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1. Background and Motivation

Why the Subject Visits (SV) Domain Matters SV Domain at a Glance

@ Links all observation-level datasets

The Subject Visits (SV) domain is a required component of CDISC SDTM submissions,

to their clinical visits

providing the temporal backbone that links all observation-level datasets to their .
= e s o 4 4 : : Provides the temporal backbone
corresponding clinical visits. Despite its structural importance, SV derivation is m oftthe sty
frequently treated as a manual, study-specific programming task — one that must be
substantially rewritten for each trial. o peguired fovGUENG SDLM
submissions

1. SV Domain: The Temporal Backbone 2. Current Reality: Manual, Study-Specific 3. The Consequence

SV connects visits to all SV derivation is often a manual programming task
observation-level datasets Clinical Visits that must be rewritten for each trial. Time-Consuming
Obissivation: \ (Time Points) N Significant time spent rebuilding
Datasets Study A Study B SV logic for each study.
SV Program SV Program
Screening !
tiian i C— OEE—— Error-Prone
H LB EE— Baseline data sv; data sv; Manual coding increases the risk
SV Domain ) set ae adsl Ib vs ex; set ae adsl Ib vs ex; of inconsistencies and defects.
AE Week & where formname = "VISIT'; where formnm = 'VISIT FORM";
# & [Adverse Events) d * if upcase(paramed)="VISITDT" then if upcase{param)="VISIT DATE" then
I | visitht = avalc; visitdt = avalde; Costly
=i -") EX b g Week 8 Rework, validation, and maintenance
(Exposure) " 5
run; un, drive up overall study costs.
< VS - Week 12
[Vital Signs) vow :
Hard to Maintain
T Result: Study-specific code is difficult to
High manual effort, duplication, and frequent rework reuse, standardize, and scale.
for every new study.

", The Opportunity

> = A configuration-driven, meta-programming T Standardized F/"__"\ Efficient P 2 . Reliable <> Scalable

- -~ - o £ By { \ b F: B
approach can standardize SV derivation, » L Q | One approach Faster development \ 0 / Consistent and \ | Easily handle new
reduce effort, and improve quality across \._/ across all studies and wvalidation S high-quality results S studies and sources

all studies.




2. First SDTM.SV Automation Attempt

Automatic Generation Workflow for the SDTM SV Domain

' ™~ S\ =
o Multiple Data Source 9 Collect Visit C Visit Mapping | o Consolidate & Derive 6 SDTM SV Domain
| Data come from multiple Records from Sources (Metadata) | Visit Information (Output)
study data source programs. Extract visit records Create SDTM-compliant

Map source visit values to > E SV
(containing visit name standardized visits and VISITNUM. Combine all visit records LTI

(= DM Program and date information) using mapping -
m E@ Subject information from each data source. -
souncs |50ans_wsrr WSITIIJM. VI.SIT {:33‘{}33%}::3;}
EX Program From DM EX | Screening [v] | S..:regmng ) N i
EJ 5::;:-; o J EX | Day1 | 1 | Day1 ¥ Variable | Description
2 From EX | VS | Day1 1 | Day1 Derive START and END STUDYID | Study Identifier
B LB Program ) LB ; Day 1 | 1 [ Day 1 dates for each wisit DOMAIM sy
Laboratory data » 1 = 4 1 L ;b I > = * = = i
From LB | Vs [ Day & 2 Day 8 J_._;_. USUBJID Unique Subject Identifier
J I 1 T _ VISITNUM Visit Mumber
===y ap VS Program LB | Day8 2 Day 8 ' v v' ' Nn'"
: = =1 isit e
“ Mtk Stgha dake From VS PE | Week 4 3 | Week 4 —
- — - e Stud). | T e gl S'u'STDTC visit Start Date/Time | |
== & PE Program e ‘ ' ! i S e SVENDTC | wisit End Date/Time
i m P | ey
m . Physical Exam data ) | | @00 SVUPDES Visit Uw"Duwn Description
5 ( “/\ (Optional)
=== DS Program From DS = Standardize visit names across sources L kbl !
m Disposition data = Assign VISITNUM
- TM l::ornplrnn
= Define date derivation rules Format dates to ISO 8601 é SV damain A
3 W wisit— : s : 3 Sl SR T
««. other source programs Dlevistt-related records « Define visit start/end logic (Example: 2025-05-01T00:00:00) ready for 4 4|
collected from sources )

