ADO04: Bridging Statistical Expertise Through Intuitive
Design: A Modern Web Interface for Automated SAS
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Al-powered Implementation of the Identify-Implement-Interpret framework
using long term memory and large language models

Conduct Statistical Analysis Quicker and More Comprehensively
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Business Use Case
What - We can Solve and Why - Reason to focus on it

Al-Driven Solutions for Standardized, Efficient, and Knowledge-Institutionalization
Methodologies

Case for Novel Approach

Time-Intensive Analysis due to 100+ SAS
procedures and dense documentation

Reliance on subjective expertise and
precision of the output generated

3
ia

Large amount of time spent to arrive at
optimized approach

Risk of Institutional Implementation
Knowledge Loss as critical implementation
knowledge 1s not systematically captured or

transferred

The Vision

Al-Driven procedure programming scenario s«
generation as per endpoints mentioned 1n “I@

SAP/CSP
il

Establish the [dentify-Implement-Interpret
connect with an intelligent platform

Business Impact

Reduce experimentation time using
standardized Knowledge Blocks and Reusable

code -

Standardize without compromising flexibility _;i'l

o

Create an Al powered living knowledge base
that transcends subjective expertise and Enable
Future Agentic Al capabilities 3




Anatomy of Complexity for LIFETEST Procedure

Description ~75 Unique Programming elements

Core Statements Basic Procedure

(6) T TIME, STRATA, BY, FREQ, TEST, ID

ALPHA=, CONFTYPE=, METHOD=, INTERVALS=, WIDTH=, CENSORED, MISSING,

Options & Parameters ALPHAQT=, BANDWIDTH=, SINGULAR=, RIDGING=, REDUCEOUT, MEDIAN,

Configuration Settings

(25) QUARTILES, ATRISK=, NOCENSOR, NOTEST, TIMELIST=, SEED=, EVENT=,
CONTROL=, PAIRWISE, TREND, LIFETABLE, NODETAIL
Methods &
Algorithms Statistical Methods KM, PL, LIFE, FH, FLEMING, LR, LT, LOGLOG
(3)
Output Features SURVIVAL, CIF, PDF, HAZARD, RMST, RMTL, STDERR, CL, CB, Chi-Square,

(14) Results and Datasets Pr>ChiSq, DF, Quartiles, OUTSURV

CONFBAND=, DIFF=, EVENTCODE=, FAILCODE, HAZARD, NSAMP=,
Specialized Analysis PLOTS=HAZARD, PLOTS=LOGLOGS, PLOTS=LOGSURY, PLOTS=PDF, RMST,
(12) SIMULATE

Special Elements Procedure Specific BONFERRONI, BRESLOW, DUNNETT, PETO, SCHEFFE, SIDAK, TARONE, TUKEY,
(10) Elements WILCOXON, DATA 4

Advanced Features



Core Options & Methods & Output Advanced Special Total

= Statements Parameters Algorithms Features Features Elements Features

m— s = s e = = = The Scale of

PROC GLIMMIX g 36 14 16 20 16 111 .

RO mixeD 5 = = i - N Complexity Across

PROC LOGISTIC 5 35 13 14 18 14 102

—— : . . e s s e Procedures

PROC GLM g 31 12 14 18 12 96

PROC POWER 10 33 14 10 16 11 o4

PROC GENMOD 5 32 12 13 16 12 o3

PROC MI 7 29 10 12 18 14 20 o ~2543 Programmab]e

PROC REG i 211 7 13 18 e g features across 25 procedures

PROC MLMIXED 7 29 10 12 15 13 86

PROC FREQ 5 30 15 12 14 8 84

PROC CATMOD 7 26 g 10 16 12 80

PROC GAM = 25 11 10 14 12 78 Feature Categories

PROC LIFETEST 5 25 s 14 12 10 75 ]

