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ABSTRACT 
 
Traditional programming practices lock vital metadata away within the code. Once this happens, even within macros, 

it is very difficult to recycle this efficiently and automation is lost. Keeping the metadata distinct from the codebase 

allows smart metadata management within and across studies. 
 

This paper looks at a journey starting in an Excel driven process, similar to CDISC 360 TFL proof of concept, and 

how this evolved into a user interface to provide ultimate flexibility for building TFLs. By combining the modularised 

CDISC 360 approach with a modern web application, we can overcome some of the limitations with excel storage 

and manage the required metadata much more efficiently.  

 

Using enriched TFL metadata, we can write open code TFL programs capable of generating most study CSR 

outputs.  

INTRODUCTION  
 

The CDISC 360 initiative [1] is aimed at “implementing standards as linked metadata with a conceptual foundation 

providing the additional semantics needed to support metadata driven automation across the end-to-end clinical 
research data lifecycle.” 

 

While CDISC 360 looks across SDTM, ADaM and TFL generation, this paper will concentrate on the TFL creation 

aspect. 

 

To enable automation, we must understand the building blocks that make up each output; below is an example of 

breaking this metadata down. Once TFL components are modularised, a section can easily be added, removed, 

updated as needed based on the given study TFL mock shells.  

 

 

 

The example above is part of the CDISC 360 proof of concept and shows the breakdown of metadata in Excel. This 

is also where we started the journey before moving into a web-based tool. 
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METADATA MANAGEMENT 
 
PROOF OF CONCEPT 

 

After walking through our own proof of concept with some hardcoded metadata to create some simple TFLs, it was 

clear that a process built on Excel tabs was not sustainable. Excel is an intuitive medium that everyone can easily 

use and understand but is limited in the world of metadata management. 

 

For a pharmaceutical company with many ongoing studies in the drug development lifecycle, having standard TFL 

shells would be normal practice to try and streamline internal processes. This not only ensures consistency at the 

TFL review stage but also filters backwards through ADaM and SDTM standards and even the database design 

stage. Throw in different therapeutic areas and their particular needs, managing TFL standards is a real challenge. 

Now imagine a Clinical Research Organisation trying to manage not only their own internal standards but also using 

and consuming X number of sponsor standards.  
 

With a background against ever changing standards, it was clear that metadata management would need to be 

equally dynamic to meet requirements. A decision was made to develop a web-application to support the TFL 

automation process. 

 
WEB APPLICATION  

 

There are many good reasons to develop a web application for TFL automation but the primary one was around the 

user experience. Having the ability to build outputs in the system and customise as required meant working with an 
intuitive user interface. This would also allow logical separation within different screens of the various metadata 

components.  

 

The application also provides security, scalability and robust metadata management. Users can be assigned 

credentials which can be associated at the study level, with administrative rights held for developers and super users. 

The database ensures metadata management at client and study level and templates we apply for each output. 

 

Below is a high-level overview of the application components. Internally the tool is called REPIT and this is used 

throughout the rest of the paper: 

 

 

 

PROCESS WORKFLOW 
 

It is useful to look at the bigger picture of the CDISC 360 TFL Automation proof of concept workflow in Figure 1 and 

compare with our current workflow in Figure 2. The workflows are broadly similar where an application is processing 

TFL metadata in some format to produce SAS programs and an ADaM define.xml, both using the concept of 

templates in the process. 

 

One of the questions we asked during development was, “What should be the starting point for the tool. Is it TFL 

shells? Is it Analysis Results Metadata (ARM)? Or does it matter?” The Study Shells annotated with required ADaM 

metadata and the ARM should reflect much of the same information and there should be a pathway between the two. 

The ARM can certainly be the driver but thought must be given to how this is generated to begin with and how fast 
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that can be achieved. Other factors to consider would be standardization of shells, however, this would look quite 

different between a pharmaceutical company and a CRO. 

 

We have found that starting from the Study Shells and building the TFL in the application and storing the metadata 

against a given template, we can export that metadata in the form of ARM. With that metadata stored against the 

template ID, building the output becomes a one-time operation. The concept of templates is key in the whole process 

and covered more in the Output Templates section. 

