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Driving Questions

1. How do we continue to improve the safety, quality, efficacy, 
and durability of products across geographies?

2. How do we manage the risks and opportunities associated 
with the pace of technologies?

3. How do we help our individual regulators have confidence 
when engaging technologies in the regulatory review process?
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Outline

◼ The Imperatives to Act Now 

◼ The Vision: CM&S aka “in silico”

◼ The Science: Exemplars

◼ Ready for Prime Time?

◼ Computational Model Credibility

◼ A Call for Action
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THE IMPERATIVES

The Consequences of Inaction
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A Holistic and Market Failure Approach to 
Ethical & Innovative Medical Development

Guimarães AI. Are Animal Models Necessary? Exploring 
(Dis)advantages and Alternatives. Eur J Neurosci. 2025 
Jan;61(1):e16651. doi: 10.1111/ejn.16651. 

Ogilvie LA, Rieke DT, Lehrach H. A vision: in silico clinical trials without patients. In: Schüler P, 
editor. Innovation in Clinical Trial Methodologies. Academic Press; 2021. p. 39-48. doi: 
10.1016/B978-0-12-824490-6.00020-7.

 Ethical Imperatives: Reducing animal testing across the entire product lifecycle, aligning with broader ethical standards.

 Innovative Synergy: Reducing animal testing can simultaneously reduce patient harm, business risks, and costs.

 Accelerated Access: Approaches speeding up the delivery of lifesaving therapies and interventions.



7

The Ethical & Safety Imperative
Minimise Patient Exposure to Unproven Therapies

Courtesy of Dr Tina Morrison (FDA) and Dr Mark Palmer (ANSYS)
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The Economic & Financial Imperative
Sustainable care and affordable innovation

Courtesy of Dr Tina Morrison (FDA) and Dr Mark Palmer (ANSYS)
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IN SILICO EVIDENCE

The vision

WHAT IF….
❑ We build credible models that surface hidden 

insights and predict post-market failures early.
❑ We then optimise designs to prevent or minimise 

those failures.
❑ Human studies become confirmatory—verifying 

safety and performance, not estimating them.
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The Innovation Imperative
Better Products, Less Failure, Reduced Time to Revenue

Medical Product Lifecycle  →
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Modelling and simulation is a technology integrator
The foundation of 21st-century design and manufacturing

Computer 
“in silico” 

Model

Bench

Animal

Human

Device

Procedure

RWD

◼ Models are built to address specific questions of interest 

◼ The better the question is defined, the better the model

◼ AI (data-driven) + mechanistic (first-principles) modelling 

◼ Models are informed by
 Physical and Real-World Data

 Clinical imaging

 Disease or condition to be treated

 Digital representation of the device and its operation

 Manufacturing processes for the device
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Regulatory use of modelling and simulation
Benefits to the regulatory ecosystem

◼ Initial use was for forensic analysis of post-market failures

◼ Applications moved left in the product life cycle towards 
manufacturing, R&D, and clinical evidence

◼ Successful applications have included
 Reducing the number of questions to be addressed in the study design

 Augmenting a clinical trial with virtual patients

 Use of modelling and simulation to expand claims

 Uses simulation to resolve post-market product safety & efficacy issues

Aycock KI, Battisti T, Peterson A, Yao J, Kreuzer S, Capelli C, Pant S, Pathmanathan P, Hoganson DM, Levine SM, Craven BA. 
Toward trustworthy medical device in silico clinical trials: a hierarchical framework for establishing credibility and 
strategies for overcoming key challenges. Front Med (Lausanne). 2024 Aug 12;11:1433372.

