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ABSTRACT

This paper looks at how CDISC standards can be applied to data in a variety of SAS® applications commonly used during the
clinical development process. Data originates in an EDC or CDMS system and is transferred to the SAS Data Integration
Studio product in a raw or ODM structure. It is then transformed into an SDTM format using a number of features in SAS DI.
From there, the SDTM format is loaded into SAS Drug Development where it can be accessed for reporting and analysis.

Many of these steps can now be automated within the SAS tools, including comparison to the SDTM model, transferring the
data from SAS DI to SAS DD, and making the SDTM model available to the Data Explorer component within SAS Drug
Development. These technical features are explained, as are a number of alternative methods.

INTRODUCTION

Many companies today are in the midst of re-engineering their process for clinical data analysis. The reasons for this vary but
may include: cost concerns, increasing data volumes, corporate mergers and acquisitions, the need to work with more
partners, a desire to downsize their internal IT support, the aging of existing technology, or compliance concerns. In what
might be considered a “traditional” model, data was entered into a Clinical Data Management System where it was managed
and cleaned. A handoff to an ETL tool might follow, where the data was transformed to a more analysis-ready format. This
might also be when derived data values and any encoding would be performed. Another handoff step follows, this time to an
analysis tool for reporting and, from there, on to a publishing tool. Along the way, each handoff was orchestrated using a
homegrown data standard, where the two technologies both needed to be customized in order to work with the other.
Typically, these “standards” either evolved over time or were multiple in numbers. Obviously, any change in process or
technology is very costly in this model.

In recent years, two relatively new technologies have impacted many companies: external standards and Electronic Data
Capture. This is not a paper about either, and there are many sources of information available on each (see the References
section). In fact, most readers of this paper are undoubtedly already familiar with each. While any data standard could be
used for reference purposes, CDISC is an obvious choice to reference when working with clinical data. The real key to a data
standard, at least in the eyes of a technology vendor, is adoption. If the standard becomes The Standard then it is very easy
for technology vendors to see the case for, at a minimum, supporting, and at a maximum, integrating, the standard into their
solutions. Such is the case today with CDISC. There is likely not a single company in the pharmaceutical industry today that
isn't at the very least looking at how the CDISC data models should be used within their organization.

Electronic Data Capture, some may argue, does not fall into the same category of importance as CDISC. The reason we raise
it and are considering it so important is because of the ramifications the use of EDC has on the entire process. Companies
today are considering eliminating the entire Clinical Data Management system, with an EDC tool filling the same basic
requirements. This paper is not making a statement about whether that is the right approach to take, but the fact that
companies are considering it has altered the overall process. If the data is being fed, virtually real time, into an EDC tool, why
should data analysis not be performed almost real time as well? If a company is using EDC technology from multiple vendors,
should they have to build an individual integration to each? And if an EDC tool is really being positioned as a replacement for
a CDMS, where are tasks like discrepancy management being done?

We present one possible process which incorporates the concept of various data sources, the use of CDISC data models, and
various technologies which allow for the automation of many stages of the process. The overall concept is to get the data in
front of the people who need to see it as quickly as possible, while leaving open the possibility to change the data sources or
components at any point without major upheaval.



DATA SOURCES

Most EDC and CDMS tools available today allow for the extraction of data in a variety of formats. Not all support the CDISC
SDTM or ODM formats, or they don’t support the same versions. If we could count on all data coming into the process being
in SDTM format, more than half the battle would be over. But even in the future if this becomes possible, there is still the
problem of how to handle historical data which was collected in some other format.

The data sources identified in this paper, therefore, cover a number of possibilities: data already in SAS datasets in some
company specific format, data in a relational database, and data purported to be in a CDISC structure.

SAS DATA INTEGRATION STUDIO

WHAT IS SAS DATA INTEGRATION STUDIO?

SAS Data Integration Studio is a desktop application and the client portion of SAS Data Integration. It is a tool designed for
the person whose job is to manage, cleanse, manipulate, transform, and/or move data. Data Integration Studio provides
features that simultaneously organize and simplify these data access and data management tasks. If you have ever written
SAS code to perform these kinds of tasks you have probably recognized the power and flexibility inherent in the SAS
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of these tables. Data Integration Studio allows the user to view a job as a complete SAS program or as a picture, using a
graphical process flow diagram. It is immediately obvious how a picture of a job enhances organization, understanding, and
ease of maintenance. Also, the process flow diagram can serve as a form of documentation for the work that you have done.

Another strong feature of Data Integration Studio is impact analysis. You can ask Data Integration Studio to perform impact
analysis on a data node in your project. Impact analysis is essentially asking the question, “If | change this data then what
other nodes may need to be executed to propagate the change?” You are asking Data Integration Studio to tell you what else
in the project depends on this one element. Data Integration Studio can also perform reverse impact analysis which is asking
the question, “What programs or data tables feed into this data node?” This is extremely useful when you are trying to track
down the ultimate source of a data element.

Data Integration Studio can also help you write code. There are many tasks in this problem space that are routine -- tasks
such as loading data from one table to another, joining data from two tables, generating record keys, transposing (also known
as a table pivot) and more. Data Integration Studio has a library of typical data integration tasks that you can drop into your
jobs. You customize the setting on these tasks and the Data Integration framework handles generating the appropriate code.
In fact, Data Integration Studio goes even further by providing an extension API that you can use to develop your own custom
transformations to meet your specific needs.

So how does Data Integration Studio do all this fancy stuff? How does it understand what is in your job? The answer is
metadata. When you construct jobs in Data Integration Studio it records all of the relationships, parameter values, and even
your custom SAS code in a SAS Metadata Repository. This collection of information is known as metadata. The metadata is
then utilized by SAS to create process diagrams, perform impact analysis, and even run your jobs on a remote machine
without the Data Integration Studio client.



THE TYPICAL DATA INTEGRATION STUDIO USER

The typical Data Integration Studio user is someone whose job is to create or manage data for the business. In the
pharmaceutical industry there is often a specific group within the organization that performs these duties. They are
responsible for receiving study data, collecting and storing it, maintaining versions, archival, and preparing these data for
analysis by biostatisticians. These individuals likely already know how to program in SAS or they have SAS programmers on
their teams. They are aware of data standards and the importance of applying these standards within a data management
process. They are responsible for creating analysis-ready data, and they are also required to accomplish this within some kind
of reliable, repeatable framework.

