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ABSTRACT: A multicenter, web-based Thyroid Cancer and Tumor Collaborative Registry (TCCR, http://tccr.unme.edu) allows for the collection and
management of various data on thyroid cancer (T'C) and thyroid nodule (TN) patients. The TCCR is coupled with OpenSpecimen, an open-source biobank
management system, to annotate biospecimens obtained from the TCCR subjects. The demographic, lifestyle, physical activity, dietary habits, family his-
tory, medical history, and quality of life data are provided and may be entered into the registry by subjects. Information on diagnosis, treatment, and outcome
is entered by the clinical personnel. The TCCR uses advanced technical and organizational practices, such as (i) metadata-driven software architecture
(design); (i1) modern standards and best practices for data sharing and interoperability (standardization); (iii) Agile methodology (project management);
(iv) Software as a Service (SaaS) as a software distribution model (operation); and (v) the confederation principle as a business model (governance). This
allowed us to create a secure, reliable, user-friendly, and self-sustainable system for TC and TN data collection and management that is compatible with
various end-user devices and easily adaptable to a rapidly changing environment. Currently, the TCCR contains data on 2,261 subjects and data on more
than 28,000 biospecimens. Data and biological samples collected by the TCCR are used in developing diagnostic, prevention, treatment, and survivorship

strategies against TC.
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Introduction
Cancer is the second leading cause of death in the USA. It is
estimated that 1,658,370 new cases of cancer will be diagnosed
in the USA and 589,430 individuals will die from cancer in
2015.? The number of people living beyond a cancer diagno-
sis will reach 19 million in 2024.3 To determine the risk fac-
tors of cancer development and progression and to design the
novel strategies for screening, early detection, and personal-
ized treatment of cancer, a large amount of multidimensional,
standardized data have to be collected and analyzed. These
data should be longitudinal, have broad geographical cover-
age, and be collected from patients diagnosed with different
types of cancer, high-risk individuals, and normal controls.
To achieve this goal, we have been developing collabora-
tive cancer-specific registries for the standardized collection
of comprehensive demographic, lifestyle, physical activity,
dietary habits, family history, and quality of life (QoL) data,
as well as data on medical history, diagnosis, treatment, and
outcomes. The first two registries, namely, Pancreatic Cancer
Collaborative Registry (PCCR) and the Breast Cancer Col-
laborative Registry (BCCR), were described previously.»*
In this work, we describe the Thyroid Cancer and Tumor

Collaborative Registry (TCCR, http:/tccr.unme.edu) that
utilizes nowve/ metadata-driven software architecture, as well
as modern standards and best practices for data collection,
sharing, and interoperability.

Thyroid cancer (TC) is the most common endocrine-
related malignancy. According to the National Cancer Insti-
tute (NCI), the estimated number of new TC cases in the
United States is expected to be 62,450 in 2015, with women
diagnosed three times more often than men.® The incidence
rate of T'C has been increasing sharply since the mid-1990s,
and it is the fastest increasing cancer in both men and women
with a growth rate of about 6% a year.” It is projected that by
2030 TC will become the fourth (after breast, prostate, and
lung cancers) leading cancer diagnosis.®

There are several known risk factors for TC, including
gender, race, head, and neck irradiation, iodine deficiency,

9-12 ywhereas

autoimmune thyroid disease, and genetic risks,
the roles of other potential risk factors are still being inves-
tigated.132! To find the possible trends and causes of TC,
researchers aim to assess and analyze the significance of sus-
pected risk factors. Standardized collection and comprehen-

sive analysis of data on T'C and thyroid nodule (T'N) patients
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is required to gain a better knowledge of TC’s etiology and
development to improve prevention, detection, and treatment
of this disease.

These challenges have prompted us to develop the TCCR,
a multicenter, web-based registry, which is open to any insti-
tution willing to adopt the TCCR standard questionnaire for
data collection. The TCCR’s mission is to provide a collab-
orative framework as well as standardized data and annotated
biospecimens to support searches of risk factors for T'C occur-
rence and progression and for the development of novel strate-
gies for screening, early detection, and personalized treatment
of TC patients.

