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Clinical Research Platform for Huntington’s
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Abstract: Background: The study of complex neurodegenerative diseases is moving away from hypothesis-
driven biological methods toward large scale multimodal approaches, requiring standardized collaborative
efforts. Enroll-HD exemplifies such an integrated clinical research platform, designed and implemented to
meet the research and clinical needs of Huntington’s disease (HD). The aim of this study was to describe the
unique organization of Enroll-HD and report baseline data analyses of its core studly.

Methods: The Enroll-HD platform incorporates electronic data capture, biosampling, and a longitudinal
observational study spanning four continents (ClinicalTrials.gov Identifier: NCT01574053). The primary study
population includes HD gene expansion carriers (HDGECs; CAG expansion >36), subdivided into manifest/
premanifest HD. The control population consists of genotype-negative first-degree relatives and family
controls not genetically related. The study includes 10 core clinical assessments covering motor, cognitive,
and behavioral domains.

Results: This data set comprises 1,534 participants (HDGEC = 1,071; controls = 463). Participant retention was
high; 42 participants prematurely withdrew from the study. Mean + standard deviation SD CAG repeat size
was 43.5 + 3.5 for HDGECs and 19.8 + 3.4 for controls. Motor and behavioral assessments identified
numerical differences between controls and HDGECs (manifest > premanifest > controls). Functional and
independence assessments were generally similar for the premanifest and control groups with overlap in
range of scores obtained. For the majority of cognitive tests, there were large differences between
participants with manifest HD and all other groups.

Conclusions: These first data from the Enroll-HD clinical research platform demonstrate the maturity and
potential of the platform in collecting high-quality, clinically relevant data. Future data sets will be
substantially larger as the platform expands longitudinally and regionally.

The Organization for Economic Co-operation and Develop- interoperable by investigators worldwide) to be a critical missing
ment (OECD) considers clinical research platforms (large-scale link in the development of therapeutics for neurodegenerative
data collection, data analysis, and data sharing that are disorders." Enroll-HD is the only fully integrated clinical
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research platform operating in the field of neurology and has
been designed and implemented to meet the research and clinical
needs of Huntington’s disease (HD).

HD is a relatively rare monogenetic inherited disorder. Based
on meta-analytic data, the prevalence of manifest (symptomatic)
HD is estimated to be 5.7 per 100,000 of the population in the
Western population (Europe, North America, and Australia)
and 0.4 per 100,000 in Asia.”> The size of the population “at
risk” of inheriting the disease (first-degree relatives of HD
patients with unknown genetic status) is thought to be higher,
with estimates for the Western population between 30 and
44.9 per 100,000.> As such, global collaboration is required to
identify a sufficient number of HD gene expansion carriers
(HDGECGs) and appropriate controls for conclusive study, and
this is especially important in genetic studies that rely on access
to large sample sizes for sufficient statistical power to detect
genetic modifiers of disease.® The underlying idea of Enroll-
HD is to facilitate cooperation and collaboration while devel-
oping synergies within the research, clinical, and support
communities.

The main objectives of Enroll-HD are to (1) improve the
design and expedite the recruitment and execution of clinical
studies and trials, (2) improve our understanding of HD and
identify factors influencing disease progression, and (3) foster
good clinical care and help improve the health of people with
HD. At its core, the Enroll-HD platform includes an ongoing,
prospective, open-ended, globally standardized, longitudinal,
observational study of HD. To date, this study includes over
8,000 participants enrolled in 125 sites located in 13 countries
across four continents. We describe here the unique organiza-
tion of Enroll-HD and report baseline data analyses of the study
as an illustration of its potential to serve as a research platform.

Materials and Methods
Enroll-HD Platform Infrastructure

Enroll-HD has an integrated platform infrastructure designed to
ensure that the time, effort, and budget spent on study setup is
leveraged for multiple uses, both across sites and for multiple
studies at a particular site (Fig. 1). It is executed and funded by
the CHDI Foundation, a nonprofit drug development organiza-
tion exclusively dedicated to HD. CHDI invited experts to
serve on the Enroll-HD Governance Committees that provide
global platform oversight.”

A key component of Enroll-HD is the electronic data capture
(EDC) system that is designed to collect and monitor data, handle
queries, and enable multistudy implementation within a single
information technology system. The EDC can be updated in a
modular manner, allowing for integration of data from previous
and future clinical, genetic, or molecular studies. Another essen-
tial component is the web portal, which contains all study manu-
als, training materials, and electronic case report forms for each
participant. All site personnel periodically undergo standardized

training and certification on core assessment rating scales.

Enroll-HD Platform Resources
and Services

Enroll-HD ofters a number of resources and services to the HD
research community (Fig. 1). Biological samples are stored and
distributed according to standard operating procedures; the
central repository has no access to identifying clinical data. The

centralized collection consists of DNA, lymphoblastoid cell
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Figure 1 Enroll-HD platform. Depiction of the infrastructure that makes up the Enroll-HD platform and the resources/services that are

made available to the HD research community.

2 MOVEMENT DISORDERS CLINICAL PRACTICE

doi:10.1002/mdc3.12388



G.B. Landwehrmeyer et al.

