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“Translational Strategies to Combat Antibiotic Resistance:
A Call to Action”

Workshop Report

EXECUTIVE SUMMARY

Background

Antibiotic resistance is recognized, internationally, as an emerging health crisis that threatens to undermine
our ability to control bacterial infections. The complacency generated by the success of antibiotics has led
to their widespread overuse and misuse, accelerating the generation of multi-drug resistance. Antibiotic
resistance is increasingly impacting on every aspect of health care, including neonatal care, transplantation,
and cancer-care, as well as on international travel and humanitarian missions. There is a real possibility
that without global intervention we could return to a pre-antibiotic era in which relatively minor infections
become lethal. Concomitant with the rising tide of resistance is the lack of new antibiotics currently in the
drug development pipeline. There is an urgent need to incentivize industry and promote the kinds of public-
private partnerships necessary to generate new diagnostics and effective therapies.

International Collaborations

Many countries are now ramping up their strategies to combat antibiotic resistance
and international partnerships are emerging to promote value-added collaborations
in a multifaceted, multidisciplinary approach to the problem. One example is the
Canada/UK partnership on antibiotic resistance that stemmed from a bilateral
workshop held in 2008. The UK Medical Research Council (MRC) and the Canadian
Institutes of Health Research (CIHR) have joined forces to support two large Canada/
UK teams in which UK and Canadian researchers are combining their expertise to
focus on translational strategies to combat antibiotic resistance.

In February 2013, the Canadian High Commission hosted a second workshop in
partnership with CIHR and the UK Health Protection Agency (now a part of Public
Health England), entitled: “Translational Strategies to Combat Antibiotic Resistance: A Call to Action.”
This workshop brought together UK and Canadian biomedical and public health researchers with industry
representatives to promote information exchange and networking. The workshop also
provided an opportunity for the generation of joint strategies for collaborative action in
tackling antibiotic resistance. The two-day workshop was comprised of a combination
of overview presentations, case studies and small breakout discussions focused on:

= Antibiotic stewardship
= Conventional therapies
= New approaches

Participants were tasked with identifying the existing barriers and challenges in addressing antibiotic
resistance and proposing recommendations for joint strategies to move the field forward. The participant
list and agenda can be found in Appendices 1 and 2.
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Workshop Outcomes and Recommendations

Increasing awareness

There was broad agreement that one of the major challenges is obtaining a true picture of the real global
economic and health burden of antibiotic resistance. There is an urgent need for better surveillance data
and an accurate measure of antibiotic use in both the health and agri-food sectors. Currently, antibiotic
resistance is under-reported and consequently the seriousness of the problem is under estimated.
Participants acknowledged that the research community must do a better job of educating the media, the
public, and governments to raise awareness of the true extent and seriousness of the problem. As Canada
and the UK already have a history of collaboration in the antibiotic resistance field and share many of the
same challenges it was recommended that joint strategies be developed to take advantage of the strengths
in both countries and provide an opportunity for the sharing of best practices.

Supporting Public and Private Sector Partnerships

During the two-day workshop participants learned of many examples of successful public/private
partnerships and individual case studies and also gained insight into the interests and needs of industry.
In many cases, the EU and Canadian programs
and initiatives described offer an opportunity for
international collaboration and one outcome from
the workshop was an increased awareness of
existing opportunities open to both Canadian and
UK researchers. One strong recommendation
Credit: Angela Wittelsberger, IMI was to constitute an inclusive overarching

network comprised of industry, government and
academia. Such a network would incorporate expertise along the whole translational pipeline fostering
connections, innovation and best practices in antibiotic discovery and development.

Increasing Financial Investment

There was strong support for a coordinated approach in developing a business case geared

towards obtaining additional “new” funds from UK and Canadian governments to support a =2
bi-lateral network focused on translational strategies. Such a network would serve to bring ﬁ
together researchers from multiple disciplines, public health workers, and all levels of industry E

(small biotechs, SMEs, large pharma). The network could also serve as a primary conduit for
communication and outreach and would facilitate new drug development by increasing key

areas for compound discovery, such as validated targets which have industry “pull”, innovation in PK/PD,
natural product libraries and clinical trials capacity. This would be a natural progression from the existing
Canada/UK partnership in antibiotic resistance but would broaden and extend current collaborations.

