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ABSTRACT (250/250 words)

INTRODUCTION: Amyloid-related imaging abnormalities (ARIA) consist of ARIA-E (with
effusion or edema) and ARIA-H (hemosiderin deposits, HDs). To address challenges with real-
time ARIA identification during two Phase 3 trials of bapineuzumab IV in mild-to-moderate
Alzheimer’s disease patients (APOE &4 allele carriers or noncarriers), a Final Read was
performed.

METHODS: Final magnetic resonance imaging (MRI) Central review consisted of a systematic,
sequential locked, adjudicated read in 1,331 APOE &4 noncarriers and 1,121 carriers by
independent neuroradiologists. Assessment of ARIA-E, ARIA-H, intracerebral hemorrhages, and
age-related white matter changes (ARWMC) is described.

RESULTS: In Final Read, treatment-emergent ARIA-E was identified in 242 patients including
76 additional cases not identified previously in Safety Read. Overall, incidence proportion of
ARIA-E was higher in APOE &4 carriers (active 21.2%; placebo 1.1%) than in noncarriers
(pooled active 11.3%; placebo 0.6%), and was more often identified in homozygote APOE &4
carriers than heterozygotes (34.5% vs. 16.9%). Incidence rate of ARIA-E increased with dose in
noncarriers. Frequency of ARIA-E first episodes was higher after the first bapineuzumab
infusion and declined after repeated infusions. Incidence of total HDs <10 mm (cerebral
microhemorrhages) was higher in active groups versus placebo.

DISCUSSION: ARIA was detected more often on MRI scans when neuroradiologists were
trained and results adjudicated. There was increased risk of ARIA-E in those who had HDs at
baseline, and ARIA-E was a risk factor for incident ARIA-H. Treatment-emergent ARIA-E
occurred early in the course of therapy and late onset ARIA-E was milder radiologically.

Bapineuzumab did not influence development of ARWMC.



1. INTRODUCTION

Prominent pathological features of Alzheimer’s disease (AD) are accumulation of fibrillar
amyloid beta (AB) peptide aggregates in neuritic plaques and cerebral vasculature (amyloid
angiopathy) as well as intraneuronal neurofibrillary tangles, neuritic dystrophy and synaptic loss
[1, 2]. Amyloid cascade hypothesis postulates that the deposition of the amyloid-p peptide in the
brain parenchyma initiates a sequence of events that ultimately lead to AD dementia. It suggests
that anti-Ap therapy may degrade or slow aggregate formation and accumulation, and enhance

clearance of AB oligomers and aggregates resulting in reduced neurotoxicity [2, 3].

Bapineuzumab is a recombinant humanized monoclonal antibody that targets amyloid beta, AB1-
a0i42 [4, 5]. Clinical studies of bapineuzumab and several clinical trials of therapies directed at
lowering the fibrillar cerebral Ap burden in AD were associated with findings on magnetic
resonance imaging (MRI) abnormalities [6-8]. These amyloid-related imaging abnormalities
(ARIA) were of two types: a) ARIA-E, parenchymal and/or sulcal hyperintensities seen on fluid-
attenuation inversion recovery (FLAIR) MRI scans consistent with edema or sulcal effusion
(extravasated proteinaceous fluid in leptomeninges and sulcal space), in some cases associated
gyral swelling [8]; and b) ARIA-H, foci of signal void on T2*-weighted gradient- echo (GRE)
brain MRI pulse sequences [9] due to magnetic susceptibility effects of hemosiderin.
Extravasated fluid containing sufficient numbers of erythrocytes leads to hemosiderin deposition
in the parenchyma or over the cerebral surface. ARIA-H may present as small, <10-mm punctate
lesions (small hemosiderin deposits (HDs) or microhemorrhages (mHSs)), or as larger, >10-mm

linear areas of hemosiderin deposition. Small HDs (<10 mm), mHs and cerebral microbleeds are



commonly used in literature and are nearly synonymous and at times used interchangeably in this

report.

Cerebral microhemorrhages are more common in AD patients than in the general population and
appear to be associated with amyloid deposition. The appearance of ARIA-H is a known
complication of small vessel angiopathy and cerebral amyloid angiopathy (CAA) [10].
Asymptomatic AP deposition in older adults was associated with lobar (posterior)
microhemorrhage. Cerebral microhemorrhages occur spontaneously in up to 19% of normal
elderly people [11] up to 32% of AD patients, and in 38% of patients with mild cognitive
impairment [11, 12]. Incident ARIA-H was detected in 26 bapineuzumab-treated mild-to-
moderate AD patients in Phase 2 studies (12.4%, 26/210). Of those with incident ARIA-H, 24

had incident microhemorrhages and two had incident large superficial hemosiderin deposits [6].

ARIA-E has been observed uncommonly in untreated patients with AD in large cohorts screened
for AD clinical trials with anti-amyloid agents [13]. ARIA is likely to represent increased
permeability of the blood-brain-barrier that is also observed in spontaneously occurring cerebral

amyloid angiopathy.

In Phase 2 clinical studies of bapineuzumab, ARIA-E was identified in 17% (36 of 210
participants) of participants, and an increased risk observed with both increasing bapineuzumab
dose and APOEe4 copy number [7, 14, 15]. It was observed in only 1% of patients on baseline
MRI. A post hoc review revealed that 42% (15/36) of the ARIA-E cases in the bapineuzumab

Phase 2 studies were only detected during the MRI re-read central review and missed by local



clinical site readers [7]. However, the majority of participants that developed ARIA-E during

treatment did not report any associated clinical symptoms.

During the conduct of bapineuzumab Phase 3 studies in Alzheimer’s patients with mild-to-
moderate dementia [16], safety MRI scans were obtained following drug infusions and were read
by local site radiologists. Central reading by neuroradiologists was introduced later in the study
but not all scans were centrally read. However, to address challenges with the identification of
ARIA-E by local readers, partly due to it being a new phenomenon it became necessary to
monitor for MRI abnormalities at increasing level of detail. This study describes the process and
results of a final central assessment of ARIA-E, ARIA-H, and other MRI findings using a

standardized, sequential locked read methodology in two Phase 3 studies of bapineuzumab.

2. MATERIALS AND METHODS

2.1 Study population

This central MRI review was performed in patients who had completed their participation in the
two Phase 3 studies as described in Salloway et al.[16] and had received at least part of one dose

of bapineuzumab or placebo, and had at least one post baseline interpretable MRI.

2.2 Study design

The studies have been described previously and registered at ClinicalTrials.gov: (NCT00574132;
NCT00575055) [16]. These two Phase 3 multicenter, randomized, double-blind, placebo

controlled, parallel-group, efficacy and safety trials of intravenous bapineuzumab in patients



with mild-to-moderate AD who are APOE &4 allele carriers or noncarriers. MRI exclusion
criteria were two or more microhemorrhages, prior hemorrhage > 1 cm?, two or more lacunar
infarcts, a prior infarct > 1 cm?® or a space-occupying lesion. According to the protocol,
occurrence of ARIA-E required interruption of dosing. Participants had the option of redosing at

a lower dose after resolution.

Safety MRI scans were performed at the screening visit (baseline), and 6 weeks after each
bapineuzumab infusion at weeks 6, 19, 32, 45, 58, and 71. Real-time centralized reading of these
MRI scans (the “Safety Read”) was instituted in steps during the course of the trial. Prior to the
end of trials, a second blinded central reading of all MRI scans (the “Final Read”’) was performed
to ensure that all scans were reviewed using standardized criteria and assessed by experienced
neuroradiologists trained specifically to evaluate ARIA. The Final Read was performed by a
separate independent team of neuroradiologists that were blinded to the participant’s clinical
history and treatment group and did not communicate or discuss results with the
neuroradiologists who performed the initial Safety Read. The majority of brain MRI exams were
acquired on high magnetic field strength MR units (1.5 or 3 Tesla), a few exams (<10%) were
acquired using 0.5 or 1.0 Tesla MR units. All MRIs were acquired using a uniform scanning
protocol. A summary of MRI acquisition parameters for the main MRI scanner models at 1.5

Tesla is shown in Table 1S.



2.3 Final MRI Read process

MRI scans of all participants who received at least a partial dose of study drug were included in
the Final Read. After each participant had completed trial participation, the Final Read of all
interpretable scans was performed centrally by five pairs of independent neuroradiologists who
were trained to recognize and quantify the extent and location of ARIA-E and ARIA-H,
ARWMC, and other MRI findings. Each neuroradiologist pair, blinded to the participant’s
clinical history and treatment assignment, individually reviewed a patient’s series of MRI scans
using a sequential locked process (Figure 1). Each member of a pair of neuroradiologists
independently read in sequence the patient’s MRI exams displayed on the same type of reading

station (BioClinica, Table 1S).

Individual neuroradiologist reader assessments for each sequential scan were reported on
standardized electronic case report forms and their initial assessment was locked. After
reviewing the next sequential scan, modifications to the initial assessment were permitted, then
that modified form was locked and was considered the final retrospective MRI assessment. Thus
for each MRI scan, the reviewer’s initial and final assessments were recorded. Discrepancies
between the final assessments within each pair of neuroradiologist were discussed amongst
themselves using prespecified rules shown in Figures 2S and 3S of supplemental section to
obtain a consensus score. Consensus results were analyzed to estimate the baseline prevalence

and incidence and severity of MRI findings.



