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ABSTRACT

Advances in programming technology are revolutionizing clinical data management, enabling more efficient data
cleaning and review processes in pharmaceutical research. This paper presents a novel, Python-based Data Review
Model (DRM) designed to accelerate and standardize the ingestion, transformation, and visualization of raw data
from multiple sources, and external providers. The process leverages Python's robust ecosystem to ingest
heterogeneous datasets, generate comprehensive metadata, and create generic, reusable programming code
modules that facilitate rapid study setup across diverse clinical trials. Further, advanced visualization tools are
implemented to provide clear traceability of data transformations, ensuring transparency and reproducibility from raw
source to curated DRM. Additionally, the framework incorporates Generative Al techniques to automate code
generation and support continuous maintenance, further streamlining the clinical programming process. This
framework sets a new benchmark for clinical programming best practices, enabling data management and clinical
programming teams to expedite study delivery while maintaining rigorous quality and compliance.

INTRODUCTION

Clinical trials generate complex datasets requiring transformation from raw formats into standardized structures for
analysis and regulatory submission. Traditional approaches rely heavily on SAS programming with manual processes
that consume significant portions of clinical development timelines. The pharmaceutical industry faces increasing
pressure to accelerate drug development while maintaining rigorous data quality standards required by regulatory
authorities.

Recent advances in Python-based data science tools and generative artificial intelligence present opportunities to
modernize clinical data management. However, adoption has been limited by regulatory concerns, validation
requirements, and the specialized nature of clinical programming. This paper describes the development of a
comprehensive Python framework designed specifically for clinical data transformation workflows.

The Python framework could address critical industry needs: dramatic reduction in transformation development time,
improvement in data quality and consistency, and maintenance of regulatory compliance with audit trail
requirements. The framework is currently in proof-of-concept (POC) stage and has not yet been implemented or
validated for the production environment.

PROBLEM STATEMENT

CURRENT CHALLENGES
Clinical data transformation faces several persistent challenges that impact development timelines and data quality:
e Time-Intensive Manual Processes: Traditional SAS-based transformation requires extensive manual coding,
with typical domain transformations requiring substantial programming and validation effort.
¢ Inconsistent Quality Standards: Manual programming approaches result in variable code quality and
potential for human error in transformation logic.
¢ Limited Reusability: Study-specific programming approaches prevent effective code reuse, requiring similar
transformations to be rebuilt for each protocol.
e Audit Trail Complexity: Maintaining comprehensive audit trails requires additional manual documentation
and validation efforts.
e Skills Gap: The clinical programming workforce faces challenges adapting to modern data science tools
while maintaining regulatory compliance expertise.

METHODS

FRAMEWORK ARCHITECTURE
The Python framework employs modular architecture designed for scalability and regulatory compliance:
e Input Layer: Supports multiple data formats including SAS datasets (.sas7bdat), CSV files, and database
connections. Automated data profiling detects formats and encodings.
o Metadata Management Layer: Central metadata repository manages target dataset specifications, source
data profiles.
e Core Framework Layer: 3 primary components handle data processing:
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o  SourceDataset: Containers for source data
o TargetDataset: Target dataset builders with metadata-driven variable creation
o TransformationEngine: Orchestrates workflows with dependency management

e Generative Al Layer: Provides intelligent code generation, automated variable mapping, and quality
assessment capabilities using large language models and machine learning algorithms.

e Visualization Layer: The framework implements JSON traceability functionality designed primarily for data
visualization and operational transparency. This system automatically tracks and documents source-to-
target variable relationships during transformations, enabling clear visualization of data lineage and
transformation flows in external visualization tool

e Output Layer: Generates CSV files, audit logs, and validation reports.

