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Discussion Result QSummary of Findings from the Good
Simulation Practices/Computational Modeling &
Simulation Cluster

The Good Simulation Practices/Computational Modeling & Simulation (GSP/CM&S) cluster
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Guidelines).

Over the course of the cluster, however, participants concluded that, rather than a GSP
document articulating regulatory expectations, the computer modeling & simulation field

needed a document describing how the practices might be more thoroughly adopted in
FDA-regulated product development and regulation.  Approximately four primary documents
exist to guide modeling and simulation practices , and adoption tends to be more limited
within industry itself rather than by FDA . The audience for the document would be
stakeholders who are in positions to advance the use of CM&S and disassemble current
barriers to broader adoption of CM&S in FDA -regulated products.

The overall goal of the document is to communicate how CM&S is complimentary to other
methods/mechanisms of evidence generation across FDA-regulated product areas . Cluster
members identified elements missing from the current literature and outlined content areas
for a document to address.

Outline fora Document to Help Drive the Adoption of CM&S in FDA -regulated Products

1. Glossary
1 Dynamic collection, with ongoing review and updat ing
0 Examples
A DoD glossary https:/ac.cto.mil/de -ms-glossary/
A The Biologics Effectiveness and Safety (BEST) Initiative
https://bestinitiative.org/
A cpPmMS

https://simtk.org/plugins/moinmoin/cpms/Glossary%20and%20Definitions

2. Evidence Generation and Evaluation
1 Use and implementation of modeling & simulation to support regulatory decision
making
1 Overarching principles that should be applied to all sorts of evidence, whether it's
from a test method, an in vivo study, or simulation (mechanistic simulation, physics -
based simulation, statistical Al simulation)
1 Contextualize how CM&S contributes to the totality of the evidence.

o CM&S is a piece of the puzzle that complements other parts of the system &an
evidence generation system where interlocking pieces provide different bits of
information; arguably modeling and simulation can fill in a lot of gaps that you
can't get elsewhere. (visual representation)
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https://ac.cto.mil/de-ms-glossary/
https://bestinitiative.org/
https://simtk.org/plugins/moinmoin/cpms/Glossary%20and%20Definitions

A. Evidence Generation
1) How modeling & simulation fits into the ecosystem of evidence generation

according to Context of Use *

a. Reduce, Refine, Replace

i. Reduce areduce the number of in vitro experiments or those involving
living subjects (animals or humans), their duration, or the number of
experimental subjects (animals or humans) involved in the experiment, or
the number of measurements performed during the experiment.

ii. Refine arevise the study design in order to eliminate or relieve the suffering
of the animals involved, or the risks for the humans involved in the
experiments; or to shift the experiment to non -animal species, in
accordance with animal experimentation et hics.

ii. Replace areplace entirely the experiment, whether in vitro, ex vivo or in
Vivo in animals or humans, with computational models and simulations.

b. Preclinical In Vitro/Ex Vivo Experiments, Preclinical Animal Experiments,
Clinical Human Experiments

2) How modeling & simulation fits into the ecosystem of evidence generation at
different stages of product lifecycle

a. Required model maturity in relation to product lifecycle

b. Connecting modeling & simulation workflow and lifecycle to the total product
life cycle
o Explicitly state why we think models are useful, and connect it to the whole

lifecycle of a regulated product, models for accelerating design,
development, deployment, and regulation of regulated products

c. What constitutes a significant cohort to demonstrate efficacy/safety and
uncertainty quantification?

d. Emphasizing the need to develop and refine CM&S methods for applicability
in the space of using models as a way to predict unmeasurable primary
outcomes and use that for evidence evaluation to question, are we making the
right inferences from the data?

3) End-to-end modeling and simulation workflows from development, calibration,
benchmarking, deployment and use, to communication, maintenance, retrofitting
4) Medical product or modeling method -specific information and references

a. The model serves as repository for a state of knowledge to quantify
understanding.

