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Objective

To provide an in-depth overview of an automated tool designed to verify the consistency and 

accuracy of study data documentation prior to submission. The presentation will cover the 

tool's capability to identify issues such as missing links or discrepancies across SDTM and 

ADaM packages, its target users (SDTM and Analysis & Reporting programmers), and its 

applicability for both in-house and outsourced studies, with a discussion on potential 

limitations for certain checks. Additionally, the presentation will outline the technical 

architecture underpinning the system, offering insights into its underlying structure and 

functionality.
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Agenda

• Introduction

• Consistency Checks Benefits

• Types of Checks

• High Level Architecture

• Technology

• Benefits of Using the Tool

• Conclusion
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Introduction

• Quality deliverables are important for successful submissions to regulatory agencies.

• No commercially available tools to support cross-checking of information across DRGs, define.xml 
and aCRF. 

▪ Pinnacle 21 Enterprise (P21E) is a valuable tool for SDTM, ADaM and define.xml validation 
as well as define.xml creation​ but not for document content cross checking.

• A comprehensive review of submission documents is a massive undertaking especially when it is 
done manually​. 

▪ Tedious nature of the work and field-by-field comparison may result in gaps and mismatches 
that can easily be overlooked.

▪ Certain tasks are difficult and time consuming to do manually​.
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Consistency Checks Benefits

• Automation eliminates incomplete and inconsistent findings, reduces the burden on 

programming resources, and greatly improves the quality of the submission deliverables.

• Initiated a project to deliver a system that would aid programmers in providing quality 
submission documents that:

• Checks for consistency and correctness across data reviewer’s guides, 
define.xml(2.0/2.1) files and aCRF.

• Identifies issues such as documentation errors and inconsistencies across documents, 
including missing hyperlinks or mismatches across SDTM and ADaM packages.

• Streamlines the submission process with less manual cross-checking, increasing quality and 
reducing the time and effort within the submission process.
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Types of Checks
• System implements four types of checks: 

• SDTM: Ensures consistency across SDTM submission documents.

• ADaM: Ensures consistency across ADaM submission documents.

• SDTM & ADaM: Ensures consistency across SDTM & ADaM submission documents. 

• All: Executes all check types above. 

• Who Benefits: 

Role Description

SDTM Programmer Perform consistency checks across SDTM documents (cSDRG, aCRF, define.xml)

Analysis & Reporting 

Programmer

Perform consistency checks across ADaM documents (ADRG, define.xml)

Study Lead Perform consistency checks for both SDTM and ADaM documents
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SDTM Check Type Details

• All SDTM subject domains referenced in cSDRG exist in the SDTM define.xml and their labels are consistent

• When a variable origin in the SDTM define.xml is set to CRF, that variable must be annotated on the right CRF page

• All domains listed under the question ‘Were any domains planned, but not submitted because no data were collected?’ in the cSDRG (section 
3.1 Overview) are annotated on the CRF but do not exist in SDTM define.xml

• At least one of these columns should be checked for a domain/dataset ” Efficacy, Safety or Other/ Baseline or other subject characteristics” in 
the ‘Subject Domains’ table in the cSDRG

• Empty cells checks across the cSDRG tables, SDTM CT (in define 2.1/cSDRG), SDTM IG Cross checks (define.xml/cSDRG) 

• Detailed check list is available in the backup slides

Across  aCRF, cSDRG and SDTM define.xml

Across aCRF, cSDRG and SDTM define.xml
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Inconsistency Checks- Example

SDTM 
define.xml

aCRF

Discrepancy
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ADaM Check Type Details

• All ADaM datasets referenced in ADRG section 5.2 Analysis Datasets exist in the ADaM define.xml and their labels and structure are 

consistent
• All analysis datasets and descriptions listed in the ADaM Programs table (ADRG Section 7.1) are consistent with the Analysis datasets in 

section 5.2 Analysis Datasets

• Empty cells checks across the ADRG tables, ADaM CT (in define 2.1/ADRG), ADaM IG Cross checks (define.xml/ADRG)
• Detailed check list is available in the backup slides

Across ADaM define.xml and ADRG
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Inconsistency  Checks- Example
ADRG

ADaM  
define.xml

Discrepancy

Discrepancy
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Input Files Per Check Type

Latest release has functionality that includes checks for .xpt files and  program files(.txt) and ARM document.
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SDTM & ADaM check Type Details

• SDTM version, study name, protocol number/title, MedDRA/WHODD versions are consistent across cSDRG, ADRG and 
SDTM/ADaM defines.

• Detailed check list is available in the backup slides

Across SDTM define.xml, cSDRG, ADaM define.xml, ADRG and ARM file
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Inconsistency Checks- Example

ADRG

cSDRG

Discrepancy

SDTM define.xml

ADaM define.xml
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• All checks in the above check types.
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Inconsistency Checks- Example

ADRG
cSDRG

Discrepancy
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High Level Architecture
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• Information Extraction
• Annotations from acrf.pdf

• Fields from define.xml

• Headers from DRGs

• Tables from DRGs

• Unstructured content from DRGs

• Document parsing in Python
• define.xml (lxml)

• DRGs (Python-docx,lxml)
• acrf.pdf (Fitz)

• Exporting results in excel format
• xlsx writer
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• Natural Language Processing (NLP)
• Rule-based approach for setting up the checks/lambdas

• Text normalization (extra spaces, quotes/special characters)

• Pattern matching using regular expressions
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Benefits of Using the Tool
• Valuable addition to the process as it improves document quality and saves time 

compared to manual checking.

