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1A AR

Disproportionality Phase 2-3
Metrics Clinical Trials
Effective in Large e Small Sample Sizes
Spontaneous O e Sparse AE Counts
Reporting Systems « Complex

Multidimensional
o Safety Data
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Limitations

of
Traditional

Metrics
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PRIMARY OBJECTIVE

 Demonstrate how Al-driven
methods can augment traditional
AE signal detection

» Leverage ADaM-standardized
datasets

* Maintain -
* Interpretability
* Traceability
» Regulatory alignment

U, NOVARTIS

 Phase 2 & 3 clinical trials

 Statistical programmer—
driven workflow

» Automated pipeline to detect
early signals




Automated AE Detection Pipeline

ADaM Datasets
Traditional Disproportionality (PRR / ROR)
Al / ML Signal Analytics
Composite Signal Prioritization Score
Clinically Reviewable AE Signals

Al driven ADaM
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Where Do the Features Come From?

2 (
> o3 3
< I
e
e
5 S |
i

= ADSL - ADAE - Adverse ADEC - Exposure
Demographics& Events e Dose level
Baseline r ° AE term, severity, e Exposure
e Treatment arm seriousness duration
e Baseline risk e Timing (AESTDY) e Treatment
e Key demographic e Duration timelines
features

 All features derived post-ADaM
 No SDTM modifications
 Fully auditable and reproducible
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Feature Engineering

' AE severity (MILD / MODERATE / SEVERE
Event- y( )
Serious AE flag
Level |
F e atu res Time-to-onset (AESTDY)
AE duration
- Total AE burden
Subject-
Level Exposure dose & duration

Featu res Demographic risk indicators

Enables multidimensional safety analysis
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METHODS USED FOR ANALYSIS

Disproportionality Anomaly
Analysis Detection

AE Severity pumma Association
Clustering Rule Mining
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Baseline: Disproportionality Analysis

Traditional  Proportional Reporting Ratio (PRR)
Metrics * Reporting Odds Ratio (ROR)

« 2%x2 contingency tables per AEDECOD

|mp|ementation » Continuity correction for sparse counts
« Standard clinical thresholds applied

» Serves as baseline comparator
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ML Layer 1: AE Severity Clustering

What Was

Done Outcome

|dentified low,
moderate, and

K-means

clustering at Determine K via

Features used:

silhouette high-impact AE
AEDECOQOD level e
J J J J
[ [ [ |
Total events Serious AEs Severe AEs Early onset Unique subjects
J J J J J
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Visualizations based on Clustering Analysis
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AEDECOD Clusters AEDECOD Clusters: Bubble Size = Unique Subjects, Color = Severity percent
% Severe
9 . 100%
75%
_ - 50%
;’ Cluster % Acute respiratdTy failure 25%
3 , 8 6 ‘\nulllple organ dysfunction syndrome - 0%
< ) <
g s g Unique Subjects
E E Cardiac arrest™ ; Cardiogenic shock OIM‘mwmmm . 10
L e 3 Cardio—res“@est thnis_ I,—.H,;w-‘p-‘ Sior . 20
iy :igna Shu:l:o:;:o;\;er::%:&ome Di 0e rexia . 30
e » ' v 1Dp‘\m’ ‘ .
Ureterolithiasis’ _ ’ 40
‘111111 " .O. “ Cerebrovasc;:\;@:l(d]’e\nwlm H‘/FJ[JR:.)I:)(?W.
e800ese S0 sese o o008 80 ¢ GO
0 20 40
Total Events Total Events
* Three clusters based on AEDECOD identified. . Separates:
- High-frequency but low-severity AEs
s TP, - Low-frequency but high-severity AEs
* Improves clinical prioritization _ . -y 9 y
. Highlights AEs with early onset or severe outcomes
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ML Layer 2: AE Co-Occurrence Analysis