Supporting Collaborative Approaches

The workshop provided a forum for the many different players in the antibiotic resistance field to learn from
each other and broaden their perspective. There was genuine interest and enthusiasm for exploring collabo-
rative opportunities and sharing lessons learned. Participants generated many recom-
mendations for shared activities across the full spectrum of research, including antibiotic
stewardship, traditional drug development and alternative approaches. Discussion among
Canadian and UK funding bodies are continuing with a view to alignment and coordina-
tion of effective strategies to combat antibiotic resistance. Ideally, we need cross research
council funding models to enable these key activities between academia and industry
and to bridge the gap between biology and chemistry in a multidisciplinary approach.
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“Translational Strategies to Combat Antibiotic Resistance:
A Call to Action”

Workshop Report

BACKGROUND

Antibiotic resistance is a growing global health threat. The supply of effective
antibiotics is rapidly diminishing as bacteria become increasingly resistant to
available drugs. Worldwide, we are seeing increased morbidity and mortality as
a result of antibiotic resistant infections and few new drugs are in the pipeline.

Beating the Bugs An internationally coordinated and multi-faceted approach is required to
address this emerging health challenge. As an initial step in this direction, the
Canadian High Commission hosted a workshop in 2008, jointly organized by
the UK Medical Research Council (MRC) and the Canadian Institutes of Health
Research (CIHR) to explore potential value-added collaborations between the
two countries. The workshop led to the joint support of two large Canada/UK
consortia (www.cihr-irsc.gc.ca/e/40453.html). These two teams are combining
Canadian and UK research strengths to advance our understanding of antibiotic
resistance and facilitate progress along the translational pipeline from biomedical
research to clinical practice.

In February 2013, the Canadian High Commission hosted a second workshop in
partnership with CIHR and the UK Health Protection Agency (now a part of Public
Health England), entitled: “Translational Strategies to Combat Antibiotic Resistance:
A Call to Action”. The workshop objectives were:

This workshop report summarizes the key points raised during the presentations
and breakout sessions. The participant list and agenda are included as Appendices
1 and 2.




Setting the Scene: UK, Canadian and Global Perspectives

David Heymann, UK Health Protection Agency

Since the discovery of penicillin by Alexander Fleming in 1928, antibiotics have reduced premature
mortality caused by infectious disease by more than 48%. However, the generation
of drug resistance was forecast by Fleming, himself, as early as 1945 and by the
1990’s penicillin was largely ineffective in both hospital and community environments.
Although antibiotic resistance is a natural and inevitable phenomenon, resistance has
been accelerated by decades of irresponsible antibiotic use, including the widespread
and largely indiscriminate use of antibiotics in agriculture and farming. In the US, for
example, more than half the antibiotics used are added to animal feed, and antibiotics
are in widespread use in salmon farming and to control bacterial infections among fruit
trees. Animals can serve as reservoirs for resistant bacteria and farm effluent can contaminate the broader
environment, leading to increased resistance in humans.

In medicine, antibiotics are still used inappropriately to treat viral infections, or mild infections that would
resolve without intervention and although improved infection control measures, in combination with more
diligent prescribing practices, have resulted in improvements in many EU countries, much more needs to be
done. Antibiotic misuse is particularly prevalent in low and middle income countries, where it is often more
cost effective to treat infections with antibiotics, based on syndrome and symptoms. In these countries the
introduction of regulatory guidelines can be complicated and difficult to implement.

A further challenge is that antibiotic resistance is not seen as an urgent health care crisis as there is a
perception that infectious diseases are no longer a major threat. This situation is compounded by the fact
that deaths resulting from antibiotic resistant infections are generally under-reported. In order to galvanize
international action, the economic and health costs of antibiotic resistance need to be brought to the attention
of the public and governments.

Although many countries, including Canada and the UK, are developing long-term antibiotic resistance
strategies, there would be advantages to a coordinated and synergistic approach. Workshops, such as this
one, facilitate the sharing of best practices and the development of collaborations and strategies to attract
increased investment from governments and industry.

Howard Njoo, Public Health Agency of Canada (PHAC)

Created in the wake of the 2003 SARS outbreak, PHAC has a similar mandate to the
UK Health Protection Agency. In Canada, health care is a shared responsibility between
federal and provincial governments. PHAC is responsible for surveillance; antibiotic
resistance in humans and along the food chain; and the development of national infection
control guidelines. However, the provincial and territorial governments deliver health
care and public health services and regulate how antibiotics are used in agriculture and
veterinary medicines, as well as which antibiotics are covered under their respective drug
formularies.

This complexity has created challenges in the development of a coherent approach
to antibiotic resistance. Recently, PHAC has taken the lead in developing a Canadian
strategy for antibiotic resistance based on a framework spanning the three domains of humans, animals and
the environment, across the three areas of: surveillance; research; and knowledge translation. This strategy
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will bridge the gap between federal, provincial and territorial activities to provide a national perspective; raise
public awareness; and attract federal funding of a scale commensurate with the magnitude of the problem.

Moderators: Dr. Judith Bray, CIHR Institute of Infection and Immunity, and
Professor Nigel Silman, UK Health Protection Agency

Breakout Sessions

Workshop participants were assigned to one of three multi-disciplinary, multi-sector groups for a series of
three breakout sessions each focused on a different aspect of antibiotic resistance. Specific questions posed
can be found in the Agenda, Appendix 2.