The location and the largest cross-sectional diameter of abnormal parenchymal hyperintensity,
sulcal hyperintensity and gyral swelling were measured on FLAIR MRI sequences for each of
six brain regions per hemisphere (frontal, temporal, parietal, occipital, cerebellum/brainstem, and
central [hypothalamus, pons, basal ganglia]). For this study, an ARIA—E event was considered
treatment-emergent if it started during or after the first infusion of bapineuzumab and on or
before 137 days prior to the last dose. Duration of ARIA-E was defined as the time from first
detection on MRI scans until complete resolution. A radiologic severity score of 0 to 5 was
given based on spatial extent and multifocality of the abnormality within each region and a total
maximum score was obtained by summing across the 12 regional scores (range of total score O-

60) [17].

The number of definite or possible small HDs (mHSs), and large HDs, detected as foci of
decreased signal on T2*-weighted gradient recalled echo (GRE) MRI sequence, was recorded for
each brain region. New HDs <10 mm and >10 mm in size were assessed by anatomical region
and adjudicated for number and size, and total numbers were derived. Parenchymal hemorrhage

>1 cm in size was adjudicated by presence/absence and size.

Age-related white matter hyperintensities (ARWMC), > 5 mm were scored on FLAIR images,

[18]. They were adjudicated by presence/absence for left and right hemispheres frontal, parieto-
occipital, temporal, basal ganglia, and infratentorial/cerebellum regions. The total score was the
sum of ARWMC rating scale scores for white matter and basal ganglia lesions in each region. In

addition, other potentially relevant MRI findings were recorded by location, size, and description
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(eg, infarct, encephalomalacia, aneurism, arteriovenous malformation, subdural hematoma,

space-occupying lesion, hydrocephalus, and other).

The objectives of the MRI Final Read were as follows: 1) to characterize ARIA-E incidence
proportion, radiologic severity, and the temporal relationship between study drug infusion and
occurrence of ARIA-E; 2) to estimate the prevalence of small HDs (<10 mm, microhemorrhages)
and larger HDs (>10 mm, mainly linear areas) at screening, their incidences over time, and their
relationship to study drug infusion; 3) to characterize the relationship of incident HDs with

ARIA-E; and 4) to estimate the incidence of cerebral infarcts and lobar hemorrhages.

2.4 Statistical analysis

Study data were summarized over time by treatment arm using summary statistics. Incidence
proportions were calculated as the ratio of the number of participants with the event to the total
number of participants in the study population times 100. The exact binomial 95% CI was
calculated for event incidence proportions within each treatment group and for the difference
between each bapineuzumab group and placebo. The Poisson exact 95% CI was calculated for
each treatment group incidence rate and for the difference in incidence rates between each
bapineuzumab group and placebo. The incidence rate per 100 person-years was calculated as A =
Y/t x 100, where Y is the number of participants who had the event at least once during the

exposure period and t is the total person-years at risk.

In addition, time to first ARIA-E occurrence was analyzed using the Kaplan-Meier method. The

incidence proportion of participants with first episode of treatment-emergent ARIA-E by number
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of infusion received was analyzed using binomial 95% CI; events of dosed-through ARIA-E

were also summarized.

Inter-reader agreement/reliability («) and the intraclass correlation coefficient (ICC) by scan for
each reader pair were determined [19]. The ICCs and their 95% confidence intervals were
calculated using the SAS ICC9 Macro code [20]. All analyzes were performed by using SAS

Statistical software (SAS institute, Cary NC).

3. RESULTS
3.1 Population

Participant baseline characteristics and disposition were previously described by Salloway et al.
[16]. A total of 9,310 MRI scans were reviewed in 1,331 APOE &4 noncarriers that were from
524 patients on placebo and from 337, 329 and 141 patients on bapineuzumab 0.5, 1.0, and 2.0
mg/kg doses respectively. Similarly, 7,840 scans were reviewed in 1,121 APOE &4 carriers of

which 448 were on placebo and 673 were on bapineuzumab 0.5 mg/kg.

3.2 Safety Read versus Final Read

Treatment-emergent ARIA-E was identified in 242 participants (148 APOE &4 carrier and 94
APOE &4 noncarrier participants). The MRI Final Read detected 76 additional cases (31%) that
were not identified by the central Safety Read during the study (Table 1). ARIA-E that was only
detected in the Final Read was either captured on MRIs that were not read during the Safety

Read (33% [25/76]) or was missed (67% [51/76]) because the findings were minimal or subtle
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(Table 1). The majority of missed Safety Read ARIA-E cases (88% [45/51]) had a radiological
severity score <2 and only 10% (5/51) had severity score >3. Approximately 80% of the ARIA-E
cases of the entire pool had both parenchymal and sulcal hyperintensity on MRI scans. Four
ARIA-E cases that were identified in Safety Read but not in the Final Read included three that
were downgraded as not ARIA-E or not treatment-emergent and one was not recognized in the
Final Read. In one case of ARIA-E detected by Safety Read the scan was not available to Final

Read for verification.

Treatment-emergent cerebral hemorrhage with ARIA-E was noted in 2 participants (one in each
0.5 and 1.0 mg/kg bapineuzumab noncarrier groups) in the Final Read that was not recognized in
the Safety Read. ARIA-E in participant in the 0.5 mg/kg group was associated with a TEAE of
parenchymal left occipital hemorrhage. Participant in 1.0 mg/kg group with ARIA-E also had

cerebral hemorrhage reported as TEAE that occurred after the final MRI scan visit.

A comparison of MRI scan visit start dates when ARIA-E episode were first detected in the Final
and Safety Reads, showed that of the 165 total ARIA-E cases detected among carriers and
noncarriers, 40 cases (12 in noncarriers, and 28 in carriers) were detected first in the Final Read
as compared to only four cases (2 in each noncarrier and carriers) first detected in the Safety
Read, and 121 cases had the same detection date. Detection of earlier first onset of ARIA-E in
the Final Read is expected as central neuroradiologists who had more experience with ARIA-E
had reviewed earlier scans for suspicious cases. Similarly, ARIA-E duration in the Final and
Safety Reads were compared by visit dates at which ARIA-E was no longer present (i.e. stop
dates). The duration of ARIA-E was measured as longer in the Final Read for 86 of the 165

cases, longer in the Safety Read for 22 cases and as having the same duration in 57 cases. There
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were six participants for whom two ARIA-E episodes reported in the Safety Read in the same
individual actually comprised a single long, evolving episode in the Final Read. For 4
participants there was one long ARIA-E episode in the Safety Read which was shown to be two

independent episodes in the Final Read.

Concordance and discordance between reader pairs indicated that the overall agreement within
each pair of neuroradiologists prior to consensus adjudication was high with kappa coefficient
values of 0.73 for the presence of ARIA-E, and 0.69 for the presence of ARIA-H <10 mm. In
addition, the ICC by scan for each reader pair for ARIA-E total score was 0.90 (95% CI: 0.89,
0.90); for ARIA-H <10 mm, total count was 0.92 (95% CI: 0.91, 0.92), and for white matter
hyperintensity total score was 0.89 (95% CI: 0.88, 0.89). Actual examples of ARIA-E
adjudication where there was a change before and after adjudication from the same pair of
readers included one MRI in which one reader’s Final Read did not detect any hyperintensity
whereas the other reader identified parenchymal hyperintensity with a score of two in both right
parietal (RP) and right occipital (RO) locations. The final adjudicated result had no parenchymal
hyperintensity where reader 1’s observation prevailed. Another example from the same pair of
readers indicated that reader 1°s Final Read observed evidence of parenchymal hyperintensity in
the RP and RO locations with scores of three for each, but the reader 2’s Final Read did not and
the adjudicated findings was parenchymal hyperintensity with scores of three in two regions

where reader 2’s observation had prevailed.
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3.3 ARIA-E incidence (Final Read), severity score and temporal relationships
3.3.1 ARIA-E incidence

ARIA-E Final Read incidence proportion and incidence rate per 100 person-years for each
treatment group and the difference between bapineuzumab and placebo groups are summarized
in Table 2. The incidence proportion of ARIA-E increased with dose in noncarriers (Figure 2).
Based on the Final Read in the noncarrier study, the incidence proportion (95% CI) of treatment-
emergent ARIA-E were 5.6% (3.4, 8.7), 13.4% (9.9, 17.5) and 19.9% (13.6, 27.4) for
bapineuzumab 0.5mg/kg, 1.0 mg/kg and 2.0 mg/kg groups respectively compared with 0.6%
(0.1, 1.7) in the placebo group. Treatment-emergent incidence proportion (95% CI) of ARIA-E
in carriers were 21.2 % (18.2, 24.5) in the 0.5 mg/kg group versus 1.1% (0.4, 2.6) in the placebo
group and was more often identified in homozygote APOE &4 carriers than heterozygotes
(34.5%, vs. 16.9%, Table 2). At the same 0.5 mg/kg bapineuzumab dose, incidence proportion of
ARIA-E was highest in carriers of two copies of APOE &4 allele (34.5%, 95% ClI: 27.3, 42.3) as
compared to noncarriers (5.6%, 95% CI: 3.4, 8.7), and carriers with one copy of the allele
(16.9%, 95% CI: 13.8, 20.5) (Figure 2). In participants from the two studies who received the
same dose of bapineuzumab, the incidence rate of ARIA-E and its difference from placebo were
higher in carriers than in noncarriers (20.7 vs. 5.0; and 19.7 vs. 4.5 respectively; see Table 2). In
homozygote APOE &4 carriers, the incidence rate of ARIA-E and its difference from placebo

was higher than in those with one copy of the allele (Table 2).
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3.3.2 ARIA-E radiological severity scores