RESEARCH ARTICLE

lines, and bufty coat (containing lymphocytes) and can be
broadened with specialized collections from future clinical stud-
ies implemented within the Enroll-HD platform. With consent,
up to 40 mL of blood is collected at every annual visit provid-
ing for longitudinal tracking. All collection logistics and biosam-
ple products are integrated with the EDC.

Data are continuously updated, monitored, and accessible by
CHDI through the secure database to assist researchers in “in
silico screening” and informing clinical trial deisgn. The release
of periodic data sets, however, is one of the platform’s main
public offerings. These data sets can be by accessed by any
researcher who is employed by a research institution (academic,
governmental, or industrial) through a simple application proce-

dure outlined on www.enroll-hd.org.

Ongoing Prospective
Observational Longitudinal
Registry Study

Recruitment and Informed Consent

Patients with HD and their family members (age >18 years) are
recruited from specialty clinics. All participants provide written
informed consent to take part in the study (including consent
for undisclosed research genotyping). Additional optional com-
ponents that require participant consent include biosampling for
banking purposes, family history assessment, linking of clinical
information collected in other studies, and willingness to be

contacted regarding participation in future studies.

Study Population

The primary study population consists of HDGECs (CAG
expansion of =36 on the larger allele) and is subdivided into
two categories:

1. Manifest HD: HDGECs with clinical features that, in the
opinion of the site investigator, are regarded as diagnostic
of HD, taking all signs and symptoms into account. At each
visit, investigators are prompted to declare whether the
participant is “manifest.” To ensure that categorization of a
participant is accurately reflected in the data set, site investi-
gators are queried when the judgement of the motor rater
(as reflected in their rating of the Diagnostic Confidence
Index [DCI] of the Unified Huntington’s Disease Rating
Scale [UHDRS]) is not aligned with the all-inclusive opin-
ion and categorization by the site investigator.

2. Premanifest HD: HDGECs without clinical features
regarded as diagnostic of HD. For this data set, we
included in this category all participants that were not
considered manifest by the investigator at enrollment or
who had a DCI <3 (<98% confidence that motor abnor-
malities are unequival signs of HD).

Any member of a family affected by HD can take part in the
study. At study entry, first- or second-degree relatives of an

HDGEC participant who do not know their own genetic status
are classified as “genotype unknown (at risk).” After data cut,
participants in this category are reclassified a posteriori based on
the research CAG length of their larger allele, yet this informa-
tion is not revealed to site investigators or to study participants.
Participants with a CAG repeat of <36 are reclassified as geno-
type negative; participants with a CAG expansion of >36, but
who are not recorded as having manifest disease, are reclassified
as premanifest HD; and participants with a CAG expansion of
>36 and who have been assessed as having manifest disease are
reclassified as manifest HD. Clinical exclusion criteria for the
primary population are minimal: Only individuals with choreic
movement disorders in the context of a negative test for the HD
expansion mutation are excluded.

The control population consists of individuals who do not

carry the HD gene expansion and includes three categories:

1. Genotype negative: first- or second-degree relative of a
participant with HD, who is known not to carry the HD
expansion mutation.

2. Family control: family members or individuals not genetically
related to HDGECG:s (e.g., spouses, partners, or caregivers).

3. Community controls: individuals unrelated to HDGECs
who did not grow up in a family affected by HD and
who do not have a concurrent neurological disorder. No

community controls were included in this first data set.

Research Genotyping

Standardized research genotyping for CAG lengths of both alle-
les is a core assessment for all participants in Enroll-HD. CAG
lengths are used exclusively for research purposes and are not
communicated to investigators or participants. Participants that
wish to undergo diagnostic or predictive testing follow existing
clinical procedures. For research genotyping, 10 mL of venous
blood are sent to a central biorepository facility (BioRep,
Milan, Italy) that processes the samples for DNA extraction.
Genotyping of the DNA is performed for CAG repeat lengths
using two sets of primer pairs® and size standards as provided by
the U.S. National Institute of Standards and Technology.

Clinical Assessments

Annual assessments conducted during study visits may coincide
with regularly scheduled clinic visits. The duration of visits
ranges from 45 minutes (completion of core assessments only)
to a maximum of 2.5 hours (completion of core, extended, and
optional assessments). Details of the outcomes collected are pro-
vided in Table 1; the full study protocol can be found at
www.enroll-hd.org.

Data Monitoring

Enroll-HD implements a risk-based monitoring strategy to ensure
data quality.” An independent data safety monitoring committee
regularly meets to identify discrepancies between CAG testing

MOVEMENT DISORDERS CLINICAL PRACTICE 3
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TABLE 1 Enroll-HD assessments

Assessments Core Extended Optional
Written informed consent/ X
parental permission/assent
Creation of the unique X
HD Identification Number (HDID)
Review of inclusion/exclusion X
criteria
Local diagnostic laboratory X
CAG report (if available)
Investigator and research X

genotyping determined
classification of subject

Sociodemographic information X

HD Clinical Characteristics X
(HDCC)

