set of 39 participants.

3.3. Flortaucipir PET

Image acquisition

Tau PET scans were acquired using 10 mCi of the radiotracer AV-1451, in four 5 minute frames
from 80 to 100 minutes post tracer injection, following a transmission scan. All PET scans were
acquired using a Siemens mCT PET scanner, at two sites. Reconstruction was performed using
Ordered subset expectation maximization (OSEM)?.

Image processing and measurement

Flortaucipir PET scans were visually inspected, motion corrected, averaged into static images, and
smoothed using a Gaussian filter. The 24-week scans were co-registered to the baseline scan, which
was coregistered to the baseline MRI. Regions of interest as defined by Freesurfer 6.0 were then
measured in native space. In addition, the flortaucipir scans were spatially transformed to template
space by applying the transform determined for the MRI to which they were coregistered.

Baseline flortaucipir SUVRs were first evaluated using a cerebellar cortex reference region
thresholded to exclude spillover from adjacent tissue and high intensity clusters that can create signal
artifact’. For longitudinal evaluation, the following reference regions were compared: cerebellar
cortex, and a calculated white matter reference mean that mathematically reduces the effects of
spillover from adjacent high signal tissue based on a Gaussian 2-mixture model (PERSI)'’. Use of
white matter was motivated by previous findings demonstrating that reference regions incorporating
subcortical white matter have shown lower variance and greater effect sizes than cerebellar cortex in
longitudinal measurement of tau'""'* and amyloid'*'®. SUVRs derived from these reference regions
were compared using the following criteria: (a) cross-sectional range for baseline values and (b)
variability (signal to noise) for longitudinal measurements. Longitudinal SUVRs were evaluated
using the reference region with least longitudinal variability for the study population overall.

The cerebellar cortex provided the best reference region to examine the range of cross-sectional tau
burden. All reference regions produced SUVrs compatible with visually apparent tau burden.
However, those referenced to white matter showed less differentiation between tau burden levels due
to gray signal spillover into the white matter reference in participants with high tau burden. The
PERSI approach mitigated the impact of spillover, reducing the white matter reference values by up
to 26% (and thus increasing target region SUVRs). However, values for participants with extensive
tau were still somewhat reduced as compared to SUVRs based on cerebellum, beyond that accounted
for by the generally higher tracer signal expected in white matter. For longitudinal measurement,
white matter reference regions (with or without the PERSI adjustment) were associated with less



directional variability then cerebellar cortex, and the PERSI reference was used for longitudinal
SUVR evaluation.

Flortaucipir SUVRs were measured in total cortical gray tissue excluding cerebellum, a composite
temporal region (CTR) consisting of entorhinal cortex, amygdala, parahippocampal gyrus, inferior
temporal, and middle temporal regions'®, the regions measured for FDG PET, and additional cortical
and subcortical regions defined on MRI using Freesurfer 6.0. These included composite regions
based on the six stages identified by Braak'”'*; and the regions measured for FDG PET. An
additional adaptive region approach was evaluated in which the region of interest was comprised of
suprathreshold voxels from the baseline scan “Or’d” (the union) with those in the 24 week scan.
Effects of rasagiline upon flortaucipir binding were also explored by examining longitudinal change
in putamen, accumbens, thalamus, and brainstem.

Partial volume correction effects were examined at baseline in some subjects using the Miiller-
Girtner method'® as implemented using PMOD software but did not impact overall results. A 24
week MRI was not acquired and partial volume correction was not applied for longitudinal analysis
over this relatively short timeframe of 24 weeks.

Participant inclusion/exclusion

Participants were excluded from group analyses for tau PET if the start time for emission scan
acquisition differed between baseline and 24-week visits by more than 5 minutes, due to published
time-dependent increases in flortaucipir signal that occur during the acquisition time window?’.
Adjustment for acquisition start time differences in tau PET scans, as in Pontecorvo et al*!, was
deferred for future exploration. Four participants were excluded from the longitudinal analysis due to
acquisition timing.

4. Longitudinal Tau PET (Secondary Outcome Measure)

The 24-week effects of rasagiline on tau burden were evaluated in this study. Since rasagiline is a
potent selective MAO-B inhibitor, longitudinal measurement also posed a sensitive within-subject
challenge to detect potential off-target binding of flortaucipir to MAO-B.

As noted in the main manuscript text, using a PERSI white matter reference region, longitudinal
flortaucipir SUVRs exhibited stability or increases in cortical regions including precuneus, inferior
parietal, lateral occipital, and total cortex (not including cerebellar cortex). In subjects with very low
/ no tau (flortaucipir binding), some decreases were observed but no overall difference between study
arms was observed. Slight mean decreases were observed in the rasagiline arm but not in the placebo
arm in anterior cingulate (not significant when comparing the two study arms) and insula (trend level
of p<0-08).

