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PROCEEDINGS

DR. EYDELMAN: I m the Director of FDA"s
Division of Ophthalmic and ENT Devices. 1 am
honored to welcome all of you to today®"s first
Ophthalmic Digital Health Workshop.

Digital technology has been revolutionizing
all of healthcare. Ophthalmology, with Its ease
of obtaining anatomical images digitally, has been
inundated with opportunities to improve patient
care via digital health technology. My staff and
I are driven by our vision of bringing U.S.
patients safe and effective medical devices In a
timely fashion. Today"s workshop, by fostering
innovation in ophthalmic digital health will help
us bring our vision to reality.

Before we start, | want to take this
opportunity to thank all of our six co-sponsoring
organizations for their hard work during a whole
year to make today"s event possible. And now I™m
truly honored to introduce an individual who has
reinvented FDA"s oversight of digital health

technologies. Dr. Jeffrey, our Center Director of

www.CapitalReportingCompany.com
(202) 857-3376




Food and Drug Administration - Ophthalmic Digital Health Workshop

10/23/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

Page 8
Devices and Radiological Health will now share his
vision about ophthalmic -- about digital health
innovation plan. Thank you.

(Applause.)

DR. SHUREN: Thank you, Malvina. It"s a
pleasure to welcome everyone to today"s
conference. 1 also have to apologize and send
regrets on behalf of Dr. Gottlieb, our
Commissioner. So | was supposed to open up the
conference and he was supposed to end it.
Unfortunately, he i1s tied up In hearing prep all
day. 1 think he iIs testifying twice this week
before Congress starting tomorrow so, again, sends
his regrets, but this is an area of deep
importance to him and to myself.

As you heard from Malvina, there are
tremendous innovation that®"s going on and
opportunity for greater innovation due to digital
health technologies, | mean all the way from
enhancing existing functionalities, like the
opportunity to provide more precise placement of

ophthalmic implants to entirely new
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functionalities with learning systems and decision
support to greater connectivity, connecting
technologies so they can share information but
also 1mpact each other®s function, and then to
provide care remotely through telemedicine.

Now the north star for the Center for Devices
and Radiological Health at the FDA i1s our vision,
that patients in the U.S. have access to high-
quality, safe and effective medical devices of
public health importance first in the world. And
It"s not about a competition between countries.
It"s a recognition that we want medical devices to
provide benefit to patients but is of limited
value to patients unless they have timely access.
And first in the world i1s simply a good metric for
that.

Now we at the FDA face some challenges iIn
achieving that vision when i1t comes to digital
health technologies because the regulatory
paradigm, while risk-based, i1s also very product-
focused, and i1t was designed around hardware

technologies. And even as they evolved to have
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Page 10
software, It was more as a component because
digital health technologies are different. And
when we talk about these technologies in the
international arena, the term we use for "medical
devices" i1s "software as a medical device'" where
the technology truly is the software. So software
as a medical device, SaMD; and when i1t"s in the
device as a component, It"s Sims. So we think
about very different.

So hardware technologies; well, they have
rapid innovation but 1t"s more around the order of
months to sometimes years and in very competitive
spaces, we"ll see next generation technology about
every 18 months. You can learn a lot about
hardware technologies by looking at them, taking
them apart, kicking the tires, if you will. And
their Impact on patients tends to be very direct
and observable. You can see changes to the
structure or the function or measurable biological
or physiological parameters. And the knowledge
that®s generated about one device is often

transferrable to other devices within that
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Page 11
category.

But when we deal with software, 1t"s very
different. The i1nnovation cycles are much faster.
There are new challenges, like cybersecurity. You
can"t just look at software and have a good
understanding of what i1t"s going to do. And when
you go ahead and test it, the impact may not be so
direct on patient health. These may be Impacts on
cognitive and behavioral aspects of the patient or
the clinician. And what you understand for one
software program isn"t necessarily transferable
for other technologies even when they have similar
functionality.

So it"s a very, very different kind of beast
and we started to revisit our approach on these
technologies around 2010 when we started to
receive i1nquiries from software developers, many
of them not In the healthcare space but looking to
enter 1t or just having entered 1t and wanting
clarification regarding the FDA approach. And so
we started to revisit how we think about these

technologies. And at the time, we had already
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cleared over 100 mobile applications over a period
of 15 years but often for very traditional kinds
of functionalities.

So based upon this deeper dive, we put out
draft policy and guidance back 1n 2011 that we
finalized in 2013 on mobile medical applications.
And there were three key principles that came out
of it; first, a recognition that we should not
regulate unless i1t"s truly value-added. So we
were seeing lots of technologies being developed,
very low-risk, functionalities we"d seen before in
hardware but not lots of innovation going on. and
we said we might better serve patient care if we
backed away from it. So we engaged in the largest
deregulatory effort we had as a sector In over a
generation.

The second was recognizing that what really
matters to look at is the functionality, that we
would be platform agnostic. So i1f you made a
software application and you put 1t on a
ubiquitous platform like an i1Pad, we don"t

regulate the iPad. We"ll regulate that software
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and then the software developer is responsible for
the whole system.

But the third thing is we recognized we need a
new paradigm, we need a new way of thinking about
these kinds of products, the old model that had
been put in place simply didn"t work. And then we
started to further expand on that idea of got to
be value-added, so you saw policies come out on
what we call medical device data systems,
essentially the technologies to receive and send,
store and display information from medical devices
and then applied that same approach on general
wellness principles and general wellness claims.

Now you®re going to hear from Bakul Patel 1in
just a few minutes about our current thinking
regarding our approach to digital technologies.
You"ll hear about our digital health innovation
action plan, our pilot on pre-certification that
we just launched in July. You®"ll hear about our
efforts in interoperability as well as our efforts
to expand this approach In the international arena

and drive international harmonization. And you®ll
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hear in particular about a different way of
thinking, not focused so much on the product but
much more about the firms and the idea that if
firms can demonstrate that they conform with
excellence principles, let"s say they"re very good
at software and testing, then we may be able to
rely on that in lieu or some of all the kinds of
evidence we might see pre-market, particularly for
lower risk claims, allow those products out there.
Then we"l1l gather that information in the post-
market setting, feed that back on a levels of
evidence approach that as we learn more, the
applications for those technologies can expand.

Let me leave you with one thought -- that not
only do we need to think about a different
paradigm for digital health technologies, but we
need a different way to approach it. The
traditional model of government acting in a
command and control fashion does not work well
here. We have to do this collaboratively and
today®"s conference is just a great example. We

need to establish a forum or multiple forums where
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we can bring together the iInterested stakeholders
to work collaboratively and proactively to address
common challenges and even unique challenges of
the various stakeholder groups through a
collective responsibility approach, what we call a

"collaborative community,' something that we are
Iin the nascent stages of setting up iIn a variety
of areas. But i1f there®"s any place where there-s
truly a need to problem solve in this
collaborative community approach, 1t"s here in the
digital health technology space.

So with that, let me turn it over to Mike
Repka to speak on behalf of the American Academy
of Ophthalmology. Thank you.

(Applause.)

DR. REPKA: Thank you, Dr. Shuren, for coming
out this morning and everybody else for traveling
either far or wide for this platform. 1It°s my
pleasure to welcome you as one of the first of the
stakeholder organizations that assisted the FDA in

sponsoring this, the American Academy of

Ophthalmology, who also recognizes the importance,
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the mission, if you will, of innovation to improve
patient care. So our 24,000 members congratulate
the FDA on their willingness to be open.

We have -- the other sponsoring organizations
will come up and 1f you guys can see who"s next, |1
think it"s Derek and then Ken. Thank you, Mike.

DR. SPRUNGER: Thank you, Mike. 1*m from --
President of AAPOS, which is the American
Association for Pediatric Ophthalmology and
Strabismus. We feel this is a very important
meeting so children can be represented as well in
all this. 1It"s -- it"s pretty timely for us as we
have a lot of iInterest in screening for ROP via
telemedicine vision screening, so we have a lot of
interest. Like to thank the FDA for allowing this
to happen and also for the people, the organizing
people. It"s been a great group to work with. We
look forward to a great meeting. Thanks for being
here.

DR. REPKA: Thanks, Derek. Ken?

DR. NISCHAL: Thank you very much for allowing

a representative of the American Academy of
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Pediatrics. 1°m Ken Nischal. 1"m on the Section
of Ophthalmology. The American Academy of
Pediatrics has 66,000 members. One of the things
that the Section of Ophthalmology®s been very keen
on doing is working on the interface between the
primary care physician or pediatrician and the
specialist. And we"ve been very interested in
some of the new digital health applications for
screening for amblyopia, which is one of the
commonest causes of visual loss iIn children under
the age of eight. So we think that the importance
of digital health iIn getting to these children
can"t be underestimated. And again, thank you
very much for arranging this.

DR. REPKA: Thank you, Ken. Dr. Afshari.

DR. AFSHARI: Natalie Afshari representing
American Society of Cataract and Refractive
Surgery and a warm welcome to you all. The
mission of ASCRS 1s to promote deliver of cutting
edge surgeries as well as promoting delivery of
care by working with patients, medical agencies,

medical communities as well as government. So

www.CapitalReportingCompany.com
(202) 857-3376




Food and Drug Administration - Ophthalmic Digital Health Workshop

10/23/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

Page 18
that delivery of care will be much more possible
with the explosion of digital health. So a
special thanks goes to Dr. Malvina Eydelman as
well as the FDA for spearheading this effort. We
look forward to a great meeting and a warm welcome
to all of you. Thank you.

