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Introduction1 
 
 
 

Although major strides have been made over the past two decades in 
basic neurosciences, translation into more effective treatments has eluded 
the field (Kaitin, 2012). Among the many factors contributing to this re-
ality are the standard clinical trial methods that have barely changed dur-
ing this time, with the exception of increased use of electronic data 
acquisition and analysis. 

Clinical trials for diseases of the central nervous system (CNS) suffer 
from high failure rates due, in part, to the limited understanding of dis-
ease pathophysiology and lack of well-validated targets (Pankevich et al., 
2014; Wegener and Rujescu, 2013). In addition, even in the hands of ex-
perienced investigators, poor assay sensitivity2; the lack of reliable, vali-
dated, and clinically meaningful endpoints; high placebo or non-specific 
responses; high variability among participants and sites; poor treatment 
adherence; and inadequate recruitment and retention have adversely af-
fected pharmaceutical and device development (Ereshefsky et al., 2016; 
Gupta, 2012; Silberman, 2009). One of the net effects of these challenges 
has been to simply increase the trial sample size in an attempt to control 
type II error (false-negative results) (Becker and Greig, 2009; Button, 
2013). Yet, promising early clinical data are often not replicated in large 
registration trials, resulting in Phase III failure rates that are among the 
highest in medicine (Kesselheim et al., 2015). The apparent unsustaina-
bility of the current clinical development pipeline has driven many large 
pharmaceutical companies to significantly decrease investments in neu-
roscience (Abbott, 2011; Miller, 2010; Riordan and Cutler, 2011), alt-                                                             

1The planning committee’s role was limited to planning the workshop, and the work-
shop summary has been prepared by the workshop rapporteur as a factual summary of 
what occurred at the workshop. Statements, recommendations, and opinions expressed 
are those of individual presenters and participants, and have not been endorsed or verified 
by the National Academies of Sciences, Engineering, and Medicine, and they should not 
be construed as reflecting any group consensus. 

2For examples of recent terminated trials in Parkinson’s disease and Huntington’s disease 
due to futility, please go to: http://www.ninds.nih.gov/disorders/clinical_trials/2CARE-
Early-Study-Closure.htm; https://nccih.nih.gov/research/extramural/crest-e; and https://parkin 
sontrial.ninds.nih.gov/netpd-LS1-study-termination.htm (accessed June 2, 2016). 
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hough, there is some evidence that this trend is reversing (Herper, 2015; 
Tracy, 2015). Of drug development projects started between 2000 and 
2004, the number of new medical entities (NMEs)3 generated each year 
was less than half the number of NMEs generated by projects started be-
tween 1990 and 1999. However, within each therapeutic area, the 
productivity was similar, indicating that lower productivity reflected a 
shift to areas where there is greater medical need, but higher risk, such as 
neuroscience and oncology (Pammolli, 2011). In comparison to oncolo-
gy, there are far fewer clinical trials for nervous system disorders, yet in 
2015 the Food and Drug Administration (FDA) approved 19 drugs in 
oncology and 9 in neuropsychiatry, suggesting greater efficiency in the 
neuroscience area, said Perry Nisen, chief executive officer of Sanford 
Burnham Prebys Medical Discovery Institute. 

Quite apart from the business perspective, the fact that many early-
stage clinical trials misleadingly provide a false-positive signal (a type I 
error) raises the question of whether volunteering for these trials is in the 
best interest of trial participants (Button et al., 2013; Cohen et al., 2007).   

Better methods, from clinical study design through execution and 
evaluation, could help restore the integrity, feasibility, acceptability, effi-
ciency, and economic viability of clinical neuropsychiatric drug devel-
opment. However, in order to use innovative approaches to address these 
challenges, buy-in and acceptance from the regulatory community will 
be important (Parekh et al., 2015). For example, adaptive trials, in which 
trial parameters are modified based on interim data, could offer a more 
efficient means of addressing experimental questions involving multiple 
uncertainties, although they are often infrequently used (Wang et al., 
2011). In addition, understanding the utility of wearable and patient mon-
itoring devices (and the data generated) in neuroscience clinical trials is 
important (Capone, 2015; Desgrousilliers and Keet, 2015; Kumar et al., 
2013). 

 
 

WORKSHOP OBJECTIVES 
 

On March 3–4, 2016, the National Academies of Sciences, Engineer-
ing, and Medicine’s Forum on Neuroscience and Nervous System Disor-
ders held a workshop in Washington, DC, bringing together key 
stakeholders to discuss opportunities for improving the integrity, effi-                                                             

3Drugs that containing an active moiety that has not been previously approved by the 
FDA.  
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ciency, and validity of clinical trials for nervous system disorders (see 
Box 1-1). Participants in the workshop represented a range of diverse 
perspectives, including individuals not normally associated with tradi-
tional clinical trials, added co-chair Atul Pande, chief medical officer and 
executive vice president of Tal Medical. The purpose of this workshop 
was to generate discussion about not only what is feasible now, but what 
may be possible with the implementation of cutting-edge technologies in 
the future, according to workshop co-chair Richard Keefe, professor of 
psychiatry and behavioral sciences at Duke University School of Medi-
cine. Thus, workshop participants were asked to consider solutions that 
could be implemented immediately or over the short term, as well as in-
novations that will change the way clinical trials look over the next 10 
years. Potential solutions offered by several participants addressed the 
need to simplify and decrease the costs of trials. Keefe noted that all in-
novations, whether technological or methodological, should be tested 
with empirical data, and such data should drive adoption. Robert Califf, 
Commissioner of Food and Drugs at the FDA, stated that the best medi-
cal outcomes occur when health care providers and patients are armed 
with high quality-based evidence to make medical decisions, which is 
most likely to happen when clinical trials are conducted in practice.  

 
 

ORGANIZATION OF PROCEEDINGS 
 

The following report summarizes the workshop presentations and 
discussion. Chapter 2 provides an overview of the challenges and oppor-
tunities for 21st-century neuroscience clinical trials noted by many work-
shop participants. Chapter 3 outlines novel research and clinical trial 
design approaches to address heterogeneity and expedite the develop-
ment of biomarkers and other drug development tools, including clinical-
ly meaningful outcome measures. The potential impact of technological 
innovations on clinical trials is discussed in Chapter 4. Chapter 5 focuses 
on regulatory challenges with an international perspective and the poten-
tial implications for 21st-century clinical research innovations. Ethical 
considerations, including data protection and human subjects’ protection, 
are addressed in Chapter 6. Finally, the evidence base for real-world use 
and reimbursement issues are discussed in Chapter 7.    
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BOX 1-1 
Statement of Task 

 
An ad hoc committee planned and conducted a 2-day public 

workshop to explore opportunities to improve the efficiency and va-
lidity of clinical trials for nervous system disorders. The workshop 
will bring together key stakeholders to consider ways to advance 
therapeutic development for nervous system disorders by using inno-
vative clinical trial designs; improving patient selection, engagement, 
and retention; and enhancing clinical monitoring to help decrease the 
failure rate of drugs and devices in development. 

Presentations and discussions will be designed to: 
 
• Examine assay sensitivity challenges in clinical trials for 

nervous system disorders, including causes of poor signal 
detection and type II error. 

• Explore opportunities to improve clinical trial methodology 
for nervous system disorders, including strategies for: 
o Guiding the selection of patient populations, such as us-

ing endophenotyping to increase the yield of responders 
and using genomics, proteomics, and imaging bi-
omarkers to “stage” nervous system disorders. 

o Increasing patient engagement through all phases of the 
clinical trial (i.e., recruitment, screening, and posttrial) 
and improving adherence and retention. 

o Using patient-centric technologies (e.g., wearables) and 
integrating such real-world, real-time data with tradi-
tional clinical data. 

o Improving monitoring during clinical trials. 
o Leveraging recent advances in diagnostics, biomarkers, 

and endpoints to develop more efficient clinical trials. 
Using novel trial designs (e.g., adaptive, enrichment, 
and platform design studies) for nervous system disor-
ders, including associated regulatory challenges and 
opportunities 
. 
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2 
 

Neuroscience Clinical Trials: An Overview of 
Challenges and Potential Opportunities 

 
 

 
 
 
 
 
 

Drug development across all therapeutic areas is fraught with exces-
sive risk, high costs, and low productivity, according to Steven Romano, 
senior vice president and chief science officer of Mallinckrodt Pharma-
ceuticals. In this challenging business climate, investment has been shift-
ing to areas with a clear path forward; currently, there is no clear, 
rational path for many nervous system disorders. Although failed trials in 
the neuroscience space continue to plague the industry, Daniel Burch, 
vice president and global therapeutic area head for neuroscience at 
Pharmaceutical Product Development (PPD), stated that the ultimate 
failure is not learning from a negative trial the reasons for failure. Drew 
Schiller, chief technology officer and co-founder of Validic, suggested 
embracing failure and exploiting it as an avenue to find answers to ques-
tions that may not even have been asked. While some of the challenges, 
barriers, and opportunities discussed at the workshop were specific to 
neuroscience clinical trials, many were general to trials across therapeu-
tic areas. These topics, listed on the next few pages, are expanded on in 
the succeeding chapters.  
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CHALLENGES AND BARRIERS TO NEUROSCIENCE 
CLINICAL TRIALS1 

 
• Limited Understanding of the Underlying Biology of Disease. 

The inaccessibility of the brain makes it challenging to examine 
through traditional methods such as biopsy. Despite an explosion 
in basic neuroscience research, particularly in clinical biology 
and genetics, there are few validated molecular targets for most 
nervous system disorders. Those that have been identified—
mostly for psychiatric diseases such as depression, psychosis, 
and anxiety—are decades old. The lack of novel and validated 
targets limits the development of innovative treatments. The lack 
of compelling biomarkers and new disease models limits investi-
gators’ ability to interrogate the pharmacology of investigational 
compounds across multiple dimensions (e.g., behavior, functional, 
electrophysiological, etc.) in proof of concept studies (Romano). 

• Understanding How Nosology May Be Constraining Innova-
tion. Several participants noted that progress towards identifying 
novel and effective treatments for psychiatric diseases may be 
constrained by reliance on the Diagnostic and Statistical Manual 
of Mental Disorders, 5th ed. (DSM-5) (American Psychiatric 
Association, 2013). Despite the perceived shortcomings of the 
DSM, it is an entrenched system widely used by drug develop-
ers, academic researchers, clinicians, regulators, and payers. 
Moving beyond the DSM will therefore be challenging, and reg-
ulators are open to alternatives, but lack efficient mechanisms to 
do so (Laughren).  

• Insufficient Sharing of Data, Knowledge, and Expertise. De-
spite statements in support of data sharing from multiple sectors 
(e.g., IOM, 2015; Taichman et al., 2016), some academic and in-
dustry scientists continue to resist sharing their data (Rockhold). 
In addition, the research community is beginning to recognize 
that it may be time to review and revise the Health Insurance 
Portability and Accountability Act (HIPAA) restrictions as it 
continues to impede research (Koski).                                                               

1These lists highlight topics discussed throughout this workshop, but should not be 
construed as reflecting a consensus of workshop participants or any endorsement by the 
National Academies of Sciences, Engineering, and Medicine or the Forum on Neurosci-
ence and Nervous System Disorders. 
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• High Failure Rates of Clinical Trials. During the drug devel-
opment pipeline, thousands of compounds are screened through 
drug discovery efforts, with hundreds reaching the preclinical 
space. Of every 10 compounds that make it to human studies, 
approximately one will reach the marketplace. On average, this 
entire process takes between 10 and 15 years (DiMasi and 
Grabowski, 2007) (Romano). Clinical trial failures have in-
creased across each phase of development, which continues to 
negatively impact research and development (R&D) productivity 
(Pammolli et al.,  2011) (Romano).  

• High Cost of Clinical Trials Across Therapeutic Areas. The 
cost of R&D for a new drug is now approaching $2.6 billion (di-
rect cost plus the cost of failure) (TCSDD, 2014), with costs in-
creasing across the entire spectrum of drug development 
activities. R&D spending from the early 1960s through 2013 has 
outpaced productivity across all therapeutic areas. These in-
creased costs are attributed in part to the size of and complexity 
of clinical trials, which involve more stakeholders (Romano).  

• Operational Challenges Contributing to Variability Across 
Sites. The large number of inexperienced investigators (e.g., 
first-time filers who often may not file again for another trial) 
conducting trials and the high turnover of even experienced in-
vestigators results in increased variability and poorer perfor-
mance by clinical trial sites (TCSDD, 2015). In addition, 
protocol noncompliance has grown over the past decade, ac-
counting for nearly half of all site deficiencies (TCSDD, 2015) 
(Romano).  

• Low Yield to Date in the Search for Biomarkers. Several par-
ticipants noted the lack of validated biomarkers for nervous sys-
tem disorders; particularly those with predictive power.  

• Lack of Clarity on Regulatory Requirements. A few partici-
pants stated that companies need more clarity from regulators on 
what information to collect as part of their clinical trial submis-
sions. For example, data on non-serious adverse events or 
measures obtained as part of routine clinical care on every pa-
tient enrolled in a large pivotal trial are not useful to regulators 
and expensive to collect (Califf), yet sponsors collect many types 
of data out of concern that regulators will reject their applica-
tions if these data are not included. 
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OPPORTUNITIES TO IMPROVE NEUROSCIENCE 
CLINICAL TRIALS 

 
Several workshop participants acknowledged that investigators are 

starting to address many of above challenges associated with neurosci-
ence clinical trials. Moreover, Romano predicted that an explosion in 
neuroscience basic research, particularly in clinical biology and genetics, 
would drive more successful drug development paradigms. He noted that 
scientists are making progress in recognizing and deconstructing com-
plex behavioral syndromes. 

 
Clarifying the Underlying Biology of Nervous System Disorders 

 
• Identifying endophenotypes—including neuroimaging, function-

al, neurocircuitry, biochemical, neuroendocrine, cognitive, and 
neuropsychological endophenotypes—has informed genetic 
analysis, resulting in a clarification of genetic determinants and 
identification of relevant targets. For example, in 2012, Buckholtz 
and Meyer-Lindenberg proposed that common symptoms arise 
from common circuit dysfunction, suggesting a different way of 
thinking about potential treatment targets that might be specific to 
a symptom, but not to a particular condition (2012). Developing 
more relevant animal models will facilitate translation of funda-
mental discoveries into effective treatments (Romano). 

 
Achieving the Necessary Evidence 

Across All Phases of Drug Development 
 

• Demonstrating proof of mechanism is essential to clarifying ex-
posure at the target site and interaction with the pharmacological 
target, thus providing evidence of relevant and expected pharma-
cological activity (Romano).  

• Demonstrating proof of concept enables optimization of signal 
detection, and may lead to representative clinical trials (Califf 
and Romano). 

• Rigorously evaluating exposure and response in Phase IIb dose-
finding studies is critical, and ensuring continuity between Phase 
II and Phase III pivotal trials with regard to population character-
istics and outcome measures is necessary to allow translation of 
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the drug effect into a larger, more heterogeneous population, and 
to minimize placebo response and variability (Romano). 
 

Developing Novel Tools, Endpoints, and Statistical Approaches 
to Improve the Efficiency of Clinical Studies 

 
• Combining whole-genome sequencing and computerized, adap-

tive self-reports with item response theory and random forest 
models may enable more accurate assessment of dimensions of 
psychiatric conditions (Bilder). 

• Using multilevel endpoints that enable assessment across multi-
ple domains (e.g., symptoms, neuropsychological, cognitive) 
may improve linkage of these domains to disability (Bilder).   

• Developing biomarkers using unbiased screening approaches and 
translating these endpoints into a clinical context through part-
nerships is needed for neuroscience trials (Chen-Plotkin). 

• Eliminating silos in neurology and psychiatry, especially at the 
translational interface, is necessary in order to identify and vali-
date common biomarkers or combinations of biomarkers across 
disease areas (Jensen).  

• Aligning animal models and preclinical studies using common 
data elements may help to sync studies, allowing investigators to 
move efficiently from preclinical to clinical trials (Jensen).  

• Incorporating causal and network models that demonstrate pro-
gression of symptoms over time may improve randomization, 
sample selection, and choice of interventions (Bilder).  

• Standardizing measures, as well as how biospecimens are col-
lected, as demonstrated by the Alzheimer’s Disease Neuroimag-
ing Initiative (ADNI) is important (S. Kapur and Pani).   

• Testing novel treatments against comparators rather than place-
bos will be important to gain a better sense of their potential val-
ue in the marketplace compared with the current standard of care 
(Romano). 

• Applying machine learning techniques to clinical trial data may 
help to identify fraudulent data, which are frequently introduced 
by underperforming clinical trial sites (de Vries).   

