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Executive Summary

A three-day workshop was held at the California Institute of Technology 
(Caltech) on April 29, 2013 – May 1, 2013 that highlighted informatics 
resources, needs, and challenges for cancer biomarker research with a 
specific emphasis on the identification of future priorities and plans.  
Significant progress has been made in informatics to improve the capture 
and analysis of cancer biomarker data across several programs at the 
National Cancer Institute (EDRN, TCGA, CPTAC, NCIP, etc). However, many 
of these techniques remain substantially ad hoc, with little 
standardization of methods for collecting and analyzing biomarker data.  
Improvements need to be explored in developing national, scalable data 
infrastructures that support data capture and integration.  Integration of 
data pipelines may lead to increased data access for meta-analysis, 
authenticated provenance for data sets and methods, scalable and 
sustainable infrastructure for storage and analysis, and assured quality 
assessment.  Taken together, these improvements could have a 
substantial impact on cancer research.

The workshop was organized by NASA’s Jet Propulsion Laboratory (NASA/
JPL) working in conjunction with the National Cancer Institute (NCI) and 
several of the Early Detection Research Network sites. The program 
committee consisted of the following people: Dan Crichton, NASA/JPL, 
David Elashoff, UCLA, Chris Kinsinger, NCI, Marc Lenburg, Boston 
University, Mervi Heiskanen, NCI, Christos Patriotis, NCI, Sudhir 
Srivastava, NCI, David Tabb, Vanderbilt University, Mark Thornquist, Fred 
Hutchinson Cancer Center, and Zhen Zhang, Johns Hopkins Medical 
Institute.

Keynotes and speakers were selected by the program committee. A 
multi-disciplinary group of researchers spanning biomedical research 
and informatics attended. “Bench” researchers provided case studies that 
reflected their informatics needs and the programs for which they are 
involved. Informatics personnel introduced new tools and data resources 
to the audience.  Community dialogue occurred during discussion-panel 
sessions.  Multiple researchers were selected to participate in a poster 
session.



The workshop produced several recommendations, which are expanded 
on in the full report, which include:

• Reproducibility: Captured data should enable reproducibility of 
results. Ensure reproducibility by through high quality capture of 
data and metadata.  Capture multiple levels of data, processing and 
algorithms, scripts, and document steps to ensure an appropriate 
level of provenance is captured.

• Quality indicators should be captured with the data: Analyze and 
share information about data quality, recognizing that industry 
data is often higher quality than academic data.  Quality indicators 
should be included as part of the capture and management of the 
data.

• Avoid common biases in studies examining the association 
between biomarkers and disease: Use PRoBE (Prospective specimen 
collection with Retrospective Blinded Evaluation) study design 
checklist for sample selection and development of the experimental 
design (JNCI 2008 Pepe et. al.).

• Data Curation Lifecycle: Increase emphasis on data curation within 
the data capture lifecycle. In many cases, manual curation must be 
included to ensure high quality capture of data and enable effective 
reuse.

• Automated pipelines: Automated pipelines should be developed to 
improve the quality and efficiency in the capture of data.  These 
should include automated workflows that support the capture and 
provenance for reproducibility.

• Common Ontologies and Standards for Biomarker Research: Define 
a standard set of minimum information that should be published 
with biomarkers.   The minimum information should form a 
baseline for biomarker databases and captured datasets.   Define 
standards for data formats and structures to enable effective reuse 
of the data.

• Data Sharing and Interoperability: Ensure data and datasets can be 
shared between different applications/platforms. Integrate data 
from multiple resources including pathway and network databases, 
genomic and proteomic data, etc.



• Data Infrastructures: Provide robust data infrastructures and 
repositories to support collection and integration of wide variety of 
data types from biomarker research, ensuring longevity of data.   
These infrastructures should provide foundational building blocks 
to enable data analysis at a national scale following the model that 
the EDRN is establishing through the EDRN Knowledge System.

• Open source:  Leverage and share open source software to enable 
and reuse common infrastructure, shared analysis tools, and 
promote common practices in biomarker research.

• Big data: Big data is challenging scalability of existing systems.  
Develop new approaches to scaling data management, distribution 
and analysis of cancer biomarker research results that integrate 
data infrastructures and data analysis.

• Limited training/expertise in the use of computational capabilities 
and techniques.  Many scientists lack expertise and training in the 
effective use of computing technologies to support biomarker 
research.  This can affect the adoption of emerging informatics 
capabilities and limit their use in biomarker discovery and 
validation.   Efforts are needed to better train scientists in learning 
and using informatics.