Methods

In 2008, we developed the first version of the TCCR, which
utilized traditional multitier web architecture. Since then, the
best practices for data collection, management, and sharing
have been significantly advanced. This prompted us to reengi-
neer the TCCR. Our goal was to improve the maintainability
and sustainability of the TCCR, provide a foundation for its
interoperability with other data sources, and make the TCCR
more attractive for collaborative research. To achieve this
goal, we have (i) improved the questionnaire and workflow by
incorporating feedback from clinicians, epidemiologists, and
the end-users; (ii) annotated the TCCR’s common data ele-
ments; (iii) harmonized these data elements with the NCI’s

cancer Data Standards Registry and Repository (caDSR)?;

and (iv) reengineered the TCCR using novel metadata-driven
software architecture.

Questionnaire and common data elements. The TCCR
collects various data on adult individuals aged 19 years and
older, who have a personal diagnosis of TC or TNs and are
able to provide informed consent. Data are collected at the
time of diagnosis, 3, 6, and 12 months after diagnosis, and
then annually. The personal, demographic, lifestyle, physical
activity, dietary habits, medical history, family history, and QoL
data are provided and may be entered into the registry by the
subject. Information on diagnosis, treatment, surgery, and out-
come are entered by the clinical personnel involved in the sub-
ject’s care. The vast majority of questions have a predefined list
of permissible values to streamline data entry, reduce potential
errors, and simplify data mining. The system also generates
a unique subject identification code and automatically records
administrative data elements, including the dare when the case
was submitted, registering institution code, and person complet-
ing the case.

To streamline the workflow, we divided the TCCR
patient questionnaire into two parts: primary/core and
extended/optional. Examples of core data elements are pre-
sented in Table 1, and examples of optional data elements are
presented in Table 2.

To create the foundation for interoperability with other
related data sources, we have annotated all TCCR data ele-
ments (using standard vocabularies, such as SNOMED CT?3

Table 1. Examples of core data elements.

Demographic

Family history of cancers and major diseases

Date of birth

Relation

Date of enroliment

Cancer type/Major diseases

Age at diagnosis

Age diagnosed

Birth country/state

Smoking status

Current City/State/Zip

Current vital status

Gender

Clinical data

Race/ethnicity

First symptom

Marital status

Current height and weight

Education — highest level completed

Maximum weight ever

Household income

History of cancers and major diseases

Lifestyle

Surgical and hospitalization history

Tobacco/smoking habits (current and past)

Imaging studies done

Alcohol consumption (current and past)

Staging (pathologic and clinical)

Occupation and Environment

Histologic type

Current employment status

Site(s) of involvement

Jobs held and duration at each

Treatment (type, schedule, response)

Toxic exposures

Laboratory test results

Genetic testing

Functional/medical changes after treatment

Genes tested/mutations found

Treatment outcome

Vital status
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Table 2. Examples of optional/extended data elements.

Women’s Health Quality of Life

Age at menarche SF-36

Age of menopause Lifestyle

Number of pregnancies and live births Dietary habits

Medical history Vitamins/supplements intake

Coffee drinking habits

Extended history of other diseases
and procedures

Medications Caffeinated beverages

drinking habits

Physical activity

Sleep patterns

and the NCI Thesaurus**) and began their harmonization
with the NCI's caDSR. We have registered new data elements
(that could not be mapped) with the caDSR to make them
available to the broad health community. At present, we have
harmonized/registered the core data elements; the harmo-
nization of the TCCR’s optional/expended data elements is
underway. Upon completion of this metadata modeling and
semantic mapping process, all TCCR data elements will be (i)
explicitly numerated; (ii) described by an unambiguous, non-
redundant definition; and (iii) controlled by and available from
the caDSR. It will allow us to establish semantic relationships
between concepts that will be necessary for data aggregation
and integration and will provide a foundation for the TCCR
interoperability with other relevant data sources.
Metadata-driven software architecture. The reengi-
neered TCCR can be defined as a metadata-driven system
“that relies on a detailed, structured description of a prob-
lem domain to facilitate automation, extensibility, and main-
tainability.”?> However, due to the fact that the TCCR uses
a complex relational database as a back end, we could not
use any existing metadata-driven architecture for the TCCR

