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Abstract

BACKGROUND: We know little about how well the goals and results of clinical trials in

Parkinson disease (PD) reflect the priorities of patients and the broader PD community.

OBJECTIVES: We conducted a review of registered trials on clincialtrials.gov between
2007-2016 to explore whether PD trials have moved closer to the therapeutic priority

goals articulated by the PD community.

METHODS: Using the search terms “Parkinson”, “interventional trials”, phase “0-4”, we
categorized therapeutic PD studies from clinicaltrials.gov between 1/1/2007-12/31/2016.
766 trials met criteria for analysis. We explored temporal trends in the utilization of
balance problems and falls, mood symptoms including stress and anxiety, cognitive
dysfunction including dementia, and dyskinesias as primary outcomes. We analyzed

trials where recruitment was listed as “completed” (n=391) to explore publication rates.
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RESULTS: Balance problems and falls were listed as primary outcome measures in 125
studies (16.3%), cognitive measures in 48 (6.3%), mood features in 37 (4.8%), and
dyskinesias in 30 (3.9%). Trials using balance problems and falls as a primary outcome
increased in frequency per year between 2007 and 2016 (Z=-2.128, p=0.033) unlike the
proportion of trials evaluating cognitive dysfunction including dementia (Z=-0.380,
p=0.704), mood symptoms including stress and anxiety (Z=0.345, p=0.730), or
dyskinesias (Z=0.340, p=0.734) which did not show temporal changes. 231 (59.1%)
completed trials had results published in manuscript form as of 5/1/2017, leaving 40.9%

of trials unpublished.

CONCLUSIONS: PD trials focusing on balance problems and falls are becoming more
common. About 40% of completed PD trials are unpublished, reflecting suboptimal

utilization of participant efforts.
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Introduction

The successful conduct of clinical trials in Parkinson disease (PD) relies on a
covenant of shared priorities between investigators and the PD community.* The design
and execution of PD clinical trials is nearly always contingent upon the successful
recruitment & retention—often with the added complexity of blinding and
randomization—of interested participants prepared to not only donate their time and
effort but also willing take on the prospect of intervention-associated risks,? all done for
the small prospect of hypothetical future benefits conferred to many people affected by

PD, including hopefully themselves.® This contribution by trial participants and their
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caregivers is one that justifies their role as stakeholders in the development, design,
and conduction of relevant clinical trials.*

Many feel that engaging relevant clinical populations in priority-setting decisions
about the relative merits of different trials is an important basic principle of ethical
clinical research.>” Collaborative partnerships between disease-focused community
groups and trial funders and investigators also yield a practical benefit— better
recruitment, improved projected adherence, and higher rates of subject retention all are
favorable signs for a trial's chances of success.® ° Perhaps more importantly,
collaborative partnerships between researchers and research subjects offer the
potential to shift a research field’s objectives towards the priorities of patients and their
caregivers, which may differ from those of researchers.'® Efforts by previous groups
have worked towards this goal by trying to understand patient-and-community priorities
for therapeutic development in variety of different disease states including PD, where
top PD-community priority goals related to new treatment development were identified
in 2014: treatments for “balance problems and falls”, “stress and anxiety”, “dyskinesias”,
and “dementia”.* !

In a separate effort to improve both the access to clinical trials & trial results as
well as improve the coordination of sponsors and the output delivered to the American
public, the United States (US) Congress passed the Food and Drug Administration

(FDA) Amendments Act (FDAAA) of 2007 that required all applicable clinical trials of

This article is protected by copyright. All rights reserved.



Wyantetal. 6

drugs or devices to be registered on the publically-accessible clinicaltrials.gov website
beginning in 2007.*2 The FDAAA also legally required study teams to update
clincialtrials.gov with certain data related to a trial’'s ongoing conduct including
enrollment, adverse events, and results as they become available. These rules have
been revisited by international clinical trial oversight bodies'® and the FDAAA itself was
revised in 2016 to further clarify reporting rules.'* Despite variable reporting of data
related to ongoing study conduct,® clinicaltrials.gov serves as an indexed registry of all
applicable PD therapeutic clinical trials since 2007.

We conducted a review of registered PD clinical therapeutic trials on
clinicaltrials.gov over a ten-year period between 2007 and 2016 to explore how well trial
primary outcomes aligned with the goals of the PD community at large. Given that PD-
specific foundations have increasingly helped to empower and advocate for the broader

16, 17

PD community in the arena of clinical trials, we hypothesized that PD clinical trial

outcome measures would increasingly reflect the top priorities of the PD community.

Methods

Using the search terms “Parkinson” and advanced filters “interventional studies”,

phase “0-4”, and a date range of studies first posted between 1/1/2006 and 12/31/2016,
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we identified a total of 1297 studies. Datasets were downloaded from clincialtrials.gov
between 8/17/16 and 2/15/17. After study team review (Figure 1) 531 studies were
excluded: 195 because they began either prior to 2007 or after 2016, 82 were not trials
of therapeutic interventions, 175 did not include PD participants in their enroliment, and
79 enrolled participants without synuclein-related disorders. The remaining 766 studies
were registered trials of therapeutic interventions that limited enrollment to either only
PD participants or to participants with PD and other synucleinopathies.

We extracted data about the intended primary therapeutic outcome marker for
eligible PD clinical trials from their postings on clincaltrials.gov. We specifically sought to
categorize trials that employed markers of “balance problems and falls”, “cognitive
features including “dementia”, “dyskinesias”, and mood features including “stress and
anxiety” as primary outcome measures. These four outcome measures--along with a
fifth clinical research priority focused on understanding disease heterogeneity in PD--
were selected on the basis of a PD patient and community survey conducted by Deane
et al. as the final top 5 “prioritized and ranked uncertainties for the management of
Parkinson disease”, with an overarching research aspiration being the goal of finding an
effective cure for Parkinson disease.” We conducted an exploratory analysis to
determine whether trials focusing on motor fluctuations (including both dyskinesia
treatment and/or increase-in “on-time”/reduction-in-“off time” as outcome markers) had

changed in frequency over this time frame. We also tracked the use of the Unified
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Parkinson’s Disease Rating Scale (UPDRS) or the Movement Disorders Society revised
UPDRS (MDS-UPDRS) motor exam and total (parts 1-3) as a primary outcome
reference group. For studies reporting multiple primary outcome markers, we restricted
our categorization of primary outcomes to no more than 2 outcome measures per study.
Study team members (K.W, V.K) reviewed outcome measures and trial characteristics
to determine whether the primary objective of a given trial matched one of the four pre-

specified categories identified by Deane et al.