5) Acknowledgement that the evidence generation system is imperfect, and CM&S
as part of that evidence generation system is a related component
6) Barriers to evidence generation

B. Evaluation
1) Evaluation of CM&S according to Context of Use
a. Reference FDA draft document
b. Example: biomarkers
2) Evaluation of CM&S at different stages of product lifecycle

1 Viceconti M, Emili L, Afshari, P, et. al. Possible Contexts of Use for In Silico Trials Methodologies: A Consensus -
Based Review. IEEE J Biomed Health Inform 2021;25(10):3977 -3982.
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3) There needs to be a defined standard for equivalency between the model and the
real world.
4) Barriers to evaluation

3. Implementation (implementation/translational science) & Outcomes
A. Implementation
1) Identify barriers and consider an implementation plan to address these barriers,
establishing where such barriers are and can be addressed in M&S lifecycle and
total product lifecycle
2) Design of longitudinal studies that point to improvement in product
reliability/performance that is (presumably) correlated with increasing use of
CM&S encapsulating both M&S and total product lifecycle
B. Outcomes
1) How accurate did the models prove out to be? The purpose of this section could
be to enhance confidence in predictive models.
2) Include longitudinal studies that point to improvement in device
reliability/performance that is (presumably) correlated with increasing use of
CM&S.

4. Showcase how modeling & simulation has been successfully used in the regulatory
process
9 Categorical examples for different stages in total product lifecycle
9 For other regulated industries
o Aerospace industry examples (highly regulated industry with human risk being a
big factor in design )
o0 Companies that are using CM&S to inform design (which may not be part of the
FDA review)
1 For FDA
o0 Also include why c ompanies have the M&S, but are not putting it in to applications
(ex: Striker)
o Identify companies that are making the investment in CM&S (using it in house), but
are not using it in the regulatory context and submitting the documentation to
FDA (where is the gap?)

5. Ethics of CM&S

1 It would be unethical to not utilize CM&S that is capable of better informing safety,

and potentially reducing animal use

1 Inform CM&S and the stakeholders for FDA -regulated Products, regarding the safety
and biases for Good Simulation Practices (GSP)
Liabilities, i.e., who is responsible when a model goes wrong
Responsibilities of the stakeholders: (a) modelers, (b) medical product developers, (c)
regulatory agencies, (d) funding agencies, (e) healthcare providers, (f) patients, (g)
society, essentially developers, communicators, and audience of M&S and digital
evidence

=A =9

6. Economics of CM&S
9 Cost of modeling and simulation
91 Perceived financial value in comparison to alternatives
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7. Other documents that currently support/guide CM&S
1 Model -Informed Drug Development (MIDD) and Complex Innovative Designs (CID) pilots
are implementations of CM&S in drug development where simulations are used to
evaluate trial characteristics based on methods that don't lend themselves to closed form
analytics solutions.

1 In Silico toxicology protocols
1 Complex Innovative Trial Design
1 Connecting current regulatory work and other documents that drive it
o0 Reference some good simulation practices so they are not lost
RES DA, Discussion ResultdSummary of Findings from the Good Simulation
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Background and Processes

To meet regulatory science goals and objectives that serve stakeholders in the FDA -

a kg z"®ki kg~«-«®k{ p~2 k{k2aqgs|q ®kgr| ~z~qgsk«l
(OCS) Office of Regulatory Science and Innovation (ORSI), in partnership with the Reaga n-

Udall Foundation for the FDA (the Foundation), created the Regulatory Science Accelerator

(RSA). The RSA is intended to create collaboration space for sharing information regarding

emerging technology that FDA centers will encounter in the near future .2

Advancing Regulatory Science at FDA: Focus Areas of Regulatory

Science (FARS) report
The Regulatory Science Accelerator, using the FARS report as its guide, represents
opportunities for FDA to efficiently prepare for new science and technology that Agency staff
will likely encounter in the regulatory process. In addition, RSA activities can positively
influence the way science is conducted in the focus areas of regulatory science by
stakeholders in the FDA -regulated ecosystem . Outcomes from that science (applied and
translational) can be efficiently vetted by FDA (i.e., qualified) and more readily implemented
into the regulatory review process with minimal delay, while improving the quality and
s| ®kgas® ~p 4-"i« 2kqgq z~"®~2. ikgs«s~|«l

The RSAis intended to provide additional insight into:
1 emerging science and technology that centers need to provide future regulatory
review,
9 the opportunities and pitfalls associated with new science and technologies, and
1 exploring potential next steps to meet the anticipated regulatory science to help
speed innovation.