2025-05-01T00:00:00 ]

ﬂh SumeSSIOrII-/
- -\-._‘_,_.4‘\\_\_,/"—

High qun?\, Y
automated, and :

reproducible
process!

6 Validation & Traceability

N
Validate required Check chronclegical Generate logs and Ensure SDTM
wvariables and order and date logic traceability reports compliance :

controlled terms




2. First Automation Attempt (Continued)

Discover All Datasets

Scan for all datasets (*.sas7bdat, *.xpt)
created by programs or exist in folders.

( Example Source Folder ‘ Example Discovered Datasets )
T3 /study/source ~ Dataset = | Path - ] Type

L 7 pm 7 7dm.sas?bcjat /study,isour‘cefDM/ SfS?BI:iATi
L EX ex.sas/bdat f /study/source/EX/ 1. SASV7BDAT
| VS ‘ B ® vs.sas7bdat - /study/source/VS/ e SAS7BDAT a
_ By LB Ib.sas7bdat ) /stuc_iy/sour‘ce/LB/ — SAS7BDAT

| . B PE pe.sas/bdat _ /study/source/PE/ gy SAS7BDAT
5 bs ds.sas7bdat /study/source/DS/ SAST7BDAT
L 5 A ae.sas7bdat 7 /study/source/AE/ SAS7BDAT
5 cm cm.sas/bdat | __/study/source/CM/ SAS7BDAT

What we know after this step

€)

& Full list of datasets found in the source area
& Each dataset has its path and type

i & Ready to inspect metadata and variables in the next step




3. Statement of the Problem

Build source Inventory - Potential Issue

After scanning and inspecting all programs and datasets, we may face

Which datasets

and variables

should we use?

the following issues when building the source inventory for SV generation.

o Too Many Datasets 9 Inconsistent Variable Names 9 Missing or Incomplete Metadata 0 Ambiguous or Duplicate Datasets
Many datasets are discovered, Visit and date variables have Some datasets lack visit/date variables Similar datasets found (raw vs. derived,
but not all are relevant for SV. different names across datasets. or important labels. interim vs. final).

Risk of using wrong datasets. Hard to standardize automatically. Metadata is incomplete. Unclear which one to use.

Ea EE EE | Dataset A (VS) | Dataset B (LR) No visit date
AE cMm MH Variable Type Variable Type
@ ‘}1 m VISIT Char | PEVISIT Char b Vs.
| _.'ﬁ VISIT: v

LB vs PE VISITNUM | Num PEVISITNUM  Num VISITNUM: v

| | e 4 VS_RAW VS_FINAL
Ei{ ‘jé EE VSDTC Char PEDTC Char “ ? (older run) (latest run)
DS EX Qs h . Label: ;

N ——————————
ez =

From many datasets, VISIT vs. PEVISIT Dataset has VISITNUM but VS_RAW (older run) vs.
only a few actually : VSDTC vs. PEDTC no date variable to determine timing. VS_FINAL (latest run) -
contain visit information.

which is correct?

Solution in Step 5

Use a configuration file (rules) to control
dataset selection, variable mapping,
and metadata handling.

Why this is a problem
Without rules and configuration, the inventory cannot be trusted.

This may lead to incorrect SV data, rework, and inconsistent results.




3. Statement of the Problem(Contlnued)

& Additional Issue: Compounding Problems in Current Approach

Visit date data arrives from multiple systems with different form names, field naming conventions,
and vendor-specific date formats. The traditional approach is to manually code these details
into the SAS program with a separate data step for each source.

