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Abstract

Introduction: The National Cancer Institute Quantitative Research Network (QIN) is a collaborative research network whose goal is to share
data, algorithms and research tools to accelerate quantitative imaging research. A challenge is the variability in tools and analysis platforms
used in quantitative imaging. Our goal was to understand the extent of this variation and to develop an approach to enable sharing data and to
promote reuse of quantitative imaging data in the community.
Methods: We performed a survey of the current tools in use by the QIN member sites for representation and storage of their QIN research
data including images, image meta-data and clinical data. We identified existing systems and standards for data sharing and their gaps for the
QIN use case. We then proposed a system architecture to enable data sharing and collaborative experimentation within the QIN.
Results: There are a variety of tools currently used by each QIN institution. We developed a general information system architecture to
support the QIN goals. We also describe the remaining architecture gaps we are developing to enable members to share research images and
image meta-data across the network.
Conclusions: As a research network, the QIN will stimulate quantitative imaging research by pooling data, algorithms and research tools.
However, there are gaps in current functional requirements that will need to be met by future informatics development. Special attention must
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be given to the technical requirements needed to translate these methods into the clinical research workflow to enable validation and
qualification of these novel imaging biomarkers.
© 2012 Elsevier Inc. All rights reserved.
Keywords: Quantitative Imaging Network; Data sharing; Imaging informatics; Research informatics; Image repository; Image meta-data repository; Clinical

data repository; System architecture
1. Introduction

Over the past decade, there has been increasing emphasis
on the power of sharing research data to improve public
health [1,2]. Yet few publicly available clinical image
repositories exist that meet the requirements for the
development of novel quantitative imaging biomarkers to
assess treatment response in cancer. The Cancer Imaging
Program (CIP) branch of the National Cancer Institute (NCI)
established the Quantitative Imaging Network (QIN) to
promote research and development of quantitative imaging
methods for the measurement of tumor response to therapies
in clinical trial settings, with the overall goal of facilitating
clinical decision-making [3]. Using the U01 grant mecha-
nism, the QIN is designed to support both individual research
programs at each of the 10 currently funded institutions as
well as the development of a research network that includes
sharing of expertise, data and technologies.

As a research network, one of the goals of the QIN is to
promote sharing of research data, imaging algorithms and
informatics tools across member sites. One of the goals of
data sharing in this context is to enable secondary reuse of
research data for validation of imaging algorithms and
qualification of quantitative imaging biomarkers [4]. Algo-
rithm validation sufficient to introduce into general clinical
practice requires testing image-processing algorithms on
multiple imaging data sets collected on multiple devices at
multiple institutions, possibly using multiple imaging
modalities [e.g., generalizability of image processing
algorithm across computed tomography (CT), positron
emission tomography (PET) and magnetic resonance
imaging (MRI)]. Image biomarker qualification sufficient
to change clinical practice likewise requires validation across
multiple patient data sets, possibly for multiple cancer
diagnoses (e.g., breast cancer and lung cancer), multiple
imaging modalities (e.g., CT, PET, MRI), multiple classes of
therapeutic interventions (e.g., multiple classes of systemic
drug therapy, radiation therapy) and multiple lines of therapy
(e.g., neoadjuvant versus metastatic therapy).

For the recent update of the Response Evaluation Criteria
in Solid Tumors (RECIST) criteria, from the original
version published in 2000 to the RECIST 1.1 version
published in early 2009, a large retrospective database of
target lesions was developed to test the impact of
modifications to the criteria [5,6]. Metadata on 18,000
potential target lesions were obtained from 6512 patients in
16 metastatic cancer clinical trials. These trials represented
multiple types of solid tumor malignancies. The database
was used to evaluate the impact of changes to RECIST on
the classification of patient response to treatment. The
RECIST 1.1 criterion was, thus, validated only by
comparing it to the previous standard approach and not by
evaluating its correlation with survival end points. These
databases, however, are not publicly available to enable the
further development and validation of image processing
approaches to estimating tumor burden for quantitative
response criteria. Many other large image databases
associated with clinical trials are likewise not publicly
available, such as those maintained by the American
College of Radiology Imaging Network (ACRIN) [7] and
Quality Assurance Review Center (QARC) [8].

