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Background
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 5502-CL-0001 study selected for End to
End (E2E) R:

A Phase 1 Combined Single and Multiple
Ascending Oral Dose Study to Evaluate the Safety,
Tolerability, Pharmacokinetics, Food Effect and
Biomarker Response of ASP5502 in Healthy
Adults and Participants With Primary Sjogren'’s
Syndrome

* E2ER-SDTM, ADaM, TLGs & eSub

* Why E2E R? Because there isn’t a better
time. Pharmaverse packages. Many
companies have adopted it already.
More and more programmers have R
skills.
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Development of the infrastructure




Development of an R Environment

R Environment R Language and

Packages




Posit Workbench®
* Vendor supplied tool
* Kubernetes system
* User friendly interface

R

E . RStudio® (IDE)
nvironment * Vendor supplied tool
* Internal Astellas website

* Connects to the Astellas Statistical Computing
Environment (SCE)




= posit'Workbench

Sessions () Suspend Al () Quit Al

Test (i)Info g% Rename () Resume () Quit

SUSPENDED (1 MB) R 4.4.1
..s/projects/5502/5502-cl-0001  CREATED: &/27/2025 LAST USED: 6/27/2025

5502 (i) Info £ Rename () Resume () Quit
SUSPENDED (207 MB) R 4.4.1
...S.-".EIFGJIE'CtS."rS5D2f55D2'C|'[}[}D1 CREATED: 3/3/2025 LAST USED: 12:27:40 AM M

Figure: a screenshot of 2

R E nV| rO n m e nt suspended sessions in Posit

Workbench.




File Edit Code View Plots Session Build Debug Profile Tools Help

Q- Oyl e~ [ur] Go to file/function - Addins =
¥ | adslR 0| dual_s_dmR @ | dual s ecR @ | adam_batch.R @ | 1dm001.R 0 | tex001R © | tpk001R | rif_outputR ™ | convert_pdi 3 =0 Environment  History Connections  Tutorial
SourceonSave | (4 &+ f FRun | "9 1 Source ~ =2 [ [ Import Dataset ~ | ¥ 675 MiB ~ &
1- # ~ R~ 7k Global Enviranment =
2 ##' Study : 5582-CL-8001
3 ##° Program Name : dual_s_dm.R Data
4  ##° Version Number : 1 'adpclle3 2375 obs. of 81 variables
s A o . )
g i Author : Luke Thompson adsl 109 obs. of 59 variables
b ##' Site Name :
7 ##' Date - 2024-11-87 ae 16 obs. of 45 variables
8 ##' SAS Version : R4.4.1 C_MAC List of @
9 HEI 0S5 Name/version : @ C_META List of 8
10 ##' Data sets used .
11 ##' Functions used : ¥gen_init C_META_A List of @
12 ##' Output Created . C_META_S List of @
13 ##' Purpose : To create dm and plus_dm.sas7hbdat jaliie.x.» 11 L
14  ##' Comment :
15~ # R HH Sl EEd Files Plots Packages Help Viewer Presentation

16 ##' Modification History
17 ##' Version : @ | NewFolder | ©  NewBlankFile = | & Upload @ Delete | =|Rename

18 ##' By : /> sas > projects » 5502 > 5502-I-0001
19 ##' Date :

s
20 ##' Details : Mame
22 library(rstudioapi) data
23 library(dplyr)
24 library(stringr) documents
25 library(haven) pk

26 library(tibble)
27 library(admiral) | progs
28 library(diffdf)
29 library(readr)

38
31 iHHBHiset domaindHRHiE;

32 odomain="DM" .
T —————————————————————————— >
2147 (Untitled) = R Script
Console  Terminal Workbench Jobs =

