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Background

Severd years ago, the NCI embarked on an effort to standardize data collection
methods across the cooperative trias groups it funds. These data collection
methods included common toxicity criteria (CTC) and common data eements, or
CDEs. To date, CDEs have been developed for phase 111 therapeutic trials related
to breast, prostate, lung, and colon cancer. Recently, the NCI funded the
American College of Radiology Imaging Network (ACRIN,
http:/Aww.acrin.org), a cooperative group dedicated to imaging trials.
Smultaneoudy, new imaging tests that have shown promise in screening for lung
cancer. Thus, severd groups within the NCI became keenly interested in
developing CDEs for imaging trids. What followsis a description of the
development of CDEs for chest CT screening for lung cancer that was undertaken
in the last haf of 1999.

Motivations

Because there are alarge number of existing medica terminological resources
and standards, our first step was to determine whether others have aready
accomplished the same task or arelated one. Terminological resources such asthe
Unified Medica Language System (UMLS,
http:/Amww.nlm.nih.gov/research/umls/) [1] and SNOMED International
(http:/Amww.snomed.org) aready provide arich vocabulary for encoding clinica
data. In many cases, these resources can be adopted directly for use in data
collection for dlinica trids. A number of imaging-specific dassfication sysems
are dso available. For example, we considered the American College of
Radiology’s Index for Rediologicd Diagnoses[2], abi-axia dassfication that
was originaly developed for the organization of teaching files according to
anatomica and pathologica information. We dso evauated an extensive
classification system for the indexing of scientific literature developed by the
Radiologica Society of North America[3] and aglossary of chest imaging
published by the Heischner Society [4].

Unfortunately, the results of our tests were in accord with the results of
previous sudies of exiging terminological resources, which suggest that existing
terminologies are lacking in many of the types of terms used in imaging. For
example, while these terminologies contain arich anatomic and pathologica
vocabulary, they rarely contain the descriptive visua festures that radiologists use
to describe findings on imaging studies or the technica terms that describe how
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images were acquired and viewed. One study of the UMLS, SNOMED, and the
ACR Index found that they contained less than half of terms used in ultrasound
reporting [5]. Because we found smilar resultsin apilot sudy of chest CT terms
(unpublished data), we embarked on the development of a comprehensive set of
common data eements for chest CT screening, while relying on the UMLS and
SNOMED to guide our use of anatomic and pathologica terms.

Attributes of a Common Data Element (CDE)

The god of the CDE development process was to produce CDEs that could be

made available in aweb-accessible database on the NCI'sweb site

(http://cii.nci.nih.gov/cde). The database contains a searchable list of terms and

their definitions, following a dictionary format. In this section we provide

definitions of CDE attributes used in that database, and describe the hierarchy of

CDE categories that was developed for chest CT screening CDEs. The following

atributes are typicdly specified for each CDE.

1. Category isagrouping or classfication into which a CDE fdls. For example
the Imaging CDE category is broken down into sub-categories, such as
anatomic locations and imaging findings.

2. Short CDE Term ligs a brief unique name for the CDE. For example “ Exam
Qudity” isan imaging CDE that dlows aradiologist or other imaging
professond to rate the quaity of the images being interpreted.

3. Long CDE Term indicates how a CDE might be listed on adata collection
form. For example, “The overal diagnogtic qudity of theimaging Sudy” is
the Long CDE Term for the “ Exam Quality” CDE.

4. CDE Valuesitemizetheligt of possible vauesthat a CDE can take on. For
example, the Exam Qudity CDE can take on vaues of Optima, Diagnodtic,
Limited, Non-diagnostic, and Uninterpretable.

5. Definition—atext description of a CDE Term or CDE Vdue. For example, the
definition of the “Uninterpretable’ CDE Vaue is*“No ussful diagnogtic
information. The study should be repeated”.

Because our CDE development effort was the firgt to focus on imaging trids, no
groupings of imaging CDEs had been developed. We aso found that no detailed
imaging data model was available from other terminologies or andards.
Therefore, we drafted a hierarchy containing several new imagng CDE
subcategories, which served as a smple datamodd (see Table 1). This hierarchy
will be refined and augmented as additiona imaging CDES are developed.

Table 1. The CDE Categories developed for CT Imaging for screening of lung
cance.
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Imaging

Sudy Technique
Equipment
Acquisition
Protocol
Contrast Agent
Display

Exam Quality

Image Location

Anatomic Location
Lung Lobes
Right Lung
Left Lung
Mediastinum
Thoracic Lymph
Pleura
Metastases

Findings
Nodules
Other Findings

Conclusion

Recommendation

The CDE Development Process

The CDE devel opment process resulted in a comprehensive set of gpproximately
120 data el ements over aperiod of 2-3 months. The process was conducted in
cooperation with professond organizations (e.g. the Radiologicd Society of
North America), standards development organizations (e.g., DICOM--Digitd
Imaging and Communications in Medicine), and interested scientific groups
within the NCI. We followed the technical desiderata defined by Cimino et d [6]
and the conceptud framework outlined by Camphbell et d [7]. Because the
technical and philosophical issues have been reviewed in this prior literature, we
will focus here on the socid, political, and adminigtrative issues we faced. The
steps we took in developing the CDEs for chest CT screening are detailed below.

