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Chapter 6 

Visual Guide to Clinical Programming with SAS
Introductions
Visual Guide to Programming
Many user manuals and instructional books use extensive text as a way of communicating their ideas.  Although this can be useful for certain topics, a visual guide can be more effective to convey and teach many technical subjects and related processes.  The main purpose of user manuals is to simply be used.  It is therefore not written in prose as in a fiction novel.  Rather than verbose text, this chapter will present the essential steps needed to perform clinical data analysis through visual examples.  It will introduce each concept by showing an image of the task and then convey related instructions through bulleted or short sentences instructing the necessary steps.  This chapter is therefore intended to be used and not read.  The lesson learned can be quickly translated into useful applied methods rather than contemplated upon. 

The images and steps are presented in chronological order.  These are the common steps that a clinical analyst would take in analyzing and generating reports.  Whenever there are dependencies among the steps, it will present the header such as "Step 1" followed by the short instruction.  Most steps however can be applied on their own since the analyst would need to repeat these steps repeatedly for different input data for specified analysis.  You can therefore browse through any section that applies to what you are working on and use the visual cues along with the short text to perform the necessary tasks at hand.
Thumbnail Index
The process of performing data analysis and reporting follows a series of tasks.  Some tasks are performed multiple times and can be done out of order but the common work flow is described below.  This thumbnail view provides the essential steps taken to perform analysis.  
	[image: image2.png]Appendix C
Schedule of Study Events

ing  Treatment
Day 1

Medcal History X X
Physical Exam X X
Vita Signe X X X





	[image: image3.jpg]Home.
B se.sestbiat
B conmeds saethiat
Elemog.sas7oda:
I covite sestbeat
e ——
crugacin ses7bdet
crugterm.sas7odet
[Clekg.sas7bdat
Elexcisasmbdat
Cformats sastbeat

[
Estlood ssrbdt
Esresi.sastoit
e st
Elratre sestoit
Elohysex.sasbdat
[lokblood.sas7bdet
Eendom st
B cviowimsrodst
Elem et
vl costbdat

S
o7ke
esKe
25K8
ETS
L
esKe
9k8
sike
25k8
ke
25K8
E]
eske

2,705K8

177K8
145K8
417k
1121K8
K8
25ke
ES
a7k8

Type
SASTEDAT Fll
SASTEDAT File
SASTEDAT Flle
SASTEDAT File
SASTEDAT Fil
SASTEDAT File
SASTEDAT File
SASTEDAT Fll
SASTEDAT Fll
545 Catalog

SASTEDAT Flle
SASTEDAT File
SASTEDAT Fil
SASTEDAT File
SASTEDAT File
SASTEDAT Fll
SASTEDAT Fll
SASTEDAT File
SASTEDAT Flle
SASTEDAT File
SASTEDAT Fil
SASTEDAT File




	[image: image4.png]R L

1
12
13
14
15
16
17
18
19
20
21

AE
CONMEDS
DEMOG
DEVIATE
DOSING
DRUGADM
DRUGTERM
EKG

EXCL

INCL.
INVSIG
LABBLOOD
LABRESUL
MEDHX
DRUG
PHYSEX
PKBLOOD
RANDOM
REVIEW
TERM
VITALS

ADVERSE EVENTS
CONCOMITANT MEDICATIONS
DEMOGRAPHICS

EXEMPTION

STUDY MEDICATION

STUDY DRUG ADMINISTRATION
TERMINATION OF STUDY DRUG
EKG

EXCLUSION CRITERION
INCLUSION CRITERION
INVESTIGATOR'S SIGNATURE
LAB SPECIMEN COLLECTION
LABORATORY RESULTS
MEDICAL HISTORY

DRUGONE HCL ADMINISTRATION
PHYSICAL EXAMINATION

PK BLOOD SAMPLING
RANDOMIZATION

REVIEW OF INCL/EXCL CRITERION
TERMINATION OF STUDY

VITAL SIGNS

Data path: c:\my pathocation

CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS
CONTENTS




	[image: image5.png]‘The CONTENTS Procedure

TIiFe PrYSEX Observations 550
DATA Variables 2t
Ve Indexes 0

Tuesay, June 2¢, 2008 01120:48 Pl | Observation Length | ¢12|

Tussday, June 2¢, 2006 01:20:4 Pi | Deleted Observations| 0

Protection Compressed o
Data Set Type Sorted o
Label PHYSICAL EXAMNATION

Data Representation | WIDOV/S_32

Encoding Defaut





	[image: image6.png]} Summary Teble 14,11 - Subject ipositon and
Popution Al Randomized Subjects
, Summery Table 14.1.2 - Summary of Demographic

Parameters.

