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The CDISC Challenge: Al-Driven TFL Generation

PROBLEM CHALLENGE

* TFLs are generated manually » Al-assisted TFL generation
* Requires repeated effort * End-to-end traceability

» Tedious tasks * Reduced manual effort

* Limits traceability from * Transparent outputs

objective to result

Judging weights:
- Technical Quality & Feasibility 30% -
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The challenge is not generating
tables.

The challenge is maintaining
consistency, traceability and
trust.

b NOVARTIS



PAIR

Pipeline for Al-assisted Reporting

Clinical reporting Al that understands the study, applies company standards, and keeps
every decision transparent and reviewable.

For stages, review built in

< Study Context Preparation ) — < Study Context Review > — < Table Generation ) — < Table Review )
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How PAIR works

01 — 02 —

/

Study Documents Study Context

e Statistical Analysis Plan * Objectives

(SAP) * Endpoints

e ADaM specifications
e TFL Shells

* Analysis populations
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03 —

Executable Specification
* Analysis

* Display rules

* Audit trail

« CDISC ARS v1.0
aligned

04

Reviewable Outputs
* Draft tables
* Traceability

* Change impact analysis



5 Study context

Always kee p I ng th e h u m a n I n Pha‘:‘e'."ia'_—_in advanced NSCLC, open-label dose
t h e I O O p Ezrga:::;n across 7 cohorts.

« SAP (143 pages)
+« ADaM specifications : ADSL - ADAE - ADEG - ADLB - ADPP - ADRECIST - ADEX - ADVS
+ 32 table shells

PAIR provides a study context, to help understanding:

Objectives 5

PRIMARY  Safety and tolerability of _

PRIMARY Determine MTD f recommended dose

. 0 . SECONDARY Preliminary anti-tumor activity (ORR, PFS, DOR)
> O bJ eCtlveS & E n d pOI nts SECONDARY Pharmacokinetics of _

EXPLORATORY Exposure-response for grade =3 AEs

» Analysis population

» Treatment strategies R
FASFL  Full Analysis Set — efficacy, ITT
> Dataset dependenCieS SAFFL  Safety Set — safety analyses

DDSFL  Dose Determining Set — DLT decisions
PKFL PK Analysis Set (adpp) — PK per-cohort

FPKFL  Full PK Analysis Set — PK completeness

Plus 12 endpoints and 3 estimands. Ask if you'd like details.

“Before any generation occurs, PAIR builds a structured

study model that users can review and modify at any Study scope
stage. Once the model is approved, code generation 39 Teblesinscope
31generatable - 1flagged — see PAIR Assistant —

begins, creating a transparent and trusted workflow.”

A Ambiguities resolved 1

Efficacy treatment variable
SAP silent on which treatment variable defines efficacy analyses.

U) NOVART I S Applied ICH E9(R1) ITT principle — planned treatment. ADaM |G maps this to TRT@1P (planned) vs v



From Study Understanding to Executable Specification

ANALYSIS

method_ref: METH-AESOC
sub_variant: AE-SOC-PT-SEV
operations:

- id: OP-AESOC-0@1

name: count_subjects_by_soc_pt
result_pattern: n (%)

- id: OP-AESOC-02

name: compute_big_n
result_pattern: 'N'
analysis_set_ref: AS-SAFETY
grouping_ref: GF-TRT-ACTUAL
data_subset_ref: DS-TEAE

treatment_var: TRTO1A
primary_dataset: adae
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- AnalysisMethod

- Operation

- Operation

- AnalysisSet

= GroupingFactor
- DataSubset

DISPLAY

severity_columns:
- All grades
- Grade >= 3 (filter: AETOXGRN>=3)

sorting:

soc: alphabetical

pt: descending_frequency

sort_col: All Patients, All grades

total_column:

include: true

precision:

percentage: 1

- from shell

- from method index

- from shell

-» from formatting_config

CDISC ARS-aligned entities

Defined once and reused across the study

AUDIT TRAIL

decisions:
- type: ASSUMPTION
text: Safety set for summaries,

TRTO1A per as-treated
convention.

