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Abstract As neurologists and neuroscientists, we are trained
to evaluate disorders of the nervous system by thinking sys-
tematically. Clinically, we think in terms of cognition, behav-
ior, motor function, sensation, balance and co-ordination, and
autonomic system function. But when we assess symptoms of
neurological disorders for the purpose of drug development,
we tend to create disease-specific outcome measures, often
using a variety of methods to assess the same types of dys-
function in overlapping, related disorders. To begin to ex-
plore the potential to simplify and harmonize the assess-
ment of dysfunction across neurological disorders, a

symposium, entitled, "Commonalities in the Development
of Outcome Measures in Neurology" was held at the 16th
annual meeting of the American Society for Experimental
NeuroTherapeutics (ASENT), in February 2014. This pa-
per summarizes the presentations at the symposium. The
authors hope that readers will begin to view Clinical
Outcome Assessment (COA) development in a new light.
We hope that in presenting this material, we will stimulate
discussions and collaborations across disease areas to de-
velop common concepts of neurological COA develop-
ment and construction.
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Introduction

Jesse M. Cedarbaum MD
As neurologists and neuroscientists, we are trained to

evaluate disorders of the nervous system by thinking
systematically. Clinically, we think in terms of cognition,
behavior, motor function, sensation, balance and coordina-
tion, and autonomic system function. But when we assess
symptoms of neurological disorders for the purpose of
drug development, we tend to create disease-specific out-
come measures, often using a variety of methods to assess
the same types of dysfunction in overlapping, related
disorders. We now have a series of legacy clinical trial
outcome measures, the clinical relevance of which is being
challenged, or the precision and sensitivity of which ap-
pear less than adequate to demonstrate efficacy in chronic,
progressive neurological disorders.

In clinical practice, we take a neurological history and
perform a neurological examination. We modify the history
we take or examination we perform based on the clinical data
that emerge before us. And in doing so, we organize our
history taking and examining according to domains of neuro-
logical function. Our psychiatric colleagues are advancing, in
the Research Domain Criteria initiative described below, the
concept of assessing domains of dysfunction and disability
instead of adhering to a rigid nosology of disease [1]. Can we
do the same in neurology?

To begin to explore the potential to simplify and harmonize
the assessment of dysfunction across neurological disorders, a
symposium entitled, “Commonalities in the Development of
OutcomeMeasures in Neurology”was held at the 16th annual
meeting of the American Society for Experimental
NeuroTherapeutics, in February 2014. This paper summarizes
the presentations at the symposium. The authors and contrib-
utors, who were drawn from the academic community, phar-
maceutical industry, patient advocacy groups, the USNational
Institutes of Health and regulatory bodies, hope that readers
will begin to view clinical outcome assessment development
in a new light.

The goals of this summary are 3-fold: 1) to define the
concepts and the regulatory context for the development of
clinical outcome measures; 2) to illustrate using specific ex-
amples challenges identified and approaches being taken by
investigators to meet these challenges in a number of areas of
clinical neurology; and 3) to call attention to new tools and
frameworks that may enable us to begin speaking with a
common vocabulary as we evaluate outcomes across indica-
tions in neurotherapeutics development. This symposium rep-
resents only a beginning of this effort.

We hope that, through the diverse vignettes summarized
herein, wewill stimulate discussions and collaborations across
disease areas to develop common concepts of neurological
clinical outcome assessment development and construction.

Conceptual and Regulatory Background

Keynote: An Overview of Clinical Outcome Assessments

Mark K. Walton MD, PhD [Note: the views presented in this
article are those of the author and do not necessarily reflect
policies of the Food and Drug Administration (FDA).]

Planning a clinical trial should include careful selection of
clinical outcome assessments (COAs) because of the critical
role that COAs play in the success, or failure, of a study’s
ability to evaluate the treatment effect. For a variety of rea-
sons, there are many diseases for which the COA of choice is
not well established. For example, there may be no COA
known to be sensitive to the clinical manifestations of the
disease, or to a particular aspect of disease impact that is of
interest. Experience with existing COAs in prior clinical trials
may have revealed weaknesses of a COA, such as with
reliability, acceptability of the assessment procedure by pa-
tients, or sensitivity to change within a reasonable study
duration. How a COA is used in the endpoint, as defined by
the study design and data analysis, can ameliorate some
problems. Nonetheless, the intrinsic properties of the COA
will have a large influence on the usefulness of the endpoint.

A general process for developing new COAs has been
described by the FDA [2]. If the COA is to be developed
and qualified in advance of any particular drug development
program’s use of the COA, the first step is to clearly under-
stand the disorder, including features such as the phenotypes
or other subtypes of the disease, the breadth of manifestations,
the clinical course of the disease, and the range of severity,
along with the variability in these. An important component of
developing a good COA is to ensure that the “patient’s voice”
has been heard in selecting what aspects of the disease to focus
on. Which manifestations of the disease are most important to
patients (and if that varies at different stages of the disease),
and how the manifestations affect the patients in their typical
daily lives need to be understood. The expected effects of a
treatment can then be considered to select which aspects of
patients’ functioning or feelings should be targeted as the
meaningful benefit from treatment, and will need to be mea-
sured by the COA.

Because there is often a range of phenotypes within a
disease, a range of stages of severity, as well as other differ-
ences among patients with the same disease diagnosis, a
specific COA may be suitable for studying only a portion of
the patients with the disease. Thus, the specific population of
patients that is intended for study needs to be identified. The
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intended population is one of a wide variety of elements
[collectively called a “context of use” (COU)] that precisely
defines how a COA can be validly used. In addition to the
specific disease patient population, elements such as the study
setting, geographic region, or concomitant care of patients
may also need to be specified.

In some cases the intended health benefit on a patient’s
daily life can be readily measured directly (e.g., as with a
patient-reported outcome questionnaire), but often that is dif-
ficult to do. In such cases, study designers might find it better
to infer the true health benefit based on a less direct measure-
ment such as a physician evaluation in the clinic, or perfor-
mance of an in-clinic procedure (e.g., timed walking, muscle
strength testing). In this case, a concept of interest (COI) for
measurement is defined, which is thought to have a useful
relationship to the meaningful effects of treatment on patients
within their typical daily life. Measurement in this manner,
while a step removed from the true, meaningful, benefit of the
treatment, might have reliability and/or sensitivity. When the
measurement method is well defined, and it is understood how
to interpret the COA (i.e., how to translate changes in mea-
surements into changes in patient’s daily lives), this can be a
very powerful approach.

After the COI is selected, a survey of existing COAs that
measure the COI can be reviewed and considered to assess if
any existing tools appear well suited, or closely enough to
warrant the effort to modify the COA tool. Alternatively, there
may be no existing COAs suited to the selected COIwithin the
desired COU, and a new COA will need to be developed.
Whether an existing COA is being used or modified, or a new
COA is being developed, evaluating the COA properties in
light of the desired COU should be done to establish that the
COA is acceptable for the intended use. These properties
include the content validity of the COA, reliability, sensitivity
to change, and other related properties. The clinical meaning-
fulness of the COA is critical to evaluate: What do the mea-
surements and changes in measurements mean for the patients
in their typical daily lives? This will be easier to show for
COA procedures that closely resemble patients’ activities in
their daily lives than for measurement procedures that are only
loosely related to daily life, but it is important to elucidate for
both.

Developing new COAs is not a trivial task, but it can
be very important to the success of therapeutic development
programs. Because many disorders have similar impacts on
patients’ lives as other disorders, there is substantial interest in
whether, or how, COAs established for one COU can be
transported to another COU, such as a different disease that
has similar clinical manifestations. Because there would be
much already known about a well-developed and evaluated
COA, this may be an efficient approach to obtaining a COA
for a disorder for which there has not been any, or any good,
assessments available. Automatic applicability, however,

cannot be assumed. When the context of use changes, the
measurement properties relied upon for developing new
COAs should be reevaluated in the new COU. Even if the
measurement properties of the original COA are not entirely
suitable for the new COU, modification of the original COA
for the new COU might be more quickly accomplished than
creating an entirely new COA, and yield a COAwith adequate
properties in the COU.