 

In our workflow in Figure 2, the dashed lines are current development points. There is some compliance checking 

against the ADaM data but more useful is checking against ADaM Define.xml or even feeding into the Define / 
Specification creation process. If you have a standard library of Shells with ADaM metadata associated, this can feed 

into the specification process and avoid ADaMs – TFLs becoming out of sync. 

 

 

Figure 1: CDISC 360 TFL Automation proof of concept workflow. 

 

 

 

 

Figure 2 REPIT TFL Automation workflow. 



 

4 

 

USER INTERFACE 

TFL COMPONENTS 

To control the final output display, we need control over the individual components as given in the CDISC 360 

breakdown below. This is the CDISC Analysis Results Metadata v1 with Extensions [1] required to create the final 

output. We will look in the next few sections how these are controlled from the User Interface. 

 

 

 

TREATMENT GROUPS 

The ‘Treatment Groups’ tab is a centralised location where we can store all the treatment group information required 

for a study. These can be defined for a study population and are easy to edit on a per study basis for relevant 
ordering of treatment, the treatment label and the ADSL where clause applicable. The number of groups applicable to 

a population can be altered and the outputs will be auto-sized to produce a constant width and central alignment of 

statistics. 
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Our outputs are stored in a central online tracking document which is linked to the REPIT tool. Each output has an 
associated population (containing the ADSL population flag) which is matched with the Group Label to automatically 

assign the relevant population metadata per output.   

 

 

 

A huge benefit to storing the treatment group information in a centralised location like this, is that any updates 

required for the treatment groups can be made in this one location, and then automatically applied to all the outputs. 

 

When creating/editing the metadata for a specific output within the user interface, the user is able to select a 
treatment group and then choose how they want the treatment columns to look. Here’s an example (using dummy 

data) showing what an output produced by REPIT looks like that uses the SAFFL treatment group, with the following 

treatment column header formatting:  

 

 

 

 

 

 

This process allows us to dynamically build the column headers as required. The ‘[TREAT X]’ automatically brings in 

each treatment label, ‘N=xxx’ brings in the Big N counts for each column and we have some additional formatting on 

level 3 of the header. These can be edited / added / removed as required but will generally be standard within a given 

set of shells. 
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OUTPUT FORMATS AND STATISTICAL METADATA 

The ‘Output Formats’ tab in the UI is where we can store formats that we need to use in our output metadata. For 

example, to create this Demography table, we need to use 3 different formats.  

 

 
The first of these is a summary statistics format called SUMSTAT_1A followed by categorical formats, AGECAT_1A 

and GENDER_1A. These formats hold a finite collection of metadata that can be recycled across outputs and 

studies.  
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The emphasis here is on the flexibility of approach, our outputs by default will start with a generic format but there are 

several options to update this table section. We have additional formats which will contain logical groupings of 

summary statistics or categories, and these can be switched in for the default value. If a global change is required, 

the default format can be edited and this will update through to all outputs using that format.  

 

Looking at the example below, SUMSTAT_1B is another stored format which adds the first and third quartiles. This 
can be switched in for SUMSTAT_1A without worrying about several code updates – it will just flow through to the 

code and output. 

 
 

 

 

The first section in the output above now has the first and third quartiles included with a simple switch of format used: 
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The formats themselves are linked to row block metadata which associates the relevant ADaM datasets and 

variables required along with some labels and formatting options. 

 

 

 

 

 

For each of the formats used, there is a drop-down list 

of statistics which can be updated as required. These 

will either be summary statistics (N, MEAN, MIN, MAX 

etc) or display formats available for categorical 

counts.  

 

For something like Adverse Events tables, this gives 

the option to quickly move between events counts, 

subject counts and percentages. The order and 

formatting of each of these can be controlled by a 

specific selection including dropping of any count not 

required or display of things like % sign as per client 

preference. 

 

 

 

 
 
 

OUTPUT TEMPLATES 
 

The concept of output templates is very important within the REPIT framework. There is a group of core templates 

available which are useful for building outputs within the tool. The templates provide default metadata for creating a 

particular output and this value also triggers some options in the SAS code generation. 

