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INTRODUCTION

Therapeutic development is a costly, complex, and time- 
consuming process. The average length of time from 
target discovery to approval of a new drug can be up to 
18.7 years. There is failure at every stage of the process, and 
the cumulative cost per successful drug can be $2.6 billion 

or more.1 The high therapeutic development failure rate 
means there are potentially many existing, partially devel-
oped therapeutic candidates that were in development for 
one indication that could be repurposed for use in a new 
disease indication (“Drug Repurposing”; Figure 1).

Two large companies with several phase II failures, 
as well as some successful phase II clinical studies, have 
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Abstract
Launched in May 2012 as part of the New Therapeutic Uses program, the National 
Center for Advancing Translational Sciences (NCATS)’ National Institutes of 
Health (NIH)- Industry Partnerships initiative fostered collaboration between 
pharmaceutical companies and the biomedical research community to advance 
therapeutic development. Over the 10- year life of the initiative, the industry part-
ners included: AstraZeneca; AbbVie (formerly Abbott); Bristol- Myers Squibb; 
Eli Lilly and Company; GlaxoSmithKline; Janssen Pharmaceutical Research & 
Development, L.L.C.; Pfizer; Sanofi; and Mereo (out licensed assets). The initia-
tive provided researchers at academic medical centers with a rare opportunity 
to propose clinical trials to test ideas for new therapeutic uses for a selection of 
clinic- ready and often previously proprietary experimental pharmaceutical as-
sets that were provided by industry partners. Here, we describe the process by 
which collaborations between pharmaceutical companies with viable experimen-
tal assets and academic researchers with ideas for new uses of those assets were 
established; and how NCATS/NIH funding supported not only phase I and II 
clinical trials as well as any nonclinical studies needed before testing in a new pa-
tient population, it also provided an opportunity for testing innovative outcome 
measures for proof- of- concept trials. Although the program did not demonstrate 
improved success rates for phase II clinical trials, this collaboration model lever-
ages the strengths of each party and with a focus toward evaluating an innovative 
outcome measure, could be used to reduce patient burden and trial costs, and 
improve patient engagement.
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performed in- depth analyses to understand and construct 
prospective strategies to correct the increased and unsus-
tainable attrition in phase II. The first was Pfizer2 who in 
reported their immensely disappointing finding that an 
unacceptable percentage of their phase II clinical studies 
lacked confirmational data for sufficient molecular tar-
get engagement. Hence, they were unsure if the molec-
ular targets for the diseases addressed in hypotheses had 
even been tested. So, conclusions could not be reached 
whether better assets for their molecular targets were pru-
dent to pursue, or if future efforts should focus on other 
molecular targets. As a consequence of this finding, Pfizer 
proposed and has implemented the “3 Pharmacokinetic 
Pillars of Success” to ensure sufficient target engagement 
by novel assets before advancing to hypothesis testing in 
phase II clinical testing.2 Two years later, AstraZeneca 
built upon the Pfizer publication, by proposing “5Rs” for 
success based on an analysis of their phase II failures.3 

In addition to evidence of sufficient target engagement, 
which they termed Right Tissue to emphasize sufficient 
pharmacokinetics in the desired tissue (e.g., central ner-
vous system [CNS]); Right Target, which Pfizer called 
“target precedence”; Right safety; Right Patient; and Right 
Commercialization potential. Four years later, the same 
AstraZeneca scientist reported that implementing the 5Rs 
in their portfolio decision making resulted in an almost 
five- fold increase in phase II to phase III survival (progres-
sion) rate.3 In addition to these factors determining phase 
II survival versus attrition, there is an important largely 
unavoidable strategy concern that has been and will con-
tinue to be practiced by nearly all large pharmaceutical 
companies and even many smaller biotechnology com-
panies. To ensure adequate commercial value and return 
on investment, companies focus their research and devel-
opment (R&D) expertise and portfolio of new assets on 
“major” diseases with a large population, frequency, and 

F I G U R E  1  Industry- based standard drug development timeline versus drug repurposing. Represented in the graphic are typical 
timelines and pharmaceutical company costs for drug development at each stage in the drug development process. IND, Investigative New 
Drug; NDA, new drug application.
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unmet medical need. Most common diseases have been 
studied for decades, so the opportunity for a break- through 
therapy is challenging and unlikely. At the same time, the 
failure rate means there are potentially many existing, 
partially developed therapeutic candidates that were in 
development for one indication that could be repurposed 
for use in a new disease. By partnering with government 
and academic researchers, companies can improve the 
progression rate even further by making the assets avail-
able for testing in additional indications that make sense 
scientifically, but were not a priority for the company. The 
National Center for Advancing Translational Sciences 
(NCATS) initiative supported shorter early- stage clinical 
trials for 2– 3 years at a lower cost ranging from $1.2 to 
$11.3 million (depending on the disease area and methods 
used) for the entire project including university overhead. 
This is considerably less than the typical cost to compa-
nies for phase I and II clinical trials (Figure 1). By provid-
ing support for three- way partnerships for phase II clinical 
trials, three of the phases in drug development with the 
lowest success rates can be mitigated (Figure  1, yellow 
arrow). This saves time (up to 10.2 years) and money (up 
to $53 million) over starting de novo with a new chemical 
entity.