Soejima K, Edmonson J, Ellingson ML, Herberg B, Wiklund C, Zhao J. Safety evaluation of a leadless transcatheter pacemaker 
for magnetic resonance imaging use. Heart Rhythm. 2016 Oct;13(10):2056-63

MRI SAFE LABELING
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High-value Evidence for the entire Product Lifecycle

Value Proposition: Reduce RDR from “Years to Months” & Safety Risks “Failing fast & earlier ”

In-silico testing/trials:
computer-based tests/trials using detailed 
prediction models on highly controlled virtual 
conditions or virtual cohorts 

representing realistic operational conditions 
or target populations for the intended use 

IN SILICO = evidence derived from real-world data plus 
computational modelling and simulation, including AI

Aycock KI, Battisti T, Peterson A, Yao J, Kreuzer S, Capelli C, Pant S, Pathmanathan P, Hoganson DM, Levine SM, Craven BA. Toward trustworthy medical device in 
silico clinical trials: a hierarchical framework for establishing credibility and strategies for overcoming key challenges. Front Med (Lausanne). 2024 Aug 12;11:1433372. 
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The Future?

Proportionate and 
risk-informed 
evidence 
framework

No single source of evidence 
provides the highest evidence 
rigour for all categories

https://reaganudall.org/publications/silico-technologies-strategic-imperative-accelerating-breakthroughs-and-market
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EXEMPLARS

This is happening, Regulators just don’t assess it
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Orthopaedic implants
> in silico bench test on realistic regimes

Favre P, Maquer G, Henderson A, Hertig D, Ciric D, Bischoff JE. In Silico Clinical Trials in the 
Orthopedic Device Industry: From Fantasy to Reality? Ann Biomed Eng. 2021 Dec;49(12):3213-
3226. doi: 10.1007/s10439-021-02787-y. 
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Personalised high tibial osteotomy
> realignment surgery with bespoke vs generic devices

MacLeod, A.R., Peckham, N., Serrancolí, G. et al. Personalised high tibial 
osteotomy has mechanical safety equivalent to generic device in a case–
control in silico clinical trial. Commun Med 1, 6 (2021). 

Interesting points
• Obesity has been shown to be a significant independent 

predictor of major complications following HTO surgery (p= 
0.001). TomoFix plate not recommended in obese 
individuals. 

• Despite this fact, 88% of patients in a previous clinical study 
were overweight or obese. 

• The study included 92.9% overweight and 78.6% obese 
patients and is representative of the typical patient 
demographics.
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Cheaper, faster, better, safer and more scalable
VICTRE Trial – Digital Breast Mammography vs DB Tomosynthesis

Sharma D, Graff CG, Badal A, Zeng R, Sawant P, Sengupta A, Dahal E, Badano A. Technical Note: In silico imaging 
tools from the VICTRE clinical trial. Med Phys. 2019 Sep;46(9):3924-3928. doi: 10.1002/mp.13674. Epub 2019 Jul 
17. PMID: 31228352.

Abadi E, Segars WP, Tsui 
BMW, Kinahan PE, Bottenus 

N, Frangi AF, Maidment A, Lo 
J, Samei E. Virtual clinical 
trials in medical imaging: a 
review. J Med Imaging 
(Bellingham). 2020 

Jul;7(4):042805
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Digital Breast Tomosynthesis
> comparative diagnostic efficacy

Badano A, Graff CG, Badal A, Sharma D, Zeng R, Samuelson FW, Glick SJ, 
Myers KJ. Evaluation of Digital Breast Tomosynthesis as Replacement of 
Full-Field Digital Mammography Using an In Silico Imaging Trial. JAMA Netw 
Open. 2018 Nov 2;1(7):e185474. doi: 10.1001/jamanetworkopen.2018.5474.
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Can in-silico trials replicate and expand 
conventional clinical trials?
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Haemorrhagic stroke: intracranial aneurysms

Jia ZY, Shi HB, Miyach i S, Hwang SM, Sheen JJ, Song YS, Kim JG, Lee DH, Suh DC. Development of New Endovascular Devices for 
Aneurysm Treatment. J  Stroke. 2018 Jan;20(1):46-56.  doi: 10.5853/jos.2017.02229.

