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ABSTRACT

Data sharing leading to improved cancer patient outcomes provides exciting examples of applying Big Data and
Analytics to clinical research. Since 2014, Project Data Sphere has aggregated patient-level data from more than
135,000 patients spanning 150 trials, and made this data available for exploration and investigation to more than
2,000 researchers.

This successful data sharing program has enabled medically relevant insights to be discovered and published in
leading peer-accepted journals, and new research programs are underway, including:

e Development of an external control arm for small cell lung cancer that may eliminate the need to enroll
cancer patients in standard-of-care comparator treatment arms

e Development of machine learning tools for tumor image processing
e Investigations into rare but serious adverse events associated with new of immuno-oncology therapies

In this session, the opportunities and challenges of clinical trial data sharing will be discussed as they relate to Big
Data and Analytics.

INTRODUCTION

Data sharing has broad meaning, even when discussed in the context of clinical research. Depending on the context,
this concept can refer to the sharing of patient-level data traditionally associated with clinical trials, or it can
alternatively (or additionally) refer to less traditional data types such as genomics and images, and can also refer to
data extracted from electronic health records.

For the purposes of this paper, data sharing will be discussed in the context of data made available from completed
clinical trials. While there are specific technical discussions that are best addressed in a different paper, the focus,
here, instead, will be on how the data sharing community, which includes biopharmaceutical companies, academic
and government research organizations, researchers, and, ultimately, patients, have overcome the initial hurdles
associated with data sharing, and progressed to the point where impactful new science is being derived via data
sharing initiatives.

A LITTLE HISTORY

Data sharing is not a new concept. For many years, interested researchers have been able to request patient-level
datasets from clinical trial sponsors on an as-needed basis to support their research interests. During this time, there
was not a truly common process in place and adopted by biopharmaceutical companies, and each request was
typically assessed based upon the merits of the research proposal, the qualifications of the investigator(s) and status
of the data being requested. Once a request was approved, the data was provided to the researchers, typically for a
specified duration, during which time the investigation was expected to be completed.

In 2013, however, there was emerging interest in developing and implementing a grander approach to data sharing.
Largely stemming from policy plans of the European Medicines Agency', and then backstopped by the EFPIA-
PhRMA Principles for Responsible Clinical Trial Data Sharing?, various global biopharmaceutical companies
embarked on a series of data sharing programs. In some cases, a common data sharing platform,
www.clinicalstudydatarequest.com, that spanned multiple biopharmaceutical companies was implemented, and in
other cases individual biopharmaceutical companies deployed their own data sharing platforms. Additional
independent data sharing environments that were developed include the Project Data Sphere cancer research
platform (www.projectdatasphere.org), the NCTN/NCORP Data Archive (https://nctn-data-archive.nci.nih.gov/) and,
most recently, Vivii (www.vivli.org).
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Each of these platforms varies in their implementation approach, but they were largely faced with tackling the same
technical, legal, process and cultural hurdles — not the least of which is the historic resistance to broadly sharing
clinical data. This resistance was highlighted in the New England Journal of Medicine editorial ® from January 2016
which stated that “there is concern among some front-line researchers that the system will be taken over by what

some researchers have characterized as ‘research parasites’™.

The current availability of multiple data sharing platforms, and population of these platforms with true patient-level
clinical trial data that spans indications and organizations, demonstrates that much of the angst present at the onset
of data sharing programs has dissipated in just a few short years. Most mature biopharmaceutical companies have
established central data sharing offices, with formalized data sharing processes, and less mature biopharmaceutical
companies are evaluating how best to join the data sharing community. In many ways, the core hurdles have been
overcome, but there is still work to be done to fully leverage the value of shared clinical trial data.

IF YOU BUILD IT, WILL THEY COME?

