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Abstract

OBJECTIVES: Efficacy and safety results from the EMERGE
(NCT02484547) and ENGAGE (NCT02477800) phase 3 studies
of aducanumab in early Alzheimer’s disease (AD) have been
published. In EMERGE, but not in ENGAGE, high-dose
aducanumab demonstrated significant treatment effects across
primary and secondary endpoints. Low-dose aducanumab
results were consistent across studies with non-significant
differences versus placebo that were intermediate to the high-
dose arm in EMERGE. The present investigation examined data
from EMERGE and ENGAGE through post-hoc analyses to
determine factors that contributed to discordant results between
the high-dose arms of the two studies.

DESIGN: EMERGE and ENGAGE were 2 phase 3, randomized,
double-blind, placebo-controlled, parallel-group studies.
SETTING: EMERGE and ENGAGE were 2 global multicenter
studies involving 348 sites in 20 countries.

PARTICIPANTS: Participants in EMERGE and ENGAGE were
aged 50 to 85 years and had mild cognitive impairment or
mild AD dementia with confirmed amyloid pathology. The
randomized and dosed population (all randomized patients
who received at least one dose of study treatment) included
1638 patients in EMERGE and 1647 in ENGAGE.
INTERVENTION: In EMERGE and ENGAGE, participants
were randomized to receive low- or high-dose aducanumab or
placebo (1:1:1) once every 4 weeks.

MEASUREMENTS: In this paper, 4 areas were investigated
through post-hoc analyses to understand the discordance in the
high-dose arms of the EMERGE and ENGAGE studies: baseline
characteristics, amyloid-related imaging abnormalities, non-
normality of the data, and dosing/exposure to aducanumab.
RESULTS: Post-hoc analyses showed that outcomes in the
ENGAGE high-dose group were affected by an imbalance in
a small number of patients with extremely rapid progression
and by lower exposure to the target dose of 10 mg/kg. These
factors were confounded and present in early enrolled patients
but were not present in later-enrolled patients who were
randomized to the target dosing regimen of 10 mg/kg after
titration. Neither baseline characteristics nor amyloid-related
imaging abnormalities contributed to the difference in results
between the high-dose arms.

CONCLUSIONS: Results were consistent across studies in later
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enrolled patients in which the incidence of rapidly progressing
patients was balanced across treatment arms.
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Introduction

ducanumab is a human monoclonal antibody
Athat selectively targets aggregated forms of
amyloid beta (Ap), including soluble oligomers
and insoluble fibrils (1, 2). The clinical efficacy and safety
of aducanumab were assessed in patients with early
Alzheimer’s disease (AD) via 2 identically designed,
phase 3, randomized clinical trials, EMERGE and
ENGAGE; the primary findings have been reported (3).
Aducanumab was granted accelerated approval by the
US Food and Drug Administration based on its ability
to reduce a defining pathophysiological feature of
Alzheimer’s disease, AP plaques (2-5).

ENGAGE failed to meet its primary and secondary
endpoints, whereas EMERGE demonstrated statistically
significant mean differences vs placebo in the high-dose
arm on the primary and the 3 multiplicity-adjusted
secondary endpoints (Table S1) (3). Results of the low-
dose arms were similar in the 2 studies, with differences
from placebo intermediate to the differences seen in the
high-dose arm of EMERGE, but nonsignificant (3). The
probability that all 4 of the clinical endpoints in the high-
dose arm of EMERGE were false-positive results was
extremely low given the low to moderate correlations
between endpoints. However, the nonsignificant
results in the high-dose arm of the identically designed
ENGAGE study were also unlikely given the results of
the high-dose arm in EMERGE. Based on a key protocol
amendment, the target dose for aducanumab was
increased part-way through the trials in apolipoprotein
E (ApoE) &4 carriers (approximately 2/3 of the patients)



in the high-dose arms. To understand whether dose
exposure contributed to these findings and to reconcile
the observed discordance in the high-dose arms of the
studies, we examined potential sources of the discordance
and synthesized the totality of data from the aducanumab
clinical development program. The following analyses
were post-hoc in nature. To the extent possible, the
hypothesis and analytical approaches were specified
before analyses were conducted. Results should be
interpreted in this context.