Medical history X

Comorbid conditions X

Current therapies X
Pharmacotherapy

Nutritional supplements
Nonpharmacological therapies
Reportable event monitoring X
UHDRS €99 Motor
UHDRS €99 Diagnostic Confidence X
Index
UHDRS 99 Total Functional X
Capacity
UHDRS €99 Function Assessment X
Scale
UHDRS €99 Independence Scale X
PBA-s X
HADS X
SIS
Columbia Suicide Severity X
Rating Scale (CSSR)
Symbol Digit Modalities Test
Stroop Word Reading
Categorical Verbal Fluency
Stroop Color Naming
Stroop Interference
Trail Making A & B
Letter Verbal Fluency
Mini-Mental State Examination
(MMSE)
Timed Up and Go (TUG)
30-second Chair Stand Test
Short Form Health Survey-12 X
(SF-12)
Companion Quality of Life X
Questionnaire
Client Services Receipt X
Inventory (CSRI)
Work Productivity and Activity X
Impairment-Specific Health
Problem Questionnaire
(WPAI-SHP)
Research genotyping (conducted X
at the first visit for all new
subjects to the study or for
subjects from previous
studies for whom a research
genotype is not available)
Family history X
Biospecimens for biobanking X

X

X X X X
X X X X X

X X

results from the centralized laboratory (research CAG) and local
diagnostic genetic testing. The system is structured to allow

research genotyping of at-risk individuals while avoiding
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unintended disclosure of results to the participant and the research
staff.

Data Analyses

This report details the results of the first preplanned data cut
made on 1 January 2015. Results are presented for the 34
currently available variables. A slightly smaller database (with
some aggregated data to reduce the risk of participant identifi-
cation) is also publically available for research at www.enroll-
hd.org.

Baseline data were examined by participant category (HD
manifest, HD premanifest, genotype negative, and family con-
trols). In addition, participants were also categorized into two
larger groups: HDGECs and controls.

Participants classified as having manifest HD were further
divided into HD stages based on their recorded Unified Hunt-
ington’s Disease Research Rating Scale Total Functional Capac-
ity (TFC) score and according to the cut-oft points proposed by
Shoulson et al.® In addition, HDGECs were categorized
according to disease burden (an indirect measure of HD patho-
logical processes),” which was estimated using the following for-
mula: disease burden = (allele 1 CAG — 35.5)*age in years.

The statistical analyses of this report are primarily descrip-
tive. Data were analyzed according to participant category,
HDGEC vs. control, and geographical region (North America,
Europe, Latin America, and Australasia). Mean and standard
deviation (mean + SD) measures were used to summarize
continuous variables, and absolute and relative frequencies
expressed as percentage (%) are presented for categorical infor-
mation. Individual items of the Problem Behaviors Assess-
ment-short form (PBA-s)'" were grouped into five domains:
depression (depressed mood, suicidal ideation, and anxiety);
irritability/aggression (angry or aggressive behavior); psychosis
(delusions/paranoid thinking, hallucinations); and apathy and
executive function (perseverative thinking or behavior, obses-
sive-compulsive behaviors). For descriptive purposes, missing
data were not replaced and outlier analyses were not
performed.

Post-hoc analyses were conducted to address specific
research findings. A two-sample test for equality of propor-
tions was used to validate regional differences concerning the
usage of nonpharmacological therapy and nutritional supple-
ments among premanifest HDGECs. A t test was conducted
to test the statistical difference of CAG size for the smaller
allele between HDGECs and controls. Spearman’s correlation
was used to assess the relationship between CAG lengths of
the smaller and the larger alleles, as determined from the
research genotyping. The significance level assumed for these
comparisons was 0.05.

