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Abstract

BACKGROUND: Participant discontinuation from study
treatment in a clinical trial can leave a trial underpowered,
produce bias in statistical analysis, and limit interpretability
of study results. Retaining participants in clinical trials for the
full study duration is therefore as important as participant
recruitment.

OBJECTIVE: This analysis aims to identify associations of pre-
randomization characteristics of participants with premature
discontinuation during the blinded phase of the Anti-Amyloid
treatment in Asymptomatic AD (A4) Study.

DESIGN: All A4 trial randomized participants were classified
as having prematurely discontinued study during the blinded
period of the study for any reason (dropouts) or completed the
blinded phase of the study on treatment (completers).

SETTING: The trial was conducted across 67 study sites in the
United States, Canada, Japan and Australia through the global
COVID-19 pandemic.

PARTICIPANTS: The sample consisted of all 1169 A4 trial
randomized participants.

MEASUREMENTS: Pre-randomization demographic, clinical,
amyloid PET and genetic predictors of study discontinuation
were evaluated using a univariate generalized linear mixed
model (GLMM), with discontinuation status as the binary
outcome, each predictor as a fixed effect, and site as a random
effect to account for differences among study sites in the trial.
Characteristics significant at p<0.10 were then included in a
multivariable GLMM.

RESULTS: Among randomized participants, 339 (29%)
discontinued the study during the blinded period (median
follow-up time in trial: 759 days). From the multivariable
analysis, the two main predictors of study discontinuation
were screening State-Trait Anxiety Inventory (STAI) scores
(OR = 1.07 [95%CI = 1.02; 1.12]; p=0.002) and age (OR = 1.06
[95%CI = 1.03; 1.09]; p<0.001). Participants with a family history
of dementia (OR = 0.75 [95%CI = 0.55; 1.01]; p=0.063) and
APOE ¢4 carriers (OR = 0.79 [95%CI = 0.6; 1.04]; p=0.094) were
less likely to discontinue from the study, with the association
being marginally significant. In these analyses, sex, race and
ethnicity, cognitive scores and amyloid/tau PET scores were not
associated with study dropout.

CONCLUSIONS: In the A4 trial, older participants and those
with higher levels of anxiety at baseline as measured by the
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STAI were more likely to discontinue while those who had a
family history of dementia or were APOE ¢4 carriers were less
likely to drop out. These findings have direct implications for
future preclinical trial design and selection processes to identify
those individuals at greatest risk of dropout and provide
information to the study team to develop effective selection and
retention strategies in AD prevention studies.

Key words: Alzheimer’s disease, preclinical AD, A4 study, study
discontinuation, attrition, clinical trial.

Introduction

recruitment to clinical trials is a barrier to

advances in treating Alzheimer’s disease (AD)
and AD-Related Dementias (ADRD) (1-5). Yet, while
recent efforts by sponsors, academic leaders, and funding
agencies recognize the need for improved methods of
clinical research recruitment, particularly in the area
of recruiting representative populations (6, 7) less
attention has been paid to retaining participants once
recruited to these trials. Challenges in retention can
produce bias or error in scientific results and greater
than expected dropout can leave a trial underpowered
and even unethical (8-10). Retaining participants in
clinical trials is therefore as important as recruitment. As
with recruitment, scientific study is necessary to better
elucidate the rates, risk factors, and impact of dropout in
clinical trials (11-13).

Preclinical AD trials are a relatively new approach to
testing AD therapies at a disease stage that may be most
likely to benefit from disease-modifying treatments (14)
and may be most likely to impact public health (15).
Here, we examined the frequency and pre-randomization
predictors of study discontinuation in one of the first and
largest sporadic preclinical AD trials to date, the Anti-
Amyloid treatment in Asymptomatic AD (A4) Study (16).

It is increasingly recognized that challenging
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Methods

The A4 Study (ClinicalTrials.gov identifier:
NCT02008357) was a 240-week, randomized, placebo-
controlled, double-blind, Phase III trial of solanezumab
in older individuals who were not cognitively impaired
at baseline but had elevated brain amyloid levels on
screening positron-emission tomography (PET). This
Study was approved by each study site’s institutional
review board. The design, methods and primary results
have been published previously (17, 18).

Study Participants, Design and Procedures

Intention-to-treat sample included 1169 randomized
participants across 67 study sites in Australia, Canada,
Japan, and the United States. Participants self-identified
and self-referred for participation in the study. All
participants and their study partners provided written
informed consent prior to data collection, or any research
activities being performed. Study dose was administered
intravenously every 4 weeks. The double-blind phase of
the study was 240 weeks with an open-label extension
phase extending to 312 weeks.