Methods

Study design and data sets

Full details of the study designs have been reported
(3). Briefly, EMERGE (N=1638) and ENGAGE (N=1647)
(ClinicalTrials.gov: NCT02484547 and NCT02477800,
respectively) were global trials involving 348 sites in 20
countries. Patients aged 50 to 85 years who met criteria
for mild cognitive impairment due to AD or mild AD
dementia, with confirmed amyloid pathology, were
randomized 1:1:1 to receive low-dose aducanumab, high-
dose aducanumab, or placebo. The primary outcome was
change from baseline to week 78 on the Clinical Dementia
Rating-Sum of Boxes (CDR-SB).

The EMERGE and ENGAGE trials were terminated
early for futility based on prespecified interim analyses
(3). However, after termination, it was discovered that
key assumptions underlying the futility determination
did not hold, as discussed in Budd Haeberlein S, et al.
2022 (3): a) the assumption that the treatment effect in the
2 studies would be similar and b) the assumption that
the treatment effect would not change substantially over
time. Consequently, the predictions of final trial outcomes
were inaccurate, and the trials should not have been
terminated.

We present analyses on the final data set for these
studies (3). The final data set included all randomized
patients and was thus much larger than the futility data
set. The futility data set was defined a priori to include
the data from (approximately) the first 50% of enrolled
patients. Final database lock was on November 13, 2019,
for EMERGE and November 15, 2019, for ENGAGE. The
final primary efficacy analysis only included efficacy data
collected under double-blind conditions up to March 20,
2019—the day prior to the futility announcement, and this
final primary efficacy analysis included approximately
twice as many patients and increased the total number
of data observation by 65.2%, compared with the futility
analysis. By the time of the futility analysis, enrollment
for the 2 studies had been completed and all patients
had the opportunity to complete at least 6 months of
treatment. Results from this larger (final) data set are the
focus of this article.

INVESTIGATING PHASE 3 ADUCANUMAB RESULTS

Analyses

Unless otherwise stated, these post-hoc analyses were
conducted using the mixed model for repeated measures
(MMRM) analyses, the same method as the prespecified
primary analysis in the statistical analysis plan and that
described in the primary disclosure of these study results

(3).
Baseline demographics/disease characteristics

Analyses (using placebo data only) were conducted by
study and with studies pooled. Variables were selected
by stepwise model selection based on the Bayesian
information criterion from the following candidate
predictors: baseline scores for CDR-SB, Mini-Mental State
Examination (MMSE), Alzheimer’s Disease Assessment
Scale—Cognitive Subscale, 13 items (ADAS-Cogl3),
Alzheimer’s Disease Cooperative Study—Activities of
Daily Living Inventory, mild cognitive impairment
version (ADCS-ADL-MCI), and the Repeatable Battery
for the Assessment of Neuropsychological Status
delayed memory index, ApoE €4 carrier status, ApoE
genotype, ApoE allele pairs, baseline AD medication use
and category, baseline disease stage, time since first AD
symptom, time since first AD diagnosis, age, sex, baseline
weight, baseline body mass index, years of formal
education, and days between baseline CDR-SB and first
dose date.

Accounting for imbalance in rapidly progressing
patients

Two statistical methods, robust and quantile regression,
were implemented to account for the non-normality
of the data arising from the small number of rapidly
progressing patients. The main purpose of robust
regression is to provide stable estimates of means in
the presence of outliers. To achieve this stability, robust
regression limits the influence of outliers through a
process known as iteratively reweighted least squares.
Conceptually, the iterative process detects unusual
observations and gives them less weight (i.e., a smaller
contribution) in estimating means (6). The specific type of
robust regression used here was based on M estimation
(7) as implemented in SAS PROC ROBUSTREG (8).
Quantile regression is also robust to extreme values
of the response variable (outliers). This method was
introduced by Koenker and Bassett (1978) as an extension
of traditional regression that models the relationship
between covariates and the mean of the response variable
Y to model quantiles of the response variable, such as
the median (9). Quantile regression was implemented in
the present investigation to compare medians between
treatment groups using SAS PROC QUANTREG (8)