Detailed Report

Session 1: Informatics in Biomarker Discovery

The application of multiple biotechnologies to the development of cancer 
biomarkers is inextricably linked to the development of algorithms to 
support the analysis of complex datasets.  These technologies and 
algorithms play a key role in biomarker discovery.   Informatics 
capabilities to support the capture, integration and analysis of these 
datasets are critical to supporting biomarker discovery and enabling 
reproducibility of the results.  This session included contributions from 
researchers who identified key needs for supporting experimental 
methodologies and from researchers who are developing needed 
algorithms for biomarker data capture, integration, and analysis.



Summary of Discussion

• Biomarker Data Curation: Manual biocuration requires 
infrastructure and expertise, and is time consuming, particularly 
for big data in biomarker research.  It is, however, critical for 
ensuring reproducibility of the results and enabling effective reuse 
of captured datasets.

• Data Sharing: There are several curation efforts underway.  These 
could be better coordinated to ensure curated datasets could be 
shared between complimentary applications.  However, this 
requires definition of common APIs, shared data formats, and 
common data standards.

• Capture of high quality, primary datasets:  The capture of primary 
(raw) data is critical to enable reuse of data and reproducibility of 
results.  This is often a problem for data repositories that lack 
standards and proper curation procedures.   Data is often difficult 
to use with different data formats, limited metadata, and limited 
documentation.  Quite often, manual data curation and clean up is 
required, but that can also be severely constrained by the data that 
is captured.

Session 2: Informatics in Biomarker Validation

As new candidate biomarkers are reported in journals each week, the 
need to test and validate these biomarkers has become critical in the 
field.  Speakers from this session involved in biomarker assessment 
presented case that highlighted the need for informatics improvements.  
The session also included researchers who have developed new 
algorithms to assist in biomarker data evaluation.

 Summary of Discussion

• Reproducibility of results is a huge problem.  This was a common 
theme throughout the entire workshop and is highly dependent on 
the proper information capabilities.  In particular, proper capture of 
the data is essential.  This includes documentation of pre-
determined protocol, raw data, code, scripts, data provenance, and 
analysis workflows.  The capture of data, metadata, and supporting 
documentation should ensure proper reuse of the data, particularly 
for validating biomarker results.

• Transparency. There is a direct need to share data and analytical 
methods to support reproducibility.  Well curated data repositories 
that are maintained are needed that can support proper sharing of 



data and methods.  Journals should require publication of raw and 
processed data and metadata in these repositories that can be 
directly cited.

• Define/standardize minimum information that should be published 
with biomarkers.  A minimum set of biomarker information should 
be included with each biomarker publication.  This should also be 
directly linked and adopted by repositories that are capturing 
biomarker data.    This minimal information should be used to 
directly annotate information about the quality and results of the 
biomarker and the associated study.

• Share information about data quality.   Common approaches should 
be developed to share information about data quality in biomarker 
research.  Currently, there are significant differences between 
industrial and academic data analysis.  Industry is often higher 
quality than academia.  Reuse of results is often limited due to data 
quality concerns and effective reproducibility of results.

• Sample heterogeneity impacts data analysis.  Differences in sample 
collection can have a direct impact on data analysis.  Standards 
such as what EDRN has developed for its Specimen Reference Sets, 
are critical to validating biomarker discovery results.  The 
biomarker research community should place more emphasis on 
developing common reference sets for use and validation to 
improve the quality of data analysis.

Session 3: Quality-by-Design in Biomarker Research

The use of quality-by-design methodologies can make biomarker 
discovery and validation more rigorous, increasing the reproducibility of 
significant biomarker findings.  This session discussed case studies, 
documentation tools, standards for minimum data to annotate, and 
algorithms that are being used to validate biomarker research results.   
This included discussions on supporting variability assessment for 
experimental methodology, the characterization of performance over 
time for methods, and the confidence associated with experimental 
results.

 Summary of Discussion

• Recommendation to use PRoBE checklist for sample selection and 
experimental design: The Prospective enrollment, Retrospective 
random selection of cases and controls, Blinded specimen 
handling, Evaluation (JNCI 2008 Pepe et al) provides a checklist for 
the design and control of a biomarker study.   



• Availability of large sample collections:  The availability of high 
quality, specimens is critical to supporting validation and analysis 
of biomarker research results.  The Women’s Health Initiative (WHI) 
study, developed EDRN reference sets that were used as a baseline  
EDRN as a whole has found the development of specimen reference 
sets to be critical to improving the quality in designing biomarker 
research studies.

• Integration of data and knowledge. Biomarker research needs to 
move towards integrating all existing knowledge in data analysis.  
This requires ensuring that data is both accessible and of high 
quality.

• Measuring effectiveness.  Quality by design requires the ability to 
measure effectiveness of the techniques that are used.  The capture 
and analysis of these techniques are important for improving the 
quality of biomarker research and analyzing the research results.

