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Contribution from  
patient communities
The integration of nonprofit groups rep-
resenting patients’ interests into each of 
the coalition’s work groups brings the 
patients’ perspective to the setting of 
priorities for gathering and interpreting 
data. These groups also focus on provid-
ing information to aid patient care and 
enrolling participants into clinical trials 
and have a prominent role in the external 
communications.

Contribution from industry members
In 2004, the FDA’s Critical Path Initiative 
identified neuropsychiatric diseases and 
disease models as priority areas of active 
research opportunities.2 The work of the 
coalition will focus on member com-
panies’ sharing of precompetitive data, 
which may include data from placebo 
groups from clinical trials not submitted 
as part of a New Drug Application, dis-
ease models, and/or protocol elements. In 
addition, industry will contribute scien-
tific expertise that will lead to improved 
knowledge across disciplines; an impor-
tant component in the development of 
treatments for Parkinson’s and Alzhe-
imer’s diseases. Improved management 
of existing knowledge will be aimed at 
qualifying for use in drug development, 
novel imaging or biochemical markers 
(here, both are referred to as biomark-
ers), and quantitative disease progression 
models. The CAMD will intentionally 
avoid using terms such as “valid” or “sur-
rogate” to describe biomarkers. Instead, 
the coalition will seek to develop meth-
ods that are “qualified for use” based 
on a rigorous review of scientific data 
by scientists from industry, academia, 
and regulatory agencies. These “quali-
fied” methods are expected to lead to an 
increased efficiency in decision making 
during the drug development process and 
to a reduction in drug failures during late-
phase testing.

Quantitative  
disease-progression models
Robust neurodegenerative disease mod-
els can offer quantitative insights into 
disease progression and opportunities 
for advanced measures of pharmaco-
dynamics. These models can increase 
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Background
In recent years, the development of drug 
models that incorporate characteristics 
such as genetic polymorphisms of cyto-
chrome P450, membrane pumps, and 
receptor sensitivity has become standard 

in drug development. Integration of drug 
and disease progression models has been 
proposed but has been limited by the lack 
of contemporary and robust data for crea-
tion of disease models and incorporation 
of biochemical or imaging biomarkers.1
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fully, thereby providing a basis for their 
possible future qualification for use by 
regulatory agencies.

Biomarkers
Based on the successful framework 
from C-Path’s Predictive Safety Testing 
Consortium, the CAMD will establish a 
process and execute the plan for compil-
ing and evaluating the scientific merit of 
potentially useful candidate biomarkers 
for drug or diagnostic test development 
for Parkinson’s and Alzheimer’s diseases. 
For additional references on biomar-
kers, please see the Supplementary  
Material online.

An initial list of potential biomarkers 
will be compiled from CAMD mem-
bers. Publicly available data sources 
will be thoroughly and systematically 
reviewed and analyzed. Gap analysis 
will be performed, and programs will 
be implemented to address gaps. When 
biomarkers are determined by the CAMD 
to be adequately supported by evidence, 
these will move into the qualification 
process (see below).

A biomarker-evaluation subcommit-
tee with members from all CAMD stake-
holder groups will evaluate and prioritize 
candidate biomarkers for submission 
and qualification review by regulatory 
agencies (the FDA and the EMEA) 
based on (i) analysis of established  

predict both response to drug and 
rates of disease progression in defined  
patient subpopulations.

As described above, different methods 
may be used to create disease models. 
In the specific case of Parkinson’s and 
Alzheimer’s diseases, given the incom-
plete understanding of the molecular 
and physiological chains that govern dis-
ease progression, a top-down approach 
may be preferred initially. Satellite 
modeling efforts (e.g., models borrow-
ing from in vitro or in vivo studies and 
scaling up to human, molecular-marker 
kinetic models in various body com-
partments, and model-based imaging 
scaling from animals to patients) may  
be used to indirectly support the top-
down approach.1,3

Such an approach should start by 
considering existing empirical models 
based on clinically observed phenom-
ena, which are included in each disease’s 
clinical score metrics (the Unified Par-
kinson’s Disease Rating Scale and the 
Alzheimer’s Disease Assessment Scale), 
followed by an attempt to incorporate 
key pathophysiological functions that 
feed into clinical score subcomponents. 
For additional references on clinical rat-
ing scales, please see the Supplementary 
Material online. In this downwardly 
integrative attempt, the role of certain 
biomarkers may be ascertained more 

efficiency in making drug development 
decisions because many variables that 
influence outcomes can be considered 
simultaneously through the use of simu-
lations. Also, the weight of knowledge 
and data gaps may be more system-
atically ranked and prioritized.1,3 For 
additional references on modeling and 
simulation, please see the Supplemen-
tary Material online.