For the first several years of these formalized data sharing programs, there had been growing concern that the
aggregation of patient-level clinical trial data had been a time-consuming expense without recognizable value. In
some ways, this is an accurate assessment. The burden of preparing datasets to be shared falls on
biopharmaceutical companies with regard to the time and effort required to de-identify (or anonymize) the data,
provide any necessary data clean-up and curation, obtain the necessary legal and business approvals, etc. That
work, however, does not necessarily yield a direct benefit for the data provider. It is primarily, or even exclusively, an
expense, and one that frequently distracts from other business priorities. The implementation of dedicated data
sharing teams within these companies, however, points to the recognition that biopharmaceutical companies
appreciate data sharing as a necessary business expense.

With data sharing still in its early years, and most formalized data sharing initiatives occurring after the 2013/2014
EMA and EFPIA/PhRMA activities, there have been several years where the primary activity with regard to data
sharing has focused on process development, and ultimately, data provisioning. In that timespan, new scientific
insights derived from the various data sharing programs have been relatively few. This is, not surprisingly, a function
of both the relative sparsity of the data since it takes time to develop the necessary processes and then to prepare
the data for sharing, and, in general, relatively low-level awareness among potential researchers.

In short, the best mechanism for attracting researchers was hobbled by two critical factors. The data sharing
platforms were in the earliest stages of maturity with regard to data content, and the publication of new insights which
would create excitement and interest among potential researchers was even less mature.

SUCCESS BREEDS SUCCESS

In 2015, Project Data Sphere, LLC launched a public-facing research program — the Prostate Cancer DREAM
Challenge“. This research program used curated data from four phase Il prostate cancer trials available through
the Project Data Sphere cancer research platform, and invited crowdsourcing participants to predict overall survival
for these patients using the patients’ baseline clinical variables, and to predict treatment discontinuation due to
adverse events.

While the DREAM platform had been used to host multiple crowd-sourcing challenges previously, the Prostate
Cancer DREAM Challenge attracted more DREAM solvers to date than any previous challenge. The best performing
solvers developed exciting improvements to existing prognostic models. These improved prognostic models have the
potential to directly impact patient care — enabling physicians to use a patients’ clinical measurements to more
accurately predict their outcomes and adjusting their treatment plan accordingly, and exploring whether patient
engagement with regard to potential (or actual) adverse events can be used to encourage patients to continue their
prescribed course of treatment.

The success of the Prostate Cancer DREAM Challenge, however, is not limited to the new insights regarding patient
outcomes, and their potential impact on patient care. These new insights, accompanied by peer-accepted
publications and the associated publicity, spurred new interest in data sharing for both data providers and
researchers. Data providers gained confidence that their efforts to prepare and deliver data for data sharing
initiatives can have demonstrable impacts in the patient community, and additional researchers became aware of
valuable new data sources to drive their research interests. Importantly, the successes associated with the Prostate
Cancer DREAM Challenge additionally have led to new funding opportunities, which, in turn, are leading to new
research programs.



THE BEST IS YET TO COME

In its brief history, data sharing was initially driven by the “if you build it, they will come” approach, and there has been
some demonstrated success through this strategy as discussed previously. However, learnings over the past several
years have shown that targeted research can be a much better driver of data attainment and aggregation, and
subsequent new science and insights. Rather than soliciting “data”, in general, from biopharmaceutical companies,
a more robust strategy is to develop targeted data demands associated with specific research programs.

In the case of data sharing efforts like ClinicalStudyDataRequest.com, this can mean that although vast amounts of
clinical trial data are pledged to the repository, approved research requests initiated by investigators drive the
availability of that data within the data sharing platform to support the research request goals. In this case, an
independent review board assesses the merits of the research proposal, and renders a decision indicating their
approval or rejection of the proposal. From that point forward, data associated with approved research projects are
recruited to the data sharing platform. A summary of published research proposals associated with
ClinicalStudyDataRequest.com can be found at https://clinicalstudydatarequest.com/Metrics/Published-

Proposals.aspx.

Project Data Sphere, LLC has seen the success of the Prostate Cancer DREAM Challenge lead to a series of peer-
accepted publications that are a direct result of the DREAM challenge, and the success of that research program has
inspired additional independent research and subsequent peer-accepted publications regarding pancreatic, non-small
cell lung cancer and colorectal cancer, among other research topics. A complete list of peer-accepted publications
can be found in the Appendix.

