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Abstract

OBJECTIVE: A delayed-start design has been proposed to assess
a potential disease-modifying effect in investigational drugs for
Alzheimer’s disease that target the underlying disease process.
We extended this methodology to recently obtained data from
the EXPEDITION3.
METHODS: EXPEDITION3 was a Phase 3, double-blind study
with participants randomized to solanezumab (400 mg) or
placebo every 4 weeks for 80 weeks, with an optional extension
of active treatment. The delayed-start analysis was designed
to determine if a statistically significant treatment difference
established during the placebo-controlled period is maintained
(at predefined level) during the delayed-start period, which
would suggest the active drug has a disease-modifying effect.
The delayed-start analysis was assessed across multiple efficacy
measures, and includes data from baseline in the placebocontrolled period and up to 9 months in the delayed-start
period.
RESULTS: No significant difference was observed between
the placebo and solanezumab treatment groups at the end
of the placebo-controlled period for the Alzheimer’s Disease
Assessment Scale-Cognitive 14-item subscale. A significant
treatment difference was observed at the end of the placebocontrolled period for the Alzheimer’s Disease Cooperative
Study-Activities of Daily Living instrumental items, an effect
also seen at 6 months in the delayed-start period, and the
noninferiority criterion was met. No other efficacy measures
met these criteria.
CONCLUSIONS: Delayed-start statistical methodology was
used to understand the longitudinal outcomes in EXPEDITION3
and its extension. The small treatment differences observed at
the end of the placebo-controlled phase prevented adequate
assessment of any putative disease modifying effect.
Key words: Alzheimer’s disease, delayed-start analysis, cognition,
function.