Measures collected at screening or baseline
visits

The demographic, clinical, genetic, and biomarker
variables used in this study were collected across up to six
screening visits, conducted over a maximum of 12 weeks
(90 days). A variety of demographic characteristics were
collected at the initial screening visit through self-report.
These included: participant’s age at consent, sex, self-
reported race, self-reported ethnicity, education (years),
study partner type, marital status, and family history of
dementia. An initial blood draw was used to perform
genotyping for APOE &4 carrier status (carrier/non-
carrier) which was not disclosed to participants.

Validated instruments were used to assess participant-
reported subjective cognitive complaints (Cognitive
Function Index — Participant [CFI-PT]) (19) as well
as study partner reporting of subjective cognitive
performance (CFI - Study Partner [CFI-SP]) (20),
depressive symptoms (Geriatric Depression Scale [GDS]
(21)), and anxiety (State-Trait Anxiety Inventory [STAI]
(22)). Objective cognitive performance was assessed
using the Preclinical Alzheimer Cognitive Composite
(PACC) (23). Only individuals with elevated brain
amyloid, assessed through PET imaging, who met all
other inclusion and exclusion criteria were eligible for
randomization. We included baseline PET SUVr values
as a measure in our analyses. Participants were informed
of their amyloid PET biomarker eligibility through a
structured disclosure process (24). Within 72-hours
of learning their biomarker eligibility, participants

underwent a telephone safety follow-up which included
the Impact of Event Scale (IES), a measure of intrusive
thoughts, that was included in our analyses.

Due to the sparseness of data, three variables were
recoded. A participant’s self-reported race and
ethnicity were combined to create a race and ethnicity
underrepresented group variable (RE-URG). Individuals
who self-reported as being of Hispanic ethnicity or being
one of the following races (American Indian or Alaska
Native, Asian, Black or African American, more than
one race) were classified as belonging to a RE-URG.
Study partner relationship was classified into 3 mutually
exclusive groups: spouse, adult child/child-in-law, other
(friend, companion, other, other relative).

Classification of Dropout status

Participants who prematurely discontinued from study
treatment were required to immediately discontinue from
the study. A randomized participant was considered
a “dropout” in these analyses if they prematurely
discontinued from treatment or halted participation
for any other reason during the double-blind phase. If
the individual completed the double-blind phase of the
study on treatment, the participant was considered a
“completer”.

Statistical Analysis

These analyses included all randomized participants
followed during the double-blind phase of the study.
Characteristics of individuals who dropped out
prematurely and those who remained in the study
were described using frequencies with percentages for
categorical variables and means with standard deviations
for continuous variables.

A generalized linear model (GLM) without site as
a random effect or a generalized linear mixed model
(GLMM) with site as a random effect (if the site effect is
observed to be statistically significant) was applied to
assess the associations of each individual characteristic
on study discontinuation status. Linearity assumption
of continuous predictors in the model were checked by
plotting the empirical logits (log odds of discontinuation
within each quartile group) and the middle point of
quartiles. Since this assumption was violated for
education and baseline CFI study partner, these variables
were recoded as follows: (1) Education was recoded as a
categorical variable with 3 levels: High school graduate
or less (12 years or less of formal education), some college
(13-17 years of education), or professional degree (18
years or higher of formal education), (2) a median split
was applied to categorize baseline CFI study partner
score (i.e. below and equal to 1, and above 1), and (3) a
tertile split was used for the baseline SUVr value.

Characteristics significant at the 0.10 level of
significance in the univariate analysis were included in
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a multivariable model. If the assumption of linear odds
was not met, the variables were transformed. Results are
reported as odds ratios (OR) with corresponding 95%
confidence intervals (CI). In the final multivariable model,
only variables significant at the 0.10 level of significance
were retained. All statistical analyses were conducted
using the statistical software R version 4.2.2 (25).

Results

Of the 1169 randomized participants, 339 (29%)
prematurely dropped out of the blinded phase of the
A4 trial. Of these, the two common reasons for dropout
as reported by the study site are the participant being
unwilling or unable to continue (56.3%) and adverse
events (19.2%) (Table 1).

Table 1. Primary reason for study discontinuation
(N=339)

Primary Reason n (%)
Participant unwilling or unable to participate 191 (56.3%)
Adverse event 65 (19.2%)
Other 17 (5.0%)
Death 11 (3.2%)
COVID-19 pandemic disruption 10 (2.9%)
Safety risk 9 (2.7%)
Lost to follow up 9(2.7%)
Perceived lack of efficacy 7 (2.1%)
Investigator recommendation 4 (1.2%)
Study partner unwilling or unable to participate 4 (1.2%)
Starting new trial 3(0.9%)
Starting a new treatment for Alzheimer’s disease 3(0.9%)
Non-compliance 2 (0.6%)
Other non-site clinician recommendation 2 (0.6%)
Started prohibited medication 1(0.3%)
Coordinating Center request 1(0.3%)
Study terminated 0 (0.0%)

There was no evidence of an impact on dropout
rates due to the interruption caused by the COVID-19
distancing measures. A flexible hiatus was permitted
during the pandemic to try and limit attrition with a
hiatus of up to 6-9 months in a few participants. Visual
review show that dropout rates appear to be similar
before and during the pandemic period of the study with
consistent dropout numbers before and after the start of
the pandemic through the end of the blinded phase of
the study (Figure 1). There was, however, a statistically
significant effect of site, based on a likelihood ratio test
between the model with and without a random effect for
this variable (LRT value=16.07, df=1, p<0.001). As a result,
all subsequent analyses were conducted using the GLMM
with a site-specific random effect.

