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Abstract

Historically, basic scientists and clinical researchers have transduced reality into data so that they
might explain or predict the world. Because data are fundamental to their craft, these investigators
have been on the front lines of the Big Data deluge in recent years. Radiotherapy data are complex
and longitudinal data sets are frequently collected to track both tumor and normal tissue response
to therapy. As basic, translational and clinical investigators explore with increasingly greater depth
the complexity of underlying disease processes and treatment outcomes, larger sample populations
are required for research studies and greater quantities of data are being generated. In addition,
well-curated research and trial data are being pooled in public data repositories to support large-
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scale analyses. Thus, the tremendous quantity of information produced in both basic and clinical
research in radiation therapy can now be considered as having entered the realm of Big Data.

1. WHAT is the Big Data Question?

Advances in computer storage, computing power, statistical methods and the ability to
electronically associate multiple types of data from disparate sources (e.g. demographic,
genetic, imaging, treatment and outcomes) have enabled “Big Data” research in
radiotherapy. Rather than setting a certain minimum number of computer memory bytes to
define what is meant by Big Data, since this threshold would be continuously increasing
with technological advances and the size of databases, it is most reasonable to refer to Big
Data simply as volumes of large, complex and linkable information (1-2). As an example,
the cost of genotyping used for analysis of DNA derived from the tumor and normal tissue
of cancer patients has decreased multiple orders of magnitude over the past 20 years (3).
Patients with cancer may soon have both their germline and tumor DNA sequenced as part
of routine clinical care to individualize and optimize the treatment protocol, including
radiotherapy. As a result, it is widely believed that the use of information technology can
reduce the cost and increase the quality of healthcare.

Within radiation oncology, Big Data may include detailed 3D dosimetric and imaging data,
as well as changes in images over time. One of the major promises of Big Data research is to
identify the multiple clinical, biological, and treatment variables that determine clinical
outcomes so that we can define better predictive models. This will enhance our ability to
tailor therapies for each individual patient; e.g. delivering more aggressive therapies where
needed and less-aggressive treatments when appropriate. Thus, Big Data can increase
accuracy and support the development of precision methods for healthcare (4).

2. WHY is this Big Data issue important in radiation oncology and cancer

care?

Our ability to extract new knowledge from the huge volumes of data produced by 21st
century research is essential for advances in cancer diagnosis, treatment, and follow-up care.
There is a clear need in radiation oncology, across multiple cancer sites, to use Big Data for
research aimed at both improving cancer cure rates and reducing the incidence of normal
tissue toxicity (Figure 1).

High-throughput screening using genomics, transcriptomics, proteomics, metabolomics, and
other “-omics” techniques provide an unprecedented opportunity to apply systems biology
approaches and advanced bioinformatics for basic and translational research in radiation
biology (5). Analysis of the changes in cell signaling pathways in response to radiation will
provide insight into crucial questions including the: (i) mechanisms regulating radio-
sensitivity of different tissues, species, and individuals; (ii) response to different types of
radiation and radiation schedules; (iii) low-dose effects including a possible safety threshold
for radiation-induced cancer; (iv) bystander effect; and (v) biomarkers of radio-sensitivity
and predictors of the response to radiation therapy.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rosenstein et al. Page 3

3. How is the current emerging Big Data state to evolve with non-Radiation
Oncology approaches?

One example is the Commons pilot experiment proposed by NIH aimed to efficiently store,
manipulate, analyze, and share research output from a variety of public and private
institutional facilities (each referred to as a Commons provider). A Commons provider
agrees to support the rules of the Commons and to provide or permit services that facilitate
the use of the Commons. Research objects within the Commons will be cataloged in an
index being developed as part of the Big Data to Knowledge (BD2K) Initiative (6) and hence
identifiable/searchable to users regardless of physical location. NIH established the BD2K
program with the goal to help the biomedical research community benefit from the potential
of Big Data.