• Exploiting innovative enabling technologies, such as virtual real-
ity and the Internet of Things, may help to capture a greater array 
of data within clinical trials than traditional methods (Reites). 
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Implementing Operational Changes to Clinical Trials  
 

• Improving the training and capabilities of investigators is criti-
cal, particularly for complicated trials that require a more sophis-
ticated skill set among trialists (Koski and Romano).  

• Generating data signatures before entry into a study and incorpo-
rating existing data streams help contextualize and validate in-
trial data (Kieburtz). 

• Removing administrative burdens on investigators and other site 
personnel may help to expand the number of studies that can be 
conducted without raising costs (Kieburtz). 

• Building regionally powerful clinical trial centers in place of ex-
isting smaller trial sites would centralize expertise and provide 
economies of scale (Kieburtz).  

 
Changing the Scope and Scale of Studies 

 
• Using big data approaches—for example, studies that incorpo-

rate large genomics databases—has already become the domi-
nant paradigm in some areas such as autism, and has the 
potential to transform other areas of neuroscience as well, lead-
ing to more targeted trials (S. Kapur). However, simple trials 
should not be overlooked as they may also provide value. The 
key is to design trials that meet specific and perhaps narrow ob-
jectives, with careful consideration of heterogeneity and methods 
of data analysis (Pencina).  

• Recognizing the increasing role that patient advocacy organiza-
tions will likely play in trials of the future is important, particu-
larly with regard to the creation of multisite data models and the 
involvement of technology companies (de Vries). 
 

Building Innovative Research Programs  
 

• Building a more agile research methodology may help to rapidly 
and efficiently test various technologies and conduct feasibility 
testing (Rodarte). 

• Establishing an accelerator program with domain experts and 
scientists, where ideas are transformed into proof-of-concept 
studies, may reduce the length of study development and digital 
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health solutions from 12 to 18 months to approximately 90 days 
(Reites). 

• Similar to oncology, integrating clinical trials into routine clini-
cal care will be important for nervous system disorders (Kalali).  

• Developing more collaborative programs between pharmaceuti-
cal and technology companies would tap into the strengths of 
both sectors to accelerate therapeutic development (Kalali). 

• Adopting methodology from other therapeutic areas with regard 
to novel designs, recruitment, and assessment may be beneficial 
for neuroscience trials (Laughren). 

• Establishing comprehensive neuroscience centers, akin to the 
National Cancer Institute’s Comprehensive Cancer Centers, 
might improve integration between basic science and the clinical 
enterprise (Nisen). 

 
Collaborating Across Disciplines and Countries 

 
As the complexity of the drug development ecosystem has increased, 

collaboration among pharmaceutical companies, academia, regulators, 
patients, payers, and social and business entrepreneurs has increased.  

 
• Facilitating cultural changes regarding how promotions are made 

and grants are awarded in academic institutions will be needed to 
facilitate increased collaboration and data sharing (S. Kapur).  

• Building international consortia and public‒private partnerships 
are needed to advance the development of new tools (Chen-
Plotkin and S. Kapur).  

• Identifying the pioneers who are testing novel paradigms in other 
fields, and bringing them together with neuroscientists, may help 
pivot those approaches to the clinical trials space (Reites). 

• Creating an environment where innovative companies can come 
together and, within a rigorous scientific and regulatory frame-
work, determine the best models, algorithms, and digital strate-
gies, might optimally enable drug development and patient 
management (de Vries). 

• Leveraging consumer engagement achieved by electronics com-
panies that have created wearable devices and apps with new 
models of collecting information, as well as social media plat-
forms that have been used to successfully recruit participants for 
clinical trials, will be important for trials of the future (Schiller).  
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Encouraging Increased Data Collection and Sharing 
to Maximize Learning from Clinical Trials 

 
• Data mining using artificial intelligence algorithms and multivar-

iate statistical techniques enables investigators to identify pat-
terns in large datasets that can be useful for generating 
hypotheses (Koski).   

• With regard to concerns about “phshing,” that is, searching data-
bases for personal information to be used for nefarious purposes, 
several workshop participants urged reasonableness and social 
responsibility, commenting that these concerns may be over-
blown and prevent valuable research (Chiauzzi, Koski, Rockhold, 
and Snowberg).  

• Bringing various stakeholders in academia and industry together is 
needed to craft interoperable data-sharing mechanisms (Rockhold).   

• Developing databases with clinical trial data across therapeutic 
areas, similar to the FDA’s and Mortara Instruments’ electrocar-
diogram (ECG) warehouse,2 would be beneficial for investiga-
tors when assessing a potentially new therapeutic (Laughren).  

 
Making Clinical Trials More Patient-Centric 

 
• While statistical significance is important, it is not enough to de-

termine if a therapeutic will be clinically meaningful to patients. 
Designing trials where clinical significance is at the fore-
front (e.g., measuring treatment effects against comparators and 
not just placebos) is imperative; however, several participants 
noted that the field needs to further define what it means for a 
therapeutic to be clinically significant (S. Kapur, Pencina, and 
Romano). 

• Engaging in a sophisticated dialogue with patients about the val-
ue of different outcomes and the best way to measure and ana-
lyze these outcomes is needed (Kapur). 

• Employing mobile and passive monitoring of motion, location, 
voice, app usage, facial affect, sleep, heart rate, and other charac-
teristics may provide more patient-centric assessments of disease 
progression and response to treatment (Bilder).                                                               

2For more information, go to https://www.ecgwarehouse.com/index.php (accessed 
June 2, 2016).  
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• Building an open research environment, where participants have 
access to their own data, may help to increase patients’ willing-
ness to engage in a trial (Rodarte). 

• When incorporating wearables into a clinical trial, it is important 
to consider at the design stage how devices will be allocated to 
participants and what will be done when device manufacturers 
introduce newer versions or implementations during a trial 
(Reites). 

• Reinforcing to trial participants the nature of the social contract 
implicit in a clinical trial is critical in order to show that their 
value in the study is essential, not only for them, but to the 
broader patient population (Hernandez). 

• Ensuring that protocols are simple both for the participants and 
the practitioners involved may help to decrease confusion and 
patient attrition (Hernandez).  

• Implementing new technologies with a systems perspective helps 
to ensure they are inter-operable and connectable (Koski). 

• Developing new paradigms that reduce patient burden, for ex-
ample, by taking a sample collection to the participant rather 
than requiring the participant to come to a central location, may 
increase patient engagement and decrease attrition (Koski). 

• It will be important to adapt our understanding of human sub-
jects’ protection to one that encourages more participation of pa-
tients and where the medical encounter becomes part of the 
research enterprise (Kaufmann).  

 
Meeting Regulatory Requirements 

 
• Innovative technologies may provide a novel approach for 

providing “substantial evidence” of effectiveness for regulators, 
if investigators can show that a device generates data that can 
be quantitatively linked to an element of disease progression 
(de Vries). 

• When conducting trials internationally, consider different regula-
tory requirements, privacy and other regulations, cultural aspects, 
and digital enablement (e.g., access to different technologies and 
social media) (Reites). 

• Investigators are encouraged to work with regulators to rethink the 
process for qualification of drug development tools, which present 
an obstacle to adoption of new methodologies (Laughren).  



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

 



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

15 
PREPUBLICATION COPY: UNCORRECTED PROOFS 

3 
 

Clinical Trial Design 
 

 
 
 
 
 
 
 
 

 

Highlights 
 

• The National Institute of Mental Health (NIMH) established the 
Research Domain Criteria (RDoC) initiative to create a neurobio-
logically based research framework for addressing heterogeneity 
(which has been shown to confound signal detection in Phase II 
trials) across and within disease entities (Morris).

• There is a need to go beyond psychometric approaches and toward 
more causal modeling for nervous system disorders, using existing 
and new tools, in order to have more accurate endpoints in clinical 
trials (Bilder). 

• Candidate biomarker approaches have worked well in identifying 
biomarkers for Alzheimer’s disease that were later included in 
clinical trial enrollment criteria, but not as well for Parkinson’s 
disease, where unbiased screening approaches have been more 
successful (Chen-Plotkin). 

• Biorepositories with strict collection and storage protocols, data 
sharing, and partnerships are essential for promising biomarkers to 
reach clinical trials (Chen-Plotkin). 

• Clinical as well as statistically significant evidence is important to 
establish safety and effectiveness for any given product; regulators 
and payers also look at clinical outcomes that are meaningful to pa-
tients (Bilder, Farchione, Hernandez, S. Kapur, Laughren, Pande, 
Pani, Peña, Pencina, Rockhold, and Romano). 

• Trial designs should be fit-for-purpose, and employ appropriate 
statistical expertise in the planning stage (Pencina). 
 

NOTE: These points were made by the individual speakers identified 
above; they are not intended to reflect a consensus among workshop 
participants. 
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Clinical trials are typically conducted in three phases prior to market 
approval: Phase I, to evaluate safety, determine a safe dose range, and 
identify side effects; Phase II, to further evaluate safety and assess effi-
cacy; and Phase III, to confirm effectiveness, monitor side effects, and 
compare it to other treatments (U.S. National Library of Medicine, 
2008). The goal of Phase II is “to obtain preliminary data on whether the 
drug works in people who have a certain disease or condition.”1 Failures 
in Phase II are also of substantial concern, said Steven Romano; approx-
imately 80 percent of the compounds tested in Phase II fail. More than 
half of these fail for lack of efficacy (Arrowsmith and Miller, 2013), and 
another 30 percent because of a company’s shift in strategic focus, which 
could reflect a company’s concerns about comparative effectiveness and 
thus marketability. The fundamental challenge, according to Robert 
Bilder, professor-in-residence in the department of psychiatry and biobe-
havioral sciences at the University of California, Los Angeles, is the lack 
of validity for the “disease entities” associated with nervous system dis-
orders, for which etiology and pathophysiology are mostly unknown. 
Both psychometric approaches and categorical approaches are insuffi-
cient for most disease entities, and heterogeneity within a syndrome and 
across syndromes is common, which could confound signal detection in 
Phase II trials. RDoC, described below, is one attempt to address these 
problems. In addition, several participants noted the need for better dis-
ease modeling—using both existing and new tools—and novel trial de-
signs and statistical approaches. 

 
 

ALTERNATIVES TO THE DSM 
 

The DSM is a diagnostic tool that defines disorders as distinct enti-
ties and relies mainly on subjective measures—self-report from patients 
and clinicians’ observations—rather than on an advanced understanding 
of the neurobiology of disease (Casey et al., 2013), said Steven Romano. 
In addition, the DSM fails to capture a number of disease domains such 
as volition, motivation, and speech (Kendler, 2016). Bilder added that 
categorical systems for defining disease are generally considered less 
valid than systems that capture the dimensionality of most psychiatric 
conditions (e.g., Haslam et al., 2012). He added that a dimension such as 
cognitive impairment may arise from different fundamental causes in                                                              

1See http://www.adaptimmune.com/patients-families/clinical-trial-faq (accessed June 
23, 2016).  
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different disease states, such as cognitive dysfunction in major depres-
sive disorder and schizophrenia. Nonetheless, it may be more valuable to 
assume that the dimensions are the same until they are shown to be dif-
ferent.   

In recognition that drug development in psychiatry is significantly 
hampered by heterogeneity within diagnostic categories, NIMH estab-
lished the RDoC initiative in 2009 to change how patients and non-
patients are identified and classified for research purposes, and to en-
courage researchers to think about and study psychopathology in differ-
ent ways. RDoC became a more dominant paradigm in 2013, when then-
Director of NIMH, Thomas Insel, posted a message on his blog, indicat-
ing that NIMH was reorienting its research away from DSM categorical 
syndromic diagnoses in favor of an approach that took into account het-
erogeneity in diagnosis—essentially the RDoC approach. For example, 
diagnosing a major depressive episode requires a patient to exhibit five 
of nine symptoms. Many of these symptoms, such as sleep disruptions or 
hallucinations, occur across multiple diagnostic categories. With 126 
possible combinations of those 9 symptoms, there is substantial hetero-
geneity among those diagnosed with depression. Moreover, the occur-
rence of symptoms across multiple diagnoses supports the notion that 
these disorders are not fully distinct, said Sarah Morris, acting head of 
the NIMH RDoC unit and program chief for schizophrenia spectrum dis-
orders research. The primacy of neurobiology over phenomenology is 
further supported by data from the Psychiatric Genomics Consortium, 
which showed high rates of shared heritability among diagnoses (Cross-
Disorder Group of the Psychiatric Genomics, Consortium, 2013). In an-
other example, there is evidence of shared patterns of gray matter loss 
among patients with schizophrenia, bipolar disorder, depression, addic-
tion, obsessive-compulsive disorder, and anxiety (Goodkind et al., 2015).  

Instead of grouping patients into heterogeneous diagnostic groups, 
RDoC provides a framework for classifying participants according to 
neurobehavioral constructs, based on what is known about the brain and 
behavior, rather than by heterogeneous diagnoses. Morris emphasized 
that the framework is a hypothesis, which assumes a developmental per-
spective from prenatal to late life as well as the ubiquitous impact of the 
environment across that developmental trajectory. It frames classification 
in terms of five domains and constructs associated with those domains 
(see Table 3-1). The list is dynamic and flexible enough to change over  
 

 



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

18 NEUROSCIENCE TRIALS OF THE FUTURE 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

TABLE 3-1 RDoC Domains and Constructs 
 

Domains 
 

Constructs 

Cognitive systems Attention 
Perception 
Declarative memory 
Language behavior 
Cognitive (effortful) control 
Working memory 
 

Positive valence systems Approach motivation 
Initial responsiveness to reward 
Sustained responsiveness to reward 
Reward learning 
Habit 
 

Negative valence systems Acute threat (“fear”) 
Potential threat (“anxiety”) 
Sustained threat 
Loss 
Frustrative non-reward 
 

Arousal and regulatory systems Arousal 
Circadian rhythms 
Sleep and wakefulness 
 

Systems for social processes Affiliation and attachment 
Social communication 
Perception and understanding of self 
Perception and understanding of  
others 

SOURCE: Presented by Sarah Morris at the Workshop on Neuroscience Trials 
of the Future, March 3, 2016.  

 
time. It assumes dimensionality among disorders and between illness and 
health, as well as interaction among constructs. Constructs can be meas-
ured at multiple units of analysis (genes, molecules, cells, circuits, physi-
ology, behavior, and self-report), each of which informs and constrains 
the others.  

NIMH encourages investigators to adopt RDoC principles in their 
clinical trials by focusing on functional domains or symptoms, thus in-
creasing the probability that participants’ disorders will share the same 
mechanism. Figure 3-1 illustrates NIMH’s vision of this approach (Insel 
and Cuthbert, 2015). RDoC also has a database that is integrated with 
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BETTER DISEASE MODELS 
 

Clinical trials in psychiatry are typically built around the DSM crite-
ria, using neuropsychological tests as secondary outcome measures. 
Bilder suggested that classical psychometric tools (e.g., item response 
theory and computer adaptive testing) can be used in new ways. He sug-
gested going beyond the psychometric model and for the field to consid-
er causal models. For example, the classical psychometric explanation of 
depression assumes that there is an entity, major depression, which caus-
es depressive symptoms, weight gain, sleep disturbances, etc. A network 
or causal modeling approach, by contrast, posits that depression results 
from the causal interplay among symptoms (Borsboom and Cramer, 
2013). It also incorporates the concept of the progression of symptoms 
over time. Thus, chronic stress leads to depressed mood, which leads to 
self-reproach, which leads to insomnia, which leads to fatigue, which 
leads to problems with concentration. Bilder described a network model, 
built on data from more than 3,000 participants being treated for depres-
sion, that identified 28 interconnected nodes, including both DSM and 
non-DSM symptoms (Fried et al., 2016) (see Figure 3-2). 

Biological validity is what Bilder called the “holy grail” of drug de-
velopment, and viewing the multidimensionality of diseases is one step 
in that direction. Recent research has begun to demonstrate large genetic 
correlations where both diagnostic categories and dimensions, or symp-
toms within categories, have shared genetic contributions (see Kendler et 
al., 2011; Lahey et al., 2011). Population-based studies also show great 
overlap, implying shared genetic plus environmental contributions; this 
pattern of associations is not limited to psychiatric syndromes. An analy-
sis of associations between psychiatric disorders with other medical con-
ditions culled from 1.5 million patient records showed an increased risk 
of nearly every psychiatric disorder with every other medical disorder, 
suggesting significant shared genetic variation (Rzhetsky et al., 2007). 