HETEROGENEOUS DATA INGESTION

The framework supports ingestion of diverse data sources through standardized interfaces:

from drm framework import load sas file, load csv_file, load database table
# SAS dataset ingestion

ae data, ae meta = load sas file('data/source/ae study00l.sas7bdat"')

# CSV file ingestion with encoding detection

vs _data = load csv_file('data/source/vitals.csv', auto detect encoding=True)
# Database connection (placeholder)

lab data = load database table(connection string, 'laboratory results')

COMPREHENSIVE METADATA GENERATION

The framework automatically generates and manages metadata for both source and target datasets:
# Automatic metadata generation

metadata manager = MetadataManager ('config/DRM Metadata.xlsx')

# Register source dataset with automatic profiling

metadata manager.register source dataset ('AE STUDY001l', ae data,
description="Adverse Events from Study 001")

# Generate comprehensive metadata profile

source profile = metadata manager.generate source profile(ae data)
print (f"Variables: {len(source profile['variables'])}")

print (f"Data types: {source profile['type distribution']}")

print (f"Missing data: {source profile['missing summary']}")

GENERIC REUSABLE CODE MODULES

The framework creates standardized, reusable transformation modules:

# Generic transformation methods

DRM AE.AETERM.COPY (SOURCE.AETERM)

DRM AE.DOMAIN.ASSIGN ('AE")

DRM AE.STUDYID.COPY (SOURCE.STUDYID)

# Reusable derived variable modules

from drm framework.modules import StudyDayCalculator, SequenceGenerator
# Study day calculation module

study day calc = StudyDayCalculator (reference date='RFSTDTC')
DRM AE.AESTDY.DERIVE (study day calc.calculate)

# Sequence number generation module

seq_gen = SequenceGenerator (group by=['USUBJID'])

DRM AE.AESEQ.DERIVE (seq gen.generate)

GENERATIVE Al INTEGRATION
The framework incorporates generative Al techniques for automated code generation via the Claude Sonnet 4.5
integration and maintenance by providing Inline suggestions during the python code typing.

METHODS

JSON TRACEABILITY: DATA VISUALIZATION

The framework implements comprehensive JSON traceability functionality designed primarily for data visualization
and operational transparency. This system automatically tracks and documents source-to-target variable
relationships during transformations, enabling clear visualization of data lineage and transformation flows.

AUTOMATIC VISUALIZATION TRACKING



Every transformation operation is automatically tracked without requiring additional programming effort, creating a
complete data flow map for visualization tools:

# Standard transformations automatically generate traceability for visualization
DRM AE.AETERM.COPY (SOURCE.AETERM)

DRM AE.DOMAIN.ASSIGN ('AE")

DRM AE.USUBJID.CONCAT (SOURCE.SITEID, SOURCE.SUBJID)

# Automatic export for visualization tools

engine.execute transformations (export traceability=True, output dir='./output')

VISUALIZATION-READY JSON STRUCTURE
The traceability system generates machine-readable JSON files optimized for data visualization tools:
{
"metadata": {
"generated at": "2024-01-15T10:30:00.123456",
"framework version": "1.0.0"
}y

"traceability": {

"DRM AE": ({
"AETERM": {
"source variables": ["AETERM"],
"transformation type": "COPY",
"parameters": {}

}y

"USUBJID": {
"source variables": ["SITEID", "SUBJID"],
"transformation type": "CONCAT",

"parameters": {"delimiter": "-"}

DATA LINEAGE VISUALIZATION FEATURES
The traceability system generates machine-readable JSON files optimized for data visualization tools:

The JSON structure enables comprehensive data lineage visualization:

Variable Flow Mapping: Clear source-to-target variable relationships

Transformation Type Visualization: Visual representation of different transformation operations
Multi-Source Tracking: Visualization of variables derived from multiple sources

Parameter Documentation: Complete transformation parameter tracking for detailed flow analysis

JSON files generated by the framework are intended to be ingested by the internal source-to-target visualization tool.

PROOF OF CONCEPT VALIDATION

Initial validation of the framework components demonstrates technical feasibility:

DATA INGESTION PERFORMANCE



e SAS dataset loading: Successfully tested with datasets up to 100K records
Metadata generation: Automatic profiling completed in <10 seconds for typical datasets
o Memory efficiency: Optimized data structures reduce memory usage compared to traditional approaches

Al ASSISTANT CAPABILITIES:

e Code generation accuracy: Initial testing shows promising results for basic transformations
e Variable mapping suggestions: Semantic analysis provides relevant mapping candidates
o Natural language processing: Successfully converts transformation requests to code

FRAMEWORK INTEGRATION:
e Modular architecture enables independent component development and testing
e Extensible design accommodates additional transformation methods