Introduction

A

variety of clinical trial designs have been used
in an attempt to distinguish disease-modifying
effects from symptomatic effects of drugs in the
treatment of Alzheimer’s disease (AD) and Parkinson’s
disease (reviewed in (1-4)). A delayed-start design, also
known as randomized-start design, has been proposed as
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a method to assess a potential disease-modifying effect of
investigational drugs for AD that target the underlying
disease process (5-9). The delayed-start design consists of
a randomized, placebo-controlled period followed by a
delayed-start extension period during which all patients
receive active treatment. During the delayed-start period,
patients and investigators remain blinded to the original
treatment randomization during the placebo-controlled
period, ensuring that the blind to randomization to either
the early-start or delayed-start group is maintained
throughout the study duration. If the treatment difference
is maintained (i.e. delayed-start patients do not catch
up to the early-start patients), this suggests the drug
primarily has a disease-modifying effect. If the treatment
difference is not maintained (i.e. delayed-start patients
catch up to the early-start patients), this suggests the
active drug primarily has a symptomatic effect on the
disease state. A drug can have both symptomatic and
disease-modifying effects.
Solanezumab is a humanized monoclonal antibody
that binds to the central region of β-amyloid, and is
in development for the treatment of AD. We applied
the delayed-start methodology to data from mild AD
patients in the Phase 3, placebo-controlled studies
EXPEDITION (EXP) and EXPEDITION2 (EXP2), as well
as EXPEDITION-EXTENSION (EXP-EXT), an open-label
extension study available to patients who had completed
EXP or EXP2 (6, 7). In EXP and EXP2, patients were
treated with either placebo or solanezumab; in EXP-EXT,
all patients were treated open-label with solanezumab.
Efficacy and high level safety findings from EXP and
EXP2 have been previously published (10, 11).
The initial analysis included pooled data from patients
with mild AD in placebo-controlled EXP and EXP2
studies and 6 months of treatment in the open-label
extension study, EXP-EXT. This analysis was based on an
interim dataset from EXP-EXT, with 240 placebo and 232
solanezumab patients completing 6 months or 28 weeks
of treatment in the delayed-start period. Six months
was set as the primary time point to assess maintenance
of treatment outcome. In this analysis, a significant
difference was observed between the solanezumab and
placebo treatment groups for the Alzheimer’s Disease
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Assessment Scale-Cognitive 14-item subscale (ADASCog14) at the end of the placebo-controlled period (Week
80), and at 6 months in EXP-EXT (Week 108) (6). The
treatment difference in cognition between solanezumab
and placebo treatment groups observed at the end of
the placebo-controlled period was preserved at the end
of the delayed-start period within a predefined margin
(i.e., noninferiority criterion). Therefore, the results
suggested patients who received solanezumab rather
than placebo during the placebo-controlled study had
a benefit that could not be recovered by patients who
began solanezumab later in EXP-EXT. This finding was
consistent with what is frequently called a diseasemodifying treatment effect.
A subsequent analysis was completed when
all participants in EXP-EXT had complete 2 years of
treatment or discontinued. In particular, 441 placebo
and 441 solanezumab patients completed 6 months of
treatment in the delayed-start period (7). The delayedstart analysis was performed on the ADAS-Cog 14 ,
the instrumental items from the Alzheimer’s Disease
Cooperative Study-Activities of Daily Living (ADCSiADL), and other cognitive and functional scales. Results
showed a statistically significant difference between
placebo and solanezumab for the ADAS-Cog14 and the
ADCS-iADL at the end of the placebo-controlled period
(Week 80), and at 6 months in EXP-EXT (Week 108); the
noninferiority criterion was met for both. Therefore, the
results of the ADAS-Cog14 and the ADCS-iADL provided
further support of the possible disease-modifying effects
of solanezumab on cognition and functioning. While the
results for the 11-item scale of the ADAS-Cog (ADASCog11) were consistent with the ADAS-Cog14, the results
for the other efficacy measures were more difficult to
interpret, as some but not all of the criteria of the delayedstart analysis were met.
We now extend this methodology to recently obtained
data from the EXPEDITION3 (EXP3) clinical trial. The
EXP3 study incorporated a delayed-start design into a
single protocol providing an opportunity to evaluate
further the utility of this method and to understand
the treatment effect of solanezumab. We report on
findings from a delayed-start analyses across eight
different cognitive and/or functional scales. Efficacy
and high level safety findings from the double-blind,
placebo-controlled period of EXP3 have been accepted
for publication (12). After the double-blind, placebocontrolled period of EXP3 was completed, the results
showed the study did not meet its primary endpoint as
measured by ADAS-Cog14, and therefore, the open-label
period of the study was stopped. Results from delayedstart analyses of available data are reported herein.

solanezumab (400 mg) or placebo every 4 weeks for 80
weeks, with an optional extension of active treatment.
The delayed-start analysis included data from baseline
to up to 9 months in the delayed-start period available at
the database lock. Eight different cognitive and functional
subscales were assessed at 6 months and/or 9 months
based on when the measures were collected. The placebocontrolled period extended from baseline (Week 0) out
to 18 months (Week 80). The delayed-start period started
at Week 80 and extended out to 28 weeks or 6 months
(Week 108 from baseline, or the beginning of the placebocontrolled period), or to 40 weeks or 9 months (Week 120
from baseline). Mixed model repeated measures analyses
were used to assess the longitudinal outcomes in the
delayed-start period.
The delayed-start analysis focused on the primary
outcome, the ADAS-Cog14, and a key secondary outcome,
the instrumental subscale of the ADCS-iADL. Additional
secondary measures included the Alzheimer’s Disease
Cooperative Study-Activities of Daily Living (ADCSADL), basic items of the ADCS-ADL (ADCS-bADL),
integrated Alzheimer’s Disease Rating Scale (iADRS),
Functional Activities Questionnaire (FAQ), and the MiniMental State Examination (MMSE).
The delayed-start analysis was intended to determine
whether the treatment difference, if significant at the end
of the placebo-controlled period, was maintained (within
a predefined margin) during the delayed-start period, by
answering the following questions:
Is there a significant difference between treatment groups at
the end of the placebo-controlled period (Δ1)? If YES, then:
Is there a significant difference at the end of the delayed-start
period (Δ2)?
Is the lower limit of 90% confidence interval for the
noninferiority test statistic
Δ2 – 0.5Δ1 >0?
The noninferiority test was carried out by constructing
a one-sided 90% confidence interval for ∆2-0.5∆1. If the
lower limit of the confidence interval is greater than 0, the
null hypothesis is rejected and the noninferiority criterion
is met, indicating that at least 50% of the treatment
difference observed at the end of the placebo-controlled
period had been preserved at the end of the delayed-start
period.
The early termination of the delayed-start period may
have resulted, in part, in all of the patients essentially
appearing to be early “drop-outs”, or early termination
visits. Therefore, instead of having evenly spaced,
scheduled visits or time points for data collection and
relatively large patient numbers at those time points, the
early termination resulted in additional unplanned visits
that had fewer numbers of patients at each time point.
Subsequently, the number of data points collected at the
protocol-specified, scheduled time points (e.g., every 3
months for the key clinical outcomes) were significantly
reduced.
To determine the potential significance and impact of