Thus, Bilder advocated for the use of dimensions and clusters of cat-
egories as treatment targets, as well as focusing on subgroups not only 
within disorders, but across syndromal boundaries. He pointed to a recent 
study investigating the genetic basis of major depressive disorder (MDD) 
in a population of Han Chinese women. By focusing on a subpopulation of 
women who had a particularly severe form of melancholic depression, the 
investigators were able to identify two genetic loci for MDD (Cai et al., 
2015). Bilder also pointed to the need for validated biomarkers and expli-
cation of intermediate phenotypes to flesh out these cross-level links.  
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There has also been a great deal of interest in leveraging and using ge-
netic models to facilitate stratification of patients and validate targets, said 
Perry Nisen. However, he reminded workshop participants that association 
and causality are not the same; connecting a gene or mutation at a biologi-
cal level to a disease process is critical. Similarly, he urged caution in in-
terpreting cellular and animal models without a thorough understanding of 
the underlying biology of the disease.    

 
 

BIOMARKERS 
 

Biomarkers, defined as characteristics that can be objectively meas-
ured and evaluated as indicators of biological processes (Biomarkers 
Definitions Working Group, 2001), have become essential across differ-
ent phases of drug development. They are typically categorized as diag-
nostic, prognostic, predictive, disease progression, or pharmacodynamic, 
according to their intended use. For example, pharmacodynamic bi-
omarkers may be used in early-stage drug development to demonstrate 
target engagement, while in later stages, prognostic or predictive bi-
omarkers may be used to stratify participants in a clinical trial or demon-
strate treatment response.  

Throughout the workshop, several participants expressed the need 
for more validated biomarkers in the field. In a recent systematic review 
examining published articles on biomarkers in psychosis since 2012, of 
3,200 articles, the authors found that most of the biomarkers were diag-
nostic, with limited utility for precision medicine studies (Prata et al., 
2014). Of the 257 potentially useful prognostic, predictive, or monitoring 
biomarkers studied, only one had both a reasonable effect size and high 
quality of evidence, yet even that one had sensitivity of only 21 percent, 
not enough to change clinical care. According to Shitij Kapur, this study 
illustrated several problems that plague the biomedical, including the 
neuroscience, literature: publication bias, lack of replication, or “approx-
imate” replication (i.e., replication studies that use different measures 
and modalities [see Van Snellenberg et al., 2006]); insufficiently pow-
ered studies (Button et al., 2013); and insufficient attention to clinical 
significance (e.g., Levine et al., 2015). 

Anil Malhotra, director of psychiatry research at Zucker Hillside 
Hospital and professor of molecular medicine and psychiatry at Hofstra 
North Shore—Long Island Jewish School of Medicine, illustrated the 
need for biomarkers using a recent trial that compared the efficacy of 
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acute treatment with aripiprazole2 and risperidone3 for first episode 
schizophrenia and related disorders (Robinson et al., 2015). The re-
searchers examined the change in psychotic symptoms over 3 months, 
but despite the relatively large number of participants in the trial (198 
patients), no difference was seen. Interestingly, however, there was sig-
nificant variance in response. If it were possible to identify in advance 
who was likely to benefit from a specific treatment through the use of 
biomarkers, it might be possible to achieve greater power with smaller 
studies, said Malhotra.  

He described some of the advantages and disadvantages of genetic 
and neuroimaging biomarkers for psychiatric disorders, noting, however, 
that there are many other types of biomarkers, including biochemical 
markers from the cerebrospinal fluid (CSF) and plasma, cognitive and 
neuropsychological measures, among others. With regard to plasma me-
tabolites, although they are popular because of the relatively easy access, 
so far it has been very difficult to extrapolate from the plasma to the 
brain, said Malhotra. 

 Advantages of genetic biomarkers include the ease of access to 
DNA from blood or saliva and the stability of genotype over time, mean-
ing you can collect samples after a trial for a prospective analysis. Dis-
advantages primarily relate to power: the sample sizes of most genetic 
studies are quite large. Neuroimaging biomarkers also have both ad-
vantages and disadvantages, said Malhotra. The most notable advantage 
is the ability to directly assess brain structure and function, including the 
ability to assess specific regions and circuits within the brain. Disad-
vantages include the difficulty of precise replication, potential confounds 
from environmental factors such as prior treatment, and subject ac-
ceptance. Moreover, it is not always clear what is being measured, he 
said. Many different neuroimaging modalities may yield potential bi-
omarkers, including structural magnetic resonance imaging (MRI), diffu-
sion tensor imaging (DTI), task-based functional MRI (fMRI), and 
resting-state fMRI (see Table 3-2).  

Resting-state fMRI has shown particular promise in providing a good 
signal and also is one of the easier measures to access, said Malhotra. It 
provides a measure of brain activity in the absence of an externally 
prompted task as a means of defining functional networks. It also enables                                                              

2Aripiprazole is an atypical antipsychotic, used primarily to treat schizophrenia and bi-
polar disorder. 

3Risperidone is an antipsychotic, used primarily to treat schizophrenia, bipolar disor-
der, and behavior problems. 
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TABLE 3-2 Neuroimaging Approaches to the Heterogeneity of Antipsy-
chotic Response 
Modality Characteristic Measured 

Structural CT or MRI Assessment of morphology 
Diffusion tensor imaging  Putative measure of white-matter integrity 
Task-based fMRI Change in BOLD signal during conduct of a cog-

nitive/behavioral/emotional activation task 
Resting-state fMRI Correlation in BOLD signal during “rest” 
NOTE: BOLD signal = blood-oxygen-level‒dependent changes, induced by 
blood flow.  
SOURCE: Presented by Anil Malhotra at the Workshop on Neuroscience Trials 
of the Future, March 3, 2016.  
 
investigators to assess the functional connectivity among multiple re-
gions of the brain. For example, Malhotra and colleagues showed that 
improvement in psychotic symptoms over 12 weeks in individuals with 
first episode schizophrenia correlated with increased connectivity in cor-
tical striatal circuits, suggesting that increasing connectivity in these cir-
cuits could be used as a biomarker of antipsychotic efficacy (Sarpal et 
al., 2015). Indeed, in a more recent study, Malhotra’s team used baseline 
striatal functional connectivity to predict antipsychotic drug response 
(Sarpal et al., 2016).  

The SCI approach has also been applied to other clinical studies, in-
cluding the aripiprazole and risperidone study mentioned at the begin-
ning of this chapter, in which no difference in efficacy was seen. Among 
study participants who had undergone baseline resting- state fMRI scans, 
responders tended to have lower SCI than non-responders, further sup-
porting its potential as a predictive biomarker.  

Several participants highlighted that biomarkers for nervous system 
disorders are somewhat more developed in neurology than psychiatry. 
For example, Story Landis, former director of the National Institute of 
Neurological Disorders and Stroke (NINDS), commented that the identi-
fication of neuroimaging as a biomarker for immunological disturbances 
transformed drug development for multiple sclerosis (MS), where there 
are now drugs that slow progression of the disease. However, much re-
mains to be learned with regard to how and why these drugs work as well 
as on other aspects of MS, such as the neurodegenerative component.  

There has been a particularly substantial effort to develop biomarkers 
for Alzheimer’s disease (AD), exemplified by ADNI. ADNI was 
launched in 2004 with the initial goal of developing imaging and bio-
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chemical biomarkers for the early detection of AD, as well as for use in 
clinical trials. However, the impact of ADNI on the AD field and beyond 
has been far broader, said Alice Chen-Plotkin, assistant professor of neu-
rology at the Perelman School of Medicine, University of Pennsylvania. 
It set a precedent for open data sharing in the neurodegenerative disease 
space and demonstrated the potential benefits of bringing together ex-
perts from industry, governmental agencies, academia, and private foun-
dations to provide the funds required to address a monumental problem 
(Weiner et al., 2015).  

The original ADNI cohort consisted of 200 normal controls, 200 
people with overt AD, and 400 people with amnestic mild cognitive im-
pairment (aMCI), which was thought to possibly represent prodromal 
AD. Study participants were assessed clinically and with biomarker stud-
ies at 6-month intervals for 4 years. Following the initial 5-year study, 
additional funding was obtained in 2009 with a Grand Opportunities 
grant (ADNI-GO) and in 2011 with a renewal (ADNI-2), enabling an 
additional 550 people to be enrolled and the focus to shift to earlier phas-
es of the disease.   

Since its inception, data from ADNI have resulted in more than 600 
publications (Weiner et al., 2015) that have transformed the understand-
ing of AD. Chen-Plotkin summarized some of the learnings from ADNI: 

 
• Biochemical biomarkers in the CSF can discriminate individuals 

with aMCI who will go on to develop AD from those who will 
not (Shaw et al., 2009). 

• Positron emission tomography (PET) scans using ligands that 
bind to beta amyloid (Aβ, the protein found in the amyloid 
plaques seen at autopsy) can demonstrate the deposition of amy-
loid in the brain in vivo (Clark et al., 2011). 

• These measurements are meaningful if one knows the quantita-
tion is accurate and can be reproduced in any lab that follows the 
standardized procedure. 
 

ADNI has already led to changes in how AD trials are conducted, 
said Chen-Plotkin. Phase III trials are being conducted in preclinical 
stages of AD using amyloid imaging and CSF biomarkers as entry crite-
ria to enrich for patients on the AD trajectory. Biomarkers are also cur-
rently being incorporated into diagnostic criteria in the research settings, 
but may be used for clinical diagnosis in the future (Sperling et al., 
2011). 
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Identifying biomarkers to expedite clinical trials in Parkinson’s dis-
ease (PD) has proved to be more difficult, said Chen-Plotkin. Although 
both AD and PD are characterized by misfolding and aggregation of a 
central culprit molecule—Aβ in AD and α-synuclein in PD—no specific 
imaging ligand for α-synuclein has been identified, and levels of α-
synuclein in CSF are not predictive of disease progression (Kang et al., 
2013). Chen-Plotkin, along with other PD researchers, think an unbiased 
screening approach, made possible by advances in genomics and prote-
omics, will be needed to identify predictive biomarkers for PD (Chen-
Plotkin, 2014). The PD community (e.g., researchers and patient advoca-
cy groups), like the AD community before it, now is organizing around a 
pipeline for discovery, replication, and further development of novel PD 
biomarkers. In 2012, the National Institute of Neurological Disorders and 
Stroke (NINDS) launched the Parkinson’s Disease Biomarker Program 
(PDBP), which has collected biospecimens and clinical data from more 
than 1,000 people, stored them in a central repository, and made them 
available for discovery efforts by the neuroscience research community 
(Rosenthal et al., 2015). Meanwhile, the Parkinson’s Progression Mark-
ers Initiative (PPMI), sponsored by the Michael J. Fox Foundation for 
Parkinson’s Research, has collected samples along with clinical and be-
havioral assessments from multiple cohorts, including normal controls 
and individuals with PD, as well as those in the prodromal stage of PD. 
These samples and data are available to the research community. 

Chen-Plotkin’s group at the University of Pennsylvania was one of 
the first to use this pipeline. In 2013, they identified a candidate protein 
biomarker for PD using an unbiased screening approach on samples ac-
quired at the university. They showed that higher plasma levels of 
Apolipoprotein A1 (ApoA1) were correlated with older age at PD onset 
and less severe PD (Qiang et al., 2013). Then, using samples from PPMI, 
they replicated the study, thus providing the first report of a plasma-
based biomarker of disease progression in PD and suggesting that 
ApoA1 may represent a therapeutic target (Swanson et al., 2015).       

Chen-Plotkin and colleagues were also interested in replicating a 
study that suggested that low levels of epidermal growth factor in the 
blood were predictive of which PD patients would become demented. 
However, they observed substantial site-to-site variability in the meas-
urement of EGF at PPMI sites, highlighting the need for strict adherence 
to standardized protocols.  

Moreover, there are gaps in our knowledge about biomarkers, which 
need to be overcome, said Bilder. For example, in a study of the associa-
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tion of amyloid burden with disruption of the default mode network, nei-
ther of these measures were associated with cognitive impairment 
(Hedden et al., 2009). In addition, several participants noted that there is 
a great need for biomarkers with predictive power. This will likely re-
quire a multimodal approach rather than a single determinant biomarker, 
said Malhotra. Luca Pani, director general of the Italian Medicines 
Agency (AIFA), said biomarkers are also needed to show that a treat-
ment makes sense in terms of value. For example, if a biomarker could 
predict that a specific treatment for hepatitis C reduces the need for 
transplantation in some patients, the savings could influence the approval 
decision. The predictive biomarkers (diagnostic) in oncology play a criti-
cal role in understanding molecular and cellular mechanisms, which 
drive tumor initiation, maintenance and progression. They help to opti-
mize therapy decisions, as they provide information on the likelihood of 
response to a given chemotherapeutic. However, he noted that this would 
be more difficult for psychiatry and neurology area.  

Chen-Plotkin and S.Kapur emphasized the need for building interna-
tional consortia and public-private partnerships to advance the develop-
ment of new tools. For example, an international consortium called 
Novel Methods leading to New Medications in Depression and Schizo-
phrenia (NEWMEDS)  has developed a tool called a clinical significance 
calculator to help investigators estimate whether a predictive biomarker 
for depression is likely to demonstrate clinical significance, shifting at-
tention away from a focus on statistical significance, or p-values (Uher et 
al., 2012), said S. Kapur. In addition, Chen-Plotkin noted that bioreposi-
tories and sharing of biospecimens will enable the more efficient devel-
opment of a wide range of biomarkers. 

 
 

CLINICALLY MEANINGFUL OUTCOMES 
 

In recent years, regulators and payers have increasingly required that 
clinical studies demonstrate not only statistical significance of an effect, 
but even more importantly, clinical significance (Ranganathan et al., 
2015). This view was also reflected in comments from many workshop 
participants. The bottom line, said Romano, is that no payer will provide 
coverage for a product that does not show clinical relevance. Studies 
need to show that a difference is relevant not against placebo, but against 
comparators, he added. S. Kapur noted that effect size is not the same as 
clinical significance. He further proposed developing a framework for 



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

28 NEUROSCIENCE TRIALS OF THE FUTURE 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

assessing the clinical significance of potential innovative options that 
will make health care cheaper, not just “flashier” and stratified.  

Clinically relevant endpoints are also important to promote clinical 
implementation. Publication in an appropriate peer-reviewed journal 
provides an avenue for acceptance by the community, yet an analysis of 
randomized clinical trials supported by the National Heart, Lung, and 
Blood Institute showed that only 57 percent of studies were published 
within 30 months of completion of the trial. However, those trials with 
clinical endpoints were published significantly sooner than those with 
surrogate endpoints (Gordon et al., 2013), noted Adrian Felipe Hernandez, 
professor of medicine at the Duke University School of Medicine.  
 
 

NOVEL CLINICAL TRIAL DESIGNS 
 

Statistical Approaches and Considerations  
 

Many design and methodology approaches can increase trial effi-
ciency, said Michael Pencina, director of biostatistics at the Duke Clini-
cal Research Institute and professor of biostatistics and bioinformatics at 
Duke University. In general, he said, regulatory bodies are most open to 
innovative clinical trial designs in smaller studies and in earlier stages of 
drug development. The design has to be fit-for-purpose, and appropriate 
statistical expertise is needed in the planning stage. He gave a brief over-
view of the various design choices: 

 
• Event-driven trials are appropriate if an outcome can be meas-

ured over time and the duration of the trial is sufficient to enable 
an adequate number of events to be observed. In contrast to more 
traditional studies where participants are followed for a specific 
period of time, time-to-event studies can be stopped when an ad-
equate number of outcomes are achieved, and all follow-up is in-
cluded in the analysis. Efficiency can be further maximized by 
blinded interim monitoring of event counts, followed by increas-
ing or decreasing the planned study duration, or increasing the 
sample size.      

• Composite outcomes, used extensively in cardiology studies, 
may also increase the efficiency of a study, particularly if there 
are multiple outcomes that are roughly similar in severity. The 
composite itself may provide increased power, while analysis of 
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individual components may bring added value. Hierarchical 
composites combine outcomes of varying severity. In this case, 
the most severe outcome (e.g., death) is used as the first compar-
ator; if this outcome fails to materialize, the next most severe 
outcome (e.g., hospitalization) could be analyzed, etc. Continu-
ous outcomes make this method more powerful. 

• Adaptive designs, in which a key study feature, such as sample 
size, duration, or number of treatment arms, can be modified and 
adapted based on an interim analysis. One example is a “drop-
the-losers” design, where treatment arms are dropped if they fail 
to meet a prescribed threshold, while those that meet this thresh-
old are advanced to the next stage.   

• Enrichment designs typically use biomarkers to ensure a more 
homogeneous and likely-to-respond study population. Adaptive 
enrichment designs adapt based on a biomarker. For example, 
different arms could include participants with different genetic 
markers. Following interim analysis those arms showing greater 
effect sizes could be enriched.   