Breakout Session 1 - Antibiotic Stewardship

Summary of Report Back and Plenary Discussion
Surveillance and Data Collection

All three groups highlighted the need for improved surveillance and prescribing data to better quantify the
antibiotic resistance problem and assess the true economic burden. Current surveillance measures are largely
inadequate, with a big gap in South-east Asia, Africa and India. A more consistent, integrated approach was
recommended in which countries such as the UK and Canada could help underdeveloped countries generate
more effective surveillance systems.

One major challenge identified was the need to engage the veterinary and agriculture communities in a
harmonized and standardized approach to tackling antibiotic resistance in humans. A first step would be the
collection of reliable prescribing data for antibiotics used in the agri-food sector.

Antibiotic Use

Participants highlighted the need for improved prescribing practices in both hospital and community health
care settings. It was noted that the development of point-of-care rapid diagnostics would be of great benefit
in this regard. It was also suggested that restricting the use of new antibiotics might be an avenue to consider
although there was some controversy about the appropriateness of this strategy, with some participants
feeling that this was an issue best resolved between patient and clinician on an individual basis. There was
discussion about the role of vaccines as a potential replacement for traditional antibiotics as well as the value
of non-traditional therapies, perhaps in combination with antibiotics.
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Communication and Education

The importance of engaging the public as advocates and
identifying champions in government who can generate
the political will to move things forward was emphasized.
It was noted that the true magnitude of the problem is not
fully appreciated and that the research community must
do a better job of educating the public and the media to
bring the issue of antibiotic resistance to the attention of
governments.

Similarly, although infection control measures such as hand-
washing and stringent housekeeping play an important role
in controlling antibiotic resistance, such programs can be
hard to implement and sustain in the absence of consistent control and audit. The overarching recommendation
was that improved education is needed at every level: patients, health care workers, public, media, and
governments.

Breakout Session 2 — Conventional Therapies
Summary of Report Back and Plenary Discussion

Drug development

All three groups agreed that the current level of financial investment is inadequate to support the academic/
industry partnerships needed to bring new molecules and innovative ideas to the clinic. Antibiotics do not
represent an attractive proposition for industry when compared to drugs for chronic diseases, such as dementia
and cancer. Compared to these drugs, antibiotics are expensive to produce, have a low market value (and
therefore low return on investment), are only used for a few days or weeks, and generate resistance almost
immediately. Protecting new antibiotics for use only in extreme cases reduces their economic value even
further.

It was noted that the high throughput technology revolution of the last decade has created exciting opportunities
for the identification of new targets, assays and pathways that might lend themselves to innovative antibiotic
discovery, as well as suggesting new ways to inhibit traditional targets. Many potential antibiotics are
sitting, untested, in chemical libraries and many more exist in natural products and the environment. This
represents a potentially fruitful area of research that
is historically difficult to support through traditional
funding sources.

Participants agreed that the academic/industry
landscape has recently begun to show signs of
positive change, with many new initiatives geared
towards incentivizing industry. Examples include the
Quebec Consortium for Drug Discovery (CQDM)
and the Centre for Drug Research and Development
(CDRD) in Canada, and the Innovative Medicines
Initiative (IMI) in the EU. IMI includes both the
new Drugs For Bad Bugs (ND4BB) program and
the recently launched European Lead Factory — a
30-partner consortium of industry and academic




partners established to provide a pan-European platform for drug discovery. Developments such as these
will enhance our capacity to do infectious disease trials and overcome the challenges of finding health care
facilities and clinicians willing and able to enroll sufficient patients for statistically powered trials.

Diagnostics

A key requirement for successful clinical trials is access to rapid, point-of care diagnostics that are sufficiently
reliable and cost effective to be used on a routine clinical basis. It was noted that new technologies, such as
nanotechnology, are opening the door to the development of a new generation of easy to use diagnostics
with the potential to be adopted in any health care setting. It was suggested that this is one key area in
which harmonization between the UK and Canada could be very effective - by increasing datasets and
enhancing clinical trials capacity. Success would be predicated on the development of formal collaborative
mechanisms uniting industry and academia across the whole research and development spectrum and
supported by a secretariat to organize the trials and integrate diagnostics.

Breakout Session 3 - New Approaches
Summary of Report Back and Plenary Discussion

Treatment Combinations

It was noted that that many non-conventional therapies work best when used in conjunction with traditional
antibiotics as an adjunct treatment - for example in biofilm disruption, where phage treatment can “open the
door” to antibiotics and enhance the response. Such therapies can augment existing antibiotics or restore
function to antibiotics that are no longer effective. Various combinations could be envisaged, such as a
non-conventional therapy with an antibiotic to augment effect, combinations of existing antibiotics, or the
introduction of new molecules, perhaps derived from natural products, to serve as an adjunct to standard
treatments. In some cases, it might be enough to reduce the disease burden to a level where the infection
could be cleared by the patient’s own immune system. However, not all participants supported the concept
that some of the new approaches, such as immune modulation and phage therapy, demonstrate real
promise as alternative therapies, feeling that such strategies are, at best, speculative. Further research
may resolve this issue.