Top 10 AE Co-Occurrence Pairs by Lift

ansferase increased

Pyrexi

ase increased

stipation

» Association rule mining

» AE “basket” created per
subject

* Metrics:
* Support
e Confidence

= 10 ® Llft

» AE interaction patterns
. AEs often occur together,
not independently

» Syndromic or multi-
system toxicity signals
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ML Layer 3: Subject-Level Anomaly Detection

Mahalanobis distance

based on subject AE
profiles

Features include

Approach

|dentify rare but

Purpose clinically important
safety profiles
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AE_COUNT SAE_COUNT SEVERE_CNT EARLY_CNT EXPO_DAYS EXPO_DOSE ANOM_SCORE ANOM_FLAG
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<dbl>

183.
74.3
67.4
41.7
31.2
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26.9
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25.3
23.4
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TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
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* It Flags:
 Rare serious events
« Early-onset toxicities

* Prioritizes review-worthy
subjects

Why Anomaly
Detection Matters

AEDECOD

Anaemia

Shock haemaorrhagic

Oliguria

Hyﬂjka\aem}a

“Haemobhilia

Atrial fibrillation

Acute kidney injury

Wound infection

Urinary bladder rupture
Thrombocytopenia

Short-bowel syndrome

Respiratary failure

Pseudomonas infection

Procedural complication

Pleural infection

_Pancytopenia

Pancreatitis necrotising

) Myelodysplastic syndrome
Multiple organ dysfunction syndrome
. “Intestinal peérforation
Intensive care unit acquired weakness
Hypoxia

Hypotension

Hypomagnesaemia

Hypog\ycaem\a

) . . rysipelas
Disseminated intravascular coagulation
Diarrhoea

Depression

oma

. Cholecystitis
Cardio-respiratory arrest
Bronch%}’nulmonary aspergillosis
lood bilirdbin increased

) Anxiety

_ Acute respiratory failure

Acute respiratory distress syndrome

Top Severe AE Terms in Anomalous Subjects

o

=

\N]
w

Severe AE Count
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Integrating Results: Al Driven Dataset

Al-
Enriched

AE Dataset

', NOVARTIS

CLUSTER_RISK PRR_FLAG ROR_FLAG

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Low

Low

Maoderate

o o o o o o o o

PRR / ROR metfrics
Cluster risk category

Co-occurrence lift

Subject anomaly flags

safety dataset

o oo o o o o o2 o o

ML_LIFT_FLAG

Single analysis-ready

e S = L= T T = TR o R

ML_CLUSTER_FLAG

o o o o o o o o o

ML_ANOM_FLAG
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What is Composite Signhal Priority Score?

Original Scores PCA Weighted
T R Analysis Composite

SCORE_FREQ
1 PCA_SCORE

SCORE_LIFT =i Principal =
Component Z(Score,- W;)

Principal
SCORE_SEV Component

SCORE_RARE 2
Principal
SCORE_POP Component
& J 3

Why PCA?
. =

', NOVARTIS



Signal Tiers

SCORE_FREQ

0.3017330
0.3017330
0.3017330
-1.2358464
-0.0867002
0.3017330
0.3017330
-0.8771709
1.0235123
-0.8771709
-0.8771709
-1.2358464
-0.8771709
-0.8441106
1.9539934
1.9539934

SCORE_SEV

05
0.5
0.5
0.5
0.0
0.5
0.5
0.5
0.0
0.5
0.5
0.5
05

05
0.5

SCORE_LIFT

0.9353846
0.2056753
0.9353846
0.2056753
-1.9917977
0.2056753
0.9353846
0.2056753
-1.0979426
0.2056753
0.2056753
-1.2347145
-0.2191773
-2.6517475
0.9353846
0.9353846

SCORE_RARE

o O = = O O =

u—y

SCORE_POP

-0.5907677
0.1322913
-0.5907677
0.1322913
3.3275057
01322913
-0.5907677
01322913
1.8813875
01322913
01322913
2.0914280
0.6453099
45133466
-0.5907677
-0.5907677

