l[L :)ﬂl

SIMCor

In-Silico testing and validation of Cardiovascular IMplantable devices

Call: H2020-SC1-DTH-2018-2020 (Digital transformation in Health and Care)

Topic: SC1-DTH-06-2020 (Accelerating the uptake of computer simulations for testing medicines and medical
devices)

Grant agreement No: 101017578

Deliverable 9.6

Devices approval experience report

Due date of delivery: 31 March 2024
Actual submission date: 27 June 2024

Start of the project: 1 January 2021
End date: 30 June 2024

- This project has received funding from the European Union’s Horizon 2020 research and innovation programmeunder grant agreement N° 101017578




D9.6 - Device approval experience report (BIO, M39) SIMCor — GA No. 101017578

Reference

SIMCor D9.6_Devices approval experience report BIO_31-

03-2024
Lead beneficiary BIOTRONIK (BIO)
Author(s) Jan Romberg (BIO), Kagithiri Srikantharajah (BIO), Jan
Brining (CHA), Janaki Raman Rangarajan (VPHi)
Dissemination level Public
Type Report
Official delivery date 31 March 2024
Date of validation by the WP Leader 26 June 2024
Date of validation by the Coordinator 27 June 2024
Signature of the Coordinator Jan Bruening Ssssirimieses,
Version log
Issue date Version Involved Comments
22/03/2024 1.0 Jan Romberg (BIO) First draft by BIO
25/03/2024 2.0 Janaki Raman Rangarajan (VPH) Internal review by VPH
26/03/2024 3.0 Jan Briining (CHA) Project Coordinator’s review
26/03/2024 4.0 Anna Rizzo (LYN) Project Manager’s review
28/03/2024 5.0 Jan Romberg (BIO), Janaki Raman | Major revision factoring readability and
Rangarajan (VPH) structure for public deliverable
29/03/2024 6.0 Anna Rizzo (LYN), Jan Briining Final quality check for pre-submission
(CHA)
21/06/2024 7.0 Jan Romberg (BIO) Revised after feedback from regulator
25/06/2024 8.0 Janaki Raman Rangarajan (VPH), Review and revised factoring readability
Jan Brining (CHA)
27/06/2024 9.0 Anna Rizzo (LYN) Final review
27/06/2024 Final Jan Briining (CHA) Submission by PC

Executive summary

This report provides an overview of the regulatory dossier (Pre-Submission) that BIOTRONIK submitted to the
United States Food and Drug Administration (FDA) to gather feedback on the design of in-silico-clinical-trials for
the US regulatory approval of the proprietary PAPS device. To provide insight for both the in-silico community
and the specific development aspects of the PAPS device, a set of specific questions were submitted to the FDA.
This experience report aims to provide direction for future FDA Pre-Submissions in the field of device-related in-
silico-methods and is intended to guide first-time applicants and the in-silico-community. As the value of the
FDA’s response is strongly connected to the quality of the questions, this report focuses on the process of
identification and refinement of suitable and relevant questions. This report also suggests future strategies to
increase the impact of in-silico methods to medical device development, including all endpoints to be covered
in an in-silico-clinical trial.



D9.6 - Device approval experience report (BIO, M39) SIMCor — GA No. 101017578

Table of contents

DEFINITIONS ....cuiiiiiiiiiiiiiiiiisiiississsisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssas 5
INTRODUCGTION. ... ciiiiiiiiiiniiiseiisesississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssas 6
ENGAGEMENT WITH REGULATORS ...evvtteeeeeesauunrreeeeessaaunerereeesssaansreneeesssasasnsneeeeesssassnsneeeeesssanansnenesesssesannnenneesesssannnnneee 6
Requests for feedback and Meeting With FDA ............oooueeeeeeeeeeeeeeeeeetee e etteeesetaeeesteaeesaaaesstteaaessseeeeanees 6
SCOPE ettt ettt ettt e sttt e st esu e e a e e s a b e s at e e sh et e e a bt e eh bt e e a b e e saE e e e R bt e sa b e e ea b e e eaEeeea bt e eaEeeea R e e eab e e e A b e e sa b e e ebee e beeebee e bee e bee s beeeneenate 6
Device approval process and eXpected l€AININGS...........ccuueeecueeeeeciieeesiieeesieeesceeeestea e s sieaessieaesesaaesesees 7
PROCEDURE FOR REGULATORY PRE-SUBIMISSION .......ccciiitiiiuiiiniiieniiiniienicinsiiasissierssisssscssssssnssssssssassssnses 8
PART A: OVERVIEW OF FDA GUIDELINES ON Q-SUBIMISSIONS ... uuueittteeeeeesaiintteeeesssenuuseeeeeesssesunseeeeesesesannssneeesessssnnnnnees 8
Formulating the scope of in-silico-MetNOdS: PAPS QEVICE..........cccccueeeeceeeeeeiieeeesiieeeeeieeeesiieaessteaeesseaa e 9
SErateqy fOr FEQGUIATOIY PIOCESS .......ooeeeeeeeeeeeeeeee e eeetet e st ee e e sttt e e ettt e e etsaeaestesaeassaaessssssasssteseseassesesssseeaan 10
ReGUIALOrY QPPIOVAI PIAN......cc...eeeeeeeeeeeeeeeet ettt e e ettt e e et e e ettt e e s attaaeesseaessseaansasssaenanees 11
PART C: EXAMPLE Q-SUBMISSION PROCESS WITH IN-SILICO METHODS: PAPS DEVICE......ccciiiiiiiiiiiiiiiiieieieiececeeeceeeeeeeeeeeeeees 12
Lo o | SR
SAMPIE QUESTIONS ...ttt et ettt ettt e ettt et e et e e st e et s e sea et e eseeeanes
SEIUCLUIE Of Pre-SUDIMUSSION ..ottt ettt ettt ettt ettt e e eate st e st e naeense e
Standard operating ProCeAUIE (SOP) ........u e eee et ee e e ettt e e ettt eeetse e e e staaaestsaaeessssaeesasenaas
Practical considerations............cccccccveeeecvvveennnen.

