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Abstract

Introduction

A

The EU/US/CTAD Task Force, an international collaboration of
AD investigators from industry and academia, met in Barcelona,
Spain, on November 4th, 2015, to explore existing and planned
patient registries and other clinical trial infrastructure meant
to expedite recruitment of large numbers of participants into
clinical trials and improve their productivity. The Task Force
identified a number of approaches currently being tested
around the world, including the use of predictive algorithms
to identify individuals likely to have prodromal or preclinical
AD, the establishment of clinical trial networks to streamline
trials, and reforming the informed consent process to make it
less burdensome to both investigators and trial participants.
Multi-national systems such as the European Prevention of
Alzheimer’s Dementia (EPAD) and the Global Alzheimer’s
Platform (GAP) offer value for sponsors, trial sites, and patients
by optimizing efforts to find effective disease-modifying and
symptomatic treatments.

s the Alzheimer’s disease (AD) field moves
towards prevention (1), the challenge of
bringing willing participants to research
sites for early intervention trials has become a major
bottleneck. Each new clinical trial, particularly those
that target preclinical and prodromal populations, may
take as long as three years to complete enrollment,
with screen-fail rates as high as 90%. Optimizing the
design of networks and sites is also critical given the
special expertise and infrastructure required to conduct
biomarker and other assessments (2, 3). These challenges
require not only novel approaches to trial design, but
broader understanding and improved relationships
among patients, caregivers, trial sites, and industry
sponsors (2).
Barriers to increasing enrollment include low
awareness on the part of patients and physicians of
opportunities or suitability for such trials, uncertainty
about participating in research, concerns about privacy,
the time commitment of studies, and lack of access to the
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internet. Minority populations have been particularly
difficult to enroll in clinical trials and may have concerns
that differ from the majority population and require
special attention especially regarding trust.
Over the past several years, and particularly since the
G8 meeting in London in 2012, there has been increased
interest in the idea of establishing registries of potential
clinical trial candidates to provide the large number of
participants that will be needed for upcoming pivotal
trials. The G8 meeting also highlighted the necessity for
a global approach. Thus, the EU/US/CTAD Task Force,
an international collaboration of AD investigators from
industry and academia, met in Barcelona on November
4th, 2015, to evaluate the current state of patient registries
and other clinical trial infrastructure, identify gaps, and
explore ideas for using and extending these resources to
increase the productivity of clinical trials.

cohorts can be derived from registries, by selecting
individuals who meet certain pre-determined criteria and
enrolling them in an observational study.
Cohorts offer the potential for deep phenotyping and
acquiring valuable longitudinal data, while registries
are seen as an efficient way of identifying large
numbers of potential trial subjects at a central location
and collecting information that will allow them to be
funneled to appropriate trials. Unlike registries in which
the opportunity for participation in a clinical trial is a
reason (and potential advantage) of enrolling, enrollees
in epidemiological cohorts usually agree to be followed,
observed, and perhaps biologically sampled but may be
less eager to participate in clinical trials. Advantages of
registries also include their accessibility to the public as
well as health care professionals, their ability to draw
participants from other databases (including existing
cohorts), and their relatively low cost.
Registries and cohorts both have disadvantages as
well. The large size and easy accessibility of registries
results in the inclusion of many individuals not eligible
for any anticipated studies, as well as the input of
unedited and unchecked data, confidentiality concerns,
and difficulty keeping data up to date. Registries
also must balance their limited resources between
recruitment, retention, and engagement. Cohorts are
costly to establish and maintain, requiring substantial
expertise for assessments and follow up. Incentives may
be required to keep participants enrolled.
A number of AD-related registries have been
established, each with its own set of goals (Table 1). These
goals inform the approach each registry uses to reach out
to potential registrants and the amount of information
required to enroll. Some registries focus on getting the
maximum number of people into the registry; others on
getting as much information as possible.
For example, the Alzheimer’s Prevention Registry
(APR) (5), launched by the Banner Alzheimer’s Institute
in 2012 as a shared resource for the scientific community,

Registries and Cohorts – existing and planned
Traditionally, each clinical trial recruits participants
separately, excluding those participants who do not meet
the criteria for a particular study at a particular time.
A registry, in contrast, provides a pool of individuals
across a wide spectrum of disease risk, screened to
varying degrees. Based on the needs of a particular
trial, registrants may be selected for further screening or
assessment and/or offered the opportunity to participate
in the study; while those who don’t meet those particular
criteria remain in the registry for possible future
studies. Meanwhile, the registry may continue to collect
longitudinal health data and sometimes biospecimens
from individuals. A cohort, by contrast, comprises a set of
people with defined characteristics followed for a period
of time to study longitudinal changes in their health
or disease risk (4); this is the common methodology of
large-scale epidemiological studies. The costs related to
characterizing and following a cohort tend to be higher
than the costs of constructing a basic registry. Thus,

