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Two Phase 3 Trials of Bapineuzumab in Mild-to-Moderate
Alzheimer’s Disease
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M.D., Ph.D., Anton P. Porsteinsson, M.D., Steven Ferris, Ph.D., Marcel Reichert, M.D.,
Nzeera Ketter, M.D., Bijan Nejadnik, M.D., Volkmar Guenzler, M.D., Maja Miloslavsky, Ph.D.,
Daniel Wang, Ph.D., Yuan Lu, M.S., Julia Lull, M.A., lulia Cristina Tudor, Ph.D., Enchi Liu,
Ph.D., Michael Grundman, M.D., M.P.H., Eric Yuen, M.D., Ronald Black, M.D., and H. Robert
Brashear, M.D. for the Bapineuzumab 301 and Investigators 302 Clinical Trial®

Butler Hospital, Providence, RI (S.S.); Brigham and Women'’s Hospital, Boston (R.S.); University
College London, Institute of Neurology, London (N.C.F.); University of Géteborg, Sahlgrenska
University Hospital, MéIndal, Sweden (K.B.); University of Pittsburgh, Pittsburgh (W.K.); Veterans
Affairs Medical Center, Seattle (M.R.); Cleo Roberts Center for Clinical Research/Sun Health
Research Institute, Sun City, AZ (M.S.); Columbia University (L.S.H.) and New York University
Langone Medical Center (S.F.), New York; University of Rochester School of Medicine and
Dentistry, Rochester, NY (A.P.P.); Janssen Alzheimer Immunotherapy Research and
Development, South San Francisco, CA (M.R., N.K., B.N.,, V.G.,, MM.,D.W., Y.L, .C.T., E.L,,
E.Y., H.R.B.); Janssen Research and Development, Titusville, NJ (J.L.); Global R&D Partners
and the University of California, San Diego — both in San Diego (M.G.); and Pfizer, Collegeville,
PA (R.B.)

Abstract

BACKGROUND—Bapineuzumab, a humanized anti—amyloid-beta monoclonal antibody, is in
clinical development for the treatment of Alzheimer’s disease.

METHODS—We conducted two double-blind, randomized, placebo-controlled, phase 3 trials
involving patients with mild-to-moderate Alzheimer’s disease — one involving 1121 carriers of
the apolipoprotein E (APOE) &4 allele and the other involving 1331 noncarriers. Bapineuzumab or
placebo, with doses varying by study, was administered by intravenous infusion every 13 weeks
for 78 weeks. The primary outcome measures were scores on the 11-item cognitive subscale of the
Alzheimer’s Disease Assessment Scale (ADAS-cogl11, with scores ranging from 0 to 70 and
higher scores indicating greater impairment) and the Disability Assessment for Dementia (DAD,
with scores ranging from 0 to 100 and higher scores indicating less impairment). A total of 1090
carriers and 1114 noncarriers were included in the efficacy analysis. Secondary outcome measures
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included findings on positron-emission tomographic amyloid imaging with the use of Pittsburgh
compound B (PIB-PET) and cerebrospinal fluid phosphorylated tau (phospho-tau) concentrations.

RESULTS—There were no significant between-group differences in the primary outcomes. At
week 78, the between-group differences in the change from baseline in the ADAS-cog11 and
DAD scores (bapineuzumab group minus placebo group) were —0.2 (P = 0.80) and -1.2 (P =
0.34), respectively, in the carrier study; the corresponding differences in the noncarrier study were
-0.3 (P =0.64) and 2.8 (P = 0.07) with the 0.5-mg-per-kilogram dose of bapineuzumab and 0.4 (P
=0.62) and 0.9 (P = 0.55) with the 1.0-mg-per-kilogram dose. The major safety finding was
amyloid-related imaging abnormalities with edema among patients receiving bapineuzumab,
which increased with bapineuzumab dose and APOE &4 allele number and which led to
discontinuation of the 2.0-mg-per-kilogram dose. Between-group differences were observed with
respect to PIB-PET and cerebrospinal fluid phospho-tau concentrations in APOE &4 allele carriers
but not in noncarriers.

