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Abstract

We repeatedly see repositories which require a large amount of front loading, a lot of duplicating of the Clinical Data
Interchange Standards Consortium (CDISC) documentation into a custom metadata repository (MDR). These MDRs
are becoming a hot topic and they all claim to be these clever automation tools to do all your mapping for you. Which
is rarely true. The paper will detail how basic software like EXCEL and the standards already provided by the CDISC
and the National Cancer Institute (NCI) teams can be used to create a better and smarter starting point for your
mapping specifications. It will also illustrate the importance of creating stronger specifications from the beginning by
producing a Define.XML with a click of a button in seconds. It will also emphasize that users should stop duplicating
the CDISC standards into these MDRs. My goal is to promote the use of basic and readily available software, like
EXCEL, in a smarter way.

Introduction

The way source data is handled and structured over time has dramatically changed, rules and regulations have
massively affected how clinical and non-clinical data is reported. Groups like Clinical Data Interchange Standards
Consortium (CDISC) and the National Cancer Institute (NCI) have been key drivers of clinical and non-clinical
standards. They have both been working endlessly to draft standards and drive the industry to become more
standardized.

For companies to convert their source data into this standardized format and for reviewers to understand the step
between source data and standardized data, there needs to be a multitude of documents explaining the mapping
process from source to standardized. These documents can consist of a Mapping Specification (typically a Microsoft
EXCEL document), the Annotated Case Report Form (CRF) and a Define.xml output. The Mapping Specifications will
detail how the source data will be mapped into the standard format. The Annotated Case Report Form (CRF)
illustrates a more visual link between the source data and the standardized data. Then, there is the Define. XML
output, the main reference document for a reviewer, this document contains links to the standardized outputs, as well
as links to multiple associated documents like the annotated CRF and Study Data Reviewer’s Guide (SDRG).

The creation of these documents can take quite some time, even if there is a template or internal process to create
these standardized data sets, there is always room for greater efficiency, i.e. there is always a way to make the
process faster, smoother and or more dynamic. Imagine if a process could semi-automate large portions of these
manual tasks, such as the creation of the Mapping Specifications or annotation of the CRF or even the production of
the Define. XML output itself? Automating these manual tasks in some way would not only increase efficiency it would
also create consistency between studies. It would also illustrate a clear link between these documents, i.e. the
mapping specifications, CRF and Define.XML. However, for this automation to be truly efficient, it would need to be
future proof and handle changes to the industry standards. For example, the NCI team release new terminology
documents every three months and CDISC are due to release a new Implementation Guide soon. These new
documents introduce new domains and updated rules, which companies need to adopt.

This paper explains how a simple Microsoft EXCEL based tool, built with ever changing standards as the focal point
can work and in-turn encourage innovation and ‘out of the box’ thinking, but simultaneously reduce the duplication of
metadata and the need to copy standards into static metadata repositories. The tool or utility uses Visual Basic for
Applications (VBA) within Microsoft EXCEL, however the idea could work with any programming language. The
approach to use EXCEL was taken for the universal accessibility the industry will have to Microsoft EXCEL. This
utility would form the basis for the mapping specifications, annotated CRF and Define.XML output.

Utilizing the Industry Standards

Most companies have likely heard of Study Data Tabulation Model (SDTM) and or Standards for Exchange of
Nonclinical Data (SEND) standards. The SDTM and SEND standards are produced by the CDISC teams, they detail
how clinical and non-clinical source data should be standardized. These standards have also become an FDA
requirement for new studies post December 2016. CDISC produces several documents to guide the industry on how
to make source data CDISC compliant, be it SDTM or SEND compliant. The main standards document CDISC
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produce for any standard is known as the Implementation Guide (IG), the IG is a long document, which is well
detailed and updated frequently. The IG documents the rules, guidelines and examples around how to handle and
convert the source data into CDISC compliant datasets, such as SDTM datasets. The IG is the document a
programmer will use throughout the study. It will be the starting point for all mapping specifications and without this
document data submission would be a free for all. Furthermore, to compliment the CDISC IG are the terminology
documents known as Controlled Terminology (CT) lists, these lists are produced and maintain by the NCI team. The
CT is a document defined on the NCI website as “the set of CDISC-developed or CDISC-adopted standard
expressions (values) used with data items within CDISC-defined datasets.”. These documents are vital in the
ensuring CDISC compliance, as they detail allowed values for certain data fields, such as allowable race values.

RACE (Race)
NCI Code: C74457, Codelist extensible: No

C74457 RACE

NCI CDISC Submission CDISC Synonym CDISC Definition NCI Preferred Term

Code Value

C41259 AMERICAN INDIAN OR A person having origins in any of the original peoples of ~ American Indian or
ALASKA NATIVE North and South America (including Central America), Alaska Native

and who maintains tribal affiliation or community
attachment. (FDA)

C41260 ASIAN A person having origins in any of the original peoples of  Asian
the Far East, Scutheast Asia, or the Indian subcentinent
including, for example, Cambodia, China, India, Japan,

Korea, Malaysia, Pakistan, the Philippine Islands,
Thailand, and Vietnam. (FDA)

C16352 BLACK OR AFRICAN A person having origins in any of the black racial groups  Black or African American
AMERICAN of Africa. Terms such as "Haitian" or "Negro" can be used
in addition to "Black or African American."” (FDA)
C41219 NATIVE HAWAIIAN OR Denotes a person having origins in any of the original Native Hawaiian or Other
OTHER PACIFIC peoples of Hawaii, Guam, Samoa, or other Pacific Islands. Pacific Islander
ISLANDER The term covers particularly people who identify

themselves as part-Hawaiian, Native Hawaiian,
Guamanian or Chamorro, Carolinian, Samoan, Chuu.
(FDA)

Cc41261 WHITE Denotes a person with European, Middle Eastern, or White
North African ancestral origin who identifies, or is
identified, as White. (FDA)

Both the IG and CT documents are ever evolving and constantly being updated and improved. As an example of this,
in 2016 the NCI released four versions of the CT, with each revision adding or updating code lists and values. Since
the IG and CT documents are the starting point for all mapping specifications, these constant updates make it quite
difficult to maintain an up-to-date “specification template”. This is because with each release of either the IG or CT
document any static template would become out of date. That said companies need to be pragmatic and avoid
developing these “static templates” (also known as a Metadata Repository (MDR)), simply because the manual effort
used to maintain the template after each new update can be cumbersome, i.e. time wasted.