SCORE_EXPO

-0.05614805
-0.05614805
-0.05614805
-0.05614805

0.20784159
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805
-0.05614805

SIGNAL_PRIORITY_SCORE

1.030201806
1.083551549
1.090201806
-0.454027880
2456849301
1.083551549
1.090201806
0.904647701
2.750809195
-0.085352299
-0.085352299
1.064719086
-0.007186328
2.961340477
2.742462246
2.742462246

PCA_SCORE[, 1]

0.36748978
0.41750849
0.36748978
0.09235752
1.36110694
0.41750849
0.36748978
0.55251668
1.17609105
0.16820642
0.16820642
0.91127847
0.25545019
1.89053088
0.71689228
0.71689228

SIGNAL_TIER

Tier 2: Monitor
Tier 2: Monitor
Tier 2: Monitor

Tier 3: Background

Tier 1: Immediate Review

Tier

Classification

Tier 2: Monitor
Tier 2: Monitor

Tier 2: Monitor

Tier 1: Immediate Review

Tier 3: Background

Tier 3: Background

Tier 2: Monitor

Tier 3: Background

Tier 1: Immediate Review
Tier 1: Immediate Review

Tier 1: Immediate Review

Tier 1;
Immediate
clinical review

Benefit

Directly usable
in safety
governance
discussions

', NOVARTIS

Tier 2: Monitor
closely

Tier 3:
Background




Comparative Results: PRR Vs Al

=

Signal Priority Score
o

Signal Priority vs Traditional PRR

0.3 1.0 30
PRR (log scale)
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ML Priority Decile
o
(=]

5.0
PRR Decile

PRR_SIGNAL PRIORITY_SIGNAL
FALSE FALSE 225
Subjects
o FALSE TRUE 210
@
® « TRUE TRUE 1
Signal Tier
Decile Agreement: PRR vs ML Priority
e AE Count

25
20
15
10
5
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Comparative Results: ROR Vs Al

Signal Priority Score

ROR vs ML Signal Priority

2

Subjects
® 10
@ 20
@

“-9 008
[ 1 ]
o0

@ «

0@ @0

» @ 0

Signal Tier

® Tier 1: Immediate Review
e Tier 2: Monitor
Tier 3. Background

0.3 10 3.0 10.0
ROR (log scale)

|
=

2.5

0.0
0.0 2.5 5.0 7.5 10.0

ROR Decile
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System Organ Class (SOC)

Metabolism and nutrition disorders

Blood and lymphatic system disorders
Infections and infestations

Investigations

Respiratory, thoracic and mediastinal disorders
Gastrointestinal disorders

Cardiac disorders

Psychiatric disorders

General disorders and administration site conditions
Vascular disorders

Renal and urinary disorders

Nervous system disorders

Hepatobiliary disorders

Skin and subcutaneous tissue disorders

Injury, poisoning and procedural complications

Musculoskeletal and connective tissue disorders

Neoplasms benign, malignant and unspecified (incl cysts and polyps)

Immune system disorders
Eye disorders

Ear and labyrinth disorders

SOC-level signal agreement and disagreement

(=]
.l'llllll““|“||‘

w
o

60 90 120
Number of signals
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“ML-derived signal features provide
orthogonal evidence that
contextualizes frequency-based

metrics.”

', NOVARTIS



Regulatory & Workflow Considerations

Regulatory Alignment

* Interpretable models
« ADaM-based traceability
 Human in the loop review

« Seamless integration into SP workflow pipelines
* No disruption to validated processes
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Key Takeaways

= 53 - B

SDTM ADaM Al-Driven TFL/Exploratory
Automated Analysis
Dataset

Non-exhaustive list

RO - . >
PRR/ROR : P
: : : TFLs for Reporting
__alone are s P Activities
insufficient in < P
Phase 2 and S
3 trials N~ @ TFLs for Publication
- ~ o
Statistical : P l | @
programmers Al-Driven P
can lead early _< Dataset Exploratory Analysis
Al-driven : §
safety — | B
innovation -

Re-use results
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Which method according to you helps detect
early-onset toxicity patterns most?

If you were to prioritize safety signals tomorrow,
what extra dimension would you want Al model to
consider?

I, NOVARTIS
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