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Chapter 4 

Getting Acquainted with the Software
Introduction to offerings of SAS Software for Clinical Programming
The SAS System developed by SAS Institute had its first release in 1976 which was referred to as the statistical analysis system.  During its early releases, it was a relatively small software package which provided statistical tools for performing regression or analysis of variance.  This was useful for many academics and industries but became particularly popular within the pharmaceutical industry.  
The SAS System is now no longer an acronym but has grown to have many different offerings which this chapter will explore.  There are modules which are used in other industries but tools which are used within the biopharmaceutical industry will be explored in greater detail.

Classic SAS
There has been an explosion of new software from SAS Institute within the last few years.  There are even new solutions developed specifically for the pharmaceutical industry such as SAS Drug Development or SAS Business Intelligence enterprise solutions.  Even though there are many new software solutions provided to work with the powerful computing ever changing computing environment, the core foundation of the base SAS system has remained.  The foundation class of software or commonly referred to as “base” SAS has its core based on the same programming language which Anthony Barr and James Goodnight developed in the seventies.  This “classic” version of the SAS system continues to function within the larger suite of offerings from SAS.  Even among the large array of new software, backward compatibility is maintained.  This means that the same SAS program that ran in the 1976 will execute in the latest versions of SAS.  All the new additions to the system work together as building blocks to meet the demands of the complex biopharmaceutical industry of today, but it is stayed true to its original humble beginnings in the classic version of SAS.
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The way SAS is most commonly used in the pharmaceutical industry is process SAS program to produce analysis files or reports.  This is accomplished by submitting the programs in either in batch or interactive mode.  The batch mode can be access through the operating system either through the command line or selecting the program from a file manager such was Windows Explorer within the Windows operating system.  In this case, the selection can be made through a menu by right mouse clicking on the program file.  The user can then choose several options from the menu including the ability to batch submit.

[image: image4.png]SAS Drug Development

Job Data
Editor Explorer i

Versioning Audit trails E-Sigs

SAS 9




The interactive mode presents the program in a “display manager” which displays the program in an editor with options to view the log and related output.  There are more options for interactive exploration of data and to perform ad hoc analysis with the use of the inactive SAS tools as compared to the batch method.  The engine which process the logic of the SAS program function as the core of the SAS system.  In either case of batch or interactive, both methods use the base SAS engine which compiles and executes the SAS logic stored in a script or program in a text file.  Although the newer Business Intelligence (BI) architecture augments this approach slightly and refers to the program as a stored process.  In the various ways that users interact with SAS, then program script remains the most common way that users store their business logic which then interacts with the SAS system.  

Within the base SAS System or Foundation SAS, there are two constructs that distinguishes SAS from most other programming languages.  This includes the data step and SAS procedures.  Data step is used to manipulate and transform the data from “source data” into a format used for analysis, also commonly referred to as an analysis files.  The SAS procedures or PROCs are used to perform analysis upon the datasets and generate reports.  These two constructs of the SAS programming language covers most of what is done to clinical trials data in preparation for a submission to regulatory agencies for the purpose of approving drug and medical devices.  SAS is also used in other areas of clinical research, but the majority of its usages is primarily within the area of data analysis for drug safety and efficacy.
Data Step for Clinical Data
The data step is a programming construct within the SAS system that makes it very suitable for data access, manipulation and transformation of clinical trials data.  It is the programming interface to relational data bases that store the source data.  The source data usually contains information captured through case report forms during the conduct of a clinical trail.

Diagram displaying case report form… datasets ( programs ( analysis files ( reports


The data step is processes the source data by means of merging or transposing the data into analysis files that can therefore be easily used to perform analysis.  For example, adverse event data is captured from a case report form containing adverse events that the subject experiences during the clinical trial.  These terms are also referred to as verbatim terms since it records exactly what the patient is experiencing.  These terms need to be transformed into a format that is more suitable for analysis.  A common occurrence is when a patient reports different terms things that have the same meaning such as “throbbing head pain” or “headache”.  When analysis is performed, these two verbatim terms needs to be coded or mapped to a single preferred term since they have the same meaning.  The process of matching of synonyms is also applied to names of drugs that the subject is taking.  For example, “acetaminophen” and “Tylenol” can mean the same thing but may have been recorded at different times.  The use of SAS data step is not limited to this but can be used to process of coding adverse events or drug names.  The following steps illustrates how this can be applied.
  