Publication analysis in completed trials

We conducted a literature search to explore publications related to clinical trials whose
recruitment was complete (n=391) in May of 2017. We searched Pubmed, Google
Scholar, Medline, and ISI Web of science. We used an initial search term of the trial
NCT number registered on clinicaltrials.gov. When no publications were found, we then
used additional search terms in an advanced search using linkage term “and” including
last name and first initial of the principal investigator, “Parkinson*”, and a key word(s)
from the title of the trial registered on clinicaltrials.gov. We coded studies as either
published or not published based on these factors. Abstracts and abstract summaries

drawn from meetings were coded as not published since they generally lacked salient
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details on study design, primary outcome measures, efficacy of randomization, and
study conduct.

Funding sources for published relevant clinical trials were determined through a
review of a study’s posting on clinicaltrials.gov. Organizations listed as either the
“Sponsor” or, when relevant, as “Collaborator” were identified as study funders. Eligible
funding agencies were categorized as one of five categories: Industry organizations,
United States (US) Federal organizations, US Medical Centers/Universities/Research
Institutes, and other US medical Foundations, or “Other” for any remaining funding

organizations.

Statistical analysis

Descriptive statistics, including means, proportions, and percentages, were used
to categorize eligible PD trials over the 10-year period. The Cochran-Armitage test of
trend was used to explore temporal changes in the use of balance problems and falls,
dyskinesias, cognitive symptoms including dementia, and mood symptoms including
stress and anxiety as primary outcomes. Clinical trials were categorized according to
the year they began. We hypothesized that PD trials would show an increasing trend
towards utilization of these primary outcomes over time. In the subset of trials whose

recruitment was listed as “completed” on clincialtrials.gov, we used chi-square testing to
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explore whether funding source category associated with peer-reviewed publication
status of trial results. This retrospective study was granted not regulated status by the

University of Michigan IRBMED.

Results

766 PD therapeutic trials were registered between 2007 and 2016 (Table 1).
Balance problems and falls as a primary outcome measure were listed in 125 studies
(16.3%), cognitive measures including dementia in 48 (6.3%), dyskinesias in 30 (3.9%)
and mood features including stress and anxiety in 37 (4.8%). Trials using balance
problems and falls as a primary outcome measure increased in frequency/year over the
study period (Cochran-Armitage test of trend Z=-2.128, p=0.033) (Figure 2). To
determine whether this increase was due to an increasing trend of physiotherapy or
exercise trials focused on gait and balance, we categorized interventions among the
125 balance studies as ones involving any element of physiotherapy/exercise (n=60) vs.
all others (n=65). No significant trend was seen for an increasing frequency of
physiotherapy/exercise trials over the 2007-2016 timeframe (Z=-0.935, p=0.351). Trials
employing cognitive measures including dementia (Z=-0.380, p=0.704), dyskinesias

(£=0.340, p=0.734), or mood features including stress and anxiety (Z=0.345, p=0.730)
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as primary outcomes did not show any change in proportion-per-year over the 10-year
study period. There were no changes in the proportion of trials focusing on motor
fluctuations, including either dyskinesias and/or optimization of on/off-time as a primary
outcome marker, but rather a non-significant trend towards a decrease in the proportion
of these trials (Z=1.854, p=0.064) over this 10-year period. Trials using either part I
(motor exam summative score) or total score of either the UPDRS or MDS-UPDRS as a
primary outcome were listed in 75 (9.8%) and 38 (5.0%) studies respectively. Neither
UPDRS/MDS-UPDRS motor exam nor total scores showed a relative increase in use
over this 10-year period [motor exam: (Z=0.873, p=0.383); total exam: (Z=0.038,
p=0.969)]

Of the 766 total trials, 554 (72.3%) involved some element of randomization.
Trials involving US Federal funding were more likely to be randomized (x*=5.31,
p=0.021). 375 trials (49.0%) were double blinded. Industry sponsored trials were more
likely to be double-blinded (x?=38.33, p<0.0001) and trials funded by individual US
Medical Centers/Universities/Research Institutes were less likely to be double blinded
(x*=5.51, p =0.019). A total of 350 (45.7%) of trials were placebo controlled. Trials
receiving Industry funding (x?=28.94, p<0.0001) or a medical foundation funding
(x*=4.31, p=0.038) were more likely to use a placebo.

Of the 391 studies with completed recruitment, 231 (59.1%) had results

published in manuscript form, leaving 40.9% of trials with complete recruitment as
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unpublished (Figure 3). Among studies that began in the first half of our study window
(between 2007 and 2011 (n=234)), 29.5% were unpublished. Of studies with complete
recruitment that began between 2012 and 2016 (n=157), 57.96% were unpublished.
Among the 391 completed-recruitment studies, receiving funding from a medical
foundation (n=29) associated with a higher likelihood of a trial being published (x*=4.80,
p=0.029). The Michael J. Fox Foundation (n=20) and the National Parkinson
Foundation (n=4) were the two most common foundation funding agencies. There were
no significant associations between publication status and receiving funding from an
Industry source (n=184, x*=0.007, p=0.933), individual US Medical
Centers/Universities/Research Institutes (n=61, x°=0.301, p=0.583), or US Federal
organizations (n=22, x’*= 1.334, p=0.248). Of the 766 registered PD therapeutic trials,
338 (44.1%) had performance sites in the US. Of the 391 completed trials, studies with
performance sites in the US (n=176 of 391; 45%) showed a similar rate of publication

compared to those without US performance sites (x?=0.691, p=0.406).

Discussion

Parkinson disease clinical trials are increasingly focusing on treatments of

balance problems and falls as primary outcomes, a trend favored by individuals with PD

and PD researchers as well.* ® This is a good sign. Our findings, however, do not
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suggest any increase in the proportion of trials focusing on other key PD community
research goals such as cognitive impairment including dementia, mood features
including stress and anxiety symptoms, or dyskinesias. Only about 60% of all registered
PD trials with complete recruitment between 2007 and 2016 have published their results
in manuscript form. This is a concerning finding. Completed trials funded by extramural
medical foundations were more likely to be published in contrast to studies funded by
Industry, US federal agencies, or US single-center medical centers. Collectively, these
findings are both a sign of optimism and point to future directions for targeted
improvement in PD clinical trials planning and execution.