The Utility

Being dynamic to adapt to ever changing standards was the original starting point for the utility, a tool which needed
to produce a template with change in mind. Therefore, why not build the template directly from the IG and CT
documents? Now, both the IG and CT documents are available primarily in PDF format, which realistically is not very
useful to a machine, i.e. not readily machine-readable. Trying to make a system, like SAS or EXCEL interact with a
document in a PDF format is a nonstarter. Thankfully CDISC and the NCI teams are aware of this “flaw” with PDF
and provide both documents in an array of different formats, such as EXCEL, XML and ODM from the CDISC Share
Health and Research Electronic (SHARE) library and NCI website. Unlike PDF these formats are machine-readable,
which any company can freely utilize. The utility in this paper uses the EXCEL format, since as previously mentioned,
EXCEL was chosen due to its abundance within the industry.

The utility, in basic terms, is an EXCEL workbook with one worksheet and with some hidden VBA code
and nothing else. Most people may never use or understand VBA; therefore, a user interface was created
to make the tool more user friendly. The utility can be broken into three major parts, Mapping
Specification Creation, Annotated Case Report Form (CRF) Creation and Define. XML Output
Creation. Below is the user interface created which displays the three main features of the tool as well as
one additional process which will not be detailed in this paper.
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0 Version 14.0
— Mapping/analysis Spedfication(s) — Case Report Form (CRF)
Generate [ Update Mapping Specification Generate Annotations
— Define. XML — Upgrade Utility
Cloze |

The Mapping Specifications

To create SDTM and or SEND data sets a programmer needs a set of instructions. These instructions
allow the programmer to understand how the raw data maps to the SDTM or SEND data, typical these
instructions are held within an EXCEL file called a Mapping Specification. The content of these mapping
specifications primarily consists of the domain and variable information which comes directly from the 1G
and CT documents. Therefore, the CT and IG documents are the best starting point to begin drafting the
mapping specifications. That said, the utility itself will build the mapping specifications directly from the
CDISC and NCI documents, these documents are not altered in anyway and are merely downloaded off
the respectable websites. Of course, there are pros and cons to using the CT and IG documents as a
starting point.

Lowers the risk of human error. Relies on the CDISC and NCI teams not changing
their document structures.
Compatible with any current version of the CDISC Part of the process remains hidden to users
IG or NCI Controlled Terminology documents. leaving them with less control.

Huge efficiency boost in initial draft.
Future proof with new versions of the CDISC IG or
NCI Controlled Terminology documents.

The process is very simple and consists of two prerequisites.

1. Microsoft EXCEL is available.
2. Member of CDISC.

The reason for requiring membership to CDISC is because all members get access to CDISC SHARE,
which is a metadata repository which contains machine readable formats of the CDISC documentation,
e.g. EXCEL version of the IG.
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Below is a high-level image of the utility and how the process works to create the mapping specifications.

CDISC Implementation Applicable SDTM
Guides domains Selected
v —_—
’ ——
v —_—
v —_—
| U U
& E=H
SQN's Utility Reads the 60% Complete Mapping
Documents Specifications created.
Nafional Cancer Institute U SAS
(NCI) Controlled Programs
Terminology Lists SDTM datasets

produced

To generate a basic mapping specification template takes no more than 2 minutes by using the utility and
only consists of the user clicking a few buttons. The mapping specification starts off as a blank EXCEL
workbook with one worksheet. This worksheet merely houses a button the user can click to open the user
interface pictured earlier. Upon clicking the “Generate / Update Mapping Specification” button the user will
be prompted with a window asking for the version of the CDISC IG and NCI Controlled Terminology
document they wish to use, and they can select any version from the dropdown list.

Metadata L&J
— .
Standard™ Metadata o E5
| E
Standard®
Implementation Guide Version™ | SDTM j
| J Implementation Guide Version™
Cancel
Controlled Terminology Version™ | 3.2 j
QK

| J Controlled Terminology Version™ e

- | 2018-06-29 j

h

The versions of these documents are

constantly updated, and the utility will Metadata =
handle this. For example, the user may Standard®

have an old study which is part of a suit ["somm -

of legacy studies already submitted in

SDTM format but using an older version Implementation Guide Version™

of the SDTM IG. For consistency they | 313 =

may WIShtO generate the mapplng Controlled Terminology Version™

specification template from an older (20180629 -

version, e.g. version 3.1.3. Here are two

examples. -
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Upon clicking OK the utility will begin to read the CDISC and NCI documents, searching for all domains
available. The images below illustrate the differences in domains found between two versions of the IG
document, this is because new domains are added with each revision of the IG document.

,
Select Domain(s) I ]

Domain(s) Found Domain(s) Selected

)
I=

Custom Domain(s)

=]
HEE

CDISC SDTM IG v3.2.

_
Select Domain(s) I |

Domain(s) Found Domain(s) Selected

m
]

Custom Domain(s)

CDISC SDTM IG v3.1.3.
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The user merely needs to select at least one domain for their study. For example, consider selecting the
Demographics (DM), Adverse Events (AE), Laboratory Test Results (LB) and Medical History (MH)
domains.