The typical Data Integration Studio user is not someone that is in a hurry to create data. Creating data immediately is best
done with an ad-hoc SAS program. This is not to say that using Data Integration Studio is slow. Rather, it is appropriate to
say that creating data with Data Integration Studio is deliberate and methodical. This takes a little longer than simply writing
some SAS code, but the benefits you get from the deliberate, well-defined construction of a job in Data Integration Studio will
pay dividends for years to come through ease of maintenance, process documentation, and precise definitions of input and
output data structures.

MAKING INPUT DATA AVAILABLE TO DATA INTEGRATION STUDIO

SAS has a long tradition of being one of the best software packages for accessing data in external systems. Data Integration
Studio continues the SAS tradition by leveraging all the capabilities of Base SAS, SAS/ACCESS, and SAS library services in
products like SAS/CONNECT and SAS/SHARE to access remote data and data stored in external formats. The most
common data storage formats in the clinical space are raw data in operating system files (ASCII text, XML, MS Excel),
relational database data, and SAS data sets.

Raw data can be imported by a custom SAS program using the Data Step or the IMPORT procedure. Anyone who has used
SAS has probably performed this exercise, if not once, many times. In the Data Integration Studio environment you can use
all of your Base SAS programming knowledge to write programs that import raw data. After you develop an import program
you can drop that code into you Data Integration Studio job and define one or more target tables to receive the output from the
program. Defining the target table is the part that may seem tedious to the traditional SAS programmer who is new to Data
Integration Studio. However, once this task is done, Data Integration Studio has a complete description of your target table
metadata, and you can use all of the features of Data Integration Studio to continue processing these data. Raw data can also
be imported using one of the external file wizards available in Data Integration Studio. If your external data is in a well-defined
format then using one of these wizards is a good choice. Simply select the option in Data Integration Studio to define a new
source data object. The application will present you with a list of input data types including a few different wizards for defining
external file data.

Relational databases and SAS data sets are well-defined, rectangular data stores and they are accessed through a SAS
library definition. The traditional SAS programmer uses a libname statement in his/her program to define a SAS library. For
example

/*Cet some local SAS data*/
Libname mysas “C:\projects\datal\sasdata”;

/*Get some data from the Oracle database instance “DEV2”*/
Libname myoracle oracle PATH="DEV2” username="" password="""";

The problem with this approach in the Data Integration Studio environment is that Data Integration Studio is designed for the
enterprise. This means that programs should be created without any direct ties to an individual user’s workstation. In the
example above, the mysas library assignment will only work on the user’s workstation. If this library was assigned on a remote
server the job will fail because the data would not be there. The library would get assigned to C:\projects\datal\sasdata on
some remote server and that path probably does not exist there. In addition, making a library assignment for your own
personal use doesn't allow others in your organization to take advantage of these data.

For these reasons, SAS Data Integration requires you to define SAS libraries using a definition that works across the
enterprise. The SAS 9 platform gives you this capability by allowing you to define libraries within the SAS Metadata Server.
The Metadata Server, the same component that manages the repository containing your Data Integration Studio metadata,
also manages a global metadata repository called Foundation. The Foundation repository contains the metadata for all of your
library definitions and tables.

The SAS Management Console is an application provided with SAS 9 for managing the Foundation repository metadata. The
following screen shot shows the SAS Management Console along with a dialog for the New Library Wizard.
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In order to define a library that includes either SAS or relational database data, you start the SAS Management Console and
connect to your Foundation repository Metadata Server. If you want relational database data you define a database schema
with login information. Next, you can step through a library definition wizard and define your library pointing to that database
schema, or you can define a SAS data library pointing to an operating system folder. Once the library is defined you must
perform an additional step and import the metadata for all of the tables in that library. Data Integration Studio must be able to
access the tables in order to understand the metadata within them. After the library is defined and the tables are imported,
you can select the library in SAS Management Console, see the tables, and drill down into the tables to view the column
metadata to confirm the successful import. The following pair of screen shots shows a new library and tables in the SAS
Management Console and the columns from the AE table as displayed through the table Properties dialog.
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MAKING CDISC METADATA MODEL AVAILABLE TO DATA INTEGRATION STUDIO

The CDISC Study Data Tabulation Model (SDTM) 3.1.1 is a published standard and a roadmap for alignment for many
companies in the pharmaceutical industry. This standard represents an important, concrete definition that promises to ease
the exchange of data between companies and between computer systems within and across companies.

Data management personnel within the pharmaceutical company are increasingly confronted with the requirement to interface
their data processes with the SDTM model and Operational Data Model (ODM). Fortunately, Data Integration Studio is well-
equipped not only to answer this need, but to ensure compliance with a standard and even assist you in moving to a new
release of the standard in the future. (Every good standard deserves a revision, no?)

To start, you must make the CDISC model available to your Data Integration Studio project. There are a few different ways to
do this:

] Manually create the SDTM metadata

] Point Data Integration Studio at existing data already in the SDTM structure

] Use PROC CDISC to read metadata in CDISC XML format and produce SAS metadata
] Import metadata from another repository
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manually is simply a matter of defining all the
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Columns Data Integration Studio. SAS Data Integration
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Selecting a table and clicking the arrow copies the column metadata from that table for use in your new target table. After you
repeat this process for each table, you have built your own SDTM metadata model, and you are ready to begin processing
data into those well-defined targets. The following screen shot shows a Data Integration Studio project after some target
tables have been defined.
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In typical SAS fashion, there are more options for creating SDTM metadata. SAS has been hard at work creating a new
procedure called PROC CDISC. This procedure can be used to read data in CDSIC XML format and create the metadata that
SAS needs to operate on your data. This procedure is very powerful and is something that goes beyond the scope of this
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paper. Itis very important to mention it here because it can interoperate with the tools being described here to provide an
alternate approach that is a good fit for organizations that are strongly aligned with CDISC standards for storing study data and
metadata. SAS XML Libname technology, part of the underpinnings of PROC CDISC, is also worth mentioning for readers
that anticipate the need to read custom XML data structures and utilize this metadata and data in a Data Integration Studio
environment.

