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Me presenting my poster in Kyoto in 2012
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Mixtures of g-priors for objective Bayes selection of generalized additive models
Daniel SaBanEs Bove: (University of Zurich, Switzerland)

Recently, there has been increasing interest in mixtures of g-priors for objective Bayesian variable selection in linear models.
These priors can be extended naturally to additive models, where smooth transformations of continuous covariates can be
incorporated. We achieve this by using fixed-dimensional penalised splines in mixed model representation, and considering
the implied marginal linear model with general covariance structure. The prior variances on the spline coefficients, defin-
ing the smoothness of the spline transformations, are taken from covariate-tailored finite sets of values and are part of the
model index. Since the marginal likelihood has either a closed form or can be numerically approximated, efficient MCMC
exploration of the discrete posterior model distribution is possible. We extend the approach to generalized additive models
by deriving a generalized g-prior for non-normal mixed models. This directly extends the hyper-g priors for generalized lin-
ear models (Sabanes Bove and Held, 2011), from which the integrated Laplace approximation of the marginal likelihood is
adopted (an efficient implementation is available in the R-package “hypergsplines”). Finally, we show how the methodology
can be used for objective Bayes selection of proportional hazards models. We illustrate our approach with applications from
nutritional epidemiology, where a large number of potentially influential dietary characteristics is available, and contrast it
with competing methods from the literature.

Coauthors: Leonhard Held and Géran Kauermann
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Task

Statistician needs to help with designing a clinical trial
Evaluate different trial design options (fixed sample, group sequential, adaptive)
Often starts with the clinician’s question “How many patients do we need?”

Need to calculate operating characteristics for the different trial designs (power,
type | error, expected sample size, etc.)

Need to assess adaptive designing strategies, e.g., sample size reassessment,
treatment arm or population selection
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EcosysteminR @

e From: First R package for clinical trial design was likely S+SeqTrial
= Developed for S-PLUS by Emerson (2000)
= Available for free at rct-design.com

e To: Clinical Trials CRAN task view
» |ncludes rpact and crmPack

= Also includes important other packages pwr, DoseFinding, gsDesign, bcrm,
Mediana

= Expect soon new task view version by openstatsware

= Graphical view via TaskView Hexwall
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Objectives of my talk @

e Raise awareness of the open source R package
rpact for confirmatory clinical trial designs

= Show RPACT Cloud as alternative to traditional proprietary software for clinical
trial design

e Raise awareness of the open source R package
crmPack for dose escalation trial designs

e Inform about the options for professional support

e Get RCONIS known as point of contact in Asia

Start | RCONIS | LinkedIn | rpact | crmPack
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Overview €

e Comprehensive validated R package implementing
methodology described in Wassmer and Brannath (2016)
(2nd edition coming in 2025 with R examples!)

Gernot Wassmer
Werner Brannath

e Enables the design of traditional and confirmatory adaptive
group sequential designs

e Provides interim data analysis including early efficacy stopping
and futility analyses

e Enables sample-size reassessment with different strategies

e Enables treatment arm selection in multi-stage multi-arm
(MAMS) designs

e Enables subset selection in population enrichment designs

e Provides a comprehensive and reliable sample size calculator

Start | RCONIS | LinkedIn | rpact | crmPack
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RCONIS Idea

e Grow RPACT company to offer a wider range of services
e Strengthen maintainer team for the rpact package
e Team growth combined with scope growth

e Statistical consulting and engineering services:
Research Consulting and Innovative Solutions

e Legal entity still in the making, currently a collaboration between RPACT GbR
(rpact.com) and inferential.biostatistics GmbH (inferential.bio)

e Website: rconis.com

But now back to rpact!

Start | RCONIS | LinkedIn | rpact | crmPack
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Trial Designs <

e Fixed sample designs:
= continuous, binary, count, survival outcomes
e Group sequential designs:
m efficacy interim analyses, futility stopping, alpha-spending functions
e Adaptive designs:
= |nverse normal and Fisher’s combination test, conditional error rate principle
= Provides adjusted confidence intervals and bias corrected estimates

= Multi-arm multi-stage (MAMS) and enrichment designs, sample size
reassessment

Easy to understand R commands:

getDesignGroupSequential()
getDesignInverseNormal()
getDesignFisher()
getDesignConditionalDunnett()
Start| RCONIS | LinkedIn | rpact | crmPack RCO


https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://rpact-com.github.io/slides-tokyo-2025/#/title-slide
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.rconis.com/
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://www.linkedin.com/company/rconis
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=rpact
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack
https://cran.r-project.org/package=crmPack