All data were analyzed at a central site in a deidentified man-
ner''; the statistical analyses were performed using SPSS (version
21; SPSS, Inc., Chicago, IL) and R software (version 3.0.3; R
Foundation for Statistical Computing, Vienna, Austria).
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- - respectively; P < 0.001). There was no correlation between
® ) o .
=< 2 B the CAG sizes in small and large alleles in the HDGEC popu-
N < . . ..
3 — = e lation (r = 0.056; P = 0.066), however a strong positive corre-
= © .- @ .- , . .
S m S n S DS lation was observed in the control population (r = 0.417;
o © i n o~ n .
© ST Ho & P < 0.001).
=8 NS Z z
g N8 288 RS Regional analysis of the CAG sizes for the larger allele
S = Ogdin VANM Voo o ) ) )
R AR~ N A showed similar means across the four regions studied (Fig. 3).
As anticipated, the mean £ SD disease burden was higher in
subjects with manifest HD (416.6 £ 95.6) than in those with
o s f - premanifest HD (266.9 & 85.7).
© o < .
> ™M — -
() ® - O .a <
z 2 o . o .n iAi
. “s  $% I8 Clinical Assessments
o © S "
>0 H o + H <
é 0 Lne g noe As expected, mean £ SD UHDRS Total Motor Scores (TMS)
= j 2 3 3% _ ‘ ) ‘ )
6 Z SR8 9BE 9EH were considerably higher in manifest (37.4 £ 19.0) than in pre-
manifest HDGECs (3.5 £ 4.4) and genotype negative or family
controls (2.3 £ 4.2 and 1.6 £ 2.9, respectively; Table 3).
=5 ~ UHDRS TFC, Functional Assessment Scale (FAS), and inde-
2 ® —~ - .
§ %; 2 pendence scores were generally similar for the premanifest and
- © . ~ S control groups, and there was noticeable overlap in range of
% )& A o et . . .
e 34 S © S scores obtained. Manifest participants had lower scores for all
cm m =) m .
o ':" = j g ﬁ b three of these functional outcomes.
Il . . . e . . . T
g = a ¥ 9 § S & oS Four of five PBA-s subscores (depression, irritability, apathy,
and executive function) indicated numerical differences between
controls and HDGECs (manifest > premanifest > controls).
Similar patterns were observed with the combined Hospital
S S 3 Anxiety and Depression/Snaith Irritability Scale (HADS-SIS)
(o) (o)) © . . .. 1
oo o 3 o anxiety, depression, and irritability subscores (Table 4). For the
. ‘o_o; ' m ' : ' majority of core cognitive tests (Symbol Digit Modalities, Cate-
-3 2 3 3 : )
3L +He +H& +H< gorical Verbal Fluency, and Stroop Color Naming and Word
< N0 T T Reading), there were marked differences between participants
=Z NS¥T RRR R4S . .
with manifest HD and all other groups.
n .
A Discussion
A . ©
o ] o .
-9 © il The Enroll-HD platform has been successfully launched and is
* em . . = . . . . . .
— n e ®© : SRS beginning to yield important findings about current characteris-
5L +HEe +& +HZ| ¢ tics of HDGECs and their relatives/families (including controls)
5 ; Bre Bie Beo 3 across four continents—North America, Europe, Australasia,
o< ) . .
SN yoa SAad b and Latin America.
E = The first key aim of Enroll-HD is to expedite recruitment
g > into clinical trials. The platform achieves this in several ways.
S5 5 c . - .
< © 38 S| % First, the willingness (consent) of Enroll-HD participants to
IS} o~ & . . . .
© 9 © 3 = engage in all the research components (biosampling, collection
—~ 0 om « .. O AN .| D . . . . . .
=| %t Yot R0 o of family history, and linkage of previous databases) is high
0 I~ 9] S @ 5 5| @ . T
QS| £, 4 S HEH  HE|A (83%—98%). Second, the maintenance of a “live” secure data-
Ot oo owmuwe s woo . . S .
S ; U i PR R RIS 2 base provides the necessary tools for the real-time rapid identifi-
TE | JdninZ 0o = |Q . .. . . . .
S S é ) cation of participants that meet specific inclusion and exclusion
o o = . . .
_ 5 2 E € criteria for a given study protocol (e.g., defined HD symptoms
3 ?_:.D %.D = T or stages, concomitant medications). The ability to recruit HD
=] § E o ° . . . . .
£ § @\05 7;70 S @; 2 family members while protecting them from knowing their
= kg £ § S ) ] )
§ S A Eg a EH a E 5 genetic status and maintaining security of their data (keeping
— 0w <o < no o wn - . . . T
= o S 1el Lewm e CI)L genetic data undisclosed and private at an individual level)
[y] o © c < | O . . .. . .
wl 2 S 5§98 S¥& S§53|. potentially broadens recruitment for future clinical trials, while
o S 29239 WLV vl . . .
ol o SEe==5e==8c== |7 enabling the ongoing study of the earliest stages of HD; a recent
< ) e} ©
=l = 2 o “ 5 survey showed that people at risk of familial Alzheimer’s disease
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Figure 2 Frequencies of participant categories and HD stages: (A) overall population categories; (B) manifest population TFC stages;
and (C) categories by geographical region. Participants in the enrollment category “genotype unknown” have been reclassified accord-

ing to their research genotyping status.

that did not want to know their genetic status were ready to
change opinion if given the opportunity to participate in a
clinical trial."

The second key aim of Enroll-HD is to improve understand-
ing of HD, and the integrity of this first periodic data set
demonstrates the efficiency of the platform in collecting high-
quality, clinically relevant data. For example, one of the chal-
lenges in assessing HD disability is to measure the impact of dis-
ease on behavior and mood. Although the PBA-s has been
recommended by the National Institute of Neurological Disor-
ders and Stroke as a common data element for HD studies, '
until Enroll-HD the PBA-s had only been tested in smaller

10,14-16

localized settings, and this is the first time it has been

assessed across a broad diversity of cultures and languages. A

10 MOVEMENT DISORDERS CLINICAL PRACTICE

more thorough analysis of the scale’s clinimetric properties and
its usefulness in HD is now possible.