All the issues described for the development of new COAs
are relevant to the re-use in a new COU, and the COA
properties within the new COU will need to be considered.
Without careful consideration, weaknesses in an existing
COA for a new COU might be unrecognized and negatively
impact therapy development programs. Content validity, for
example, might be different in two disorders. Although at a
high level the functional domain of interest is the same in the
two disorders, the detailed description of how the disorder’s
impairments affect the patients’ lives may be different, and a
COA comprehensive for the domain in one disorder may not
be in another. Alternatively, if two disorders (or two different
populations within a single disorder) have different ranges of
severity, then the COA’s range of measurement may be suit-
able for one disorder but not for the other (e.g., ceiling or floor
measurement effects may damage the usefulness of the COA).

Because many disorders have similar impacts on patients’
lives as other disorders, transportability of COAs from one
disorder to another is of great interest. However, development
of COAs can be complex. Development of a new COA explic-
itly with multiple COUs in mind might provide greater efficien-
cy in achieving availability of good COAs for multiple diseases.
Similarly, starting with a well-developed COA in one disease
may be an efficient path to have a good tool for a similar disease,
but will warrant some re-evaluation of the COA in the newCOU
to avoid setbacks in therapy development.

The Role of Regulatory Qualification of New Outcome
Measures: European Regulatory Perspective

Maria Isaac MD, PhD, MFPM [Note: the views expressed in
this article are the personal views of the author and may not be
understood nor quoted as being made on behalf of or
reflecting the position of the European Medicines Agency
(EMA) or one of its committees or working parties or any of
the national agencies.]

Clinical assessment tools are continuously evolving, and
predictive accuracy needs to be validated using clear regula-
tory guidance to be accepted by regulators. For example, the
development of new outcomes measures to be employed in
clinical trials of drugs intended to treat predementia stages of
Alzheimer’s disease (AD) requires involving regulators in
discussions early in the development of each clinical trial
program. Previous EMA guidelines require a co-primary out-
come measure, which involves an assessment of cognition by
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a clinician and a measure of disability such as scales that
assess activities of daily living (ADLs). However, discussion
about development of predementia has caused an update of
the Committee for Medicinal Products for Human Use
(CHMP) guidelines in dementia [3], following the first qual-
ification procedures for novel clinical trial methods for AD
studies published in 2011 [4]. The current scientific advice
and qualifications procedures at the CHMP incorporate rec-
ommendations for how to measure cognition and disability
earlier in the predementia stages of AD.

Scientific assessment of the potential for use of new meth-
odologies (clinical outcomes, biomarkers, new statistical
methods) in clinical trials can be advanced in a structured
fashion through the process of qualification, which was re-
cently introduced by regulatory agencies including the EMA
and the US Food and Drugs Administration. Regulatory qual-
ification of a new method or tool for a defined context of use
provides scientifically robust assurances to sponsors and reg-
ulators that accelerate appropriate adoption of new methods
into drug development and clinical practice. Such assurance
saves time and money by removing the burden of proof on
each individual sponsor to provide data to regulatory agencies
on performance and validation.

In Europe, the Qualification of Novel Methodologies pro-
cedure (http://www.emea.europa.eu/pdfs/human/biomarkers/
7289408en.pdf), established by the EMA in 2008, provides
the regulatory pathway for qualification of new outcome
measures. The aim of the procedure is to facilitate the
review of new methodologies employed in pivotal trials at
the time of the Marketing Authorization Application (MAA),
by providing prior assurance to EMA of their scientific and
clinical validity. Regulatory qualification of new clinical
assessment tools enables drug development teams that are
using new clinical endpoints for targeting new indications to
provide regulators with an understanding of their clinical
meaningfulness. As part of this process, robust regulatory
discussion that includes contributions from patient
organizations, academic experts, and the pharmaceutical
industry in the qualification process offers the possibility of
presenting a common regulatory understanding in the
development of new outcome measures and assessment tools.

Although the qualification process is entirely voluntary,
sponsors are urged to contact the Scientific Advice Working
Party as early as possible to receive qualification advice; they
are allowed to approach the EMAwith a dossier in support of
a direct qualification opinion. Publication of draft qualifica-
tion opinions opens new proposed tools and methods to
scientific scrutiny and public comment to ensure that adopted
opinions are broadly accepted within the community. The
qualification process thus can play a valuable part in estab-
lishing the concept of interest and context of use for novel
Clinical Outcome Assessments in the development of novel
neurological therapies.

Session 1: Summaries of Efforts to Update and Obtain
Regulatory Qualification of Selected Disease-specific
Outcome Measures

Critical Path Institute: Accelerating Drug Development
Through Regulatory Science

Diane Stephenson PhD
The Critical Path Institute (C-Path) is a nonprofit, public–

private partnership that the US Food and Drug Administration
(FDA) created under the auspices of its Critical Path
Initiatives program in 2005. C-Path’s aim is to accelerate the
pace and reduce the costs of medical product development
through the creation of new data standards, measurement
standards, and methods standards that aid in the scientific
evaluation of the efficacy and safety of new therapies. These
precompetitive standards and approaches have been termed
“drug development tools” (DDTs) by the FDA, which
established a process for official review and confirmation of
their validity for a given context of use. C-Path orchestrates
the development of DDTs through an innovative, consortia-
driven approach to the sharing of data and expertise and
consensus building among participating scientists from indus-
try and academia with FDA participation and iterative
feedback.

C-Path is organized by program areas that focus on either a
specific aspect or stage of medical product development or on
a specific disease type. Currently C-Path research is divided
into the following programs: Coalition Against Major
Diseases (CAMD), Patient-Reported Outcome (PRO)
Consortium and Electronic PRO Consortium, Critical Path
to TB Drug Regimens, Polycystic Kidney Disease
Consortium, and the Predictive Safety Testing Consortium.
In addition, C-Path has recently entered into a partnership
agreement with the Clinical Data Interchange Standards
Consortium (CDISC) to create the Coalition for Accelerating
Standards and Therapies, which will develop clinical research
data standards in additional therapeutic areas identified as high
priority by the FDA and industry (Fig. 1).

CAMD was formed in 2009 with the realization of the
exceptional challenges and need for collaboration in success-
ful therapeutic development for age-related neurodegenerative
diseases [5]. The mission of CAMD is to accelerate the
development of therapies for Alzheimer’s disease (AD) and
Parkinson’s disease by generating methods and tools for eval-
uating drug efficacy, expediting clinical trials, and
streamlining review by regulatory agencies [3]. CAMD’s
accomplishments to date include: 1) development, in collab-
oration with the CDISC, of the first AD and PD (with the
involvement of National Institute of Neurological Disorders
and Stroke) data standards for use in clinical trials; 2) the first
biomarker qualification from the EuropeanMedicines Agency
(EMA) for the use of magnetic resonance imaging to select
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patients with early stages of cognitive impairment for AD
clinical trials; 3) development of a transformational quantita-
tive drug–disease trial modeling and simulation tool for mild
and moderate AD, representing the first disease model ad-
vanced for a regulatory decision; 4) establishment of a unified
clinical database for AD from the placebo arm of 24 clinical
trials, with patient-level data from 6500 patients; the CAMD
CODR [Critical Path Institute (C-Path) Online Data
Repository (CODR)] database is available to qualified re-
searchers and is facilitating addressing a variety of unad-
dressed research questions.

Established instruments to measure cognition lack sensi-
tivity and responsiveness in early stages of the AD process
(e.g., Raghavan et al. [6]). CAMD’s most recent project aims
to address this problem by advancing a composite clinical
outcome assessment tool built from elements of existing
scales through a formal regulatory path for qualification as a
primary outcome measure for predementia AD trials. This
project originated as an alliance between CAMD and another
public–private partnership, the Alzheimer’s Disease
Neuroimaging Initiative, when it became clear that duplicative
efforts were taking place by individual pharmaceutical com-
panies. Individual industry and academic efforts have pro-
posed more sensitive and responsive instruments in early
stages of AD. Leading proposals include items from existing
measures (ADASCog, Clinical Dementia Rating Scale Sum
of Boxes, Mini-Mental Status Examination) as a composite
clinical endpoint emphasizing both cognitive and functional
measures of performance.

