Abstract LA

Current models driving the generation, delivery, and reuse of statistical analyses are
ill-equipped to maximize the full strategic value of the insights generated in tables, listings, and
figures (TLFs). Static displays lock value in the highly variable, non-standard structures of PDFs,
RTFs, HTMLs, and other proprietary output formats, when a more structured storage approach
would yield far greater returns on investment. Statistical output rendered into standardized,
machine-readable formats allows for applications to more fully exploit the value generated in
the statistical analysis phase of clinical trials. This paper explores practical implementations of
Al-driven table analysis, standardized metadata frameworks, and automated generation
capabilities that demonstrate measurable improvements in efficiency, traceability, and
analytical reusability. Each of these applications promises reduction in study startup time,
greater efficiency through automation and standardization, and resource optimization through
Write Once, Read Many methodologies.
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Current Landscape Current Stats & Programming
Static Displays Limit Development Model
Automation and Reuse

e Valuable insights locked in static formats

e Highly variable, non-standard structures across
sponsors and teams

e Redundant efforts: same stats generated, Generated Genergicg
validated, reviewed multiple times, for various

functional units

. . Validat i Validated
e Inconsistent structure and terminology of Validated -

protocols, SAP, and TLF specs hinder linkage of

study objectives, analytical approaches, and
output specifications Reviewed Reviewed

e Limited traceability to source dataq, specs, and
analytical decisions

e Difficult to rapidly adjust outputs for new data, Final TLF Final TLF Final TLF
formats, or study requirements

{0 Beaconcure lterate until completed QO static display of statistics




Transformation from
Static Documents to
Analytical Intelligence




Al-Enabled Conversion
of Static Files into a Robust
Structured Database

e Parsing files: Deconstructing down to the cell
level, categorizing and linking objects

° TLF metadata is extracted and clustered to
facilitate standardized validation checks and
automated analysis

° Enables connections between table sets and:

o  Standards - search and compare
o  Multiple places within a table or table set
o Table sets across studies

e Al model improves over time as more data are
incorporated, and is easily adapted to new
data, such as new formats and new logical

groupings

Q Beaconcure




Real-World Digitize files

Implementations

e Automated validation checks
e Automated output generation

o Review metadata alignment between Al gaels el velelaner

table entities and ADaM

o  Alignment saved and applied to
subsequent checks and analyses
e Traceability
o Automated traceability from outputs Traceability to Source
to ADaM
o Activity Log records changes
e Compatibility with standards such as
CDISC ARS framework
Compatibility

Q Beaconcure




Real-World Implementation
Automated Validation

Checks




Summary Table

7)Beaconcure

Run Automated Validation Checks

Table 14.1.1.19
Summary of | Treatment Emergent Adverse Events = & Serious Adverse Events
(Safety Population)

Drug A Drug B
(N=119) (N=117)

Any TEAES 67 (51.3%) (59.0%)

TEAE Causing Death (0.0%) (0.0%)
Severe TEAES (4.28) (0.9%)
Treatment-Related TEAE (5.0%) (16.2%)
Discontinued due to TEAES (4.2%) (5.1%)
Serious Adverse Events (2.5%) (0.9%)
Treatment-Related Serious Adverse (0.8%) (0.0%)
Events

N = number of subjects in the specified group, or the total sample.
This value is the denominator for the percentage calculations.

BEACONCURE CONFIDENTIAL SDTM Creation: 080CT2021 (00:55) Source Data

advs Table Generation: 090CT2021

Total
(N=236)

130 (55.1%)

Overall AE Table

Table 14.1.1.11
Treatnent Emergent Adverse Events by System Organ Class and Preferred Term

Any Treatment-Emergent Adverse Events

Gastro Disorders
Diarrhea
Vomiting

Infections & Infestations
Influenza

Respiratory, Thoracic and Mediastinal Disorders
Cough

Blood and lymphatic system disorders
Anemia
Eosinophilia
Leukopenia
Lymphopenia
Neutropenia
Pancytopenia
Thrombocytopenia

Metabolism and nutrition disorders
Hyperkaliemia

Polydipsia

Decreased appetite

Hypokalemia

Psychiatric disorders
Insomnia

Drug A
(N=119)

61 (51.3%

53(32.8%)
25 (21.0%)
20 (16.8%)

(8.4%)
(8.4%)

(9.2%)
(9.2%)

(24.4%)

(1.7%)

(3.4%)

(6.8%)
0

(16.8%)
(3.43)
0

(10.1%)
(1.7%)
(4.2%)
(5.9%)
(7.6%)

(0.8%)
(0.8%)

(safety Population)

Dbrug B
(8=117)
69 (59.0%)
48 (41.0%)
35 (29.9%)
30 (25.6%)

10 (8.5%)
10 (8.5%)

10 (8.5%)
10 (8.5%)

62 (53%)
0

0

0
30 (25.6%)
32 (27.4%)
57 (48.7%)
27 (23.1%)

45 (38.5%)
10 (8

14 (12.0%)
20 (17.1%)
1 (0.8%)

0 (0.0%)
0 (0.0%)

N = number of subjects in the specified group, or the total sample. This value is the denominator for

the percentage calculations.