STEP 1: Input Dictionary Data
The first step is to build a thesaurus dictionary which can be used to look up different synonymous terms.  These dictionaries are available in their original format as ASCII files which SAS can read by performing a data step as shown in the following example:

	filename mp "\\sample\path\mp.txt";

*** Get the data from medicinal product (MP)***;
data MPpart;

   infile mp missover pad;

   label med_id="Medicinal Product ID" drgnum="Drug record number"
         seqnum1="Sequence number 1" seqnum2="Sequence number 2"
         generic="Generic" drugname="Drug name"  sourcode = "Source code";

   input @1 med_id 6. @7 drgnum 6. @13 seqnum1 2.
         @15 seqnum2 3. @18 generic $1.
         @19 drugname $80. @144 sourcode $3. ;

run;



STEP 2: Merge Data to Build Dictionary
After the source ASCII files are converted to SAS datasets, they are merged to then form the dictionary.   Each dictionary will have their own keys but this process will join the datasets by the specified key fields. The source data modules might contain a one to one relationship or it can have a one to many or even a many to many relationship. It is therefore important to gain a good understanding of the source dictionary structure in order to perform the correct join. In the following example, a one to many relationship join is performed as shown below:
	data THG_ATC;

   merge thg atc;

   by atccode;

run;

*** med_id is the rename of Medicinal Product ID ***;
data MPTHGATC;

   merge THG_ATC mp;

   by med_id;

run;


STEP 3: Finding Verbatim Mismatch
Once the dictionary has been established, you would then merge this with the source data to find a match between the verbatim terms.  This will identify if the verbatim term is a new unidentified term that can not be matched with any of the existing known set of synonymous terms.  If this is the case, a manual coding process needs to be applied for this unmatched term in order for it to be used in a meaningful analysis.  This can be applied with a data step merge is as follows:

	*** Merge the thesaurus dictionary with source data ***;
data match unmatch;

   merge aesource (in=A)

         thesdict (in=B);

   by verbatim;

   *** Determine matching condition ***;
   if (A) and (B) then output match;

   if (A) and not(B) then output unmatch;

run;




STEP 4: Code Manually
As identified in step 3, the terms that do not have exact matches will then have to be manually coded.  This can be accomplished through performing searches and generating reports pertaining to the data.  This process does require a good understanding of the clinical data that goes beyond the topic of applying a SAS data step.  However, once the clinical interpretation of associating a verbatim term with its associated preferred term has been made, you can use a data step to insert your matched term into the dictionary.  This will therefore build a knowledge base so that the next time you perform a merge as shown in the above example, the system will learn from the past.  The result from your merges will contain more matches between the verbatim terms and the thesaurus dictionaries.  An example of a manually coded insert is shown here:

	*** Capture the Information to be Added ***;
data addnew;

   length verbatim $200 soc $100 hlgt $100 hlt $100 mdrapref $100 llt $100 medcode 8
   soc_code 8 hlgt_code 8 hlt_code 8 llt_code 8 method $120
   status $80 usrname $8 datetime 8 note1-note5 $80;

   verbatim = "&verbatim";

   soc = "&soc";

   hlgt = "&hlgt";

   hlt = "&hlt";

   mdrapref = "&mdrapref";

   llt  = "&llt";

   medcode = &llt_code;

   soc_code = &soc_code;

   hlgt_code = &hlgt_code;

   hlt_code = &hlt_code;

   llt_code = &llt_code;

   pt_code = &pt_code;

   method = "Manual Map Search: &thesname (from:&source)";

   status = "&status";

   note1 = "&note1";

   note2 = "&note2";

   note3 = "&note3";

   note4 = "&note4";

   note5 = "&note5";

   usrname = "&usrname";

   datetime = datetime();                                                                                                                                                                                                                                                                

run;

*** Append to new thesaurus ***;
proc append base= thoutlib.&outdat

            new = addnew;

run;


The data step above illustrates how flexible and powerful SAS can be in performing data manipulation.  The flexibility however can lead to some challenges if it is not applied properly.  The SAS programming language is not as strongly “typed” as compared to other high level languages as C or Java.  This means that the variables are not strictly defined before it is used.  The first instance that SAS sees the variable being used as it compiles the program from the top of the program to the bottom, it will define the variable type and length at that moment.  You can explicitly define the variable type through the use of statements such as the length statement.  
length verbatim $200;
This example illustrates that if you define the variable first in the length statement such as having 200 characters, it will ensure that the variable has the correct attribute throughout the rest of the program.  

Once the attribute has been properly defined,  it can be use as defined or it can be parameterized through the use of a macro variable.  This can help in modularizing the program so it can be used in different ways.  An example of a macro variable assignment is shown here:

%let verbatim = headache;


The above example illustrates the simple of use of macro variables.  The macro variable is preceded with an ampersand (&) such as &verbatim.  The value of the macro variable is defined prior to the data step.  Once defined, the macro variable &verbatim will then resolve to “headache” for the rest of the program during the execution.  This method allows you to parameterize and make the assignment at one location while affecting the rest of the program in a standardized and modularized approach.

The example code also illustrates the use of SET or MERGE statements to combine datasets.  In addition to these statements, a SAS procedure such as PROC APPEND can be used to append two data sets together.  This procedure is more in that the two input datasets must have similar structure before it can be appended.  This can lead to greater data integrity.


STEP 5: Creating New Coded Dataset (Mapex)
The last step in the coding process is to create an updated dataset with the preferred adverse event or drug name term associated with the verbatim term.  An analysis can then be applied to the preferred term to draw meaningful statistical inferences.  This process is accomplished by merging the original source data against the dictionaries established in prior steps.  There are two types of thesaurus dictionaries including: “internal” and “external” dictionaries.  The external are dictionaries maintained by organizations such as MSSO (Maintenance and Support Services Organization) who manages the MedDRA dictionary.  Internal dictionaries on the other hand are those synonyms list that you create internally to your organization based upon manual coding steps as described in step 4.  When the original source data is merged with these dictionaries, the end result is a complete set of preferred term and associated codes for each verbatim term.