Another promising avenue of research is the microbiome. The elimination of bacterial species by antibiotics
creates a potential niche area for pathogens that might normally be acquiescent. It is possible that
deliberate manipulations of the microbiome may hold the key to the control of many pathogens, especially
in combination with other approaches, such as the
development of more targeted antibiotics.

Innovative Bio-materials

Participants highlighted the potential of new materials
that are resistant to bacterial adhesion. This would
be an especially useful approach for post surgical
infections caused by contaminated sutures, implants
and prosthetics for example. The introduction of
bacterial resistant materials could also significantly
reduce transmission in health care settings. However,
it was noted that despite promising research, there
have been few corporate successes in this area to
date.




Vaccines

Participants felt that although vaccines have been highly successful in preventing, infectious diseases
they are not ideal as a replacement for antibiotics. One challenge is the difficulty identifying the patient
population that should receive the vaccine. Also the target audience is often already in poor health and may
be immunosuppressed. In these individuals vaccines may not promote a strong immune response. However,
it was noted that reverse vaccinology could be the “new dawn” in this field. Certainly, vaccines offer the
advantage of a permanent solution to specific infections, whereas conventional antibiotics will always be only
a temporary solution. The key may lie in our ability to identify sub-populations of both infectious agents and
patients in order to deliver a more personalized medicine approach.

It was generally agreed that in order for non-antibiotic approaches to be widely accepted as a viable and
cost-effective alternative, a paradigm shift in philosophy will be required, accompanied by an increased
acceptance of non-traditional methods.

DAY 2, FEBRUARY 7™ 2013

Combating Antimicrobial Resistance, Charles Penn, WHO

It is quite possible that, without intervention, we may return to the pre-antibiotic era in
which sepsis and pneumonia killed nine of ten infected people. New multi-drug resistant
bacteria, such as NDM-I, have already been responsible for a series of neonatal deaths
in India and in countries such as Tanzania, antibiotic resistance is responsible for more
deaths than malaria. Antibiotic resistance is impacting on every aspect of health care,
including neonatal care, transplantation, cancer-care and also on international travel and humanitarian
missions.

The WHO has identified antimicrobial resistance (AMR) as a global
priority and is developing regional and national programs spanning
surveillance, disease burden, and health economics to obtain a better
understanding of the complexity of the situation. It is not as simple
as preventing antibiotic use as, in certain parts of the world, there is
a health benefit to using antibiotics in malnourished children who do
not have infections. An aspect of particular interest to the WHO is
quantitating the actual health and economic burden of AMR in order to
convince low and middle-income countries that this is a problem that

they need to address voluntarily, rather than through enforced controls
and regulations. Credit: Charles Penn, WHO
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Breakout Session 4 - What's working? — Success, failure and lessons
learned

Workshop participants chose to participate in an “open mike” session during which they could describe their
experiences and lesson learned.



The Centre for Drug Research and Development (CDRD) - Bob Hancock/ Edie Dullaghan

CDRD (http://www.cdrd.ca) is a fully-integrated national drug development and
- commercialization centre, providing expertise and infrastructure to enable researchers
'\"[ fromleading health research institutions to advance promising early-stage drug candidates.
CDRD is the only centre of its kind in Canada (and one of a handful in the world) with
the full expertise and infrastructure to source, evaluate, develop and commercialize both
small molecules and biologic innovative technologies in virtually any therapeutic area. To date, CDRD has:

= leveraged public and private sector funding to create a state-of-the-art drug
development and commercialization platform with the infrastructure, scientific and
business expertise, and professional project management skills to develop innovative
health technologies through the pre-clinical stage;

= established Innovation Funds with some of the world’s top pharmaceutical companies
including Pfizer, Johnson & Johnson, and GlaxoSmithKline (GSK);
= undertaken over 136 research projects representing 99 novel technologies; launched

a new start-up company; and out licensed three novel therapies with five additional
technologies moving towards the commercial arm; and

= provided project management services based on industry best practices, and rigorous
milestone-based project plans.

CDRD is pleased to explore potential collaborations with researchers across Canada and/or the UK; and
those interested in accessing its drug development expertise and infrastructure are encouraged to contact
Dr. Edie Dullaghan (edullaghan@cdrd.ca) for further information.