CDE Development Steps

1. Assemble pertinent resources. Thefirst sep was to assemble a comprehensive
set of resources from which proposed CDES could be extracted. Even when
some terminologica resources are available in a given domain, there often are
additiona resources that can be helpful in generating a more comprehensive
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set of CDEs. These resources include schemas for clinicd triad databases, data
collection forms from ongoing dinicd trials, publications of related

preliminary scientific research (e.g., [8]), and portions of relevant standards
and terminologies.

2. Involve relevant stakeholders. Asinvesigaorsin ongoing clinicd trids are
contacted to obtain the resources above, they should be asked to participatein
the CDE development process, ether by attending panel meetings,
participating in dectronic mall discussions, or both. Our pand included
predominantly clinical researchers and clinical experts—especially thosewith
an interest in informatics and medica terminology. But we dso tried to
include other relevant stakeholders, including members of cooperative groups,
biogtatisticians, epidemiologists, and data coordinators. Leaders from
professond organizations and standards devel opment organizations
nominated additionad membersto the panel. Thisresulted in a productive mix
of expertise, interes, ingtitutiona support, and opinion leadership.

3. Createinitial CDEs and CDE categories. We convened asmal working
group of 3-5 people, conggting primarily of informatics and clinica expertsto
sort through the pertinent resources and creete a preliminary list of data
elements. In some cases, multiple sources provided similar or duplicate data
elements. The working group organized the list of proposed ementsinto
categories and subcategories, and created a reduced list of candidate CDEs to
be considered by the CDE pandl. When there appeared to be more than one
appropriate method to represent a given data eement, both possbilities were
presented to the pand.

4. Link proposed CDEsto existing standards and terminologies. Prior to the
pand’ s deliberations, consistency between the proposed CDESs and existing
standards and vocabularies was assessed. We felt that there might be
important reasons for any differences between newer data collection methods
and existing terminologies and standards. Consequently, prior to the pand
meseting we weeded out potentid conflicts only when we could identify
clearly preferable exigting gpproaches, rather than enforcing rigid consistency
to exidting terminologiesin every case.

5. Didtribute draft CDEs to the full panel. Prior to the panel meeting, the
pandists were sent alist of these draft CDEs in the form of a spreadshest.
Each pandist was encouraged to review the spreadsheet to formulate
questions and comments that they felt should be discussed by the group.

6. Convene CDE panel. Although aface-to-face panel meeting may not be
necessary for every terminologica development effort, we fet that the relaive
paucity of exiding terminologica effortsin imaging, together with the diverse
backgrounds of the pandists, made an in-person meeting beneficid. The
meeting dlowed each member of the pand to be oriented to the concerns,
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needs, and sKills of the others. A brief presentation of the results of a recent
trid, with pecid emphasis on data collection methods, highlighted the

clinica needs. A presentation of a tentative protocol design for an upcoming
trid highlighted the potentia near-term utility of CDES. A demondtration of

the CDE web ste provided an informatics emphasis and afocus on the overal
god of the process. Following this brief orientation, the pand ddliberated for
about 5 hours.

Finalize CDEs. Following the pand’s deliberations, the CDES were revised by
the informatics working group to reflect the discusson. Additional comments
on the revised version were sought via electronic mail. The rdationship to
other terminologies and standards were rechecked using the UMLS
knowledge sources [1] and the published DICOM standard [9].

Publish CDEs in web-accessible database. After the pand findized the new
CDEs, the list was provided in spreadsheet form to the NCI’ s Office of
Informeatics for inclusion in the web-accessible CDE database. We then sought
to publicize the availability of the new CDESs among the communities of

clinicd researchersthat may find them ussful.

Avoiding Pitfalls of CDE Deliberations

To prevent unnecessaxily lengthy discussions of sdeissues, welaid out severd
principles to guide the pand’ s ddliberations. All of us naturaly become attached
to the termswe use in our daily work. Likewise, cooperative groups and other
large research organizations typicaly have invested considerable resourcesin
their data collection methods. These attachments, together with the heterogeneity
of exigting data collection systems creetes the potentia for lengthy discussons
regarding the choice between forms of a common data eements. We therefore
outlined the following principles for the pand prior to its deiberations:

1)

2)

Clinical research, not clinical practice. The discusson should focuson
common data collection methods for cancer research, not for clinical practice.
For example, we focused on standard methods to collect data about how chest
CT screening studies were performed. Any discussion of standards for how
chest CT screening studies should be performed clinically was considered
outside our purview, since attempts to formulate such standards by the NClI
would be viewed with skepticism by professond organizations, who view the
creation of such standards one of their key roles.

Data collection, not experimental design. The panel should address how data
should be collected for clinicd trids, rather that how those trials should be
designed and conducted. For example, the group did not discuss the merits of
whether aparticular dataitem should be used as an digibility criterion or a
dratification variable. Instead, the pandl focused on how that dataiitem should
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be collected and encoded if trid designers elect to collect it as part of a
cinicd trid.

