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Disclaimer

This presentation is provided for informational
purposes only and should not be construed as
professional advice or guidance. The views and
opinions expressed are solely those of the presenter
and do not necessarily represent or reflect the official
positions, policies, or views of CDISC or Novartis.
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Carlos Pang

Statistical Programmer

Novartis

Over 14 years of experience as statistical
programming. Led statistical programming
teams in supporting multiple global Phase |-
[l clinical trials across various therapeutic
areas. Pioneered and advanced the
application of R programming in clinical trial
workflows and regulatory submissions.
Developed a range of practical tools to
improve programming efficiency and
streamline clinical trial workflows.



Analysis Result Standard Instruction




Purpose

& CDISC ARS

automated machine-readable reusability Gen Al

Streamlines creation
and reduces manual
effort

storage

Centralized and
consistent
information store

Structured format for
seamless machine
processing

navigation

Easy to explore and
understand
relationships

Designed for reuse
across studies and
programs

traceability

End-to-end
traceability of
results and metadata

Generates and
optimizes ARS
content

Embedding

Connects domain
knowledge to LLM
understanding




Potential Workflow
Spec-driven development (SDD)

- e
’_

@ SDTM ADaM Spec —un A \.

= -

define.xml
ARM

—> @ CSR body

Al Agent < CSR

Appendix

R shiny
—P n_l]_[l exploratory

analysis



ARS Spec
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ARD Definition

operationid

the value of the operationld attribute of

id of analysis

the value of the id attribute of the analysis

the instance of the OperationResult

class that is represented on the row

that generated and contains the result

group info

the values of all of the groupingid,

1 row per result value

There is 1 row for each instance of

the OperationResult class groupld, or groupValue attributes that

are present in resultGroups attribute of
the instance of the OperationResult

ARD class that is represented on the row.

Instances of the OperationResult class are represented in a tabular format
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ARD Journey




R Packages to create ARD

e cards

e Handles both simple and complex summaries
e Composable and extensible API via cardx
e Integrates with the wider pharmaverse ecosystem

* ARDs produced can be consumed by packages such as
gtsummary and tfrmt

® Designed to add calculated analysis result into ARD

e Precisely align with the analysis and layout requirements
e Maximize workload reduction before and after ARD creation

R Package
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Automation with ARD - AWARD
Workflow

S
]
AWARD

'83-
.0
Two steps to create ARD ,{;

Two steps to render to output %

Prepare input data Manipulate ARD

e Filter analysis data, subject level data (ADSL) ¢ Filter by operation, analysis groups
e Filter denominator data if different from subject level data e Transpose by treatment or other groups
e Simply manipulate depending on the readiness of ADaM e Simply manipulate

e Sort as required

Call function with necessary information

® Prepared input data

e Analysis groups, subject groups
e Analysis variable * Read title footnotes from an external file

e Denominator groups if necessary * Render to specified format via reporter or shiny

Render to output

* Analysis operation (max severity, EAIR, etc.)

Al agent achievable
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Automation with ARD - AWARD

Example - Frequence Table

ln:i::tl>ar~d freq( grpX, operation are required in CDISC ARD
subj:ind;ta,q grpXn to store frequency for descending sorting
grp_var="aebodsys aedecod", displayl to store indented groups for table presentation
subj_grp_id="trt_al", valc also contains combination of n and %
operation='n_percent eair' indata_link (optional) drills down to patient level data
)

grpl_var grpln grpl grp2_var grp2n grp2 displayl display2 subj_grpl_id subj_grpln subj_grpl method operation val valc
aebodsys ¥ Infections and infestations  aedecod #Total Infections and infestatior Infections and infest trt_al 2 ACTIVEZ frequency nsubj -
aebodsys Infections and infestations  aedecod #Total Infections and infestatior Infections and infest trt_al 2 ACTIVE2 frequency n_percent

aebodsys Infections and infestations  aedecod Upper respiratc  Upper respiratory trac Infections and infest trt_al 2 ACTIVEZ frequency nsubj

aebodsys Infections and infestations  aedecod Upper respiratc  Upper respiratory trac Infections and infest trt_al 2 ACTIVE2 frequency n_percent

acbodsys Infections and infestations  aedecod Urinary tractint  Urinary tract infection Infections and infest trt_al 2 ACTIVE2 frequency nsubj

aebodsys Infections and infestations  aedecod Urinary tractint  Urinary tract infection Infections and infest trt_al 2 ACTIVEZ frequency n_percent