Select Domain(s) I ﬁ

Domain(s) Found Domain(s) Selected

APDM - AE
APRELSUE | oM

CE - | LB
M MH

<<

Custom Domain(s)

v [ add |

L

Note users can re-run this process and select more domains as needed at any time even. Upon clicking
OK the utility will go to work, gathering the metadata for all the selected domains directly from the
standards documents, which include all the domain variables, code lists, labels, data types, etc. Once
complete the user is left with a 60% complete specification containing metadata pulled directly from the
standards documents. Note, while the process is running the user will see a progress bar to help the user
understand what is happening behind the scenes.

i -
Running 2
79%: Completed
Opening Controlled Terminology Lists

Consider the example detailed above, once the process has finished the user will be left with a mapping
specification template, which has grown from one single worksheet to several. Each new worksheet will
contain information pulled directly from the standards documents. Below outlines each new worksheet
created by the process.
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A Domains worksheet - this will hold the domain level metadata such as domain name, domain label, key
variables, etc.

SDTM Implementation Guide: 3.2
olled Terminology: 2018-06-29

n Class Name n Key Variables
Adverse Events Events STUDYID USUBJID AETERM AESTDTC
DM Demographics Special-Purpose STUDYID USUBJID
LB Laboratory Test Results Findings STUDYID USUBJID LBTESTCD LBOTC
MH Medical History Events STUDYID USUBJID MHTERM MHSTDTC

A worksheet for each selected domain, e.g. DM, AE, LB and MH worksheet. These worksheets contain
the variable level metadata such as variable name, variable label, data type, derivation details, etc.

n Label
|~ oviD Study Identifier Char text Protocol
DOMAIN Domain Abbreviation Char text Assigned DM
USUBIID Unique Subject Identifier Char text Derived

A worksheet which will eventually hold the Code Lists and associated Value Lists related to the study.

A C

Code List Look-up Code List Refresh
Code List Name ﬂ Code List Label ﬂ Code List Code ﬂ\!alue List Name
IACN Action Taken with Study Treatment CBB767 DOSE INCREASED
IACN Action Taken with Study Treatment CBRTET DOSE NOT CHANGED
IACN Action Taken with Study Treatment CBRTRT DOSE RATE REDUUCED
IACHN Action Taken with Study Treatment CBRTET DOSE REDUCED
IACN Action Taken with Study Treatment CBB767 DRUG INTERRUPTED
IACN Action Taken with Study Treatment CBR7ET DRUG WITHDRAWN
AR Artimm Talam with CFdy Trastrmant CTERTART BOT ADDIICARIF

Lastly, a worksheet holding the test / parameter code and value list information. This worksheet is like the
code list worksheet pictured above however, it gathers more information about each value list, such as
such as test / parameter origin and data type.

A B
Walue List Look-up Value List Refresh Value List NMame
Code ListName | Code List Label Ba code List code B (—TEsTcD) B value List Label (—TEST)
LBTESTCD Laboratory Test Code Cae5047

As already stated, at this point the mapping specification is about 60% complete. The reason for this
percentage is the utility is not a “one click does all” tool, it is a stepping stone from the standards
documentation into something more familiar to a programmer. This 60% complete template is also
created with built in rules to aid the user complete the remaining 40% but also ensuring compliance is
maintained. These built in “rules” use the conditional formatting feature of EXCEL which means when a
rule is broken the cell breaking the rule is turned red automatically, this prompts users to investigate the
problem cell straight away. By having rules built into the document allows the programmer to correct the
problem in the beginning. Note, when a problem arises later in a study there is a much higher risk of a
bottleneck. Below is a list of some of the rules incorporated into the template by default.
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Domain label cannot exceed 40
characters.

= Domain Label

IAE Adverse Events
(% Demographics
LB Laboratory Test Results
WH Medical History
24
Required or Expected variables Mapping

cannot be dropped.

Type = Variahle
KEEP STUDYID

KEEP DOMAIN

BRE ususio

KEEP SUBIID

Supplemental QNAM values

Mapping
cannot exceed 8 characters.

Type ﬂ Variable

DROP CrADY
SUPP

Variable labels cannot exceed
40 characters. = Label

MHOCCUR Medical History Occurrence
MHSTAT Completion Status

MHREASMND
MHBODSYS Body System or Organ Class

Variable Origin cannot be left
null. B origin

STUDYID Protocol
DOMAIN Assigned
USUBIID Derived
SUBJID
RFSTDTC

Define comment must be

provided when variable origin - B origin B pefine comment
is set to derived.

Protocol
Assigned
Derived
CRF Page 3

Case Report Form (CRF) page
numbers must be included
when origin is CRF.
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The remaining 40% of the mapping specification may sound like a lot of work, especially when a lot of
companies may have their own templates which may be closer to 90% complete. However, remember
the aim of this utility was never to create a completed specification. It was to create a dynamic and
adaptable utility which is flexible to work with ever changing standards. This “90% complete mapping
specification” may rely on the study being a very standard parallel early phase study for a specific
indication, which is a very niche tool. That said, this remaining 40% is not all manual work and the utility
does provide further tools to assist in the completion.

Consider the Code List and Value List worksheets, these worksheets will eventually contain all the
controlled terms and test metadata related to the study. Adding all this metadata manually may sound like
a lot of work however, the utility was built in parallel with SQN’s SAS programs. Consider a SAS program
which will create the demographics (DM) output, during development of the SAS program the mapping
specifications will be regularly imported and stored as datasets, i.e. each worksheet from the mapping
specification will be stored as a SAS dataset. The reason for this is we can use the metadata from the
specification to semi-automate certain aspects when developing any SDTM output. A very simple and
common use of these imported datasets is to assign variable labels dynamically. The SQN SAS programs
will gather the variable labels from the imported mapping specification datasets and assign the labels
dynamically to the SDTM output instead of the user writing out SAS code. This is good practice because
metadata should never be duplicated.