Radiogenomics represents another important example of a non-radiation oncology approach
enabling the use of Big Data from genetic/genomic studies to accelerate discovery and
uncover information that smaller-scale studies could not reach (7-9). Radiogenomics uses
methods that were developed in genomics science to uncover the genetic basis for numerous
diseases and traits, and application of these approaches to radiation oncology has led to the
discovery of genetic variants predictive of radiation-associated toxicity. Studies have
identified multiple loci tagged by single nucleotide polymorphisms (SNPs), which are
associated with late toxicity resulting from radiotherapy (10-12). Most of the genetic
markers identified in these studies implicate genes not previously known to be involved in
cellular radiation response, highlighting the role that Big Data is having in our understanding
of radiobiology and clinical risk for toxicity. For example, SNP rs7582141 was identified in
a genome-wide association study of late genitourinary and gastrointestinal toxicity among
1,740 prostate cancer radiotherapy patients (10). This SNP tags a haplotype block on
chromosome 2qg24.1 and lies within the TANCI gene and affects expression of this gene.
The TANC1 protein plays a role in regenerating damaged muscle, a pathway that may be
important in normal tissue damage during radiation exposure that has not previously been
explored. This observation highlights the fact that Big Data allows investigators to take an
agnostic look at the genome in order to uncover new information with clinical relevance. Big
Data approaches can also be used to consider genome-wide gene expression, DNA
methylation, histone modification, as well as the vast clinical data within medical records
and clinical trials (Table 1a and 1b).

4. WHERE will this growth and development in radiation oncology occur
and be evaluated?

NCI reformulated the National Clinical Trials Network (NCTN) to more efficiently conduct
cancer clinical trials focused on state-of-the-art research questions (13). One of the service
groups established was the Imaging and Radiation Oncology Core (IROC). This group’s
mission is to provide integrated radiation oncology and diagnostic imaging quality control as
well as clinical, scientific, and technical expertise in support of the NCTN. A Center for
Innovation in Radiation Therapy (CIRO) has also been established within NRG Oncology
for implementation of state of the art radiotherapy technologies into NCTN clinical trials. A
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cloud-based informatics infrastructure (Figure 2) was established for data transfer, quality
assurance evaluation and data integration with NCI systems and standards. The
infrastructure includes interface with analysis applications that are centrally available to the
research community.

The NCI-funded cancer genome atlas (TCGA) (14) has made genomic data on a variety of
cancers commonly treated by radiotherapy publicly available and enabled genomic studies.
The American Society for Radiation Oncology (ASTRO) could facilitate linkages among the
various kinds of data (pathology, genomics, images, treatment planning data, drug therapy,
outcomes data) in coordination with other organizations such as Radiological Society of
North America (RSNA) and American Society for Clinical Oncology (ASCO), thereby
creating a critical data repository useful for improving the diagnosis and treatment of
patients.

Other examples of the open resources community and data sharing are the Biomedical
Informatics Research Network (BIRN) (15) and the National Cancer Informatics Program
(NCIP) (16), which has incorporated the Cancer Biomedical Informatics Grid (caBIG) (17).
The NCIP represents interoperable biomedical information systems built on community-
driven data standards.

The Cancer Imaging Archive (TCIA) (18) is a Big Data resource to support NCI-funded
research activities and the cancer research community (Figure 3). The TCIA team defined
standard operating procedures for data acquisition, de-identification, and curation, and
invented mechanisms for reliable, clustered hosting of multiple National Biomedical
Imaging Archive software instances on an open source private cloud infrastructure to
provide increased performance and reliability (19-21). The TCIA team provides expert
curation and quality control of incoming data sets, extension of the software/technology
used to meet production deployment standards of service, and dissemination of knowledge
to the wider research community in areas of Digital Imaging and Communications in
Medicine (DICOM) de-identification and open image archives (21). TCIA has been
expanded to support all DICOM format radiotherapy information objects as well as
radiology and pathology images, clinical trial data and image annotations (22). Information
in TCIA is cross-referenced at the subject level with information in TCGA (23) and via the
TCIA programmatic interface (24) supports cross-information system query and retrieval of
information. In addition, the TCIA is an official repository for the Nature Publishing Group
and a growing number of additional journals. Data sets are published using a DOI that can
either be stand-alone, published as a Nature Data Descriptor or included as a reference.

