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Background and Motivation

[

real-time
insights

flexible
exploration

fully traceable

Interactive dashboards has
become a cornerstone for
supporting data-driven decision
making (data advocacy).
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System architecture
Overview in the APS E2E pipeline

The APS E2E pipeline outlines the data flow and the components involved in output creation as detailed
below.

TLF Outputs

CSR

Analysis
Readout Data

Clinical study
datasets (EDC)

Dashboards

MERCK
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ICSR

Motivation

The iCSR is an interactive R Shiny application designed to facilitate the generation of Clinical Study
Report outputs.

Its primary goal is to move closer to the objective of achieving “"Keystats within a day.”

The aim is to develop an interactive, traceable, and adaptable iCSR tool that prioritizes visualization,

real-time data manipulation, and regulatory compliance, while also enabling straightforward adaptation
and interpretation by subject matter experts (SMEs).

Mock Table 1D SR TLF Title CSR Mandatory CSA Mandatory Key Stats
TLF No. for Onc. Swdies for Non Onc. Studies
= = = - - x

T.DISP1OrT.0SP2 [8.1.1.1 Subject Disposition Status ves Yes x T
TANASET 8113 Analysis Sets Yes Yes x
T.OMCHAR 81.4.1 Demographic Characteristics - Full Analysis Set Yes es x
T.DISHIST 816.1 Disease History - Full Analysis Set Yes Yes x Humber xx
T.EXDUR 8181 <Orug name> - Duration of Therapy (weeks) - SAF Analysis Set Yes Yes x
TEXDOSE 8183 ame> - Cumulative Dose, Dose Intensity, Relative Dose Intensity - SAF Analysis Set Yes Yes x
T.EFFOS1 8211 ary Analysis - Full Analysis Set Yes No x
FEFFKM 8214 Kaplan Meier Curve - Full Analysis Set Yes No x
F.FORESTOS 82.1.7 Forest Plot of Hazard Ratio by Subgroups - Full Analysis Set Yes No x
T.EFFPFSL 82.2.1 Primary Analysis - Full Analysis Set Yes No x
FEFFKM 82.24 Kaplan Meier Curve - Full Analysis Set Yes No x
F.FORESTOS 82.2.7 Forest Plot of Hazard Ratios by Subgroups - Full Analysis Set Yes No x
TEFFBORL 8231 Objective Respanse - Full Analysis Set Yes No x
F.EFFFORESTBOR 8235 Odds Ratios by Subgroups - Full Analysis Set Yes No x
TTEAEOV 83.1.1 Overview of Treatment Emergent Adverse Events (TEAEs) - SAF Analysis Set Yes Yes x
T.TEAESOCPT 83.1.3 TEAES by Primary System Organ Class (SOC) and Preferred Term (PT) - SAF Analysis Set ves Yes x
TTIER 8314 Tier 1/3 Pre-specified TEAES - SAF Analysis Set Yes, for es, for x

with sample size 2200 subjects |with sample size 2200 subjects
T.TEAESOCPT 83.19 Study Intervention Related TEAES by SOC and PT - SAF Analysis Set Yes Yes x
T.TEAESOCPT 83.1.13 Serious TEAES by SOC and PT - SAF Analysis Set es Yes X
TTEAESOCPT 83115 Study Intervention Related Serious TEAES by SOC and PT - SAF Analysis Set Yes Yes x
TTIERIEAIR £3.156 Exposure Adjusted Incidence Rates for Tier 1/3 prespecified TEAES - SAF Analysis Set es, for Yes, for x

with sample size 2200 subjects | with sample size 2200 subjects

and treatment exposure and treatment exposure

E roups ying roups

T.LABSHIFTW 8336 Hematology - Shift from Baseline to Worst On-treatment Value - SAF Analysis Set Yes Yes x
T.LABSHIFTW 833.16 [Biochemistry - Shift from Baseline to Waorst On-treatment Value - SAF Analysis Set Yes Yes x
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ICSR
Common use case

Stat/APS: Creation of Keystats

S
Programmer & MDR
Is using
iCSR
Adjust BOA Output ] data filter/subgroup ] { generated .pdf,.html
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Support generation of

;

CSR outputs

MERCK



ICSR

App - Modules and interactions

Modular setup

—R
— derivations
— eOnc_TLF
— m_ae_overview.R
— m_anaset.R
— m_app_main.R
F— m_bdssum.R
— m_descstat.R
— m_disp.R

