
An Evaluation of Data Formats 
for Clinical Reporting in a
Multilingual Environment

Craig Gower-Page
November 18th, 2025



Introduction



Problem Statement

How can clinical trial data be formatted and stored to ensure interoperability 
across programming languages without sacrificing features or 

performance?
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Just use a database….



Terminology and Key Concepts



Plain Text vs Binary
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Column vs Row-based Storage
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Data Types

8Image sourced from the Apache Arrow R documentation 

(https://arrow.apache.org/docs/r/articles/data_types.html). © The Apache Software 

Foundation, licensed under the Apache License, Version 2.0.



Format  Evaluation



Formats Considered
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JSON

CSV

Plain Text

Apache Parquet

Feather (Arrow-IPC)

Apache Orc

Apache Avro

SAS XPT

Binary

SQLite

DuckDB

“Database”

HDF5

Delta Lake

Apache Iceberg

Protocol Buffers

Other



Evaluation Criteria
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• Library Availability

• Data type coverage

• I/O Performance

• Integrations

• File Sizes
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Benchmarks
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Based on reading/writing a 1 million observation dataset with 84 columns of mixed types. Test was repeated 3 times with the averages being presented above.



Format Spotlights – SAS XPT
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• Library Availability

• Data type coverage

• I/O Performance

• Integrations

• File Sizes
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Format Spotlights - JSON
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• Library Availability

• Data type coverage

• I/O Performance

• Integrations

• File Sizes
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Format Spotlights – Apache Parquet
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• Library Availability

• Data type coverage

• I/O Performance

• Integrations

• File Sizes
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Format Spotlights - DuckDB
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• Library Availability

• Data type coverage

• I/O Performance

• Integrations

• File Sizes
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Apache Parquet



Apache Arrow vs Apache Parquet
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Data Types

19Image sourced from the Apache Arrow R documentation 

(https://arrow.apache.org/docs/r/articles/data_types.html). © The Apache Software 

Foundation, licensed under the Apache License, Version 2.0.



Metadata

20
Image sourced from the Apache Parquet documentation 

(https://parquet.apache.org/docs/file-format/) . © The Apache Software Foundation, 

licensed under  the Apache License, Version 2.0.



SAS Integration
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• Characters read with default length of 42KB

• Not supported in 9.4 or earlier

• Output data types based on informats

• No metadata support

• Critical bugs in earlier versions



Thank you

Craig Gower-Page
craig.gower-page@novartis.com
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