Subjects are only counted once per event in each row.
BEACONCURE CONFIDENTIAL SDTM Creation: 080CT2021 (00:55) Source Data

advs Table Generation: 090CT2021
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Summary Table
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Run Automated Validation Checks

Table 14.1.1,19

# Creation: Y027 fr00%55) >

“ag stions.

Jf Treatment Emergent Adverse Eents & Serious Adverse Events

69 (59.08)
0 (0.0%)
1(0.9%)
19 (16.28)
6 (5.1%)
1 (0.9%)
0 (0.0%)

iscts ' +he specified group, “ tal sample.
© for the i ini

Eosinophiia

Overall AE Table

Table 14.1.1.11

Treatmer.: runt Adverse Events by System Organ Class and Preferred Term vopulation)

(N=119)

Any Treatme it-Emergent Avc

Gastro Disoiders
iarrhea

Diarrhe
estations
Re-pirat sy pyiorac e and ted
Cougl,

Bloo¢ ‘and 1mphat.c syster

Hypokalen

Psychiatric diserdsrs
Insomnia

N\~ nwer of subjects ir, thr
Lekopenia the percentage calculat’ons
s are only c~~.ed on

61 (51.38)

18.4%)
(8.4%)

stinal ~*-orders (9.2%)
(9.2%)

Zders ¢
(
&

3.4%)
0

(10.17)

>xcified group, or the total samp.c. Thiy

£ event in each row.

5 bject: e
BE\"ANCURE CONFIDF.(!'AL SDTM Creation: 080CT2021 (00:55) Source Data: adv

69 (59.0%)
48 (41.0%)
35 (29-2%)
30 /Z5.63)

Y (8.5%)
0 (8.5%)

10 (5 5%)
10 (8.5%)

62 (53%)
0

\

0
30 (25.0%)
2 (27.4))
1 (48.7%,
27 (23.1%)

45 (38.5%)
10 (8.5%)
14 (12.0%)
20 (17.1%)
= (A ) Eosinophiia
0 (0.0%)

0.(0.0%)

value is the de A A |

‘e Generati~~- 090CT
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Real-World Implementation
Automated Output Generation

& Traceability




Innovative Approach for Output Validation

Within the Verify Platform: o
The user uploads Table Title
. . tables and ADaM colamn A B c D
e Dedicated interface to
inspect, validate, and flag S e v
8 . Row Body
discrepancies 4 az | 2 "
e Embedded automation to
identify mismatches and .
n . . Verify Al Table Original Table Generated by Verify
inconsistencies Generator Table Title Table Title
. Column ADaM Column
e Integrated mechanism for
A B c D
progrommers. to dgcument AiSolOuery Gan
and communicate issues o iy S 2z | as |4 | v Row Body
a4 32 2 Y
Verify compares Original Table Generated by Verify
tables to identify Table Title Table Title
discrepancies
Column Column
X Compare y
Row Body Row Body

Q Beaconcure ©2025 All ights reserved. 12



Al-Enabled Output Generation

Programmer-Generated Table N=5 Verify-Generated Table

Table 14.3.2.5.2
05 & a123 Table 14.3.2.5.2
BE-0552543 Protocol A1234567 AEesat e ey

Treatnent-Energent Adverse Events by System Ore Treatuent Relsted, Imunogenicily Sub-study Ans

Treatment-Energent A vents by System Organ Cl: (Treatment Related,

Immunogenicity Sub-study Analysis Set)

1 BE-0552
Con Ipa re & Number of Sub Evalusble for ASs - 26eng QD
. {N=6) (=11

BE-0552543 BE-0552543 .

e ot Sngects st ox 20 S Decide:

(es) 1) Update TLF title or
subset

n (%)

Number (%) of Subjec

ADAM Dataset )
s gk Tnstor | LA e | st fomtatin | el ||t st | iy Bl ol
usuB. S 3 PPROTFL COMPLFL RANDFL s ARM g ARM
1081 18615041 Y 3 Y BE-8552543 166mg QD BE-8552543 166mg QD
101 1 N SCREEN FAILURE 5 REEN FAILURE
1881 18e1
1691 10815004 \ BE-855254: 1] 186mg QD
BE-8552543 18amg QD BE-8552543 1@8@mg QD J/