R R44.1 . /sas/projects/5502/5502-cl-0001/

Crwr s n_g_appyws Wy s Avar gy oy yuany sauc Aruy yauw yaue,

Assertion on 'c(xvar, yvar, yvar_baseline, id_var)' failed: Must be a subset of {'STUDYID','USUBJID','SUBJID','PCSPE =
C*','PCGRPID’, "PARAMN", " PARAMCD", 'PARAM®, "AVISITN®, "AVISIT', ATPTN', 'ATPT', 'ATPTREF', ADT',"ATM", 'ADTM", "ADY', 'AENDT','A
ENTM®, "AENDTM", "AENDY ", "ARELTM", "ARELTMU", "ARFTDTM", "AVAL", 'AVALC", "'PCSTRESC", "AVALU", "ANL@1FL", 'SASFMT", 'PCSEQ", "VISI
T, "VISITNUM® ,"PCTPT", "PCTPTNUM", "PCTMDIF ", "PCSAMPST ", "PCELTMNT" , "PCSPCCND", "PCSTAT', "PCREASND ", "PCNAM" , "PCMETHOD " , " PCL
LOQ", "PCULOQ", "PCRUNID" , 'PCEXCSFL', "PCEXCPFL", "PCEXQ1CD", "PCEX@1', "PCEX02CD", 'PCEX@2", "PCEXQ3CD", 'PCEX@3", "PCEXQ4CD','P
CEX@4', PCCOM", "PCECOM", "PCPCOM', "PKASFL",'TRTP', "TRTPN', "TRTA', "TRTAN',"SITEID", 'SITENAM','AAGE', 'AGEU", 'SEX','SEX
N*, "ARACE", "ARACEN", "WEIGHTBL ", "SAFFL', TRTSDT', TRTSTM", TRTSDTM', "TRTEDT', 'TRTEDY', TRTETM', TRTEDTM'}, but has addit
ional elements { NFRLT", 'Patient_ID"}.
> setwd("/sas/projects/5582/55082-cl-00681")

Session restored from your saved work on 2025-Oct-89 23:23:57 UTC (14 hours ago)
>

Figure: a screenshot of the

R EnVirOnment Rstudio environment




R language and Packages

Importance of Validation

* Required for regulatory compliance, data integrity, quality assurance,
standardisation, & traceability

 SAS has built-in validation — Due to reputation, pre validated by
vendor.

* Rrequires validation from individual or companies, because it is open
source. E.g. package quality may differ (documentation, validation

levels) and itis ever-changing.
* Possible to do inhouse, but workload too demanding

11



R language and
Packages

OpenVal® by Atorus Research
* Comprehensive suite of validated packages
* Release every 6 months and packages can be added, updated or removed
* Negotiation possible
* Contained many of the packages we required including some Pharmaverse
packages



Utility Macros




Utility Macros

Setup
Maintain the current workflow we had for SAS

Utilise code and templates we already had
and convert them into SAS.

We replicated utility SAS Macros into R
functions

Functions to initialise program names, load
libraries, read in deliverable files, create
formats, ect.

Tidyverse — dplyr, stringr, haven & magnitr

14
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Tidyverse websites

Useful tools

to begin R
programming

Tidyverse

Packages Blog Learn Help Contribute

R packages for data science

The tidyverse is an opinionated collection of R
packages designed for data science. All packages
share an underlying design philosophy, grammar,

and data structures.

Install the complete tidyverse with:

install.packages("tidyverse")

16



Tidyverse websites

Useful tools

to begin R
programming

Data transformation with dplyr : : CHEATSHEET

dplyr functions work with pipes and expect tidy data. In tidy data:

pipes

Eachvariableisin Each observation, or x|>f(y)
its own column case,isinitsownrow  becomes f(x,y)

Apply summary functions to columns to create a new table of
summary statistics. Summary functions take vectors as input and
return one value (see back).

summary function

m summarize(.data, ...)
- Compute table of summaries.
mitcars [> summarize(avg = mean(mpg))

count(.data, ..., wt = NULL, sort = FALSE, name =

NULL) Count number of rows in each group defined
»u by the variables in ... Also tally(), add_count(),

add_tally().

mitcars = count(cyl)

Use group_by(.data, ..., .add = FALSE, .drop = TRUE) to create a
"grouped" copy of a table grouped by columns in ... dplyr
functions will manipulate each "group" separately and combine
the results.

M mtcars |[>
-> - group_by(cyl) >
] summarize(avg = mean(mpg))

Alternate grouping micars |~
syntax with .by as an summarize( byl
argument: ) avg = mean(mpg), .by =cy

Use rowwise(.data, ...) to group data into individual rows. dplyr
functions will compute results for each row. Also apply functions
to list-columns. See tidyr cheat sheet for list-column workflow.

M starwars |~
- - rowwise() [»
m  mutate(film_count = length(films))

ungroup(x, ...) Returns ungrouped copy of table.

g_mtcars <- mtcars |> group_by(cyl)
ungroup(g_mtcars)

== posit’

EXTRACT CASES
Row functions return a subset of rows as a new table.