Dependencies: priorities and timeline

LEARNINGS FROM REGULATORY PRE-SUBMISSION ....ccccittuuiiiimmniniienieiiensininsssssresssssiessssssssssssssassssssssssssss 16
PART A: KEY OBSERVATIONS FROM REGULATOR ...eeeieieiiieieieieeeieieeeeeteteteteteeeteeeeeeeeeteteseeesesesesesesesesesesesesesesesesesesesasasenens 16
Observations
Methodology
Validation...........c.ccceeeeeecvveeecnnann,

PART B: KEY REFLECTIONS AND LEARNINGS
=g [=Zot 1 [ KT SRS

L= T 1o K

BEST PRACTICES AND RECOMMENDATIONS
PREPARATION AND PROCESS -..ceeuuvreeeeureeesannneessneeesssnreeesannne
OUTCOMES AND LESSONS LEARNT ....eeveruveeennne

TaKeaways: iNAUSTIY PEISPECTIVE .............ueeeeeeeeeeeieeeeeeee e eete e ettt e e ettt e e ettt e e e st e eeatseaeesssaaestsesensssssaeeasses
Takeaways: ACAAEMIC POISPECLIVE. ............ueecceeeeeeieeeeeeeeeetea e ettt e eettaaeesetaaeestsaeeessesesssssaestssaensssssaeeasses
Need for advanced modelling solutions

L0 LI 0 0 21
APPENDIX ...coetiiiiiiiitiiiittittttttieettetteteeeeeetetteteet ettt ettt attatataattatttaattaattattttattaattaataaattaataaattaataaasaaaaanaaaaaaanaann 22

List of figures

FIGURE 1: TABLE OF CONTENTS OF THE PAPS ISCT Q-SUBMISSION. c.eieiiiiiiieieiiieieieieieieieieieieierereseteresereresesesesesesssssesesssesenens 13
FIGURE 2: APPENDIX 1 OF THE PAPS ISCT Q-SUBMISSION — STANDARD OPERATING PROCEDURE FOR VALIDATION OF IN-SILICO
IIODELS. 1uuvvtreeeeeessasuunteeesessaauneraeeeeesssssnsseneeeessssssssseeesssasassssneeesssssansseneeesssssnssseneeessssssnsseseeesesssnnssesseesesssnnssnnens 14
FIGURE 3: FDA FORM FOR PREMARKET SUBMISSIONS. ..uuuvvvveeteessasuunreeesesssssnssneesesssssssssssesesssssssssnseesssssssssssseessssssnsssnseeses 22
FIGURE 4: TABLE OF CONTENT OF THE PAPS ISCT Q-SUBMISSION. eeeieiiieieieieieieieieieieieieieeeteseeeeeseeeseseseseseseseessesessssseseseseeens 23

List of tables

TABLE 1: LIST OF DEVICE APPROVAL STUDIES AND CORRESPONDING PARAMETERS AND ENDPOINTS THAT ARE LIKELY TO IMPACT IN-
SILICO-CLINICAL-TRIAL OUTCOMES, ACROSS THE DIFFERENT PHASES. ...uitiiiiiiiirinineie sttt s a s s ee s s s e e a e 10



D9.6 - Device approval experience report (BIO, M39) SIMCor — GA No. 101017578

Acronyms
Acronym Full name
ASME The American Society of Mechanical Engineers
BIO BIOTRONIK
CM&S computer modelling and simulation
CoU Context of Use
EMA European Medicines Agency
MHRA Medicines and Healthcare products Regulatory Agency (UK)
FDA United States Food and Drug Administration
FOIA Freedom of Information Act
HF Heart Failure
PAPS Pulmonary artery pressure sensor
ISCT In-silico clinical trials
IST In-silico trials
HF Health Failure
Qol Question of Interest
Q-Sub Q-Submission Program
Pre-Sub Pre-Submission

SoP Standard Operating Procedure



D9.6 - Device approval experience report (BIO, M39) SIMCor — GA No. 101017578

Definitions

Computer modelling and simulation: computer modelling and simulation (CM&S) refer to the process
of using computer programs and mathematical algorithms to replicate real-world phenomena or
systems. It involves creating digital representations of physical objects, processes, or situations to
analyse and predict their behaviour.

Virtual patient: a virtual patient is a member of a virtual cohort that mimics the physiology of a real
patient as accurately as possible prior to and after medical intervention.

Virtual cohort: a “set of virtual patients that mimics a cohort of real patients with respect to all
reasonably expected patient states, patient dynamics and evolution of patient condition which might
occur in practice”!

In-silico trials (or) in-silico clinical trials: broadly, in-silico trials (I1ST) or in-silico clinical trials (ISCT) are
(CM&S)-based clinical and pre-clinical experiments, in a cohort of virtual patients conducted during
the development or regulatory evaluation of a medical product?. ISCT in particular, replicate various
aspects of real clinical trials, device testing, or product evaluations, by using computer models for
development of patient-specific models to form virtual cohorts for testing the safety and/or efficacy
of new drugs and of new medical devices®

Q-sub (or) Q-submission Program: the term “Q-Submission” or “Q-Sub” refers to the system used to
track the collection of interactions — namely Pre-submission (Pre-subs), Submission Issue Requests
(SIRs), Study Risk Determinations, Informational meetings, Other Q-Submission Types

Pre-sub: (or) Pre-submissions: a Pre-Sub includes a formal written request for feedback from FDA that
is provided in the form of a formal written response or, if the requested, formal written feedback
followed by a meeting. While the feedback is not binding for FDA, it does include their current thinking
on the subject.