DR. REPKA: Thanks, Natalie. Mark?

DR. HUMAYUN: Okay. Good morning and it"s
great to be here. My name is Mark Humayun. 1"m a
Professor of ophthalmology at University of
Southern California. 1°ve worked for a long time
with the DA medical Device Division, developed
many products and perhaps you know me best for
working with the Second Sight Argus Il retinal
implant, which is the only FDA-improved implant to
restore sight to the blind.

But I"m here today as the President of the
American Society of Retina Specialists, which is
the largest retina society in the U.S. The
mission of the American Society of Retina
Specialists is to provide a collegial open forum

for education to advance the understanding and
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treatment of vitreoretinal diseases and to enhance
the ability of our members to provide the highest
quality of patient care. So this i1s a very
important conference for us and a workshop. |1
look forward to working on the panel and sharing
that. [I1°m looking forward to learning a lot from
this and thank you Malvina, very timely to have
this workshop.

DR. REPKA: Thank you, Mark. And finally,
from Stanford, Dr. David Myung.

DR. MYUNG: Good morning, everyone. Thank you
so much for having us here. We"re honored as
representing here -- representing Stanford here
and the Byers Eye Institute at this really
wonderful and important event. My name is David
Myung. 1"m a member of the faculty at the Byers
Eye Institute. Also, Co-Director of the new
Ophthalmic Innovation Program.

So Stanford has a number of collaborative
educational and research programs in place with
the FDA"s Center for Device and Radiological

Health. One of them is this educational one-year

www.CapitalReportingCompany.com
(202) 857-3376




Food and Drug Administration - Ophthalmic Digital Health Workshop

10/23/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

Page 20
year-long fellowship in ophthalmic innovation
directly collaborating with CDRH. 1It"s a project-
based didactic, hands-on fellowship that teaches
fellows the -- In a step-wise some often
sequential or sometimes parallel stages iIn
development needed for successful
commercialization of new medical technologies.

The fellows get to collaborate with members of our
Department, other Stanford Departments, like
Department of engineering, other Silicon Valley
innovators and colleagues at the FDA. 1It"s
affiliated and, in many ways, inspired by the
Stanford Byers Center for Biodesign, which teaches
courses like biodesign for mobile health and
biodesign innovation. So the fellows get to work
with faculty members in our Department who"ve led
the way i1n a number of new technologies, taking it
from bench to bedside.

And digital health has been an important
recent focus of our -- members of our Department.
We"ve been trying to pioneer devices such as, you

know, Smartphone-based visual acuity testing,
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ophthalmic cameras, new ways of doing visual field
testing, new applications in virtual reality
headsets, machine learning and artificial
intelligence and novel ways of doing ophthalmology
telemedicine.

One of the things 1°d like to do here 1is
actually introduce our next speaker. Our first
speaker of the speakers we have today is actually
our inaugural Innovation fellow, Dr. Zack Bodnar.
Zack completed an innovation fellowship In June of
this year, is currently one of the surgical
vitreoretinal fellows at Stanford.

He has a very unique background and perfectly
suited for this workshop. He graduated with a
bachelor®s and a master"s degree from MIT iIn
computer science. Then he worked in the tech
industry for a number of years before going off to
medical school at Dartmouth, then doing his
ophthalmology residency at St. Louis University.

As the first ophthalmic fellow, he
accomplished quite a bit; for instance,

successfully drafting a mock pre-submission
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package for an app that he developed as a resident
that measures the degree of ptosis iIn affected
patients using a Smartphone. He then -- he also
coauthored an editorial in JAMA Ophthalmology on
the very subject of this workshop along with
Doctors Malvina Eydelman and Dr. Michelle Tarver
from the FDA, so In my opinion, a true expert now
in the emerging field of digital health in
ophthalmology.

Please welcome Dr. Zach Bodnar to the stage to
tell us about accelerating innovation to encourage
new frontiers in ophthalmic digital health.

DR. BODNAR: Thank you.

DR. REPKA: One thing, Zach, before you start,
just for minor -- you can come on up -- for the
audience. We are on an extremely aggressive
timeline today. There are many, many talks and
I*m going to ask the speakers to adhere as
carefully as you can to times, because we do have
these iIntroductory lectures, talks this morning
followed by perhaps the most important part of the

session which are the panels, the dialogue iIn
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which CDRH, the Agency, is looking for guidance
from the community on how best to handle the very
difficult issues that are going to be presented.
So Zach, go ahead.

DR. BODNAR: Thanks. Do I have a clicker
or --

UNIDENTIFIED MALE: Well, you could --

DR. REPKA: -- which means I"m going to have
to cut speakers off, 1 guess.

DR. BODNAR: Okay. Well, 1711 try not to be
the first. 1t°s a pleasure to be here, everybody.
I have one financial disclosure to make which is
that 1"ve done consulting work for DigiSight
Technologies over the past year. And It"s my
pleasure to talk to you about mobile medical
devices and digital health.

So there really have only been three
technologies invented in the modern era that human
beings are willing to carry on their person at all
times, and that i1s the wristwatch, the credit
card, and the mobile phone. Since the i1Phone was

introduced in 2007, the number -- the percentage
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of Americans who have Smartphones has increased up
to 77 percent, so they"re pretty much ubiquitous
devices now. And they"re great platforms for the
development of mobile medical devices and just
medical devices i1In general. They have graphics
processers, which are excellent for hardware
acceleration of graphics, and they have high
resolution cameras for the capture of photo and
video. They have biometric sensors as well and
they have very fTlexible dynamic user interfaces.
The touch screen is very intuitive and can be
customized in a myriad of ways that make it
possible for medical devices to be customized. In
addition, developing for a Smartphone or a tablet
IS a rapid process, which increases the rate of
innovation and deployment of these devices.

Now, of course, digital health doesn®t just
encompass mobile medical devices and Smartphones.
It"s things that we"re also familiar with that are
becoming Integrated into part of the internet of
things as computational power is added to things

that are traditionally what you could consider as
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analog devices. So now we have digital phoropters
and all kinds of things that are integrated with
Bluetooth and wireless and other technologies that
enable additional computational power.

Now that raises a question of what exactly is
a medical device in this context now. So the FDA,
based on the Federal Food and Drug Cosmetic Act,
defines a medical device as anything that"s not a
drug but is intended for diagnosis, management or
prevention of disease. And as was mentioned
earlier, software in and of i1tself can meet that
definition. |In addition, a consumer medical
device like a Smartphone can be transformed into a
medical device either by adding software or by
adding hardware extensions that enable those
capabilities.

So there"s great potential for this. We"re
already mentioned telemedicine as one application
and you can see from the right side of the slide,
there 1s already a pretty rich ecosystem of
applications and devices that have been developed

on these platforms. These allow patients to
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personalize their health data collection. They
enable home health care, disease monitoring, and
will create i1nnovations for screening, diagnosis
and new management of ophthalmology diseases.

But the create challenges for device
developers; namely, as was mentioned earlier, many
of the companies and organizations that are
developing these devices are not traditional
medical device developers. They"re software
developers that are entering the space for the
first time, and so they may not understand the
rules and regulations regarding regulation of
medical devices and whether or not their
application even meets these criteria. Things
like unmodified hardware change their risk profile
when they become a medical device so while the
torch on a Smartphone camera i1s perfectly safe iIn
the hands of somebody taking their family photos,
It becomes a different risk hazard and different
profile when that same torch is used to take
camera -- take pictures of the back of the eye.

In addition, this all depends on the setting in
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which the devices are used. For example, within
the operating room, these devices have to be able
to coexist wirelessly with all of the other
technology that®"s available. And it depends on
the intended use and the user that iIs trying to
use the device. A patient iIs going to use a
device much differently and understand its
operation much differently than a physician.

Of course, all engineers -- experienced
engineers know that small changes i1n these complex
systems can have a cascade of consequences. They
have robust quality assurance frameworks to ensure
that the catch errors early but they need to think
about these things in terms of safety and also the
usage profile for patients. Small changes in the
user interface, like the size of a button or the
label or i1ts color can profoundly change the way
in which a patient may use it, and that can
potentially impact i1ts safety.

These are data-driven devices, which means
that HIPAA considerations are important as well.

It goes without saying that personal private
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health information should be encrypted on these
devices but 1t"s also Important to recognize that
not everything about this is completely within the
control of the developer. For example, the
operating system and the hardware itself is
developed by a third party. That means that when
operating system updates come out, which are often
done iIn order to address security flaws, there --
It"s the responsibility of the developer to notify
the end user who i1s then responsible for
installing the device -- the update. But the
ultimate responsibility for safety and security
rests on the developer itself.

There are questions related to telemedicine as
well. Because these devices are mobile, 1t puts
them 1n the hands of non-physician users in
different settings which raises the questions of
when i1s physician oversight necessary, is there a
need for realtime synchronous communication.

And when patients are the users, that changes
the risk profile as well because there, the errors

and patterns of misuse that patient has are going
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to be different than those of an expert user.

As | said, most technology enterprises have a
robust system, development cycle beginning with
design, development, quality assurance including
integration and unit testing that is pretty well-
established and they can leverage that as long as
they recognize that they are also testing for
safety and effectiveness of devices. One
particular issue is that because these are
consumer devices, It"s not possible to test every
possible software and hardware configuration that
might be deployed.

