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SERI is Singapore’s
national institute for o
ophthalmology research, [SEERE-
the research arm of
SNEC

Affiliated to National
University of Singapore

Recognized as the Sl
pioneer of eye research s
in Singapore, and as one AR D T TREER |1 kel | . | .
of the foremost eye _ M i .. i
research institutes in the et | M | ' -

world

220 staff (+128 adjunct)
>160 Students
>2,100 Scientific Papers
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Local Collaborations
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Aravind Eye Care System, India
Aston University, Birmingham
Australian National University
School of Biological Sciences,
Australia

Center for Eye Research
Australia, University of Melbourne
Centre for Vision Research,
University of Sydney
CHUV-Lausanne University
Hospital, Lausanne, Switzerland
City University London

Cornea Research Foundation of
America

Doshisha University, Kyoto, Japan
Duke University Eye Centre, USA
East Valley Ophthalmology, USA
Erasmus University Medical
Center, Rotterdam, Netherlands
Ho Chi Minh Eye Hospital,
Vietnam

Hospital Kuala Lumpur, Malaysia
Indiana University School of
Medicine, USA

Institute of Ophthalmology,
Moorfields Eye Hospital, London,
United Kingdom

Johns Hopkins University,
Baltimore, USA

King Khaled Eye Specialist
Hospital, Saudi Arabia
Kirchhoff-Institute for Physics,
University of Heidelberg

GLOBAL ACADEMIC COLLABORATIONS

A Spectrum of Our International/

Kyoto Prefectural University of
Medicine, Japan

Lions Eye institute, Australia
Max Planck Institute, Germany
Narayana Nethralaya Foundation,
India

Oregon Health & Science
University, USA

St. George's University, USA
Stanford University, USA

Tel Aviv University, Israel

The First Affiliated Hospital of
Chongqging Medical University,
China

Queen's University Belfast,
Canada

The University of Wisconsin-
Madison, USA

The Weizmann Institute of
Science, Israel

University of Aberdeem, Scotland
University of New South Wales,
Australia

University of Pennysylvania, USA
University of Wisconsin, USA
Vietnam National Institute of
Ophthalmology

West Virginia University Eye
Institute

Zhongshan Ophthalmic Centre,
Sun Yat-Sen University, China

Industry Collaborations

INDUSTRY COLLABORATIONS

AcuFocus

Advanced Medical
Optics

Advanced Medical
Technologies

Alcon

Allergan
Angioblast Systems
AqueSys

AYOXXA

Bausch & Lomb
Bayer

Canon

Capital Optical

Carl Zeiss

Ceepro

Celgene

Ellex

Essilor

Eyedetec Medical
Frontier FMC
GlaxoSmithKline
i-Optics

Johnson & Johnson
Kendle International
Keravision

Laserex

Lenticor

Mandarin Opto-Medic

Menicon

Merlion Pharma
Network Medical
Neurovision
Northern Lipids
Novartis

Ocular Therapeutix
Oculex Asia
Optique Paris Miki
ORA

Oxigene

PARAXEL
International

Patsnap
Pfizer
Pharmacia & Upjohn

uark )
harmaceuticals

Quintiles
Roche

Santen )
Pharmaceutical

SATA CommHealth
SkinEthic
Technolas

VisionEx

Welch Allyn



Industry Collaboration Models @ SERI

Collaboration tracks:

Strategic input into ophthalmology strategy

Technology co-development (IP sharing, licensing option)
Licensing of SERI-developed technology

Fee-for-service (non-, pre-clinical & clinical research)

Development and/or use of animal models

Industrial collaborations:

Page 7

Early and late stage
Small and large companies
Devices, pharmaceuticals, software and diagnostics
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SERI Technology Development and Commercialization Office

Page 8

Est. 2012

Mission:

To proactively pursue the development and commercialization of
SERI’s technologies as well as enhance current, and create new,
partnerships with industry

Ocular Disease Screening

Drug Delivery

Stem Cell Research
Proteomics
Point of Care Diagnostics
Preclinical Models

t)
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Surgical Devices
Tissue Engineering
Ophthalmic Imaging
Genetics

Software

Ophthalmic Biomarkers
Cell Culture Devices
Antimicrobials

Light Therapy
Wearable Devices



Medical Technology Innovation

Why?



The Role of Medical Technology Innovation

Medicine is the only profession
that labors incessantly to destroy
the reason for its existence

©)
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Why Be a Medical Technology Inventor?