Methods
EXP3 (Study LZAX, NCT01900665) was a Phase 3,
double-blind study with participants randomized to
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this technical issue, we assessed the outcomes of the
delayed-start analysis using three different statistical
approaches across eight different scales. These
approaches included: 1) “Scheduled Visits”, 2) “All
Observed Open-Label Visits”, and 3) “Visit Interval”.
The “Scheduled Visits” approach included data from
those visits at which scales were scheduled or preplanned
for data collection according to study protocol. This
approach is consistent with previously reported delayedstart analyses of solanezumab studies (6, 7). The “All
Observed Open-Label Visits” approach included data
collected from all visits in the model. Any visit at which
a scale was administered was analyzed separately. This
approach resulted in small patient counts for some of
these visits. Lastly, the “Visit Interval” approach included
data from all open-label visits. The time intervals were
based on scheduled visits that occurred every 3 months,
utilizing the last observation made within that interval
for each patient. Analyses using these three statistical
approaches were pre-specified prior to final database
lock.

Figure 1. Delayed-start analysis of: A) ADAS-Cog14 and
B) ADCS-iADL

Results
No significant difference was observed between the
placebo and solanezumab treatment groups at the end of
the placebo-controlled period as measured by the study’s
primary outcome, the ADAS-Cog14 (Figure 1A). While
the noninferiority test is no longer meaningful in this
situation, the mixed model repeated measures analyses
were carried out to better understand the longitudinal
outcomes in the delayed-start period. For the ADASCog14, no significant difference was observed between
the delayed-start and early-start groups at 6 months or
9 months in the delayed-start period. These findings
were consistent across all three statistical approaches –
“Scheduled Visits”, “All Open-Label Data Visits”, and
“Visit Interval” (Figure 1A, Table 1).
In contrast, a significant difference (unadjusted for
multiplicity) was observed between the placebo and
solanezumab treatment groups at the end of the placebocontrolled period for the key secondary outcome, the
ADCS-iADL (Figure 1B). A significant difference was
also observed and the noninferiority criterion was met at
6 months into the delayed-start period. The lower limit
of the 90% confidence interval for the test statistic (∆2 –
50% X ∆1) was 0.07 at 6 months. Therefore, the treatment
difference in the ADCS-iADL observed between the
placebo and solanezumab treatment groups at the end of
the placebo-controlled studies was preserved at the end
of the delayed-start period within a predefined margin.
However, the difference between treatment groups was
not maintained at 9 months into the delayed-start period,
nor was the noninferiority criterion met at 9 months.
These findings were also consistent across all three
statistical approaches – “Scheduled Visits”, “All OpenLabel Data Visits”, and “Visit Interval” (Figure 1B, Table
1).