So one way to mitigate that risk is to limit
the possibility of installing your application
onto only tested configurations. OFf course, as |
mentioned, 1t"s important to recognize human
factors i1n the testing of these devices which
involves robust testing of the user iInterface and
documentation and making errors very clear to the
user, to the patient so that they understand White
House en there are safety issues.

But with all that, there®"s great promise for
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this technology. It has many advantages. It
brings the technology to the point of care. That
can be the Third World, it can be the E.D., it
could be a school. It improves the efficiency and
automation of many routine tasks that physicians
do. It streamlines communication between patients
and their providers.

The other thing is because these are mobile
devices, you have the opportunity to gain insight
Into disease states outside of the clinical in the
interval iIin between visits, so for example,
tracking intraocular pressure while a patient is
at home or at different times of day. The network
connectivity of these devices provides information
into their actual operation while they“"re deployed
in the real world which means that safety signals
can rapidly be recognized and quickly acted upon.

The FDA has developed some guidance as was
mentioned. The pre-submission program which I had
the opportunity to be i1nvolved In i1s a great way
to -- for device developers to submit a plan

submission to the FDA and learn about how they can
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improve their development plan and their testing
for safety and efficacy. Initially, there"s a
digital health mailbox that device developers are
willing to -- are able to send emails to you.

I just want to thank Mark Blumenkranz, Stephen
Young, Malvina Eydelman, Michelle Tarver, and Ron
Shuchard, who were my mentors over the past year.
They did a great job in helping me to develop some
of these i1deas and really enriching my educational
experience. And with that, 1 pass 1t on.

DR. REPKA: Thanks, Zach. We do have a
question period at the end of this session,
assuming we have any time at the end of this
session. So our next speaker will be Mr. Bakul
Patel, who is coming to speak about the regulation
of digital health. Mr. Patel is Associate Center
Director for Digital Health at FDA and has a
longtime interest In sort of this area iIn business
development improvement.

MR. PATEL: Thank you -- thank you so much.
Thank you, everybody, and this cannot be even an

under -- 1t cannot be said enough but this
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collaboration and the need for collaboration in
digital health i1s exemplar here in this room. And
the more peoples trying to connect the dots is
actually even more important as time goes n.

What 1 wanted to do today Is just give you a
perspective, sort of how we got here, things we
have done, how we are sort of getting to a place
where we can now all sort of starting to rely --
start to rely on these technologies that are
becoming part of our lives.

And Zach, as he rightfully mentioned, there --
there -- enough convergence is happening in the
space that®"s taking, really, healthcare -- or
healthcare to all walks of life.

And this 1s really a slide that talks about
how digitization and sensors and software Is now
moving to every part of life and i1t"s becoming
something so ubiquitous that computing power
sensors, connectivity and software has become the
leverage -- the data that we are generating and
then converting that into -- for -- converting

that into -- for health purposes.
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1 So two years or three years ago, | think the
2 conversation was just about variables. The

3 conversation was just about actively tracking but
4 now, | mean today we are talking about how can we
5 use that technology iIn true healthcare purposes,

6 and how can we use that connectivity that exists

7 and the ability for people to have this technology
8 at a much lower cost and how can that be sort of

9 brought together and make i1t meaningful.

10 As Jeff mentioned this morning, we truly care
11 about how to get these products to be patient-

12 centered; how can care be delivered in a patient-
13 centered way. At the end of the day, we all look
14 for these technologies to be high-quality and safe
15 and effective but more importantly, for us, as

16 FDA, as -- for us as a community, how can we

17 partner together to sort of create an ecosystem

18 lean forward, you know, 23:23:45 that can get us
19 ready for the digital health future. And that"s
20 really what"s required at this point in time. |
21 think we"l1l1 stop talking about being ready In the
22 next five years but today, I think we need to be
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ready. And how does FDA do that? So the talk I™m
going to give today is about how we got here.

When we first looked at what kinds of
technology and software exists in the world of,
you know, medical devices and we chunked it into
these three buckets; software that is simply a
real medical device but on its own; software that
It"s inside a medical device; and then software
that 1s used to make medical device, and theyTre
all becoming important as we move forward. 1 have
an anecdote. You know, a few years back, or
actually, I would say 10 years back, there used to
be, you know, one software engineer and 10
hardware engineers, and | think today if you ask
anybody, any organization, it"s the opposite.

It"s nine software engineers and one hardware
engineer that i1s employed in any of those
companies. And the reason Is you can do many
things very easily. The hardware has become so
malleable that you can change i1t and change things
that it"s iIntended for by just changing software.

And that has been sort of the trend as we move
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forward.

How do you sort of take that and soft of bring
the two to this place of healthcare and what does
that mean? So you take those three things that I
talked about, software that can show up as, and it
raises a lot of issues and a lot of sort of topics
for us to connect, to think about. And it"s all
driving by connectivity, driven by technology,
driven by sensors so it brings up, you know, can
It be used for diagnostics, too; can i1t be used
for simple telemedicine. And in a way, that may
actually touch -- cut across care giving to care
managing across the spectrum.

And then you have sort of advances in
technology in terms of artificial intelligence,
machine learning, algorithms are continuously sort
of evolving over time and what does that mean in
terms of regulations. And as we talk -- and I™m
hoping today we"ll have -- get some ideas about
how we sort of move forward iIn those spaces.

But one thing 1 would say, that connectivity

also has raised many, many, many different issues;

www.CapitalReportingCompany.com
(202) 857-3376




Food and Drug Administration - Ophthalmic Digital Health Workshop

10/23/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

Page 36
cybersecurity and interoperability. There"s a
need for interoperability and then the need to
protect that interoperability solution through --
and being careful about cybersecurity.

We do have policies that we started off in
2013 with mobile medical apps but just scratched
the surface that really talks about, you know, how
do we sort of move forward and focus on things
that are really important and that can be value-
added. We have, over the last five years, we have
published many, many documents and i1t"s really
about how do we focus on the high risk
functionality and really allow the low risk
functionality to flourish and give a pathway for
people that can create technologies in the high
risk phase. And that®"s really how we"ve sort of
been approaching this area altogether.

What does that mean? It does not mean that we
can only do this locally here. Digital health, by
definition, is global. Software, by definition,
iIs global. That means that connectivity and

operability of those products can be -- does not
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know the boundaries of the geography, right. So
we work together with our iInternational partners
and regulators to figure out what should that
starting principal look like and how should we
even think about going forward.

Over the last -- iIn the last five years, we"ve
been -- or four years we"ve been sort looking at
how do we sort of take the concept of software as
a medical device and have a framework that can
actually help people understand and get off on the
same page. As Jeff mentioned, we can®t touch and
feel software when you look at it and the concept
of, you know, not knowing what it looks like, what
impact does it have starts off with a very
fundamental thing called definition of what the
product does. And It seems pretty commonsense but
what we found over time is that description was
not standardized so we ended up defining -- if you
define 1t In a certain way, you will actually know
where the software sort of falls iInto and what
markets.

Now again, this is a principle level that
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crosses the globe, that regulators across the
globe have agreed upon and we just published, just
a few weeks back, the final document in the series
of our documents on software as a medical device
that lays out a starting point for us to start
considering in each jurisdiction what -- what"s --
how should we approach it, how should the
community approach it. And this was meant to be a
guidance, a technical document for regulators as
well as iIndustry as we start moving iIn this area.
So that®"s the second stage. So we have a bunch of
documents that we have released that define --
that showed how you would focus on and where we
woulld focus on in terms of regulation.

Internationally, we worked on coming up with
the framework that led us to, most recently or
last year, the 21st Century Cures Act, which took
our policies that we had so far on where core
focus should be and codified 1t. There are a few
things 1n that 21st Century Cures Act which talks
about certain types of functionality would not

necessarily be regulated by FDA and gave that
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clarity based on some of the things that we said
we are not focused iIn our guidances, for example,
mobile medical apps, general wellness, medical
device data systems, that have become so
ubriquitous and become such -- at a low risk that
it did not warrant FDA to oversee i1t actively.
Congress took that and codified that into law.

So moving forward, we will provide -- we"ll be
providing more clarity on how those policies are
affected in the coming months and that"s part of
the 1nnovation action plan we published a couple
months back.

And then let me bring back to like the
challenges Zack was talking about of why software
Is unique. We talked about -- and Jeff mentioned
this morning -- is the pre-market timeline from a
regulatory Perspective were best-suited for
hardware. On the flip side, software development
timelines can be continuous. Some of you may have
heard about DevOps which basically happens all the
time where things develop, created, tested and

delivered to the customer on a realtime basis.
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That is an extreme case of how software can be
delivered to patients or users at the end of the
day.

So just an example of how we have been
thinking about the challenges and unique
opportunities -- so challenges about developing
software and delivering fast is one aspect. The
other aspect is things change In software so
quickly and we -- our approach to those changes
with software, 1If it doesn’t change, | think it
may actually cause risk to patients because change
iIs absolutely necessary. So how do you sort of
take those unique aspects and turn them into
public health benefit iIs something that we"ve been
looking at.

The other point is how does -- how do we take
that -- take the unique opportunities that
software availls us because you can connect to the
patients and the user directly and have that
information be collected? How do you leverage
that real world experience a user has with

software and turn that into something that"s
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useful for patient benefits and for public health?
So we"ve been thinking about those and that led us
to this concept that we are going forward, 1is
bringing those four things together and going to a
paradigm that really talks about focusing on high
risk products or high risk functionality that"s
aligned software development timelines and aligned
with Industry best practices but -- and on top of
that, being consistent and aligned with the global
regulators. That will -- that, we think, will
yield better products to market that are safe and
have high quality to all patients.