Dandapat S, Mendez-Ruiz A, Martínez-Galdámez M, Macho J, Derakhshani S, Foa Torres G, Pereira VM, Arat A, Wakhloo AK, Ortega-
Gutierrez S. Review of  current intracranial  aneurysm flow diversion technology and clinical use. J  Neurointerv Surg. 2021 Jan;13(1):54-62.

www.rwjbh.org/rwj-university-hospital-new-
brunswick/treatment-care/neurosciences/neurosurgery/for-
patients/new-jersey-brain-aneurysm-avm-program/what-is-a-
brain-aneurysm-/

www.neurosurgicalatlas.com/neuroanatomy/
most-common-sites-of-saccular-aneurysms
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Device selection for elective aneurysm 
treatments at a US center over 20-year

Lauzier DC, Huguenard AL, Srienc AI, Cler SJ, Osbun JW, Chatterjee AR, Vellimana AK, Kansagra AP, Derdeyn CP, Cross DT, Moran CJ. A review of technological
innovations leading to modern endovascular brain aneurysm treatment. Front Neurol. 2023 Apr 11;14:1156887. doi: 10.3389/fneur.2023.1156887.
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Flow-Diverter Mechanism of Action
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Pipeline for Uncoilable or Failed Aneurysms (PUFS) Trial

Design to Publication 8  years
Recruitment 6 years

108 patients  ca. £30-40m
https://clinicaltrials.gov/ct2/show/NCT00777088
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FD-PASS 
Our first in silico clinical trial

Sarrami-Foroushani A, Lassila T, MacRaild M, Asquith J, Roes KCB, Byrne JV, 
Frangi AF. In-silico trial of intracranial flow diverters replicates and expands 
insights from conventional clinical trials. Nat Commun. 2021 Jun 
23;12(1):3861. doi: 10.1038/s41467-021-23998-w. 
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FD-PASS: 
replicated the occlusion rates of three studies

6 mo. 1 yr. 5 yr. 7.8 mo.1 yr.HTNT

82.9%
73.6%

86.8% 95.2%
74.8%76.8%

PUFS ASPIRePREMIERFDPASS

67.1%

0.0%

100.0%

PUFS—Outcome improvement over time—Three possible explanations:
1/ The aneurysm occlusion process can be prolonged in some cases. As time passes, more aneurysms heal.
2/ Some cases received re-treatments: 6 aneurysms re-treated
3/ Dropouts or failure in follow-ups Y1: 86.8% (79/91), Y3: 93.4% (71/76), and Y5: 95.2% (60/63).

Sarrami-Foroushani A, Lassila T, MacRaild M, Asquith J, Roes KCB, Byrne JV, Frangi AF. In-silico trial of intracranial flow diverters replicates and expands insights from
conventional clinical trials. Nat Commun. 2021 Jun 23;12(1):3861.

2008-2014
Clinical trial

Large & giant aneurysms
(size > 10mm)

2014-2015
Clinical trial

Small & medium aneurysms
(size < 12mm)

2016
Observational registry
Small, large, and giant 

aneurysms

2021
In-silico trial

Small, large, and giant 
aneurysms

75%

OA
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Enterprise device Pipeline device

Rest Exercise

Rest     64%
Exercise 56%

Morphology #1 Morphology #2

Surrogate end point:
Reduction in max 
time-averaged 
velocity at the neck

Anatomy #1: 64%
Anatomy #2: 27%

Enterprise: 10%
Pipeline: 64%

In silico trials – Concrete example: cerebrovascular flow diversion devices
Systematically explore design space & test it against available knowledge

Sarrami-Foroushani A, Lassila T, MacRaild M, Asquith J, Roes KCB, Byrne JV, Frangi AF. In-silico trial of intracranial flow diverters replicates and expands
insights from conventional clinical trials. Nat Commun. 2021 Jun 23;12(1):3861.
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The In-Silico Trial Space 
> From virtual twin to virtual chimera populations

Device 
SpecsPopulation 

Data 

Population 
Data

Device Design & 
Delivery envelope

Anatomical, Mechanical & 
Rheological envelope

Lifestyle, Physiological 
& Operational envelope

virtual experiment
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Real-world datasets – intracranial aneurysms 

Consecutive brain angiographic data (3D rotational angiography, CTA, and/or MRA) and 
radiology reports from the past 10 years have been retrieved in LTHT.