This project, as outlined in Fig. 2, aligns with the FDA’s
2013 draft guidance on early AD (Guidance for Industry:
Alzheimer’s Disease: Developing Drugs for the Treatment of

Early Stage Disease, http://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/
UCM338287.pdf), as well as the EMA’s 2013 Concept Paper
on Need for Revision of the Guideline on Medicinal Products
for the Treatment of Alzheimer’s Disease and other Dementias
(http://www.ema.europa.eu/docs/en_GB/document_library/
Scientific_guideline/2013/10/WC500153464.pdf). CAMD’s
predementia clinical outcome assessment tool project
received feedback from both the FDA and EMA to a formal
letter of intent, including the intention to align between
regulatory agencies with parallel reviews, as well as the
importance of addressing clinical meaningfulness with any
proposed composite measurement tool. CAMD has aligned
with numerous public–private partnerships, including C-
Path’s PRO consortium to address this gap [7]. Sharing
learning across brain diseases is also underway, as
highlighted by the American Society for Experimental
Neurotherapeutics session, and promises to benefit multiple
stakeholders.

The Multiple Sclerosis Outcome Assessments Consortium

Richard Rudick MD
The Multiple Sclerosis Outcome Assessments Consortium

(MSOAC) is one of several consortia established by the
Critical Path Institute to create drug development tools to
accelerate development of therapeutics. MSOAC was
established through a grant from the National Multiple
Sclerosis Society (NMSS) to the Critical Path Institute, with
the purpose of developing an improved clinical outcome
measure for disability progression in multiple sclerosis
(MS). MSOAC is a 43-member organization, with

Fig. 1 Critical Path Institute
consortia. ADNI =
Alzheimer’s Disease
Neuroimaging Initiative;
PPSB = Private Partner
Scientific Board; MCI = Mild
Cognitive Impairment;
AD = Alzheimer’s disease;
CAMD = Coalition Against
Major Diseases; pCOA =
prodromal Clinical Outcome
Assessment; FDA = Food and
Drugs Administration; EMA =
European Medicines
Agency; EP = endpoint
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representation from the academic community, pharmaceutical
companies, patient advocacy organizations, and with liaisons
to both the Food and Drugs Administration (FDA) and the
European Medicines Agency (EMA). The mission of
MSOAC is to develop and support adoption throughout the
MS community (patients, clinical investigators, pharmaceuti-
cal industry, regulatory agencies, and advocacy groups) of a
clinical outcome assessment (COA) tool for futureMS clinical
trials. The purpose of this COAwill be to reflect the impact of
an intervention on disability due to MS. MSOAC will seek
regulatory qualification of the COA for registration trials.
Therefore, the COA must be useful for demonstrating clinical
change due to MS.

The MSOAC members conceptualized the concept of in-
terest (COI) as indicated in Fig. 3. The target population is
people with MS, and the COI is MS-related disability.
Examples of activities of daily living related to MS disability
were identified, and bodily activities connected to those ac-
tivities highlighted. Subcomponents of the bodily activities
were defined, and potential measurement tools were listed. In
this way, the potential measurement instruments can be con-
ceptually tied to the underlying concept of interest—disability.

MSOAC members adopted a focus on neuroperformance
measures that relate to aspects of the MS disease process,
largely because these measures have favorable psychometric
properties compared with clinical ratings. The members iden-
tified 7 characteristics of candidate measures. They should be:

1. Objectively measurable by trained observers
2. Acceptable to patients
3. Practical
4. Cost-effective.

In addition, candidate measures should:

5. Have strong psychometric properties of reliability and
validity

6. Reflect impairments and disabilities that are important to
patients

7. Change over time to allow demonstration of a therapeutic
effect.

Measures of pain, fatigue, sexual dysfunction, depression,
and bowel and bladder dysfunction, among other symptoms,
are common in MS, and are extremely important, but will not
be included directly in the COA because these symptoms are
not directly measurable using performance measure
approaches.

Because of known limitations of the traditional MS out-
come measures—relapses and the Kurtzke Expanded
Disability Status Scale—the NMSS, in the mid-1990s, con-
vened a clinical outcomes task force, which recommended a
3-part neuroperformance measure—the Multiple Sclerosis
Functional Composite (MSFC)—consisting of a timed 25-
foot walk, the 9-hole peg test, and the 3-second version of
the Paced Auditory Serial Addition Test. The NMSS pub-
lished an operations manual, describing exact methods for
administering the MSFC. The MSFC never achieved accep-
tance as a primary outcome measure for MS clinical trials for
several reasons. The recommended approach of converting
individual component scores into individual z-scores based on
reference populations, then averaging the z-scores, resulted in
trial results that were very difficult to interpret. Further, the
Paced Auditory Serial Addition Test was viewed as undesir-
able by both investigators and patients. Finally, the MSFC did

Fig. 2 Proposed pathway for
new composite and cognition
instrument. TB = tuberculosis;
MS = multiple sclerosis
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not contain a measure of vision, even though visual disturbance
is common in MS, and easily measured objectively. However,
because the NMSS task force recommended that the MSFC be
included in prospective clinical trials in 1996, numerous re-
search sponsors and academic investigators prospectively in-
cluded MSFC (and other neuroperformance measures) in clin-
ical trials beginning in the late 1990s. Consequently, a large
number of completed trial datasets are potentially available for
analysis, containing longitudinal, prospectively collected data
on more than 20,000 patients with MS.

Because of the promise of using neuroperformance mea-
sures, the MSOAC members elected to seek clinical trial
datasets from completed trials (that contain neuroperformance
measures, relapse data and Expanded Disability Status Scale,
and patient-reported outcomes), map the data elements to a
common Clinical Data Interchange Standards Consortium
(CDISC) standard to create a pooled dataset, and analyze the
behavior of neuroperformance measures in the pooled dataset.
Neuroperformance measures and their change will be com-
pared with patient self-report to determine whether these
measures reflect change that is perceived as important to the
patient.

Thus, the MSOAC project entails the steps shown in
Table 1.

The MSOAC members have identified 22 studies with
nearly 17,000 patients. These studies were selected based on
prospectively defined criteria established to be certain that the
datasets contain information valuable for the purpose of the
MSOAC project. Discussions are ongoing with the sponsors
and investigators who own these datasets, and data sharing
agreements are being discussed and finalized. At the same

time, a literature review is being formulated and discussed
with the FDA and EMA. The literature review will be used to
augment the data contained within these legacy datasets, and
to identify more contemporary datasets of value for the pro-
ject. A data standards working group is overseeing this aspect
of the project. A statistical analysis working group, with
members from academia and industry, is currently developing
an analysis plan to carry this work forward. Once the analysis
is completed, it is the intention of MSOAC to prepare a
qualification package for submission and review by FDA
and EMA. If the data are considered adequate, a new clinical
outcome measure for disability in MS can be qualified.

The implications of this project are significant:

1. The project will result in a CDISC data standard for MS.
This will improve the ability to compare data across

Fig. 3 Framework For
performance measure for multiple
sclerosis clinical trials

Table 1 Steps in the Multiple Sclerosis Outcome Assessments Consor-
tium project

1. Create Clinical Data Interchange Standards Consortium Standard for
multiple sclerosis (MS), based initially on elements from the National
Institute of Neurological Disorders and Stroke MS common data
element project.

2. Create a pooled data set from completed clinical trials containing
traditional clinical outcomes (relapses and Expanded Disability Status
Scale), neurological performance measures (e.g., Multiple Sclerosis
Functional Composite), and patient-reported outcomes

3. Analyze pooled dataset to determine components of a
neuroperformance-based composite outcome measure, and recom-
mended approach to using the composite outcome.

4. Seek regulatory approval of a new MS outcome measure.
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studies, to interpret findings, and to analyze pooled
datasets

2. A database of pooled, de-identified clinical trial data will
be mapped to the CDISC standard. This will allow studies
of clinical outcomes assessment tools, disease modeling,
and potentially imaging or biomarker studies

3. A new COA consisting of neurological performance mea-
sures will be developed. This could lead to an FDA- and
EMA-approved disability endpoint in future MS clinical
trials

4. The project will be guided by FDA and EMA outcome
measure qualification pathways. This could provide an
example for other groups interested in pursuing better
outcome measures through regulatory sciences

5. The project depends on transdisciplinary collaboration
and data sharing. This aspect of the project is considered
very important, as solving the major problems in MS will
require collaboration among academia, industry, regula-
tory bodies, and patient groups.