Another potential major source of Big Data for future research is through the Veterans
Affairs (VA) system and the Veterans Health Administration (25) since roughly 40,000 new
patients are treated using radiotherapy within the VA system each year. In particular, this
data source could be used to perform retrospective studies to explore scientific hypotheses,
and patterns of care summaries could serve as a useful means to explore utilization and
ensure a minimum quality of care. It should also be noted that all data for veterans is housed
in the VA Informatics and Computing Infrastructure (26).
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Oncospace is an informatics model (Figure 4) that is intended to be a distributed analytic
database for structured information, forgoing export/import of data (27). The vision is to
distribute Oncospace(s) to the collaborating clinics where the adherence to the Oncospace
common database schema and data standards would enable more efficient and effective
queries and analyses. It is important to integrate data collection as part of the clinical
workflow, such as during patient encounter, to minimize the need of repeating data
extraction and entry. Equally important is the implementation of efficient ETL (Extract,
Transform, and Load) processes from different data sources, such as the Oncology
Information System or the radiation treatment planning system to populate each Oncospace
and to allow web-based access to the distributed Oncospace(s). This approach avoids the
burden of data export and provides a rich forum for data mining to address many research
questions or data sharing to support clinical decision-making. An Oncospace Consortium
consisting of four radiation oncology clinics has been formed to investigate the merits and
pitfalls of the approach.

EUROCAT represents an important example of a global distributed learning network
representing 18 centers from 9 countries (28-29). EUROCAT strictly adheres to a no-data-
leaves-the-hospital paradigm in which learning applications are distributed to the hospitals
rather than transferring the data, which alleviates many of the administrative, political and
ethical barriers associated with data sharing. The EUROCAT open source solution relies on
the W3C vision of the Semantic Web (30) in which features required to answer research
questions are published on a Semantic Web enabled intranet page (also known as a SPARQL
endpoint) with all partners using the same Radiation Oncology Ontology (31). In this way,
fully semantic interoperable data are created, which is a condition for distributed
applications to learn from the data despite differences in languages, vendors and multiple
additional factors between centers. Another example of effective data aggregation and
syntactic/semantic inter-operability is use of the Text Information Extraction System (TIES),
which is an an open-source computer-based system that uses natural language processing
methods to automate annotation of tissue samples using text-based electronic medical
records. This is the basis of the TIES Cancer Research Network (TCRN), which is a multi-
institutional, collaborative research network providing de-identified clinical data and
associated biospecimens to investigators from member institutions (32).

Data collection for use in larger multi-institutional environments requires directly integrating
local clinical data sources through an oncology specific workflow management system. Such
systems embed the clinical data within the greater context of patient and departmental
process. Such effort is formalized in the new DICOM RT 2nd generation standards and in
intelligent workflow management systems such as the xxx Whiteboard Informatics Platform
that directly support them. The xxx platform uses an enterprise data bus that captures all data
transactions and creates and maintains an up-to-date patient record as specified by the
DICOM RT 2nd generation RT Course object. The RT Course object thus becomes the
repository and reference for all patient data records produced over the course of treatment.

The National Radiation Oncology Registry (NROR) prostate pilot (33) is an example of
ASTRO and the Radiation Oncology Institute (ROI) pursuing a real-world registry to define
practice patterns aligned with Big Data objectives and aiming to lead to improvements in
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quality care delivery. Preliminary results highlight the importance of integrating data
collection into clinical workflow. In addition, developing a standardized taxonomy (data
dictionary) with high-yield data elements, defining quality metrics of interest, providing
quality feedback to providers and establishing consensus on documentation practices and
semantics will help facilitate the interpretation of Big Data.

5. WHEN can we expect results?

Early results are promising and it is anticipated that the findings of Big Data used in basic
and clinical research will be translated into the clinic within 5-10 years. For example, the
Radiogenomics Consortium (RGC) will complete a genome wide assessment for
approximately 7,000 men treated with radiotherapy for prostate cancer, and an assay to
predict clinical toxicity outcomes is expected to be available for testing in studies of clinical
utility within ~5 years (8-9). Another ongoing RGC study aims to validate predictive
models of normal tissue toxicity by enrolling 5,300 patients irradiated for prostate, breast,
and lung cancer. Comprehensive data regarding clinical outcomes are being prospectively
collected before, during and after treatment (34). This study, termed REQUITE (Validating
Predictive Models and Biomarkers of Radiotherapy Toxicity to Reduce Side-Effects and
Improve Quality of Life in Cancer Survivors), uses various Big Data methods to build
predictive models incorporating dosimetric parameters, SNPs, readout from cellular assays
and clinical risk factors. As part of this study, predictive models will be developed, validated
and refined and it is anticipated these instruments will be available for testing in the broader
clinical radiation oncology community by 2018. Similarly, genomic markers (e.g. SNPs) can
be used to define predictive models for tumor response (e.g. an individual’s tumor radiation
dose response) to potentially guide personalized radiotherapy (35).

