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ABSTRACT 
STATPROBE, Inc., has developed a standard SAS" program­
ming system that has been used for a number of years to pro­
duce computer-generated reports for clinical trials. It is set up to 
maximize flexibility and efficiency during the oourse of report 
production for data analysis, whether the report is a basic clinical 
report, e report for a Data Safety Monitoring Board (oSMB), a 
new drug application (NoA), or integrated summaries of safety 
or efficacy (ISSlISE). 

The programming system consists of a generic macro library 
and a standard file structure that is created for each project. 
The standard file structure is organized hierarchically, allowing. 
support for multiple protocols and the opportunity to develop and 
store reusable program code. 

The final phase of development in this programming system 
consisted of classifying the computer-generated report specifi­
cations and creating a class library in SAS/AF corresponding to 
these classifications. The class IIbrery permitted the develop­
ment of a user interface, linked to a program generator, to auto­
mate and stendardlze the production of much of the program­
ming necessary to support a clinical report. This paper de­
scribes the class library and the program generator. 

INTRODUCTION 

Reports for clinical trials submitted to the Food and Drug Ad­
ministration contain appendixes, consisting of very typical kinds 
of computer-generated reports and analyses of data. A large 
portion of these computer-generated reports can be classified by 
scope and nature of the Information being reported. The data 
and programs to support clinical trials, although not standardized 
across the Industry, follow certain characteristic pattems that en­
able the production of a class library that will in tum support the 
production of computer-generated reports. 

Another factor to consider in the production of a set of computer­
generated tables is proiect timing. A program may go through 
several phases in Its life cycle, Including report specifications 
(table shells not populated with data), interim reports, and final 
reports. The phases of a given program can also be classified 
according to several levels of completion. 

One approach to implementing such a class library is to use 
standard macros. A macro library offers many advantages by 
allowing the reuse of standard segments of code to report and 
analyze data. In the SAS system, however, there Is no direct 
mechanism to associate macros and class entries In a SAS 
catalog. Therefore, to develop a true object-oriented clinical re­
porting system under SAS, It is desireble to augment standard 
macros with a SAS/AF class library, consisting of nondisplayed 
class entries that classify various types of programs. 

The development of the class library at 'STATPROBE was pre­
ceded by the development of a standard macro library and stan­
dard programming system that has been used to assist In the 
production of over 130 clinical reports over the past fiva years. 
The standard programming system is the foundation of the class 
library. The first section of this peper presents an overview of 
the standard programming system that was In production before 
the class library was developed. The next section describes the 
class library framework. Three sections then describe the com­
position of tha base classes. The next section discusses data 
structures that are assembled in an associated graphical user 
Interface and passed to the program generator. The final sec-
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tion briefly discusses a SAS/AF application that has been devel­
oped by STATPROBE to automate and standardize the produc­
tion of report specifications. Concluding remarks follow. 

STANDARD PROGRAMMING SYSTEM 

The standard programming system begins with the standard 
macro library, In which over 100 general-purpose macros are 
stored. These utility macros perform a wide spectrum of func­
tions. Some macros are completely generic in function and 
other macros are clinical in orientation. For example, there are 
macros that 

• Calculate age by a standard algorithm based on a birth date 
and an observation date. 

o Determine the existence of a data set or variable. 
o Perform cleanup functions by deleting temporary data sets. 
o Output a standard header for reports. 

Other macros produce more complicated output related to clini­
cal data, such as: 

o Summaries of adverse event and medication data. 
o Comparative analyses of efficacy data. 
o Categorical summaries of demographic data. 
o Area under the curve (AUe) calculations. 

The standard macro library Is an Integral component of a highly 
standardized and flexible programming system. The file struc­
ture is hierarchical and incorporates a client macro library and 
product macro library. A product may have multiple studies or 
protocols, each with an associated clinical database. The clini­
cal database is at the lowest level of the hierarchy, along with a 
project macro library, a project database, and a report program 
library. The hierarchy of the system Is Illustrated in diagram 1. 

Diagram 1. Macro library hierarchy 

The client macro library contains procedures that correspond to 
a customer's standards and are common to all projects for that 
customer. For example, a customer may have specific require­
ments regarding margins, fonts, and formatting of all computer­
generated reports. A set of macros to produce report headers 
and footers that conform to formatting requirements would be 
stored In the client macro library. 