Other analyses

Other analyses were conducted as described within the
results section.
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Availability of data and materials

The authors and Biogen are fully supportive of data
sharing. Biogen has established processes to share
protocols, clinical study reports, study-level data,
and de-identified patient-level data. These data and
materials will be made available to qualified scientific
researchers to achieve the objective(s) in their approved,
methodologically sound research proposal following
US and EU marketing approval of aducanumab for the
treatment of AD, with no end date. Proposals should
be submitted through Vivli (https://vivli.org). To gain
access, data requestors will need to sign a data sharing
agreement. Data are made available for 1 year on a
secure platform. For general inquiries, please contact
datasharing@biogen.com. Biogen’s data-sharing policies
and processes are detailed on the website http://
clinicalresearch.biogen.com.

Results

Understanding the discordance in the high-dose
arms of EMERGE and ENGAGE

Four areas were investigated to understand the
discordance in the high-dose arms of the EMERGE and
ENGAGE studies: baseline characteristics, amyloid-
related imaging abnormalities (ARIA), non-normality of
the data, and dosing/exposure to aducanumab.

Baseline demographics/disease characteristics

For a factor to substantially contribute to the
divergence in results between the high-dose arms, that
factor must have an appreciable influence on outcomes
and be substantially unbalanced across treatment arms
and studies. Analysis of baseline covariates showed
that they jointly accounted for approximately 20% of
the differences in clinical decline within the placebo
group (see Analyses for details), and these factors were
well balanced across treatment arms and studies (3).
The highest r-square value across the various data sets
was 0.24. Therefore, baseline demographic and disease
characteristics had minimal influence on the divergence
in results between the high-dose arms.

Impact of amyloid-related
abnormalities

imaging

ARIA is an adverse event observed in clinical trials
with Ap-targeting monoclonal antibodies, such as
aducanumab (2, 3, 5, 10, 11). The incidence, radiographic
severity, and reported symptoms of ARIA were similar in
EMERGE and ENGAGE (3, 11) (Table S2). Hence, ARIA
did not contribute to the discordance in results between
the high-dose arms.

ARIA has the potential to bias clinical assessments
directly or through functional unblinding, because
the management of ARIA required temporary dose
suspension and additional monitoring procedures, and
the incidence of ARIA events (either ARIA-E or ARIA-H)
was higher on active drug (high-dose group: 42.1% in
EMERGE; 40.8% in ENGAGE) than placebo (10.3% in
EMERGE; 10.3% in ENGAGE) (Table S2). The potential
for functional unblinding due to ARIA was mitigated
by the separation of efficacy assessments from safety
assessments and by adverse-event management. This
separation required 3 assessors for each efficacy visit. One
physician assessed adverse events and managed ARIA, if
present. Two other assessors rated efficacy outcomes, with
one rating the primary CDR-SB and the other rating the
secondary outcomes.

To evaluate the impact of potential functional
unblinding due to ARIA, results based on the primary
analysis were compared with results from an otherwise
identical analysis in which post-ARIA observations
were removed. These 2 sets of analyses yielded similar
mean differences from placebo (Table S3), suggesting
that there was no bias from functional unblinding. For
a more granular assessment of the potential impact of
ARIA, subgroups were defined by study, dose, and ApoE
¢4 status (Figure S1). Comparing the mean differences
vs placebo from all data (x-axis) vs data excluding
observations after ARIA onset (y-axis) showed results
scattered evenly above and below the line of unity,
indicating random variability and no systematic bias in
the post-ARIA observations. If functional unblinding
biased results, the data points would be consistently
below or above the unity line.

