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ABSTRACT 
 

The creation of CDISC SDTM datasets is often tedious and time-consuming, requiring repeated manual programming 

across studies. Such manual process may lead to inconsistency and non-compliance. To address these challenges, 

we developed a rule-based SDTM auto-mapping software using Python that leverages a knowledge library of 

metadata and generic mapping rules between raw datasets and SDTM datasets. The software parses predefined, 

reusable rules, integrates controlled terminology, and automatically generates executable SAS or R programs to 

produce final SDTM datasets. In addition, it generates SDTM metadata to facilitate review and regulatory submission. 

 

This automated solution significantly improves efficiency, strengthens compliance with CDISC standards, enhances 

traceability, and reduces both manual effort and human error. The tool supports multiple EDC data sources as well as 

third-party vendor (TPV) data. This paper highlights the system design and implementation strategies, offering a 

practical framework for sponsors and CROs seeking scalable, compliant SDTM automation solutions. 

INTRODUCTION 
 

SDTM is a key requirement for regulatory submissions to the FDA, PMDA, and other global authorities. Despite being 

a well-defined standard, SDTM conversion remains one of the most time-consuming activities in clinical data 
management. Traditional SDTM creation workflows rely heavily on manual programming, introducing inefficiency, 

variability, and higher risk of errors. This paper presents a rule-driven SDTM automation software tool that generates 

executable SAS or R code and submission-ready metadata with Python implementation. 

 

BACKGROUND AND MOTIVATION 
 

Repetitive Patterns in SDTM Mapping: Domains such as AE, VS, and EX follow consistent structures across 

studies, creating opportunities for reuse. 

 

Complexity of Evolving Standards: Frequent updates to SDTM IGs and NCI Controlled Terminology require 

continuous maintenance and governance. 

 

Increasing Volume and Variety of Data: Clinical trials usually incorporate both EDC and third-party datasets (labs, 

ECG, PK), increasing mapping complexity. 

 

Industry Intend: The industry is exploring different SDTM auto-mapping techniques, including SAS macros and AI 

assistants. We use rule-based automation with AI to achieve standardized, accurate, and traceable SDTM mapping. 

This rule-based approach provides a more general framework for generating SDTM domains automatically. 
 

SOFTWARE DESIGN 
 

TECHNOLOGY STACK  

 

The software is built in Python, using packages like pandas, Lex-Yacc (sly), Excel tools, and AI language libraries. 

Lex-Yacc (sly) serves as the mapping rule parser and compiler.  

The Python scripts run from the command line for easy integration with web servers, AI Agents, and standalone 

applications.  

All documents are provided in Excel format, following industry standards. 
The software supports SAS and R integration. It can execute SAS or R scripts in the process flow 

 

DOCUMENTS & LIRARY 
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The following documents and libraries are adopted and unified to support standardized SDTM mapping process.  

 

a. CDSIC SDTM IGs & Controlled Terminology 

 

CDISC SDTM IGs and Controlled Terminology documents are downloaded to support multiple versions of SDTM. 

These libraries are referred while generating study SDTM metadata file. 

 

b. Sponsor SDTM Rulebook 

 
SDTM rulebooks serve as reference libraries for configuring SDTM mapping in future studies, often having multiple 

versions to align with different SDTM IG versions.  

Each rulebook mainly outlines the mapping rules from RAW variables to SDTM variables, typically using calculation 

expressions as described below: 

 

 

 

c. Raw Metadata Specification File 

 

Raw metadata specification file could be Rave EDC ALS, Veeva raw metadata file, and other metadata in different 

formats.   

 

d. Unified Study Raw Metadata (SRM) 

 

Raw metadata specification files are combined with customized utilities to produce unified Study Raw Metadata 

(SRM) file. 

SRM, in excel format, contains ‘RawDomains’, ‘RawVariables’ and ‘RawFormats’ spreadsheets. 
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e1. Unified Study SDTM Metadata (SSM) 

 

The software can read SRM and sponsor level SDTM metadata library to produce a unified Study SDTM Metadata 

(SSM) file. The format of SSM is compatible with the input for define.xml generation tool. 

SSM, in excel format, contains ‘Domains’ and ‘Variables’ spreadsheets: 

 

 

 

e2. Unified Study Raw-to-SDTM Mapping Specification (SRSMS) 

 

Study Raw-to-SDTM Mapping Specification (SRSMS) file is for RAW variable to SDTM variable mapping purpose. 
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f. Predefined Mapping Rules 

 

In the Mapping Rule file, the software has built-in support to utilize the following functions, SAS macros, expressions. 

