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INTRODUCTION 
A metadata driven approach and the seamless integration of processes and people are key to creating clinical 
databases that are compliant and consistent with CDISC SDTM standards. The implementation of a metadata 
repository (MDR) is the first step toward a metadata driven approach; we at SGS went a few steps ahead of this and 
built in-house tools that are linked to the MDR to achieve end to end automation of the SDTM workflow. 

METADATA CENTRIC APPROACH 
At SGS, we have chosen a metadata centric approach to automating the SDTM workflow, with the end goal of 
creating databases that are compliant and consistent with SDTM, while at the same time enabling time and cost 
optimization.  

METADATA REPOSITORY 
The process began with the creation of an MDR – metadata repository. This global library of metadata is the master 
source of metadata to be used for study setup. 
  
The structure of the libraries within the MDR is based on the Define-XML model, which is implemented by using 
extensions to the CDISC Operational Data Model (ODM) XML schema. The MDR libraries contain all the available 
domains, variables, valuelists, codelists, comments and computational methods that are applicable for a specific 
implementation of SDTM, SEND or ADaM. 
 

 
Figure 1 illustrates the standard structure of an MDR library. At the top level are all available domains for a specific 
CDISC implementation e.g. SDTM Implementation Guide v3.2. Further down are all available variables per domain. 
At the bottom are the value level metadata and the codelists. 
 
Our metadata repository contains multiple libraries. Our SGS implementation guide, SGS IG v5.0, is based on 
version 3.2 of the SDTM implementation guide. This version of our guide is constantly maintained and kept up to date 
with new releases of controlled terminology or updates from regulators. On the other hand, the SGS metadata 
repository is also developed to support metadata libraries from other parties or clients. The most efficient process is 

Figure 1 A metadata repository library. Comments and 
computational methods are not represented in this figure.  
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to obtain at the start of the collaboration and then periodically the client’s files containing their implementation of a 
specific CDISC standard. Afterwards their client specific CDISC standard is implemented in our metadata repository. 
Maintenance of the standard occurs at the client side. We upload every new version of the standard. 

 

Figure 2 Multiple metadata repository libraries 
 
 
Another possibility is to create a new library for the client. We usually start with our own implementation and perform 
updates at the client’s request. This way of working allows a lot of flexibility with regards to their implementation of 
CDISC standards. Depending on the CDISC experience and long-term desires of the client, this MDR concept offers 
different choices to implement a new CDISC standard either using the SGS or client specifications. For example, the 
SGS implementation guide can be used by a client as a starting point to organize their trial data in a way which is fully 
compliant with the latest CDISC and regulatory requirements. Client specific requirements deviating from the SGS IG 
standards can be updated and implemented in their trial and automatically contributing to the build of a client specific 
implementation guide. After several trials, the client specific metadata library will take shape, and every new trial will 
be able to use this library and benefit from it. Maintenance of the metadata can be performed at either side, 
depending on the client’s preference. For clients with their own implementation guide and metadata in place, their 
metadata library can be implemented in the metadata repository and can be used for their trials, in full accordance 
with their specifications.  
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Figure 3 Study specific MDR library implementation 
 
The creation of the MDR was our first step toward a metadata driven approach. As mentioned in the introduction, we 
at SGS went a few steps beyond this and developed in-house tools linked to the MDR to achieve end to end 
automation of the SDTM workflow. Linking the in-house tools to MDR paved the way for a metadata centric approach. 
The tools that have played a major role in the end to end automation are the AnnotTool – a tool for automating the 
CRF annotations, the MappingTool – a tool for automating mapping of the EDC extracts to SDTM, the 
MetadataCenter – a tool for automating set up of trial specific metadata and YADLi – a tool for automating the 
upload and mapping of external data from providers. All these tools together enable us achieve end to end 
automation of the SDTM workflow, including creation of the Define.xml. 
 