Decreases were noted in the rasagiline arm in several subcortical regions while mean placebo arm
values were unchanged. These regions and p-values associated with the comparison of placebo
change to treatment arm change included accumbens (p<0-001), putamen (p<0-003), pallidum
(p<0-02), thalamus (p<0-05), and brainstem (p<0-03). Subcortical decreases in the rasagiline arm
were also found when using cerebellar cortex as a reference region (Figure S3).
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Figure S3. Longitudinal change in accumbens. Individual participant SUVRs are shown at baseline
and 24 weeks, referenced to the PERSI white matter region and to cerebellar cortex for comparison.
Subcortical decreases are observed in the rasagiline arm but not the placebo arm for both reference
regions.

The following potential contributors to the subcortical decreases in rasagiline arm were considered as
discussed below: 1) removal of tau; 2) changes in SUVR associated with changes in local blood flow
rate; 3) tracer interaction with MAO-B; 4) tracer interaction with a different off-target entity.

1)

2)

3)

Removal of tau. Although tau has been identified in the putamen?®® of some AD patients, increases
observed in flortaucipir binding in putamen, pallidum, and thalamus appear to be related to age
rather than to amyloid status or AD progression®. In the accumbens, where the most uniform
reductions in flortaucipir signal occurred with rasagiline, only limited tau aggregation has been
observed in AD?**. Studies have suggested that flortaucipir signal in subcortical regions may be
associated with off-target binding®>*°. If flortaucipir reductions in the rasagiline arm are due to
tau removal, reductions in cortical regions might be expected but were not observed. These
considerations suggest that the subcortical reductions in flortaucipir signal may be associated
with factors other than removal of tau.

Impact of blood flow changes on SUVR. Increases in regional blood flow can decrease measured
SUVR.?” However, flortaucipir decreases in the rasagiline arm in caudate, brainstem, and
accumbens do not correlate with local increases in FDG, which is often but not always closely
coupled with blood flow. Further, the decreases observed in the rasagiline arm are relatively
uniform in contrast to the more variable changes observed in FDG or that might be expected in a
treatment response. If blood flow is responsible for the SUVR decreases, the lack of correlation
could be because blood flow recruitment tends to be an “on/off” event. The role of blood flow
could be determined using full dynamic scans and kinetic modeling but is not suggested by the
present data.

Flortaucipir binding to MAO-B. Although flortaucipir has not been found to bind strongly to
MAO-B in cross-sectional comparisons®*?’, it binds weakly in vitro to MAO-B***!, The
decreases observed in the rasagiline arm are in regions established to be associated with higher
MAO-B concentrations and with which rasagiline is known to interact as demonstrated by
Freedman.*? However, the reductions observed in the present study were far less than those



shown by Freedman, as well as the signal depletion of [18F]THKS5351, a tracer with strong
MAO-B affinity, following rasagiline treatment.** Within the striatum, the accumbens has been
reported in preclinical evaluation to most strongly express MAO-B**, and it was in this region
that rasagiline related decreases were most uniform. However, the lack of decreases in other
cortical regions where MAO-B is known to reside suggest that any MAO-B affinity is weak and
superseded by that to tau.

The potential inconsistency between the findings of Smith (lack of apparent cross-sectional affinity)
and those of Drake and others (weak in vitro binding) was resolved by examining differences
between the placebo and rasagiline arms cross sectionally and with respect to 24-week change. The
pallidum was used to approximate the globus pallidus (dorsal pallidum) used by Smith. Figure S4
illustrates the finding that for SUVRs based on either the PERSI or cerebellar reference region,
within-subject decreases are not significant relative to intra-subject, cross sectional SUVR variability.
Therefore, while the groups do not differ cross-sectionally, their longitudinal change differs
significantly. This was also tested and confirmed in the accumbens region. Therefore, the findings by
Smith et al, findings by Drake et al, and MAO-B as a possible source of rasagiline related flortaucipir
decreases are not inconsistent with one another.

A comparison of these modest yet significant reductions in subcortical flortaucipir signal to the
complete depletion of MAO-B by rasagiline demonstrated by Freedman® also suggests that MAO-B
binding by flortaucipir is weak.
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Figure S4. Baseline and 24-week SUVRs in pallidum referenced to white matter PERSI reference
and cerebellar cortex reference for placebo and rasagiline arms. The decrease in the rasagiline arm
does not create a significant difference in cross sectional comparisons across study arms.

4) Other off-target binding. 1t is less likely that another off-target entity has the same binding
distribution as MAO-B and would be affected by a selective MAO-B inhibitor, unless this entity
is highly similar to MAO-B.