Balance problems and falls are significant determinants of disability in PD and
strong risk factors for subsequent cognitive decline and mortality.*® ?° PD balance
impairments commonly have multifactorial etiologies, varied early clinical
manifestations, and no well-validated set of outcome parameters with which to track
either disability or the efficacy of therapeutic interventions, making the design and
conduct of clinical trials more challenging.?*®® Parkinson’s researchers in a panel
commissioned by the US National Institute of Neurological Disorders and Stroke
(NINDS) recognized the goal of developing treatments for gait and balance impairments
as one of their top 2 ranked clinical research priorities along with understanding
prodromal disease progression.*® A limitation of clincaltrials.gov is that trials of

interventions other than drugs or devices—i.e. those that are not FDA regulated—such
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as exercise or physical therapy may not always be registered and subsequently may not
be captured. For example, a recent review of PD fall-prevention clinical trials with >100
participants since 2011 revealed 2 drug trials and 5 exercise-related trials.?* Trends
towards increasing emphasis on gait and balance markers in PD trials are encouraging
and suggest an increasing alignment between patient and researcher priorities in PD

therapeutic development.

Registered clinical trials focusing on cognitive impairment including dementia,
mood symptoms including stress and anxiety, and dyskinesia burden as primary
outcomes remain a relatively small fraction of the body of PD trials and are not
becoming more common. The growth of non-pharmacological cognitive training
interventions, with variable registration on clinicaltrials.gov, may be one reason why the
percentage of drug or device interventions remain static.?* > The lack of change in the
dyskinesia trial proportion may reflect increasing utilization of deep brain stimulation for
management of PD motor fluctuations including dyskinesias.?® Alternatively, the ability
to successfully recruit for anti-dyskinesia trials may be challenging given their
temporally-limited prevalence among people with PD.?" ?® Mood disorders in PD include
depression, apathy, and anxiety. Each are commonly seen as early features in the
natural history of PD.?® It is possible that non-motor mood symptoms remain under-
recognized by patients and providers, contributing to an under-prioritization of their

treatment as a primary objective of trials.*° It is also possible that patients with
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symptoms of anxiety or depression are, by virtue of the severity of their affective
disease burden, more reluctant to participate in clinical trials in general, limiting the
enthusiasm for such primary outcome targets on the part of funding agencies. It should
be noted that the Deane et al. study enrolled a cohort of PD community members in the
United Kingdom (UK). It is possible that their ranked priorities may not mirror those of

PD community members in other countries including the US.

Approximately 40% of completed PD clinical trials were not published in
manuscript form in peer-reviewed journals. This is a high number that points to
inefficiencies and wasted participant effort in the PD trials enterprise. Similar concerning

.31 We found it was not

trends have been seen in other neurological disorders as wel
uncommon for large completed trials to be presented in abstract form at national or
international meetings, only to be shrouded from public view afterwards--searchable in
some cases through an aggregate list of hundreds of published abstracts using only a
subset of scientific literature search engines. Given the lack of details about study
design, planned primary outcomes, blinding, randomization, and recruitment targets,
these abstracts are not able to sufficiently inform a reader about whether a
hypothesized treatment intervention was successful or not. It is important to also note
that published data for recently completed trials may be forthcoming and in general and

should be viewed differently from trials that completed enrollment many years ago.

Interestingly, trials receiving funding from PD foundations were more likely to be
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published than those receiving funding from other sources. This is an encouraging
finding that suggests US medical foundations such as the Michael J Fox Foundation
among others may currently be identifying successful elements of trial execution in the
peer-review stage. Our data are of limited granularity but overall, they give us no reason
to believe that non-foundation trials are more poorly designed than foundation-
sponsored trials. One of several possible reasons foundation-sponsored trials may be
more likely to be published include a tighter and more transparent bond between
stakeholders who fund a given foundation and their expectation of a return on
investment. This may lead to a more explicit directive for foundations and their staff to
be involved in the public dissemination of foundation-funded trials. One would imagine
that this is less true in US federally funded studies. The US National Institutes of Health
recognized this issue related to non-publication of trial findings®? and in 2017 revised its
policies to better “exercise proper stewardship of precious public resources”.®® Industry
sponsored trials, though they are characterized by rigorous scientific planning and well-
coordinated execution, may be initiated for reasons that differ from non-Industry trials.
Understanding the factors for non-publication of clinical trials is an issue with emerging

public health relevance.

Our presented analyses have several limitations. First, they rely on accurate
reporting of trial parameters by the study team through the clinicaltrials.gov website. It is

possible that inaccurate trial registration details may have led us to over- or under-
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estimate the true prevalence of certain primary outcomes. Given the heterogeneity of
reporting quality seen in more complex elements of study registration data—such as
blinding, phase of trial, secondary outcome measures, etc.—we did not utilize these
more advanced data to answer other impactful questions about changes in PD trial
design over the 2007-2016 time period. Registration in clincialtrials.gov is legally
mandated for US FDA-regulated studies and is typically encouraged, though not
required, for other clinical trials aiming to publish results in US-affiliated journals. By
relying only on clincialtrials.gov, we did not capture a broad cohort of studies from other
websites in use across Asia, Europe, South America, Africa, and other regions of the
world where PD is common and where trial registration requirements differ. It is also
possible that some of the 2007-2016 longitudinal temporal trends seen in our study do
not reflect the true distribution of all PD therapeutic clinical trials, but instead more
closely reflect an increasing familiarity among study teams with the use of the
clincialtrials.gov website. We also note that we excluded studies that recruited
participants without synucleinopathies (e.g. recruitment cohorts that included both
Parkinson disease and Alzheimer’s disease subjects). These exclusion criteria allowed
us to more specifically assess PD-focused trials but may also have impacted our
findings.

