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Disclaimer

* The discussions and conclusions in this presentation have not been
formally disseminated by the US Food and Drug Administration and
should not be construed to represent any Agency determination or

policy.
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Introduction and Overview

e Drug safety analysis is complex - data curation, interpretation,
reporting challenges

* Collaboration is essential - regulators, sponsors, investigators, safety
boards

* Limitations of traditional outputs — static tables = slow review, harder
to interpret

* Visual analytics (Forest, Volcano, OCMQs) - faster insights, clearer
communication

* Expanding capabilities - Al, GenAl, Bayesian methods, Agent Al



Key Considerations

 Shift focus - from static tables to interactive graphical outputs

e Reduce volume - avoid generating hundreds of PDF tables; prioritize key
visuals

* Best practices — adopt structured safety review & signal detection
frameworks

e Stakeholder alignment — design outputs for regulators, clinicians, and data
monitors

* Regulatory compliance = align with evolving standards (OCMQs, benefit—
risk guidance)

e Balanced approach — visuals should enhance, not replace, medical
discernment



Example: Shift Focus

* Data display is critical to data analysis. Graphs allow us to explore data to see
overall patterns and to see detailed behavior; no other approach can compete

in revealing the structure of data so thoroughly - Cleveland

Tabular Outputs only versus Tabular Plus Graphical Outputs

Structare and Content of Clinical
Study Reports 1013

Guideline for lndustr}‘
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Example: Reduce Volume

* Do we really need hundreds of tables in PDFs?

Typical practice
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Maybe we only need a few outputs with graphs
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Example: Best Practices in Safety Review

* Ensuring best practices by applying structured safety review and signal
detection approaches.

Recommendations for safety planning, data [ . “ . | .
collection, evaluation and reporting during drug, || Tier 1 Tier 2 Tier 3
biologic and vaccine development: a report of the
:EEE?P!T":"TQ' E‘:alianin; fﬂi::pumng team » Prespecified detailed ‘| =Signal detection ‘= Descriptive analysis of
Hanglong Shi®, Stepben L L, fuerpen Kueb analysis and among commaon infrequent AEs. AEs
hypothesis testing for events. AEs included included here do not
specific AEs here are those that have a prespecified
do not have a hypothesis and are
prespecified infrequent.
hypothesis and are
‘common’
ELI.JLT:;' T;::mfﬁ,ﬁ;ﬁiﬂ:ﬂmﬂmfé\';}?ﬂfalflcs General Safety Review Safety Topics of Interest

* Rank events based on evidence of * Focused and tailored to the event of

treatment effect interest
s Obtain additional details on the event s Use of displays to help reviewers
for further exploration understand the event of interest and

« Drill down to patient-level information the clinical questions they have




Example: Stakeholder Alignment

e Regulatory practices and emerging regulatory practice

Safety Review: Approach & Tools

Alaary M Shapirao, MDD, PhD, FAAP

ZO 1O CDISOC Japan Intercohangge U.S. FOOD & DRUG |
m AI;M:NI'-IR/\YI(—)N |

Reviewer Guidance

Conducting a Clinical Safety Review of
u New Product Application and
Preparing a Report on the Review

for Safety Analysis

Use of New Tools

Chuck Cooper, M.D
Clinical Reviewer

«  Division of Biometrics VI
Office of Biostatistics
CDER. FDA

Summary -Overall Safety Review Approach

» Safety review should include: [ | ol
v Assessment of Submitted Data = ":JL
v Adequacy of Applicant's Safety - . oot

Assessment
v Assessment of Data Integrity
v Assessment of Overall

Submission Quality

I N ]I

» Reviewer Tasks: ﬁ

v Evaluate adequacy of data to support safety
analyses

v |dentify and examine serious adverse events
related to drug exposure

v Identify and estimate frequency of common
adverse events

v |dentify unresolved safety concerns

v Identify factors associated with adverse
reactions to drug and evaluate approaches to
mitigate or manage these reactions

v Provide comprehensive evaluation of nsks
associated with product use fo include into
labeling