The subcortical decreases observed do not impact baseline patient characterization or comparisons

across imaging and clinical measures. They do suggest caution when interpreting changes in
flortaucipir SUVR in subcortical regions in the rasagiline study.
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5. Supplemental Clinical Endpoint Results (Secondary Outcome Measures)

5.1.

Mild and Moderate Subgroups

Table S3. Moderate Subgroup Baseline Characteristics.

Placebo (N=10) | Rasagiline (N=4) | All (N=14) p-value
Age (S.D.), range | 74:3 (6:8) 66-3 (5:0) 72:0(7-2) 0-5
(years) (61-84) (62-73) (61-84)
Sex 0-5/0-5 0-75/0-25 0-57/0-43 0-6
(Female/Male)
Education 14:6 (2:0) 15-3(1:5) 14-8 (1:8) 0-8
MMSE 14:6 (2:5) 15-3 (3:4) 14-8 (2:7) 0-06
ADAScog-11 364 (9-9) 29-3 (1:3) 34-4 (8-9) 0-06
ADL 51-3(7-1) 55-8(1:3) 52:6(6:3) 0-2
COWAT 15-8(9:6) 13.3 (74 15-1(8:8) 0-13
Digit Span 11-:9(3:3) 10-8 (2:6) 11:6 (3-1) 0-13
NPI 8:0(10-4) 12:0 (9:7) 9-1(10-0) 0-8
QoL-AD 38-2(5:0) 30-0 (3-4) 35-7(59) 0-02
Site (1/2/3) 0-6/0-2/0-2 0-5/0-25/0-25 0-57/0-21/0-21 1-0
APOE4 0-7/0-3 0-75/0-25 0-71/0-29 0-5
(carrier/non)
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Figure S5. Longitudinal clinical endpoints in the moderate subgroup.
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Table S4. Mild Subgroup Baseline Characteristics.

Placebo (N=15) | Rasagiline All (N=36) p-value
(N=21)
Age (S.D.), range | 72-9 (7°5) 76-3 (6-6) 74-9 (7-1) 0-5
(years) (57-84) (63-90) (57-90)
Sex 0-4/0-6 0-52/0-48 0-47/0-53 0-6
(Female/Male)
Education 13-8 (2-5) 14-1 (3-0) 14-0 (2-8) 0-8
MMSE 22-0(3-0) 22-4 (2-2) 22-2(2°5) 0-06
ADAScog-11 22-3(6°5) 22-1(59) 22-2(6-0) 0-06
ADL 62-8(11-0) 63-1(8-7) 63-0 (9-6) 0-2
COWAT 24-7 (14-3) 29-3 (11-8) 27-4 (12-9) 0-13
Digit Span 11-7(3-3) 13-5(2-6) 12-8 (3-0) 0-13
NPI 8-5(8-3) 6-8(71) 7-5(7-6) 0-8
QoL-AD 40-4 (5-4) 38-2 (4-5) 39-2 (5-0) 0-02
Site (1/2/3) 0-4/0-47/0-13 0-52/0-38/0-1 0-47/0-42/0-11 1-0
APOE4 0-87/0-13 0-65/0-35 0-73/0-27 0-5
(carrier/non)
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Figure S4. Longitudinal clinical endpoints in the mild subgroup.
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5.2. Female and Male Subgroups

Table S5. Female Subgroup Baseline Characteristics.

Placebo (N=11) | Rasagiline All (N=25) p-value
(N=14)
Age (S.D.), range | 73-6 (7-4) 74-8 (7-2) 74-3 (7-2) 0-5
(years) (61-84) (63-85) (61-85)
Sex 1-0/0-0 1-0/0-0 1-0/0-0 n/a
(Female/Male)
Education 13-1 (2-0) 13-6 (2-7) 13-4 (2-4) 0-8
MMSE 18-5 (4-6) 24-3 (6-4) 25-9 (8-8) 0-06
ADAScog-11 27-9 (11-1) 22-1(5'9) 22-2(6-0) 0-06
ADL 58-7 (10-3) 59-7 (10-0) 59-3(9-9) 0-2
COWAT 19-6 (10-4) 27-3 (14-6) 23-9(13-3) 0-13
Digit Span 11-6 (2-5) 13-4 (3-0) 12-6 (2-9) 0-13
NPI 8-1(9°9 6:6(4-3) 7-3(7-2) 0-8
QoL-AD 39-3(5-6) 36-1(6-4) 37-7(6-1) 0-02
Site (1/2/3) 0-45/0-27/0-27 | 0-64/0-21/0-14 0-56/0-24/0-20 1-0
APOE4 0-64/0-36 0-77/0-23 0-70/0-30 0-5
(carrier/non)
MMSE QOL-AD DSPAN COWAT ADL
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Figure S5. Longitudinal clinical endpoints in the female subgroup.

