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Digital Data Flow and USDM




https://www.transceleratebiopharmainc.com/assets/digital-data-flow-solutions/

TransCelerate Digital Data Flow (DDF) Ambition

Write Once, Read Many

TODAY: Document-based paradigm for protocol creation, TOMORROW: Digital paradigm for protocol creation, with fully
interpretation, and transcription into consuming systems automated data flow and interoperability between systems
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The USDM Standard

C174447 |Study Arm PtudyArms": [
“id": “StudyArm_1",
"name": "Placebo",
! “labelh: ",
C170984 |Study Arm Name "description”: "Placebo”,
C93728  |Study Arm Descriptic. {
C188827 _|Study Arm Type "id": "Code 61",
2DataOriginDescription C188828 |Study Arm Data Origin ncode”: "C174268", .
Deser codeSysten": "http://www.cdisc.org",
N — "codeSystemVersion": "2022-12-16",
Logical Model JignType CT68625 [Study Arm Data Origin Ty rdecoden: "Placebo Conparator Arn
. . +,
The UML logical model (a class diagram) b CNEW |Study Arm Label “StudyArmDataOriginDescription”: "Data collecy
. N "dataOriginType": {
that provides the basis for the USDM C71738 |Study Epoch “id": "Code_62",
“code": "(188866",
standard. ATTpeT—— "codeSysten™: "http://ww. cdisc.org",
me C93825 Study Epoch Name "codeSystemVersion": "2022-12-16",
"decode": "Data Generated Within Study"
n C93824 Study Epoch Descriptic "id": "StudyArm_2",
StudyArm C188830 |Study Epoch Type “name": "Xanomeline Low Dose",
“labelt; o,
id: String Unified Study Definitions Model j:‘:;;ggfpim”: "Active Substance",
name: String 1 r' tation Guid (USDM-lG) "id": "Code_63",
description: String [0..1] CNEW Study Epoch L# "code": "C174267",

label: String [0..1]

Version 2.0 (Draft for Internal Review) "codeSystem": "http://www.cdisc
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Examples

5 Example protocols implemented in the
USDM with associated JSON files and
visualisations
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studyEpoch

Implementation Guide

API Specification

Guidance on using the USDM model
and ensuring conformance with the

Provides the means to exchange a

/v3/studyDesigns Study designs for a study

standard

single study between machines
using a JSON API

> Expandall_object




CDISC DDF / USDM: Phases One, Two and Three

. Phase One Phase Two Phase Three

) (|

Ul

25Classes — - 35 Classes — & g -y == g
. 58 Classes —
* Solid foundation » Focused on the structured elements of the * Now contains structured and unstructured
protocol, e.g. the Schedule of Activities elements

* The protocol document was an external . i
entity into which the structured content (SoA) & Biomedical Concepts (BCs) « The entire protocol document can be held
could be exported » The protocol document still an external within the USDM

entity « Allows for the protocol document to be
generated from the model

cdisc



USDM Content

Controlled
Terms

Study, Identifiers,
Amendments

Estimands
Populations

Inclusion &
Exclusion

Interventions &
Indications

Objectives &
Endpoints

Unstructured Content

Study Designs,
Arms, Epochs

Detailed Study Logic,
Encounters

Procedures, Biomedical Concepts




« Conformance Rule Coverage for USDM




Latest page content update: 1/ Jan 2024

Introduction
CDISC Conformance Rules are an integral part of the Foundational Standards and serve as the specific guidance to Industry for the correct
implementation of the Standards in clinical studies. An emerging Industry best practice is to use Conformance Rules on an ongoing basis,

throughout the study, to keep the data as close to submission ready as possible and to ensure quality in all data exchange scenarios.

Current CDISC Conformance Rules need to be expressed in a common specification to be loaded to the CDISC Library. In addition, an

executable component must be developed for every Conformance Rule.

Project Goals and Objectives
The overall goal of the CORE Project is to deliver a governed set of unambiguous and executable Conformance Rules for each Foundational Standard, and to provide a

Reference Implementation of an open-source execution engine for the executable Rules.

The global clinical research community will be able to leverage the free and open CORE software to test study data for conformance to CDISC standards as well as to

regulatory and sponsor-specific conformance rule sets.