Session 4: Data Integration and Biological Networks

The use of multiple biotechnologies introduces the challenge of 
integrating across multiple data types.  Frequently, the incorporation of 
existing knowledge in the interpretation of an experiment implies 
organizing and evaluating results in accordance with existing biological 
network data.  This session included case studies and algorithmic 
developments addressing these two challenges; it also identified areas of 
research that are most likely to pay dividends in cancer biomarker 
research.

 Summary of Discussion

• Data and knowledge integration: Data needs to be brought 
together to integrate knowledge from multiple, disparate 
resources.  This requires the development of standards, computing 
infrastructures, and methodologies that will enable data integration 
for biomarker research.

• Pathway and network integration. Pathway and network integration 
helps to discover driver mutations; mutations in signaling networks 
may be clinically informative.

• Combined analysis.  Combined analysis of genomic and proteomics 
data to discover which variants are actually translated to proteins 
or alter protein function.

• Challenge: data in protein – protein interaction databases are 
variable quality. 



Session 5: Biomarker Informatics Infrastructure

This session focused on discussing progress and challenges in 
developing large-scale informatics systems for cancer research and other 
efforts.  This included large-scale data management, sharing, and 
discovery systems that support researchers for biomarker discovery, 
analysis and validation.   It also included the development of data and 
metadata standards to enable data capture, sharing and analysis.  Finally, 
it discussed the future in terms of developing common repositories and 
shared analysis architectures and infrastructures to address upcoming 
challenges biomarker research.

Summary of Discussion
• Biomarker Data Infrastructures:  Data infrastructures are needed to 

support collection and integration of a wide collection of data 
types, ensuring longevity and sharing of data from biomarker 
research.  The EDRN has invested in developing the EDRN 
Knowledge System that provides the capture and management of 
data from EDRN discovery and validation centers.

• High quality biomarker databases. Well curated, high quality 
databases should be captured within biomarker data 
infrastructures.  These databases should work to employ standards 
in the capture of biomarker data.

• Common ontologies and standards.  Use information models, data 
elements, controlled terminologies to capture data is critical to 
improving the annotation, search, and usability of the data.  

• Open source.  Open source software is important to promoting 
standards and moving towards shared and reusable data 
infrastructures.   The National Cancer Institute Informatics Program 
(NCIP) is promoting new models of collaboration, open 
development (NCIP GitHub) and making data accessible.   The EDRN 
and NASA/JPL have a strong connection to the Apache Software 
Foundation where they are sharing common data infrastructures.   
Open source communities explored include GitHub, Apache, and 
HubZero. 

• Cloud data repositories.  The NCIP is exploring cancer genomics 
clouds as an environment for data storage and computation, 
preloaded with public data (e.g., TCGA).  These clouds serve as 
data repositories and can be integrated into a biomarker data 
infrastructure.

• Semantic workflows.  Semantic workflows are critical to the 
generation and use of scientific data.   They provide support to 

https://github.com/ncip
https://github.com/ncip


track metadata and data provenance including how different 
variables (algorithms) affect the reproducibility and reuse of data.

• Integration of data and computing to support biomarker research. 
In addition to developing the biomarker data infrastructure, there 
are challenges with bringing together the tools, data and 
infrastructure. Visualization, for example, is critical to supporting 
analysis, particularly for massive data.

• Limited statistical methods. Current statistical methods are not 
adequate to deal with the increase of data.   New methods that can 
be used to improve scientific inferences by reducing the 
uncertainty in analysis are needed as the data increases. 

• Limited training/expertise in the use of computational capabilities 
and techniques.  Many scientists lack expertise and training in the 
effective use of computing technologies to support biomarker 
research.  This can affect the adoption of emerging informatics 
capabilities and limit their use in biomarker discovery and 
validation.   Efforts are needed to better train scientists in learning 
and using informatics.

• Data quality, integration & reproducibility.    A major theme across 
the entire workshop was the quality, integration and reproducibility 
of the data.  Continued investments in standards, improved 
statistical methods, and computing infrastructures are needed to 
support biomarker research at a national scale. 
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10:45 a.m. – 11:15 
a.m.

Fast and Efficient Streaming Variant Calling in 
Resequencing Data
C. Titus Brown, Ph.D., Michigan State 
University

11:15 a.m. – 11:45 
a.m.

Intelligent Assistance to Disseminate Best 
Practices and Accelerate Discoveries in Cancer 
Omics
Shannon McWeeney, Ph.D., OHSU Knight 
Cancer Institute

11:45 a.m. – 12:15 
p.m.

Panel Discussion

12:15 p.m. – 12:45 
p.m.

Recommendations and Other Needs
Moderator:
Mervi Heiskanen, Ph.D., National Cancer 
Institute