Approximately 36,000 patients.

Exams/Interventions
When available, aneurysm rupture status
Flow diversion or coiling treatment of 
aneurysms.
Device information (type/make, 
size, numbers)

Comorbidities
Diabetes, (controlled) hypertension, 
hyperlipidemia, coronary artery 
disease, polycystic kidney disease, atrial 
fibrillation, and cancer.

Demographics & clinical data
Age, gender, ethnicity, smoking status, 
and BMI

Medicines
Anticoagulant and antiplatelet 
medicines like heparin, warfarin, aspirin, 
clopidogrel, ticagrelor, and prasugrel.

Blood analytics
Information re RBCs, WBCs, platelets, etc. 

Brain angiographic data (3D 
rotational angiography, CTA, 
and/or MRA).
Approximately 600 patients.

Exams/Interventions
When available, aneurysm 
rupture status.
When available, information
about coiling treatment.

Demographics & clinical data
Age, gender, smoking status, 
and BMI
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Example: Population– 35,891 cases (examined 2014-2024). Mean age = 59 yo [17-92 yo]

15%

74%

11%

Smoking Status

Smoker Non-Smoker Ex-Smoker

69%
2%4%1%
5%
1%
18%

Ethnicity

White Black Asian Mixed Not-Stated Other N/A

33%

67%

Aneurysm Diagnosis

Aneurysm No-Aneurysm

2%

98%

Diabetes

Diabetes No-Diabetes

7%

93%

Coronary Disease

CAD No-CAD

43%
57%

Gender

Male Female

21%

79%

Cancer

Cancer No-Cancer

Real-world datasets – intracranial aneurysms
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Reference at-scale datasets – aortic valve stenosis

85,0001,000

A prospective, multicenter, 
2:1 randomised (Lotus 
Valve System versus a 
commercially available 
CoreValve Transcatheter 
Aortic Valve Replacement 
System, controlled trial 

A very large, population-
based prospective study, 

established to allow 
detailed investigations of 

the genetic and nongenetic 
determinants of the 

diseases of middle and old 
age. 500k (100k imaging 

enhancement)
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Health Data as a Sovereign Asset

https://www.gov.uk/government/news/prime-minister-turbocharges-medical-research
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IN SILICO TRIAL FOR OFF-LABEL USE
INCREMENTAL INNOVATION / UNDERSERVED PATIENT GROUPS

Exemplar II
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FD-PComA complete occlusion rates
Flow reduction & thus, the success rate is reduced in PComA 
aneurysms with foetal posterior circulation.

FoetalNon-foetal

88.6%

42.6%

FD-PComA

0.0%

100.0%

Flow reduction = space and time-averaged 
velocity (STAV) in the aneurysm sac.

Flow reduction (STAV) > 50% threshold.

MacRaild M, Sarrami-Foroushani A, Song S, Liu Q, Kelly C, Ravikumar N, Patankar T, Lassila T, Taylor ZA, Frangi AF. Off-label in-silico flow diverter performance 
assessment in posterior communicating artery aneurysms. J Neurointerv Surg. 2025 Jan 26:jnis-2024-022000. 
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IN SILICO TREATMENT STRATIFICATION 
OPERATOR INFLUENCE / COST EFFECTIVENESS
EMERGING BEHAVIOUR

Exemplar III
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Coiling: the basics

Packing density is defined as the ratio between the 

inserted coils and aneurysm volume.