A PD clinical trial is often the end result of years of preclinical and translational

research. Developing systematic ways to give PD patients and community members a
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greater say in research goals and priorities is likely to yield a body of trials that more
efficiently use finite human resources and whose end results better suit the needs of
intended consumers. Clear first steps towards this goal might include reaching out to
PD community members to serve on scientific review panels, a practice already being
conducted by a number of PD funding agencies. Others have favored using a measure
of “relevance” as pre-funding review criteria.*® Equally important may be giving PD
community members an identified forum—perhaps via social media or through
Parkinson-related meetings—to influence the ideas of PD scientists. Either way, a more
common vision of shared priorities between researchers and PD community members is

likely to improve the long-term fruits of PD clinical research.
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Figure 1: Flow chart of Parkinson disease clinical trials from clincialtrials.gov

Figure 2: Trends in four categories of primary outcomes in registered Parkinson
disease clinical trials (2007-2016)

Figure 3: Peer-reviewed published manuscripts among completed Parkinson disease
clinical trials (2007-2016)
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COPYRIGHT TRANSFER AGREEMENT

Date: 5“0011013

Contributor name: Kﬁ.r a ZT WMW-O'

Contributor address: _| 904 Tabdok‘:‘/\.w& Q&&Q—t{', sopbow €, 1500 E Med)i ced
Covder B SPC S322, Ann Rriooc, ML 48109

Manuscript number:

Re: Manuscript entitled: W0 'D"yea'r LMC"QC&,OQ— of (the “Contributjon”
Nejisleredl Parkon Clituate A (c P le:507-201 b
for publication in: Movernent Disorders (the “Journal™)

Published by Wiley on behalf of The International Parkinson and Movement Disorder Society (the
“Owner”)

Dear Contributor(s):

Thank you for submitting your Contribution for publication. In order to expedite the editing and publishing
process and enable the Owner to disseminate your Contribution to the fullest extent, we need to have this
Copyright Transfer Agreement executed. If the Contribution is not accepted for publication, or if the
Contribution is subsequently rejected, this Agreement shall be null and void. Publication cannot proceed
without a signed copy of this Agreement,.

A. COPYRIGHT

The Contributor assigns to the Owner, during the full term of copyright and any extensions or renewals, all
copyright in and to the Contribution, and all rights therein, including but not limited to the right to
reproduce, publish, republish, transmit, scll, transfer, distribute, and otherwise use the Contribution in whole
or in part in electronic and print cditions of the Journal and in derivative works throughout the world, in all
languages and in all media of expression now known or later developed, and to license or permit others to do
s0.

B. RETAINED RIGHTS

Notwithstanding the above, the Contributor or, if applicable, the Contributor’s employer, retains all
proprietary rights other than copyright, such as patent rights, in any process, procedure or article of
manufacture described in the Contribution. This reservation of rights does not affect or limit the rights
assigned to Owner in Section A.

C. PERMITTED USES BY CONTRIBUTOR

1. License. The Owner grants to Contributor a non-exclusive, non-transferable and limited license to
reproduce and distribute copies of the print or electronic “preprints™ of the unpublished Contribution, in the
original form submitted to the Journal prior to the peer review process, solely to colleagues within the
Contributor’s nonprofit organization or educational institution. The Contributor shall make no more than
100 printed copics of the preprints in any calendar year, Such preprints may be posted as electronic files on
the Contributor's own personal website, on the Contributor’s internal intranet at Contributor’s nonprofit
organization or educational institution, or on a secure external website at the Contributor’s nonprofit
organization or educational institution, provided that access is limited to employees and/or students at
Contributor’s non-profit organization or educational institution. Contributor shall not charge a fee for any
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preprints, and Contributor’s use under this Section C shall not be for any commercial purpose, or for any
systematic external distribution (e.g., posting on a listserve, public website, database connected to a public
access server, or automated dclivery system). The license grant in this Section does not apply to for-profit
corporations, and any proposed usc outside of the scope of this Section C must be pre-approved in writing
by the Owner. The rights granted to Contributor under this Section C do not include reproduction,
distribution or any other use of rating scales, videos or other audiovisual materials associated with the
Contribution.

2. Required Citation. Prior to publication, the Contributor must provide full credit and acknowledgement
of the Journal in all preprints in the following format: This is a preprint of an articlc accepted for
publication in [Journal Title], Copyright © [year] The Intcrnational Parkinson and Movement Disorder
Society. After publication, the Contributor must provide a citation to the Journal in all preprints in the
following format: This is a preprint of an article that was published in [Journal titlc]: (Title of Article,
Contributor, Journal Title and Volume/ Issue, Copyright © [year] The International Parkinson and
Movement Disorder Society). An electronic link must be provided to the Journal's website, located at
http:/www.interscience. Wiley.com. The Contributor agrees not to update the preprint or replace it with the
published version of the Contribution.

3. Accepted Version. Re-use of the accepted and peer-reviewed (but not the final typeset published) version
of the Contribution (the “Accepted Version™) is not permitted under this Agreement. There are separate
arrangements with certain funding agencies governing reuse of the Accepted Version. Additional terms
apply if the Contributor receives or reccived funding from these agencies. The details of those relationships,
and other offerings allowing open web use, are set forth at the following website: http://www.wiley.com/go/
funderstatement,

4, Additional Terms for Certain Funders. Certain funders, including the NIH, members of the Research
Councils UK (RCUK) and Wellcome Trust require deposit of the Accepted Version in a public repository
after an embargo period. Details of funding arrangements are set out at the following website:
http://www,wiley.com/go/funderstatement.  Additional terms may be applicable. Please contact the
production editor for the journal at MDSprod@:wiley.com if you have additional funding requirements.

If any Contributor receiving funds from applicable sources does not cheose the Owner’s OnlineOpen option,
the Contributor will be allowed to self-archive by depositing the Accepted Version in a public repository
after the following applicable embargo period has expired, subject to further conditions imposed by the
RCUK:

a. 12 months from first publication online of the final published version of the Contribution for
research funded by members of the Research Councils UK (RCUK) other than The
Economic and Social Research Council (ESRC) and the Arts and Humanities Research
Council (AHRC); or

b. 24 months from first publication online of the final published version of the Contribution for
research funded by ESRC or AHRC.

5. Additional Terms for Certain Institutions. Wiley has arrangements with certain educational
institutions to permit the deposit of the Accepted Version in the institutional repository after an embargo
period. Details of such arrangements are sct out at the following website:

http://olabout.wiley.conv WileyCIDA/Section/id-406074.hunl . Additional terms may be applicable.

