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Abstract.
Background: Sembragiline is a potent, selective, long-acting, and reversible MAO-B inhibitor developed as a potential
treatment for Alzheimer’s disease (AD).
Objective: To evaluate the safety, tolerability, and efficacy of sembragiline in patients with moderate AD.
Methods: In this Phase II study (NCT01677754), 542 patients with moderate dementia (MMSE 13–20) on background
acetylcholinesterase inhibitors with/without memantine were randomized (1:1:1) to sembragiline 1 mg, 5 mg, or placebo
once daily orally for 52 weeks.
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Results: No differences between treated groups and placebo in adverse events or in study completion. The primary endpoint,
change from baseline in ADAS-Cog11, was not met. At Week 52, the difference between sembragiline and placebo in
ADAS-Cog11 change from baseline was –0.15 (p = 0.865) and 0.90 (p = 0.312) for 1 and 5 mg groups, respectively. Relative
to placebo at Week 52 (but not at prior assessment times), the 1 mg and 5 mg sembragiline groups showed differences in
ADCS-ADL of 2.64 (p = 0.051) and 1.89 (p = 0.160), respectively. A treatment effect in neuropsychiatric symptoms (as
assessed by the difference between sembragiline and placebo on BEHAVE-AD-FW) was also seen at Week 52 only: –2.80
(p = 0.014; 1 mg) and –2.64 (p = 0.019; 5 mg), respectively. A post hoc subgroup analysis revealed greater treatment effects
on behavior and functioning in patients with more severe baseline behavioral symptoms (above the median).
Conclusions: This study showed that sembragiline was well-tolerated in patients with moderate AD. The study missed its
primary and secondary endpoints. Post hoc analyses suggested potential effect on neuropsychiatric symptoms and functioning
in more behaviorally impaired study population at baseline.
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INTRODUCTION

Alzheimer’s disease (AD) is characterized by a
progressive loss of cognitive function and deterio-
ration of the performance of activities of daily living.
Behavioral and neuropsychiatric symptoms (NPS),
such as depression, agitation, aggression, apathy,
delusions, and hallucinations, are also part of the
disease, and can worsen over time, significantly con-
tributing to disease burden [1].

Free-radical-induced oxidative stress is consid-
ered to be one of multiple factors contributing to
AD pathogenesis [2], in part due to upregulation
of the enzyme monoamine oxidase B (MAO-B)
in astrocytes [3, 4]. MAO-B catalyzes the oxida-
tive deamination of neurotransmitters including
dopamine and norepinephrine, as well as neuro-
modulatory amines such as �-phenylethylamine [5].
Hydrogen peroxide is formed as a byproduct, and
in the presence of trace amounts of metals, it can
be converted into highly toxic hydroxyl radicals,
which avidly react with polyunsaturated fats in neu-
ronal membranes, initiating lipid peroxidation and
cell death [5]. Consistent with this hypothesis, the
amount of MAO-B in the human brain is reported to
increase with age [6]. Notably, in patients with AD,
brain MAO-B activity is further increased compared
with age-matched controls [7] yet is unchanged in
non-demented patients with neurodegeneration [8].
Furthermore, increases in brain MAO-B levels in the
brains of patients with AD may also contribute to
decreases in levels of neurotransmitters [7], leading
to NPS [3].

A number of MAO-B inhibitors (MAO-Bi) have
been studied as potential therapeutic compounds for
AD and Parkinson’s disease. Selegiline and rasagiline
have been used for more than 10 years in the treatment
of Parkinson’s disease [9, 10], but neither has been