5 Summary Table 14,13 - Summary of Medical History
“Screening

4 Summary Table 13.1.4- Summary of Physical
Examination

5 Summery Table 14.3.1.1-Summry of Treatment
Emergent Adverse Events by System Organ Class.

& Summary Table 14.3.1.2 - Summary of Adverse.

Events by Severity





	Task 1
Schedule of Events
	Task 2
View Data
	Task 3
PROC CONTENTS Index
	Task 4
PROC CONTENTS Details
	Task 5
Table of Contents

	
	
	
	
	

	[image: image7.png]‘SubjectiD Subject Initals Rssessment
g Screening
DiLSUE. S DMVISIT
DEMOGRAPHICS.
DateofBith: ____/____/_______ DMBIRTHDT
TT WMWY YV Y
sex: [X] Male Female DM.SEX
Ethnicty: Hispanic or Latino ] Not Hispanic or Lato  DM.ETHNIC
Race: American Indian o Alaska Native
Asian
[ ®lack or African American DMRACE
Native Hawailan or Other Pacific Islander
[] whte





	[image: image8.png]12.3 Adverse Event and Safety Analysis

“The adverse evets collected from the case report form will be coded to prefered terms and
organ class (SOC) using the MedDRA dictionary. For each adverse eve

simple staistics such as frequency counts and percentazes will be calculated. This will be
stratified by treatment groups. Othe safety related information such as vita sizns, physical
examination and laboratory result will by statically compared against ts values af screeninz

assaciated syster

12.4 Sample Size

In order to statistical significance, \dy. The sample size was
Kept samall and i detemmined throwgh a statistical and clinical judament





	[image: image9.png]Sumary Table 1.2
Summary of Demographic Parameters

ote
Paranster statistic Population
e lyears)  NOT HISPANIC OR LATHNO =
Hean e
Sea. Dev. o
in e
Median o
Hax x
Raze Cancasian sxtnx)
Hispanic or Lavino e xh)
Heighe (inches)  NOT HISPANTC OR LATINO x
Hean ek
Sea. Dev. o
in -
Median ek
Hax -
Weighe (powds)  NOT HISPANTC OR LATINO x
Hean e
Sea. Dev. e
in x
Median .

Hax x





	[image: image10.png]P4 macro_listing.sas

% Macro to Generate all Data Listings +%;
“lsmacro listgen (data=,datlist=):
#%% Define the titles and foornote of all listings *7%;
titlel j=1 bold italic h=9pt f="Courier New” "sdatlist”;
footnote 3= h=9pt f="Courier New" "Final listings ssysdaces”
"Page *(thispage) of *(lastpage}”;

#%% Generate the Data Listings *7%;
proc report data = gdata nowindous COMPLETEROUS
style(report) =[frame=box rules=groups
horderwideh=0.25pt]
style header) =[font = ("Courier New",9pt,Bold]
foreground=hlack hackground=vhite]
style(columm) =(font =("Courier New”,9pt,HNedium)];
title;
footnote;
smend;





	[image: image11.png]A B c [ D | E B

1 1 Summary Table 1.1
2] ‘Summary of Demographic Parameters
[l
4| Parameter  Statistic Whole Population
(5 | Age (years) N 29.00/
6 Mean kT
izl Stdev 538
CH| Min 21.30
(9] Median 2980
0] Max 4520
1] Percentage
12| Sex Female il 0%
[13] Male 2 100%
14
15| Ethnicity  Hispanic or atino 8 333%
1B Not hispanic or latino 16 BBET%
17
18 |Source Data 1: demog age
19| Source Data 1: demog.sex
20 Source Data 1- demog.ethnic
21 |Source Data 2 exclfrom excil to excel 13
2

. o nmarize AT Rl |






	Task 6
Annotated CRF
	Task 7
Statistical Analysis Plan - SAP
	Task 8
Summary Tables Mockup
	Task 9
Listing and Tables Programming
	Task 10
Validation and Verification


Each step will be detailed with concise description and tips on how you would perform each task.  The information is intended to be scanned for nuggets of information such as a Google search result rather than read continuously as in a novel.



task 1 – Schedule of Events
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task 2 - View Data
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task 3 - PROC CONTENTS Index
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task 4 - pROC CONTENTS Details
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task 5 - Table of Contents Data Listing and Summary Tables
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task 6 - Annotated CRF
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task 7 - Statistical Analysis Plan – SAP
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 task 8 - Summary tables mockups
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task 9 - Data Listings Macro Programming
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#%% Generate the Data Listings *7%;
proc report data = gdata nowindous COMPLETEROUS
style(report) =[frame=box rules=groups
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Generate Summary Tables