6. WHO will be impacted, and who will provide resources?

This work will broadly impact the entire radiotherapy community; e.g. researchers,
providers, insurers, and most importantly patients. For example, it will be incumbent upon
the radiation oncology research community to support the development of young
investigators with expertise in bioinformatics, molecular epidemiology and biostatistics.
Providers will need to become versed in these methods so that they can effectively
incorporate this information into their treatment planning software and additional tools will
be required to facilitate the translation of this knowledge to the clinic. However, the largely
unanswered “$64 billion question” is: Who will provide the necessary resources?

The impact on patients might be enormous. Better stratification of patients based on their
own expected tumor and normal tissue factors will enable therapy to be highly tailored.
Patients with low risk disease (e.g. women with low risk breast cancer or men with low risk
prostate cancer) might be able to largely avoid treatment. We can better define the individual
patient subgroups that are benefiting from specific components of radiotherapy. For
example, assume a particular intervention has been shown to increase the long-term cure rate
(e.g. from 50% to 55%) in a broad group of patients. However, it might be that only 5% of
patients will benefit from the intervention, while 50% of the patients do not require the
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intervention and 45% would derive no benefit. Identifying those 5% of patients affected by
the intervention through Big Data research can alter therapy for the other 95% of patients.

7. WHAT are the potential major obstacles and HOW can these be
addressed?

Modern research has evolved rapidly toward large-scale experiments and trials producing
massive volumes of complex data. The challenges posed by such Big Data research include
capture, curation, storage, search, sharing, transfer, analysis and visualization. It is also
important to note that fundamental characteristics of Big Data including, volume, variety,
velocity, variability and veracity (36) are also critical aspects of the Big Data produced in the
context of radiotherapy research. Some of specific challenges in the use of Big Data for
research in radiation oncology include; (1) information extraction and cleaning, (2) data
integration, aggregation, and representation and (3) query processing, data modeling and
analysis.

Beyond standard clinical, molecular, and imaging data, cancer researchers and clinicians
have access to new data sources like consumer sensors and interactions on patient social
networks such as Inspire (37). However, there are many new challenges when working with
data collected from multiple sites outside the usual scope of clinical trials. For example,
researchers must ensure that patients provide appropriate consent. The Portable Legal
Consent (38), developed for use with Apple’s Research Kit, is one approach. In addition, on-
line data sharing platforms have been developed to host and share genotypes, electronic
health records and family history that have been uploaded by individuals (39).

A major hurdle confronting the effective use of Big Data is that its enormous volume
impedes analyses and data exchange. The storage, management and processing of Big Data
have become onerous and create a situation where healthcare data and information are
inefficiently and ineffectively disseminated or even lost. In radiation oncology, there exist
long standing NCI funded cooperative groups, such as the Radiation Therapy Oncology
Group (RTOG), now part of NRG Oncology, which manage randomized trial research with
established quality assurance (QA) standards, credentialing processes and stringent
randomization procedures to ensure data integrity and valid conclusions. As our treatment
has evolved from 3D conformal radiation therapy to intensity modulated radiation therapy to
image guided radiation therapy, the data burden exposes deficiencies of the current
cooperative research process that must be addressed if we are to take full advantage of the
potential.

Besides cooperative research, it is also useful to examine how clinical data and information
are utilized currently for clinical decision support. Some standardization, such as DICOM,
has enhanced imaging data exchange. However, significant amounts of important
information such as routine and non-standard laboratory results, radiation dose deposition
data, treatment outcomes, etc. are stored in unstructured formats and incompatible databases.
The volume, complexity and inaccessibility of the data limit the depth of information that is
retrieved for decision support. Indeed, at present, only a small fraction of the information is
retrieved for decision making by the individual provider or a multidisciplinary group. Rarely,

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rosenstein et al.

Page 8

if ever, is the information captured in a structured format for systematic update and re-use by
individual physicians and certainly not by other physicians who might benefit by that
experience in the management of an individual, newly diagnosed patient. In this regard,
CancerLinQ™ (40), which is being developed by the ASCO Institute for Quality, is an
important health information technology platform that will obtain data from millions of
individual patients living with cancer nationwide. The radiation oncology community should
initiate a similar effort.

