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Chapter 5 

Data Management vs. Data Analysis
Definitions
Clinical Data Management and Analysis
Clinical data management and data analysis are the main two areas where SAS has been most widely used.  The SAS software has been implemented in other functional areas of clinical research such as gene sequencing or post market analysis, but it remains most entrenched in the data management and biostatistics research departments within many biotech and pharmaceutical companies.  SAS plays an even more significant role in the area of analysis and reporting within the biostatistics groups as compared to data management.  The reason for this is because SAS has distinctive statistical and analytical tools.  SAS is more known for its analytical strengths from its academic roots and because it has a large library of PROC or procedures that has made it one of the most comprehensive and powerful data analysis tools.  However, SAS also has strengths in data management with its unique scripting language utilizing the construct of a data step that sets it apart from all other analytical tools.  SAS can also utilize the standard query language SQL similar to many other relational database management systems such as Oracle or MS SQL Server.  In addition to SQL, it has its unique data step facility which allows it to perform data transformations suitable for the purpose of data analysis and data management.  The combination of strengths in these two areas makes it a unique and compelling solution even in organizations with existing clinical data management systems.  In these situations, SAS can still be used to perform many aspects of its data management tasks such as discrepancy management or the management of its controlled terminology.  This chapter will elaborate on the relationship of data management and data analysis to provide a clearer understanding of how these two seemingly distinct and separate functions are interconnected and served well by SAS technologies.
Data Management Background
On the critical path to getting data from the source investigator sites to an electronic submission, the data capture technologies and associated processes have a direct impact on the quality and accuracy of the data.  Data management may not be the main task and responsibility of a SAS user within a biostatistics department, but it can play a significant role.  An understanding of the process of data management is thus essential to becoming effective in the analysis and reporting of clinical trials.  Clinical Data Management or (CDM) is a functional group within an organization that is usually one of the first groups that is formed since it is needed early on in the conduct of a clinical trial.  This process starts out by capturing the data in case report form or CRF.  The development of EDC or electronic data capture systems is evolving and is having an effect on the process of capturing information more efficiently.  This section will first describe the traditional paper method and then provide an overview of the EDC approaches.  In the traditional method, the case report form or CRF is the legal document that captures all the information at the investigator site on physical paper.  The ultimate task of a data manager is to capture this information into an electronic form that would later be used in an analysis for a submission.  

The processing of this information is managed by a CDMS or a clinical data management system.  Double key is a traditional and well established method within the industry used to capture the information on paper CRFs and transcribe them into a relational data base.  Although this can be resource intensive, it ensures the accurate interpretation of the data.  As the data is being entered, the data values are evaluated for correctness through edit checks or discrepancy checks.  The discrepancy comes about from values being out of range.  This can be identified in double key data entry and followed by an algorithm that checks for conditions such as an evaluation of a valid range of WBC (white blood count) in a lab test.  An algorithm can be established to check for normal values ranging from 4,000 to 10,000 cells per micro liter of blood.  If the values fall outside this range, it would show up in the discrepancy report which needs resolution.  This simple example illustrates how the discrepancy management is an important step in the process of ensuring the integrity and accuracy of the data being captured.  There are many instances where the value entered from the source CRF is clear but can still be discrepant.  In this case, a query is then sent to the site to be clarified by the investigator.  The resolution of these queries will further ensure the integrity of the information captured.   Once all the information is captured, an interpretation or coding of the adverse events and drug names captured in medical history or concomitant medication are applied against standard dictionaries. This usually falls within the responsibility of the data management process as well. 

There are many commercial CDMS on the market to manage all the aspects of data management.   SAS has great strengths in the ability to manage data so it can also be used to manage these tasks.  Since the data is commonly converted to SAS for analysis after it is captured, some organizations prefer using SAS for data management so that the data captured will be in the format of its intended target.  Its strengths in data manipulation shine even in environments where an organization already has relational databases to capture the information.  SAS is traditionally used for analysis but can be used to process sophisticated edit checks or coding of its adverse and drug terms since the data managers do not have the right tools or skills to do this in the database.  Even though SAS is used primarily in the analysis of clinical data, many organizations also implement SAS in many if not all data management areas.  In addition to performing analysis, a SAS programmer would also play the role within data management since the two roles are interconnected.

Electronic Data Capture or EDC started out with technologies that allowed nurses, clinical data associates or other members at the clinical site to enter the data remotely in the late 1980s.  These technologies proved to expedite the process of capturing clinical data from the site and then deliver them to the sponsors with greater speed and accuracy as compared to the traditional paper method.  The process empowered nurses, physicians and other medical professionals with the ability to enter the information directly which provided more instant data discrepancy resolution since the edit checks could be applied during the entry point.  The initial EDC systems had some challenges in that there was inefficient hardware involved.  This process has improved with the development of thin client versions for ease of management and deployment.  EDC is still being updated as it is beginning to also deliver features of analysis and reporting that has traditionally been left to the SAS or biostatistics group.  EDC is also being affected by data standards established by organizations such as CDISC and HL7 to make the data more portable and compatible with regulatory agencies and for collaborating with contract research organizations (CRO).  