Step 1 - Header Comments
[image: image22.png]#%%  PROGRAN: t_serel.sas
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Step 2 - Define Libraries and Options

[image: image23.png]#%% Define the library for the input data *o%;
Libname indata "..\data”;

#%% Define format path location %
indata) ;

options frcsearc
slet studyday

#%% Define reporting options *¥t:

options topmarginelin leftmargin=o.5in
rightwargin=0.5in bottomargin = 1in;

options 1s=256 nodate nomuxber papersize=id
orientation=landscape;






Step 3 - Data Transformation


[image: image24.png]#7% Read in dosing data *7%:
data drug (kee
set indata.drugadm:

subject studyday group drgstden drugtm):

#7% Sort dosing by subject, grouping and study day TT%:
proc sort data = dru
by supject group studyday:

#%% Transpose horizontal to vertical for analysis *77:
proc transpose data=drug out=flipdt;

by supject group:

id studyday;

var drgstden;




Step 4 - Generating Summary Statistics 
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task 10 - verification and validation



Step 1 - Review Output
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Step 2 - Summarize in Excel
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Step 3 - Source Data in Excel
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Step 4 - Calculate Statistics
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Step 5 - Resolve Deviations
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Step 6 - Validation Summary
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Conclusion
Becoming an effective clinical analyst requires a diverse set of skills.  You need acuity and attention to detail when working with large sets of data and related program output.  A good strategy for managing all these details is to create table of contents or indexes.  This is accomplished through the generation of TOC, or PROC CONTENTS.  You would also need to gain a good clinical understanding of a clinical study.  This is obtained through the review of the study protocol and related information such as statistical analysis plan and schedule of events.  You then need to have a good understanding of the relationship between the reports being generated through the mockups and related source data.  After all the reports are generated, you would also need the tenacity to meticulously review and resolve deviation from resulting from the validation of reports.  This can be a laborious step but is essential for the accuracy and integrity for generating the reports.  

There are many different user manuals and approaches towards teaching or describing the steps for performing clinical analysis.  Some approaches lean towards technical programming while others emphasize the understanding of clinical data and processes.  The approach of this chapter spans across these areas but presents it in a visual format for you to quickly navigate to what you need and perform the task effectively.
Horizontal Art placement





�Summary Matrix - A table or matrix is used to document all deviations and their status such as resolution and date of resolution.








Document Deviations - A summary of all deviations is documented.  This includes reference to which table and what the issue was.  


Resolve Deviations - A resolution of all deviations are applied and the verification is applied once again to ensure the results are correct.








Calculate with Formulas


Summary Preparations - Create a new work sheet named "Calculate" where all the calculations are being performed.  Paste the statistical headers used in the analysis such as: N, Mean, Stdev, etc...  Paste the corresponding data needed from the "Database" worksheet.


Calculate Formulas - For each statistics, generate the same summary statistics using Excel formulas.  In this example, the standard deviation function STDEV was used to achieve the same results.


High Light Results - Highlight all the results in yellow for ease of review.


Link Results - Hyperlink each summary statistics from the main "Summarize" statistics to the specific calculated cell on the "Calculate" for confirmation and calculations.





Prepare Source for Verification


Database Worksheet - Create a separate worksheet and name it "Database" to store all source data used in the summary.  This is shown as a second tab in the spreadsheet.


Capture Source Data - Cut and paste the data directly from data viewer such as SAS Viewer into this spreadsheet.  


Hyper linking - Create local hyperlinks from the main summary worksheet as listed at the bottom to the specific column cell.  In this example, the "Source Data 1: demog.sex" is linked to the C1 cell for the "sex" column. 








Duplicate Summary 


Titles and Headers - Cut and paste the same report title and header information from the SAS report into Excel in a similar layout as the report.  


Source Data - Make a list of all source data that is used in generating the numbers.  Hyperlinks will be created to link to the "Calculate" worksheet which will contain source data.


Summary Statistics - The calculated numbers will be derived from reading the source data and calculate the statistics using formulas within Excel.





�Spreadsheet Verification Approach�The goal of this verification is to generate all the same summary statistics through an independent method with the same source data.  The use of MS Excel is just one example of many different methods used in performing verification.  The layout of the report is not significant but the similar header and label are displayed for easy cross referencing.  The summary is organized in the initial "Summarize" worksheet with the source data stored in the "Database" worksheet.  The summary formula is then placed in the "Calculate" worksheet as seen in the lower tabs.