reengineering. For instance, the REDCap, the most widely
used software engine for electronic data capture, is limited
to building systems with simple, flat-table data models, static
user interfaces, and uncomplicated business rules.?® This is
why we enhanced the conventional metadata-driven approach
for the TCCR’s reengineering.

In our new approach, we expanded the metadata by
including the definitions of business rules (such as the rela-
tionship between questions, data validation rules, and user
rights), hierarchy of the elements used for data collection
(eg, question-group-section-form-questionnaire), navigation
between forms, and descriptions of look-and-feel elements
(such as form layout and object style). In collaboration with
Progenomix, Inc., we have developed the Metadata-Driven
Online Registry Generator (mdORG) that we utilized to
reengineer the TCCR.

The mdORG consists of the Metadata Loading Engine
(MLE), the Automated Registry Builder (ARB), and the
Runtime Data Manipulation Library (RDML). The MLE is
used to load the metadata (that can be maintained in a spread-
sheet) into an Oracle schema. This schema is used by the ARB
to automatically build a registry’s relational database. The
ARB consists of Java servlets, packaged into the Java library,
and a set of stored procedures and functions. The ARB sup-
ports the creation of fairly complex relational databases with
multiple levels of relations. This allows a registry generated
by the ARB to (i) accommodate multiple types of question-
naires (ie, initial, six-month or yearly follow-ups, etc.); (ii) split
questionnaires into several groups (must-have, should-have,
and extended/optional) to collect core data first; (iii) repeat
blocks of questions to collect longitudinal or detailed data (ie,
data on multiple treatments or procedures, detailed family
history for individual relatives, etc.); and (iv) collect multiple
values per question (such as more than one race and multiple
medications taken).

Figure 1 shows the implementation of the mdORG
for the TCCR development and function. The reengineered

Dependency rules

TCCR components
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metadata - i i i
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Figure 1. The TCCR system architecture diagram.

LEGEND: |:> Data flow —[> Meta data flow <---+ Linked or harmonized components
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First Name* lJane I
LastName* [Doe ]
Middle Name [ |
DOB* 08/10/1939 (mmiddiyyyy) |/ Estimated
Sex* ® Female Male Refused
American Indian or Alaska Native
£4 Asian
Black/African American
Native Hawaiian/Other Pacific Islander
Race*
v White
Other
Refused
Unknown
otner ]
Hispanic or Latino?* ves @ No Refused Unknown
MRN [767217

Primary Cancer
Major Diseases

Thyroid Cancer *
¥/ Thyroid Nodules

v

caTissue?

If subject has blood relatives
in the registry already, add  Case ID: 1326

their Case IDs

Case ID: | 1457
Notes
Case Status Active y

Clinician* Goldner, Whitney
Date of Consent* 12/02/2008
Register Subject with @

Deceased
ADD 4
Relation Daughter v
Relation Brother v

Figure 2. The TCCR’s user interface: Subject Registration form.

TCCR is dynamically generated by the mdORG and consists
of the backend (Oracle database), the middle tier (Java serv-
lets), Javascript library and cascading style sheets (CSS) for
runtime graphical user interface (GUI) generation, and the
RDML. We also created a connector that couples the TCCR

with the OpenSpecimen biospecimen management system.?®

When an end-user logs in to the TCCR, the RDML
extracts business rules and extended properties from the
metadata, applies them to TCCR data, and sends prepro-
cessed data to the TCCR middle tier. The middle tier of the
TCCR consists of Java servlets that dynamically build the
GUI (front-end) based on rules defined in the extended meta-
data and processes end-user input.