The Innovative Medicines Initiative (IMI) - Angela Wittelsberger

The Innovative Medicines Initiative (IMI) (http://www.imi.europa.eu/) is Europe’s largest
public-private partnership initiative designed to advance the development of better
and safer medicines for patients. IMI supports collaborative research projects through
networks of industrial and academic experts in order to boost pharmaceutical innovation
in Europe. IMI is a joint undertaking between the European Union and the European
Federation of Pharmaceutical Industries and Associations. IMI serves as a neutral broker that:

= fosters large industry collaboration and engagement . uiws Masdicimes mitistivn: e
with the scientific community; oy farn st St kv -
= promotes active involvement of patients, regulators
and funders;
= enables innovation via joint effort where singular
approaches have so far failed; and
= facilitates Intellectual Property agreements.

Credit: Angela Wittelsberger, IMI




Early IMI projects focused primarily on basic research and non-clinical testing but there has recently been
a shift towards societal and public health challenges such as antibiotic resistance. For example, the “New
Drugs for Bad Bugs” program is designed to give antibiotic drug development a much-needed boost by
advancing novel antibiotic candidates through lead optimization into early clinical stages and by pioneering
new ways of designing and implementing efficient clinical trials for novel antibiotics. Going forward, IMI
hopes to facilitate the creation of networks that include, for example, vaccine manufacturers and public health
agencies, an approach that would be ideal also for antibiotic resistance. IMI program launches encourage
international collaborations.

A Canadian Case Study: “The Canadian Committee on Antibiotic Resistance” - John Conly

Canadacurrently lacks a strong coordinated national surveillance program for antimicrobial
resistant microbes of epidemiologic significance, especially in the ambulatory setting, and
there is no reliable data showing where most antibiotics are used, e.g. human use vs.
animal use. Systematic efforts for controlling antibiotic resistance began in 1997 following
a national consensus conference held in Montreal entitled “Controlling Antimicrobial
Resistance: An Integrated Action Plan for Canadians”. The conference, co-sponsored by Health Canada and
the Canadian Infectious Disease Society, developed a plan which emphasized 3 core areas: antimicrobial
stewardship; surveillance to monitor resistance trends; T
and infection prevention and control (IPC). The Canadian y-
strategy produced 27 recommendations, one of which was f

the formation of the Canadian Committee on Antibiotic
Resistance (CCAR), a multidisciplinary committee which
performed a collating and coordinating role for stakeholder
groups across Canada until its dissolution by the Public
Health Agency in 2009. In addition to CCAR, several other [Credit: www.dobugsneeddrugs.org

organizations began working on a national or provincial

basis over the ensuing years on one or more of the three identified core areas of the strategy. Data was
collected from multiple sources in an effort to evaluate the components of four major AMR programs
that were considered national based on their scope or in the delivery of their mandates. Assessment of
program components was adapted from the report from the International Forum on Antibiotic Resistance
colloquium. Most of the programs used similar tools but only the “Do Bugs Need Drugs Program” (DBND)
had components directed towards day cares and schools. Most of the efforts focused on communications to
physicians, pharmacists and the general public. Together these programs and additional provincial, regional
and local efforts have been temporally associated with a 25.3% decrease in oral antimicrobial prescriptions
in Canada between 1995 -2010, mainly due to decreases in B lactams, sulphonamides and tetracyclines. The
most comprehensive and sustained nationally focused programs were the CCAR and DBND. Although there
has been a decrease in oral antimicrobial prescribing in Canada since 1995, co-ordination of antimicrobial
resistance activities at the federal-provincial interface is currently lacking.

A Case Study from Industry - David Williams and John Wain, Discuva

Discuva (www.discuva.com) focuses on the development of new antibiotics using high-
throughput transposon mutagenesis approaches. Since January 2012, the group has
been studying five gram-negative pathogens that are difficult to manipulate genetically,
because of multi-drug resistance. Already the team has screened more than 500,000 small
molecules as well as some natural products and described hundreds of new chemotypes
with activity against the bacterial pathogens tested. The technology is capable of screening
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huge numbers of engineered mutants for over-expression of the target resistance genes in the presence
of any antibiotic: experimental or known. Using this method, it is possible to obtain information on every
gene involved in resistance as well as defining the molecular target or pathway. Already, the group has
had success in identifying two “hit to lead” compounds with many more in development. This technology
has huge promise because it can be applied to anything that can be genetically manipulated and so could
play an important role in bio-defense, for example.

Quebec Consortium for Drug Discovery ((QDM) - Diane Gosselin

CQDM (www.cgdm.org/en/index.php) is an innovative not-for-profit Canadian public-
private partnership that aims to accelerate the drug discovery process and develop safer
and more effective drugs. The model facilitates partnerships between the academic
and hospital milieus in the public sector, and the pharmaceutical and biotechnology
industries in the private sector. CQDM receives funding from the Quebec government,
the Canadian federal government and seven pharmaceutical companies. Since 2008, CQDM has raised
more than $60 million in public and private funding and established a pre-competitive research network
of 360 researchers. CQDM has a suite of funding programs to support: short term, high-risk research;
innovative technologies likely to have immediate impact on drug discovery and development; and national
and international collaborations.