1 J. G. Chase, J. C. Preiser, J. L. Dickson, A. Pironet, Y. S. Chiew, C. G. Pretty, G. M. Shaw, B. Benyo, K. Moeller, S. Safaei, M. Tawhai, P. Hunter,
T. Desaive, Next-generation, personalised, model-based critical care medicine: A state-of-the art review of in silico virtual patient models,
methods, and cohorts, and how to validation them. Biomed. Eng. Online. 17 (2018), pp. 1-29

2 Viceconti M, Pappalardo F, Rodriguez B, Horner M, Bischoff J, Musuamba Tshinanu F. In silico trials: Verification, validation and uncertainty
quantification of predictive models used in the regulatory evaluation of biomedical products. Methods. 2021 Jan;185:120-127. doi:
10.1016/j.ymeth.2020.01.011.

3 Pappalardo F, Russo G, Tshinanu FM, Viceconti M. In silico clinical trials: concepts and early adoptions. Brief Bioinform. 2019 Sep
27;20(5):1699-1708. doi: 10.1093/bib/bby043. PMID: 29868882.
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Introduction

In the context of regulatory approval of a medical device, validation studies in the form of bench tests,
animal experiments, animal and/or human trials are indispensable. The outcomes of such studies are
significant, only when the regulatory agencies, such as FDA or conformity assessment bodies, agree
on the underlying study design. The validation study should encompass all relevant hypotheses and
the input data should be adequate to establish strong evidence of the study endpoints to demonstrate
a reasonable assurance of device safety and/or efficacy.

In reality, there is often a lack of shared criteria that constitutes sufficiency of above device approval
studies due to the complexity and wide array of potential medical devices and technologies. This
complexity can lead device manufacturers to redesign the study or trials, potentially causing delays in
the evaluation and approval of the device. Thus, directly hindering the availability of life-saving
technological advancements to patients.

To alleviate above challenges within the regulatory approval process, regulatory agencies (e.g. FDA,
European Medicines Agency (EMA), Medicines and Healthcare products Regulatory Agency (MHRA)),
encourage device manufacturers to seek feedback regarding a potential or planned medical device
investigations studies. To this end,

- multitude of channels (e.g., written feedback, in-person or online-meetings, etc.) and
- formats (informational meetings, pre-submission, Q-subs, Qualification advice etc.) are
offered by regulatory agencies.

Requests for feedback and meeting with FDA

Engagement with regulators through the above channels are common in the medical device industry,
especially to collect feedback on specific questions during product development and/or submission
preparation. With the fast-evolving complexity and speed of technological innovation, device
manufacturers, and regulatory agencies are increasingly in need of the above-described interactions,
to mutually understand each other, in support of the innovation process.

At times, medical device manufacturers have limited regulations and standardised guidelines for new
technologies like computer modelling and simulation (CM&S). In many instances, they may need to go
beyond the default regulations and standards. Especially in these circumstances, timely exchanges
between technology developers and regulators facilitate faster development of novel devices and
support obtaining more efficient regulatory approvals.

One of the project objectives is to realise the use of in-silico methods for the regulatory evaluation of
device safety, efficacy and usability endpoints at the preclinical and clinical trial level. Increasing the
level of confidence of regulatory agencies on the in-silico results is paramount to integrating in-silico
solutions into the regulatory approval process.

In order to achieve the above objectives, SIMCor requested FDA’s feedback on the in-silico models
and simulation results generated within the project. This was envisioned for one of the key
cardiovascular device applications dealt in SIMCor, namely the pulmonary artery pressure sensor
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(PAPS). This high-risk implantable medical device is used to infer cardiac filling pressures in heart
failure (HF) patients, to facilitate their medical management.

Device approval process and expected learnings

Building on the wealth of in-silico models as well as multitude of bench, animal and human
experiments conducted within SIMCor, we strive to demonstrate that simulation results complement
traditional verification and validation results, for providing evidence of safety, efficacy and usability.
With limited precedence and reports of similar in-silico evidence-based pre-submissions, this report
includes our first-hand learnings. This document aims to share our approach and strategy, alongside
the learning and recommendations as possible best practices for supporting the future regulatory
approval process involving in-silico methods.
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Procedure for regulatory pre-submission

The different steps and structure of a Q-submission are best described in FDA guidance documents.
These help the applicant to understand the different kinds of Q-Submissions and provide valuable
hints for the preparation of the request.

Briefly, it starts with identifying the motivation for triggering a formal interaction with regulatory
authorities, followed by identifying the most appropriate channel of interaction among the various
categories. Subsequently, one must refer to the respective official guidance document, as advocated
by the regulator.

The applicant needs to duly prepare the regulatory dossier in the prescribed format, style and
language, which requires a team of inter-disciplinary professionals who are not only product experts,
but also regulatory seasoned liaisons. The regulator often provides a written response to the specific
guestions being raised, which can then be discussed in a follow-up meeting, if needed.

With respect to the pre-submission process conducted within the project, the motivation, strategy,
the key themes of the questions and the decision to follow up with a meeting, were addressed by BIO.

