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Number of RAVEN Users

EMA Reflection Paper

RBQM in Clinical Trials

ICH E6 (R3)

2025

development for Initial RAVEN RBQM RBQM Dashboards
RBM CDM & CM QTLs Dashboards for site management
> 2015 2016 2017 2019 2020 2021 2022 2023 2024 2025 >

Process changes:
IDRP + CDR/CSM
function

Developing RAVEN dashboards & growth of use cases,
finding a place in the existing reporting environment

ICH E6 (R2)

2016

Query Control Initiative
embedded in the new context

Further
* inclusion of CtQ
* parsimony
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#» RBQM in CDM - the journey so far —

Reflection paper on risk based quality management in
dlinical trials

Inspiration & Indicators S nh————
/' Inspired by the EMA Reflection Paper RBQM in Clinical Trials 2013 e
/' Guided by the Transcelerate’s Risk Indicator Library —_— [Mwwww
Blinded survey on Risk Indicators => Risk Indicator Library : 140 Risk Indicators EMA Reflection Paper

/' Insights as a Service by Clinical Data Management RBQM ‘”2‘3[{‘3‘53' Trials
N ||

Risk Indicator Categories & Sub-Categories

Monitoring CDM/Central Statistical Monitoring
Investigational Essential Staffing, Facilities and CRA/On-site Subject Recruitment
Data Quali Issue Management Safe
Product Documents Supplies Workload Quality B ty and Discontinuation
CRA compliance e n5|b-|I|ty =l Pl Oversight CRA Compliance |Adverse Events CRA compliance Adverse Events Enrollment
Data Quality
Dispensing . . . . . . Discrepancy (Query) .
. Site Compliance Site Compliance CRF Review CRF Completion Lab Data Screen Failures
compliance Management
Outcome or Endpoint|Subject
Drug Accountability [Study compliance |Site/Staff Turnover Data Trends Protocol Compliance P . J . .
Issues Discontinuation
Patient compliance Diagnostic Testing Site Compliance Serious Adverse
Discrepan uer Subject Study Dru
Shipment pancy (Query) s e
Management Discontinuation Discontinuation
Site compliance Patient Compliance
Storage Pl Oversight
Protocol Compliance



http://www.transceleratebiopharmainc.com/wp-content/uploads/2015/04/TransCelerate-RBM-Risk-Indicator-Library_FINAL-26Oct2015.xlsx
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RBQM in CDM — the journey so far

Examples of Indicators (KRI, KPI, KQI)

Analysis per: Study, Country, Site; Current QTLs E6 (R2) (=> Acceptable Ranges E6 (R3); Transcelerate ICH E6 Asset Library)

// Compliance COI))
Protocol (PDs/VFs, In/Ex) plIéDCe
// Timeliness
Subject visit, Sampling, Data Entry, SAE reporting
// Recruitment & Retention
Enrolment, Screen Failure rate/reason,
Discontinuation Rates/Reasons, Dropouts, LFU,
Withdrawal of IC

[~

Sag.
// AE/SAEs w

Incidence, Frequency, Distribution, AEs of
special interest, Discontinuations

// Transcription Errors
Changes due to SDV
// Issue Resolution
Data Entry, Turnaround Times, Query aging
// Queries
Counts (per site/CRF page), Re-queries, Query Rate,
Query Quality, Changes due to Queries
// Missing Pages/Data
Identification
// Numerical & Categorical Data (values/time series)
Variance, Outliers, Anomalies
// Advanced Analytical approaches
Duplicate randomization, AE underreporting,
Exploring unsupervised approaches, ML/Al



https://www.transceleratebiopharmainc.com/assets/ich-e6-asset-library/#TrialDesign

I Health for all, Hunger for none

RBQM in CDM — the journey so far

The Reporting And Visualization ENnvironment

CDM/Centralized Monitoring
R /\v E N + Data: Quality/Status/Performance
+ Central Data Review/IDRP
* Quality Tolerance Limits
I= CDMS « Data Management Oversight

Translational Sciences

Clinical Data

7~ * Medical Review Library
o ,,ag Line Management
o de e * Study Health Dashboard