PREDICTORS OF STUDY DISCONTINUATION

Table 2 shows the sample characteristics of randomized
participants overall, and by discontinuation status.
Figure 2 shows the results of the univariate analyses
as forest plots with sample sizes, conditional odds
ratios with 95% confidence intervals and unadjusted
p-values. Family history of dementia, APOE &4 carrier
status, age (in years), baseline PACC, screening state trait
anxiety inventory (STAI), baseline CFI participant and
screening geriatric depression scale were all significantly
associated with study discontinuation status at 0.1 level of
significance.

Figure 3 shows the results of the multivariable logistic
regression model including only those variables that
were significant at 0.10 level of significance. Older study
participants (OR = 1.06 [95%CI = 1.03; 1.09]; p<0.001)
and higher levels of screening state trait anxiety
inventory (OR = 1.07 [95%CI = 1.02; 1.12]; p=0.002) were
significantly associated with study dropout in this model.
Having a known family history of dementia (OR = 0.75
[95%CI = 0.55; 1.01]; p=0.063) and being an APOE &4
carrier (OR = 0.79 [95%CI = 0.6; 1.04]; p=0.094) were
marginally associated with study dropout.

Discussion

The 29% study discontinuation rate observed in the
A4 study was less than the 30% attrition rate projected in
the design and power calculations. Even with the burden
of monthly infusion visits, a duration of 240 weeks and
social distancing measures due to a global pandemic
that paused the study for several months, the rate of
study dropout was relatively low with an average of 10
participants per quarter . We did not observe an increase
in dropout during the study pause that occurred during
the global COVID-19 pandemic. This attrition rate of
6.4% per year over 4.5 years observed in this preclinical
AD trial is lower than the 20% per year attrition rate
observed in (short) MCI and AD dementia trials 26 and
does not appear to be associated with trial duration as
was observed in these trials (27).

We observed significant site differences in the rates
of study discontinuation. Hence, the analysis model
included site as a random effect, thereby considering each
of the A4 study sites as a random sample of a population
of hypothetical sites. Differences in study dropout by site
type (commercial versus academic) has been observed in
MCI studies (28). Ongoing analyses will evaluate whether
study site characteristics are related to attrition in A4.

In this study, we found that increased age and higher
scores at screening on the State-Trait Anxiety Inventory
(STAI) score were statistically significant predictors of
overall study dropout. For each year increase in age, there
was a 6% increase in the odds of study dropout, while a
unit increase in STAI score resulted in a 7% increase in
the odds of study dropout. These findings are consistent
with observations from meta-analyses conducted in AD
dementia trials (29, 30). As for anxiety, it is important to
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Figure 1. Counts and rates of premature study discontinuations during the blinded phase of the A4 trial
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Figure 1A (top row) describes the counts by study calendar time since the first randomization. The start of the global covid-19 pandemic is included as a vertical line on
March 2023. Figure 1B (bottom row) describes the site-specific dropout rate sorted in ascending order. Sites are de-identified and included as sequential numbers from 1-67.

Figure 2. Results from the univariate generalized linear mixed model (GLMM) with discontinuation status as the
outcome and site-specific random effect
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Plot includes the odds ratios with corresponding 95% confidence interval and the unadjusted p-value. Figure 2A (top row) provides the results for the continuous variables
and Figure 2B (bottom row) provides the results for the categorical variables.
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PREDICTORS OF STUDY DISCONTINUATION

Table 2. Pre-randomization characteristics of study sample by discontinuation status