So this leads to, you know, what we are
going -- what we are doing and what we are
going -- how we are going forward with this. The
concept emerged of how will you change the
paradigm to not focus on product-by-product but
rather than product-by-product, take it to a
company level, we then trust the companies making
these products, we -- based on their
organization®s excellence and culture of quality,

we could imagine a streamlined regulatory pathway.

www.CapitalReportingCompany.com
(202) 857-3376




Food and Drug Administration - Ophthalmic Digital Health Workshop

10/23/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

Page 42
And what would that look like? The pathway looks
like if you"re -- 1f you know what kind of
products you"re making In terms of risk, with the
framework that we use in the IMDRF, and you know
what excellence looks like, you could afford a
straight to market pathway for certain low risk
products or changes that could happen over time.

Or the flip side i1s if you"re not as

excellent, are you building products that are at a
high risk. We would come up with a paradigm
that"s different than what we have today In terms
of how we review 1t. Imagining a software review
done by a paper submission is just simply not
cognitively, you know, connecting for me or for
many others. So how do you change how we review,
how we change what we review iIs something also
we" 1l be looking at this -- during this
development. 1It"s all predicated on how we
leverage the unique abilities of software that can
collect post-market information, real world
information, and then feed i1t back to the product

itself.

www.CapitalReportingCompany.com
(202) 857-3376




Food and Drug Administration - Ophthalmic Digital Health Workshop

10/23/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

Page 43

We don"t stop there. We don®"t want to stop
there with the development of this program. What
we want to do is we want to learn, as a regulator,
that this program does not become static. We want
to keep this program self-learning as well. So
how do you take the evidence that"s been created,
how do you take the learnings that have been
learned by the companies, and how do you aggregate
that and bring i1t back to us to see whether we can
make the right -- whether we have made the right
choices, can we tweak and can we learn and grow
and be scalable for -- as products and
technologies grow, because we know this will
change over time as we have seen already.

One other concept in the IMDRF document which
we are adopting iIn our thinking for the new
paradigm 1s how do you sort of take the continuous
learning that can happen, allow for the right
clinical evaluation to sort of take place so that
there 1s a wide path for people to start with the
small claims that they can make or small

functionality claims they can make and learn with
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product being existence iIn the marketplace and
being used by users and prospectively collect that
information that i1s -- that can supplement your
next level of substantiation of claims. So how do
you sort of do that more (inaudible)? So in
essence, we are creating -- we are taking a

chapter out of the book "Agile,' that developers
use today and applying it to regulatory paradigm
and saying how can we be more agile, how can we be
learning, how can we sort of allow -- how can the
regulatory system allow for products to be safe,
at the same time effective, not changing the bar
on that safety and effectiveness but being more
nimble and more iterative as far as products can
get in the market. We feel that will help us get
there.

How do you sort of get there? So many
unanswered questions iIn this paradigm. This is
exactly where we have started when we talked about
what an excellence looks like. So I"m going to

touch upon this really briefly. We will probably

not have time to go over all of these, but this is
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really what we thought the starting point for what
excellence should look like. When we think about
patient safety, we all agree that there are many

things packed 1In that word "patient safety," which
means people need to make choices for patients all
along and throughout the entire product life
cycle. What"s -- commitment to product quality;
commitment to clinical -- be clinically
responsible, matching claims, understanding and
doing the right evaluation, etcetera; what does
that look like? Cybersecurity is one of the top
topics right now and at the end of the day, we
still want people to be proactive.

How do you have these five fundamental
principles that we all care about embedded in
every organization and if they achieve that, how
do we give that credit back to those companies
that can then be afforded a path to market iIn a
more trusted way. So this, we believe, iIs the
starting point. This will evolve over time.

I know next year at this time, I will be

thinking about how these things refined over the
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1 last year but really, what -- in the pilot, what

2 we"re doing is we"re developing -- taking this

3 concept and taking it to the next level and

4 developing a program that will sort of refine this
5 further, get people to include these principles in
6 their own balance scorecard so they“"re monitoring,
7 and we are able to just sort of observe and not

8 have inefficiencies because somebody has to start
9 reporting something to us or creating something

10 special for us We are trying to leverage what

11 exists iIn the -- by existing in the practices

12 today in these organizations. And that®"s why we
13 announced the nine participants to take what they
14 do best, learn from them and create a program that
15 IS best suited for the community.

16 We want other input along the way so I would
17 encourage every one of you to be -- stay engaged,
18 pay attention to what we are putting out. We are
19 going to do the nine participants but we"ll share
20 what we"re doing with them publicly as well. So
21 any input from that perspective we very much
22 appreciate it.
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So the concept here is taking the five
principles, looking at it from five different --
four different lenses. |If you allow people the
process flexibility and we have allowed people for
measurement flexibility but still anchoring on
those five principles, can we determine trust; can
we prove trust, not just by up front but also
after the product"s been iIn the marketplace.

So 1"m packing a lot of this information that
I spent an hour-and-a-half talking to the pilot
participants, but this is where we are going and
I*m happy to talk a little bit afterwards as well.
But as we move through the program, we are
iterating as well, we are learning as well. We
are also taking what we"re hearing from folks,
building 1t In the program. But the way we are
approaching to build those three big components is
we are focusing the first few months on the
excellence principles and how do we 1dentify
organization excellence.

The next phase we®"ll focus on -- and not to be

very serial on this but we will focus on the what
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should a review look like and we"ll practice what
a post-market observation looks like, what -- how
do you get access to that data, perhaps change the
word from "reporting'” to "access' or supplementing

the word "reporting'” to "access,' how do you do
that. So we are going to look at different ways
of one, informing the agency; two, informing
public health; and three, sort of how -- keep us
sort of current and learning along the way.

I think that was the end of my slides but 1
want to close with saying 1f we"re -- 1t"s high
time we need to look at a paradigm that is best-
suited for high risk technologies that are
emerging, are collaborating. As you heard,
players at med tech companies are not -- they"re
not previously considered to be part of digital
health are now partnering with people that you
have not imagined. 1 mean you -- if you think
about the folks like Google and Omada Health and
others who have not really been In this space and

purely in general wellness are now moving quickly

into medical device space, and how do you sort of
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provide a path for them so they can actually
deliver products, bring that innovation to
healthcare that we all see for. Thank you very
much .

(Applause.)

DR. REPKA: Thank you, Mr. Patel. So our next
speaker is Dr. Ronal Schuchard who is a lead
reviewer for Ophthalmology Division, Medical
Devices at FDA. His talk will be on FDA
Perspectives on Ophthalmic Mobile Medical
Applications and Telemedicine.

DR. SCHUCHARD: Good morning. Thank you very
much for attending and giving me the opportunity
to share with you. From the point of view of the
ophthalmology review teams that are looking at
this area, the ophthalmic digital health area iIs a
broad area.

There is a variety of topics that must be
looked at when a device comes iIn for evaluation.
You"ve heard many of these already from previous
speakers, Bakul and others, that -- so today we"ll

look at primarily, because there®s not enough time
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to cover all of these, i1s software as a medical
device, interoperability, and mobile medical
applications and last, artificial intelligence or
deep learning. Some of you, | think, are aware
that, for example, the commercial applications of
deep learning is driving this In a big way but
obviously, it is overlapping into the digital
health. There"s a 100 percent investment, Tesla,
et al, with autonomous college, i1If nothing else,
In this area.

So the types, as already been talked about a
couple of times, but just to reiterate; software
in a medical device that we see; you“re going to
hear in a few minutes how perimeters have software
that evaluates the results coming out. This is a
prime example of software in a medical device
where abnormal or normal results are part of the
perimetry system. And also, we"re seeing more and
more and more OCT images where color-coding is an
aspect of what i1s reported or what i1s put out by
the device to enable better reading of these

devices.
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But software as a medical device is where the
innovation and where the prime areas that are
challenging us i1n terms of digital health are.

And so the top right shows you one example of a
cleared device that i1s using a Smartphone to do
at-home testing of vision and, of course, you®ll
hear many times this morning about how cameras and
other things within Smartphones are being
utilized.

So 1t 1s a rapidly-evolving landscape. Many
ophthalmic devices we already have and will
continue to expand In terms of the digital
technology. Software diagnostics, CADX, computer
assisted diagnosis, and advanced analytics, which
IS the computer assisted detection are rapidly
emerging. The greater connectivity and the
interoperability is going to introduce new but it
has greater aspects of the things that we must
consider.

And so all of these areas are rapidly -- and |
put a little slide there that shows Moore"s law --

and yes, this is an expanding field that i1s only
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going to increase.

So telemedicine in ophthalmology i1s here
already. We are seeing that telemedicine is
practiced in ophthalmology but to note that it is
not regulated, the practice of telemedicine iIs not
regulated by the FDA. There"s many devices within
the telemedicine or the tele-ophthalmology --
the -- there are many devices within the
telemedicine world that are regulated but the
practice. You"ll find that there®s a lot of what
we refer to as medical device data systems, that
Is systems that transfer, store, display the
medical device data but they don"t control or
alter the function of the device. And these
devices i1n themselves are also as part -- as Bakul
has mentioned, the 21st Century Cures has changed
how we do things and functionality is no long part
of the definition of a medical device.

