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Disclaimer

The views and opinions expressed in this presentation are those of the
author and do not necessarily reflect the official policy or position of
Novartis or any of its officers.
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Use cases of R in Pharma

Our mission: discover and develop medicines to treat patients with serious
medical conditions.

Use cases Regulated industry
» Data analysis » Protect safety/privacy of human subjects
» Graphics & visualizations » Preserve scientific integrity
» Modeling & Simulations = GxP
= Machine learning — Clinical research
— GLP Tox

Rmarkdown reports
P — Submission

Shiny web applications

Global Drug Development | Clinical Development & Analytics U NOVART I S
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Use cases of R at the FDA

» Review of data analysis in clinical trial submissions. "Can we, on our own,
replicate the conclusions of the sponsor?"

» Methodology development, innovation and evaluation

» Graphics (R graphics in labels)

= Simulations

= Shiny Application, e.g. LRT Signal Analysis for the openFDA initiative

Similar goals make R a good solution for both industry and FDA

Using R in a regulatory environment: FDA experiences. (Paul Schuette). useR! 2016 R user conference.
) NOVARTIS

Global Drug Development | Clinical Development & Analytics
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https://openfda.shinyapps.io/LRTest/
https://open.fda.gov/
https://channel9.msdn.com/Events/useR-international-R-User-conference/useR2016/Using-R-in-a-regulatory-environment-FDA-experiences

Federal Source Code Policy: Federal
Government supports open-source

u AChieVing EfﬁCienCV, Transparencv, Federal Source Code PO].iCY Discuss | Edit | View PDF of Policy

and Innovation through Reusable

Introduction

and Open Source Software (OSS) | objectives 5. Open Source Software
m “ EaCh agency Sha” release aS Zépsgfapbeﬂaigd :.S1OP;ISot Program: Publication of Custom-Developed Code
OS S at Ieast 20 pe rce nt Of itS n eW 3 - Three-Step Each age;lcy slhalldreledase as OSS at I:ast;.o percenft ct»lfits.lnew
. ) custom-developed code?? each year for the term of the pilot
CuU Sto m —d eve I (0] ped COd e@ eaCh yea r Z(:at;;:: Solutions program. As discussed above, agencies must obtain sufficient
. ” rights to custom-developed code to fulfill the open source release
for th e te rm Of th e pl IOt p rog ra m . 4 - Government- ofjectives of this policy:pilot program. ’
https://sourcecode.cio.gov
Global Drug Development | Clinical Development & Analytics U NOVART I S
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https://sourcecode.cio.gov/OSS/
https://sourcecode.cio.gov/

Open source software - a double edge
sword

Pros

Reusable code reducing duplicate
work

Transparency and better chance of
finding bugs with broad access

Support from a large community of
developers

Cultivate innovation from large
community

Global Drug Development | Clinical Development & Analytics

9

Challenges

No on-demand support

Uneven quality — everyone can
contribute, not following good SDLC

Lack of documentation and
(documented) unit testing

Adding to challenges in validation

U, NOVARTIS



Outline

= Regulatory requirements
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Regulations

GxP for clinical research Software guidance
= Good Clinical Practice (GCP) = Guidance for Industry -

= Good Laboratory Practice (GLP) Sggjpili]te(;:izneiga?ysmms

» Current Good Manufacturing Investigations (2007)

Practi GMP
ractice (c ) = General Principles of

= |CH E6 Good Clinical Practice Software Validation:;
Consolidated Guideline Final Guidance for
- 21 CFR Part 11 — Electronic Industry and FDA Staff
(2002)

Records & Signatures

Statistical guidance
= |CH E9 - Statistical

Principles for Clinical
Trials

Guidance for Industry
and FDA Staff -
Guidance for the Use of
Bayesian Statistics in
Medical Device Clinical
Trials (2010)

R: Requlatory Compliance and Validation Issues. A Guidance Document for the Use of R in Reqgulated Clinical

Trial Environments. The R Foundation March 25, 2018

Global Drug Development | Clinical Development & Analytics
11
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https://www.r-project.org/doc/R-FDA.pdf

Regulations do NOT prevent use of R

= FDA Statistical Software Clarifying Statement
— “FDA does not require use of any specific software for statistical analyses”

= Matt Soukup in useR! 2007
— “Regulations do NOT prevent use of R.”
— Sponsors accountable for validation and documentation of R
— Lists of validated R functions would benefit FDA reviewers and industry
— Data driven conclusions require accuracy, reliability, and consistency
— Critical need for reproducibility - independent of software

= FDA definition of “Validation” on next slide

U, NOVARTIS
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https://www.fda.gov/downloads/forindustry/datastandards/studydatastandards/ucm587506.pdf

FDA definition of Validation

“Establishing documented evidence which provides a high degree of
assurance that a specific process will consistently produce a product meeting
its predetermined specifications and quality attributes.”