3) Adoption rather than re-invention. The panel should be strongly predisposed
toward adopting previous terminologica standards when possible, rather than
“reinventing the whed”. This principle gpplies not only to existing Sandards
and terminologies, but dso to commonly-used anatomic classfication and
saging systems. For example, rather than reinventing a taging system for
classfying mediagtind lymph nodes, a andard, widdy-used classfication
system [10] was adopted.

4) Synonyms, not competitors. Occasiondly, two groups use two different terms
to describe essentidly the same phenomenon. In that case, informatics
systems can condder these two terms as synonyms [6], so that each group can
use the familiar term to describe the same concept. If each synonym hasthe
same definition, the two synonyms will be used consgtently. Thus,
terminological “synonym wars’ can be avoided. On the other hand, there are
occasond semantic differences between smilar terms that should be
discussed openly and resolved. If the differences cannot be resolved, the two
terms should both be retained, each with a detailed definition and specification
of the difference between the Smilar terms,

5) Expertise, not turf. Theinterdisciplinary pand generdly should defer to the
individua with the training and experience mogt specific to the term under
congderation. For example, most imaging tridswill collect extensve
information about gross pathologic specimens, in order to maintain a
reference standard. Although most of the panel members may be radiologists,
apathologist or surgeon is probably best able to resolve terminologicd issues
related to gross pathologic specimens.

Discussion

Using the procedures described above, we created a set of about 120 common
data e ements (CDES) over aperiod of approximately three months. The CDEs
were created in cooperation with the severd groups within the Nationa Cancer
Ingtitute, including the Biomedica Imaging Program, the Lung and Aerodigestive
Cancer Research Group, the Office of Informatics, and the SPORE Program.
Other cooperating organizations included the American College of Radiology
Imaging Network (ACRIN), the Radiological Society of North America (RSNA),
and the Digita Imaging and Communication (DICOM) Working Group 18 on
Clinica Tridsand Education. Since ongoing CDE development has ongoing
importance to NCI’s misson, we will now condder severd issuesrelated to
NCI's continuing role in developing terminology.

It may be beneficid for NCI to strengthen its relationship to other sandards-
development organizations, such as HL7, SNOMED, and DICOM. For example,
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the NCI could actively monitor and contribute to ongoing these standards
activities. Thiswill contribute to the NCI’ s ahility to rapidly develop CDESs that
contribute to a convergent and comprehensive medica terminology.

Asdinicd trid dtes adopt the CDESs, the NCI’ s role will naturdly shift
from the process of developing CDEs and the methods for their use, to the process
of encouraging ongoing use and managing change. NCI’ srole at that point will
shift to measuring CDE usage, providing technical assistance to support adoption
and implementation, and supporting a change-management process that involves
al stakeholders.

There are dso0 severd technical enhancements for NCI to consider. For
example, the CDEs have been viewed essentidly as dictioraries, consisting of a
linear list of terms, each with its own definition. However, most successful
terminologies have developed arich set of knowledge about each term that not
only provides linkages between terms and alogica context for terms, but dso
gpecifies how aterm should be ingtantiated and used in a variety of contexts. The
NCI’'s CDE “Categories’ can be viewed as a nascent information model for
CDEs. With time, the CDE Categories must evolve into aricher representation of
the relationships among terms and term groups. Ultimately, sophisticated
knowledge representation techniques, such as semantic networks and description
logic, will be required to express adequately the relationships among terms and to
facilitate convergence with existing information models. Likewise, more detailed
data dictionary entries for new data dements will minimize variaion in term
meaning and usage according to context and user. In some cases, imaging
information or other non-textua data should augment Smple text descriptions.

The current web-enabled interface to the CDE database is designed to
encourage consstent data collection not only from the cooperative groups, but
aso from oncology trids being conducted in other settings. The ability to perform
boolean keyword searches in a transparent user interface, and the ability to
display and download termsin forms other than HTML will likely enhanceits
usability to the disparate condtituencies that it isintended to serve. For example,
users without a great dedl of research infrastructure may wish to download CDEs
as draft data- collection forms or draft database specifications.

Conclusion

We have described how awell-defined st of common data eements can be
created in areatively short period of time. We have focused primarily on the
socid, palitica, and adminigtrative issues, Snce others have comprehensively
discussed the technica and conceptud issues [6, 7]. The resulting CDEs are
currently available on the NCI’s web site, and likely will become a part of both
SNOMED and the UMLS. The results have been officially sanctioned by the
board of directors of the Radiologica Society of North America, and will be
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employed in the design of an upcoming chest CT screening trid to be supported
by the Nationad Cancer Ingtitute. We have described this processin detail to dlow
othersto learn from our experience and avoid some of the pitfals we identified,
thereby resulting in more efficient terminologica development efforts. We dso
hope our efforts will identify key informatics research issues that will be the
underpinnings of arich set of informatics resources for clinica research and
clinicd care.
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