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Introduction: Who am |

Brian Lang
* Dr. Sc. ETH Zurich (Biosystems Science and Engineering)
* Based in Zurich, Switzerland
e Statistician at MSD in the Health Technology Assessment (HTA) space
* Lead teams to develop and maintain:
* R packages to create analysis tables, listing, and figures
* R/Shiny apps to facilitate our business processes

e DevOps support for other teams



Introduction: What is HTA

Health Technology Assessment (HTA)

* Informs reimbursement and coverage decisions by payers

* Focuses on comparative effectiveness, and patient outcomes, and market-specific subpopulations
* Seeks to answer, "Is this treatment worth paying for, compared to existing alternatives?"
 Typically occurs after regulatory approval

* Key bodies: NICE (UK), IQWiG (Germany), CADTH (Canada)



The Challenge: Diversity and Multitude of Evidence Needs

Each country is special

NICE

National Institute for
Health and Care Excellence

WiG




The Challenge: The Business Process

Non-scalable processes
* Project directory for each study for each market
* Duplicated processes (excel sheets) for analysis specification

* Heavily copy-paste based specification process

Project 1 Project 2

specs macros TLFs specs macros TLFs

Project 3

specs

Macros

TLFs



The Solution: Database-first analysis specification and data flow

Analysis Specification DB
Dictionary Tables Study Analysis Specification
Macro Standards fnelet TR Country
Library DB Standards
. Analysis .
Analysis Need o —>  Execution
Definition
Updat.e — Review > Delivery
Analysis

€IMSD -



The Solution: Explicit Table Standards and Macro Linkage

Analysis Specification DB

Dictionary Tables

Analysis TLF
Template

Standardized
Macro / Function

"~




The Solution: Study Analysis Specification

Analysis Specification DB

Dictionary Tables Study Analysis Specification
Mac.ro Standards Rl TS Country
Library DB Standards
Study Metadata

Endpoints linked to title placeholders linked to footnotes linked to dataset variable

Methodology linked to footnotes linked to macro parameters linked to macro
parameters

Subpopulations linked to title placeholders linked to footnotes linked to dataset
filters

Etc...



The Product: Shiny Analysis Specification and Execution Platform

HE'Q‘T PSIDemo ¥ SELECT @INFO & CONTENT % ENHANCE [ER)INVENTORY # EXECUTE QREVIEW B LIBRARY 3$ADMIN AREPORTISSUE EUSER GUIDE

General Study Info

Merck ID
mk0001

Protocol

prot0001

Generic

Indication

PSI Demo

Scope

Demo

Study Label
PSI 0001

Operational Info

Analysis Start Date
29/01/2025

Analysis Type

Demo

Analysis Status

Ongoing

Package Creation ISID

Project Folders

HTA Root Folder

‘ [ Select Folder /path/to/hta/space/

HTA Package

documents

LDS Folder

‘ [ Select Folder /path/to/lds/space/

Reload Clinical Data
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The Product: Shiny Analysis Specification and Execution Platform

PSI Demo

HEA

Sections «

Efficacy
Safety
PRO

Baseline

¥ SELECT

O INFO @ CONTENT ¥ ENHANCE £ INVENTORY

Sections Add new

Subsections Add new

Populations

ITT - Intention to Treat (& [i

APAT - All Participants as Treated & [

FASBL - Full Analysis Set Population With Baseline &

L

FAS1- FAS EORTCQLQ-C30Z W

FAS2 - FAS EORTC QLQ-STO22(Z )

FAS3 - FAS EQ-5D VAS (5 I

Add new

Subpopulations

CPS1-CPS>1Z W

% EXECUTE Q REVIEW

E LIBRARY X ADMIN AREPORTISSUE B USER GUIDE

Time-to-Event Analysis

(CA|

Efficacy 4 )
Time-to-Event Time-to-Response and
Subsequent Therapy Best Overall Response Duration of Response (&
and/or Death & [ Tables (& i |

Baseline @ W

All Baseline Tables (&
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The Product: Shiny Analysis Specification and Execution Platform

PSI Demo

HEA

Sections «

Efficacy
Safety
PRO

Baseline

¥ SELECT

© INFO @ CONTENT

Subpopulations «

CPS1-CPS>18 W

CPS10-CPS>10Z W

Endpoints

Analysis Bucket

# ENHANCE

& Edit

@ Edit

B INVENTORY

Add new

Add new

Add New

% EXECUTE

OS - Overall
Survival

PFSIRC -
Progression-
Free Survival

Based on BICR
Assessment
per RECIST 1.1

EFFTTE -
Efficacy TTE
Analysis

Q REVIEW

x

B LIBRARY

TTSTV - Time
to Subsequent
Oncologic
Therapy or
Death

TTSTIV - Time
to Subsequent
Oncologic
Therapy

EFFTTES -
Efficacy TTE
Subsequent

Therapy or/and
Death

#S ADMIN

A REPORT ISSUE

BORCFIRC -
Best Overall
Response

EFFBORC -
Best Overall
Response
Tables

& USER GUIDE

T2RDOR -
Time to
Response and
Duration of
Response

EFFRESP -

Time toand

Duration of
Response Table

DMMYBASE -
Dummy
Baseline
Endpoint

BASELINE -
Baseline Tables
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The Product: Shiny Analysis Specification and Execution Platform