A more complex process would be using these imported datasets to run checks against controlled
terminology values. Consider the DM program again, there are certain variables in DM which are
controlled by CDISC terminology, e.g. the age unit’s variable (AGEU) is controlled by the age units code
list, also called AGEU. What this means is any values within the AGEU variable must adhere to terms
found in the AGEU code list. Below is the AGEU allowed terms from the NCI Controlled Terminology
document.

AGEU (Age Unit) T
NCI Code: C66781, Codelist extensible: No [ Previous | [ Next |

C66781 AGEU

NCI CDISC Submission CDISC Synonym CDISC Definition NCI Preferred Term
Code Value

C25301 DAYS A unit of measurement of time equal to 24 hours. Day

C25529 HOURS Hours;h;hr A unit of measurement of time equal to 60 minutes. Hour

C29846 MONTHS Month One of the 12 divisions of a year as determined by a Month

calendar. It corresponds to the unit of time of
approximately to one cycle of the moon's phases, about
30 days or 4 weeks. (NCI)

C29844 WEEKS Week Any period of seven consecutive days. (NCI) Week
€29848 YEARS Year The period of time that it takes for Earth to make a Year

complete revolution around the sun, approximately 365
days; a specific one year period. (NCI)

Within the mapping specifications there is a Code List worksheet, which will eventually hold all code lists
(e.g. AGEU) and the applicable code list values. In the beginning this worksheet will simply list any code
lists found in the domains the user selected in the beginning, e.g. if only DM was selected in the
beginning then the Code List worksheet will contain a line for each code list associated with the DM
domain, which are SEX, RACE, AGEU, NY and DOMAIN.

il Code List Name pll Code List Label pll Code List Code Walue List Name
& |AGEU Age Unit CEETEL
3 |DOMAIN 50TM Domain Abbreviation CRET34
4 MY Mo Yes Response CRETA2
5 |RACE Race 74457
6 |SEx Gex CEEFIL
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Note by default only expected (EXP) or required (REQ) variables are kept, and only kept variables will
have their code list added to the Code List worksheet in the beginning, therefore users will not see the
ETHNIC code list present on the Code List worksheet in the beginning as the associated variable (also
called ETHNIC) is permissible and not kept by default. However, the utility does have a feature to update
the Code List worksheet for the user automatically. Once the DM worksheet has been completed, i.e. all
permissible variables have been dropped and or kept the user can run this process by clicking a button
which will update the Code List worksheet and add any permissible variables which have a code list
associated to the code list worksheet. For example, if the ETHNIC variable was updated on the DM
worksheet to be kept the process will add the ETHNIC code list to the Code List worksheet as a new line.

The Value List Name column in the image above will eventually be populated with values found within the
study data. Users can fill this out manually by opening data sets and copy and pasting, but this is tedious
and slow. With the correct setup and SAS programs this process can be semi-automated. Consider the
DM SAS program which just mapped the SDTM variables straight from the raw variables and the Code
List worksheet looked like the above image, i.e. empty. Upon submitting the SAS program, checks would
fire, and the SAS log would display some useful information and the controlled variables.

WARMING: (MSDTERMIMOLOGY_01) AGEU Code List not found or is empty (see below), please check the Codel ists tab.
WARNING: (MSDTERMINOLOGY_01) FINAL.AGEU vwalue(=) missing from AGEU code list.

WARN ING: (MSDTERMINOLOGY_01) YR

WARM ING : (MSDTERMINOLOGY_01) FINAL .AGEU value not found on AGEU code lists, please check. AGEU=YR

WARH ING: (MSDTERMINOLOGY_01) DOMAIN Code List not found or is empty (see below), please check the Codel ists tab.
WARM ING: (MSDTERM INOLOGY_01) FINAL.DOMAIN valuel(s) missing from DOMAIN code list.

WARNING: (MSDTERMINOLOGY_01) DM

WARN ING: (MSDTERMINOLOGY_01) FINAL.DOMAIN value not found on DOMAIN code lists, please check. DOMAIN=DM
WARNING: (MSDTERMINOLOGY_01) NY Code List not found or is empty (see below), please check the Codel ists tab.
WARMING: (MSDTERMINOLOGY_01) FINAL .DTHFL walue(=) missing from HY code list.

=]

WARM ING: (MSDTERM INOLOGY_01)
WARNING: (MSDTERMINOLOGY_01) FINAL.DTHFL value not found on NY code lists, please check. DTHFL=Y

WARMING: (MSDTERMIMOLOGY_01) BACE Code List not found or is empty (see below), please check the Codel ists tab.
WARNING: (MSDTERMINOLOGY_01) FINAL.RACE walue(=) missing from RACE code list.

WARN ING: (MSDTERMINOLOGY_01) Caucasian

WARNING: (MSDTERMINOLOGY_O1) FINAL .RACE value not found on RBACE code lists, please check. RACE=Caucasian

WARM ING: (MSDTERMINOLOGY_01) SEX Code List not found or is empty (see below), please check the Codel ists tab.
WARN ING: (MSDTERMINOLOGY_01) FINAL.SEX value(s) missing from SEX code list.