Unlike the RECIST 1.1 biomarker qualification study
where predominantly CT data were utilized, the QIN
member institutions are developing quantitative imaging
biomarkers for novel and emerging imaging modalities. This
presents an opportunity to collect the primary research data
generated from each QIN member site for use in secondary
studies of novel imaging modalities and novel imaging
biomarkers. In order to facilitate development and validation
of novel response criteria, large data sets are needed that
contain baseline and follow-up imaging studies, imaging
feature of the cancer lesions, along with the corresponding
diagnoses, therapies and clinical outcomes.

The initial focus of the QIN Informatics Workgroup has
been to develop a practical and sustainable strategy for data
sharing across the QIN member sites. The workgroup pools
expertise in biomedical and imaging informatics from across
the QIN network and the cancer Biomedical Informatics Grid
(caBIG) imaging workspace [9]. This article describes the
activities of the QIN Informatics Workgroup over the first
year. Due to the large number of acronyms in this space, we
provide Table 1 as a summary of the acronyms commonly
used in this article.
2. Methods

In November 2010, the QIN informatics workspace
convened its first face-to-face meeting. At that meeting,
each of the QIN sites described the types of data being
collected and the informatics infrastructure in use to support
their individual projects. Presentations were also given of
open-source informatics applications and data standards that
could support data acquisition, storage and sharing. At the



Table 1
Alphabetical listing of commonly used acronyms

Acronym Acronym meaning

ACR America College of Radiology
ACRIN American College of Radiology Imaging Network
AIM Annotation Image Markup
AIME AIM Data Service
API Application Programming Interface
BIMM Biomedical Image Metadata Manager
BIRN Biomedical Informatics Research Initiative
C3D Cancer Central Clinical Database
caBIG Cancer Biomedical Informatics Grid
caDSR Cancer Data Standards Registry and Repository
CIP Cancer Imaging Program
CT Computed tomography
CTP Clinical Trial Processor
DCE MRI Dynamic contrast-enhanced magnetic resonance imaging
DCMTK DICOM Toolkit
DICOM Digital Imaging and Communications in Medicine
DICOM-SR DICOM Structured Reporting
DICOM-RT DICOM Radiotherapy
eCRF Electronic case report form
ePAD Electronic Physician Annotation Device
FDG PET Fluorodeoxyglucose positron emission tomography
FLT PET Fluoro-L-thymidine positron emission tomography
Fmiso PET 18F-fluoromisonidazole positron emission tomography
FES PET 18F-fluoroestradiol PET
IDL Interactive data language
MRI Magnetic resonance imaging
NBIA National Biomedical Image Archive
NCI National Cancer Institute
NRRD Nearly Raw Raster Data
PACS Picture Archiving and Communication System
PAR/REC Philips Research File Format
PET Positron emission tomography
PSA Prostate-specific antigen
RECIST Response Evaluation Criteria in Solid Tumors
QARC Quality Assurance Review Center
QIN Quantitative Imaging Network
SUV Standardized Uptake Value
TCIA The Cancer Imaging Archive
TRIAD Transfer of Images and Data System
XNAT Extensible Neuroimaging Archive Toolkit

Table 2
Survey questions

Category of
question

Questions

Disease and
treatment

What type of cancer diagnosis?
What type of cancer treatments?
What line of cancer treatment?

Image data What imaging modalities?
What image file formats?
What systems in use for storing images locally?
What tools for image deidentification?

Image meta-data What tumor image features?
What image meta-data acquisition methods and tools?
What local image meta-data database
(and respective image meta-data information model)?

Clinical data What classes of clinical data?
What local systems to store clinical data?
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end of the meeting, each site agreed to complete an online
survey describing in more detail their data and tools.

Each QIN site participates in at least two therapeutic
cancer clinical trials where imaging studies are collected as
part of treatment response assessment. In order to better
understand the range of data being collected as part of the
QIN projects, we asked each site to provide information
regarding the data collected to support their studies. This
included information regarding the cancer diagnosis and
treatment, imaging modalities, tumor imaging features and
supporting clinical data. Table 2 shows the specific survey
questions. In particular, with respect to treatment, we
inquired regarding the type of cancer diagnosis (e.g., breast
cancer, lung cancer), type of cancer treatment (e.g., drug
therapy, radiation therapy) and line of treatment (e.g.,
metastatic therapy, neoadjuvant therapy). With respect to
image data, we inquired regarding the types of imaging
modalities being used for the study (e.g., CT, PET, MRI); the
image file formats used for image transfer, storage, and
analysis; the local systems used to store these images; and
any tools in use for image deidentification (if required).