- -~

L 1. Multiple Source Systems 2. Inconsistent Across Studies | 3. Traditional Response: 4. Resulting Problems
4 ; > Manual Coding in SAS
Visit date data comes from Each study may have different ~
different systems. form names, field names, and Manually code each source with Brittle Programs
date formats. a separate data step in SAS. Hard-coded logic tied to
& EDC Platforms 3 - . - /* Source 1: EDC */ specific sources and formats.
- e.g., Medidata, Oracle Study | Form Name Field Name Date Format | da:ts;:_e:c;:
i I ] ! | c_data;
InForm, Veeva EDC visitdt = input(VISITDT, yymmdd10.); et Difficult to Validate
o Visit Form VISITDT YYYY-MM-DD "'f.‘?r"'“ visiiet onmesddio_: I Inconsistent logic across
{ S B e R e L B - sources and studies.
Third-Party Vendors ‘ - /* Source 2: Vendor */ ‘
e.g., Central Labs, 0 Subject Visits | VST_DATE DO data src_vendor;
Imaging Vendors, ' 5‘;:,1:;"“""::’“‘:;“51 i auttes Expensive to Maintain
visitdt = inpu _DATE, -);
ePRO Vendors @ visit Details | VISIT_DATE | MM/DD/YYYY format visitdt yymnndd10.; a Changes require manual
run; updates in multiple data
S TR T S steps and programs.
E IWRS Systems Encounter ENC_DT YYYYMMDD I Source 3: IWRS "f
= data src_iwrs;
e.g., IXRS, ClinPhone, e 5 -
Custom IWRS ; ks daty; Poor Scalability
visitdt = input(ENC_DT, yymomdd8.);
Different names and formats format visitdt yymnnddl10.; Adding new sources or studies
make standardization difficult. L increases complexity and
vee maintenance effort.
Bottom Line ® Higher maintenance cost
This approach leads to a program that is brittle, Impact ® Higher risk of errors and audit findings |
difficult to validate across studies, o . I ® Slower delivery of new studies |

and expensive to maintain.

® Inconsistent results across programs |




4. Proposed Objectives

Build source Inventory - Potential Solution

Use rules and configuration to control dataset selection, variable mapping,

and metadata handling to build a trusted source inventory for SV generation.

Key Actions Solution Approach
I 1. Define Selection Rules - = . .
%@ Specify inclusion/exclusion Apply Selection Map Variables Resolve Metadata
criteria to pick the right Rules Consistently Issues

datasets for SV.

e 2.

3.

4.

w

FIoE

Standardize Variable |
Mapping

Create consistent mappings

for visit, date, and other

key wariables.

Handle Metadata Issues

Défine rules for missing Include relevant Align wvariable names
incomplete, or inconsistent datasets and and definitions
metadata. exclude others across datasets

Generate Source Inventory
Apply rules to produce a clean,
reliable inventory with variable-
level details.

What We Achieve

® A trusted source inventory with consistent variables and complete metadata.
® Clear documentation of rules and mappings for transparency and reuse.
® A solid foundation for accurate and efficient SV generation.

Address missing,
ambiguous, or
inconsistent
metadata

Build Trusted

Inventory

Create a clean,
standardized inventory
ready for SV
generation

[Bf Select right datasets

g Map variables consistently

[E Handle metadata issues

[ Generate trusted inventary

Benefits

Accurate dataset
selection

Consistent variable
mapping

Reliable metadata
handling

_/l' High-quality inventory

.DD for successful

SV generation

Western Users of SAS Software




4. Proposed Objectives (Continued)

Proposed Configuration-Driven, Meta-Programming Approach

This presentation proposes a fully configuration-driven, meta-programming approach in which the
SAS program contains no study-specific form names or field references. All study customization
lives in external configuration files. The program reads these files, constructs the necessary SAS
data steps at runtime using CALL EXECUTE and PROC SQL SELECT INTO, and processes an

arbitrary number of data sources without a single line of hard-coded study logic.