WARNING: (MSDTERMINOLOGY_01) Male

WARN ING: (MSDTERMINOLOGY_01) FINAL.SEX value not found on SEX code lists, please check. SEX=Male

-

The messages above aids the user in populating the Code List worksheet far quicker than doing it by
looking at the raw datasets. The user just needs to navigate to the Code List worksheet and locate the
code lists listed above and add the values (also listed above) as appropriate, e.g. the AGEU code list and
the value YR.

il Code List Mame hl Code List Label n Code List Code n Rawr Yalue (Optional ) n Yalue List Mame
2 |AGEU Age Unit Cee7al YR YEARS

3 (DOMAIN SDTM Dornain Abbreviation CB6734 (el

4 MY Mo Wes Response CRET42 ¥

5 |RACE Race C74457 Caucasian WWHITE

o |SEx Sex Cea73l Mlale I

Note the additional column “Raw Value (Optional)” above, this column indicates to the user if the raw
value has been decoded with the correct value which adds traceability for the user and sponsor, e.g. see
RACE, SEX or AGEU lines above. The SAS programs use this “raw” column to perform automapping for
the user, this replaces the need to write out IF THEN statements to map variables in turn reducing the risk
of human error. Once the mapping specification has been updated, the DM program can be resubmitted,
and the SAS log should now be clean. The output will be produced as expected, take note of the raw
values of Caucasian, YR and Male, with no extra SAS code they have been remapped automatically.

| AGEU | sEX | PRaCE |

A M ale Caucasian

YA b ale Caucasian SDTM.DM
RAW.DM

| AGEU | SEX| RacE
YEARS M WHITE
YEARS M CWHITE
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Similar to the Code Lists worksheet is the Test / Parameter worksheet, the tests / parameters are also
controlled, but they require additional metadata when it comes to creating the Define.XML output, so they
have been split into a separate worksheet. With the example above, where only the DM, AE, LB and MH
domains were selected, then the Value List worksheet would only contain the LBTESTCD line, however if
domains like ECG Test Results (EG) or Physical Examinations (PE) had been selected a line would exist
for each of their test / parameter variables, e.g. EGTESTCD and PETESTCD.

) Code Listiame Bl Code List Label B code Listcode Bl vvalue List name (~TesTco) Bl vvalue List Label (-TEST)

2 |LBTESTCD Laboratory Test Code CE5047 e

)

The same rule applies, when the LB program is initially submitted with the SAS log with display messages
about the terms not being present within the mapping specification.

WARNING: (MSDTERM INOLOGY_01) FINAL .DOMAIN wvalue not found on DOMAIN code lists, please check. DOMAIN=LB
WARNING: (MSDTERMINOLOGY_01) FINAL .LBBLFL value not found on NY code lists, please check. LBBLFL=YES

HARNING: (MSDTERMINOLOGY_01) LBCAT Code List not found or is empty (see below), please check the Codelists tab.
WARMING: (MSDTERM INOLOGY_01) FINAL .LBCAT valuel(=) missing from LBCAT code list.

WARNING: (MSDTERM INOLOGY_01) CHEMISTRY

HARMING: (MSDTERM INOLOGY_01) HEMA

WARNING: (MSDTERMINOLOGY_01) FINAL.LBCAT value not found on LBCAT code lists, please check. LBCAT=CHEMISTRY
WARNING: (MSDTERM INOLOGY_01) FINAL .LBCAT value not found on LBCAT code lists, please check. LBCAT=HEMA

WARNING: (MSDTERMINOLOGY_01) UNIT Code List not found or is empty (see below), please check the Codel ists tab.
HARMING: (MSDTERM INOLOGY_01) FINAL .LBORRESU wvaluel(=) missing from UNIT code list.
WARHING: (MSDTERM INOLOGY_01) kg
WARNING: (MSDTERM INOLOGY_01) mg/d1

However, for test / parameter variables additional checks will fire and the following messages will also be
displayed within the SAS log indicating to the user that these values need adding to the Value List
worksheet. These checks work the same way as the code list checks work.

WARNING: (MSDTEST_01) LBTESTCD (or LBPARMCD) Value List not found or is empty (see below), please check the Value
WARNING: (MSDTEST_01) FINAL.LBTESTCD walue(s) missing from LBTESTCD walue list.

WARNING: (MSDTEST_01) GLUC

WARNING: (MSDTEST_01) S-HCT

WARNING: (MSDTEST_01) LBTESTCD VYalue List contains blank values, please check the ValuelevelMetadata tab.

This indicates all the test / parameter values found within the raw data which should be added to the
Value List worksheet. The user should use the SAS log to help populate the Test / Parameter worksheet.

Code List Marme Ml Code List Label n Code List Code ﬂ Raw value (Optional] n Walue List Mame (-TESTCD)
2 |LBTESTCD Laboratory Test Code Ca5047 GLUC
3 |LBTESTCD Laboratory Test Code Ca5047 S-HCT HCT
A

Now resubmitting the LB program will remove some of the warnings but not all. This is where the Value
List worksheet differs from the Code List worksheet. After resubmitting LB the following messages will
remain in the SAS log.

WARNING: (MSDTEST_©01) FINAL.LETESTCD walue not found / label not provided on LETESTCD Code List, LBTESTCD=GLUC
WARMING: (MSDTEST_01) FINAL.LBTESTCD walue not found / label not provided on LBTESTCD Code List, LBTESTCD=S-HCT

This is because on the Test / Parameter worksheet there is an additional column which corresponds to
the coded test / parameter (e.g. LBTESTCD) value’s label (e.g. LBTEST). This column will also need
populating, with the correct value before submitting LB. This value comes directly from the controlled
terminology document, which is currently sitting close to 2000 pages. To manually look through this
document takes a lot of time, however, the utility can search the document for the user and return the
correct value in a matter of seconds. The user can run a “Value List Search” process which will do the
look-up automatically. The process will search through the controlled terminology documentation for the
user by using a combination of code list in question (e.g. LBTESTCD) then locating each specific value
listed e.g. GLUC or HCT in the example above, and then return the correct label e.g. LBTEST value for
LBTESTCD=GLUC and LBTESTCD=HCT. The process begins by clicking a button found on the Value
List worksheet.

walue List Look-up

11
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Note this process also returns the value’s CDISC code which is used in the production of the Define. XML
output later. Upon a successful run the Value List worksheet will now look like this.

walue ListLook-up walue ListRefresh Raw walue walue List Mame walue List Label walue List
0 Code Listhame Bl Code List Label B code List oo optional) Bl -testeoy B (TS B code [~ |
2 |LBTESTCD Laboratory Test Code CAS047 GLUC Glucose 2105585

3 |LBTESTCD Laboratory Test Code CAS047 3-HCT HCT Hermatocrit ZA4796

Note this process can also be performed on the Code List worksheet. This Code List Search process can
scan a 2000-page document and return the associated CDISC labels and or codes for every single value
in about 5 seconds.

