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Method and System for Automated Planning of
Radiation Therapy technology patented in
PCT/CA2011/001130

Automated Quality Assurance (QA) and Planning
technology patented in W0O2014197994 Al

Receive royalties from RaySearch Laboratories for
license of technology for Automated Breast
Treatment Planning and Machine Learning-based
Automated Treatment Planning

Have an equity interest in bridge7, licensee of

technology for Machine Learning-based for
Automated Quality Assurance in Radiation Oncology
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Are We Ready to Use Deep Neural Networks Clinically?

LETTER

doi:10.1038/nature21056

Dermatologist-level classification of skin cancer
with deep neural networks

Andre Esteva'*, Brett Kuprel'*, Roberto A. Novoa??, Justin Ko?, Susan M. Swetter>4, Helen M. Blau® & Sebastian Thrun®

'Department of Electrical Engineering, Stanford University, Stanford, California, USA. ?Department of Dermatology, Stanford University, Stanford, California, USA. *Department of Pathology,
Stanford University, Stanford, California, USA. “Dermatology Service, Veterans Affairs Palo Alto Health Care System, Palo Alto, California, USA. *Baxter Laboratory for Stem Cell Biology, Department
of Microbiology and Immunology, Institute for Stem Cell Biology and Regenerative Medicine, Stanford University, Stanford, California, USA. ®Department of Computer Science, Stanford University,
Stanford, California, USA.

*These authors contributed equally to this work.

2 FEBRUARY 2017 | VOL 542 NATURE 115

Deep neural network tested for diagnosing skin lesions representing the
most common and deadliest skin-cancers with 21 board-certified
dermatologists used as control

Bottom line:
= Algorithm matched the performance of dermatologists
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Promise | Potential for Al to Infer New Knowledge
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Are we Inferring New Knowledge?

Radiotherapy and Oncology

Original article

Radigtherlapy
aOncology

Volume 130, January 2019, Pages 2-9

Vulnerabilities of radiomic signature

development: The need for

safeguards

Mattea L. Welch® 1 C

hris Mclntosh & ] Benjamin Haibe-Kains ¢ © L) Michae

Milosevic ® & i Leonard
b, &, %, 1 Brian O'Sullivan

Wee 8, Andre Dekker 8, Shao Hui Huang ® |, Thomas G.
51 Hugo J.W.L. Aerts ", David A. Jaffray > 2> & & 11 2 =
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Responsible Use of Machine Learning

PERSPECTIVE

https://doi.org/10.1038/541591-019-0548-6

namre . o
medicine

Corrected: Author Correction

Do no harm: a roadmap for responsible machine
learning for health care

Jenna Wiens©'2°* Suchi Saria?*%2°, Mark Sendak >, Marzyeh Ghassemi®’®, Vincent X. Liu®,
Finale Doshi-Velez'?, Kenneth Jung", Katherine Heller'*"™, David Kale'*, Mohammed Saeed”,
Pilar N. Ossorio'®, Sonoo Thadaney-Israni'’ and Anna Goldenberg®®81.20*

Interest in machine-learning applications within medicine has been growing, but few studies have progressed to deployment in
patient care. We present a framework, context and ultimately guidelines for accelerating the translation of machine-learning-
based interventions in health care. To be successful, translation will require a team of engaged stakeholders and a systematic
process from beginning (problem formulation) to end (widespread deployment).
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New Regulatory Approach for Al/ML Needed
{((. ﬂ U.S. FOOD & DRU- ‘

Proposed Regulatory Framework for Modifications
to Artificial Intelligence/Machine Learning (AI/ML)-
Based Software as a Medical Device (SaMD) Al/ML-Based SaMD are

Discussion Paper and Request for Feedback hi g h Iy terative
]
autonomous, and adaptive

Need to facilitate rapid cycle

100110 : .

of constant improvement

810101 . . o e .

- while providing effective
safeguards
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New Regulatory Approach for Al/ML Needed

Good Machine Learning Practices | \

N A
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Data selection and /| Model training Data for re-training:"

management and tuning
\ 4 Gy, y
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" 4 -

| Model validation <_
o Performance evaluation

o Clinical evaluation
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2uiuien-al 10} ejeq

. Model monitoring
New (Live) Data || V Deployed Model /| o Logand track |
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L Al Model Development J
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Where do Medical Physicists fit in?