Table 3 shows the total mean maximum radiological severity score as determined by the highest
total score within a series of MRI scans for first episode of an ARIA-E event for all treatment
groups. In noncarriers, the mean maximum total radiological severity score of ARIA-E was
higher in bapineuzumab treatment groups than in placebo group with no evidence of a clear
dose-response. [8.9 (1 to 46), 6.3 (1 to 56), and 9.9 (1 to 57) in the 0.5, 1.0, and 2.0 mg/kg
groups, respectively; placebo, 4 (range 2 to 7)] There was a trend in lower mean maximum
severity scores in later infusions across the three bapineuzumab dose groups and higher scores
with higher dose in two earlier infusions. In carriers, the corresponding mean maximum total
radiological severity score was higher in the 0.5 mg/kg group (12.3 [1 to 61]) compared to the
placebo group (2.0[1 to 4]). The total maximum scores of the first occurrence of ARIA-E were
lower for different patients with later onsets of ARIA-E after longer initial exposures to
bapineuzumab. The mean scores of first ARIA-E episode in carriers after the first, second, third,

fourth, fifth, and sixth infusions were 8.3, 8.6, 6.1, 2.9, 5.7, and 5.0, respectively.

3.3.3 Temporal relationships

Occurrences of first episodes of treatment-emergent ARIA-E incidence by bapineuzumab
infusion number are summarized in Table 3. In both carriers and noncarriers, first ARIA-E
episode occurred early during the course of treatment with a higher frequency occurring after the
first infusion, and declining after repeated infusions, illustrated in Figure 3. In noncarriers, the
incidence of first occurrence of treatment-emergent ARIA-E detected by the MRI Final Read

was higher during the interval between the first and third infusions of bapineuzumab as
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compared to subsequent infusions. In the bapineuzumab 0.5 and 1.0 mg/kg groups, the incidence
proportions were 1.5%, 7.0% between the first and second infusions compared to 2.5% and 4.5%
respectively between the second and third infusions. In the bapineuzumab 2.0-mg/kg group, the
incidence of initial cases of treatment-emergent ARIA-E was highest after the first infusion
(12.1%), when approximately 60% of patients in this group with ARIA-E (17/28) had this event.
In the placebo group, three single cases of ARIA-E occurred after the first, second and fourth

infusions.

In carriers, 84.6% (121/143) of first episode of ARIA-E occurred between the first and fourth
bapineuzumab infusions (week 0 to 39) relative to subsequent infusions. In the bapineuzumab
group, the incidence proportions of initial cases of treatment-emergent ARIA-E were 5.8%
between the first and second infusions, 9.0% between the second and third infusions, and 4.2%
between the third and fourth infusions (Table 3). In the placebo group, the incidence of initial
cases of ARIA-E occurring after the first, third, and sixth infusions was 0.4%, 0.5%, and 0.3%,
respectively. The incidence proportion of the first episode of an ARIA-E event was higher in
bapineuzumab-treated APOE &4 carriers than in noncarriers at the same dose level (0.5 mg/kg)

for the first three infusions.

The median time to first occurrence of ARIA-E and the Kaplan-Meier estimates of the
distribution of treatment-emergent ARIA-E among different treatment groups is shown in Table
4. In general, the first episode of ARIA-E was more spread out across all drug infusions in

carriers than noncarriers. In noncarriers, first episode of ARIA-E occurred earlier as the dose of
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bapineuzumab increased and the KM 10™ percentile (95% CI) of the time to first occurrence of
ARIA-E was shorter for the 2.0 mg/kg dose group [45 (41, 134) days] as compared to 1.0 mg/kg
group [135 (48, 316) days]. In carriers, the median time to first ARIA-E occurrence was 134
days and 225 days for the bapineuzumab and placebo groups, respectively, and the Kaplan-Meier
estimate of the 10" percentile of the time to first occurrence of ARIA-E was 133 days (95% Cl,
131, 135 days) for the bapineuzumab group. The estimated number of days to first occurrence is

influenced, in part, by the frequency of MRI scans, a mean of every 91 days.

In noncarriers, across all treatment groups, the majority of ARIA-E events 74% (70/94)
identified in the MRI Final Read resolved by the end of study (Table 4). Median duration of
resolved cases decreased with higher dose. Twenty-four participants had ARIA-E events that
had not resolved by the end of the study (9, 7, and 8 in the bapineuzumab 0.5-, 1.0-, and 2.0-
mg/kg groups, respectively [0 in placebo group]). These ARIA-E occurrences were late-
occurring events for which there was no subsequent MRI scan. In bapineuzumab-treated carrier
group, the majority of ARIA-E resolved cases [81.1% (116/143)] had a median duration of 129

days (Table 4).

3.3.4 Dosing-Through ARIA-E

Noncarriers with treatment-emergent ARIA-E who were not recognized in the Safety Read (49
of the 94 participants ~ 52%) continued to receive drug during an episode. Total maximum
mean ARIA-E radiological severity scores (parenchymal, sulcal edema or effusion plus gyral

swelling) were similar for participants who continued to receive drug during ARIA-E episodes
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compared to those who were discontinued in the bapineuzumab 1.0 and 2.0 mg/kg groups (11.2
vs. 10.1; 17.8 vs. 20.3 respectively) but were higher for those who were dosed-through in the 0.5

mg/kg group (18.6 vs. 8.9).

Overall, in all bapineuzumab groups, the median duration of ARIA-E episodes (resolved and
unresolved) was shorter for participants who stopped receiving drug (365, 93, 99 and 44 days for
0.5, 1.0, and 2.0 mg/kg and placebo groups respectively) as compared to those that were dosed-
through (230, 183, 176 and 143 days for bapineuzumab and placebo groups respectively). While
this difference in duration is likely influenced by differences in MRI scan schedule with more
frequently-timed follow up MRI scans in the not dosed-through cohort compared to the dosed-
through cohort, this would account for only about a 30-day bias due the protocol requirement for
a shorter interval (approximately every 4 weeks) between MRI scans once ARIA-E was
recognized. As the difference in median duration of resolved ARIA-E cases was approximately

90 days in all bapineuzumab groups, this suggests that additional factors contribute to this effect.

In carriers, 91 participants in the bapineuzumab group were dosed-through during ARIA-E event
and 52 were not. Radiological severity score for participants in the bapineuzumab group that
were dosed-through was comparable to all ARIA-E cases. The median duration of resolved
ARIA-E episodes was longer, (182 days (range 78, 457)) for those who were dosed-through an

episode as compared to those not dosed-through (96.0 days (range 32, 302).
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Of the 65 noncarriers on bapineuzumab who had an initial episode of ARIA-E in the Safety
Read, 39 participants (60%) re-initiated bapineuzumab infusions after their ARIA-E episode had
resolved. Recurrent episodes of ARIA-E occurred in 10 of these 39 participants across the
bapineuzumab groups, including nine which recurred after re-initiation of treatment (1, 4, and 4
in the 0.5, 1.0, and 2.0-mg/kg groups, respectively) and 1 in 0.5 mg/kg group which recurred
spontaneously off treatment. Similarly, of the 103 carriers on bapineuzumab with ARIA-E 50
resumed bapineuzumab infusions after ARIA-E episode resolved; 11 had a recurrence of ARIA-

E after re-initiation of treatment and two occurred spontaneously without being re-dosed.

3.4 ARIA-H incidence (Final Read) and temporal relationships
3.4.1 Hemosiderin deposits <10 mm

For the two bapineuzumab studies, MRI exclusion criteria were two or more microhemorrhages
or prior hemorrhage > 1 cm®. The baseline prevalence (95% Cl) of total (definite or possible)
HDs <10 mm for carrier and noncarrier participants with and without treatment-emergent
ARIA-E identified in the MRI Final Read is shown in Table 5. Approximately 13% to 19% of
participants in all treatment groups had HD <10mm at baseline. In noncarriers, the prevalence of
participants with total (definite or possible) HDs<10 mm at baseline was similar for the placebo
(16.6% (13.5, 20.1)) and 0.5 mg/kg (13.4% (9.9, 17.5)) and 1.0 mg/kg (15.8% (12.0, 20.2))
bapineuzumab groups but was slightly higher in the 2.0 mg/kg group (19.1% (13.0, 26.6)). There
was no cerebral regional preponderance for the development of HDs <10 mm. In carriers, the
incidence proportion of total (definite or possible) HDs <10 mm at baseline was similar between

the placebo (16.7% (13.4, 20.5)) and 0.5 mg/kg group (17.8% (15.0, 20.9)).
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In noncarriers, the frequency of treatment-emergent ARIA-E was higher among participants that
had HDs <10 mm (mHSs) at baseline than those without HDs for the 0.5-mg/kg group (6.7%
[3/45] vs. 5.5% [16/292]) and for the 2.0-mg/kg group (25.9% [7/27] vs. 18.4% [21/114]), but
not for the 1.0-mg/kg group (11.5% [6/52] vs. 13.7% [38/277]). In the bapineuzumab 2.0 mg/kg
group, the mean number (range) of incident (definite or possible) HDs <10 mm identified on the
MRI Final Read was higher in scans during the treatment-emergent ARIA-E episode relative to
the incident number on scans taken at onset of ARIA-E [5.5 (-17, 100) vs. 1.2 (-1, 6)]. The same
trend though less pronounced was observed in the 1.0 mg/kg group [1.7 (-2, 19) vs 0.8 (0, 10)].
A negative number of HDs represent a decrease from previous measurement. The occurrence of
incident HDs <10 mm after resolution of the ARIA-E episode in the 2.0 mg/kg group decreased
relative to the previous measurement (mean, -0.4). After each infusion, the mean number of
incident HDs<10 mm and the proportion of participants with none or one HDs <10 mm were
similar for those treated with bapineuzumab who were and were not dosed-through an ARIA-E

episode.