 

 

 

While the default metadata supplied by the core templates creates a useful starting point for building outputs, this 

leads on to the second concept of specific templates which is used to load outputs directly. If you have a standard set 

of shells, the ADaM metadata and display format required can be pre-populated within a template. 
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The templates are associated with each output in the tracking document, as these are loaded to the REPIT tool, the 

metadata associated with each output is loaded from the template library.  

 

 

 
 
SAME METADATA DIFFERENT TEMPLATE 
 

Another useful approach using templates can be switching the output format with ease without changing the input 

metadata. The three tables below are essentially different views on the same metadata. Having a designated 

template for each view means that moving between them is a simple change in template name applied and covers 

different client preferences efficiently. 

 
 

 

 
Figure 3: First variation of lab table, three individual columns. 

 
 

 

Figure 4: Second variation of lab table, two columns with Treatment and Timepoint information combined. 

 
 

 

 
Figure 5: Third variation of lab table with Treatment and Timepoint combined column only, lab parameter 

now by value in header.  
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TFL CODE 
 

Ultimately the end goal of the process is to generate some TFL code which can be executed to produce our outputs. 

Achieving an output which looked the part with accurate numbers was the number one priority but how the TFL code 

looked and was constructed was also extremely important.  

 

Code that was open and transparent and met programming best practice was really the starting point. Code that 

relies on a chain of black box macros becomes quickly detached from users and almost impossible to update or 

debug without developer intervention. The idea is that the code is completely untouched once generated but the 
option to tweak for an impending deadline would be possible too. To reach a standard of full automation, the TFL 

code must perform the below by default. These could be handled differently depending on the programmer so having 

a level of consistency over this helps cover the full study and for tackling future updates. 

 

• No Data Reporting – often when doing subgroup analysis, more likely a certain group might contain no 

data 

• Zero filling – zero counts required for treatment columns where no data exists. A few different scenarios 

where this can happen. 

• Pagination – must cover all types of outputs with different requirements. 

• Decimal Precision – number of different scenarios from baseline characteristic value to varying by 

parameter (e.g., lab data) 

• Auto-column width and padding – changes in number of treatment groups must reflect different column 

widths, also impacts required left alignment to keep centrally under header. 

• Indentation – common to see with AE tables, nesting of SOC and PT. Also possible to see multiple levels 

of nesting within some disposition outputs. 

 

The code generated is SAS code and works within the same framework as ‘manual’ SAS programs. As R packages 

mature and client requirements evolve, R code will also be automated. This will be within a very similar framework to 

SAS code generation as the process inputs will be identical. 

 

Figure 6: Automated header block. 

 

Figure 7: Automated proc report code. 
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ADAM QUALITY 
 

While not our primary focus at the start of the project, the positive impact of the process on ADaM was quick to see. 

The templates we use for standard shells contain the target ADaM metadata required and early compliance checking 

against the ADaM data is possible. This is moving towards automation of the ADaM specifications themselves from 

the TFL metadata and ADaM code where this makes sense. 

 

As the target is output code which is untouched for true automation, this reinforces the concept of ‘one-proc away’ or 

‘analysis ready’ to facilitate the automation. Pinnacle 21 compliance of the ADaM datasets alone is not sufficient to 

ensure data is ready for automation purpose – this is the automation gap and some form of compliance check with 

your data or better, ADaM define.xml will ensure ADaMs are fit for purpose earlier in the study lifecycle. 

 

 

 
CONCLUSION 
 
Following a similar framework to the CDISC 360 TFL Automation proof of concept, some of the benefits we have 

seen are: 

 

• TFL production time – most outputs are ready with none or minimal customisation following template 

approach. 

• ADaM quality / consistency – ADaM need to follow analysis ready concept to facilitate automated code. 

Early compliance checking ensures ADaM are fit for purpose. 

• Global updates – centralised storage of treatments groups, output formats and statistical metadata all 

mean global or individual TFL updates can be applied as required. 

• QC Pathway – with templates on production side, equivalent qc template programs can be used.  

• Robustness – library of TFL metadata representing standard shells already exist meaning code effectively 

exists.  

• Analysis Results Metadata – ARM was previously an entirely manual process, this path expedites ARM 

creation without delaying ADaM or TFL activities. 
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