If any Contributor affiliated with thesc applicable educational institutions does not choose the Owner’s
OnlincOpen option, the Contributor will be allowed to self-archive by depositing the Accepted Version in
the educational institution’s repository after the following applicable embargo period has expired. See the
following website for details: http://olabout.wiley.com/WileyCDA/Section/id-81701 1.htm,
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D. CONTRIBUTIONS OWNED BY EMPLOYER

If the Contribution was written by the Contributor in the course of the Contributor’s employment (as a
“work-made-for-hire” in the coursc of cmployment), the Contribution is owned by the company/institution
which must execute this Agreement (in addition to the Contributor’s signature). In such case, the
company/institution hercby assigns to the Owner, during the full term of copyright, all copyright in and to
the Contribution for the full term of copyright throughout the world as specified in Section A above.

E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may
reproduce, without charge, all or portions of the Contribution and may authorize others to do so, for official
U.S. Government purposes only, if the U.S. Government contract or grant so requires. (U.S. Government,
U.K. Govemnment, and other government employees: see notes at end.)

F. CONTRIBUTOR’S REPRESENTATIONS

The Contributor represents that the Contribution is the Contributor’s original work, all individuals identified
as Contributors actually contributed to the Contribution, and all individuals who contributed are included.
The Contribution is submitted only to this Journal and has not been published before. (If excerpts from
copyrighted works owned by third parties are included, the Contributor will obtain written permission from
the copyright owners for all uses as set forth in the Journal’s Instructions for Contributors, and show credit
to the sources in the Contribution.) The Contributor also warrants that the Contribution contains no libelous
or unlawful statements, does not infringe upon the rights (including without limitation the copyright, patent
or trademark rights) or the privacy of others, or contain material or instructions that might cause harm or
injury. Upon request, Contributor will provide the data or will cooperating fully in obtaining and providing
the data on which the Contribution is based for examination by the editors or their assignees.

G. FINANCIAL DISCLOSURES

The Contributor certifies that his/her financial and material support for this research and work, regardless of
date, is clearly identified on Exhibit A to this Agreement. The Contributor has also identified on Exhibit A,
all other support unrelated to this research, covering the past year from the date of submission (e.g., grants,
advisory boards, employment, consultancies, contracts, honoraria, royaltics, expert testimony, partnerships,
or stock ownership in medically-related fields),

H. VIDEO AND PHOTOGRAPHY CONSENT

In the event that the Contribution includes, discloses or incorporates any content (including, without
limitation, any video clip or photograph) which identifies any individual patient(s) (“patient identifiable
content”), the Contributor obtained from such patient(s) written consent to such inclusion, disclosure or
incorporation and that this consent fully complies with all lcgal requirements, including without limitation,
all of the requirements of the laws of the jurisdiction(s) to which the patient(s) and the patient(s)’ physician
are subject, including the United States Health Insurance Portability and Accountability Act of 1996
(“HIPAA™) if applicable. The Contributor hereby certifics that, if the patient consent form is in a language
other than English, such consent form meets all of the requirements set forth in the Instructions to Authors.
In addition, the Contributor hereby confirms that he/she obtained from patient(s) written consent to usc the
paticnt identifiable content in both print and online (i.c., internet/web-based) publication formats. The
Contributor further certifies that the person executing any such patient consent form, to the best of his/her
knowledge, had legal capacity under applicable law to execute the form on behalf of the patient.
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1. ACKNOWLEDGEMENTS

The Contributor should obtain written permission from all individuals named in the acknowledgement since
readers may infer their endorsement of data and conclusions. The Contributor certifies that all individuals
named in the acknowledgement section have provided written permission to be named.

J. MISCELLANEOUS

This Agreement may be amended or modified only in a writing executed by both parties. The waiver or
failure of any party to exercise any rights under this Agreement shall not be deemed a waiver or other
limitation of any other right or any future right. This Agreement shall inure to the benefit of, and shall be
binding upon, the parties, their respective successors and permitted assigns. This Agreement may be
executed in two (2) or more counterparts, each of which shall be an original and all of which taken together
shall constitute one and the same agreement. Executed copies of this Agreement may be delivered by
facsimile transmission, pdffemail or other comparable clectronic means. [f for any reason any provision of this
Agreement shall be deemed by a court of competent jurisdiction to be legally invalid or unenforceable, the
validity, legality and enforceability of the remainder of this Agreement shall not be affected and such
provision shall be deemed modified to the minimum cxtent necessary to make such provision consistent with
applicable law and, in its modified form, such provision shall then be enforceable and enforced. The parties
agree to do such further acts and to execute and deliver such additional agreements and instruments from
time to time as either may at any time reasonably request in order to assure and confirm unto such requesting
party the rights, powers and remedics conferred in the Agreement. This Agreement, including any exhibits
attached hereto, contains the entire agreement and understanding of the parties with respect to the subject
matter hereof, and supersedes all prior agreements, negotiations, representations and proposals, written and
oral, relating thereto.

All Contributors must sign below. Contributors must check one box except that NTH grantees should
check both Contributor-owned work and the NIH grantee box. If your Contribution was written
during the course of employment, your employer must also sign where indicated.

Please send your original completed and signed forms by fax or email a scanned copy to the Journal
production editor. For production editor contact details please visit the Journal’s online author guidelines.
Do not send in hard copies of these forms.

( ] Contributor-owned work @@/‘ D 20(8
qontribu r's signature Date
Varo.

Type or print name and title

Co-Contributor’s signaturce Date

Type or print name and title
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[ ] Company/Institution-owned
Work (made-for-hirec inthe  Company or Institution (Employer-for-Hire) ~ Date
Course of employment)

Authorized signature of Employer Date

Contributor’s signature Date

Type or print name and title

ATTACH ADDITIONAL SIGNATURE PAGES AS NECESSARY

[ ] U.S. Government work
Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or
which is an official U.S. Government publication, is called a "U.S. Government work", and is in the public
domain in the United States. In such case, Paragraph A.1 will not apply but the Contributor must type
his/her name (in the Contributor's signature line) above. Contributor acknowledges that the Contribution
will be published in the United States and other countries. If the Contribution was not prepared as part of
the employee's duties or is not an official U.S. Government publication, it is not a U.S. Government work.

[ ] U.K. Government work (Crown Copyright)

Note to UK. Government Employees

The rights in a contribution prepared by an employee of a UK government department, agency or other
Crown body as part of his/her official duties, or which is an official government publication, belong to the
Crown. Contributors must ensure they comply with departmental regulations and submit the appropriate
authorisation to publish. If your status as a government employee legally prevents you from signing this
Agreement, please contact the Journal production editor.