Non-normality of the data

Standard statistical diagnostic tests of the primary
analysis (MMRM) indicated that the assumption of
normally distributed residuals had been violated. Clinical
outcomes in EMERGE and ENGAGE were right skewed
due to a small number (~1%) of rapid progressors over 78
weeks on the CDR-SB (>8 points on CDR-SB change from
baseline over 78 weeks) (Figure S2). The number of rapid
progressors was similar in all treatment arms of both
studies, except for a higher incidence in the high-dose
arm of ENGAGE (Table S4). The consequences of this
non-normality were investigated in post-hoc analyses by
comparing results from the prespecified MMRM primary
analyses that assumed normality to those from robust
regression and quantile regression.

Table 1 summarizes results from robust and quantile
regression analyses, which unlike the primary MMRM
analysis, did not depend on normality. In both studies,
treatment effect estimates for the high-dose arm were
larger in the alternative analysis than in the primary
MMRM analysis. Accordingly, the 1% of patients
classified as rapid progressors had an important influence



Table 1. Robust and quantile regression analyses
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CDR-SB EMERGE ENGAGE
Placebo decline Difference vs placebo (%)* Placebo decline + SE Difference vs placebo (%)*
(n=548) P (n=545) P
Low dose High dose Low dose High dose
(n=543) (n=547) (n=547) (n=555)
Robust regression 1.48 -0.32 (-22) —0.49 (-33) 1.26 —-0.11 (-9) —0.05 (—4)
.0394 .0014 3827 .6839
Median regression 1.49 —0.40 (-27) —0.51 (-34) 1.31 —0.15 (-11) —0.06 (-5)
.0201 .0044 3434 .7352

Missing data imputed assuming missing at random. Models included treatment group, baseline CDR-SB, baseline MMSE, symptomatic medication use at baseline,
region, and laboratory ApoE ¢4 status as covariates. Robust regression used MM estimation. *Difference vs placebo at week 78. Negative percentage indicates less
progression in the treated arm. ApoE, apolipoprotein E; CDR-SB, Clinical Dementia Rating Scale-Sum of Boxes; MMSE, Mini-Mental State Examination.

on mean differences vs placebo. Differences between the
balance of rapid progressors in EMERGE and ENGAGE
are described in detail later in this paper.

Dosing/exposure to aducanumab

In EMERGE and ENGAGE, patients were stratified by
ApoE ¢4 carrier status to receive low-dose aducanumab,
high-dose aducanumab, or placebo. Prior to protocol
amendments, the low-dose group was titrated to a target
dose of 3 mg/kg (ApoE e4+) or 6 mg/kg (ApoE &4-)
while the high-dose group was titrated to a target dose
of 6 mg/kg (ApoE e4+) or 10 mg/kg (ApoE e4-). Data
from the proof-of-concept study (PRIME), which was
available in the fall of 2016 (after the start of EMERGE
and ENGAGE), suggested that the incidence of ARIA
among ApoE ¢4 carriers titrated to 10 mg/kg was lower
than in patients who received fixed-dose 10 mg/kg (12).
Therefore, an amended protocol version 4 (PV4) changed
the target dose after titration for ApoE &4 carriers from
6 to 10 mg/kg. Because EMERGE started later than
ENGAGE, EMERGE enrolled 200 more patients after the
amendment than ENGAGE; therefore, more patients in
EMERGE had the opportunity to receive the full 10 mg/
kg target dose (3).

The impact of the PV4 amendment on dosing was
assessed in post-hoc analyses by summarizing dosing by
enrollment cohorts of every 200 patients. In early-enrolled
patients, mean number of doses of 10 mg/kg was lower
in ENGAGE vs EMERGE (first 200 patients: 1 vs 4;
patients 201-400: 5 vs 7; patients 401-600: 10 vs 11). As the
PV4 amendment was implemented over time across the
348 investigative sites in 20 countries, exposure to 10 mg/
kg increased substantially, with similar exposures in the 2
studies among later-enrolled patients (Figure 1).