The product macros contain procedures that are common to all 
studies for a product. Typically, different study databases for 
the same product have ove~apping characteristics. For exam­
ple, they often share data processing or manipulation opera­
tions. These operations would be embodied in macros stored in 
the product macro library. 



Finally, the program macro library contains more specialized 
macros. A macro may contain a study time point schedule 
specification or specific database edits for study data. 

The architecture of the system is an object-oriented approach of 
the macro implementation, allowing for Inheritance and overrid­
ing using the proper search order of directories in the 
SASAUTOS option. For example, there are standard macros to 
count denominators, assign treatment groups, and calculate 
study day. The system allows overriding of any of these macros 
at the client level, product level, or project level. This is a subtle 
but important feature, because databases designed according to 
the STATPROBE standard can use the most generic macros. 
Conversely, databases conforming to client standards can use 
macros that override the standard macros. Moreover, data­
bases for different products or projects of the same client may 
each conform to a different standard, so that the client macros 
must be overridden. 

The hierarchy of the system encourages the programmer to for­
mulate macros that are as generic as possible without sacrificing 
readability or maintainability. STATPROBE has used this sys­
tem to develop a comprehensive set of macros and techniques 
that promote efficiency in our projects. 

The programming structure and style used at STATPROBE is 
highly standardized. Most programs have common elements 
that can be abstracted into basic code segments. Diagram 2 il­
lustrates a typical program structure. 

Diagram 2. Standard program components 

This standard organization permits classification of programming 
elements. Each element corresponds to a code segment classi­
fication, and each element can be recursively reduced to a col­
lection of classified elements until the lowest order class, that of 
program statement, is reached. 

CLASS LIBRARY ARCHITECTURE 
Classes in SASIAF consist primarily of graphical objects or vis­
ual classes used to build a user interface. All class libraries dis­
cussed In this paper consist of nonvisual classes. Nonvisual 
classes are instantiated and used at run time. The simplest ex­
ample of a nonvisual class is the SASI AF object class. The 0b­
ject class is the parent for all other classes. 

A basic example of a nonvisual subclass Is the boolean class. 
The boolean class is the simplest example of an entry In 
STATPROBE's SAS/AF class libraries. It is part of a generic 
foundation library of classes used by applications. The boolean 
class a child of the object class. It has one additional instance 
variable called value, that has a default value of I, and three ad­
ditional methods described in table 1. The code for the boolean 
methods Is displayed in listing 1. 

Table 1. Methods for Boolean Class 
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GET_VALUE 
SET_VALUE 
TOGGLE 

Retrieves the value of the boolean object. 
Sets the value of the boolean Object. 
Toggles the value of the boolean object. 

gelvalue: 
Method val 8; 
val=value; 

Endmethod; 

selvalue: 
Method val 8; 

If valin (0,1) then 
value=val; 

Endmethod; 

toggle: 
Method; 
value = not value; 

Endmethod; 

ListIng 1. Methods for BOOLEAN class 

. 

A boolean object has many potential uses in a SAS/AF system. 
It Is commonly used to propagate a mode throughout an appli­
cation at run time. For example, a well-designed application will 
have a large volume of code integrated in the system to both 
debug and test the system. A developer can use boolean ob­
jects to track debug and test modes, altering modes as needed 
at run time. These debug objects can be Inserted into the global 
application list and are available during run time. 

SAS programs that report clinical data can be classified by type 
of program, such as listings, summaries, analyses, and graphs. 
Programs can be further classified by the type of data being re­
ported, such as demographics, adverse events, vital signs, and 
medications. Within each class of program, the type of data 
processing and program function can, to a large part, be catego­
rized. 

STATPROBE has developed a class library consisting of non­
visual classes to support the automatic generation of clinical 
programming. The class library has three constructs used as 
base classes. The three levels of classes are: 

• Program 
• Code segment 
• Statement 

Diagram 3 Illustrates \he organization of the class library. 

Diagram 3. Class library schematlzation 

A program object conSists of an ordered set of code segment 
objects, and a code segment object consists of an ordered set of 
statement objects. . 



A program object is responsible for input to and output from its 
associated physical file. It is also responsible for being aware 01 
its code segment objects and communicating data and com­
mands to them. A code segment object Is responsible for 
maintaining its statements and writing its statements to Its par­
ent program. A statement object corresponds to a SAS program 
statement and is responsible for writing its contents to Its parent 
code segment. 

