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Evolving Paradigm for Evidence Generation FOA

Technology is the cornerstone
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Evolving Paradigm for Evidence Generation

Technology is the cornerstone

&: Al in healthcare funding hit a historic highin Q2’18

Disclosed equity funding, Q113 - Q2'18
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https://mildaintrainings.com/blogs/artificial-intelligence/
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Al is not necessarily a new area....

Dr. Grey Walter was a neurologist and robotics pioneer
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Matter with a mind; a neurological research robot.
FLETCHER KH.

https://www.youtube.com/watch?v=ILULRImXkKo
5
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Al is not necessarily a new area. Why now?

More Data + Bigger Models

Accuracy

valtech.

NOW

/ neural networks
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Scale (data size, model size)
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The Imitation of Man

by Machine

The view that machines will think as man does reveals
misunderstanding of the nature of human thought.

Popular opinion about “artificial in-
telligence™ has passed through two
phases. A gencration ago, very few
people believed that any machine could
ever think as a man does. Now, how-
ever, it is widely held that this goal
will be reached quite soon, perhaps in
our lifetimes. It is my thesis that the
second of these attitudes is nearly as
unsophisticated as the first. Yesterday's
skepticism was based on ignorance of
the capacities of machines; today's con-

18 JANUARY 1963

Ulric Neisser

Missing Links in
Computer Intelligence

The paper by Ulric Neisser on “The
imitation of man by machine” [Science
139, 193 (18 Jan. 1963)] describes
three characteristics of human thought
which are absent from machine pro-
grams. I would like to add a fourth
characteristic which is, perhaps, the
most important one. This is the prop-
erty of “consciousness,” the ability to
be aware of the stimuli coming to us

fidence reflects a misunderst frOmM our sense organs, and of the

the nature of thought.

There is no longer any ¢ LNOUghts circulating in our own nerv-

computing machines can v g
grammed to behave in impressively in-
telligent ways, Marill (/) does not
cxaggerate in saying, “At present, we
have, or are currently developing, ma-
chines that prove theorems, play games
with sufficient skill to beat their in-
ventors, recognize spoken words, trans-
late text from one language to another,




Remarkable Progress in Image
Recognition

OPINION

Artificial intelligence in radiology

Ahmed Hosny®, Chintan Parmar, John Quackenbush(®, Lawrence H. Schwartz
and Hugo J. W. L. Aerts(®

Abstract | Artificial intelligence (Al) algorithms, particularly deep learning, have
demonstrated remarkable progress in image-recognition tasks. Methods ranging
from convolutional neural networks to variational autoencoders have found myriad
applications in the medical image analysis field, propelling it forward at a rapid
pace. Historically, in radiology practice, trained physicians visually assessed medical
images for the detection, characterization and monitoring of diseases. Al methods
excel at automatically recognizing complex patterns inimaging data and providing
quantitative, rather than qualitative, assessments of radiographic characteristics.
In this Opinion article, we establish a general understanding of Al methods,
particularly those pertaining to image-based tasks. We explore how these methods
could impact multiple facets of radiology, with a general focus on applications in
oncology, and demonstrate ways in which these methods are advancing the field.
Finally, we discuss the challenges facing clinical implementation and provide our
perspective on how the domain could be advanced.

Performance

Early efforts

Current state

Future outlook

Al with subhuman
performance is
occasionally used in
commercial expert
systems with varying
degrees of utility

Narrow task-specific Al has
started to match and, in
some instances, exceed
human performance in tasks
including conversational
speech recognition, driving
vehicles, playing Go and
classifying skin cancer

General Al exceeds human
performance and reasoning
in complex tasks, including
writing best-selling novels
and performing surgery.
Human intelligence
improves as we learn

from Al

/
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Why does the FDA care?

Artificial Intelligence for

1. Potential for every phase of drug Drug Discovery

development

— Discovery and target identification
_ preclinical The future of real-world evidence

— Clinical Biopharma companies focus on end-to-end,

_ Post-market Al-driven, internall o ARTICLES

Morgan

We design new molecules for the hardest targets. Our discoveries help our partners deliver better medicines faster.

hittps:/fdoi.org/10.1038,/541591-018-0177

Classification and mutation prediction from
non-small cell lung cancer histopathology