This section presents the aspects pertaining to in-silico methods and their impact on ISCT. To begin
with, the general considerations that directly dictate the desired pre-submission process are outlaid.
Whenever appropriate, the implementation of these considerations specifically for the PAPS device is
briefly indicated, for understanding.

At the outset, few critical factors impact the consideration of in-silico methods for device approval:

1. Despite valuable insights and alternate evidence generated using in-silico methods through ISCT,
the current device approval regulations do not recommend or address their use. On the contrary,
real-world clinical trials are still the gold standard for any device approval.

2. To define the scope of in-silico methods within the regulatory process, one needs to critically
evaluate whether the in-silico method and related experiments/trials contribute to the device
development phase and/or into the device approval phase. Only if they would support and benefit
the approval process, these methods can be used in the Pre-submission exercise.

3. Incorporating in-silico methods into the device approval process necessitates substantial proof
(validation) of the credibility of the model. The efforts needed to establish this credibility may
outweigh any simplifications that in-silico methods bring compared to traditional preclinical and
clinical studies. This is relevant not just from an economic standpoint, but also from an ethical
perspective. For instance, additional animal trials may be necessary to demonstrate the credibility
of the model.

4. Adherence to modelling and simulation-related standards and guidelines from ASME*, NASA® or
the FDA® are generally accepted. Given that they leave room for interpretation, any deviations
from published standards and guidelines are accepted within the regulatory process, as long as

4 ASME V&V40: Assessing Credibility of Computational Modelling Through Verification and Validation: Application to Medical Devices, 2018
5 NASA-STD-7009A NASA Handbook for Models and Simulations: an Implementation Guide, 2019
FDA Assessing the Credibility of Computational Modelling and Simulation in Medical Device Submissions, 2023
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they can be well reasoned with regulatory authority. The interaction platform facilitated by a Q-
submission is an opportunity to discuss such critical aspects with FDA, in anticipation to the
premarket submission of the product under consideration.

Formulating the scope of in-silico-methods: PAPS device

A good starting point to inquire about the benefits of in-silico methods is the classical device approval
pathway. For the development and approval of the PAPS, BIO has already developed a clinical study
plan, including preclinical studies, with identification of all relevant endpoints, the statistical
description and inclusion/exclusion criteria. This pathway has been discussed for the PAPS device in a
previous Q-Submission, which did not include any specific questions on the use of in-silico methods
within the approval procedure.

There are a variety of parameters and endpoints of the study that can, in theory, be influenced using
in-silico-methods. Table 1 provides an overview of typical device approval study designs and their
critical parameters. For each study type (animal, early feasibility or pivotal), the table highlights the
possible benefit or insight gained from a prospective or a simultaneous in-silico study. This is detailed
for each study state, namely:

1. Preparation phase, that deals with patient/animal selection;

2. Implementation phase, that facilitates implantation procedure and monitoring of patient/animal
as well as data concerning the implanted device itself, and finally
3. Evaluation phase, that investigates the outcome or effects.
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Possible study aspects influenced by in-silico-methods for
each phase of the study

Study design
Study type

Parameters Endpoints Preparation Implementation | Evaluation

Ethical
considerations
(refine animal

Safety (e.g., experiments to Procedure .

v(eg P Lo . Determine
. Number of absence of maximise insights | planning (e.g.,
Animal study . . . . . results relevance
animals, time device caused provided by the implant
. . e to human use
embolism) animals positioning)

experiments),
Identify relevant
species

Proof of patient Refined insights

Safety (e.g., safety to Procedure of stud
. Number of absence of physicians by planning (e.g., ¥
Early feasibility . . . . . results (e.g.,
patients, time device caused prediction of implant Thrombosis risk
embolism) freedom of positioning) assessment)

adverse events

No impact at the | Support evidence
time being. of effectiveness
Future work
should include in-
silico-clinical trial
that consider
Inclusion criteria, | interactions
inclusion rate between sensor
data, monitoring
by the physicians,
patient
characteristics,
and therapeutic
effects

Efficacy (e.g.,
hospitalisation
rate) and safety

Number of

Pivotal study . .
patients, time

Table 1: List of device approval studies and corresponding parameters and endpoints that are likely to impact in-silico-
clinical-trial outcomes, across the different phases.

Strategy for regulatory process

In a general ISCT for device approval, the ISCT or a combination of an ISCT with a (simplified) classical
approval study, must cover the same endpoints and provide the same or higher level of validation
strength (e.g., the same statistical power) as a conventional clinical trial would. For instance, based on
the evidence from ISCT covering the relevant safety endpoints, the number of animals or number of
patients can potentially be reduced within the animal study or the early feasibility study (first in-
human study). On the contrary, reducing the number of actual patients in a pivotal study (real-world
study) based on ISCT is currently not possible, if not all the study endpoints can be simulated.

In the specific consideration within the PAPS use case, the efficacy endpoints have not been simulated.
However, when ISCT are used for the reduction of sample size within the above-mentioned studies,
the model risk assessment of the in-silico study is affected. The decision consequence of the
simulation studies can be rated low or middle, as long as the successive real-world studies provide the
proof of safety. Otherwise, the decision consequence would have to be rated as high, if no support of
real-world studies is available. It is also possible that if the data from both an animal study and a

10
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human study correlate well, the regulatory agency may be able to approve the changes in the device,
based on the data only from an in-silico-study.

Briining et al.” present that in-silico methods could offer additional insights on device-related
alterations, like the influence on patients’ hemodynamic. They propose that a real-world-study
covering the minimum requirements regarding statistical power, is enhanced by in-silico methods.
This can improve patient safety and, therefore, address possible concerns of regulatory authorities
regarding safety of an approval candidate device like PAPS. Furthermore, this additional information
might allow identifying device failure modes in case of non-successful clinical trials, facilitating and
informing specific device updates rather than omitting the device altogether due to insufficient clinical
results.