approved for treatment in AD. Selegiline was tested
in a 2-year study in patients with moderate-to-severe
AD, and results suggested delayed deterioration in
functioning and institutionalization [11]. However,
lack of evidence for a clinically meaningful benefit
prevented further development of the drug. Lazabe-
mide, a selective MAO-Bi [12, 13], was tested as
monotherapy in patients with mild-to-moderate AD
in one exploratory placebo-controlled Phase II and
two confirmatory pivotal placebo-controlled Phase
III trials at doses of 50 and 100 mg twice daily. Both
doses were selected based on brain MAO-B occu-
pancy from a positron emission tomography (PET)
study in humans. The pivotal Phase III studies pro-
vided consistent and statistically significant evidence
of cognitive benefit relative to placebo, measured
by Alzheimer’s Disease Assessment Scale-Cognitive
Behavior 11-item Subscale (ADAS-Cog11), follow-
ing 52 weeks of treatment with lazabemide [14].
One pivotal study showed statistically significant
evidence supporting global clinical benefit of lazabe-
mide treatment and an effect on behavior, measured
by Alzheimer’s Disease Cooperative Study Clini-
cian Global Impression of Change (ADCS-CGIC)
and Neuropsychiatric Inventory, and the other pivotal
study demonstrated overall benefit in functioning,
measured by the Disability Assessment for Demen-
tia and Functional Rating Scale (Roche data on file).
Positive effect of lazabemide on apathy, measured
by Neuropsychiatric Inventory-apathy subscore [15],
was observed at end of treatment in a pooled post
hoc analysis of the two pivotal trials. Although these
studies supported the clinical benefit of MAO-Bi in
the treatment of AD, the lazabemide program was not
developed further, due to hepatotoxic liability. Also
of note, the Phase III study, which enrolled patients
in 1997, did not include cholinesterase inhibitors as
concomitant medication.
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Sembragiline, also referred to as RO4602522,
RG1577, and EVT 302 in previous communications,
was in development as a potent, selective, long-
acting, and reversible inhibitor of MAO-B. It has a
half-maximal inhibitory concentration for MAO-B of
5–6 nM and has approximately 600-fold selectivity
for MAO-B, resulting in complete MAO-B inhibition
without affecting MAO-A. In addition, it has no affin-
ity to a wide variety of receptors, ion channels, or
other enzymes distributed throughout the brain and
other organs [16]. Experiments in animals indicate
that sembragiline readily enters the brain and inhibits
MAO-B enzymatic activity in a dose-dependent and
reversible manner after oral administration. Admin-
istration of sembragiline in mice overexpressing
MAO-B reduced oxidative stress and astrogliosis,
and prevented loss of dopaminergic neurons in the
substantia nigra (Borroni et al., J Pharm Exp Ther,
in press), suggesting a potential role for sembragi-
line in modulating the neurodegenerative and neuro-
inflammatory processes that may be relevant to AD
pathogenesis. In rats, administration of sembragiline
also increased the production of neuromodulatory
amines associated with motivation and cognition
(Borroni et al., in preparation).

Sembragiline demonstrated a good safety profile in
more than 450 healthy volunteers and patients with
AD in Phase I and II studies, including a study of
smoking cessation in over 400 subjects [17]. A PET
study in elderly healthy volunteers and patients with
AD has shown that daily treatment with 1 mg or 5 mg
sembragiline resulted in near-maximal inhibition of
brain MAO-B enzyme [18]. Based on observations
from earlier clinical studies with lazabemide that
suggest a greater effect of lazabemide in moderate
AD patients, along with the support of preclini-
cal mechanistic (Borroni et al., in preparation) and
human PET data [19], we hypothesized that treatment
with 1 or 5 mg sembragiline daily compared with
placebo may result in slower worsening of cognition
in patients with moderate AD dementia. Consid-
ering the mechanism of action and available data
from selegiline and lazabemide suggesting that the
expected effect is a delay of symptom deterioration
rather than an improvement over baseline, the study
enrolled patients with moderate AD (Mini-Mental
State Examination (MMSE) score between 13 and
20). This moderate AD population is expected to
show a higher rate of progression over 12 months
compared with patients with mild AD. Therefore,
the Phase II MAyflOwer RoAD study was conducted
to evaluate the safety, tolerability, and efficacy of

sembragiline in patients with moderate AD when
administered on top of current standard background
AD medication.

MATERIALS AND METHODS

Patients

Inclusion criteria for enrollment evaluated at
screening comprised: age 50–90 years; diagnosis
of probable AD, based on the National Institute
of Neurological and Communicative Disorders and
Stroke/Alzheimer’s Disease and Related Disorders
Association and Diagnostic and Statistical Manual of
Mental Disorders, 4th edition, Text Revision (DSM-
IV-TR) criteria; magnetic resonance imaging (MRI)
supporting a diagnosis of AD; MMSE score 13–20;
Modified Hachinski Ischemia Score of ≤4; Cornell
Scale for Depression in Dementia score ≤13; treat-
ment with acetylcholinesterase inhibitor (AChEI)
alone or in combination with memantine for ≥4
months, stabilized for ≥3 months prior to screening;
and a caregiver or some other identified responsi-
ble person having frequent contact with the patient
(≥10 h per week).