So telemedicine systems, the devices within
the telemedicine that you"ll typically see are
like ophthalmic cameras. Many of the cameras that

produce the images, they are regulated and at-home
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vision testers can be regulated although they can
be class | devices; therefore, they would be
510(k) exempt, so we are seeing visual acuity, an
Amsler grid and a variety of visual function
tests. So the distinction, again, is that class
one or class 11 510(k) exempt devices within this
world allows one to have perimeters with databases
so that their class I. They can be part of a
telemedicine program and there®s not a distinction
between class | and class 1l with group one light
sources for ophthalmic cameras and group two light
sources, and you®"ll hear a little bit more about
this in the panel discussion.

In all of these things, people will come to
the digital health world thinking that they can
compare their devices with what®"s ongoing iIn
telemedicine. But as I°ve already shared with
you, since telemedicine is not regulated by the
FDA. Oftentimes we have difficulty with the
claims that are made by the telemedicine systems
Iin terms -- especially in terms of the sensitivity

and the specificity of the systems. And so,
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therefore, a comparison to an unregulated or to a
practice of medicine is difficult and one should
be careful about comparing your digital health
devices and especially in the ophthalmology world
in terms of these sensitivities and specificities
let alone the application to a particular patient
which we would be looking at the positive
predictive value or the negative predictive value
of these systems or devices.

I*m having a devil of a time with -- so the
categories of health IT Is another category that
iIs found within ophthalmic realm. There is
administrative functionality. There are the
health IT which 1t talks about admissions,
billings, and a variety of those kinds of things,
and there i1s the health management functionality,
those aspects of things with managing a patient.
But 1t"s not until you get into medical device
functionality that we see primarily that the FDA
would start providing oversight in terms of those
types of things.

then 1n terms of clinical decision support
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software, which is also an area that is part of or
allied with health IT, we see that, again, the
health management functionality iIn terms of
clinical health records and drug dosing or
reminders of preventive care and those types of
things are distinct from a medical device
functionality where we start seeing computer-aided
detection or computer-aided diagnosis and
refraction treatment planning for your laser
refractive systems or robotic surgery -- surgical
planning may be coming, let along
electrophysiology.

So the FDA perspective of review challenges is
that we lack - there®"s often a lack of experience
for the established device, that is that we
really —-- this i1s an innovative world. This is a
world that we"re seeing for the first time in
terms of many devices so there"s no clear complete
description of the technology or device or there"s
no experience that we have on how one should
describe these types of devices. There i1s often

unclear indications for use and iIntended us
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because it explores new areas. We consider things
for eyecare clinical environment versus non-
eyecare clinical environment or even non-clinical
for devices that are going into the home or going
into a school, for example. Those are completely
different environments and, therefore, the
indications and the intended use would be
completely distinct and would need to be clearly
specified. But there is often a lack of clearly
appropriate predicate so this is, being the
innovative field, not devices that are already
there. And the risk analysis iIs inadequate given
the risk of the device used and again, the
environment where it"s -- what population, the
environment where i1t"s going to be used is
critical to be able to do this risk analysis, and
here"s -- the limited information is not allowing
the evaluation. And this is -- this risk
assessment i1s key to what®"s, as Bakul has already
mentioned, i1s key to what we need to be doing iIn
terms of looking at devices.

So for lower risk functionality, we find that
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the device may not always be enforced In terms of
regulatory requirements. These are lower risks
and oftentimes are compared to the -- exceeding
the limits of exemption but the higher risk, and
this is not in other fields like mortality we
often don"t deal with. But we do risk -- we do
deal with risk like permanent vision loss or other
aspects of things that are risk functionality and
that we need to assess whether or not the safety
of the patient.. And because of the iInnovation
technology, we"re going to find that many of our
applications are going to be de novos because
there®s no appropriate -- and once they start
coming in as de novos, then they get shifted to
510(k)s.

And 1t is unlikely that we"ll see a lot of PMA
applications, at least at first, but you may
challenge us, those of you in the field developing
the devices. You -- we may start seeing some of
the future that we"re just not foreseeing yet what
would be a class 111 PMA device.

So again, the risk assessment is key and the
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premarket assessments are to be able to fully
define what are the key functions of the device,
what are the aspects that are unique and actually
key to this device, what aspects make the device
vulnerable, what is the impact of that
vulnerability and what protections are iIn place.
And you"ll hear panels discuss those protections
that should be in place to be able to protect the
safety of the patient.

The methods of mitigating the risk are also
part -- a response to this, the safeguards built
into the software or the hardware, for example,
inherent in the digital health device, methods to
limit the iIntended users so that"s another
approach to be able to say that we"ll mitigate the
risk by limiting the iIntended users or labeling
provided for patient use. And finally, training
modulles and tutorials may be relied upon to be
able to mitigate these risks.

The medical mobile apps i1s the area where
probably we"re going to see the largest expansion,

as already mentioned. We don"t see a lot in the
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ophthalmology world the medical mobile apps that
are not considered medical devices. You have your
Smartwatches that tell you how many steps you®ve
taken today or the variety of things that help you
stay fit. We don"t have that kind of equivalent
in the ophthalmology world, although some but
there"s not a lot of them. Rather we see a lot of
mobile apps that are lower risk mobile apps that
meet the device definition. So what we"re seeing
a lot of these days are people that take Amsler
grids and put them on a Smartphone or people that
take visual acuity testing and put them on a
Smartphone or a tablet. Those types of devices
may -- or other types of devices may border that
whether or not they are lower risk mobile apps
that meet the device definition. But we don"t
intend to enforce requirements or that they“re
510(k) exempt.

Today what we are trying to focus on i1s the
mobile medical apps, the ones that really truly
challenge and innovate and provide us new

functionality in the digital health world, and
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those types of things you"re going to hear about
today.

So to give you an example of the types of
things that we have seen 1In the mobile medical app
or the software as a medical device world, we"ve
seen diagnostic mobile apps such as the DI or the
Paxiscope. We are starting to hear about R&D in
tablet video field assessment where you take what
Is done with a perimeter and you put it on a table
and you go to India and/or rural areas of the
United States and you do your visual field
screening with a tablet instead of a perimeter
device.

We"re hearing at ARVO there was a symposium on
computer assisted detection for diabetic
retinopathy and at that ARVO symposium, there were
several companies that i1dentified themselves as
talking with the FDA already to be able to submit
an application. So soon you may see devices that
are already CE-marked but they are soon to be on
the U.S. market as well for computer assisted

diagnosis of diabetic retinopathy.
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Then In terms of therapy, we are seeing R&D
for dichoptic treatment of amblyopia; people that
are developing red-green glasses or virtual
reality glasses with mobile displays, you see
these In the press, you see these in publications,
that this i1s being developed. These are virtual
reality with tablet-type of technology.

There®s R&D for wave-finding and object
detection and assistive technology for devices for
visually 1mpaired.

So to give you a couple examples of disease
progression aids and diagnosis, there®s the
myVisionTrack™ which | showed you before, is the
Amsler grid on a Smartphone using circles.

There®s a Saccadometer Plus which which 1s an eye
movement monitor, EYE-SYNC, which is a
nystagmograph looking at abnormal eye movements;
ophthalmic imaging systems, there is a large
number of them that have come iIn with the cameras
that put their 1mages Into an imaging system that
then uses software to be able to do additional

analysis but these PACS systems are, if they do
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not do advanced analytics or other types of
digital health, they, too, may be just class I or
devices that do not need a 510(k), but that is the
trigger that you will need to evaluate.

So the last topic 1°d like to talk about is
the interoperability. So we have a picture
here -- 1"ve tried -- I"ve stolen, 1 admit, a
picture that doesn®t truly represent the types of
things that we see in an ophthalmology, but 1
would ask you to bear with me and think that this
could be a laser refractive surgery system, for
example. And that little picture of a guy
standing -- or sitting at a workstation, let alone
all of the devices that are interplaying with
laser refractive surgery, are soon to be changed.
So we have devices within a company, If they are
all talking, 1t"s very easy for that company to be
able to interchange information between these
different devices.

ITf, on the other hand, these devices are
produced by different companies, then the

challenges start increasing in terms of making
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sure that all of the interoperability aspects are
maintained because of different companies and that
workstation 1s now becoming a tablet. People are
walking around with a tablet instead of sitting at
a workstation. So these are starting to get into
the digital health world.

The interoperability standards are there.
There"s -- FDA has recognized 14 standards for
interoperability. There is -- I"m sorry for the
small print but the standards are there to be able
to help with the guidance in terms of the
standards that would help you evaluate this
interoperability . Of course, the standards alone
by themselves do not provide all of the
information that you should be thinking about, so
the standards alone will not answer all questions.
And as the i1nnovation increases, the challenges
with making sure that all of the information in
terms of HIPAA, i1n terms of safety, In terms of
good effective information exchange i1s maintained
Is critical.

So i1n conclusion, ophthalmic digital health is
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going to lead to many new innovative devices that
will provide diagnostic and therapeutic
healthcare. We hope today"s workshop will foster
this type of new iInnovation in the ophthalmic
digital health. You"re starting to see, | hope, a
phrase that is used by many people in the digital
health world. We believe that this digital health
will be able to help the right cure for the right
patient at the right time be an appropriate
phrase. Thank you for your participation.

(Applause.)

DR. REPKA: Thank you, Dr. Schuchard. So our
next speaker will be Ms. -- Dr. Krishna Yeshwant,
who is a physician programmer and entrepreneur
working with GV. Prior to Google, he worked on
electronic data interchange. His background is
both Stanford and Harvard. Good morning.