Another device approval aspect that needs careful consideration are inclusion and exclusion criteria,
for each clinical study. These criteria can directly affect the outcome of the study, thereby risking the
intended approval process. At the same time, they can also lead to the exclusion of more patients
than necessary. This can eventually limit the number of patients that can profit from the new device,
once it gets approved. In the case of the PAPS approval process, in-silico methods could be deployed
to examine the severity of heart failure and the frequent comorbidities. Thus, they can help make
informed decisions about the inclusion of certain patient groups.

Furthermore, the inclusion rate is also crucial for the time elapsing until the study results are available
and the next step of approval process can be explored. The physicians carrying out device approval
studies, among others, are at the forefront of making decisions on the inclusion rate. In the case of a
new device like PAPS, physicians will be cautious about the inclusion rate, in order to be responsible
towards their patients. To mitigate such challenges, an ISCT on the safety of the device can increase
the confidence of physicians and patients, much before the start of the real-world study and thus
support a stronger inclusion rate.

Regulatory approval plan

When the above steps and process are thoughtfully evaluated for the given in-silico methods and
medical device under consideration, a broad sketch of a device approval plan starts to surface.
Thereby, one would identify:

e How are the in-silico studies planned to be implemented?

e What contribution in-silico-methods are meant to have?

e How is its credibility planned to be proven?

These questions are always device-specific.

With regard to the current regulatory approval plan of PAPS device, a set of 7 questions included the
following themes:
® Proposal of two ISCT, and the corresponding
o Virtual cohorts used for the ISCT,
o Related model risk assessment consideration, in terms of model influence and decision
consequence, and
o Model validation strategy.

Collectively, they demonstrate the model credibility and are presented for discussion through this pre-
submission process with the regulator.

VA “ - . . . . .

Briining, Jan et al. “In-silico enhanced animal study of pulmonary artery pressure sensors: assessing hemodynamics using computational
fluid dynamics.” Frontiers in cardiovascular medicine vol. 10 1193209. 7 Sep. 2023, doi:10.3389/fcvm.2023.1193209
https://pubmed.ncbi.nim.nih.gov/37745132/

11
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This section presents a high-level overview of how the entire Pre-submission process was handled for
PAPS. For the ease of readability, the technical details are avoided, rather the practical aspects like
structure of the pre-submission document, the need to assemble a multi-disciplinary team, the extent
of time and resources to foresee and finally the dependencies on pre-submission are highlighted.

Goal

Briefly, the goal of the Pre-Submission on PAPS device was defined as follows: “The purpose of this
pre-submission was to receive FDA feedback with regards to the proposed simulation studies, in-silico
clinical trials and validation concept for the PAPS device.”

Sample questions

Three representative questions from the actual Pre-submission dossier are provided here. Owing to

confidentiality reasons, only representative questions are listed.

e Does FDA have any concerns with the approach for translating preclinical to predicted human
data?

® Does FDA have any concerns with the proposed simulation validation strategy?

e Does FDA have any concerns with the risk assessment proposed in SIMCor Standard Operating
Procedure for validation of in-silico models?

Structure of Pre-submission

Due to confidentiality reasons, only a brief overview of the Table of Contents (see Figure 1) of the
actual Pre-submission is provided below. The document details the questions and substantiates these
guestions with the context of use (CoU), the actual question of interest (Qol) and proposed rationale
of generating and using the evidence in the regulatory process. Each specific question is linked to a
dedicated sub-section that outlines the necessary background and depth of scientific evidence for the
regulatory advisor to evaluate.

12



D9.6 - Device approval experience report (BIO, M39)

BIOTROMNIK - Supplement to Pre-Submission Q212597

Computer Simulation and Validation

February 29, 2024

Table of Contents

1.

ra

AN S

8.
9,

General INformMEtION cu e v rnrara s rn s sen s e s ma e s e s s rssm s nnnn e n e e e ma e en

1.1 BT TRTTaT=I g oy = Lo 3 SO S

1.2 Site INFOrMAEION 4 urerairn st s rmns e s s rr e es s asss s e n e e nb s 40s reaasenrranasnss

1.3 Contact INformMation v e e eesrs s ssssssm s rnsmsassn s srs s s s s ama s nsanras rn s mnamnsnras

Proposed Indications and ContraindiCabions ... eceeiceseerreeiis s esasinasesnsrassessnnmsnnrennsennes

e R 1 5 s o Yo =P

P ' 1t =T T [t= o oy P

T Ry = DS
Questions Summary and Mechanism for Feedback.. ..o iciiscc s e rae e
D eI CE D G T D IO T 1t uavasvasm s s sasusensmassnsmsnssnsssssssssssnnssssssnsssesssssssnnansssnssssssrsnssssnsasssnras

Computer SimMUlEEion SEUDIES .. rrrssrnssrns e srsramasssrss s e ssassnrassssrassossenassnrnssssnnes

6.1  Evaluation of cyclic and mean strain for fatigue testing......

6.1.1 Motivation, QOT and COL e eeresirrirrsssnrassssnn s sss s sssssrasassnssssnsresssssnsasasnras

6.1.2 Procedure, Sample Size and SofwWare. . caresmrsiisrsssssrasassnssssis v sssnnsnanasnras

6.1.3 Components and Matenal Parameters. e e s rssrasmsn e sevas e s e nnnanan e

6.2  In-silico clinical trial to translate preclinical results to predictions for human
== 3 o= S

6.2.1 Motivation, QOT and COWU ... ie i s seesssmsas e sssn s masnnssmsrnrasnsssrassnnsasasens
6.2.2 Procedure, Sample size and SoftwWare ..ieereerinrs i sssssrsssa s sns v smannnnananne
6.2.3 Components and Matenal Parameters. e e s rssrasmsn e sevas e s e nnnanan e
6.3  In-silico clinical trial evaluating the effect of sensor versus branch positioning .....