Table 1. Ongoing and Planned Alzheimer’s Disease Registries
Registry

Method of engagement

Population

Alzheimer’s Prevention Registry (APR)

Internet-based recruitment through
information sharing

Normal age 18+

European Prevention of Alzheimer’s
Dementia (EPAD) Registry

Multiple center-based recruitment from
cohorts to registry, and eventual trialready cohort

Normal with biomarkers of AD

Brain Health Registry

Internet-based recruitment and
longitudinal monitoring

Normal; potentially MCI

Global Alzheimer’s Platform (GAP)
Registry

Recruitment from existing registries (e.g.,
APR, BHR)

Initially normal; may expand to other
populations

Cleveland Clinic Registry Healthybrains.org

Single center-based recruitment

Normal and MCI/AD

Baylor College of Medicine Prevention
Registry

Single center registry

Normal age 60+
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aims to accelerate enrollment into studies by providing
sponsors and clinical investigators access to a pool of
motivated, interested, and engaged participants.
Modeled after other registries established to identify
participants for studies of other conditions, such as the
Army of Women for breast cancer (6) and the Fox Trial
Finder for Parkinson disease (7), APR requires very little
information at sign up – only a name, email address, zip/
postal code and year of birth – but encourages registrants
to provide optional demographic information such
as sex, race/ethnicity, and family history of AD. The
registry then focuses on communication and engagement
to educate registrants about research studies in general
and study opportunities for which they might be
candidates. APR currently has over 210,000 enrollees and
continues to grow.
APR is currently helping to recruit subjects for 25
studies, with new studies being added every month.
For example, after they sent an email to registrants
about the Anti-Amyloid Treatment in Asymptomatic
Alzheimer’s (A4) study, there was an 89% spike in traffic
to the website (8). They have also helped recruit for
other registries such as the Brain Health Registry (BHR)
(9), which reported that 7% of their membership came
through APR.
The Brain Health Registry is a University of California,
San Francisco-based registry that has the capacity to
collect substantially more information at enrollment than
APR, as its goal is to provide screening and longitudinal
assessment of individuals for potential participation
in clinical trials of AD and other neurological diseases.
Participants must sign an online consent to participate;
they then have the option of completing a number of
self-report questionnaires, based on well-validated
instruments (10-16) that assess cognitive function
and include common inclusion and exclusion criteria
for AD trials. BHR participants can also take online
neuropsychological tests that measure cognitive function
across multiple domains, including memory, learning,
attention, and processing speed (17-23), and are asked
to return to the website every six months for followup online assessments, generating a large database of
longitudinal data that can be used to identify those
undergoing cognitive decline. At the time of the Task
Force meeting, over 31,000 participants had enrolled,
about half with memory complaints and about onequarter with a family history of AD. The retention rate
for one-year follow-up was 42%, demonstrating the
feasibility of collecting longitudinal data from a large
cohort online. The BHR is actively referring participants
into clinical studies. A the time of the Task Force
meeting, over 1600 BHR participants had been referred to
specific studies, and over 150 had been seen in clinics.
The European Prevention of Alzheimer’s Dementia
(EPAD) project seeks to build a platform across Europe
for more effective delivery of Phase 2 Proof of Concept
studies. There are 3 key elements; the EPAD Registry, the