» Documented evidence: traceability

= Consistently: reproducibility

» Meeting its predetermined specifications: fit-for-purpose

» Emphasis on PROCESS, what is it doing or intended to deliver as output

* Glossary Of Computerized System and Software Development Terminology

Global Drug Development | Clinical Development & Analytics U NOVART I S
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https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-guides/glossary-computer-system-software-development-terminology-895

R Foundation’s guidance on Base R

» Base R (14) and Recommended Packages (15) can be used for
regulatory purposes, "when used in a qualified fashion”.

= However obligation to enforce SOPs to
— Ensure proper installation, validation and utilization of R

— Mange end-user related risk

R: Requlatory Compliance and Validation Issues. A Guidance Document for the Use of R in Requlated
Clinical Trial Environments. The R Foundation March 25, 2018

U, NOVARTIS
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https://www.r-project.org/doc/R-FDA.pdf

What about 14K+ packages on CRAN?

» Unlike Base R
— R packages can be written by anyone
— may not follow software development best practices
— No testing required, <26% CRAN packages have tests
— No obligation to maintain bug reports
— Less used packages have less user exposure

= More packages on Github
= How can one trust these packages?

Global Drug Development | Clinical Development & Analytics U NOVART I S
15



Outline

= R Validation Hub
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R validation - a community effort

» Need harmonization/collaboration among agencies, industry, and academia
(like CDISC)

= Shared sentiment at 2018 R in Pharma conference

» Led to formation of R Validation Hub, aiming to harmonize community
validation efforts through
— Risk assessment framework for R packages
— Concerted testing framework
— Online hub for sharing testing scripts
— Accumulating quality evidence for R packages

U, NOVARTIS
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R Validation Hub

Started from PSI AIMS SIG for online

repository of R package validation

Received funding support from R-
Consortium

Meeting monthly via TC

Website: http://pharmar.org

Github: https://github.com/pharmaR
Slack workspace:
rvalidationhub.slack.com

You are welcome to join!
psi.aims.r.validation@gmail.com

Global Drug Development | Clinical Development & Analytics
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- C {} & nttps://www.pharmar. .org

Contact us at psi.aims.r.validation@gmail.com.

pharmaR

R VALIDATION

HUB

USING R FOR REGULATORY WORK

Qa * QE M| S

VALIDATION ~ CONTACT

U, NOVARTIS


https://www.psiweb.org/sigs-special-interest-groups/aims
http://pharmar.org/
https://github.com/pharmaR
mailto:psi.aims.r.validation@gmail.com

Organization

pharmaR ABOUT ~  VALIDATION -  CONTACT

= Members from 30+ organizations
(FDA, industry and academia)

WHO WE ARE

In June 2018 the R

= Executive Committee
— Andy Nicholls @ GSK, Chair o
— Lyn Taylor @ Phastar, Secretary
— Joe Rickert @ Rstudio, R-Consortium
— Min Lee @ Amgen, Transcelerate

— Yilong Zhang @ Merck, Metrics
subteam lead

— Keaven Anderson @ Merck, Testing
subteam lead

granted funding for a PSI AIMS SIG initiative to create an ‘online R package validation repository'. Following the R in Pharma Conference in August 2018,
xpanded and as of October 2018, the group includes participants from

Y I t L] L] ' « Servier obert
Ou a re We COl I le O JOI n . If ye isted above and you are interested in getting involved please contact psi.aims.r.validation@gmail.con

U, NOVARTIS
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Subteams and ongoing effects

PharmaR.org website development

Risk assessment/metrics of R packages

Requirements / testing framework

White paper development

Global Drug Development | Clinical Development & Analytics U NOVART I S
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Risk assessment of R packages:
risk scores based on various metrics

= Unit testing metrics
— Code coverage: % measuring degree of source code executed by unit tests

— Code coverage of all dependent packages

= Documentation metrics
— Vignette, Source control, Formal bug tracking, Size of codebase

— Website, News, Release rate, License

= Community engagement metrics
— Author reputation, Package maturity, Avg # downloads in past 6 mo.
— Number of active contributors, Number of authors / maintainers

), NOVARTIS

Global Drug Development | Clinical Development & Analytics
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R packages for metrics

n packagemetrics a rOpenSCi paCkage library(packagemetrics)

library(dplyr)

— https://docs.ropensci.org/packagemetrics dplyr_and_dt <- package_list_metrics(c("dplyr”, “data.table"))

glimpse(dplyr_and_dt)

## Observations: 2

" packageMetrics2 by Mango solutions
— https://github.com/MangoTheCat/packag o S package | <chr> "dplyr", data, table”