Characteristics Completers Dropouts Total
Demographic
Age, mean (SD) 71.5 (4.5) 73.0 (5.4) 71.9 (4.8)
Female sex, n (%) 491 (59.2%) 203 (59.9%) 694 (59.4%)
Race
American Indian/Alaska Native, n (%) 1(0.1) 1(0.3%) 2(0.2%)
Asian, n (%) 18 (2.2%) 6 (1.8%) 24 (2.1%)
Black or African American, n (%) 14 (1.7%) 14 (4.1%) 28 (2.4%)
Native Hawaiian /Pacific Islander, n (%), 0 (0.0 %) 0 (0.0%) 0 (0.0%)
More than One Race, n (%) 6 (0.7%) 2 (0.6%) 8 (0.7%)
White, n (%) 786 (94.7%) 314 (92.6%) 1100 (94.1%)
Hispanic ethnicity, n (%) 24 (2.9%) 10 (2.9%) 34 (2.9%)
Race and Ethnic Underepresented Group (RE-URG)
Yes, n (%) 62 (7.5%) 32 (9.6%) 94 (8.1%)
No, n (%) 760 (92.5%) 303 (90.4%) 1063 (91.9%)
Study partner type
Spouse, n (%) 538 (65.8%) 201 (60.2%) 739 (64.1%)
Adult child, n (%) 91 (11.1%) 52 (15.6%) 143 (12.4%)
Other, n (%) 189 (23.1%) 81 (24.3%) 270 (23.4%)
Married, n (%) 604 (72.8%) 232 (68.4%) 836 (71.5%)
Family history AD, n (%) 642 (77.3%) 236 (69.6%) 878 (75.1%)
Randomized to Solanezumab 406 (48.9%) 172 (50.7%) 578 (49.4%)
Clinical
CFI participant, mean (SD) 2.3(2.1) 2.6(2.3) 24(2.2)
CFI study partner, mean (SD) 1.4 (2.0) 1.6 (2.0) 1.5 (2.0)
GDS, mean (SD) 1.0(1.4) 1.2 (1.5) 1.1(1.4)
STAI, mean (SD) 9.7 (3.0) 10.3 (3.2) 9.9 (3.1)
IES, mean (SD) 10.5 (10.9) 9.6 (10.4) 10.2 (10.8)
PACC, mean (SD) 0.1 (2.6) -0.4 (2.7) 0.0 (2.7)
Genetic
APOE &4 Carrier, n (%) 510 (61.4%) 179 (52.8%) 689 (58.9%)
Biomarker
PET SUVr, mean (SD) 1.3 (0.2) 1.3 (0.2) 1.3(0.2)

note that the observed scores for STAI were infrequently
considered clinically meaningful and changes in score
were, in fact, no different for those eligible due to having
elevated brain amyloid compared to those who were
deemed ineligible for having not having elevated brain
amyloid. Thus, the observed relationship was likely based
on the large sample size and the opportunity to use these
scores to identify those at risk of dropout may be of
limited value.

The analyses also identified individuals who had a
family history of Alzheimer’s disease and individuals
who were APOE &4 carriers as having a decreased odds of
trial dropout of 25% and 21% respectively; though these

associations were only marginally significant. Increased
genetic risk or family history may be motivating factors
for participants to remain in the study especially
in the preclinical stage of the disease. Interestingly,
while participants self-reported their family history of
dementia, the trial protocol did not reveal genetic testing
results. While some participants may have known their
APOE status at entry (e.g., through direct-to-consumer
testing options), we unfortunately did not collect this
information in the trial to assess this. Other baseline
characteristics such as education, baseline cognitive and
functional scores, study partner type, and depression
scores did not reach statistical significance once included
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Figure 3. Results from the multivariable generalized linear mixed model with discontinuation status as the outcome

and site-specific random effect
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Plot includes the conditional odds ratios with corresponding 95% confidence interval and the unadjusted p-value.

in the multivariable model, suggesting that these baseline
factors did not contribute to participant dropout.

This analysis has one major limitation. The A4 study
sample was not racially and ethnically diverse, with only
94 (8.1%) of the randomized participants self-identifying
as belonging to a racial or ethnic underrepresented group
(RE-URG). We observed a nominally higher dropout
rate among participants from RE-URG (32/94; 34%)
compared to those not from a RE-URG (303/1063; 28.5%).
The small sample size limits opportunity to evaluate
the meaningfulness of this difference and exploration of
interactions between race and ethnicity and other factors,
such as education.

Ongoing work aims to identify additional longitudinal
predictors of premature study discontinuation as well
as predictors of non-compliance to intervention to help
inform the design and conduct of future AD prevention
trials. This work also focuses on identifying site specific
predictors of preclinical AD trial retention and evaluating
whether predictors are similar across important sub-
populations of interest. Factors of consideration include
but will not be limited to the number randomized, site
type (academic vs non-academic), Principal Investigator
type (neurologist, psychiatrist, other), geography, local
restrictions during COVID, and research staff turnover.

In conclusion, the results from the analyses of one
of the first and largest completed preclinical AD trials
identified two pre-randomization factors that predicted
study dropout vs. completion. These findings have
implications and provide important guidance to the
design and conduct of future preclinical AD trials.
Identifying baseline characteristics associated with
dropout and completion may provide investigators
the opportunity to establish recruitment and retention
strategies that account for these factors and counter
the foreseeable attrition thereby minimizing bias and
maintaining overall study power.
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