The CORE Project objectives are to:

¢ Ensure each standard has a set of unambiguous, executable Conformance Rules

e Ensure consistency across Conformance Rule implementations

¢ Expedite the availability of executable Conformance Rules for new Foundational Standards
¢ Create executable Conformance Rules vetted by the CDISC standards development teams
¢ Create a Reference Implementation of an open-source engine that executes the Rules

e Release the open-source engine under the CDISC Open-Source Alliance (COSA)

https://www.cdisc.org/core

cdisc



https://www.cdisc.org/core

. USDM CORE rules

» Purpose

» Check that exchanged JSON API file is correct according to USDM logic and implementation
P guide

----- * Inform users of incorrect and/or unlikely content via pre-specified rules

 Inform users of correct implementation via logical representation of content rules

w1« Phase 3

* Proof Of Concept

* Phase 4
* Rule set aligning with USDM 3.0
* Rule set aligning with USDM 4.0

cdisc



DDF3A CORE POC Use Case and Scope

» Demonstrating that USDM JSON files are USDM compliant,

* e.g., Transfer of USDM JSON file from one organization to another (e.g., Vendor to Sponsor)

» Scope

» Develop a representative set of conformance rule specifications (up to 100)
?5::'5':.:? + In addition, develop a representative set of machine executable Conformance rules (in YAML)
Yo to cover a wide breadth of the different types of rules to demonstrate DDF conformance

e Details
» Enhance the CORE Rule Editor and schema to handle various DDF rule types

» Develop and test a representative set of machine executable conformance rules (in YAML
format)

* Enhance the CORE open-source engine to run these Conformance Rules against a USDM
JSON file

» Scope CDISC Library modifications (to store DDF conformance rules and the USDM model)

cdisc



Process

dfd Process USDM CORE POC /

iy S

Rule Requirements
Repository

1. Ideate /
Specify
Rules

2. Define
rules and
messaging
in CORE

3. Check
rule and
messages

CORE Rule editor

4. Add
technical
operations in
rule editor

5. Confirm
execution in
rule editor
with test data

6. Publish
rules

K=

Core Rules engine

7.Runon
full life
dataset




s:;;;:-:f Test Data Template

» Excel workbook based on existing SDTM test data template

» Designed to align with current Rules Editor functionality (e.g., .xpt suffix for sheet names) to
L] minimize effort required for POC

« Link between json and Core engine

i+ Programmatically generated from USDM UML, CT and AP

* In general, 1 sheet per USDM class/entity

« Linking attributes retained

parent_entity parent_id parent_rel id standardCode.id standardCode.code dardCode.codeSy dardCode.codeSy Ver dardCode.decod
sion
Parent Entity Name Parent Entity Id  Name of Relationship from  (Alias Code Id) (Alias Code Standard Code) /  (Alias Code Standard Code)/  (Alias Code Standard Code) /  (Alias Code Standard Code)/  (Alias Code Standard Code) /
Parent Entity (Code Id) Code Value Code System Name Code System Version Decode
String String String String String String String String String
[1] [1] [1] [1] Code[1].id[1] Code[1].code[1] Code[1].codeSystem[1] Code[1].codeSystemVersion[1] Code[1].decode[1]

cdisc



Core engine process updates in POC

dfd CORE Engine process /

InMemory dataindudes
per class

- parentinformation

- 1column per attribute
including True/False "data
exists" column for complex
datatype orlist attributes.
- 1 column per attribute for

Information
ingestion

YAML coded rules based
on conformance rules
Editor logic.

USDM API - Study
Version

by singular relationship

~

USDM data
service (Python)

In Memory tabular
USDM data

Report template

Excel Validation repart

Additional CORE
input
(model/version)

Output report
creation

In Memory validation
output

Export in JSON

format

Validation Results
(JSON)




=~ Running the CORE Engine

it CLI executable available in GitHub

« Cached rules

« Windows, Mac, and Linux install packages

b  Unzip and run

« Will need datasets to validate

}tﬁéif-é PS C:\CDISC\cdisc-rules-engine> python core.py validate -s ddf -v 2 .. \ddf\test_output\CDISC Pilot_Study dirtyl.json
S el C:\CDISC\cdisc-rules-engine

[ ] 10e%

PS C:\CDISC\cdisc-rules-engine> I

« Engine available on PyPI
* Engine is a component that can be used in your own code

cdisc 5



Running the CORE Engine

» Desktop versions

* Vendor released versions of CORE
* Includes a user-friendly Ul
» Easier for non-technical users to evaluate