These rules can be parsed and converted into SAS/R code. 

 
Mapping Expression Alias Description Sample Expression SAS Code 

Expression Operators 

=, !=, >,<,>=,<=   Boolean operators for 
condition 

Var2 = ‘N’ 
RAW1.VAR1>RAW2.VAR3 

  

+, -, *, /    Regular operators RAW1.VAR1 * 2 *100 /3.2   

&, |, !, and, or, not   Logical operators VAR1>VAR3 & VAR1<=VAR4 
VAR1>VAR3 and VAR1<=VAR4 

VAR1>VAR3 and VAR1<=VAR4 

IN, NOT IN   in statement var1 in ('1','A') 
var1 Not in ('2','B') 

var1 in ('1','A') 
var1 Not in ('2','B') 

Functions 

ISNULL missing Is missing ISNULL(RAW.VAR1) 
Missing(RAW.VAR1) 

Missing(RAW.VAR1) 

IFC   If-else function IF(ISNULL(RAW.VAR1), raw1.var1, 
raw2.var2) 
IF(RAW.VAR1 != “”, raw1.var1) 

  

COPY()  
COPY(<RAW variable>) 

  Copy source value to target 
based on  variable type  

copy() 
copy(RAW.VAR4) 

Char to Char: strip(<RAW Variable>)  
Num to Num:<RAW Variable>) 
Char to Num: input(<RAW Variable>, 
best.)  
Num to Char: strip(put(<RAW Variable>, 
best.))  

USUBJID()    Concatenate STUDY, ‘/’ and 
SUBJECT  to USUBJID 

USUBJID()  cats(STUDY, ‘/’, SUBJECT)  

DECODE()  
DECODE(<RAW 
Variable>) 
DECODE(<Format>)   
DECODE(<RAW 
Variable>, <Format>)   

PUT,INPUT Decode the RAW variable, 
or using RAW variable 
format, or using a specified 
format  

DECODE()  
DECODE(<RAW Variable>) 
DECODE(<RAW Variable>, 
<Format>)   

strip(putc(<RAW Variable>, 
raw_format(<RAW Variable>)))  
Decode the RAW variable using RAW 
variable format  
strip(put(<RAW Variable>, <Format>))  
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UPDECODE()  
UPDECODE(<RAW 
Variable>) 
UPDECODE(<Format>)   
UPDECODE(<RAW 
Variable>, <Format>)   

 
Decode (with uppercase) 
the RAW variable, or using 
RAW variable format, or 
using a specified format  

DECODE()  
DECODE(raw_var1) 
DECODE($NY) 
DECODE(raw_var2, $Y)   

strip(putc(<RAW Variable>, 
raw_format(<RAW Variable>)))  
Decode the RAW variable using RAW 
variable format  
strip(put(<RAW Variable>, <Format>))  

STRIP(), STRIP(Var1)   Convert to String STRIP(PUT(RAW.VAR,” BEST.”)) STRIP(PUT(VAR) 

VARLABEL(<RAW 
Variable>)  

  Set to the RAW variable 
label  

  strip(vlabel(<RAW Variable>))  

UPCASE(<RAW 
Variable>)  

TOUPPER Set to the RAW variable 
value in upper case  

UPCASE(RAW.CMTRT) upcase(strip(<RAW Variable>))  

SCAN   separate parts of a 
character value. (split) 

SCAN(RAW.VAR1, 2, “T”) SCAN(RAW.VAR1, 2, “T”) 

FIND   To locate a substring within 
a string. 

FIND(RAW.VAR1, “XXXX”) FIND(RAW.VAR1, “XXXX”) 

DELETE_IF(condition)   skip record if the condition 
is met 

delete_if(AETERM=' ') if AETERM='' then delete; 

CATX(<Variable1>, 
‘<String1>’, 
<Variable2>, …)   

 Paste Concatenates multiple 
character variables and/or 
strings  

CATX(separator, 
RAW.OTHER,RAW.OTHERSP) 

strip(<Variable1>)||<String1>||strip(<V
ariable2>)||…  

CATS( ‘<String1>’, 
<Variable2>, …)   

Paste0, 
cancat 

Concatenates multiple 
character variables and/or 
strings  

CATS(RAW.OTHER,RAW.OTHERSP) strip(<Variable1>)||<String1>||strip(<V
ariable2>)||…  

MIN(<Variable1/Value1>, 
<Variable2/Value2>, …)  

  Get the lowest value of the 
listed values  

  min(<Variable1/Value1>, 
<Variable2/Value2>, …)  

          

Macros (%MACRO_NAME(...)) 