The potential impact of the change in dosing
that resulted from the PV4 amendment was assessed
by excluding early enrolled patients progressively by
enrollment cohorts consistent with the dosing cohorts
shown in Figure 1. Mean differences from placebo on
the CDR-SB, MMSE, ADAS-Cog13, and ADCS-ADL-
MCI using this analysis are summarized in Figure
2. Excluding the first 800 enrolled patients excluded
most of the patients enrolled under the pre-PV4 dosing

regimens. For CDR-SB, results from the high-dose arms
of the later-enrolled patients were similar between the
2 studies. Mean differences from placebo showed 29%
and 24% slowing of decline in ENGAGE and EMERGE,
respectively. The trend for greater mean difference from
placebo with increased exposure to 10 mg/kg in later-
enrolled patients was stronger and more consistent in
ENGAGE. Similar trends were observed for the MMSE,
ADAS-Cog, and ADL (Figure 2).

Figure 1. Graph summarizing the median number of
10 mg/kg doses received by each enrollment cohort of
200 over time for EMERGE and ENGAGE

mENGAGE =EMERGE

Target dose 14

14

Median number of 10 mg/kg doses

First 200 Patients Patients Patients Patients
patients 201-400 401-600 600-800 >800
Early Late

enrollers * > enrollers

Data included patients who had the opportunity to complete the week 78 visit by
March 20, 2019.

In addition, the patients who consented to PV4 early
enough in study treatment to have full access to 10
mg/kg dosing (PV4 subset) were compared with the
patients who did not have this same opportunity for
the full 14-dose regimen of 10 mg/kg (pre-PV4 subset).
Clinical outcomes in these subsets were compared using
the prespecified analyses described in the primary
report (3). Mean differences from placebo on CDR-SB
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Figure 2. Mean differences between high-dose aducanumab and placebo on primary and secondary endpoints by

enrollment cohorts of 200 patients
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Inventory, mild cognitive impairment version; CDR-SB, Clinical Dementia Rating Scale-Sum of Boxes; diff, difference; ITT, intention to treat; MMSE, Mini-Mental State

Examination.

for the 4 subsets defined by ApoE ¢4 carriage (carrier,
noncarrier) and PV4 (pre-PV4, PV4) in the high-dose
arms are summarized in Figure S3. Patients with the
opportunity to receive all 14 doses of 10 mg/kg (all ApoE
€4 noncarriers and PV4 ApoE ¢4 carriers) showed similar
mean differences from placebo in the 2 trials. Thus, the
difference in results between the high-dose arms was
driven by pre-PV4 ApoE &4 carriers as these patients did
not have the opportunity to receive the target dosing
regimen.

The impact of dosing, however, was confounded by
the impact from the imbalance in rapidly progressing
patients in ENGAGE. In the ENGAGE high-dose group, 8
of the 9 rapid progressors with respect to CDR-SB (change
>8) over 78 weeks were in the first 800 enrolled patients.
Hence, the evolution of mean differences vs placebo in
ENGAGE reflected both increased dosing and mitigation
of the effects from the imbalance in rapidly progressing
patients as the number of extreme observations became
more evenly spread across treatment groups. In EMERGE,
in which rapid progressors were distributed evenly over
time and across treatment arms, later-enrolled patients
had a slightly larger difference vs placebo (24%) than
in all randomized patients (22%), which may provide a
better estimate of the individual contribution of increased
dosing to the evolution of differences vs placebo over
time.

Synthesizing evidence across studies

After ascertaining the major factors that caused the
difference between EMERGE and ENGAGE, results were
synthesized across studies to understand the totality
of the data. Synthesis was performed in 2 ways. First,
a pooled analysis was conducted by combining data

from the 2 phase 3 studies and applying the primary
analysis model, to which one term was added to account
for individual study effects. Then, a plot of mean
difference from placebo in CDR-SB and Af positron
emission tomography (PET) standardized uptake
value ratio (SUVR) from all dose arms of the 2 phase 3
studies and the proof-of-concept study (PRIME) (2, 3)
was created. This plot (published as Supplemental Data
Fig. 4b in Budd Haeberlein S, et al. 2022) illustrates the
dose-response relationship for each outcome and the
correlation between the outcomes (3).