Enroll-HD also enables the validation of hypotheses pro-
posed by other studies. For example, it has been suggested
that premanifest disease is better characterized by several
epochs (far from diagnosis, intermediate, and close to diagno-
sis).'”” That these epochs are not standardized highlights an
important limitation in HD research, where the definition of
the target population is critical. Validation of the proposed
criteria to define the epochs of premanifest disease requires a
second independent cohort of HDGECs. Although mean
UHDRS TMS scores for premanifest participants are lower
than in previously reported registry studies (3.5 in Enroll-HD
vs. 5.5 in PREDICT-HD'" and 6.8-6.9 in COHORT"),

doi:10.1002/mdc3.12388
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Figure 3 Distribution of CAG repeat lengths. Box-and-whis-
ker plots showing distribution of CAG larger allele repeat
length per region and HDGEC subject category. Circles rep-
resent values greater than 1.5 x IQR (interquartile range);
stars represent values greater than 3 x IQR.

the range for TMS in our study (0-32) is similar to that
reported in PREDICT-HD (0-34),'® thereby confirming that
the study includes premanifest participants at all stages of the
disease process. Given that we can unequivocally identify
unique participants in Enroll-HD that did not participate in
previous studies used to generate such hypotheses, we are
now in a good position to provide this validation sample
within a short time frame.

Another area of current controversy is the influence of
CAG repeat length on brain structure/function beyond the
well-established relationship with the current clinical defini-
tion of disease omnset. Although it is well established that
longer CAG repeats on the larger allele correlate with earlier

2021 the contribution of the smaller

onset of HD symptoms,
allele is less certain. In HDGECs, the size of the smaller
allele does not appear to influence disease onset,” but studies
in healthy controls have indicated that the CAG lengths of
the two alleles is significantly correlated (albeit within normal

224 We also observed this phenomenon and further

limits).
observed that the CAG length of the small allele is larger in
HDGECs than controls. However, our data in HDGECs did
not find any correlation between the length of CAG repeats
in the two alleles, as observed in controls. The finding of a
longer CAG length on both alleles is consistent with the idea
that there may be a genetic susceptibility in certain individu-
als to higher repeat lengths in both alleles as a function of

the properties of the molecular machinery involved in

expanding CAG repeat tracts.” With Enroll-HD, we can
envision ways to further address this issue, for example, by
genotyping individuals or subgroups to dissect these molecular
mechanisms.

The third aim of Enroll-HD is to improve clinical care. One
of the strategies to develop standards of care is to study current
practices in different geographies and settings, define common-
alities and systematic variations, and study their effect on stan-
dardized outcomes. Enroll-HD, with its expected 200 + sites
and 19 + countries, is specifically designed to address such
questions. Currently, the sample size in some regions is insuffi-
cient to allow clinically relevant assertions, but there are already
indications of practice variations across regions. For example,
the frequency of use of nonpharmacological treatments and
nutritional supplements among premanifest participants in Eur-
ope is much lower than in North America (nonpharmacological
treatments: 8% vs. 30%; nutritional supplements: 30% vs. 50%).
Enroll-HD data on nutritional supplements may reflect overall
use of these products in the local general population given that
their use seems to be independent of genetic or disease status
(supplements were used equally by all groups in both regions).
A limitation of this first periodic data set is the current lack of
community controls who would not be influenced by living in
an HD household.

An additional limitation of this report is the predominance of
North American (67%) and European (23%) participants in
Enroll-HD, with much less data coming from Australasia and
Latin America, reflecting the operational sequence of site entry
into the platform. Furthermore, the present periodic data set
provides mostly cross-sectional data of a relatively small sample
size; future data sets will include a greater proportion of longi-
tudinal data. Moreover, Enroll-HD incorporates many of the
sites and participants from the previously reported COHORT"
and REGISTRY?® studies, and the large majority of these par-
ticipants have consented to integrate their legacy data into
Enroll-HD (once the curation of these databases is complete).
Therefore, future data sets from Enroll-HD will be larger (as
recruitment grows), more balanced regionally (as all planned
sites enter the study), and have greater depth (with longitudinal
data from Enroll-HD or historical data from COHORT and
REGISTRY).

In this report, we have used the first Enroll-HD periodic data
set to illustrate how this platform is able to handle the demands
of clinical research technologies and manage the huge rise in
data complexity that is increasingly part of innovative clinical
research. If a clinical research infrastructure, once created, can
be leveraged and reused multiple times rather than discarded
when each study or trial ends, the gains in clinician/researcher/
site staff’ engagement and experience, participant retention, and
financial savings should be substantially advantageous to the
research enterprise. These data sets will continue to be openly
available to any interested researcher. In this way, we aim to
direct as many minds as possible toward the terrible unmet
medical need of HD and deliver therapeutics to affected families
as soon as possible.

MOVEMENT DISORDERS CLINICAL PRACTICE 11
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Supplemental Table 1: Enroll-HD Governance Committee Contributors (for data-cut of January 1, 2015)
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Supplemental Table 2: Enroll-HD Clinical Site Contributors (for data-cut of January 1, 2015)
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Site