Initiatives in the Development of Clinical and Biomarker
Measures for Alzheimer’s Disease

Maria C. Carrillo PhD
Several recent Federal Agency Guidelines and decisions

have necessitated an increased awareness for the need to
synergize activities across the drug development ecosystem
for Alzheimer’s disease (AD). The Alzheimer’s Association is
participating in several initiatives in response to recent federal
statements and decisions. Examples of such activities, which
are driving the need for consensus in clinical trials for AD and
other neurodegenerative diseases, include:

& National Institute on Aging Alzheimer’s Association
(NIA-AA) and International Working Group criteria for
diagnosis in AD

& Food and Drugs Administration (FDA) Draft Guidance for
Early Stage Alzheimer’s Assessment in Drug Development,
and the recent EuropeanMedicines Agency (EMA) concept
paper on the need for revision of their current AD guidance
(www.ema.europa.eu/docs/en_GB/document_library/
Scientific_guideline/2013/10/WC5001534).

Efforts to support these needs have come from many places,
including the Alzheimer’s Association Research Roundtable
(AARR), where issues are discussed amongst industry and aca-
demic leaders in the field, as well as regulators from FDA and
EMA, biomarker consortia, and from our collaborations with the
Coalition Against Major Diseases, as previously discussed.

The urgency to develop treatments for AD, especially in its
earliest stages, is huge. More than 5 million people are living
with AD, including 200,000 under the age of 65 years with

younger-onset disease. Every 68 s, someone in the USA
develops AD; by 2050, it will be one every 33 s. AD is the
sixth leading cause of death across all ages, and is the fifth
leading cause of death for those aged 65 years and older. It is
the only cause of death among the top 10 in the USAwithout a
way to prevent, cure, or even slow its progression.

Our understanding of the course of the disease is also
evolving. In 2009, the AARR got together to decide whether
the time was right to revise our diagnostic criteria for AD. The
result was a collaborative effort with the National Institute of
Aging (our partner in developing the original National Institute
of Neurological and communicative Disorders and Stroke–
Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria), comprised of 3 working groups.
The results of these efforts were published in a series of papers
in 2011 that outline recommendations for diagnostic criteria for
3 stages of the disease: dementia [8], mild cognitive impairment
(MCI) due to AD [9], and a new “preclinical” stage
encompassing persons with biomarker evidence of, but no or
minimal, disease signs and symptoms [10].

One of the key goals in AD drug development is to under-
stand howwe can begin treatment in the earliest, even clinically
silent, phases of the disease (Fig. 4). The FDA has been an
active and engaged partner in this endeavor and has recently
issued a draft guidance to inform drug development in this
arena. The AARR, comprised of industry leaders working in
collaboration with the FDA, the EMA and now the Centers for
Medicare & Medicaid Services (CMS), has played a seminal
role as an open forum for collaboration and conversations in
this process. In October of 2013, the AARR hosted a session on
functional outcomemeasures for clinical trials in early stages of
AD. Approaches considered included development of new
tools, modification of or retrofitting of existing outcome mea-
sures and even reviving little-used ones. Again, enabling com-
munication and collaboration in the precompetitive space was
seen as key to making sure that all stakeholders stay informed
and are not undertaking duplicative efforts.

An example of this sort of consortium approach is the
Collaboration for Alzheimer’s Prevention (CAP) Initiative,
facilitated by the Fidelity Foundation and the AA. Under this
initiative, Fidelity and the Association meet with the leadership
of 4 ongoing prevention trials and trial networks to help the
tools and technologies, including biomarkers, imaging
methods, and outcome measures across studies. The goal of
this effort is to enable, as much as possible given the differing
natures of the study populations, sharing of information, re-
sources and, ultimately, comparisons across study results across
these and other related clinical trials. Furthermore, it should be
noted that all these studies have committed tomaking both their
baseline and final data available to the public through open
access, specifically on the Global Alzheimer's Association
Interactive Network (www.GAAIN.org). Table 2 provides a
snapshot of the outcome assessments being used in these

158 Cedarbaum et al.

http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/10/WC5001534
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/10/WC5001534
http://www.GAAIN.org


studies. All of these instruments probe similar areas of
cognition and function, combined in novel ways in order to
try to capture the earliest detectable changes in populations of
interest. The FDA, especially the Division of Neurology
Products (DNP), has been and continues to be very active and
engaged in these discussions. It is important for them to be
engaged so that we know they are supportive of the measures
being developed as exploratory aims in these studies.

Cognitive biomarkers are important, but as we all know
biological fluid and imaging markers are important parts of the
equation not only inmild-to-moderate AD, but also especially in
prevention trials that are looking much earlier, including in
preclinical stages of disease. ADNI is an excellent example of
such collaborations, and a hallmark success story for the field.
Worldwide, ADNI allows comparison of data from across coun-
tries. Representatives from these countries meet yearly and on
conference calls to ensure standardization of measures across
studies that are actually starting in multiple places. Openness of
information and data sharing and, of course, open access is
important to creating populations in which these types of stan-
dardized measures can be validated externally.

A working group is focusing on hippocampal volumetry,
finding a way to harmonize the way in which we segment the
hippocampus in clinical trials. Another important standardi-
zation effort, the Cerebrospinal Fluid Quality Control (CSF
QC) Program, has now graduated to an official program of the
Institute for Research Methods and Materials (IRMM), which
itself is closely aligned with the Federation of Clinical
Chemistry. The goal here is to create a common standardized
matrix that cerebrospinal fluid samples can be measured
against. If this is successful, the IRMM would actually be
willing to make this material for distribution across the globe
at cost. This would allow all companies to use the samematrix
material because what we are discovering is that the largest
barrier is not how to measure amyloid in cerebrospinal fluid,
even though that is a challenge, but it is rather the matrix
material that we are having issues with. This is a 3-year project
because one has to demonstrate to IRMM that one has a stable
matrix and stable material.

Another initiative that is really critical comes from the fact
that neurological diseases like AD do not exist in a vacuum.
The Biomarkers Across Neurological Diseases (BAND) ini-
tiative recognizes that amyloid may not be the only cause of
cognitive disorders but that there may be other underlying
neuropatholgical factors that are perhaps additive or also
synergistic. An example is Parkinson’s disease. This program,
sponsored by the AA in collaboration with the Michael J. Fox
Foundation for Parkinson’s Research and the Weston Brain
Institute, will leverage resources from ADNI and Parkinson
Progression Markers Initiative (PPMI). This works because
both projects are so closely aligned. If we can mine these
datasets and figure out ways in which these two diseases
intersect, finding common markers, maybe we could find a
way to accelerate progress in both.

Lastly, is the Accelerating Medicines Partnership (AMP) is
a collaboration with participation from pharmaceutical com-
panies the NIH and non-profit groups that, represents an
opportunity to leverage existing resources and projects such
as the Dominantly Inherited Alzheimer’s Network (DIAN)

Normal Alzheimer’s disease Fig. 4 The clinical course of
Alzheimer’s disease (adapted
from Sperling et al. [10]).
MCI = Mild Cognitive
Impairment

Table 2 Outcome measures being employed in prevention trials under-
way in preclinical Alzheimer’s disease (AD)

A4

Computerized cognitive composite

• CogState card playing tasks on iPad

Face-name association and pattern separation

API

Composite cognitive score based on religious orders study/DIAN data

TOMORROW

Specific cognitive instruments were selected and decision rules
developed to capture reliably the relevant domains affected in
cognitive decline and in mild cognitive impairment AD

DIAN

Cogstate-based testing

Additional neuropsychological tests
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and the Anti-Amyloid Treatment in Asymptomatic
Alzheimer’s (A4) study to be able to mine their databases
for additional information, and to actually embed a common
suite of biomarkers across studies. Hopefully, this will ensure
that we are not always going to be wondering what to do
across the board in clinical trials with respect to biomarkers
and to determine their clinical utility.