Each QIN site is developing novel approaches for the
collection and evaluation of quantitative imaging bio-
markers for treatment response assessment. We thus
inquired regarding the types of image features of the
tumor that were being collected and the methods for their
collection and storage. We inquired specifically regarding
the use of manual, semiautomated and automated methods
for image feature extraction. Finally, as the primary QIN
research question is distinct from the primary research
question of the respective clinical trials, we inquired
specifically regarding the classes of nonimaging clinical
data and the local systems in use to collect and store that data
for the QIN research question.

The QIN survey formed the basis for the development of a
set of requirements for data sharing and a proposed system
architecture. To do this, we reviewed the survey results,
summarized the current state of the tools available to QIN
sites, identified the remaining gaps and evaluated alternative
informatics methods that could fill those gaps. The results
were presented to the larger QIN network at the first face-to-
face meeting in March 2011. In this open forum, we
discussed a strategy for first steps towards achieving the
goals of data sharing among the QIN sites. We have spent the
last year implementing these first steps.
3. Results

3.1. Survey results

Ten QIN sites have completed the survey, and we
summarize the community responses. Table 3 demonstrates
a high degree of variance between sites with respect to
disease and treatment, covering nine different cancer
diagnoses and multiple combinations of systemic drug
therapy or radiation therapy given either in the neoadjuvant



Table 3
QIN survey results: disease and treatment

QIN matrix survey question Summarized results across the network

Cancer diagnosis • Breast cancer
• Colon cancer
• Glioblastoma multiforme
• Head and neck cancer
• Hepatocellular carcinoma
• Lung cancer
• Lymphoma
• Prostate cancer
• Sarcoma

Treatment type • Systemic drug therapy
• Radiation therapy

Line of therapy • Primary
• Neoadjuvant
• Metastatic

Table 4
QIN survey results: image data

QIN matrix survey question Summarized results across the network

Image file formats • DICOM [14]
• PAR/REC
• NRRD [15]

Image modalities • CT — perfusion CT
• MRI — DCE MRI, perfusion MRI,
MR spectroscopy, MR sodium imaging

• PET — FDG (static and dynamic), FLT
(static and dynamic), Fmiso (static), other
dynamic (fluoride, acetate, thymidine,
verapamil, CO2, water, ammonia, FES)

Image deidentification • RSNA CTP [16]
• XNAT remap [12]
• Osirix [17]
• 3D Slicer [18]
• PMOD [19]
• ACR TRIAD [20]
• In-house

Local image file storage • Local file system
• Dropbox [21]
• Manufacturer PACS
• DCM4CHEE [22]
• NBIA [10]
• XNAT [12]
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Table 5
QIN survey results: image meta-data and image meta-data acquisition tools

QIN matrix survey question Summarized results across
the network
or advanced disease setting. This represents an exciting
potential for collection of research data for use in biomarker
validation studies across multiple cancer diagnoses and
treatment types.

In contrast, there is a high degree of overlap in the imaging
modalities in use among member sites with a predominant use
of CT, PET and MRI (Table 4). Likewise, the two dominant
image file formats are Digital Imaging and Communications in
Medicine (DICOM) and the Philips Research File Format
(PAR/REC). However, there is a great deal of variance in how
each local institution is handling their research image storage.
Some institutions are simply using local electronic filing
systems that enable limited query or sharing of image data
within the institutions. Some are using local clinical or research
Picture Archiving and Communication System (PACS) that
Tumor image features • Linear dimension
• Volume
• SUV
• Perfusion kinetic parameters
• Transport
• Metabolic flux
• Hypoxic volume
• Total metabolic index
• Chemical shift imaging
• Radiomics [37]

Image meta-data acquisition tools • ePAD [23]
• 3D Slicer [18]
• PMOD [19]
• Matlab
• IDL
• Definiens [27]
• MimVista [28,29]
• GE Cinetool
• Locally developed
• Radiotherapy treatment
planning system
(various vendors)

Local image meta-data database
(and respective image meta-data
information model)