In carriers, among participants with total HDs<10 mm at baseline a greater proportion of
participants (95% CI), had treatment-emergent ARIA-E than those without HDs in the placebo
[2.7% (0.3, 9.3) vs. 0.8 (0.2, 2.3)] and bapineuzumab groups [31.7% (23.5, 40.8) vs.19.0% (15.8,
22.5)]. Also, the mean number of new total HD <10 mm during an ARIA-E episode [4.2 (range
-30, 117)] was higher relative to the incident number on scans at onset of ARIA-E episode [1.4 (-

2, 21)].
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The total incidence proportion (95% CI) of treatment-emergent HDs <10 mm in noncarriers was
21.4 % (17.9, 25.1) in the placebo group, and, 24.9% (20.4, 29.9), 28.0 (23.2, 33.1) and 28.4%
(21.1, 36.6) in bapineuzumab 0.5, 1.0, and 2.0 mg/kg dose groups respectively. The
corresponding incidence proportion of total treatment-emergent HDs <10 mm in carriers was

24.3% (20.4, 28.6) in the placebo group and 32.7% (29.2%, 36.4) in the 0.5 mg/kg dose group.

In noncarriers, the proportion of participants with ARIA-E who had their first treatment-
emergent HD(S) <10 mm was highest after the first infusion than after subsequent infusions
shown in Table 6. The participants in the placebo group that had ARIA-E had no treatment-
emergent HDs <10 mm. The mean number of HDs <10 mm, as well as the proportion of
participants having none or one HDs, after each infusion was similar for bapineuzumab 0.5- and
1.0-mg/kg groups who were or were not dosed-through an ARIA-E episode. In the
bapineuzumab 2.0-mg/kg group, however, participants who were dosed-through had a greater

mean number of incident HDs <10 mm after the first and second infusion than subsequently.

In carriers, the same trend was observed in which the highest incidence proportion of first
episode of treatment-emergent HDs<10 mm occurred following the second infusion of
bapineuzumab. The participants in the placebo group that had ARIA-E had no treatment-
emergent HDs <10 mm. In the bapineuzumab group, the mean number of HDs <10 mm and the
proportion of participants having none or one HDs <10 mm after each infusion was similar for

those that were and were not dosed-through an ARIA-E episode.
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3.4.2 Hemosiderin deposits >10 mm

Large HDs >10 mm were excluded at screening and therefore its baseline prevalence was low
(0.18% in carriers and noncarriers). In noncarriers, incidence proportions (95% CI) of treatment-
emergent HDs >10 mm was 1.3% (0.5,2.7) in the placebo group and 2.1% (0.8, 4.2) and 3.3%
(1.7,5.9) in the 0.5 and 1.0 mg/kg dose groups respectively. In each bapineuzumab group, the
highest incidence proportion by infusion interval occurred following the first infusion. There
were 7 and 3 participants in 1.0 and 0.5 mg/kg groups respectively with treatment-emergent
ARIA-E and first episode of HDs >10 mm. In carriers, the corresponding incidence (95% CI) of
treatment-emergent HDs >10 mm was 2.7% (1.4% to 4.6%) and 6.4% (4.7% to 8.5%) in the
placebo and 0.5 mg/kg groups respectively. The highest incidence proportion of participants with
a first episode of treatment-emergent HDs >10 mm occurred following the second infusion
(1.7%). Similarly, the highest incidence proportion of participants with ARIA-E who had a first

episode of treatment-emergent HDs >10 mm occurred following the second infusion (7.4%).

3.5 Incidence of age-related white matter change (ARWMC), and cerebral infarcts

ARWMC was not an MRI exclusion criterion and was present at baseline in 68% of carriers and
70% of noncarriers. In the placebo groups, 8% of carriers and 10% of noncarriers had a total
score of >7/30 at baseline equivalent to involvement of approximately 25% of white matter
(score of 3 in 4 regions) [21]. In noncarriers, there was little or no change in the mean ARWMC
score from baseline to the final MRI scan in any treatment group over 18 months. In carriers,

there was essentially no change in the mean ARWMC score from baseline to the final MRI scan
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at end of study in either the placebo (baseline, 4.7; final scan, 4.8) or bapineuzumab 0.5 mg/kg

groups (baseline, 4.5; final scan, 4.5) groups.

In noncarriers, the incidence proportion of lacunar, other, and all infarcts were low (3.8%) and
similar in the bapineuzumab 0.5, 1.0 mg/kg and the placebo group. The incidence proportion
(95% ClI) of treatment-emergent intracranial hemorrhage was similar for the placebo (1.3% (0.5,
2.7)) and bapineuzumab 1.0 mg/kg (1.8% (0.7, 3.9)) groups, but was higher in the 2.0 mg/kg
group (2.8%, n=4 (0.8, 7.1)) and lower in the 0.5 mg/kg group (0.3% (0.0, 1.6)). The mean (SD)
duration of resolved intracranial hemorrhage events were 102.5 days (92.04) for the placebo
group (n=6), and 38.5 days (41.32), for 1.0 mg/kg group (n=4). In the 0.5, and 2.0 mg/kg dose

groups, the single intracranial hemorrhage cases resolved after 6 and 9 days respectively.

In carriers, the incidences of lacunar, other, and all infarcts were similar in the bapineuzumab
(1.5%, 1.9%, and 3.3% respectively) and the placebo groups (0.7%, 1.6%, and 2.0%
respectively). There was no difference in the incident proportion of treatment-emergent
intracranial hemorrhage in the placebo (0.4%, n=2) and bapineuzumab groups (0.4%, n=3). In
the bapineuzumab group, 2 had cerebral hemorrhage, and one had both subarachnoid
hemorrhage and subdural hemorrhage, and in the placebo group, one had cerebral hemorrhage
and one had subdural hemorrhage. The incident proportion of treatment-emergent subdural
hematoma was 0.6% in the bapineuzumab group (n=4) and 1.1% in the placebo group (n=5). For
the bapineuzumab and placebo groups, the mean (SD) duration of resolved intracranial
hemorrhage was 108.3 days (92.01), and 8 days (0.0) respectively. The mean (SD) duration for
the combined intracranial hemorrhage and subdural hematoma resolved events were 70.5 days

(55.99) and 86.9 days (69.14) respectively.
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4. DISCUSSION

Despite negative results of recent trials of several anti-Ap immunotherapies in Alzheimer’s
disease, there are anti-Ap immunotherapies in current development and there are proposals for
intervention to be applied earlier in the course of AD, in prodromal and in preclinical AD [22].
Mounting evidence suggests ARIA is related to intervention in movement of amyloid from the
parenchyma into the perivascular space as well as removal of vascular amyloid [16, 23]. ARIA-E
(with effusion or edema) and ARIA-H (with HDs) were first reported with bapineuzumab in
Phase 1 and Phase 2 clinical trials [7, 14, 15] and it was subsequently recognized that central
reading improved the ascertainment rate. ARIA-E has since been associated with other amyloid—
modifying therapies [24, 25]. Hence, the higher rates of ARIA-E now recognized as adverse

events in patients exposed to amyloid-modifying agents.

In bapineuzumab Phase 3 studies as more ARIA was observed it became necessary to capture
brain MRI abnormalities in an increased level of detail in an objective manner to improve
detection and to ensure MR imaging features consistent with ARIA-E are systematically
evaluated and assessed. Thus, implementation of a centralized systematic sequential locked
procedure and scoring system for assessment of MRI images by experienced and trained pairs of
neuroradiologists made it possible to systematically analyze ARIA cases in the MRI Final Read.
Therefore, some discrepancy between the incidence proportion of ARIA-E in Safety Read while
the study was ongoing and Final Read was expected. This difference was probably due to the
increased experience of the readers and clinicians as the studies progressed as well as the
improved Final Read process that could be key for regulators and future trial design.
Ascertainment of cases improved over the course of the study due to increased familiarity and
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learning curve of central Safety Readers. Of the 242 cases of ARIA-E identified in the Final
Read, 76 were not detected during the study because some images for the last two visits were not
read centrally (per protocol at the time) (25 cases), or because they were not identified by the
central/local readers (51 cases) mainly due to low radiologic severity. Detection of ARIA-E
events with more subtle radiologic appearance at an earlier stage could have consequences for

patient care by allowing clinical decisions regarding dosing to be made at an earlier stage.

