g ¥

IN SILICO REGULATORY SCIENCE v | C
FOR THE DIGITAL ERA

Safer, Faster, and More

Sustainable Medical Devices for
Better and More Equitable Care

Prof Alejandro F Frangi, FREng
Bicentennial Turing Chair of Computational Medicine

Royal Academy of Engineering Chair in Emerging Technologies
Director, Christabel Pankhurst Institute

School of Engineering, Faculty of Engineering and Physical Sciences
School of Health Sciences, Faculty of Biology, Medicine and Health
The University of Manchester, UK

Disclosure: Founder, Board d
Member and Shareholder q

“"\
I I /% Royal Academy UK Research MANCHE_STER
/@ of Engineering and Innovation 1824

The University of Manchester




Center for Computational Imeging & D
Modeling in Medicine



First Do not Harm - revisiting patient safety

IMPLANT FILES

10 devices tied to the most

reports involving death
(2008-2018) 93
62 Implantable

cardioverter

Automated external defibrillators (ICD)

defibrillators

almost 83,000 deaths

|C1J analysis of data from the United States has also found
more than 1.7 million injuries potentially linked to medical

devices.
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Mechanicatrneart” -
The Implant Files: De2 pumps (VAD) ‘ \
devices
oo, g  CBC NEWS Source: Health Canada & ICIJ

www.icij.org/investigations/implant-files/
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First Do No Harm

The report of the Independent
Medicines and Medical Devices
Safety Review

www.immdsreview.org.uk



Therapeutic Complex Medical Device
Development Stages

Figure 1. Stages of Therapeutic Complex Medical Device Development

Proof of concent « Novel therapeutic complex medical device: R&D cost is ca. $54m ($25 m—$200 m)
development « Mean capitalised cost for the US market is $522 m ($205m—$3,382 m)
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P=47% P=48% P=76% P=81%

t=60 mo t=28 mo t=57 mo t=17 mo t=81 mo

n=NA n=42 n=565 n=NA n=414
CPP=NA CPP=%$34059 CPP=$54332 CPP=NA CPP=%14 416
C=%$20.0 million C=%1.4 million C=%$30.7 million C=%1.9 million C=%6.0 million

In this flow, these are costs that do not incorporate the cost of capital or failure, or removing the phase probabilities. C indicates phase cost (in $ 2018); CPP, cost per patient (in $
2018); n, number of patients; NA, not applicable; P, phase transition success probability (%); t, phase duration (in months).

Sertkaya A, DeVries R, Jessup A, Beleche T. Estimated Cost of Developing a Therapeutic Complex Medical Device in the US. JAMA Netw Open. 2022 Sep 1;5(9):€2231609.
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FDA-Approved High-Risk Device
Mods Linked to Recall Spike

O Safeguarding Patient Safety: Tackling Device Recall Risks Through
Enhanced Testing and Vigilant Surveillance

O Design Flaws Drive 30% of Recalls, Over Half of Class 1 Recalls —
Likely an Underestimate.

Table 3. Top 5 FDA-Determined Root Causes of Recall®

Total, No. (%)

FDA root cause Recalls Class 1 recalls
Total No. 193 (100) 43

Process control 22 (11.4) 5(11.6)
Software design 21(10.9) 2(4.7)
Nonconforming material or component 15(7.8) 1(2.3)

Under investigation by firm 13(6.7) 3(7.0)

Other 66 (34.2) 9(20.9)

Dubin JR, Enriquez JR, Cheng AL, Campbell H, Cil A. Risk of Recall Associated With Modifications to High-risk
Medical Devices Approved Through US Food and Drug Administration Supplements. JAMA Netw Open. 2023
Apr 3;6(4):237699.
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Computational Medicine - in silico trials/testing

Computational Medicine (aka in silico Medicine):
applying methods from engineering, mathematics and computational sciences to improve our
understanding and treatment of human diseases

In-silico testing/trials:

computer-based tests/trials using detailed
prediction models on highly controlled virtual %
conditions or virtual cohorts Unlocking g

) o . o the power - :
representing realistic operational conditions = Ll In Silico Technologies
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or target populations for the intended use
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First Do Not Harm -» Simulation First?

The International Air Transport Association
(IATA) estimates there was about a one-in-ten-
million chance of dying in a commercial plane
crash globally in 2022, or 0.00001% [1]

Analysis and reporting of adverse effects (AE) in
randomised controlled trials (RCTs):

Recent RCT reports in high-impact medical journals
often lack sufficient and consistent information, making
it difficult to comprehensively analyse AE data and
establish a clear safety profile [2]

1. Rodrigue J-P et al. (2020) The Geography of Transport Systems, Hofstra University,

Department of Global Studies & Geography www.transportgeography.org

2. Phillips R et al. (2019) Analysis and reporting of adverse events in randomised
controlled trials: a review. BMJ Open. 2019 Mar 1;9(2):e024537. doi:
10.1136/bmjopen-2018-024537.
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Number of Problems Resolved

earlier, cheaper, better, safer, greener

Cost per problem 1000x — 10,000x
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& Ideation Prototyping Clinical Trials Approval Ramp-up Launch Monitoring
Source: Adapted from J Lemon, ITI| Global
The use of in silico methods can yield better Maturity

results more quickly and economically. s Simulation Driven Development

== == == Digital Engineering

= = = m = Conventional Design, Build & Test



	In Silico Regulatory Science for the Digital Era
	Diapositive numéro 2
	First Do not Harm - revisiting patient safety
	Therapeutic Complex Medical Device �Development Stages
	FDA-Approved High-Risk Device Mods Linked to Recall Spike
	Computational Medicine – in silico trials/testing
	First Do Not Harm ⇢ Simulation First?