New Standards for Safety Review

o Deaths
+  Overal mortality
v Couse spechic
«  Expected vs unexpected
+  Dose response
+  Time to death analysis
+  Subgroup analysis
' Interaction analysis
o SAEs
Overal rates
Rates by event
Dose response
By duration of exposure
By person-ime exposure as denominator
Assessment according to allernative explanation
Assessment of nteraction by subgroup
o Dropouts and other SAEs
o Overall rates
+  Profiie of dropouts (by reasen)
»  AEs associated with Dropouts
' Exposure response
+  Time dependency
o Other significant AEs as defined by ICH
» Merked lab sbnormaities
o AnyAE leading to dropout or intervention
+  Potentially important abnormalites not meeting above
definition
¢ Construct of aigorithms of combo’s of cinical findings

o ldentify possible combinations of clinkal findings that may be
a marker for a parbcular toxicity

8 Bia DEg ain

Identify possible consequences of a safety signal from any
source
Common AEs
+  Incidence for subsets <ontrolled studies
. LLT's shoud be compared to mapped PT's
. Assess for causality
«  Comparison of severity between treatment ams
Dose dependency for AEs
. Titrabion studies
Time to onset for AEs
+  Particularly for svents that occur commonly
AE incidence by inferaction
+  demographx
race, gender, age
+  Drug-drug interaction
«  Undertying medical problems such as DM or renal disease
+  Dose response
body weight-adjustted dose
cumuative dose
Body surface area-adusted dose
dosing scheduie
«  Exposure adjusted event rates ‘person-Sme approach”
\Vhen hazard rate is constant over time
Break cbservation pariod into intervals

AE incidence by interaction (cont.)
+  Relative risks and attributable risks for subgroup diflerences

o Life table’ time-to-avent analyses’ cumuiative incidence
anlayses

. Hazard rates - risk over time estimation




Example: Regulatory Compliance & Balance

e Regulatory alignment: Evolving practices encourage the use of visuals alongside traditional tables.

* Balanced approach: Ensure outputs remain fit-for-purpose and support structured benefit—risk review.

Graphical outputs: Can complement or replace tabular outputs when validated and reproducible.

Quantitative methods: Bayesian and frequentist approaches to strengthen safety assessments.

N U.S. FOOD & DRUG

ADMINISTRATION

STANDARD SAFETY

INTEGRATED GUIDE

TABLES AND FIGURES:

ﬁ U.S. FOOD & DRUG
ADMINISTRATION

FDA Medical Queries (FMQs)

Vaishali Popat MD. MPH
Associate Director

Biomedical Informatics and Regulatory Review Science
CDER/Office of New Drugs

STRATION

Statistical Considerations for
Premarketing Risk Assessment

Greg Levin, PhD May 16, 2024 Mat Soukup, PhD
Associate Director for Statistical Science and Policy Deputy Director, Division of Biometrics Vil
Office of Biostatistics/OTS/CDER/FDA Office of Biostatistics

U.S. FOOD & DRUG

Standard Safety Tables & Figures
Integrated Guide: Components

Integrated Guide

FDA
FMQ Algorithm Development and Testing Process .

Appropriate Analysis Approaches ﬂ

= Focus on comparisons to estimate risk and

— f—— e — Cvstmns uncer"talnty, no_t on_hvp?thesm testing
Deniged . [ wmﬁvgzwlﬁ o NOABLA Cirical i s | — | “ Sy s = Metrics for estimating risk
. J J - J \ Sy — Summary measures of risk
Basad on Metode: L P — — Appropriate statistical methods for the summary
- Ciinical expert + SAS, R. Python ' )| Clinical expert measure of interest and given the design
B ety fedback — On-treatment vs. on-study analyses
« = Integrated analyses
Figure 5. Patients With Adverse Events
(Narrow), Safety Population, Trial X = M = H
- Single PT Analysis vs. FMQ Grouping Appropriate Integrated Analyses =
+  Using a 2% cut-off for an AE analysis, "Anxiety” doesn’t make the cut, but group

these PTs, and a signal emerges at the 2% cut-off (no patient counted twice)

Single PT: Anxioty FMQ Grouping: Anxiety

* For a comparison of interest (e.g., drug vs. placebo), typically
should include only trials with both treatments
— May need different trial groupings for different comparisons