Dataset location: C:\CDISC\ddfitest output

Study name: test output

PX Formedix CORE

Community

CONFIGURE CONFORMANCE RULES

&

& CORE-000450
& CORE-000449
& CORE-000448
[ CORE-000428
[ CORE-000427
& CORE-000426
& CORE-000425
[ CORE-000424
[ CORE-000423
& CORE-000422
& CORE-000421
& CORE-000420
& CORE-000419
& CORE-000418
& CORE-000417

Rule 1D

Search,

Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data
Record Data

M Validate all datasets

Descri

Sear Controlled terminology: None (coming soon)

Cach primary cbjective must contain at least one primary endpoint,
Each StudyElement must be linked to at least one StudyCell WHODrug dictionary location:
A Scheduledinstance should not point to (attach to) its own timeling
For a Timing from an anchor (with type "fixed reference™), relativeT| MedDRA dictionary location:

Within a submitted StudyVersion, a codeSystem and a codeSystem'

Standard: DDF ~ Version: 2 -

BB o i
1/1selected
Configure Rules 32/32 selected

If a BiomedicalCenceptProperty is related to any RespenseCodes, then ot Ieast ONE Tesponse code should be enabled.

For a Study Amendment, the set of codes for StudyAmendmentReason must not include duplicates.

For any Class with a relationship te the Cede class, the combinations of codeSystem and cede related to the class through that relaticl

If Timing is not of type "fixed reference” then the relationships relativeFromScl ance and relativeToSc ance mu
The eligibility criteria of a StudyDesign are ordered correctly according to the specifed nextid and previousid values.

The encounters of a StudyDesign are ordered correctly according to the specifed nextid and previousld values

The activities of a StudyDesign are ordered correctly according to the specifed nextid and previousld values.

For classes with next and previous relationships, the next and previous relationships must establish an ordered list of instances of the
The StudyProtocolVersions associated with a StudyProtocolDocument must all have different id values

An anchoer cannot have a window. If a Timing is of type "fixed reference" then window, windowLower and windowUpper are all null

cdisc
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Conversion of USDM JSON File

« The CORE engine converts each USDM class in the selected JSON file into
tabular format before applying the rules.

"standardCodeAlia:

“documentVersionId”:
“dateValues [

Study

parent_entity \ parent_id \ parent_rel \ rel_type \ id \ name \ description \ label \ versions \ documentedBy \ documentedBy.id \

Wrapper study definition Study_CDISC PILOT - LZZT TRUE TRUE StudyProtocolDocument_1  Prd

StudyVersion

parent_entity ‘ parent_id ‘ parent_rel | rel_type id studyTitle versionldentifier
v

ra

Study versions  definition StudyVersion_1 Safety and Efficacy of the Xanomeline Transdermal 2
Therapeutic System (TTS) in Patients with Mild to
Moderate Alzheimer's Disease

The discontinuation rate
dosing regimen was 58.4
alternative clinical stratd
improve tolerance for th|
development of a Trans
(TTS) has been initiated.

Code

StudyVersion

parent_entity parent_id parent_rel rel_type ‘ id | code
StudyVersion StudyVersion_1 type definition Code_1 98388
Caaa ol A\ L H Caa o\l H 1 L H Y dio A Aafinis: Lod 2 DIIADMANA
AliasCode
parent_entity ‘ parent_id parent_rel | rel_type id standardCode | standardCode.id standardCode.code‘ standardCo
StudyVersion StudyVersion_1 studyPhase definition AliasCode_1 TRUE Code_2 C15601 http://www,
Subi m Subi m 1 " dofinition  AlincCada 2 Toiic Coda 67 Micn €N 21661
GovernanceDate
parent_entity ‘ parent_id parent_rel | rel_type id name label del
StudyVersion_1 dateValues definition GovernanceDate_1 D_APPROVE Design Approval  Design approv




CORE Report Generated by the Test Run

Report Generation
Total Runtime
CORE Engine Version

2024-03-08T14:15:29
78.4 seconds
0.6.2

CORE Report
 Generated in Excel
 Placed in the CORE folder

Standard DDF . .

version v2 « Datetime stamp in name

CT Version

Define-XML Version

UNII Version

Med-RT Version

MedDRA Version

WHODRUG Version

SNOMED Version

A B & D

1 Dataset |1 CORE-ID Message |~ lIssues | ~|
The combination of Code and CodeSystem for a set of instances of a relationship from a

