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Seeding the
EuroPhysiome:

Many called us crazy

3
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SEVENTH FRAMEWORK
PROGRAMME

In 2013 (end of FP7) some
claimed VPH failed to deliver

2007: VPH Research roadmap
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In Silico Medicine today
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2014 first patient-specific
model is FDA-approved

7 DASSAULT

2019: Dassault Systems buys DS sisréries
Medidata for US$5.8 BILLIONS :: medidata

Today we discuss the regulatory
aspects of in silico trials
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Credibility of a predictive model

A Machine Learning
0 = f() 1

No epistemic error
No numeric error

Inputs Model
A A ~
‘0 — 0] = a; + a,,

Mechanistic model

m = &y T & T Vr@) 1
{} {} {} All three errors
Epistemic | Aleatoric | Numeric Aleatoric can brought

back to input errors
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VV&UQ: Verification

Xy = af + Ef + Vf(l)

 Verification involves code and
model

* Code verification is essentially
1% =olar + €
software quality assurance f) ( f f )

* Model verification aim to show Ay = af + gf
that the numerical error is

negligible when compared to the
other errors in the model
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VV&UQ: validation

Xy = C(f + Sf + Vf(l)
Vi) = o(af + &)

« Qver repeated comparisons:
Nn—o>00

— we assume that the error due
(X, — O

to the inputs has null average
=1

— Than the average of the error
Is only due to the model error

ave(HO — @H) = ave(ay,)
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VV&UQ:
Uncertainty quantification
Am = le + Ef + Vf(I)

ve = o(ar + &)

n—>00

za1—>0

=1

If all above are true, then the

variance of the error over var(HO _ GH) =~ var(a;)
repeated comparison is only due
due to the variance of the inputs
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In Silico Trials: medical devices

 Code Verification

Reporting of Computational . - -
Modeling Studies in Medical Device SyStem Conflgurat|on

Submissions » Governing Equations,

Guidance for Industry and Food and Constitutive Laws
Drug Administration Staff . Syst em Pr op erties

The draft of this document was issued on January 17, 2014. o Syste m CO n d iti O n S

For questions about this document, contact Tina M. Morrison, Ph.D., Division of Applied
Mechanics, Office of Science and Engineering Laboratories, (301) 796-6310,

tina.morrison@fda.hhs.gov. ) S ySte m D I S C retl Z at I O n
U.S. FOOD & DRUG U.S. Department of Health and Human Services [ ) N u m e r'l Ca |

Food and Drug Administration

ADMINISTRATION Center for Devices and Radiological Health

L |
sssssssssssssssssssssssssssssssss Office of Device Evaluation I I t t
Office of Science and Engineering Laboratories I I I p e I I I e n a I O n
Validati
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ASME V&V-40

| The American Society of Mechanical Engineers

About Codes & Certification & Learning & Publications &
ASME Standards Accreditation Development Submissions

Codes & Standards > Find Codes & Standard > V V 40 Assessing Credibility of Compu...

Standards

Assessing Credibility of
Computational Modeling through

Verification and Validation:
Application to Medical Devices

VV40-2018

Publisher: | Publish Date: | Pages: | ISBN:
ASME 2018 60 9780791872048

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




Context of Uncertainty Applicability
Use quantification analysis

\J

Description of

the model Validation

Risk analysis:
credblity Verification
threshold
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Risk analysis

Use the model to predict

= Define Context of

Purpose

FEM model to
predict peak cyclic
stress, and form that
predict the risk of
fatigue fracture

Prediction
error
<10% of

fatigue limit

the outcome of ISO7206-4
on Ti6Al4V cementless hip
stem

Use

Assess model

Decision Consequence
Low Medium High

risk
Establish '
credibility V\Ifztjg ISIhan
threshold P
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Verification

ASME V&V-20
Numerical Bt
Code —
Verification |

CERTIFICATE & U=

Software QA

[ . . .
Discretisation
L error

Code Verification

Solver error

\_
-

Use error
. (Human)

Model Verification
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Validation

» Credibility factors

— Model Form
e governing equations

« system configuration
(i.e. geometry)

« system properties
(i.e. materials)

« system conditions
(i.e. loads)

— Model Inputs
— Comparator

* |n vitro, ex vivo, in vivo

— Assessment
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ncertainty quantification

