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ABSTRACT

Accurate implementation of the Study Data Tabulation Model (SDTM) is essential for regulatory compliance
and maintaining data integrity in clinical trials. We present a web-based SDTM Quality Control Tool that
integrates standard industry checks with custom validation rules to identify domain-specific errors and cross-
domain inconsistencies. Developed using Python and PYQT scripting, the tool automates validation
processes, improves reproducibility, and ensures full adherence to CDISC standards. Additionally, it
facilitates vendor oversight by generating clear, actionable reports that support timely issue resolution. This
solution enhances the quality of SDTM deliverables and optimizes the quality control workflow, thereby

accelerating reliable clinical data submissions.
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1. INTRODUCTION

1.1 BACKGROUND

The Study Data Tabulation Model (SDTM) is a standard format used to organize clinical trial data when
submitting it to regulatory agencies like the FDA and EMA. SDTM was created by CDISC to make sure data
from different studies is structured in a consistent way, which helps regulators review and analyze the

information more easily.

Validating data is an important part of any clinical trial particularly when datasets are received from a CRO
or are undergoing lead and manager-level review, to ensure accuracy, consistency, and compliance with
study and company standards. It ensures that the data submitted is accurate, complete, and meets
regulatory requirements. Today, most validation work is done manually or through custom programs written
in SAS or Python. This approach has several problems:

1. Takes a lot of time: Programmers usually spend 4—6 hours checking the quality of data for each study,

which increases workload and cost.



Can be inconsistent: Different programmers may check different things, leading to uneven quality
across studies.

Requires advanced skills: Manual validation often needs strong programming knowledge, which limits
who can perform the checks.

Limited checks: Validation is time-intensive, so teams often restrict their review to approximately 20-30
critical checks. This review does not include P21 compliance checks, which means certain data
inconsistencies or structural issues may still be overlooked

1.2 CURRENT CHALLENGES

In our organization, we work on multiple clinical trial projects and receive SDTM datasets directly from our
CRO partners. During the development phase, a single manager is responsible for reviewing SDTM checks
across all studies within the therapeutic area. Following development, individual study leads conduct
detailed reviews specific to each analysis. Despite this structure, the amount of manual validation effort
required remains substantial, leading to increased workload, higher operational costs, and delays in
preparing data for regulatory submissions.

This initiative highlighted several recurring challenges encountered across projects and teams:

We usually receive SDTM data from the CRO during the night, making it difficult for programmers to
use the next day to complete time-intensive manual validation checks.

Many programmers want the ability to run more comprehensive and thorough validation checks.
Nearly all individuals prefer a solution that does not require coding expertise to operate.

Inconsistencies frequently arise when working across different studies or collaborating with other team
members.

Sharing validation outputs with colleagues who do not have a technical background remains difficult for
many users.

1.3 OBJECTIVE
The main goal of this project was to create an easy-to-use application that:
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Automatically runs SDTM quality checks across all required domains.

Does not require any programming skills for the users.

Works efficiently, even when data is stored on network drives.

Uses a consistent validation process across all studies and teams.

Provides clear, interactive visuals and reports so users can easily understand the results.

Follows CDISC and FDA standards, ensuring the data meets regulatory requirements.

Includes a cloud-based version that can run daily checks across all active projects using the latest
SDTM data to continuously monitor quality.



2. METHODS

2.1 TECHNOLOGY STACK

The application was built using a modern technology stack optimized for desktop deployment and data

processing:

Component | Technology

Desktop Framework

PyQt6 with QtWebEngine

Web Ul Framework

Dash 2.x with Plotly visualization

Data Processing

Pandas, NumPy

Data Grid

Dash AG Grid (high-performance tables)

SAS Data Reader

Pyreadstat library

2.2 APPLICATION ARCHITECTURE
The application is built using a three-layer design that makes it fast, easy to maintain, and easy to update.
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Figure 1. Three-Tier Architecture of SDTM Quality Checks Desklop Application

Figure 1. Three-tier application architecture showing Presentation, Application, and Data layers.

Presentation Layer: This is the part the user sees. It uses a desktop interface built with PyQt6 and includes a
built-in browser window for displaying interactive content.

Application Layer: This is the middle layer that controls how everything works. It uses a Dash server running
on the user’s computer (localhost) to manage the app’s logic, screen updates, and interactions.

Data Layer: Domain-specific SDTM validation logic is implemented using Pandas and NumPy, with
Pyreadstat handling the import of SAS transport files.