7 1681 10015606 v 2 ¢ BE-8552543 189mg QD ; BE-9552543 168mg QD

1601 1601 ' ¥ BC-552543 16@mg 0 > 188mg 0D
BE-9557543 106G > 166mg QD

BE-0552543 161 i 188mg QD

T)Beaconcure 13



Extracting Entities

.
\/erlfy Projects Help and Support ~ Roberta Valery

m Demographics_pp_8w.html : Metadata Curator

This panel displays the GenAl table metadata, showing
the alignment of table entities with their corresponding
ADaM columns and values.

Comparison Base Table GenAl Table

Table 14.1.1.6
Basic Results Disclosure for Treatment Emergent Non-Serious Adverse Events by System Organ Class
and Preferred Term (All Causalities) - Safety Analysis Set

t Emergent

Number of Subjects Evaluable for AEs Placebo Drug A Drug B
(n=96) (n=95) (n=94)
AESER
40 (42.1) 50 (53.2)

With Any A 42 (43.
ith Any Adverse Event e () 41 (43.1) 51 (54.2) Safety Analysis Se

SAFFL

Blood And Lymphatic System Disorders ~ Row Headers

Eosinophilia System Organ Class

Gastrointestinal Disorders 12 (12.6) ACSUG

Abdominal pain T (1.1) § Preferred Term

AEDECOD

Abdominal pain upper

Diarrhoeas
~ Column Headers

Placebo

Lip swelling



Calculated Table based on ADaM Datasets

Projects Help and Support ~ Roberta Valery ~
100% ~ : Metadata Curator

Comparison Base Table GenAl Table This panel displays the Verify-generated GenAl table
metadata, which shows the alignment of table entities
with their associated ADaM columns and values.

Gel tes by Verify
Table 14.1.1.6 v Title
Basic Results Disclosure for Treatment Emergent Non-Serious Adverse Events by System Organ Class
and Preferred Term (All Causalities) - Safety Analysis Set Treatment Emergent

TRTEMFL
Number of Subjects Evaluable for AEs Placebo Drug A

(n=96) (n=95) Non-Serious
Number (%) of Subjects: n(%) n(%)
by SYSTEM ORGAN CLASS AESER
and Preferred Term
Safety Analysis Set

With Any Adverse Event 42 (43.8) 41 (43.1)
SAFFL

Row Headers

Blood And Lymphatic System Disorders
System Organ Class

Eosinophilia AESOC

Gastrointestinal Disorders 12 (12.6) Preferred Term
Abdominal pain 1 (1.1) AEDECOD

Abdominal pain upper
Column Headers

Diarrhoeas
Placebo

Lip swelling ACTARM Placebo



Traceability

Projects Help and Support ~
This panel displays the Verify-generated SQL used to

Demographics_pp_8w.html 100% ~ : produce the GenAl table.

Comparison Base Table GenAl Table

Table 14.1.1.6
Basic Results Disclosure for Treatment Emergent Non-Serious Adverse Events by System Organ Class
and Preferred Term (All Causalities) - Safety Analysis Set
GROUPING(AESOC) 1
Number of Subjects Evaluable for AEs Placebo Drug A 'With Any Adverse Event'
(n=96) (n=95) GROUPING (AEDECOD) 1
Number (%) of Subjects: n(%) n(%) AESOC
by SYSTEM ORGAN CLASS '
and Preferred Term

' AEDECOD

"Number of Subjects Evaluable for AEs
With Any*Adverse Event 40 (42.1) 50 (53.2) Number (%) of Subjects: by SYSTEM ORGAN CLASSand
S k(2 Preferred Term",
COUNT( N ACTARM ‘Placebo’
USUBJID "Placebo (N=96) n(%)",
COUNT( | ACTARM 'DRUG A'
Blood And Lymphatic System Disorders USUBJID "DRUG A (N=95) n(%)",
COUNT( | ACTARM 'DRUG B'
Eosinophilia USUBJID "DRUG B (N=94) n(%)"
ADAE
Gastrointestinal Disorders 12 (12.6) 22 (23.4)
TRTEMFL 'Y' AESER ‘N'
Abdominal pain 1 Gl 3 (302X

Abdominal pain upper 4 (4.3)




Traceability

Projects Help and Support ~ Roberta Valery v

Projects /Project name_123

Activity Log

{ Level ~ ‘ ‘ Component ~ ] \ Action ~ } { User = } [ Time Range ~

Component Action Location Pre Value New Value Details Analysis

Generation v) File_name... + 3 More 3 tables reprocess succe Analysisl May 14th 2024 10:00 PM