Data management used to be a very distinct and a separate function from analysis and reporting.  It is common for this to be in a separate department from the biostatistics and SAS programming group.  However, as technology and processes are evolving, it is proving to be more efficient for organizations to have these functional areas integrate and work together.  The use of SAS will therefore enter into areas of data management as data management systems also incorporate features of business intelligence.  This melding of function and technologies may be challenging for purists or those who function in companies with established and distinct department and functional groups, but ultimately, this will lead to a smoother process that result in data that are captured in a more standard manner with greater accuracy.
Analytics Interoperability with Data Management
The holistic approach to effectively work with clinical trials is to understand the interoperability between the process of capturing data and the analysis of the same data.  There are many aspects that are interrelated between these two processes.  Various aspects will appear throughout the conduct of clinical trials and during the study design that by applying an integrated approach can have the biggest impact on a successful clinical trial.  The key components that help optimize the structure and data capture process in the clinical trials become apparent and are revealed during the data analysis.
  Once the design is established correctly, the entire conduct of the study will be applied with greater efficiency to fully accomplish a meaningful statistical analysis according to intended study protocol.
There are many elements and considerations that go into designing a clinical study.  An evaluation of some of the elements from a dual perspective of data management and analysis is key.  The following steps describe these elements.
STEP 1: Randomization
In the design of clinical trials, one of the first steps is to assign specific subjects to specific treatment groups.  The goal is to select subjects with different demographic characteristics so that the comparisons can be made while deriving at conclusions without biases such as age, race or gender.  If you were to randomize or to randomly assign specified subjects that are over 60 years old in the placebo group, it would provide greater significant statistical correlation if you were to also have subjects with similar characteristics in the active treatment group.  You would need to have a large enough sample in your study design to derive at this statistical significance.  If you were to optimize the randomization algorithm, you can draw significant statistical inferences with relatively small sample sizes.  

The process of randomization is an example where the data management system can make the assignment so that the correct subjects can be managed and clinical information can be captured during the conduct of the study.  The function is therefore clearly a data management task but the design of the randomization involves statistical modeling that is very much in the realm of a biostastician and the use of analytics.  The design of the study will therefore involve a biostatician or SAS analyst developing a SAS program to create a randomization assignment.  The goal is to develop an assignment that results in statistically significant outcomes.   A successful execution of randomization therefore requires the best statistical model taking into consideration all the statistical factors of the study combined with the concise and efficient way to logistically make the assignments to the subject in order to capture the information into the data management system. 
STEP 2: Dose and Trial Arms
The randomization is also related to the treatment or dosage trial arms.  A very simple dosage assignment can consist of two treatment groups with the same dosage throughout the trial.  In some trials, however, there may be more complex variations.  There can be more than just two treatment arms.  There may be dosage escalation or decrease throughout varying periods which are referred to as epoch within the trial.  There may be groups of subjects that start in one trial arm and then cross over to another.  There are limitless amounts of variations in the dosage and trial arms assignments that a study can include.  Some of these scenarios can be born out of events of a trial or it could be by design.  In either case, it is important for members from the analytical team along with the data management team to work together.  In the above example, a particular trial arm design may seem very logical and provide statistical meaning to a biostatistician, but can be difficult to define in the data management system.  It can also be the case where the data manager defines a practical trial arm design for the purpose of data capture, but this defeats the purpose of drawing statistical meaning between the stratified treatment groups.  The synthesis of the requirements is required from both functional areas to result in a successful trial arm design.
STEP 3: Controlled Terminology
The definition of controlled terminology usually starts with the data management system with little input from the analysis group.  It is often when the data is being analyzed and reports are generated, that the issues and concerns about the controlled terminology arise.  It is difficult to change the definition of the controlled terms at this point since all the data has already been collected with the established structure.  A more proactive approach is to involve the team members responsible for producing the reports early in the design and establishment of the controlled terminology.  
Controlled terminology can take several forms.  In a simple example used to capture severity levels of an adverse event, the codes could be something like:

· I – Mild

· O – Moderate

· S - Severe
The letters can help the data manager associate the “S” in the Severe, the “O” in Moderate and the “I” in Mild.  From a reporting and analysis stand point, however, it may be more useful to have the coded values be:
· 1 – Mild

· 2 – Moderate

· 3 - Severe
In this case, the numerical values have a ranking order indicating that the value of “2” is larger than “1”, thus having more weight.  This ordinal classification of the numbers correlates to the relative position of the severity levels.  This becomes significant in the sorting of the data during reporting and analysis.  

The goal of the data manager is to have a way of collecting this information with a single coded value for efficiency rather than having to enter the entire associated text.  The single coded value however can have meaning from the perspective of analysis and reporting.  It therefore makes sense to involve the analytical team members in determining the controlled terminology schema.