N ## $ published <chr> "2017-09-28", "2017-10-27"
eMetrlCSZ ## $ title <chr> "A Grammar of Data Manipulation", "Extensio...
## $ depends_count <int> 1, 1
## $ suggests_count <int> 17, 18
: : ## $ tidyverse_happy <lgl> TRUE, FALSE
" riskmetric under development at R ## $ has_vignette_build <lgl> TRUE, TRUE
. . ## $ has_tests <lgl> TRUE, TRUE
Va||dat|0n Hub ## $ reverse_count <int> 677, 377
## $ dl_last_month <dbl> 393520, 286717
. . . . ## $ ci <chr> "Travis, Appveyor", "NONE"
— https://qgithub.com/pharmaR/riskmetric # § test_coverage  <chrs "CodeCov", NA
## $ forks <dbl> 836, 650
## $ stars <dbl> 2097, 1253
## $ watchers <dbl> 236, 156
## $ last_commit <db1> 0.66666667, 0.06666667
## $ last_issue_closed <dbl> 0.06666667, 0.10000000
## $ contributors <dbl> 136, 43
Global Drug Development | Clinical Development & Analytics U NOVARTIS

22


https://docs.ropensci.org/packagemetrics
https://github.com/MangoTheCat/packageMetrics2
https://github.com/pharmaR/riskmetric

R in Pharma 2019 conference

R Validation Hub (past, current and future state)
GSK

The R-Consortium in June 2018 awarded funding to create an online repository for R package validation in accordance with
regulatory standards. Since the main hurdle for widespread use of R in late phase trials is ensuring adequate validation
documentation, we are now focused on designing a framework which will specify a set of requirements, including metadata
and examples of tests, which together would form evidence of the quality of an R package.

= http://rinpharma.com

= August 21-23, Harvard University

» August 21 pre-conference workshops

August 21, 22, and 23, 2019, Harvard University, Cambridge

Global Drug Development | Clinical Development & Analytics d NOVARTI S
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http://rinpharma.com/

What about Shiny apps?

Not yet discussed within the R Validation
Hub

Added challenges
— Dynamic user interface

— Web deployment and maintenance
— Dependency management

Joe Cheng 2018 R/Pharma keynote talk

= Joe's upcoming workshop at 2019
R/Pharma conference

Global Drug Development | Clinical Development & Analytics
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Using Shiny responsibly in pharma

Shin
Using Eneraetgv@

responsibly in pharma

R/Pharma 2018

Joe Cheng
RStudio, Inc.

(3 Programming Yy 0 <& 530

v

(B}

N Yo - Il Shiny Reproducibility
b RStudio
% Joe is the Chief Technology Officer and Shiny team leader at RStudio.

(h NOVARTIS



https://speakerdeck.com/jcheng5/using-shiny-responsibly-in-pharma

Joe’s 2018 R/Pharma Demo

Features

» Save/restore states

» Generate R code

= (Generate stand alone reports

Pathway towards validated output for
submission

Global Drug Development | Clinical Development & Analytics
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©7 R Markdown.

R code

https://github.com/jcheng5/rpharma-demo

U, NOVARTIS


https://github.com/jcheng5/rpharma-demo

What about non-clinical research?

Some non-clinical research is non-GxP

But NCB = Never Compromise Best practices!

Quiality principle and mindset

Good practices lead to

— Reproducible research (see CRAN Task view)
— Preserving scientific integrity

— Quality products

Global Drug Development | Clinical Development & Analytics U NOVART I S
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https://cran.r-project.org/web/views/ReproducibleResearch.html

Outline

= Good practices of reproducible research

U, NOVARTIS
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Some good practices

» Organizing projects for reproducibility

Use good R programming style

# Good # Bad
X ==y X==y

Reproducible reports through literature programming
— Rmarkdown and Rnotebook

= \/ersion control
— Git and Github

An excellent resource
— A Guide to Reproducible Code. (2019). British Ecological Society.

Global Drug Development | Clinical Development & Analytics U NOVART I S
28


https://www.britishecologicalsociety.org/wp-content/uploads/2019/06/BES-Guide-Reproducible-Code-2019.pdf

Reproducible reports

» CRAN Task View: Reproducible Research
— Tie scientific claims + data analysis + data
— Allows reproducibility and verification by others

» Rmarkdown / Rnotebook for literate programming
— A single document defines content and analysis
— Blend subject matter natural language + R code

62’ "!-,' knitr md pandoc

U, NOVARTIS
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https://cran.r-project.org/web/views/ReproducibleResearch.html
https://en.wikipedia.org/wiki/Literate_programming

Summary

R (and open-source tools) can be used for regulatory use

Common uses cases make R a good choice for Pharma + FDA

R validation poses challenges

R Validation Hub facilitates a community effort

Your contribution is welcome!