«» cCRF C — Pharmacovigilance
l. CTMS Update... « Pharmacovigilance Library
-

e Clinical Overview Dashboard

Operational Data

+ Site Risk Leveling
7~ * Workload Forecast Tool

DAVE

< ES)ISCQUS "/ RAVEN data is Study Audit Management (Exploratory)
l-. ewon refreshed daily - Selected Dashboards

Processing Data
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RAVEN
/| 85+ dashboards
/" 150 In-house + outsourced studies (‘Data Management Oversight’ dashboard)

// 1500+ Users (internal/external)
Clinical Data Managers (in-house & outsourced), Centralized Monitoring (IDRP)
Medical Review Library/Visual Patient Profile — Phase 1: Study Medical Experts
Management: Study Health Dashboards
Pharmacovigilance Library: Global Safety Leads
RBQM: Country & Study Lead Monitors, Study Managers, Clinical Research Associates
Site Audit Management (SAM): Clinical Auditors
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01/02/2022
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The link between Centralized Monitoring & Remote Monitoring Emphasis is shifting from

retrospective error correction
to prospective error prevention.

The Integrated Data Review Plan — Centralized Monitoring Process

SDM

Monitoring

Core -
sve Study Team StM J<7"77=---____
Data

Management
Plan

Medica Integrated Data " Central Data
R;Eﬁw «» | ReviewPlan Review

(IDRP) Clinical Data Reviewers

\ o ———1 / RAVEN RBQM Remote Monitoring

= il "8 , = ) Country & Site
- | — — Management
RAVEN : E Subset . : CLM/CRA/StM/SLM
A EEErEAd
§ RAVEN RBQM
? Dashboards
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Ongoing Site Risk leveling Dashboard

| File Edit Data Visualizations View Tools Help User | O Q& R Y & | A Viewing Vv

ﬂ Ongoing Site Risk Leveling (OSRL)

Study: D00 Environment: Prod Refresh Date: 11-Jun-2022 RS Version: 2.0 PORT Ve n: 1.1

' OSRL Value for Site MEDIUM == FAQ | OnePager

Dynamic Options Indicator Overview Indicator Performance Over Time (POT)
- OSAL AEI
Date : 01-Dec-3355 @ Ongoing Ste Rk Lev e - v ¥ = 1
AE Incidence DET FU
Country: i -
—— pel——
| QAO QAT
OSR _ SV P | | W S ——— o ~ o
— QvoL csD
— -
— 14 30 18 4 20 6 22 8 25 10 29 15 14 30 18 4 20 6 22 8 25 10 29 15
ite: Quary Volum
She iy TORNDS Ma May Jun Aug Sep ov Dec Fedb Ma M Dec Jan Ma: May Jun Aug Sep ov Dec Fed Mar Ma
Changes dus to SOV 2021 2022 2020 2021 2022
OTHER
= Unreported Data Entry —
1
Navigation ; —
8 Indicator Distribution
& OSAL AE DET FU PD Vo P QA0 QraT QoL CsD UDE
OSRL 3 150 1 300 8 08 1 10 30 20 0 100
Study| Country| Site . 100 0s 200 < ] e - 20 e -
y e e N A S _ - 0.4 05 5 10 v 50
= 0 10
o oc .
. B 50 Ve a o , a o o a 8 a 8
OSRL Indicators = 0 ® 0 0 0 @ : » ° L3 0 0 0 ®

Detailed POT Indicator Overview

Colors

110f 7,095 rows O marked 23 columns Indicator Union i @
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Protocol Deviations & Validity Findings at Study level

: | File Edit Data Visualizations View Tools Help User | O Q @ Y & | A Viewing v

& Deviation and Finding Frequency v2.0 (DFF2) Filters OF X

nt: Prod Refresh Date: 11-Jun-2022 RS Version: 6.0 REPORT Version; 2.0 Tyt sasedy flsons Q