A program Object Is Instantiated when the user interface passes 
data about the program to the program generator. The data for 
a program object are stored in a SCL list structure. The items of 
the SCL list are SCL lists with data corresponding to the various 
classes 01 code segments contained in the program. The SCL 
list for each code segment is a SCL list corresponding to code 
segments statements. The structure of the class library allows 
for parallel and independent development of the user Interface 
and the class library. Adding a new standard element to the 
global programming system stimulates the development of new 
classes in the class library, which In tum impels expansion of the 
user interface. 

PROGRAM CLASS 

The program class is the base class lor all types 01 SAS pro­
grams. The parent class for the program class is the SAS Ex­
temal File Class. The program class inherits all instance vari­
ables and methods from the external file class. 

STATPROBE's standard system includes these program cate­
gorias: 

• Listings 

• Summaries 
• Analyses 
• Graphs 
• Format library 

• Database generator 
• Ad hoc 

There are further classifications of programs based on the type 
of data being reported. With the exception of the ad hoc class, 
programs in each category have a similar design or program 
flow. 

Table 2 shows the instance variables for the program class. 
Two instance variables are needed for the parent class of all 
program classes: a file identifier, and an object list to track all of 
a program object's code segments. 

Table 2. Program Class Instance Variables 

File handle for the program physical file. 
List handle for the program code segments. 

Table 3 shows the methods in the program base class. The 
program methods take care of managing a program object's 
associated file and a program object's code segment objects. 
Listing 2 shows the code for the GET_FILENAME method. The 
method gets the first object in the program, which is a standard 
header containing the program file name. The file name is re­
tumed in the method parameter tn . 

. Listing 3 shows the WRITE_PROGRAM method. The method 
opens the program file, sends the message to each code seg­
ment to write Itself, and then closes the file. Subclasses of the 
program class add instance variables and methods as needed. 

94 

For the program class to be used, the following steps must oc­
cur sequentially: 

• Instantiate and setup a program object. 
• Set the data of the program object. 
• Tell the program object to write the associated program file. 

A data structure manifest as a SCL list must be constructed and 
used to set the data of a program object. The SCL list consists 
of named items that correspond to code segment objects. The 
code segment class Is described in the next section. The con­
struction of the SCL list is typically achieved by a user interface. 
The user interface collects user input relating to the content of 
the desired report and translates the Input into data stored In the 
SCL list. 

Table 3. Program Class Methods 

GET fiLENAME Retrieves the file speCification 
associated with the program object. 

GET_OBJECT Retrieves a files code segment 
object based on an IndElx. 

PROGRAM_CLOSE Closes the program object's 
associated file. 

PROGRAM_OPEN Opens the program object's 
associated file. 

READ_LINE Reads a text line from the program 
object's aSSOCiated file buffer. 

SETUP_FILE Associates a SAS filerel to the 
program object's asSOCiated file. 

SET_DATA Associates the data contained in an 
SCL list with the program Object's 
oblist instance variable. 

WRITE_LINE Writes a text line from the program 
object's associated file butler. 

WRITE_PROGRAM Writes the program object's code 
segments to the program Object's 
associated file butler. 

••• GET_FILENAME "'; 
GET_FN: 

Method fn $; 
call sendLselC,'GET_OBJECT',1,obid); 
If nameditem(getniteml(obid:DATA'), 

'FILENAME') then 
In=getnitemc(getnlteml(obid, 

'DATA'):FILENAME'); 
Endmethod; 

listing 2. GET_FILENAME method 

••• WRITE_PROGRAM "'; 
WPROGRAM: 

Method; 
call sendLselC,'PROGRAM_OPEN':O'); 
Do 1=1 to IIstJen(oblist); 
call send(getlteml(oblist,i):WRITE'); 

End; 
call sendLselC,'PROGRAM_CLOSE'); 

Endmethod; 

Listing 3. WRITE..PROGRAM method 

CODE SEGMENT CLASS 

The code segment class represents the high-level components 
of a program. A code segment object Is en ordered set of pro­
gram statements. Some examples of code segment classifica­
tions in a SAS program are 



Comment block 
• Macro definitions 
• Data procedures 
• Procedure blocks 

The code segment class provides the basis for these and other 
classified portions of SAS code. 

Table 4. Code Segment Class Instance Variables 

Table 4 shows the instance variables for the code segment 
class. The Instance variables for the base class include a SCl 
list of data for the code segment, a SCl list of data for the code 
segment statements, and a numeric Identifier for the parent pro­
gram object of the code segment. 