Benefits of drug repurposing: Cost, 
time, and success

Despite pronounced interest in both pharmaceutical R&D 
spending and evidence- based targets (e.g., genetic, from 
genome advances) over the past decades, the number of 
approved therapeutics has steadily decreased. Specifically, 
there has been a dramatic decrease in pharmaceutical 
R&D “productivity” or “efficiency”; and there has been a 
concomitant increase in cost per fully approved and com-
mercialized drug.1 The first time a novel agent is assessed 
for efficacy in phase II clinical trials is known as clinical 
proof- of- concept (POC) and is the stage of development 
that has the highest failure rate1 (Figure 1). Multiple anal-
yses of the drug development landscape consistently show 
that phase II attrition exceeds all other clinical phases. To 
counterbalance the high attrition at phase II, one strategy 
is to demonstrate clinical POC in another indication or 
different patient population using drug repurposing. The 
R&D cost and time for the new indication is shortened by 
leveraging the prior investments, while providing another 
opportunity for the asset to succeed.

The repurposing of an existing asset (compound or bi-
ologic) that has advanced to clinical phase II or beyond, 
beginning with a proposal for testing in a new patient 
population (either a new indication or a disease subpop-
ulation), can greatly increase the frequency and breadth 

of New Drug Approvals. It also creates opportunities to 
consider more niche indications (i.e., therapies for or-
phan and neglected diseases, or modest advancements 
over standard of care). Smaller overall commercial value 
can be more acceptable when starting from POC. Smaller, 
shorter (hence, less costly) phase III studies and timelines 
through approval are also often possible for these indica-
tions, especially orphan and neglected diseases. Because 
there is a large unmet medical need and/or small patient 
population.

Although pharmaceutical companies often own clini-
cal assets that may be effective for indications other than 
those for which the assets were originally developed, the 
company may focus on limited disease domains in their 
business model. This, in turn, generally leads to a lack of 
broad disease expertise to identify many of the potential 
indications for a given asset. The three- way partnership 
model described below is one way to inspire and advance 
many drug repurposing ideas.

THREE- WAY PARTNERSHIP MODEL

Templates for success

During the pilot phase of the new therapeutic use initia-
tives, NCATS tested the utility of newly created template 
legal agreements. Six to 9 months prior to publicly post-
ing assets, NCATS/National Institutes of Health (NIH) 
worked with each company to establish template legal 
agreements.

1. Confidential Disclosure Agreements (CDAs): 
Spelled out how proprietary information would be 
handled by all parties involved in the collaboration. 
The NCATS/NIH entered a CDA with each pharma-
ceutical company. For those applicants that were put 
in contact with a pharmaceutical company, a separate 
CDA was signed between an academic institution and 
the pharmaceutical company before any information 
was exchanged by each party.

2. Collaborative Research Agreements (CRAs): A 
CRA is important to both parties because it describes 
how intellectual property, patents, and licensing will 
work during the term of a project. The templates that 
were established by the NIH were a starting point for 
negotiations between academic medical centers and a 
pharmaceutical company if a proposed project was se-
lected for support by the NIH. A letter of assurance that 
the template legal agreements would be used was re-
quired as part of the application submitted to NCATS. 
This greatly accelerated the establishment of a collabo-
ration between the company and the academic medical 
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center and kept the focus on the hypothesis to be tested 
rather than the terms of the collaboration.

Template legal agreements were effective in facilitating 
negotiations, enabling the research to begin more quickly. 
The template agreements were successfully demonstrated 
and have since been used outside the NCAT/NIH programs 
by a few pharmaceutical companies when establishing ac-
ademic collaborations outside the New Therapeutic Uses 
program.