In summary, there is a great deal of urgency to develop new
consensus clinical and biomarker outcome measures for AD.
Collaboration and the ability to have conversations among
different groups is one of the ways by which we can accelerate
progress and also leverage our pooled resources.

Parkinson’s Disease: Updating the Unified Parkinson’s
Disease Ratin Scale

Glenn Stebbins PhD
The Movement Disorder Society-sponsored revision of the

Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
was initiated following an International Parkinson and
Movement Disorder Society (IPMDS) Task Force critique of
the UPDRS [11]. The UPDRS was originally published by
Fahn and Elton [12], and became one of the most commonly
used rating scales in Parkinson’s disease (PD). The scale
encompassed 4 parts: part I—mood, mentation and behavior;
part II—activities of daily living; part III—motor examina-
tion; and, part IV—complications of therapy. Most of the
items were based on a 5-point Likert-type scale, although
some items were binary or descriptive only.

The MDS Task Force critique identified numerous
strengths of the UPDRS, including its widespread use in
clinical and research settings, the comprehensive assessment
of motor aspects of PD, and the acceptable levels of reliability
and validity for parts II and III. The task force also identified
specific weaknesses of the UPDRS, including ambiguities in
some instructions to the raters, poor inter-rater reliability on
some items, and incomplete assessment of nonmotor symp-
toms of PD. An additional concern was that the overall scaling
was weighted to the severe end of the spectrum and was not
sensitive to milder manifestations of PD. The overall recom-
mendation of the task force was to modify the UPDRS to
address these weaknesses.

From this critique, a new task force was commissioned
with the task of developing the MDS-sponsored revision of
the UPDRS (the MDS-UPDRS). The process for revising the
UPDRS followed traditional scale development steps, includ-
ing assigning a Delphi panel, or panel of experts, to review the
required domains of interest for assessment, select the scaling
metric, and either modify existing items or generate new items
to be included in the scale. Once the items were finalized,
cognitive pretesting was conducted on each item assessing
patient and rater comprehension and comfort with the ques-
tions and response items [13]. Multiple rounds of cognitive

pretesting and subsequent modification of items were re-
quired. The final scale retained the 4-part structure of the
original UPDRS but refocused each part so that part I focused
on nonmotor experiences of daily living, part II on motor
experiences of daily living, part III remained the motor exam-
ination, and part IV motor complications. The scaling metric
was modified (Table 3) so that all items followed a 0–4 Likert
scale with 0 = no impairment, 1 = slight (instead of mild in the
UPDRS), 2 = mild (moderate in the UPDRS), 3 = moderate
(severe in the UPDRS), and 4 = severe (marked in the
UPDRS). The scaling metric was also modified so that both
frequency or intensity of impairment and impact of impair-
ment was assessed.

Upon successful cognitive pretesting, the MDS-UPDRS
was subjected to field testing in a sample of 877 English-
speaking patients with PD, spanning the gamut from very
mild to very severe disease, in a multicenter study. The pur-
pose of this field testing was to assess the basic clinimetrics of
the new scale, specifically testing floor and ceiling effects,
internal consistency, item-to-total correlations, and both ex-
ploratory and confirmatory factor analyses (Table 4). The
results of these assessments were very encouraging [14], with
no floor or ceiling effects noted, strong internal consistency
for each part of the scale, and a valid factor structure found for
each part. It was determined that there would be no overall
MDS-UPDRS score, but rather scoring would be selective for
each part individually.

In addition to representing a new scale for the unified
assessment of PD, the MDS-UPDRS is part of a web-based
rater training and certificate program [15] sponsored by the
IPMDS (www.movementdisorders.org) [15]. Additional
studies of the MDS-UPDRS have included independent val-
idation of the entire scale, validation of part I and part II
[16–19], development of a postural instability gait disorder/
tremor dominant formula [20], and a calibration method for
converting UPDRS scores to MDS-UPDRS scores [21].
Further, there is an active translation program aimed at

Table 3 Revised Unified Parkinson’s Disease Rating Scale scaling
metric

Old scoring New Scoring Metric

Mild (1) Moderate (2) Severe (3)
Marked (4)

Slight (1) = low frequency or intensity
causing
no impact on function

Mild (2) = frequency or intensity
sufficient to
cause modest impact on function

Moderate (3) = frequency or intensity
causing
considerable impact, but do not
prevent function

Severe (4) = prevent function
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generating validated versions of theMDS-UPDRS in different
languages. As of June 2014, there were 9 official non-English
translations with an additional 11 translations in process.

The MDS-UPDRS is copyrighted by the IPMDS and is
available on its website (www.movementdisorders.org).

Motor Neuron Diseases: Clinical Trial Measures
in Amyotrophic Lateral Sclerosis

Douglas Kerr MD, PhD
Amyotrophic lateral sclerosis (ALS) is a heterogeneous and

relentlessly progressive disorder that affects multiple aspects of
motor function, including respiratory function, upper and lower
extremity strength, and bulbar functioning. The ALS
Functional Rating Scale-Revised (ALSFRS-R [22]) has been
the most widely used composite measure of function in ALS
over the last 15 years. It was created and revised before current
psychometric approaches were widely utilized to evaluate the
consistency and appropriateness of the measure. Applying psy-
chometric principles to the ALSFRS-R reveals challenges with
this measure. Despite showing good internal consistency and a
strong correlation with survival in early validation studies, the
ALSFRS-R suffers from certain inadequate metric qualities
[23]. Specifically, there is evidence of multidimensionality,
which argues against the use of a single summed score to
represent disease status and progression. In addition, there is
poor rating category functioning on some items, which suggests
that there might be problems with question wording and/or
numbers of response choices. Of note, several of the items on
the ALSFRS-R show a mismatch between the person (disease
severity) and item (Fig. 5). This means that the item “misses”
capturing disease in some patients and that some of the item
responses do not correspond to the disease severity of any
patient in the clinical trial. Category response curves show that
many items do not occupy a unique and linear spot on the
disease severity scale, but rather have disordered or subsumed
positions to other responses. Therefore, these items and re-
sponses need to be altered to make the instrument stronger.

Additionally, a problematic feature of the ALSFRS-R is a
reduced sensitivity to changes occurring in the extremes of the
severity continuum. This is typical of a measure in which raw
scores are summed from ordinal response, but is also partially
derived from the types of items available for patients to endorse.
For example, patients with higher functioning may not be able
to endorse enough items, meaning that there are likely other
domains of functioning that are important and not measured
(i.e., cognitive function, pain). This is a problem in clinical trials
in which the measurement tool should equally assess function
consistently across time and across the severity spectrum.

We therefore undertook a Rasch analysis of the ALSFRS-R
using data from a recently completed large, multicenter clin-
ical trial. The results of this analysis underscore the impor-
tance of modifying the assessment of function in ALS [22].
Further work is underway to improve the assessment of func-
tion in ALS in the following ways:

& using fewer response categories on some questions;
& evidence of multidimensionality suggests multiple instru-

ments that can be used for composite scoring;
& consider developing new unidimensional measures;
& bottom-up approach to capture meaningful concepts in

ALS functioning and progression;
& address ceiling effects by capturing health domains im-

portant to low severity patients;
& create meaningful category responses for each question;
& measure activities of daily living per the standard (outside

of this measure).

Another challenge in assessing function in ALS is how to
measure function accurately in the context of a significant
number of patients dying during the trial. Survival and objec-
tive pulmonary functioning are widely considered to be im-
portant outcome measures in ALS. What if a drug caused
enhanced mortality of late-stage ALS, leaving the healthier
patients to measure? An inaccurate conclusion of the study
might be that the drug improves functioning in ALS.
Conversely, what if a drug prolonged survival, leaving pa-
tients with low function to be measured? An inaccurate con-
clusion of the study might be that the drug worsens function in
ALS. One potential solution is to impute function from pa-
tients who died during the conduct of the clinical trial.
However, imputation rules such as last observation carried
forward are inappropriate in a progressive disease. And im-
puting a low score, such as “0”, for the functional status at the
time of death is too punitive, as patients with ALS almost
invariably die with ALSFRS-R scores >10. Therefore, impu-
tation does not solve this problem in ALS.