Exclusion criteria comprised: uncontrollable
behavioral symptoms, presence of a comorbid
condition that might bias clinical or mental status
assessments or put the patient at special risk;
requirement for nursing home care in the absence
of a reliable caregiver; non-AD pathology on brain
MRI that may affect cognition; and recent (12
weeks) use of other MAO-Bi, including selegiline
or rasagiline. Use of other psychotropic agents (e.g.,
antidepressants, antipsychotics, anxiolytics) was
controlled with respect to dose and pharmacologic
properties (details in Supplementary Material).

Study oversight

This study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice.
The protocol, Informed Consent Form, any infor-
mation given to the patient and relevant supporting
information were approved by the Independent Ethics
Committee/Institutional Review Board prior to study
initiation. Eligible patients (or their legal represen-
tatives) provided written informed consent prior to
study inclusion. Separate caregiver consent was also
required. The study is registered at ClinicalTrials.gov
(NCT01677754).
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Study design and treatment

This Phase II trial was a prospective, multicenter,
randomized, double-blind, parallel-group, placebo-
controlled study to investigate the efficacy and safety
of sembragiline in patients with moderate AD tak-
ing AChEI alone or in combination with memantine.
Patients were recruited across more than 100 sites in
12 counties, and were stratified according to selec-
tive serotonin reuptake inhibitor use, memantine use
and Apathy Evaluation Scale score (<42 versus ≥42).
Patients were randomized 1:1:1 to placebo, sembrag-
iline 1 mg, or sembragiline 5 mg for a period of 52
weeks, after which treatment with study drug was
discontinued and patients followed up for a further
12 weeks (Fig. 1). The study drug and placebo were
administered as identical tablets to be taken orally
once daily. The study remained blinded until all
patients completed the follow-up period or subjects
had been withdrawn.

Outcome measures

The primary outcome was mean change from
baseline over time in ADAS-Cog11 scores. Sec-
ondary outcome measures included Alzheimer’s
Disease Cooperative Study-Activities of Daily Liv-
ing (ADCS-ADL) scale, Behavioral Pathology in
Alzheimer’s disease Frequency-Weighted Severity
Scale (BEHAVE-AD-FW) [20, 21], Apathy Evalua-

tion Scale (AES-C: clinician-rated version) [22] and
ADCS-CGIC scale [23]. Post hoc analysis was con-
ducted comparing patient subgroups split at median
baseline BEHAVE-AD-FW score. In an exploratory
analysis, structural MRI was used to measure hip-
pocampal volume, total brain volume, and ventricular
volume at screening and after 52 weeks of treatment.

Safety monitoring

Safety and tolerability were assessed by physical,
neurologic, and ophthalmologic examinations, vital
signs, blood and urine safety tests, electrocardiogra-
phy (ECG), Columbia Suicide Severity Rating Scale
[24], and adverse event (AE) monitoring. AEs were
defined as events that started or worsened in intensity
between the first dose of study medication and 12
weeks after last dose. An independent Safety Mon-
itoring Committee reviewed unblinded safety data
throughout the trial to ensure patient safety.

Statistical analysis

The primary and secondary endpoints were ana-
lyzed using a mixed-effects model repeated measures
analysis. The model included the baseline score,
treatment groups, visit, and treatment-by-visit inter-
action as covariates. The repeated variable within
a patient was visit week, and class variables
included patient, treatment and visit week. The 95%

Fig. 1. MAyflOwer RoAD study design. *Background therapy stable for at least 4 months. AD, Alzheimer’s disease; ADAS-Cog11,
Alzheimer’s Disease Assessment Scale-Cognitive Behavior 11-item Subscale; ADCS-ADL, Alzheimer’s Disease Cooperative Study-
Activities of Daily Living; ADCS-CGIC, Alzheimer’s Disease Cooperative Study-Clinical Global Impression of Change; AES, Apathy
Evaluation Scale; GDS, Global Deterioration Scale; BEHAVE-AD-FW, Behavioral Pathology in Alzheimer’s Disease Frequency-Weighted
Severity Scale; CSDD, Cornell Scale for Depression in Dementia; MMSE, Mini-Mental State Examination; NINCDS-ADRDA, National
Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association.
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Fig. 2. MAyflOwer RoAD study disposition. FU, follow-up; QD, once a day.

confidence intervals (CIs) of treatment difference
and nominal p-value without applying any adjust-
ment for multiple comparisons are reported for
each dose.

