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PRISM Use for
International Regulatory Interaction

Current Use Cases/Planned

» Real World Data (in progress)

* ICH M11 Clinical Protocol (completed)
+ eCTD/SDTM (completed)

« Chemistry, Manufacturing, and
Controls (Structured CMC)-M4Q
Statistical Analysis

« Combination Products

» Labeling

IDMP Ontology
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Challenges for CMC Regulatory Submissions

* Despite unprecedented advancements in medicines, regulatory filings remain
predominantly paper-based, leading to inefficiencies and potential delays in
the review, evaluation, and collaboration for drug applications.

Challenges for

Differing Country Digitalization of
Specific Requirements Regulatory Submissions
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hallenges for
CDER's Drug Product Catalog contains =140,000 drug products sitalization of

» CDER's Site Catalog contains =4,800 manufacturing sites
» Quality assessments of =1,100 approved applications

itory Submissions

* 118 new drug applications
= 956 generic drug applications
* 29 biologics license applications (including biosimilars)

FDA/CDER/OPQ (Food and Drug Administration/Center for Drug Evaluation and Research/Office of
Pharmaceutical Quality) https://www.fda.gov/about-fda/cder-offices-and-divisions/office-pharmaceutical-quality|
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Chomm

Interpretation of Quality

Core Document Acceptance Rate ? Average
§24 S41 ST P32 P33 P.8 F.XLEEL

30 63% 67/% 63% 350% S57% 8% 47% 953% 23% S1% 57%

17 3%5% M% 953% 4% T6% T16% 47% T1% 18% 65% 93%

35 4% 34% 3% 29% M% 1% 49% 54% 117% Si% 45%

:
— 12, 51% 52% 56% 43% T1% T79% 46% 59% 25% 62%  54%

Probability of Acceptance by
All 4 Countries ?

67% 63% 80% S50% 80% 80% 43% 63% 40% T70% 64%

83% 3.4% 24.6% 37.6% 4.7% 14.8% 8.7%

Total of 112 submissions from 11 companies.

Toward a Single Global Control Strategy: Industry Study | Pharmaceutical Engineering
(ispe.orq) International Society for Pharmaceutical Engineering; January / February 2022
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Challenges for CMC Regulatory Submissions

* Despite unpreced--+-- ~+--~--~—-—s- i oAt oo m e~ - filings remain

predominantly pz al delays in
the review. evalus Challenges for Digitalization

> Shifting from static document-based submissions to enges for
dynamic, structured data submissions could necessitate lization of
a major overhaul of IT infrastructure. y Submissions

» How to utilize decades of institutional knowledge from
documents?

» Need harmonized data standards across regions and
organizations.




Project PRISM: Sakura Bloom CMC (ICH M4Q R1) Demo

Project Sakura Deconstructing Utilizing Al Plans for

PRISM and Bloom from PDF: Tools to ICH M4Q

Cloud Veeva to Unstructured Evaluate (R2) CMC

Environment Cloud Data to PAC for Use Case
Transmission Structured Sakura

Data Bloom




Sakura Bloom ICH M4Q (R1

PAC Use Case

Original NDA PAC: Addition of 2" Manufacturing Site

Blenw Lactose Hydrate -
Microcrystalline Cellulose Prunius

[ Process | . Rlending Laciose Hydmie
g Microerystalline Cellulose

Croscummiellose Sodiam

Process 1
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Purified water
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Granulation

Process control
Granule particle size
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Hydroxypropyleel lubose
Purified water

Dhssalution -

Prooess. conkral
Girmnule particle soe
(CMA)

Process control Crramulation

Water content (in house)

Screening

Blending

Tableting

Prosteia conlrs]
Waler conlent {in howse)

Process control
Weight (CMA)
(Weight variation
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Magnesium Stearate

Process 2

Process controd

Process 2

[]i.lund.mg H Magnesium Stearale
T

Purified water

Hypromellose Hardness (CMA) ;i'-“-.-::: I.Hl'..:l::ll o
Macrogol 6000 Uniformity of dosage (CMAT) )

units (RTRT)