Subject Population A
Counts of All findings- Overall
Havigation Subject Population
- <i - - (=) All subjects
Country | Site | Listings 2 of all findin 3 ) )
‘ i e O Subjects with 1C
Dynamic Options # of confirmed ImDs - 116 _) Subjects treated
. g Subject Status
Separated dashboards: # of confirmad VFs I 16 -
Type to search in list
All findings v = of confirmed ImDs 2nd VFs | o | (A1) 3 values

02 - Screening Failure

07 - Death

Counts b & of not yet confirmed findings | 0

% of unassessed findings | 0

Hard Locked Subjects
|v] Locked
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Counts of All findings- Overall Country

Type to search in list

Ratio of all e (All) 12 values
# of all subjects # of all findings findings per f#of confirmed Ratio of conﬁ@ed # of confirmed VFs  ofcontimed i 0% corfumedt . I AUSTRALIA
subject ImDs ImDs per subject ImDs and VFs Non-ImDs Non BELGIUM
Study - CANADA
185 1774 9.5% 116 0.63 16 1642 FRANCE
ITALW

1 filter changed 9 Vv
Subject Population

Subject Population = All subjects

Externaldata DFF @ @
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Protocol Deviations & Validity Findings: beginning of a Root Cause Analysis

:

File  Edit Data  Visualizations View Tools Help  User O Q& 1Y | A Viewing v

& Deviation and Finding Frequency v2.0 (DFF2) Filters O F X
- , + Prod Refresh Date: 11-Jun-2022 RS Ve 6.0 REPORT Ve n; 2.0 Type to search filters Q
Navigation Counts of Important Deviations (ImDs) per classification- Across Sites Subject Population A
24 Subject Population
Overall | Country | Listings 20 (=) All subjects
20 — .
5 16 Note: To order the graph with same sort order Subjects with IC
Dynamic Options P 16 - as applied in the cross-table, filter to one ) Subjects treated
E Classification of ImDs at a time and Refresh
- 12 a
Separated dashboards: o g Graph Subject Status
E g - 6 s Color by Type to search in list
| r classificatior v = - 4 . .
mDs per ciassification & . 3 3 . . 3 . . Classification of ImDs | (All) 3 values
5 . 1 1 1 1 i 11 1 11 111 02 - Screening Failure
Visualization Mode: n - @ INCLUSION/EXCLUSIC ERIAL : 06 - Discontinued
S F = = 0 a6 0 & W T - x WU 30 xS >V DX s s S -z = OTHER PROTOCOL DEVIATIONS 07 - Death
: @ FPROCEDURE DEVIATIONS
Toggle: @ TREATMENT DEVIATIONS
Counts -
G £l Deviati ImD lassificati A i Hard Locked Subjects
Export Options: ounts of Important Deviations (ImDs) per classification- Across Sites 7] Locked
Hide Study/Country - Country
: # of confirmed # of not yet Type to se n list
pe to search in list
Site # of all subjects # of ImDs ImDs confirmed ImDs Y L _." - ;
Classification of ImDs - 1 filter changed S v
INCLUSION/EXCLUSION CRITERIA NOT 4 5 s
MET BUT SUBJECT ENTERED TREATMENT N . . Subject Population
1 2 2 Subject Population = All subjects
Details-on-Demand X
Study Country Site Subject Folder Form Finding type Classification of ImDs Assessment comment Query status Date of record identifiec
Safetyf...  SubjectVisit... Manual OTHER PROTOCOL DEVIATIONS 27-Apr-2020
e —— Pammanan An [P— ARAAEALIAE AEATIAMS A8 Laae ANAA

External data DFF @
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Changes Due to SDV: at study level

: | File Edit Data Visualizations View Tools Help User | O Q W Y & | A Viewing v

$F Changes due to Source Data Verification (CSDV) Filters O F X
Study: Environment: Prod Refresh Date: 12-Jun-2022 URS Version: 4.0 REPORT Version: 1.5 “utoff: No Cut-off Status: NA Type to search filters O\
Changes due to SDV (%)- Study Overall CSDV_Filters A

Navigation
Subject Population
Country | Site| Listings | Overall eCRF

0.66

(») All subjects

() Subjects with IC

_) Subjects randomized
_) Subjects treated

o
o
's)

o
o~ w
o

o
&)

o
w
o

Subject Status
Type to search in list

| (A) 8 values
02 - Screening Failure
03 - Randomized
04 - On Treatment
05 - In Post Treatment Fo..
06 - Discontinued
07 - Death