• Tasks that took 1-2 days per study can now be completed in 5 minutes .

• Especially useful when multiple studies are included in a single submission, resulting in 
more time savings.

• Programmers can focus on other tasks, increasing productivity and efficiency.

• Reduces the risk of human error and ensures consistent and reliable results.

• Also, useful when validating outsourced studies/partners and external vendors' 
deliverables.

• Manual checking cannot be thoroughly performed every time updates are made to 
deliverables due to time constraints, but the tool solves this issue.
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Conclusion
• Greatly enhances the quality and speed of the document review 

process while reducing the risk of errors and non-compliance.

• Use of the tool can lead to significant improvements in the 
document review process, making it an essential component of 
any efficient and effective process.

• Innovative technologies, such as natural language processing 
and text normalization techniques, enable the transformation of 
unstructured data into structured data.

21



• Majdoub Haloui

• Merck & Co., Inc.

• majdoub.haloui@merck.com

• Hemu Shere

• Merck & Co., Inc.

• hemu.shere@merck.com

• Surabhi Dutta

• Merck & Co., Inc.

• Surabhi.dutta@merck.com

• Dileep Penmetsa

• Merck & Co., Inc.

• dileep.kumar.penmetsa@merck.com

Name :

Affiliation:

Email:

Name :

Affiliation:

Email:

Name :

Affiliation:

Email:

Name :

Affiliation:

Email:

22



Majdoub Haloui
Hemu Shere
Dileep Penmetsa
Surabhi Dutta

23



Backup Slides



SDTM Check Type Details
cSDRG and SDTM define Checks:

• All SDTM subject domains referenced in the cSDRG are present in the SDTM define.xml and have consistent labels.

• The largest CRF page number referenced in the SDTM define.xml must be equal to or less than the last page number of the aCRF.pdf.

• When the origin of a variable in the SDTM define.xml is set to CRF, it must be annotated in the aCRF and the CRF page number referenced in 

the define must match the CRF page number where the variable is annotated.

• All domains listed under the question ‘Were any domains planned, but not submitted because no data were collected?’ in the cSDRG (section 

3.1 Overview) are annotated in the CRF but do not exist in SDTM define.xml.

• At least one of the columns in the "Subject Domains" table in the cSDRG should be checked for efficacy, safety, or other/baseline subject 
characteristics.

• The study name, Protocol Number, and title are consistent across the cSDRG and the define.  

• The MedDRA, WHODD and LOINC versions are consistent across the cSDRG and the define.

Hyperlink Checks:

• Annotated Case Report Form (aCRF) link is present in the SDTM define.xml bookmark and links to acrf.pdf.

• Study Data Reviewer’s Guide link is present in the SDTM define.xml bookmark  and links to csdrg.pdf.

• Links to additional supplemental documents.
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ADaM Check Type Details
ADRG and ADaM define Checks:

• All ADaM datasets referred to in Section 5.2 of the ADRG (Analysis Datasets) are present in the ADaM define.xml, and their labels and structure 
are consistent.

• At least one of these columns should be checked for a dataset “Efficacy, Safety, Baseline or other subject characteristics, or PK/PD” in the 

‘Analysis Datasets’ table in the ADRG.

• All analysis datasets and descriptions listed in the ADaM Programs table (ADRG Section 7.1) are consistent with the Analysis datasets in section 

5.2 Analysis Datasets.

• The study name is consistent across the ADRG and the define.  

• The protocol Number and title are consistent across the ADRG and the define. 

• MedDRA, WHODD versions are consistent across the ADRG and the define.  

Hyperlink Checks:

• Analysis Data Reviewer's Guide link is present in the ADaM define.xml bookmark under ‘Supplemental Documents’ and links to the adrg.pdf.

• Analysis Results Metadata link is present in the ADaM define.xml bookmark under ‘Supplemental Documents’ and links to analysis-results-

metadata.pdf.

• Links to other supplemental documents.
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Analysis Results Metadata (ARM) File

• Cross check Program name and extension in the 

ARM file with ADaM programs directory (ADaM 
programs zip file).

• Check Input datasets name and extension in the 

ARM file with ADaM programs directory dataset 
names.

• Cross check Table Reference with Programming 
Statements in section 3.0
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SDTM & ADaM check Type Details
• Checks across cSDRG and ADRG:

• SDTM and SDTM IG versions.

• SDTM Controlled Terminology version.

• TAUG and Other Standards.

• Data cutoff date.

• Dataset used for Efficacy and/or Safety.

• Pinnacle 21 software version and Validation Engines.

• Checks across cSDRG, ADRG, SDTM and ADaM defines:

• Study name.

• Protocol Number and title.

• MedDRA and WHODD versions.
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