• Sequential parallel comparison designs are used to reduce the 
impact of the placebo response. In the first stage of such a de-
sign, participants may be randomized to receive treatment or pla-
cebo; in the second stage, placebo non-responders are re-
randomized. The final summary statistic in this type of trial is 
then based on a weighted combination of effects from the two 
stages.  

• Controls may sometimes be borrowed from historical infor-
mation, using several different methods. The simplest, yet con-
troversial, approach is to pool historical information with 
randomized controls. If there is enough homogeneity among the 
studies, this can substantially reduce sample size. Historical in-
formation may also be used to define performance criterion by 
enabling derivation of an estimated event rate that the treatment 
being tested must exceed. Another more sophisticated approach 
involves testing first to see if controls are sufficiently similar for 
pooling. Even more sophisticated approaches allow investigators 
to model variations between current and historical data to enable 
their use.  
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2×2 Blind Trial Design 
 
Erik Snowberg, professor of economics and political science at the 

California Institute of Technology, proposed a novel design, which he 
developed with his colleague Sylvain Chassang, professor of economics 
and public affairs at Princeton University. Their design leverages the ob-
servation that dropouts decline when participants have a greater likeli-
hood of receiving treatment, and capitalizes on the “placebo effect.” In 
the biomedical world, placebo implies a sham treatment; however, econ-
omists equate placebo effects with behaviors, which can interact with 
treatment and affect the efficacy of a treatment. For example, participants 
who believe they are receiving treatment for depression may change their 
behavior with the thought that because they are being treated, they will 
be able to more successfully navigate social situations. Interacting with 
others may then help alleviate their depression, and the behavior thus 
influences the treatment effect.   

Clinical trials that allocate participants equally to the treatment and 
placebo arms are typically suboptimally powered, said Snowberg, in part 
because of the high rate of dropouts. More power can be achieved by 
randomizing more participants to the treatment arm. This not only reduc-
es dropouts, but changes behavior, because participants believe they have 
a higher likelihood of receiving treatment. Moreover, it allows investiga-
tors to assess the benefit from the interaction of behavior and treatment.  

Snowberg and Chassang tested this theory using participant-level data 
collected by Fournier and colleagues (2010) in a meta-analysis of double-
blind RCTs for depression. Data from six trials (three trials each for imi-
pramine4 and paroxetine5) were selected. Among the imipramine trials, 
two allocated participants equally and one allocated 70 percent to receive 
treatment. Among the paroxetine trials, one allocated equally and the 
other two allocated 65 percent and 67 percent to receive treatment. Their 
analysis showed that treatment probability affected participants’ decision 
to drop out of a trial, and that for paroxetine, but not imipramine, there 
was an interaction between treatment and behavior that resulted in an 
improved treatment effect (Chassang et al., 2015).  

With the 2×2 blind trial that Snowberg and Chassang propose (see 
Figure 3-3), the aggregate probability of treatment is 50 percent, but the  
                                                               

4Imipramine is a tricyclic antidepressant, used primarily to treat major depressive disorder.  
5Paroxetine is a selective serotonin reuptake inhibitor (SSRI) used to treat major de-

pressive disorder and other psychiatric disorders. 
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The trial, which is being conducted at 51 sites, has several unique 
characteristics. Recruitment is conducted by emergency department phy-
sicians from patients who are transported to the study sites and received 
benzodiazepines en route by emergency medical personnel. If a patient 
continues to seize and meets the inclusion criteria, the physician adminis-
ters the study drug, which has been provided in prerandomized, blinded 
study boxes. The outcome is absence of seizures and regaining of con-
sciousness at 60 minutes. J. Kapur noted that randomization will also be 
stratified into three age groups: 2–18 years, 19–65 years, and 66 years or 
older.  

The second important feature of ESETT is a Bayesian adaptive de-
sign. In designing this trial, investigators ran thousands of simulations 
based on several different scenarios (e.g., different effect sizes and false-
positive rates for the three compounds), which enabled them to select the 
optimal operating characteristics (e.g., timing of analyses, power, sample 
size, etc.) with adequate power and a minimum sample size (Connor et 
al., 2013). The design they selected will start by first enrolling 300 pa-
tients, allocated equally to each of the three drugs. After an interim anal-
ysis, allocation ratios will be modified based on performance, such that 
the best performing drug will get more patients and the worst performing 
drug will get fewer. This type of design ensures that the most effective 
drug will be given to the largest proportion of patients. J. Kapur noted 
that the trial will be stopped early for efficacy (one treatment clearly bet-
ter) or futility (either all arms are bad or the trial appears unlikely to 
identify a best and worst treatment). He added that it will be finished and 
considered a success when the probability that one treatment is the most 
effective exceeds 0.975. The trial has been funded for 795 patients, but 
the investigators hope to have an answer and finish early.    

 
 

LESSONS LEARNED FROM OTHER THERAPEUTIC AREAS 
 

Successful drug development in other disease areas such as oncology 
and cardiology may provide insight for neurology and psychiatry. For 
example, a major advance in the treatment of melanoma required the de-
velopment of a targeted regimen for melanomas resistant to therapy. This 
regimen uses two drugs that inhibit different cell-signaling molecules, 
and was made possible by leveraging genetic data to facilitate the stratifi-
cation of patients, which enabled validation of targets, according to Nisen. 
Researchers had first discovered the mechanisms of resistance to one 
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type of inhibitor and then proceeded to design a study that demonstrated 
the efficacy of combined treatment with drugs that inhibit two different 
cell-signaling molecules (Flaherty et al., 2012; Wagle et al., 2011).  

One of the important lessons from this effort, said Nisen, is that in 
addition to having a validated mechanism and a way of assessing an ear-
ly signal, combining therapeutics at the earliest stages of drug develop-
ment should be considered for disorders that are heterogeneous and 
multifactorial. In addition, while the conventional wisdom is that studies 
should be kept as simple as possible, Nisen said this study was extremely 
complicated and very adaptive, but enabled the investigators to answer 
fundamental questions about dose, drug‒drug interactions, pharmacoki-
netics, safety and tolerability, and clinical activity.   

Another important lesson from oncology relates to the establishment 
of Comprehensive Cancer Centers, which provide improved integration 
between basic science and the clinical enterprise. According to Nisen, 
about 90 percent of children with cancer participate in clinical trials at 
these centers, with high cure rates for certain types of cancer (e.g., most 
childhood acute lymphoblasic leukemia is cured). Adults with cancer are 
much less likely to be treated at one of these centers, and less than 5 per-
cent participate in trials. The survival rate for all adults is much lower.  

Cardiology provides additional lessons applicable to neuroscience 
trials of the future. The cardiology field has a relatively strong evidence 
base upon which treatment guidelines have been developed. Nonetheless, 
a cultural demand there remains within the cardiology community to fill 
in the knowledge gaps, according to Hernandez. Thus, networks of car-
diologists have collaborated to develop large, multicenter randomized 
studies. For example, the Global Utilization of Streptokinase and t-PA 
for Occluded Coronary Arteries (GUSTO) study enrolled more than 
40,000 patients at over 1,000 hospitals in 15 countries despite the re-
quired completion of a three-page case report form for each patient 
(GUSTO Investigators, 1993). Key to harnessing the community’s inter-
est is asking a relevant question, said Hernandez. For example, the drug 
neseritide was approved in 2001 for acute heart failure with a pivotal 
study of fewer than 500 patients. Widespread use, however, indicated 
that the drug was associated with acute adverse effects. This led to the 
creation of the Acute Study of Clinical Effectiveness of Nesiritide and 
Decompensated Heart Failure (Hernandez et al., 2009), a large pragmatic 
trial focused on understanding clinically meaningful outcomes in the 
context of real-world use. Despite the negative press about nesiritide, the 
cardiology community came together and successfully enrolled more 
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than 3,000 participants, exceeding its projected enrollment. Now, the 
cardiology community is moving forward with a large-scale (20,000 par-
ticipants), pragmatic, adaptable, patient-centric, randomized controlled 
trial (RCT) using the National Patient-Centered Clinical Research Net-
work (PCORnet). This study will leverage data from electronic health 
records and collect patient-reported information electronically through 
patient portals.  

Another lesson learned from cardiology studies is the importance of 
making sure the background therapy is relevant to the market. For exam-
ple, in a study of ticagrelor,6 outcomes in North America were substan-
tially poorer than those in other parts of the world (Wallentin et al., 
2009). A post-hoc study identified the reason: A different dose of aspirin 
being used as an antiplatelet background therapy, said Hernandez. He 
added that selecting the appropriate outcome measure for the trial is also 
important. 

In addition, a new paradigm that has emerged from cardiology is the 
registry-based randomized clinical trial (Lauer and D'Agostino, 2013), 
which the authors of the study called “the next disruptive technology in 
clinical research,” said Hernandez. This approach leveraged clinical in-
formation collected by a preexisting observational registry to identify 
potential participants, which markedly accelerated enrollment and elimi-
nated the need for lengthy case report forms (CRFs). Pencina noted that 
electronic health records and registry-enabled trials may also be useful in 
allowing investigators to run very large, simple trials for a fraction of the 
cost of more typical trials.     

Finally, a few participants noted that value of trials in which patients 
serve as their control (also known as N of 1). Although not frequently 
used for trials for nervous system disorders, N of 1 trials may lead to 
more individualized treatment (Lillie et al., 2011).  

 
 

DEVELOPING MORE EFFECTIVE THERAPEUTICS 
THROUGH PRECISION MEDICINE: IMPLICATIONS FOR 

CLINICAL TRIALS 
 

Opportunities may also emerge from examination of success in other 
fields, said Shitij Kapur, executive dean and head of school at the Insti-
tute of Psychiatry, Psychology & Neuroscience, King’s College London. 
In oncology, precision medicine has emerged as a valuable and innova-                                                             

6Ticagrelor is a platelet aggregate inhibitor used to prevent strokes and heart attacks. 
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tive approach for treating some of the most intractable types of cancer; 
many of the advances are found in the treatment of breast cancer. Today, 
nearly all newly diagnosed breast cancers are tested for the presence of 
the human epidermal growth factor receptor (HER2/neu).  

These efforts in the breast cancer field highlight the need for patience 
and persistence, said S. Kapur. Two recent papers show that following 
the principles of personalized medicine double the chances of success 
(Cook et al., 2014; Nelson et al., 2015). However, the movement toward 
personalized medicine has not yet resulted in precision medicine trials in 
nervous system disorders despite a few promising leads (Liu et al., 2012; 
Volpi et al., 2009).  

S. Kapur predicted that precision medicine in neurology and psychia-
try will enrich and modify rather than replace current practice, presenting 
both challenges and opportunities for clinical trial design. Specifically, 
he noted that developing biomarkers that predict disease progression and 
treatment response longitudinally is needed for nervous system disorders. 
Several participants added that using multimodal approaches rather than 
a single approach may help to show which drugs or other intervention 
approaches work best for which patients. In addition, using big data ap-
proaches may help to identify correlations among diverse types of patient 
data and outcomes. Robert Califf emphasized that recruiting as many 
volunteers as possible to participate in research as a normal part of their 
patient care, through the Precision Medicine Initiative, will be important 
for therapeutic development (e.g., Slamon et al., 1987; Smith et al., 
2007).  
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4 
 

Transforming Clinical Trials with Technology 
 
 

 
 
 
 
 

Highlights 

• The traditional research model requires a substantial investment of 
upfront money and time to design a study, procure the technolo-
gies, identify clinical sites, and recruit patients, even before acquir-
ing any feedback about the viability of the study (Rodarte). 

• Technological innovations may improve the efficiency and produc-
tivity of neuroscience clinical trials through the use of novel out-
comes, increased patient engagement, and reduced patient burden, 
but raise regulatory and operational concerns (Kalili). 

• New technologies such as wearable devices, remote monitoring, 
and virtual clinical visits may help fulfill the goal of making clini-
cal trials more patient focused (Kieburtz). 

• Social media offers increased opportunities for patient engagement 
(Reites and Rodarte). 

NOTE: These points were made by the individual speakers identified 
above; they are not intended to reflect a consensus among workshop 
participants. 
 

 
New technologies are disrupting all industries, including health care 

and drug development, said Amir Kalali, head of the Neuroscience Cen-
ter of Excellence at Quintiles. Although they have yet to make a major 
impact in clinical trials, technological innovations offer the potential to 
improve efficiency and productivity through the use of novel outcomes, 
increased patient engagement, reduced patient burden, and improved trial 
management. Indeed, Kalali said that he believes technology can enable 
the field’s ethical duty to conduct efficient next-generation clinical trials. 
Yet the expanded use of new technologies also raises regulatory and op-
erational concerns as well as barriers to implementation. Moreover, 
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Drew Schiller cautioned against replacing the entire human element of 
clinical trials with technology. Although there are some aspects of trial 
design where efficiencies can be gained by more rapidly enrolling and 
prequalifying large numbers of participants and gathering data that show 
whether a treatment works or not, humans are better at developing re-
search objectives and analyzing data.   

Exploiting new technologies in the design of clinical trials will re-
quire the drug development community to apply the lessons learned from 
other industries, including an increasing focus on the consumer, said 
Schiller. Most study participants today come into clinical trials with a 
high level of experience and comfort using technology in their personal 
life, said Kalali, and consumer technology companies have been built 
largely around the concept of improving the user experience. The R&D 
and business models upon which these companies have been built may 
be adaptable to pharmaceutical development, said Glen de Vries, presi-
dent and co-founder of Medidata Solutions.  

Kalali also mentioned other technologies that are likely to disrupt the 
drug development enterprise such as synthetic biology—so-called expo-
nential technologies because they are developing at an exponential rate. 
Virtual reality and the Internet of Things are another two emerging para-
digms that are transforming consumer-based technology development, 
said John Reites, head of Digital Health Acceleration at Quintiles. Given 
the rapid advancement of technology, William Potter, senior advisor to 
the director at NIMH, cautioned that companies may be reluctant to 
commit to a single technology for improved signal detection because 
future technologies may prove to be better. 

 
 

PATIENT RECRUITMENT AND RETENTION IN CLINICAL 
TRIALS 

 
Reites focused his remarks on direct-to-patient research, in which pa-

tient communities are built based on a clinical trial or study, but only 
later connected with the investigator. For example, if one is interested in 
evaluating prevention treatments for Alzheimer’s disease (AD), one 
might establish a community of interested individuals who are invited to 
complete cognitive scales and contribute data from mobile health devic-
es. Then, when a trial opportunity arises, they could be invited to con-
tribute data to a trial, participate in the trial, or test a new drug or device.   
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This focus on patients in trials of the future was emphasized by many 
workshop participants. Bringing patients into the process—for example, 
understanding what matters to them and what the trial should measure—
would help ensure that research is addressing clinically relevant ques-
tions, said Carlos Rodarte, chief executive officer of Health Rhythms. In 
addition, listening to what patients say about how they feel may provide 
clues about unexpected aspects of the treatment response, said Perry Ni-
sen. He said the breakthrough in developing immunotherapy and check-
point inhibitors in oncology came about when a patient reported feeling 
much better and was thus kept in the trial even though imaging studies 
suggested the therapy was not working. Only later were investigators 
able to develop new imaging techniques that visualized the immunologi-
cal benefits.    

Karl Kieburtz, Robert J. Joynt Professor in Neurology and director of 
the Clinical and Translational Science Institute at the University of 
Rochester Medical Center, said that regardless of the changes brought 
about by the introduction of new technologies, three aspects of tradition-
al drug development will endure: (1) enabling the participation of pa-
tients and families in meaningful research opportunities, (2) generating 
robust data, and (3) drawing valid inferences. He predicted that the mod-
el of how clinical trials are conducted will change radically in the future, 
shifting from distributed loci to a central focus or single center, with in-
vestigators (academic, industry, or foundation based) starting off trials by 
directly reaching out to patients and families and with assessments car-
ried out remotely or through telemedicine.  

Kieburtz cited one Parkinson’s disease (PD) study based solely on 
telemedicine versus live, in-person visits (Dorsey et al., 2015). Individu-
als from 39 states completed all visits in the trial and reported high levels 
of satisfaction. Moreover, people from 49 countries expressed interest in 
participating, highlighting the pent-up and entirely untapped demand for 
patients and families to participate in research. However, trials that cap-
ture participants from many sites must deal with the additional challenge 
of understanding how regional and cultural variability may impact out-
comes. For example, if a trial is testing an intervention for mood disor-
ders, patients and controls in sunny California may respond differently 
than those in the wintry Northeast, due to both differences in light expo-
sure and physical activity, commented Rodarte.   