Another way of creating the CDISC metadata model is to copy it from an existing metadata repository. SAS Data Integration
Studio has import and export functionality that makes it very easy for users within your enterprise to create and share
metadata. In fact, the Health and Life Sciences division of SAS Consulting realizes that many customers will have need for
the CDISC metadata, and they have defined this metadata and are offering it to customers as part of a service engagement.
Also, SAS Consulting has gone beyond the basic CDISC metadata model. They have created custom wizards that extend the
Data Integration Studio environment and allow you to define additional CDISC domains by simply pointing and clicking. The
SDTM standard includes three domain classes: Interventions, Events, and Findings. Within these three classes are the
standard domains: AE, DM, CM, etc. The wizards that SAS Consulting is offering allow you to define additional custom
domains by selecting one of the three domain classes. When you select a domain class the wizard will utilize the SDTM
metadata and any input options that you provide to create the metadata for the tables you need. Users can combine the
standard SDTM metadata, these wizards for custom domains, and the stock transformations and quickly create a process for
managing study data that is compliant with CDISC standards.

Whether you choose to use a manual approach, the new SAS CDISC procedure, or jump start with SAS Consulting, Data
Integration Studio is a flexible, powerful focal point for your clinical data management activities.

COMPARING INPUT STRUCTURE TO CDISC STRUCTURE

If you are loading input data from a SAS data library or relational database you can utilize the mapping features of Data
Integration Studio to establish links between columns in source and target tables. When the job is invoked, the Data
Integration framework will enforce the metadata mappings you have defined and will confirm, at each step in the job, that data
structures inside the running job match the metadata as defined. So there is an implicit, continual comparison of data
structures taking place at each step along the way. Finally, at the end of the job you will load the data into the final SDTM data
format and the Data Integration framework will run a comparison check before it signals successful completion of the job.

If you are loading input data from external file sources you can utilize the SAS COMPARE procedure and reporting capabilities
of SAS surfaced through Data Integration Studio to compare your input data to the defined CDISC structure. This is a good
approach for each new project or study that you are processing with Data Integration Studio. Once you have aligned data
structures and defined the mappings, Data Integration Studio will enforce the relationships you have defined each time your
jobs run, and you can rest assured that the output data from your jobs is exactly as you have defined it.

Sometimes when you compare input structures to your CDISC model you will identify tables that require more than just a
column to column mapping. There may be data that needs to be normalized, de-normalized, or transposed in order to fit your
model. These operations are called transformations.

TRANSFORMATION AND LOADING

The Data Integration Studio Process Library contains a number of transformations that you can apply to manipulate data for
different desired end results.
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It is often the case that one standard set of data can be transformed into a variety of different related structures that are each
well-suited for certain reporting or analysis activities. Up until this point we have been discussing a very simply logical flow
that looks like this:

Job SDTM
data

Source
or raw
data

A more typical logical flow of job for processing study data might have multiple outputs. Like this:

Job SDTM
data

Source
or raw
data

¢ \ 4

Transform 1 Transform 2

Transformed for Transformed for
reporting specialized
analysis

This expanded flow illustrates how target table metadata can be used as source table metadata for other jobs. Just as Data
Integration Studio allows you to reuse metadata that you have defined, it allows you to reuse transformations that you have
defined. Suppose that you write some custom code for Transform 1. Later you realize that you need a new job that will do the
same thing as Transform 1 plus a little extra work. With Data Integration Studio you simply select the Transform 1 node, copy
it to your new job, and add a new code node for the extra work.

A Data Integration Studio job typically ends with a load step. This is where you define the final storage location for the data
that you are creating, and you instruct Data Integration Studio how to load the data into that target. Again, Data Integration
Studio assists you with a few different loaders that you can drop into your job. When you are loading data into SAS Drug
Development you will use a loader in combination with a WebDAV library. The details for setting up a loader with a WebDAV
library are discussed later in this paper.

AUTOMATION WITH JOB SCEHDULER

The Platform Job Scheduler is an additional, optional component for SAS Data Integration. This component can be used to
schedule jobs that you have developed in Data Integration Studio. If you think about the study life cycle you can imagine
creating data integration jobs and running them on a regular schedule to pull fresh data into an analysis and reporting
environment such as SAS Drug Development. The job scheduling mechanism is an important piece of the puzzle that helps
bring you closer to real-time analysis and reporting for on-going clinical trials.

SAS DRUG DEVELOPMENT

WHAT IS SAS DRUG DEVELOPMENT?

SAS Drug Development (SDD) is a centralized, integrated system for managing, analyzing, reporting and reviewing clinical
research information. SDD provides a web based environment for managing the data, analysis and results associated with
the clinical development process.

SDD provides a 21CFR Part 11 compliant environment that supports version control and audit trails for every object stored in
the system, ensuring traceability and reproducibility at all times. Point and click data exploration, intuitive organization and
navigation, and searchable content provide researchers with direct access to the clinical research content in a collaborative
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framework. SDD stores metadata for each object in the system and allows for the enforcing of metadata standards on
incoming data. The system supports the use of views and reports on standardized data as well as the pooling of data sets or
studies.

The SDD suite of applications consists of a data browsing tool (Data Explorer), SAS programming environment (Process
Editor), an application to batch submit SAS code (Job Editor), the ability to see all the input and output form running a SAS
program or batch job (Job Results Viewer), and an application to Schedule batch jobs (Scheduler). There are other SDD
applications including an application to perform metadata comparison across multiple protocols to ensure consistency and an
import/export application that can also convert SAS datasets to a variety of other formats.

WHAT IS SAS DRUG DEVELOPMENT USED FOR?

SDD provides easy and efficient access to data, documents and reports for a broad range of users across multiple locations
and can serve as the central repository for all of the electronic information for a clinical research program. Information within
SDD can be organized in a file hierarchy allowing authorized user access to the parts of the research content relevant to their
work. The hierarchy can be customized at all levels based on the individual project requirements. Because the system is
web-based and accessible through a standard web browser, users can access the research content regardless of where they
are geographically located. This allows a collaborative environment for users in various departments, other geographies or
other service providers.

Within clinical research organizations, physicians, medical writers and other scientific researchers typically have limited direct
access to the clinical research data. Through SAS Drug Development, it is possible to create parameterized reports to answer
common questions for these users as well as use the Data Explorer for ad hoc querying.