[S]
[
o

Changes due to SDV (%)

O
S o

o o

Changes due to SDV- Study Overall
Hard Locked Subjects

| Locked
| Unlocked
Total No .of fields Number of data Changes due to
Study SDVed changes SOV (%) Country
21043 5418 0.66

Type to search in list

1 filter changed 9 WV

CSDV_Filters

Subject Population = All subjects

External data CSbv
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Changes Due to SDV: at site level

¢ | File Edit Data Visualizations View Tools Help User | O Q ® R Y | M Viewing v

Filters O ¥ X

a Cevitonment: Prod Refresh Date: 12-Jun-2022 RS Ve 40 Version: 1.5 Cutoff: No Cut-off Type to search filters Q
Navigation Changes due to SDV (%)- Across Sites CSDV_ Fitters ~
- A Subject Population
Overall | Country | Listings | Overall w 276
. 8. )
eCRF 6y (=) All subjects

i () Subjects with IC

— &
E 6 5.33 () Subjects rand ed
Dynamic Options: = - - o endom
=) 4.40 () Subjects treated
Visualization Mode: je] 4.
@
] a
Export Options: w < Study Overall (%)=0.96 Type to search in list
m
. & R T (All) 8 values
Hide Study/Country - “ 0. e I 02 - Screening Failure
N s S T - T 03 - Randomized

04 - On Treatment
05 - In Post Treatment Follo. ..
06 - Discontinued

&) {)] 07 -Death

Custom Slider(s): O

Setup Slider Panel m = —
Changes due to SDV- Across Sites Hard Locked Subjects
[v] Locked
|+] Unlocked
Total No .of fields Number of data Changes due to Country
Site SDVed changes SDV (%) - Type to search in list

= * 7e 1 filter changed D owv

333 22 6.61

225 12 5.33 CSDV_Filters

418 22 5.29 Subject Population = All subjects

Externaldata  CSDV  § ]
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Example of IMPALA consortium collaboration: Clinical Trial Anomaly Spotter (CTAS)

/- Identifies site and subject level time series anomalies

/ Started in 2022 as Time Series Outlier & Anomaly at Bayer

/- Since July 2023, co-developed within the IMPALA consortium as Central Statistical Monitoring (CM) tool

File Edit Data Visualizations View Tools Help User \ O Q ® n Y | . Viewing v
i : x Latest update: 08-Jun-2022
Time series outliers Please read the user manual! P08 -
RAVEN This dashboard is not GCP validated. It is for exploratory use only and cannot be used for any decisions
Home Paaqe
Settings Similarity plot Feature values
Study i Average Site co-cluste Standard dev Unique values
2 - 1 0.75 7
o 0.5
& - 12 .
Data domain () = 05 -
a - 07 0.25 3
s 700
LB ~ - 0.2 0 0 \ 1
Parameter category
GENERAL CHEMISTRY
All time series Selected time series only
Parameter
Alanine Aminotransferase (SG Other sites Color by
Alkaline Phosphatase (ALKPH Site
Aspartate Aminotransferase (S... 2 - ¢ A0 A 4 1 4
| Bilirubin (BILITOT) B g : - B 040 040 040 040 040 040 040 )
Creatine Kinase (CK) é 1 o —a 0.40 e ———————————20
Q "‘ F v H 3
Highlight site ND ND ND ND ND ND ND ND ND ND ND ND ND ND
V1 v2 v3 V. /S 6 8 V1 V2 V3 va 5 V6 V8
(None)
Visit » Time point Visit » Time point

sites Subjects 25950f2,595rows  1marked  11columns  BrowserTimeseriesFeatures  } @
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Duplicate Randomization Report (‘two’ study participants are actually the same person)
/' Pair-wise comparison of in-database-fingerprint (based on DM, VS, LB)
/" Helps identifying potential duplicate randomizations

nly and cannot be used for any decisions

Duplicate Randomization e 5
RAVEN This dashboard is not GCP validated, It is for exploratory use