The PD study also highlighted the important enabling role of social 
media. Volunteers for this study were solicited through Fox Trial Finder, 
an online tool that matches people with PD to trials for which they may 



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

40 NEUROSCIENCE TRIALS OF THE FUTURE  

PREPUBLICATION COPY: UNCORRECTED PROOFS 

be eligible. One concern raised regarding social media is including peo-
ple in a sample who have not been clinically diagnosed with a condition. 
Another concern is that individuals might falsely report data, or lend 
their wearable device to a friend. Rodarte, however, said that with a large 
enough sample size, it might be possible to identify the outliers; and 
Reites added that connecting directly with electronic medical records can 
provide added confirmation that participants are who they say they are.   

Simple online assessments, data capture by wearable devices, remote 
monitoring, and virtual clinical visits offer additional advantages in terms 
of reducing patient burden, and this can have a substantial impact on re-
cruitment and retention, said Schiller. For example, participants with 
child care and transportation needs may be able to remain in a study 
through the use of remote data capture technologies, he said. Indeed, 
added Rodarte, improving the patient experience in research studies is 
essential. The hospitality industry may provide lessons in this regard, he 
said.  
 
 

NOVEL ASSESSMENT TOOLS 
 

Continuous measurement of activity and behavior is one approach 
that enables collection of precise and frequent information at a relatively 
low cost, as well as new types of information that could not be measured 
in the past, said Atul Pande. Smaller and more sophisticated sensors are 
driving the increasing use of these technologies beyond the consumer 
market, added Rodarte. Thus, they could be used to develop digital sig-
natures that characterize how different populations behave, such as peo-
ple with schizophrenia or bipolar disease, he added. Continuous data 
capture of an individual enrolled in a trial can provide insight into that 
person’s mental well-being and the stability of daily routines. Such 
measures could allow the reframing of behaviors beyond those included 
in the DSM-5 and could also enable the implementation of just-in-time 
interventions, said Rodarte.  

Major challenges with regard to these devices include how to make 
sense of the enormous amounts of data that can be acquired, and how to 
leverage that data, including data about how an individual uses technolo-
gy, to learn more about the disease itself and its progression, said Ro-
darte. Differentiating the signal from the noise presents yet another 
challenge, although de Vries suggested that digital measures allow inves-
tigators to embrace the noise by identifying interesting signals embedded 
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in noisy measures. However, while continuous monitoring such as this 
may be more objective than patient self-report measures, Thomas Laugh-
ren, director of Laughren Psychopharm Consulting, LLC, pointed out 
that conscious experience is an important component of psychiatric dis-
ease; this requires active measures such as self-report, in addition to 
more objective passive measures.    

Other challenges for those hoping to use data from wearables and in-
home monitoring devices are the standardization and normalization of 
data from many different types of devices and applications, noted Schil-
ler. Standardization of measures is also very important, said S. Kapur, 
noting ADNI’s success in this regard. According to Schiller, an associa-
tion of large consumer technology companies has established a standards 
committee that is tasked with creating standards for consumer devices 
that assess activity, sleep, electroencephalogram (EEG), and other 
measures. Rodarte added that the underlying technology for these devic-
es is often very similar, which should make standardization somewhat 
easier. There is also a trend toward “make-your-own” devices, he added. 
For example, Biogen has publicly stated it is developing a device with 
enhanced sensitivity to the multiple sclerosis patient experience.  

However, Greg Koski, chief executive officer, president, and co-
founder of the Alliance for Clinical Research Excellence and Safety 
(ACRES), noted that although implementation of Clinical Data Inter-
change Standards Consortium (CDISC) standards reduces the time from 
start-up to finish of a study by 60 percent, adoption of CDISC standards 
has been slow and has not penetrated the entire research ecosystem of 
stakeholders.  

Integrating these data, along with physiologic, genotypic, and pheno-
typic data from other sources, presents an additional challenge, said de 
Vries. However, he posited that integrated disease models will enable 
creation of interesting multivariate models in neuroscience and other dis-
ease areas, and thus will become a preferred type of model.  

Wearables and other types of sensors may also be useful as tools to 
assess compliance with a study protocol, said Stephen Brannan, vice 
president of clinical research and medical affairs at Forum Pharmaceuti-
cals. de Vries added that models can be developed through machine 
learning to identify fraudulent sites and participants. In addition, Kie-
burtz suggested that objective data such as how many steps a person 
takes a day, or how many times he or she interacts with others, could 
provide good objective indicators of depression and other psychiatric 
conditions. Whatever novel treatment targets, endpoints, and trial designs 
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are used, what regulators are most interested in is clinical meaningful-
ness, according to Tiffany Farchione, deputy director of the Division of 
Psychiatry Products in the Center for Drug Evaluation and Research 
(CDER) at the FDA. To what extent does the treatment affect how the 
patient feels, functions or survives; how do you measure this?  
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5 
 

The Regulatory Landscape: International 
Opportunities and Challenges 

 
 
 
 
 
 
 
 

 

Highlights 
 

• Regulators desire good proof-of-concept studies, leading to repre-
sentative clinical trials that can then, in turn, result in appropriate 
clinical practice guidelines and performance measures (Califf). 

• Regulators are also increasingly focused on sustainability, which 
may be achievable by simplifying trials and enrolling representative 
populations (Califf), and through the use of real-world data or drug-
product monitoring registries (Pani). Another way to help sustainabil-
ity is early health technology assessment (HTA) evaluation (Pani). 

• Integrating clinical research networks is one way to ensure more 
efficient trials (Califf). 

• The patient’s voice in particular has become increasingly im-
portant to regulators in defining the value of a medicine, yet incor-
porating patients’ viewpoints into clinical trials may further 
increase the complexity of those trials (Romano). 

• Regulators have been pushing for increased data sharing to pro-
mote efficiency and ensure continued progress (Califf and Pani).  

• There is a need for new regulatory approaches for combining pas-
sive and experimental data that would meet the needs of the 21st 
century (de Vries, Kieburtz, and Reitz). 

• Drug-product monitoring registries enable tracking of longitudinal 
outcomes and adverse effects (Laughren and Pani). 

• Randomization with a registry enables real-world testing of hy-
potheses (Califf). 

• Randomization with a registry enables real-world testing of hy-
potheses (Califf). 

 

NOTE: These points were made by the individual speakers identified above; 
they are not intended to reflect a consensus among workshop participants. 
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Many of the challenges raised in the previous chapters with regard to 
integrating novel tools, trial designs, and statistical approaches into neu-
roscience trials have regulatory implications. Regulatory agencies around 
the world have developed strategies to keep pace with the evolving prod-
uct development in the context of each country’s particular political, le-
gal, economic, social, cultural climate. Yet despite their geopolitical 
differences, the goals of these countries remain essentially the same. As 
articulated by Carlos Peña, director of the Division of Neurological and 
Physical Medicine Devices in the Office of Device Evaluation at the 
FDA’s Center for Devices and Radiological Health (CDRH), one central 
goal is to optimize trial design approaches to get products to patients who 
desperately need them while ensuring that these products undergo appro-
priate evaluation for safety and effectiveness.  

 
 

REGULATORY PERSPECTIVES FROM THE UNITED STATES 
 

Robert Califf, Commissioner of Food and Drugs, said that within the 
FDA, there is a shared view that the best medical outcomes occur when 
doctors and other health care providers and patients are armed with high- 
quality evidence to support what they do, and this is most likely to hap-
pen when the clinical trials and observational studies are actually done in 
practice. The FDA is tasked with providing instructions in the label on 
how to use the product in practice, not in theory, said Califf, so making 
an extrapolation from a rarified clinical trial to real practice does not 
make much sense. He acknowledged, however, the difficulty of collect-
ing data from real-world situations, which has led to a “parallel universe” 
of data collected specifically for clinical trials. In addition, there is a dis-
connect between the instructions for use provided in the product label 
and actual use in clinical practice, such that, according to a recent study 
in Canada, more than 25 percent of drugs prescribed for CNS conditions 
were for “off-label” uses, and 21 percent were off label with no credible 
evidence of the drug’s effectiveness for that condition (Eguale et al., 
2016). For some CNS drugs, including clonazepam1 and amitriptyline,2 
more than 70 percent of use was off-label. Interestingly, the adverse 
event rate for drugs used off label was twice as high as for drugs used on 
label, but when considering only drugs used off label but with good evi-
dence of effectiveness, the rate was the same as the on-label rate.                                                                 

1Clonazepam is used to treat seizures and panic disorder. 
2Amitriptyline is a tricyclic antidepressant, used to treat symptoms of depression. 
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States and is leading to increased inefficiency. His FDA colleagues in the 
CNS space reiterated many suggestions raised throughout the workshop, 
to include the need to: simplify and enroll relevant, not rarified, popula-
tions; make trials more inclusive; stop the collection of non-serious ad-
verse events for every patient; reduce the number of clinic visits required 
for research studies; and invest in technologies that provide the clearest 
answers to critical questions.   

The FDA continues to optimize trial design approaches to achieve its 
goals, according to Peña. CDRH uses a risk-based approach, requiring 
increased oversight for products deemed to present a greater possible 
risk. The drug and biologic divisions of the FDA, CDER, and the Center 
for Biologics Evaluation and Research (CBER) use similar approaches. 
The FDA has published numerous guidance documents to clarify the 
considerations that should be taken into account by sponsors through the 
approval process, beginning with presubmissions. They also strongly 
encourage sponsors to initiate dialog with them at the earliest stages, so 
that the agency can provide feedback and suggestions on the anticipated 
designs before a study is initiated and data collection has begun. 

 
 

REGULATORY PERSPECTIVES FROM ITALY 
 

Luca Pani, director general of the Italian Medicines Agency (AIFA), 
also addressed sustainability. Because AIFA functions as a regulatory, 
payer, and HTA institution, it must grapple with all its roles to achieve 
better outcomes and controlling costs, he said. Sustainability and real-
world effectiveness are thus central tenets of the Italian regulatory sys-
tem. To meet these challenges, AIFA has invested more than €22 million 
(about $25 million) in information technology and the development of 
drug-product monitoring registries in the past 5 years. Given the im-
portance of the investments made in this space, the National Health Ser-
vice Information Technology Law was passed in Italy in 2012. It 
mandated the implementation of Web-based registries after marketing 
authorization to measure drug safety and effectiveness for approved ther-
apeutic indications and some selected off-label uses (Montilla et al., 
2015). As of February 2016, data from 850,000 patients have been cap-
tured by the registries.  

A second key aspect of the AIFA system that addresses sustainability 
is pricing and reimbursement, said Pani. He described a range of possible 
reimbursement outcomes that await Market Authorization Holder who 
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seek registration by AIFA, ranging from a refusal to reimburse, reim-
bursement without particular conditions, reimbursement with a control 
on prescription (adherence to an optimized therapeutic plan) to a Man-
aged Entry Agreement (MEA). MEAs are a heterogeneous group of in-
struments that are being increasingly implemented to guarantee 
sustainability of innovative and expensive medicines. MEAs can be pure-
ly financial based (price/volume agreements) or health-outcome based 
(Ferrario and Kanavos, 2015). Most frequently a combination of the two 
may be applied. For example, AIFA has signed contracts with pharma-
ceutical companies that set payment based on treatment effectiveness 
(performance-based risk sharing agreements), with companies refunding 
costs if the medication fails, said Pani.   

Pani described how the AIFA strategy was applied to the approval of 
new treatments for hepatitis C (HCV), which are highly effective, but 
extremely expensive. Like the United States, Italy has a high incidence 
of HCV, and the cost of treating them all would be prohibitive. Thus, 
AIFA created a permanent national working group to develop a strategy 
for providing HCV drugs. After developing seven prioritization criteria 
that would provide the drug to patients with the greatest clinical need, 
AIFA used data from their registries to calculate the total number of 
treatments needed, and thus to negotiate a price/volume discount with the 
manufacturer.    

AIFA also used earlier versions of the registries to determine how 
best to use new diabetes therapies (incretins) most effectively. In 2008, 
they approved the reimbursement of three drugs—exenatide, sitagliptin, 
and vildagliptin—in which patients were subject to enrollment in the real-
world data. Data from the post-marketing registry revealed substantial 
off-label use, little adherence, as well as inconsistent effectiveness. How-
ever, the data also showed that when used appropriately in combination 
with exercise, the effectiveness of the drugs was consistent with the re-
sults seen in the registration trials (Montilla et al., 2014).  

In the area of psychiatry, AIFA used the national drug utilization da-
tabase (Osmed Health-DB) to study treatment-resistant depression. They 
developed an antidepressant usage index, which revealed that the higher 
the degree of “resistance” along a continuum, the higher the cost of both 
depression-related and depression-unrelated resources for the National 
Health System said Pani.  
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POTENTIAL REGULATORY IMPLICATIONS FOR 
CLINICAL RESEARCH INNOVATIONS 

 
Recognizing the inefficiencies of the historical model of clinical re-

search, where a single coordinating center manages a trial with top-down 
decision making with independently operated sites, Califf proposed a 
different model of interoperable networks that share sites and data. Inte-
grating clinical research networks not only ensures more efficient trials, 
but also enables patients, physicians, and scientists to form true “com-
munities of research.” 

Indeed, such systems are already being built. The FDA’s Sentinel In-
itiative,3 launched in 2008, is a national electronic system that will enable 
postmarket safety monitoring of FDA-approved drugs by providing ac-
cess to claims data from more than 100 million people. Linked to Senti-
nel is the National Institutes of Health (NIH) Health Care Systems 
Research Collaboratory,4 which has initiated 10 demonstration projects 
spanning 12 NIH institutes and centers to reduce the cost of clinical trials 
by capturing electronic health record data. Another network, the National 
Patient-Centered Clinical Research Network (PCORnet),5 brings patients 
into the process as full partners. With the support of user fees from the 
Prescription Drug User Fee Act (PDUFA), a national evidence genera-
tion system is being built to combine data from different networks 
through collaborations with industry, academia, and integrated health 
systems.  

The culmination of all of this, said Califf, is the Precision Medicine 
Initiative.6 The FDA is integrally involved in this NIH-led effort to get 
volunteers to participate in research as a normal part of their patient care. 
He noted that this initiative was fueled by a recognition by the U.S. Pres-
ident and Vice President that what is holding the country back from ex-
ploiting the computational power currently available is culture, not 
technology, which has resulted in people hoarding rather than sharing 
data. 

  
                                                              

3For more information, go to http://www.fda.gov/Safety/FDAsSentine/ 
Initiative/ucm2007250.htm (accessed June 3, 2016).  

4For more information, go to https://www.nihcollaboratory.org/about-us/ 
Pages/default.aspx (accessed June 3, 2016).  

5For more information, go to http://www.pcornet.org (accessed June 3, 2016).  
6For more information, go to https://www.whitehouse.gov/precision-medicine 

(accessed June 3, 2016).  
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Encouraging Data Sharing 
 

A potential roadblock to these efforts is the privacy protections on 
data, particularly mental health data, noted Robert Bilder. Califf said the 
expert community and patients would need to push for solutions that en-
able data sharing with appropriate protections. In Italy, said Pani, there 
has been a push for sharing data from control arms (which is often the 
standard-of-care treatment) in clinical trials; in the United States, the 
FDA is close to publishing the Final Rule for www.ClinicalTrials.gov, 
which will require sponsors to share results from clinical trials or poten-
tially face fines of up to $10,000 per day, according to Califf. While sev-
eral potential barriers exist to sharing clinical trial data, several 
participants acknowledged the many benefits.  For example, sharing clin-
ical trial data: 

 
• “has great potential to accelerate scientific progress and ultimate-

ly improve public health by generating better evidence on the 
safety and effectiveness of therapies for patients; 

• increases patients’ contributions to generalizable knowledge 
about human health by potentially facilitating additional findings 
beyond the original, prespecified clinical trial outcomes;  

• could provide a more comprehensive picture of the benefits and 
risks of an intervention and allow health care professionals and 
patients to make more informed decisions about clinical care; 
and 

• could potentially improve public health and patient outcomes, 
reduce the incidence of adverse effects from therapies, and de-
crease expenditures for medical interventions that are ineffective 
or less effective than alternatives” (IOM, 2015, pp. 31–32). 
 

No company has the power (or desire) to implement universal data 
sharing by itself; it will more likely come from legislation, said Pani. 
Other possible solutions include having the FDA serve as an honest bro-
ker to manage shared data, or forming a consortium that hosts a clinical 
data repository. A model for this in Europe could be the Innovative Med-
icines Initiative (IMI) called Novel Methods leading to NEWMEDS,7 an 
international public‒private partnership that encourages data sharing                                                              

7For more information, go to http://www.newmeds-europe.com (accessed June 3, 
2016).  
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from companies and investigators with the goal of identifying new meth-
ods for drug development for depression and schizophrenia. Califf said 
ECG data were shared in this way years ago, after overcoming legal hur-
dles. This resulted in a much better understanding of cardiac events asso-
ciated with prolonged QT interval8 issues. Califf added that part of the 
solution has to be a firewall and an audit trail to protect data that are con-
tributed to such initiatives. 