SAS Drug Development automatically provides the necessary controls and compliance for the data transformation and
analysis process. A thorough history of each programming run (along with relevant inputs and outputs) is automatically
captured in a job log and is available for rerunning with all of the original data or with the most recent version.

Data adhering to a standard metadata structures, such as the CDISC SDTM, can be loaded into SDD and then used with
generic study definitions, clinical data views, and reports. The ability to reuse study definitions, views, and reports for standard
data makes the data more immediately accessible to users and reduces validation time.

THE TYPICAL SDD USER

Several different user profiles access the data and applications in SDD. Technical users include both clinical and statistical
programmers. The clinical programmer is responsible for writing SAS programs that extract data from a source data base and
transform it to match an established structure. The statistical programmer is responsible for writing SAS programs, as well as
organizing the programs to run in sequence via a batch mechanism. These programs produce tables, figures and listings that
indicate the statistical outcomes of the trial. The statistical programmer constructs both non-interactive and interactive
programs. Other non-technical users would include clinicians and medical writers.

The clinician is responsible for reviewing, summarizing, and interpreting reports that are produced. These reports will likely be
included in a larger textual report summarizing the outcome of a clinical trial, or used as decision-making tools to further
understand the safety and/or efficacy of a trial. In some cases, these reports may be used to plan future trials, or to identify
clinical trends that are appearing within the patient population.

MAKING YOUR CDISC DATA AVAILABLE TO SDD

Recall that Data Integration Studio provides you with an excellent environment for controlled, deliberate creation of CDISC
SDTM data. Now you want to make these data available to users within SAS Drug Development and allow them to analyze,
report, and explore the results of your organization’s clinical trials. The process of publishing output data from your Data
Integration Studio job is quite simple. As the last step in your job, you define a loader to a target table for each output data set.
These target tables reside in a SAS library on your SDD server. It is really that simple from the perspective of the user
working in Data Integration Studio.

Since the SDD server could be located anywhere on the Internet, the SAS library definition is a little more complicated. The
library must be defined with a remote protocol, nhamely something called WebDAV. You can think of WebDAV as a
mechanism for reading and writing files to a web server, and the SAS data library will use WebDAYV to read and write SAS
data sets.

Diving further into the details, each file within SDD has a unique WebDAV URL. The typical SDD user is very familiar with
URLSs to access the SDD web interface. For example, suppose your SDD server has the name sddmyserver.sas.com. You
will use the following URL to log in to the SDD web interface.



https://sddmyserver._sas.com/p21

Within the SDD web interface you will see a hierarchy of folders and files. One folder might have the path
/SDD/Datalntegration/

In this example, the complete WebDAV URL for this folder is
https://sddmyserver.sas.com/webdav/SDD/Datalntegration

This URL breaks down into the following pieces:

Protocol https

Host name sddmyserver .sas.com

Port 443 (same as https://sddmyserver.sas.com:443 — the number 443 is assumed when https)
URI /webdav/SDD/Datalntegration

You need to know these pieces of information in order to set up the SAS library using WebDAV. The first step in setting up the
SAS library on your SDD server is defining the SDD server in the SAS Management Console.

| - TELN -d
[IRET ST E TR = Q1

Select the type of server you want to define.

E~_| Resource Templates -
=] Servers

=[] Cantert Servers

~[£] Ftp Server

[—J---'_J Database Servers
m DEZ Server far Unix and PC Hosts
m DBE2 Server for /0% Hosts
m Informix Server
m licrosoft Excel Server
[ Microsoft SEL Server Server for Unix Hosts
[ MySQL Server
-[f] ODBC Server
-] OLE DB Server
[ Oracle server
m Syhase Server
: m Teradata Server
[=+__| Enterprize Applications Servers
m Cracle Applications Server
(1] PeopleSoit Server
m SAP Server

(] Siehel Server
| ||

=11 | Mt mrine Serears

Help Cancel ‘ Mext = | |

T

Right click on the Server Manager node and select New Server. Select Http Server from the list of possible servers. In the
next screen define the authentication domain (this is where your username and password are stored in the metadata) as well
as the protocol, host, and port. The protocol is always https when using SDD because this is an essential part of the security
infrastructure which keeps your clinical data safe.
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i Enter the connection propeties.

\

Authertication Darmair: }WehDAV Auth LJ M.
Application Protocol; Ihﬁps LJ
Host Mame: |demyserver.sas.com

Port Mumber: 1443

Prosy URL:

¢ Proxy URL
’ \ Optional proxy URL to access this Hitp server.

Helg Cancel = Back J Mext = |

0

File Edit ‘Wew Actions Tools Roadmaps Help

Bw 2@ Xx|®H

Once the server has been defined you can create a new SAS library using SAS Management Console. This is done through
the same wizard that you used to create the SAS libraries used as input to your Data Integration Studio jobs. However, on the
wizard screen where you provide the library details you check the box that says “Enable WebDAV Support.” Then use the
drop down list box provided to select the server that you just defined. Under the section for Path Specification, supply the URI
path to your folder within the SDD server. The URI is the part of the URL that comes after the host name and optional port

Repostory: [T A 3 Lz LD reiey iz

SAS Manageme [T i Enter the following library properties.

E@ Ervironrner)

"'%Author: g ===
Bl Mand =

Puhblizh
I8l om
Founcs

@ Al
=-{14] Mairte Helg Cancel = Back | Next = |

= Libref. |
= [ =
o — Engine: BASE -
_—
)
| —_— [V Enable WebDaY Support
[ oad -
- ﬁ:;a: /.:_:-: Content Server: ]sdd weebiclay L]
T . [
% EChEd | R \v}“" Path Specification:  Available tems: Selected tems:
=] erver
tavehdayiDatalntegrationtest/st

(- £33 WMiLMa
% Stored Acvanced Options...

B
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Once the SAS library with WebDAV support is defined in the SAS Management Console you can use it in your Data
Integration Studio job. Just return to the Data Integration Studio environment, run your job, and you will see your CDISC data
appear in the SDD server at the location you specified. With your study data inside the SDD server you are ready to create an
SDFXML file and explore the data with Data Explorer.

WHAT IS THE SDFXML AND WHY IS ONE NEEDED?

The Data Explorer is an application in SDD that enables browsing and exploration of study data. Users can view data in a
row-and-column format or as summary graphs. Capabilities include dynamic sorting, filtering and color grouping to help
identify specific clinical outcomes.