 

Figure 4 MDR Driven Tools 
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MDR DRIVEN APPLICATIONS DEVELOPED IN-HOUSE 
ANNOTATION TOOL 
This tool guides the clinical data manager or programmer in annotating a CRF based on the applicable standard. For 
the Annotation Tool, we have created different annotation types, see Figure 5. These types are all the possible 
annotations that an end user will be able to use to annotate a CRF. An annotation type can be compared with a 
template.  
E.g. annotation type TESTCD will enable the user to annotate a result of a specific test on the CRF. 
 
#DOMAIN#ORRES when #DOMAIN#TESTCD = #FINDING# 
 
Suppose the user wants to annotate the result of the height of a subject, the end user can select annotation type 
TESTCD and provide the DOMAIN and FINDING, respectively ‘VS’ and ‘HEIGHT’ in this example. The Annotation 
Tool will replace the template variables #DOMAIN# and #FINDING# with the values provided by the user and will 
place the newly created annotation on the CRF. 
 

 

 
In the Annotation Tool, we have incorporated other annotation types, such as SUPP – for annotating supplemental 
qualifiers, VARIABLE – for annotating specific variables, RELREC – for RELREC related annotations and COVAL – 
for the annotation of comments.  
 
In the past, before we had the Annotation Tool, we worked in Adobe Acrobat and were confronted with many 
obstacles. The look and feel of the annotations: size, font type and color, were not always consistent. The properties 
of the annotations, such as the author and subject fields were also not populated consistently. When a new page was 
added to the middle of a CRF, for example, in the case of CRF adaptations due to protocol amendments, all the 
references to pages suddenly became incorrect. Having different colors per domain on a CRF page, as per the 
guideline, was prone to error. As some clients have other specifications about the lay-out of annotations, the most 
practical and efficient way of annotating a new CRF was to copy from previous trials. We needed to manually select 
the applicable annotations from the PDF and copy/paste them on the page of the CRF to be annotated. Mistakes 
made in the previous annotations were copied from trial to trial. Updated guidelines from the client, which impacted 
the aCRF’s from all trials, needed to be addressed separately for each trial. 
 
All these obstacles were overcome with the introduction of the Annotation Tool. As most clients’ guidelines in regard 
to annotations differ from each other, we decided to link their annotation settings to their metadata repositories. This 
meant that we could define the lay-out of the annotation once per MDR library.  
 
This way of working allowed us to be flexible in regard to client requests, be consistent towards future annotations 
and keep the lay-out settings for different clients separate from each other. 
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Figure 5 Annotation types and layout settings 
 
The user will be able to copy annotations from the annotation library or will be guided to add a new annotation. 
Worrying about the layout of annotations, including font, font size and color is a thing of the past. The tool will apply 
the correct layout for the annotations based on the client or SGS standard. This figure shows all the available 
annotation types and their layout settings for a specific standard.    
 
Adding a page in the middle of a CRF will have no impact on the referenced pages in the CRF, as the tool will 
automatically change the page numbers where needed. The domains on top of the annotated page are automatically 
added by the tool, and the colors per domain are also handled by the system.  
 
 
After loading a PDF version of the CRF into the tool, the user can start annotating the document and will be guided by 
the tool. E.g. if a form was already annotated for another trial, the user will be able to copy the annotation by selecting 
the appropriate page from the library of annotated CRF’s and modify if it needed. The more annotations are 
performed in the Annotation Tool, the smarter it gets, and the user’s ability to copy and reuse annotations improves.  
Should a new annotation be added on a page, a wizard will guide the user in creating the correct annotation. 
 
 

 

Figure 6 Add an annotation 
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Figure 6 shows the wizard that allows the user to add a finding to the Vital Signs form. First, the user selects the 
annotation type, in this case, a finding. Then a domain is selected from all finding domains available for the applicable 
standard. This information is collected from the applicable client library in the MDR. Finally, the user selects the 
correct test code for the annotation from a list of all available test codes for domain VS for that specific client 
standard. The Annotation Tool not only ensures the correct look and feel of the annotations in accordance with the 
client’s guidelines, CDISC and regulatory specifications, it also ensures compatibility with client specific metadata via 
the link with our MDR.  
 