%SEQ(<Variable1>, 
<Variable2>, …)  

  Creates the Sequence 
Number  

  %seq(dataset_layout=(<Variable1> 
<Variable2> …, 
outvar_seq=WORK.<SDTM 
Dataset>.<SDTM Variable>);  

DTC()  
DTC(<Date Variable)  

ISO_DATE Creates the DTC from date 
variable  

  %dtc(INVAR_DAT=<Date Variable>, 
OUTVAR_DTC=<SDTM Variable>)  

DTC(<Date Variable>, 
<Time Variable>)  

ISO_DATET
IME 

Creates the DTC from date 
and time variables  

  %dtc(INVAR_DAT=<Date Variable>, 
INVAR_TIM=<Time Variable>, 
OUTVAR_DTC=<SDTM Variable>)  

 

 

SOFTWARE IMPLEMENTATION 

 

SDTM MAPING HIGH LEVEL FLOW  

 

The SDTM mapping process flow includes multiple steps. Each step can be performed by software modules 

automatically. The programmer can review the output from each step and update the corresponding input files.   



 
 

6 

 

MAPPING STEPS 

 

The SDTM mapping process flow contains the following modules: 

 

1. Study Raw Metadata (SRM) Generator 

 
Description: Generating study level SRM file from Raw Metadata Specification file 

Input: Multiple Raw Metadata Specification files, Sponsor level metadata library, etc. 

Output: SRM file with audit trail 

 

2a. Study SDTM Metadata (SSM) Generator 

 

Description: Generating study level SSM file from SRM, SDTM IGs, Sponsor level SDTM metadata library 

Input: SRM, SDTM IGs, Sponsor level SDTM metadata library, older version of SSM. 

Output: SSM file with audit trail 

 

2b. SDTM Mapping Rule Generator 

 

Description: Create raw to SDTM mapping rules by first matching existing variables; if not found, use an AI language 

model to identify the closest match based on label description.  

Input: SRM, Sponsor level SDTM metadata library. 

Output: Study Raw-to-SDTM Mapping Specification (SRSMS) 

 

3a. Mapping Rule Parser 

 

Description: Read and parse input mapping rules in order from SRSMS file 

Input: Study Raw-to-SDTM Mapping Specification (SRSMS) 

Output: Study rule mapping objects in Python, rule validation result  

 

3b. SDTM Source Code Generator 

 

Description: Generate SAS or R code from rule mapping objects in Python 

Input: Study rule mapping objects in Python 

Output: SAS or R source code  

 

4. SDTM Dataset Mapping Runner 

 

Description: Execute SAS/R code in Batch mode 

Input: SAS/R code + Raw datasets, SAS macros, data formats 

Output: SDTM datasets  
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SPONSOR CUSTIMIZATION 

 

• Each SDTM domain can include pre- and post-process code for special handling, which may involve dataset-

level SAS macros. 

• The supported mapping rule definition can be customized by updating mapping rule parser 

• Generated SAS/R code can be changed with updated SDTM Source Code Generator 

• The variable formats are specified in the SDTM metadata spreadsheet that can be easily modified 

 

 

CASE STUDY – GENERATED SAS CODE 

 

AE DOMAIN 

• Generated auto-AE.sas – support multiple raw dataset merge to one SDTM domain 

 

 

 

 

VS DOMAIN 

• Generated auto-VS.sas – supporting sub-block to handle 1:m record mapping 
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FUTURE WORK 

 
This Auto-SDTM software is the initial step toward automating clinical data processing. Planned improvements 
include: 

• Integrating with define.xml generation tools 

• Integrating with aCRF generation tools 

• Enhancing AI-based mapping processes 

• Incorporating AI models or agents 

CONCLUSION 
The Auto-SDTM mapping software provides a scalable, compliant solution for SDTM creation. Combining metadata-

driven rules with executable SAS/R generation reduces manual effort, strengthens compliance, and improves 
efficiency across development programs. 
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