PROC MULTTEST 5 25 12 g 14 10 75 | Options & Parameters 712

PROC SEQDESIGN & 27 10 8 12 9 72

PROC NPARTWAY 5 23 12 8 10 = 68 | Advanced Features 394

PROC SIM2D 5 23 g 7 12 10 67

PROC PLAN 4 21 8 5 14 10 63 | Output Features 307

PROC GLMPOWER 5 23 s g 10 5 63

PROC GEE = 21 s g 11 5 62 | Special Elements 304

PROC TTEST 5 19 s 8 12 7 57

PROC ANOVA 5 18 6 8 10 6 53 | | Methods & Algorithms 287

PROC LOESS 4 18 7 8 10 = 53

PROC MIAMNALYZE = 17 I 3 10 7 53 Core Statements 174
| TOTAL 174 307 2543 |




Scope: Statistical Analysis Conduct: 3-1 Framework

* Stage 1: TA Endpoint selection:

* Time-to-event
* (Categorical
* Stage 2: Data structure identification:

* Survival data with censoring

* Clustered data

* Stage 3: Statistical test requirements:
* Survival analysis with KM
* Regression/association

across 6 dimensions

Statements

Options

Methods

Output

Advanced methods
Special elements

Block: Logic
Construction

* Programming element
* Copiable SAS Code
* Synthetic TA ADaM

dataset

* Expected Output

* Statistical Interpretation

. Statistical Create |Run code .. . Pre & Post
Endpoint| Data Statement . Expected| Statistical |[Assumption .
Type |Structure Test & & Method Logica on Output (Interpretation| Validation A
P PROC Scenario| ADaM P P Checks
\ A )
Y Identif}]' Y Implement: . A'"'_& ——— L Y Inte ret.
Y\ .» Right Procedure Programming with & Unitied Statistical
!;D . eterministic F Kk
&/ Selection . Intelligence A _ Framewor
? (Decision Wizard - (Procedure database - e | (Statistical Interpreter-
Ul) UI) e Ul)
3-Stage Progressive Decision Wizard guides Programming elements [Representation] . %I(lf(impl‘ehensive Statistical
optimal choice Feature Engineering Reusable Knowledge ALysIs

Mathematical and Statistical
concepts

 Statistical Assumptions

Exhaustive Statistical Tests

Pre-analysis and Post-analysis
checklists




Reusable Knowledge Block
Programming Scenario Overview based on Endpoint in TAUG to implement LIFETEST

Scenario 1: Primary Efficacy KM Analysis for Ml Events

1. Scenario Overview

This scenario demonstrates the implementation of a primary efficacy analysis for time to first myocardial infarction (Ml) event using Kaplan-Meier methodology with
PROC LIFETEST. The analysis serves as the foundation for Ml endpoint assessment in cardiovascular clinical trials, providing essential survival estimates, treatment
comparisons, and regulatory-compliant outputs as specified in TAUG-CV Section 3.2 4.

Key Analysis Components:

o Product-limit survival estimation for MI-free survival

Log-rank test for treatment group comparison

Confidence intervals using log-log transformation

Milestone survival probabilities at pre-specified timepoints

Median survival time with quartiles



Reusable Knowledge Block

Programming Element to construct the logic

2. PROC LIFETEST Programming Elements

Core Statements (PRIMARY) Options & Parameters (SECONDARY)
TIME ALPHA=0.05
Specifies the time-to-event variable (AVAL) and censoring indicator (CNSR) for survival analysis Sets significance level for confidence intervals to 95%
STRATA CONFTYPE=LOGLOG
Defines stratification variable (TRT01P) for comparing survival distributions between treatment groups Specifies log-log transformation for confidence interval calculation with improved coverage at extreme probabilities
SURVIVAL TIMELIST=(30 90 180 365)
Primary output metric representing product-limit survival probability estimates with standard errors and confidence limit Requests survival estimates at pre-specified clinical timepoints (days)
MEDIAN
Methods & Algorithms (PRIMARY) Extracts median survival time with confidence intervals
QUARTILES
KM Calculates quartile survival times (25th, 50th, 75th percentiles)