Crowdsourcing

Crowdsourcing occurs when an investigational drug 
is publicly posted for investigators to propose ideas for 
new therapeutic uses. Generally, crowdsourcing is an ap-
proach used for investigational therapeutics, not thera-
peutics approved by the US Food and Drug Administration 
(FDA), because approved drugs already are known to the 
public. The design of the New Therapeutic Uses initia-
tive required pharmaceutical companies to make limited 
information about their previously proprietary assets 
publicly known. This limited, public information would 
serve as the basis for an academic investigator to submit 
a hypothesis for a new use of the asset in the form of a 
brief five- page pre- application. Via this crowdsourcing 
technique, the researchers, who have access to patient 
populations and an understanding of diverse disease bi-
ology, developed new studies to test these assets in novel 
disease systems.

Pharmaceutical assets

In this program, NCATS invited prospective pharmaceuti-
cal companies to partner with NCATS to create an oppor-
tunity for academic researchers to explore new indications 
for their assets across a broad range of human diseases. 
Pharmaceutical partners offered a minimum of three drug 
candidates (assets) for which regulatory documents for 
an Investigative New Drug (IND) would be made avail-
able for meritorious applications. Asset characteristics in-
cluded the following:

• Mechanism of action was known.
• Pharmacokinetics were suitable to explore the mecha-

nism in a new indication in humans.
• Phase I clinical trial was completed –  safety profile was 

understood.
• Assets currently in clinical development were included.
• Clinical supply (including matched placebo) could be 

made available at no cost.

• Pharmaceutical companies provided documentation to 
enable funded investigators to file an IND application 
with the FDA.

Project team

Each project had a project team that consisted of the 
NIH, pharmaceutical partners, and applicant institutions 
(Figure 2).

NCATS/NIH

By publicly posting pharmaceutical companies’ assets, 
NCATS was able to crowdsource ideas for new uses of those 
assets from the collective intelligence of the scientific com-
munity. By coordinating the access that scientists nation-
wide have to existing clinical assets that have already cleared 
several key steps in the development process, NCATS was 
able to stimulate therapeutic innovation and development 
to hopefully get more treatments to all people more quickly.

Protracted legal agreements are a translational sci-
ence barrier that can slow the rate of scientific progress. 
It can sometimes take a year or more to establish CRAs 
between an academic institution and the pharmaceutical 
company that owns an experimental asset. The NCATS/
NIH also provided template agreements to the researcher 
and their pharmaceutical asset provider to accelerate the 
establishment of a collaboration between the two. Use of 
template legal agreements shortened the time to establish 
three- way drug repurposing collaborations between the 
government, applicant institutions, and pharmaceutical 
companies to 3– 4 months.

Once funding was awarded, NCATS/NIH provided 
oversight and guidance to the partnership to increase re-
purposing of assets for new indications.

Pharmaceutical team

The pharmaceutical team included scientists, and lawyers 
who assisted with establishing the template Collaborative 
Research Agreement and Confidential Disclosure Agreement 
negotiations. After pre- applications were received, inves-
tigators of the most meritorious applications were put in 
contact with pharmaceutical partners to exchange informa-
tion under an NCATS pre- negotiated standard confidential 
disclosure agreement. While the pharmaceutical partner 
was providing additional information about the asset, the 
applicant was providing additional information about their 
hypothesis. At that point, a joint decision was made to apply 
for funding or not.
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Following NCATS peer review and funding of the ap-
plication, pharmaceutical partners provided drug products 
and placebo (if applicable) for projects that were selected 
for funding. The partner manufactured the drug and pla-
cebo and sent it to the clinical trial sites. Documentation 
needed for regulatory clearance was provided by the 
pharmaceutical partner with the applicant investigator 
providing the disease- related update (e.g., background 
information) and proposed clinical trial design details. 
Liaisons from the company providing the asset, partici-
pated in milestone progress update calls for active projects.

Major responsibilities of the pharmaceutical partner 
included:

• Provided asset information to be posted on the NCATS 
website.

• Provided clinical supply for phase I and phase I clinical 
studies (drug or biologic and placebo).

• Provided regulatory documents (i.e., cross- reference let-
ter or study reports) to enable a funded investigator to 
file an IND application in time to meet project timeline 
and milestones.

• Agreed not to remove assets 90 days before a pre- 
application receipt date for a funding opportunity, 
unless something unanticipated (e.g., new safety infor-
mation from the FDA) becomes available.

Researchers at academic medical centers

Beyond the new therapeutic use idea, investigators 
brought three crucial additional aspects to the potential 
collaboration: (1) expertise in the disease beyond that ex-
isting within the pharmaceutical partner, (2) access to pa-
tients at their clinic/institution and/or network, and (3) 
disease relevant symptom or biomarker progression end 
point measurements.