Content of drug substance

Dispersion ]—

Process 4 | Coating l

Titanium oxide
Red Ferric Oxide
Purified water

Process control

Water content (in house)

‘ Process 5 | | Inspection } Process control IM Coating Witer content (in bous<)
| Descrlptin_n (RTRT) I
| Process 6 } ‘ Packaging ‘ — | Process 5 | | inppection I Process control
i Description {(RTRT)
|- Mdentificstion (RTRT)
[ Process 6 ] [ PFackaging ]
Table 3. Process parameters for Process 3

https://www.nihs.go.jp/drug/section3/QbD_P2_mock_SakuraBloomTab_E_Feb2015.pdf

- | T i
Process 3 @ Hypromellose
Macrogel 6000

Purified water

Hardness (CMA)
Uiniformity of dosage
unats (RTRT)

Conient of drug substance

[sselulion

Titanium oxide
Dispersion |_ Red Ferne Oxade

Purnfied water

Process. contral

Table 3. Process parameters for Process 3

Application Form | Product Master
(Notification | formulaetc. | PARand its Application Form | Product Master

Process Items matter) (Control range) | study scale Justification Process ftems [mn:i::::;“" [;::::ﬁ:;;] ::u:::::: Justification
Compression force is a CPP and has an impact to the CMA.
Thenew compression force of 6-17kN compared to 6-15 kN Compression force is a CPP and has an impact to the CMA.

Frocess 3: 515 kN is neglible and does impact the quality of the product. This The new compression force of 6-17kN compared to 6-15 kN

Tableting | Compression (Commercial | is confirmed with hardness testing and ongoing stability Process 3 516 kN is neglible and does impact the quality of the product. This

Process force 614 kN 6-14kN scale) studies that meet release specifications. Tableting | Compression {Commercial | is confirmed with hardness testing and ongoing stabllity 11

Process force 617 kN 6-15kN scale) studies that meet release specifications.



Sakura Bloom ICH M4Q (R1) Stability Data

Original NDA PAC: Addition of 2" Manufacturing Site

Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 25°C/60% RH Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 25°C/60% RH

Test Acceptance Criteria Initial 1 3 6 ’ 12 18 H Test Acceptance Criteria Inirial 1 3 6 9| 12 (18| 24
Description Pale red tablet Pass | Pass | Pass Pass Pass Pass Pass | Pass Description Pale red tablet Pass | Pass | Pass | Pass
Assay (% label claim) 90-100% 97 97 96 96 96 95 95 94 Assay (% label claim) 90-100% a7 94 93 94
Impurity A <2.0% 0.8 0.85 09 09 1.1 13 1.3 14 Impurity A =20% 08 09 098 11
Impurity B <30 1.7 1.7 19 2 21 21 22 22 Impurity B <30 17 17 18 195
Impurity C <20 0.15 0.15 015 015 015 0.15 015 | 015 Impurity C =20 015 015 | 015 | 015
Total Impurities <6.0 265 27 295 3.05 3.35 3.595 3.65 38 Total Impurities <6.0 265 27 3.1 595
Dissolution >85% at 30 min 88 90 91 92 92 90 90 | 90 Dissolution ~85% a1 30 min 93 | 93 | 92 | 92
Microbiological quality Meets Pharmacopeia Pass | Pass | Pass | Pass Pass Pass Pass | Pass Microbiological quality Meets Pharmacopeia Pass | Pass | Pass | Pass
Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 30°C/75% RH Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 30°C/75% RH
Test Acceptance Criteria | Initial | 1 3 8 s 12 Test Acceptance Criteria Initial | 1 3 6 [9]12
Description Pale red tablet Pass | Pass | Pass | Pass Pass Pass Description Pale red tablet Pass | Pass | Pass | Pass
Assay (% label claim) 90-100% 97 96 95 95 95 94 Assay (% label claim) 90-100% a7 | 94 | 93 | o2
Impurity A <2.0% 08 09 | 097 | 105 115 14 Impurity A “20% 08 | 084 | 105 | 11
Impurity B <3.0 17 1.7 1.8 21 22 22 Impurity B 3.0 17 168 | 175 | 22
Impurity C <.20 0.15 015 0.15 015 015 0.15 Impurity C <20 015 | 015 | 015 | 015
Total Impurities <6.0 2.65 275 292 3.3 3.5 375 Total Impurities “6.0 265 | 273 | 3.05 | 3.31
Dissolution =85% at 30 min 88 0 91 92 92 90 Dissolution =85% at 30 min 92 94 94 94
Microbiological quality IMeetis Pharmacopeia Pass Pass | Pass Pass Pass Pass Microbiological quality Meets Pharmacopeia Pass | Pass | Pass | Pass

Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 40°C/75% RH

Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 40°C/75% RH

Test Acceptance Criteria | Initial 1 3 8 Test Acceptance Criteria Initial | 1 3 6
Description Pale red tablet Pass | Pass | Pass | Pass Description Pale red tablet Pass | Pass | Pass | Pass

Assay (% label claim) 90-100% 97 96 94 93 Assay (% label claim) 90-100% 97 93 92 92
Impurity A =2 0% 08 12 16 18 Impurity A =2.0% 08 1.3 1.7 1.8
Impurity B <30 17 19 22 24 Impurity B <3.0 1.7 19 | 222 | 245
Impurity C <20 015 015 0.15 015 Impurity C =.20 015 015 | 015 | 015
Total Impurities <6.0 265 3.25 3.95 4.35 Total Impurities <6.0 265 | 3.35 | 405 | 455

Dissolution =85% at 30 min 88 94 94 95 Dissolution »>85% at 30 min 94 93 92 94 12

Microbiological quality IMeets Pharmacopeia Pass Pass | Pass Pass Microbiological quality Meets Pharmacopeia Pass | Pass | Pass | Pass




Sakura Bloom ICH M4Q (R1) Stability Data

PAC: Addition of 2" Manufacturing Site

Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 25°C/60% RH Stability data for Sakura Bloom 20 mg tablet in HDPE Bottle stored at 25°C/60% RH

[mitm | 1 | 3 | 6 | o | 12 | 1s | 24 ] | el T T 5 1 ¢ olalnla

i } Pass | Pass | Pass

94 a3 94

Test Acceptance Criteria

Tone \

rREEEEE e e e

Description

Assay (% label claim)

Impurity A 09 | 098 | 11
Impurity B

A D N 5 17 18 | 1.95
Impurity C

015 | 015 | 015
27 31 3.25
93 92 92

Total Impurities

Dissolution 3

Microbiological quality Me

Pass | Pass | Pass
Provide a grap al ana 0 s 0 proTile Tro s
Stahility data for Sakura Bl N t 30°C/75% RH
0 : - - 1 Bloo - - : 0 3 0 I I 0 0 le stored a ()
Test Acc o A 1 1 3 6 9| 12
I CA CA -
Description Pass | Pass | Pass
Assay (% label claim) 94 93 92
Impurity A 084 | 105 11
Impurity B ) a 168 | 1.75 | 22
O U ) 0 O C 0 olge O 3 : -
Impurity C < o' ¢ <1 “
015 | 015 | 015
Total Impurities N A 0 -¥e 0 - - - : DO - - 0 a 273 | 305 | 3.31
Dissolution > O = IBEEEE
Microbiclogical quality Me - 0] a =Yelo 0 - - : O g /] . © O A [ Pass | Pass | Pass
Stability data for Sakura Bl stored at 40°C/75% RH
Test Ac 1 1 3 6
Description Pass | Pass | Pass
Assay (% label claim) 93 92 92
Impurity A 13 | 17 | 18
Impurity B 19 | 222 | 245
Impurity C 4 015 | 015 | 015
Total Impurities <6.0 2.65 3.25 3.95 433 Total Impurities <6.0 265 | 3.35 | 405 | 455
Dissolution =85% at 30 min 88 94 94 95 Dissolution »>85% at 30 min 94 93 92 94
13
Microbiological quality IMeets Pharmacopeia Pass Pass | Pass Pass Microbiological quality Meets Pharmacopeia Pass | Pass | Pass | Pass




Sakura Bloom ICH M4Q (R1) Stability Comparison

Impurity A Comparison for Original
and 2"d Manufacturing Site

Impurity A Comparison for Original

and 2"d Manufacturing Site at 40°C/75% RH
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Stability Data for Sakura Bloom 20 mg Tablet - Impurity A