Figure 3 summarizes mean differences vs placebo for
the high-dose arm using pooled data from EMERGE and
ENGAGE. The high-dose treatment effects were between
those of the individual studies, as expected. The ADAS-
Cog13 and ADCS-ADL-MCI were (nominally) significant
in the intention-to-treat (ITT) data set, with 19% and 30%
reductions, respectively, in clinical decline compared with
placebo. The subset of patients who were randomized to
receive the target dose of 10 mg/kg (i.e., the PV4 subset)
is especially relevant because this is the approved dosing
regimen for aducanumab. The PV4 subset approximately
corresponds to excluding the first 800 enrolled patients.
Larger treatment effects were observed on the CDR-SB,
MMSE, and ADCS-ADL-MCI in the pooled PV4 subset
than in the all-patient cohorts that included pre-PV4
patients. Results on the ADAS-Cog13 were similar in the
all-patient and PV4 cohorts. A 23% slowing of decline was
observed on the primary outcome, CDR-SB, with smaller
treatment effects on MMSE and ADAS-Cog, and 47%
slowing of decline on functional outcomes (ADCS-ADL-
MCI).

Changes from baseline in PET SUVR in the amyloid
PET population have been published alongside CDR-SB
data for dose arms in the 3 placebo-controlled studies



(PRIME, ENGAGE, and EMERGE) (2, 3). In all of
these studies, increased dose was associated with both
increased mean amyloid removal in the brain and greater
mean slowing of clinical decline. The high-dose arm
in ENGAGE is the only group that deviated from the
overall trend. Given the dosing and amyloid removal,
CDR-SB results for high-dose ENGAGE should have
been intermediate to the low-dose groups of both studies
and the high-dose group of EMERGE. When analysed
after accounting for differences in exposure, as measured
by cumulative dose or area under the curve, the high-
dose arm in EMERGE and ENGAGE demonstrated
comparable plaque removal (13).

Figure 3. Pooled studies EMERGE and ENGAGE: results
in the high-dose group on primary and secondary
endpoints at week 78
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“ITT censored” describes all data collected under protocol-specified double-
blind conditions, with data censored after the announcement of futility. “ITT
uncensored” is nearly identical to the ITT censored population, but with
approximately 100 additional observations per study coming from the safety
follow-up assessment that occurred after futility declaration. Thus, in these
follow-up visits, treatment assignment is no longer fully blinded. “PV4 censored”
includes all the data collected under protocol-specified double-blind conditions,
with data censored after the announcement of futility, on patients randomized
early enough in the study to have full access to the targeted treatment regimen.
“PV4 uncensored” was the same as the PV4 data set but with data collected
after the futility declaration was included, which were no longer fully blinded
to treatment assignment. ADAS-Cog13, Alzheimer’s Disease Assessment Scale—
Cognitive Subscale, 13 items; ADCS-ADL-MCI, Alzheimer’s Disease Cooperative
Study—-Activities of Daily Living Inventory, mild cognitive impairment version;
ApoE, apolipoprotein E; CDR-SB, Clinical Dementia Rating Scale-Sum of Boxes;
diff, difference; ITT, intention to treat; MMSE, Mini-Mental State Examination; PV4,
protocol version 4.

Discussion

While many results were consistent between
EMERGE and ENGAGE, the high-dose arms results
were discordant. High-dose aducanumab demonstrated
significant treatment effects across primary and
secondary endpoints in EMERGE, but not in ENGAGE.
Mean differences from placebo on biomarkers and clinical
outcomes were similar for the low-dose arms, and were
intermediate to the results for the high-dose arm in
EMERGE (3). For a factor to substantially contribute
to the divergence in results between the high-dose
arms, that factor must have an appreciable influence

INVESTIGATING PHASE 3 ADUCANUMAB RESULTS

on outcomes and be substantially unbalanced across
treatment arms and studies.