2 BiomedicalConcept CORE-000424 Class to the Code class includes duplicates a1
A required BiomedicalConceptProperty (isRequired=true) is not enabled
(isEnabled=true), or a disabled BiomedicalConeptProperty (isEnabled=false) is

3 BiomedicalConceptProperty CORE-000408 required (isRequired=true) 1
The combination of Code and CodeSystem for a set of instances of a relationship from a

4 BiomedicalConceptProperty CORE-000424 Class to the Code class includes duplicates 120
Within a submitted StudyVersion, multiple codeSystemVersions are used for the same

5 Code CORE-000427 codeSystem, and/or multiple decodes are used for a the same code. 46
The relationship links an entity instance to itself (previouslid, nextid or

Encounter CORE-000414 defaultConditionld is the same as id), which is invalid 10

cdisc
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Rule examples

« Schema

« Model: data types and relationships
according to json API specification
+ References:

» Previous/next ordering of encounters,
eligibility criteria, epochs etc

» All specified BCs, procedures, categories
referenced by activity

» Target references exist.

* Conditional

* Attributes/Content:
+ fully defined timing window
* Atleast 1 address field specified
+ Content:
* Subject enrolment units
» isRequired and isEnabled dependency
* 1 objective with level primary

A

|
1 |Check_IDJ state

yEY CHK0024

713 CHK0025

v¥jl CHK0026

vi:j CHK0027

yER CHK0028

Elo}} CHK0029

4§ CHK0030

E¥H CHK0031

UPDATE

FINAL

FINAL

>V2.6

FINAL

FINAL

FINAL

>V2.6

|
B Check Category

CONDITIONAL

CONDITIONAL

CONDITIONAL

CONDITIONAL

CONDITIONAL

CONDITIONAL

CONDITIONAL

CONDITIONAL

D =

[ short check Description B Affected Classe(s)

Either defaultCondition or ScheduledActivitylnstance,
TimelineExit should be filled  ScheduledDecisionInstance

isRequired and isEnabled
dependency BiomedicalConceptProperty
CDISC Study Phase codes used StudyVersion

At least 1 applyTolds specified

for condition Condition

If studyAmendement Other
then reasonOther specified
and vice versa StudyAmendmentReason
Timing Anchor should be Start

to Start Timing

At least 1 main timeline for a

studyDesign ScheduleTimeline

At least 1 anchor per timeline ScheduleTimeline, Timing

* Age, gender, enrolment number etc specified at either cohort or study population level

cdisc



Rule examples

e Conditional

oo, B | C D | E
. . ° Complex: Check_llﬂstate -Check Category -Short check Description -Affected Classe(s)
%, * Unique arm-epoch combination
HE « Study type matches number of interventions e
5 _..' =% X i CHKO099  CREATE CONDITIONAL referenced from a procedure Procedure, Studylntervention
SIS * Alignment between encounter and epoch ordering

Wlth tlmellne A scheduledInstance should zz::j:::ggiﬁzr:rs\i:i’e,

CHKO100  FINAL SCHEMA not point to it's own timeline  scheduleTimeline

.

 Unique
codeSystem, and a

codeSystemVersion, code and

* lds: within and between classes e el mustbe ane oo, code
CHK0102  DEFINE CONDITIONAL specified Studyldentifier

® COd eS : Referred TimelineExits in the

scheduledActivitylnstance

« Only 1 entry per title type, signature type etc e A
CHK0103 DEFINE SCHEMA ScheduleTimeline class scheduleTimeline
* No repeats of codes for 1 entry Referred entrylds n the

» Text:
« Name description label within a class
+ Code system version
+ Section numbers

cdisc



CORE rule features used for USDM

DT, e Existing rule features like:

« Equal_to

« Does_not_contain_case_insensitive
* Is_not_unique_set

2« New rule features created like:
Nk + Enable test data format

oz - Joining datasets

* New rule features still to be created
» JSON schema check
« XML format check
* Links to DDF/external codelists

» Complex joins and cross checks
e ... 7

cdisc



* Planning for Phase 4




Scope of Phase 4
S B USDM version 3.0 final set of rules

..is» Add new YAML functionality to enable all anticipated rules like for:
Tall » Complex cross-checks

* Check CT

* Null values checks

« API Json schema check

« XML format check

» Create improved reporting template
» USDM version 4.0 final set of rules
* Add an exemplar study

cdisc
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