EPAD Longitudinal Cohort Study and the EPAD Proof
of Concept Trial. All 3 elements are being effectively
managed within the same program (24). The EPAD
registry uses a different approach to acquire participants,
selecting existing parent cohorts from across Europe
for inclusion. Then, they use a data discovery/sharing
tool, which enables data to be queried by EPAD
investigators while it remains within the parent cohort.
This model allows each cohort to maintain its own “rules
of engagement” while still participating in this panEuropean initiative. For example, the UK Biobank does
not allow disclosure of genotype, so EPAD investigators
would be allowed to contact participants only if they
have a protocol that ensures no inadvertent disclosure.
The French EPAD Registry uses yet another approach
to enroll participants and gather data. Their Memory
Clinic-Based Registry , based on the principle that
bridging the gap between research and clinical care
is necessary to promote participation in clinical trials
(25), aims to establish a registry when consultations and
evaluations are carried out in clinical practice. At each
of 14 centers of excellence across France, screening of
clinic patients is based on three simple requirements:
1) availability of a caregiver or informant, 2) sufficient
participant autonomy to attend trial visits, and 3) no
major contraindication or exclusionary factors. If all
three of these requirements are met, the participant
and caregiver are asked if they agree to participate in
a clinical trial. If they respond affirmatively, clinic staff
check for available trials, verify inclusion and exclusion
criteria and refer to appropriate trials that match the
participant’s characteristics. If no appropriate trials are
available, the participant enters a follow-up cohort with
reevaluations every six months.
For EPAD, the target population is non-demented
participants 50 years of age or older who are deemed
to be at risk for AD based on memory complaint and
the presence of MCI, prodromal AD, or positive family
history. Between March and October 2015, the 14 French
EPAD sites recruited 2,952 subjects and began ongoing
data collection, indicating that memory clinic-based
registries represent an easy-to-implement and flexible
recruitment source for clinical trials.
The Global Alzheimer’s Platform (GAP) Registry is
one element of an overall initiative (GAP) established to
achieve in North America what EPAD aims to achieve
in Europe. The GAP registry, still in development,
will tap existing registries including BHR, APR, and
others to enroll non-demented participants over age 50
as well as study partners. They will obtain electronic
consent that indicates their interest in future trials and
gives permission for their information to be used to
determine eligibility for such trials. The registry will
collect demographic data as well as data from subjective
and objective cognitive assessments and DNA. A subset
of registrants will be selected for in-clinic testing. From
this registry, a trial-ready cohort will be established as
70
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described below.
The Cleveland Clinic has offered a very different type
of registry, a web-based portal called Healthybrains.
org, which aims to reduce the risk of late-life cognitive
decline through education about a brain-healthy lifestyle.
Participants provide data on a number of lifestyle factors
that influence risk and that are under their personal
control, from which is calculated a Brain Health Index.
The site also collects other data, including demographics,
cognitive function, a memory self-rating, family history,
medical diagnoses (if any), and the presence of other risk
factors such as cardiovascular disease. A questionnaire
is used to gauge interest in clinical trials and offers the
option of signing up for clinical trials. Those who agree
to be contacted about trials are connected to either the
Cleveland Clinic Lou Ruvo Center for Brain Health if
they are Las Vegas residents; all others are referred to the
Alzheimer’s Association’s TrialMatch (26). Preliminary
results indicate that of 3,103 active registrants, more
than half expressed interest in clinical trials, nine have
been screened, one randomized, and 150 are pending
screening. Ultimately, they intend to feed participants
into the GAP registry. However, one concern raised
by Task Force members was that by suggesting that a
brain-healthy lifestyle can prevent AD, individuals may
not see the value of participating in clinical trials. To
avoid this, participants will need to be educated about
the limitations of the healthy lifestyle approach and the
observation that those who participate in clinical trials
decline less over time than those not in trials.
The Baylor College of Medicine also recently
established a prevention registry, targeting individuals
60 years and older through postcards sent to strategic
zip codes, as well as patients at the Baylor clinic. Of
the first 85,000 cards sent, about 1.5% responded and
subsequently received a phone call and questionnaire.
In a short time, over 800 participants were identified
as ready to enter prevention trials. At the time of the
Task Force meeting, over 100 had been enrolled in the
TOMMORROW trial and about 20 had been screened
for A4. Only an estimated 30% of all potentially eligible
subjects have been contacted with the first mailing in the
Greater Houston area.

through the completion of the trial. One GAP initiative
will enable the development of Trial Ready Cohorts for
the Prevention of Alzheimer’s Dementia (GAPTRC PAD),
which initially will include 1,000 preclinical and 1,000
prodromal subjects that have been pre-screened and are
ready to enroll in trials. Participants for the cohort will be
selected using an adaptive algorithm to predict amyloid
status, which is currently being developed and validated
(ref Sperling paper in this issue).
BHR also has applied a hierarchical approach to
criteria to identify subjects for preclinical and prodromal
studies. As illustrated in Figure 1, from the original
group of 31,428 participants, 1,810 (5.8%) are considered
likely candidates for prodromal studies based on their
cognitive test scores, age, and self-reported memory
concerns; as well as their lack of exclusionary criteria and
their agreement to be contacted for a study. Using more
stringent criteria, such as family history of AD and selfreported mild cognitive impairment (MCI), the cohort can
be further reduced to 144 participants. Using less strict
criteria would likely result in a higher number of screen
failures, while the more stringent criteria might exclude
eligible participants and decrease the needed number of
cases. Geography must also be factored in if the trial is
limited to those in a circumscribed area.