A novel solution to this quandary, the Combined
Assessment of Function and Survival (CAFS [24]) (Fig. 6),
has recently been utilized in a phase 2 and then a large phase 3
study in ALS [25, 26]. The CAFS is a joint ranking procedure

Table 4 Assessing the clinimetric properties of the Movement Disorder
Society–Unified Parkinson’s Disease Rating Scale

Clinimetric property Statistic

Internal consistency Cronbach’s α

Concurrent validity Spearman correlation
coefficient ρ, Lin’s CCC

Exploratory and confirmatory
factor analyses of parts

CFI (≥0.90)

DIF by race, age, and sex IRT

Sensitivity to change Minimal clinically important change

DIF = Differential Item Functioning; CCC = Concordance Correlation
Coefficient; IRT = Item Response Theory
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in which every patient in the trial is compared with every other
in the trial based on mortality or functional decline. CAFS
ranks each patient according to their outcome, with the worst
outcome assigned to the patient who dies first in the study and
the best outcome assigned to the patient who survives with the
least functional decline. After establishing the ranking, the
treatment groups are unblinded and an assessment is made
of the mean rank in each group, with higher being better.

The CAFS analysis is nonparametric and does not rely on
statistical assumptions required for many of the standard
techniques such as linearity or data imputation. It further
combines relevant measures of disease progression in ALS
(survival and motor function) and it appropriately accounts for
death while measuring function. Ongoing and future studies
will further define the utility of this measure in defining ALS
disease progression.

Session 2: New Tools to Enable Cross-disease Instrument
Development

National Institute of Mental Health Research Domain Criteria
Initiative: A Framework for Psychopathology Research

Jill Heemskerk PhD
Current diagnostic schemes [Diagnostic and Statistical

Manual (DSM) and International Classification of Diseases
(ICD)] are based on clinical symptoms. Clinical symptoms
alone (e.g., fever, headache) cannot identify underlying mech-
anisms to guide treatment development and selection.
However, DSM/ICD remain the default standards for disease

classification for research grants, journal publications, clinical
trials, and regulatory approval use [1].

On average, a marketed psychiatric drug is efficacious in
approximately half of the patients who take it. One reason for
this low response rate is the artificial grouping of heteroge-
neous syndromes with different pathophysiological mecha-
nisms into one disorder. The National Institute of Mental
Health Strategic Plan therefore includes the following goal,
with its attendant subgoals:

Goal: To develop, for research purposes, new ways of
classifying mental disorders based on dimensions of observ-
able be- havior and neurobiological measures;

1. Identify fundamental components that may span multiple
disorders (e.g., executive function, affect regulation)

2. Determine the full range of variation, from normal to
abnormal

3. Integrate genetic, neurobiological, behavioral, environ-
mental, and experiential components

4. Develop reliable and valid measures of these fundamental
components for use in basic and clinical studies.

The goal was to understand psychiatric dysfunction in
terms of biological and behavioral underpinnings. In order to
accomplish this aim, 5 workshops were held, focusing on the
following themes:

1. Negative valence
2. Positive valence
3. Cognitive systems
4. Systems for social processes
5. Arousal/modulatory systems.

1
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Fig. 5 Item Mismatch in the
Amyotrophic Lateral Sclerosis
Functional Rating Scale-Revised
(ALSFRS-R)
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The resulting framework matrix for assessment of neuro-
psychiatric dysfunction domains is illustrated in Fig. 7.

The implications of the research domain criteria (RDoC)
framework for clinical trials include, first, the recognition that
use of heterogeneous DSM categories confound studies of
mechanism in clinical trials [1]. Thus, no 1:1 relationship is
expected to exist between a DSM diagnosis and a particular
disease mechanism (e.g., not all patients with schizophrenia
have cognitive deficits). And, second, a single feature can
appear in multiple DSM disorders (e.g., cognitive deficits
are seen in some patients with schizophrenia, bipolar disorder,
and depression).

In particular, with respect to early-phase clinical trials, the
RDoC framework leads to the following considerations:

1. Focus on a novel mechanism relevant to a clinical prob-
lem regardless of DSM diagnosis (e.g., anhedonia, work-
ing memory)

2. Enroll patients based on deficits in the mechanism, not
DSM diagnosis

3. Trial outcomes should reflect the changes in the target
mechanism

Finally, it should be recognized that the matrix is evolving;
new mechanisms can be proposed for study as new knowl-
edge is acquired and as concepts evolve.

Thus, the RDoC matrix constitutes a truly “translational”
approach: disorders are viewed in terms of dysregulation in
basic mechanisms rather than as symptom clusters. It therefore
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represents a framework to study mechanisms that cut across
traditional disorder boundaries. Finally, the developers of
RDoC believe that its use will inform, not compete with,
future versions of DSM and ICD, and it is hoped that the
RDoC framework will lead the development of psychiatric
therapeutics toward engagement of personalized medicine in
psychiatry, consistent with other areas of medicine. Further
information on RDoC can be found on the National Institute
of Mental Health’s website (http://www.nimh.nih.gov/
research-priorities/rdoc/index.shtml).

The National Institute of Neurological Disorders and Stroke’s
Common Data Elements Project

Wendy Galpern MD, PhD
The complexities and costs associated with clinical re-

search highlight the need to introduce efficiencies into the
research process. However, at present, there are many redun-
dancies and inefficiencies that may impact research progress,
as well as cost. Specifically, individual study case report forms
(CRFs) are often created and variable definitions may be
employed for the same items between different studies.
Consequently, study start-up is often delayed, costs are greater
than may be necessary, and comparisons between studies can
be hampered. In efforts to address such issues, the National
Institute of Neurological Disorders and Stroke (NINDS) of the
National Institutes of Health initiated the NINDS Common
Data Elements (CDE) Project, which has been a collective
effort of hundreds of disease experts around the world aimed
at facilitating clinical research across neurological disorders.

The objectives of the NINDS CDE Project are to develop
publically accessible standards for data collection and docu-
mentation, as well as template CRFs for use in clinical studies.
It is anticipated that these efforts will decrease study start-up
time and cost, as well as facilitate data sharing and compari-
sons between studies. The project was initiated in 2007 and, to
date, disease-specific CDEs have been developed for a variety

of neurological disorders along with “general” CDEs that are
broadly applicable across all studies (Table 5). CDEs are also
under development for additional disorders as noted.

The terminology “CDE” refers to a logical unit of data
pertaining to one kind of information. Each element has a
name, a definition, and a value code, if applicable. The CDEs
are classified according to their anticipated use in studies:
“General Core CDEs” are those that will be used by most, if
not all studies. Elements that would be used by all studies in a
particular disease are classified as “Disease-specific Core

Fig. 7 The research domain
criteria matrix

Table 5 Available and planned Common Data Elements

Epilepsy

Headache

Mitochondrial disorders*

Movement disorders

• Parkinson’s disease

• Huntington’s disease

Multiple sclerosis

Spinal cord injury†

Stroke

Neuromuscular disorders

• Amyotrophic lateral sclerosis

• Friedreich’s ataxia

• Muscular dystrophies

- Becker, congenital*,

-Duchenne, facioscapulohumeral muscular*

-Myotonic dystrophy*

• Myasthenia gravis

Duchenne, facioscapulohumeral muscular

• Spinal muscular atrophy

• Traumatic brain injury

Current disease areas in the NINDS CDE Project. All are publically
available unless otherwise indicated

*Planned; †Under development

164 Cedarbaum et al.

http://www.nimh.nih.gov/research-priorities/rdoc/index.shtml
http://www.nimh.nih.gov/research-priorities/rdoc/index.shtml


CDEs” whereas those that are commonly, but not always,
collected are “Disease-specific Supplemental CDEs”. In order
to capture novel elements that are of interest but perhaps not
yet validated, a fourth category is also included, “Disease-
specific Exploratory Elements”.

The development of the disease-specific CDEs was conduct-
ed by a working group of international experts in each disease
area. The working groups typically met over a 1-year period to
review the elements commonly collected in the disease area,
develop a series of recommendations for standardized data col-
lection, and to incorporate feedback. Public comment was
solicited prior to finalization of the CDEs, and the CDEs were
subsequently posted for public use. The available products in-
clude a listing of standardized instruments with explanations
regarding recommended use, template CRFs, and data dictionar-
ies that define CDE names, definitions, and permissible values.
Importantly, the development is an iterative process. For each
disease area, the recommendations are reviewed on a periodic
basis to ensure they encompass current research practice.