The recognized success of the Prostate Cancer DREAM Challenge has recently spurred the launch for four Project
Data Sphere-managed data-driven research programs. These programs, briefly summarized here, are at various
stages of maturity, and are designed to not only drive new insights regarding cancer patient outcomes, but to also
spur the delivery of new data to the Project Data Sphere cancer research platform. These new data are expected to
not only power the research program to which they are directed, but to also add to the overall repository of data to
drive new, currently unplanned, research. In effect, Project Data Sphere, LLC is implementing a virtuous engine
where new research programs drive new data aggregation, which drives new research, and so on.

EXTERNAL CONTROL ARM RESEARCH PROGRAM

In cancer trials, patients typically receive either the experimental treatment or a standard-of-care treatment. This
research program, which will initially begin with small cell lung cancer, is focused on using previously collected clinical
trial data to develop a control arm to be used in place of treating patients with a standard-of-care therapy as part of a
new clinical trial. A successful external control arm will enable fewer patients to be enrolled in trials (reducing cost
and time), will enable all trial participants to receive the experimental treatment, and will enable those patients that
would have received standard-of-care treatment based on traditional trial designs to potentially receive experimental
treatment in other trials (thereby reducing the cost and time of those trials).

IMAGING AND ANALYTICS

Image analysis during cancer clinical trials is a costly and time-consuming process, frequently reliant on image reads
by mulitple reviewers to arrive at a consensus assessment. This research program is focused on the development of
machine-learning algorithms that will enhance the performance of imaging in clinical trials through greater reliability,
automation and outcomes of response assessment metrics. As with the Prostate Cancer DREAM Challenge, this
research program will be organized as a crowdsource challenge open to the public.

RARE TUMOR REGISTRIES

Prospective tumor registries have the potential to complement conventional clinical trials which, through randomized
controlled design, attempt to minimize threats to internal validity. Due to the strict and often narrow eligibility criteria
of clinical trials, however, they often have deficits in external validity. Through purposeful prospective capture of real-
world data at point-of-care, the rare tumor registry program, has the potential to obtain a much broader representation
of rare patient cases. This broader representation is essential to advance the development of drug therapies for rare
but deadly tumor types. The real-world data captured during this long-term registry program, which will initially be
focused on Merkel Cell Carcinoma, will be periodically delivered to the Project Data Sphere cancer research platform
to support broad research where the data is expected to be investigated in conjunction with data from rare tumor
clinical trials.
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IMMUNE-RELATED ADVERSE EVENTS

Immunotherapy is a cancer treatment strategy that harnesses the innate power of the body’s immune system to
recognize and attack cancer cells that have been hiding and target them for destruction ®. As of today, the FDA has
approved seven immune checkpoint inhibitors (ICls) since the introduction of ipilimumab in 2011 to treat advanced
melanoma, and in many cases the patient outcomes for this new class of treatment have been remarkable. Although
all treatments carry risks, there is growing recognition that ICls have the additional potential for serious but rare
immune-related adverse events (irAEs). This research program is focused on identifying these irAEs, developing
valuable insights into the management of irAEs early in drug development, potentially facilitating clinical trials and
decreasing the chance that promising treatments are limited by toxicity.

CONCLUSION

Extraordinary progress regarding patient-level clinical trial data sharing has occurred since the initial first steps were
taken in 2013, just over 5 years ago. Data sharing has evolved, conceptually from “Why?” to “When?”, and impactful
data science that can improve patient care is being driven via these data sharing programs while they continue to
grow in data content, in platform capabilities, and in research-driven outcomes. In parallel, data sharing efforts
regarding real-world data, genomics and imaging continue to progress and contribute the ecosystem of patient-level
data available for new research. Each of these data types provides its own challenges and opportunities as we
collectively work toward a comprehensive data sharing community.
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