HEA

Sections

Efficacy
Safety
PRO

PSI Demo

¥ SELECT

©® INFO @ CONTENT % ENHANCE
Analysis Bucket
@ Edit
Study Treatment
@ Edit
Subgroups ~

ECOG - ECOG Status (£ Tl

SEX - Gender & )

Stratification

& Edit

) INVENTORY

Add New

Add new

Add new

Add new

% EXECUTE Q REVIEW
EFFTTE -
Efficacy TTE  x
Analysis

PLANNED - Trt
Planned =

POOLEDEFF - Pooled
StrataCPS =

H LIBRARY

EFFTTES -
Efficacy TTE
Subsequent | x

Therapy or/and
Death

PLANNED - Trt
Planned -

POOLEDEFF - Pooled
StrataCPS =

28 ADMIN

A REPORTISSUE B USER GUIDE
EFFBORC - EFFRESP -
Best Overall . Time to and

Response Duration of
Tables Response Table

PLANNED - Trt
Planned A

PLANNED - Trt
Planned =

POOLEDEFF - Pooled
StrataCPS =
Unstratified w

BASELINE -
Baseline Tables

PLANNED - Trt
Planned =

Unstratified w

> 9 MSD
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The Product: Shiny Analysis Specification and Execution Platform

HEA

Sections

Efficacy
Safety
PRO

Baseline

PSI Demo

¥ SELECT

@ INFO

Endpoints

Analysis Bucket

Study Treatment

Subgroups ~

ECOG - ECOG Status (£

@ CONTENT

# ENHANCE

& Edit

& Edit

@ Edit

) INVENTORY

Add new

Add New

Add new

% EXECUTE

05 - Overall
Survival
PFSIRC -
Progression-
Free Survival
Based on BICR
Assessment
per RECIST 1.1

EFFTTE -

Efficacy TTE | %

Analysis
|

EFFTTES - Efficacy

TTE Subsequent
Therapy or/and
Death

EFFBORC - Best
Overall Response
Tables

EFFRESP - Time to
and Duration of
Response Table

Q, REVIEW

B LIBRARY

to Subsequent
Oncologic x
Therapy or
Death

TTSTIV - Time
to Subsequent
Oncologic
Therapy

EFFTTES -
Efficacy TTE
Subsequent | *

Therapy or/and
Death

PLANNED - Trt

Planned w

$$ ADMIN

& REPORT ISSUE

BORCFIRC -
Best Overall
Response

EFFBORC -
Best Overall
Response
Tables

PLANNED - Trt
Planned

v

B USER GUIDE

T2RDOR -
Time to
Response and
Duration of
Response

EFFRESP -

Time to and

Duration of
Response Table

PLANNED - Trt
Planned

X

v

DMMYBASE -
Dummy
Baseline
Endpoint

BASELINE -
Baseline Tables

PLANNED - Trt
Planned =
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The Product: Shiny Analysis Specification and Execution Platform

Edit Analysis Bucket

Analysis Bucket Selection Additional Analysis Search
Name: Standard Analysis

EFFTTE - Efficacy TTE Analysis Pick from list...

Update Name: Search Tags

Pick from list...

Label: Please use search tags to find desired Mock.

Efficacy TTE Analysis
+ Add Analysis

Description:

MockID Mock Title
M021 Table x.1-1 Analysis of Time-to-Event Endpoints

M022 Figure x.1-1 Kaplan-Meier Curves of Time-to-Event Endpoints

Remove Analysis up DOWN

Analysis bucket loaded from dictionary must be assigned a new name in order to modify details or mock assignments. Name

and label cannot be empty. Name cannot contain blanks.

View Mock Delete from Package Cancel Confirm




The Product: Shiny Analysis Specification and Execution Platform

Edit Analysis Bucket

Analysis Bucket Selection Additional Analysis Search
Name: Standard Analysis

EFFTTE - Efficacy TTE Analysis Time-to-event Analysis

Update Name: Search Tags

H#EFFICACY #TTE

Label: Please use search tags to find desired Mock.