Users can view individual data tables or multiple data tables by using study definitions.

A study definition in SDD defines data sources, groupings and columns to include in a view of study data. The data is always
transformed into a view of one row per patient across all data sources.

A study definition consists of XML tags that describe the basic metadata model of a study. The tags for a study definition are
stored in a text file with the extension SDFXML. XML tags define parameters such as the common patient variable, data set
names, and variable attributes. SDD provides a Study Definition Editor application for creating and modifying study definitions.
The following screen shot shows the study definition editor being used to define a study consisting of five SDTM domains
(Demographics, Subject Characteristics, Supplemental Demographics, Vital Signs, and Concomitant Medications.) The data
domains have been defined along with the patient keys, visit variable and baseline visit value.

& Study Definition Editor - SDTM.sdfxml-*(/SDD/CDISC SDTHM/Study definition) from SAS Drug Dev omail -0l x|

File Tools Help

Stucky Label SDTH Visit: =0 =

Biazeling: LI
PatientrSubject keys |\ 00 e,

4| [~ Mutti-Phase
LSUEID

Treatment: I LI

Patient Label: Patiert IO Period; | Ll
4
Dramain:
Unigue? | Repeated Measures?
c Den Cs vl {i |
2 |zc.sasThdat Subject Characteristics - SC hd I Up
3 |suppdm sssThdst  Demographics - SUPPDR i il i |
4 |vs.sasThdsat ital Sighs - WS ] il
S |ctn.sasThost Cohcomitant Medicstions - CM ] il The current surmmary Columnis) have 346 unigue value...
Add... | Custom... Retmove ‘i Data... Details. .
AW
allrm:
# Matne Aliaz | Lakel Use Type Formst |
1 [STUDYID Study Identifisr =Patient identifier= Character ‘I
2 |USUBJID Unigue Subject [dertifier =Patient idertifier- Character
3 |AGE Age in AGEU st RFSTODTC Continuous response Mutrieric
4 |AGEU Age Units Moinal response Character
5 |ARM Dezcription of Planned Arm Mominal response Character ] |
5 |ARMCD Planned Arm Code Mominal response Character B |
7 [ERTHDTC DrateTitne of Birth Motrinal response Character
8 |[COUNMTRY Courtry Motrinal response Character
9 DMDTC Dzt Titne of Collection Motrinal response Character
10 DDy Study Day of Collection Continuous response Mutreric
11 [ETHMIC Ethricity Moinal response Character
12 (INYID Investigator Identifier Mominal response Character
13 lInhg &b Inweestivtar Mame hinminal resnnns e hararter LI
Custar... Dretails...

The Data Explorer can be used to view the various domains included in SDTM data as illustrated below. The data domains
defined to the study definition appear as top-level folders in the Data Selector panel. Expanding a folder in the Data Selector
panel displays columns in that data domain. The Data Explorer can open multiple study definitions at one time, providing a
way to view patient data across multiple studies.
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Wiews Tools  Help

|| Demographics - D

| ] Demographics - SUPPDM
[ ] vital Signs - ¥S

;| User-generated columns

ta Explorer - SDTM.sdfxml-*{/SDD

| ] Subject Characteristios - SC

[ ] Concomitant Medications - Chi

Study definitions can be customized to present the same data in many different
ways. For example, clinicians may be more interested in browsing patient data,
so a study definition would be set up specifically to include those data sources
and variables. A biostatistician may have a completely different requirement for
looking at the same protocol. Through well-designed study definitions both
groups of users can be accommodated

When using a study definition, The Data Explorer automatically performs the
necessary transformations to create a view of one row per patient. The following
screen shot shows the Data Explorer displaying variables from the Demographic,
Concomitant Medication and Vital Signs domain. The data is presented one
record per patient with the status bar indicating that there are 906 patients in this

study. For visit level data, such as Vital Signs blood pressure, the data is summarized over the visit (e.g. maximum or
minimum systolic blood pressure). Individual visit values are also available as separate columns. For event level data, such
as the Concomitant Medication data, there is a separate column indicating whether or not the event occurred as well as a
column giving the actual number of occurrences. In this example a column indicates whether or not the patient took the

medication Lidocaine.

=10l x|
File \iew Tools Help
-4 Demographics - DM (= :J Fiter(Subszet)
_: :ge . ;‘GEU b Systolic . | Diastolic Blood
g Dg:mr;ﬁzn e LIDOGCAIN... | Mumetic... | Mumeric Result...
| & Planned Arm Code # Patient D | Apein AG.. | Descriptio.. Sex Reported ... | Maximum Maximum
—® DateTive of Bitth 1 INICO01:01.. 18|Flaceko Il i 204 111 ﬂ
| Courtry 2 [MICO01:01... 78[MNicardipine. .M Y 203 159
| @ Dateime of Collectic 3 MIC001:01.. ;g Il‘leicar[:]ipine... h|;l1 \r:l ;gg 15132
i i 4 : aceho
_: gﬁ:ﬁ;iﬁy st 5 BOlPlaceba  |F M 318 135
—# Investigator Idertifier 2 &3Placeba M el Ju
L e igator Masrie. b 7 43|Micardipine. .| Y 187 86
=] Af[Micardipine.. |F M 166 90
% Race 9 65|Nicardipine...|F M 174 93
—® Subject Refererce B 10 44|Flacebo F N 190 100
—® Subject Reference 3 11 27|Micardipine...[F M 150 84
—® Sex 12 33|Placebo F M 140 100
—® Study Site Identifier 13 E4|FPlaceho F & 233 96
—# Subject ldettifier for 14 47|FPlacebo Il i 234 117
+- | Subject Characteristics - 15 S4[Micardipine...[M i 164 96
] Detnographics - SUPPDM 16 01 34|Micardipine...|F ] 160 30
=9 Vital Signs - VS = 17 01 £1|Placebo F rl 140 aa
= . LI—I 18 01, A0|Micardipine. .. [k i 14949 110
—l—l 19 005 63|Placebo F i 1493 104
add | R | 20 |Nicoot:01.. 4E[Micardipine...|F &l 136 549 ;l
Total Rowes: 906 Fitered Rowves: 906 Yarishles: ¥ Excluded Rows: O Excluded Cells: 0