 
A New Regulatory Framework for Combining Passive 

and Experiential Data 
 

In 1962, the U.S. Congress passed the Kefauver-Harris Amendments 
to the Federal Food, Drug, and Cosmetics Act, for the first time requiring 
trials to demonstrate substantial evidence of effectiveness prior to market 
approval. With the passage of the Orphan Drug Act in 1983, the FDA 
recognized the need for a different regulatory framework around rare 
disease entities. Since then, the identification of specific genetic muta-
tions that could predict prognosis or response to the therapy, as well as 
the emergence of the Internet and the digital revolution, have highlighted 
the need for a new regulatory framework appropriate for the 21st centu-
ry, according to Karl Kieburtz. 

Thomas Laughren cited some of the 21st-century approaches that 
present challenges to be addressed in this new framework:  

 
• Incorporating novel designs and methods into clinical studies, 

and how sponsors can gain regulatory guidance on the adoption 
of new methodologies in a drug development program;  

• Using the Internet and social media for patient recruitment and 
assessment; 

• Conducting trials at geographically dispersed sites; and 
• Incorporating more clinically meaningful endpoints into trials. 

 
Pani added that the shifting classification boundaries for therapeutics 

present a challenge for regulators with respect to considerations of both 
efficacy and safety. A drug may first be developed for the treatment of 
psoriasis, for example, and then be used to treat arthritis, Crohn’s dis-                                                             

8The QT interval is a measure of the time between the start of the Q wave and the end 
of the T wave in the heart’s electrical cycle. A long QT interval is a risk factor for sudden 
death, while a short QT interval indicates a genetic condition (http://www.tga.gov.au/ 
 file/1140/download, accessed June 23, 2016).  
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ease, or even cancer, said Pani. In addition, particularly for precision 
medicine, but for other drugs in development as well, variability in re-
sponse needs to be better understood. Thus, rather than striving for ho-
mogeneity in clinical trials to reduce variability, it may be more 
advantageous to enroll very large heterogeneous populations and then 
use analytics to discover commonalities and differences. However, the 
enrollment of large heterogeneous populations in the RCTs is the oppo-
site approach of the adaptive pathway, said Pani. He added that enrolling 
large population from an academic point of view is acceptable, but on the 
other hand, is very expensive and it may delay the access of new drugs. 

As the range of treatment targets expands, there will be an increasing 
need for collaboration among regulators, other governmental agencies, 
and the research community, added Tiffany Farchione.  
 

Drug Product Registries 
 

Registries are an enormously useful source of information that could 
generate many hypotheses that might lead to randomized trials, accord-
ing to Laughren. For example, a registry was required for the clozapine9 
registration trials, which enabled generating data regarding the hazard 
curve for the potentially fatal adverse event agranulocytosis, in which the 
level of white blood cells called neutrophils drops to dangerous levels, 
causing suppression of the immune system (Alvir et al., 1993). It also 
suggested that clozapine reduced suicides in patients with schizophrenia.   

Italy also has established registries for many medications, including 
the treatment- resistant depression registry mentioned earlier. These reg-
istries provide information about the effectiveness and safety of a treat-
ment. In addition, because registries collect fairly rigorous data, they are 
an ideal place to embed randomization, said Califf. For example, Sweden 
is doing a series of registry trials where everyone gets randomized as part 
of routine care. As a result, they were able to conduct a trial of a throm-
bectomy device, which removes a clot from a blood vessel, for a tiny 
fraction of what it would have cost to run such a trial in the United 
States. Randomization with real-world data is done every day in the 
business world, but has encountered roadblocks in medicine, said Pani.  

However, Laughren cautioned that many registries which have been 
set up are failing to generate useful data because they were poorly de-
signed. Italy has addressed this by requiring that registry databases meet                                                              

9Clozapine is an atypical antipsychotic agent. 
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International Organization for Standardization standards and by continu-
ously and randomly checking the data, according to Pani. One challenge 
is the quality of data; the data must be well structured but the quality may 
depend by other factors, he added. Califf commented that there are excel-
lent models in the United States, such as one developed by the Society of 
Thoracic Surgeons, where data are checked and audited. They were de-
signed that way because surgeons realized they would not be reimbursed 
unless they produced reliable outcome data. Several health systems are 
investing heavily in integrated data warehouses; there are also efforts to 
enable these data warehouses to communicate with each other while re-
taining local control.   
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6 
 

Ethical Considerations 
 
 
 
 
 

 
 
 
 

 

Highlights 
 

• As clinical trials continue to transform, ethical considerations 
that need to be addressed include respecting the autonomy and 
privacy of patients, protecting and securing patient data, and 
balancing the risks and benefits of individuals against the risks 
and benefits to the community of patients at-large (Kaufmann). 

• Patient engagement, improved communication, and transparen-
cy are key to encouraging patients to agree to share their data, 
despite the risk of re-identification (Rockhold).      

• Data should be thought of as something patients donate rather 
than something that is collected (Chiauzzi). 

• PatientsLikeMe’s Clinical Trial Awareness tool is one example 
of a patient recruitment tool in which patients are matched with 
clinical trials for which they may be eligible (Chiauzzi).  

NOTE: These points were made by the individual speakers identi-
fied above; they are not intended to reflect a consensus among 
workshop participants. 
 

 
 

Petra Kaufmann, director of the Office of Rare Diseases Research 
and Division of Clinical Innovation at the National Center for Advancing 
Translational Sciences (NCATS), began with the admonition that the 
field has a moral obligation in neuroscience trials to explore change, giv-
en the stagnant drug development environment for some disorders. 
Changes are coming, she continued, as a result of technological advances 
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as well as the changing landscape in health care, where electronic medi-
cal records are enabling novel ways of using data. Yet as the field ex-
plores changing how clinical trials are conducted, several participants 
noted that a number of ethical considerations need to be addressed, in-
cluding respect for the autonomy and privacy of patients, ensuring that 
they are safe from the risk of exposure of their data, and balancing the 
risks and benefits of the individual against the risks and benefits to over-
all patient community. In addition, she suggested that as opposed to par-
allel systems of data collection in the context of clinical care, research, 
and regulatory approval, it would be more ethically sound to have better 
alignment of these data streams in order to maximize the usefulness of 
those data. This would call for more attention to both data protection and 
human subjects protection, yet while there appears to be momentum 
across the field for more data sharing, cultural barriers remain. Indeed, 
the technology to share data is available, but incentives are not yet 
aligned with that goal, said Kaufmann.   

 
 

DATA PROTECTION 
 

Throughout the workshop, several participants highlighted the need 
for data sharing in a variety of contexts. In the context of ethics, data pri-
vacy and data protection are particularly important. Frank Rockhold, sen-
ior vice president of Global Clinical Safety and Pharmacovigilance at 
GlaxoSmithKline (GSK) at the time of the meeting, and now professor of 
biostatistics and bioinformatics at Duke University School of Medicine, 
noted that large datasets are already available and accessible, even as 
guidelines for data protection are still evolving. For example, 
www.clinicalstudydatarequest.com (CSDR) is an independent custodian 
of anonymized patient-level data from clinical trials that has amassed 
data from more than 1 million patients. The Wellcome Trust, Multi-
Regional Clinical Trials Center at Brigham and Women’s Hospital, Har-
vard University, along with others, have launched an initiative to support 
this effort by creating and implementing a sustainable, centralized inter-
national data-sharing platform. According to Rockhold, one of the cen-
tral issues of large databanks is how to safely share information. CSDR 
established an independent review panel to determine whether research-
ers should be granted access to these data, based on the scientific ra-
tionale and significance of the proposed research as well as the 
qualifications of the investigators and other criteria (Strom et al., 2014). 
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In addition, the Institute of Medicine conducted a study on Sharing Clin-
ical Trial Data: Maximizing Benefits, Minimizing Risk addressing these 
issues (IOM, 2015).  

Rockhold posited that data privacy should be thought of as a proba-
bility issue. Despite several different levels of de-identification before 
data are incorporated into a shared database, the risk of re-identification 
will never be zero unless the data are stripped of so much information 
that their value is essentially zero. Moreover, the patient’s perception of 
risk and harm from re-identification, and thus the patient’s benefit‒risk 
assessment, may be very different from the perception of sponsors, clini-
cians, and other stakeholders, said Rockhold. In addition, the potential 
benefits for the patient contributing the data may be vastly different from 
the potential benefits to future patients. Thus, the appropriate balance 
between providing valuable data and protecting the privacy of those who 
donated those data will shift with different studies, populations, and over 
time.  

Statisticians have created complex probability models to assess the 
risk of re-identification under different scenarios (Dankar et al., 2012; 
Wan et al., 2015). Yet communicating what these probabilities mean in 
real life to patients remains a challenge. Adding to the complexity, laws 
regarding data privacy can differ among countries, as well as variations 
in individuals’ perception and fear of exposure, make it especially chal-
lenging to establish a workable worldwide system, said Rockhold.  

Despite these challenges, he said most patients are willing to accept 
some small level of risk if it means their information can be reused to 
help somebody in the future. In addition, Rockhold argued that by not 
reusing data, we are violating our commitment to patients to search for 
better treatments. Recently, GSK added a statement to their informed 
consent documents indicating that as a condition of enrolling in trials, 
patients had to accept that their data would be shared publicly despite the 
small risk of re-identification; little resistance to this requirement was 
encountered. For studies conducted before this statement was added to 
the informed consent, the company enlisted the help of data privacy and 
legal experts to estimate the probability that patients would have agreed 
to share their data, although in a few cases the informed consent explicit-
ly precluded sharing of information.  

Ironically, said Rockhold—although for rare diseases it is especially 
difficult to de-identify information and thus, these data are frequently not 
shared—many rare disease patient groups have indicated support for data 
sharing. There are also certain data, such as the name of the investigator, 
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that are typically not shared because they increase the risk of re-
identification. Other approaches to lessen the risk of re-identification 
include the use of a trusted third party to carry out the de-identification 
process, encrypting information, and anonymizing the information and 
then discarding the key. This latter approach, however, precludes the 
possibility of going back to the dataset to answer new questions. Indeed, 
each of these steps to protect data may diminish their usefulness.   

Greg Koski proposed another model, which he called the “Fidelity” 
model for patient engagement. It allows patients to place their personal 
health information, genomic information, among others, in a secure per-
sonal account, which they control and can invest in ways they choose to 
support research. This approach, he said, truly empowers patients and 
equalizes the power differential between those who do the research and 
those who depend on it.  

 
 

HUMAN SUBJECTS PROTECTION 
 

Koski said he and many others believe the current approach to hu-
man subjects protection is dysfunctional and inappropriate for our cur-
rent environment and needs to be fundamentally reconsidered. For 
example, he said that the research community is beginning to recognize 
that including research use under HIPAA restrictions has impeded re-
search and that it may be time to review and revise these restrictions. 
Furthermore, he argued for moving to a model based on a paradigm of 
professionalism rather than protectionism, built on the assumption that 
well-trained, committed individuals will do what’s right according to 
general standards of responsible behavior. This model would also create 
an environment that aligns physicians and others for doing things proper-
ly. Moreover, he and others argued for more patient-centric approaches 
that recognize patients as more than clinical trial participants. 

Emil Chiauzzi, research director for PatientsLikeMe, offered a dif-
ferent perspective on a truly patient-centered approach as it might apply 
to clinical trials with regard to data sharing and privacy. The Pa-
tientsLikeMe1 platform operates in the service of patients rather than pa-
tients serving to provide the research community with data. This includes 
considering the patient experience over a long period of time, and think-
ing of data as something patients donate rather than something that is 
collected.                                                              

1For more information, go to https://www.patientslikeme.com (accessed June 3, 2016).  
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At the time of the workshop, approximately 400,000 patients were 
registered to use the PatientsLikeMe platform. Approximately 2,500 dis-
eases are represented with varying levels of data density across those 
diseases. Both structured data from validated measures and unstructured, 
qualitative data are captured; in both cases these are real-world longitu-
dinal data provided by patient report. The site allows people to track their 
diseases, monitor symptoms and reactions to medication, and share their 
information with people who have similar conditions. These data are also 
used by research partners who seek to gain insight into disease processes, 
medication adherence, and other aspects of the patient experience. The 
data-sharing agreements for these studies typically remove identifiers 
such as name, address, and e-mail address. Qualitative data are less fre-
quently shared because they are difficult to de-identify, said Chiauzzi. 

 Patients are informed through the user agreement that there are no 
guarantees with regard to data privacy. Moreover, Chiauzzi noted that 
people who join PatientsLikeMe have already bought into the social me-
dia concept and thus have somewhat different views compared to the 
general population with regard to privacy. Yet there is still a need to ex-
plore privacy in a more nuanced way in terms of conditional and person-
al factors; thus, PatientsLikeMe is working with research partners to 
develop measures to assess individual affinity for different aspects of 
privacy, protection, and data sharing.  

PatientsLikeMe also includes a Clinical Trial Awareness tool that 
matches patients with clinical trials for which they may be eligible. As 
noted in previous chapters, the use of social media for recruitment in 
clinical trials raises some concerns about blinding and sharing different 
kinds of medical advice (Glickman, 2012). Chiauzzi suggested that there 
may be a way to leverage that kind of patient-to-patient communication 
in a positive way. PatientsLikeMe is now involved in an oncology study 
in which they are providing a collection point for people to have conver-
sations as a way to encourage retention. This site also provides a mecha-
nism for investigators to communicate with study participants.  
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7 
 

Improving the Evidence Base 
for Real-World Use 

 
 
 
 
 
 
 
 

 

Highlights 
 

• Specialty medications account for one-fourth of health care 
costs. To make reimbursement decisions, payers require com-
parative effectiveness data in addition to data regarding the fea-
sibility of implementation (Robinson Beale), which can be 
increasingly difficult for sponsors to show given the high cost of 
drug development (Romano). 

• Pragmatic trials provide regulators, payers, sponsors, providers, 
and patients with real-world data about treatment effectiveness, 
safety, and use (Cziraky and Robinson Beale).  

• Observational studies have been shown in a number of publica-
tions to approximate the effects of treatment as well as random-
ized controlled trials (Stang). 

• Data environments that contain core administrative claim data-
bases and networks of providers offer the capability of data gen-
eration through the implementation of pragmatic trials 
(Cziraky). 

• Administrative claim databases with the ability to connect to 
clinical data elements maintained by health plans offer a rich 
source of mineable data for development of pragmatic trials 
(Cziraky).  

 

NOTE: These points were made by the individual speakers identified 
above; they are not intended to reflect a consensus among workshop 
participants. 
 

 
 



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

60 NEUROSCIENCE TRIALS OF THE FUTURE 
 

PREPUBLICATION COPY: UNCORRECTED PROOFS 

PERSPECTIVES FROM PAYERS 
 

According to several participants, the tension between the rising cost 
and complexity of clinical trials for innovative treatments for nervous 
system disorders and the desire to make these treatments accessible for 
patients reaches its zenith in the reimbursement space. For payers, the 
dilemma of unsustainability revolves around the expansion and delivery 
of new technologies and treatments, and how those treatments are paid 
for, according to Rhonda Robinson Beale, senior vice president and chief 
medical officer at Blue Cross of Idaho. She noted that in the specialty 
drug area, new drugs may cost more than $100,000 per year over the life-
time of the patient. As a result, the 3.6 percent of patients who use spe-
cialty medications account for 25 percent of health care costs (Milliman, 
Inc., 2013).  

The type of information needed by payers to facilitate adoption and 
coverage may be very different from that needed by regulators. It may, 
for example, include the feasibility of implementing a new technology 
with fidelity, said Robinson Beale. Moreover, different types of payers—
health plans, employers, accountable care organizations (ACOs), and 
individual patients—require different information. For example, ACOs 
consider not only cost, but also the practicality of implementing a new 
treatment to achieve the outcomes seen in a clinical trial and whether the 
treatment is more efficacious compared to existing treatments. Should a 
new treatment be covered if it only provides incremental improvement 
over existing treatment? Should off-label use be covered? Ethical choices 
may also be necessary, said Robinson Beale, for example, if a costly new 
treatment is to be covered, will something else lose coverage? How does 
one balance cost with extension of life decisions?  

Historically, payers have made decisions based on medical necessity 
with evidence obtained from peer-reviewed articles, technology reviews, 
and practice guidelines from credible organizations, said Robinson 
Beale. She added that payers typically look not only at RCTs, but prag-
matic trials as well in order to gain a real-world understanding of the ef-
ficacy and practicality of the treatment over a longer period of time than 
the duration of a clinical trial. Comparative effectiveness studies and a 
comparative cost‒benefit analysis may also be required.  