Eligible institutions included small businesses or aca-
demic medical centers. Although small businesses were el-
igible, they were generally only interested in out- licensing, 
which was not an option. As a result, applications from 
small businesses were rare and all the awarded projects 
were made to academic medical centers. Applicant insti-
tutions that had access to patient populations and an un-
derstanding of diverse disease biology submitted ideas for 
testing assets in novel disease systems. The most meritori-
ous applicants were awarded support for conducting pre-
clinical efficacy, safety, and toxicity studies when needed 
for the new indication. If preclinical milestones were met, 
then funding was awarded for early- stage clinical trials. 
In some cases, projects could proceed directly to phase II 
clinical trials based on the data from the original pharma-
ceutical company sponsored clinical trials. If necessary, 
phase I clinical trials were conducted in the novel target 

F I G U R E  2  Three- way partnership 
model. This infographic depicts the 
three- way partnership between academia, 
government, and pharmaceutical partners 
and the responsibilities of each party. 
This partnership brought together specific 
compound information, formulation, 
and clinical design expertise from 
pharmaceutical companies and disease 
experts in academic medical centers that 
had access to new patient populations. 
NCATS, National Center for Advancing 
Translational Sciences; NIH, National 
Institutes of Health.
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population to evaluate safety, determine a safe dose range, 
verify target engagement, and identify side effects prior to 
conducting a phase II clinical trial. If the phase I clinical 
trial milestones were met, support was provided for the 
proposed phase II clinical trial. Phase II clinical trials were 
conducted in a large enough population to provide POC.

The process

The timeline and actions for each step of the partnering 
process are shown in Figures 3 and 4. Assets were publicly 
posted on the same day that funding opportunities were 
published. Applicants submitted a one- page specific aims 
page and a four- page research strategy that covered a plan 
to test a new therapeutic use of one publicly posted asset. 
The preliminary ideas underwent a nontraditional mail- in 
review. There was no meeting or discussion concerning 
the pre- applications and no final impact score. Reviewers 
submitted a short, written critique with a rating of ac-
ceptable, acceptable with modifications, or an unaccep-
table/unaddressable weakness. Suggestions to improve 
or strengthen the application were encouraged. After the 
evaluation of pre- applications, the most meritorious ap-
plicants were put in contact with a pharmaceutical part-
ner for the asset or mechanism of action that was selected 
for study in the pre- application. They were expected to ex-
ecute an appropriate CDA within 30 days of receiving the 

pharmaceutical company contact information from the 
NIH. Under the CDA, the applicant and pharmaceutical 
company partner exchanged additional information on 
the assets and studies to test the proposed new therapeutic 
use of the asset. Subsequently, both parties made a joint 
decision whether to submit a full application for funding 
and negotiate a CRA. Applicants were required to submit 
documentation of access to the asset and associated data 
as part of their applications. Applications that were re-
ceived by the NIH underwent peer review, and summary 
statements were issued. The NIH negotiated milestones 
for the most meritorious applications, and awards were 
made following the NCATS council review. The NIH and 
pharmaceutical partners participated in monthly or quar-
terly meetings to follow the milestone progress.

USE CASES

A total of 16 projects were selected for support by 
NCATS4. Four projects did not meet preclinical go/no- go 
decisions for lack of efficacy in an animal model. Eleven 
projects proceeded to clinical testing. One clinical project 
was discontinued early for a safety and toxicity issue for 
a co- administered drug. The co- administered drug safety 
issue came up in two cancer clinical studies that did not 
receive support from NCATS. Two projects are still active 
(as of March 2022). For the eight clinical studies that are 

F I G U R E  3  This figure depicts 
the process steps and time needed for 
three- way partnerships among academic 
medical centers, the National Institutes 
of Health (NIH), and pharmaceutical 
partners.
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complete, some individual successes were achieved and 
reported as case studies below.

Individual project success stories

1. Steven Strittmatter, MD, PhD, was the principal 
investigator on an award made to Yale University. 
He discovered in an animal model that Fyn kinase, a 
member of the Src family kinases, plays a fundamental 
role in the pathogenesis of Alzheimer’s disease. At the 
same time, he found a clinical compound that was 
originally developed for cancer posted by AstraZeneca 
(AZD0530: link to ncats.nih.gov/files/AZD0530.pdf ) on 
the NCATS website. Although the project had chal-
lenges achieving desired dosing in humans in the 
CNS, the NCATS investment enabled the collection of 
long- term administration safety data that enabled many 
other projects using this asset to be tested clinically 
for other chronic conditions.5– 10 Because AstraZeneca 
had been developing the compound for cancer, the 
long- term exposure studies would not have been 
completed without the NCATS support. In addition 
to measuring efficacy with traditional Alzheimer’s 
memory tests, this trial demonstrated fluorodeoxy-
glucose (FDG)- positron emission tomography (PET) 
as a more objective and quantitatively reproducible 

