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ABSTRACT
This paper describes a novel approach used to develop a patient
profile reporting application using Base SAS in the Windows NT
Operating System. A patient profile report is a display of the clinical
study data that is collected for an individual patient, organized by
time and data category. Patient profiles are often used to report
clinical study information to the FDA as part of a regulatory
submission.

The approach used was to publish the patient profile report as data
(to a SAS dataset), containing all of the appropriate titles, data,
footnotes and pagination information. This approach is significantly
different from using conventional reporting procedures or data null-
based reporting.

This paper discusses the development methodology employed in
this project, the patient profile report requirements and patient profile
application architecture.

INTRODUCTION
This discussion is divided into two sections. The first section
reviews the development methodology employed to product this
application; the second section reviews the application. Our
development methodology is based upon traditional waterfall
methodology. It is centered on a technical specification document
that contains detailed descriptions of the application workflow, data
structures and processing specifications.

The application target users are SAS programmers who produce
patient profile reports that can be different for every clinical study.
This requirement necessitated developing the application as a batch
process where the patient profile report can be easily and quickly
customized for each study. The approach used was to publish the
patient profile report as a SAS dataset, containing all of the
appropriate titles, data, footnotes and pagination information.

DEVELOPMENT METHODOLOGY
Our development methodology is based upon a traditional waterfall
methodology that is centered on a technical specification document.
The methodology is as follows:

�� The development team reviews report specifications from
client;

�� analysts write a technical specifications document;

�� the development team and client review the technical
specifications document;

�� developers build and test software modules;

�� development team reviews software modules;

�� update technical specifications document, team review of
technical specifications document and modify/test software
(cycle);

�� final testing of complete application.

The technical specifications document is a detailed description
of the application, it contains the following information listed below.

�� System Overview - A general functional overview of the
application, contains key features of the application, system
requirements and definitions of terms used in the document.

�� Application Workflow - A description of the application work
processing flow, contains a processing diagram and work flow
descriptions.

�� Data Structures - A detailed description of the data structures,
contains an overview of the data structures and the key
relationships. For each data file there is a detailed description
of the data structure (variable names, description, type, format,
default values), it use and relationship with procedures.

�� Application processing - A description of the application
processing, contains an overview of the application
architecture, procedures (in this case the procedures are
macros), global macro definitions and a sample program. For
each procedure (macro), there is a detailed description of the
input parameters (names, descriptions, defaults, values),
output parameters, data files, processing requirements and
processing specifications.

�� Application Testing - A description of the application testing
requirements, contains specifications and location of test data,
unit testing requirements and application-level testing
requirements.

The technical specification document for this simple application was
about 50 pages. For larger application in can easily grow to over 100
pages. This level of a detailed documentation forces the developers
to think-through the application before starting any coding.

REPORT REQUIREMENTS
The first four pages of a sample patient profile report are contained
in Attachment 1. This sample is not an exact specification for the
patient profile report, for each study the data being displayed can be
different. The requirements of the report and application are listed
below.

�� Use SAS 6.12 on MS Windows - due to the submission
requirements we not able to use SAS 8.1. Using SAS 8.1 with
ODS may have simplified some of the processing.

�� Execute in batch mode - the volume of data requires
processing for several hours at off-peak hours.

�� Create report as one patient per file or multiple patients per file
in ASCII and PDF format.

�� Page numbering by patient and overall.

�� Format report in a manner where it can be easily be
automatically bookmarked by patient and data domain.

�� Global, module-specific and patient-specific footnotes.

�� Complex column headers that wrap to several lines.

�� Continuous output with multiple data domains per page -
depending on the amount of data in a domain, the listing of the
data may wrap over multiple pages. Also, several domains may
fit on one page.

�� Allow customizing the display for each study - the titles, column
headings and data display requirements may be different for
each study.

APPLICATION ARCHITECTURE
The report requirements necessitated developing the application
where the patient profile report can be easily and quickly customized
for different studies. The approach used was to publish the patient
profile report as data (to a SAS dataset), containing all of the
appropriate titles, data, footnotes and pagination information. The
application consists of the component listed below.

�� Titles, footnotes and column header registration file - This
concept here is to separate the page formatting from the data
display. All of the titles, footnotes and column headers are
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registered to a file; this information is used when compiling the
report.

�� Patient-specific footnote registration file - this information can
be registered programmatically or manually.

�� Procedure to generate the data lines with appropriate wrapping
of data. Data lines are stored in a datasets, one dataset per
data domain.

�� Procedure to combine the page formatting information and data
lines and "print" to a single dataset. Uses the header
information to create the titles and footnotes that are present on
all pages. Creates the appropriate titles, data and footnotes for
each data domain. Performs the appropriate pagination to place
multiple CRF modules on one page or breaks a CRF module
over two or more pages. Produces the appropriate patient
page numbering.

�� Procedure to publish the final patient profile report. Create the
appropriate page numbering, prints one patient per file or
multiple patients per, converts the ASCII output to PDF.

CONCLUSION
In this paper we try to make two points. The first point is that we
used a development methodology that focuses the producing
complete specifications before starting any programming. This
method tends to increase the up-front analysis and documentation
time but greatly decreases the coding time. A large decrease in the
coding time can be attributed to little need for revisions of code to
specification change cycling. The reduction in coding effort
produces and equal reduction in the debugging and testing effort.

The second point is that we needed to develop an application where
the patient profile report can be easily and quickly customized for
different studies. This was accomplished by using an approach to
publish the patient profile report as SAS data. Separating the
production of report content from the page formatting and pagination
allows us to quickly add or modify data domains to a existing profile
and quickly create new profiles for completely different studies.

CONTACT INFORMATION
Your comments and questions are valued and encouraged. Contact
the author at:

Steve Light

DataCeutics Inc.

1610 Medical Drive,

Suite 208

Pottstown, PA 19464

Phone: 610-970-2333

Email: lights@dataceutics.com
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