> filter(.data, ..., .preserve = FALSE) Extract rows
that meet logical criteria.
mitcars > filter(mpg > 20)

distinct(.data, ..., .keep_all = FALSE) Remove
rows with duplicate values.
mitcars > distinct(gear)

slice(.data, ..., .preserve = FALSE) Select rows
by position.
mtcars [> slice(10:15)

slice_sample(.data, ..., n, prop, weight_by =
NULL, replace = FALSE) Randomly select rows.
Use n to select a number of rows and prop to
select a fraction of rows.

mitcars |~ slice_sample(n =5, replace = TRUE)

slice_min(.data, order_by, ..., n, prop,
with_ties = TRUE) and slice_max() Select rows
with the lowest and highest values.

mitcars [ slice_min(mpg, prop =0.25)

slice_head(.data, ..., n, prop) and slice_tail()
Select the first or last rows.
mitcars > slice_head(n=5)

Logical and boolean operators to use with filter()
= < <= is.na)  %in% | xor()
1= > >= lis.na() ! &

See ?hase::Logic and ?Comparison for help.

ARRANGE CASES
arrange(.data, ..., .by_group = FALSE) Order

- rows by values of a column or columns (low to
high), use with desc() to order from high to low.
mitcars > arrange(mpg)
mitcars [> arrange(desc(mpg))

ADD CASES
. add_row(.data, ..., .before = NULL, .after = NULL)

Add one or more rows to a table.
cars [> add_row(speed = 1, dist = 1)

EXTRACT VARIABLES
Column functions return a set of columns as a new vector or table.

pull(.data, var=-1, name = NULL, ...) Extract
- column values as a vector, by name or index.
mitcars |> pull(wt)

> select(.data, ...) Extract columns as a table.
mitcars |> select(mpg, wt)

relocate(.data, ..., .before = NULL, .after = NULL)
> Move columns to new position.
mitcars | relocate(mpg, cyl, after=last_col())

Use these helpers with select() and across()

e.g. micars [> select(mpg:cyl)

contains(match) num_range(prefix, range) :,e.g., mpg:cyl
ends_with(match) all_of(x)/any_of(x, ..., vars) !, e.g., lgear
starts_with(match) matches(match) everything()

MANIPULATE MULTIPLE VARIABLES AT ONCE
df = tibble(x_1=c(1,2),x_2=c(3,4),y=c(4,5))

_, Emm across(.cols, .funs, ..., .names = NULL) Summarize
B or mutate multiple columns in the same way.
df > summarize(across(everything(), mean))

u c_across(.cols) Compute across columns in
row-wise data.
df |
rowwise() |
mutate(x_total = sum(c_across(1:2)))

MAKE NEW VARIABLES

Apply vectorized functions to columns. Vectorized functions take
vectors as input and return vectors of the same length as output

(see back). - =
vectorized function

m mutate(.data, ..., .keep = "all", .before = NULL,
- .after = NULL) Compute new column(s). Also
add_column().
mtcars [ mutate(gpm =1 / mpg)
mtcars | mutate(gpm = 1 / mpg, .keep = "none")

| | rename(.data, ...) Rename columns. Use
- rename_with() to rename with a function.
mitcars [> rename(miles_per_gallon = mpg)

CC BY SA Posit Software, PBC « info@posit.co + posit.co + Learn more at dplyrtidyverse.org « HTML cheatsheets at pos.it/cheatsheets + dplyr 1.1.4 « Updated: 2025-08
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Online Resources

Useful R
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How would | sort a dataset named data by USUBJID and VISITUM and set a new variable named TEST to 1 when first.usubjid in
R as opposed to SAS?

Stella 15:23 Edited
In R, you can sort a dataset and create a new variable based on conditions using the | dplyr  package, which is part of the

tidyverse. Here's how you can do it

1. First, ensure you have the dplyr  package installed and loaded.
2. Use the arrange() | function to sort the dataset by usubjid and wvisitum .

3. Use the mutate() function to create a new variable test | that is set to 1 for the first occurrence of each | usubjid .

Here's an example code snippet:

# Load the dplyr package
library{dplyr)

U Serl I { # Assuming your dataset is named 'data’

data <- data %»%
arrange{usubjid, visitum) %>% # Sort by usubjid and wisitum

ReSOu rces group_by(usubjid) %>% # Group by usubjid

mutate({test = ifelse(row_number() == 1, 1, B8)) %% # Set test to 1 for the first usubjid
ungroup() # Ungroup the data

# View the modified dataset
print(data)

In this code:

arrange() sorts the dataset.

group by() groups the data by usubjid .

mutate() creates the new variable test , setting it to 1 for the first occurrence of each usubjid  and O otherwise.

ungroup() is used to remove the grouping after the mutation.