'The use of the modern open-source technologies [such as
HTMLS5 markup language, jQuery JavaScript library (https://
jquery.com), Angular]S (https://angularjs.org) JavaScript

framework, and Canvas]S HTMLS5 JavaScript charting
library (http://canvasjs.com)] combined with the CSS tailored
to PCs, Macs, iPads, or Android tablets, allowed us to make
the TCCR GUI compatible with all major browsers and capa-
ble to automatically adjust to the end-user devices. The GUI
consists of the TCCR online questionnaire, the reporting
module, and the administrative module that allows user man-
agement. The online questionnaire was designed to assist in
accuracy and ease of data collection by providing a predefined
selection of choices whenever possible, a simple navigation
between forms, and validation components that prevent users
from entering erroneous information.

Figures 2 and 3 show examples of the TCCR GUI.

Operating procedures. To govern the TCCR and over-
see all studies utilizing the TCCR data, the TCCR Steer-
ing Committee has been formed. The committee consists of
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Figure 3. The TCCR’s user interface: Biopsies/Surgeries form.
Note: This figure combines three screenshots to improve readability.

an appointed member from each participating institution. To
guarantee an equal partnership to any institution, regardless
of its size or location, we utilized the confederation model that
was successfully implemented in the PCCR and BCCR.** This
model provides each participating institution with an equal
representation in the registry’s steering committee and reas-
sures that each center retains all rights to its own data. The data
collected at any center can be used by other registry’s users, but
only after obtaining required permissions and upon agreement
to provide appropriate references and acknowledgments.

The collaborators and representatives from the centers
utilizing the TCCR have developed the standard organiza-
tional and operating procedures, standardized Institutional
Review Board (IRB) applications, and common consent
forms, as well as the Bylaws for institutions participating

in multicenter collaborations. The TCCR Bylaws describe
a framework for the TCCR’s operation and management,
including the responsibilities of individual centers and their
designated administrators, the role of the steering committee
and the TCCR coordinator, and the guidelines for collabora-
tive studies and publications.

The security of the TCCR has been addressed using
the electronic information security standards mandated by
HIPAA. User authentication, access control, and data encryp-
tion issues were addressed during application development,
while physical protection and network management are pro-
vided by the University of Nebraska Medical Center (UNMC)
IT Services. The TCCR utilizes servers located in the state-
of-the-art, secure UNMC data center. UNMC IT Services
systematically conducts penetration testing of all servers. The
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results of tests are analyzed, and all actions necessary to fix the
security issues (if any) are taken.

The TCCR is accessible to registered users only. To
ensure that users have the authority to proceed with data entry,
authorized users are issued their own unique electronic signa-
ture — a combination of the user name and a password. Each
user has an appropriate level of access to data (Table 1).° All
subjects’ Protected Health Information (PHI) collected in the
TCCR is encrypted when entered into the database. These
data can only be decrypted if a user has the corresponding level
of access. The TCCR utilizes secure web server communica-
tion and supports the Secure Socket Layer (SSL; an Internet
encryption method that provides two-way encryption along
the entire route that data travels to and from a user’s computer)
and HTTPS authentication (the communications standard
used to transfer pages on the Web). A 2048-bit SSL certifi-
cate has been purchased for the production application server.
The proposed security procedures have been reviewed by the
UNMC Information Security Team and found to be compli-
ant with the HIPAA regulations.

To ensure that patients’ PHI and the rights of data own-
ers are protected, the data sharing strategy is implemented in
the following way: (1) all data released to researchers is either
de-identified or within the limited data set; (2) these data
are used only if approved by the TCCR Steering Commit-
tee and IRB; (3) end-users are required to register and accept
a license agreement during the registration; and (4) while
de-identified data are available to all registered users, PHI
within the limited data set is provided only to users who sign
a data use agreement.