A unique feature of CQDM is its mentorship program. Funded
projects are assigned one mentor from each pharma member
supporting the project. Regular meetings throughout the
project promote close interactions and present opportunities to
re-align the research to fit the needs of industry, as well as an
early and privileged access to the research results for pharma
members.

CQDM and CDRD are synergistic in their goals, with CQDM
focusing primarily on the development of new tools and
technologies whereas CDRD has a stronger focus on producing
new molecules and therapies. Both organizations are anxious
to establish national and international collaborations with UK
researchers.

A Case Study on Health Economics - Elizabeth Bryce, Vancouver Coastal Health

In one successful case study, the British Columbia Health Authority hired a health
economist to collect and study surveillance data in an attempt to demonstrate the
impact of a hospital hand-washing program over a four-year period. The study
adjusted the data, determined the main drivers, calculated the cost of the handwashing
program, and pulled out the infection control arm. It also calculated the amount of
money saved over the four-year period to calculate the return on investment. The results were used
to prepare a successful business plan that generated an additional $500,000 in funding. The outcome
was widely promoted and the program is now going province-wide. The moral in the story: an in-house
health economist is an invaluable asset. Unfortunately they are in short supply in Canada and so capacity
building in the area is a pressing need.




e Pharma Perspective - Priorities an echanisms for
Collaboration

Three representatives of the industry sector gave very brief overviews of their respective interests in AMR
and the challenges and opportunities for new drug development. The panel discussion was chaired by David
Rhodes, HPA

GlaxoSmithKline - Richard Jarvest

GSK has a commitment to infectious disease research both within an Infectious Disease

division covering HIV, other anti-virals and anti-bacterials, as well as a Diseases of the

Developing World unit that focuses on diseases such as tuberculosis (TB) and malaria.

GSK also has a strong vaccine division. For anti-bacterials, the challenges revolve

around scientific challenges for gram negative agents, simplification of the regulatory
environment, and creating an innovative commercial model that improves the level and predictability of
reward for innovation for the developer by delinking it from reliance on the volume of product used. Most
of the current antibacterial research is focused on both broad-spectrum and single pathogen antibiotics for
gram-negative bacteria. The GSK philosophy is to work collaboratively with other groups such as the TB
Alliance and IMI and to explore partnerships with biotechnology companies to access new technologies
and work together to apply them. In the antibiotic resistance field, GSK is always open to potential new
collaborations with programs in the Gram negative arena. The IMI program is a good model for broad based
industry-biotech-academic collaborations.

AstraZeneca (AZ) - Seamus 0'Brien

AZ is also moving towards a collaborative work model, especially in the clinical trials
space. Collaborators are increasingly required to share the cost and build the capacity
to conduct clinical trials in hospital settings. This is particularly true in the developing
world where there is a lack of professionalism and expertise in areas where AMR is most
prevalent. AZ recognizes the need to collaborate with European economists to develop
successful business models. Key areas of interest include clinical trials delivery; obtaining
patient data to register compounds; combining new drugs with rapid point-of-care diagnostics; developing
effective collaborative business plans; and supporting strong science.

Innovative Medicines Initiative (IMI) - Angela Wittelsberger

Both GSK and AZ are supporters of IMI programs. Initially a new topic is identified by
industry and then IMI tailors the call to their requirements and manages the evaluation
of potential projects. The process signals a change in mindset for pharma involved in
public/private partnerships. It is important that,

from the outset, there is a shared understanding | f=i=sasasms frry
that the focus of the submission and the quality

of the science are paramount and that both the challenges and e
solutions in discovery and development need to be shared. A strong
management structure helps to solve problems quickly and fairly SN R
should disagreements arise. For drug development collaborations, — i ——
the primary challenge is to ensure that the focus is on the regulatory |
submission and that the pharma company has responsibility for that
aspect. In the case of “failed” products pharma generally has no
problem, in principle, in sharing these compounds with academia as
long as there are no serious safety issues.

e
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Breakout Session 5 — Opportunities for Collaborative Action
Workshop participants chose one of the following three broad areas for discussion:

= Partnerships
= Funding mechanisms
= Antibiotic stewardship

Summary of the report back from the three groups and the plenary discussion
Partnerships

The need for collaboration was a recurring theme throughout the two-day workshop. Many examples were
given of successful public/private partnerships in Canada (CDRD, CQDM) and in Europe (IMI). Many countries
now have antibiotic resistance strategies (PHAC matrix model) or action plans (UK Department of Health “Call
for Action”) that are centred on collaborations among different groups, sectors and countries. Increasingly
the divide is narrowing between industry and academia and there are many examples of joint activities under
development. Best practices for public-private partnerships are to: define the problem; outline how it can be
addressed from an industry perspective; identify areas where researchers can contribute expertise; and then
develop an appropriate funding mechanism. This same strategy can be applied equally to partnerships with
public health professionals.