Review Suggestions 


CRF and Label - The titles and headers in the report can be matched against the source data variable labels and case report form (CRF) labels.  


Text Search - Rather than eyeballing and visually searching, apply search through PROC CONTENTS or CRF to find the matching labels.








Verification Components


Identify Data Sources - Determine what input data sources and which related variables are used to generate the report by reviewing the title of the report and the header labels.


Identify Statistical - The numbers in the body of the report indicate the statistics that were used.  By reviewing the format such as n (n.nn%), you can determine that there is a frequency count and percentage against the whole population.





Validation of the resulting report is an essential part of ensuring that the analysis is done correctly retaining the integrity of the data and fulfilling regulatory requirements.  There are many different types of validation with varying levels of complexity and formality.  The amount of effort is driven by the level of risk associated with possible error in the report.  A common method of verification is to independently produce the same results from the same source data by an independent verification analyst.  The method of producing the report needs to be different and independent from the original SAS program.  In this example, MS Excel is used rather than SAS.�





Summary Tips


Temporary Datasets - Output statistics from SAS statistical procedures are generated in the SAS output files or as an optional temporary SAS dataset.  It is recommended that a data set is created with a meaningful descriptive name and label.  This can be used for other parts of the analysis and report. 


BASE PROCS - Some SAS procedures in the SAS Base module can perform many of the common statistical analysis.  If the same statistics can be generated from SAS Base procedure as compared to SAS/STAT or other modules, use the one from Base SAS.  This keeps it simple and portable.


Comment Procedure - Statistical models can be complex and therefore require explanation.  Detailed comments for this analysis clarify the analysis and can be used again in the final data definition documentation (DEFINE.XML).





Summary Statistics �The summary statistics are computed against the source data after it has been transformed into a format that is suitable for analysis.








Transformation Tips


Analysis Files - If the transformation logic can be used more than once in the same or other reports, create a separate analysis file.  This dataset can be stored as an external file for use as input to other programs.  


ADaM Guidelines - Whenever possible, use suggested CDISC guidelines for ADaM imputation, controlled terminology and analysis algorithms.


SAS PROCs - If there are existing SAS PROCs to perform the manipulations, use that as opposed to customized complex algorithms or sophisticated macro logic.








Data Transformation�Source datasets need to be manipulated or transformed in preparation for analysis.  This can involve many types of transformation including sorting, sub setting, transposing, coding values, and changing attributes.








Options Tips


Comments - All options or any programming segment deserves clarification and is described through a short comment in concise English.


Relative Paths - Whenever possible, use relative paths for referencing external files so the programs are more portable.








Options Definition�General options for the report such as location of source data libraries are one of the first things that are defined.  This can be defined separately in an autoexec or at the top of the program.  The options can pertain to input data, output report and other internal options to the SAS program.











Tips


Standardize - For all the programs within one study, use a template header comment and then update the contents for each program.  This consistently captures necessary information.


Update Regularly - If the program is modified, update the header to accurately reflect the change control.





Header�Comments at the top of the SAS program, which are also referred to as a program header, document the program used to generate summary reports.     








Listings Tips


Automate Macro - Rather than writing a program for each data listing, parameterize the differences among the listings and automate through a macro.


ODS PROC REPORT - For the ease of programming and flexibility for output formats, the combination of ODS and PROC REPORT can create most listings in various formats such as PDF and RTF.


Titles and Footnotes - Cut and paste titles and footnotes directly from TOC, SAP or other sources for consistency and accuracy.








Data Listings Macro�Data listings can be programmed as either a SAS macro or a stand alone program.  It does very little statistical analysis but rather lists all the source data.  The formatting and layout of the listings is not as significant compared to summary tables as long as values are clearly displayed.


   








Usage Tips


Design Communication - This does not have to be set in stone but can be a communication tool between statistician and programmer during design stages.  In this phase, updates can be applied until it accurately reflects the statistical plan or protocol.


Cut and Paste - To prevent typos and related report layout errors, titles, subtitles and other text can be cut and pasted directly from the mockup to the SAS programs.


Layout Format - The layout of text and format of statistical summary can be fully explored with the mockup prior to the final report.  The mockup is not exact but provides a good set of guidelines.


Use Prior Reports - Use the first page of prior reports from similar studies and replace "x" for existing numbers to create new mockups.