Efforts have also been undertaken to harmonize the NINDS
CDE Project with existing projects and international data
standards. While the CDEs will be utilized in NIH-funded
clinical research studies, it is anticipated there will be broader
applications across the research community. For example, the
standards organization, Clinical Data Interchange Standards
Consortium, has used our CDEs to develop the Clinical Data
Interchange Standards Consortium standard for Parkinson’s
disease. It is hoped that this publically accessible resource will
increase the efficiency of clinical research by harmonizing
data collection across the research community.

All of the products associated with the CDE Project are
publically available for use and can be accessed via the
NINDS CDE website (www.commondataelements.ninds.nih.
gov). For copyrighted instruments, information is provided as
to how to obtain the instrument.

Outcome Measures for Clinical Trials: The National Institutes
of Health Toolbox

Petra Kaufmann MD, MSc
For many neurological diseases, there is no suitable out-

come measure for therapeutics development. In some cases,
this is owing to insufficient robustness of the methodology
used or to a lack of sufficient datasets on the use of the
measurement in the indication of interest. To address these
limitations, researchers, at times, resort to the development of
new outcome measures. However, creating several new out-
come measures for the same indication can create a new set of
challenges. First, the number of outcome measures used in a
given indication may become large. This can lead to lack of
comparability between datasets so that meta-analyses are
complicated. Also, using different outcome measures limits
opportunities to combine datasets for better trial planning.

This can be particularly problematic in rare diseases.
Second, creating outcome measures de novo requires more
resources and time than building on existing options.

Therefore, it would be advantageous if clinical researchers
built on existing components when seeking improved out-
come measures. If these components were methodologically
robust, the result could be better outcomes, increased compa-
rability between datasets, and less development time and cost
so that progress could be accelerated.

To offer such tools to clinical investigators, the National
Institutes of Health (NIH) have promoted a number of initia-
tives to develop improved and publicly available outcome
measures for the assessment of neurological and behavioral
function, called the NIH Toolbox. The Toolbox is not a
patient-reported outcome measure, but a brief, unified set of
measures that allow a clinical researcher to assess function in a
testing or examination setting. The Toolbox is meant to sup-
port epidemiological studies and clinical trials. Many of the
Toolbox measures can be used in pediatric and adult popula-
tions because they utilize the same constructs over the lifespan
to the extent possible. The Toolbox aims to provide objective
measures rather than self-reporting.

The NIH Toolbox has 4 principal domains:

1. Cognition
2. Emotion
3. Motor function
4. Sensation.

For each of these domains, there are subdomains, which are
again divided into specific functions. For the Cognitive
Domain, for example, the Toolbox includes assessments of
Executive Function (Inhibitory Control, Working Memory,
Cognitive Flexibility), Episodic Memory (Visual and
Auditory), Language (Vocabulary, Comprehension, and
Reading Decoding), Processing Speed, and Attention. For
the Emotion Domain, the Toolbox assesses Positive Affect
(Happiness, Life Satisfaction, and Well-Being), Negative
Affect (Sadness, Fear, Anger, General Distress and Apathy),
Stress and Coping (Perceived Stress, Coping Strategy, and
Coping Self-efficacy), and Social Relationships (Social
Support, Social Network, Integration, and Loneliness). For
the Motor Domain, the Toolbox includes measures of
Endurance, Locomotion, Strength, Dexterity and Balance
(Nonvestibular). For the Sensation Domain the Toolbox in-
cludes assessments of Olfaction, Taste, Audition,
Somatosensation, Vision, and Vestibular Balance.

This structure results in a set of domain-level test batteries
that each takes no more than 30 min so that the entire Toolbox
can be administered in less than 2 h. English and Spanish
versions are available. To encourage innovation, the Toolbox
also offers a set of additional, more explorative instruments
referred to as “Tool Shed”.
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The NIH Toolbox is publicly available online free of
charge at www.nihtoolbox.org. The website offers a training
manual, administration manual, technical manual, scoring,
and interpretation guide, as well as quick reference to
accessibility and accommodating special needs. If successful,
the use of the NIH Toolbox could serve as a “common
currency” of functional assessments across a broad range of
datasets with the potential to accelerate clinical research.

Including the Patient’s Voice in Neurotherapeutics Research

David Cella PhD
Increasingly, clinical neurotherapeutics research and,

in particular, clinical trial research require reliable, in-
terpretable, and meaningful data obtained directly from
patients regarding the efficacy and safety of new treat-
ments. These data have come to be referred to as
patient-reported outcomes (PROs). The “source” for
PRO data is the patient, and the “score” is typically
derived by summing or otherwise summarizing patient
responses to sets of standardized health status questions
into a defined range of scale values. This is in contrast
to clinician-reported outcomes, which are based on the
health provider’s assessment of patient status on a range
of domains ranging from depression and anxiety to
functional status. In addition to these “reported” out-
comes are performance measures drawn from patient
performance on standardized tests or tasks, and clinical
assessments conducted by laboratory, radiographic, or
other clinical or diagnostic evaluation. Table 6 places
PROs in this larger context of health measures that aid
in clinical diagnosis and outcome evaluation.

In order to ensure that the most relevant and important
questions are being asked in a PRO questionnaire, one typi-
cally embarks upon a rather extensive qualitative research
effort. This research can involve focus groups or individual
interviews, aimed to elicit the most salient content, as

described by patients with the condition. In the case of general
concepts such as pain, fatigue, depression, or independent
functioning, the relevant content can usually be elicited from
any people with experience in that particular life domain.

Once content has been elicited, and the investigator
is confident that the range of relevant content has been
saturated, actual questions or questionnaire statements
are constructed, typically with multiple choice response
options (e.g., from “no problem” to “very much” of a
problem, or from “never” to “always” a problem), a
second round of qualitative research is typically con-
ducted to ensure that people understand the question to
be asking what was originally intended. Often, this is
done with the “think aloud” technique, which asks peo-
ple to verbalize their thought process as they answer the
question. By listening to the thought process, the inter-
viewer can determine if the question was read by the
patient with the intended meaning.

After constructing the questionnaire, the next step is to
determine whether a set of questions can be “scaled” to
comprise a single summary score, and to validate the
questionnaire for use in clinical research. Recently, and
because of its useful measurement properties and flexibil-
ity of options, many have used item response theory
techniques to scale and validate modern PROs. Such was
the case with the Patient Reported Outcomes Measurement
Information System and the Neurology Quality of Life
initiatives led by our group with funding from the
National Institutes of Health. Patient Reported Outcomes
Measurement Information System (www.nihpromis.org)
and Neurology Quality of Life (www.neuroqol.org) are
related PRO measurement systems that together provide
more than 80 item banks and scales to measure a wide
range of symptoms and functional concerns of people
being treated for neurological disorders. In addition, the
NIH Toolbox provides a range of performance measures
evaluating sensory, cognitive and motor function, as well

Table 6 Patient-reported outcomes (PROs) in the larger context of clinical trial outcomes

Source: patient Source: clinician/laboratory

PROs Clinician-reported outcomes

Standardized and scored assessment based on patient self-report,
completed alone or with minimal assistance

Assessment based on provider interpretation of patient status

(Examples: SF-36; PROMIS; Neuro-QoL; Toolbox Emotion; MSQLI; PDQ-39) (Examples: Ham-D, Karnofsky; EDSS; Rankin/mRS)

Performance-based assessment Clinical assessment

Objective test measuring patient performance Based on clinical examination and diagnostic evaluation

(Examples: reaction time, 6MWT, FEV1; Toolbox Motor, Sensory and Cognition) (Examples: disease stage; histology; pathology; EEG; radiography)

SF-36 = ??; PROMIS = Patient Reported Outcomes Measurement Information System; Neuro-QoL = Neurology Quality of Life; MSQLI = Multiple
Sclerosis Quality of Life Inventory; PDQ-39 = Parkinson’s Disease Questionnaire - 39 item; 6MWT = 6 Minute Walk Test; FEV1 = Forced Expiratory
Volume (first second); Ham-D = Hamilton Depression Rating Scale; EDSS = Expanded Disability Status Scale; mRS = Modified Rankin Scale; EEG =
electroencephalography
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as emotional health (www.nihtoolbox.org). These modern
patient-based measures, both self-report and performance-
based, are available for neuro-therapeutic research going
forward. Their use will help build a knowledge base about
the patient’s direct perspective on the value of neurological
treatments being studied in clinical trials.