For very expensive treatments, payers may also ask for definitive ev-
idence that a standard treatment is not effective in a particular patient. 
For example, said Robinson Beale, transcranial magnetic stimulation has 
been shown to be effective as a treatment for depression, but is far more 
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expensive than antidepressant medications; thus it is typically reserved 
only for those who receive no benefit from medications. In the precision 
medicine world, some treatments, including expensive specialty drugs, 
also work only on subsets of the population. Studies to identify respon-
sive subgroups would thus also be extremely helpful for payers, said 
Robinson Beale. 

In Italy, there is a different approach to reimbursement, as described 
by Luca Pani in Chapter 5. Outcome-based reimbursement requires com-
panies to refund money if a treatment did not work. This model is partic-
ularly challenging in the CNS field, which has a particularly high failure 
rates. For example, sponsors are developing drugs to treat AD presymp-
tomatically; in addition to the lack of measures for such trials, healthy 
patients may be exposed to drugs that have some side effects. Studies 
would need to show some real-life advantages for these patients, which is 
particularly challenging, said Pani. 

 
 
PERSPECTIVES FROM THE PHARMACEUTICAL 

INDUSTRY  
 

Several participants highlighted the importance of payer concerns 
and how they are factored into pharmaceutical companies’ drug devel-
opment programs. They noted that this requires generating credible evi-
dence of value in the real world from both observational studies, 
including registry studies, and randomized trials in real-world settings, 
also known as pragmatic trials. Steven Romano said that drug developers 
are now talking with payers and health technology assessment groups 
even before initiating a Phase II study. This requires investigators to as-
sess the value proposition for a new medicine, including functional out-
comes and health economic outcomes.   

According to Paul Stang, vice president of global epidemiology for 
Janssen Research and Development, payers want to understand the per-
formance of products in the specific population they serve. Selecting the 
appropriate comparator and relevant populations for studies thus may 
vary, depending on the payer. For example, the population served by the 
Department of Veterans Affairs may have unique characteristics that in-
fluence their use of a treatment and they may also receive care according 
to a different model than a population served by a commercial insurer. 
Additionally, patients in the United States frequently change health 
plans, complicating the value proposition because a payer may question 
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the merit of paying for a treatment that may only provide a benefit in the 
future when the patient is no longer in the plan. Different payers also 
value indirect benefits differently, such as loss of productivity, family 
impact, or the effect of a treatment on quality of life. Finally, Stang said, 
both sponsors and payers must grapple with the question of what consti-
tutes a meaningful difference.  

 
 

METHODOLOGY FOR OBSERVATIONAL STUDIES 
 

While RCTs are considered the “gold standard,” a few participants 
stated that well-designed observational studies have been shown to ap-
proximate the effects of treatment as well as RCTs (Anglemyer et al., 
2014; Benson and Hartz, 2000; Concato et al., 2000). Compared to piv-
otal RCTs, Stang noted that observational trials tend to follow people for 
a longer period of time, may include much larger and more diverse popu-
lations, and may incorporate existing data collection infrastructure such 
as electronic medical records. They also involve a more diverse group of 
investigators with varying levels of experience in conducting trials, in-
creasing variability. Hybrid studies have recently emerged as another 
alternative, said Stang. These trials randomize patients and use electronic 
health records as the data collection tool.    

 
 

METHODOLOGY FOR PRAGMATIC TRIALS 
 

Demand is growing from regulators, payers, providers, and patients 
for pragmatic trials, according to Mark Cziraky, co-founder and vice 
president of research at HealthCore, Inc. These trials are designed to 
evaluate the risk and benefits of interventions in real-world, naturalistic 
community settings. In addition to testing in a real-world population and 
comparing a treatment to the standard of care rather than a placebo be-
cause pragmatic trials are typically conducted by practitioners, they pro-
vide a window into the effectiveness and value of a treatment when used 
as intended. They also provide regulators with real-world evidence 
around safety, and payers with real-world data about use. Figure 7-1 
summarizes some characteristics of pragmatic trials.  
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trials noisier than those done on other fields such as cardiology, where 
standards of care are more widely recognized. Even in cardiology, how-
ever, standard treatments such as statins for lowering cholesterol are 
widely underused, said Cziraky, adding even more complexity to the tri-
al. An additional question related to the standard of care is whether the 
experimental treatment is given in addition to, or instead of, the standard 
treatment, noted Frank Rockhold. In the neuropsychiatry there are even 
more complications, he said, because the comparator may be psychother-
apy, which may be problematic or unethical to withhold. On the device 
side, additional variability in the standard of care arises because of varia-
bility in the skill of the operators (i.e., surgeons), said Stang.  

According to a few participants, real-world trials add other com-
plexities, including variability around diagnoses, whether patients are 
taking medications as directed, and what other treatments are being taken 
concurrently. Daniel Burch and Michael Pollock, vice president of real-
world outcomes at PPD, cited other differences between explanatory (ef-
ficacy) and pragmatic (effectiveness) trials. Explanatory trials try to set 
ideal conditions to achieve a well-controlled study, yet result in ques-
tionable external validity and generalizability. They also may be affected 
by non-adherence. Burch added that while placebo responses and varia-
bility complicate explanatory trials, they are essential parts of the real 
world that patients, clinicians, and payers live in.  

New technologies are increasingly being employed in real-world tri-
als, including automated reminder systems to maximize compliance and 
biomeasures (such as those using smartphones) to help further identify 
patients who are likely to benefit or be harmed by a treatment, said 
Stang. 
 
 

DATA SOURCES FOR REAL-WORLD TRIALS 
 

The databases maintained by health plans and large provider net-
works offer a rich source of minable data for pragmatic trials, according 
to several participants. For example, HealthCore maintains an integrated 
research database1 that captures 10 years of data from about 65 million 
individuals, including data from administrative claims, physician and 
facility claims, prescriptions, and laboratory tests, said Cziraky. Togeth-
er, these data can provide a picture of a patient’s exposure to the health                                                              

1For more information, go to https://www.healthcore.com/database (accessed June 3, 
2016).  
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care system, including procedures and tests performed, treatments, hospi-
talizations, and costs, he added. For about 30 percent of their population, 
results from laboratory tests are also included, providing a proxy for di-
agnosis. Moreover, Cziraky stated that working through providers, these 
data can be connected with clinical data in the trial setting to create an 
integrated dataset for analysis.        

 Burch commented that the workshop discussions suggest that dis-
tinctions between regulatory and pragmatic trials may become blurred, 
which raises concerns because of the potential for real-world trials to 
impede assay sensitivity. However, Robert Califf used the example of 
opioid use and abuse to illustrate why pragmatic trials are needed. Alt-
hough there is good evidence that opioids provide much-needed pain 
relief for 2 months, there has never been a study to show that there is a 
benefit beyond 3 months. Yet patients often take these drugs for extend-
ed periods of time, resulting in many overdose deaths. Part of the FDA’s 
postmarketing requirement now for opioids is a randomized withdrawal 
study out to a year to provide doctors with prescribing guidance.  

Similarly, said Pani, there is virtually no evidence of what will hap-
pen if disease-modifying drugs for a disease like AD are given for an 
extended period of time and outcomes needed for registration may dif-
ferent from health-outcomes needed for price negotiation pointing again 
to the need of early scientific and HTA advice. Califf commented that 
tools like Sentinel should provide an inexpensive way to collect long-
term data for these types of follow-up studies. Moreover, he thinks these 
very large databases will provide a self-correcting system to prevent the 
reporting of false-positive results of a problem when, in fact, a drug is 
quite safe. Thomas Laughren added that most of these databases have 
committees that review analysis plans before sharing data to ensure that 
the study being proposed is legitimate and rigorous. A workshop partici-
pant said this problem is being addressed by the National Center for 
Health Statistics and other federal agencies by a process called a research 
data center, where people can submit a research design, which, if deemed 
worthwhile by a group of experts, is turned over to a team of technolo-
gists and statisticians who will execute the research plan for a fee. 

Story Landis relayed an experience with PatientsLikeMe, that while 
not a pragmatic trial per se, further illustrates the value of the patient ex-
perience. After a paper published in a reputable journal suggested that 
lithium delayed the progression of amyotrophic lateral sclerosis (ALS) 
(Fornai et al., 2008), many ALS patients obtained off-label prescriptions 
and began taking the drug. As NINDS and partners were conducting a 
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multi-center, double-blind, placebo controlled trial, PatientsLikeMe and 
its ALS patient community using lithium off-label found that there was 
no effect on disease progression (Wicks et al., 2011). Consistent with 
their conclusion, NINDS halted their trial early based on futility (Aggarwal 
et al., 2010). 

 
 

FINAL REMARKS 
 

At the start of the workshop, Romano argued that the field was 
reaching an inflection point. According to Romano, “Neuroscience basic 
research is exploding. The knowledge is exploding for clinical biology 
and genetics. Human experimental biology platforms are being refined 
and incorporated into development paradigms, which will help us going 
forward. Clarification of functional domains and relevant neurocircuitry 
should allow for more effective de-risking in the early phase of devel-
opment. Enhancements in clinical trial methodology and trial execution 
should increase the probability of success in late-phase development.” 
Throughout the workshop, several participants highlight potential near- 
and long-term opportunities for clinical trial improvement for nervous 
system disorders. According to Thomas Laughren and a few other partic-
ipants, advances in methodology continues to progress offering novel 
designs, assessments, recruitment tools, among others, to be used in the 
near term. Stephen Brannan noted that collaborative efforts are increas-
ing and the field may begin to see more ADNI-like initiatives and public-
private partnerships to address complex problems (e.g., biomarker identi-
fication and validation). Petra Kaufmann added that part of these collab-
orations include increasing data sharing which might improve the 
efficiency of trials and decrease duplicative efforts.  

Many workshop participants highlighted the increased focus on pa-
tients and real-life outcomes in neuroscience trials of the future. Enabling 
technologies discussed include mobile health, remote monitoring, and 
wearable devices as well as other technologies that have yet to be devel-
oped, said Atul Pande. A few participants noted the need for increased 
interaction and communication between pharmaceutical and technology 
companies to better understand the application and use of these technol-
ogies in clinical trials. Given the fact that disruptive innovation requires a 
process of change, several participants recognized that this will be an 
ongoing process and will not happen overnight. Opportunities that are 
further down in the pipeline, according to some participants, include un-
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derstanding how to capitalize on biomarkers as a way of teasing out sub-
groups within targeted populations. In addition, understanding how new 
technologies might be used for trialists to recruit participants more globally.  

Highlighting the collective effort that is needed to address the chal-
lenges in the field, Pande stated that in order to see the ideas discussed at 
the workshop come to fruition, someone is going to have to take the first 
step. Quoting Kurt Vonnegut (2013), Pande ended by saying, “Some-
times we just have to jump off a cliff and grow our wings on the way 
down.”  
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B 
 

Workshop Agenda 
 
 
 
 
 
 
 
 

NEUROSCIENCE TRIALS OF THE FUTURE: A WORKSHOP 
 

March 3–4, 2016 
 

Keck Center 
500 Fifth Street, NW Room 100 

Washington, DC 20001 
 
 

Background: Although major strides have been made over the past two 
decades in basic neurosciences, the pace of translation into more 
effective treatments has eluded the field. Among the many factors 
contributing to this reality are the standard clinical trial methods that 
have barely changed, perhaps with the exception of increased use of 
electronic data acquisition and analysis. 
 
Clinical trials in neuropsychiatric disorders continue to suffer from high 
failure rates even with biological targets that are well validated. Even in 
the hands of experienced investigators, the now commonplace problem 
of poor assay sensitivity, and attendant trial failure, have adversely 
affected pharmaceutical and device development. Signal detection in 
central nervous system trials is regularly beset by high placebo or non-
specific response, intrasubject variability of endpoints, intersubject and 
intersite variability in multicenter trials, poor treatment adherence, and 
weak patient engagement and retention. The net effect of these 
challenges has been to simply increase the trial sample size in an attempt 
to control type II error. Yet, promising early clinical data often are not 
replicated in larger registration trials, and Phase III failure rates in 
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neuroscience randomized controlled trials remain among the highest in 
medicine. The apparent unsustainability of the current clinical 
development scenario has driven many large pharmaceutical companies 
entirely out of investment in neurosciences. 
 
Quite apart from the business perspective, the fact that many early-stage 
clinical trials misleadingly provide a signal (a type I error) raises the 
question of whether volunteering for these trials is in the best interest of 
trial subjects, in particular, and for the patients with that particular 
disorder in general. 
 
Better methods, from clinical study design through execution and 
evaluation, could help restore the integrity, feasibility, acceptability, 
efficiency, and economic viability of clinical neuropsychiatric 
development. However, in order to use innovative approaches to address 
these challenges, buy-in and acceptance from the regulatory community 
will be important. For example, adaptive trials could offer a more 
efficient means of addressing experimental questions involving multiple 
uncertainties, although they are often infrequently used. In addition, 
understanding the utility of wearable and patient monitoring devices (and 
the data generated) in neuroscience clinical trials is needed. Given the 
current challenges in neuroscience clinical trials, this public workshop 
will bring together key stakeholders to discuss opportunities to improve 
the integrity, efficiency, and validity of clinical trials for nervous system 
disorders (focusing specifically on Phase II and Phase III trials). 
 
Meeting Objectives: 

• Examine assay sensitivity challenges in clinical trials for nervous 
system disorders, including causes of type I error in early trials 
and poor signal detection and type II error in later stage trials.  

• Explore opportunities to improve clinical trial methodology for 
nervous system disorders, including strategies for: 
o Guiding the selection of patient populations, such as using 

endophenotyping to increase the yield of responders and 
using genomics, proteomics, and imaging biomarkers to 
“stage” nervous system disorders. 

o Increasing patient engagement through all phases of the 
clinical trial (i.e., recruitment, screening, and posttrial) and 
improving adherence and retention.  
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o Using patient-centric technologies (e.g., wearables) and 
integrating such real-world, real-time data with traditional 
clinical data.  

o Improving monitoring during clinical trials. 
o Leveraging recent advances in diagnostics, biomarkers, and 

endpoints to develop more efficient clinical trials. 
o Using novel trial designs (e.g., adaptive, enrichment, and 

platform design studies) for nervous system disorders, 
including associated regulatory challenges and opportunities. 

 
March 3, 2016 
 
8:30 a.m.  Opening Remarks 
 

ATUL PANDE, workshop co-chair 
Chief Medical Officer and Executive Vice 
President 
Tal Medical 
 
RICHARD KEEFE, workshop co-chair 
Professor of Psychiatry and Behavioral Sciences 
Duke University School of Medicine 

 Neuroscience Clinical Trials: Challenges and Opportunities 

8:45 a.m.  STEVEN ROMANO  
Senior Vice President and Chief Science Officer 

   Mallinckrodt Pharmaceuticals 
 
9:05 a.m.  SHITIJ KAPUR  
   Executive Dean and Head of School 

Institute of Psychiatry, Psychology &  
 Neuroscience 

   King’s College London 
 
9:30 a.m. Discussion Among Speakers and Workshop Participants 
 
9:45 a.m. BREAK 
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SESSION I: CLINICAL TRIAL DESIGN 
 
Session Objectives: Discuss current challenges to clinical trial design for 
nervous system disorders. Explore elements of clinical trial protocols that 
might be improved and lead to more efficient trials. Discuss how novel 
trial designs (e.g., adaptive, enrichment, and platform design studies) 
might be used for nervous system disorders. 

10:00 a.m.  Session Overview and Objectives 

   STEPHEN BRANNAN, session moderator 
   Vice President of Clinical Research and Medical 
    Affairs 
   Forum Pharmaceuticals  

  Biomarkers  

10:10 a.m.  ANIL MALHOTRA  
   Director, Psychiatry Research, Zucker Hillside 
    Hospital 
   Professor, Molecular Medicine and Psychiatry 

Hofstra North Shore−Long Island Jewish School  
 of Medicine 

 
10:25 a.m.  ALICE CHEN-PLOTKIN  
   Assistant Professor of Neurology 
   Perelman School of Medicine, University of  
    Pennsylvania 
 
  Diagnosis and Patient Identification 

• Discuss alternatives to the Diagnostic and 
Statistical Manual of Psychiatric Disorders 
(DSM). 