2. Key to FDA’s efforts on multiple fronts

[ [ - - -
(RWE, Digital Health, etc.) images using deep learning
~ R A R s D e e e bl Nicolas Coudray ©'2%, Paolo Santiago Ocampo?®?, Theodore Sakellaropoulos?, Navneet Narula3,
AA(JS AMERICAN ASSOCIATION OF ORTHOPAEDIC SURGEONS Matija Snuderl?, David Feny5°°, Andre L. Moreira®’, Narges Razavian™®** and Aristotelis Tsirigos ©"3*

3. Capable of facilitating

and refining clinical F N . :
trials e K Al & Machine Learning

\ese:\ N ° o o e
AAOS Now in Clinical Trials

ANNUAL MEETING PERIODICALS EDUCATION QUALITY RESEARCH ADVOCACY MEMBERSHIP ABOUT

DEVELOPMENT

Hal’neSSing the Power of Real-World Evidence HowAl, Machine Learning and Analytics can Transform & Accelerate Clinical Trials
RWE): A Checklist to E R latorv-Grad ~ Understanding the Impact of

( ) NECKISLT0 EnSUre egulatory-Grade &« - Atrtificial Intelligence on

Data Quality i Orthopaedic Surgery APRIL 12,2018
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Rebecca A. Miksad' and Amy P. Abernethy' p— By: Alan M. Reznik, MD, MBA, FAAOS, and Kenneth Urig

PFIZER INNOVATION RESEARCH LAB - CAMBRIDGE, MA



Al algorithms are already being
evaluated by FDA
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News & Events

Home » News & Events » Newsroom » Press Announcements

FDA News Release
FDA approves Al-powered diagnostic that doesn’t need.

FDA permits marketing of artificial intelligence- :
based device to detect certain diabetes-related doctor’s help

eye prObIemS u Amazons Health 2.(
| Top Stores o - ot
ARGCHS %’é/eém/m( 20 ((%w/a’ in ()/14%(1///1(/0« primary care _ IT for con
< /] experienc
EyeWsrldZ:.

CURRENT ISSUE Eﬁﬂ@ﬁ'ﬂﬂNAL EVENTS  PASTISSUES WEEKLY UPDATE Q
= APR12  MORE ON QUALITY AND SAFETY

FDA approves first Al tool for

SRS detecting retinopathy, NIH shows
NEWR & OFINION First artificial intelligence system approved maChIne |earn|ng SUccess |n |mag|ng

by the FDA to detect diabetic retinopathy

New technologies bring the promise of earlier detection and
automation, both with an eye on lowering costs.



REVIEW ARTICLE | FOCUS

https://doi.org/10.1038/541591-018-0300-7

High-performance medicine: the convergence of
human and artificial intelligence

EricJ. Topol ©@

Table 2 | FDA Al approvals are accelerating

Company FDA Approval Indication

Apple September 2018  Atrial fibrillation detection
Aidoc August 2018 CT brain bleed diagnosis
iCAD August 2018 Breast density via

mammography
Zebra Medical July 2018
Bay Labs June 2018

Coronary calcium scoring

Echocardiogram EF
determination

Neural Analytics  May 2018 Device for paramedic stroke

diagnosis
IDx April 2018 Diabetic retinopathy diagnosis
Icometrix April 2018 MRI brain interpretation
Imagen March 2018 X-ray wrist fracture diagnosis
Viz.ai February 2018 CT stroke diagnosis
Arterys February 2018 Liver and lung cancer (MRI, CT)
diagnosis
MaxQ-Al January 2018 CT brain bleed diagnosis
Alivecor November 2017 Atrial fibrillation detection via
Apple Watch
Arterys January 2017 MRI heart interpretation

https://www.nature.com/articles/s41591-018-0300-7.pdf

Al for Health — A fast
evolving field with
many opportunities and
challenges

“DEEP MEDICINE SUMMARIZES HYPE AND DEEP

THREAT, THEN TAKES US TO A PLACE
WHERE NO ONE ELSE HAD GONE.”