DR. YESHWANT: Hey guys. Look at this. All
right. So thank you guys for letting me spend a
little bit of time this morning talking about some
of the things we"re doing at Google Ventures. And

111 talk through some of things that I find
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interesting, exciting about data systems more
broadly and we"l1l1 find some particular
applications in the ophthalmology universe.

Just by background, 1*m a physician, as you
kindly noted. 1 was a computer scientist before.
Had started two software companies, sold one to
HP, one to Symantec but am a primary care doctor
over at Brigham and Women®"s now, and 1 spend most
of my time looking at the intersection between
technology and healthcare. At Google Ventures, we
invest In companies across the space and so i1f |
went through all of my disclosures, 1°d spend the
entire time here doing that, probably iInvestor a
few hundred companies across the space.

But I couldn®"t be more excited about the
moment in time that we"re at right now. We have
Scott"s, we have Jeff, we have Malvina, we have
Bakul; it"s just a tremendous array of insight and
forward-looking thought processes around the
regulatory sphere here. So I thought 1°d just
call out a couple of areas that I think are

interesting and 1*11 actually get my timer here
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started so | don"t go too far over.

I know that there are some people talking
later on around machine learning so 1 probably
won"t spend as much time on that today but 1711
spend most of the time really on this area that
we"re seeing a lot of activity in called "real
world evidence.” And I know there"s been a lot of
interaction with the FDA over the last few years,
really, but increasingly around how we can use
real world evidence to help in various parts of
the clinical universe. And then 1711 kind of
interweave some lessons from some of our
experiences there.

So real world evidence, this is a graphic that
many of you have probably seen before, 1f you can
see It In the back, and perhaps some of you may
even have helped create. So i1t"s from a report
that was released in 2012 from the Institute of
Medicine around the learning health system. And I
find -- being somebody who"s iInterested at this
intersection between clinical medicine and

technology, 1 find this to be at least one of my,
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you know, goals on life so to speak. This is 1
think at the dream state of what we can achieve in
our healthcare system. And today 1°11 just walk
through 1t briefly.

You know, at the top, you have kind of
care delivery and, at least in today"s world,
thanks to a lot of progress that"s happened
because of work from the government, we have
actually reasonably EMR penetration iIn the
universe. So there i1s data produced just as
clinicians see patients day to day. In an optimal
world, that data would be fed into our scientific
discovery process, the data coming out of clinical
trials, and the process of discovering new
therapeutics and diagnostics would be used to
Tluidly generate evidence that we could then use
to rapidly expand clinical limitation of new
opportunities and new things that we see

And, of course, also from that same report,
we"re kind of still in a world where a lot of data
iIs kind of lost. |In particular, data from the

day-to-day work that we do as clinicians, in that
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array, we see a variety of natural experiments
that happen every day that we don"t really take
advantage of iIn today®"s universe. And that"s for
all sorts of reasons that 1 think most people iIn
the room are probably familiar with. But that"s
perhaps what 1 find most interesting, exciting 1is
other ways in whatever format, whatever vehicles
possible to kind of close the loop around the
subtle data, that we"re producing every day that
we"re paying for every day as a society, as a
system, that we don"t really bring back to bear on
other parts of the healthcare system.

So, to me at least, | think ophthalmology sits
in a unique place In being able to reconnect and
bring some of that data back to bear in many of
the different pieces of the healthcare system.

And 1 think that for a few different reasons.
First off, 1t"s unlike,- you know, my practice iIn
primary care. Data in ophthalmology tend to be
much more structured. 1 think part of 1t 1s that
ophthalmologists are just very smart. They can

organize their notes in this really organized way.
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I*m always jealous when 1 see the referrals come
in and it"s all just, you know, this nice tightly
compacted note but on the technical side, it
allows for a computer to be able to pull the data
out far more easily than what we see out of places
like general internal medicine. Also, of course,
as we"ve heard already, there®s huge amounts of
imaging data in ophthalmology and as we"l1l, I™m
sure, talk about later and 1711 certainly allude
to, some of the techniques that we"re seeing in
machine learning, deep learning naturally allow
for better analysis of these sorts of graphical
and the sort of data that comes out and is
fundamental to ophthalmology.

That naturally leads to, | think, another
exciting area on pragmatic clinical trials so --
and I think this ties also back into the entire
context of there"s data being produced, can we use
It and more sophisticated ways to give us a better
sense of how new therapeutics and diagnostics
might be useful across not just the group of

people who we might study as we"re looking for
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efficacy but how it might actually work as we
deploy these products and services Into the rest
of the clinical environment, which 1s obviously a
lot more complicated.

There are a couple of use cases that just over
the last few months that I think we"ve all seen
come through the ophthalmology world where once
again, | think 1f we"d had a unified dataset that
iIs tied Into the clinical universe could have
been, I think, transformative in our thinking.

And 1 kind of went through with that experiment
when 1 heard each of these pieces of news, you
know, so certainly the Lucentis versus Avastin,
you know, sort of thought process; you know, each
of these medications we"d -- 1 think are all
alike, one had the suspicion that they might be
similar in use, and it took a long time for us to
be able to put together the clinical trial to
raise the funds to get the coordination amongst
the i1nvestigators to ask this questions. And with
that experiment, you know, I often go through when

we see these sorts of questions iIs, you know, if
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we had this dataset, couldn®"t we have asked this
question. It wouldn®t have necessarily be the
definitive answer but could we have gotten an
earlier read as to whether there"s a equivalents
and where In our practice do we see other
opportunities like this that we"re not really able
to take advantage of today because of the friction
of putting these sorts of studies together.

On the opposite -- and 1 think -- and 1
just -- 1 go back to i1t and say, you know, 1 think
ophthalmology is well-suited because there are
large populations of patients out there we can ask
these questions of. And again, day-to-day, we are
seeing these patients in clinic, we"re taking care
of them, we"re actually running these trials in
kind of a natural experiment sort of way but we"re
not really yet tooled up as an iInfrastructure to
be able to take advantage of all that.

A look 1In the opposite end of the spectrum is
kind of small cohorts, which, to me, I think are
particularly interesting as we"re entering a world

of gene therapy. You know, clearly, there are
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exciting things afoot, even recently with Spark
Therapeutics and a variety of other companies. |1
think we"ll see a lot more in ophthalmology just
given that the delivery modality into the eye
being, you know, perhaps more clear as to how one
might do that. But these tend to be small rare
disease cohorts and, you know, how do we think
about regulating these sorts of drugs when they"re
small patient populations and can we enable, you
know, post-market approval surveillance. And 1
think once again, this sort of data infrastructure
would enable that.

So going back to i1t, 1 think, you know, I find
this to be kind of my guiding principle as we look
at various opportunities In this space. And
unlike many other specialty areas, | think
ophthalmology i1s, again, particularly well-suited
because there®s been some work that the societies
In this space have already done in starting to
pull these pieces together. You know, 1in
particular, there®s the iris database that the

American Academy of Ophthalmology has pulled
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together. And 1t can clearly be applied in a lot
of different areas. Whenever and however that
happens, 1 think one of the learnings 1"ve had
from the technology universe i1s to rather than try
to, you know, take the whole system on at once,
you know, it"s always better to try and start in
one arena.

We spent a lot of time In a company called
Flatiron Health, which is a company based in New
York working in oncology looking at some of these
real world evidence opportunities. And a couple
of the learnings that we"ve seen there as it"s
applied to the regulatory framework is the deep
need for clarity and transparency around what the
data 1s and what the outcomes are. And that
sounds obvious but in the end, when we"re making
these sorts of inclusions around any of these
sorts of decisions, one wants to be able to go all
the way back to the raw clinical data and any sort
of transforms that are done on top of that to be
able to understand what is it that"s guiding some

of this decision-making process. And so -- and
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the infrastructure here needs to account for that.

There"s a deep need for careful cohort
selection. Thinking back to the -- some of the
examples we were talking about earlier. 1t"s one
thing to compare i1t to drugs but you have to be
very certain that you®"re talking to similar
patient populations. And leading into -- kind of
following out of that or as a corollary to that,
there®s a real necessity for a pre-specified
analytic plan. As a computational person, you can
sometimes fall Into the trap of asking a whole
bunch of "what ifs"™ just to get to the answer that
you want and not necessarily to the ground truth,
and 1 think we"ve all seen some of the flaw with
that.

And then, of course, culture incentives are
crucial in this whole thing.

111 spend a couple of minutes just talking
about machine learning and I know that there are a
few people talking about 1t In the -- you know, 1iIn
the subsequent sessions but | guess the the main

point I want to make just as someone speaking from
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the perspective of Google is that it"s been a
transformative set of things that have happened
over the last few years, and i1t"s certainly been
transformative internal to our company. And I
think that we"re starting to see how some of these
areas are affecting healthcare.

You know, the broad painting of it here is
that, you know, we historically used "if then"
statements to write a lot of our software and over
the last few decades, we have seen the
opportunities to actually write software that
figures out based on exposure to datasets how to
classify different inputs.

And fundamentally, the structure of what"s
happening in deep learning, which i1s kind of this
term that I think we all hear a lot, is not that
different than what®s happened before, you know,
iIs fundamentally the same sort of neural network
architecture that"s possible today that was
possible 30 years ago.

But what"s different is that the

infrastructures that we"re running these sorts of
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analyses on are far larger and far more robust.
So when 1 was a computer science student, we maybe
were able to make neural networks that were, you
know, single digit sort of layers, so 5, 6, 7, you
know, layers in depth. And then you kind of run
up against the limitations of what was possible
and today we"re seeing far deeper sort of
structures which will offer far more sophisticated
classifications. And clearly, we"re seeing that
touch on some of the areas. |1 think we"ve seen
the paper in JAMA around diabetic retinopathy
project.