• Spreadsheet (none)
• AIME [24] (AIM) [26]
• BIMM [25] (AIM) [26]
• DICOM-RT
• 3D Slicer (proprietary) [18]
• Filemaker Pro (none)
• Internal database (none)
enable either temporary or permanent storage of their images
and enable enhanced local image query and retrieval
functionality. Others are using more sophisticated image
repository systems such as the National Biomedical Image
Archive (NBIA) [10], an open-source application developed
by the caBIG program [11], and the Extensible Neuroimaging
Archive Toolkit (XNAT) [12], an open-source software tool
developed through the Biomedical Informatics Research
Initiative (BIRN) [13]. Both enable management of imaging
projects, user permissions and sharing of image data both
within and across institutions.

Within the context of multiple standard and novel
imaging modalities, there are likewise numerous tumor
image features that are being extracted and evaluated
including anatomic, functional and dynamic features
(Table 5). In general, these image features are being
extracted through manual, semiautomated or automated
approaches. Manual approaches include the use of image
annotation tools [23] or image markup tools as part of vendor
or open-source DICOM viewers. Semiautomated and
automated approaches include use of vendor, open-source
and custom-developed image-processing algorithms. Data
regarding these image features, the image meta-data, are
locally stored in a variety of ways ranging from simple
spreadsheets to local database models with proprietary
schemas and to open-source image annotation databases
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such as the Annotation Image Markup Data Service (AIME)
[24] and the Biomedical Image Metadata Manager (BIMM)
[25] that utilize the Annotation Image Markup (AIM) [26]
information model to inform their schema.

Most QIN sites plan to record similar classes of clinical
data with variations for specific cancer diagnosis [e.g.,
prostate-specific antigen (PSA) for prostate cancer studies]
(Table 6). The clinical data being captured are highly
simplified compared to the details required for the clinical
trials themselves and specifically do not cover treatment
toxicity-related information. Most studies are recording and
collecting these clinical data separately from the clinical trial
data collection process and using simple spreadsheet or local
database solutions to store the information. Some studies are
also collecting tumor gene mutation or expression data.

3.2. Requirements for architecture for data sharing

The survey of QIN member sites shows a high degree of
variability in the disease and type of treatment, and a high
degree of overlap in both the imaging modalities and
imaging features under investigation. However, many QIN
sites lack informatics infrastructures for the storage and
sharing of images, image meta-data and clinical data across
the network. This is in part due to the lack of mature
information models and tools to achieve this goal. We thus
developed a set of functional requirements for an infrastruc-
ture that would enable the QIN to share research data.

1. In order to be most useful for the goals of algorithm
validation and biomarker qualification, three classes of
data need to be shared:

(a) Images (including primary clinical images and
derived images)

(b) Image meta-data
(c) Clinical data

2. Data repositories may be centralized or federated, but
must allow investigators to control permissions for
data distribution. If a centralized data model was
selected, a commitment was needed from the NCI to
Table 6
QIN survey results: clinical data

QIN matrix survey question Summarized results across the network

Classes of clinical data • Basic patient demographics (age, gender
• Tumor tissue features (histology,
tissue biomarkers including genomics)

• Serum biochemical tumor markers
• Cancer stage
• Social history (smoking, alcohol)
• Treatment history (type of treatment,
drugs, start and stop dates)

• Disease response to treatment
• Vital status (living, dead)

Local systems to store
clinical data

• Spreadsheets
• RedCap
• Filemaker Pro
• Internal databases

C

Statistical Statistical 

R
es

ea
rc

h 
M

et
ho

ds

 
 

Methods 
Algorithm 
Validation

Methods for  
Biomarker 

Qualification 

data Repository  
Image 

Repository
Clinical Data  
Repository

 
  

 
 

S
ha

re
d 

S
em

an
tic

s
D

at
a 

S
to

ra
ge

Image
Annotation
Template

Ontology/
Common Data

Elements

Image
Processing
Algorithms

eCRF

Fig. 1. QIN proposed system architecture to enable data sharing
collaborative experimentation and translation of methods to clinical practice
eCRF=electronic case report form.
)

support the ongoing maintenance of the repository.
3. Systems should be integrated to enable query and

retrieval of data across data repositories.
4. Systems should be integrated to support research

workflow including enabling research methods to
access data for analysis and visualization.