In the previous examples, SAS data steps are used to transform and manipulate data.  In addition to using the syntax of data step, SAS also support the standard query language of SQL.  In the following example, PROC SQL illustrates how merges can be used to perform the creation of the new “mapped” dataset.  In order to distinguish the source and newly created mapped dataset,  the dataset name has the letter X appended to original name so the processes is also referred to as applying a “mapex” to the data.
	Proc sql;

   *** Create a working dataset to manage internal dictionaries ***;
   create table work.curthes&i (keep=hlgt_code hlgt_name hlt_code hlt_name llt_code llt_name pt_code pt_name soc_code soc_name verbatim) as
   select * from &curdat

   (rename=(soc=soc_name

            hlgt=hlgt_name

            hlt=hlt_name

            llt=llt_name

            mdrapref=pt_name));

quit;

proc sql;

   *** Merge the dictionary with the source data ***;
   create table work.aex as
   select * from &thesrc left join work.mthes                                                                                                                                                                                                             

   on lowcase(&thesrc2.&varname) = lowcase(mthes.verbatim);

quit;


In this example, the source data and the internal dictionary is merged by the verbatim term.  The manual coding process had previously made a match between the verbatim term and the preferred terms.  This join will then bring in information from the newly created dictionary with the associated preferred terms.  Since the dictionary data contains all the associated hierarchy names and codes, the final resulting data also obtains all the variables that the user would need to perform analysis and reporting.  

Data transformation is a key step in working with clinical data.  The use of SAS data step is therefore essential in the manipulation of data in preparation for data analysis.  The five steps demonstrated in this section illustrates how the data can be acquired from external dictionaries stored as ASCII raw files.  Searches can therefore be easily applied to these datasets to find matches in order to determine synonymous preferred terms.  This is placed into a final mapped dataset “mapex” which contain both the original and resulting preferred terms used for analysis.  The examples illustrate a common task performed in the preparation of adverse event, concomitant and medical history data for safety statistical analysis.  The techniques described how the data step can be used to merge and manipulate data to accomplish the needed tasks.  The programming language of SAS is not very different from other programming languages such as SQL.  What makes this process unique is that the analyst who performs this task needs to combine the knowledge of both the programming techniques along with the correct clinical interpretation of the clinical data.  The clinical understanding of adverse event terminology and drug names is therefore paramount in making the correct interpretation when coding adverse event and drug name information.
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Getting to Know SAS Drug Development

SAS Drug Development
The base SAS described in the previous section uses the data step as part of the foundation or core of the SAS system.  In addition to the base, SAS has developed systems that functions on top of base such as the SAS Drug Development system to meet the requirements of the specific needs of biotech pharmaceutical industry.  The development of this software is driven by a combination of factors including user’s requirements, industry trends and regulatory developments.  In 2004, there was a slowdown in the drug development pipeline which was caused by several factors.  Genomics and related technologies did not live up to its full potential.  Many pharmaceutical companies merged forming large entities which in the end had fewer new drugs in development. Many companies were pursuing chronic diseases but this prove to be more difficult to study.  There were also increasing costs which decrease development.  In March of 2006, the FDA announced the critical path initiative which listed 76 points of “opportunities” in which companies can implement to increase their performance. Some of the points include:

· EDC – Electronic data capture which moves away from paper and toward capturing and managing information electronically
· Standards – the adoption of industry standards such as CDISC

· ESUB – Electronic submission to European Medicines Agencies (EMEA) and US Food and Drug Association (FDA)

· ASP – Adoption of Application Service Providers

These specific points affect and influence the direction of the development of the SAS Drug Development System.  The traditional role of SAS and how it is used for clinical research with the following diagram.


This process is being augmented by software solutions such as SAS Drug Development (SDD). SDD is focusing on providing capabilities such as:

· Compliant Platform - Validated development environment to facilitate research and development.

· Vertical Applications - There are solutions in SDD which can perform: loading, exploring, analyzing and reporting.

· Web Based ASP - The solution is a thin client implementation that can be accessed through the internet and is hosted on SAS Institute servers.

· Integration - SDD is an integrated solution that sits on top of SAS 9.
SDD resides on top of SAS version 9.


Write a SDD delivers methods of delivering SAS in order for the data to function within a compliant environment.  This is accomplished through the following features: audit trials, versioning, electronic signature, traceability and security. SDD delivers this functionality by providing a single common repository metadata database for all the SAS programs and related data. The access to any of the managed objects is therefore controlled and easily accessed through a web browser. 

The current release of SDD is 3.3. Some of the enhancements for this release have been designed to optimized performance.  In release 3.4, which will soon be released, has global language support. The next big release after that in 4.1 will have new capabilities win work flow and automation.  
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