5 10 15 20

—@— Original 25°C/60% RH
—@— Original 40°C/75% RH
—&@— 2nd Manufacturer Original 30°C/75% RH

—@— QOriginal 30°C/75% RH
—&— 2nd Manufacturer Original 25°C/60% RH
—8— 2nd Manufacturer Original 40°C/75% RH

19

17

15

13

11

0.3

0.7

Stability Data for Sakura Bloom 20 mg
Tablet stored at 40°C/75% RH - Impurity A

0 1 2 3 4 5

—8— Original —®— 2nd Manufacturer

14



Project Prism Demonstration




Project PRISM: ICH M4Q (R2) Use Case

lllustrate the Overall Control
Strategy to Summarize Product
Quality

Test the Conversion of CMC Data
to Convert to IDMP Standards

Test Gen Al Tools

Receive Feedback from Industry
and Regulators

mAb Control
Strategy

Cytotoxin Control
Strategy

Conjugate Control
Strategy

ADC Prefilled
Syringe Control
Strategy

ADC DS Control ADC DP Control
Strategy Strategy

16



ADC Overall Control Strategy Concept

Cytotoxin Control
Strategy

Linker Control — Cytotoxin-Linker
Strategy Control Strategy

mAb Control ADC DS Control ADC DP Control
Strategy Strategy Strategy

ADC Prefilled
Syringe Control
Strategy




Overall
Control
Strategy

Linker
Control
Strategy

Cytotoxin-
Linker
Control
Strategy

SM 1 Batch
Analysis of
Cytotoxin

SM 2 Batch
Analysis of
Cytotoxin

Cytotoxin
Batch
Analysis

Starting
Material 1

Starting
Material 2

Intermediate 1

Non-Isolated

Intermediate 2

Intermediate 3

Pure Cytotoxin

Crude Cytotoxin




Cytotoxin

 Chemical Structure

« JUPAC Name

* Chemical Formula

e Molecular Weight

e CAS Number

* General Properties

 FElucidation of Structure & Other Characteristics
* Impurities

 Manufacturer (S)

 Reference Standard

* Container Closure

Stability

Cytotoxin
Batch
Analysis

Critical

Quality
Attributes

Cytotoxin
Risk Analysis

Justification
of Starting
Material 1

Justification

of Starting
Material 2




Cytotoxin Batch Analysis

Test Acceptance criteria
Description A white to brown solid
Identification by IR Conforms with reference spec
Assay by LC 97% to 102% w/w
Organic impurities by LC
Impurity 1 NMT 1.0% w/w
Impurity 2 NMT 0.3% w/w
Any individual unspecified impurity NMT 0.2% w/w
Total organic impurities NMT 1.5% w/w
Mutagenic Impurities
Mutagenic Impurity 1 NMT 5 ppm
Residual Solvents
Ethanol <5000 ppm
Particle Size
Particle Size range <25 um

Results
White
Confirmed
98.20%

0.30%
0.05%
0.05%
0.40%
2 ppm
300 ppm

12 um

DP Analysis
Cytotoxin

Linker Batch
Analysis

Linker-
Cytotoxin
Risk Analysis

mAb Control
Strategy

Overall
Control
Strategy



DS & DP Comparison of Cytotoxin

Drug Substance

Test Acceptance criteria Results
Assay by LC 97% to 102% wiw 98.20%

Organic impurities by LC
Impurity 1 NMT 1.0% w/w 0.30%
Impurity 2 NMT 0.3% w/w 0.05%
Any individual unspecified impurity NMT 0.2% w/w 0.05%
Total organic impurities NMT 1.5% w/w 0.40%

Mutagenic Impurities

Mutagenic Impurity 1 NMT 5 ppm 2 ppm

Drug Product
Results
97.90%

0.30%
0.05%
0.05%
0.75%

2 ppm

DP Stability
Cytotoxin
Impurity 1

Linker-

Cytotoxin
Batch Analysis

Linker-
Cytotoxin
Risk Analysis

mAb Control
Strategy

Overall
Control
Strategy



DP Stability Data for Cytotoxm Impurity 1

Stability Data for Drug Product - Impurity 1 Time Points (months)

