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README

In clinical trials, biostatisticians spend time in the development of Statistical Analysis Plan (SAP). The SAP contains
mock-up shells for tables, figures and listings (TLF). The metadata provided by the mock shells in SAP/Shell documents
includes titles, subtitles, footnotes, comments and formatting details. Statistical programmers are tasked with transferring
this information from the mock-ups to an Excel file called table of content (TOC), which SASe programs use to generate
the final TFLs. Manual transfer of this metadata can be labor-intensive, and prone to errors. Both Shell document and
TOC are living documents, subject to changes over time. Several SAS users have developed Excel macro and others
SAS macro to facilitate the generation of TOC. This paper will demonstrate how to assemble and execute SAS macros
from a metadata table.

ABSTRACT

In the past, a Statistical Analysis Plan was written then parsed. The parsing algorithm is triggered by bookmarks for the
Title, Column Headers, Body, Footnote, Programmers Notes, and Biostatistician Notes. The parsed data was used to
make a program index text file to be used as input parameters to execute the plan. As the program index text file grew
larger, so did the need to save the index in a separate document. This document called the shared Shell is the focus for
our paper. The file type of the Shell document depends on the operating system and platform. The programming can be
“one off” and very specific. The SAP file needs to be converted to Rich Text Format before it's parsed. Unicode translation
constraints were prone to errors, and program testing required much iteration to resolve the issues.
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INTRODUCTION

Biostatisticians play a critical role in the design, conduct, and analysis of clinical trials. Mockup Shells is one of the
documents that biostatisticians develop that defines what tables, figures, and listings (TFL) are to be created by the
programmers for a study milestone. The metadata provided by the mock shells include titles, subtitles, footnotes,
comments and formatting details. Statistical programmers are tasked with transferring this metadata from the SAP to an
Excel file called TOC, which SAS programs read to generate the final TFLs. In this article, TOC and program index are
interchangeable. It can be an Excel document or a database table.

Both Shell document (standalone or part of SAP), owned by biostatisticians, and TOC, owned by statistical programmers,
are living documents, meaning they often get updated as needed over the time as study progresses. It is not unusual that
after a while, discrepancy start to build up between the two documents. Consequently, the TFLs generated by the
programmer may be deviating from what biostatisticians have wanted, which often frustrates both biostatisticians and
programmers.

This is why the TFLs TOC are first “Parsed” from reading the Statistical Analysis Plan. Normally this is done manually on
WINDOWS or UNIX, however a simulation of this activity is captured on the VISUAL BASIC Scripts seen below.

Here are the major objectives before we started the development:

Requirements are what you want the programs to do for you:

Quick and easy to create a new Shell document from template library

Quick and easy to create TOC from Shell document.

Quick and easy to create a Shell document from TOC

Quick and easy to keep Shell document and the corresponding TOC in sync
Have a complete change history

METHOD 1: ASSEMBLE SAS MACROS AND VISUAL BASIC SCRIPTS
This SAS Macro runs VISUAL Basic Script that opens MS WORD for the SAP document TFL part and selects it:

$let rc=%sysfunc(system(start winword)) ;
filename word DDE 'Winword|System';

WORD2Clipboard

data null ;
file word;
put '[FileOpen .Name = "' c:\users\sasdck\onedrive - sas\StatisticalAnalysisPlan.docx" '"]';

put "[EditSelectAll]"™;
put "[EditCopyl";

put '[FileClosel]';
run;

This SAS Macro runs VISUAL BASIC Script to launch EXCEL and Paste the contents of the SAP to clipboard :

%let rc=%sysfunc(system(start excel));

data null ;

file excel;

put '[Error(false)]'; Clipboard2EXCEL
put '[Paste]';

run;

This SAS Macro runs VISUAL BASIC Script to save TFL TOC to an .XLSX file:

data _null_; SAVE2EXCEL

put '[Error false)]';

put '[SAVE.AS(“c: \users\sasdck\onedrive - sas\ShareTOCExcel.xlsx")]"';
put '[Select Last.Cell()]"

put '[Copy]'

put '[Quit]’

run;



This SAS Macor runs VISUAL BASIC Script to add a library reference for the SAP TOC file to write a SAS Dataset:

WORD2SAS7bdat

$macro word2sas (in=, out=temp) ;
options noxwait noxsync;

%let rc=%sysfunc(system(start winword));

filename word DDE 'Winword|System';

data null ;

file word;

put '[FileOpen.Name = "' "g&in" '"]';
put "[EditSelectAll]"™;

put "[EditCopyl";

put '[FileClosel';

put '[AppMinimize]';