Entity File_name.rtf ADaM Column: ACT ADaM Column: SUBJID The Value for Population Analysis1 May 14th 2024 10:00 PM

Entity File_name.rtf Safty Population Analysis1 May 14th 2024 10:00 PM

Entity File_name.rtf T ADaM Column: X Analysis1 May 14th 2024 10:00 PM

Metadata File_name.rtf The table metadata has| Analysis1 May 14th 2024 10:00 PM




Comparison to Base Table

\/erify Projects Help and Support ~

i Demographics_pp_8w.html : Metadata Curator

Comparison Base Table GenAl Table This panel displays the GenAl table metadata, showing
the alignment of table entities with their corresponding

ADaM columns and values.
Table 14.1.1.6

Basic Results Disclosure for Treatment Emergent Non-Serious Adverse Events by System Organ Class )
and Preferred Term (All Causalities) - Safety Analysis Set - Title

Treatment Emergent
Number of Subjects Evaluable for AEs Placebo Drug A
(n=96) (n=95) TEMPL
Number (%) of Subjects: n(%) n(%)
by SYSTEM ORGAN CLASS Non-Serious
and Preferred Term

AESER
40 (42.1) 50 (53.2)

With Any Adverse Event
41 (43.1) 51 (54.2) Safety Analysis Set

Blood And Lymphatic System Disorders Row Headers

Eosinophilia 3 System Organ Class
Gastrointestinal Disorders £ 22 (23.4)
Abdominal pain 3 3 (3.2) Preferred Term
AEDECOD

Abdominal pain upper 4 (4.3)

Diarrhoeas . 1 (1.1
( ) Column Headers

0

Lip swelling z 1 (1 -1) Placebo




Verify Agent

Verify Assistant

\/erify Projects Help and Support ~

m Demographics_pp_8w.html| 100% ~ :

Comparison Base Table GenAl Table

Table 14.1.1.6
Basic Results Disclosure for Treatment Emergent Non-Serious Adverse Events by System Organ Class
and Preferred Term (All Causalities) - Safety Analysis Set

v

Number of Subjects Evaluable for AEs Placebo Drug A
(n=96) (n=95)
Number (%) of Subjects: n(%) n(%)

by SYSTEM ORGAN CLASS What can | help with?

and Preferred Term

40 (42.1) 50 (53.2)

With Any Adverse Event 42 (43.8) 41 (43.1) 51 (54.2)

Blood And Lymphatic System Disorders
Eosinophilia

Gastrointestinal Disorders 12 (12:6) 22 (23.4)
Abdominal pain I e ) 3 (312}

Abdominal pain upper 4 (4.3)

Diarrhoeas T8 (VeI



Verify Agent

\/erify Projects Help and Support ~

m Demographics_pp_8w.html| 100% ~

Comparison Base Table GenAl Table

Table 14.1.1.6
Basic Results Disclosure for Treatment Emergent Non-Serious Adverse Events by System Organ Class
and Preferred Term (All Causalities) - Safety Analysis Set

Number of Subjects Evaluable for AEs Placebo Drug A
(n=96) (n=95)

Number (%) of Subjects: n(%) n(%)
by SYSTEM ORGAN CLASS
and Preferred Term

40 (42.1) 50 (53.2)

With Any Adverse Event 42 (43.8) 41 (43.1) 51 (54.2)

Blood And Lymphatic System Disorders
Eosinophilia

Gastrointestinal Disorders 12 (12.6) 22 (23.4)
Abdominal pain | R i ) 8 (32
Abdominal pain upper 4 (4.3)

Diarrhoeas 1 (1)

Verify Assistant

What could cause the
miscount of abdominal
pain AE in Placebo for
safety population?

" Verify Assistant B> Share

According to the metadata of the base table,
the SAE flag (AESER) was not used. Therefore,
the base table value includes all TEAE (2), not
only Non-Serious TEAE (1).