Once LB has been resubmit the macros will do their job and perform the automapping'’s like described for
the Code Lists worksheet based on the information found in the specification. Additionally, they will also
create the LBTEST variable for the user. This is because if the user derives LBTEST in their SAS
program with IF THEN statements there is a chance for human error and this also creates duplicated
metadata, because these test / parameter labels are already listed with in the mapping specification.
Therefore, letting the macros use the mapping specification to generate automapping’s is far more
efficient.

RAW.LB
| LETESTCD
S-HCT Z
GLUC Z
SDTM.LB
| LBTESTCD | LBTEST |
1 HCT Hematocrit H
1 GLUC Glucosze 1

The mapping specifications are just one part of the process and this illustrates how forward-thinking
process can not only draft a 60% complete specification but also make the remaining 40% partially
automated.

Annotated Case Report Form (CRF)

Following on from the mapping specifications the utility can also assist in creating the annotated Case
Report Form (CRF). A CRF is a snapshot of the electronic Data Capture (eDC) system for a study. The
CRF will contain all pages and modules from a single eDC system for a single study. For example, a CRF
will show the demographic, lab and vital sign pages for a single study in a flat file format, such as PDF.
Now an annotated CRF is a CRF with every data field labelled with the corresponding variable name, e.g.
SDTM variable name. During the production of any SDTM dataset a large portion of the variables will be
captured and collected within an eDC system, these variables will therefore come directly from the CRF.
Programmers need to illustrate this mapping by creating an annotated CRF. This clearly indicates to a
reviewer where an SDTM variable has come from and where the raw variable has been mapped to. The
process of annotating the CRF is tedious because it typically consists of one person manually added text
boxes into a PDF file one text box at a time.

This is where the second feature of the utility comes in. Provided the mapping specification has been
drafted (even if only one domain has been drafted) the utility can generate the annotations for the user in-
turn avoiding the manual creation of all the annotations. The idea is a mapping specification will contain
an origin field for every single variable. This origin field will contain information about where the variable
came from, examples of different origins within SDTM are Protocol, Derived, CRF, electronic Data
Transfer (eDT) or Assigned.

12
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Consider the Demographics (DM) domain, where several variables are coming directly from the CRF.
Once the DM worksheet has been drafted by the user the DM worksheet will have the relevant CRF page
numbers already listed, and these are the variables which will need to be annotated onto the CRF.

Variable n Origin

BRTHDTC CRF Page 3
AGE CRF Page 3
AGEL Assigned

SEX CRF Page 3
RACE CRF Page 3

Since this CRF metadata already exists within the mapping specification the utility can use this metadata
and create an annotation file for the user. The user can begin this annotation generation process by
clicking “Generate Annotations” within the user interface. Upon doing so a window will appear listing all
the domains available within their mapping specification, allowing the user to select the applicable
domain(s).

i |
Select Domain(s) s
Domain(s) Found Domain(s) Selected
BE :
DM
LB .
MH
=
<
£
| |
P’
(a4 Cancel
L

When at least one domain has been selected the utility will go to work gathering all the CRF metadata
from each selected domain within the mapping specification, in less than 1 second. Once the process has
finished an annotation file is created. This annotation file has the extension slightly unfamiliar and
underused. The file extension is called an Acrobat Forms Data Format (FDF) file which is a file format
specific to PDF files. This annotation file (FDF) contains the CRF annotations in a machine-readable
format. All the user needs to do is import this annotation file (FDF) file into their CRF document (PDF) to
create a partially complete annotated CRF.

13
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1. Mapping Specifications

Variable n Origin

BRTHDTC CRF Page 3

AGE CRF Page 3

AGEL Assigned

S5EX CRF Page 3

RACE CRF Page 3
2. FDF File

FOF i

annotations

Tools |

3. Import the FDF File.

Sign Comment

* Annotations

PR T &9 &
T.5% % 1LI5h

* Drawing Markups

4. Annotated Case Report Form

M& ==0 0
OO T

* Comments List (0)

|Q} Find

TH

Expand All
Collapse All

Undock Comment List

Import Data File...

Informed Consent
DM=Demographics
RFICDTC
[ BRTHDTC |

DS=Disposition
DSTERM
[ DSSTDTC |

Demographics

The utility cannot “magically” position an annotation perfectly onto a PDF document, hence the phrasing
“partially complete annotated CRF”, but what it can do is insert the annotation on the correct page based
on the mapping specification information and colour coordinate annotations when multiple domains occur
on the same page, as above. Additionally, it can also handle repeat pages by printing a more suitable
annotation instead of repeating the annotations, e.g. “see page X for annotations” where X is the page
number for the first occurrence of the data within the CRF. This process hugely boost efficiency and

quality when producing an annotated CRF.
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Define. XML