Clinical need = Solution = Patients

P FadoGli
EndoGlide

T YSTEM & PROCEDURE
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Why Be a Medical Technology Inventor?

 Help large numbers of patients (more than one at a time)
* Innovation / novelty

e Publications: academic track -> Professorship

e Economic impact (startups)

* Financial: monetary reward

e Prestige/ recognition

e Exciting and enjoyable

e Self-fulfillment

Page 12
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Why Be a Medical Technology Inventor?

Singapore/SERI Advantages

Pagc 13

Strong public research funding

One of the world’s top eye research institutes

High quality research personnel and facilities available

Access to top world eye researchers and clinicians

Support platform for technology development and
commercialization

Strong ophthalmic domain specialty

Constant ‘on the ground’ presence

Established relationship and trust with clinicians and researchers
Strong network with large and small companies in ophthalmic domain
Network of domain-specific advisors
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However...

| don’t have enough time
* I’'m working too hard as it is &
e | will make enough money in my future practice E

| don’t know much about product development, patents and
translational medicine

| don’t have the patience to face committees, bureaucracy,
businessmen and lawyers

Page 14
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Medical technology Innovation

How?



Types of New Medical Technologies

e Sustaining/ incremental — Linear improvement of
existing technology. Most innovations in a given
industry are of this type

— e.g. bottles -> single unit drops

e Disruptive — Introduction of completely new
approaches that have a transformative potential

— Revolutionary innovations (IOL, Phacoemulsification, anti-VEGF)

— Evolutionary — formed by the convergence of previously separate
research areas (LASIK, slow release drugs)
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Technology Development Pathway

Concept Technology Development Market

Testing &

Ideation Prototyping Preclinical

lteration

Preliminary Research | Viability Assessment Opportunity reparl‘ng‘ or.
) | Development Commercialization

* Patent Analysis e|nitial Product * Advanced Product
Development and Development and
Testing Testing

* Market Analysis
* Competitive Analysis _
*|P Development * Regulatory and quality

Business Model Considerations

Development * Further Funding

*High level regulatory e Licensing or Start-up?
assessment

Page 17
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Licensing vs. Start-ups

 Licensing to an established industrial party
- Less hassle: relatively hands-off
- Reduced personal & financial exposure and risk

- Reduced return vs. successful start-up
—~ Reduced control
—~ Reduced emotional link
VS.
e Spinning off a company
- Maximum potential for gain
- High level of involvement and some control

— Possible to see invention from conception to final widespread
utilization

- Increased risk
— Substantial time dedication required
— Likely to demand working adjustment
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Medical technology Innovation

Example:
The Endoglide Story



Clinical Need: Drawbacks of Corneal Transplantation Technique

N

Corneal endothelial monolayer

Key Surgical Challenge:

How can we get a thin (150um) donor tissue, which measures about
9mm in diameter, through a 4mm opening, without touching or
damaging the inner endothelial cell monolayer?

Standard “Taco Folding” graft Insertion Technique:
e Donor Grant Dislocation: mean: 14% (range 0%-82%, 16 studies)
e Primary Graft Failure: mean: 5% (range 0%-29%, 14 studies)
e Endothelial Cell Loss: 29-35% loss at 6-12 months
e Asian eyes (Japan, Singapore: 60% cell loss)

Page 20
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Tan Endoglide: Concept and Early Sketches

* Donor tissue lies coiled up inside a Glide Capsule

e Design concept: Simplicity, “Thumbdrive in a USB port”

Thumb Glide _—~ Comeal Margn
Figure 1;
Fully assemibled Gide Platiorm, Donor
Chamber and coiled donor within
(Arteriar View) Anlenor porion of Glide
.
= Pupid Margin
__,--"'"
Scleral Wound —
¥ Double coded Donor
Donor Chamber =
44 Gmm
24 2mm
t--\_\-\-"—‘—-_\_\_‘_\_ —\-\._\_\_\_H
™ Giide Platiorm

t—— 12 0mm ——*
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Tan Endoglide: Concept and Early Sketches

Page 22
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Thumb Glide
Figure 3:
Donor Chamber with Glide Platform in place

Donor cornea double coiled in position

Donor Chamber
(Cross Sectional View)
Donor cornea double coiled
Glide Platfor
1.8mm . 4mm
0.3mm $ 1::
>
0.3mm

< 3.8mm V\

S 44mm

Veritical Ridge (0.5mm high)
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IP and Development Strategy

e  “Thumbdrive” patent filed by SHIP — 16 Oct 2008; further patents filed

......... L e L T e — i L i S Dk Pt

* Several Ophthalmic instrument companies approached

e Network Medical Products (UK)