Kingsley Powell

Avon and Wiltshire Mental Health Partnership, Swindon, UK

Lesley Gowers

Avon and Wiltshire Mental Health Partnership, Swindon, UK

Hugh Rickards

Birmingham & Solihull Mental Health, Birmingham, UK

Jan Wright

Birmingham & Solihull Mental Health, Birmingham, UK

Anne Rosser

Cardiff and Vale University, Cardiff, UK

Rebecca Cousins

Cardiff and Vale University, Cardiff, UK

Cheryl Stopford

Central Manchester University Hospitals, Manchester, UK

David Craufurd

Central Manchester University Hospitals, Manchester, UK

Gareth Thomas

Fife Health Board, Fife, Scotland

Nicola Johns

Fife Health Board, Fife, Scotland

Laura Dornhege

George-Huntington-Institut GmbH, Muenster, Germany

Ralf Reilmann

George-Huntington-Institut GmbH, Muenster, Germany

Catherine Deith

Greater Glasgow Health Board, Glasgow, Scotland

Stuart Ritchie

Greater Glasgow Health Board, Glasgow, Scotland

Raleen Fernandes

Guy's Hospital, London, UK

Thomasin Andrews

Guy's Hospital, London, UK

Grzegorz Witkowski

Institute of Psychiatry and Neurology, Warsaw, Poland

Iwona Stepniak

Institute of Psychiatry and Neurology, Warsaw, Poland

Matthias Dose

Isar-Amper-Klinikum GmbH Klinik Taufkirchen, Taufkirchen, Germany

Michael Bachmaier

Isar-Amper-Klinikum GmbH Klinik Taufkirchen, Taufkirchen, Germany

Magdalena Woéjcik

Krakowska Akademia Neurologii Sp. z 0.0, Krakow, Poland

Monica Rudzinska

Krakowska Akademia Neurologii Sp. z 0.0, Krakow, Poland

Alison Kraus

Leeds Teaching Hospitals, Leeds, UK

Elizabeth Rowett

Leeds Teaching Hospitals, Leeds, UK

Emma Hobson

Leeds Teaching Hospitals, Leeds, UK

Barbara D'Alessio

Lega Italiana Ricerca Huntington, Rome, Italy

Ferdinando Squitieri

Lega ltaliana Ricerca Huntington, Rome, Italy

Caroline Hallam

Leicestershire Partnership, Leicester, UK

Julia Middleton

Leicestershire Partnership, Leicester, UK

Raymund Roos

Leiden University, Leiden, Netherlands

Reineke Bos

Leiden University, Leiden, Netherlands

Marie McGill

Lothian Health Board, Edinburgh, Scotland

Mary Porteous

Lothian Health Board, Edinburgh, Scotland

Caterina Mariotti

Milan Genetic - Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan
Italy

Lorenzo Nanetti

Milan Genetic - Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan
Italy

Paola Soliveri

Milan Neuro - Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan
Italy




Simona Castagliuolo

Milan Neuro - Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan

Italy

Christian Neumann

NHS Forth Valley, Larbert, UK

David Thomson

NHS Forth Valley, Larbert, UK

Jill Davison

Newcastle-Upon-Tyne, Newcastle on Tyne, UK

Suresh Komati

Newcastle-Upon-Tyne, Newcastle on Tyne, UK

Dr. Rupert Noad

Plymouth Hospitals NHS Trust, Truro, UK

Julie Frost

Plymouth Hospitals NHS Trust, Truro, UK

Daniel Zielonka

Poznan University of Medical Sciences, Poland

Elzbieta Alicja Puch

Poznan University of Medical Sciences, Poland

Sarah Irvine

Royal Devon and Exeter, Exeter, UK

Timothy Harrower

Royal Devon and Exeter, Exeter, UK

Alexander Minchau

University Hospital Schleswig-Holstein, Luebeck, Germany

Jenny Schmalfeld

University Hospital Schleswig-Holstein, Luebeck, Germany

Oliver Quarrell

Sheffield Children's NHS, South Yorkshire, UK

Tom Miller

Sheffield Children's NHS, South Yorkshire, UK

Magdalena Blaszczyk

Silesian Medical University Katowice, Katowice, Poland

Carsten Saft

St. Josef und St. Elisabeth Hospital gGmbH, Bochum, Germany

Rainer Hoffmann

St. Josef und St. Elisabeth Hospital ggmbH, Bochum, Germany

Adolf Weindl|

Technical University of Munich, Munich, Germany

Antje Llsebrink

Technical University of Munich, Munich, Germany

Roger Barker

University of Cambridge, Cambridge, UK

Sarah Mason

University of Cambridge, Cambridge, UK

Anna Rita Bentivoglio

Universita Cattolica del Sacro Cuore, Rome, Italy

Marcella Solito

Universita Cattolica del Sacro Cuore, Rome, Italy

Nicola Robertson

University College of London, London, UK

Sarah J Tabrizi

University College of London, London, UK

Michel Rijntjes

University Medical Center Freiburg, Freiburg, Germany

Ulrike Bergmann

University Medical Center Freiburg, Freiburg, Germany

Johannes Schiefer

University Hospital Aachen, Aachen, Germany

Kathrin Reetz

University Hospital Aachen, Aachen, Germany

Jirgen Winkler

University Hospital Erlangen, Erlangen, Germany

Zacharias Kohl

University Hospital Erlangen, Erlangen, Germany

Heidi Pape Marburg University, Marburg, Germany
Katrin Birk Marburg University, Marburg, Germany
Michael Orth University Hospital of Ulm, Ulm, Germany