Table S6. Male Subgroup Baseline Characteristics.

Placebo (N=14) | Rasagiline All (N=25) p-value
(N=11)
Age (S.D.), range | 73-3(7-2) 746 (7-9) 73-9 (7-4) 0-5
(years) (57-84) (62-90) (57-90)
Sex 0-0/1-0 0-0/1-0 0-0/1-0 n/a
(Female/Male)
Education 14-9 (2-2) 15-1(2-9) 15-0 (2-5) 0-8
MMSE 19-5 (4-7) 22-6 (2-3) 20-9 (4-1) 0-06
ADAScog-11 28-0 (10-5) 21-8(5°5) 25391 0-06
ADL 57-8(12-1) 64-9 (4-4) 60-8 (10-1) 0-2
COWAT 22-4 (15-3) 26-0 (10-1) 24-0 (13-1) 0-13
Digit Span 11-9 (3-8) 12-6 (2-5) 12-2 (3-2) 0-13
NPI 8-4(8-5) 9-0(10-9) 8-7(9-4) 0-8
QoL-AD 39-9(5-1) 37-4 (4-3) 38-7 (4-8) 0-02
Site (1/2/3) 0-5/0-43/0-07 0-36/0-55/0-09 0-44/0-48/0-08 1-0
APOE4 0-93/0-07 0-54/0-45 0-72/0-28 0-5
(carrier/non)
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Figure S6. Longitudinal clinical endpoints in the male subgroup.
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5.3. Younger and Older Subgroups

Table S7. Younger Subgroup Baseline Characteristics

Placebo (N=8) Rasagiline (N=9) | All (N=17) p-value
Age (S.D.), range | 65:0 (4:8) 67-0(3:5) 66-1(4-2) 0-5
(years) (57-71) (62-71) (57-71)
Sex 0-38/0-62 0-44/0-56 0-41/0-59 0-6
(Female/Male)
Education 15-3(2-2) 14-7 (1-7) 14-9(1:9) 0-8
MMSE 19-3 (6-1) 19:6 (4:6) 19-4 (5-2) 0-06
ADAScog-11 29-4 (14-8) 22-9(6-3) 25:9 (11-2) 0-06
ADL 59-3 (8-3) 62-4 (6-6) 60-8 (7-4) 0-2
COWAT 24-9 (19-0) 23-9(2-7) 24-0 (13-1) 0-13
Digit Span 11-9 (3-8) 12-6 (2-5) 12:53:3) 0-13
NPI 9-6 (10-0) 4-4(8-8) 69 (9-5) 0-8
QoL-AD 40-7 (4-0) 35-5(5-8) 37-9 (5:6) 0-02
Site (1/2/3) 0-5/0-5/0-0 0-44/0-33/0-22 0-47/0-41/0-12 1-0
APOE4 0-75/0-25 0-78/0-22 0-76/0-24 0-5
(carrier/non)
MMSE QOL-AD DSPAN COWAT ADL
. 21 p<0.0 a 5.0 i !
8
[0) :l
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Figure S7. Longitudinal clinical endpoint in the younger subgroup.
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Table S8. Older Subgroup Baseline Characteristics

Placebo (N=17) | Rasagiline All (N=33) p-value
(N=16)
Age (S.D.), range | 77-4 (3:7) 79-1 (4-9) 78-2 (4-3) 0-5
(years) (72-84) (72-90) (72-90)
Sex 0-47/0-53 0-62/0-38 0-55/0-45 0-6
(Female/Male)
Education 13-6 (2-2) 14-1 (3-3) 13-8 (2-8) 0-8
MMSE 18-9 (3-9) 22-2(2°5) 20-5(3-6) 0-06
ADAScog-11 27-3(8-3) 23-4 (6-0) 25-4 (7°5) 0-06
ADL 57-7 (12-4) 616 (9-4) 59-6 (11-1) 0-2
COWAT 19-4 (9-6) 28-3(11-2) 23-7(11-2) 0-13
Digit Span 11-7(2-9) 13-2(2-9) 12-4 (3-0) 0-13
NPI 7-7(@87) 9-5(6-4) 8-5(7-6) 0-8
QoL-AD 39-1(5-7) 37-4 (5-2) 38-4 (5-5) 0-02
Site (1/2/3) 0-47/0-29/0-24 | 0-56/0-38/0-06 0-52/0-33/0-15 1-0
APOE4 0-83/0-17 0-60/0-40 0-72/0-28 0-5
(carrier/non)
MMSE QOL-AD DSPAN COWAT ADL
05 21 : p< 0.09 4
: 16 16 0.0
(@)] o o 11 o ®
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Figure S8. Longitudinal clinical endpoints in the older subgroup.
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