source: SAP §2.7

- type: ASSUMPTION
text: Missing CTCAE grades
counted in "All grades",
not in "Grade >= 3".

source: SAP §2.7.1

programming_notes:
- Sources METH-AESOC_helpers.R
- Sorting: SOC alpha, PT desc freq

confidence

® HIGH (2 assumptions)

AnalysisSet | DataSubset | GroupingFactor | AnalysisMethod



Al is the glue, not the foundation

YES

Deterministic Execution
* Existing validated method
* No Al writes code

* Reproducible Self-Check Loop
F * Code specification Review-Ready
Executable Known Method? compliance Outputs
specification * Code logic verification « Traceable
* Decision point * Table structure « Verified
NO verification (shells vs. + Standards-aligned

Bounded Al Generation outputs)

* Specification-constrained
e Standards-guided
* Human-reviewable

Al is invited, not put in charge.
It guides decisions and assembles proven components rather than replacing them.
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Objective
WHY

SECONDARY
0BJ-SEC-01
To assess the

preliminary anti-tumor
activity of Compound X

End-to-end Traceability

Estimand

( Precise consTRUCT )

TRACEABILITY CHAIN (ALIGNED WITH CDISC ARS v1.0)

Endpoint

b NOVARTIS

ICH E9(R1)
EST-SEC-PFS
Time from start of

treatment to progression
or death

EFFICACY
EP-SEC-01.2
Progression-free

survival (PFS)
per RECIST v1.1

Method
HOwW

METH-KM

Kaplan-Meier
time-to-event analysis

Table

RESULT

14.2-3

Progression free survival
based on local radiology
review using Kaplan-Meier




Demo
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How to create a trial under 30s with PAIR

Home

PEar b NOVARTIS

° Recent Tables
Welcometo " °
PAIR

b NOVARTIS
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The trial page overview, from documents to R scripts

h' CDISCDEMO mu () B Trial Documents ~{ Data Viewer (= Study Dashboard
# Jd ASK PAIR bot ® Omime -
CDISC DEMO 1
G .
@0 Review ®0InA e0E
Tables (22)

® Al statuses -

14.1-1 - Patient disposition

14.1-2 - Analysis sets

- Dx i ch
N 1413 gr and

Orant

14.2-3 - Progression free survival based on local radiology review using Kaplan-Meier method

Oran
Hi! I'm your study assistant. | can help you: 14.3-1 - Duration of exposure
« Expiore data — distributions, subject counts, vanable lookups, cross-dataset checks P
« Explain tables — what a table computes, why a cell shows a specific value, what assumptions were
. 1432-S y ics of exposure of study drug
« Modify tables — change formatting. sorting. labels, precision, add or remove rows and columns s

@ Ask me anything about this study, or pick a suggestion below to get started

14.3-11 - Prior and posterior summaries of DLT rate at time point

Oram

How many tables are invesSgating adverse events?  How many eficacy tables are n this study?

14.3.1-1 - Overview of adverse events
ram >

14.3.1-2 - AEs regardiess of study treatment relationship by SOC, PT, and severity

10 ~

Manage

b NOVARTIS
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Review Scientific Intent, Not Code