+ Generally, include only controlled trials/trial periods

— CAUTION! Analyses that include uncontrolled trial periods (e.g.,
open-label extensions) subject to confounding and bias

+ Stratify analyses by trial

— CAUTION! Unstratified analyses of multiple trials may be subject to
confounding (see next slide) — Simpson’s Paradox

— Stratified analyses are always appropriate




Question-Based Approach to Safety Review

* For example, adverse events

Incidence Rates Severity, Duration, Relationship Temporal Relationship

Concurrent and Intercurrent Events ose-relationship, Subgroups, Risk




CVARS Staged Development Approach

* Planned, stepwise development to ensure regulatory readiness

e Consider functionality, output modality, reproducibility, and
stakeholder needs at each stage

Stage 2: Additional

Stage 1: Simple basic : . Stage 3: Include Stage 4: Link to
. . features — still basic, L. . .
plots and interactive . advanced statistical patient profiles
but with more :
features analyses and/or Drilldown

options

4 4 4

Stage 1: Core plots and basic interactive features

Stage 2: Expanded functionality and visualization options

Stage 3: Integration of advanced statistical analyses (e.g., Bayesian, clustering, subgroup)
Stage 4: Link to patient profiles and drill-down exploration



CVARS Current

* Current version provides an intuitive interface for data input and configuration

* Supports upload, report generation, and customizable filters
* Qutput available in tabular/graphical formats, exportable to HTML, PDF, DOCX, PPTX

1 ﬁn R g o

Read/Upload Data

Data Source
Default (CDISC Pilot Data)  ~
This option is only available for

training and understanding app
using CDISC data

CDISCADaM Data

ADSL ADAE CM

Run Repert

Download Report

® pdf

E=3

L ¥ Gra
Report Selection
Report base domain Report Name
adsl
Therapeutic Area Report Number
Report Type Report Description
Subsetting Conditions

Analysis Subset Condition

UsugJipt="

Denominator Subset Condition

STUDYID!="

Treatment & Population Selection

- »
¥

Treatment Variable

Treatment Sort Variable

Population Filter

AE Summary Table Inputs

Treatment Big N Total treatment Add Missing Grouping Variable Calculate Risk
JY@N OY@®N OY®N JY@N
Generic Inputs -
Adverse Event Filter(s) Period Residual period (in days)
Any QOverall Duration d 30
Higher Level Event Term Lower Level Event Term Summary By
Body System or Organ Class (AEBODSYS) ~ AE Dictionary-Derived Term (AEDECOD) ™ Participants -

Measure of Association Alpha Value(Cl)

Risk Ratio v 0.05

Risk Reference Lines Risk Axis Scale

0 Logl0 M

Reference Line (%)

p Value Cutoff

0.05




CVARS Current

e Current version — forest plots, volcano plots, FMQs(*OCMQs), tabular

output, patient profiles, listings

APPLICATION SITE VESICLES
FATIGUE

DIZZINESS

HYPERHIDROSIS
NASOPHARYNGITIS

SINUS BRADYCARDIA

NAUSEA

VOMITING

APPLICATION SITE ERYTHEMA
APPLICATION SITE IRRITATION
COUGH

SKIN IRRITATION
ELECTROCARDIOGRAM ST SEGMENT
MYOCARDIAL INFARCTION
APPLICATION STTE DERMATITIS

APPLICATION SITE PRURITUS
UPPER RESPIRATORY TRACT INFECTI!
HEADACHE

PRURITUS
DIARRHOEA
ERYTHEMA
®  DPlacebo N=65) A  Xanomeline High D
= Placebo anameline Low Duse

SOC:NERVOUS SYSTEM DISORDERS g
PT:DIZZINESS
L& n of participants= 12
15.19%
Xanomeline High Dose

£3  Dlace

P-value

@@

N (O]

o °©

: 3 A
=~ Favors Control (N=69) Favors Treatment (N=79) -
Risk Ratio Control vs. Treatment

et st Ao s




CVARS Ongoing/Planned Enhancements

* Advanced analytics: Bayesian methods for signal detection, Clustering
& subgroup exploration, Dose—response and time-to-event modeling