Somewhat higher prevalence of microhemorrhages in bapineuzumab 2.0 mg/kg participants that
did not enroll as long as placebo and lower dose groups (due to discontinuation of the 2.0 mg/kg
dose) suggests that microhemorrhages were more rigorously excluded later in the study, further
indicating evidence of Safety Reader’s learning curve. Therefore the Final Read analysis
showed that Safety Readers did identify majority of occurrences of ARIA-E later in the study.
The high ICC index in the Final Read indicates good agreement within pairs of neuroradiologist
raters. ICC > 0.81 is considered to indicate excellent agreement [17]. ICC values for ARIA-E
total radiological severity scores, ARIA-H <10 mm total counts and white matter hyperintensity
total scores were all >0.89 that indicates high degree of inter-rater reliability in assessment of
these imaging abnormalities. The overall inter-reader agreement prior to consensus for ARIA-E
and ARIA-H Final Read were high with kappa coefficient=0.73 and 0.69 respectively similar to

that reported in literature ranging from 0.33 to 0.78 [6, 7, 26].

The incident proportion of treatment-emergent ARIA-E was higher in bapineuzumab-treated
APOE*¢4 carriers (active 21.2%; placebo 1.1%) than in noncarriers (pooled active 11.3%;
placebo 0.6%). The finding of higher incidence of ARIA-E with increasing bapineuzumab dose

and number of APOE &4 alleles is also consistent with Phase 2 results [7, 16]. Postmortem

26



studies have shown correlations between the presence of an APOE &4 allele and amyloid-

positivity in the brains of patients with sporadic AD [27].

In at'C-Pittsburg compound B (*!C-PiB) positron emission tomography (PET) imaging substudy
of approximately 10% of enrolled participants in bapineuzumab Phase 3 trials, effects of
bapineuzumab on brain AP burden was evaluated [28]. The imaging results demonstrated a
significant reduction of fibrillar AB accumulation only in APOE &4 carriers (mild AD subgroup,
MMSE < 21) treated with bapineuzumab as compared to placebo but not in the noncarrier mild
or moderate subgroups [28]. However, the lower prevalence of significant Ap burden in
noncarriers vs carriers (63.9% amyloid positive vs.93.5%) and increased Ap deposition among
placebo participants (due to natural disease progression) may lead to an underestimation of the
treatment effect. Therefore, it is possible that if differences in amyloid positivity rates in the two
study cohorts are taken into account, incident rates of treatment-emergent ARIA-E may become

more similar in the carrier and noncarriers.

The incidence of ARIA-E decreased as duration of exposure increased as ARIA-E tended to
occur early during the course of treatment with bapineuzumab and its frequency declined after
repeated infusions. There was a trend toward a shorter duration of treatment-emergent ARIA-E
as the dose of bapineuzumab increased, which could be reflective of more aggressive removal of
amyloid. Duration of treatment-emergent ARIA-E cases that resolved indicated a trend toward a
shorter duration with increase in dose, but this may also be due to earlier onset and greater dose

discontinuation at the higher doses. There were too few placebo participants with ARIA-E to
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draw firm conclusions concerning potential differences in time to onset between placebo and
bapineuzumab groups perhaps driven by lower recognition in placebo group with sparse follow

up MRI.

Overall, discontinuation of bapineuzumab during ARIA-E episodes appeared to shorten the
duration of the ARIA-E episode compared to participants who remained on study treatment
during the ARIA-E episode. A possible cause of dosing through was that cases were missed

because they were subtle and had low radiological scores on the Final Read.

The incidence of treatment-emergent ARIA-E was numerically higher among participants who
had HDs <10 mm at baseline compared to those who did not. Incident HDs <10 mm were
associated with the occurrence of ARIA-E, but there was no evidence suggesting any increase in
incident HDs <10 mm once ARIA-E had resolved in any bapineuzumab group. Higher drug dose
may cause more amyloid to be removed, resulting in intraparenchymal extravasation of fluid.
Incident cerebral hemosiderin deposition was more common in patients treated with
bapineuzumab than with placebo, and was often associated with the occurrence of ARIA-E.
There was an increased risk of ARIA-E in those who had HD’s at baseline. The proportion of
participants with a first episode of treatment-emergent HDs <10 mm after early infusions was
greater than after late infusions for the bapineuzumab group, following the same time course

pattern as ARIA-E.

The total mean maximum radiological severity scores of the first occurrence of ARIA-E were

lower over time across the six bapineuzumab infusions, but did not show a clear dose-related
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trend. In addition to confirming the previous understanding that treatment-related ARIA-E
occurs early in the course of therapy, these results demonstrate that late onset ARIA-E appears
milder radiologically. The rapid early removal of amyloid in the vascular smooth muscle may be
involved. Frequency of incident intracranial hemorrhage and subdural hematoma identified in
the Safety Read was not notably higher in the bapineuzumab groups compared to the placebo

group and Final Read confirmed only few cases not recognized in the Safety Read.

Challenges remain with specific animal models to consistently model A therapy induced
ARIA-E. A particular challenge following passive immunization with monoclonal antibodies
with high affinity for AB plaques and cerebral amyloid angiopathy is increase in cerebral
microhemorrhage due to weakening of blood vessel smooth muscle wall [29] and increased
clearance of deposited Ap following cerebral ischemic challenge [30]. Zago et al [23] reported
on plaque-bearing PDAPP mice model immunized with murine 3D6 parent of humanized
bapineuzumab to evaluate vascular alterations related to central Ap pathology and after anti-
ABimmunotherapy. Treatment with 3D6 AP antibody induced clearance of vascular Ap that was
spatially associated with a transient increase in microhemorrhage and in capillary Ap deposition.
This suggested that vascular leakage events such as microhemorrhage during initial phases of Ap
clearance by immunotherapy may be due to the removal of leptomeningeal vascular AB but were
not associated with capillaries. The transient increase in capillary A accumulation after
immunotherapy was likely due to reduced capacity of perivascular clearance of Ap. Critically
this work showed improved vascular integrity and reduced occurrence of microhemorrhages with

continued antibody treatment.
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5. CONCLUSIONS

These studies support the conclusion that it is possible and advisable to monitor centrally for
ARIA. ARIA was detected more often in MRI scans in the Final Read, as neuroradiologists
were trained and the results adjudicated. This study highlights that eligibility and Safety
Readings should be done by trained central readers and that these abnormalities can be
successfully and reliably assessed. Incidence of ARIA-E increased with increasing
bapineuzumab dose and number of APOE &4 alleles. Treatment-related ARIA-E occurs early in
the course of therapy and its incidence decreased as duration of exposure increased. There
appeared to be a relationship between ARIA-H and ARIA-E both probably related to underlying
CAA. Microhemorrhages may cause, or be the result of, higher brain amyloid accumulation and
were more common in participants treated with bapineuzumab than placebo. Microhemorrhages
are often associated with ARIA-E and both radiological features are likely related to removal of
vascular Ap, although they can also be associated with the underlying disease. Bapineuzumab

did not appear to influence the development ARWMC.
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Table 1. Treatment-emergent ARIA-E comparing the incidence proportion of Central Safety Read with Final Read in both

APOE ¢4 carriers and noncarriers for all intravenous infusions of bapineuzumab and placebo treatment groups

. . APOE &4 Noncarriers (N=1331) APOE €4 Carriers (N=1121)
Participant with . - Grand
ARIA-E Placebo BAPI BAPI BAPI Noncarrier Placebo BAPI Carrier Total
N=524 0.5mg/kg 1.0mg/kg 2.0 mg/kg Total N=448 0.5 mg/kg Total (N=2452)
N=337 N=329 N=141 N=673
MRI Final Read, 3 19 44 28 94 5 143 148 242
n(%) (0.6) (5.6) (13.4) (19.9) (7.2) (1.1) (21.2) (13.2) 9.9)
Dosed-through 2/3 10/19 28/44 9/28 49/94 4/5 91/143 95/148 -
(66.7) (52.6) (63.6) (32.1) (52.1) (80.0) (63.6) 64.2)
MRI Safety Read , 1 14 318 20 66 1 103 104 170
n(%) (0.2) (4.2) (9.4) (14.2) (5.0 0.2) (15.3) (9.3) (7.0)
Newly identified 2 5 14 8 200 4 44 47¢ 76
cases, n(%) (0.4) (1.5) (4.3) (5.7) (2.2) (0.9 (6.5) 4.2) (3.2)
Missed in - - - - 18/29 - - 33/47 51/76
Central Safety (62.0) (70.0) (67.0)
Read
No Central - - - - 11/29 - - 14/47 25/76
Safety Read (38.0) (30.0) (33.0)
Not confirmed in 0 1 0 0 1* 0 4 4x* 5
Final Read, n

* one scan not available to Final Read, ** one not recognized by final readers, 3 downgraded as not ARIA-E or not treatment-
emergent, 2 one not ARIA-E per Final Read, 29 cases includes one case not confirmed in Final Read, ¢ one scan not available to

Final Read was excluded and 3 cases downgraded as not ARIA-E or not treatment-emergent, N= number of enrolled patients, n=
subset of sample size, BAPI= bapineuzumab, ARIA-E = amyloid-related imaging abnormalities that include intraparenchymal
extravasation of fluid, sulcal effusions and gyral swelling that may or may not be present, an ARIA-E event considered treatment-
emergent if it started during or after the first infusion and prior to or on the date of last dose + 137 days, APOE &4 = apolipoprotein
€4 genotype, incidence proportion is the ratio of the number of participants with the event to the total number of participants * 100.
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Table 2 Incidence proportion, and incidence rate per 100 person-years of treatment-emergent ARIA-E cases in both APOE
€4 carriers and noncarriers, (Final MRI Read)