The Define. XML is a file which consists of a study’s full metadata, i.e. the study, domain, variable and
value metadata. It gives the reviewer a better insight into the study, e.g. how variables were derived or
where the variables have come form, etc. There are several approaches to create the Define.XML output,
examples can consist of using the SAS data sets as the source, others will use a hybrid approach of
using the data sets and mapping specifications as the source. This is where the utility differs, it relies
solely on the mapping specifications as the source, no data sets. The big advantage of this is it allows the
Define. XML to be produced prior to any data sets being ready or even output. It can give the reviewer
insight into the study prior to any programming beginning. The utility was designed with the Define. XML
output as a key driver, therefore the mapping specification generation process was created to retain all
the information required to produce the Define.XML output. Therefore, the utility will not require any
additional software and or data to produce the Define. XML output, the Define. XML can be produced
purely from the mapping specification in EXCEL. This provides the user with a greater sense of control
and traceability. Any updates made to the Define.XML are performed far quicker due to the source data
being the mapping specification and not a SAS data set. The utility can gather the metadata within the
mapping specification in a matter of seconds and produce a compliant CDISC Define.XML. The user can
begin the process by clicking the “Generate Define. XML” button within the user interface. Once started, a
window will appear which will allow the user to provide all the relevant file(s) and or location(s).

Definexml ﬁ

F

Standard® Implementation Guide Version™® Controlled Terminology Version™ T
| SDTM j | 3.2 j | 2018-06-29 j

Client Mame™*

| ABC Pharma

Protocol Tite

A Phase I frial to.......

Protocol Mo, ® SQM Study Mo, ™
| ABC-12345-XX | ABOXXNXX ¥ Generate Client Spedfication

Annotated Case Report Form (. pdf)

Complex Algorithms (. pdf)

Reviewers Guide {.pdf)

Data Lengths {.csv)

=
=
| =l
=l

Value List Data Lengths (.csv)

Define Style Sheet {Lxsl)*
| I:'\Resources\CDISC\Define XML\StyleSheetdefine 2-0-0. xsl
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The window above provides fields for a plethora of documents, however if any of these documents have
not been produced yet the Define. XML output can still be created. Similarly, if any domains within the
mapping specification have not been complete they can be omitted using the domain selection window
which will appear during the process and the Define. XML can still be created.

-

Select Domain(s)

S

Domain(s) Found

Domain(s) Selected

AE
oM
LB =
MH
=
<
<

Ok, Cancel
e
Once the process has run and e
. . f ETne
dependent on which files were
prOVId.e.d Wl:thm the selectl_on window E Include in library = Share with + New folder
the utility will create a Define. XML 5 -
package which will consist of the Hame Date medified Type
following. | ] AExpt 12/03/2017 12:22 XPT File
E blankcrf 12/03/201713:1 Adobe Acrobat D...
o Define. XML output || CMapt 12/03/2017 13:23 XPT File
e XPT data sets | define 20/03/2017 12:40 XML File
¢ Annotated Case Report Form 5| define2-0-0 12/03/2017 13:23 X5L Stylesheet
(CRF). [ ] DMt 12/03/2017 13:23 XPT File
o Define.XML Stylesheet || DSapt 12/03/2017 13:23 XPT File
; ; : EGuxpt 12/03/2017 13:23 XPT File
Reviewer’'s Guide LI Eaxp
Mapping Specifications [ Exxpt 12/03/2017 13:23 XPT File
(XLSX) [ LBpt 12/03/2017 13:23 XPT File
[ MHpt 12/03/2017 13:23 XPT File
| ] PExpt 12/03/2017 13:23 XPT File
| ] Tsupt 12/03/2017 13:23 XPT File
[ vsupt 12/03/2017 13:23 XPT File
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What the utility is doing is converting the EXCEL mapping specifications into a Define. XML output, no
SAS programs, no third-party software, just EXCEL, with some VBA and a mapping specification.
Consider the following example mapping specification and Define. XML output.

Domain Level Metadata (Mapping Specification)

h DOM3 abe

Adverse Events
Concomitant hMedications
Comments
Demographics
Disposition

Exposure

Laboratory Test Results
hedical History

Physical Examination

Events
Interventions
Special-Purpose
Special-Purpose
Events
Interventions
Findings

Events

Findings

dDie
STUDYID USUBJID AETERM AESTOTC AEEMNDTC
STUDYID USUBJID CMTRT CWSTDTC
STUDYID USUBJID RDOMAIN IDYWVARWAL
STUDYID USUBJID
STUDYID USUBJID DSSTDTC DSTERM
STUDYID USUBND EXTRT EXSTDTC
STUDYID USUBJID LBTESTCD LEDTC LETPTHUM LESTRESC
STUDYID USUBJ D MAHSCAT MHTERM MHDTC
STUDYID USUBJID FETESTCD PEDTC

Domain Level Metadata (Define.XML)

Tabulation Datasets for Study A (SDTM-IG 3.2)

Dataset Description Class Structure Purpose Keys Location
TA Trial Arms TRIAL DESIGN One record per planned | Tabulation | STUDYID TA.xpt
element per arm
TE Trial Elements TRIAL DESIGN One record per planned | Tabulation [ STUDYID TE.xpt
element
TI Trial TRIAL DESIGN One record per I/E Tabulation | STUDYID Tl.xpt
Inclusion/Exclusion criterion
Criteria
TS Trial Summary TRIAL DESIGN One record per trial Tabulation | STUDYID, TS.xpt
summary parameter TSPARMCD
value
TV Trial Visits TRIAL DESIGM One record per planned | Tabulation | STUDYID TV.xpt
visit per arm
co Comments SPECIAL One record per Tabulation | STUDYID, C0.x
PURPOSE comment per subject RDOMAIN,
USUBJID,
IDVARVAL
DM Demographics SPECIAL One record per subject | Tabulation | STUDYID, DM.xpt
PURFPOSE USUBIID
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Variable Level Metadata (Mapping Specification)