Table 5. Code Segment Class Methods 

SET_DATA 
SET_LINES 

Add a statement object to the code . 
segment object. 
Get the identifier for the code segment 
object'S parent program object. 
Set the data instance variable. 
Initialize the lines instance variable 
using input data. 
Set the program instance variable. 
Write the code segment to the parent 
program object's associated file. 
Write a blank line to the parent program 

associated file. 

Table 5 shows the methods for the base code segment class. 
The methods manage the code segment statements, manage 
the parent object identifier, and write the code segment to the 
parent program object's associated file. The methods allow the 
code segment to send and receive messages from the. parent 
program object. The set..program method allows an application 
to assign the parent program object to a code segment. The 
get..program method allows. a code segment object to retrieve 
the object identifier of the parent program object. The remaining 
methods are used by the parent program object to instruct the 

. code segment object to perform an action such as adding a 
statement or writing the program statements to an associated 
physical file. 

Listing 4 shows the ADD_LINE method. This method adds a 
statement object to a code segment object. The method Instan­
tiates a new statement object, assigns the parent code segment 
to the new statement object, sets the text of the statement ob­
ject, and finally tracks the line number of the statement. 

U* ADD_LINE ***; 
ADD_liNE: 

Method class $ line 8 optional= text $ indent 8; 
clid=loadclass('aaa.generate.'llclassll'.class'); 
obld=instance(cfid); 
call send(obld, 'SET_CODE' ,_sele); 
If text"=_blank_ then 
call send(obid,'SET TEXT',text,indent); 

95 

IInes=lnsertl(lines,obid,lIne,'LlNE'llIine); 
Endmethod; 

listing 4. ADD_LINE method 

The code segment class is used to construct a meaningful pro­
gram object. A nontrivial program object consists of an ordered 
list of objects derived from the code segment class. To use the 
code segment class, a program object reads the program data 
that a user interiace passes. These data contain the type of 
code segments that make up the program. For each element of 
data, the program Instantiates the proper code segment object 
and sets the data of the code segment object; then the code 
segment object is inserted into the program object's object list. 

STATEMENT CLASS 

The classification of SAS program statements is extensive and 
complicated because of the enormous size of the SAS system. 
This class library has the highest level of maintenance. Types of 
SAS statements include: 

• Include statements 
• Macro invocations 
• Comments 
• Data step statements 
• Set statements 
• Merge statements 
• Proc statements 

There are many other classes of SAS statements, too numerous 
to mention. The statement class is the base class for all SAS 
statement classes. Table 6 shows the instance variables for the 
base statement class. There are variables to identify the parent 
code segment, the maximum length of the statement text, and 
the text of the statement. 

Table 6. Statement Class Instance Variables 

linelen 

text 

An identifier for the statement object's 
parent code segment object. 
A numeric variable for the maximum 
character length of a program 
statement. 
The text of the statement 

Table 7 shows the methods for the base statement class. The 
methods set the parent code segment, statement text, and write 
the statement. 

Table 7. Statement Class Methods 

the method the statement class. 
statement object gets the identifier for the program object to 
which the statement belongs and then sends to the program the 
message to write the statement's text to the program. 

**- WRITE ***; 
WRITE: 

Method; 

-

call send(codesl:!g,'GET _PROGRAM',program); 



call send(program, WRITE_L1NE',text); 
Endmethod; 

listing 5. WRITE method 

The statement class is used by the code segment class. A code 
segment Is com'posed of an, ordered list of statements or lines. 
A line Is actually a type of statement object. When a program 
object's data are passed by a user interface, code segment ob­
jects are instantiated and, in tum, various types of statement 
objects are instantiated to constitute the code segment object. 

DATA STRUCTURE 

Each level of messaging between the various objects In this 
system Is trivial; however, the resulting data structure for a pro­
gram object can be quite complicated and cumbersome. Listing 
6 shows a portion of data that is collected by a user interface 
and passed to the program object via the seLdata method. The 
complete listing appears in appendix 1. This portion of the data 
defines the basic information in a program header. The list 
identified by address [9) is an embedded list of 'lines that de­
scribe the program purpose. The remainder of the list items are 
some of the standard documentation elements in STATPROBE 
programs. 