But I kind of wanted to call out this
interesting effect that"s kind of well-known in
the artificial intelligence and machine learning
world called ""the Al effect.” And 1t"s a little
tongue-in-cheek but 1 figured 1°d bring i1t up here
because we talk about it a lot inside of Google.
And 1t"s one of these funny things where, you
know, there"s this quote, "intelligence is
whatever machines haven®t done yet." And, you

know, when we see kind of some of these sorts of
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advances, i1t"s sometimes easy to kind of look at
them and say, well, like the world®"s going to move
forward i1n this particular way and machines are
going to take over and all this stuff, and we hear
various venture capitalists saying that we don"t
need doctors anymore and, to me, 1 think that"s --
you know, that®"s certainly one of the ways that
people can characterize it.

But I think what tends to happen far more
often i1n these fields --and there are several
examples, you know, that we can go through, but
usually what happens when an Al application works
iIs 1t kind of gets subsumed into the field that
iIt"s working In. You know, so to that extent, |
think as 1 look at what"s happening 1In the world
of machine learning meets ophthalmology iIn
particular, you know, nothing but excited because
I think ultimately, it will mean that we"re able
to do better diagnoses for our patients and get to
the sorts of care that they need. And I think the
way the world will look at i1t ultimately is not

machine learning taking over some of these areas
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but rather these areas finally kind of getting
some of these benefits of computer science applied
In these areas and getting to some of those
efficiencies.

So just in the interest of time, I*11 close
the comments there but 1°11 be around the
conference very excited to engage with this
audience and thank you very much.

(Applause.)

DR. REPKA: Thanks for those comments. A
couple announcements -- just they were asked. In
the iInterest of interconnectivity, there is a wifi
pass code for this room. It"s an upper case ""W-A-
S-R-V."™ Don"t know the source of that but that"s
great. And the slides will be available to
attendees subsequent to this meeting.

Our next speaker -- and thank you, Dr. Paul
Lee for joining us at the podium. He"s the
Professor and Chair of the Department of
Ophthalmology and Visual Sciences at the
University of Michigan and has to direct the WK

Kellogg Eye Center and all of its people. Thanks,
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Paul, for joining us.

DR. LEE: Thank you and the organizers for the
opportunity to be here. | was asked to speak
about an introduction to the area of telemedicine
in ophthalmology and we have a terrific program
that"s put together today.

In terms of the rationale for why
teleophthalmology iIs so prevalent and so important
today iIs that we are In the midst, as our last
speaker talked about, about a transformation n
health and healthcare.

And so you can see the pressures on the left
that are forcing us to look at the changes and all
the new attributes on the right that, as Eric
Topol put very nicely, i1s leading to a new way of
looking at medicine and healthcare. And our
earlier speakers have already talked about a key
part of this movement iIs to take what we do out of
our traditional offices and clinics and de-
marketizing it and moving 1t into the hands of
patients where they live as well as other

distributive networks.
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In terms of the level of usage that we have
right now, Kaiser is a leader in the
implementation of e-health. There are many others
but Kaiser last year had over 50 percent of their
patient iInteractions done through remote
mechanisms. And so if you look at some of the
things that they were doing in ophthalmology; for
example, they®"re using glaucoma suspects being
followed only by OCTs after initial examination.
There are a lot 1 iInteresting things going on out
there right now.

And the other piece is all the experts we
talked to tell us that at least 25 percent of our
visits that we do iIn the office today, within the
next few years, will be done by e-health or remote
mechanisms.

Patients are interested. That"s helping
driving the market and why this is growing and
there are a lot of folks that look at how we can
do this. And we all recognize that there are
various ways we can interact, storing forward,

live motion. There®"s going to be some good talk
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about that today.

Across the disease areas we have iIn
ophthalmology, there are a lot of different use
cases across a lot of different diseases. Pretty
much everything that®"s out there that we do is
being Investigated and in many aspects, especially
in the back of the eye, there®"s solid evidence for
why i1t works well.

So In today"s presentations, you"ve already
heard from our colleagues at the FDA and at Google
about all the different things that we need to
look at as we"re interested In moving these into
the hands of real patients. Going forward, we"ve
got some great talks about some key examples where
there"s rich data about what we do and the issues
related to understanding their usage. And you®ve
heard about the deep analytics and the deep
learning.

And the meat of today"s presentations,
obviously, are going to be the panel discussions.
The panel discussions will focus on digital health

devices as an aid for diagnosis, safety and
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effectiveness and the risk mitigation strategies
that are out there.

Just a few additional thoughts for us as we
move forward In today®"s agenda; a really important
question is "what i1s the gold standard?" 1Is it
what a group of doctors or an individual doctor
thinks? 1Is It a reading center or is it a
machine? |If we go back to the original ETDRS
papers, there was that beautiful grid or table
that had the reading center on one axis, the
physicians on the other axis, and the diagonal
fortunately matched very nicely. But there were
differences and discrepancies across there. And
so what"s truth? What are we going to use to say
this is accurate and this i1s the way we should go?
Is 1t the machine learning? Is it the physician?
That"s something that we have yet to resolve.

A second along the lines of validity is how
well does this device or software perform relative
to whatever we determine to be the gold standard.
And then the reliability piece iIs very important.

IT we do repeated measurements, do we get the same
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result? Within an image, If i1t"s software, do we
get the same analysis at different spots with the
same characteristics? And also, 1T 1t"s
appropriate, do we get the same result i1f
different people use the equipment? Now this is
something that we apply to all the new devices but
have we applied it to clinical care as we
understand i1t today?

So let"s look at some of that information that
we have iIn the literature because | think this
will help frame the standards and the context by
which we evaluate the new technologies.

So the ATA has some nice guidance on diabetic
retinopathy In terms of the relative ways we can
look at standard comparison, but In real -- the
real world -- this study is almost 25 years old.
It looked at how ophthalmologists compared live
examinations for patients with diabetic
retinopathy compared to photographs, single site
study but you can see that the performance
specifications of various technology elements can

rival that of ophthalmologists and that there are,
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were and potentially still are opportunities for
Improvement.

This 1s a paper from the Oats Reading Center
(ph) out of Miami that reviewed the literature for
the simple vertical cup to disc ratio performance
in the literature of ophthalmologists relative to
other means of analysis.

And this iIs a meta analysis just published
recently looking at teleglaucoma and looking at
the sensitivity and specificity of performance in
the literature and those studies that compared
teleophthalmology, teleglaucoma to in-person
examinations.

In terms of the implementation issues, a key
factor 1s to recall where iIn the care spectrum are
we using this. |Is i1t a new patient or established
patient and what"s the level of autonomy we expect
the system to be able to deliver.

Patients do want to use this. There"s good
data from the public opinion polling that suggests
that patients are very receptive to using these.

And the National Academy of Medicine has made it
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clear that the communications aspect of what we
find Is as important as the diagnhostic accuracy
for what"s considered diagnostic error. We know
that the implementation of diabetic retinopathy
programs -- this one In LA -- greatly increases
the screening rates of use of retina, but there®s
still a problem in terms of getting people iInto
care even after they“ve been screened. So to
close the loop, we have to keep that in mind.

And, of course, there are various legal issues
and payment coverage Issues, SO some questions on
the legal liability side on the left for providers
and physicians relative to malpractice coverage,
to actually use it. On the system side, we were
having dinner last night, conversation with Mike
Change and Mike Abramoff about if there®s an error
Iin a system, who"s responsible; is i1t the system;
iIs It the physician, and it probably varies based
on the purpose of the system. 1Is it an aid in
which case the physician®s probably going to be
responsible. Or is it meant to substitute for a

physician in which case 1t"s probably the system.
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And then there are a whole host of issues we
run into that the FDA Centers have a lot of
precedence on in terms of radiological monitoring
devices and teleradiology in terms of display
characteristics.

Lots of different state laws that need to be
navigated relative to the actual implementation as
well as reimbursement issues that are for another
time.

And just a couple of final thoughts. The
first is what®"s the implication of all this? We
saw the reference to the Institute of Medicine
National Academies report on a learning health
system. As we look at the impact of all of this
technology on how we iInteract with patients, we"ll
be able to do a lot better. But the essence so
far that the system can®"t quite replace i1s that
human iInteraction. And so iIn a way, this has a
promise of restoring traditional physician-patient
functionality that current regulatory and work
pressures keep us from doing as well as we want.

The second you"ve seen is that there are a lot
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of new entrants and so the world®s going to be a
really exciting place in the next five years. |1
see many of our pioneers out here in the audience
and participating in a panel, and so I"m looking
forward to a terrific day. Thank you very much.

(Applause.)

DR. REPKA: Thank you, Dr. Lee. So our next
speaker will be Dr. Paul Chan, Professor of
Ophthalmology and Visual Sciences at Illinois Eye
and Ear Infirmary at UIC and Vice Chair for Global
Ophthalmology there with a great deal of iInterest
in telemedicine for ROP. So, Paul?

DR. CHAN: Great. Thanks, Mike and thank you
to the organizers for having me speak here today.
Wonderful series of talks which I think leads iInto
what I"m going to talk about, which is where did
we go wrong, right. So in terms of diagnostic
accuracy and things that we don®"t necessarily do
well, what are we having trouble with and also,
how do we do better and what are strategies to
make that improved.