Moving from registries to cohorts to drug
trials

A similar hierarchical approach was used to identify
5,098 (16.2%) of the 31,428 participants in the BHR
registry as “likely preclinical AD.” BHR then developed
an enrichment algorithm, based on data from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI),
to enrich this group for amyloid positivity. For this
algorithm, amyloid positivity was predicted by age,
scores on auditory-verbal learning test (AVLT) and
family history of AD, and resulted in the identification
of 14.6% of the ‘likely preclinical’ cohort as likely to be
amyloid positive (Nosheny 2015 paper in this issue of
JPAD). This analysis demonstrates the potential to use
non-invasive means to select likely amyloid positive

Figure 1. Hierarchical application of criteria to identify a
cohort of ‘likely prodromal’ participants

Registries are just one part of an overall strategy to
increase recruitment in clinical trials. While registries
offer the potential to speed trial subject identification,
initiating the study requires additional steps including
screening, obtaining consent for trial participation, and
setting up a trial site capable of providing all of the
resources and tools required by the trial. GAP and EPAD
both include multiple workstreams to promote clinical
trial efficiency from the time of enrollment in a registry
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participants who could be screened subsequently with
amyloid PET imaging studies for trials requiring amyloid
positivity, thus reducing the number of screen failures
as well as study costs. However, it also demonstrates
that a very large number of candidates will be needed
to identify those eligible for such a study. Concerns
were also raised about the specificity of the algorithm
derived from ADNI data, and its potential to exclude
subjects unnecessarily. Data from other cohorts, such as
the Australian Imaging, Biomarkers, and Lifestyle Study
(AIBL), may help to further refine the algorithm.

In Toulouse, France, the limited participation of
general practitioners has been addressed by sending
nurses from Gerontopole into family practice offices to
do assessments. Not only does this relieve the burden on
the family practitioners, but it also trains them in how
to assess patients for cognitive impairment. Following
the assessment, the nurses meet with the physicians to
describe existing trials for which their patients may be
eligible. Programs such as this are probably best suited
for areas that have strong links between hospitals and
community-based medicine, and are close enough to
trial sites to make participation feasible for volunteers.
While some Task Force members thought that such
programs might meet with much greater resistance in the
United States, not all U.S. members agreed; however, all
agreed that it would be worth exploring. In Wisconsin,
a network of primary care physicians regularly refer
patients to the University of Wisconsin, Madison for
clinical research studies, but whether that has improved
recruitment into clinical trials was not known.
Part of the reason for lack of patients enrolled in trials
is the lack of enthusiastic participation of primary care
physicians – general practitioners, family practitioners,
and geriatricians. Indeed, this reluctance to pursue
clinical trials extends even into registry recruitment.
Attempts by APR to send direct messages to physicians
encouraging their patients to enroll resulted in very few
sign ups. However, primary care physicians also may
need to be assured that enrollment in a clinical trial will
not lead to the patient leaving that physician’s s practice.
An important issue for many patients with regard
to participation in clinical trials is the concern that they
will receive placebo rather than active drug. Unbalanced
randomization may help alleviate this problem; the
difference between a 50% and a 66% chance of getting
a drug can make a big difference in how patients and
families view the trial. Open label extensions where the
drug is offered to 100% of trial participants may also
help, although with very long trial, even this may be
insufficient since patients receiving placebo would have
to wait a considerable length of time before receiving
the drug. Here the emphasis must be that the study
medication cannot be obtained any other way, and the
increased medical care and observation provided by trial
participation, which is free to the family, is a significant
benefit.