f

ABCI1Z3XXX o () @ Trial Docoments ~Z Data Viewer = Study Dashboard {f 7 corolhl
€ 14.3.1-10 - Dose limiting toxicities by PT and severity = "« © . Mark as Reviewed 1D
_—— Table Output  Symthesic Daca
2 ss<pamsor * ot . R CODE
'd ke 10 help you revert a code change on table 14.3-1 (Duration of exposure), but | need a bit more context. The };*714T37_1.T° S
audit log shows one prior modiication was appled, but there's no backup or version history available 0 restore from. - jcities by PT and ay ining set)
Could you clanfy what you'd ke reverted? For exampie:
ABC123 10mg QD ABC123 20mg QD ABC123 25mg QD ABC123 30mg QD ’
= A specific change — which part of the code should be undone? (e.g., a formatiing change, a filter, a column N=23 N=22 N=17 N=23
addion)
+ The entire last modification — G0 you Temember what was changed”? | can read the current scrot and help Preferred Aligrades Grade>=3 Aligrades Grade>=3 Aligrades Grade>=3 Aligrades Grade>=3 All
ety what 1o undo, but i need your guidance 0n what e orgnal looked ke. term n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n
;\.”/‘v, What change are you looking 10 revert? Number of
patients -
with at 2(87) 2(87) 0 0 1(59) 1(59) 3(13.0) 3(130) 4
ez one event
does this table exists? c
= = RASH 0 0 0 0 0 o 1(43) 1(43) 1
WEIGHT
Table 14.3-11 ("Prior and posterior summaries of DLT rate at time point”) exists because this is 2 Phase | dose- DECREASED 143) 143) 0 0 0 0 0 0 1
study. and g e dose-Emiting toxicity (DLT) rate at each dose level is central 10 the primary
safety objective. ANAEMIA 1(43) 1143 0 0 0 0 0 0
Specifically- BACK PAN 0 0 0 0 0 o 1(43) 1(43)
« Primary objective of the study is 1o characterize the saflety and tolerabiity of ABC123 and identify the maximum
olerated dose (MTD) andior recommended dose (RD). DEFCMFEWD 0 0 0 0 o 0 0 0o 1
« The study uses 2 Bay Logistic Regr Model (BHLRM) % gude dose escalation
This bl oo peter snct DLY sute kel DIZZINESS 0 0 0 0 1(59) 1(59) 0 0
Y G how the of dose-miting ooty updated from the iniial assumptions
{pricr) 1o the cbserved cata (posterior). HEADACHE 0 0 0 0 0 0 1(43) 1(43)
« The table reports probabiiies across three foxicity intervalls: under-dosing (0-16%). targeted toxicity (16-33%),
2nd excessive toxicity (33-100%). These are standard categories in oncology dose-finding rials. NAUSEA 0 0 0 0 0 0 0 0 1
« The analysis population is the Dose g Set (DDS) — eligibie 10 inform dose escalation *VT: 1 week ony 1 week off QD
Seckione. - . o - — Numbers (n) represent courts of patients
In short, ™is table is a e model risk at dose
7\ =1 A patients with multiple severity grades for an AE is only counted under the maximum grade/ severity.
(&3) level which directly informs the MTD/RD determinaion — the primary endpoint of this Phase | trial.
&) 'MedDRA version <MedDRAVers>, CTCAE version <CTCVers>
~ Completed
sk PAIR a que I
i
maa

b NOVARTIS

PAIR makes those relationships directly visible.
Every objective, endpoint, method, variable, and SAP reference remains linked and traceable.



The chatbot makes all changes. Simply ask, review and approve

n' CDISC DEMO wm () [ Trial Documents

® < 14.1-3 - Demographics and baseline characteristics n review
o} AsxkpairsoT ° R CODE

Hi! I'm your study assistant. | can help you:
« Explore data — distributions, subject counts, variable lookups, cross-dataset checks
+ Explain tables — what a table computes, why a cell shows a specific value, what assumptions were
made
+ Modify tables — change formatting, sorting, labels, precision, add or remove rows and columns
Ask me anything about this study, or pick a suggestion below to get started.

Explain to me this table. What is the main information?  Change all decimals to single digit  Is this table aligned with the SAP specification?

~4 Data Viewer

Change this table using reporter R packagel

#14.1-3

b NOVARTIS

[B Study Dashboard

Table Qutput Synthetic Data

Table 14.1-3: Demographics and baseline characteristics (Full analysis set)

Characteristic
Categories/Statistics

Age group — n (%)
18 - <65 years
65 - <B5 years

>=85 years

Age (years)

n

Mean (SD)

Median
Q1-Q3

Min - Max

Sex - n (%)
Male

Female

Race (%)

American Indian or Alaska
Native

Asian
Black or African American
White

Not reported

ABC123
10mg QD
N=9

5(558)
4(44.4)

0

9

57.4 (16.79)
58.0

56.0 - 65.0

22-83

61(66.7)

3(333)

1(1)

1(19)
1119
61(66.7)

0

ABC123
20mg QD
N=7

7 (100)
0

0

38.3 (12.07)