POC end point for Alzheimer’s trials. This end point 
decreased the POC study size and duration, thus, in-
creasing the likelihood of more frequent testing of 
novel agents (previously limited by study expense) 
for this indication in the future.11

2. Alan Breier, MD, was the principal investigator on an 
award made to Indiana University to test an Eli Lilly 
drug (LY500307: link to ncats.nih.gov/files/LY500307.
pdf ) in patients with schizophrenia. As anyone who has 
conducted a trial knows, subject retention can be very 
challenging for studies that go on for several months. 
Loss of study subjects can result in failed trials due to 
a loss of power and ultimately a missed opportunity 
to evaluate a potential treatment for patients. For this 
study, the clinical trial team undertook personalized 
outreach and in person visits, achieving a participant 
dropout rate of 3%, whereas the typical dropout rate in 
clinical studies for this population is 20– 40%.12,13

3. Brian Annex, MD, was the principal investigator 
on an award made to University of Virginia to test an 
AstraZeneca drug (ZD5054 link to: ncats.nih.gov/files/
ZD5054.pdf) in patients with peripheral artery dis-
ease. The trial used imaging as a noninvasive method 
to measure calf blood flow at rest and during exercise 
was used as a more objective and quantitatively repro-
ducible POC end point compared to the traditionally 
used subjective and effort- dependent 6- min walk test 

F I G U R E  4  This figure depicts the process for an academic medical center and a pharmaceutical partner to establish a collaboration 
after top tier pre- applications are identified and put in contact with a pharmaceutical partner. CDA, Confidential Disclosure Agreements; 
CRA, Collaborative Research Agreements.

https://ncats.nih.gov/files/AZD0530.pdf
https://ncats.nih.gov/files/AZD0530.pdf
https://ncats.nih.gov/files/LY500307.pdf
https://ncats.nih.gov/files/LY500307.pdf
https://ncats.nih.gov/files/LY500307.pdf
https://drugs.ncats.io/substance/8054MM4902
https://ncats.nih.gov/files/ZD5054.pdf
https://ncats.nih.gov/files/ZD5054.pdf
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measuring the distance traveled over a 6- min period.14 
This was also shown to decrease POC study size and 
duration, thus, improving the likelihood of more fre-
quent testing of novel agents (previously limited by 
study expense, subjectivity, and outcome variability) 
for this indication in the future.

4. John Krystal, MD (link to: https://repor ter.nih.
gov/searc h/B9Xu1 HDwMU Kpl1m aeyaA Pg/proje ct- 
detai ls/8913287) was the principal investigator on an 
award made to Yale University to test a Pfizer drug 
(PF- 03463275: link to ncats.nih.gov/files/PF- 03463275.
pdf) in patients with schizophrenia. The phase II trial 
was conducted to inform the design of a clinical trial 
to evaluate the capacity of the Pfizer GlyT1 inhibitor 
to enhance cognitive remediation to treat cognitive 
impairments associated with schizophrenia. They 
concluded that whereas the Pfizer asset did not show 
evidence of facilitating NMDA- R function based on a 
ketamine assay in healthy subjects, it did enhance neu-
roplasticity in patients with schizophrenia.15

5. James McKerrow, MD, PhD (links to: https://repor 
ter.nih.gov/searc h/B9Xu1 HDwMU Kpl1m aeyaA Pg/
proje ct- detai ls/8996043) was the principal investiga-
tor on an award made to University of California, San 
Diego, CA, to test a chronic pain drug owned by Sanofi 
(SAR114137 link to: ncats.nih.gov/files/SAR114137.
pdf) against chagas disease. This Cathepsin S inhibi-
tor did not have efficacy against changes in preclinical 
studies. Through the program, the investigator then 
obtained access to another Cathepsin S inhibitor of-
fered by Janssen (RWJ- 445380). Although the Janssen 
compound also did not show efficacy, the collaboration 
with Janssen led Janssen to provide the investigator ac-
cess to thousands of other assets for high throughput 
screening.16,17 This opportunity was greatly facilitated 
by the program.