SUMMARY

8. Is the future bright for radiation oncology?

Cancer research performed over the past decades demonstrates that patients and their
cancers respond in a variable fashion to radiotherapy and therefore treatment should be
tailored to each individual patient (41). It is therefore anticipated that the day may not be far
off when a radiation oncologist will be able to enter clinical, imaging, dosimetric, genomic
and other panomic data into a software package that will analyze the information and
provide treatment recommendations into an approach that could be termed “Knowledge
Guided Radiotherapy” (KGRT) (Figure 5). Although numerous diagnostic and therapeutic
tools exist, it is at the moment extremely difficult for a physician and patient to decide on
what is best in an individual case. The availability of molecular tools now enables a large-
scale, parallel, quantitative, and inexpensive assessment of molecular states. The data from
these tools are also increasingly being made publicly available. There is a culture of open
sharing in molecular biology, genetics/genomics and bioinformatics that continues to grow.
However, the data, in their current fragmented form, creates a major barrier for research
integrating the biological, physical and clinical science. Improved infrastructure for
development of outcomes data and a rapid learning health-care system, where we can be
informed from each patient to guide practice, is increasingly viewed as crucial. With the
tremendous growth in the rate of increase at which new data are generated, it is essential to
employ bioinformatics algorithms and strategies for analysis and modeling that incorporates
biological, physical and clinical data forms.

The future is promising for radiation oncology, but only if we engage all of our stakeholders;
i.e. academia, medical centers, funding organizations, equipment vendors, pharmaceutical
companies and professional societies, in an efficient and concerted effort to use the
explosion in the availability of Big Data to improve clinical and basic research in radiation
therapy.
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SUMMARY

Data derived from biomedical research are diverse and complex as this includes imaging,
phenotypic, genetic/genomic, molecular, exposure, health, behavioral, demographic,
treatment, outcomes, toxicity and many other types of information. Big Data methods
allow researchers to maximize the potential of existing data and enable new directions for
research. In radiation oncology, the main challenge is for investigators to harness the
power of Big Data to advance basic and clinical research whose goal is to discover novel
ways to increase cancer cure rates and/or decrease treatment toxicity.
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Glioblastoma Head & Neck Cancer

+ Most patient die within 2 years due to tumor
persistence or recurrent within the brain

« Approx. 1/3 suffer severe fatigue and other
toxicities

+ Most patients with locally advanced
unresectable cancers die within two years;
most due to tumor persistence or recurrence
locally and some due to distant metastases
+ Some experience severe acute pulmonary
toxicity; a substantial minority suffers late
severe effects such as esophageal stricture,
perforation and bleeding

Uterine Cervix Cancer Prostate Cancer Rectal Cancer

« About % die within five years, usually
due to tumor persistence or recurrence
with or without metastases

= A substantial minority suffer severe late
bowel and urinary effects

» Among HPV negative locally advanced
unresectable cancers, nearly % of the
patients die within three years; most due to
tumor persistence or recurrence locally and
some due to distant metastases

» Most patients suffer severe acute mucosal
toxicity; a substantial minority develops
chronic dysphagia

« After partial mastectomy most patients
with early breast cancer do not need
radiation therapy, but receive it anyway
because of our inability to distinguish
between those that don't and those that
do

+ Many experience some grade of skin
toxicity

« About one in ten patients with high-risk
prostate cancer die due to the cancer
within ten years, usually due to
metastases. Our ability to identify those
with most aggressive disease is limited.

+ Most suffer acute urinary, bowel, and
sexual dysfunction; a substantial minority
develop late effects

]

+» Most patients with locally advanced
unresectable non-small cell lung cancer die
within three years, due to distant metastasis
or local regional disease progression

* Majority suffer treatment related toxicities of
lung, esophagus, great vessel or heart.

+ Most patients with pancreatic cancer,
resectable or not, die within two years,
usually due to distant metastases with or
without local persistence or recurrence.

« About 20% of patients with locally
advanced resectable cancer require
abdomino-perineal resection with
permanent colostomy and about 25% die
within five years.

+ A substantial minority suffer severe acute
and/or late effects such as chronic diarrhea,
bowel obstruction and bladder problems

O

Figure 1.