A large spectrum of modeling methods 
may be used, depending on many differ-
ent factors. As described in Figure 1, 
these methods include (i) empirical mod-
els, often originating from a “top-down” 
approach (from patient population data 
to pathophysiological phenomena); (ii) 
semimechanistic models, with increas-
ingly explicit representation of patho-
physiological, cellular, molecular, or drug 
pharmacodynamics and pharmacoki-
netics; (iii) mechanistic, or “first-princi-
ple,” models, which often are built on a  
“bottom-up” approach (from molecular 
pathways to pathophysiology and clini-
cal end points); (iv) search and inference 
algorithms, which may be applied across 
different scales, aimed at establishing 
links among variables of interest for 
which measurements are available; and 
(v) an integration thereof to generate 
systems biology models that incorpo-
rate highly complex interrelationships 
between parameters and analyze data 
from multiple experimental sources.3

Efficacy and safety biomarkers, as 
explained below, are fundamental com-
ponents of evolving disease models and 
should be considered during all stages 
of development. For neurodegenerative 
diseases in particular, models should 
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Figure 2  Integrated models of neurodegenerative diseases.
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focusing on each disease will have con-
stant interaction. This continual process 
of information sharing will provide use-
ful insights for scientists working on both 
diseases (Figure 2).

Data needs and standards
Because the process for constructing dis-
ease models and qualifying biomarkers is 
iterative, each new development will build 
on previous ones.1,3 As the complexity of 
the models increases, the scope of con-
tributing data will also increase. Various 
sources of data will build on previous 
ones as data are incorporated from NIH 
clinical studies and consortia (e.g., the 
ADNI), available biomarker data, and 
electronic health record data. For addi-
tional references on data standards, please 
see the Supplementary Material online.

Conversion and remapping of data 
from disparate sources will be a necessary 
part of the effort. The CAMD will submit 
models and biomarkers to the FDA and 
the EMEA for qualification, and by using 
Clinical Data Interchange Standards Con-
sortium (CDISC) data element standards 
the CAMD can ensure that regulatory 
authorities will be able to readily receive 
and work with the submissions.

Vision
The CAMD will address the need for tools 
and methods that can result in a more reli-
able and predictable process of drug devel-
opment for Parkinson’s and Alzheimer’s 
diseases. The combination of qualified 
biomarkers and quantitative disease pro-
gression models will provide tools for the 
pharmaceutical industry and other clinical 
investigators to more rapidly and reliably 
identify potential new therapies. For refer-
ences on Alzheimer’s/Parkinson’s disease 
burden and the need for new therapies, see 
Supplementary Material online.

The CAMD’s working goal is to sub-
mit biomarkers and disease progression 
models for Parkinson’s and Alzheimer’s 
diseases for FDA and EMEA review and 
consideration of qualification within the 
first year. As additional data become avail-
able, further applications and updates will 
be submitted.
SUPPLEMENTARY MATERIAL is linked to the 
online version of the paper at http://www.
nature.com/clpt

databases such as the Alzheimer’s Dis-
ease Neuroimaging Initiative (ADNI), 
(ii) incorporation into quantitative dis-
ease-progression models, (iii) internal 
data from CAMD member organiza-
tions, and (iv) published scientific arti-
cles. The subcommittee will establish and 
execute a systematic process for review 
of candidate biomarkers and evaluate the 
scientific strength of their evidence for 
disease detection, stratification, activity, 
progression, predisposition, prediction 
of treatment response, and/or safety.

Criteria for evaluation and methods of 
rating the degree of confidence in each 
biomarker will be defined according to 
established review methods.4 Biomarkers 
will be ranked, and evaluation of top-tier 
candidates will continue with agreement 
for the claim of specific use(s), review 
of evidence, and identification of gaps 
therein. The second phase will be the 
ongoing evaluation of evidence and selec-
tion of the most promising biomarkers 
for qualification. The subcommittee will 
evaluate external reports and data from 
members through literature and internal 
data presentations, with the participation 
of additional invited experts. Evidence 
will be thoroughly reviewed, including 
rigorous statistical analyses. A clinical 
evaluation program involving either de 
novo or re-mining of retrospective data 
will be designed to address gaps. Stand-
ardized templates will be developed that 
can be used as tools to uniformly guide 
the clinical program development.

Integration
Because biomarker qualification is 
context dependent, as provided by the 
integration of drug and disease models, 
their qualification is intimately linked. 
Another important component of the 
integration process is the collaboration 
with other initiatives focusing on the 
dissemination of quantitative models 
such as the one described at http://www.
opendiseasemodels.org.

Although Parkinson’s and Alzheimer’s 
diseases are, according to the available 
evidence, two different medical condi-
tions, areas of pathophysiological and 
clinical similarity and overlap exist.5 To 
better understand the mechanistic impli-
cations of these similarities, scientists 
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