* Small UK company super-specializing in corneal surgery; hungry for new products to license
e Small and nimble — direct negotiation with CEO
e Links to UK network of device development expertise
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Tan Endoglide: Early CAD version
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Tan EndoGlide: Summary

EndoGlide Classic EndoGlide Ultrathin

=  First disposable donor corneal tissue inserter

=  FDA Class 1 medical device, CE Mark

= Lowest endothelial cell loss to date (best in class)

= C(Clinical data: up to 5 years follow-up

= Can be used for wide range of tissue thickness (20-200 um)

= >10 clinical studies — Singapore, UK, Brazil, Japan, Greece, Poland

= >15,000 devices sold in 31 countries

o e Fen NUHS ENUS  DUKE@ENUS SINGAPOREEYE RESEARCH INSTITUTE



Tan EndoGlide: Lessons Learned

= The path to Innovation in ophthalmic medical devices can be rewarding to both
clinician inventors and patients

= How to handle the development process:
= Focus and define the appropriate clinical challenge to be solved (bedside)
= Understand the gaps in the technology, and devise how solve these
= Evaluate these solutions and determine the optimal one (bench)
* Find the right commercial pathways, and ways to move fast (commercialization)
= |mplement the innovation in the clinic, to patients’ benefit (back to the bedside)
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The Next Generation of Devices at SERI

Page 27
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Medical technology Innovation

Examples:
Startups and Commercial Collaborations



TCR Ocular Drug Delivery spinoff: Peregrine Ophthalmic

,| TOP STORIES

The BUsiNess TiMes | wednesday, December 10, 204

Global pharma
firms interested
in local startup’s
new glaucoma
treatment

By Claire Huang
huangjy@sph.com.sg
@ClaireHuangBT
Singapore

“FIRST you have my interest, now you have my attention.”

And that is what local biotech startup Peregrine Oph-
thalmic managed to do, in the words of associate profes-
sor Tina Wong, who was describing how a new glaucoma
drug delivery solution developed by her 15-month-old
startup has attracted inquiries from the world's top five
pharmaceutical companies.

Page 29 ;I-_‘
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Clinical Need

Currently, only eye drops are approved for glaucoma

e Patient compliance issues (in Singapore 20% prescription refill rate)
 Side effects of eye drops

e Daily administration

 Bioavailability, drug wastage

. . Reti
Sclera  Choroid n%upuinr rectus muscle
]

Sustained- and localized release solutions can: G e Optic nerve
unchiva -
* Solves patient compliance problem Subconjunctival space
* Effects sustained over a few months
e Bioavailability increased, less wastage of drug Comea —| /
. Agqueous humor
* Increased efficacy

* Fewer side effects
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http://blog.rinkoveyecare.com/wp-content/uploads/2013/07/Eye-Drops.jpg
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=efs1ycfF0T5byM&tbnid=vhxZ3_Ut1rXFWM:&ved=0CAUQjRw&url=http://www.wjgnet.com/2220-3192/full/v2/i2/47.htm&ei=2XPAU8_WFYnj8AWN0YKADQ&bvm=bv.70810081,d.dGc&psig=AFQjCNGE3cwa3GVicEiX1s6cl-2L6gLq7Q&ust=1405207662982310

Development of Liposomal Latanoprost (“Lipolat”): @ Bench

Pagc 31

Funding from TCR grant and SNEC HREF

Extensive in vitro bench testing for 2 years to find best fit drug delivery
platform for latanoprost (most common glaucoma drug, now off-patent)

Prolonged efficacy and safety studies in animals (2 species, rabbit and
monkey) for 2 years

Preclinical toxicology studies for preparation for Phase 1B in Singapore

Drug development by OEM in Canada to provide stability and validation of
process and cGMP product for FiM

Completion of FiM July 2013
IP licensed from SingHealth and NTU in Aug 2013

b <= NUHS $PNUS DUKE@aN S EVER |



Peregrine Ophthalmic: The Company

e Local, experienced angel investor sole private investor
e Spring Singapore providing additional funding support

 Focus now on further development of product towards next
clinical trial in major target markets

— Next major milestone before larger fundraising efforts commence

Page 32 = _ NUHS $NUS DUKE® S EYER
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TCR AMOP spinoff: SinSa Labs

PHARMABIZ «COM Search Hara
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About us | Conlect us | Adverl

Home = Mews

Technology + Font Resize -

SinSa Labs inks licencing pact with Singapore Health Services and ETPL for new
class of antibiotics