Kaplan-Meier (product-limit) method for nonparametric survival estimation ATRISK

LOGRANK Displays number of subjects at risk at each event time

Log-rank test for comparing survival curves between treatment strata



Reusable Knowledge Block
Synthetic ADaM Metadata and Dataset

.- . 6.2 Sample Data Creation (100 Patients)
6. ADaM Dataset Specifications

6.1 Variable Specifications

1=
USUE'IID= ';'.:I_.III.'."-"E:tl- "
Variable Label Type Values/Format
Ppmits
USUBJID Unique Subject Identifier Char STUDYO01-XXX TRTA1P = 'Placebo’;
TRTO1P Planned Treatment Char Active, Placebo rRTo1>
hazard = 8.882; /* Lo
PARAMCD Parameter Code Char TTFMI1 iSO
PARAM Parameter Char Time to First Type 1 Ml (days) DL = LD
prob_event = 8.25; /7
AVAL Analysis Value Num Days to event/censor
true_time = - - E'UHIFDHH')} / hazard;
CNSR Censor Num 0=Event, 1=Censored
EVNTDESC Event Description Char Type 1 MI, Censored t;:itim;;m
CNSR = 1;
ITTFL ITT Population Flag Char Y,N EWNTDESC = “Censored;

('UNIFORM') > prob_event
AVAL = { ("UNIFORM') * true_time,
CNSR = 1;
EVNTDESC = 'Censored’;

1);




Reusable Knowledge Block
Programming Logic with Expected Output — Core Statements

7. Implementation Code - Complete Programming Elements

Step 1: Core Statements Implementation (TIME, STRATA, SURVIVAL) STEP 1 OUTPUT: Product-Limit Survival Estimates

Focus: Demonstrates the fundamental programming elements required for Kaplan-Meier survival analysis. This step implements TIME statement (time-to-event

specification), STRATA statement (treatment stratification), and the SURVIVAL output metric (product-limit estimates). Survival Standard 05% Confidence
TRTO1P Time Estimate Error Interval

Active 18 @.08080 6.81938 (6.9420, 1.06008)

Active Q8 §.9480 B.8336 (6.8760, 1.8008)

bREIES Active 188 8.0000 0.8424  (0.8198, 8.9378)

Cweosws Active 365 9.8600 0.0401  (0.7678, 0.9624)

s placebo 30 9.0600 0.6277  (0.9878, 1.8000)

Placebo 1% @.08006 6.8424 (8.8198, @.9878)

Placebo 138 B.8200 B.8543 (6.7183, ©.9345)

e (e et e ! Sl T Placebo 365 8.7668 0.8604  (B.6480, ©.3082)

"Elements: TIME, STRATA, SURVIVAL';
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Reusable Knowledge Block
Programming Logic with Expected Output — Methods & Algorithm

Step 2: Methods & Algorithms Implementation (KM, LOGRANK)

Focus: Implements the Kaplan-Meier product-imit estimation method and the log-rank statistical test for comparing treatment groups. The KM method is the default and
STEP 2 QUTPUT: Test of Equality over 5trata
produces nonparametric survival estimates; LOGRANK test provides statistical significance testing.

Test Chi-Square DF Pr > Chisg
Log-Rank 2.4125% 1 B.1283
Wilcoxon 2.1893 1 8.1398
-2Log(LR) 2.4534 1 8.1168

Note: Log-Rank Test is the PRIMARY test result
p-value = 8.1283 indicates no statistically significant difference

TRTB1P / T257=Logrank; - between treatment groups at a = 8.85 level

Treatment Comparison:
16.8% event rate
26.8% event rate

Active Treatment: & events / 58 subjects
Placebo Control: 13 events / 58 subjects
Hazard Ratio (Active/Placebo): 8.615

95% CI: (©.258, 1.468)

‘Elements: KM (default), LOGRANK (test)’;
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Reusable Knowledge Block
Programming Logic with Expected Output — Options & Parameters

Step 3: Options & Parameters Implementation (ALPHA, CONFTYPE, TIMELIST, MEDIAN, QUARTILES, ATRISK)

STEP 2 OUTPUT: Options & Parameters Results

Focus: Implements all secondary options and parameters that control analysis precision, confidence interval calculations, timepoint specification, and supplemental

survival metrics. These elements provide comprehensive statistical specifications required for regulatory submissions. . . .
A. Milestone Surwviwval Estimates (ALPHA=8.85%, CONFTYPE=LOGLOG, TIMELIST)

Stratum Timelist Surviwval StdErr LowerLimit UpperLimit
Actiwve 2@ @.0800 2.0198 @.9852 8.9962
Actiwve 2@ @ .9400 2.8336 @.8474 2.9796
=adtte Active 18@ @.980a8 @ . 04249 @.79345 @ .9558
=0.85 Active 365 e.8600 ©.0491 ®.7441 ©.9304
=$2f§1mh%5;m; Active 73@ e.8400 ©.0518 @.7201 ©.9164