Mockup Description�Mockup is a draft version of what the summary tables would look like prior to its creation.  Before any programming is performed, a statistician or senior analyst would design what the tables would look like mocking it up with "x" representing the final summarized numbers.  This is useful for communicating report specification between the statistician and SAS programmer.   








Usage Tips   


Early Review - It is recommended that you review the SAP to gain a complete picture of all the analysis prior to developing SAS programs.  The holistic perspective enables a more consistent and accurate analysis.  


SAS Stat PROC - Each statistical model are applied using a SAS procedure.  After a complete review, specific SAS PROCs can be identified for each statistical analysis. 


.








SAP Description�The SAP is a document authored by the biostatistician for the purpose of describing the statistical methods used in the analysis.  It is commonly used as a communication tool between the statistician and the clinical programmer analyst.  It details the type of statistical models in the summary reports.


 








Usage Tips   


Variable Meaning - The variables names by themselves do not give a full picture of the meaning of the variables.  The association between the labels and variable placement provides a visual connection to how it was collected.


Searching - If the annotated CRFs were created in PDF with original source, you can search for text of variable names and labels within the CRF. 


Format and Codes - The check box labels provided such as date or list of terms in the race variable can clarify coded terms or format of data collection.








Annotated CRF Description�Annotated case report form is a blank form with variable names annotated to help identify how the variables in the source variables correspond to what is captured in the database.  This provides a visual description of how the data is collected at the clinical site.  








Usage Tips 


List Early - Create the TOC early in the process even before the programming to manage the development. 


Status Management - Additional columns can be added to describe the status to track the development. 


Assignments - If multiple team members are assigned, the user name can be added as an additional column to the right of the specified report to manage the development effort. 


Name Consistency - Verify the titles of the report within the TOC against those defined in the SAP and the corresponding title of the report to ensure consistency and accuracy. � 


.








Navigate with TOC�An index is essential in the management and organization of data listings, summary tables and graphs.  This list is a management tool for all the reports that need to be programmed during development.  It is also a communication tool when the status column is used to manage development efforts. 








Usage Tips


Finding Variables - When searching for variable attributes, perform a text search function within the viewer rather than just visually scanning.


Identify Analysis Variables - Identify specific variables used in analysis for target summary tables.


Matching Variables - Match variables against those in annotated case report form and statistical analysis plans to gain greater understanding.


Identify Keys - Review the “Sorted” attributes help in indentifying sorted variables used as keys for optimal merges.


Type Analysis - Review the type attribute to determine if the variable is a categorical or continuous variable for proper analysis. 





Dataset and Variable Attributes�The attributes in this report provide the analyst with the information needed to integrate the source data into analysis and reporting programs.  When searching for a particular variable, this report is the definitive list since it also provides the most comprehensive set of the metadata.





Usage Tips


Identifying Datasets - Match up the names of the datasets and labels with those in the annotated case report form for a clearer picture.


Navigation - Use hyperlinks and text search tools within the browser to find a particular dataset and related attributes.    


.








Contents List Descriptions�A list of all the datasets sorted alphabetically with links to the PROC CONTENTS provides an index to the data.  A counter is useful to quantify the total number of datasets you have.   The key information includes:


Dataset Name


Dataset Label


Dataset Path Location 


SAS ODS in used to generate HTML style output for ease of navigation.  CDISC Builder™ is used to automate the creation of hyperlinked index.








Explorer List of Data�Quantify all the data that you have collected from your case report form.  The initial view contains all the source files in SAS dataset format along with any associated SAS format catalog as listed by the operating system.  This is an example from Windows explorer.





Usage Tips


Sorting Attributes - Sort the list by specific attribute such as last date modified or size in order to find the latest or the largest files.








Datasets Information 


Number of Datasets - A typical clinical study can have between 15 to 50 datasets.


Number of Variables - An average dataset has between 20 to 40 variables.


Common Keys - It is common for study identifications and unique subject ID to be keys of most datasets.  








Usage Tips


Essential Review - This is an essential table to review prior to performing analysis and during SAS programming.  It presents when events occur in the trial and how it relates to the data.  This allows you to catch study deviation from missed events.


Duration - When calculating changes between events or duration of time, the exact form dates are used but the schedule provides a good overview.  It allows you to catch outliers if a range falls outside the schedule time.  This is also useful for survival analysis where duration is an essential analysis component.








Schedule Events Description�The entire schedule of the clinical trial is mapped out in the schedule of events. This provides a bird’s eye view of all the events in their relative time points.  This is very useful for the derivation of duration or other time related analysis.  The schedule of events is commonly found inside the study protocol.


 




