6. Jordan Miller, PhD (links to: https://repor ter.nih.
gov/searc h/B9Xu1 HDwMU Kpl1m aeyaA Pg/proje 
ct- detai ls/8913790) was the principal investigator on 
an award made to Mayo clinic to test a Sanofi drug 
(Ataciguat: links to ncats.nih.gov/files/HMR1766.pdf) 
in patients with calcific aortic valve stenosis. Currently, 
the only treatment for this condition is surgical valve 
replacement. Ataciguat would offer an alternative to 
surgery. The award jumpstarted drug development at 
Mayo Clinic. It is also the first project awarded under 
New Therapeutic Uses that is proceeding to phase 
III clinic testing. Under the terms of the CRA, Sanofi 
had the first right of refusal for commercializing the 
therapy. Sanofi helped Mayo Clinic find another part-
ner for phase III clinical testing. Rancho Santa Fe Bio, 
Inc. has entered a worldwide licensing agreement with 
Sanofi to test Ataciguat in the United States and select 

international countries. Rancho Santa Fe Bio, Inc. also 
has a worldwide exclusive licensing agreement with 
Mayo Clinic for the use of Ataciguat in patients with 
calcific aortic valve stenosis.18

CHALLENGES AND POSSIBLE 
SOLUTIONS TO DRUG 
REPURPOSING OF CLINICAL 
STAGE COMPOUNDS

As noted above, public– private collaborations can provide 
huge advantages as well as opportunities for drug repur-
posing and, hence, important therapeutic innovation to 
the benefit of patients, and the NCATS- NTU program is a 
substantial facilitator of this.

However, there remains significant challenges as 
well as potential solutions to be considered. First, the 
number of compounds suitable for drug repurposing is 
not nearly as numerous as one would think. As an ex-
ample, a dedicated team at one large pharmaceutical 
company recently filtered through over 450 compounds 
that had been nominated for clinical development.19 
These compounds had been extensively characterized, 
including potency, selectivity, preclinical in vitro and 
in vivo pharmacology, complete pharmacokinetic and 
safety packages, target engagement, and experience in 
humans. Only 22 were found suitable for drug repurpos-
ing via crowdsourcing through the NCATS- NTU pro-
gram. Suitability was based on data from the previous/
original clinical development program demonstrating 
acceptable tissue exposure, safety margin, and target 
engagement. Adding compounds that remain in active 
phase III development and/or that have launched would 
dramatically increase the otherwise limited number 
of clinical stage compounds available for repurposing 
consideration. Yet, this presents additional challenges. 
Compounds that have advanced to phase III are the 
prized jewels of any company and as such the company 
is unlikely to be willing to see them explored in another 
indication before FDA approval, fearing the generation 
of any unexpected data that could delay a future FDA 
review and approval process. As any new (approved) 
drug will eventually be exposed to a wide population 
of patients, proponent for this approach argue that it 
is better to know any unexpected findings (e.g., ad-
verse effects in another subpopulation of patients) ear-
lier as opposed to later. Already marketed compounds 
carry the concern of expiring composition of matter 
patent rights, the strongest exclusivity protection. Yet, 
subsequent approval in a new indication is granted 
“data exclusivity” for that new indication by regula-
tory agencies. Current policies provide such additional 

https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8913287
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8913287
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8913287
https://ncats.nih.gov/files/PF-03463275.pdf
https://ncats.nih.gov/files/PF-03463275.pdf
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8996043
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8996043
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8996043
https://ncats.nih.gov/files/SAR114137.pdf
https://ncats.nih.gov/files/SAR114137.pdf
https://ncats.nih.gov/files/RWJ-445380.pdf
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8913790
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8913790
https://reporter.nih.gov/search/B9Xu1HDwMUKpl1maeyaAPg/project-details/8913790
https://ncats.nih.gov/files/HMR1766.pdf
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protection for 5 years in the United States, 7 years in 
the European Union, and 10 years in Japan. Although 
comparatively short, this exclusivity period can support 
the reduced cost of development and hence viable re-
turn on investment (ROI) for many new indications. In 
fact, the biotech company Valperion Pharmaceuticals, 
is solely focused on such opportunities as their business 
plan. Finally, commercialization protection via a new 
“Method of Use” patent offers 20– 25 years of protection 
that may be practical for the new indication. The risk 
for such, however, is that prior to phase II clinical POC, 
the data that led a physician- scientist to propose and 
obtain approval to test in the new indication could be 
used as “prior art.” A patent examiner may reject the 
patent application or others to challenge its validity, 
even if granted based on “obviousness to one skilled 
in the field.” For this reason, intellectual property (IP) 
attorneys generally consider these patents more vulner-
able to legal challenge than the stronger composition 
of matter patent. Moreover, whereas method of use 
patents may afford protection against generic entry in 
the United States, a “method of treatment” for a phar-
maceutical therapy is not patentable in Europe or in 
many other countries. Yet, given the record of poor 
success (well <50:50) in phase II clinical POC studies 
(Figure  1), one can argue that success of a molecular 
target to disease hypothesis in patients is far from obvi-
ous even with strong preclinical or other existing data. 
To our knowledge, such an argument has never been 
attempted: hence, success is not assured. Additionally, 
if ROI is insufficient to justify further development by 
the originating compound owner due to lack of com-
mercial exclusive, licensing to a biotech (e.g., Valperion 
Pharmaceuticals, who are proficient with such oppor-
tunities), or approval via “emergency” or “compassion-
ate” use, can be considered to achieve an adequate ROI. 
The latter are especially applicable for rare and orphan 
diseases. Finally, combinations of a new dose or for-
mulation can avoid generic competition. The NCATS 
Pharmaceutical Collection (NPC) has created a collec-
tion of drugs that are already marketed/approved some-
where in the world to facilitate drug repurposing of 
such advanced compounds. The NPC collection is used 
in NCATS’ in vitro high- throughput robotics facility for 
disease- relevant phenotypic screening.