Pair similarity vs. geodistance

piicate 0 3
3
w y populated across udy
1 can be ateRaNcOMIzal
4 c ¢
Geographic distribution of similarity scores
ignal threshold=0 86

eV [ a4t o) B MatchSnes
(7] Stea does NOT manch Sae8

\\-4 o ! % g & NO.COMMON LBS

-+
e /] Inciuse emcy vaues
WISIT_SEP
y X
AnEn) A BRALM 7] Inchude empty values
. 3 . NO_COMMON_LBS_PERC
¢ ,

<] Inchuge empty values

sgnal preshols
ase ose
i
1 fier changed S v
350 400 450 500 ol PRDUPRAND, SCORED PAIRS
L5000k
Beographic Distance between Subjects [k MatcnSees: (Seed Goes NOT matcn Ste)

Some finers are Noden
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Good Statistical Monitoring (GSM) applied to OsRL & CM dashboards

/" Ongoing site Risk Leveling (OsRL)/Central Monitoring (CM) dashboards: Bayer’s brainchild => inhibiting lead

/" Gilead Sciences: Good Statistical Monitoring (GSM) Open-Source R Package

/- PHUSE RBQM Working group: pre-competitive cross company collaboration.

/" Standardized calculations & visualizations (funnel visualization, data pipelines, extensive framework for testing/validation)

13 13
1.0 e o ey 1.0 e o

08 L e/ 08

0.5 L] ° ] [

Discontinuation Rate
o
2
3
e
<
Discontinuation Rate

03 L] °

000 ® e e e o o 00000000//
0.3 .

0.3
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Total Patients Total Patients

03 o °

Constant Limits (Absolute) Statistical Limits

Overall: 36.4% Moderate: 36.4%

Moderate Limits (Yellow): 36.4% + 15.0% Moderate Limits (Yellow): 95% Confidence Interval
Severe Limits (Red): 36.4% + 30.0% Severe Limits (Red): 99.7% Confidence Interval
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What’s next?
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ML/AI to identify issues & send to DMs

2026 2027 2028

> 2025

,.CICH

2029

> Beyond

et Ko O AL PRACTIC Further embedding of proportionality &
risk-focused approach

ICH E6 (R3)

2025

T => ‘Critical Thinking’

/- 2025-2027: Further embed risk-focused/proportional approach in clinical
development culture:

v

Critical to Quality

Category
1. Protocol Design &
Maintenance

CTQ RISK IDENTIFICATION
CtQ Factor related to:

1.1 Eligibility Criteria

1.2 Endpoints

1.3 Randomisation

1.4 Masking/ Blinding

1.5 Controls

1.6 DataQuantity  ‘Data Parsimony’

1.7 IMP Handling & Administration

1.8 Procedures & Tests

2. Data Integrity

2.1 Validation

2.2 Security

2.3 Access Management

2.4 Data Privacy

2.5 Audit trails

2.6 End-to-end dataflow reliability

/" More explicit cross-functional CTQ assessment

/" ‘Data Parsimony’

/" Continued focus on systemic issues rather than individual errors -
preventive rather than corrective

/- 2025-2029: Use ML/AI to identify issues & send to DMs

3. Feasibility

3.1 Study & Site Feasibility

4. Participant Safety

4.1 Signal Detection & Safety Reporting

4.2 DMC/ Stopping Rules

4.3 Informed Consent: Process

4.4 Informed Consent: Information

5. Study Conduct

5.1 Training

5.2 Data Recording & Reporting

5.3 Data Monitoring

5.4 Data Management

5.5 Statistical Analysis

6. Study Reporting

6.1 Dissemination of Study Results

7. Third Party Engagement |7.1 Delegation of Sponsor Responsibilities/ Sponsor Oversight

7.2 Collaborations

8. Technology

8.1 Digital Healthcare Technologies

8.2 Advanced Analytics

8.3 Real World Data
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Peter G. Stokman

Reporting & Visualization Business Lead
Data Monitoring & Operational Insights
Bayer AG

peter.stokman@bayer.com
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