 
10:40 a.m.  SARAH MORRIS  
   Acting Head, NIMH RDoC Unit 
   Program Officer, Schizophrenia Spectrum  
    Disorders Research Program 
   National Institute of Mental Health 
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10:55 a.m.  ROBERT BILDER  
Professor-in-Residence, Department of 
 Psychiatry and Biobehavioral Sciences, 
University of California, Los Angeles 

   Editor-in-Chief, Diagnostics in Neuropsychiatry 
 
11:10 a.m. Statistical Approaches and Considerations 
   
   MICHAEL PENCINA  
   Director of Biostatistics, Duke Clinical Research 
    Institute 
   Professor of Biostatistics and Bioinformatics 
   Duke University 
 
  Novel Clinical Trial Designs 
 
11:25 a.m.  ERIK SNOWBERG 

  Professor of Economics and  
  Political Science 

   California Institute of Technology 
 
    SYLVAIN CHASSANG  
    Professor of Economics and Public  
     Affairs 
    Princeton University 
 
11:45 a.m.  JAIDEEP KAPUR  
   Study Chair, Established Status Epilepticus  
    Treatment Trial (ESETT) 
   Eugene Meyer III Professor of Neuroscience, 
     Neurology 
   University of Virginia School of Medicine 
 
12:00 p.m. Panel Remarks 
    

   Additional Panelists: 
    

   TIFFANY FARCHIONE  
Deputy Director, Division of Psychiatry  
 Products  
Center for Drug Evaluation and Research 
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   Food and Drug Administration 
   CARLOS PEÑA  
 

Director, Division of Neurological and Physical  
 Medicine Devices 
Office of Device Evaluation 
Center for Devices and Radiological Health 
Food and Drug Administration 
 

12:30 p.m. Discussion Among Speakers and Workshop Participants 
 
1:00 p.m. LUNCH 

 
SESSION II: CLINICAL TRIAL METHODOLOGY 

 
Session Objectives: Explore opportunities to improve clinical trial 
methodology for nervous system disorders, including strategies for 
patient selection, engagement, and retention. Examine the extent to 
which current diagnostic methods contribute to the inherent variability in 
study populations. Discuss the utility of patient-centric technologies 
(e.g., wearables) and how such real-world, real-time data might be 
integrated with traditional clinical data to improve the integrity and 
efficiency of trials. Consider lessons learned and best practices from 
other therapeutic areas that might be applied to neuroscience clinical 
trials. 
 
1:45 p.m.  Session Overview and Objectives 
 
   AMIR KALALI, session moderator 
   Head, Neuroscience Center of Excellence 
   Quintiles 
 
2:00 p.m. Transforming Clinical Trials with Technology 
   (guided panel discussion) 
 

• Discuss opportunities to improve patient 
engagement and retention.  

• Discuss how to improve patient adherence to 
assigned treatment. 
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• Discuss opportunities to improve patient 
assessments. 

• Consider the potential applications of 
emerging technologies (e.g., wearables) for 
clinical trials.  
o What are common clinical applications 

of these technologies? 
o What are the known benefits and risks 

associated with use? What are the 
scientific controversies behind this 
evidence? 

 
   CARLOS RODARTE  

Chief Executive Officer 
Health Rhythms 

 
JOHN REITES  
Head, Digital Health Acceleration 
Qunitiles  
 
DREW SCHILLER  
Chief Technology Officer and Co-Founder 
Validic 
 
GLEN DE VRIES 
President and Co-Founder 
Medidata Solutions, Inc. 
 
KARL KIEBURTZ 
Robert J. Joynt Professor in Neurology 
Senior Associate Dean for Clinical Research 
Director of the Clinical & Translational Science 

Institute 
University of Rochester Medical Center 
 

3:15 p.m. BREAK 
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  Lessons Learned from Other Therapeutic Areas 
 
3:30 p.m.  Oncology 
   
   PERRY NISEN  
   Chief Executive Officer  
   Sanford Burnham Prebys Medical Discovery 
    Institute 
 
3:45 p.m.  Cardiology 

 
  ADRIAN FELIPE HERNANDEZ  
  Professor of Medicine 
  Duke Clinical Research Institute 
  Duke University School of Medicine 

4:00 p.m. Discussion Among Speakers and Workshop Participants 

4:45 p.m. Day One Wrap-Up 

Workshop Co-Chairs 
 

5:00 p.m. ADJOURN DAY ONE 

March 4, 2016 

8:30 a.m. Day Two Opening 

ATUL PANDE, workshop co-chair 
Chief Medical Officer 
Tal Medical 
 
RICHARD KEEFE, workshop co-chair 
Professor of Psychiatry and Behavioral Sciences 
Duke University School of Medicine 
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KEYNOTE SESSION III: INTERNATIONAL REGULATORY 
LANDSCAPE 

Session Objectives: Consider the regulatory landscape for neuroscience 
clinical trials. Explore differences in regulatory pathways among 
countries and consider the impact.  

8:50 a.m. Session Overview and Objectives 

   THOMAS LAUGHREN, session moderator 
   Director 
   Laughren Psychopharm Consulting, LLC 
    

Key Regulatory Opportunities for Neuroscience 
Clinical Trials  

 
9:00 a.m. Regulatory Opportunities and Challenges in the 

United States 
    

ROBERT CALIFF  
Commissioner of Food and Drugs 
Food and Drug Administration  
 

9:20 a.m. Regulatory Opportunities and Challenges in Europe  
 

LUCA PANI  
Director General  
Italian Medicines Agency (AIFA) 

 
9:40 a.m. Discussion Among Speakers and Workshop Participants 
 
10:45 a.m. BREAK 
 

SESSION IV: ETHICAL CONSIDERATIONS 

Session Objectives: Examine ethical, legal, and social questions about 
neuroscience clinical trials. Consider potential data protection and human 
subjects’ issues that might arise as clinical trials continue to transform.  
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11:00 a.m. Session Overview and Objectives 

PETRA KAUFMANN  
Director, Office of Rare Diseases Research and  
 Division of Clinical Innovation 
National Center for Advancing Translational 
  Sciences 

  
11:10 a.m. Data Protection 

 
FRANK ROCKHOLD  
Senior Vice President, Global Clinical Safety 
and Pharmacovigilance  

  GlaxoSmithKline 
  Professor of Biostatistics and Bioinformatics  
   (starting March 2016) 
  Duke University School of Medicine  
 
 Human Subjects Protection 

 
11:25 a.m.  GREG KOSKI 

President and Co-Founder 
Alliance for Clinical Research Excellence and 
 Safety (ACRES) 
 

11:40 a.m.  EMIL CHIAUZZI   
Research Director 
PatientsLikeMe 
 

12:00 p.m. Discussion Among Speakers and Workshop Participants 
 
12:30 p.m. LUNCH 
 

SESSION V: REIMBURSEMENT 

Session Objectives: Consider how data collected by payers are used to 
inform reimbursement decisions and influence the long-term translation 
of products in the marketplace. Consider economic outcome measures 
used to determine payer practices. How will and should these measures 
be worked into future clinical trials? 
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1:15 p.m. Session Overview and Objectives 

   DANIEL BURCH, session co-moderator  
   Vice President and Global Therapeutic Area  
   Head for Neuroscience 
   Pharmaceutical Product Development (PPD) 
    
   MICHAEL POLLOCK, session co-moderator  
   Vice President, Real World Outcomes 
   Pharmaceutical Product Development (PPD) 
 
1:25 p.m. Improving the Evidence Base for Reimbursement 

What evidence is needed from research to align with 
insurance policies and evidence criteria? 
 
RHONDA ROBINSON BEALE via teleconference 
Senior Vice President and Medical Officer 
Blue Cross of Idaho 

 
1:40 p.m. Challenges of Generating the Required Evidence: An  
 Industry Perspective  
 
 PAUL STANG  
 Vice President, Global R&D Epidemiology 
 Janssen Research and Development 
 
1:55 p.m. Pragmatic Trials: Challenges and Opportunities for 
 Neuroscience Trials 
 
 MARK CZIRAKY  
 Co-Founder and Vice President of Research 
 HealthCore, Inc. 
 
2:10 p.m. Discussion Among Speakers and Workshop Participants 
 
2:45 p.m. BREAK 
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SESSION VI: MOVING FORWARD 

Session Objectives: A panel will synthesize and discuss key highlights 
from the workshop presentations and discussions, including identifying 
next steps and promising areas for future action and research. 

3:00 p.m. Panel Discussion: Session Moderators 

ATUL PANDE, workshop co-chair 
RICHARD KEEFE, workshop co-chair 

 STEPHEN BRANNAN, session I moderator 
 AMIR KALALI, session II moderator 
 THOMAS LAUGHREN, session III moderator  
 PETRA KAUFMANN, session IV moderator  

DANIEL BURCH AND MICHAEL POLLOCK, 
session V moderators 

 
3:45 p.m. Discussion Among Session Moderators and Workshop  
  Participants 
 
4:15 p.m. Closing Remarks from the Workshop Co-Chairs 
 
4:30 p.m. ADJOURN WORKSHOP 
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Kathleen Anderson  
National Institute of Mental 

Health 
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NeuroCog Trials 
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University of Rochester 

Medical Center 
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National Institute of Mental 

Health 
 
Farah Bader 
National Institutes of Health 
 
Joana Balardin 
Albert Einstein Hospital 
 
Bruce Baron 
Sanofi 
 
Steven Becker 
National Eye Institute 
 

 
 
 
 
 
 
 
 

Martin Bednar 
Pfizer Inc. 
 
Dawn Beraud  
National Institute on Aging 
 
Sangeeta Bhargava 
National Eye Institute 
 
Brendon Binneman 
Pfizer Inc. 
 
Carlos Blanco 
National Institute on Drug 

Abuse 
 
Susan Borja 
National Institute of Mental 

Health 
 
Lizbet Boroughs 
Association of American 

Universities 
 
Linda Brady 
National Institute of Mental 

Health 
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Stephen Brannan 
FORUM Pharmaceuticals, 

Inc. 
 
Zachary Brennan 
Regulatory Affairs 

Professionals Society 
 
Timothy Brindle  
Department of Veterans 

Affairs 
 
Kristin Bullok 
Eli Lilly and Company 
 
James Burke 
National Academy of 

Medicine 
 
Gregory Busse 
Takeda Pharmaceuticals 
 
Rosa Canet-Aviles 
Foundation for the National 

Institutes of Health  
 
Charlie (Gouliang) Cao 
Takeda Pharmaceuticals 
 
Monique Carter 
Pfizer Inc. 
 
Shailesh Chavan 
Biotest Pharmaceuticals 
 
Cássia Coelhoso 
Hospital Israelita Albert 

Einstein 

Robert Conley 
Eli Lilly and Company 
 
Albert Covelli 
Medidata Solutions, Inc. 
 
Michelle Crouthamel 
GlaxoSmithKline 
 
Cyrus Davani 
National Institute of Mental 

Health 
 
Kimberly del Carmen 
U.S. Army Medical Materiel 

Development Activity 
 
Nicholas DeMartinis  
Pfizer Inc.  
 
Robert DiCicco 
GlaxoSmithKline 
 
Ellen Donnelly 
Pfizer Inc. 
 
Kristin D’Onofrio 
Takeda Pharmaceuticals  
 
Ray Dorsey 
University of Rochester 
 
Rebecca Evans 
Parexel 
 
Scott Fogerty  
Thermo Fisher Scientific 
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Janssen Research & 

Development, LLC 
 
Terence Fullerton 
Pfizer Inc. 
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National Institute of Mental 

Health 
 
Alex Gilbert 
Assurex Health 
 
Sharon Gilbert  
U.S. Army Medical Materiel 

Development Activity 
 
Lisa Gilotty 
National Institute of Mental 

Health 
 
Margaret Grabb 
National Institutes of Health 
 
Marlene Guzman 
National Institute of Mental 

Health  
 
Shwe Gyaw 
National Institute on Drug 

Abuse 
 
Magali Haas 
Cohen Veterans Bioscience 
 
Adam Haim 
National Institute of Mental 

Health 

Jennifer Hart 
Duke Clinical Research 

Institute 
 
Mi Hillefors 
National Institute of Mental 

Health 
 
Debbie Indyk 
Icahn School of Medicine at 

Mount Sinai 
 
Frances Jensen 
University of Pennsylvania 

Perelman School of 
Medicine  

 
Liliana Jorge 
Albert Einstein Hospital 
 
Petra Kaufmann 
National Center of Advancing 

Translational Sciences 
 
David Keller 
Pfizer Inc. 
 
Noam Keren 
The National Academies of  

Sciences, Engineering, and 
Medicine  

 
Walter Koroshetz 
National Institute of  

Neurological Disorders and 
Stroke 

 
Elena Koustova  
National Institute on Drug  
 Abuse  
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Vasudha Kowtha 
University of Maryland 
 
Victor Krauthamer 
Food and Drug  
 Administration 
 
James Kupiec 
Pfizer Inc. 
 
Audrey Kusiak 
Department of Veterans  
 Affairs 
 
Story Landis 
National Institute of  

Neurological Disorders and 
Stroke (Director Emeritus)  

 
Patroski Lawson 
Lundbeck, LLC 
 
Mark Lee 
Genentech 
 
Judith Lelchook 
Paving the Way Multi Service  
 Institute 
 
Alyson Levitz-Jones 
Medidata Solutions 
 
Honglan Li 
Janssen Research &  
 Development, LLC 
 
Jim Li 
Assurex Health 

Sarah Lisanby 
National Institute of Mental  
 Health 
 
Eva Loth 
King’s College London 
 
Jennifer Madsen 
Arnold & Porter, LLP 
 
Kathryn Martin 
The National Academies  

of Sciences, Engineering, 
and Medicine 

 
Anna Mazzucco 
National Eye Institute 
 
Cathy McDermott 
U.S. Army Medical Materiel 

Development Activity 
 
Lauren McLaughlin 
The Michael J. Fox  
 Foundation for  
 Parkinson’s Research 
 
Emilio Merlo Pich 
Takeda Pharmaceuticals 
 
Karen Mowrer  
National Institute of Mental  
 Health 
 
Claudia Moy 
National Institute of 

Neurological Disorders and 
Stroke 
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Food and Drug 

Administration 
 
George Niederehe 
National Institute of Mental 

Health  
 
Jean Noronha 
National Institute of Mental 

Health 
 
Peter Ogbuoji 
Federal Ministry of Labour 

and Employment  
 
Mark Opler 
ProPhase 
 
Anna Ordonez 
National Institutes of Health 
 
Alexandre Paim Diaz 
Columbia University 
 
Joselisa Paiva  
Hospital Israelita Albert 

Einstein 
 
Nicole Pariser  
Medidata Solutions 

Michele Pearson  
National Institute of Mental 

Health  
 
William Potter 
National Institute of Mental 

Health  
 
Tanya Ramey  
National Institute on Drug 

Abuse 
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National Institute of 

Neurological Disorders and 
Stroke 
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Peterson Wilmarth and  
 Robertson, LLP 
 
Erica Rosemond 
National Center for  

Advancing Translational 
Sciences 
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Alcobra 
 
Judith Rumsey 
National Institute of Mental  
 Health 
 
Erik Runko 
National Science Foundation 
 
Andrea Samdahl 
Medidata Solutions 
 
  



Copyright © National Academy of Sciences. All rights reserved.

Neuroscience Trials of the Future:  Proceedings of a Workshop

98 NEUROSCIENCE TRIALS OF THE FUTURE 

 

PREPUBLICATION COPY: UNCORRECTED PROOFS 
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Albert Einstein Hospital 
 
Brian Saxby 
NeuroCog Trials 
 
Rachel Scheinert 
National Institute of Mental  
 Health 
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National Institute of Mental  
 Health 
 
Ira Shoulson 
Georgetown University 
 
David Shurtleff 
National Center for  
 Complementary and  
 Integrative Health 
 
Phil Skolnick 
National Institute on Drug  
 Abuse 
 
Richard Smith 
National Alliance on Mental  
 Illness 
 
Joshua Spiegel 
NeuroCog Trials 
 
Ioan Stroescu 
NeuroCog Trials 
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Alliance for Clinical Research  
 Excellence and Safety 

Gary Tong 
Lundbeck, LLC 
 
Farris Tuma 
National Institute of Mental  
 Health 
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Pharmaceutical Product  
 Development, Inc.  
 
Maria Uria-Nickelsen 
Pfizer Inc. 
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Minnetronix 
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Food and Drug  
 Administration 
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National Institute of Mental  
 Health  
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The National Academies of  
 Sciences, Engineering, and  
 Medicine 
 
Tracy Waldeck 
National Institute of Mental  
 Health 
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National Institute on Aging 
 
Jill Wechsler 
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Alliance for Clinical Research  
 Excellence and Safety 
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Department of Justice  
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Peterson Wilmarth and  
 Robertson, LLP 
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National Institute of  
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Jerry Yang 
Uniformed Services  
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Food and Drug  
 Administration 
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Steven Zalcman 
National Institute of Mental  
 Health 
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CogState and Psyncro 
 
Danna Zimmer 
University of Maryland  
 School of Medicine 
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