Efficacy TTE Analysis MockiD  Mock Title
M025 Table x.4-1 Analysis of Switchover - Participants in Comparator Arm

Description:

M023 Table x.2-1 Summary of Overall Survival/ Progression-Free Survival/ Time-to-Event Endpoint
Rate Over Time

MockID Mock Title + Add Analysis
MO021 Table x.1-1 Analysis of Time-to-Event Endpoints

M022 Figure x.1-1Kaplan-Meier Curves of Time-to-Event Endpoints

Remove Analysis UP DOWN

Analysis bucket loaded from dictionary must be assigned a new name in order to medify details or mock assignments. Name

and label cannot be empty. Name cannot contain blanks.

View Mock Delete from Package Cancel Confirm




The Product: Shiny Analysis Specification and Execution Platform

Edit Analysis Bucket

Analysis Bucket Selection
Name:

EFFTTE - Efficacy TTE Analysis

Update Name:

Label:

Efficacy TTE Analysis

Description:

MockID  Mock Title

Additional Analysis Search
Standard Analysis

Pick from list...

Search Tags

Pick from list...

Please use search tags to find desired Mock.

+ Add Analysis

M021 Table x.1-1 Analysis of Time-to-Event Endpoints

M022 Figure x.1-1Kaplan-Meier Curves of Time-to-Event Endpoints

M023 Table x.2-1Summary of Overall Survival/ Progression-Free Survival/ Time-to-Event Endpoint

Rate Over Time

Remove Analysis upP

DOWN

Analysis bucket loaded from dictionary must be assigned a new name in order to modify details or mock assignments. Name

and label cannot be empty. Name cannot contain blanks.

View Mock

Delete from Package Cancel

Confirm
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The Product: Shiny Analysis Specification and Execution Platform

Description:

MockID  Mock Title
21 Table x.1-1 Analysis of Time-to-Event Endpoints
M022 Figure x.1-1Kaplan-Meier Curves of Time-to-Event Endpoints

M023 Table x.2-1Summary of Overall Survival/ Progression-Free Survival/ Time-to-Event Endpoint
Rate Over Time

Remove Analysis up DOWN

Analysis bucket loaded from dictionary must be assigned a new name in order to modify details or mock assignments. Name

and label cannot be empty. Name cannot contain blanks.

Table 2.1-1
Analysis of Overall Survival
<Subtitle>
(Intention-to-Treat Population)

<intervention > vs.
< comparator >

Study: <name >* < intervention> < comparator >
Participants Median Participants  Median
with Time* in with Time® in
Event Months Event Months Hazard Ratio
N n (%) [95%-CI] | N n (%) [95 %-CI] [95 %-C1]? p-Value®*
X X XX X X XX XXX XXXX
XX) [X.X: X.X] (XX) XX XX] | [XXX: X.XX]

Overall Survival

a: Database Cutoff Date: ddMMMyyyy

b: Number of participants: intention-to-treat population

c¢: From product-limit (Kaplan-Meier) method for censored data

d: Based on Cox regression model with treatment as a covariate stratified by <stratification factors>. Ties are handled using Efron’s method
e: Two-sided p-value using Wald test

< definition of abbreviations by alphabetical order >

Reference: ATSC RCT Table 13 (htaOtime2.sas)




The Product: Shiny Analysis Specification and Execution Platform

HEA PSI Demo

Populations

Intention to Treat

All Participants as Treated
Full Analysis Set Population
With Baseline

FAS EORTC QLQ-C30

FAS EORTC QLQ-STO22

FAS EQ-5D VAS

Subpopulations «

CPS>1

CPS>10

Study Treatment «

Trt Planned

¥ SELECT @ INFO @& CONTENT % ENHANCE E&INVENTORY

Where

ADSL.RANDFL="Y"

ADSL.SAFFL="Y'

ADSL.STUDYID"="

and ADSL.STUDYID" =" and ADSL.usubjid in (select distinct usubji

and ADSL.STUDYID”=" and ADSL.usubjid in (select distinct usubji

and ADSL.STUDYID" =" and ADSL.usubjid in (select distinct usubji

Where

ADSL.CPS1="Positive’

ADSL.CPS10="Positive’

Where

ADSL.TRTOTIPN=2

# EXECUTE QREVIEW B LIBRARY

Endpoints

Overall Survival

Progression-Free Survival Based on
BICR Assessment per RECIST 1.1

My New Endpoint

Time to Subsequent Oncologic Therapy

or Death

Time to Subsequent Oncologic Therapy

Best Overall Response

Time to Response and Duration of
Response

Adverse Event Related Endpoints
Adverse Event of Special Interest
Related Endpoints

Adverse Events

Serious Adverse Events

S ADMIN A REPORTISSUE BEUSER GUIDE

Where

ADTTE.PARAMCD='0S'

ADTTE.PARAMCD="PFSIRC'

ADTTE.PARAMCD='TTST'

ADTTE.PARAMCD="TTSTT'

ADRS.PARAMCD="BORCFIRC’