Physicists are technical experts with clinical domain expertise
We are uniquely positioned to shape the future of Al in Medical Physics

« Data: governance, collection, curation

* Problem definition

 Model development, testing, and tuning
 Workflow design, validation, and implementation
e Supervision, maintenance

* Development and execution of routine QA

Whiat:does a QA program for Al:look like?
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Metrics to Evaluate Machine Learning Models

Number of correct predictions

Penalize false classifications

Complete performance of model

Probability of ranking +data higher than —data
Precision of model based on precision and recall
Prediction minus truth | No direction

Prediction minus truth | Penalize larger errors

= (Classification Accuracy
m ogarithmic Loss

= Confusion Matrix

= Area Under the Curve
= F] Score

= Mean Absolute Error

= Mean Squared Error

70 788 0 0 T

Purdie | Automated Planning - Technical Considerations for Ensuring Safety and Quality AAPM| COMP Virtual Meeting 2020 | July 14,2020 11 https://towardsdatascience.com/metrics-to-evaluate-your-machine-learning-algorithm-f10ba6e38234



Sources of Error in Al-based Error Detection

Class Imbalance

There are many more examples of non-errors than errors

Bias & Underfitting

Lots of historical data... not collected for this purpose
Inaccurate assumptions/simplifications of the model

Variance & Overfitting

Detect the sighal, not the noise!
Inter-institutional applicability

Purdie | Automated Planning - Technical Considerations for Ensuring Safety and Quality AAPM | COMP Virtual Meeting 2020 | July 14, 2020 12 Courtesy of Leigh Conroy



Risks of Automated Planning
Poor Model = Include Sub-Optimal Plans in Training

(dp)

O o ®

% “‘

O oo
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o
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Dose Features

® Complex plans
Simple plans

® New plans

® Poor quality plan
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Risks of Automated Planning

Model Error = Over-fitting resulting in lack of generalization for new patients

(dp)
D
S
< @
D
LL O
()]
(@))
(qv]
£ ®
e O
o O
® O
o o®

Dose Features

ans of type A with standardized planning
ans of type B with standardized planning
ans of type C with standardized planning

U U U
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Risks of Automated Planning

Model Error = Over-fitting resulting in lack of generalization for new patients

(dp)
g O
= o
D
LL O
- O
o O
(qv]
£ ®
0338 ®
o o
® O
® ®
e O

Dose Features

® Plans of type A with standardized planning
Plans of type B with standardized planning

® Plans of type C with standardized planning

® Plans of type D with inconsistent planning
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Risks of Automated Planning

Model Error = Over-fitting resulting in lack of generalization for new patients

N
=
=
qv)
O
LL
)
S
=
Dose Features
® Plans of type A with standardized planning
Plans of type B with standardized planning
Plans of type C with standardized planning
® Plans of type D with inconsistent planning
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Risks of Automated Planning

Unrealistic Dose Prediction =2 Optimization Loop Cannot Achieve Predicted Dose

ML Predicted Dose Deliverable Dose

Dose Mimicking
Optimization
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Risks of Automated Planning

Unrealistic Dose Prediction = Optimization Loop Cannot Achieve Predicted Dose

100% ==

80%

Predicted DVH
Final DVH

60%

Volume

40%

20%

0% i |
0) 200[0) 4000 6000 8000

Dose (cGy)
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Risks of Automated Planning

Outlier Data

""""""""""" Clinical Retrospective
DEI DEI

Model \Yi[eYol=] Data

Training Testing Collechonﬁ

0

:

0

0 RDa.ta —  Remove

: EVIEW Unacceptable

;

0

0

0

Acceptable

Sub-optimal Plans

Bias Stability = Data Half-Life
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How many samples do | need in my training dataset?

Accuracy | Number of Training Atlases
Accuracy is the % of voxels with similar radiation dose to ground truth

BFgrdFYERRTT FI o el - =
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Min.-Mean Nain.-Mean
Mean-NMin. Mean-Iin.

B0 80 100 120 140 30 40 a0 B0 70 80 B0 80 100 120
MNumber of Atlages MNumber of Atlages Tumber of Atlages

—+— Mean-Mea —+— hiean-Ilea
—’—Max.Mea : : ; : : : i : : ; : —‘—Max.-Mean

Whole Breast Breast Cavity (Boost) Prostate
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Ah AMERICAN ASSOCIATION
©[7 2/ PHYSICISTS IN MEDICINE

The Open Knowledge-Based Planning Challenge (OpenKBP)
An AAPM Grand Challenge

The aim of the OpenKBP Challenge is to advance fair and consistent comparisons of dose prediction methods for

knowledge-based planning (KBP). Participants of the challenge will use a large dataset to train, test, and compare their
prediction methods, using a set of standardized metrics, with those of other participants.
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AAPM Grand Challenge 2020
Open Knowledge-Based Planning (KBP)

March 1
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The Competition

Planning CT + ROls

3D
Predict Full 3D
Dose Distributions

Objective
Predict Dose using CT images

DVH
Predict DVH Curves
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Dose Prediction Method el

Predicted Dose

Courtesy of Aaron Babier and Tim Chan



DVH Error Metric

Average difference between ground truth and predictions were evaluated at two
and three DVH metrics for OARs and targets, respectively:

OAR DVH metrics
= Dy .. Highest dose received by any 0.1cc of OAR volume
s D_...: Mean dose to OAR

Targets DVH metrics

= Do Highest dose received by any 1% of target volume
m Doco s Highest dose received by any:95% of target volume

m Dggy: Highest dose received by any. 99% of target volume
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