Morales HG, Kim M, Vivas EE, et al. How do coil configuration and packing density influence intra-
aneurysmal hemodynamics?. AJNR Am J Neuroradiol. 2011;32(10):1935-1941. doi:10.3174/ajnr.A2635

Penumbra Smart Coil Insertion
Generic Call Insertion (short) 

https://youtu.be/fBoFy_LEVO4
https://youtu.be/QR7sKMYCqec
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Morales HG, Kim M, Vivas EE, Villa-Uriol MC, Larrabide I, Sola T, Guimaraens L, Frangi AF. 
How do coil configuration and packing density influence intra-aneurysmal 
hemodynamics? AJNR Am J Neuroradiol. 2011 Nov-Dec;32(10):1935-41.
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Coiling: in silico trials /device understanding

Morales HG, Larrabide I, Geers AJ, San Roman L, Blasco J, Macho JM, Frangi AF. A virtual coiling technique for image-based aneurysm models by dynamic path planning. IEEE Trans Med Imaging. 2013 Jan;32(1):119-29.
Morales HG, Kim M, Vivas EE, Villa-Uriol MC, Larrabide I, Sola T, Gu imaraens L, Frangi AF. How do coil configuration and packing density influence intra-aneurysmal hemodynamics? AJNR Am J Neuroradiol. 2011 Nov-Dec;32(10):1935-41. 
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Better population coverage
Complex or Rare Diseases
Underserved communities 
Pediatric applications
Combination therapies – co-simulation
Off-label or Foreseeable Misuse
Dose–Device Coupling
Virtual First-in-Body
Communicating RCT risk to patients
…

Fragile Physiology Zone
Pregnancy Protected Window
Comorbidity Jigsaw
Evidence for the Global South
Pre-test inclusion/exclusion
Incremental Equivalence Proof
Supply Chain Substitute Swap
Reprocessing & Reuse Validator
Operator Variability Reactor
…

Magnetic Environment Immunity
Extreme Physiology Checker
Recall Scope Optimiser
Recurrence Predictor Sandbox
Adaptive Arm Optimiser
Non-Inferiority Cushion Finder
Bespoke Manufactured Devices
Bioresorbable Horizon Scan
Clinician Learning Curve
…
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READY FOR PRIME TIME?

Why should regulators and industry get involved?
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In Silico Medicine/Trials – Ready for prime time?
> Computational Modelling & Simulation, Model-Informed or In Silico Evidence in FDA 

Wadman M. FDA no longer has to require animal 
testing for new drugs. Science. 2023 Jan 
13;379(6628):127-128. 

"Model-informed [product] development is 
the way of the future [at FDA]! […]
Modelling will become the leading science." 

– Food & Drug Administration, Dr Patrizia Cavazzoni
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In Silico Medicine/Trials – Ready for prime time?
> Modelling & Simulation, 3Rs, … in EMA 

“In Silico Trials should be at the core of the 
EMA 2025 strategy.” 

– Efthymios Manolis, Scientific Advise Office, European 

Medicines Agency.

Hines PA, Gonzalez-Quevedo R, Lambert AIOM, Janssens R, Freischem B, Torren Edo J, Claassen IJTM, Humphreys AJ. Regulatory Science to 2025: 
An Analysis of Stakeholder Responses to the European Medicines Agency's Strategy. Front Med (Lausanne). 2020 Sep 23;7:508.

https://www.ema.europa.eu/en/about-us/how-we-work/regulatory-science-strategy
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In Silico Medicine/Trials – Ready for prime time?
> Clinical Evidence, Modelling & Simulation, … in TGA 

www.tga.gov.au/resources/guidance/clinical-evidence-guidelines-medical-devices
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Model-Informed Evidence: Credibility Principles?
Quality Analysis Principles for Analytical Models

AQuA Handbook - https://www.gov.uk/government/publications/the-aqua-book-guidance-on-producing-quality-analysis-for-government

Quality = RIGOUR:
 
Repeatable, 

Independent,

Grounded in reality, 

Objective, 

understood and managed 

Uncertainty, 
address the initial question 

Robustly. 
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PAGIT Framework 
Proportionate and Adaptive Governance of Innovative Technologies

Tait, J., Banda, G., Watkins, A.: Proportionate and Adaptive Governance of Innovative Technologies (PAGIT): A Framework to Guide Policy and Regulatory Decision Making, Innogen 
Institute Report to the British Standards Institution. (2017). https://www.innogen.ac.uk/reports/1222. 