Clusters
Guided by the 2022 update to the Advancing Regulatory Science at the FDA: Focus Areas of
Regulatory Science Report,® the ORSI/Foundation collaboration identified two discrete cross -
cutting issues (clusters) stemming from the FARS report warranting continued investment  aln
Silico Alternative Methods and GSP/CM&S. In the 2022 update, active areas of interest using
CM&S include, but are not limited to, maternal health, complex generic drug products, and
model -informed product design. Figure 1 illustrates how CM&S aims to modernize

2 Institute of Medicine (US) Forum on Drug Discovery, Development, and Translation. Building a National
Framework for the Establishment of Regulatory Science for Drug Development: Workshop Summary. Washington
(DC): National Academies Press (US); 2011. 2, Defining Regulatory Science. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK54399/

8 Commissioner of the FDA. Focus Areas of Regulatory Science Report. U.S. Food and Drug Administration.
Accessed September 7, 2023. https://www.fda.gov/science -research/advancing -regulatory -science/focus -areas-
regulatory -science-report.
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development and evaluation of FDA -regulated products according to the FARS framework.
This report is a summary of the activities of the second cluster, GSP/CM&S.

Figure 1: Focus Areas of Regulatory Science (FARS) Framework!

I. Modernize development and evaluation of FDA-regulated products
A. Alternative Methods

B. Advanced Manufacturing Approaches

C. Analytical and Computational Methods

D. BiomarkerTools

E. Clinical Outcome Assessment

F. Complexand Novel Clinical Trial Design

G. Methods for Assessing Behavioral, Economic, or Human Factors

H. Approaches to Incorporate Patient and Consumer Input

I.  Methods to Assess Real-World Data to serve as Real-World Evidence
J.  Methods to Assess Data Source Interoperability

1. Strengthen post-marketsurveillance and labeling of FDA-regulated
products

Methods to Assess Real-World Data to Support Regulatory Decision-Making
Using and Validating Artificial Intelligence Approaches

Novel Clinical Trial Design, Statistical and Epidemiologic Methods
Automated Reporting Tools for Adverse Events and Active Surveillance
Methods to Improve Communication About Risk to Patients and Consumers
Approach to Expand Data Capacity, and Increase Data Quality and Use
Efforts to Harmonize Existing and Emerging Data Standards

OMMOO® P

11l. Invigorate public health preparedness and response of the FDA, patients,
and consumers

Reinforce Medical Countermeasures Initiative (MCMi)

Mitigate Antimicrobial Resistance

Strengthen Patientand Consumer Engagement and Communication
Understand Substance Use and Minimize Misuse

Apply Population Approaches to Precision Medicine

Expand One Health Approaches

Identify and Harness Relevant Emerging Technologies

Strengthen Global Product Safety Net

ITOMMOO® P

4 Office of Regulatory Science and Innovation aProgram Office and Office of Acquisitions and Grants &Contracting
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https://lwww.fda.gov/media/164126/download
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Good Simulation Practices/Computational Modeling & Simulation
(GSP/CM&S) Cluster

Subject matter experts were identified to serve as an Advisory Group for
(Appendix A) . Membership for the cluster was selected using a questionnaire seeking input

the cluster

about good simulation practices (Appendix C) . Four interactive webinars were held to
determine the need for a GSP document, overarching principles that should be applied to
CM&S evidence generated in the regulatory space and barriers to its use in this setting.

Timeline

Figure 2 provides the timeline for the In Silico Alternative Methods cluster. The advisory
group met three times prior to and in between the four cluster workgroup sessions.

Figure 2: Cluster Timeline
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Membership and Registration Questionnaire Results

The registration questionnaire (Appendix C) was completed by 10 5 people. Approximately

half of the respondents provided their employment affiliation and country of residence.