Here are my financial disclosures. 1 am a
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consultant for Visionex Medical Systems, which
does make some of these ophthalmic cameras. And
I1"d first like to acknowledge the collaborators
that 1 work with, especially Mike Chang, the 1-ROP
Group and the Gen-Rop Group that focuses on
education for ROP. So what do we know? 1 think
historically, there are a lot of retrospective and
prospective studies looking at whether or not
telemedicine and image-based diagnosis for ROP
works well. And 1 think that we®ve shown that
1ts®™ very good for i1dentifying something called
referral warranted ROP. We"ve shown that it"s
reliable, accurate, cost effect. In terms of
physician time, it"s definitely more time
efficient.

And there are a lot of active clinical ROP
programs outside of the context of the study. For
example, SUNDROP -- Darius is here -- is going to
be part of the panel with Mike Trese and the focus
ROP and also, in a development world, which is a
specific interest of mine, many, many ROP programs

actively 1In use and they design their own
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telemedicine reading centers, so It"s going on in
the real world.

What I"m going to talk about mostly is, well,
okay, 1t"s going on but who"s really qualified to
do these image readings. And this is sort of a
personal experience but, you know, are we good
enough? And as 1 mentioned before, a lot of the
systems that we look at today, a lot of the
programs that we"re focusing on focus on this
definition of referral warranted ROP, which
basically is what we call "type 2 ROP,"™ so things
that need to be referred immediately, something
that may progress to treatment sooner than later
and needs to be examined very quickly by an
ophthalmologist.

One of the potential diagnostic challenges --
I"m not really going to go into image quality,
field of view, or go too much Into the hardware
Issue; going to go mostly into how do physicians
perform iIn terms of making the correct diagnosis.
We know that experience matters. We also know

that potentially, experts have some challenges in
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identifying pluses use. That"s been well-
documented. We know that there is a lot of
controversy and a lot of variability In how expert
graders examine pluses use and make that
diagnosis.

And in terms of training, so how do we certify
graders. That"s been a particular interest of
mine and there"s a lot of variability in, you
know, I call it sort of telecertification or how
do we certify people to actually read telemedicine
Images.

Many years ago, we started doing studies
looking at whether or not board eligible
ophthalmologists so these are really general
ophthalmologists who finish their residency
training, they“re going into fellowship; how do
they do in terms of compared to an expert grader
reading a telemedicine image? They don®"t do that
well, okay, so what"s iInteresting i1s that they
actually misdiagnose type 2 ROP more frequently
than not and these are retina fellows who are

going into retina practice and when they"re done.
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And we also looked at pediatric ophthalmology
Tfellows.

Again, in the general community, sometimes
general ophthalmologists are screening for ROP so
this has some relevance. And in pediatric
ophthalmology fellowships in the community, a lot
of times the pediatric ophthalmologist is doing
the screening. They"re making a diagnosis and
then they"re calling the retina specialist to do
the treatment. Pediatric ophthalmology fellows
also don*"t do very well, right, so the type 2 ROP
and also even treatment of treatment required ROP
were challenges.

So what do we do? Well, we found that there
were iIssues so we created a tele-education system
using the system that Michael has with the 1-ROP
system. And what -- we recruited about 250
ophthalmology trainees from around the world, U.S.
and international. And i1t wasn"t just to
education them to make them better. We also used
the system to evaluate their performance and see

what they were doing wrong or incorrectly. And we
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presented them with RP case presentations, very
much i1n the same way that someone would read a
telemedicine iImage; give a case, read the image,
how do you do, what"s your answer.

What did we find? Well, similarly, there are
struggles with type 2 ROP, so this referral
warranted ROP that we focus on, right; this
critical period, this threshold and they“re not
diagnosing this correctly. Almost 50 percent of
the time, they"re incorrectly diagnosing this.

And why? Well, there are struggles in zone of
disease in the diagnosis and there are struggles
in terms of pluses used diagnosis. So these are
specific categories that they"re struggling with
that make this difficult to do well.

In the international arena, we talked about
global. This 1sn"t just about domestic policy.

We have to look at the international role and 1 do
a lot of this. And they"re also finding similar

error rates, right. So type-2 ROP i1s difficult to
examine 1T you"re not experienced. So looking at

Inadequacies In diagnostic accuracy for ROP, the
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U.S. i1nternational cohort, all of them across the
board find difficulties. They misdiagnosis almost
50 percent of the time.

What does this mean? Well, we need to improve
our diagnostic accuracy. We have to find ways to
improve the ability to diagnose referral warranted
disease to get these kids to an ophthalmologist,
to get get kids examined so they don®"t go blind.
And i1n terms of just the real world, why is this
important? Well, general ophthalmologists, you
know, we talk about non-physician readers and so
forth and so on, well, are they good enough,
right? Well, we have over 250 physicians,
ophthalmologists In training who just didn®"t seem
to do very well. Okay. Then that"s problematic
iIT we"re going to implement these systems in the
real world.

So how do we do better? Well, let"s first go
to experts and what they might do well with. And
when looking at the clinical diagnosis and the
Image-based diagnosis, we started doing some exams

about stage four, retinal detachment. What we
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found is that retinal detachment seen on a two-
dimensional image may be difficult to pick up even
among expert graders compared to indirect
ophthalmoscopy -

Here®"s an example. Well, so this patient
here, you can see the subtle changes here, some
traction and some elevation of sub-retinal fluid.
Examiner one, stage 4-a, so diagnhosed this
correctly, but examiner two actually said that no
treatment was required. And i1f that were the case
in a telemedicine scenario, this child may have
gone blind and didn"t receive a vitrectomy.

What about aggressive posterior ROP; we
published some data looking at this and there are
some difficulties i1In 1dentifying this type of
disease. Now we could say that ancillary images
in other modalities can help iImprove diagnosis for
AP-ROP or other conditions that may be subtle but
again, there are certain things that we may not be
doing very well.

How can we do better? Okay. So we mentioned

the tele-education system. How do we certify
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readers. This potentially can improve diagnhostic
accuracy, definitely has implication for training
and we think that 1t has implications for ROP
telemedicine as well. Can we add ancillary
imaging, so fluorescein angiography, OCT
angiography, OCTs into our paradigm and our
algorithm? Can that pick up retinal detachment
and subtle changes that improve diagnostic
accuracy?

We*ve show that, actually, FA 1mproves
diagnostic accuracy for identifying this referral
warranted disease. We"ve shown that digital
mosaic Images may improve inter-grader liability
and agreeing among graders, which is important,
and also improve diagnostic accuracy for certain
conditions.

Here"s just the data showing that the tele-
education system improves performance from U.S.
and international trainees for every category of
disease.

And In summary, we have challenges, right. So

I say this all the time to people who say that
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they want to set up a telemedicine system. Well,
It"s just about reading an image, right. There
are all sorts of logistical issues. It"s
challenging in terms of diagnostic accuracy. You
have to be good at this, right. There®"s a certain
level of quality that we have to look at. How do
we do better? Tele-education, standardized
certification programs to certify readers,
investing iIn potentially improved imaging 1in
multi-modal imaging, and computer-based image
analysis and deep learning that was mentioned.
And 1 think that this is really exciting iIn terms
of the future

Now what it comes down to is who should be
responsible for ROP telemedicine programs. Now,
you know, I sort of a little opinion with some
data but in my opinion, I think we"re still at a
point where skilled ophthalmologists should and
need to be responsible for the oversight and the
diagnosis and management for decisions regarding
ROP care and telemedicine. Thank you.

(Applause.)
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DR. REPKA: Thank you, Dr. Chan. So our next
speaker is my colleague, Dr. Ingrid Zimmer-Galler
from the Wilmer Institute who"s going to speak
about the diagnostic challenges for diabetic
retinopathy.

DR. ZIMMER-GALLER: Thank you very much for
allowing me to be a part of this very exciting day
today. 1 do not have an financial disclosures to
report.

So just to clarify, telemedicine is certainly
used In a number of different ways for diabetic
retinopathy screening, but we are talking about
here is doing the telemedicine screening in the
primary care setting. Remember that the big
problem we have with diabetic retinopathy i1s that
so many patients with diabetes do not have their
recommended eye evaluation but they do go to see
their primary care physician. So this is the
perfect place where we can capture patients that
are not compliant with the recommendations for a
diabetic retinopathy evaluation. Traditionally,

this 1s done with a nonmidriatic fundus camera but
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it can be certainly done with a number of
different imaging devices.

Traditionally, those images are transmitted to
a remote reading center and at least in the United
States, typically, the images are then reviewed by
a licensed eyecare provider and a report is sent
back to the primary care physician generally
within one to three business days including
whether or not referral to an ophthalmologist or
to a retina specialist is warranted for further
evaluation. What"s exciting iIs the possibility of
using automated image analysis to do this iImage
reading at the point of care at the time when the
patient is actually in the primary care
physician®s office. The algorithms will allow
that report to immediately come out and the
patient will know whether a referral i1s needed
before they leave the primary care physician.

Some of the diagnostic challenges with
telemedicine diabetic retinopathy surveillance
that I1"m going to touch on include ungradable

Iimages, diabetic macular edema, the use of wide
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field imaging, and then the concept of other
pathology.

So what i1s an ungradable image? Would this be
considered an ungradable image? Or what about
this image? Would you call this an ungradable
Iimage or is this considered advance diabetic
retinopathy with a vitreous hemorrhage. Or would
you say '‘does it really matter 1t an ungradable
image results in a re