CONCLUSIONS—Bapineuzumab did not improve clinical outcomes in patients with
Alzheimer’s disease, despite treatment differences in biomarkers observed in APOE &4 carriers.
(Funded by Janssen Alzheimer Immunotherapy and Pfizer; Bapineuzumab 301 and 302
ClinicalTrials.gov numbers, NCT00575055 and NCT00574132, and EudraCT number,
2009-012748-17.)

Alzheimer’s disease, a neurodegenerative disease resulting in progressive dementia, is
characterized by neuropathological changes that include intraneuronal neurofibrillary
tangles and extracellular neuritic plaques. The predominant component of plaques is the
amyloid-beta (Ap) peptide. Multiple lines of evidence indicate that aberrant Af production
or clearance is an early component in the pathogenesis of Alzheimer’s disease.13
Bapineuzumab is a humanized N-terminal—-specific anti-Af monoclonal antibody in clinical
development for the treatment of Alzheimer’s disease. In preclinical studies, the murine
form of the antibody (3D6) was shown to bind to fibrillar, oligomeric, and monomeric forms
of Ap, reduce the amount of Afin the brain, and improve memory in transgenic mice that
overproduced A5.4-8 In phase 2 clinical studies involving patients with mild-to-moderate
Alzheimer’s disease, patients who received bapineuzumab, as compared with those who
received placebo, had a greater reduction in amyloid on positron-emission tomographic
amyloid imaging with the use of Pittsburgh compound B (PIB-PET) and reduced
cerebrospinal fluid phosphorylated tau (phospho-tau), suggesting target engagement and
attenuated neurodegeneration.®10 Owing to differences in the incidence of amyloid-related
imaging abnormalities with effusion or edemall.12 and potential efficacyl? between
apolipoprotein E (APOE) €4 carriers and noncarriers in the phase 2 study, we conducted
separate phase 3 clinical trials among APOE &4 carriers and noncarriers. The primary study
objective was to determine the efficacy of intravenous bapineuzumab as compared with
placebo in patients with mild-to-moderate dementia associated with Alzheimer’s disease.

METHODS
STUDY SITES AND PATIENTS

We performed two separate clinical trials in the phase 3 program of bapineuzumab for the
treatment of mild-to-moderate Alzheimer’s disease to determine the efficacy and safety of
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bapineuzumab and key biomarker results. One trial involved carriers of the APOE &4 allele
and the other involved APOE &4 noncarriers. Both were multi-center, randomized, double-
blind, placebo-controlled, parallel-group studies. The carrier study was conducted at 170
sites in the United States from December 2007 through April 2012, and the noncarrier study
was conducted at 218 sites in the United States (195 sites), Canada (17), Germany (4), and
Austria (2) from December 2007 through June 2012.

Eligible patients were 50 to 88 years of age, met the criteria for probable Alzheimer’s
disease of the National Institute of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Association,14 and had a magnetic
resonance imaging (MRI) scan that showed results consistent with Alzheimer’s disease, a
score on the Mini-Mental State Examination (MMSE) of 16 to 261° (with scores ranging
from 0 to 30 and higher scores indicating less impairment), and a score on the Hachinski
Ischemic scale, as modified by Rosen et al., of 4 or lower® (with scores ranging from 0 to
12 and higher scores indicating greater degrees of ischemia). Exclusion criteria were
neurologic disease other than Alzheimer’s disease; a screening brain MRI scan that showed
evidence of an abnormality (two or more microhemorrhages, a prior hemorrhage larger than
1 cm3, two or more lacunar infarcts, a prior infarct larger than 1 cm3, or space-occupying
lesions); a major psychiatric disorder; a history of stroke or seizures; and treatment with
cognitive enhancers other than stable doses of acetylcholinesterase inhibitors or memantine.