APOE g4 Carriers
Participant APOE &4 Noncarriers 1 and 2 copies of 1 copy of APOE g4 2 copies of APOE &4
articipan APOE &4 allele allele allele
with ARIA- BAPI
E BAPI BAPI BAPI BAPI BAPI BAPI
P|\I]ii3e2b40 0.5mg/kg 1.0 mg/kg (r)n\z]//}((g? 2.0 mg/kg P,\Ilic4e4b80 0.5 mg/kg P,\Ili%est;o 0.5 mg/kg Pl\lliclelblo 0.5 mg/kg
N=337 N=329 N=666 N=141 N=673 N=508 N=165

ARIA-E, n 3 19 44 63 28 5 143 4 86 1 57
'Tg'dsr':fsn 0.6 5.6 13.4 9.5 19.9 11 212 12 16.9 0.9 345
prop ’ (01,1.7)  (34,87)  (9.9,175) (7.3,11.9) (136,274) (0.4,2.6) (18.2,245) (0.3,3.0) (13.8,205) (0.0,4.9) (27.3,42.3)
% (95% CI)
Difference
Bapi- ] 5.1 12.8 8.9 19.3 ] 201 ) 15.7 ] 336
Placebo, % (23,790 (88,168)  (6.4,11.4) (122, 26.4) (16.7, 23.6) (12.0, 19.4) (25.4, 41.9)
(95% CI)
:Ztceld((;r;((:ye 0.5 5.0 12.9 8.7 19.6 0.9 20.7 1.0 15.9 0.8 38.1
cly 0 (01,15)  (3.0,78)  (9.4,173) (6.7,11.2) (13.0,28.3) (0.3,22) (174,243) (0.3,26) (12.7,19.6) (0.0,4.2) (28.8,49.3)
Difference
Bapi- ) 45 12.4 8.2 19.1 ) 19.7 ) 14.9 ) 37.3
Placebo, % (26,64)  (9.4,154) (5.8,10.7) (15.3,22.8) (15.8, 23.7) (10.9, 18.9) (26.7, 47.9)
(95% CI)

N= number of enrolled patients, n= subset of sample size, a participant is counted only once regardless of number of episodes, BAPI=
bapineuzumab, BAPI= bapineuzumab, Cl= confidence interval, ARIA-E = amyloid-related imaging abnormalities that include
intraparenchymal extravasation of fluid, sulcal effusions and gyral swelling that may or may not be present, an ARIA-E event
considered treatment-emergent if it started during or after the first infusion and prior to or on the date of last dose + 137 days, APOE
€4 = apolipoprotein €4 genotype, incidence proportion is the ratio of the number of participants with the event to the total number of
participants * 100 with the exact binomial 95% CI for the difference in proportions between bapineuzumab and placebo. Incidence
rate is the number of participants with an event per 100 person-years at risk. The Poisson exact 95% CI is calculated for each
treatment group incidence rate and for the difference.
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Table 3 Proportion of participants with first episode of treatment-emergent ARIA-E, and total radiological severity score by

bapineuzumab infusion number for APOE &4 noncarriers and carriers (Final MRI Read)

APOE g4 Noncarriers APOE g4 Carriers
Number of Infusions BAPI BAPI BAPI BAPI BAPI
Received Placebo 0.5 mark 1.0 ma/k 0.5/1.0 2.0 Placebo 0.5
N=524 .N—3937 g .N—3929 g mg/kg mg/kg N=448 mg/kg
B B N=666 N=141 N=673

1, m/n 1/524 5/337 23/329 28/666 17/141 2/448 39/673
%, 95% CI 0.2(0.0,1.1) 15(05,34) 7.0(45103) 4.2(28,6.0) 121(7.2,186) 04(0.1,1.6) 58(4.2,7.8)
Total Radiologic Score 3.0 (3.0,3.0) 14.8 (4.0, 9.0 (1.0,56.0) 10.1(1.0,56.0) 19.6(2.0,57.0) 2.0(1.0,3.0) 8.3(1.0,52.0)
Mean (Range) 46.0)
2, m/n 1/487 8/314 14/308 221622 8/124 0/426 57/631
%, 95% CI 02(0.0,1.1) 25(1.1,50) 45(2575  35(2.25.3) 6.5(2.8,123) 0.0(na,na) 9.0(6.9,115)
Total Radiologic Score  70(7.0,7.0) 8.3(1.0,240) 7.5(1.0,23.0) 7.8(1.0,24.0) 13.3(2.0, 25.0) na 8.6 (1.0, 59.0)
Mean (Range)
3, m/n 0/440 1/301 4/283 5/584 2/119 2/394 25/589
%, 95% CI 0.0 (na,na)  0.3(0.0,1.8) 1.4(0.4,36) 0.9(0.3,2.0) 1.7(02,59) 05(0.1,1.8) 4.2(28,6.2)
Total Radiologic Score na 17.0 (170, 53(1.0,11.0) 7.6(1.0,17.0) 55(3.0,80)  25(1.0,4.0) 6.1(1.0,30.0)
Mean (Range) 17.0)
4, m/n 1/414 3/278 1/260 4/538 1/112 0/377 10/552
%, 95% CI 0.2(0.0,1.3) 1.1(0.2,31) 04(0.0,21) 0.7(0.2,1.9) 0.9 (0.0, 4.9) 0.0 (na,na)  1.8(0.9,3.3)
Total Radiologic Score 20(2.0,2.0) 4.0(1.0,80) 1.0(10,1.0)  3.3(1.0,8.0) 1.0 (1.0, 1.0) na 2.9 (1.0,5.0)
Mean (Range)
5, m/n 0/395 1/252 21241 3/493 0/103 0/360 9/504
%, 95% ClI 0.0(na,na)  0.4(0.0,2.2) 0.8(0.1,3.0) 0.6 (0.1, 1.8) 0.0 (na, na) 0.0 (na, na) 1.8(0.8,3.4)
Total Radiologic Score na 50(5.0,5.0) 8.5 (4.0,13.0) 7.3(4.0,13.0) na na 5.7 (1.0, 20.0)
Mean (Range)
6, m/n 0/367 1/227 0/203 1/430 0/87 1/329 31422
%, 95% ClI 0.0 (na,na) 0.4 (0.0, 2.4) 0.0 (na, na) 0.2 (0.0, 1.3) 0.0 (na, na) 0.3(0.0,1.7) 0.7(0.1,21)
Total Radiologic Score na 4.0 (4.0, 4.0) na 4.0 (4.0, 4.0) na 1.0(1.0,1.0) 5.0 (2.0,10.0)

Mean (Range)
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N=number of enrolled patients, na = not applicable, CI = confidence interval, BAPI = bapineuzumab, APOE &4 = apolipoprotein &4
genotype. Total mean maximum radiologic severity score is the average of the two readers (within a pair of readers) calculated as the
sum of the scores of 0 to 5 across 12 regions of the brain for parenchymal and sulcal hyperintensity and swelling, ARIA-E = amyloid-
related imaging abnormalities that include intraparenchymal extravasation of fluid, sulcal effusions and gyral swelling that may or
may not be present, m is the count of participants with ARIA-E that first occurred on or after the ith infusion and before the (i+1)th
infusion, n is the number of participants who have at least i infusions. The exact binomial 95% CI is calculated.
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Table 4 Treatment-emergent ARIA-E: time to first occurrence, Kaplan-Meier estimates, and duration of resolved cases for

APOE ¢4 noncarriers and carriers (Final MRI Read)

APOE ¢4 Noncarriers APOE g4 Carriers
Treatment-Emrgent BAPI BAPI BAPI BAPI BAPI
ARIA-E Placebo 0.5 my/kg 1.0 mg/kg 0.5/1.0 2.0 Placebo 0.5
N=524 N=337 N=329 mg/kg mg/kg N=448 mg/kg
N=666 N=141 N=673
Time to First
Occurrence
Number of Events (%) 3(0.6) 19 (5.6) 44 (13.4) 63 (9.5) 28 (19.9) 5(1.1) 143 (21.2)
Mean (SD) 179 (129.5) 182 (139.4) 112 (94.8) 133 (113.7) 89 (71.6) 215 (188.2) 163 (114.5)
Median, days 178 136 49 131 45 225 134
Range, days (50, 309) (41, 497) (36, 413) (36, 497) (29, 308) (43, 502) (3, 504)
Kaplan-Meier estimates
10" percentile (95% Cl), na na 135.0 413.0 45.0 na 133.0
days (na, na) (na, na) (48.0, 316.0) (141.0, na) (41.0, 134.0) (na, na) (131.0, 135.0)
20" percentile (95% CI), na na na na 308.0 na 317.0
days (na, na) (na, na) (na, na) (na, na) (120.0, na) (na, na) (224.0, 500.0)
Duration of Resolved
Cases
Number of Cases 3 10 37 47 20 4 116
Mean (SD), days 110 (73.4) 149 (59.5) 149 (85.8) 149 (80.4) 108 (64.0) 136 (100.6) 166 (97.6)
Median (range), days 97 (44,189)  141(88,234) 108 (49,390) 108 (49, 390) 91 (11, 274) 92 (72,286) 129 (32, 457)