Respondents resided primarily in the United States ( 76%) and represented FDA-regulated

industry (53%), academia (11%), non-FDA-regulated industry 10%), other organizations

(10%), not-for -profit organizations (8%), and governmental/public service (8%). 102 of the

105 respondents (9 7%) agreed that there is a need for the global medical product

community to develop Good Simulation Practice guidelines  similar to other existing é q ~ ~ i

§2 A g®s gké Rpriysnelofz3 respondents (59%) , answering question two, endorsed

creating new guidelines rather than reframing ®r k égq~~i z~"f ~22"®~2. §&aANAg@®s(
include aé?2® 7~z z~f~22r@®~2.8& f . uskection~Epamplessflciti@isgaps g g ~{ §
that need to be addressed for simulation to be more fully harnessed in product development

and regulatory review were provided by 57% of the respondents.
Background and Processes
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Workgroup Meetings

Four workgroup meetings were held in 2023 on June 13, June 27, July 20, and August 8. In

addition to the advisory group, approximately 55 community members attended each

session (Appendix B). The first meeting provided a project overview and reviewed results

from the membership questionnaire. Three presentations from advisory group members

"Niidk««ki ®rk © k«®s~| é7p ®rk2&k pk2rk ®~ fk g~~i
ANli ~lg~s] g kpp~2®« ®r*"® g”*| fk T «ki ®~ ysgy«®"2a®

1 Presentation #1: Ten Rules for Credible Practice of Modeling & Simulation in
Healthcare

1 Presentation #2: Introduction to the consensus book on the Good Simulation Practice

1 Presentation #3: ASME V&V 40 & Complementary FDA draft guidance

During the second workgroup meeting, cluster members heard six presentations describing
barriers to using modeling and simulation within their discipline. (Appendix E)  Presenters
were asked to:
1. Describe a situation where you wanted to move forward with usmg an in silico
ngga~rgr fT® -~7 isi|]i® ~a g~"zi]|i®N
2. Describe what would have encouraged you/allowed you to pursue the in silico
approach; and
3. Describe what a Good Simulation Practices document could have done/should have
contained to support the use of your approach for that situation.

Potential barriers to utilizing CM&S was further discussed during the third workgroup

meeting, shifting the conversation away from the need for a GSP guideline document to how

to advance the use of CM&S in industry and regulatory science. Cluster members i dentified
where CM&S is currently being used and could be used more frequently in the total product

life cycle (TPLC) of drugs and biologics, devices, and food and cosmetics. Following the
annotated exercise (Figure s 3-5), cluster members discussed how to address existing barriers
in order to use CM&S more frequently.

Figure 3: CM&S in the Drug/Biologics TPLC
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Figure 4: CM&S in the Device TPLC
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Figure 5: CM&S in the Food and Cosmetic TPLC
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During the final cluster meeting, workgroup members began to outline a list of recommendations
for content of a document to help drive the adoption of modeling and simulation in FDA -
regulated products. The final outline constructed by the FARScc GSP/CM&S ¢ luster members is
8§ 2 k « k | ®k iDiscsigsion®esklt aBummary of Findings from the Good Simulation
Practices/Computational Modeling & Simulation Cluster ¢ «kg®s ~| ~f ~" k1
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Next Steps

The RSAwill continue working toward creating a document to help drive the adoption of
CM&S in FDA-regulated products. Next steps include:

1. Finalize a working outline for the document

2. ldentify FARScc members who wish to assist in authoring the document

3. Publish a document to help drive adoption of CM&S

Future clusters will continue to focus on a strategy to drive acceptance of CM &S in the
regulatory arena, identify barriers to adoption and devise strategies to  disassemble current
barriers to broader adoption of CM&S in FDA -regulated products.

RE S DAL Next Steps
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Appendices

Appendix A: Advisory Group
Payman Afshari, PhD, Senior Principal Engineer, DePuy Synthes, Johnson & Johnson
Jeff Bischoff, PhD, Senior Director, Biomechanics, Zimmer Biomet

Ahmet Erdemir, PhD, Director, Computational Biomodeling (CoBi ) Core, Lerner Research
Institute

Marc Horner, PhD, Distinguished Engineer, Ansys
Mark Palmer, MD, PhD, Senior Chief Technologist for Healthcare, Ansys

Rajanikanth Vadigepalli, PhD, Professor, Department of Pathology & Genomic Medicine,
Thomas Jefferson University
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Appendix B: GSP/CM&S Working Group Participant List

Michael Ambrose , USP

Pat Baird , Philips

Arianna Bassan , Innovatune

Stephen Bassett , Bio Tech Enterprises, LLC
Joshua Black , Denver Health and Hospital Authority
Irene Bosch , IDX20 Inc.