This SAS Macro runs VISUAL BASIC Script to write SAS data to an EXCEL spreadsheet:

%let rc=%sysfunc(system(start excel));
filename excel dde 'excel|system';
data null ;

file excel;

put '[error(false)]';

put '[paste]';

put '[SAVE.AS ("c:\users\sasdck\onedrive - sas\ShareTOCExcel.xlsx ")]';
put '[Select.Last.Cell()]"';

put '[Copy]';

put '[quit]';

run; SAS7bdat2EXCEL

This SAS Macro runs SAS CODE to IMPORT EXCEL spreadsheet to SAS Dataset and clear all flename references:

proc import out=&out datafile= c:\users\sasdck\onedrive - sas\ShareTOCExcel.xlsx "" replace;
getnames=no;

mixed=yes;

run;

filename fd "c:\users\sasdck\onedrive -
sas\ShareTOCExcel.xlsx ";

%let rc=%sysfunc (fdelete(£fd));

filename all clear;

EXCEL2SAS7bdat

data NULL ;
file List (sample3.1lst);
run;

%OUT2PDF (Dir=files,

Member=Macrolist,
LineSize=125,

PageSize=40) ;

Figure 2. Macro List on Excel Spreadsheet



MACRO LIST

After assembling your macros, they can be arranged in any order needed to meet the requirement. This data along with
parameters, and descriptions are kept on a file. This is considered metadata. Always save all your macros uniformly in
a study sub-directory. This makes processing the metadata easier because you only need to search one library
reference for your macro code. Even for the cases where there are different source code compilers.

Macro Name Compiler/Interpreter
WORD2Clipboard VISUAL BASIC
Clipboard2EXCEL VISUAL BASIC
Save2EXCEL VISUAL BASIC
WORD2SAS7bdat VISUAL BASIC
SAS7bdat2EXCEL VISUAL BASIC
EXCEL2SAS7bdat SAS

OUT2PDF SAS SYSTEM

Table 1. METADATA Columns 1 & 2
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METADATA TIP:

Always choose good names and NAME the OUTPUT and MACRO the same name. This
WORKS because they have a different Suffix. (e.g. .rtf or .sas)



MACRO EXECUTE

To demonstrate how to execute a list of macro programs we’ll be using Table Programs as shown on Display 1. This
list is generated from the output of the <DIR> statement under WINDOWS. The list is PIPED into a SAS dataset that
will be used as parameter inputs for the control macro “Read_Titles_Footnotte”. The data NULL _ step will step
through one observation at a time reading one parameter line to input into the control macro and executed.

Preparatory work is required before the control macro is called.

1. The OUTPUT Path must be established captured in a SAS Library Reference

2. The INPUT path must be specified in PARAMETER variables :wordPath and rtfPath

3. The REPORTS are named exactly as the SAS MACROS program that created the .RTF output
4. The SAS program input FILETYPE is .RTF and OUTPUT Filetype is SAS for this example.

Build from the METADATA pathname where the code is already saved. This code will assemble the program name from the interal tile of the output
and the suffix containing the compiler of interpreter type. This works for all kinds of macros: SAS, R, even Python”.

e For quality assurance we built the program name from the title on the report. This gives an internal metadata cross
check when the program is called for execution. Verifies the report title matches the external file name.

e The name of the Program is parsed from internal table name and the type of code file to be executed is parsed from
the directory list.

Libname output ‘F:\Study\Biostatistics\Documents’;

%let wordPath=C:\Study\Biostatistics\Analysis\Output\;
%let rtfPath=C:\Study\Biostatistics\Analysis\Output\;
$let filetype=.rtf;

Filename files pipe “dir ””&wordPath*&filetype”””;

Data Filelist;
Infile files lrecl=300 truncover;
Input line $200.;
Retain filelID;
If not index(line, “&filetype”) then delete;
Else fileID=1;
filename = strip(substr(line,39,40));
wordPathname="&wordPath” | |left (fileName) ;
rtfPathname="&rtfPath”||left (tranwrd(fileName, “&filetype”, “.rff”));
keep fileID fileName wordPathname rtfPathname line;

run;



%macro Read Title Footnote(rtfFile, fname, progNum);

Filename inrtf “&artfFile”;