5. Only properly deidentified data should be shared. The
QIN should establish consensus in adopting standards
for deidentification procedures.

6. Open-source tools should be used when available.
7. Standard information models should be used when

available.
8. Standard terminologies should be used when available.

3.3. Proposed system architecture

From these functional requirements, the experience of the
QIN sites in using various informatics tools and the expertise
of the QIN Informatics Workgroup, we propose a systems
architecture to enable data sharing, collaborative experi-
ments and translation of these novel response assessment
methods into clinical practice (Fig. 1). The systems
architecture includes informatics tools to support data
repositories (Fig. 1 blue boxes) based on standard informa-
tion models and shared semantics (Fig. 1 red boxes). The
data repositories can be queried and the research data
retrieved for use by research methods for additional analysis
(Fig. 1 purple boxes). Ultimately, translation into clinical
practice of these novel quantitative imaging biomarkers for
cancer treatment response assessment would require inte-
gration with clinical systems (Fig. 1 green boxes). Some
components of this architecture could build upon existing
tools and tools under development at each institution as part
,
.



1254 M.A. Levy et al. / Magnetic Resonance Imaging 30 (2012) 1249–1256
of their QIN proposal. Other components represent gaps that
remain. We discuss below the details of this architecture,
existing systems that may be candidates to fulfill this
architecture and remaining gaps.

The data storage layer (Fig. 1 blue boxes) is the core
feature of the proposed system architecture and integrates
with the remaining layers. The QIN has three classes of data
that require acquisition, transmission, storage and retrieval
including the following: image data, image meta-data and
nonimaging clinical data. Each class of data has unique
requirements for data representation, semantics and storage.
Each class of data has information models and existing tools
at varying levels of sophistication and development.

The most advanced set of existing systems is that for
image repositories. DICOM [14] is a well-established
standard for clinical image storage and transmission. It is
used by most commercial imaging modalities to store and
transmit clinical images at the time of image acquisition.
Some research imaging modalities, however, generate image
data in other file formats that may need to be converted to
DICOM in the cases when this is required by the image
repository. Likewise, many sites are creating derived images
from their image analysis that may need to be converted to
DICOM if required by the image repository. Several QIN
sites are using NBIA [10] and XNAT [12] to store research
images. Both systems are open source and enable centralized
or federated storage and retrieval models. They also enable
management of image collections with control over user
permissions for access to and distribution of images within
the collection. The NCI CIP program funds an instance of the
NBIA called The Cancer Imaging Archive (TCIA) [9] that is
maintained by Washington University. TCIA currently
contains 18 image collections for over 2600 research
subjects that are either publicly available or with limited
access. It is, however, limited to storage of DICOM files.

Compared to image repositories, image meta-data
repositories are relatively early in their development and
adoption. Unlike the wide adoption of the DICOM standard,
most commercial DICOM viewers maintain proprietary
information models to represent, transmit and store image
markup. DICOM Structured Reporting (DICOM-SR) [30]
provides support for standardized template-based markup
and annotation and is supported by several commercial
products, such as Siemens syngo.via. Open-source toolkits
are available for interfacing DICOM-SR reports such as the
DICOM Toolkit (DCMTK) [31]. The AIM standard [26]
developed as part of the caBIG imaging workspace [9] is
based on formal semantics and has open-source tools to
support its implementation including image annotation
template builders that utilize controlled terminologies [32]
(Fig. 1 red boxes), image annotation tools integrated into
open-source DICOM viewers (Fig. 1 green boxes) for Osirix
{Electronic Physician Annotation Device (ePAD) [23]} and
Clear Canvas [33], and image meta-data repositories (Fig. 1
blue boxes) based on the AIM schema in both relational
(BIMM [25]) and XML (AIME [24]) implementations.
There are even tools developed to visualize trends in
quantitative lesion features for use in clinical decision
support [23,25] (Fig. 1 green boxes).