Mortreal
Monday, January 12, 2005 1400 Hre [IST)

SinSa Lakbs announced the signing of & lcence agreemant with Sngapone Healh Services and ETPL, A" STAR'S techinology frarsser anm, redganding a
techinology developsd &l the Singapors Eye Recaarch Inshtula (SERT) and Basrdormabcs Insibss (BI1), A" STAR that dears he developmant of
amtiniotic resstanca. This agresment provides SinSa Lats with & technology platform kaaming 1o a new class. of anieotics. sat kil bacteria quickty at a
low dose and delers anbbeohc resistance

e December 2014: licensing agreement with
SingHealth and Exploit signed
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SinSa Labs: Press

A wwne Sulusa

BioCentury

EMERGING
COMPAMIES

EMERGING COMPANY PROFILE I

EYEING NEW ANTIBIOTICS

BY STEPHEM PARMLEY, SEMIOR WRITER

Traditional antibiotics  kill bacreria by
inhibiting protein, DNA, or cell wall synthesis
but require multiplying cells to be effective.
SinSa Laboratories Inc's peptide antibiotics
kill slow- and fast-growing bacteria by direct
disruption of the cell membrane, and could
have reduced risk of susceptibility to resistance
mechanisms compared with existing antibiotics
for antibiotic-resistant eye infections.

SinSa’s antimicrobial peptides were created with
its Speartead technology, which incorporates
positively charged amino acids and lipophilic
groups to specifically disrupt negatively charged
bacterial cell membranes regardless of their
growth state.

According to CS0 Robert Beuerman, “Tr doesn't
make any difference whether the cells are in
log or stationary phase, we see rapid killing ®
Beuerman also is senior scientific director of
the Singapore Eye Research Institure (SERI),
from which SinSa has exclusive rights to the

SINSA LABORATORIES INC.
Montreal, Qusbec

Technalogy: Synthetic peptice
antimicrobials that tanget pathogen
membranes

Disease focus: Infactious
Clinieal status: Praclinical

Founded: 2014 by Roger Beusrman,
Magnus Precht and Urban Olsan

University collaborators: Singapore Eye
Rasearch Institute (SERI)

Corporate partners: MNons
Humber of employess: 2
Funds: raized: Nat discloted
Investors: Mat dizclosed
CEQ: Magnus Precht

Patents: 5 issued cowering small
malecules, peptides and pharmaceutical
antimicrobial compasitions

comgenn &tﬁzﬁu;lﬂhzg{:; nmicrob therapeutic dose you see a terrible amount of

e I inflammation,” he said.

Beverman said  another benefit of the Tr 20017 ths SFR T tsam ronnctod nenclinieal dara
. NUHS SENUS DUKE@ENUS

The combination of B2088 with garifloxacin was
maore effective than gatifloxacin alone at treating
an existing P avrugrinoss corneal infection in mice,
In a rabbit corneal wound-healing model, topical
application of B20#8 did not interfere with wound
closure and showed no clinical signs of toacity:
President and CEC Magnus Prechr said SinSa has
started manufacturing B2088 and will combine it
with fived doses of gentamicin — a combination
the company calls Dorzidin — to treat antibiotic-
resistant Prendomonas eye infections that lead to
keratitis in contact lens wearers.

The company’s second candidare is AM2I8, a
SpearHead antimicrobial that was synthesized
by modifving a hydrophobic xanthone core
with cationic arginine and lipophilic isoprenyl
groups. Data published in the Jowrss! of
Medicenal Chenistry last month showed AM218
killed a wide range of Gram-positive bacteria.
In studies similar to those performed on B20S8S,
AMZ2I18 killed Seapbylococcns anreus with a MIC
of 0.5 pg/mL, lysed red blood cells with an EC50
of 277 pg'mL and showed less resistance than
generic gatifloxacin or norfloxacin,

SINGAPORE EYE RESEARCH INSTITUTE



SinSa Labs: Overview

* Technology includes small peptides and small organic molecules that kill bacteria and
fungi significantly faster than current antibiotics

Previous R&D funding:
1. TRIOS TCR grant at SERI (AMOP theme), together with A*Star - BlI
2. Flagship grant from ETPL/A*Star
3. Two NMRC CBRG grant spinoffs and a spinoff project in the SNEC incubator

* SinSa is dedicated to developing effective pharmacological therapies for communicable
disease and substantially reducing the dramatic negative effects such diseases have in
the developing and developed world

* The first product will be directed to treating resistant Gram negative infections in
ophthalmology and otolaryngology

