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“=  About R Environment

R

R is a language and environment for statistical computing, data manipulation
and creating graphs.

R provides a wide variety of statistical (linear and nonlinear modelling, statistical
tests, time-series analysis, classification, clustering, etc.) and graphical

techniques.

R has many built-in functions and libraries, and is extensible, allowing users to
define their own functions and procedures.

The R language is widely used among statisticians and data miners.

R is available as Free Software.
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About R Environment cont.
R Studio

R Studio is an integrated development environment (IDE) that allows you to interact with R more readily. RStudio is
similar to the standard R Gui (Graphical User Interface), but is considerably more user friendly.

File Edit Code View Plots Session Build Debug Profile Tools Help

Q- B B &2 ~ Go to file/function [ -~ Addins ~ R project: (None) ~
@7 Untitled3* x @] 1_introduction.Rmd » @] Untitled2* x — ] Environment  History = ]
40 3 [ ]source on save Q Z <~ 8 ~*® Run % | Source ~ = <% [ 2 Import Dataset v~ | st v | (&
1 setwd("C:/workspace™) % Global Environment ~ Q
2 sand <- read.csv("C:/workspace/sand_example.csv")
3
4
5

Files Plots Packages Help Viewer =
&) New Folder @ | Delete (] Rename 4GF More ~ <«
[[J © workspace
¥ Name Size Modified
1:1 (Top Level) = R Script = < . ~
Console C:/workspace/ o —rs [] "] ssa_dates.csv 2017, 3:14 PM
R version 3.3.2 (2016-10-31) -- "Sincere Pumpkin Patch" ~1 O —7 schema.ini , 2015, 8:31 PM
Copyright (C) 2016 The R Foundation for Statistical Computing [1 ] sand_exampl , 2017, 9:23 PM
Platform: x86_64-w64-mingw32/x64 (64-bit) [0 & newhan
R is free software and com . TY. O D,' neil_arcsie
You are welcome to redistr itions. (I C} ned19_n37x2
Type "license()’ or 'licen ils. [ &3 github
R i 11ab i . [] = frags_seutif | 2016, 2:47 PM
is a collaborative proje ) )
Type ‘contributors() " for [] = frags.tif , 2016, 2:47 PM
'citation()' on how to cite R or R packages 1in publications. [ = frag_ritif , 2016, 11:14 PM
[[] @) ch7_data.Rdal L 2016, 12:23 AM
' ' B . .
Type 'demo()' for some demos, 'help()' for on-line help, or [] @) ch2_sampler | 2016, 8:38 PM
help.start()’' for an HTML browser interface to help.
Type 'q()' to quit R. O = , 2016, 1:35 PM
[ (3 ca794.shx 2016, 7:59 PM
> v | [0 (3 ca7o4shp 4.1 MB Feb 9, 2016, 7:59 PM v
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* About R Environment con

Data Visualization

- Waterfall plot for changes in QoL scores Tumor Response by Week v v::/;,: ;\f{‘ s v
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% 7 I.-.L—'“““llll g r=-096; p<0.01  r=-0.78; p<0.01 ‘oo
g | -(CC\-, -50 ¥ g P=-0.96; p<0.01  p=-076; p<0.01 __;_.1;';3:», o
‘g, O — e . ©=-085; p<0.01  T=-0.56; p<0.01 ) : ) ,’35‘::"
0 10 20 30 40 50 60 r=008; p=0.64  r=0.14; p=0.39  r=-001; p=0.96 "H_'H”-h
3 pP= 0.09; p=0.57 p=0.15; p=0.35 p=-0.05; p=0.79
Week 1=0.07; p=0.53 ©=0.11; p=0.32 ©=-0.04; p=0.74
§ - - Treatment Ongoing 1 Growthintargetlesions 1 Growth in non target lesions [l
A .
Stata < st =+ sox2 2 o0 mrhase < Ggplot2, dygraphs, plotly, shiny etc are great
100 L 801 Orhases package in R for Data Visualization.
3 jg R helps you to connect to many databases and data
2 404
0.75 3 5 types.
> Z 2 Yp
3 4 » . . .
3 ° 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 & Interfa_c’:e_ with other Ianguages and scrlptlng
mom B 701 o phases capabilities
E £ 0] Jopheees <+ A large number of algorithms and packages for
0.25 o 40 4 . . .
L statistics ﬂe>$|ble . -
5 s Offers effective data handling and storage facility
0.00 i % Flexi . .
| +»Flexible, extensible and comprehensive for
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About R Environment cont.
R Shiny

Shiny is a new package from RStudio that makes it incredibly easy to build interactive web applications with R.

O START RADAR & PATIENTS 3+ ANTIMICROBIALS & orenostics x’) outcome
.

