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The use of R packages in a regulated environment, as in pharmaceutical companies, might require a formal validation of internal R package. This ensures
that the functional testing procedure for such software package is documented as mandated by the ICH E9 guideline’.

We will contribute to this effort by presenting a git-based lightweight workflow to automate the creation of validation form with the pkgTesteR2 (and
packamong) R packages. This workflow has been successfully applied for the validation of R packages creating interactive Tables Figures and Listings
(TLFs) for clinical data review .

PROCESS

The entire process (besides reviewer approval) is executed in an automated workflow via a CI/CD tool.

Once the package is ready to be deployed into
production:
Based on user requirements: 1. Its version is labelled with a git tag.

Development Environment

« The R developer creates a R package 2. After successful built /check, the R package
dedicated to an application. Source code osit is uploaded to the repository.

Development phase Production phase

« The source code is tracked in a git 8 osceno S © oo 3. An ‘application image’ is created with the
repository. 5 R package (installed with its tests) and all
« All the functionalities are tested by T vomm-omees | O\ its (R and external) dependencies.
unit tests included in the R package. | | Rpackage repository cocumenatonreaery  Veova | T/ 4. The ‘application image’ is moved from the

= package_1.0.0.tar.gz = package_1.1.0.tar.gz le—

p— , T it development to production container reg-
1stry:.

Development Environment

Source code O git FC | A”m _ . 5. A validation form is created for the R pack-
i e 0 Cun— s age installed inside the ‘application image’
o - o . o 6. The validation form is .reviewed and ap-
o S o Fioure 2: Production phase proved by an external reviewer (e.g. business

user) and stored in a GxP documentation
Figure 1: Development phase registry.