The Data Explorer allows the user to apply a filter to the data creating a new subset. Users can also create color groups which
are a way to color code groups of data values. The following screen shot shows a filter applied to the data, so that the only
patients appearing in the table are the 143 patients taking Lidocaine. Color coding was also applied to Maximum Systolic
Blood Pressure and the data table was sorted by this variable. This resulting filtered data can be saved as another data set or

as a clinical data view.
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ata Explorer - SDTM.sdfxml-*(fSDD/CDISC SDTH/Study definition) from SAS Dy evelo 0 : - |EI|5|
File \iew Tools Help
E-2% Derographics DM 12 :J Filter(Subset) LID_YN = "v"
[ EoERC e Systolic . | Diastolic Blood
—# Age Unitz A ;
| o [——— LIDOCAIMN... | Mumeric... | Mumeric Resulti...
# Patient D | pgein AG . | Descripti 5 Reported | Maxi Wz
—# Planned Arm Code oe 1 BSCrIpMD... B¥ Epored ... SEMUm SEITILm
—® DateTive of Bitth 1 INICO01:28... 42|Flaceko Il i 264 117 -
& Caurtry 2 |MIC001:22.. 71 Micardipine...[M v 263 93
Lo B 3 [MICOO1:28.. 38[Placebo F i 244 120
& Study Day of Collect 4 |NICO01:22.. 4|Placebno ] is i 103
L& Ethnicty 5 |MICO071:28.. 47|Placebn F i 112
| Ivestigstor Identifier & [MIC001::01.. 47|Placebo | Y 117
L i iadie 7 (MIC001::44.. 38|Placebo F b 100
& (MICO01:42.. a7|Micardiping... | is 93
[ Race a |MICO01:28.. 42|Placeho F K 119
—® Subject Refererce B 10 |MICO01:26... 42|Flacebo M v 117
—® Subject Reference 3 11 [MICODT:432... 29|Placeho F K 130
—® Sex 12 [MICO01:28 48[Placehn F K2 104
—® Study Site dentifier 13 MICO01:28.. 45[Placebo I hi 140
'@ Subject dertifier for - 14 |MICOO1:27 ... f8|Placehn F ie 120
+- | Subject Characteristics - 15 [MWICO01::32... 67 [Micardipine...[F i 90
| Detographics - SUPPDM 16 |MICO01:02... 61|Micardipine...|F b 103
=9 Vital Signs - VS = 17 |MICO01:28.. G1[Micardiping... [k Y o]
= D o e Ll_l 18 [MICO01:28.. a7|Placehn F i 105
T 19 [MICO01:32. 48|Placebn F Y 101
add | R | 20 NICDD1::3§... 50|Pla.ceb0 F Ad 100 ;l
Total Rowes: 906 Fitered Rowves: 143 Yarishles: 7 Excluded Rows: 0 Excluded Cells: 0

The Data Explorer also allows the user to drill down to view the contributing or underlying data for a patient or group of
patients. The following screen shot shows all of the Concomitant Medication data for one patient who was in the “yellow”
range for Maximum Systolic Blood Pressure.

Summary statistics can be generated on columns of data in the Data Explorer. A vertical bar chart is produced for
nominal/ordinal variables and descriptive statistics and a box-and-whisker plot is generated for continuous variables. The
analysis types of nominal, ordinal or continuous are assigned to each variable in the study definition.

& Summary Statistics =]
File
Age in AGEU at R |Sex
FSTDTC
_[olx]
Fil=  View Help
Statistic Walue | Statistic Walue |
Row: [NICO01:282014 4|
Wl 06 il 06
Domsin: |~ MWISS oo |(jimiss onwow
Groug: [<aLL- = mESIT\N :g_;gg Dizcrete ...| Freguen...
Megsure: I:ALL» LI =10 13820 F 5750 (B3,
Transpose STOERR  jn4sg4s  ||M 5280 (36...
bl -3.0
# CMCAT CMDECOD CMEEQ MBI 70
1 ANALGESICH,.. |ALFENTA, 3 «|
2 ANALGESIC... |ACETAMINOPHEN 1
3 ANALGESIC... |ACETAMNOPHEN 2 100
4 ANALGESIC... CODENE B
2 ANALGESIC.... [CODEME & T Max
6 ANALGESIC... |CODENE 7 &0
7 ANALGESIC... CODENE B
8 ANALGESIC. . CODENE a o]
] ANALGESIC... CODENE 10
10 ANALGESIC... CODENE 1 =
11 ANALGESIC... CODENE 12
12 ANALGESIC... CODENE 13
13 ANALGESIC... CODENE 14 20
14 ANALGESIC... |BUPROFEN 21
15 ANALGESIC... |BUPROFEN F 0
16 ANTIAMEMIS FERROUS SULFATE |20 all | L
17 ANTICONYU... MEPHEN'YTOIN S
18 ANTICONYL,.. EEPHENYTO\N 40 _ILI -20
N R ST = S

When viewing data in the Data Explorer, users can choose to explore a specific domain in the study, changing to a view of the
actual data set. In the following screen shot, a new Data Explorer window contains the Concomitant Medication data and a
filter is applied so that only Cardiac Drugs appear in the table. This domain-level filter can also be applied to the patient-level
view of the data, so that the resulting data display contains patients who have taken a cardiac drug.
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Data Explorer

Tools  Help

—
—
— %
— %
—%
—%
.4
—®
—
—
—
— %
— %
—%
—%
.4
—®

-4 Cancomitant Medications —

Studly ldertifisr
Unigue Subject Identi
Sequence Mumber
Group D
Sponsor-Defined ldel
Reported Mame of Dr
Modified Reported Mz
Standardized Medica
Categary for Medicat |
Subcategory far Mec
Chi QCourance
Concomitant Medicati
Reazon Concomitant
Inclication

Medication Class
Medication Class Coc

Doze per Administrat _
B L|_I

Ald | Remave |

x|

J Fitter(Subset) CMCAT = "CARDIAC DRUGS"