Analyses of hippocampal, whole-brain, and
ventricular volumes, as well as voxel-based mor-
phometry analyses, were tested for treatment-by-time
interactions using repeated measures, general lin-
ear models using age, sex, and total intracranial
volume as covariates, and were corrected for mul-
tiple comparisons. For regional volume analyses,
an uncorrected p-value of p < 0.05 was applied.
For exploratory voxel-wise analyses, a family-wise
error corrected voxel-wise threshold of p < 0.05 was
applied.

RESULTS

Subject disposition and baseline characteristics

A total of 1,024 patients were screened from Octo-
ber 24, 2012 to February 6, 2014, and of these, 542
patients were randomized: 181 patients to placebo,
181 patients to sembragiline 1 mg, and 180 patients
to sembragiline 5 mg (Fig. 2). The main reasons
for screen failure were MMSE score (outside of
13–20) and ECG (QTcF >450 ms). Two patients in

the sembragiline 1 mg group did not receive any study
medication and therefore were not included in the
safety population.

For the intent-to-treat population, the mean age
at baseline was similar across the three treatment
groups. There were fewer male patients in the 5 mg
group than in the 1 mg and placebo groups. No rel-
evant differences were observed among treatment
groups for other demographic variables, time from
AD diagnosis to study entry or first AD symptoms
(Table 1). Background AD therapy was generally
similar across the three treatment groups. Although
use of antipsychotics at baseline was very low in
general, it was reported for a greater proportion of
patients in the 5 mg group (20 patients, 11.1%) than
in the 1 mg (5 patients, 2.8%) and placebo groups (10
patients, 5.5%).

There were no clinically meaningful differences
between the three treatment groups in any of the
baseline cognitive, behavioral or functioning scores
(Table 2).

Efficacy

For change from baseline in ADAS-Cog11 at 52
weeks, no statistically significant difference was seen
in the 1 mg or 5 mg groups compared with placebo
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Table 1
Subject baseline demographics, AD characteristics, and concomitant medications

Placebo Sembragiline Sembragiline
(n = 181) 1 mg QD (n = 181) 5 mg QD (n = 180)

Age, years* 73.8 (8.3, 51–91) 72.8 (9.0, 51–89) 72.5 (9.5, 51–90)
Sex

Male 77 (42.5%) 68 (37.6 %) 57 (31.7%)
Female 104 (57.5%) 113 (62.4%) 123 (68.3%)

Time from AD diagnosis, months* 26.9 (20.8, 2.8–114.4) 30.0 (23.2, 0.3–114.3) 28.7 (23.1, 1.7–133.9)
APOE4 status

Non-carrier 74 (42.5%) 73 (44.5%) 67 (40.1%)
Carrier 100 (57.5%) 91 (55.5%) 100 (59.9%)

Concomitant medications
Acetylcholinesterase inhibitors alone 141 (77.9%) 139 (76.8%) 144 (80.0%)
Acetylcholinesterase inhibitors + memantine 40 (22.1%) 42 (23.2%) 36 (20.0%)
Antipsychotics 10 (5.5%) 5 (2.8%) 20 (11.1%)

*Mean (SD, range). QD, once-daily; APOE, Apolipoprotein E.

Table 2
Baseline cognitive, behavioral, and functional scores

Placebo Sembragiline Sembragiline
(n = 181) 1 mg QD (n = 181) 5 mg QD (n = 180)

ADAS-Cog11 26.6 (9.6, 9.7–52.0) 27.3 (9.3, 10.3–50.3) 27.4 (9.1, 6.7–54.3)
ADCS-ADL 55.5 (13.5, 16–77) 54.8 (13.2, 17–78) 54.2 (13.87, 16–77)
MMSE 17.5 (3.00, 9–28) 16.6 (3.04, 10–27) 17.0 (2.85, 8–25)
BEHAVE-AD-FW 6.7 (8.74, 0–40) 7.9 (9.89, 0–52) 7.9 (10.00, 0–60)
AES 42.8 (10.97, 18–68) 43.1 (10.82, 18–69) 42.8 (11.01, 18–72)

Mean (SD, range). ADAS-Cog11, Alzheimer’s Disease Assessment Scale-Cognitive Behavior 11-item Subscale;
ADCS-ADL, Alzheimer’s Disease Cooperative Study-Activities of Daily Living); AES, Apathy Evaluation Scale;
BEHAVE-AD-FW, Behavioral Pathology in Alzheimer’s Disease Frequency-Weighted Severity Scale; MMSE,
Mini-Mental State Examination. QD, once-daily.