External
Configuration Files

All study-specific details are
stored in external files.

@ EDC Data Configuration
from the Annotated
Listing Sheet (ALS)

€ Vendor Data
Configuration

kL

>

© Standardization of
Special Fields via
Excel Configuration

o Protocol-Based
Visit Mapping

© visiTnuM
Mapping

No Hard-Coded

Study Logic

The SAS program is generic
and reusable across studies.

The program reads configuration
files to load metadata and
build control tables.

Read Configuration

Build Code Dynamically
at Runtime

(Meta-Programming)
Using CALL EXECUTE and
PROC SQL SELECT INTO, the
program constructs SAS code
at runtime for each source.

CALL EXECUTE
Generate DATA step code
dynamically for each source

PROC SQL SELECT INTO

Build lists, clauses, and

Control Tables in Memory parameters dynamically

@ Source information
& Variable mappings l
& Date variable rules
& Visit and date rules
& Processing options

S5AS code
constructed
at runtime

</>

Benefits of This Approach

-~
R

Fully Configurable Scalable

All study customization
lives in external files.

Easily handle any number
of data sources.

Key Principle
@ Code is generic.
@ Configuration is specific.
@ Logic is built at runtime.

P

Process Any Number
of Data Sources
The generated code is executed

to process all sources—no

hard-coded study logic.

Source 1 Source 2 Source 3
Source N-1 Source N

Fully Automated
Add or remove sources by
updating configuration files only.
Mo program changes needed.

Maintainable
Changes require only
configuration updates,

not program changes

Qutput: Standardized
Source Inventory
A consistent, complete source
inventory is produced.

v

Inventory Includes

= Dataset information

= Variable metadata

= Visit and date variables
= Data source details

= And more...

Efficient & Robust

e

Faster development, easier

validation, and lower

maintenance cost.




_—MIH

WSS

5. Program Workflow

High-Level Process

s Prepare Data wapsperiveviss NN oupus

Ve ™ e N .
» 4. Filter eligible visit-related 7. Map visits
1. Import visit formats
forms p .
N S g ) . 11. Generate final SV
p N ~ 8. Derive scheduled and _ dataset )
(2All_ns1port)EDC data 5. Read source datasets | unscheduled visits )
.CsV ) p .
\ s dynamically ) [ 12. Generate final SUPPSV
9. Calculate visit start/end _ dataset )
3. Import Vendor § dates |
configuration 6. Combine EDC and
(CALL EXECUTE for Vendor Vendor data (SELECTINTO to g N
Transforms) build macro variables; expanding to .
arbitrary-source DATA steps) 10. Derive StUdy days
AN vy




« 6.1 Configuration Files as the Single Source of Truth

 The approach relies on three external configuration files that completely define the
study-specific aspects of SV derivation. The main SAS program reads these files and
constructs its processing logic from them at runtime.

All EDC field metadata: form name,  Program filters this to auto-discover which
field name, data format, ordinal forms contain relevant date fields — no form
position names hard-coded
Vendor dataset names, field Drives both dynamic code generation (CALL
mappings, and optional SAS EXECUTE) and SET statement assembly (PROC
transformation snippets SQL)

svimt.csv Mapping of EDC folder names to Decouples visit numbering from program code;
VISIT labels and VISITNUM values update file to change visit schedule




6. Methodology (Continued)

!' .a. 6.2 Runtime Code Generation
|

* The paper will demonstrate two complementary meta-programming techniques.