=surv_output;

Placebo 2@ @.9600 8.0277 @.87588 2.98583
— ond STRATA statement Placebo 2@ (=== T T 2.0424 @.7345 2.9558
AVAL*CNSR(1); ' Placebo 180 @.3200 2.0543 @.6953 2.9822
TRTO1P; Placebo 365 @.7608 2. 0604 @.6258 @.85581
Placebo 730 e.7400 2.8621 @.6832 2.5420

Note: ALPHA=8.85 produces 95% confidence interwvals
COMFTYPE=LOGLOG applies log-log transformation
TIMELIST specifies clinical timepoints (38, 9@, 188, 365, 738 days)

B. Median and Quartile Estimates (MEDIAN, QUARTILES)

Stratum Percent E=timate LowerLimit UpperLimit
ProductLimitEstimates=timelist est Actiwve 75
Quartiles=quartile est; Active Sa
Actiwve 25
Placebo 75
Placebo 5@
Placebo 25

Note: MEDIAN parameter extracts S8th percentile swrviwval time

QUARTILES parameter requests 25th, 58th, 75th percentile estimates

=timelist est

Timelist . Dot (.} indicates surwviwval probability neot reached in study
Stratum Timelist Survival StdErr LowerlLimit UpperlLimit;
Survival StdErr LowerLimit UpperLimit 8.4;

'‘Milestone 5u val Estimates (TIMELIST parameter)’;
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Reusable Knowledge Block

Statistical Interpretation of Results & Key Findings

8.5 Key Findings Summary (Sections 6.3 & 7 Data)

8. Statistical Interpretation of Elements

8.1 Core Statements (TIME, STRATA, SURVIVAL)

TIME AVAL*CNSR(1): Specifies event time (AVAL=days) and censoring indicator (CNSR=1 for censored). PROC LIFETEST uses this to calculate Kaplan-Meier
estimates: S(t) = [1(1 - d_i/n_i) where d_i=events and n_i=at-risk population. From Section 7 Step 1 output: At day 365, Active 5(t)=0.8600 (86% MI-free), Placebo
S(t)=0.7600 (76% MI-free).

STRATA TRTO01P: Produces separate survival curves for each treatment group and enables stratified log-rank test. From Section 7 Step 2 output: Active had &
events/50 subjects (16%) vs Placebo 13 events/50 subjects (26%), showing separate event rates by treatment strata.

SURVIVAL Qutput Metric: The primary Kaplan-Meier point estimate at each timepoint. From Section 7 Step 1 output table: SURVIVAL column shows exact
probability estimates (0.9800 at day 30, 0.8600 at day 365 for Active treatment).

8.2 Methods & Algorithms (KM, LOGRANK)

KM Method: Non-parametric product-limit estimator handling 79% censoring (Section 6.3) without bias. Accumulates survival step-by-step at each observed event
time. Output verification: At day 365, Active 86% survival represents cumulative product of (1-event_rate) from day 0 to day 365 across 8 total events in 50 subjects.

LOGRANK Test: Compares observed vs expected events under null hypothesis (no treatment difference). From Section 7 Step 2 output: ¥* = 2.4125, p = 0.1203.
Since p = 0.05, no statistically significant difference at conventional a level. However, HR=0.615 suggests 38.5% hazard reduction for Aclive treatment if true.

8.3 Options & Parameters (ALPHA, CONFTYPE, TIMELIST, MEDIAN, QUARTILES)

ALPHA=0.05: Produces 95% confidence intervals (regulatory standard). From Section 7 Step 3 output: Day 365 Active CI=[0.7441, 0.9304] with SE=0.0491.

CONFTYPE=LOGLOG: Log-log transformed confidence intervals ensuring bounds within [0, 1] and improved coverage at probability extremes. Output shows log-log
Cls correctly bounded vs. would-be incorrect linear intervals.

TIMELIST=(30 90 180 365 730): Specifies clinical milestone reporting. From Section 7 Step 3 output table: Survival estimates at each TIMELIST value show
progressive decline (Day 30: Active 98%, Day 365: Active 86%, Day 730: Active 84%).