 

Figure 7 Annotated Demographics form in the Annotation Tool 
 
Figure 7 illustrates how an annotated Demographics page will look in the Annotation Tool 
 
Another benefit of the tool is a tracking capability during the (CRF) review process. For each annotation on the CRF, 
a status can be applied which allows the reviewers to indicate that the applicable annotation has been reviewed or 
approved. Figure 8 shows all available status settings in the Annotation Tool. When all annotations are reviewed and 
approved, the user will be able to export the annotations to a PDF and share them with involved parties. 
 

 

Figure 8 Status in the Annotation Tool 
 
All these features will result in a more accurate and better quality annotated CRF. In the background, all annotations 
are captured electronically in the database and can therefore be used in other processes, such as the creation of the 
Define.xml or in the mapping of the CRF to SDTM, further down the line. Knowing the domains, variables, valuelists 
and codelists used in the annotation enables us to make the metadata for a certain trial more specific. We can 
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automatically define the origin to “CRF” of the variables from the Annotation Tool and can even populate the 
applicable CRF page. The Annotation Tool also enables requests  for amending SGS maintained libraries. For 
example, if a new TEST/TESTCD doesn’t exist in the library, the programmer can add a request in the tool, which, 
once approved, will automatically be added to the applicable library.    
 
One of the biggest advantages of the metadata centric approach is the ability to apply the plug and play method. If we 
receive a new client implementation guide, we need to be able to see their metadata library in our MDR. With the 
Annotation Tool we can copy all settings (look and feel of the annotation) from another implementation guide and 
simply adapt them to the needs of the client. We can then go ahead, with no additional programming needed. This 
approach can be applied to most in-house developed applications.   
 
CHALLENGES 
As the Annotation Tool is a web application, one of the biggest challenges was being able to ensure an accurate 
representation of the annotations on the screen and, at the end, in the exported PDF file. We needed to be sure the 
location and the size of the annotations as presented on screen on different computers were exported to the PDF 
exactly as they should be. 
 
OPPORTUNITIES 
There are additional opportunities for the future. The information gathered by the Annotation Tool should allow us to 
further automatize the creation of annotations without relying on human input. If a form in a CRF is a close match to 
an existing annotated form in the library, the tool could automatically annotate the form and immediately present it to 
the reviewer.    
 

SDTM MAPPING TOOL 
Based on the annotated CRF, the clinical data programmer will transform the EDC source data to SDTM. 
To facilitate this process, we created the SDTM mapping tool, which will guide the programmer in performing the 
mapping, providing high flexibility while maintaining high quality CDISC SDTM datasets.  
 
The process begins with the raw data. Raw clinical data used to be captured on paper; now, we receive this data 
electronically in many different formats and structures. We can distinguish between two major Electronic Data 
Capture (EDC) systems used to capture clinical data electronically: eCRF and eSource system. Each of these 
systems has different vendors, for example, Medidata Rave®, Oracle Inform® and Foundry Health ClinSpark®. Each 
of those vendors provides a structure and file formats for delivering clinical data to our SDTM programmer.  
 
To enable the programmer to map all these different kinds of formats and structures of (e)source data, we have come 
up with a process called pre-conversion. Pre-conversion will transform any kind of source data into one general 
structure which is then used by the SDTM mapping tool. The general structure can be compared to a pivot table, 
where for each form, all input fields from the CRF are placed in rows. This transformation needs to be programmed 
once per vendor/system and can then be used for all future trials. We can apply the plug and play approach here. For 
every new source system, we must program a pre-conversion for the general structure, after which we can plug it into 
the SDTM mapping tool to ensure it can be used for all future trials in that specific source system.  
 