Main staff:
e Magnus Precht (CEO): 30+ years leadership positions in pharmaceuticals and biotech
* Roger Beuerman (CSO)
e Urban Olsen (Counsel), substantial experience on IP and general legal affairs

Page 35 = « _ NUHS SPNUS DUKED S EYER |



SinSa Labs: Current Status

Pagc 36

Currently raising series A

Held meetings with VCs at JP Morgan healthcare summit in San Francisco
(January), as well as at Montreal Biotech cluster to establish first site

The company aims to reach clinical studies and marketing by the fastest route,
this approach being facilitated by priority given to such potentially impactful
projects by regulatory authorities

Positive background meeting with the MPA in Sweden, one of the three

regulatory bodies in Europe that deals with ophthalmology to discuss plans going
forward

ey =~ . NUHS SNUS DUKED S E R |



Strategic Collaboration with Santen Pharmaceutical

Page 37
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Santen Pharmaceutical Co., Ltd. and the Singapore Eye Research Institute Collaborate
to Develop New Ophthalmology Therapeutics

Mov 14 14

Santen Pharmaceutical Co. Ltd. and the Singapore Eye Research Institute have announced a multi-year
collaboration to develop new therapeutics in ophthalmology, with a focus on diseases prevalent in Asia.

.........



Strategic Collaboration with Santen Pharmaceutical

Pagc 38

Strategic, multi-year collaboration to co-develop new therapeutics in ophthalmology
by bringing together the two parties’ capabilities in ophthalmic R&D, with a special
focus on diseases prevalent in Asia.

Multiple long term R&D programmes combining Santen’s asset portfolio and
experience in drug development, and SERI’s novel technologies and proven
translational research capabilities

Oversight by high level SERI-Santen Joint Research Committee

R&D activities span a variety of domains within ophthalmology and involve researcher
teams from both sides, with the goal of establishing a robust pipeline of therapeutics
which Santen will be able to bring to market to the benefit of patients

SINGAPORE
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Collaboration with AYOXXA Biosystems GmbH

;:':'harr‘nan,wtu.al
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AYOXXA and SERI to collaborate on protein
biomarker detection

3 Fabruary A5~ Sopascec AYTO00A Bk yele | SER

2\:

ATLILEA, an rdemaenel olech company wth hapdquarisie n
Codpipss, han gigriad 30 pgeemagel with the Srgapse By R g
kialide |BER}, o o Ul Dk il Ginaliaaid dyi icsaiiek bl
AYTIELS, gred SERT sl w0sh nagad e on vl daling 18e Commgany’ s
muliplanng lechnakepy plaferm by profean beari b’ dhlss b ad il
nt an pepancied callshorshzn e devel cpng cphtheimes diagroess ool

Related pharma topics

Rﬂﬂld stories
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Collaboration with AYOXXA Biosystems GmbH

Page 40

SERI and AYOXXA (NUS spinoff biotech company, HQ'd in Cologne, Germany) working
together on validating the company’s protein multiplexing technology platform for
cytokine biomarker detection as a therapy monitoring diagnostic tool

Part of an expanded planned collaboration for developing ophthalmic diagnostics
Clinical validation of technology via access to very low-volume samples from the eye

Technology can potentially be used for diagnostic applications in the treatment of AMD,
and in the future for additional diseases

Can potentially also help better assess patients and more objectively steer their
treatment, as well as potentially assist in development of new treatments.

AYOXXA Management team visit and discussions on diagnostics in ophthalmology on
27 April (open to local stakeholders and industry)

/\ @ SINGAPORE
YOXX
RESEARCH
BIOSYSTEMS INSTITUTE
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Medical technology Innovation

Summary



Summary

Development of innovative medical technology at local hospitals
has great potential to:

Create new, impactful treatments for our patients

Help develop a new generation of clinician inventors within the public healthcare
sector

Help retain these rare individuals within the public sector
Potentially close the loop and get funds flowing back into research
Push forward the med-tech sector in Singapore

Establish Singapore as the Asian medical technology innovation hub



Summary

However

Resources sorely needed on the ground to support medical technology development:
national frameworks are beneficial complementary elements, but not sufficient on
their own

Importance of individuals/teams with a high level of domain expertise and broad
domain-specific network, in close & frequent contact with innovators for successful

cultivation and execution of development programs and commercialization thereof

Strategic alignment throughout the public healthcare sector on the importance of
entrepreneurship in medical technology needs to be improved



Summary

Clinieal Trials
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