Openness to Computational Modeling & Simulation 
for regulatory approval: a global initiative

US FDA, , the first to adopt 
and regulate in silico 
methods (Guidance 2016). 
Many cardiovascular device 
submissions include 
simulation results.

UK MHRA, very dynamic for 
the validation and use of 
numerical methods. Actively 
promoting this discussion.

Brazil ANVISA, encourages 
the investigation of digital 
methods and legislates in this 
direction (session in the 
Brazilian Parliament on 
October 4, 2023).

Health Canada, in favor of 
adopting procedures similar 
to those accepted by the FDA; 
open to the use of numerical 
methods and accept Digital 
Evidence.

Germany TuV SuD, This Notified 
Body has the expertise and 
understanding of simulation 
results that they often receive. 
During approval process

China NMPA, Authorities very 
engaged in information, 
evaluation and training of 
their staff for numerical 
methods.

South Korea KFDA , Develop a 
strong expertise in numerical 
methods within their staffs.

Saudi Arabia SFDA, Multiplies 
international meetings to 
inform and train their staff. 
Open to simulation results.

Australia TGA, Collects 
information related to 
numerical methods; cautious 
opening for Digital Evidence  
in the context of submissions.

Japan PMDA, Evaluation of 
numerical methods and their 
verification. Networking with 
key players.

Confidential 47
Non exhaustive, illustrates some Avicenna engagements

Avicenna Documents available in Chinese

Avicenna Documents available in Japanese

Avicenna Documents available in Korean
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IN SILICO REGULATORY AIRLOCK

Cross-sector Co-creation In Practice
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Mapping Barriers

Frangi, A., Denison, T., Myles, P., Ordish, J., Brown, P., Turpin, R., Kipping, M., Palmer, M., 
Flynn, D., Afshari, P., Lane, C., de Cunha, M., Horner, M., Levine, S., Marchal, T., Bryan, R., 
Tunbridge, G., Pink, J., Macpherson, S., … Thompson, M. (2023). Unlocking the power of 
computational modelling and simulation across the product lifecycle in life sciences: A 
UK Landscape Report. InSilicoUK Pro-Innovation Regulations Network. 
https://doi.org/10.5281/zenodo.8325274
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UK CEiRSI Community of Interest
Funders, 

Charities & Academies
Capital

Clinical Needs, National Data 
Controllers & Providers

Medical Devices & Pharmaceutical Companies

Policymakers, Standardisation, 
Regulators & Health System

Membership 
Organisations

Research Organisations & Infrastructures

Supply Chain Catalysts

Consultant
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In-Silico Regulatory Airlock Initiative

We focus on applying and evaluating the strengths and limitations 
of existing international model credibility frameworks. 

Why do we need a Regulatory Airlock Initiative?
• Double-derisking: managing change in regulators and industry
• Problem-based learning boosts awareness, confidence & competence
• Precompetitive co-creation builds trust among stakeholders
• Collaborative learning enhances engagement and learning
• Focused primarily on early regulatory impacts
• Consider broader socio-technical questions

Frangi, A. F. (2024). The In-Silico Regulatory Airlock Initiative for Advancing Model-Informed Evidence Adoption (v 6). InSilicoUK Pro-Innovation Regulations Network. https://doi.org/10.5281/zenodo.12745437
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Core Approach to CM&S Evidence & Model Credibility
A Risk-informed Validation, Verification & Uncertainty Quantification Framework

Establishes that model credibility 
should be commensurate with the 
risk associated with a decision 
based, in part, on the 
computational model. 