Sonja Trautmann

University Hospital of Ulm, Ulm, Germany

Christine Leypold

University Hospital of Wuerzburg, Wuerzburg, Germany

Stephan Klebe

University Hospital of Wuerzburg, Wuerzburg, Germany

Elena Salvatore

University of Naples "Federico II", Naples, Italy

Giuseppe De Michele

University of Naples "Federico II", Naples, Italy

Natalia Szejko

Medical University of Warsaw, Warsaw, Poland




Piotr Janik

Medical University of Warsaw, Warsaw, Poland

Louise Pate

The Walton Centre, Liverpool, UK

Rhys Davies

The Walton Centre, Liverpool, UK

Dr. Pedro Chana

CETRAM, Santiago, Chile

Maria Consuelo Moos

CETRAM, Santiago, Chile

Dr. Federico Eduardo Micheli

Instituto Frenopatico, Buenos Aires, Argentina

Dr. Michel Saenz Farret

Instituto Frenopatico, Buenos Aires, Argentina

Donald Higgins

Albany Medical College, Albany, New York, USA

Sharon Evans

Albany Medical College, Albany, New York, USA

Christine Hunter

Baylor College of Medicine, Houston, Texas, USA

Joseph Jankovic

Baylor College of Medicine, Houston, Texas, USA

Denyse Turpin

Boston University Medical Center, Boston, Massachusetts, USA

Samuel Frank

Boston University Medical Center, Boston, Massachusetts, USA

Ryan Walsh

Lou Ruvo Center for Brain Health, Las Vegas, Nevada, USA

Yolande Mucharbach

Lou Ruvo Center for Brain Health, Las Vegas, Nevada, USA

Jonielyn Carlos

Centre for Movement Disorders, Markham, Ontario, Canada

Mark Guttman

Centre for Movement Disorders, Markham, Ontario, Canada

Suzanne Paris

CHUM, Quebec, Canada

Sylvain Chouinard

CHUM, Quebec, Canada

Mayur Pandya

Cleveland Clinic, Cleveland, Ohio, USA

Suzanne Mazhuvanchery

Cleveland Clinic, Cleveland, Ohio, USA

Karen Marder

Columbia University, New York, New York, USA

Paula Wasserman

Columbia University, New York, New York, USA

Amy Colcher

Cooper Health, Camden, New Jersey, USA

Tamara Lee

Cooper Health, Camden, New Jersey, USA

Peggy Perry-Trice

Duke University, Durham, North Carolina, USA

Burton Scott

Duke University, Durham, North Carolina, USA

Elaine Sperin

Emory University, Atlanta, Georgia, USA

Stewart Factor

Emory University, Atlanta, Georgia, USA

Randi Jones

Emory University, Atlanta, Georgia, USA

Anna Fierro

Booth Gardner Parkinson's Care Center, Kirkland, Washington, USA

Pinky Agarwal

Booth Gardner Parkinson's Care Center, Kirkland, Washington, USA

Alexis Carlson

Georgetown University, Washington, DC, USA

Karen E. Anderson

Georgetown University, Washington, DC, USA

John Morgan

Georgia Health Sciences, Augusta, Georgia, USA

Paula Jackson

Georgia Health Sciences, Augusta, Georgia, USA

Gregory Suter

Hereditary Neurological Disease Centre, Wichita, KS, USA

William M Mallonee

Hereditary Neurological Disease Centre, Wichita, KS, USA

Frederick Nucifora

Johns Hopkins University, Baltimore, Maryland, USA

Maryjane Ong

Johns Hopkins University, Baltimore, Maryland, USA

Khashayer Dashtipour

Loma Linda University, Loma Linda, California, USA




Rajesh Krishnamurthy

Loma Linda University, Loma Linda, California, USA

Dawn Radtke

Hennepin County Medical Center, Minneaspolis, Minnesota, USA

Martha Nance

Hennepin County Medical Center, Minneaspolis, Minnesota, USA

Alan Fung North York General Hospital, Toronto, Ontario, Canada
Clare Gibbons North York General Hospital, Toronto, Ontario, Canada
Allison Daley The Ohio State University, Columbus, Ohio, USA

Sandra Kostyk

The Ohio State University, Columbus, Ohio, USA

Christina A. Reeves

Rocky Mountain Movement Disorder, P.C. Englewood, Colorado, USA

Rajeev Kumar

Rocky Mountain Movement Disorder, P.C. Englewood, Colorado, USA

Courtney Timms

Rush University Medical Center, Chicago, lllinois, USA

Kathleen M Shannon

Rush University Medical Center, Chicago, lllinois, USA

Daniel Schneider

Rutgers, New Brunswick, New Jersey, USA

Erin Squindo

Rutgers, New Brunswick, New Jersey, USA

Patricia Skarloken

Sanford Research, Fargo, North Dakota, USA

Tanya Harlow

Sanford Research, Fargo, North Dakota, USA

Edie Simpson St. Joseph's Hospital, Phoenix, Arizona, USA
Rohit Dhall St. Joseph's Hospital, Phoenix, Arizona, USA
Arshia Saddredin St. Joseph's Hospital, Phoenix, Arizona, USA
Jenna Smith The University of Alabama at Birmingham, Birmingham, Alabama, USA
Victor Sung The University of Alabama at Birmingham, Birmingham, Alabama, USA