Partnerships are not only required between industry
and academia, but also within academia, between
disciplines, such as microbiology and medicinal
chemistry, and between the health and agriculture
sectors. The solution to antibiotic resistance will
require coordinated action on a number of fronts,
including: restricting antibiotic use in agriculture;
controlling prescribing practices; improving infection
control; and developing new anti-microbial strategies,
including the development of new, targeted antibiotics.

Another recurring theme during the workshop was
the need to raise public and political awareness about
the urgency of tackling antibiotic resistance, and
the impending health and economic consequences
of failing to act. One potential area for partnership
would be international coordination of messaging between public health bodies and industry, perhaps taking
advantage of the growing number of social media and social marketing tools.

Funding Mechanisms

There was discussion about successful strategies used in other areas such as HIV/AIDS to generate
significant long-term financial investment. Currently, the funds available for antibiotic resistance research
represent little more than seed funding. However, seed funding could be used to support collaborations and
networks, paving the way for a coordinated request for substantial funding targeted on antibiotic resistance.

This group took the funding challenge one step further by proposing a bold scheme to build on existing
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Canada/UK collaborations to make the case for substantial investment (in the range of $200M) to support a
bi-lateral network focused on antibiotic resistance. Such a network would link multiple organizations in each
country through a common platform of core infrastructures. The focus would be on

translational research and the network would be comprised of researchers, public

health representatives and small and large pharmaceutical and biotech companies. :5'

The network would also serve as a primary conduit for communication and outreach,

and would have a strong training component. E

The justification for a bi-lateral, Canada/UK network is based on the enthusiasm of
both current Prime Ministers for collaborative science and the creation of strong links
between the two countries. We already have the two Canada/UK teams that are
jointly funded by CIHR and UK MRC and appear to be working successfully together.

There was strong support for this proposal among workshop participants.

Antibiotic Stewardship

This group proposed a consolidated effort to change prescribing practices; improve rapid diagnsotics;
manage patient expectations; and also control antibiotic use outside the health sector. A dialogue between
representatives of the agriculture and health sectors was strongly encouraged. The importance of considering
the environment, ecosystems, and the one-health concept when tackling antibiotic stewardship was also noted.

Canada and the UK could better coordinate their public campaigns to raise awareness and consolidate
environmental data collection and monitoring as well as evidence of economic impact. In Canada, the public
health network is trying to bring the provinces together and align policy across the country and the chief
veterinary and medical officers are working together to try and educate both sides on the implications and
correct usage of antibiotics. Similar endeavors are underway in the UK, creating an opportunity to share best
practices.

It was suggested that a first step might be to create a joint document that compares and contrasts antibiotic
stewardship practices in Canada and the UK to explore possibilities for collaboration and sharing of best
practices.

Closing comments

Many participants commented that the workshop had provided an excellent networking venue and many had
made new contacts and learned of new initiatives that they were hoping to pursue with a view to collaboration.
Some expressed the view that the discussions at the workshop had been an “eye opener” for them in that they
had not realized the difficulty that exists in quantifying the antibiotic resistance problem and generating the
surveillance and economic data necessary to build a case for increased investment.

In terms of moving forward with the development of new initiatives, neither the UK MRC nor CIHR-III currently
have the available funds to support the kind of bilateral network proposed and endorsed by many of those at
the workshop, but both organizations strongly support a collaborative approach.

Many felt that the time is right to approach governments and other funding sources with an ambitious proposition,
as there is no doubt that antibiotic resistance is gaining visibility in the public and political arenas. Hopefully one
of the outcomes of this workshop will be to seed sustainable collaborations working towards a common goal.
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Canadian Institutes of Health Research - Institute of Infection and Immunity (CIHR-III)

UK Health Protection Agency (HPA)
Canadian High Commission

February 6-7, 2013

Canada House, London, UK

Workshop Objectives:

» To provide a forum for dialogue among international experts from the academic,
industrial and public health sectors.

» To facilitate networking among participants with a view to potential collaboration.

» To promote the development of joint recommendations to combat antibiotic resistance
and improve health outcomes at the population level.

> To identify actionable items that could be addressed through a collaborative approach.

AGENDA

Day 1 — Wednesday, February 6"

Presenter

Agenda Iltem

9.30 Registration and networking
Participants will be assigned to specific tables

10.00 | Welcome Caroline Martin, Canadian High

Commission

10.05 | Aims and Objectives of the Workshop Judy Bray, CIHR-III

Nigel Silman, UK-HPA

10.15 | Introductory Remarks Marc Ouellette, Scientific

Director, CIHR- Il

10.25 | Round table introductions
Participants will have an opportunity to briefly introduce All
themselves and their area of expertise.