1B

Results are illustrated for each efficacy measure using the three statistical
approaches. † Noninferiority met, p-values shown for endpoint and any values
<.05. Patients could continue stable standard of care for AD, including drug
and non-drug treatments, throughout the study. Error bars represent standard
error. Number of patients shown at baseline, Week 80, and Week 120 for each
efficacy measure. Abbreviations: AD = Alzheimer’s disease; ADAS-Cog 14 =
14-item Alzheimer’s Disease Assessment Scale – Cognitive subscale; ADCS-iADL
= Alzheimer’s Disease Cooperative Study Activities of Daily Living inventory,
instrumental items; LS = least squares; n = number.
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Among the remaining secondary measures, a
significant difference was observed between the placebo
and solanezumab treatment groups at the end of the
placebo-controlled period for the ADCS-ADL, ADCSbADL, iADRS, and MMSE, but not for FAQ. The
“Scheduled Visits” approach results for the delayedstart analysis are presented in Figure 2. At 6 months,
a significant difference was also observed between the
delayed-start and early-start treatment groups for the
ADCS-ADL, although the noninferiority criterion was
not met at this time point. No significant treatment
differences were observed at 6 months or 9 months for
other scales assessed, nor was the noninferiority criterion
met.
The results were generally consistent regardless of
which of the three statistical methods was used (Table
1). The significant difference observed between the
delayed-start and early-start treatment groups for
ADCS-iADL and meeting the noninferiority criterion at
6 months using the “Scheduled Visits” approach was
also observed with the other two statistical approaches
– “All Observed Open Label Visits” and “Visit Interval”.
Similarly, the significant treatment difference between
delayed-start and early-start groups observed for the
ADCS-ADL at 6 and 9 months in the delayed-start
period was evident across all three statistical approaches.
The lack of a significant treatment difference and the
failure to meet the noninferiority criterion at 6 and 9
months was generally observed for the other efficacy
measures across all three statistical approaches. There
were two exceptions, including: 1) a significant treatment
difference observed for ADCS-bADL evident using the
“Visit Interval” approach; and 2) the iADRS meeting
the noninferiority criterion at 6 months using the “Visit
Interval” approach.

Figure 2. Delayed-start analysis of: A) ADCS-ADL, B)
ADCS-bADL, C) iADRS, D) FAQ Total, and E) MMSE
Total using the “Scheduled Visits” approach

Discussion
In the current analysis, we applied the delayedstart methodology to data from EXP3 to determine if
an anticipated significant treatment difference at the
end of the placebo-controlled period was maintained
(at a predefined level) during the delayed-start period.
However, no significant difference was observed between
the placebo and solanezumab treatment groups at the
end of the placebo-controlled period for ADAS-Cog14, the
study’s primary outcome measure. For the ADCS-iADL,
a significant treatment difference was observed between
the placebo and solanezumab treatment groups at the
end of the placebo-controlled period, and at 6 months in
the delayed-start period, and the noninferiority criterion
was met. None of the other secondary efficacy measures
(i.e. ADCS-ADL, ADCS-bADL, iADRS, FAQ, MMSE)
demonstrated a similar treatment profile.
Previous studies (EXP and EXP2) have suggested that
solanezumab may have a disease-modifying effect on the
progression of AD among patients who began treatment