STUDY OVERSIGHT

The studies were approved by the institutional review board at each participating site;
written informed consent was obtained from the patients or their legally authorized
representatives or caregivers. The sponsor designed the studies in consultation with the
academic authors. Data were gathered by the study investigators, analyzed by the sponsor,
and interpreted by the sponsors in collaboration with the academic authors. All the authors
were involved in the development and approval of the manuscript; the first draft was written
by the first author. The academic authors had full access to the study data, and vouch for the
accuracy and integrity of the data and the fidelity of this report to the study protocols, which
are available with the full text of this article at NEJM.org.

STUDY DESIGN AND TREATMENT

Our primary objective was to evaluate the efficacy of intravenous bapineuzumab, as
compared with placebo, by measuring the change from baseline to week 78 on the 11-item
cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-cog11, with scores
ranging from 0 to 70 and higher scores indicating greater impairment)l’ and the Disability
Assessment for Dementia (DAD, with scores ranging from 0 to 100 and higher scores
indicating less impairment).18 Key secondary objectives were assessments of changes from
baseline to week 71 in substudies of three disease biomarkers: brain amyloid burden,
cerebrospinal fluid phospho-tau concentrations, and whole-brain volume.

The planned sample size of the carrier study was approximately 1000 participants, who
would be randomly assigned in a 3:2 ratio to 0.5 mg of bapineuzumab per kilogram of body
weight or to placebo; for the noncarrier study, the planned sample size was approximately

N Engl J Med. Author manuscript; available in PMC 2014 September 10.
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1300 participants, who would be randomly assigned in a 3:3:4 ratio to 0.5 mg of
bapineuzumab per kilogram, 1.0 mg of bapineuzumab per kilogram, or placebo. We had
initially planned the sample size for the non-carrier study to be approximately 1450
participants, who would be randomly assigned in a 1:1:1:2 ratio to 0.5 mg of bapineuzumab
per kilogram, 1.0 mg of bapineuzumab per kilogram, 2.0 mg of bapineuzumab per kilogram,
or placebo. However, the sponsor discontinued the 2.0-mg-per-kilogram dose early in the
trial on the recommendation of the independent, external data and safety monitoring
committee because of a high rate of clinically symptomatic amyloid-related imaging
abnormalities with effusion or edema. Participants who had initially been randomly assigned
to receive 2.0 mg of bapineuzumab per kilogram (141 participants) were reassigned to the
1.0-mg-per-kilogram group and were included in the safety, but not efficacy, analyses.

Randomization was stratified according to the use or nonuse of a cholinesterase inhibitor or
memantine, baseline MMSE total score (16 to 21 vs. 22 to 26), participation in a substudy,
and, in the carrier study, APOE &4 copy number (1 vs. 2). Patients received the study drug as
a 1-hour intravenous infusion every 13 weeks for up to six infusions. The final clinical
assessment was performed at week 78.

OUTCOME MEASURES

The coprimary outcome measures, the ADAS-cogl1 and DAD scores, were assessed at
baseline, at treatment visits, and at week 78. Other cognitive and functional outcome
measures included scores on the Neuropsychological Test Battery (which was scored on a
standardized z scale, with higher scores indicating less impairment),1° the Clinical Dementia
Rating—Sum of Boxes (with scores ranging from 0 to 18 and higher scores indicating greater
impairment),20 the MMSE, and the Dependence Scale (with scores ranging from 0 to 15 and
higher scores indicating greater need for assistance).?!

Participants in the PIB-PET substudy underwent PET scanning at baseline, week 45, and
week 71. The PIB-PET global cortical average was calculated as the average standardized
uptake value ratio (SUVR) of five cortical regions of interest: anterior cingulate cortex,
posterior cingulate cortex or precuneus, frontal cortex, lateral temporal cortex, and parietal
cortex. Participants in the substudy assessing cerebrospinal fluid phospho-tau concentrations
underwent a lumbar puncture at baseline and at week 71. Tau phosphorylated at threonine
181 was measured with the use of a sandwich enzyme-linked immunosorbent assay
(Innogenetics).22 Participants in the substudy assessing whole-brain volume underwent MRI
scanning at baseline and week 6 and at 13-week intervals through week 71. The primary
MRI volumetric outcome was the change in whole-brain volume from baseline to week 71,
as measured by the brain boundary-shift-integral method.23