Data rtf &progNum;
Infile inrtf lrecl=300 trunover;
Input string $200.;
Title = strip(scan(scan(string,1,”)”),2,”{%Y));
Run;
Data execute;
Length prgname $40 pnum 8;
Set rtf progNum end=last;

If substr(string,1,42)
in(“\pard\plain\intbl\sbl0\salO\gc\fl\fsle6e\cfl’);

outf = scan(“&fname”,1,’.7);

fsuffix = scan(“&fname”,-1,".");

If upcase (compress (substr (fsuffix,1,3),’” ‘)) eq ‘SAS’;

Else if upcase (compress (substr (fsuffix,1,3),’ ')) eq ‘R’;
Else if upcase(compress (substr (fsuffix,1,3),’ ')) eg ‘PY’;
Prgname =
strip(scan (“&fname”,1,’.")) ||’ .SAS’;

Keep pnum prgname;
Run;
Data null ;
rtf &progNum;
Call symput (‘prgname’,’'prgname’) ;
Run;
%$include “C:\Study\Biostatistics\Macros\&prgname”;

$mend;

Execute by building a macro execute statement for every observation on the Filelist

Data _null ;

Set Filelist;

Call execute
(‘%Read_Title_Footnote('‘||rtfPathname||’,’||fileName||’,’ ||£fileID|]|")");
Run;




%Read Title Footnote(rtfPathname,fileName, filelD) ;

Output 2. Output from a CREATE TABLE Statement

Output 1. fileList Metadata table

Execute by building a macro execute statement for every observation on the Filelist table. Notice the
“Metadata” column contains an EXECUTABLE SAS MACRO. The power of Metadata is to build
executable code data in the cell of an EXCEL spreadsheet call it from a control program. This is now
possible as the allowed number of characters on an EXCEL Cell has increased.



METHOD 2: USE SHELLTOC

Typically Shell document is a Word document. TOC is either Excel document or database table. ShellTOC is a Word
add-in, the prevailing method in managing Shell/SAP and TOC and streamlining the collaboration between

biostatisticians and programmers.

This is the technical diagram of the macro (Figure 3). Notice that both creation and synchronization actions are
bidirectional.

Sync Excel TOC

e

Database

Sync

TOC

Figure 3 Overview of the macro

QUICK PREPARATION OF SHELL DOCUMENT

Standardization is key to consistent and high quality of work. But maintaining a Shell Template Library in an
organization could significantly improve its standardization and operational efficiency.

SHELL TEMPLATE LIBRARY

It is important the requirement for a standard shell template be as less restrictive as possible.



i Table 14.3.2 Shifts from Baseline to End of Treatment for [Parameter] -
' Safety Population  «
S ——— B Body Texti@f|Level 2

End of Treatment Category

{ Parameter (Unit)

i visit Baseline

| Treatment category Low Normal High Total
{ Parameter 1 (Unit)

Group 1 (N = XX) Low XX (xx.%%) XX (XX.X%) XX (xx.X¥) xx (xx.X%)

Normal XX (XX.x%) XX (XX.x%) XX (xX.Xx%) XX (Xx.x%)

High AR (xx.x5) xX (xx.x%) xx (xx.x%) xx (xx.xh) ol Ob]ECt

Total xx (xx.x%) xx (xx.X3) xx (a0 xb) xx (xx.x%) o
Group 2 (N = XX) Low xx (xx.x%) XX (xx.x%) xx (xx.x%) xx (Xx.x%)

Normal XX (xx.x%) XX (Xx.%x%) XX (xx.x%) XX (xx.x%)

High %X (XX.x%) XX (xx.x%) ®xx (xx.x%) XX (%kx.x%)

Total XX (XX.X%) XX (RX.X%) XX (Xx.x%) XX (XX.Xx%)

! parameter 2 (Unit)
Etc.

Baseline = the last value prior to first dose of study drug. %

End of Treatment = the last available post-baseline assessment. 1

Note 1: Percentages are based on the number of subjects with at least one non-missing baseline and post-baseline value for %
the given parameter in the safety population of each treatment group. i oay ext

Programming notes: i

oy et . _
; dy Tex

Biostatistician notes: | Body Text

Figure 4 Standard shell template

To establish a shell template library was a lot of easier than we had expected. We collected and classified the existing
tables, figures, and listings and formatted them according to the standard (Figure 4). Together they form the library
that can be the asset of the company and be leveraged repeatedly.

