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shuse Disclaimer

The Opinions expressed in this presentation and on the following slides are solely those of
the presenter and not necessarily those of ICON. ICON does not guarantee the accuracy

or reliability of the information provided herein.
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shuse \Workflows and Standards
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No Standards for Results??

CDISC is developing a

standard called Analysis
Results Standards (ARS)




shue - Analysis Results Standards (ARS)

The CDISC Analysis Results Standard model refers to the framework or structure used to store and
organize the information related to an analysis result. This includes both the results data (ARD)
generated by the analysis and the metadata (ARM-TS) that describes the characteristics of that results
data. ARS is based on LinkML logical model which is an open-source schema development language
and framework for generating machine-readable models.

Analysis Results Data Analysis Results Metadata -

Technical Specifications

(ARD) (ARM-TS)

Specifies the metadata needed to generate
statistical analysis results and associated
displays (e.g., title, population set, where-

clause)

Standardized format for producing statistical
analysis results in a consistent manner
(e.g., treatment, variable, statistical method)




shuse Analysis Results Workflow

Present Future

Analysis Results
Reporting Event An Metadata -
alyses of .
(CSR, DSUR, IB, Interest Technical
etc.,) Specifications
(ARM-TS)

Reporting Event
(CSR, DSUR, IB,
etc.,)

Analyses of
Interest

. . . Analysis Results Analysis
Outputs/Displays Prc';“gnr:l%sr:ing Outputs/Displays Data (ARD) Programming




shuse Principles and Benefits

a )

Standardized, Machine-
Readable Format
ARDs provide a consistent
structure for results across
sponsors. This makes it easier for
regulators and teams to load,
search, and validate results data.
Automating TLF production from
ARDs reduces manual effort.

Automation

a )

Faster Review & Reproducibility
The reviewers can easily
reproduce the results with ARDs
along with the metadata, without
re-running the code, which makes
the review faster.

Reproducibility

s

Lo

Reusability
A single ARD can produce
multiple outputs (e.g., summary
table, figure) by filtering and
formatting its data.

Reusability

=

Efficiency
Enables traceability of the results,
back to the ARD, and from there
to ADaM and further back to
SDTM and beyond through the
use of existing CDISC standards
and metadata.

Traceability




shese |ntroduction to {cards} package

» The {cards} package (CDISC Analysis Result Data Sets) adopts the
CDISC ARS framework and creates ARD objects from data | Qe

» |t computes common summary statistics (continuous, categorical, etc.) g%ﬁ

and returns a structured ARD “data.frame” that follows the ARS model.

» The {cardx} package is an extension to {cards} that supports specialized

analyses (e.g., t-test, ANOVA, regression models, etc.,)

= The {cards} ARDs integrate seamlessly with packages such as {tfrmt}

and {gtsummary} for the formatted outputs creation.

= The ARDs can also be exported to XPT and JSON objects which

makes it future ready.




suse \fjtal Signs Example

Packages Used - {pharmaverseadam}, {cards}, {tfrmt}, {gt}, {dplyr}, {stringr}.
Datasets Used - ADSL and ADVS datasets from the {pharmaverseadam} package.

advs <- pharmaverseadam: :advs
adsl <- pharmaverseadam: :adsl

Data Preparation - Filtering to include only the safety population and the systolic blood pressure
records

# Filtering ADSL for Safety population
adsl_filter <- adsl |>
filter(SAFFL == "Y")

# Filtering the dataset to include only Safety population and Analysis Flag 81
advs_filter <- advs |»
filter(!is.na(SAFFL) & SAFFL=="Y" &
((lis.na(ANL®IFL) & ANLBIFL=="Y") | (!is.na(ABLFL) & ABLFL=="Y")) &
PARAMCD %in% c("SYSBP") &
is.na(DTYPE) &
lis.na(AVISITN)) |»
select(STUDYID, USUBJID, TRT@1A, PARAM, PARAMCD, ADT, VSPOS, VISIT, VISITNUM, AVISIT, AVISITN, AVAL, BASE, DTYPE, ABLFL, CHG)

# Filtering only the Supine records for the Analysis
advs_pos <- advs_filter |>
filter(str_trim(str_to_upper(VSP0OS))=="SUPINE")



suse \fjtal Signs Example

Summary Statistics Calculation - Calculating the descriptive summary statistics using the
cards::ard_continuous function

# Calculating the descriptive summary statistics using the ard_continuous function
advs_ard <- fard_summary(
data = advs_pos,
by = c(TRTO1A, AVISITN),
variables = AVAL

)

Here’s how the ARD looks

group1 group1_level group2 group2_level variable context stat_name stat_label stat fmt_fun warning error
1 TRTO1A Placebo AVISITN 0 AVAL summary N N 85 0
2 TRTO1A Placebo AVISITN 0 AVAL summary mean Mean 138.635284117647 1
3 TRTO1A Placebo AVISITN 0 AVAL summary sd sSD 16.7537110734874 1
4 TRTO1A Placebo AVISITN 0 AVAL summary median Median 140 1
& TRTO1A Placebo AVISITN 0 AVAL summary p25 Q1 129 1
6 TRTO1A Placebo AVISITN 0 AVAL summary prs Q3 150 1
7 TRTO1A Placebo AVISITN 0 AVAL summary min Min 90 1
8 TRTO1A Placebo AVISITN 0 AVAL summary max Max 180 1




suse \fjtal Signs Example

By default, the basic descriptive statistics got returned. If needed, we can also specify or pass any
functions.