POPULATIONS

The safety population included all participants who received at least one infusion of a study
drug. The modified intention-to-treat population included participants who received at least
one dose of a study drug and underwent evaluation of the coprimary efficacy end points at
baseline and at least once after baseline. The population in the PET substudy included
participants who received at least one dose of a study drug, had a scan that was positive for

N Engl J Med. Author manuscript; available in PMC 2014 September 10.
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amyloid at baseline (defined as an SUVR =1.35), and underwent at least one PET
assessment after baseline. The population in the substudy assessing cerebrospinal fluid
phospho-tau concentrations included participants who received at least one dose of a study
drug and underwent measurement of cerebrospinal fluid phospho-tau at baseline and at least
once on or after week 52. The population in the substudy assessing whole-brain volume
included participants who received at least one dose of a study drug and underwent
volumetric MRI at baseline and at least once after baseline.

SAFETY MONITORING

Safety was evaluated by means of reports of adverse events, clinical laboratory testing
(hematologic and serum chemical testing and urinalysis), assessment of vital signs, physical
and neurologic examinations, electrocardiography, and brain MRI, with scans reviewed both
locally and by a central neuroradiologist. MRI assessments documented amyloid-related
imaging abnormalities with effusion or edema.1? An independent, external data and safety
monitoring committee, whose members were aware of the study assignments, reviewed the
safety data.

STATISTICAL ANALYSIS

The sample sizes were calculated so that the study would have 90% power, with the use of a
two-sided test and an alpha level of 0.05, to detect the following differences between the
bapineuzumab groups and the placebo groups: in the carrier study, 2.21 units on the ADAS-
cogl11 and 5.39 units on the DAD; and in the noncarrier study, 2.65 units on the ADAS-
cogll and 6.56 units on the DAD.

The primary analyses of estimated between-group differences in the change in clinical end
points from baseline to week 78 were performed on data from the modified intention-to-treat
population. The changes from baseline in scores on the ADAS-cog11 and DAD were
estimated with the use of a mixed model for repeated measures. The model included
assigned study drug (in the carrier study, 0.5 mg per kilogram of bapineuzumab and placebo,
and in the non-carrier study, 0.5 mg and 1.0 mg of bapineuzumab per kilogram and
placebo), scheduled visit (a categorical factor), interaction between treatment and visit,
baseline ADAS-cogll or DAD score, interaction between baseline score and visit, baseline
score on the MMSE (<21 vs. 222), APOE &4 copy number (for the carrier study), use or
nonuse of a cholinesterase inhibitor or memantine at baseline, and age at baseline. We also
performed prespecified subgroup analyses according to baseline severity of Alzheimer’s
disease (mild or moderate), categorized on the basis of MMSE scores (see Section 3 in the
Supplementary Appendix, available at NEJM.org).

The relationship of amyloid-related imaging abnormalities with effusion or edema to the
dose of bapineuzumab and the number of APOE &4 alleles was analyzed with the use of the
Cochran—Armitage trend test. Statistical analyses of the change in PIB-PET SUVR and
brain-volume boundary-shift integral were performed with the use of a mixed model for
repeated measures similar to that used in the analysis of the clinical end points; the change
in phospho-tau concentration at week 71 was analyzed by means of analysis of covariance
(see Section 3 in the Supplementary Appendix for more detail). In the noncarrier study, the

N Engl J Med. Author manuscript; available in PMC 2014 September 10.
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prespecified primary analysis of PIB-PET and cerebrospinal fluid phospho-tau concentration
(but not brain-volume boundary-shift integral) was a comparison of the placebo group with
the pooled bapineuzumab groups. Prespecified exploratory efficacy analyses were also
conducted according to individual dose groups (see Section 4 in the Supplementary
Appendix).