Good practices lead to good science and quality

GxP is all about documenation

Global Drug Development | Clinical Development & Analytics U NOVART I S
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R has many more use cases

Games (link) NHL play-by-play analysis (link)

PoreTris
Next 85 pLav-8Y-PLAY [ v | 0co |
Load Flongle Screenshot '
Browse... | poretfris_starting.png ShotChat  iteactve ShcrChat  ShotAnmation  Prayer Deeaty Prot NHL SEASON
S
Seaverc [
C'Ro e Gama® - Gameome - e
€Lt + Dn 2Rt ™ 4 F .
Score . ; e on =
y 2017020002 20171004 v
O : ] : ; 1 7020008 71008 <o oM
1 PO20008 11008 NSH L
Srowr 110 001305 et
GOALS ONL)
o, - 3 e
NHL.COM GAMI
1T0041S
LAYER NAMI
Adax Ovechin = BO%

See Shiny contest
https://blog.rstudio.com/2019/04/05/first-shiny-contest-winners/

Global Drug Development | Clinical Development & Analytics
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https://community.rstudio.com/t/shiny-contest-submission-tetris-like-game-using-nanopore-flongle-screenshots-as-starting-fields/20997
https://community.rstudio.com/t/shiny-contest-submission-national-hockey-league-play-by-play-app/23831
https://blog.rstudio.com/2019/04/05/first-shiny-contest-winners/

FDA Statistical Software Clarifying
Statement

“FDA does not require use of any specific software for statistical analyses, and
statistical software is not explicitly discussed in Title 21 of the Code of Federal
Regulations [e.g., in 21CFR part 11]. However, the software package(s) used for
statistical analyses should be fully documented in the submission, including version
and build identification.”

As noted in the FDA guidance, E9 Statistical Principles for Clinical Trials, “The
computer software used for data management and statistical analysis should be
reliable, and documentation of appropriate software testing procedures should
be available.” Sponsors are encouraged to consult with FDA review teams and
especially with FDA statisticians regarding the choice and suitability of statistical
software packages at an early stage in the product development process.”

https://www.fda.gov/downloads/forindustry/datastandards/studydatastandards/ucm587506.pdf

Global Drug Development | Clinical Development & Analytics U NOVART I S
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https://www.fda.gov/downloads/forindustry/datastandards/studydatastandards/ucm587506.pdf

Validation o Qualification

Validation Qualification

» In a business process context = A phase of verification and/or testing
within an overall validation program

= Assures quality for a process/product
throughout its lifecycle = Verification: an activity performed
during and/or between phases of the

» Quality assurance: the maintenance )
overall lifecycle

of a desired level of quality in a
service or product, especially by » |nstallation (1Q), operational (OQ)
means of attention to every stage of and Performance Qualification (PQ)
the process of delivery or production

Global Drug Development | Clinical Development & Analytics U NOVART I S
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21 CFR part 11

» |ssued by the FDA to provide regulatory requirements for processes and
controls that must be applied to electronic records and electronic

signatures.
» j.e. output from validated system

U, NOVARTIS
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21 CFR part 11

» |f there are predicate rules that require records to be maintained, and these
records are managed electronically, then Part 11 controls apply to those
records.

» |f there are predicate rules that require a signature to be applied, and this
signature is applied electronically or digitally, then Part 11 controls apply.

» “Records submitted to FDA, under predicate rules in electronic format [are
Part 11 records]. However, a record that is not itself submitted, but is used in
generating a submission, is not a part 11 record unless it is otherwise required
to be maintained under a predicate rule and it is maintained in electronic

format.”

U, NOVARTIS

Global Drug Development | Clinical Development & Analytics
37



British Ecological Society:
Reproducible Code
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https://www.britishecologicalsociety.org/wp-content/uploads/2019/06/BES-Guide-Reproducible-Code-2019.pdf

Good programming styles

» Google’s R Style Guide Example:

- Qtetg(sr;{l/qooqle'q'th“b"O/Styleq“'de/Rq“' Put spaces around all infix binary

— operators (=, +, *, ==, &&, <-

» Hadley Wickham'’s R style guide in , %*%, etc.).

Advanced R book

— http://adv-r.had.co.nz/Style.html b Good
= Some useful R packages for styling X ==y

and formatting

— lintr # Bad

— styler X==Y

— formatR

U, NOVARTIS
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https://google.github.io/styleguide/Rguide.xml
http://adv-r.had.co.nz/Style.html

Version control

= Keeping track of changes as code
evolve

» Reproduce analysis through a
previous version

» Facilitate collaboration within teams
or contributing to open-source

= Gitis a free and open-source version
control system

» Github is a web-based hosting
service for version control using Git.

Global Drug Development | Clinical Development & Analytics
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Add file
repo

N
N
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X

Setup
remote

Update
remote

Add file

‘ \"

A typical version control workflow
Source: BES Guide: Reproducible Code
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