MEDIAN/QUARTILES: Summary statistics. From Section 7 Step 4 output: Both groups show "median not reached" (S(730)=0.5), meaning =50% MI-free at study
end. No quartile estimates reach 75th/25th percentiles within 730-day follow-up.

Finding

Day 365 Survival

Absolute Risk Difference

Hazard Ratio

Log-Rank Test

Statistical Significance

Event Distribution

Censoring Rate

Median Survival

Result

Active 86% vs Placebo 76%

10 percentage points favoring Active

0.615 (95% CI: 0.258, 1.468)

X2 =2.4125,p=0.1203

NOT significant (p = 0.05)

Active 8 events, Placebo 13 events (100 subjects total)

79% overall (84% Active, 74% Placebo)

Not reached (=730 days)

Section 7 Qutput

Step 1, 3 tables

Step 3 output table

Step 2 output

Step 2 output

Step 2 output

Section 6.3 data

Section 6.3 data

Step 4 output

Clinical Interpretation: Active treatment shows numerically superior Ml-free survival (66% vs 76% at 1-year) with estimated 38.5% hazard reduction, but this did not

reach statistical significance (p=0.1203). The wide confidence interval (0.258-1.468) reflects limited sample size (21 events) relative to observed effect magnitude.

Regulatory pathway would typically require larger Phase 3 trial or extended follow-up to confirm treatment benefit.

8.6 Validation of Analytical Assumptions

Proportional Hazards: Verified by constant separation between survival curves (2-10 percentage point difference maintained throughout follow-up). HR=0.615
consistent across entire 730-day period (Section 7 Step 2 curve visualization).

Non-Informative Censoring: Balanced censoring patterns (Active 84% vs Placebo 74%) with systematic event rate differences (16% vs 26%) support this

assumption. Complete accounting at study end: 8 Active events + 42 censored = 50; 13 Placebo events + 37 censored = 50 (Section 6.3).

Data Completeness: All 100 subjects accounted for with no missing AVAL or CNSR values. ITTFL="Y" for all subjects (Section 6.1 Variable Specifications).



Technical Foundation & Business Value Advantage

Bah g

Contextual Complexity .
Feature Bundling Scoring MCDA Comprehensive
Engineering Methodology Mechanism Algorithm (Iwml%lt%mg%ae%?ﬁ)
Present unique Primary elements  Element count multiplied Systematically Support for 25 procedures
programming elements drive standardization by predefined weights evaluates multiple with deep coverage of
per procedure mapped ~ While secondary produces a complexity programming statements, options, and
across six dimensions to ~ elements provide score, classified into ~ ¢lements, traces each to methods for each
- ensure consistent flexibility to adapt distinct levels for specific scenarios and programming element as
identification and reuse. 1mplementations to objective difficulty ~ provides a transparent required by business
clinical context. quantification. decision rationale. needs.
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What Makes This Unique?
Context-Aware Intelligence with Deterministic Outputs

Long Term Memory

. Custom TA Ul
Combines a long-term memory ‘
with LLMs to deliver context- Custom Ul seeded with
— frequently occurring TA
- endpoints, verified for TA-

specific workflows and designed
to extrapolate to future endpoints.

aware 1ntelligence

Deterministic, Purpose-Driven
Programming
Goes beyond probabilistic word
generation, Creates detailed purpose-

driven programming scenarios, and .

interprets results per the statistical - How It Works : Fast Retrieval
framework. e —— Long term memory provide
o -

| | pr— Instant access to relevant
How It Works : Semantic Understanding procedural knowledge, enabling
Applies NLP techniques (tokenization, rapid, reliable response retrieval.
embeddings) so the LLM comprehends statistical 15

context and nuanced technical literature.



Summary and Context-Aware LLM with Long-Term Memory

Path—F()rW ard Elfﬂl/[ige quicker and better responses than general purpose

Deterministic Qutputs Over Probabilistic Text

Precise Output as required for clinical studies

Scalable Expansion More Procedures and
Across TA Endpoints

More Comprehensive Expansion

Al to IA : Individual Ambidexterity:
Balancing Creativity and Refinement with
Accountability

Navigate novelty and routme for improved performance m

dynamic roles 16
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