Oksana Suchowersky

University of Alberta, Edmonton, Alberta, Canada

Paul McCann

University of Alberta, Edmonton, Alberta, Canada

Pam King

University of Alberta, Glenrose, Edmonton, Alberta, Canada

Wayne Martin

University of Alberta, Glenrose, Edmonton, Alberta, Canada

Allison Coleman

University of British Columbia, Vancouver, British Columbia, Canada

Lynn A. Raymond

University of British Columbia, Vancouver, British Columbia, Canada

Terry Tempkin

UC Davis, Sacramento, California, USA

Vicki Wheelock

UC Davis, Sacramento, California, USA

Lorelei Tainsh

University of Calgary, Calgary, Alberta, Canada

Sarah Furtado

University of Calgary, Calgary, Alberta, Canada

Katrina Samson

UC Irvine, Irvine, California, USA

Neal Hermanowicz

UC Irvine, Irvine, California, USA

Brian Clemente

UC Los Angeles, Los Angeles, California, USA

Susan Perlman

UC Los Angeles, Los Angeles, California, USA

Andrew Herndon

UC San Diego, San Diego, California, USA

Jody Corey-Bloom

UC San Diego, San Diego, California, USA

Joe Winer

UC San Francisco, San Francisco, California, USA

Michael Geschwind

UC San Francisco, San Francisco, California, USA

Joan Young

The University of Chicago, Chicago, lllinois, USA

Tao Xie

The University of Chicago, Chicago, lllinois, USA

Fredy Revilla

University of Cincinnati, Cincinnati, Ohio, USA




Rosa Cama

University of Cincinnati, Cincinnati, Ohio, USA

Carolyn Drazinic

University of Connecticut, Farmington, Connecticut, USA

Robin Browne

University of Connecticut, Farmington, Connecticut, USA

Mitch King

UIC - College of Medicine at Rockford, Rockford, lllinois, USA

Sadie Foster

UIC - College of Medicine at Rockford, Rockford, lllinois, USA

Jane Paulsen

University of lowa, lowa City, lowa, USA

Jolene Luther

University of lowa, lowa City, lowa, USA

Melissa J. Armstrong

University of Maryland, Baltimore, Maryland, USA

Samantha Gibson

University of Maryland, Baltimore, Maryland, USA

Jennifer Miner

University of Michigan, Ann Arbor, Michigan, USA

Noelle E. Carlozzi

University of Michigan, Ann Arbor, Michigan, USA

Larry Ivanko

University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Valerie Suski

University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Amy Chesire

University of Rochester, Rochester, New York, USA

Frederick Marshall

University of Rochester, Rochester, New York, USA

Juan Sanchez-Ramos

University of South Florida, Tampa, Florida, USA

Kelly Elliott

University of South Florida, Tampa, Florida, USA

Mark LeDoux

University of Tennessee, Memphis, Tennessee, USA

Misty Thompson

University of Tennessee, Memphis, Tennessee, USA

Erin Furr Stimming

University of Texas Health Center, Houston, Texas, USA

Leigh Beth Latham

University of Texas Health Center, Houston, Texas, USA

Alissa Davis

University of Utah, Salt Lake City, Utah, USA

David Shprecher

University of Utah, Salt Lake City, Utah, USA

Emily Houston

University of Vermont, Burlington, Vermont, USA

James T. Boyd

University of Vermont, Burlington, Vermont, USA

Madaline Harrison

University of Virginia, Charlottesville, Virginia, USA

Susan Dietrich

University of Virginia, Charlottesville, Virginia, USA

Ali Samii

University of Washington, Seattle, Washington, USA

Emily Freney

University of Washington, Seattle, Washington, USA

Daniel O. Claassen

Vanderbilt University, Nashville, Tennessee, USA

Olivia C. Roman

Vanderbilt University, Nashville, Tennessee, USA

Claudia Testa

Virginia Commonwealth University, Richmond, Virginia, USA

Ginger Norris

Virginia Commonwealth University, Richmond, Virginia, USA

Christine O'Neill

Wake Forest, Winston-Salem, North Carolina, USA

Francis Walker

Wake Forest, Winston-Salem, North Carolina, USA

Joel Perlmutter

Washington University, St. Louis, Missouri, USA

Stacey Barton

Washington University, St. Louis, Missouri, USA

Richard Roxburgh

Auckland City Hospital, Auckland, New Zealand

Virginia Hogg

Auckland City Hospital, Auckland, New Zealand

Andrew Churchyard

Monash University, Caulfield, Australia

Katie Fitzgerald

Monash University, Caulfield, Australia




Maria Tedesco

North Metropolitan Health Service, Mount Claremont, Australia

Peter Panegyres

North Metropolitan Health Service, Mount Claremont, Australia

Laura Paermentier

University of Otago, Christchurch, New Zealand

Tim Anderson

University of Otago, Christchurch, New Zealand




	Landwehrmeyer_et_al-2016_Data Analytics from Enroll-HD_MovementDisordersClinicalPractice
	Landwehrmeyer_et_al-2016_Data Analytics from Enroll-HD_MovementDisordersClinicalPractice-Table S1
	Landwehrmeyer_et_al-2016_Data Analytics from Enroll-HD_MovementDisordersClinicalPractice-Table S2