All analyses were performed with the use of SAS software, version 9.2. A prespecified
statistical testing hierarchy was used to control for multiple comparisons among the
coprimary and key secondary end points; in this article, nominal P values are presented. See
Section 3 in the Supplementary Appendix for additional details regarding the statistical
analyses.

DISPOSITION AND BASELINE CHARACTERISTICS

EFFICACY

The screening, randomization, and follow-up of patients are summarized in Figure S1 in the
Supplementary Appendix. In the carrier study, 1121 patients underwent randomization and
received at least one dose of a study drug: 673 were randomly assigned to 0.5 mg of
bapineuzumab per kilogram, and 448 to placebo; in the noncarrier study, 1331 patients
underwent randomization and received at least one dose of a study drug: 807 were randomly
assigned to bapineuzumab (337 to a dose of 0.5 mg per kilogram, 329 to a dose of 1.0 mg
per kilogram, and 141 to a dose of 2.0 mg per kilogram), and 524 to placebo. The modified
intention-to-treat population included 1090 patients in the carrier study (658 in the group
that received 0.5 mg of bapineuzumab per kilogram and 432 in the placebo group), and 1114
patients in the noncarrier study (314 in the group that received 0.5 mg of bapineuzumab per
kilogram, 307 in the group that received 1.0 mg of bapineuzumab per kilogram, and 493 in
the placebo group).

The demographic characteristics of the modified intention-to-treat population were generally
similar in the bapineuzumab and placebo groups in both studies (Table 1). Table S1 in the
Supplementary Appendix shows comparable data for the safety population.

In the carrier study, 75.4% of the patients in the placebo group and 69.5% in the
bapineuzumab group completed the study. In the noncarrier study, 71.2% of the patients in
the placebo group and 70.6%, 68.7%, and 67.4% in the 0.5-mg-per-kilogram, 1.0-mg-per-
kilogram, and 2.0-mg-per-kilogram bapineuzumab groups, respectively, completed the study
(after the patients in the 2.0-mg-per-kilogram group were reassigned to the 1.0-mg-per-
kilogram group). More patients in the bapineuzumab groups than in the placebo groups
withdrew from the study because of adverse events (11.0% vs. 7.6% in the carrier study;
9.5%, 8.8%, and 13.5%, in the 0.5-mg-per-kilogram, 1.0-mg-per-kilogram, and 2.0-mg-per-
kilogram bapineuzumab groups, respectively, vs. 7.6% in the noncarrier study).

No significant differences with respect to the coprimary outcomes were observed between
the bapineuzumab groups and the placebo groups in the carrier study or in the noncarrier
study (Fig. 1 and Table 2). No significant between-group differences were observed at week

N Engl J Med. Author manuscript; available in PMC 2014 September 10.
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78 in the scores on the Neuropsychological Test Battery, Clinical Dementia Rating—Sum of
Boxes, MMSE, or Dependence Scale in either study (Table 2).

The main prespecified exploratory efficacy analyses that were performed on data from
patients with mild Alzheimer’s disease (an MMSE score of 21 or higher) revealed no
significant differences with respect to the coprimary end points in either study; however,
when a prespecified alternative MMSE threshold of 20 or higher was used to define mild
Alzheimer’s disease, potential differences (P<0.05) in scores on the DAD in favor of
bapineuzumab were observed among patients with mild Alzheimer’s disease in both the 0.5-
mg-per-kilogram group and the 1.0-mg-per-kilogram group in the noncarrier study. No
significant differences were observed with respect to the ADAS-cog11 score at any
prespecified MMSE cutoff points that we tested (Table S2 in the Supplementary Appendix).