(Fig. 3), and the least-squares (LS) mean change
from baseline was similar for both dose groups com-
pared with placebo (a –0.15 mean difference for 1 mg
favoring treatment [95% CI: –1.90, 1.60; p = 0.865,
ES = –0.02] and a 0.90 mean difference for 5 mg
favoring placebo [95% CI: –0.84, 2.63; p = 0.312,
ES = 0.12]). There were also no significant differ-
ences observed between treatment and placebo in
change from baseline in ADAS-Cog11 at any other
time points analyzed (Weeks 12, 24, or 36).

The LS mean change from baseline in ADCS-ADL
at Week 52 favored treatment (but not significantly),
where the mean difference between sembragiline
and placebo groups was 2.64 (95% CI: –0.01, 5.30;
p = 0.051; ES = 0.22) for the 1 mg group and 1.89
(95% CI: –0.75, 4.53; p = 0.160; ES = 0.16) for the
5 mg group (Fig. 4A). No significant differences
between treatment and placebo in change from base-
line in ADCS-ADL were observed at any other time
points analyzed (Weeks 12, 24, or 36).

Baseline BEHAVE-AD-FW total scores were sim-
ilar but low across the treatment groups (Table 2). At
Week 52, there was less development of behavioral
symptoms compared with placebo in the 1 mg and
5 mg groups, with a mean difference of –2.80 (95%

Fig. 3. Change of cognitive function (primary endpoint) in mod-
erate AD patients treated with sembragiline and placebo. Mean
change from baseline to Week 52 in ADAS-Cog11 in total study
population. Error bars represent SEM. ADAS-Cog11, Alzheimer’s
Disease Assessment Scale-Cognitive Behavior 11-item Subscale;
SEM, standard error of the mean.

CI: –5.02, –0.57; p = 0.014; ES = 0.28) and –2.64
(95% CI: –4.85, –0.43; p = 0.019; ES = 0.27), respec-
tively (Fig. 4B). This treatment effect was observed
in the context of greater worsening in a small subset
of patients in the placebo group between Weeks 24
and 52, and no significant differences between groups
were observed at Weeks 12 and 24. Furthermore, a
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Fig. 4. Change from baseline in (A) ADCS-ADL, (B) BEHAVE-AD-FW, and (C) ADCS-CGIC (secondary endpoint) by treatment group.
Change from baseline to Week 52 in mean scores in total study population. Error bars represent SEM. ADCS-ADL, Alzheimer’s Disease
Cooperative Study-Activities of Daily Living; ADCS-CGIC, Alzheimer’s Disease Cooperative Study-Clinical Global Impression of Change;
BEHAVE-AD- FW, Behavioral Pathology in Alzheimer’s Disease Frequency-Weighted Severity Scale; SEM, standard error of the mean.

large number of patients had a zero value—indicative
of a floor effect. Thus, assumptions of the pre-defined
statistical analysis model may be invalidated and the
p-values and confidence intervals should be inter-
preted with caution.

Analysis of BEHAVE-AD-FW individual domains
showed a potential trend toward a treatment effect in
the paranoid and delusional domain at Week 52 in
both the 1 mg and 5 mg dose groups (p = 0.051 and
p = 0.011, respectively) (Supplementary Figure 1A).
Consistent effects were not observed in other
domains. At Week 52, no difference in the overall pro-
portion of patients with BEHAVE-AD-FW emerging
symptoms was observed between either treatment
groups or placebo.

Only a small proportion of patients in any of the
groups showed improvement on the ADCS-CGIC at
either Week 24 (<15.0%) or at Week 52 (<10.0%).
The majority of patients experienced no change or
minimal-to-moderate worsening at both time points,
with no significant differences at either time point
for the 1 mg and 5 mg groups compared with placebo
(Fig. 4C).