6.3.1 Motivation, QOT and COL e eeresrrrisrssnrassssnn s sis s smassrasassnssssns rassssnnnananne

6.3.2 Procedure, Sample size and Software....

6.3.3 Components and Matenal Parameters....

LT T e =T P
7.1 Low-fidelity validation of in silico results with experimental measurements .........
7.2 Calibration of engineering metrics to clinical endpoints ..oveivvrersirers s e
7.3 High-fidelity validation for evaluation of the credibility of predicting the occurrenc
Of cliniCal EnNdP oINS v uvs v rrereriis s ssrerars s ssars s ssanrra s s e ssssrsmasnnrasssnrasssssnanssnnnanas
7.4  Cross-validation of pulmonary artery data...c.cceeeeeieiieins e esscrssss s e smsnranmenns

e Tty N

] = = g o R

b H
[ =< O - TR v~ T T« T« VI T 5 B ¥ BN [N - - Nt -V 4

12
12
12
14
14
14
14
15
15
16
17

e
w17

17
20
21

Page 2 of 21
Page 11 of 84

Figure 1: Table of contents of the PAPS ISCT Q-Submission.

SIMCor — GA No. 101017578

13



D9.6 - Device approval experience report (BIO, M39) SIMCor — GA No. 101017578

Standard operating procedure (SOP)

One unique addition to the Pre-submission document drafted by the SIMCor consortium, is an
extensive Annex (see Figure 2) document on the ‘standard operative procedure (SOP) on in-silico
validation’. This was a project deliverable that details the rationale behind tailoring the existing ASME
V&V40 standard® and FDA guidance document to establish the credibility goals for the in-silico
methods®.

This SOP document was used to explain how the verification and validation exercise for PAPS was
extensively addressed by tiered low-fidelity and high-fidelity validation schemes. More importantly, it
demonstrates with detailed documentation the rationale and depth of the chosen approach in a
transparent manner. Thus, it is expected to bring credibility to the Pre-sub, which may support
mutually transparent exchanges during the future regulatory approval processes.

Appendix 1

I[L ?ﬂl

SIMCor

In-Silico testing and validation of Cardiovascular IMplantable devices

Call: H2020-5C1-DTH-2018-2020 (Digital transformation in Health and Care)

Topic: SC1-DTH-06-2020 (Accelerating the uptake of computer simulations for testing medicines and medical
indevices)

Grant agreement No: 101017578

Deliverable 4.6
SOPs for validation of in silico models

Due date of delivery: 31 December 2023

Actual submission date: 27 December 2023

Start of the project: 1 January 2021
End date: 30 June 2024

Figure 2: Appendix 1 of the PAPS ISCT Q-Submission — Standard Operating Procedure for
validation of in-silico models.

Practical considerations

The preparation of the pre-submission dossier involved a multi-disciplinary team effort, which
included consultations from scientific colleagues from SIMCor, as well as product experts and
regulatory professionals in the organisation. Moreover, effort with respect to person months of work
to prepare the submission, needed to be carefully planned in consultation with various stakeholders.
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Dependencies: priorities and timeline

While the Q-Submission guidance includes timelines as prescribed by FDA®, with a process that is well-
known and straightforward, we encountered few dependencies both in the leadup and downstream
phases of the Q-submission. First of all, the timelines directly impact the manufacturer’s process
streams and planning. This may influence immediate validation studies or related forthcoming
decisions. Our experiences are that such processes and timelines are straightforward to plan, and the
preparatory work can be started well ahead of time. But in practice, it is often not the case as the
necessary resources may be bound to other activities.

In our case, we had to delay the preparations as not all of the necessary internal resources could be
secured at the desired moment. Ideally, the timing of a Q-submission would need to match the
product development process and the resources to handle the submission.

Reflecting back on the whole preparatory phase, we noted that priorities within the organisations
are an important factor to consider. Often regulatory processes of privileged products in a mature
stage of development may be given priority over early phase development projects. Therefore, it is
important to anticipate such dynamics, when considering the planning for a pre-submission.

8 FDA (U.S. Department of Health and Human Service - Food and Drug Administration): Guidance for Industry and Food and Drug
Administration Staff: Requests for Feedback and Meetings for Medical Device Submissions: The Q-Submission Program, 2023
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Learnings from regulatory pre-submission

First of all, the Q-Submission is not to be seen as a test submission but is an early communication
process during the device development phase. The objective is to gather feedback from the regulatory
body. It is device specific, and likely related to a future regulatory submission. Therefore, the
responses from the regulator, FDA in this case, went beyond answering to the specific questions raised
in the submission. Thus, the response provides insight as to what the regulator often expects a
regulatory submission to address.

Observations

Replacement of GLP animal and/or clinical studies

Broadly, the regulator raised concerns that only 3 safety aspects and no effectiveness aspects were
used in the proposed simulation studies. Especially, considerations on sensor accuracy and long-term
effects were deemed critical. Therefore, our proposed ISCTs that targeted the safety aspects alone
were considered not to be substantial enough to replace GLP animal studies or clinical studies.