† Noninferiority met, p-values shown for endpoint and any values <.05. Patients
could continue stable standard of care for AD, including drug and non-drug
treatments, throughout the study. Error bars represent standard error. Number
of patients shown at baseline, Week 80, and Week 120 for each efficacy measure.
Abbreviations: AD = Alzheimer’s disease; ADAS-Cog14 = 14-item Alzheimer’s
Disease Assessment Scale – Cognitive subscale; ADCS-iADL = Alzheimer’s
Disease Cooperative Study Activities of Daily Living inventory, instrumental
items; LS = least squares; n = number.
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at the mild AD stage (6, 7). In the second paper, the
subsequent analysis included additional data for up to
2 years from the EXP-EXT Study for a total of a 3.5-year
period, including 18 months in the placebo-controlled
period and 2 years in the delayed-start period (7). For the
ADAS-Cog14, the treatment difference was maintained at
6 months (Week 108) and subsequently at Weeks 132 and
160, meeting the noninferiority criterion at Weeks 108 and
132. For the ADCS-iADL, the treatment difference was
maintained at 6 months (Week 108) and subsequently
at Week 132, meeting the noninferiority criterion at
Weeks 108 and 132. Somewhat more variable results were
observed for the Clinical Dementia Rating scale-Sum of
Boxes (CDR-SB), MMSE and ADCS-bADL demonstrating
evidence for significant treatment differences and
meeting the noninferiority criterion at some visits, but not
in a pattern consistent with that observed for the ADASCog14 and ADCS-iADL.
EXP3 demonstrated a smaller treatment difference
at the end of the placebo-controlled period consistently
across all the clinical measures than was observed
in secondary analyses of EXP and EXP2. Honig and
colleagues have proposed several possible explanations
for the lack of substantial reductions in cognitive decline
with solanezumab in EXP3. These possible explanations
include: 1) inadequacy of peripheral reductions in soluble
free Aβ concentration to reduce deposited amyloid; 2) an
insufficient dose of solanezumab; and 3) the possibility
that brain neurodegeneration may be too advanced even
in patients with mild AD to limit disease progression (12).
However, the reasons for the difference in the magnitude
of treatment differences between EXP/EXP2 and EXP3
are not fully understood.
Clearly, this smaller treatment difference and the lack
of a significant treatment difference at the end of the
placebo-controlled period in EXP3 underlies, in part,
the failure to replicate earlier findings with regard to
the delayed-start analysis. With respect to the delayedstart design, a smaller treatment difference at the end
of the placebo-controlled period (Δ 1 ) would result
in a decreased ability to detect significant treatment
differences at the end of the delayed-start period (Δ2).
Further, a small Δ1 would lead to reduced power to meet
noninferiority criteria.
To determine the potential impact of early study
termination of EXP3 on the delayed-start analyses, we
assessed the outcomes of the delayed-start analysis
using three different statistical approaches (“Scheduled
Visits”, “All Observed Open-Label Visits”, and “Visit
Interval”) across 8 different scales. It did not appear that
the statistical approach used to assess the delayed-start
analyses affected the overall findings significantly. The
results were generally similar with respect to differences
observed between the placebo and solanezumab
treatment groups for each efficacy measure and for those
that met the noninferiority criterion across the three
statistical approaches with few exceptions. Data suggest

that “Visit Interval” approach may have a slightly greater
power to detect group difference in the delayed-start
period. This may not be surprising given this approach
utilized all available patients and their data.
There are several limitations to the current analysis.
The delayed-start period of the EXP3 study was
terminated early, and this may have resulted in all the
patients essentially appearing to be early “drop-outs”
and consequently affecting the statistical analysis of data.
Therefore, instead of having an analysis with evenly
spaced visits for data collection and larger numbers
of patients at each time point, the analysis had many
more time points for data collection and fewer numbers
of patients at each time point. A reduction in patient
sample size per visit in the delayed-start period may
have decreased statistical power to adequately assess
the treatment difference and the noninferiority criterion.
In addition, it is important to note that the difference
observed between the placebo and solanezumab
treatment groups for the ADCS-iADL might be viewed
as being only nominally significant since it was not
corrected for multiple comparisons.

Conclusion
EXP3 did not meet its primary objective with small
treatment differences across clinical measures. Statistical
modeling methodology reported previously for delayedstart analysis was applied to EXP3 to understand the
longitudinal long-term outcomes. While the ADCS-iADL
reached nominal statistical significance at the end of
the placebo-controlled period and met noninferiority
at the pre-specified 6-month time point in the delayedstart period, the treatment differences were small. The
constraints of small treatment differences at the end of
the placebo-controlled period and early stopping of the
delayed-start period do not allow adequate assessment
of any putative disease-modifying effect of solanezumab.
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