Miguel Bosch , IDX20 Inc.

Jeffrey Brown , PETA Science Consortium International
Sugin Cai, lllumina Inc.

Tejas Canchi, ResMed Ltd.

Helen Chow , Bigfoot Biomedical

Murat Cirit , Javelin Biotech

Carlos Corrales , Eli Lilly and Company
Aaron Crowley , Genesis Research LLC
Nach Dave , Lumanity

Kristian Debus , Thornton Tomasetti

Lane Desborough , Nudge BG

Danielle Economo , Janssen

Luca Emili, InSilicoTrials

Ruben Faelens , Johnson & Johnson

Jesse Fishman , Apellis

Alejandro Frangi , IEEE

Michael Fries , CSLBehring

April Green , The Ohio State University

Joel Gresham , Crux Product Design
Michael Gulli , Valiant Harbor

John Hallberg , Zoetis

Jennifer Harmer , Zoetis

Catrin Hasselgren , Genentech, Inc.

Jan Hertwig , Simq GmbH

Mustafa Husain , UT Southwestern Medical Center
Steven Kreuzer , Exponent

Sergei Leonov , CSL Behring

Dmytro Lytkin , NUPh

Emily Mallett , Abzena Limited

Morgan Marino

Alexis Mobley , Janssen

April Naab , PETA Science Consortium International e.V.

Andrew Nguyen , PETA Science Consortium
International e.V.

Enrique Morales Orcajo , Ambu

Guohua Pan , Johnson & Johnson

Abhijeet Patil , Amneal Pharmaceuticals Pvt. Ltd.
Ash Peterson , Thornton Tomasetti

Yuri Peterson , MUSC

Elsje Pienaar , Purdue University

Bohdana Ratitch , Bayer

Bharatvaaj Ravi , Biocon Biologics Limited
Ehsan Samei, Carl E. Ravin Advanced Imaging Labs
Gilbert Shanga , Haleon

Lisa Sweeney , UES, Inc.

Nicole Taylor Smith , Philips

Lixia Wang , Vaxxinity Inc

Paul Watkins , UNC

Norah Xiao , AstraZeneca

Lucia Zaccardi , IBSA Institut Biochimique SA

Advisory Group

Payman Afshari, Johnson & Johnson

Jeff Bischoff, Zimmer Biomet

Ahmet Erdemir, Lerner Research Institute
Marc Horner, Ansys
Mark Palmer, Ansys
Rajanikanth Vadigepalli, Thomas Jefferson University
FDA Observers

Khaled Bouri

Tracy Chen

Michele Ferrante

Miguel Lago

Michael Santillo

Paul Schuette
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Appendix C: Membership Questionnaire

We aim to kick -start a conversation about the need for the global community to come
together and develop Good Simulation Practice. We invite you to be a part of the
conversation through this Regulatory Science Accelerator. To join the discussion, please
provide us with the following information:

1.

Do you think there is a need for the global regulated product community to develop
5~~i Ns{ z~®s~|] Ja~rg®sgk q sikzs|k«li ~ panr{kuy
guidelines?

a. You answered yes. What are three critical aspects that need to be the initial focus?
b. You answered no. What do you think is needed to support the advancement of
simulation in medical product development and evaluation?

7] «®k"i ~p g?k~*"®s|q | kp g sikzs]|k«l i~ .~ ®r
g sikzs|]k« {sqr® fk @kp2~r{ki ®~ s|gz ik & s2®
computing?

a. You answered yes. What do you think would be needed to accomplish that?

Do you know of any on -going activities and/or organizations doing work that  aligns with
the aspects of good simulation practice?
a. You selected yes. Please provide links or references for those activities.

What critical gaps need to be addressed for simulation to be more fully harnessed in

product development and regulatory review?

Wr*"® r~"k pk | ~® "«yki f ® -~ pu~ zi zsyk ®~
guidelines?
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Appendix D: Working Group 1 Presentations June 13, 2023
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