The AES total scores increased throughout the
study with mean (±SD) change from baseline at
Week 52 of: 4.3 (±8.92) for the 1 mg group, 4.5
(±9.77) for the 5 mg group and 4.2 (±9.60) for
the placebo group (difference from placebo was not
significant). Similarly, there were no differences in
GDS at Week 52 in the 1 mg and 5 mg groups
compared with the placebo group. The finding of a
treatment effect in behavior for this relatively behav-
iorally unimpaired patient population prompted a
post hoc subgroup analysis to be performed in

the more behaviorally impaired half of the patient
population—those with BEHAVE-AD-FW above the
median (>4) at baseline: 105 patients in placebo, 90
in sembragiline 1 mg, and 95 in sembragiline 5 mg
groups (Fig. 5). In this subgroup, baseline character-
istics were well balanced between treatment groups.
The LS mean change in ADCS-ADL total score from
baseline to Week 52 for both dose groups favored
treatment, with a mean difference relative to placebo
of 5.91 (p = 0.005; ES = 0.48) and 3.94 (p = 0.060;
ES = 0.32) for the 1 mg and 5 mg groups, respectively
(Fig. 5A). The LS mean change in BEHAVE-AD-
FW from baseline to Week 52 for both dose groups
favored treatment, with a mean difference relative
to placebo of 4.04 (p = 0.055; ES = 0.33) and 3.82
(p = 0.071; ES = 0.31) for the 1 mg and 5 mg groups,
respectively (Fig. 5B). BEHAVE-AD-FW individual
domains showed a potential trend toward a treat-
ment effect in two domains for both 1 mg and 5 mg
dose groups: activity disturbances (p = 0.098 and
p = 0.12, respectively) and aggressiveness (p = 0.076
and p = 0.072, respectively). In the ADCS-CGIC, a
smaller proportion of patients in the 1 mg (66%)
and 5 mg (66%) sembragiline groups showed wors-
ening relative to placebo (80%) but this difference
was not significant (Fig. 5C). In contrast, those with
BEHAVE-AD-FW below or equal to the median (≤4)
at baseline—76 patients in the placebo group, 91
in the sembragiline 1 mg group, and 85 in the sem-
bragiline 5 mg group (Fig. 5)—showed no treatment
effects across ADCS-ADL (Fig. 5E), BEHAVE-AD-
FW (Fig. 5F), or ADCS-CGIC (Fig. 5G). Treatment
effect was not observed using the ADAS-Cog11 in
either subgroup (Fig. 5D, H).
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Fig. 5. Post hoc subgroup analyses in subpopulations differing in behavioral impairment at baseline (exploratory endpoints). Change
from baseline to Week 52 in mean ADCS-ADL, BEHAVE-AD-FW, ADCS-CGIC and ADAS-Cog11 scores in post hoc analyses in study
subpopulations (A-D: more impaired, BHV >4 at baseline; E-H: less impaired BHV ≤4 at baseline). Error bars represent SEM. ADAS-
Cog11, Alzheimer’s Disease Assessment Scale-Cognitive Behavior 11-item Subscale; ADCS-ADL, Alzheimer’s Disease Cooperative Study-
Activities of Daily Living; ADCS-CGIC, Alzheimer’s Disease Cooperative Study-Clinical Global Impression of Change; BEHAVE-AD-FW,
Behavioral Pathology in Alzheimer’s Disease Frequency-Weighted Severity Scale; BL BHV, baseline BEHAVE-AD-FW; SEM, standard
error of the mean.

As a pre-specified exploratory analysis to
assess potential treatment effects on brain atrophy
progression, changes in brain volumes between
baseline and Week 52 were evaluated by structural
MRI. In region-of-interest analyses, no significant
treatment-by-time interactions were observed for
hippocampal (F[2,638] = 0.03, p = 0.968), ven-
tricular (F[2,638] = 0.03, p = 0.972), and total
(F[2,638] = 0.06, p = 0.938) brain volumes. In
voxel-wise analyses, a significantly faster decrease
in left posterior hippocampal gray matter volume
was observed for treated patients when comparing
pooled treatment groups with the placebo cohort
[p = 0.031, family-wise error corrected (Fig. 6)]. In
post hoc direct group comparisons, this effect was
also significant in high dose group versus placebo
but not for the low dose or between both doses.

Safety

Sembragiline was generally well tolerated in
patients with moderate AD. There were no meaning-
ful differences between sembragiline and placebo in

the proportion of subjects experiencing one or more
severe AE, serious adverse event (SAE), AE with an
outcome of death, or AE leading to treatment discon-
tinuation (Table 3). There also did not appear to be
any AEs that were drug- or dose-related. The major-
ity of AEs were assessed as either mild or moderate in
intensity. Overall, 100 patients (18.5%) discontinued
study medication during the treatment period, includ-
ing 37 patients (20.4%) in the 1 mg group, 29 patients
(16.1%) in the 5 mg group, and 34 patients (18.8%)
in the placebo group. The primary reported reasons
for treatment discontinuation for the greatest propor-
tion of patients were “adverse event” and “voluntary
withdrawal.”