Achilles Peroneus Longus Tibialis Anterior Tibialis Posterior
GLsmeEgeEs fa Wi AN | viel  vie2  via3 | vial via2 | vial via2 |
Result Set MCSFEMO Patient 1
.66 Anterior 0.6 28 0.6 06 3.0 29 13 5.2 0.6
. l il i Posterior -0.6 25 22 -0.6 30 33 0.7 43 06
SKEW 0.20589E+00 Superior -0.6 -3.8 -0.6 -0.6 -3.1 -2.4 -1.0 -1.5 -0.6
- l KURT -0.1224SE+00 Inferior 0.6 53 2.0 0.6 4.1 2.2 0.6 15 0.6
MIN  0.53957E+00 Lateral 06 34 09 0.6 38 55 | 10 [ 06
S W M 0082530100 Medial 0.6 38 038 0.6 3.9 5.8 1.0 54 | 06
M l‘il\J\{\ Confidence Limit Patient 2
; 764 B4 A=Ak Anterior 1.2 2.0 13 12 27 2.8 -1.0 44 1.2
i ﬂh i g Posterior 1.2 15 1.2 1.2 2.4 2.2 2.0 3.8 1.2
P Superior 1.2 -2.5 13 1.2 -2.5 -1.5 -1.0 2.1 1.2
1 % \WWWWM Inferior 1.2 26 11 1.2 2.4 15 2.0 15 1.2
L PEN— Lateral 1.2 35 13 1.2 45 46 2.8 4.8 1.2
.62 4 _/VW Medial 1.2 38 11 12 3.8 3.9 21 35 1.2
gy W Patient 3
Anterior 08 10 08 | -08 32 23| -09 |78 o8
fiomes M Posterior 0.8 0.9 0.8 0.8 3.0 2.4 0.6 6.5 0.8
( b Superior 0.8 -2.6 0.8 0.8 2.6 -1.6 0.9 -1.6 0.8
.61 Inferior 0.8 2.4 0.8 0.8 3.1 -1.0 0.6 0.9 0.8
. 5 e 150 200 Lateral 0.8 13 0.8 0.8 34 33 1.0 50 | -08
Humber of:sauples Medial 0.8 2.3 0.8 0.8 3.8 2.0 0.9 6.7 0.8

Hannah I., et al. Proc Inst Mech Eng H.
2017 May;231(5):415-422.
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Applicablility analysis

Schematic Representation of Applicability

X2

Max X2 =

Min X2 =

4

3

Validation
Points f

FOA

Contours of different
levels of confidence

________

Decreasing level of confidence

>

i
| |
Min X1 Max X1 X1
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Courtesy of Tina Morrison, FDA
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AVOID CLINICAL TRIAL
ADVISA SR APPROVAL CRT-D MRI, 3T MRI

Significant cost and time savings
due to clinical trial avoidance

In Vivo Model Validation leading to valuable incremental
revenue gain and earlier patient

VR Modeling access

70 kg pig e 70 kg pig
|

Instrutleads Lead models Am pl ia M Rl

|
Lead path reconstruction

|
Simulated MRI scans

T

Simulate heating
* Advisa SR approved with no clinical
* No clinical required for CRT-D MRI, 3T
MRI, and future MRI programs
Courtesy of Markus Reiterer Credit: CRHF MRI
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Limits of the VV40

* Applicability approach assumes physics-
based models

* Primary target is replacement of bench
tests

* No explicit provision for replacement of
clinical trials

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




* ML regulatory framework
proposal acknowledge the
issue of “concept drift”

 Recommend a continuous
QA process =» collection
of clinical outcomes

 Cast shadow on “locked
ML" systems
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Proposed Regulatory Framework for Modifications
to Artificial Intelligence/Machine Learning (Al/ML]-
Based Software as a Medical Device (SaMD)

Discussion Paper and Request for Feedback
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EMA Qualification process

Novel

Methodology
validation plan

Scientific
advice (ITF)

Technical
validation

( Intervention W
al clinical

trial J

Briefing Book

Regulatory
Plan

Qualification Observation Qualification
advice al clinical Opinion
(SAWP) trial (CHMP)

Qualified
Methodology
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STriTuVaD

s Project News & Events About us

We are on f ¥ in

DEVELOPING IN SILICO TRIALS TO FIGHT TUBERCULOSIS

* Universal Immune System Simulator (UISS), U. of Catania

« UISS-TB to be used to reduce duration and cohort size of
clinical trials of new therapeutic vaccines
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Ipx =[HLA, Age, gender, ...]

Observed disease progression of Px >
Vx=Px ‘
lex =[HLA, Age, gender, ..] Predicted disease progression of Px >

Validated patient-specific model of disease progression

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




Qualification of UISS-TB /2

i
2

Observed disease progression of Py (treated)

Vx=Px ‘
lpy =[HLA, Age, gender, ...] Predicted disease progression of Py (treated)

Validated patient-specific model of treatment response |
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Physical Patients

Virtual Patients

Validation Validation Prediction
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Conclusions

* “First in Kind” qualification of In Silico Trials

methods will complete the cycle started in
2005 with the idea of the VPH

* |In Silico Medicine research should now
enters a maturity stage where:

— Clear distinction between models for hypothesis
falsification and models for problem-solving

— Problem-solving models should undergo same
levels of VV&UQ required by standards before
publication
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