# | Study Iden...| Unigue 5... | Sequence...| Standardized Medication ... Category for Medication

1 NICo01 011001 A1 |LABETALOL HCL CARDIAC DRUGS N

2 MIcool 011001 52|PROPRANCLOL CARDIAC DRUGS =

3 NGO 011002 13|LABETALOL HCL CARDIAC DRUGS

4 MICO01 011002 14|LIDOCAINE (CARDIAC) CARDIAC DRUGS

5 |MICDO1 011003 J9|LIDOCAINE (CARDIAC) CARDIAC DRUGS

B |MICO01 011003 40|LIDOCAINE (CARDIAC) CARDIAC DRUGS

7 MICo01 011003 41 |LIDOCAINE (CARDIAC) CARDIAC DRUGS

8 |MNICoo1 011003 42|LIDOCAINE (CARDIAC) CARDIAC DRUGS

9 MICO01 011003 A43|LIDOCAINE (CARDIAC) CARDIAC DRUGS

10 |MICO01 011003 44|LIDOCAINE (CARDIAC) CARDIAC DRUGS

11 |MICO01 011004 J0|LABETALOL HCL CARDIAC DRUGS

12 |MICO01 011005 8|CAPTOPRIL CARDIAC DRUGS

13 |MICO01 011005 21|DIGOXIN CARDIAC DRUGS

14 |MICO01 011006 J6|LABETALOL HCL CARDIAC DRUGS

15 |MICOO1 011007 J2|LABETALOL HCL CARDIAC DRUGS

16 |\MICO01 011007 J3|LIDOCAINE (CARDIAC) CARDIAC DRUGS

17 |\MICD01 011008 TICAPTOPRIL CARDIAC DRUGS

18 |MICO01 011008 16|DIGOXIMN CARDIAC DRUGS ;l
Kl [ o
Total Rovws: 34589 Fittered Rowws: 1270 Yariahles: 13 Excluded Rowws: 0 Excluded Cells: 0

This clinical data view can then be saved to SDD and reused on any study or groups of studies that have data in SDTM

format.

In this example the clinical data view “Patients taking Cardiac Drugs” is saved with the NICSAH1_SDTM study as the

default input to the view. Multiple studies can be used as input to a view. A view can also be used as input to a report.

~Wiew Selection

£ Dpen with View

Wiew I Domains I

. Use cutrent visw

i IF‘atientstaking Cardiac Drugs cdvxml-*(SDOACDISC S Browse... | Clear |

- Deta Selections

Data for Wiew

File=

MICSAHT _STDM. sdfxml-*(SDDUCDISC STDM) from SAS Drug Developmert Domain

Uz current dats

o |

Cancel

Remove |

RUNNING REPORTS IN SDD ON THE DESIRED CDISC STRUCTURE

Once the desired CDISC structure is loaded into SDD, users can also run reports on this data. The Process Editor is used to
develop standard reports with automatically constructed user interfaces that prompt the end-user to specify query and
reporting parameters. In this way, libraries of standard reports can be created by technical users and then run as is, or with
new values for the substitution parameters
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The following screen shot shows the Parameter Resolution window for a report that generates a frequency of concomitant
medications for a selected drug category. In this example the report will produce a frequency report of Concomitant
Medications in the Cardiac Drug category. The input data to this report is the SDTM CM data set. The programmer can also
allow the user to create a view of this data set interactively by selecting the “Explore” button next to the input data source.

£ Pparameter Resolution 5'

*Optional Title il
{50 Data

*Input data table il
Icm.sas?bdai-1 (FSDDACDISC SDTMData) from 545 Drug Devel Erpyse Explare... |
*Zingle variakble selection _?I

B4 Input data table

— % Study Identifier

— @ Domain Sbbrevistion
—# Unigue Subject Idertifier
—# Sequence Number

— & Group D

—# Sponsor-Defined Identitist Clear |
—# Repotted Mame of Drug, Med. or Therapy

— % Modified Reported Mame

— @ Standardized Medication Name

et W cteory for Medication

—# Subcategory for Medication

—® CM Occurahce ;l
*Select & Medication Category _?I
ICARDIAC DRUGS ﬂ
Process Sefting:
Load | Save |
[o]24 | Cancel | Apply |

This report uses ODS to produce an RTF output file, which is saved in SDD.
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[standardized Medication Name

Cumulative | Cumulative
CMDECOD Frequency | Percent| Frequency Percent
ATENOLOL 23 1.81 23 1.81
BRETYLIUM 3 0.24 26 2.05
CAPTOPRIL 78 6.14 104 8.19
DIGOXIN 173 13.62 277 2181
DILTIAZEM 3 0.24 280 2205
DISOPYRAMIDE 2 0.16 282 2220
ESMOLOL 29 228 311 24 49
LABETALOL HCL 378 45351 330 70.00
LIDOCAINE (CARDIAC) 223 1756 1112 8756
PROCAINANMIDE 18 1.42 1130 8398
PROPRANCLOL 20 7.01 1219 0598
QUINIDINE 10 0.79 1229 96.77
VERAPANIL 41 3.23 1270 100.00

The following example shows a clinical data view being used as input to a report that allows a user to select variables for a
patient listing. The clinical data view includes only the patients who have taken cardiac drugs. The NICSAH1 and NICSAH2
study definitions are used as input to this view. When a clinical data view or study definitions are used as input to a report, the
input data can be pooled across studies.

£ ppen with View ) x|

Mg | Domains l

Wieny Selection

e IPatients taking Cardiac Drugs cdvxml-*(SDDNMCDISC SDTM? Browese. .. | Clear |

[ Data Selections
Data for Wiew

Files |
MICEAHT_SDTh sdfxml-1(SDOGCOISC SDTRMStudy defintion) from SAS Drug Development... |
MICEAHZ_SDTh . sdfxml-*(EDDVCDISC SDTMStudy definition) from SAS Drug Development |

Remove |
L8 | Cancel |

This report lets the user select variables from any of the domains in the study. In this example, variables from the demography
domain and vitals signs domain will be printed. The Patient Cohort table is used as input so the data will be presented one
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record per patient. The Vital Signs data is summarized over the visits for each patient.

£ Parameter Resolution

LI Explore... |

Farameters

Hrput COY Domain

Patient Cohart Table

AR

available selected
1 Demographics - D Subject ldentifier for the Stuchy (51
1 Subject Characteristics - C Planned Arm Code (PLA)
| Demographics - SUPPDM S (SEX)

] Vital Signs - VS
| Concomitart Medications
;l User-generated columns

4

Age in AGEL st RFSTODTC (AGE)

- CM
o Diastolic Blood Pressure (h=48630]

*Title

X

2]

IPatients taking Cardiac Drugs

*Title2

INICSAH1 , MHICSAH2

"Process Sefting

Load | Save |

Ok | Cancel | Apply |
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The PDF output file shows the output listing from the report. The data is presented as one record per patient. The maximum
values of systolic and diastolic blood pressure are given for each patient.