ADTTE.PARAMCD IN ('T2RIRC' 'RDIF

ADT20VAE.PARAMN =10010R ADT

ADT20VAE.PARAMN =1012 OR ADT

ADAE.TRTEMFL ="Y' and ADAE.PDE

ADAE.TRTEMFL ="Y' and ADAE.PDE

By Result

ADTTE.PARAMCD

ADT20VAE.PARAM

ADT20VAE.PARAMCI

ADAE.AEBODSYS AD

ADAE.AEBODSYS AD
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The Product: Shiny Analysis Specification and Execution Platform

HEA

Sections/Subsections ~

Efficacy: Time-to-Event
Analysis

Efficacy: Time-to-Event
Subsequent Therapy
and/or Death

Efficacy: Best Overall
Response Tables

Efficacy: Time-to-
Response and Duration
of Response

Safety: Time-to-Overall
Event Endpoints

Safety: Incidence Tables
Safety: Time to AE by
SOCand PT

PRO: Compliance

PRO: Time to First
Deterioration

PRO: Descriptive

Summary Tables &
Empirical Mean Plots

PSI Demo

¥ SELECT

© INFO & CONTENT % ENHANCE
Section = Subsection
a Efficacy = Time-to-Event Analysis
a  Efficacy  Time-to-Event Analysis
& Efficacy  Time-to-Event Analysis
4 Efficacy = Time-to-Event Analysis
a Efficacy = Time-to-Event Analysis
& Efficacy  Time-to-Event Analysis
4 [Efficacy  Time-to-Event Analysis
a Efficacy = Time-to-Event Analysis
a Efficacy = Time-to-Event Analysis
& Efficacy  Time-to-Event Analysis
&  Efficacy  Time-to-Event Analysis
a Efficacy = Time-to-Event Analysis

B INVENTORY & EXECUTE

Subpopulation
CPS>1

CPS2>1

CPS2>1

CPS>1

CPS>1

CPS2>1

CPS>1

CPS>1

CPS>1

CPS21

CPS>1

CPS>1

Population
Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

Intention to Treat

All Participants as

Treated

All Participants as

Q REVIEW

B LIBRARY 3% ADMIN

Endpoint
Qverall Survival

Overall Survival

Qverall Survival

Overall Survival

Overall Survival

Progression-Free Survival Based on
BICR Assessment per RECIST 1.1

Progression-Free Survival Based on
BICR Assessment per RECIST 1.1

Progression-Free Survival Based on

BICR Assessment per RECIST 1.1

Progression-Free Survival Based on
BICR Assessment per RECIST 1.1

Progression-Free Survival Based on
BICR Assessment per RECIST 1.1

Qverall Survival

Qverall Survival

& REPORT ISSUE

Subgroups

B USER GUIDE

MockTitle
Table x.1-1 Analysis of Time-to-Event Endpoints

Figure x.1-1Kaplan-Meier Curves of Time-to-Event
Endpoints

Table x.2-1 Summary of Overall Survival/
Progression-Free Survival/ Time-to-Event Endpoint
Rate Over Time

Table x.1-1 Analysis of Time-to-Event Endpoints

Figure x.1-1Kaplan-Meier Curves of Time-to-Event
Endpoints

Table x.1-1 Analysis of Time-to-Event Endpoints
Figure x.1-1Kaplan-Meier Curves of Time-to-Event
Endpoints

Table x.2-1 Summary of Overall Survival/
Progression-Free Survival/ Time-to-Event Endpoint
Rate Over Time

Table x.1-1 Analysis of Time-to-Event Endpoints
Figure x.1-1Kaplan-Meier Curves of Time-to-Event

Endpoints

Table x.1-1 Analysis of Time-to-Event Endpoints

Figure x.1-1Kaplan-Meier Curves of Time-to-Event
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The Approach:

* Team of five statistical programmers and e GitHub for:

statisticians * Single source of truth

* Biweekly standup * Issues for project planning

* Developing on Posit Workbench « Actions (GHA) for:
e Database is MS Dataverse *R CMD Check

* Function and Module-focused development  *Code coverage
for R/Shiny *Deployment to RConnect



The Difficulties:

* Exploratory Mindset -> Production Mindset ¢ Team was rather inexperienced at the start ->
code improves over time, but refactoring is

 Testing when a DB is involved never a priority

* Fully-spoofed DB with Plumber::
*Used for testing suite

*Used for dev work

* Convincing team of the relevance of testing

e Documentation

* Organic development



e’ MSD Gianluca Mortari
David Maher-McWilliams

Quincy Kaka

Michael Allie

Rob Livermore
Chiara Bin

Matt Gale

Gosia Wojtecka-Glod
Nan Xiao

Thank you!

With special thanks to the openstatsware

Copyright © 2025 Merck & Co., Inc., Rahway, NJ, USA and its affiliates. All rights reserved.
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