— global.R

— server.R

— tests

— ui.R

F— www

Each module has its own namespace and defines UI and Server components. The UI and Server code is
within one .R file (e.g. m_demog.R)

iCSR Module Overview

Modulelnterface

-static Reactive globals

#uiModuleTitle(id)
#uiModulelnput(id)
#uiModuleOutput(id)
#moduleServer(id, globals)

-

x

DataLoadModule ReporterModule
-static Reactive globals -static Reactive globals
-uiDataloadTitle(id) -uiReporterTitle(id)
-uiDatalLoadInput(id) -uiReporterinput(id)
-uiDatalLoadOutput(id) -uiReporterOutput(id)
-dataloadServer(id, globals) -reporterLoadServer(id, globals)

The reactive variable “globals” is shared between modules and facilitates exchange of loaded

data(ADaMs), outputs, settings.
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ICSR
App - R packages used / framework stack

R Shiny: Ground framework.
- Liquid.react: React.JS components following Merck Liquid Design pattern.

- Tplyr: Used within RDOT function library for output creation.

- teal.reporter: ,Basket" for report creation. The actual renderer is coming from RDOT.

- teal.filter/data: Data filter panel

- shinymeta (instead of teal.code): to capture logic in a Shiny app and exposing it as code.

- Shinytest2: unit and integration tests using testthat and chromote (headless Chrome browser)
- gt: output creation (.rtf, .pdf)

P

Liquid.React

i
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(]

M Menu

Q@ EBackiomenu
LLM Assist

ADaM Data Selection
a Descriptive statistics.
BDS Summary Statistics
EFFICACY QUTPUTS
@ Kaplan Meier
Forest Plot of HR
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iCSR example

iCSR - Interactive CSR

Kaplan-Meier

Table 2: Censoring/Event Status
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Key Features:

- CSR keystat;
Descriptive statistics/frequency; BDS
summary stat

- R code generation for RDOT
R - “Basket feature” for generated

Population Flag:
FASFL/ Full Analysis Set Population Flag ~ Outpu tS

TTE Endpoint:

Overall Survival (months) hd - BOA Compliant output generator

o~ (.pdf, .html)
- - Data filter by domain

Stratification variable:

None v

Figure/Table Settings ~ = A Da M COdeI iSt im pO rt

Display Cl
v

- Storage Layer ADaM access*

hv -
Y axis display: . . . *

v - Subgroup definition
x-axis label

Months since treatment start
Spacing of x-axis:

12
Survival rate times:

136



Testing strategy
Unit and Integration Tests

R
Unit Tests Integration Tests A {

Scope
« test small, isolated functions and module server logic

Scope

» validate interactions between modules and
end-to-end UI flows

Speed Speed / Environment

® « fast, deterministic runs with minimal dependencies @ + app-level/browser-driven tests with
using fixtures/mocks complete dummy data and shared state

Purpose

« catch logic errors early, enable safe refactoring, and
document intent

Purpose

« verify wiring, reactivity, and user paths across
components

« Actual use case tests

Tooling
+ testthat
« Partial dummy data

Tooling
« shinytest2 + Chromote
« use explicit waits/selectors and regression snapshots
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Merck Liquid Oxygen

Award winning Merck owned UX Design System

Why use Merck Liquid Oxygen

- Design Compliance, consistent look and feel
« Accessability
gefman « Framework agnostic (React.JS, Vue.JS,...)

e

widther «  Well documented
«  Written in Typescript
« Small footprint
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React.]S

React.]S is a declarative, component-based JavaScript library for building fast, accessible user interfaces

that scale from simple widgets to complex applications.
[+ omarier )

Ease of Use Seamless Update Developer Tools
: : T — Top Menu General Modules

Periodic table 1 2 3 4 ... > »

D # Name Symbol o Atomicmass Electronegativity -

A

O 1 Hydrogen H 1.0080000000 2.20

8 HelpP.
The Virtual DOM Reusable Components Opensource ke
[\s8 ADaM Data Selection

. BDS Summary Statistics
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Liquid.react

In house R package {liquid.react} that capsules the Merck Liquid Design React.JS components for use in
R Shiny. Python version is also available.