On quantitative methods for cinical safety monitoringin | | The role of quantitative safety evaluation in regulatoryj | Statistical methods for the analysis of adverse event

dr‘ug [].EEElﬂl]mEM Saatsies i Bvplarmaceatical Resarch dEEiSi[III mﬂkjllg of dl‘llg‘E- Jourmal of Bogharmaceatical Stacstics data in randami?édlcontr{:’lle‘d tr.ials: a scoping I‘E"‘I"?E‘W -
ki Wang B B Whalen B M bmis B B . 3 . Bloki G. Chakrawarty B Rima e, Stanhine Eestr, Clara, i, Mark & Lo Bk bt S and talﬂnﬂlnl'lyf BMC Medical Research Methady '-|._.2|:|' Article number288 (2020
Wikie Ve I B2 W [, Mt Mmiims i e < Rachel Phalhps . Odile Sauzet & Victona Camelius

AE Line Plot

Chaose C3Y File

[y
4 Multiplicity Adjustment Methdx
[ —

Fisher's Exact Tes{
KHumber of Subjécts in Contrdl Group
Fisher's Exact Test

e Bonferroni Correction

Benjamini-Hochberg Procedure
Thiresheld for p-Valus
Double False Discovery Kate

P j = YEFT F i P i E - T
Thrashold for Pasterior Probabiity Berry and Berry Three-Level Hierarchical Model

& Downkcad Exa

-----




CVARS Ongoing/Planned Enhancements

* Al Assistant — query interface for rapid review (“Which AEs are elevated in old patients?”)

* Data Explorer — drill-down by population, treatment arm, or severity

Adverse Event Analysis Data Summary

Analysis Results
Select Analysis

‘AESummar,'Tab\e Show 10 v entries

AEDECOD
Filter by Severity
Bvid 1 Dizziness
0 Moderste ‘
e 7 Fatiaue
3 Headach
Show Only Serious AFs A
4 Nauses
5 Rah
Showing 1 to 5 of S entries

n DrugA

il

il

17

B

16

n_Placebo

18

19

i)

]

P

n_serious_Drug A

Search:

n_serious Placebo

* GenAl Narratives - automated patient profiles and benefit—risk summaries

Adverse Event Analy;is
Al Assistant
Data Explorer

Select Analysis

‘ AE Summary Table M

Filter by Severity
@ wmild

@ Moderate

B Severe

Show Only Serious AEs

Analysis Results

Show 10 v entries Search:

n_Drug n_serious_Drug
AEDECOD A n_Placebo A n_serious_Placebo
1 Dizziness 21 18 2
2 Fatigue 21 19 1
3 Headache 17 22 3




CVARS Ongoing/Planned Enhancements

o Dri .
Quantitative ey Extensibility,

Analysis plus Al

Interactive Stakeholder
outputs feedback

User
Visualization Interface
parlor

Best
Industry Validation
Practice

Regulatory Forward
Submission looking/
and Review Adapting




E2E Safety Review and Sighal Detection

Data Ingestion & Preparation
* LLMs for data pipelines, Automated lineage, consistency checks, and audit trails

Core Safety Analytics
e Expanded visual analytics, Interactive Outputs, reproducible, submission-ready
Signal Detection & Advanced Methods

 Bayesian signal detection, Clustering & subgroup exploration, Dose—response and
time-to-event modeling

Al/GenAl-Enabled Interpretation
* GenAl support — narrative interpretation, Al assistant - reviewer Q&A

Regulatory Alignment & Continuous Improvement
* Adaptation to OCMQs & benefit—risk frameworks
e Continuous stakeholder input from regulators & clinicians



Executive Summary

* CVARS modernizes drug-safety analytics by coupling standardized tables, interactive,
guestion-led visualizations.

e Expanded capabilities include additional core safety plots, OCMQs, and patient-profile
views, supported by robust multi-format export.

* The roadmap adds Bayesian signal detection, advanced subgrouping, dose—response
and time-to-event modeling, and Al/GenAl features for reviewer Q&A and narrative
generation.

* Across all releases, CVARS prioritizes regulatory alignment, reproducibility, and
stakeholder usability to accelerate insight while preserving clinical judgment.

Result: Faster reviews, Clearer signals, and Stronger, Submission-ready outputs.
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