Ultimately, we learned many lessons about steps in the 
partnering process where having a checklist of the many 
things that need to be considered and/or discussed can fa-
cilitate effective collaborations between researchers at the 
academic medical centers and pharmaceutical partners. 
As some of the steps in the drug development process that 
occur in pharmaceutical companies are not familiar to 
principal investigators at academic medical centers, who 

often may be repurposing a drug for the first time (see 
Tables 1 and 2). However, even with the best laid plans, 
there are many factors that influence successful comple-
tion of a trial –  enrollment, retention of subjects, com-
mitment and experience of the trial team, sufficient time 
and funding for the trial, etc. Although this program was 
designed with very aggressive timelines, the confound-
ing factors were the ultimate determinants of successful 
completion.

SUMMARY

Repurposing of clinical stage compounds can greatly en-
hance therapeutic testing, innovation, and efficiency to 
benefit patients and advance medical science. By starting 
with an existing compound that has already been in phase 
I clinical trials or beyond, the cost and timeframe for ther-
apeutic development is almost half that of starting de novo 
with a novel therapeutic. Under these circumstances, 
niche improvements to existing standards of care as well 
as orphan disease indications would offer an acceptable 
ROI. Yet, challenges, such as the number of “clinical 
stage” compounds available, availability of drug product 
(including matched placebo), pharmacovigilance con-
cerns, regulatory studies to meet the FDA requirements 
for IND clearance for the new indication, Investigator’s 
Brochure updates for compounds under development, li-
ability for any unexpected adverse events in clinical POC 
testing for the new indication, and concerns regarding 
patent protection and ROI are potential barriers to further 
development.

We have described a process by which collaborations 
between pharmaceutical companies and academic med-
ical centers were established around experimental assets 
from companies and ideas for therapeutic uses of those 
assets was proposed by academic researchers. In addition 
to testing the assets in new indications, which in one case 
led to third party support for a phase III clinical trial, some 
projects provided data to support the use of innovative 
quantitative measures for POC trials, seeded new collab-
orations between academic researchers and companies 
beyond the program.

The template agreements that were critical to establish-
ing the collaborations were also adopted by some of the 
companies involved in their negotiations with academic 
institutions outside the program.3 Demonstration and dis-
semination of the agreements was so successful that sev-
eral other NIH programs adopted the template agreements 
(https://ncats.nih.gov/pubs/featu res/ntu- template).

In addition to template agreements, advantages for 
the pharmaceutical partners participating in the program 
included:

https://ncats.nih.gov/expertise/preclinical/npc
https://ncats.nih.gov/expertise/preclinical/npc
https://ncats.nih.gov/pubs/features/ntu-template


1590 |   WEGNER et al.

• NCATS coordinated funding opportunity announce-
ments sought promising candidates for repurposing 
ideas from the academic community and put the most 
meritorious in contact with the companies.

• Access to patient populations through academic centers 
and to expertise on the new indication.

• New clinical projects that may not have been identified 
by the company alone.

T A B L E  1  Checklist for pharmaceutical partners to discuss with academic medical centers

Discuss while preparing 
a research plan Timeline considerations

Timeline for application 
content

To be negotiated with 
PI at time of award

To be submitted 
during the study

□ Access to the 
investigator’s brochure

□ Access to assay 
protocols

□ Draft clinical protocol
□ Plan for IND approval 

(including IND 
material to be 
referenced or IMP 
materials to be used)

□ Plan for IRB approval(s)
□ Recruitment sites and 

site assessment
□ Feasibility assessment
□ Internal deadlines
□ Personnel availability

□ Timing of when a decision 
will be made to move 
forward

□ CDA should be completed 
by date

□ CRA should be completed 
by date

□ Timing for investigator 
studies and drug delivery

□ Timing of availability 
of data for IND needs 
(especially if clinical 
trials done in the EU)

□ Availability of tablet doses
□ Product development plan
□ Timeline for investigator 

studies and drug delivery

□ Letter of support
□ Commitment, ability, and 

timing of availability of 
API

□ Timing of availability of 
tablets

□ If no IND on file, date IMP 
information from EU 
trials will be available

□ What doses will be 
provided?