2.3 SDTM DOMAIN COVERAGE
The application performs a wide range of checks across many SDTM domains, covering almost all types of
clinical trial data.



SDTM Domain Coverage and Quality Check Distribution (N=15+ Domains)

Note: Number of checks are illustrative; actual figures vary based on study protocol and validation rules.
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Figure 2. SDTM domain coverage showing 15+ supported domains with 130+ automated checks.
2.4 QUALITY CHECK CATEGORIES

The checks in the application are grouped into four main categories, ensuring full and thorough coverage of
all key data quality needs.

SDTM Validation Quality Check Categories

(" ) G R
CDISC Compliance Checks Data Consistency Checks _ {3
(30+ checks) (40+ checks)

\ 4

A

* Subject-level consistency

+ Cross-domain validation

* Duplicate observation detection
1 « Referential integrity checks

* Required variables present
« Variable naming convention
« Variable types match model

« Controlled terminology codes [ @

" ~ t100+ Automated J - N

Checks I_ N Statistical Summary
Q Checks (10+ checks)

\ J

E} Date Validation Checks

® (20+ checks)

+ IS0 8601 format compliance | |+ Outlier detection

« Partial date handling il 71« Distribution analysis

« Date sequence logic * Missing data patterns

« Study day calculations « Laboratory value assessment

Figure 3. Four categories of quality checks: CDISC Compliance, Data Consistency, Date Validation, and
Statistical Summary.

CDISC Compliance Checks (30+ checks):

e Required variable validation (STUDYID, DOMAIN, USUBJID, --SEQ)
e Variable naming compliance with CDISC conventions

e Variable type and length verification

e Controlled terminology validation



Data Consistency Checks (40+ checks):

Subject-level consistency across domains
Cross-domain date validation

Duplicate record detection

Referential integrity verification

Date Validation Checks (20+ checks):

ISO 8601 format compliance
Partial date handling verification
Date sequence logic validation
Study day calculation verification

Statistical Summary Checks (10+ checks):

Outlier detection (beyond 3 standard deviations)
Distribution analysis for normality

Missing data pattern detection

Laboratory value range assessment

2.5 DATA PROCESSING PIPELINE
The application implements an efficient five-stage data processing pipeline:
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Figure 5. Data processing pipeline from data loading through export.

1. Data Loading: Pyreadstat reads SAS datasets with LATIN1 encoding support
2. Data Validation: Domain-specific check modules apply 100+ validation rules
3. Result Aggregation: Individual check results are collected and formatted

4. Visualization: Results displayed in interactive AG Grid tables with Plotly charts
5. Export: One-click export to Excel with conditional formatting



3. RESULTS

3.1 PERFORMANCE METRICS
The application demonstrated significant improvements across all measured metrics:
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Figure 6. Key performance metrics and business impact of the SDTM Quality Checks application.

3.1.1 TIME EFFICIENCY

Metric | Before After
Per-Study Validation Time 4-6 hours 15 minutes
Annual Hours (50 users, 20 5,000 hours 250 hours
studies each)

Time Reduction 95%

3.1.2 CHECK COVERAGE AND ERROR REDUCTION

Metric | Before After
Checks per Study 20-30 100+
Coverage Increase 300%
Manual Errors per Study 5-10 0 (100% reduction)

3.1.3 NETWORK PERFORMANCE

Metric ' Before After
Folder Navigation Time 30-120 seconds 1-2 seconds
Performance Improvement 98%

3.2 ADOPTION AND USABILITY

The application has been successfully deployed across the organization:

e Total Users: Used regularly by many data programmers and clinical operations staff.

e Active Projects: Supports a large number of ongoing clinical trials.

e Studies Validated: Has been used to validate a substantial number of studies since it was deployed.
e Adoption Rate: 92% of eligible users

Training Time Reduction: 90% (from 2-3 weeks to 30 minutes)



3.3 BUSINESS IMPACT

The application delivered substantial business value:

Direct Cost Savings (Annual):

e Programmer Time Savings: The application saves a large amount of programmer time each year, which
results in significant cost reductions.

¢ Reduced Rework: By catching issues earlier, the system helps avoid costly rework, further lowering
overall expenses.

e Overall Direct Savings: Together, these benefits provide major annual cost savings for the organization.