A Not-So-Final Word

Jesse M. Cedarbaum MD
In his keynote address, Dr. Walton identified the need to

establish a Concept of Interest (COI) supporting the develop-
ment of an outcome measure. The COI should bear a demon-
strable relationship to the health benefit intended to be con-
ferred by the therapeutic intervention under study. In some
cases existing measures may be adapted to use in new indica-
tions or disease areas; in other instances, entirely novel tools
will need to be developed. Rigor and a thorough understand-
ing of the intended Context of Use (COU) must be applied in
the application of new instruments in clinical trials. Dr. Isaac
discussed the regulatory qualification process that has been
developed in the European Union. The aim of this procedure
is to help assure acceptance of assessment tools by reviewers
by describing a framework to the evidence to be provided in
support of their use. The US Food and Drug Administration
(FDA) has a similar guidance on qualification of outcome
measures, and both agencies often attempt to cooperate in
their qualification efforts. Diane Stephenson continued the
theme of regulatory qualification by describing the activities
of the Critical Path Institute, a precompetitive, public–private
partnership that was created in 2005 as part of the FDA’s
Critical Path Initiative. The aim of this organization is to
leverage a consortium approach to accelerate the pace and
reduce costs of therapeutics development through creation of
new data, measurement and methods to aid in evaluation of
new therapies. In particular, and with relevance to
neurotherapuetics development, the Coalition Against Major
Diseases is pursuing development of disease progression
models, and regulatory qualification of biomarker and clinical
outcome measures for Alzheimer’s and Parkinson’s diseases
in accord with relevant US FDA and European Medicines
Agency guidance.

In Session 1, researchers working in different disease areas
described a variety of issues common in the development of
new Clinical Outcome Assessments (COAs). Richard Rudick
kicked off the session on individual neurological diseases by
describing the approach being taken to develop a new out-
come measure for progressive multiple sclerosis clinical trials
by MSOAC, one of the Coalition Against Major Diseases-
sponsored consortia. This consortium is leveraging data from
22 studies, performed by multiple pharmaceutical companies
and academic investigators, encompassing data from nearly
17,00 patients. The project will develop a new COA, based on

the principles of understanding COI and Context of Use, a
corresponding Clinical Data Interchange Standards
Consortium data standard utilizing metrics developed within
Critical Path. In the end, the goal is to pursue regulatory
qualification of the new measure so that its utility is under-
stood by regulators and payors worldwide. Maria Carrillo
described similar efforts in Alzheimer’s disease, including
the challenges of moving the focus of therapy development
to early stages of the disease, and in coordinating worldwide
efforts to understand disease evolution. She spoke of the
variety of instruments currently in development, indicating
the lack of consensus in the field, and also of international
collaborative efforts to harmonize standards for biomarker
collection and analysis by creating a standard biological ref-
erence for cerebrospinal fluid biomarker assays to ensure
comparability of results between studies and laboratories.
Glenn Stebbins described the methodology employed by the
Movement Disorder Society to update and validate, as well as
to standardize, administration of the Unified Parkinson
Disease Rating Scale. In the process of revising and updating
the scale, “backwards compatibility” was an important con-
cern. Finally, Doug Kerr presented his team’s recent efforts to
apply modern clinimetric tools of Rasch and item response
theory analysis to understand and address limitations that have
arisen in the use of the Amyotrophic Lateral Sclerosis
Functional Rating Scale-Revised. He ended by presenting
the “Combined Assessment of Function and Survival” analy-
sis, a novel method for incorporating both survival and func-
tional outcomes into a single assessment that minimizes the
impact of missing data caused by deaths on study while
incorporating functional change in outcome assessment of a
uniformly fatal disease.

Session 2 focused on new concepts and tools available to
the neuroscience research community. Jill Heemskerk sum-
marized the Research Domain Criteria (RDoC) Initiative,
which seeks to replace disease-based nosology with a system
of classification based on behavioral symptoms and their
underlying neuropsychological and biological domains.
Fundamental to the Research Domain Criteria concept is the
idea that our current disease constructs lead to failed clinical
trials because they are artificial and phenomenologically
based. It is hoped that treatments that focus on domains of
dysfunction rather than application to nosologically defined
disease entities will enhance the success of our therapeutics
development efforts by moving us closer to the application of
personalized medicine in psychiatry. Wendy Galpern next
outlined the National Institute of Neurological Disorders and
Stroke’s Common Data Elements (CDE) Project. Common
Data Elements are logical data units that pertain to information
common across studies. These may either be general (e.g.,
demographics) or disease-specific. Template case report forms
and data dictionaries have been developed for a variety of
neurological disorders, and are available on the National
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Institute of Neurological Disorders and Stroke’s website;
others are planned or under development. Use of standardized
data collection methods should facilitate collaborative work
such as that described by Stephenson, Rudick and Carrillo,
already employed in Parkinson’s disease, and much needed in
the development of new instruments for amyotrophic lateral
sclerosis. Petra Kaufmann presented the National Institutes of
Health Toolbox, which is a unified set of brief outcome
measures that allow clinical researchers to assess domains of
function, including cognition, emotion, motor function and
sensation, using well understood and accepted clinical tests.
Training administration and technical manuals, as well as
scoring and interpretation guides, have been developed. Use
of the NIH Toolbox could serve as a “common currency” of
functional assessments across a broad range of datasets with
the potential to accelerate clinical research across neurological
disorders. The development of the Toolbox represents the first
systematic attempt to address the question posed at the begin-
ning of the symposium. The key challenge is having it gain
acceptance and for research teams to apply its tools in real-
world situations to test the validity of the approach.

As Marc Walton indicated in his keynote speech, identify-
ing the relationship of an outcome measure to clinically mean-
ingful benefit to be gained from a new therapeutic is our
ultimate goal in COA development. It was therefore fitting
that David Cella closed the symposium with a discussion of
“Including the Patient’s Voice in Neurotherapetics Research”.
Clinician-reported outcomes, which were discussed by all the
speakers in Session 1, are but one tool we use in addition to
performance-based assessments, diagnostic evaluations and
patient-reported outcomes. Methods used for patient-
reported outcomes development can and should also be ap-
plied to development of novel clinician-reported outcomes.
These methods include elicitation of a range of relevant as-
sessment items by qualitative patient/caregiver interviews,
determining concept saturation (have we asked all relevant
questions?) and defining severity/frequency responses. Item
response theory techniques are then applied to ensure appro-
priate scaling of the measure, as applied to the Amyotrophic
Lateral Sclerosis Functional Rating Scale in a post hoc way by
Doug Kerr in Session 1. These methods have been used in the
development of the Patient Reported Outcomes Measurement
Information System and the Neurology Quality of Life mea-
sures. These scales are now available online to be applied in
neurological clinical trials.

The need for novel effective therapies for neurological and
psychiatric disorders grows daily as the burden of neurologi-
cal disease around the world continues to increase. New tools
and scientific understandings emerge almost daily, offering
the promise and opportunity for the field of neurotherapeutics
to deliver meaningful benefit to patients. At the same time, our
growing and evolving perspectives on the clinical and biolog-
ical manifestations of disease require us to think in new ways

about how we assess the impact of new potential treatments
being tested in the clinic, thus creating the need for new, and
hopefully more precise and patient-relevant, outcome mea-
sures. As we do so, we must leverage systems approaches to
understanding how neurological disease manifests. At the
same time, we all recognize that our collective resources are
limited, that time is of the essence, and that the challenges our
patients face in their daily lives share much in common across
diseases, regardless of their diagnosis and its ICDM code.
Hopefully, the presentations summarized in this paper will
stimulate thought and collaboration amongst interested groups
that can result in a systematic, harmonized approach to out-
comes assessment in neurotherapeutics.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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