TECHINICAL VALIDATION RESULTS

SYSTEM PERFORMANCE (PROOF OF CONCEPT TESTING):

o Dataset processing: <30 seconds for typical clinical domains (10K-50K records)
e Concurrent processing: Framework supports multiple simultaneous transformations
e Scalability: Architecture designed to handle enterprise-scale datasets

CODE QUALITY:
o Standardized transformation patterns across all domains
o Automated error checking and validation capabilities
e Consistent audit trail generation
e Reusable code components for similar transformations

CHALLENGES & LEARNINGS
TECHNICAL IMPLEMENTATION CHALLENGES

Generative Al Integration: Integrating large language models for code generation requires careful prompt engineering
and validation of generated code. Initial challenges include ensuring generated code meets clinical programming
standards and regulatory requirements.

Heterogeneous Data Handling: Supporting diverse data sources requires robust error handling and format detection
capabilities. Different data sources present unique challenges in terms of encoding, structure, and quality.

Performance Optimization: Processing large clinical datasets efficiently requires careful memory management and
algorithm optimization. Streaming approaches and parallel processing capabilities are essential for enterprise-scale
deployment.

Al TECHNOLOGY LEARNINGS

Code Generation Quality: Initial Al models require domain-specific context to generate clinically appropriate code.
Generic language models need customization for clinical programming contexts.

Prompt Engineering: Effective natural language to code conversion requires carefully crafted prompts and context.
Domain expertise is essential for creating effective Al interactions.

Validation Requirements: Al-generated code requires additional validation steps to ensure correctness and
compliance. Human oversight remains essential for complex transformations.
FRAMEWORK ARCHITECTURE LEARNINGS

Modular Design Benefits: Separating Al capabilities into distinct modules allows independent development and
testing. This approach enables gradual feature rollout without disrupting core functionality.

Metadata Importance: Rich metadata is essential for effective Al-powered suggestions and automated
transformations. Comprehensive metadata management is foundational to framework success.

User Experience Considerations: Framework adoption requires intuitive interfaces and comprehensive
documentation. User training and change management are critical success factors.



CONCLUSION

The Python framework represents a significant advancement in clinical data transformation through intelligent
automation and generative Al integration. The proof-of-concept demonstrates technical feasibility for addressing key
industry challenges including transformation time reduction and quality improvement.

KEY TECHINICAL ACHIEVEMENTS:

Modular framework architecture supporting diverse data sources
Al-powered code generation capabilities for clinical transformations
Comprehensive metadata management with intelligent mapping suggestions
Reusable code modules facilitating rapid study setup

Foundation for advanced visualization and audit trail capabilities

Automated JSON traceability system for source-to-target traceability

FRAMEWORK INNOVATION:

The integration of generative Al with clinical domain expertise creates a powerful platform for transformation
automation. Natural language processing capabilities enable programmers to describe requirements in plain English,
while semantic analysis provides intelligent mapping suggestions.

PROOF OF CONCEPT STATUS:

The framework is currently in proof-of-concept stage with core components implemented and unit tested, not officially
validated. Initial testing demonstrates technical feasibility and potential for significant productivity improvements in
clinical data management.

REFERENCES

1. FDA. (2018). "Data Integrity and Compliance With Drug CGMP Questions and Answers." U.S. Food and Drug
Administration. Available at: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/data-
integrity-and-compliance-drug-cgmp-questions-and-answers

2. CDISC. (2021). "Study Data Tabulation Model Implementation Guide v3.4." Clinical Data Interchange Standards
Consortium. Available at: https://www.cdisc.org/standards/foundational/sdtm

3. European Medicines Agency. (2024). "Reflection Paper on the Use of Artificial Intelligence in Medicine
Development." EMA/CHMP/BWP/508/2021. Available at: https://www.ema.europa.eu/en/documents/scientific-
guideline/reflection-paper-use-artificial-intelligence-ai-medicinal-product-lifecycle_en.pdf

CONTACT INFORMATION
Your comments and questions are valued and encouraged. Contact the author at:

Author Name: Mitul Yogeshchandra Patel
Company: Johnson & Johnson

Work Phone: +1 215-793-7767

Email: mpatel61@its.jnj.com

Author Name: Denis Sokolov
Company: Johnson & Johnson
Work Phone: N/A

Email: dsokolov@its.jnj.com

Brand and product names are trademarks of their respective companies.