Here’s how the refined ARD looks

ard_select <- advs_ard |>

© 0 N 0 0 kW N A

=
Q

TRTO1A

Placebo

Placebo

Placebo

Placebo

Placebo

FPlacebo

Placebo

Placebo

Placebo

Placebo

AVISITN

(M M =] =) o o =) =] =) Q

rename_ard_columns() |>
unlist _ard columns() |»
select(-c(fmt_fun, warning, error))

AVAL context stat_name stat_label stat

ANAL summary ™~ N &85
ANAL summary mean Mean 138.635294117647
ANAL summary sd sD 16. 7537110734874
ANAL summary median Median 140
PN/ summary P25 a1 129
FAVZNE summary p7Ss a3 150
ANAL summary min Min a0
AL summary max hax 180
ANAL summary N N 83
PN/ summary mean Mean 135

11



suse \fjtal Signs Example

Now, we have created the ARD needed for the analysis.

After creating the formatting using the {tfrmt} and {gt} packages, here’s the final output of the summary
table

Summary of Systolic Blood Pressure - Safety Population

¥anomeline Xanomeline

Placebo High Dose Low Dose
knalysis Visit Statistic (¥=8g) (1=72) (1=5g)
Baseline n 85 72 ge

Mean 1368.6 139.0 139.8
5D 16.75 16.71 17.57
Median 140.00 140.00 138.50
ol 129.00 130.00 128.50
Q3 130.00 130.00 151.00
Min 80.00 100.00 100.00
Max 180.00 180.00 1858.00
Week Z n 23 72 75
Mean 135.0 134.40 37.3
5D 16.08 14.88 17.50
fedian 132.00 133.00 137.00
ol 122.00 122.00 122.00
o3 148.00 142.00 148.00
Min 9g.00 106.00 108.00
dax 172.00

183.00 190.00 12



suse \fjtal Signs Example

Now, let's create a mean plot of systolic blood pressure using the same ARD dataset with {ggplot2}
package.

plot <- ard final |>
filter(stat_name=="mean") |>
arrange (AVISITN) |>
mutate(AVISIT = fct_inorder(AVISIT)) |»
ggplot(
aes(x = AVISIT, y = stat, group = TRT@1A, color = TRTO1A)) +
geom_line() +
labs(
® = "Analysis Wisit™,
y = "Systolic Blood Pressure") +
theme elements

13



suse \fjtal Signs Example

Here’s the final output of the mean plot figure.

Population: Safety Population Set Page 1 0of 1
Figure 1: Mean of Systolic Blood Pressure
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Basaline Week 2 Week 4 Week 6 Week 8 week 12 Week 16 Week 20 Week 24 Week 26
Analysis Visit
—— Placebo —— Xanomeline High Dose ——  Xanomeline Low Dose
The above figure was produced using ADVS dataset from the {pharmaverseadam] package 15-Aug-2025 06:51

14



shese Limitations of ARS

 ARS is a new standard (ARS v1.0 published April 2024) and is still being in the development stage.
* ARS uses LinkML logical model which is complex to understand and difficult to implement.

« CDISC is actively working to simplify the model to enhance wider adaptability.

» It will evolve based on the industry feedback.

« Asit’s still in the development stage, no standard template available for the Analysis Results

Metadata - Technical Specifications (ARM - TS) for usage.

15
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swse fcards): Other Summary functions

« ard_categorical() renamed to ard_tabulate()*: useful for calculating the n counts for the categorical

variables
« ard_hierarchical(): useful for nested tabulations, e.g. AE terms within SOC

« ard_dichotomous() renamed to ard_tabulate_ value()*: similar to ard_categorical(), and tabulates a

single value of the variable

*Some functions are renamed in the newer version 0.7.0 which published on 27 AUG2025.
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shue Key Elements of the ARD

|ldentifiers

Display

Title/
Footnote

Result

Where
Clause

Result Data

Dataset

Order

WELELE

Value

Label

Count

Dataset

Order

Variable

Value

Label

Count

Result
Group

Dataset

Order

Variable

Value

Label

Result
Variable

Order

Variable

Result
Statistics

Stats Name

Stats Value

Stats Label

Stats
Description
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