[ ] Other

Including Other Government work or Non-Governmental Organisation work

Note to Non-U.S., Non-U.K. Government Employees or Non-Governmental Organisation Employees
Ifyour status as a government or non-governmental organisation employee legally prevents you from
signing this Agreement, please contact the Journal production editor.
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Exhibit A
Financial Disclosure

The Contributor has received financial and material support for this research and work regardless of date
from the following sources:

Name:

Address:

Type of support:

This material will be printed with the published article.

In the past year from the date of submission, the Contributor has also received the following support
unrelated to this research (e.g., grants, advisory boards, employment, consultancies, contracts, honoraria,
royalties, expert testimony, partnerships, or stock ownership in medically-related ficlds):

Menad J Fox Coundadion £+ Parkdson's Receasch
Address: _rond Cenbral Stalion, O.D. box 117, NewdRork ,NY 10163

Type of support: &0 M‘\’

This material will be posted on the journal website and may be printed at the Editors’ discretion.

ATTACH ADDITIONAL INFORMATION AS NECESSARY

Bl u\\\&w (o . Fvundabon
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COPYRIGHT TRANSFER AGREEMENT

Date: 5/ 8[ |(0)
Contributor name: %Yl La. yas Uda

Contributor address: %06 Pd(,tard 6’. A’nn MO(, _’H ' I ZIOL' (AP" ;0 é)

Manuscript number:

h o-g r
Re: Manuscript entitled: The ! o landscapedo‘ st,a&ﬁ (the “Contribution”)
chnicd\ mats: 200%- L b

for publication in: Movement Disorders (the “Journal”)

m

Published by Wiley on behalf of The International Parkinson and Movement Disorder Society (the
“Owner”)

Dear Contributor(s):

Thank you for submitting your Contribution for publication. In order to expedite the editing and publishing
process and enable the Owner to disseminate your Contribution to the fullest extent, we need to have this
Copyright Transfer Agreement executed. If the Contribution is not accepted for publication, or if the

Contribution is subsequently rejected, this Agreement shall be null and void. Publication cannot proceed
without a signed copy of this Agreement.

A. COPYRIGHT

The Contributor assigns to the Owner, during the full term of copyri ght and any extensions or renewals, all
copyright in and to the Contribution, and all rights therein, including but not limited to the right to
reproduce, publish, republish, transmit, sell, transfer, distribute, and otherwise use the Contribution in whole
or in part in electronic and print editions of the Journal and in derivative works throughout the world, in all

languages and in all media of expression now known or later developed, and to license or permit others to do
SO.

B. RETAINED RIGHTS

Notwithstanding the above, the Contributor or, if applicable, the Contributor’s employer, retains all

proprietary rights other than copyright, such as patent rights, in any process, procedure or article of
manufacture described in the Contribution. This reservation of rights does not affect or limit the ri ghts
assigned to Owner in Section A.

C. PERMITTED USES BY CONTRIBUTOR

1. License. The Owner grants to Contributor a non-exclusive, non-transferable and limited license to
reproduce and distribute copies of the print or electronic “preprints” of the unpublished Contribution, in the
original form submitted to the Journal prior to the peer review process, solely to colleagues within the
Contributor’s nonprofit organization or educational institution. The Contributor shall make no more than
100 printed copies of the preprints in any calendar year. Such preprints may be posted as electronic files on
the Contributor’s own personal website, on the Contributor’s internal intranet at Contributor’s nonprofit
organization or educational institution, or on a secure external website at the Contributor’s nonprofit
organization or educational institution, provided that access is limited to employees and/or students at
Contributor’s non-profit organization or educational institution. Contributor shall not charge a fee for any
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I. ACKNOWLEDGEMENTS

The Contributor should obtain written permission from all individuals named in the acknowledgement since

readers may infer their endorsement of data and conclusions. The Contributor certifies that all individuals
named in the acknowledgement section have provided written permission to be named.

J. MISCELLANEOUS

This Agreement may be amended or modified only in a writing executed by both parties. The waiver or

failure of any party to exercise any rights under this Agreement shall not be deemed a waiver or other
limitation of any other right or any future right. This Agreement shall inure to the benefit of, and shall be
binding upon, the parties, their respective successors and permitted assigns. This Agreement may be
executed in two (2) or more counterparts, each of which shall be an original and all of which taken together
shall constitute one and the same agreement. Executed copies of this Agreement may be delivered by
facsimile transmission, pdf/email or other comparable electronic means. If for any reason any provision of this
Agreement shall be deemed by a court of competent jurisdiction to be legally invalid or unenforceable, the
validity, legality and enforceability of the remainder of this Agreement shall not be affected and such
provision shall be deemed modified to the minimum extent necessary to make such provision consistent with
applicable law and, in its modified form, such provision shall then be enforceable and enforced. The parties
agree to do such further acts and to execute and deliver such additional agreements and instruments from

time to time as either may at any time reasonably request in order to assure and confirm unto such requesting
party the rights, powers and remedies conferred in the Agreement. This Agreement, including any exhibits
attached hereto, contains the entire agreement and understanding of the parties with respect to the subject

matter hereof, and supersedes all prior agreements, negotiations, representations and proposals, written and
oral, relating thereto.

All Contributors must sign below. Contributors must check one box except that NIH grantees should
check both Contributor-owned work and the NIH grantee box. If your Contribution was written

during the course of employment, your employer must also sign where indicated.

Please send your original completed and signed forms by fax or email a scanned copy to the Journal
production editor. For production editor contact details please visit the Journal’s online author guidelines.
Do not send in hard copies of these forms.

//

[ V] Contributor-owned work /L."of/ / 5 Z 5 / I 5
Sntribyfor’s signature Date

fnka Yasuda

Type or print name and title

Co-Contributor’s signature Date

Type or print name and title

E
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COPYRIGHT TRANSFER AGREEMENT

Date: 3/ 1% l/ LO
Contributor name: \}l w %W«L

280D Tlywmofo B, NERC— Batleling 1Y, pran fow b, MZ Y B(0A

Contributor address:
Manuscript number: ek

T (O~ o [andStage Hrgpistee L Vo biviond (Sess e linne el L ¢
Re: Manuscript entitled: (the “Contribution™) 2o0F}-20 o

for publication in: Movement Disorders (the “Journal™)

* Published by Wiley on behalf of The International Parkinson and Movement Disorder Society (the
“Owner”)

Dear Contributor(s):

Thank you for submitting your Contribution for publication. In order to expedite the editing and publishing
process and enable the Owner to disseminate your Contribution to the fullest extent, we need to have this
Copyright Transfer Agreement executed. If the Contribution is not accepted for publication, or if the
Contribution is subsequently rejected, this Agreement shall be null and void. Publication cannot proceed
without a signed copy of this Agreement.