Sample Size and Power Calculation

Sample size and power can be calulcated for testing;:

e means (continuous endpoint)
e proportions (binary endpoint)
e hazards (survival endpoint)
= Note: flexible recruitment and survival time options

e rates (count endpoint)

Easy to understand R commands:

getSampleSize[Means / Rates / Survival / Counts]()
getPower[Means / Rates / Survival / Counts]()

Start | RCONIS | LinkedIn | rpact | crmPack
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Example: Sample Size Calculation

library(rpact)

# Define the design.
getDesignGroupSequential(
typeOfDesign = "asOF",
futilityBounds = c(@, 0)
) >
# Perform sample size calculation.
getSampleSizeMeans(
alternative = 2,
stDev = 5
) >
# Obtain summary.
summary ()

Sample size calculation for a continuous endpoint

Sequential analysis with a maximum of 3 looks (group sequential design), one-sided
overall significance level 2.5%, power 80%. The results were calculated for a two-
sample t-test, HO: mu(1) - mu(2) =0, H1: effect = 2, standard deviation = 5.

Stage 1 2 3

Planned information rate 33.3% 66.7% 100%
Cumulative alpha sp@nit RCONIS | Linkedin | rpact | cf®FB001  0.0060 0.0250 NES
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Stage 1 2 3
Stage levels (one-sided) 0.0001 0.0060 0.0231
Efficacy boundary (z-value scale) 3.710 2.511  1.993
Futility boundary (z-value scale) 0 0

Efficacy boundary (t) 4690 2.152 1.384
Futility boundary (t) 0 0

Cumulative power 0.0204 0.4371 0.8000
Number of subjects 69.9 139.9 209.8
Expected number of subjects under H1 170.9
Overall exit probability (under HO) 0.5001 0.1309

Overall exit probability (under H1) 0.0684 0.4202

Exit probability for efficacy (under HO)  0.0001 0.0059

Exit probability for efficacy (under H1)  0.0204 0.4167

Exit probability for futility (under HO) 0.5000 0.1250
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Stage 1 2

Exit probability for futility (under H1) 0.0480 0.0035

Legend:

e (t): treatment effect scale
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Adaptive Analysis

e Calculate adjusted point estimates and confidence intervals
e Some highlights:

= Automatic boundary recalculations during the trial for analysis with alpha
spending approach, including under- and over-running

= Adaptive analysis tools for multi-arm trials

= Adaptive analysis tools for enrichment designs

Easy to understand R commands:

getStageResults()
getRepeatedConfidencelntervals()
getAnalysisResults()
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Simulation Tool

Obtain operating characteristics of different designs:

e Assessment of adaptive sample size recalculation strategies
e Assessment of treatment selection strategies in multi-arm trials

e Assessment of population selection strategies in enrichment designs

Easy to understand R commands:

getSimulation[MultiArm / Enrichment][Means / Rates / Survival / Counts]()

Example:

getSimulationMeans()
getSimulationMultiArmMeans()
getSimulationEnrichmentMeans()
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Package Validation Concept

Why is rpact a reliable R package?

e Formal validation inspired by “GAMP 5” principles
o As few dependencies as possible:
= |mports: Rcpp
= Suggests: testthat, ggplot2, R6
e High test coverage:
m rpact4.1.0 (Wassmer and Pahlke 2024): 36,943 unit tests (81% test coverage)
m Usage of covr and codecov.io

e testPackage(): installation qualification on a client computer or company server
(with professional support, more later)
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Professional Support Option %>

Service Level Agreement (SLA) with o
RPACT
Be part of the “RPACT User Group” o

— yearly customer meetings

Get technical software support for

written support requests

Get company specific training

Get company specific software

validation documentation for each

rpact release on CRAN

Start | RCONIS | LinkedIn | rpact | crmPack RCO

Get access to the members area at
www.rpact.com

Make an rpact installation
qualification on each company
computer with your personal
testPackage() token and secret

Determine the direction of rpact
future development activities

Optional support for health authority
interactions

Optional consultation to support
specific clinical trials

=
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Overview €

e Specialized R package for dose
escalation trials

e |nitial CRAN release in 2016,
pU b“CatiOn by Sa ba néS BOVé et d l. Model-Based Dose Escalation Designs in R with
crmPack
(2019)