Baseline demographic and disease characteristics
were similar between studies and treatment arms and
thus did not substantively contribute to the discordant
results between the high-dose arms. The frequency,
severity, and management of ARIA also did not differ
between the studies. Despite the evident dose exposure
differences between the high-dose groups in EMERGE
and ENGAGE, the incidence of ARIA was not expected to
differ due to the observed characteristics of ARIA within
the studies. ARIA tended to occur early in the course of
treatment (3, 11) and, for patients in the high-dose arms,
this would mean ARIA tended to occur before titration to
the target dose of 10 mg/kg was reached. No evidence of
systematic bias from potential functional unblinding due
to ARIA was evident. These findings suggest that ARIA
did not contribute to the difference in results between
studies.

Factors that contributed to the divergence in results
between the high-dose arms included the imbalance
across treatment arms in the number of rapidly
progressing patients, and lower exposure to 10 mg/
kg dosing in ENGAGE. Although it was not possible to
cleanly separate the effects of dosing from the imbalance
in the number of rapidly progressing patients because
the lower dosing and the imbalance in the small number
of rapid progressors in ENGAGE both occurred in early-
enrolled patients, the post-hoc analyses suggest that the
imbalance in rapid progressors played a major role in the
discordance of trial outcomes. The average progression
in a rapidly progressing patient (a change in score of
8 units or above) is 9.67. The relative impact of a rapid
progressing patient on the mean difference between
treatment (~8 units) is more than 20-fold greater than the
average mean patient (0.39); that is, one rapid progressor
offset the average treatment benefit in 20 patients.

In later-enrolled patients (i.e., the PV4 subset),
excluding the first 800 enrolled, results from the high-
dose arms of the 2 studies was similar, showing 23%
and 29% slowing of decline on the CDR-SB in EMERGE
and ENGAGE, respectively. Similar trends were seen on
secondary outcomes. The PV4 subset, which comprises
predominantly later-enrolled patients, is meaningful
because these patients were randomized to receive
the target dosing regimen and the number of rapidly
progressing patients was balanced across treatment arms.
Results from the PV4 subset pooled across the 2 studies
showed a 23% slowing of decline on the primary CDR-SB
outcome, which was similar to the target of 25% slowing
upon which sample size and powering of the phase 3
studies was based. In the ITT uncensored data set, which
included efficacy assessments taken at the safety follow-
up visit, up to 18 weeks after the last dose of study drug,
differences from placebo ranged from 21% to 31% across
the 4 clinical outcomes, with each being (nominally)
significant.
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The divergence in high-dose arm results, and the
potential explanations for that divergence included in
this paper, should be considered in the context of the
circumstances that led to these results. Early termination
of the trials due to assumptions in the futility analysis that
did not hold (3) resulted in fewer patients completing the
trials than anticipated. The implementation of protocol
amendments based on learnings from the proof-of-
concept study (2) increased the exposure for two-thirds
of the high-dose arm to 10 mg/kg dosing in the middle of
the trial. This in turn increased the overall heterogeneity
in the data and, due to the differences between studies
in enrollment timing relative to implementation of the
amendments, also contributed to the divergence in results
of the high-dose arms.

The EMERGE and ENGAGE trials provide a learning
opportunity to help inform the design and execution
of clinical trials in Alzheimer’s disease. Key points
include the need to maximize the “currentness” of the
data used in interim analyses; that is, the amount of
data collected but not included in the interim analysis
should be minimized. Analytic alternatives to MMRM
that are less immune to the influence of unusual patients
(e.g., rapid progressors) should be evaluated. Trialists
should carefully consider the potential impact on data
heterogeneity from changes in design, such as dosing, to
an ongoing trial. As difficult as it is to delay a trial, it may
be better to wait while an important design issue is being
resolved (e.g., via data from another trial).

Importantly, limitations of this work should be
considered. The present investigation relied on post-hoc
analyses, and thus results should be interpreted in that
light. To mitigate these limitations, the hypothesis and
analytical approaches were specified before analyses
were conducted. Additionally, it is important to view
these results as a partial explanation for the discordance
in results between the high-dose arms, and not as a
replacement for the prespecified, primary study results in
which ENGAGE did not show a treatment effect.

Overall, findings were consistent across studies in
later-enrolled patients, among which the incidence of
rapidly progressing patients was balanced across
treatment arms.
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