KEY BIOMARKER OUTCOMES

PI1B-PET—In the carrier study, the analysis of PIB-PET included 75 patients in the
bapineuzumab group and 40 in the placebo group; in the noncarrier study, this analysis
included 12 patients in the 0.5-mg-per-kilogram bapineuzumab group, 12 in the 1.0-mg-per-
kilogram bapineuzumab group, and 15 in the placebo group (Fig. 2, and Table S3 in the
Supplementary Appendix). A total of 6.5% of carriers and 36.1% of noncarriers did not
reach the threshold SUVR of 1.35 and were not included in the analysis. Among carriers, the
mean (£SE) SUVR increased in the placebo group (by 0.102+0.026), but remained almost
unchanged in the bapineuzumab group (an increase of only 0.001+0.021) over the course of
71 weeks (difference in change, bapineuzumab minus placebo, —-0.101; P = 0.004). Among
noncarriers, no increase in the SUVR was observed in the placebo group and no significant
differences were observed at week 71 between the 0.5-mg-per-kilogram or 1.0-mg-per-
kilogram bapineuzumab group and the placebo group, either in pooled or separate analyses.

Cerebrospinal Fluid Phospho-Tau Concentration—In the carrier study, the analysis
of cerebrospinal fluid phospho-tau concentrations included 127 patients in the
bapineuzumab group and 85 in the placebo group; in the noncarrier study, this analysis
included 47 patients in the 0.5-mg-per-kilogram bapineuzumab group, 54 in the 1.0-mg-per-
kilogram bapineuzumab group, and 77 in the placebo group (Fig. 2, and Table S3 in the
Supplementary Appendix). Among carriers, a significant reduction in the cerebrospinal fluid
phospho-tau concentration was observed with bapineuzumab by week 71 (-5.80+1.49 pg
per milliliter), whereas there was an increase with placebo (0.95+1.83 pg per milliliter),
representing a significant between-group difference of —6.75 pg per milliliter (P = 0.005).
Among noncarriers, no significant between-group difference was observed between the
pooled 0.5-mg-per-kilogram and 1.0-mg-per-kilogram bapineuzumab group and the placebo
group (between-group difference, —3.30 pg per milliliter; P = 0.11). Dose-specific analyses
(prespecified exploratory analyses) showed a reduction in the cerebrospinal fluid phospho-
tau concentration at week 71 in the 1.0-mg-per-kilogram bapineuzumab group relative to the
placebo group (decrease of —8.17+1.80 pg per milliliter vs. —1.98+1.48 pg per milliliter;
between-group difference, —6.19 pg per milliliter; P = 0.009) but not in the 0.5-mg-per-
kilogram bapineuzumab group relative to the placebo group (between-group difference, 0.05
pg per milliliter; P = 0.98).

N Engl J Med. Author manuscript; available in PMC 2014 September 10.
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Volumetric MRI—In the carrier study, volumetric MRI analysis included 352 patients in
the bapineuzumab group and 238 in the placebo group; in the noncarrier study, this analysis
included 169 patients in the 0.5-mg-per-kilogram bapineuzumab group, 146 in the 1.0-mg-
per-kilogram bapineuzumab group, and 244 in the placebo group (Fig. 2, and Table S3 in
the Supplementary Appendix). Among carriers, there was no significant difference in the
annual rate of loss of brain volume between the bapineuzumab group and the placebo group
(19.9+0.50 ml per year and 18.7+0.59 ml per year, respectively; between-group difference,
1.2 ml per year; P = 0.13). Similarly, no significant differences were observed among
noncarriers: 17.5+0.61 ml per year in the placebo group, as compared with 17.2+0.73 ml per
year in the 0.5-mg-per-kilogram bapineuzumab group (difference in change, bapineuzumab
minus placebo, —0.3 ml per year; P = 0.73) and 19.0+0.79 ml per year in the 1.0-mg-per-
kilogram group (difference in change, bapineuzumab minus placebo, 1.5 ml per year; P =
0.13).

