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ABSTRACT

There has been much discussion over the last few years about Biomedical Concepts (BCs), end-to-end and
automation. CDISC itself has recently initiated the 360 Project to investigate the use of BCs and how they can meet
these goals. However, to reach our goal we need the actual BCs for both the safety domains and therapeutic areas.

This paper reports on work investigating whether it is possible to create BCs from existing content like define.xml. We
will demonstrate how a semi-automated process using tools can create BCs, show how those familiar with the CDISC
standards can use the process to create new BCs and how the results can be shared with the community. The impact
of BCs on the CDISC TAUGs and how BCs can improve the definitions of TAUGs is also discussed.

THE PROBLEM
In April of 2019 CDISC launched the 360 Project. As the CDISC web site [1] states:

CDISC 360 is an ambitious new project geared toward innovating clinical data standards to ensure they
remain valuable and relevant into the future. CDISC 360 aims to support standards-based, metadata-
driven automation across the end-to-end clinical research data lifecycle and represents a significant next
step toward realizing an increased return on investment in standards implementation that our
stakeholders expect — substantially improved efficiency, consistency, and re-usability.

One of the key pieces to all of this is Biomedical Concepts (BCs) [2]. [3] & [4] and how they contribute to the CDISC
360 vision. The author has written about, and worked with, BCs for some time. When discussing BCs, one issue that
often arises is the number of BCs that we expect to create. The answer is in the 10,000 area. The next reaction from
people is that this is too big a task and that we will never accomplish it. However, the good news is that there is a way
forward and this paper is intended to show that we can do this, and the target is eminently achievable. It should be
remembered that a BC is essentially structuring an already known set of information, adding relationships and
creating code list subsets for such items as qualifiers. This information is created repeatedly every time a study is
built, and a data item is being defined. A BC is a standardized template for this and will make this process more
effective and consistent. The author strongly believes we have the necessary base information, we just need to
release it, format it, fill in the gaps and version control the resulting outputs.

SOLUTION

As stated above, we have a way forward in that we have the knowledge to create the necessary set of BCs at our
fingertips albeit in a format(s) that is not that accessible. Most of the information we need is known to us; we use it
every day in our work, there are a few new observations we make as part of a clinical study, maybe some novel
laboratory test but the bulk of the definitions are well known. What BCs allow us to do is package this knowledge as
reusable definitions that we can share to reduce, and even eliminate, the variation across the industry. We do not
need to create a mass of new content for each new study, the amount is limited and can be accommodated in a
structured manner. One other advantage is that these reusable packages become mini standards in their own right
and are version managed, they are not final, they have a life cycle of their own and can be updated. Once created in
a modern structured package the BCs can assist in today’s studies, they can be exported in tabular structures for use
within today’s processes.
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METHOD

So, while it is believed that BCs can be found within our existing content, it is necessary to prove it. Therefore, the
author and a few colleagues undertook to develop a prototype web application such that we could test the theory. As
with all prototypes and research we wanted to keep the scope tightly constrained so we restricted the use case to
SDTM findings and the associated test codes, but the principles apply to the other areas and can be readily applied.

The method taken is to take a well-known and available — to sponsors and the FDA — data source, namely the
define.xml file. A define file contains the metadata for a single study. Take N define.xml files and, in theory, we should
have the metadata for N studies. If we look at a single finding, we should have N variants of that finding with the
necessary qualifiers, code list subsets etc. In reality we end up with less than N definitions so making N as large as
possible is certainly beneficial; simply put, the more define files the better.

The work is based on one major assumption, namely that the define.xml files have been built correctly and they have
used the value-level metadata structure of define correctly. For this prototype only define version 2 files were used.

It is expected that there will be variation. This variation may present itself in many ways. It may be in code lists used,
the list of units for example between studies, possibly one study used imperial while another used metric. Qualifiers
may or may not be present, one study collected a certain qualifier while another did not. Looking across multiple
studies allows us to build the superset from the N definitions. This superset then forms the basis of the BC that can
then be reviewed and curated by humans.

The overall process is shown in Figure 1 and described in the following text.

_ C BC
~ q o
Define.xml \ Domain Test Result Qualifiers N
\ Definition
Load multiple List the domains List the tests for Set the result Set the qualifiers Results in a BC
define.xmls into a present the domain characteristics characteristics Definition
graph database selected

Figure 1: Overall Process

To test this, an application was created that uses a linked data approach to import the N define.xml files and load the
content into a single graph. The application then queries the database to obtain the set of domains that have been
described within the set of define files loaded.
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Figure 2: Select Domain

The user can then select a domain and see the test codes present within the set of define files

A3 Informatics (S-cubed) - BC Mining (v0.0.7) LA
Domains Tests Test (--TESTCD) <PJSON Result (--ORRES & --ORRESU) Qualifiers
9 M
[3 DiAsP

L3

8 HEIGHT
Mo INTP
3 PULSE
as svsep

w rew

Bl
x wstom
xv Frusize
on P—,
Qsce SYSBPMEA
ascs

LEVY

Figure 3: Select Test

On selecting a test code, the database can then be mined to extract the various metadata from the set of define files.
In Figure 4, we see a view where we can examine the raw result of the database mining. This example is taken from
some test define files. We see that two studies used the unit “inches” for the Height test while another two used
“centimeters” and one did not contain any metadata.
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“identifier": null,
"notation": null

"variable": "VSORRESU",
“value": "",
“datatype": "text",
“format": null,
"code_list": {
“identifier": "C66770",
"items": [
{
"identifier": "C49668",
“notation": "em"

“variable": "VSORRESU",
"value": ""
"datatype": "text",
“format": null,
"code_list": {
"identifier": "(66770",
"items": [
{
“identifier": "C48500",
“notation": "in"

"variable": "VSORRESU",
"value": "em",
“datatype": "string",
“format': ",

“identifier": null,
"items": [
{
"identifier": null,
"notation": null
}
1

Figure 4: Variation

This is where we begin to see the variation. Variation can occur in a number of places. An observation may have a
numeric result. That result might be integer in one study and a float in another. The units may differ from one study to
the next due to a variety of factors such as geographic location of the study. If the result is coded, a subset of
potential result codes may have been used in one study and a different subset in a another. By looking across the
studies we can build the superset.