[ | o CALL EXECUTE: Generate Study-Specific Data Steps at Runtime

Generated Data Steps

[} S R e N ‘/ CALL EXECUTE [ sas Compiler i O par Mt S0untd)
| trans_formatlon code stored as length code $32767; - N N
text in vendor.csv and submits ‘ set vendor: |
it to the SAS compiler at % # code = tran_code; » < / > # % k] %
runtime, generating a study- { call execute (code);
. "y

specific data step for each VT LA
vendor source without any (Transformation Code Read and Submit Code Compile Submitted No Case-by-Case
case-by-case programming. as Text) at Runtime Code Programming

9 PROC SQL SELECT INTO: Build SET Statement Dynamically for All Sources

Multiple Sources N ™ Output
PROC SQL SELECT INTO concatenates = PROC SQL SELECT INTO One DATA Step
dynamically constructed SET statement . urce 1 —
y_ § Y N i ingl | select cats('set ', libname, ".', memname) data sv_all;
strings ro!'n al sou‘rcets into a single ‘ Source 2 | into :setlist separated by ' * &setlist: |
macro variable, which is then expanded ' Source 3 - |- o saurce i » /* processing logic */ *
in one DATA step to process all sources quit; run;
simultaneously — regardless of how 5 i — : 7
many there are . s Concatenate SET Statements into Macro Variable Expands to All All Sources Processed
’ Macro Variable :setlist SET Statements in One Step

l @ Benefit: These techniques enable fully automated, scalable processing of any number of vendor sources

with zero manual coding for new forms or vendors.




6. Methodology (Continued)

6.3 Automated Derivation in the %sv Macro

= A reusable parameterized macro encapsulates four automated derivation steps:

o FIRST/LAST Processing 9 Retained-Counter Algorithm e PUT-Based Date Formatting e Study-Day Calculation
Automatically identify start Assign fractional VISITNUMs Standardize all dates to Use N() completeness guard and
and end dates for multi-day to unscheduled visits. ISO-8601 (YYYY-MM-DD). inline Boolean arithretic to
visits. implement the SDTM no-Day-0

corvention without IFSTHEN.
ST — : 3 : .
Scheduled Unscheduled | Unscheduted Scheduled
[ START | Lyl -y & mp NSCREENDTC) STUDYDAY =
* Visit 2 Wisit 2.1 | | Visit 2.2 | Wisit 3 * 2025-05-21 — » ADY + (ADY > Q)
m LS f 5 LY S L% J A s _J
Derive MISITDY = 1-for the A retained counter increments within PUT(datewvar, yymmdd10.) If ADY < O (pre-dose), STUDYDAY = ADY;
first date (FIRST) and each anchor visit to create 2.1, 2.2, ensures consistent [SO-8601 If ADY > 0, STUDYDAY = ADY + 1.
LI st oo tie 2.3 ... ensuring proper ordering. character format. Day 0 is never assigned.

last date (LAST).

The %sv macro automates the derivation process

=
=
Reusable FIRST/LAST Retained-Counter PUT-Based Date Study-Day
Processing Algorithm Formatting Calculation SV Dataset

Parameterized Macro

/ Result:
O Consistent, standards-compliant SV derivation that is automated, robust, and reusable across studies.




7. Contribution and Significance

Four Key Contributions of This Approach

The approach described in this paper makes four distinct contributions to clinical SAS programming practice:

n  —
W —
v

Reduced
Production Burden

(2

[ ]

R

e—

Elimination of
Transcription Errors

&
il

Scalability

The core program logic is
study-agnostic and does not
change between studies.
Only configuration files
change, confining re-validation
scope to those files based

on need.

Form names, field names,
and transformation rules
are specified once in a
configuration file and
consumed programmatically,
removing copy—paste errors
common in per-study edits.

The program handles both
small and large numbers of
sources in the same way,
without requiring any
additional programmer
intervention for new forms
or vendors.

(4
@/@\@)

Transferability

The architecture generalizes
beyond SV — the same
configuration-driven, CALL
EXECUTE pattern can be
applied to other SDTM
domains where multi-source
date collection is involved.

(;J/" Together, these contributions deliver higher quality, lower maintenance, and greater efficiency
in SDTM programming across studies and therapeutic areas.




8. Questions

l‘?"i
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