A. COPYRIGHT

The Contributor assigns to the Owner, during the full term of copyright and any extensions or renewals, all
copyright in and to the Contribution, and all rights therein, including but not limited to the right to
reproduce, publish, republish, transmit, sell, transfer, distribute, and otherwise use the Contribution in whole
or in part in electronic and print editions of the Journal and in derivative works throughout the world, in all
languages and in all media of expression now known or later developed, and to license or permit others to do
so.

B. RETAINED RIGHTS

Notwithstanding the above, the Contributor or, if applicable, the Contributor’s employer, retains all
proprietary rights other than copyright, such as patent rights, in any process, procedure or article of
manufacture described in the Contribution. This reservation of rights does not affect or limit the rights
assigned to Owner in Section A.

C. PERMITTED USES BY CONTRIBUTOR

1. License. The Owner grants to Contributor a non-exclusive, non-transferable and limited license to
reproduce and distribute copies of the print or electronic “preprints” of the unpublished Contribution, in the
original form submitted to the Journal prior to the peer review process, solely to colleagues within the
Contributor’s nonprofit organization or educational institution. The Contributor shall make no more than
100 printed copies of the preprints in any calendar year. Such preprints may be posted as electronic files on
the Contributor’s own personal website, on the Contributor’s internal intranet at Contributor’s nonprofit
organization or educational institution, or on a secure external website at the Contributor’s nonprofit
organization or educational institution, provided that access is limited to employees and/or students at
Contributor’s non-profit organization or educational institution. Contributor shall not charge a fee for any
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preprints, and Contributor’s use under this Section C shall not be for any commercial purpose, or for any
systematic external distribution (e.g., posting on a listserve, public website, database connected to a public
access server, or automated delivery system). The license grant in this Section does not apply to for-profit
corporations, and any proposed use outside of the scope of this Section C must be pre-approved in writing
by the Owner. The rights granted to Contributor under this Section C do not include reproduction,
distribution or any other use of rating scales, videos or other audiovisual materials associated with the
Contribution.

2. Required Citation. Prior to publication, the Contributor must provide full credit and acknowledgement
of the Journal in all preprints in the following format: This is a preprint of an article accepted for
publication in [Journal Title], Copyright © [year] The International Parkinson and Movement Disorder
Society. After publication, the Contributor must provide a citation to the Journal in all preprints in the
following format: This is a preprint of an article that was published in [Journal title]: (Title of Article,
Contributor, Journal Title and Volume/ Issue, Copyright © [year] The International Parkinson and
Movement Disorder Society). An electronic link must be provided to the Journal’s website, located at
http://www.interscience. Wiley.com. The Contributor agrees not to update the preprint or replace it with the
published version of the Contribution.

3. Accepted Version. Re-use of the accepted and peer-reviewed (but not the final typeset published) version
of the Contribution (the “Accepted Version”) is not permitted under this Agreement. There are separate
arrangements with certain funding agencies governing reuse of the Accepted Version. Additional terms
apply if the Contributor receives or received funding from these agencies. The details of those relationships,
and other offerings allowing open web use, are set forth at the following website: http:/www.wiley.com/go/
funderstatement.

4. Additional Terms for Certain Funders. Certain funders, including the NTH, members of the Research
Councils UK (RCUK) and Wellcome Trust require deposit of the Accepted Version in a public repository
after an embargo period. Details of funding arrangements are set out at the following website:
http://www.wiley.com/go/funderstatement, Additional terms may be applicable. Please contact the
production editor for the journal at MDSprod@@wilcy.com if you have additional funding requirements.

If any Contributor receiving funds from applicable sources does not choose the Owner’s OnlineOpen option,
the Contributor will be allowed to self-archive by depositing the Accepted Version in a public repository
after the following applicable embargo period has expired, subject to further conditions imposed by the
RCUK:

a, 12 months from first publication online of the final published version of the Contribution for
research funded by members of the Research Councils UK (RCUK) other than The
Economic and Social Research Council (ESRC) and the Arts and Humanities Research
Council (AHRC); or

b. 24 months from first publication online of the final published version of the Contribution for
research funded by ESRC or AHRC.

5, Additional Terms for Certain Institutions. Wiley has arrangements with certain educational
institutions to permit the deposit of the Accepted Version in the institutional repository after an embargo
period. Details of such arrangements are set out at the following website:
http://olabout.wiley.com/WileyCDA/Section/id-406074.html . Additional terms may be applicable.

If any Contributor affiliated with these applicable educational institutions does not choose the Owner’s
OnlineOpen option, the Contributor will be allowed to self-archive by depositing the Accepted Version in
the educational institution’s repository after the following applicable embargo period has expired. See the
following website for details: htp://olabout.wiley.com/WileyCDA/Scction/id-81701 1.html.
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D. CONTRIBUTIONS OWNED BY EMPLOYER

If the Contribution was written by the Contributor in the course of the Contributor’s employment (as a
“work-made-for-hire” in the course of employment), the Contribution is owned by the company/institution
which must execute this Agreement (in addition to the Contributor’s signature). In such case, the
company/institution hereby assigns to the Owner, during the full term of copyright, all copyright in and to
the Contribution for the full term of copyright throughout the world as specified in Section A above.

E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or grant, the U.S. Government may
reproduce, without charge, all or portions of the Contribution and may authorize others to do so, for official
U.S. Government purposes only, if the U.S. Government contract or grant so requires. (U.S. Government,
U.K. Government, and other government employees: see notes at end.)