While some QIN sites are utilizing these open-source
AIM-based tools to collect and store their image meta-data,
most are not. The primary tools for collecting image features
of cancer lesions are manual tools integrated into DICOM
viewers or image processing algorithms (Fig. 1 purple box).
The most commonly used manual tools are simple markup
tools such as rulers or Standardized Uptake Value (SUV)
measurements. The reviewer measures the image findings
and typically records the values in a separate system such as
a spreadsheet or local database. Image annotation tools are
likewise manual but maintain the direct link to the voxels on
the image to which the observations refer. Most QIN
member sites are performing some form of manual
measurements since this is the current standard of care for
image-based treatment response assessment and forms the
basis for a comparison to the novel quantitative image
features under development. However, most QIN sites are
also utilizing or developing image processing algorithms to
extract novel quantitative image features. To date, none of
these methods have utilized the AIM information model to
represent the output of the image processing algorithm.
Furthermore, while the AIM model is theoretically expres-
sive enough to represent complex dynamic image features
being collected by QIN sites (Table 5), such implementations
have not yet been demonstrated. These issues remain a
barrier to QIN adoption of either the DICOM-SR or AIM
information model and associated tools.

However, the clinical data repository remains the most
challenging with respect to identifying a common set of tools
and semantics to represent this heterogeneous set of data.
Several candidate terminologies could be used to represent
the clinical data including the common data elements from
the Cancer Data Standards Registry and Repository (caDSR)
[34] (Fig. 1 red box). These common data elements could be
used as the basis for a common set of electronic case report
forms for the QIN clinical data collection in systems like the
Cancer Central Clinical Database (C3D [35]) hosted by the
NCI. However, realistically, this would likely require manual
reentry to the clinical data already collected by the QIN sites.
Furthermore, these clinical data repositories are not currently
integrated with the image and image meta-data repositories
to enable query and retrieval of linked data across all classes
of data. This would be required to enable statistical methods
to perform analysis of the QIN data for algorithm validation
and biomarker qualification (Fig. 1 purple box).

3.4. Initial strategy for implementation of QIN data sharing

While several systems exist to support components of the
proposed QIN systems architecture, many gaps remain. As
an initial step towards achieving the goal of data sharing, the
QIN sites agreed to utilize TCIA as a central repository to
upload their research images, initially on a limited-access
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basis. This was in large part because CIP funds the ongoing
maintenance of TCIA and the system supports an appropriate
level of user permissions for early-stage research projects.
The sites also agreed on the use of an RSNA Clinical Trial
Processor (CTP) image deidentification protocol to be used
prior to uploading images. To date, eight QIN sites have
begun the process of creating their respective image
collections and uploading images to TCIA.

Having agreed on an approach for sharing research
images, the QIN Informatics Workgroup then turned to the
issue of sharing image meta-data. It agreed to investigate
the use of AIM and AIM-based tools to represent, transmit
and store image meta-data. In order to move this forward,
CIP funded the development of an AIM application
programming interface (API) that developers can use to
facilitate incorporating AIM into their applications. The
Java-based AIM API permits them to save image features in
the AIM XML format. Version 1 of the AIM API has
recently been released [36]. To facilitate the adoption of
AIM by the end users and fill the gap in the availability of
software tools that support image annotation and serializa-
tion into AIM format, CIP has also funded the effort to
support AIM in 3D Slicer software.
4. Discussion

The proposed system architecture for QIN data sharing
and collaborative research is very ambitious and not likely
to be achieved in the first 5 years of the program. In
particular, the greatest challenge will likely be system
integration. It is expected however that, at a minimum,
image sharing should be possible for the QIN sites using
TCIA in the first 5 years. Furthermore, the QIN sites should
at the very least assemble a concrete set of use cases to
improve our understanding in the applicability of the
existing formats for sharing image meta-data and identify
possible limitations of the available information models for
representing and storing image meta-data.

Ideally, these systems should not simply support the
requirement of data sharing as an end by itself. They should
support the QIN sites in the workflow of conducting their
research. In preparation for the first set of QIN grant
renewals in 3 years, important work is needed to clearly
identify a path forward for each site to share all of their
research data.
5. Conclusions

The first 2 years of the QIN have seen great progress in
developing and implementing a strategy for data sharing
across the network. Our initial efforts have resulted in a
catalogue of the types of experiments and data that each
member of the network is undertaking, a proposed systems
architecture to support the research mission of the QIN, and
an initial strategy and implementation of image data sharing.
Work is ongoing to clarify the requirements and identify tools
that can be integrated to support the QIN research mission.
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