The most common AEs overall were cataracts,
diarrhea, headache, urinary tract infections, and
nasopharyngitis, which had similar incidence for all
three treatment groups. SAEs reported for ≥2 patients
within a treatment group were fall and pneumonia
(placebo), urinary tract infection (1 mg sembragi-
line), and hip fracture (5 mg sembragiline). Deaths
occurred in three patients receiving 1 mg sembragi-
line, two patients receiving 5 mg, and three patients
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Fig. 6. Change in hippocampal volume at Week 52 by sMRI. A) Representative MRI image depicting regions of significant treatment-
associated decline observed in voxel-based morphometry analyses (p < 0.001 used for visualization). B) Decline in GMV of posterior
hippocampal region by treatment group. Mean peak voxel change from baseline (Montreal Neurological Institute space coordinate: –24,
–45, –14). There were no baseline differences in hippocampal volume (data not shown).

Table 3
Safety evaluation

Placebo Sembragiline Sembragiline
(n = 181) 1 mg QD (n = 179) 5 mg QD (n = 180)

At least one AE* 141 (77.9) 142 (79.3) 137 (76.1)
At least one treatment-related AE† 50 (27.6) 44 (24.6) 56 (31.1)
At least one AE resulting in study discontinuation 13 (7.2) 15 (8.4) 14 (7.8)
At least one severe AE‡ 20 (11.0) 15 (8.4) 11 (6.1)
At least one SAE 23 (12.7) 18 (10.1) 19 (10.6)
Deaths 3 (1.7) 3 (1.7) 2 (1.1)

Number of patients, n (%). AE, adverse event; QD, once a day; SAE, serious adverse event. *AEs, as defined by
investigators, started or worsened in intensity on or after the first dose of study medication and with onset up to and
including 12 weeks from the last dose of study medication. †Related = relationship to study medication reported as
“remote”, “possible”, “probable”, or missing. ‡Severe = most extreme intensity reported as “severe” or missing.

receiving placebo. The SAEs and causes of death
appeared to be due to underlying medical conditions
such as cerebrovascular disease, cardiovascular dis-
ease, injuries, or cancer, and were not considered to be
due to study drug. There also did not appear to be any
drug- or dose-related AEs or changes in laboratory
findings, vital signs, or ECG.

DISCUSSION

This Phase II study demonstrated that treatment
with sembragiline 1 mg and 5 mg in conjunction
with background AD therapy in patients with mod-
erate AD, although safe and well tolerated, did not
affect cognition, as assessed by ADAS-Cog11, during



1226 S. Nave et al. / Results of the Sembragiline Phase II Trial

52 weeks of treatment. Similarly, no significant ben-
efit in function assessed by the ADCS-ADL was
found. A treatment effect in NPS, as assessed by the
BEHAVE-AD-FW, was suggested in both 1 mg and
5 mg groups at Week 52. This effect was likely driven
by a greater worsening in a small subset of patients
in the placebo group between Weeks 24 and 52, as no
significant differences between groups were observed
at Weeks 12 and 24. The large number of patients with
a zero value indicates a floor effect, and thus assump-
tions of the pre-defined statistical analysis model may
be invalid, and p-values provided should be inter-
preted with caution. Nevertheless, this finding, in
the context of low baseline BEHAVE-AD-FW score
across the study, prompted a post hoc subgroup anal-
ysis in a more behaviorally impaired study population
(BEHAVE-AD-FW>4 at baseline), which then sug-
gested treatment effects in behavior, functioning, and
global measures. MRI findings indicated no slowing
of atrophy rates throughout treatment, but exploratory
voxel-wise analyses suggested a stronger decrease
in posterior hippocampal gray matter volume in the
treatment groups relative to placebo. No new safety
signals were found, and number of AEs, treatment
discontinuations, and deaths did not differ between
treatment and placebo groups, demonstrating a favor-
able safety profile.

A number of MAO-Bis have previously shown ini-
tial promise as therapeutic agents for AD, including
selegiline and lazabemide. These programs, however,
were not developed further due to lack of evidence for
clinically meaningful benefit [25] and to hepatotox-
icity (Roche data on file). The MAyflOwer RoAD
study was initiated to further explore the therapeutic
benefits of MAO-B inhibition as adjunctive therapy
to current standard of care, using sembragiline—a
potent, selective, and long-acting inhibitor of MAO-
B that is chemically unrelated to lazabemide [14],
at doses confirmed by PET studies to achieve near-
complete MAO-B enzyme occupancy (Sturm et al.,
submitted).