This approach should give you the desired result similar to what you would achieve in SAS. Let me know if you have any
further questions!
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SDTM, ADaM & TLG Programming

Pharmaverse

“A connected network of companies and individuals working to promote
collaborative development of curated open-source R packages for clinical reporting
usage in pharma, in a space where previously we would only ever have worked in
silos on our own closed-source and often duplicative solutions.”

* There are a wealth of packages available for E2ZE R

* Highly recommend checking their website: End-to-End Clinical
Reporting Packages

22


https://pharmaverse.org/e2eclinical/
https://pharmaverse.org/e2eclinical/
https://pharmaverse.org/e2eclinical/
https://pharmaverse.org/e2eclinical/
https://pharmaverse.org/e2eclinical/
https://pharmaverse.org/e2eclinical/

SDTM, ADaM & TLG Programming

Packages

LB

admiral

I clinify

{\pharmaRTF;}

py-pkglite

Pharmaverse




SDTM, ADaM & TLG Programming

SDTM - non-pharmaverse

* Pharmaverse package called OAK, opted not to use it.

“An EDC (Electronic Data Capture systems) and Data Standard agnostic solution that
enables the pharmaceutical programming community to develop CDISC (Clinical Data
Interchange Standards Consortium) SDTM (Study Data Tabulation Model) datasets in R”

* Other packages used instead, to continue the replication of standard
templates.

* Tidyverse mainly used

24



dm <- dm_raw %>%
dpl riirename{GDUNTRY_ = COUNTREY, SEX = 3EX, AGEU = AGEU ) B5>%

y dalgriimutate{

STUDYID = project,
DOMAIN = odomain,

SUBJID = stringr::str trim(Subject),

USUBJID = &£E£Ei{i5.na§SUEJIDP},
pastel (STUDYID, "-" SUBJID) ,pastel (STUDYID, "-",

r

substr (SUBJID,1,3), SUBJIDP) ),

SITEID = gtringr::str trim(as.character(’ SITEID)),

SEX = ghringr:i:istr rrim(substr(sEX , 1, 1)),
COUNTRY = COUNTRY STD)

Figure: a snippet of

SDTM, ADaM & TLG Programming orogramming of SDTM DM




SDTM, ADaM & TLG
Programming

Figure: a snippet of programming of
SDTM DM

$ Deriving dthdte
ddthdtecl <-
# Combine with as_1 where conditions are met
dplyr::bind rows(
S RAW[['aes 1']1] %p%

dplyr::mutate(across (where(is,.character), ~ na if(., "")))%>%

dplyr::filter (toupper (RESDTH) == "YES") %>%
rename vmd(prefin = "AEENDT", prefout = "DTHDT")
) %=%

# Combine with ds 3 where conditions are met
delyr::bind, rows (
S RAW[['ds_3']] %>%

dplyr::mutate (across (where (is.character), ~ na if(., "")))%>%

dglxriifilter(RQQERQQ(DSDECOD) == "DEATH") %>%
rename ymd (prefin = "DSSTDT", prefout = "DTHDT")
) =%

# Combine with ds 4 where conditions are met
dedyr::bind, rows (
S RAW[['ds _4']1] %>%

dplyr::mutate (across (where (is.character), ~ na if(., "")))%>%

dglxriifilter(RQQERQQ(DSDECOD) == "DEATH") %>%




new_vars_prefix = "EXST"
) %

SDTM, ADaM & TLG e

new_vars_prefix "EXEN",

time_imputation "last™

°
Programmin )
#> The default value of “ignore seconds_flag™ will change to "TRUE" in admiral

#> 1.4.0.

adsl <- adsl %>%

derive vars_merged(

ADaM - pharmaverse e - con

filter _add = (EXDOSE > @ |

(Admiral) oot — 5%
str_detect (EXTRT, "PLACEBO"))) & !is.na(EXSTDTM),

new vars = exprs(TRTSDTM = EXSTDTM, TRTSTMF = EXSTTMF),

° “(ADaM In R Asset order = exprs(EXSTDTM, EXSEQ),

mode = "first",

Library) -_ MOdUlar : %var‘s = exprs(STUDYID, USUBJIID)

derive_vars_merged(

framework to generate doteset_odd = ex_oxt,

filter_add = (EXDOSE > @ |

. L ( e
ADaM via R functions o wer, “poaceanyy) & 1ieme (XD,

new_vars = exprs(TRTEDTM = EXENDTM, TRTETMF = EXENTMF),

relying On Community order = exprs(EXENDTM, EXSEQ),

mode = "last",

C O n trlb ution S ?? : by_vars = exprs(STUDYID, USUBJID)




Listings
Histings 8 ¢ (CIEERE] X

=" Aframework for creating data listings

SDTM, ADaM & TLG
Programming =

Eases the creation of time-to-event (a urvival) summary figures

While ggplot2 is a lower level, non-pharma specific plotting package. It is

universally accepted as the package for graphics, so included here and as a

TLG
° TLG S, espec ia uy gra P h S, are where R e e g e
excels (ggplot2)
A multitude of packages are available.