In both the carrier and noncarrier studies, the incidence of adverse events occurring during
the study period was similar in the placebo and bapineuzumab groups. In the carrier study,
92.6% of the patients in the bapineuzumab group and 88.8% of those in the placebo group
had an adverse event; in the noncarrier study: 88.7%,88.8%, and 90.8% of the patients in the
0.5-mg-per-kilogram, 1.0-mg-per-kilogram, and 2.0-mg-per-kilogram bapineuzumab
groups, respectively, and 88.7% of the patients in the placebo group had an adverse event.
Adverse events occurring in more than 10% of the patients in any group are shown in Table
3, and those occurring in more than 5% in any group are shown in Table S4 in the
Supplementary Appendix; all serious adverse events are shown in Table S6 in the
Supplementary Appendix. In both the carrier and noncarrier studies, amyloid-related
imaging abnormalities with effusion or edema were the most notable adverse events in the
safety population; this abnormality was identified, with the use of MRI performed during the
course of the study, in 103 of the 673 carriers who received bapineuzumab (15.3%),
including 58 of the 508 APOE &4 heterozygotes (11.4%) and 45 of the 165 APOE &4
homozygotes (27.3%). In the noncarrier study, amyloid-related imaging abnormalities with
effusion or edema were identified in 14 of the 337 patients in the 0.5-mg-per-kilogram
bapineuzumab group (4.2%), 31 of the 329 patients in the 1.0-mg-per-kilogram group
(9.4%), and 20 of the 141 patients in the 2.0-mg-per-kilogram group (14.2%) (Fig. S2 in the
Supplementary Appendix). One patient in the placebo group in each study was identified as
having amyloid-related imaging abnormalities with effusion or edema (0.2%). This
abnormality tended to occur early in the course of bapineuzumab treatment (with most
occurring between the first and third infusions). A total of 84.5% of carriers and 64.3%,
83.9% and 45.0% of the noncarriers in the 0.5-mg-per-kilogram, 1.0-mg-per-kilogram, and
2.0-mg-per-kilogram groups, respectively, were asymptomatic for this abnormality. In
addition, a retrospective central review was performed of amyloid-related imaging
abnormalities with effusion or edema from all MRI study scans, and this review identified a
larger number of cases than had been identified previously (Table S5 in the Supplementary
Appendix).

N Engl J Med. Author manuscript; available in PMC 2014 September 10.
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Among carriers, 20 patients — 5 (1.1%) in the placebo group and 15 (2.2%) in the
bapineuzumab group — had a fatal adverse event that occurred during treatment. Neoplasm
was the most common adverse event occurring during treatment that led to death (6 cases
[0.9%], all in the bapineuzumab group). No specific tumor type was observed with increased
frequency. Among noncarriers, 23 patients had fatal adverse events that occurred during
treatment: 7 patients in the placebo group (1.3%), 4 in the 0.5-mg-per-kilogram
bapineuzumab group (1.2%), 7 in the 1.0-mg-per-kilogram bapineuzumab group (2.1%), and
5 in the 2.0-mg-per-kilogram bapineuzumab group (3.5%); a total of 5 noncarriers (0.4%)
had neoplasms leading to death (2 in the placebo group [0.4%] and 3 in the bapineuzumab
groups [0.4%]) (Tables S6 and S7 in the Supplementary Appendix).

DISCUSSION

We found no significant differences between the bapineuzumab groups and the placebo
groups with respect to the primary end points (scores on the ADAS-cogl11 and DAD) or
other clinical end points (scores on the Clinical Dementia Rating Scale—Sum of Boxes,
Neuropsychological Test Battery, MMSE, or Dependence Scale) among carriers or
noncarriers. The lack of clinical efficacy that we observed could be due to a number of
factors. The doses of bapineuzumab used in these studies were limited because of higher
rates of amyloid-related imaging abnormalities with effusion or edema at higher doses. The
greater incidence of these abnormalities with increasing bapineuzumab dose and number of
APOE &4 alleles is consistent with phase 2 findings.1113 Recent research in transgenic mice
suggests that these abnormalities may be related to antibody effects on amyloid in cerebral
arterioles.11.24 Studies with alternative dosing regimens for bapineuzumab may lead to a
decrease in the rates of amyloid-related abnormalities on imaging. It is also possible that AS
may not be the best target for therapeutic intervention, that too little amyloid was removed,
that an important species of Agwas insufficiently affected, or that other aspects of
neurodegeneration were inadequately affected.