F. CONTRIBUTOR’S REPRESENTATIONS

The Contributor represents that the Contribution is the Contributor’s original work, all individuals identified
as Contributors actually contributed to the Contribution, and all individuals who contributed are included.
The Contribution is submitted only to this Journal and has not been published before. (If excerpts from
copyrighted works owned by third parties are included, the Contributor will obtain written permission from
the copyright owners for all uses as set forth in the Journal’s Instructions for Contributors, and show credit
to the sources in the Contribution.) The Contributor also warrants that the Contribution contains no libelous
or unlawful statements, does not infringe upon the rights (including without limitation the copyright, patent
or trademark rights) or the privacy of others, or contain material or instructions that might cause harm or
injury. Upon request, Contributor will provide the data or will cooperating fully in obtaining and providing
the data on which the Contribution is based for examination by the editors or their assignees.

G. FINANCIAL DISCLOSURES

The Contributor certifies that his/her financial and material support for this research and work, regardless of
date, is clearly identified on Exhibit A to this Agreement. The Contributor has also identified on Exhibit A,
all other support unrelated to this research, covering the past year from the date of submission (e.g., grants,
advisory boards, employment, consultancies, contracts, honoraria, royalties, expert testimony, partnerships,
or stock ownership in medically-related fields).

H. VIDEO AND PHOTOGRAPHY CONSENT

In the event that the Contribution includes, discloses or incorporates any content (including, without
limitation, any video clip or photograph) which identifies any individual patient(s) (“patient identifiable
content”), the Contributor obtained from such patient(s) written consent to such inclusion, disclosure or
incorporation and that this consent fully complies with all legal requirements, including without limitation,
all of the requirements of the laws of the jurisdiction(s) to which the patient(s) and the patient(s)’ physician
are subject, including the United States Health Insurance Portability and Accountability Act of 1996
(“HIPAA”) if applicable. The Contributor hereby certifies that, if the patient consent form is in a language
other than English, such consent form meets all of the requirements set forth in the Instructions to Authors.
In addition, the Contributor hereby confirms that he/she obtained from patient(s) written consent to use the
patient identifiable content in both print and online (i.e., internet/web-based) publication formats. The
Contributor further certifies that the person executing any such patient consent form, to the best of his/her
knowledge, had legal capacity under applicable law to execute the form on behalf of the patient.
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I. ACKNOWLEDGEMENTS

The Contributor should obtain written permission from all individuals named in the acknowledgement since
readers may infer their endorsement of data and conclusions. The Contributor certifies that all individuals
named in the acknowledgement section have provided written permission to be named.

J. MISCELLANEOUS

This Agreement may be amended or modified only in a writing executed by both parties. The waiver or
failure of any party to exercise any rights under this Agreement shall not be deemed a waiver or other
limitation of any other right or any future right. This Agreement shall inure to the benefit of, and shall be
binding upon, the parties, their respective successors and permitted assigns. This Agreement may be
executed in two (2) or more counterparts, each of which shall be an original and all of which taken together
shall constitute one and the same agreement. Executed copies of this Agreement may be delivered by
facsimile transmission, pdf/email or other comparable electronic means. If for any reason any provision of this
Agreement shall be deemed by a court of competent jurisdiction to be legally invalid or unenforceable, the
validity, legality and enforceability of the remainder of this Agreement shall not be affected and such
provision shall be deemed modified to the minimum extent necessary to make such provision consistent with
applicable law and, in its modified form, such provision shall then be enforceable and enforced. The parties
agree to do such further acts and to execute and deliver such additional agreements and instruments from
time to time as either may at any time reasonably request in order to assure and confirm unto such requesting
party the rights, powers and remedies conferred in the Agreement. This Agreement, including any exhibits
attached hereto, contains the entire agreement and understanding of the parties with respect to the subject
matter hereof, and supersedes all prior agreements, negotiations, representations and proposals, written and
oral, relating thereto.

All Contributors must sign below. Contributors must check one box except that NIH grantees should
check both Contributor-owned work and the NIH grantee box. If your Contribution was written
during the course of employment, your employer must also sign where indicated.

Please send your original completed and signed forms by fax or email a scanned copy to the Journal
production editor. For production editor contact details please visit the Journal’s online author guidelines.
Do not send in hard copies of these forms.
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[ ]U.S. Government work
Note to U.S. Government Employees
A contribution prepared by a U.S. federal government employee as part of the employee's official duties, or
which is an official U.S. Government publication, is called a "U.S. Government work", and is in the public
domain in the United States. In such case, Paragraph A.1 will not apply but the Contributor must type
his/her name (in the Contributor's signature line) above. Contributor acknowledges that the Contribution
will be published in the United States and other countries. If the Contribution was not prepared as part of
the employee's duties or is not an official U.S. Government publication, it is not a U.S. Government work.

[ ] U.K. Government work (Crown Copyright)

Note to UK. Government Employees

The rights in a contribution prepared by an employee of a UK government department, agency or other
Crown body as part of his/her official duties, or which is an official government publication, belong to the
Crown. Contributors must ensure they comply with departmental regulations and submit the appropriate
authorisation to publish. If your status as a government employee legally prevents you from signing this
Agreement, please contact the Journal production editor.

[ ] Other

Including Other Government work or Non-Governmental Organisation work

Note to Non-U.S., Non-U.K. Government Employees or Non-Governmental Organisation Employees
If your status as a government or non-governmental organisation employee legally prevents you from
signing this Agreement, please contact the Journal production editor.
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This material will be printed with the published article.
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Table 1: Primary Outcomes in applicable Parkinson disease clinical trials 2007-2016
registered on clinicaltrials.gov

All Therapeutic
Trials (n=766)

Published
Therapeutic
Trials (n=391)

High Primary Outcomes N (%) N (%)
Priority Gait/Balance 125 (16.3%) 50 (12.8%)
Cognitive 48 (6.3%) 24 (6.1%)
Outcome
Mood 37 (4.8%) 16 (4.1%)
Safety/Tolerability 88 (11.5%) 75 (19.2%)
Other Outcomes
UPDRS/MDS-UPDRS 75 (9.8%) 38 (9.7%)
Common Motor exam
Biomarker Primary 62 (8.1%) 26 (6.6%)
Outcome Outcomes
Optimizing On/Off-time | 61 (8.0%) 39 (10.0%)
Measures
UPDRS/MDS-UPDRS 38 (5.0%) 19 (4.9%)

Total exam

UPDRS: Unified Parkinson’s Disease Rating Scale; MDS-UPDRS: Movement Disorders

Society revised Unified Parkinson’s Disease Rating Scale
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