Viceconti M, Pappalardo F, Rodriguez B, Horner M, Bischoff J, Musuamba 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.

Viceconti M, Emili L, Afshari P, Courcelles E, Curreli C, Famaey N, Geris L, Horner M, Jori MC, Kulesza A, Loewe A, Neidlin M, Reiterer M, Rousseau CF, Russo G, Sonntag SJ, Voisin EM, Pappalardo F. Possible Contexts of Use for In 
Silico Trials Methodologies: A Consensus-Based Review. IEEE J Biomed Health Inform. 2021 Oct;25(10):3977-3982.
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Standards and Guidance to industry and regulatory staff

Adoption by regulators? 
14 FDA case studies

From 2018…

Jul/Nov 2023

V&V Standards Committee on Verification and Validation in Modeling and Simulation

https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=100003367&_ga=2.192480802.928881319.1673705069-564752656.1673565334
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Best Practices – from practitioners 

Published Feb 2024
Open Access

Expected Publication date: Jan 2026
Open Access

Led by:

https://insilico.world/
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Model-Informed Evidence (MIE)

Position Paper

• We are striving to launch an In-Silico Regulatory Airlock 
Initiative. 

• This initiative will involve a collaborative learning process that 
engages all stakeholders and taps into their expertise. 

• Our ultimate aim is to present the MHRA, NICE, and HRA with 
preliminary guidance on the Use of MIE in Preclinical and 
Clinical Studies to support Regulatory Decisions. 

• This guidance will be underpinned by the analysis of 10 realistic 
case studies or in-silico regulatory Pilots.

Additionally, we will deliver a host of activities and reports that 
cover technical and socio-technical regulatory considerations and a 
sustainability plan to scope and prioritise and continue the work of 
the UK CEiRSI beyond 12 months
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OUTLOOK AND CONCLUSIONS
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Outlook

◼ Medical product innovation and regulatory processes – at an inflexion point 

◼ CM&S: essential new ingredient well positioned in current regulatory pathways

◼ Both a technical and a cultural transformation – where to start?
 Focus on how in silico studies enhance the type of evidence regulators currently receive and how evidence 

gaps (e.g., in paediatrics, rare diseases, combination devices, etc.) can be filled

◼ Transformation is already taking place, needing cross-stakeholder engagement.

◼ Catalysing uptake relies on the pull from regulators and push from the industry

◼ Work alongside patients – they expect better regulatory pathways.
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Discussion

1. Integration of In Silico Models
 Question: How do you envision integrating in silico models with existing clinical trial protocols, and what specific 

challenges do you foresee in aligning model outputs with clinical endpoints?

2. Data Requirements and Sources
 Question: What types of clinical data are currently underutilised in your trials that could enhance the predictive 

accuracy of in silico simulations, and how can we ensure these data sources are adequately captured and validated?

3. Regulatory Considerations
 Question: What regulatory hurdles do you anticipate for the acceptance of in silico trials as part of the clinical 

development process, and what methodological innovations do you believe are necessary to address these concerns 
effectively?

4. Adaptive Trial Design
 Question: How can we incorporate adaptive trial design principles into in silico trials to enhance flexibility and 

efficiency in responding to emerging data, and what specific methodological frameworks do you think are necessary 
to support this integration?
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Contact us