Among APOE &4 carriers, bapineuzumab was associated with reduced cerebrospinal fluid
phospho-tau concentrations, a marker of neurodegeneration; this finding is consistent with
phase 2 results.®19 Among noncarriers, bapineuzumab was not associated with a significant
lowering of cerebrospinal fluid phospho-tau concentrations in the analysis of pooled data
from the 0.5-mg-per-kilogram and 1.0-mg-per-kilogram groups — the prespecified primary
analysis for this outcome. However, in prespecified exploratory analyses, a reduction in
cerebrospinal fluid phospho-tau concentrations was observed with the 1.0-mg-per-kilogram
dose, but not the 0.5-mg-per-kilogram dose, relative to placebo.

A decreased rate of accumulation of amyloid in the brain on PIB-PET was seen in APOE &4
carriers who received bapineuzumab, but the difference was smaller than that seen in phase
2 studies, which included the 2.0-mg-per-kilogram dose.10 Significant between-group
differences in amyloid on PIB-PET were not seen in the noncarrier study, but the relatively
small number of noncarriers who could be evaluated limits the conclusions that can be
drawn regarding such changes. The negative scans for amyloid in 36% of APOE &4
noncarriers at baseline raises concern about the reliability of diagnoses of Alzheimer’s
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disease among noncarriers and suggests the possible usefulness of incorporating amyloid
thresholds into eligibility criteria in future trials of anti-amyloid therapy.

Although biomarker results in the carrier study suggest that bapineuzumab may modify Ag
accumulation and a downstream biomarker (phospho-tau), neither trial showed a benefit of
bapineuzumab with respect to clinical outcomes. As reported elsewhere in this issue of the
Journal, two recent phase 3 clinical trials with solanezumab, another anti-Ag monoclonal
antibody, also did not show benefit with respect to the primary clinical outcomes in patients
with mild-to-moderate Alzheimer’s disease.2> Amyloid accumulation probably starts many
years before the onset of symptoms,226:27 and initiation of anti-amyloid treatment only after
dementia develops may be too late to affect the clinical course of the disease.28

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel. Primary Outcome

Panel A shows the estimated mean change from baseline to week 78 in scores on the 11-
item cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-cogll, with
scores ranging from 0 to 70 and higher scores indicating greater impairment), and Panel B
the estimated mean change from baseline to week 78 in the Disability Assessment for
Dementia (DAD, with scores ranging from 0 to 100 and higher scores indicating less
impairment) among APOE &4 carriers and noncarriers, according to study regimen. The P
values that are shown are unadjusted. Bapi denotes bapineuzumab.
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Figure 2. Key Biomarkers
Shown are the changes from baseline to week 71 in brain amyloid burden, as measured by

the average standardized uptake value ratio (SUVR) of five cortical regions of interest
(anterior cingulate cortex, posterior cingulate cortex or precuneus, frontal cortex, lateral
temporal cortex, and parietal cortex), assessed by means of positron-emission tomographic
amyloid imaging with the use of Pittsburgh compound B (PIB-PET) (Panel A);
cerebrospinal fluid (CSF) phosphorylated tau (phospho-tau) concentration (Panel B); and
brain volume on MRI, calculated with the use of the brain boundary-shift-integral method?3
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(Panel C), among carriers of the apolipoprotein E (APOE) &4 allele and noncarriers,
according to study regimen. In the primary analysis of cerebrospinal fluid phospho-tau
concentration among noncarriers, the 0.5-mg-per-kilogram and the 1.0-mg-per-kilogram
bapineuzumab groups were pooled, and the difference in the reduction in cerebrospinal fluid
phospho-tau concentration between the pooled results and placebo was not significant (P =
0.11) (Table S3b in the Supplementary Appendix). The P values that are shown are
unadjusted.
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