SHELL DOCUMENT CREATION

With the shell template library, you can start a Word document and add selected shells from the library (Figure 5).
These shells can be customized once inserted to the document. It also allows adding additional shells via the traditional
ways: a) Create from scratch or b) copy/paste from other sources, as long as the format is congruent to the above
standard, which is not strict or complicated in anyway.

[] Insert to cursor Add

Repeats Template Name

0 Table 14.1.1.2 Analysis Sets.rtf &
Table 14.1.2.1 Demographics and Baseline Characteristics.rtf

Table 14.1.2.2.1 More Medical History.rtf

Table 14.1.3.2 Study Drug Dose Summary by Visit.rtf

Table 14.2.1.1 Summary of Change and Percent Change from Baseline to Week X in Lag Time.rtf
Table 14.2.1.10 Summary of Bone Mineral Density (gcm?2) from DXA.rtf

Table 14.2.3 Summary of Subjects with Mean Post Baseline Serum Sodium Levels Above X mgdL.rtf

Table 14.2.3.3 Summary of Bone Biomarker Parameters Over Time.rtf

Table 14.3.2 Shifts from baseline to End of Treatment for [Paramete].rtf

Table 14.3.2.7.1 Treatment-Emergent Laboratory Abnormalities - {Treatment Period}.rtf
Table 14.3.6.2.1 Renal Ultrasound Summary of Nephrolithiasis in Kidney.rtf

Figure 14.1.1.5 Sample Size.rtf

Figure 14.1.3 Subject Retention.rtf

Figure 14.1.4 Dose Over Time.rtf

gogooooooooood
o O O O 0O 0O O O 0o o o 9 o

Figure 5 Design of the user interface to add shells from STL



GENERATION OF TOC

Once the shell document is ready, biostatisticians may want to create a TOC for statistical programmers. By clicking
a button in the Word macro, a TOC that contains program index information is generated in seconds or minutes,
depending on the number of shell instances in the Shell document. The TOC could be in the form of Excel or
database table (Figure 6).

QR B
BPS  Excel Export

To Excel
Sync With

Figure 6 Generation of TOC

GENERATION OF EXCEL TOC

When the Shell document arrives at a good state, a biostatistician clicks the Export to Excel button (Figure 6) to
generate an Excel TOC. The Excel TOC accurately captures all the program index information.

GENERATION OF DATABASE TOC

When the Shell document arrives at a good state, a biostatistician clicks the Sync with BPS button (Figure 6), the
corresponding program index information will be extracted from Shell document and populated in the database table.
The advantages of using database to manage program index includes allowing multi- user concurrent editing and
ability to maintain additional audit history.

SYNC BETWEEN SHELL AND TOC

Despite being a macro, the algorithm for the synchronization is way more sophisticated than what we anticipated
once getting into the details. With so many scenarios to consider, the description of the algorithm itself could be of
length and it might be put it in a follow up pager from this.

The Sync is so powerful that it could successfully identify all changes made in both Shell document and TOC and
display them in a summary. The biostatistician or programmer can view the details of each change, add a comment,
and click a button to bring both documents back in harmony.

CHANGE HISTORY

A complete and objective audit trail can transform any argument between biostatisticians and statistical programmers
into harmony. The change history that ShellTOC produced has all the changes and the details of each change, including
what was changed (highlighted), when it was synced and the reason behind the change if applicable.

If ShellTOC is integrated with Biostatistical Programming Studio (BPS) database, all the changes are also captured in the
audit trail as well and multiple users can edit the TOC at the same time.



CONCLUSION
Method 1:

Allows the Bio-Statistician initial development of the of the Table Shell TOC directly from the Statistical Analysis
Plan including the planned Analysis for each table program specification. As thus, the Table Shell TOC doubles
as a parameter input file for running the analysis tables. By way of parsing both the SAP MS WORD document
and MS WORD .RTF file output from corresponding programs. The program routines are verified against analysis
specifications. When the output .rtf file is named the same as then analysis program we achieve a power way to
use the Table Shell TOC as Metadata.

Method 2:

In summary, ShellTOC is a breakthrough macro that brought us significant productivity boost, standardization, and
improved team collaboration. It

e Allows biostatisticians to quickly create a shell document from shell template library or other
resources;

o Allows biostatisticians or statistical programmers to programmatically create TOC from Shell
document quickly;

o Allows biostatisticians or statistical programmers to programmatically create a Shell document directly
from TOC;

e Allows biostatisticians or statistical programmers to identify discrepancies between Shell and TOC,
and bring the content of the two documents in congruent in minutes;

e Automatically logs complete change/version history;
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