The regulator describes that a combination of bench tests, animal trials and the proposed
computational modelling data are needed for device approval in the preclinical phase. It was also
underlined that the computational models require in-vivo validation. Aspects that need to be
investigated in order to demonstrate device performance and safety, were summarised in the written
feedback. This included generic requirements like sterilisation as well as product-specific
requirements like device interaction within side branches of a blood vessel.

Pre-clinical studies vs. in-silico studies

While the clinical approval strategy has been already discussed in a previous regulatory interaction,
the current submission focussed on the preclinical investigation that concerns only fatigue testing.
Given that the ISCTs discussed in this Q-Submission are likely to affect other preclinical tests as well,
the regulator advised to draw the whole picture of preclinical testing.

The questions of the Q-Submission imagined possible simplifications in the conductance of the animal
tests. On that note, the regulator gave many recommendations on the animal tests like specifics on
the study procedures, duration of the animal study and the need for usability tests. In addition, for
novel devices like the PAPS, a chronic large animal study was recommended.

On the question if the approach of an ISCT for device positioning of the PAPS raises concerns, the FDA
responded that the general approach seems reasonable, but the CoU needs a revision, and additional
tests would be required. Moreover, the generalizability of the geometries of Berlin-based patients to
the US population was deemed important to investigate.

Methodology

From the perspective of the regulator, a difference in reliability of simulations based on computational
fluid dynamics and structural mechanics could be noted. Likewise, the use of only virtual cohorts to
capture the device performance in reducing heart failure events seemed less convincing for the
reviewer. Further, it is pointed out that the proposed engineering metrics like wall shear stress and
oscillatory shear index may not be the only reliable markers for assessing the risk of thrombosis.

Regarding the reporting of simulation results, it was recommended to explain all simplifications in
detail. Emphasis was made to report what has been, for instance aspects like geometry or mesh
discretization but also the mechanical loading modes.
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Validation

Although the validation strategy was deemed to be reasonable, emphasis was laid on the need for
separate training and validation data. A concern was raised on the validation strategy for wall shear
stress using 4D magnetic resonance imaging (MRI), as wall shear stress measurements are known to
be prone to large uncertainties.

Inconsistencies around the rationale and reasoning were diligently sought out by the regulator. For
instance, our categorization that impact of simulation would be low, given there will be a follow-up
animal trial, while the animal trial design by itself was based on simulation, were rightly identified.

Reflections

The regulator is open for in-silico methods in the context of a medical device submission for regulatory
approval, yet there are a number of concerns on different aspects, as currently a combination of
bench, animal, and potentially CM&S data are used to evaluate the strength and generation of
evidence.

Not every comment, concern or recommendation from the regulator seems entirely new. Still, the
meta-information that this specific aspect has relevance to the FDA is valuable and underlines the
FDA’s approach to give the best possible support even when not everything is entirely clear at this
early stage of device development. For example, FDA recommended sample sizes in tests that allow
for reliable findings. The FDA is even willing to give reasonable answers to open questions despite
specific questions being preferred. To our questions on simplifications in in-vivo tests, the FDA stated
that the path to reach this is to provide evidence on how computational modelling could address all
critical safety and effectiveness endpoints associated with a traditional human clinical trial, and how
it can be combined with additional supporting evidence.

The FDA further recommended additional research, for example exploring more data sources on
relevant patient populations.

Learnings
Different stakeholder-perspectives need to be taken into account

As a research project, the consortium’s objective was to present the innovation and developments
achieved and to discuss future impact of the findings with authorities. Therefore, additional tests that
are often necessary for approval but those that do not pertain to the project topic were not foreseen
to be in the scope of the Q-Submission.

On the contrary, this created an impression that any tests and device safety or performance aspects
not covered in this submission were also not going to be considered by the manufacturer. Therefore,
the scope and non-scope with regard to the stakeholder’s interest need to be clearly stated in the
dossier.

Specificity of the regulatory dossier

The regulator responds to the questions based on the information/material delivered along with the
questions. The choice of what and how comprehensive the delivered material needs careful
consideration. At the same time, if the provided information is not relevant to the device approval or
the relevance is not sufficiently clarified, it does create confusion.

For this Q-Submission, it would have been advantageous to provide another supplement showing the
preclinical study plan in its entirety. Likewise, we attached an SOP that was prepared for the project
as part of the submission dossier. Although appreciated by the regulator, it included relevant but some
irrelevant information. This contributed to gaps in the understanding on what parts of the document
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pertains to the product and what concerns the research project outcome. A tailored SOP would have
been a better approach.

Context of regulatory submission

Furthermore, it should be clearly stated which aspects of the upcoming device approval are intended
to be modified and which remain intact. In other words, it is critical to clarify what aspects would
follow the classical approval path. In our Q-Submission it would have been helpful to assure the
regulator that a deviation from a previously discussed clinical study plan is not under consideration.

Language of communication

The wording of the questions raised in a Q-submission dossier needs to be carefully formulated. For
example, in a specific question we aimed to discuss whether the animal trials need to follow the GLP
standard. On the contrary, the regulatory interpreted it as we were intending to omit the animal trials
altogether.
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Best practices and recommendations

We conclude this document with broad observations that range from nuances of addressing in-silico
evidence, as well as general learnings that benefit the regulatory process involving in-silico methods
for device approval. We summarise some key aspects that this experience report captures and present
them here as observations.

Of specific note, the experience report deliberates the criticality and unique value addition that in-
silico methods bring to regulatory processes. Further, it presents a preliminary approach to unearth a
strategy that best articulates the use of in-silico methods within the device approval spectrum, after
due considerations of strengths and limitations. This remains non-exhaustive and stems from the
limited observations noted within the SIMCor regulatory exercise.