□ Who will do the 
packaging?

□ Who will collect safety 
data (AEs)?

□ Will a third party be 
involved with the 
manufacturing, 
packaging, or collecting 
safety data?

□ Will a third- party 
agreement be required?

□ What is the plan if a 
manufactured batch 
fails QC and cannot 
be delivered on 
time?

□ How will the AEs be 
collected?

□ List of dates 
for update 
teleconferences

□ When will the 
investigator’s 
brochure be 
available to the PI?

□ Confirm Steering 
committee quarterly 
meeting schedule

□ Availability for 
answering FDA 
questions about IND 
submission

□ Weekly animal/
preclinical results

□ Recruitment status
□ Study status updates
□ Safety reports
□ FDA correspondence 

(IA)

Abbreviations: AEs, adverse events; API, active pharmaceutical ingredient; CDA, Confidential Disclosure Agreements; CRA, Collaborative Research 
Agreements; EU, European Union; FDA, US Food and Drug Administration; IA, information amendment; IMP, investigational medicinal product; IND, 
investigational new drug; IRB, institutional review board; PI, principal investigator; QC, quality control.

T A B L E  2  Checklist for academic medical centers to discuss with pharmaceutical partners and NIH

Discuss while developing 
a research plan

To be negotiated with NIH 
prior to award

To be submitted after negotiations 
and prior to study initiation

To be submitted during the 
study

□ Draft clinical protocol
□ Plan for IND approval, 

including IND material 
to be referenced or IMP 
materials to be used

□ Plan for IRB approval(s)
□ Recruitment sites
□ Timeline for investigator 

studies and drug delivery
□ Feasibility assessment
□ International plan, when 

applicable
□ Drug certificate of analysis 

and lot number
□ Drug stability information
□ Internal deadlines
□ Personnel availability

□ Milestones
□ Independent safety 

monitoring
□ IND requirement or IMP 

information availability
□ Plan and terms for 

additional funds
□ List of dates for monthly 

update teleconferences
□ List of dates for quarterly 

steering committee 
meetings including annual 
meeting

□ Data lock plan

□ Final clinical protocol
□ Final consent
□ Statistical analysis plan
□ IND safe to proceed
□ Investigator brochure
□ Plan for drug packaging (PI 

pharmacy or Pharma partner)
□ Detailed independent safety 

monitoring plan, including draft 
charter and member list

□ IRB approval(s)
□ Submit Steering Committee roster
□ Submit Team Roster if different 

from Steering Committee
□ Quality management plan
□ Clinical monitoring plan

□ Monthly animal/preclinical 
results

□ Recruitment status
□ Study outcome updates
□ Safety reports
□ FDA correspondence, when 

applicable
□ Minutes or recommendations 

from any independent 
oversight for safety

□ Any IB or protocol 
amendments

Abbreviations: FDA, US Food and Drug Administration; IB, investigator's brochure; IMP, investigational medicinal product; IND, investigational new drug; 
IRB, institutional review board; NIH, National Institutes of Health.
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The companies felt the access to funding via NCATS/
NIH was extremely important for exploring new indications 
for their assets, as obtaining funding for a novel indication 
from the pharmaceutical company is often quite challeng-
ing, if not impossible. Private companies already have their 
prioritized portfolios. To add something new almost always 
requires the displacement of one or more of their existing/
ongoing projects in which they have already invested. The 
opportunity to benchmark innovative outcome measures 
against standard outcome measures is the best way to tran-
sition to new standard measures. Such changes are particu-
larly important when they improve the patient experience 
by reducing the duration of their involvement and/or the 
clinical evaluations themselves. These improvements can 
also reduce the number of subjects needed, thereby reduc-
ing the cost of the trials, which could ultimately lead to test-
ing more drug candidates.

In closing, although the program did not demonstrate 
improved success rates for phase II clinical trials, more 
indications could be explored for less money under this 
model compared to the costs for industry. The phase II 
trials in this program support the potential of a nonsur-
gical treatment for calcific aortic valve stenosis as well as 
the treatment of cognitive impairment associated with 
schizophrenia. Additionally, testing innovative outcome 
measures that have the potential to reduce patient burden 
adds value for patients and future trials alike. These out-
comes would suggest that bringing parties with comple-
mentary resources together through crowdsourcing and 
the use of template agreements and checklists is a collabo-
ration model worth considering for future programs.
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