Increasing recruitment in AD trials
Barriers to clinical trial recruitment vary across
the spectrum of disease severity and as a result of
idiosyncratic issues that characterize each trial. For
example, one of the trials conducted by the Alzheimer’s
Prevention Initiative (API) and another by the
Dominantly Inherited Alzheimer’s Network Trials Unit
(DIAN-TU) target individuals with autosomal dominant
mutations that cause AD in 100% of carriers; these
individuals represent only about 1% of all AD cases. A
second API study targets those who are homozygous
for APOEε4, which markedly increases their risk of
developing AD (27); only 2% of the population falls
into this category. A4 targets asymptomatic individuals
who are amyloid positive, which represents about 30%
of those aged 65 or older, and the percentage who are
positive increase with age, approaching 50% in the mid80s.
The algorithm and hierarchical approach mentioned
earlier should help investigators identify amyloid
positive individuals for the A4 trial as well as other
trials of amyloid-targeting agents (28). Meanwhile, APR
is about to spin off a separate IRB-approved program
called GeneMatch (29), the goal of which is to match
individuals to AD studies based in part on their APOE
genotype. For this program, interested individuals
are shown a short, interactive educational video that
provides information about Alzheimer’s, APOE, and
the GeneMatch program. After the video, participants
are directed to the informed consent, which is signed
electronically. They are then provided with a swab kit
for them to submit DNA. Participants are not told their
APOE genotype and invitations to participate in a study
must not inadvertently disclose genotype.
Gaining the enthusiastic participation of general
practitioners is also essential to promote trial enrollment,
particularly since by the time a patient sees a specialist,
the disease may be so advanced that treatments will have
little impact. In the United States, there is a move towards
using metrics to tie reimbursement rates to an assessment
of physicians’ practice. Similar to good clinical practice in
oncology, we suggest that physician encouragement to
participate in clinical trials should be viewed as a part of
good clinical care and used as one of these metrics.

Improving the productivity of clinical trial
centers
Merely accelerating recruitment for clinical trials
will not address all the challenges that have led to low
productivity in AD trials (30). Thus, EPAD, GAP, and
other initiatives encompass multiple broad efforts. For
example, GAP-NET, one of GAP’s four workstreams,
comprises a standing network of clinical trial sites with
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continuous budgeting and facilitated administrative
processes to reduce the sites’ start-up time, a process
that can delay substantially the initiation of trials. GAP
NET plans to conduct trials for symptomatic and diseasemodifying compounds across the continuum of disease
severity. Eleven pilot sites have been selected, with 100
sites planned.
In the United States, another network has been
established by the Patient-Centered Outcomes
Research Institute (PCORI), an independent nonprofit agency authorized by the Patient Protection
and Affordable Care Act in 2010. This network, called
the National Alzheimer’s and Dementia Patient and
Caregiver-Powered Research Network (AD PCPRN),
is a collaboration among the Mayo Clinic, US Against
Alzheimer’s, the University of Florida, and the BHR.
By bringing together the existing patient-centered,
web-based registries of these partners using a common
data set, the PCPRN aims to amplify the patient and
caregiver voice in efforts to accelerate the development
of effective treatments for AD and other dementias. AD
PCPRN has a particular focus on minority recruitment.
With a three-year, $1.56 million contract from PCORI,
the network will fund a variety of research projects,
including a project aiming to enhance enrollment in
clinical trials and another that will assess biomarker
findings in community-based, as opposed to research
center populations.
Streamlining the informed consent process to make
it less burdensome to both investigators and trial
participants is also viewed as essential to improving
the productivity of clinical trials (31). Reforming the
process through the use of electronic informed consent
(eIC), using multiple forms of electronic media, has
been supported by regulatory agencies, including the
FDA (32). Not only does eIC potentially reduce burden,
but it also can be tailored to ensure that participants
fully understand the information presented and that the
consent form is completed accurately. Improving site-tosite and inter-rater consistency through the use of audio
recording and central review of outcome assessments
was also discussed by the Task Force as a step towards
improving data validity and reliability, as well as the
power (and thus the cost) of clinical trials (33).

with approaches that assure no loss of their patients
and seeing trials as a benefit to their patients.
• Registries that monitor decline in performance need
to identify best practices that encourage people to
do repeated online assessments, such as rewards or
providing feedback and a sense of progress.
• Prescreening methodology should aim to identify
people who want to be in clinical trials and will stay
with a trial through completion.
Integrated systems such as GAP and EPAD offer value
across all stakeholder groups. For patients, therapies are
likely to reach the market more quickly. For trial sites,
stable funding and eliminating the need for repetitive
training on the same tools will increase efficiency. For
sponsors, the time savings translate into reduced costs
and the ability to test more compounds. Task Force
members predicted that in the near future it will become
commonplace for people to consider participating in a
registry, cohort, or trial, but warned that any large-scale
data breach would set back the effort enormously.
For these systems to achieve their full potential in
advancing drugs to patients, they must be combined
with enhanced discovery. Task Force members agreed
that the field should try to emulate what hs been done
in cancer, where clinical research is more integrated into
clinical practice. Moreover, the field needs to prepare
for the emergence of precision medicine approaches and
an increased focus on patient-centered care. As these
efforts gain momentum, a major concern will be how to
share data with people based on their level of interest,
and how much information needs to be provided about
the meaning of those data for individuals with their own
unique genetics, environment, and expectations.
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