Notes: An ARIA-E event is considered treatment-emergent if it started during or after the first infusion and prior to or on the date of
last dose + 137 days; The Kaplan-Meier estimates are the 101" and 20" percentile of the length of time to the first occurrence of
treatment-emergent ARIA-E; the start of ARIA-E is defined as the date of the first MRI scan on which ARIA-E is identified; the end
of ARIA-E is defined as the date of the first MRI scan with no evidence of parenchymal or sulcal hyperintensity or swelling that
follows one on which ARIA-E is still or initially identified; duration is imputed as the difference in time from the start to end dates.
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Table 5. Prevalence of Hemosiderin deposits <10 mm at baseline for APOE &4 noncarriers and carriers with and without

treatment-emergent ARIA-E (Final MRI Read)

APOE ¢4 Noncarriers APOE ¢4 Carriers
BAPI BAPI BAPI
Participants Placebo 0 &?Qpllk 1 g,ﬁpllk 0.5/1.0 2.0 Placebo 0.5
N=524 .N—3937 g .N—3929 g mg/kg mg/kg N=448 mg/kg
B B N=666 N=141 N=673
With presence of HDs 87 45 52 97 27 75 120

(definite or possible) at
Baseline, n
% (95% CI)
With TE ARIA-E n
% (95% CI)
Without TE ARIA-E, n
% (95% CI)

Without presence of HDs
(definite or possible) at
Baseline, n
% (95% CI)
With TE ARIA-E, n

% (95% CI)
Without TE ARIA-E, n

% (95% CI)

16.6 (13.5, 20.1)
2
2.3(0.3,8.1)
85
97.7 (91.9, 99.7)

437

83.4 (79.9, 86.5)
1
0.2(0.0,1.3)
436

99.8 (98.7,
100.0)

13.4 (9.9, 17.5)
3
6.7 (1.4, 18.3)
42
93.3 (81.7, 98.6)

292

86.6 (82.5, 90.1)
16
5.5(3.2,8.7)
276
945 (91.3, 96.8)

15.8 (12.0, 20.2)
6

11.5 (4.4, 23.4)
46

88.5 (76.6, 95.6)

277

84.2 (79.8, 88.0)
38

13.7 (9.9, 18.3)
239

86.3 (81.7, 90.1)

14.6 (12.0, 17.5)
9
9.3(4.3,16.9)
88
90.7 (83.1, 95.7)

569

85.4 (82.5, 88.0)
54
9.5(7.2,12.2)
515
90.5 (87.8, 92.8)

19.1 (13.0, 26.6)
7

25.9 (11.1, 46.3)
20

74.1 (53.7, 88.9)

114

80.9 (73.4, 87.0)
21

18.4 (11.8, 26.8)
93

81.6 (73.2,88.2)

16.7 (13.4, 20.5)
2
2.7(0.3,9.3)
73
97.3(90.7, 99.7)

373

83.3 (79.5, 86.6)
3
0.8 (0.2, 2.3)
370
99.2 (97.7, 99.8)

17.8 (15.0, 20.9)
38

31.7 (23.5, 40.8)
82

68.3 (59.2, 76.5)

553

82.2 (79.1, 85.0)
105

19.0 (15.8, 22.5)
448

81.0 (77.5, 84.2)

N=number of enrolled patients, Cl = confidence interval, BAPI = bapineuzumab, APOE &4 = apolipoprotein 4 genotype ARIA-E =
amyloid-related imaging abnormalities that include intraparenchymal extravasation of fluid, sulcal effusions and gyral swelling that
may or may not be present, TE = Treatment-Emergent. An event is considered treatment-emergent if it started during or after the first
infusion and prior to or on the date of last dose + 137 days, Total hemosiderin deposits include definite or possible hemosiderin
deposits <10 mm or both, incidence proportion is the ratio of the number of participants with the event to the total number of
participants in the group * 100. The exact binomial 95% CI is calculated.
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Table 6 Proportion of participants with treatment-emergent ARIA-E with first episode of treatment-emergent hemosiderin

deposits <10 mm by infusion for all bapineuzumab treatment groups (Final MRI Read)

APOE &4 Noncarriers APOE g4 Carriers
Number of BAPI BAPI BAPI
infusjons Placebo 0 SBQSIIkg 1 (I)ngllkg 0.5/1.0 2.0 Placebo 0.5
received N=524 .N:337 .N:329 mg/kg mg/kg N=448 mg/kg
N=666 N=141 N=673
1, m/n 0/3 9/19 9/44 18/63 5/28 0/5 13/143
%, 95% Cl 0.0 (na, na) 47.4 (24.4,71.1) 205 (9.8, 35.3) 28.6 (17.9, 17.9 (6.1, 36.9) 0.0 (na, na) 9.1 (4.9, 15.0)
41.3)
2, m/n 0/3 2/17 6/42 8/59 2/19 0/5 23/136
%, 95% Cl 0.0 (na, na) 11.8(1.5,36.4) 14.3(5.4,285) 13.6(6.0,25.0) 10.5(1.3,33.1) 0.0 (na, na) 16.9 (11.0, 24.3)
3, m/n 0/2 1/15 3/38 4/53 2/18 0/4 15/120
%, 95% Cl 0.0 (na, na) 6.7 (0.2, 31.9) 79(1.7,214) 75(21,182)  11.1(1.4,34.7) 0.0 (na, na) 12.5 (7.2, 19.8)
4, m/n 0/2 1/12 0/30 1/42 1/15 0/4 8/105
%, 95% CI 0.0 (na, na) 8.3 (0.2, 38.5) 0.0 (na, na) 2.4(0.1,12.6) 6.7 (0.2, 31.9) 0.0 (na, na) 7.6 (3.3,14.5)
5, m/n 0/2 0/9 1/28 1/37 0/12 0/4 1/88
%, 95% CI 0.0 (na, na) 0.0 (na, na) 3.6(0.1,183) 27(0.1,14.2) 0.0 (na, na) 0.0 (na, na) 1.1 (0.0, 6.2)
6, m/n 0/2 0/6 1/9 1/15 0/4 0/3 1/47
%, 95% CI 0.0 (na, na) 0.0 (na, na) 11.1(0.3,48.2) 6.7 (0.2,31.9) 0.0 (na, na) 0.0 (na, na) 2.1(0.1,11.3)

N=number of enrolled patients, Cl = confidence interval, BAPI = bapineuzumab, na = not applicable, Hemosiderin deposits include
definite or possible hemosiderin deposits <10 mm or both, ARIA-E = amyloid related imaging abnormality defined as parenchymal
or sulcal hyperintensity or both, and gyral swelling, a finding is considered treatment-emergent if it started during or after the first
infusion and prior to or on the date of last dose + 137 days., For recurrent events, only the first event is counted, m is the count of
participants with the event that first occurred on or after the ith infusion and before the (i+1)th infusion, n is the number of

participants who have at least i infusions. The exact binomial 95% CI is calculated.
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Figure 1. MRI Final Read process: sequential, locked individual MRI scan reading

performed centrally by pairs of neuroradiologists
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Figure 2. Incidence proportion of ARIA-E for noncarriers with bapineuzumab dose in
noncarriers and with copy number of the APOE &4 allele for participants treated with

bapineuzumab 0.5 mg/kg.
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Figure 3. Incidence proportion of first ARIA-E episode by number of bapineuzumab
infusions in (A) APOE &4 noncarriers and (B) carriers.
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Supplementary Material

MRI acquisition parameters for the three main scanner models at 1.5 Tesla is shown in Table 1S.
All MRI images were acquired using a uniform scanning protocol (with respect to: slice
thickness, pixel size, pulse sequence, repetition time, echo time, flip angle, number of
excitations, etc.) that minimized between-site differences in MRI systems. Each MRI exam
consisted of the following MRI sequences: sagittal spin echo (SE), three dimensional (3D) spin-
lattice relaxation time (T1) (acquired twice), proton density (PD)/ spin-spin relaxation time (T2),
T2* gradient echo (GRE), fluid-attenuated inversion recovery (FLAIR) and diffusion weighted
imaging (DWI).

The rules used to compare ARIA-E and ARIA-H Final Read of individual MRI scans made by a
pair of independent neuroradiologist for concordance and discordance are provided below in
Figures 2S and 3S.

ARIA-E was assessed by location and largest cross-sectional diameter of parenchymal or sulcal
hyperintensity, and gyral swelling in each region of the brain (adjudicated by presence or
absence, location, and size) [17]. ARIA-H for hemosiderin deposits <10 mm in size (small
hemosiderin deposits, microhemorrhage) was assessed by location and number by each region,
adjudicated by number (<5 must match, 5-10 higher number, >10 mean number) and location for
each of the two types: possible or definite. ARIA-H for hemosiderin deposits >10 mm in size
(large hemosiderin deposits) was assessed by location and number by each region and
adjudicated by number and size. Parenchymal hemorrhage >1 cm in size adjudicated by
presence/absence and size. White matter hyperintensity (adjudicated by presence/absence and
ARWMC score) by region (frontal, parieto-occipital, temporal, basal ganglia,

infratentorial/cerebellum) [18].