Test Acceptance Crlterla Initial 1 3 6 12
25°C/60% RH NMT 1.0% w/w 0.30% 0.33% 0.37% 0.41% 0.45%
25°C/60% RH NMT 1.0% w/w 0.30% 0.32% 0.38% 0.40% 0.46%
25°C/60% RH NMT 1.0% w/w 0.30% 0.32% 0.38% 0.41% 0.47%
40°C/75% RH NMT 1.0% w/w 0.30% 0.35% 0.40% 0.51%
40°C/75% RH NMT 1.0% w/w 0.30% 0.36% 0.40% 0.52%
40°C/75% RH NMT 1.0% w/w 0.30% 0.37% 0.41% 0.50%

Impurity 1 Profile

0.45% 0.60%

0.40%

0.50% Output - Impurity 1 is
expected to be within
specification when product is
0.30% stored at 25°C/60% RH for 24
months

0.40%

0.20%

0.10%

0.35%
0.30% — —
0.25%
0.20%
0.15%
0.10%
0.05%
0.00%

NMT 1.0% w/w NMT 1.0% w/w NMT 1.0% w/w NMT 1.0% w/w NMT 1.0% w/w NMT 1.0% w/w

0.00%

25 C/60% RH 25 C/60% RH 25 C/60% RH 40 C/75% RH 40 C/75% RH 40 C/75% RH

I Series]l I Series2 Series3 Series4 e Series5

Cytotoxin
Impurity 1

Linker Batch
Analysis

Linker
Control
Strategy

mAb Control
Strategy

Overall

Control

Strategy




ADC Overall Control Strategy Concept

Cytotoxin Control
Strategy

Linker Control — Cytotoxin-Linker
Strategy Control Strategy

mAb Control ADC DS Control ADC DP Control
Strategy Strategy Strategy

ADC Prefilled
Syringe Control
Strategy
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Two-in-one TRS publishing of a combination product in M4Q(R2)

A combination product use case Published in M4Q(R2)

Executed in the DNAnexus TRS cloud in Lorenz
docuBridge

~\ Boehringer
W mgelheim +
LORENZ

DNANexus

Device Drug docuBridge
One global submission ...to one central location... ...reviewed across... ...bringing drugs faster to patients
Imagine a world Data would be stored in Health authorities " Ultimately bringing drugs
where you be able to @ one central location, 20 . would collaborate in & & faster to market,
Q\‘ compile and do your QJ  accessible to a predefined °’%® real-time review, with @”@ democratizing access to
— < & . ®
product submission — number of regulators common Q&A and & drugs across regions and

once, across countries. globally. interactions. countries



Proof of Concept - Performing an M4Q(R2) submission for a drug-device
combination product with two sponsors in one common cloud platform, with real-
time agency review

Roche TRS Private Space / Bl TRS Private Space BI-TRS Cloud

2. Assembled LORENZ

Device documents application /\ doouBmdgo
% sequence(s) for
~ = :
/_A - M4Q(R2) as required J _
: 3. Reviewed content

ineCTD 4.0

1. W loaded and published to

.. . We uploade :

Submission P : T
Specialist device and drug :

—————————————————————————— documents for the Publisher

A Boehringer M4Q(R2) Comblnatlon E----------------------------------------------------------------------------------------------------------------E

I"II Ingelheim product submission /
\ 5. Submission 4. M4Q(R2) was made

Drug documents —

% approval |_‘
Submission &/

o N review to regulators,
incl. HAQs
o Regulators ine
Specialist 2

available for real-time




Showcasing the combination product in M4Q(R2) using docuBridge via the

TRS C I ou d Uploaded device and drug documents for the M4Q(R2) combination product submission
Assembling app IRexirésFishizkiskioni{ himiriodenegbiigrdaiduct in M4Q(R2)