E: UK-CEiRSI@manchester.ac.uk

https://www.linkedin.com/showcase/ukceirsi

https://insilicouk.podbean.com

https://www.youtube.com/@UK-CEiRSI


	Slide 1: The imperatives of in silico evidence in the digital era  Artificial Intelligence for Regulations,  Computational Modelling and Simulations or Model-Informed Evidence?
	Slide 2
	Slide 3: Driving Questions
	Slide 4: Outline
	Slide 5: The imperatives
	Slide 6: A Holistic and Market Failure Approach to  Ethical & Innovative Medical Development
	Slide 7: The Ethical & Safety Imperative Minimise Patient Exposure to Unproven Therapies
	Slide 8: The Economic & Financial Imperative Sustainable care and affordable innovation
	Slide 9: In silico evidence
	Slide 10: The Innovation Imperative Better Products, Less Failure, Reduced Time to Revenue
	Slide 11
	Slide 12: Regulatory use of modelling and simulation Benefits to the regulatory ecosystem
	Slide 13: High-value Evidence for the entire Product Lifecycle
	Slide 14: The Future?  Proportionate and risk-informed evidence framework  No single source of evidence provides the highest evidence rigour for all categories
	Slide 15: exemplars
	Slide 16: Orthopaedic implants > in silico bench test on realistic regimes
	Slide 17: Personalised high tibial osteotomy > realignment surgery with bespoke vs generic devices
	Slide 18: Cheaper, faster, better, safer and more scalable VICTRE Trial – Digital Breast Mammography vs DB Tomosynthesis
	Slide 19: Digital Breast Tomosynthesis > comparative diagnostic efficacy
	Slide 20: Can in-silico trials replicate and expand conventional clinical trials?
	Slide 21: Haemorrhagic stroke: intracranial aneurysms
	Slide 22: Device selection for elective aneurysm treatments at a US center over 20-year
	Slide 23: Flow-Diverter Mechanism of Action
	Slide 24: Pipeline for Uncoilable or Failed Aneurysms (PUFS) Trial
	Slide 25: FD-PASS  Our first in silico clinical trial
	Slide 26: FD-PASS:  replicated the occlusion rates of three studies
	Slide 27: In silico trials – Concrete example: cerebrovascular flow diversion devices Systematically explore design space & test it against available knowledge
	Slide 28: The In-Silico Trial Space  > From virtual twin to virtual chimera populations
	Slide 29: Real-world datasets – intracranial aneurysms 
	Slide 30: Real-world datasets – intracranial aneurysms 
	Slide 31: Reference at-scale datasets – aortic valve stenosis
	Slide 32: Health Data as a Sovereign Asset
	Slide 33: IN SILICO trial for off-label use incremental innovation / underserved patient groups
	Slide 34
	Slide 35: FD-PComA complete occlusion rates Flow reduction & thus, the success rate is reduced in PComA aneurysms with foetal posterior circulation.
	Slide 36: IN SILICO treatment stratification  operator influence / cost effectiveness Emerging behaviour
	Slide 37: Coiling: the basics
	Slide 38
	Slide 39: Coiling: in silico trials /device understanding
	Slide 40
	Slide 41: Ready for prime time?
	Slide 42: In Silico Medicine/Trials – Ready for prime time? > Computational Modelling & Simulation, Model-Informed or In Silico Evidence in FDA 
	Slide 43: In Silico Medicine/Trials – Ready for prime time? > Modelling & Simulation, 3Rs, … in EMA 
	Slide 44: In Silico Medicine/Trials – Ready for prime time? > Clinical Evidence, Modelling & Simulation, … in TGA 
	Slide 45: Model-Informed Evidence: Credibility Principles? Quality Analysis Principles for Analytical Models
	Slide 46: PAGIT Framework  Proportionate and Adaptive Governance of Innovative Technologies
	Slide 47: Openness to Computational Modeling & Simulation for regulatory approval: a global initiative
	Slide 48: In Silico Regulatory Airlock
	Slide 49: Mapping Barriers
	Slide 50: UK CEiRSI Community of Interest
	Slide 51: In-Silico Regulatory Airlock Initiative
	Slide 52: Core Approach to CM&S Evidence & Model Credibility A Risk-informed Validation, Verification & Uncertainty Quantification Framework
	Slide 53: Standards and Guidance to industry and regulatory staff
	Slide 54: Best Practices – from practitioners 
	Slide 55
	Slide 56: OUTLOOK AND CONCLUSIONS
	Slide 57: Outlook
	Slide 58: Discussion
	Slide 59:  Contact us