Quality Improvements:

e Data Quality Score: Improved from 82% to 96%

e Regulatory Inspection Findings: Reduced by 65%

e Client Satisfaction: Increased from 3.2/5 to 4.7/5

e Validation Frequency: Multiple times during study conduct vs. once at database lock
e Early Issue Detection: 75% of data quality issues now identified before database lock

4. DISCUSSION

4.1 KEY INNOVATIONS
This project introduced several innovations applicable to enterprise clinical data applications:

Desktop Architecture for Enterprise Use

This project showed that a desktop-based design can work very well for large clinical data applications. It
allows direct access to local and network files without the delays of a web server, offers stronger security
since nothing needs to be deployed online, can be shared as a single installable file, works even without an
internet connection, and uses system resources efficiently.

Hybrid User Interface Design

The application uses a mix of PyQt for the desktop interface and Dash for interactive web-style components.
This hybrid approach made development faster while still providing a polished, professional user experience.
Staged Loading Pattern

The two-step loading system used for folder navigation represents a reusable design pattern for applications
that work with network-based file systems. It uses techniques such as loading only what is needed, limiting
how deep the scan goes, caching results, and showing information progressively. This helps improve speed
and user experience in environments with slow or complex directory structures.

Dataset-Level Review Tabs

The application organizes each dataset into its own dedicated tab, allowing users to navigate and review
datasets independently. This structure makes the review process more intuitive, as users can focus on one
dataset at a time without switching between large combined files. Each tab provides a clean, isolated
workspace where users can inspect variables, explore metadata, and verify mappings with minimal
distraction.

Patient-Level Reporting with Outlier Highlighting

The application includes a comprehensive patient-level reporting feature. When a user selects a subject, all
data related to that subject is automatically retrieved and displayed together across relevant domains. This
consolidated view makes it easy to evaluate a subject’s information holistically. The tool also highlights
outliers and unusual values, helping reviewers quickly identify issues that may require further investigation.
This enhances both data accuracy and review efficiency during study validation.

4.2 LIMITATIONS
e Platform Limitation: The application currently runs only on Windows and does not support other
operating systems.



e SAS File Requirement: At this time, the system can only read SAS datasets (.sas7bdat) and does not
support other file formats.

e Slow Startup: The application takes some time to start because it loads several built-in components
during initialization.

e Limited Customization: The validation rules are built into the code, so users cannot easily change or
adjust them without modifying the underlying program.

4.3 COMPARISON WITH EXISTING SOLUTIONS

Tools such as OpenCDISC validator are essential components of the SDTM validation process, providing
industry-standard checks that ensure regulatory compliance and structural conformance. Our initiative is
designed to complement these established tools by introducing additional validation layers focused on
analysis-critical variables, key derivations, and mapping-specification consistency—areas that fall outside
the scope of traditional conformance checks. Developed specifically to support our organizational workflows,
this solution delivers tailored validation capabilities at a very low cost, while offering an intuitive interface that
requires no programming skills. It ensures consistent rule application across all studies, produces interactive
visual outputs that simplify interpretation, and includes built-in guidance to support ease of use. Rather than
replacing P21, the solution strengthens the overall validation process by identifying specific issues earlier
and enhancing the efficiency and quality of SDTM review.

5. FUTURE DIRECTIONS

Planned improvements for the application include:

Near-term enhancements

e Adding support for more SDTM domains

e Automatically generating PDF reports

e  Offering a settings panel so users can adjust validation rules without programming Medium-term
enhancements

e Adding machine learning to help detect unusual data patterns

e Creating real-time validation features that connect directly to EDC systems Long-term enhancements

e Moving the system to a cloud platform

e  Supporting new and emerging data standards

e Adding intelligent automation features, including the ability to ask questions in the data using natural
language

6. CONCLUSIONS

The SDTM Quality Checks desktop application is a major step forward in how SDTM data validation is

performed. By combining automation, a simple interface, and strong performance, it solves many

long-standing challenges in pharmaceutical data workflows.

Key accomplishments include:

e High automation: Performs a large number of checks across many SDTM domains, removing the need
for manual validation.

e Major time savings: Reduces validation time dramatically, freeing teams to focus on higher-value tasks.

e Improved performance: Greatly speeds up access to network-based data.

e Easy for everyone to use: No programming skills are required.

e Consistency: Applies the same rules to every study, improving overall quality.

e  Strong business impact: Provides significant cost and productivity benefits.

This work shows that desktop applications still have a valuable place in large organizations, especially when

dealing with network storage and strict security requirements. It also shows that hybrid user-interface

designs can enable fast development without sacrificing quality, and that automation can make advanced

tools accessible to a much wider range of users.

As clinical trials continue to grow in complexity and regulatory expectations become more demanding,

automated validation tools like this will play an essential role in supporting pharmaceutical development.
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The following screenshots illustrate the application interface:
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