Metadata Curator: Study-Specific Support

Projects Help and Support v Roberta Valery v

100% ~ : Metadata Curator

Comparison Base Table GenAl Table This panel displays the Verify-generated GenAl table
metadata, which shows the alignment of table entities

with their associated ADaM columns and values.
Table 14.1.1.6

Basic Results Disclosure for QEF-ERd ENIMIEYLTNY Non-Serious Adverse Events by System Organ Class

and Preferred Term (All Causalities) - Safety Analysis Set - Title

Treatment Emergent

Number of Subjects Evaluable for AEs Placebo Drug A

Number (%) of Subjects: n(%) n(%)
by SYSTEM ORGAN CLASS
and Preferred Term

Variable1
Variable2
Variable3 k_‘
Blood And Lymphatic System Disorders . Variabled

Variable3

40 (42.1) 50 (53.2)

ith A A
Wit ny Adverse Event 41 (43.1) 51 (54.2)

Eosinophilia
Variable4
Gastrointestinal Disorders X 12 (12.6) 22 (23.4)
Variable4

Abdominal i @ T 4 3 (3.2
ominal pain ( ) ( ) AEDECOD

) Abdominal pain upper 4 (4.3)
Beaconcurg

~ Column Headers
Diarrhoeas 1 (1.1)

Placebo




Real-World Implementation
Compatibility with
Standards




Write Once, Read Many (WORM) Programming Model

Statistical Statistical Analysis
Analyses Analyses Results
Standard

Generated Validated
Dataset

/'

; & Rendered >
Output1:

Full clinical output

(all parameters)

-

4 Q Rendered >
Output 2:

Q Beaconcure

Medical Writing
(AGE, SEX, RACE only)

-

& Rendered )
Output 3:

Same as Output 1,
stored as Excel output

©2025 All rights reserved 23



Compdtib“ity with Key Metadata Elements of a Table
CDISC ARS

— CDISC ARS provides a standard structure to TITLE
represent analysis results and qualifying (Subtitle )
. o (Subtitle 2)
metadata to support traceability, reproducibility, >
reusability and quality 3
Analysis Group Heading 1 Heading 2 Heading 3 Heading 4 5
— Verify parses outputs, identifies key metadata
elements of a table, and represents outputs in ciraddle &
standard format
i Row
. . . Column v
— This standard format (Verify ARS) is used as the =
9 Result Result Where Result 0
underlying metadata structure for the metadata Group Variable ‘ ‘ Clause ‘ Statistics o
repository Bedy
— It is often used when organizations already have Legend Evo=rs
TFL but want to standardize post hoc using ARS Abbreviations | Abbreviations
principles, or Enables back-standardization of Footnote S

legacy studies and outputs.

Q Beaconcure



Linked Analysis Results & Associated Metadata

— Steps:

1. Extract metadata from TFL, TLF shells, or specifications
Map TFL content to standardized ARD fields

2.
3. Generate ARM metadata
4. Reconstruct ARD datasets

— Example:
Results Statistic (blue) linked to how to get
the statistics: “for ADSL variable SEX, count
distinct USUBJID grouped by TRO1X”

Analysis Results and Associated Metadata Example

[ Identifiers Analysis Group Result Variable ﬁ Result Statistic )
Name Title Dataset Variable Value Variable Value Label Value Name Label
Table @ | SosEineiDemegrphicsme Sinical ADSL TRO1X Clitg)Name SEX M Male 53 Count n

Characteristics, Safety Population Dosage X
Table 2 Baseline.Demogrsphicsand Clinical ADSL TRO1X Drug Naime SEX M Male 61.6 Percent %
Characteristics, Safety Population Dosage X
Table 2 Baseline:Demographicsand Clinical ADSL TRO1X HrigName SEX F Female f 33 Count n
Characteristics, Safety Population Dosage X
Tablgs | SAeslinebemooraphicaand Cinical ADSL TRO1X DIugName | apy F Female J 38.4 Percent %
\ Characteristics, Safety Population Dosage X X y

Q Beaconcure
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Evolution of Clinical Research Analytics:
Human-Al Integration

Al Processing Pipeline

» Document parsing

e Entity extraction

e Relationship mapping

o Automated validation checks

e Discrepancy identification

7)Beaconcure

]

Human Review Interface

e Clear presentation of
Al-identified elements

e Intuitive tools for reviewing and
modifying metadata

o Feedback capture mechanisms

e Activity logging for audit trails

Learning Loop

« Capture of human decisions
and corrections

e Integration of feedback into
training data

e Continuous model improvement

o Performance monitoring and
metrics

26



Collection

00 OO M@

EDC

Labs

IVRS

ePRO

ECOA

How Verify Fits into Clinical Workflows

Storage

Storage
platform:

Data systems,
cloud storage,
applications, and
infrastructure

Transformation & Analysis Submission

\/erify From aCRFs to CSRs

Workflow + Knowledge Engine
I API
SCE . Submission
: software
SDTM ADaM TIESHE =@ 3 g
API

Verify Al Capabilities

Automated Metadata

Extraction and Storage TLF Validation

Output Generation:

No-code approach Traceability



Q&A

Thank You!

achinoam@beaconcure.com
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