aebodsys Infections and infestations  aedecod Nasopharyngitic Nasopharyngitis Infections and infest trt_al 2 ACTIVEZ frequency nsubj

aebodsys Infections and infestations  aedecod Nasopharyngitic Nasopharyngitis Infections and infest trt_al 2 ACTIVE2 frequency n_percent

aebodsys Infections and infestations  aedecod Respiratory trac  Respiratory tract infect Infections and infest trt_al 2 ACTIVEZ frequency nsubj

aebodsys Infections and infestations  aedecod Respiratory trac  Respiratory tract infect Infections and infest trt_al 2 ACTIVE2 frequency n_percent

aebodsys Infections and infestations  aedecod Pneumonia Pneumonia Infections and infest trt_al 2 ACTIVEZ frequency nsubj

aebodsys Infections and infestations  aedecod Pneumonia Pneumonia Infections and infest trt_al 2 ACTIVEZ frequency n_percent



Automation with ARD - AWARD &

Function Overview

create_ard_freq create_ard_summary format_ard_mix
e Different types of frequency analysis e Different types of descriptive e An easy solution to combine
by simple level and hierarchical statistics summary frequency analysis results and
levels descriptive statistics summary, such
e Combined analysis results for post e Combined analysis results for post as for demographics analySiS
processing workload reduction processing workload reduction
e Supports specified analysis such as
EAIR, EAOR e Supports speC[fied decimal precision o Well-fitted ARD structure for post
e Handles specified data rules, such as processing workload reduction

max severity, different denominators

e Provide option to drill down to
patient level data

cdisc

e Provide option to drill down to
patient level data



Health Authority Submission

ARDs are included in the
submission package

XPTv5

intermediate
datasets

programs folder

Analysis Results Data (ARDs)
travel with the analysis
programs, preserving a

reviewer-friendly audit trail.

Multiple analysis results align
to the hierarchical testing
strategy

Consistent

analysis result
format

e Endpoint-level results
e Test order and decision logic
e Traceable numerical outputs

hierarchical testing strategy

Submitted to Health
Authorities

FDA PMDA NMPA

Easier HA review

The consistent ARD structure
helps reviewers compare
results and follow hierarchy-
based claims, especially where
FDA requested focused review.

Submission-ready ARDs turn program outputs into a consistent, traceable review layer for HAs.
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ARS ARD Exploration




ARS-based R Shiny App
Workflow

Study CSR ARD j

Integrated ARD for Shiny
o@0 .
@ga® Pooling ARD AH e Assign study ID, output ID, to
link to meta information

e Combine ARD as standard
database for R shiny

@ Exploratory ARD _/

Behind the scene

o Q ARS Spec contains subgroup, endpoint, model, data category, title, footnotes
@ @ ARS Spec links to ARD by study ID and output ID

@ Standardized ARD structure for easy combination

Shiny App
e Select by study, subgroup, endpoint, model
e Table & figure outputs

e Drill down to patient level data



Al Agent — TFL Generation
Render ARD to table

General requirements
= » markdown file
|

« Layout requirements

T
« Convention rules | &) AlAgent

A
(—}? RTF table

Single table shell ; ) ‘_ v : ¢ < / > @

=R NS

» markdown file - —
- Title E—_3J Check shell & Write Run R code Check Compare with shell
« Table body ARD consistence R code to generate RTF Rlog by converting e —

RTF to md

« Footnotes N
« Programming note l ﬂﬂ_[lﬂ Output Status
N ‘
k—); « Consistence issue
= » Assumption
N
‘ Update « Run status

{ } Structure of ARD R code NEE

relative to the table

« json file
« Variable name, type, description
« codelist by variable pair
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Al Agent — ARS Spec

v AnalysisSet

¢ WhereClause

@ DataSubset
* WhereClause
s B
DocumentReference O - N
T’

Analysis

* General requirement 2
for ARD Generation

* General study information ¢ </> AnalysisMethod @

* AnalysisProgrammingCodeTemplate

Table shell
* SAP section

Analysis

for CSR writing
< J

A J

* ADaM spec domain

f&% GroupingFactor

El OutputDisplay
 Titles



Key Takeaways and Future Direction

* CDISC ARS provides a strong conceptual framework

* A well-designed ARS should support multiple purposes

* The most useful solution is usually the one that balances structure,
traceability, and maintainability.

 Starting with automation, evolving into Al Agent, and ultimately building
an enterprise-level database to enable ARS submission.
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