ﬂLaheI HODM Data Type u()rigin
STUDYID Study Identifier Char text Protocal
DOMASI Domain &Abbreviation Char text Aszigned
USLIBJID Unigue Subject Identifier Char text Derived
SUBIID Subject Identifier for the Study Char text CRF Page 1
RFSTOTC Subject Reference Start Date/Time Char date CRF Page 46
RFEMDTC Subject Reference End Date/Time Char date CRF Page 46
RFHSTDTC Date/Time of First Study Treatment Char date CRF Page 46

Variable Level Metadata (Define.XML)

Demographics (DM) [Location: DM.xpt]
Key Type Length Controlled Terms or Format
STUDYID Study Identifier 1| text 9 Protocol
DOMAIN Domain text 2 | 5DTM Domain Abbreviation Assigned
Abbreviation
USUBIID Unigue Subject 2| text 16 Derived
Identifier
SUBIID Subject text 6 CRF Page
Identifier for the 1
Study
RFSTDTC Subject date 1508601 CRF Page
Reference Start 46
Date/Time
RFEMDTC Subject date IS08601 CRF Page
Reference End 46
Date/Time
RFXSTDTC | Date/Time of date I1S08601 CRF Page
Eirct Stiadsr A6
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Supplemental Value Level Metadata (Mapping Specification)

Variable ﬂ Label
ChWROUTEZ Criginal route code Char text CRF Page 44 45

Supplemental Value Level Metadata (Define.XML)

Value Level Metadata - SUPPCM [QVAL]

variable Where Type Length / Controlled Terms or Format Origin Derivation/Comment

Display
Format

QWAL ONAM = "CMROUTEZ2" text 5 CRF Pages 44 45
(Original route code)

Test / Parameter Value Level Metadata (Mapping Specification)

“alue List Look-up Mame [ lue List ODM  Data
Code List Mame Ba code Lis STCD) abel [ ] ( vata Ty B Length
LBTESTCD ALR albumin Ce4431 integer 3
LBTESTCD CREAT Creatinine Ce4347 integer 3
LBTESTCD CrI047 ALBCREAT Microalbumin/Creatinine Ratio C74761 float (2) 4
LBTESTCD Ces047 ALP Alkaline Phosphatase Ced432 integer 3
LBTESTCD Cea047 ALT &lanine aminotransferase Ce4433 integer 3

Test / Parameter Value Level Metadata (Define.XML)
Value Level Metadata - LB [LBORRES]

Variable Where Type Length / Controlled

Display Terms or
Format Format

LBORRES | LETESTCD = "ALB” (Albumin} integer 3 CRF Pages &6 7 14
1517 18 22 25 26

LBORRES | LBTESTCD = "CREAT" (Creatinine} integer 3 CRF Pages 6 7 14
1517 18 22 25 26

LBEORRES | LETESTCD = float 4 CRF Pages 6 7 14
"ALBCREAT" (Microalbumin/Creatinine 151718 22 25 26
Ratio) 28 32 36 37 40 41

LBORRES | LETESTCD = "ALP" (Alkaline Phosphatase) |integer 3 CRF Pages 6 7 14

1517 18 22 25 26

LBEORRES | LBTESTCD = "ALT" (Alanine integer 3 CRF Pages 67 14
Aminotransferase) 151718 22 25 26

28 32 36 37 40 41
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Test / Parameter Code Lists (Mapping Specification)
walue List Name (--

TESTCD) Ba “alue List Label (--TEST) B4 alue List Ca
ALB Albumin Ce4431
CREAT Creatinine Ced547
ALBCREAT hicroalbumin/Creatinine Ratio C7a7e1
ALP Alkaline Phosphatase CE4432
AT Alanine Aminotransferase Ca3433
TT Thrambin Time CB0365
TTIC Thramhbin Time Contral

APTT Activated Partial Thromboplastin Time C38462
APTTC APTT Contraol

AST Aspartate Aminotransferase Ce4457

Test / Parameter Code Lists (Define.XML)

Laboratory Test Code [CL.LBTESTCD, C65047]
Permitted Value Display Value (Decode)
(Code)

ALB [C64431] Albumin

CREAT [Co4547] Creatinine

ALBCREAT [CF4761] Microalbumin/Creatinine Ratio
ALP [Coa432] Alkaline Phosphatase

ALT [Ce4d433] Alanine Aminotransferase

TT [C80365] Thrombin Time
TTC [¥] Thrombin Time Control
APTT [C38462] Activated Partial Thromboplastin Time
APTTC [*] APTT Control
AST [Ceq467] Aspartate Aminotransferase
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Other Code Lists (Mapping Specification)

Code List Look-up walue List
sl Code List Mame Bl code List code Bl value List Mame Bl alue List Label Bl code
97 |[RACE CTa457 A51AN 41260
98 |RACE Cra457 BLACK COR AFRICAMN ANERITAMN C1a352
99 |[RACE CTa437 OTHER Other
100|RACE CT4457 WHITE 41261

Other Code Lists (Define.XML)
Race [CL.RACE, C74457]

Permitted Value Display Value (Decode)
(Code)

ASIAN [C41260] ASIAN

BLACK OR AFRICAN BLACK OR AFRICAN AMERICAN
AMERICAN [C16352]

OTHER [*] Other

WHITE [C41261] WHITE

N Extended Value

Conclusion

In conclusion the paper suggests that with the correct setup and foresight an efficient and dynamic process can be
created by simply using EXCEL, no third-party software. A process which can not only handle the mapping
specification creation and annotate the CRF for a user but create a compliant Define. XML output before programming
has even begun. A process that expects change and is adaptable to new standards. A process which reduces the
duplication of metadata and uses the CDISC and NCI standards. A process which “Stops copying CDISC standards”
and does not create a “static’ MDR.
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