PHEADER=( 
CLlENT='ACME DRUGS' 
PROJECT='HEAL-ME-FAST' 
FILENAME='TEST1.SAS' 
CREATOR='CRH' 
PARENT ='NONE' ' 
INPUT='NONE' 
OUTPUT ='NONE' 
PURPOSE=( 
PURPOSEI ='Thls Is a test program' 
PURPOSE2='lt tests the program class and' 
PURPOSE3='1ts associated ftle.')[9) 

)[71 

Listing 6. List structure of program header data passed by a 
user Interfece 

The class entry for the program header class is pheader.class; 
thus the method that reads the data from the user Interface uses 
the name of a list item to determine which code segment class 
to instantiate. If the list item name does not correspond to a 
code segment class, then the program generator ignores the list 
item. Listing 7 shows the code segment object that is instanti­
ated from the user interface data in listing 5 and inserted In a 
program's object list. This is one code segment of a complete 
program object that is listed in appendix 2. The resulting pro­
gram appears in appendix 3. 
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OBJECT1=( 
_CLASS_=91 
DESC='Program header code segment class' 
DATA=( 

CLIENT ='ACME DRUGS' 
PROJECT ='HEAL-ME-FASr 
FILENAME='TESTi .sAS' 
CREATOR='CRH' 
PARENT ='NONE' 
INPUT ='NONE' 
OUTPUT ='NONE' 
PURPOSE=( PURPOSE1='This is a test program' 
PURPOSE2='lt tests the program class and' 
PURPOSE3='its associated flle.')[123) 

)[115) 

Listing 7. List structure of a program header object in a 
program object list 

AN APPLICATION 

STATPROBE has developed a SASIAF application, FERPS 
(front snd for developing Report frogram §.keletons,) that uses 
the program generator. The system is designed to support mUl­
tiple template libraries for several clients. The applicatiQn pro­
vides a GUI to design reports, thus eliminating the need for pro­
grammer intervention in the process of specification develop­
ment. Details of the system are described in Hamilton and 
Lester (1996). The system acts as a type of wizard, sequentially 
collecting the user requirements, allowing preview of the report 
output, and generating the underlying SAS program. 

CONCLUSION 

The nonvisual classes used In the program generator system 
allow the system to be independent of the user interface plat­
form. Currently a web-based user interface system is under de­
velopment to capture the report parameters, build the data 
structure, in~iate SAS on a server and pass program data to the 
program generator, and retrieve the report results in HTML for­
mat for display to the user. 
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APPENDIX 1 

Data Collected and Passed by User Interface 
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APPENDIX 2 

Data for a Program Object 
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Physical Specifications 
Project ID: ACME DRUGS HEAL·ME'FAST 
Program Name: TEsn,SAS 
Created: 
By: 

07/03/97 15:47 
CRH 

Derived From: NONE 
Input Data: NONE 
Output Data: NONE 
Operating Sys: WIN 
Language: SAS, version 6,12 

Logical Speoifioations 
Purpose: This is a test program 

It tests the program class and 
its associated file. 

Include external macro files 
%include 'H:\DATA\SAS\ACME\H001-002\HMF0102\HMF12PGM\ENVIRON,MAC'; 
%include 'H:\DATA\SAS\ACME\H001-002\HMF0102\HMFI2ML\LISTTOOL,MAC'; 

*** Retrieve report title and header information 
%Let pgmname=TEST1,SAS; 
%datapgm(&pgmnamel; 

Set the report oolumn widths 
%colwids(15,14,12,25,25,10,201; 

%Macro header; 
Put ~cl 'CENTER NUMBER' 

%Mend header; 

\!Macro colhead; 
Put \1I&c5 'DATE' 

%Mend 

~c7 'RELATIONSHIP' 
@&01 'TREATMENT ' 
@&02 'PATIENT' 
@&c3 'ADVERSE' 
@&C4 'ONSET DATE' 
~c5 'RESOLVED' 
~c7 'TO STUDY' 
@&cl 'GROUP' 
~c2 'NUMBER' 
~03 'EVENT' 
~c4 '(STUDY DAY)' 
\1I&c5 '(STUDY DAY)' 
@&c6 'SEVERITY' 
~c7 'DRUG' 
colhead; 

%Macro body; 
%Mend body; 

%Macro footer; 
Put @&cl '. SERIOUS ADVERSE EVENT' 

%Mend footer; 

%report(dsn=, 
sortvars=, 
header=header. 
subhead=colhead, 
body=body, 
foot=footer 
tblnum=I); 
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