As highlighted in Part C of the previous section, the following practical considerations are relevant for
an individual contemplating a similar regulatory submission process, for the first time:

Adhere to the official guidelines of the regulator;

Formulate a multi-disciplinary team;

Foresee communication challenges and prioritisation dilemmas;

Recognise the need for buy-in from stakeholders and secure the support;

Start ahead of time and align with the priorities of stakeholders.

Last but not least, weigh upon the cross-dependencies on pre-submission preparation and outcome,
both in the upstream and downstream process.

Takeaways: industry perspective

Regulatory authorities are generally open to the use of CM&S to support device safety and
effectiveness but have expressed concerns on certain areas. Currently, the classical approach with
laboratory tests and animal experiments is seen as more reliable than the validation of computer
models. Nevertheless, a combination of in-silico clinical trials and other data sources including
literature data, bench tests and clinical tests are recommended by the regulator, in our case the FDA.

The evidence from in-silico-methods need to address all different aspects of device approval such as
safety, efficacy and effectiveness with adequate rationale and supporting evidence. ISCTs require a
whole chain of evidence in which every link must be reliable. An example presented in the Q-
submission was the attempt to validate blood flow simulations by means of 4D-MRI measurement
which, however, do not generate sufficiently comprehensible data on the clinical endpoints, such as
thrombosis, but also on engineering surrogate parameters, such as velocities and wall shear stresses.
As a result, thrombosis cannot be assessed only by relying on in-silico methods. On a different note,
no simulation step may be a black box process which might be the case when third-party
services/solutions are used, which by themselves are not always certified or where documentation is
missing for a comprehensive understanding.

A major benefit of the Q-Submission process is to obtain early feedback on parts of the evidence chain
that seem to be weak. The feedback can be used as gap analysis for the research and development
and to build capabilities or resources that are still required. Currently, more work is necessary on the
model development, for example to what extent model simplifications are acceptable. Also, more
resources need to be allocated to overcome the challenges within the in-silico methods for them to
be useful for a device approval process.
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Future medical device approval processes will obviously only consist of simulations to a proportion. In
preparation for future Q-submissions, it is, therefore, crucial not only to list the topics that may be
covered in other supplements, but also to state the relationship between the simulations and the
other topics. The context of the current supplement should be explained whether earlier supplements
are intended to be extended, replaced, altered or remain valid.

In general, reducing sample size in animal or human trials is a future topic for the medical device
industry and academic research to explore. Examples of further aspects to consider are influencing
the inclusion rate of real-world clinical trials or providing additional insights regarding patient groups,
i.e., paediatric populations that are hard to include in clinical trials.

Takeaways: academic perspective

Need for advanced modelling solutions

This feedback regarding the use of computer models for implant approval are helpful for the early
stage of developing corresponding models and therefore also of interest for academic stakeholders.
Furthermore, insights are gained on which developments and improvements are still needed for a
successful implementation of computer models in implant approval in the future.

Transformation of academic work into industry and regulatory process

The academic researchers of the in-silico medicine community have had a first-hand opportunity to
see the transformation of our academic work into regulatory evidence. Watching this from the side-
lines of the Q-submission process, had offered a glimpse into the hard-reality of challenges and
necessary steps to transform a research tool into a medical device approval process.

Need for partnership

With an emerging domain like in-silico trial technologies, the process of regulatory submission has
highlighted the clear need for interdisciplinary work. Especially, the role of our academic partners in
the consortium to formulate the key themes around in-silico clinical trial design for the industry drive
Q-submission, remained a mutually enriching exercise.

Feedback channelizes open challenges
The model-effectiveness related feedback received from the regulators, helps the community to
prioritise and channelize on the unmet needs and the critical gaps in the entire ecosystem.
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Outlook

This document aims to outline the regulatory process pertaining to the use of in-silico methods for
device approval process. The introduction presented the different engagement strategies and
channels to seek feedback from the regulatory agencies. Subsequently, one-specific example
feedback within the project scope was presented in detail in the form of a Pre-Submission within the
Q-submission program. To help one get started with adherence to the relevant official guideline, key
highlights from the corresponding FDA guidance document on Pre-submission® were presented in
the first part of the procedure section (Part A).

Subsequently, the Part B of the experience report outlines the specific considerations that are unique
and complicated, when dealing with the use of in-silico methods for device approval. To that end, a
high-level non-exhaustive guideline on formulating the scope of approval process are summarised,
along with factors that impact the regulatory approval plan. To provide tangible first-hand insights,
the example Q-submission process for the PAPS implantable high risk medical device is briefly
presented in Part C. Due to confidentiality reasons, we are limited in the details of the entire process.
Nevertheless, the report summarises key takeaways for device manufacturers, academic researchers,
and possibly also for experts supporting the regulatory process, who are in the forefront of handling
in-silico evidence.

Finally, the document concludes with a list of learnings and best practices that our team observed or
reflected while going through the whole process of regulatory approval for in-silico methods.

To conclude, there are different forums through which we can engage with regulatory authorities, be
it in a scientific conference or during an advisory board meeting in a research project or approaching
them in a formal approval process. The Q-Submission is not yet an approval but sets the context of
the specific market entry of a medical device. As expected, this engagement channel helped us to
understand some of the concerns from the authorities with regard to in-silico technologies.

° FDA (U.S. Department of Health and Human Service - Food and Drug Administration): Guidance for Industry and Food and Drug
Administration Staff: Requests for Feedback and Meetings for Medical Device Submissions: The Q-Submission Program, 2023
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Appendix
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of contents.
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Computer Simulation and Validation
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