300
29.0 - 49.0

28 -54

4 (57.0)

3(429)

2(286)
0
5(71.4)

]

ABC123
25mg QD
N=6

3(50.0)
2(33.3)

1(16.7)

68.3 (13.72)

645
57.3 - 80.0

55 - 86

4 (66.7)

2(33.3)

1(16.7)
2(333)
3(50.0)

0

ABC123
30mg QD
N=5

3(60.0)
2(40.0)

0

51.2 (21.00)

47.0
39.0-710

25-74

3(60.0)

2(40.0)

1(20.0)

0
2(40.0)
2(40.0)

0

ABC123
100mg QD
N=6

5(83.3)
1(167)

0

6

46.0 (21.76)

43.0
29.3-538

25-83

2(33.3)

4(66.7)

1(167)
0
4(66.7)

0

QP ¢ corolth1

ABC123 ABC123
30mg1/1*  S0mg QW
N=7 N=5
4(571) 4(80.0)
3(429) 1(20.0)
0 0
7 5
56.0 (20.78)  45.6 (23.03)
62.0 36.0
440-720 33.0-49.0
23-75 26 -84
3(429) 3(60.0)
4(571) 2 (40.0)
"] 0
0 0

2(28.6) 0
5(71.4) 5 (100)
0 0

- mmitted Mark as Reviewed

Al
Patients
N=45

31(68.9)
13 (28.9)

1(22)

a5

5§2.2
(19.44)

55.0
33.0-66.0

22-86

25 ( 55.6)

20 ( 44.4)

2(4.4)

5(1M.1)
7 (15.6)
30 (66.7)

0
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The pilot: a Phase 1 study, built for R from day one

EARLY PHASE 1 PILOT

Sentinel dosing * slow-moving by design

@ Luxury of time to experiment

The pilot’s deliberate pace created
space to test, learn and iterate.

R Built for R from day one

The trial was intended to use an end-
to-end R-based workflow.

A demanding test environment

Complex gene-therapy administration
and dummy data that were difficult
to make representative of real life.

Real complexity, controlled pace

b NOVARTIS

EARLY PAIR

@ A lot of work. Limited value.

Built from standard TLF
shells

ﬁ Many errors

Frequent failures slowed
iteration

A Outputs did not match

Results required manual
reconciliation

A Replicated human code

Little value beyond
conventional programming

~1 YEAR
LATER

@ PAIR EVOLVED

From code generation to intelligent mapping

PAIR now understands the study
structure

It connects study intent to the SAP and the
datasets required for analysis.

STUDY design « endpoints ¢ analysis needs

|

SAP SECTIONS safety * PK - efficacy

v vy v
DATASETS TLFs OUTPUTS
SDTM / ADaM tables - listings * analysis-ready
figures

From isolated code to connected study intelligence

15



Lessons learned

01 Keep the human 02
in the loop

Expert review remains essential for judgment,
interpretation and final accountability.

03 Ambiguity creates 04
discrepancies

Many apparent programming mistakes traced back to SAP
language that was ambiguous or not fully specified.

b NOVARTIS

Precision starts
with the SAP

The biggest lesson: the SAP must be specific, complete and
accurate.

PAIR added an independent
quality check

The QC programmer identified issues caused by ambiguity,
but the QC code also contained an error that PAIR did not
make.



PAIR

Traceable.
Every output connects to its clinical objective.

Scalable.
The same architecture extends to listings and figures.

Standards-driven.
Aligned with CDISC ARS v1.0.

Trusted.
Transparent decisions, human oversight and reviewable outputs.

b NOVARTIS



Many thanks to the team behind

Novartis AWS
* David Zhang * Srikrishna Konduru
* Peter Krusche * |tziar Molina
* Matthew Brierley * James Pentland
* Lovemore Gakava e Iftikar Khan - Architecture
Jasmina Miscevic * Chengyeng Gao * Cheyenne Nixon - Ul
(konstantinovic)  Nikhil Kuppa e Rohini Vasudevan - UX

EPAM

Many other to thanks as the team is fairly large (30+ people now!)

Special thanks to our early adopters for their valuable feedbacks this submission stronger!
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