VALIDATION FORM

Environment Test results UR 1D and new tests Test script

Summary URID  Requirements Test File Verification approach
DKQTEEJ.E RR pac:kage Number of UR and tests that passed, failed or completed with warning(s) Risk
; = = = % Format numbers: An error is generated if neither a rule Function L;el Minimum verification approach Test File
T Total Passed Wami Failed Skipped UR-k-1 1 or data are specified for the extraction of the number of| test decimals.R
i o PP = = = | decimals s StatisticsTable | high Formal testing as described will be :z::e:ggzgﬂmm:gg“ I ;:g:z:deTRR
Tests g32 838 82 12 0 = -y exportSummaryStatisticsTable | hig done. test_exportSummaryStatisticsTable-flextable.R
L ' Export summary statistics table as data frame: The test_exportSummary test_exportSummaryStatisticsTable.R
S Durﬂe cude ® g lt URrR 458 415 40 5 0 UR-H 1 ?;r:_::ta;z ?ptgzi;]idmrTECﬂY exported to a text file in basq StatisticsTable-df.R formatPercentage high Zg:;al testing as described will be test_decimals.R, test_getStats.R
I ' Formal testing as described will b "
. . 11.0 1 Export summary statistics table as data frame: The test_exportSummary geomCV high ~ fopmaltesting as describec WilD® | test stats_utiity.R
[git tag] v1.0.0 [git tag] v1.1. Fi gure 4 Summary of test results UREZ | summary e comecty exported o atextle nbasel giaisicsTabie-of R geomiean ign  Fomaltosting s descrbed il be | oo o iy
] .
™| DESCRIPTION #] DESCRIPTION ! Export summary statistics table as data frame: The test exportSumma geomSD high  gornaltesing as descrived wile | test stats_uiity.R
UR--3 ! summary table is correctly exported to a text file in in- _EXpo ry
| inst inst 1 text format as specified Stutisticalavie-ai.R
The results of the tests are summarized belaow. ] . 1 1 1
o . Export summary statistics able as data frame: A | Figure 9: Functionality <-> Test script
: = UR g | contex File name Test description NUMDSM  passed Failed Waming  Skipped o UR--4 | list of summary tables Is successfully exportedto | o |:-r._'r|_ ble-df Rry
S text files in base format istics Table-dl.
| K ﬂ it diff | R Combine An error is generated
UR-s.1 | STy test_combineR | b Sammeny abes 1 1 i 0 0 o002 Export summary statistics table as data frame: A test exportSumma
| tests | tests | tables names are combined UR-I-5 list of summary tables is successfully exported to Stafisti zg:?rabl edf Rry
, wiea ot iy | Poves e corecty text files in in-text format Test scri pt
URv-8 [summery plot| Summan®lel: | [Bboled with a taxt 2 ) 0 2 0 015
| ; jusfified based on data . .
with aesthelics. i variables F . 7 U R . t ID The source code of the tests is available below.
A call is cormectly lgure . Ser eqU‘1remen library(testthat);library(inTextSummaryTable)
Export formatied with muliiple
tesl_expodSumma " .
UR-2 | Siitictice table] DYStatisticsTable: iﬂi:ﬂﬁ?:ﬁm 3 0 3 o o on File: test_exportsummarystatisticsTable-df.R
to a fiextable | fexabieR fextable summar ¥ .
table context("Export summary statistics table as data frame")
. . New tests test_that("A list of summary tables is successfully exported to text files in
. base format”, {
Flgure 5 . TeSt results by User ReqU1rement 8 new testsfare included in the version 3.3.0 of the inTextSummaryTable of the package.
s . T N . . summaryTables <- list(
Application image Application image These tests are highlighted in bold and italic in section ‘User requirements’ . A - data.frame(PARAM = A, n = 10),|
vi 00 viiD New tests ) B = data.frame(PARAM = "B", n = 9)
Detailed results for failed tests URID test file
file <- tempfile(pattern = "table”, fileext = ".txt")
. . . Tvpe: failure g A list of summary tables is successfully test_exportSummaryStatistics ft <- exportSummaryStatisticsTable(
Figure 3: Components used for the creation vp URH4 | oy ported to toxt Hes in base format Tablodi R e T
. . A cellis correctly formatted with multiple and different text formatting in a Al . L rowvar = "PARAM", statsVar = "n",
" ist of summary tables is successfully test_exportSummaryStatistics file = ¢( data.frame-base™ = file
Of the Vahdatlon fOI‘m flextable summary table UR-1-5 exported to text files in in-text format Table-df.R ) ( )
* Expectation 1: A summary table is correctly exported toa | - Statis gl i: seq_;long(sumar‘yTables)){
Expected entData[, "txt"]toequalc("test", "<@.@01"). Differences: targetis UR-n-67 | docx file in landscape format without ?Sbl_e?lpoxtablllm;mw istics e"PE‘f —:‘IEa ( -
NULL, current is character additional empty pages avie-tie . ° %i;e _ ;::tée? .
’TyptE‘ warning Column headers of a summary table are not |test_exportSummaryStatistics tools::file_path_sans_ext(file),
: UR-n-68 ; ; "M, Lttt
merged if specified Table-flextable R _ E]
Points are correctly labelled with a text justified based on data variables Column headere of a summary table with ot exbortSummanStatistics header = TRUE, sep = "\t
» Expectation 1: UR-n-69 identical elements across consecutive TabTa-ﬂZ?{table R ry s i
Mo shared levels found between names (values) of the manual scale and the data’s columns and rows are correctly merged ' ) expected = summaryTables[[!!i]]
Linetype values, Column headers of a summa i
ry table with - }
UR-n-70 identical elements across consecutive ?:él—:_?lp&g?ai'i?gnawsmus" cs
. . . columns or rows are correctly merged i 1)
Figure 6: Errors and warnings | - |
UR-%-11 Extra ggplot specified as a function is test_subjectProfileSummaryPl
correctly included ot-general.R F 1 O T .
UR-x-12 Extra ggplot with a data point outside the test_subjectProfileSummaryPI lgure . eSt Scrlpt
plot range is correctly included ot-general.R

Figure 8: New tests
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