11.15 | An overview of the challenges in AMR

» The UK/Global Perspective
» The Canadian Perspective
» Plenary discussion

David Heymann, HPA
Howard Njoo, PHAC
All

12.00

Networking Lunch

All
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12.45

Introduction to Breakout Session 1

Mitch Rogers, HPA

12.50

Breakout Session 1: Antibiotic Stewardship
Participants will discuss and prioritise the unsolved challenges
and barriers in:

» The true magnitude of the AMR problem — burden of
disease (national and global), relative health risk,
vulnerable populations, current trends, emerging
problems

> Antibiotic use — prescribing practices, environmental
use (agriculture, animal husbandry), emerging trends

> Infection control strategies — policy development,
educational programs, infrastructure issues

All

13.50

Report back and plenary discussion

All, Chair: Mitch Rogers

14.15

Introduction to Breakout Session 2

Nigel Silman, HPA

14.20

Breakout Session 2 — Conventional Therapies
Participants will discuss and prioritise the unsolved challenges
and barriers in:

Drug development pipeline

Development and uptake of rapid, point of care
diagnostics

> Discovering new antibiotics — sources, mechanisms of
action

>
>

All

15.20

Health Break

15.35

Report back and plenary discussion

All, Chair: Nigel Silman

16.00

Introduction to Breakout Session 3

Judith Bray, CIHR-III

16.05

Breakout Session 3 — New Approaches
Participants will discuss and prioritise the unsolved challenges
and barriers in:

> New approaches such as — vaccines,
immunomodulation, therapeutic antibodies,
combination therapies, probiotics, phage, etc.

> Which are currently the most promising?

» What is needed to take these new approaches to the
clinic?

All

17.05

Report back and plenary discussion

All, Chair: Judith Bray

17.30

Workshop close and health break prior to evening event

Light refreshments: High
Commissioner’s Salon, 1% Floor
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18.00

21.00

One Nucleus BioWednesday: “An evening with John
Carroll”

18.00 - Registration with tea/coffee

18.30 - Welcome from the Host

18.35 - Welcome from the CIHR-III

18.45 - Introduction from the Chair

18.50 - Guest Speaker: “An Evening with John Carroll”
19.20 - Q&A

19.35 - Closing remarks from the Chair

19.40 - Networking over drinks & canapés

Meeting adjourned

Day 2 - Thursday, February 7

9.00

Agenda Iltem

Coffee available on arrival

All

Brian Parrott, CHC

Marc Ouellette, Scientific Director
Harriet Fear, CEO One Nucleus
Editor of FierceBiotech

Presenter

9.15

Welcome and re-cap of Day 1

Judy Bray, Nigel Silman

9.30

Keynote Speaker

Charles Penn, WHO

10.00

Introduction to Breakout Session 4

Judy Bray, Nigel Silman

10.15

Breakout Session 4: What’s working? — Examples of
success, failure and lessons learned

Participants will self-assign to a group to share translational
examples of success stories, failures and best practices — e.g.
innovative funding programs; translation of research outcomes
into practice; development of new therapeutics or diagnostics;
examples of successful public/private partnerships, etc. in the
following areas:

» Topic 1 - Antibiotic Stewardship
» Topic 2 - Conventional therapies
» Topic 3 — New Approaches

» Topic 4 — Other ?7??

All

11.15

Health Break

11.30

Report Back and Plenary Discussion
Each group will select up to three exemplars to present in
plenary. Additional examples from the floor will be solicited.

All, Chair: Chris Dowson

12.15

Networking Lunch
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13.15 | “The Pharma Perspective” - Priorities and Richard Jarvest, GSK
mechanisms for collaboration Seamus O’Brien, AstraZeneca
Angela Wittelsberger, IMI
Chair: David Rhodes
14.00 | Introduction to Breakout Session 5 Judy Bray, Nigel Silman
14.10 | Breakout Session 5: Opportunities for collaborative | All
action
Participants can stay with their group or re-assign themselves
to another group. Additional groups may be added if new
topics are identified. Participants will be tasked with identifying
potential areas for collaborative action. For each action item a
‘champion’ should be identified to help move the item forward.
» Antibiotic Stewardship
» Conventional Therapies
» New Approaches
» Other(s)
15.10 | Report back and plenary discussion — actionable items All
The plenary discussion will include an “open mike” session Chair: Marc Ouellette, Nigel
where any participant can put forward an actionable item that Silman
they are prepared to lead.
15.45 | Next Steps & Closing Remarks Judy Bray, Nigel Silman

Meeting Close
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