To learn more about our pre-conversion, check out the PhUSE US Connect 2019 paper DH03 “From Source Data to 
SDTM: Enabling a Semi-automated Conversion” from our SGS colleague Pieter Blomme. 
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Figure 9 SDTM conversion flow 
 
 

 

Figure 10 SDTM Mapping tool 
 
Figure 10 illustrates the use of the mapping tool. All input fields, radio buttons and checkboxes from the CRF are 
captured and presented to the programmer, in a format resembling a pivot table, in the mapping tool. For each form, 
the programmer can map each column to a specific SDTM variable. The first line in Figure 10 DM1.ETHN_DEC 
corresponds with the question ‘Ethnicity’ on the CRF in Figure 7. 
 
The SDTM mapping tool relies on the MDR libraries to guide the user in selecting the correct SDTM domains and 
variables for mapping. When selecting a domain or variable, the programmer will be prompted with all possible 
domains and variables that are applicable to that specific metadata library. The mapping tool keeps a history of all 
forms previously mapped, enabling the programmer to check if a form was mapped before, and then simply copy the 
mapping and apply updates if needed. 
 
 

 

METADATA CENTER 
Metadata Center is a tool to automate the set up of trial specific metadata. At trial setup, a copy of the applicable 
MDR library is performed on trial level. The intention is to produce a define.xml file based on the trial specific 
metadata. To make this happen, the programmer will have to make the copy of the MDR library on trial level specific 
to the trial. 
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Figure 11 In orange, a selection of domains applicable for a specific trial 
 
 

 

Figure 12 In orange, a selection of variables for domain DM for a specific trial 
Figure 11 and Figure 12 illustrate how we select, from the copy of the complete MDR library, only the domains and 
variables that are applicable for a specific trial. 
 

 

Figure 13 Database view of the selected domains 
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Figure 13 shows the modified metadata on trial level for domains in Metadata Center. Indicating a domain is 
applicable to your trial is done by using the SGSSTATE flag (last column in Figure 13). SGSSTATE ‘IN’ will include 
the domain in the Define.xml and SGSSTATE ‘EX’ will exclude the domain. This method of in-or excluding domains is 
used for variables, valuelists, codelists, comments and computational methods. 
 

 

Figure 14 provides an example of the trial specific Define.xml 
 
From the trial level metadata database tables SGS has an application that will create a Define.xml. Figure 14 
illustrates the domain part of the Define.xml based on the tables from Figure 13.  
 
After using the SGSSTATE flag, the programmer can further manipulate the metadata where needed. Depending on 
when the metadata needs to be set up, some metadata manipulation can be performed automatically by Metadata 
Center. We use information collected via other in-house developed applications to automatically make the metadata 
trial specific. If the aCRF is already available in the Annotation Tool, Metadata Center can indicate automatically 
which domains, variables, valuelists and codelists from the CRF should be included in the trial specific metadata. The 
origin can then be populated with ‘CRF’ and the CRF page can be provided without manual action. When the 
mapping of the EDC data to SDTM has been performed with the SDTM mapping tool, Metadata Center can calculate 
the maximum length of the variables in the SDTM datasets according to the FDA technical conformance guide, which 
states that the allotted length for each column containing character (text) data should be set to the maximum length of 
the variable used across all datasets in the study, except for suppqual datasets. 
 
Another feature of the Metadata Center is metadata checks. These checks are an addition to the Pinnacle21 
validation of the define.xml and will help the programmer to set up the metadata before the define.xml is produced. 
These are rather straightforward checks that validate the integrity of the metadata and compliance with the specific 
metadata repository library. 
  
The final feature of Metadata Center is the audit trail. Every manipulation to the metadata on trial level will leave an 
audit record. The audit records contain the old record before the manipulation, the person who manipulated the 
record, the manipulation performed (update, delete or insert) and the date when the manipulation was performed. 
The audit trail will allow us to identify all the changes that were performed from and to specific dates. This is helpful 
when a client requires a report with metadata changes performed since the previous transfer of metadata. It also 
enables us to retrieve the metadata as it was on a specific date. 
 