[ Spaces

Roche - Bl Shared Usecase Space
Members can view, add, and edit resources

This space will be used for joint usecases between Bl and Roche

+ Addrolde

0
© Apps You are here: Files / M4Q_R2_Sakura_Uploaded /
il Workflows 0 .
Name D Added By Size Created
£, Executions 0 T LS
- Reports 5 I8 SakuraBloom R2 2a317984c9fc81228bdcdSe1c03e29ed.pd [ file-J4AFbJ300V6kx572325qzz4y-3 Raju Rayavarapu 113 KB 2026-01-06 16:50:07 UTC E
€1 Discussions 0 s SakuraBloom R2 Raju Rayavarapu 2026-01-06 16:50:07 UTC
R Members 8
[N

&5 Space Settings

1 | 20 3 PerPage of 2 Total items revious Page NextPage Pagelof1 1 i



Revolutionizing Regulatory Submissions Through Digital Innovation

Michael Abernathy
WCBP Mini-Case Study Session
29 January 2026
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Future State Vision for Regulatory Exchange Published in 2023

E_ Sponsor m Health Authority

Source Data Systems
Source Data Systems

Contract Testing Lab

Digitized Content

‘ HA Gateway HA Analytics Systems

E = .v of Record
{WE ' EE Cloud-based ._
e Data Exchange .

—— Software for Intake, Processing, o ' HA&D;:: Sden:iices Export &
Manufacturer ' Authoring, and Content-Reuse naardas Download

- . s
-~

Pharm Quality - Industry FHIR Data Standard

1. Health authority and industry FHIR standards are used to standardize data at the source
2. Sponsor Source data systems are connected through structured, standardized data

3. Digital content management systems render data in the required format

4. A cloud-based data exchange system connects the sponsor and regulator environments
5. Regulators receive structured, standardized data that can be used in analytics software

®
. ” AMGEN
From Anderson, Algorri, Abernathy 2023



https://www.sciencedirect.com/science/article/pii/S0378517323007627?via%3Dihub

Practical Application of Regulatory Exchange

_ _ = = = ==—=—— Afrificial Intelligence - == -~ _ _ _

—-— —
——
- —’/ \~~
== L]
0 o m e e T e
e -
- —y
~

Analytics
(FDA’s KASA)

-
-
-
/ Sponsor - Health Authority
Semantic Data Lake Digital Authoring Cloud Platform Digital Review Systems of Record

Cloud-based

/ SCDM + SCA + GenAl

Exchange )
Data Services & Standards

(EMA’s SPOR)

E
ﬂ
Kl

—

—

—

%

~
~

™ Systoms of Recora

Benefits of Digitalization

ke E 22 M

Time Efficiency Manual Error Increased Reduced Real-time Accelerated
& Optimization Reduction Manvufacturing Medicinal Collaboration Approvals
Capacity Waste

Figure from “The Future of Regulatory Filings: Digitalization,” Ahluwalia et al., 2025, doi: 10.1186/s41120-025-00113-7

30
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Global Patient
Access

AMGEN



https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc
https://rdcu.be/ejkrc

Leading the Way in Cloud-Based Exchange

Amgen’s Vectibix High Mass Process (HMP) Pilot

¢ Accumulus i
Reliance-Amgen-1
Ssummary Milestones Tosks Content HA Questions
IATUS In Progress T 1YPE Reliance
ATORY EVENT  Post Approval Change EVENT TYPE CMC
NTSUBTYPE Drug Substance I Panitumumab

Introduction of New Drug Substance Manufacturing Process, High Mass Process (HMP)

Reference HA

Country HA Organization Submission Date

' European EMA 2025-01+16

Union

* Platform Demonstration

31

Participating HAs

""" > Qll [)1‘:“

Project Details Members

R Milestones view al

Target Decision Date

Declsion Status

Dug: 28 Aug 2025

>

>

73%

NRA
PARTICIPATION

847

COUNTRY
ENGAGEMENT

53 of 63 Vectibix licensed countries
participating in PAC Reliance -
enhancing efficiency, collaboration, and
accelerating patient access

27 out of 37 National Regulatory
Authorities participating in PAC
Reliance

Of those 27 NRAs, 25 are are using
Accumulus to access the Vectibix PAC
dossier, the EMA Assessment Report,
and other regulator questions and Amgen
responses in real time.
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