Figure 5 shows a screen for the Height test. We see four studies having a float data result but some variation in the
formats reported. We see the inches and centimeters units already selected. This is all based on the query of the set
of define files. The application then allows the various choices to be made and further terminology to be added to the
units code list, in the screen shot meters gets added. The application also allows for a coded response to be added.
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Figure 5: Test and Result

The same issue of variation occurs with the qualifiers. For example, one study does not capture a body position, a
second does but fixes it at standing. A third captures one of several responses. By looking at all of the studies, we
build a more complete picture for qualifiers and build the correct subset for the qualifier for the test.

S T =T VTG VO 07T W
Domains Tests Test (--TESTCD) <ISON Result (--ORRES & --ORRESU) Qualifiers @Al | Onone || Bt [ Boesv \ B ik |
G2 L Identifier Set the Datatype:

c25347 So 1o Bo Do Do To @D Category (--CAT) Q
[3 DIABP X ®
:;:::" Set the Format:
bt all1 Subcategory (~-SCAT) Q
Definition I
Mo INTP The vertical measurement or distance from the base to the top of an o) G2 @
object; the vertical dimension of extension. (NCI) =
Body Position (--POS)
PE PULSE Preferred Term Set a Coded response
Height @
as svsep ®
Synonym Site Of Administration (--LOC) Q
Height
"> Tewp “ @
@ setany Units required
WEIGHT Laterality (--LAT) Q
00 ®
x WSTCIR o
b Method (--METHOD) Q
xv FRMSIZE ®
= ETIEY Choose Template: S ———
Obs PQR
asce SYSBPMEA == @
*
LB PQR
ascs SR @ Reason Not Done (-STAT) Q
Qsmm [©]
s¢ @ Reason Not Done (--REASND) Q
[©]
Clinically Significant (--CLSIG) Q
@
Directionality (--DIR) Q

Figure 6: Qualifiers

One issue that arises, when looking at the metadata, is what to actually look for. The result, be it coded or a numeric
value with units, is obvious. But with the qualifiers, we need guidance. This is where the BCs help. They are formed
from a small set of templates that define the type of information required that includes a list of qualifiers. As an aside
the template content is based on the SDTM and BRIDG models. This allows us to know what to search for when
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querying the database, what goes where in the BC and what information might be required and thus present to the
user. In the application the selection of a template is based upon the test result type. The system looks at the result
type and presents the user with the appropriate subset of templates. If the datatype changes the template selection
will change.

When addressing the qualifiers, it is not always the case that the defines contain all of the terminology required.
Hence, we need the human and their knowledge to allow additional terminology items to be added, where they do not
exist within the define metadata. We hope that the greater the number of define files reduces this need. This is
achieved by searching the existing terminology (from a metadata repository) and adding the required terms.

Qualifiers can also be enabled and disabled. A test may require a method, a lab test would probably require a
specimen type whereas a vital sign would not. However, it is important then when they are included (enabled) that
they are fully defined with the appropriate terminology subset.

One aspect we did not include in the prototype application but would be sensible to include in a production
environment is the ability to preset qualifiers. One that comes to mind is status — has the test been performed — and
the reason for not preforming the test. The NOT_DONE value is common across tests and could thus be in a library
of preset values for qualifiers.

Having gone through the process of setting up the result and qualifiers, we have a draft BC that could then enter
review and curation. The BC can be exported in various formats. One export setup in the prototype is a CSV format.
This allows the information to be exported into existing processes where they could be used for data quality checks,
better EDC setup and other such processes.

The demonstration user interface has been designed around a manual process for the benefit of demonstrations. A
production environment would automate much of what is seen here, so as to speed the processes.

THEARAPUETIC AREA USER GUIDES

One benefit of creating a set of BCs would be in the definition of CDISC’s Therapeutic Area User Guides. Having
definitive data specifications for each of the observations would vastly improve the quality of the specifications. These
definitions could be curated from a set of define.xmls from the relevant therapeutic area.

SECONDARY USE CASE

The work, as stated above, was originally intended to mine BC definitions. However, several other use cases
presented themselves when we started working on the project. In particular the same approach could be used to
check the quality of a set of define.xmls by looking at the variation on the metadata. By looking at each test and
looking at the variability an assessment as to the quality of the data across a set of studies could be made.

The use cases for the tool should not be confused with the use cases for BCs themselves as described in [3]. Once
we have good BC definitions, they bring great power to the overall end-to-end study process. The use case(s) here
are about creating BCs not deploying them across the life-cycle.

CONCLUSION

BCs offer a tangible and concrete way forward for the industry, but the industry needs the definitions. This work
clearly demonstrates we can, to a great extent, automate the production of these definitions.
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