* Pharmaverse lists some of these Tab'esmesaow__

packages that can be used. Image right is PE e g e el oo e

o
o

non_exte nSive chevron B ¢() EENEH B3 EE=Ed

° There may be packages not listed SUCh 2.@.cl'n"catr'alsfeport'mgwthlimitedparameter'sat'om. )
as specific statistical analysis or specific
formatting



SDTM, ADaM & TLG
Programming

TLG

 TLG Catalog provides many template
outputs.

A combination of the TLG catalog,
SAS templates, pharmaverse
examples & R templates were used as
a basis.

* All were modified to be as close to
Astellas standards as possible.

Tables

Listings »

Graphs "
Efficacy .
FSTGO1
FSTGO2
KMGO1
MMREMGO1
MMRMGO2


https://insightsengineering.github.io/tlg-catalog/stable/
https://insightsengineering.github.io/tlg-catalog/stable/

Graphs > Efficacy > F5TGO1

FSTGO1 <
Subgroup Analysis of Best Overall Response
Output
Standard Plot Plot Specifying Class Variables and Plot Selecting Columns and Plot with Fixed Plot of CR Only, Setting Data Setup
Options for the Treatment Variable Changing the Alpha Level Symbol Size Values Indicating Response
B Preview >_ Try this using WebR
> Code
B: Placebo A:Drug X
B: Placebo A Drug X
Baseline Risk Factors Total n n Responders  Response (%) n Responders  Response (%) Qdds Ratio 85% ClI Better Better
All Patients 268 134 a4 62.7% 134 100 T4.6% 1.76 (1.04,2.97) ——
Sex
F 161 82 48 58.5% 79 61 T7.2% 245 (123, 4.88) —-—
M 107 52 36 69.2% 55 29 70.9% 1.08 (0,48, 2.48) —
Categorical Level Biomarker 2
LOW 95 45 30 66.7% S50 39 TE.0% 1.77 (0.71,4.39) R s
MEDIUM 93 56 34 60.7% 37 27 T3.0% 1.73 (0.71,4.22) R
HIGH 80 33 20 60.6% 47 34 72.3% 173 (0.67,4.44)
0.1 1 10
Image: screenshot of atemplate output in the TLG catalogue using test data. 30




@ Preview

¥ Code
1| df <- extract _rsp_subgroups(
2 variables = list(
3 rsp = "is _rsp”,
4 arm = "ARM",
5 subgroups = c("SEX", "BMRKR2"),
b strata = "STRATA2"
7 )s
8 data = anl_rsp_arms_ab,
9 cont_level = 8.95
@] )
11
12 | result <- basic table() X%
13 tabulate rsp subgroups(df, vars = c{"n_tot", "n",
14
15| plot <- g _forest(tbl = result)
16| plot

"n_rsp", "IJPDP",

“or", "ci"))

>_ Try this using WebR

B: Placebo Az Drug X
B: Placebo

Baseling Rigk Factors Tonal n f Responders Response (%) n Responders Respanse (%) Cudds Ratio 95% Cl Better
All Patients 268 134 84 52.7% 134 100 T4.6% 1.76 (1.04, 2.97)
Sex

F 161 a2 48 5B.5% 79 61 T7.2% 245 (1.23, 4.88)

M 107 52 36 69.2% 55 a9 70.9% 1.08 (0.48, 2.46)
Categorical Level Biomarker 2

LOW 95 45 30 66.7% 50 39 TE.0% 1.77 (0.71,4.39)

Image: screenshot of atemplate output in the TLG catalogue using test data.

A Drug X
Better

+
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Conclusion

This is the best
time to embark
on E2E

programming R

Setup of
infrastructure
can
challenging,

Plenty of
resources
available for
personal

development
Outputs

successfully
delivered on
this study.

X
X
o=

Pharmaverse is
In a good
condition

We now have
the flexibility to
use both R &
SAS.
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Thank You

Any questions?
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