In this trial, although cognitive function, as mea-
sured by ADAS-Cog11, declined over 52 weeks as
expected for a moderate patient population taking
AChEI (with or without memantine) [26], treatment
with sembragiline did not provide any additional ben-
efit on cognition at any time point measured. The
absence of sembragiline efficacy with regards to cog-
nition contrasted with results of the lazabemide trials.
Importantly, the lazabemide trials started in 1997,
and were therefore monotherapy trials without back-
ground treatments. In contrast, in the MAyflOwer

RoAD study, sembragiline was administered on a
background of standard of care, and it is possible
that any subtle treatment effect (if present) would be
more difficult to show in this setting.

The lack of a cognitive effect in moderate AD
is consistent with a selegiline study in moderate-to-
severe AD that showed no effect on ADAS-Cog11
or MMSE score when administered as monotherapy
or in combination with alpha-tocopherol [11]. Evi-
dence of a long-term benefit of selegiline on cognition
has not been demonstrated; rather, a treatment effect
has been observed only in 4–6- or 8–17-week studies
[25]. Together, these studies suggest that MAO-Bis,
when administered on top of background therapy in
patients with moderate AD, do not provide cognitive
benefit.

Apathy, or lack of motivation and loss of interest
in previously enjoyed activities, is a common, but
under-recognized, change in behavior in AD. Of rel-
evance to MAO-B inhibition, evidence for dopamine
dysfunction in brain areas appears to be an impor-
tant correlate of apathy in AD [27]. However, neither
sembragiline dose group showed treatment effects on
apathy at Week 52. These data were unexpected, since
improvement in apathy had been observed in laz-
abemide trials and MAO-B inhibition is believed to
modulate dopaminergic transmission, thus sembrag-
iline would be expected to improve apathy and other
behavioral functions (Roche data on file, [7, 28]).
Apathy was not evaluated in the 2-year selegiline
study [11].

In this study, a greater decrease in hippocampal
volume was observed in the treatment groups relative
to placebo but was not associated with a greater cogni-
tive decline in ADAS-Cog11. Although the cause for
this finding is unknown, increased rates of brain atro-
phy in treatment arms unassociated with cognitive
deterioration have been reported in immunotherapy
trials targeting amyloid removal [29–31]. The find-
ings with immunotherapies and sembragiline are
consistent with a phenomenon known as “pseudoat-
rophy”, which is thought to be caused by reduction
in the number and volume of inflammatory cells,
particularly glial cells [32, 33]. Given that hyper-
trophic activated astrocytes surrounding amyloid
plaques express high levels of MAO-B, the hip-
pocampal atrophy observed in sembragiline-treated
patients may be due to reduction of astrocytosis
from MAO-B inhibition. In animal models, MAO-B
overexpression-induced astrocyte activation can be
blocked by selegiline [34] and sembragiline (Bor-
roni et al., in preparation), supporting this hypothesis.
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Further studies are required to test this hypothesis and
to better understand the role of MAO-B in neuroin-
flammation.

The results of this Phase II study indicate that sem-
bragiline is safe and well tolerated in patients with
moderate AD over a 1-year period. While efficacy
in cognition, functioning, or global outcomes was
absent, treatment with sembragiline adjunctive to cur-
rent standard of care showed a numerical reduction
in the worsening of NPS relative to placebo at Week
52. As the trial was not designed to investigate this
potential benefit of sembragiline on NPS, validity of
this effect is difficult to interpret. A small number
of pharmacologic treatments with different mecha-
nisms of action have been recently investigated for
the treatment of NPS with modest results, limited effi-
cacy, and safety concerns [35]. A clear unmet need
for management of NPS in dementia exists. There are
currently no approved medications for NPS in AD,
with the exception of risperidone, which is licensed
in some regions with a narrow indication for short-
term treatment. Several agents currently used for the
management of NPS carry serious safety liabilities.
Moreover, NPS in AD are associated with poor prog-
nosis and more rapid progression to severe dementia,
leading to increased mortality and institutionalization
[36], and have the greatest impact on patient and care-
giver quality of life and associated costs of the disease
[37, 38]. Therefore, broadening the understanding of
the pathogenesis of NPS in AD and exploring the
potential role of MAO-Bis in development as treat-
ment options for NPS will be particularly meaningful
for the AD community.
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