Most pressing issues in contemporary radiation oncology that could benefit from Big Data
research. For each tumor site, areas in need of improvement in tumor and normal tissue

outcomes are highlighted.
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A cloud-based informatics infrastructure established for data transfer, quality assurance
(QA) evaluation, data integration with NCI systems and standards. NCTN systems: OPEN -
Oncology Patient Enrollment Network; RSS - Regulatory Support System; IROC — Image
and Radiation Oncology Core. American College of Radiology (ACR) system: TRIAD -

Transfer of Image and Data.
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Figure 3.
The Cancer Imaging Archive. (TCIA) is an NCI funded information repository that

aggregates images (radiology, pathology), Radiation Therapy (RT) Information objects,
annotations, clinical trial data, and information derived from quantitative image analysis to
support Big Data analytics. TCIA has been extended to support curation, quality assurance,
management and distribution of advanced RT information objects (illustrated in yellow) by
incorporation of the POSDA (Perl Open Source Dicom) tool set (42) and associated
processes.

Int J Radiiat Oncol Biol Phys. Author manuscript; available in PMC 2017 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rosenstein et al.

Page 16

Johns Hopkins University

Clinicians/Researchers/Biostatisticians

l
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View/Analyze Data Institution A
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(c) Oncospace
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Labs IMPAC
Raw Data
A__/
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Figure 4.

Schematic of utilization of Oncospace at xxx. (a) Sources of raw data that are (b) “extracted,
transformed and loaded” (ETL) into (c) Oncospace as metadata for efficient viewing and
analysis by web-based query from (d) an outside institution as a member of the Oncospace

consortium.
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Figure 5.

Knowledge Guided Radiotherapy. Big data will provide comprehensive knowledge for each

patient from clinic to the laboratory. Such a knowledge-guided radio
provides a potential to predict treatment outcome for each individual

therapy (KGRT)
patient and guide

personalized care for a maximized therapeutic gain for that individual and society (43). xxx

is thanked for providing the initial formulation of this figure.
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a: Big Data sources from medical records linked to outcomes and/or genomics

Source

Description

Link

Electronic Medical
Records and Genomics
(eMERGE)

A national network organized and funded by the National
Human Genome Research Institute (NHGRI) that
combines DNA biorepositories with electronic medical
record (EMR) systems for large scale, high-throughput
genetic research in support of implementing genomic
medicine.

http://www.genome.gov/27540473

The Phenotype
Knowledgebase
(PheKB)

A collaborative environment to building and validating
electronic algorithms to identify characteristics of
patients within health data. PheKB was functionally
designed to enable such a workflow and has purposefully
integrated tools and standards that guide the user in
efficiently navigating each of these stages from early
stage development to public sharing and reuse. PheKB
has tools to enable cross-site collaboration for algorithm
development, validation, and sharing for reuse with
confidence.

https://phekb.org/

Clinical Data Research
Networks (CDRNs)

CDRNs will develop the capacity to conduct randomized
comparative effectiveness studies using data from
clinical practice in a large, defined population. These
established or newly developed networks involve two or
more healthcare systems, with plans to function as
integrated research network.

http://www.pcornet.org/clinical-data-research-networks/

VA Informatics and
Computing
Infrastructure (VINCI)

VINCI is an initiative to improve researchers' access to
VA data and to facilitate the analysis of those data while
ensuring Veterans' privacy and data security. VINCI
welcomes all researchers in the VA community to
explore the environment and tools available.

http://www.hsrd.research.va.gov/for_researchers/vinci/

b: Big Data sources from consortia linked to exposures and/or genomics

Source

Description

Link

NCI Cohort Consortium

The NCI Cohort Consortium includes investigators
responsible for more than 50 high-quality cohorts
involving more than 7 million people. The cohorts are
international in scope and cover large, rich, and diverse
populations. Extensive risk factor data are available on
each cohort, and biospecimens including germline DNA
collected at baseline, are available on approximately 2
million individuals. Investigators team up to use
common protocols and methods, and to conduct
coordinated parallel and pooled analyses.

http://epi.grants.cancer.gov/Consortia/cohort.html

International Cancer Genome

Consortium

ICGC Goal: To obtain a comprehensive description of
genomic, transcriptomic and epigenomic changes in 50
different tumor types and/or subtypes which are of
clinical and societal importance across the globe.

https://icgc.org/

Clinical Sequencing

Exploratory Research (CSER)

The CSER consortium represents a diverse collection of
projects investigating the application of genome-scale
sequencing in different clinical settings including
pediatric and adult subspecialties, germline diagnostic
testing and tumor sequencing, and specialty and primary
care.

https://cser-consortium.org/projects
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