Discordance between the two neuroradiologists’ assessments was adjudicated by discussion and
agreement between the pair to arrive at adjudicated Final Read for that specific MRI scan and the
data was analyzed. A summary of adjudication results with respect to extent of concordance and

discordance between reader 1 and 2 is shown in Table 2S.
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Table 1S. Representative examples of MRI sequence acquisition parameters for 1.5 Tesla MRI scanners in bapineuzumab

Phase 3 studies

Sequence/Parameter | 2D T1 3DT1 | 2DPD/T2 | 2DFLAIR | GRET2* | 2D DWI

Siemens 1.5T

Acquisition Plane Sagittal Sagittal Axial Axial Axial Axial

Sequence Name 22;‘(’)‘” MPRAGE1 2D TSE 2D TIR 2D GRE 2D EPI

TRI/ITE/TI (ms) 550/14/- 2400/3.6/1000 >4000/20,120/- 10000/120/2500 420/29/- 5100/137/-

Flip Angle (°) - 8 - - 20 -

Matrix (Phase X 256 X 256 192 X 256 256 X 256 256 X 256 256 X 256 | 128 X 128
Frequency)

Phase Encoding AP AP RL RL RL AP
Direction

Field of View (mm) 260 240 260 240 240 240

Slice Thickness/Gap an 1.2/0 310 5/1 5/1 5/1.5
(mm)

Scan Time (minutes: 1:45 8:00 4:40 3:35 4:30 0:45
seconds)

Miscellaneous 1Fl3d1__ns Fat . 2 concatenations B =1000 (0)

170 slices Suppression

General Electric 1.5T

Acquisition Plane Sagittal Coronal Oblique/Axial Oblique/Axial Ob“q;e/AX' Ob“q;e/AX'

Sequence Name ZIECSh%m 3D Fast SPGR 2D FSE 2D T2 FLAIR 2D GRE 2D DWI/EPI

TRI/TE/TI (ms) 600/14/- 9.4/4.2/450 >4000/20,120/- 9000/120/2200 550/30/- 11000/81/-

Flip Angle (°) - 15 - - 20 -

Matrix (Phase X 192 X 256 192 X 192 192 X 256 160 X 256 160 X 256 | 128 X 128
Frequency)

Frequency Direction Si Si AP AP AP LR

Field of View (mm) 260 240 260 240 240 240

Slice Thickness/Gap 41 1.2/0 310 5/1 5/1 5/15
(mm)

Scan Time (minutes: 1:45 7:35 4:43 3:36 4:32 0:44
seconds)

Miscellaneous 180 slices Fat Saturation B=1000 (0)
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Sequence/Parameter | 2D T1 3DT1 | 2DPD/T2 | 2DFLAIR | GRET2* | 2D DWI
Philips 1.5T
Acquisition Plane Sagittal Sagittal Axial Axial Axial Axial
Sequence Name ZEéCSr%In 3D TFE 2D TSE 2D T2 FLAIR 2D FFE 2D EPI
TR/ITE/TI (ms) 600/9/- 8.6/4.0/1000 >4000/20,120/- | 10000/120/2500 550/30/- Shortest
Flip Angle (°) - 8 - - 20 -
Matrix (Phase X 256 X 256 192 X 256 256 X 256 256 X 256 256 X 256 | 128 X 128
Frequency)
Phase Direction AP AP LR LR LR AP
Field of View (mm) 260 240 260 240 240 240
Slice Thickness/Gap an 1.2/0 3/0 5/1 5/1 5/1.5
(mm)
Scan Time (minutes: 1:45 7:45 4:40 3:56 4:34 0:45
seconds)
170 slices
Miscellaneous T1 Fat Saturation 2 Packages B =0, 1000
Enhancement

Notes: MRI scanner manufactured by Siemens (Vision, Symphony or Avanto, General Electric (LX or Excite), Toshiba or Philips
Infinion. 2D= two dimensional, 3D=three dimensional, T1= spin-lattice relaxation time, T2=spin-spin relaxation time, PD= proton
density, FLAIR= Fluid-attenuated inversion recovery, GRE= gradient-recall echo, DWI=diffusion weighted imaging, TSE=turbo spin
echo.
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Figure 2S. Annotated consensus rules for adjudication of ARIA-E in individual brain MRI
scans performed centrally by a pair neuroradiologist.
SECTION 1: ARIA-E

la. Is there any evidence of parenchymal hyperintensity?

O Yes 0O No 0O Unable to assess (specify)

For each location, provide a score* for parenchymal
hyperintensity on MRI:

O Left frontal O Right frontal
O Left temporal O Right temporal
O Left parietal O Right parietal
O Left occipital O Right occipital
[ Left Cerebellum/ brainstem O Right Cerebellum/ brainstem
O Left central O Right central
&:> Compared to previous MRI(s), if available,

parenchymal hyperintensity on MRI is:

O New [Olincreased O Unchanged O
Partially resolved

1b. Is there any evidence of sulcal hyperintensity?

O Yes ONo 0O Unable to assess (specify)

&> For each location, provide score* for sulcal hyperintensity on

MRI:

O Left frontal O Right frontal

O Left temporal O Right temporal

O Left parietal O Right parietal

O Left occipital O Right occipital

O Left Cerebellum/ brainstem O Right Cerebellum/ brainstem

O Left central O Right central

: Compared to previous MRI(s), if available, sulcal hyperintensity

identified on MRI is:

O New DOlncreased 0O Unchanged O Partially resolved
1c. Is there any evidence of swelling?
O Yes 0[O No 0[O Unable to assess (specify)

&:> For each location, provide score* for swelling on MRI:
O Left frontal O Right frontal
O Left temporal O Right temporal
O Left parietal [ Right parietal
O Left occipital O Right occipital
O Left Cerebellum/ brainstem O Right Cerebellum/ brainstem
O Left central O Right central
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Consensus rule notes for parts 1a, 1b and 1c:

l1a: Evidence of presence or absence of parenchymal hyperintensity must match exactly, the
reason for “unable to assess” does not need to match; radiological severity scores for each brain
region must match; comparison to previous MRI(s) must match;

1b: Evidence of presence or absence of sulcal hyperintensity must match exactly, the reason for
“unable to assess” does not need to match; radiological severity scores for each brain region
must match; comparison to previous MRI(s) must match; and

1c: Evidence of presence or absence of swelling must match exactly, the reason for “unable to
assess” does not need to match; radiological severity scores for each brain region must match;

comparison to previous MRI(s) must match.
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Figure 3S. Annotated consensus rules for adjudication in individual brain MRI scans for
ARIA-H (A) hemosiderin deposit(s)<10 mm, and (B) hemosiderin deposit(s) >10 mm
performed centrally by a pair neuroradiologist

(A)

SECTION 2: HEMOSIDERIN DEPOSIT(S) <10 mm (MICROHEMORRHAGES)

2a. Is there evidence of definite hemosiderin deposit(s) <10 mm (microhemorrhage)?

OYes O No [OUnableto assess: (specify)
Specify number of definite hemosiderin deposit(s) in each region:

[ Left frontal # O Right frontal #

O Left temporal #

O Left parietal #

O Left occipital #

O Cerebellar gray matter #
O Cerebellar white matter #

O Right temporal #
O Right parietal #
O Right occipital #

[ Other (specify region)

If yes, specify shape(s) (chose only one box): OO Punctate

Linear
Both

OYes 0ONo

O Unable to assess: (specify)

O Thalamus #
O Brainstem #
#
O
O

2b. Is there evidence of possible hemosiderin deposit(s) <10 mm (microhemorrhage)?

&:> Specify number of possible hemosiderin deposit(s) in each region:

O Left frontal #
O Left temporal #
O Left parietal #
O Left occipital #
O Cerebellar gray matter #
O Cerebellar white matter #
O Other (specify region)

O Right frontal #
O Right temporal #
O Right parietal #
O Right occipital #
O Thalamus#
O Brainstem#

#

If yes, specify shape(s) (chose only one box): [] Punctate

52

0 Linear 0J Both



(B)
SECTION 3: HEMOSIDERIN DEPOSIT(S) >10 mm

3a. Are there any hemosiderin deposit(s) >10 mm?

O Yes O No O Unable toassess: (specify)

Specify number of hemosiderin deposit(s) >10 mm in each region:

O Left frontal # O Right frontal #
O Left temporal # O Right temporal #
O Left parietal # O Right parietal #
O Left occipital # O Right occipital #
O Cerebellar gray matter # O Thalamus #

O Cerebellar white matter # O Brainstem #

O Other: (specify region) #

Compared to previous MR, if available, the HD(s) >10 mm
on this MRl is:

O New O Increased insize O Unchanged [ Partially
resolved

If yes, specify shape(s) (chose all that apply):
O Linear/Curvilinear O Other:

Consensus rule notes for parts 2a, 2b, and 3a:
2a and 2b: Evidence of presence or absence of definite or possible hemosiderin deposits <10 mm
must match exactly, the reason for “unable to assess” does not need to match; for number of
definite or possible HDs if 0 to 5, numbers must match, if 6 to 10: if difference = 1, take the
higher number; if difference is >1, then must adjudicate, if >10 , take the average of the 2
numbers; round up to the whole number; any time number falls into 2 categories, use the
adjudication rules for the lowest number, for other locations does not need to match.
3a: Presence or absence of HDs >10 mm must match exactly, the reason for “unable to assess”
does not need to match, numbers must match exactly, but location does not need to match,

comparison to previous MRI must match.
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