There are other types of controlled terminologies beyond the coding of discrete values during data collections.  In the example of adverse events, the interpretation of the verbatim terms as they are coded to preferred terms can be implemented through the use of a dictionary such as MedDRA.  In a similar manner, the association between an ATC code to a drug name in concomitant drug data can be used with the WHO Drug dictionary.  The selection of the version of dictionary and the interpretation of this association at the global or study specific level can affect both the data manager and the biostatistician or SAS programmer.  

The labeling of variables can be used as the associated text that appears on the case report form.  The management of these labels is applied through a method of controlled terminologies.  The goal is to have one set of standard terms that can be associated with a coded form used within one data domain within one study or across projects.  The name of a variable label may also be useful for a data manager as it relates to what is displayed on a case report form or a data entry screen, but it can also be useful for a column label within a report in an electronic submission.  This illustrates how the use of variable labels as a controlled term can have multiple uses and therefore deserves the input from the different groups during the design and assignment of labels.

The three examples above including the coding of terms for data capture such as severity, the coding of terms through dictionaries such as MedDRA
 and WHO Drug and the management of variable labels illustrates the connectedness between data management and analysis.  The management of these terms affects both groups so it is more efficient to involve all members in the design and implementation of controlled terms. 

STEP 4: Case Report Form Design

The design and implementation of a case report form has a direct effect on the accuracy of the information collected at each site.  Since this is a paper process, there is high likelihood that the process would introduce a certain amount of error.  The design of the case report form is usually performed by data managers but there is input from many different associated team members since it can affect many different aspects of the conduct of a clinical trial.  It is designed in accordance to the protocol capturing the fields that has been specified in the database.  There is a direct correlation between every variable in the database and every entry placed on the case report form.  There may be additional fields in the database to manage the internal data but every item on the case report form will be captured and stored in the database.  The data captured on the case report form is then used as source data for the analysis and reporting. During the analysis, interpretation of the source variables from the CRF will be used to derive new conclusions.  A simple example is the derivation of age.  In this case, birthdates are used in comparison with the current date to derive at the age of the subject.  This can be successfully done if the original data collected on the case report form contains the following conditions.

1. Complete Information – The birth date or the current date needs to be filled out completely.  Sometimes this is missing or the information is partially filled out with only the month or year.  This lack of the complete date leads to difficulties in calculating an accurate age.

2. Accurate Information – In addition to having complete information, the values need to be accurate.  The slight misinterpretation of the year in a birthdate year can lead to an erroneous calculation for age.
3. Form Date – There can be multiple interpretations as to when the current date is.  An example could be the date entered when the subject first starts the study or it could be the current date that the demographic form is filled out that includes the recording of the birthdate.  The clarity of this definition can influence the accurate calculation of the age.

This simple example illustrates how a simple field on a case report form which a data manager defines to a case report form can have an impact on the derivation of variables used in analysis.  It is therefore important for the case report form to be designed to both optimize the capture of the information according to the protocol in an expedited manner from both the data management and analysis perspective.  This can be accomplished by involving the members from the biostatistics team who understand all the variables that are going to be derived.  This perspective adds to the design and optimizes the outcome for accurate derived variables used in analysis.
SAS Strengths in Data Management
The key components in successfully managing and analyzing clinical data lay both in software technologies along with optimized processes.  There are many aspects of data management that can greatly benefit from leveraging the tools and the processes from the analysis and reporting aspects of clinical trials.  SAS has some unique strengths that become apparent when dealing with both of these functional areas.  The development of randomization and assignment of treatment within a clinical study is operationally a data management task utilizing data management tools and resources to capture the correct dosing information.  However, in order to truly have an effective trial design with optimized randomization schedule and assignment of treatment groups relies on the insights and statistical modeling that can be accomplished by analysts and statisticians using SAS.  This will ultimately have a direct impact on the outcome of a successful or failed drug.  It is therefore imperative that the combination of data management and analytical disciplines are applied during the clinical trial design.  SAS software provides tools in statistical modeling which empowers the statistician and analyst to develop the most optimal randomization and treatment arm design.  The tools that SAS provides go beyond what is available in traditional data management systems.  The data exploration, statistical modeling and reporting strengths complement the data management system in the areas of study design.
While SAS strengths shine in the area of study design and statistical analysis, it also provides value in some traditional data management areas as well.  This is due to the fact that data that are analyzed using SAS and electronic submissions are developed optimally using SAS tools.  Data management systems therefore must deliver the final data in a format useful for the analytical team to accomplish an optimal work flow.  In the example of case report form design, the assignment of variable names to a specified field in the database is a data management process.  When the data manager designs these case report forms, it is prudent to implement the standard naming conventions such as CDISC and in accordance to the conventions of SAS.  The efficiencies gained by applying these standards will be substantial when the data is extracted from the DBMS for the purpose of analysis.  In a similar manner, controlled terminology has this dual purpose.  The initial purpose is to code distinct values for data entry.  The definition of controlled terms can lead to more accurate and efficient data entry but it also can be designed for optimal analysis.  The definition and management of controlled terminology is therefore much more effective if it is implemented by data management tools but utilizing the capabilities of SAS in order to optimize the analysis, reporting and electronic submission process.
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