Patients taking Cardiac Drugs 1
NISCAHI, NICSAH2
Maximum | Maximum
Diastoic | Systolie
Treatment Blooc Blood
Obs | subject| Group |Sex|Age| Pressure | Pressure

1001 PLA M 18 111 205
2 002 NIC1S M 79 158 203
3| 003 NIC1S M 46 86 163
4| 004 FLA F T2 113 208
5| 005 PLA F 30 135 218
6| 006 PLA F 33 90 159
7| 007 NIC15 M 43 84 187
8 (003 NIC1S F 56 20 66
9009 NIC1S F 65 93 4
10 | 010 PLA F 44 100 190
11 | 011 NIC1S F 27 34 50
12| 012 FLA F 33 100 40
13| 013 PLA F G4 96 233
14| 014 PLA M 47 117 234
15| 015 NIC1S M 54 96 164
16| 018 NIC1S F 34 20 160
17| 017 PLA F 51 88 140
18 | 0138 NIC1S M 30 110 199
19 | 021 NIC1S F 63 119 221
20| 023 NIC1S M 45 100 188

SAVING AND PUBLISHING THE RESULTS

The job log, a standard feature of SDD, allows for reproducibility. A job log is created when reports are run interactively or as
part of a scheduled job. A job log typically contains links to any input and output data sources or views, SAS system files, and
analysis and reports created by the report. At any point in time, the contents of a job log can be re-opened for
review/reproducing, or for execution on a new version of the data.

These traceability and documentation capabilities are valuable for providing ongoing quality control, supporting quality
assurance activities, and when addressing questions from regulatory agencies. The following screen shot shows the job log
from running the Concomitant Medication frequency report program on the SDTM concomitant medication data. The log
contains links to the specific version of the input, output and system files used in this report.

Process Editor - Con Med Freguency.sas-2(/SDD /CDISC SDTM/Reports) from SAS Drug Development Domain
File Edit Code Tools Window Help

DSHE # s =BRS

=4 gl r F 01
EI— J Con Med Freguency sas
B4 It Files
4 Input data table
F-_4 Wiewed Files
l—m cin.sasThdat (Cm.sasThdst-1 (SDDICDISC SDTMData) from SAS Drug Developmerit Domain)
[S] nput data table

= _4 OutpLtt Files
E: l— Ch Frequency if-205SD0DICOISC SDThOuWtpLE) from SAS Drug Development Domain (Cutput file)
= J Systern Files
': Ch Freguency log-2(/SDDICDISC SDTMISystem files) from SAS Drug Development Domain (S45 log)
E-."'ﬂ Ch Freguency sas-20/500MC0ISC SDTMSy sterm files) from S45 Drug Development Domain (S00 process (with defautts))
—[-"'] Con Med Freguency sas-4(r5DDMCDISC SDTMBEeports) from SAS Drug Developmert Domain (S0D process (selected))

# hiezzage

1 [File ntffile Af(RTF File) successfully written to CW Frequency if(fSDDICDISC SDTMACupLT)-RTF File.

2 |File _log_logSA% Log File) successfully written to Ch Frequency logl/SDOACDISC SDTMISystem files)-SA% Log File.
3

4

File _porn_sas(S4A5 Program File) successully written to CM Freguency sas(fSDDICDISC SDTMISystem files)-SAS Program File.

+

Explorer Reszults I
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The following job log is from the patient listing report. The job log shows the NICSAH1_SDTM and NICSAH2_SDTM study
definitions that were used as input to the report allowing the data to be pooled.

i Process Editor - Print Program.sas-4(/SDD/CDISC SDTM/Reports) from SAS Drug Development Domain
File Edit Code Tools Window Help

Dl 4 2B RS

- J R of b oh Fri Sep 01 1%
4 Prirt Program za3
4 Input Files
L7 input cov Domain
4 Output Files
I— Print Repart Output pdf-10SDDICOIEC SDTMOLtpLE) from SAS Drug Development Domain (Output file)
-] J System Files
Print Log log-1 (SSDDACDISC SDTMISy stem files) from SAS Drug Developmert Domain (SAS log)
E’.".ﬂ Prirt Program.zas-1(S0DDNCHISC SDTMSystem files) from SAS Drug Developmernt Domain (SDD process (with defaults))
—[“] Prirt Program sas-4(/SDDICDISC SDTMReports) from SAS Drug Developrment Dotnain (500D process (selected))
A Clirical Data Yigw
=9 Studies
4 SDTM
;] Domain Tables
Eﬂ MICEAHZ _SDTh. zdfxml-1(PED0MCDISC SDTMStudy definition) from SAS Drug Development Domain (Study Defintion)
A SDTM
;] Domain Tables
EJ MICSAHT _SDTh. zdfxml-1(SDDACDISC SDTMStudy defintion) from SAS Drug Developrment Dormain (Study Definition)

—@- Wiey

Message
File pdffile pdf(PDF File) successfully written to Print Report Output pdf(/SO0ACOISC SDTMOutput)-POF Fils.
File _log_logi=AS Log File) successfully written to Print Log log(SDOMCDISC SDTMISy sterm files)-SAS Log File,
File _pgtn_s53(S4A5 Prograrm File) successfully written to Print Prograrm 2ss(fSDDACDISC SDTMSystem files)-SAS Prograrm File.
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CONCLUSION

As always, there are a number of different ways to implement a process for handling clinical data. The example methods
presented in this paper is not as important as the understanding the basic guidelines that were followed:

e Industry standards, when commonly adopted, are good and should be followed wherever possible
e Data should make it's way from source to analysis and reporting as quickly as possible

e custom integrations should be eliminated wherever possible

e the process should require as few human interactions as possible along the way

e the process needs to be flexible and allow for changes over time

CDISC is most likely past the “emerging standard” phase and is quickly approaching “the standard”. EDC is taking off, and
together with CDISC, can radically change the way data is moved to an analysis and reporting environment and when it is
moved. And SAS, as the traditional choice for analysis and reporting, has worked to integrate well with these new
technologies in order to promote more efficient data analysis.
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