 

CHALLENGES AND OPPORTUNITIES 
In the past, we mainly used Metadata Center very late in the process of creating SDTM datasets. When the 
annotation and conversion of data to SDTM took place, metadata was partly automatically created based on the 
annotated CRF and the SDTM datasets. Because metadata was created only at the end of the process, it didn’t 
receive the attention it required and because of time constraints, it was difficult to deliver the high quality metadata 
needed for submissions.  
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Now, we see opportunities for creating the metadata closer to the trial setup. Some aspects still need to be 
maintained during trial conduct, such as the length of the variables, which can change with every transfer of new 
data. Nevertheless the creation of qualitative metadata at the beginning of the process will pave the path for future 
task such as the conversion to SDTM datasets. Due to the increased awareness and interest in the define.xml at 
client side, we will also benefit from discussing the metadata upfront and working together towards a stress-free 
database lock. 
 

YADLI 
YADLi is short for Yet Another Data Loader Improved. This is a tool which enables the clinical programmer to load 
any kind of source data into the database and perform data manipulations to load the data in the SDTM database.  
With the creation of the DTA – Data Transfer Agreement, the format and structure of the data is agreed upon by the 
provider and client. Afterwards a test transfer is received from the provider, which will be checked against the DTA 
using YADLI.  
Our programmer stores the transfer file on our filesystem, after which YADLi loads the file onto the database. YADLI 
is able to load multiple formats including any delimited text file in TXT or CSV format, Excel files and SAS® files: 
sas7bdat or XPT. YADLi can automatically determine the delimiter used in the text file and uses the Oracle external 
tables technology to present the data as a database table. 
 
Now the work begins. The programmer will have to map the original data to SDTM. This can be achieved by 
accessing the YADLi web application. However, the data will first need to be checked against what was agreed upon 
in the DTA. The programmer can add some checks and constrains to YADLi, which will run with every new transfer 
being loaded in the tool. This way, DTA compliance is guaranteed from the first test transfer until the final data is 
received from the provider. Some of the checks which a programmer can implement are: check if the column is 
required, check the data against a predefined codelist, check the case, length and type of column. At this point YADLi 
also makes use of our MDR libraries. The tool contains SDTM checks which will check the mapped data against the 
applicable metadata library used.  
 
When we have already received a transfer for the same type of data from the same provider, the programmer will be 
able to perform a copy of the mapping and modify it if needed. The more transfers we receive and load, the smarter 
YADLi becomes.  
 
When the mapping is performed, the tool generates the mapped dataset based on the original loaded data transfer. 
This dataset can then be loaded into the SDTM database or be used for any other purpose, for example for sample 
identifier reconciliation. 
 
Some of the best features of YADLi are logging and traceability. In the tool, we have a complete audit history of all 
modifications performed on the mapping, when they were performed and by whom. We also know which transfer was 
loaded, when and by whom. This is not only useful from an auditor’s point of view, but also provides the clinical data 
manager and programmer with a clear overview of which data is present in the SDTM database.   
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Figure 15 YADLi flow 
 

CHALLENGES 
The biggest challenge we have had with YADLi was being able to load any kind of data transfer in any kind of format. 
The ideal format would be JSON or XML, but based on our experience with providers, this does not seem to be 
achievable in the near future. In the best cases, we receive ASCII delimited text files or SAS files. Unfortunately, we 
often have to use Excel files. Yes, dear reader, I know what you are thinking, it’s 2019 and there are still people out 
there who prefer using excel files to transfer data.  
 
OPPORTUNITIES 
One opportunity might be to integrate YADLi into the SDTM Mapping Tool. They are basically designed to perform 
the same task, map external data to SDTM. 
 

CONCLUSION 
Linking the tools to MDR to automate SDTM workflows has paid off big time at SGS. While the road to the metadata 
centric approach hasn’t been an easy one, we have taken it and are reaping the benefits in more ways than we have 
foreseen. At the same time, this is a work in progress with constant improvements being made in accordance with the 
changing needs of the client, industry and regulatory agencies.  

CONTACT INFORMATION 
Your comments and questions are valued and encouraged.  Contact the author at: 
clinicalresearch@sgs.com 
EUROPE:      +32 15 27 32 45 
AMERICAS:  + 877 677 2667 
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