$.: ANTIMICROBIALS Subspecialties in selection

PATIENTS

. ° oo e © ) O (] O“

T T 0 T T
° 0.5 1 15 2 25 3 35

SPECIALTY Number of patients (use mouse to identify subspecialties)
S a
ORIGIN — . i
Subspecialties - table Patient age Number of patients per year
Total number of admissions: 15687 Admisslons per year
Search: w0
DIAGNOSTICS
Subspecialty n
Internal medicine 3195 2000
DOWNLOAD SELECTION €
Thorax 2892 <§
Surgery 2278 1950 104500
Gynaecology 1998 / \/ \/
Psychiatry 1780 2009 2010 2011 2012 2013 2014 2015 2016

Previous 1 2 3 4 5 Next

Qs 3 4
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= About R Environment cont
R Shiny
Features:
+ Build useful web applications with only a few lines of code—no JavaScript required.

/

s Shiny applications are dynamic. Outputs change instantly as users modify inputs, without requiring a reload of the
browser

» Attractive default Ul(User Interface) theme based on Twitter Bootstrap.
% A highly customizable slider widget with built-in support for animation.

s Pre-built output widgets for displaying plots, tables, and printed output of R objects
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SDLC(Software Development Life Cycle) of R

The development, release and maintenance of R is,
broadly, a collaborative process involving the R
Development Core Team .

A set of validation tests are maintained and upgraded by R Core to
enable the testing of source code against known data and known
results. Any errors noted during this testing are resolved prior to

I

Operational Source Code
Overview Management

l

All of R’s source code is managed in a source code
version control repository based on Subversion. The R
Subversion Repository is access controlled.

release.

Testing and Maintenance,
Validation Support and
Retirement

l
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As each version of R is released, there are a variety of
support resources that are made available to the community of
end users. Extensive documentation is provided by R Core and is
available at http://cran.r-project.org/manuals.html.




21 CFR Part 11 Compliance

>

D)

L)

» 21 CFR part 11 explains how a company can use electronic quality records and digital signatures in place of paper
based documentation and ‘wet signatures’ in such a way that complies with FDA regulations. “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].

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

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

% Itis not mandated that 21 CFR Part 11 is appropriate to data analysis software systems that are not primarily
intended for storage and transmission of electronic medical records. It remains the responsibility of an individual
organization however to define the applicability of Part 11 and validation to their systems.

» Validation is defined by the FDA as: “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.”

s The software package(s) used for statistical analyses should be fully documented in the submission, including
version and build identification.
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21 CFR Part 11 Compliance

Controls for closed systems.

(a) Validation of systems to ensure accuracy, reliability, consistent intended performance, and the ability to discern invalid or altered records.

(b) The ability to generate accurate and complete copies of records in both human readable and electronic form suitable for inspection, review, and copying by
the agency. Persons should contact the agency if there are any questions regarding the ability of the agency to perform such review and copying of the
electronic records.

(c) Protection of records to enable their accurate and ready retrieval throughout the records retention period.

(d) Limiting system access to authorized individuals.

(e) Use of secure, computer-generated, time-stamped audit trails to independently record the date and time of operator entries and actions that create, modify,
or delete electronic records. Record changes shall not obscure previously recorded information. Such audit trail documentation shall be retained for a period at

least as long as that required for the subject electronic records and shall be available for agency review and copying.

(f) Use of operational system checks to enforce permitted sequencing of steps and events, as appropriate.

(g) Use of authority checks to ensure that only authorized individuals can use the system, electronically sign a record, access the operation or computer system
input or output device, alter a record, or perform the operation at hand.

(h) Use of device (e.g., terminal) checks to determine, as appropriate, the validity of the source of data input or operational instruction.
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21 CFR Part 11 Compliance

(i) Determination that persons who develop, maintain, or use electronic record/electronic signature systems have the education, training, and experience to
perform their assigned tasks.

(j) The establishment of, and adherence to, written policies that hold individuals accountable and responsible for actions initiated under their electronic
signatures, in order to deter record and signature falsification.

(k) Use of appropriate controls over systems documentation including:
/" (1) Adequate controls over the distribution of, access to, and use of documentation for system operation and maintenance.

/" (2) Revision and change control procedures to maintain an audit trail that documents time-sequenced development and modification of systems
documentation.
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GxP Compliance

*» Backup and Recovery

% Contingency Plan

¢ Disaster Recovery

% Change Control Management
% Configuration Management
¢ Error Handling

s Maintenance and Support

% Corrective Measures

% System Access
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FDA — on using R for submission

“*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

*»All results from data should be reproducible independent of software used.

*»*In submissions, FDA reviewers would like to know: which R functions were
accessed; how they were accessed; and that the results are accurate, reliable and
consistent.

“*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.
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-« Use cases

Creating
ADaM
Creating
SDTM
Topline
TLF Results

Validation
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Conclusion

*We can make R FDA compliant.
“*Cost effective.

“*Vast number of packages.
“»Data visualization.

“Skill availability.
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