{shiny.react} webpack {liquid.react}

library(liquid.react)

©

JS wrapper ." 1) setup index.js

@/shiny.react 2) > npx webpack ey LdHeader ()
LdButton ()

LdIcon(name='loadingW

shiny.react
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LLM Integration
How to integrate LLM to Shiny dashboards?

Server UI
{ellmer} + toolcalling {shinyChat}

« ellmer chat loaded within moduleServer ()

What's the current temperature in Duluth, MN?

+ toolcalling allows the LLM to interact with app.
- extend LLM with external tools (API calls,...)

I'll check the current temperature in Duluth, Minnesota for you.

View result from get_current_weather P

The current temperature in Duluth, MN is 4.1°C (about 39.4°F) with wind speeds of

« Control UI: update filter,... 15.0 km/h.

P
( Enter a message... o )

- Update reactive values, state of app
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LLM Integration
What kind of LLM use cases are useful for dashboards?

« Chat assistant for navigation and in-context documentation, tailored to the current module and data
view.

« Al-generated summaries or translations of figures/tables to accelerate drafting of CSR-ready
narratives.

« Dashboard control via tool calling (e.g., apply filters, switch modules, preconfigure inputs) when
workflows are complex or repeated.

R code generation leveraging an internal snippet repository to scaffold reproducible filters, subgroup
definitions, or output customizations.
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LLM Integration
Implemented use cases

iCSR - Interactive CSR + 3 -
Menu LLM Assistant Chat

Help Page

D { K

000 860

R code generator for dynamic subgroups

LLM Assist
Create a new subgroup variable named ADSL.AAGEGRZ based on ADSL.AAGE using the
criteria<75;>=75

ADaM Data Selection

« Documentation helper and navigation
assistant

Descriptive statistics @& [!'llhelp you create a new subgroup variable ADSL.AAGEGR2 based on ADSL.AAGE. Let
me first retrieve the ADaM structure to understand the existing variables and their
BDS Summary Statistics types. Perfect! | can see that the ADSL dataset has an AAGE variable (numeric type) that

represents the analysis age. Now |'ll create the R code to generate the new subgroup

TABLES, LISTINGS AND variable AAGEGR2 based on the criteria you specified (<75 and ==75).
FIGURES
(]

EUN Safety -+ # Create new age group
ADSL <- ADSL ¥>¥

mutate (AAGEGR2Z = case_when(
29 Efficacy - AMGE < 75 ~ "<75",

AAGE »>= 75 ~ "3>=75",

TRUE ~ NA_character_

M

This R code will:

1. Use the existing AAGe variable (analysis age) from the ADSL dataset
2. Create a new character variable AAGEGR2 with two categories:

o "<75"for subjects with age less than 75 years

o "==75" for subjects with age greater than or equal to 75 years

3. Handle any missing values in AAGE by assigning NA to the new variable

The case_when() function from dplyr provides a clean way to create categorical
variables based on multiple conditions, and the TRUE ~ MA character  ensuresthat
any cases not covered by the first two conditions (such as missing AAGE values) are

assigned NA. -

Enter 2 message... Q |
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Where to go from here?

Next steps
* Use of Meta Data Repository (MDR)

* In-house R Shiny dashboard framework

* LLM coding assistant with access to internal tools and frameworks

Next milestone features for iCSR
* More standard outputs (PK, EAIR, ...)

* Bookmarks, save/restore dashboards state.
* Use of LLM agents to automate routine tasks

— Ingest a Programming Plan, extract analysis requirements,
load data/codelists (MDR).

* Enhance integration and automation into the APS end-to-end pipeline,
by exposing iCSR functionality via API.
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Thank you
for your attention

MERC K



Backup
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iClass
Future in-house framework

limitations with existing frameworks:

- Support for subgroup comparison is
limited with existing framework.

I\\

- ,individual® vs ,group mode" concept
as a must have feature

- Reporting needs update to support
internal pipeline/packages {RDOT}
and support to deferring rendering at
,checkout' rather than ,Add to
basket'.
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Modules

Unified module configuration
Group-level modules

Nested group-level modules (domains)
Individual-level modules

Nested individual-level modules

Gobal Concepts

Focal dataset (global filters)

(Nested) subgroup comparisons

Patient selection (shared across modules)
Patient flagging

Reporting

Group-level reporting
Individual-level reporting

Batch individual-level reporting
Batch domain-level reporting

N R AR

KRR ER

MERC K
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