MEDICINE

Tom Insel, MD NUNAN NGt
nature E"'E ToPoL -

Tweets Following Followers Likes

19K 461 158K 15.9K

Tweets  Tweets & replies  Media Who to follow . refresh - view

Eric Topol @

@EricTopol ¥ Pinned Tweet @ Rock Health @ @Rock
Eric Topol @ @EricTopol - 8 Oct 2017 v

physician-scientist, author, editor. My new &E’ Youir: Madical: Data,

book #DeepMedicine was just released

L Repbomedtydosn  mimosnny | g Healtheare IT News ©F
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e |
FDA's Proposed Approach to the

Requlation of Al and ML-Based

Proposed Regulatory Framework for Modifications f war
to Artificial Intelligence/Machine Learning (Al/ML)- SO t are

Based Software as a Medical Device (SaMD)

Discussion Paper and Request for Feedback

F Regulatory Focus™

Regulatory Focus™ > News Articles > 2019 > 4 > FDA Proposes Regulatory Framework for Al- and Machine Learning-Driven SaMD

v

,Nﬁgfﬁgﬁgs /, | FDA Proposes Regulatory Framework for Al- and Machine
Learning-Driven SaMD

Posted 02 April 2019 | By Ana Mulero

The US Food and Drug Administration (FDA) requested feedback Tuesday on a new
discussion paper that proposes applying a “focused review" approach to premarket
— assessments of software as a medical device (SaMD) technologies that are powered by
‘ E— . artificial intelligence (Al) and machine learning (ML).
¢ = R . -
3 The agency said it may conduct a “focused review” in cases where proposed SaMD pre-
- PROBLEM specifications (SPS) and algorithm change protocols (ACP) “can be refined based on the
ALGORITHM SOWING real-world learning and training” offering options for manufacturers to engage agency
staff for such purposes. Options include contacting FDA review divisions to see if
modifications fit under the approved or cleared model, and submitting pre-submissions for
early discussions on modifications or premarket submissions or applications.

https://www.fda.gov/media/122535/download
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Data selection and >
management

Model training
and tuning

Culture of
Quality and

o Performance evaluation Organizational
o Clinical evaluation Excellence

Premarket _ Review of SaMD Pre-
Assurance of : ' Specifications and

Safety and Algorithm Change
Effectiveness Protocol
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Real-World Performance /

Monitoring

Al Model Development Proposed TPLC Approach

Figure 2: Overlay of FDA's TPLC approach on Al/ML workflow



Al’s potential is not limited to devices [Pl

real world evidence (RWE)

Real-World Data (RWD) are data relating to patient health status
Ry and/or the delivery of health care routinely collected from a
variety of sources.

Real-World Evidence (RWE) is the clinical evidence regarding the
= usage and potential benefits or risks of a medical product derived

from analysis of RWD.




Health Data are Available

BUT Need
Structure, Organization, Verification, Cleaning

Al CAN HELP

It is estimated that by
2015, the average hospital
will generate

6651

of data’




What is needed?

* Understanding the functions that lend themselves to Al adoption

* A convergence of multidisciplinary expertise
— Computer science alone will not produce breakthrough Al systems
— We need educational and training programs that connect essential disciplines and targeted training
— We need to understand the ethical implications

* Pilots to explore the utility of Al systems - Evaluate successes and failures

— Failure here is not the standard concept we are used to— failure is an integral part of machine
learning/training. Data from failures in a learning Al system = better Al system. Transparency is key.

» Shared understanding of principles and approaches that are essential in designing
and adopting Al systems (beyond the hype)

o The need for a benchmarking framework and approaches that ensure quality continuum in the
design of Al systems (data and algorithms)

o The need to understand that Al is not necessarily the silver bullet for everything - those designing
algorithms (and teaching datasets) can’t comprehend or impute all of the essential variables.



Al - A Part of the Digital Revolution Use of Electronic
Health Record Data in

. . L linical Investigation
This is a continuum - Advances in digital technology, Clinical Invest gations
software, wearables, mHealth, and eHealth will further .
advance and inform the utility of Al in health (and vice Guidance for Industry
’ N U.S. Department of Health and Human Services
versa) b e
Examples of current Work Streams Center for Devices and Radiological Health (CDRH)

July 2018

Program: Mobile Clinical Trials (MC Pricedural

* The use of EHR and claims data

Engaging Patients and Sites Mobile Technologies

v

* Digital health tools

PROJECT:

* Decentralized clinical trials Decentralized Clinical Trials s QOO
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Prescription Drug-Use-Related Software; Establishment of a
Public Docket; Request for Comments

A Notice by the Food and Drug Administration on 11/20/2018 \‘ v



Multifaceted Approach To Anticipate Al Innovations

* Understanding the technology
* Benchmarking and validation

* Piloting and testing in real-world settings Simultaneous work

and collaborations

are needed on all
fronts

* Ethical and privacy implications
* Ensuring quality continuum
 Audit trails and post-approval monitoring

* Transparency for Al (what would it look like? How
would we work with the concept of Blackbox?, etc.)
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