Before starting data collection, the participating centers
are required to obtain approval from their respective IRB. All
participating researchers and clinicians are required to com-
plete the computer-based training course on the Protection
of Human Research Subjects. All information gathered in the
TCCR should be compliant with IRB approvals at participat-
ing sites that are monitored by each center’s IRB. The TCCR
coordinator opens new accounts and enables data entry into the
TCCR only after receiving the documented proof of IRB pro-
tocol approval. In order to enter data, a copy of the consent form
for each subject must be submitted to the TCCR coordinator.

Under the informed consent process, study participants
have been asked to voluntarily participate in the TCCR.
The potential participants are asked about their willingness
to share the information they provided in the TCCR with
research collaborators. The information the participants pro-
vide is collected for research purposes only. The subjects are
informed in the consent that their PHI will be encrypted and
that the web-based registry is accessible to authorized users
only. Identifiers will never be released in order to protect par-
ticipant confidentiality. Participants have also been informed
that they may revoke the authorization to use and share their
PHI at any time by contacting the principal investigator in
writing. If they revoke the authorization, they may no longer

participate in the research studies and the use or sharing of
future PHI will be stopped, but the PHI which has already
been shared may still be used.

Many subjects enrolled in the TCCR agree to donate
blood and urine samples and release a portion of tissue from
a previous biopsy or surgical excision. The TCCR utilizes the
OpenSpecimen to track the collection, storage, and distribu-
tion of specimens that provides quality assurance for these
activities.?® The OpenSpecimen is an open-source tissue bank
repository tool that is used to collect and manage the biospeci-
men data in a standard and efficient way. Biospecimen data
collected by each participating center can be either submitted
into the central repository or stored locally, if a center main-
tains its own installation of the OpenSpecimen. The TCCR
subject ID is used to link the biospecimen data with the sub-
ject’s other data, collected in the TCCR database. When
a subject is registered in the TCCR, a corresponding record is
automatically created in the OpenSpecimen to make it ready
for biospecimen data collection.

Results

Currently, the University of Nebraska Medical Center (Omaha,
NE), Methodist Health System (Omaha, NE), Avera Research
Institute (Sioux Falls, SD), and Sanford Health System (Sioux
Falls, SD) utilize the TCCR for data collection and manage-
ment. Several regional hospitals from Nebraska, Iowa, and
South Dakota are in the process of joining the TCCR.

As of March 1, 2016, there are 2,261 patients enrolled in
the TCCR (1,396 subjects with TNs and 865 subjects with TC);
data on more than 28,000 biospecimens (including derivatives
and aliquots) for 1,266 subjects are annotated in the Open-
Specimen. Table 3 shows the detailed enrollment statistics.

Table 3. TCCR enrollment as of March 1, 2016.

BY GENDER NUMBER OF CASES

Females 1885
Males 376
By Race

American Indian or Alaska Native 6
Asian 12
Black or African American 88
Native Hawaiian or Other Pacific Island 3
White 1866
Multi-racial 18
Other 21
Unknown/Refused 247
By Ethnicity

Hispanic 50
Non-Hispanic 1818
Unknown/Refused 393
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To date, there were many collaborative projects utilizing
data collected in the TCCR.29-33

'The implementation of our innovative programming archi-
tecture greatly simplified support, maintenance, and future
upgrades of the TCCR, and improved its interoperability with
other related systems. Compared with the previous version
of the TCCR, the value-added functionalities of the reengi-
neered TCCR include the following: (i) compatibility with all
major browsers; (ii) adaptability to end-user devices (including
Apple iPads and Android tablets); and (iii) ability to modify
the online questionnaire without recoding the underlying
software. Integration with the OpenSpecimen significantly
expanded the registry’s capabilities, allowing researchers to
manage and mine biospecimen data for subjects enrolled in
the TCCR.

Recently, we integrated the reengineered TCCR with
other registries, developed by the Biomedical Informatics
Core Facility at the Fred and Pamela Buffett Cancer Center
under the umbrella of the integrated Cancer Data Repository
for Cancer research (iCaRe?).3* The TCCR core data elements
have formed the Common Core Questionnaire shared among
all iCaRe? registries.
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