Journal of Statistical Software

May 2019, Volume 89, Issue 10. doi: 10.18637/js5.v089.i10

Daniel Sabanés Bové Wai Yin Yeung
Hoffmann-La Roche Ltd

e Higher flexibility compared to other S
software, thanks to its modular design |

Abstract

° P ° Model-based dose escalation designs have gained increasing interest due to the need
. E a Sy eXtensIbIlI ty a n d a d O pt I O n Of n e W for more efficient and informative Phase I trials. The wide-spread implementation of such
designs has been hindered by the need for either licensing specialized commercial software

or programming the design and simulations from scratch for each project. The R package

° crmPack provides a simple and unified object-oriented framework for model-based dose

d eSI n S escalation designs. This enables the standard use of such designs, while being able to
flexibly adapt and extend them. The framework comprises classes and methods for the

data structure including the dose grid, statistical models including prior specification,

rules for maximum increments, next best dose, and adaptive stopping and cohort sizes.

. . In addition to multiple modified classic continual reassessment method and escalation

. P ro d u CeS V I S u a l a n d n u m e rl C O u t u tS with overdose control designs with possibly advanced prior specifications (e.g., minimal
informative and mixture priors), crmPack currently features dual-endpoint (safety and

biomarker) designs and two-part designs. Optional assignment of a small number of

patients in each cohort to placebo instead of treatment enables the use in trials outside

for easy interpretation

Keywords: continual reassessment method, model-based dose escalation, dual-endpoint design,
R, object-oriented.

e Facilitates simulations to assess the
performance under various scenarios

Start | RCONIS | LinkedIn | rpact | crmPack
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Large group of contributors

e Clara Beck (Bayer)

e Oliver Boix (Bayer)

e Prerana Chandratre (Bayer)

e Robert Adams (Bayer)

e Dimitris Kontos (ClinBAY/Bayer)

e Jiawen Zhu (Genentech)

e Ziwei Liao (Genentech)

e Daniel Sabanés Bové (Roche/RCONIS)
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Guanya Peng (Roche)
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Marlene Schulte-Goebel (Merck)
Burak Kuersad Guenhan (Merck)

Wai Yin Yeung (University of
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Framework

crmPack provides a highly flexible framework for the design and analysis of dose
escalation trials. This schematic illustrates the framework’s key components and

their interactions:

New cohort
> Data Model Increments
\ P / //
h . y e L
~mcmes maxDose
", < /’
NextBest Samples Max. dose
nextBest ,
Starting dose Next dose
Stopping
NO f.’d..d’_,..,a" \mm“\“\ Yes
~_~stopTrial __
CohortSize Final dose
Design
examine -~ U simulate
Trial course Operating characteristics

crmPack Framework
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Example: Dose Escalation Design ®

# remotes::install _github("openpharma/crmPack")
library(crmPack)

empty data <- Data(doseGrid = c(1, 3, 5, 10, 15, 20, 25, 40, 50, 80, 100))

# Initialize the CRM model.

my_model <- LogisticLogNormal(
mean = c(-0.85, 1),
cov = matrix(c(1, -0.5, -0.5, 1), nrow = 2),
ref_dose = 56

# Choose the rule for selecting the next dose.
my_next_best <- NextBestNCRM(

target = c(0.2, 0.35),

overdose = c(0.35, 1),

max_overdose_prob = 0.25

)

# Choose the rule for the cohort-size.
my sizel <- CohortSizeRange(

intervals = c(0, 30),

cohort_size = c(1, 3)
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Current Status

The current development version of crmPack (Sabanés Bové et al. 2024) has the

following features:

Model-based designs (CRM), rule-based designs (3+3)

Binary, time-to-event, dual efficacy/safety, ordinal outcomes
15 different models

14 different recommendation options

19 different stopping rules

9 cohort size rules

9 increment rules

Reporting functionality (using knitr)

9 vignettes (documentation)
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Professional Support Option %>

e Service Level Agreement (SLA) with e Make a crmPack installation
RPACT qualification on each company
computer

o Get technical software support for
written support requests e Determine the direction of crmPack

e Get company specific training future development activities

e Optional support for health authority
interactions

e Get company specific software
validation documentation for each
crmPack release on CRAN e Optional consultation to support

specific clinical trials
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These slides are at

rpact-com.github.io/slides-shanghai-2025

Contact us:

¢ linkedin.com/in/danielsabanesbove

e info@rconis.com
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