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TRENDS TRANSFORMING CLINICAL RESEARCH

EVIDENCE
Cost of satisfying
COSTS Global Evidence Demand
Demands: is growing at an
1 Evidence unsustainable rate;

1 Stakeholders
1 Geographies

1 Value
- -—0
Modeling is a way to
Rapid rise in costs due to: disrupt this curve
1 Complexity

1 Number of outcome
variables

1 Follow-up time

1 Post-market data

PAST PRESENT FUTURE

Medtronic



USE OF MODELING ACROSS LIFECYCLE
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 Animal studies

* Use conditions

« Virtual prototyping

« Material characterization

18%

Device structure & function
Systems interaction
Design optimization
Failure analysis
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DISRUPTING CLINICAL TRIAL DESIGN WITH VIRTUAL PATIENTS

Sources of Evidence

Bench l

Virtual
Human Patient

Computer

Animal

Computer

Animal Bench

= Combine physical and probabilistic models to simulate clinically relevant
outcomesin virtual patients

= Use Bayesian methods to integrate virtual patients into clinical trial
= Maintain clinical endpoints with reduced sample size
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INCORPORATION OF VIRTUAL PATIENTS IN ADAPTIVE BAYESIAN CLINICAL TRIALS USING

INFORMATIVE PRIOR
TWO R PACKAGE

= Some statisticians were uncomfortable with non-standard
methods and with coding it up

Regulatory: more work to read custom code

Code that are simple to understand (Think SAS Proc mixed)

= Universallanguage used for describing Bayesian adaptive
trials.

= Ease of developing an entire adaptive trial using these
packages.

Fast implementation: days and weeks 2hours and min

Employable for multiple trials with most common data
types.

= Ability for a smaller company with a single statistician to be
able to develop an entire adaptive clinical trial code

DISCOUNT PRIOR PROCEDURE

1. Startwith traditional fix power
prior; determine max weight @,,4x
using clinical judgement

2. Compare historical and
current data (poolability
test)

3. Discount a,,,, (strength of i
historical data) using discount l
function to obtain @y

4. Combine historicaland /\
\

current data using power
prior (ap) and Estimate
from posterior

ADAPTIVE STUDY DESIGNS WITH DP
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PACKAGE DEVELOPMENT

Fast implementation

dplyr bayesCT

Documentation

» Lots of documentation—> Vignettes!!

= Credibility

» Method credibility—> Publications &

conferences
= Regulatory workshops

Copied standard input & outputs (Im)

Meeting R's requirements for packages
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Incorporation of stochastic engineering models as prior
information in Bayesian medical device trials

Tarek Haddad, Adam Himes &, Laura Thompson, Telba Irony, Rajesh Nair &

on Behalf of MDIC Computer Modeling and Simulation Working Group Participants
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bayesCT: An R package for Simulation in
Adaptive Bayesian Clinical Trials

‘Thevaa Chandereng, Donald Musgrove, Tarek Haddad, Graeme Hickey, Timothy Hanson, Theodore

Introduction

Randomized controlled trials (RCT) are the goid standard of pharmaceutical and medical device cinical studies.
10 3 two-armed RCT. subjects are randomized 10 an intervention a1, with the Stancard framework ne
COmparison of a new treatment 1o an aliemative treatment (of 1 treatment at a8). The majorty of rese:
Gesign of RCTS and thelr appiication is based on the TEquentst PrACOM. In fecent years, e adaptive
Bayesian triaf design approach has gained aftention

nine

Adaptive Bayesian trals provide added flexbiity compared to conventional frequenist approaches in terms of
the design and analysis of a cinical ral. Notaly. acaptive Bayesian irais can

* Incorporate historical data, heiping b

+ Easily carry out interim analyses 10 fac;

\Work with multiple reatment arms. (versus @ single control), allowing for Gropping of demonsirably

unsuccessil ireatments

o ARer the randomization ratio (e g., reatment to control raio) to improve trial eficiency or even fo ncrease
tnal recrutment

Afundamental requirement of an adaptive trial s the 3 prion and inferim evaluation of the operating
characteristics. & g power and type 1 error In adaptive irials, these operating characteristics generally 60 not
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o Introduction
o Estimation of the historical data weight
o Discount function
o Estimation of the posterior distribution of the curent data
condtional on the historical data
o Estimation of the posterior treatment effect. treatment versus
control
o Function inputs
o Examples
o One-am trial
o Two-am trial

Introduction

The purpose of this vignette is 10 inlroduce te sapsinomisl fUNClion. bepbinamial IS Used for estimating posterior
samples from a Binomial event rate outcome for clinical trials where an informative prior Is used. In the pariance
of clinical trials, the informative prior is derived from historical data. The weight given to the historical data s
determined using what we refer 10 as a discount function. There are three steps in carrying out estimation

1. Estimation of the historical data weight, denoted \(ihat{\aipha}t), via the discount function

2. Estimation of the posterior distribution of the current data, conditional on the historical data weighted by \
(hat{alpha))

= Validation - External validation (re-coding)
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CONSIDERATIONS

* Package Management:

* Not necessarily a software organization 2
management of the package DISCOUNT PRIOR PROCEDURE

1. Startwith traditional fix power

u PaCkage Owner VS PaCkage developer ' prior; determine max weight @,,,4x

using clinical judgement

- Contlnued paCkage maintenance 2. Compare historical and T""enl»::m..a,.‘,
. current data (poolability A
" Implementation errors test) :
= Modifications on the Fly e e ’

function to obtain @y 5 bduest
N

1\

» Data preprocessing - Centering the data

4. Combine historicaland

u PrOtOCOI mOdiﬁcationS current data using power

prior (ag) and Estimate i A
from posterior LN cao. == =
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Thank you
Questions?
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