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The pipeline of new antibiotics is insufficient to keep pace with the growing

global burden of drug-resistant infections. Substantial economic challenges
discourage private investment in antibiotic research and development
(R&D), with a decline in the number of companies and researchers working
inthe field. Compounding these issues, many countries (from low income

to highincome) face a growing crisis of antibiotic shortages and inequitable
access to existing and emerging treatments. This has led to an increasing
role for public and philanthropic funding in supporting antibiotic R&D via
the creation of nonprofit public-private partnerships, including Combating
Antibiotic-Resistant Bacteria Biopharmaceutical Accelerator (CARB-X) and
the Global Antibiotic Research and Development Partnership (GARDP),
industry support for the AMR Action Fund, and pilot schemes to evaluate
and reimburse antibiotics ininnovative ways. Now is the time to raise the
urgency, ambition and commitments of the world’s leaders to fully support
the antibiotic R&D ecosystem, incentivizing all sectors to conduct public
health-driven antibiotic R&D and make effective antibiotics accessible to all

who need them.

In 2019, there were 4.95 million deaths associated with drug-resistant
infections, including 1.27 million directly attributable deaths'. Data
from a study by the Global Leaders Group on Antimicrobial Resist-
anceindicate thatlife expectancy globally will bereduced by 1.8 years
over the next decade without specific action to address antimicro-
bial resistance (AMR)2. In 2017, the World Health Organization (WHO)
identified alist of 12 antibiotic-resistant bacterial species to be urgently
prioritized for drug development®and recently updated this liston the
basis of shifting patterns of resistance and unmet clinical needs*. Nine
Gram-negative bacterial species pose the greatest threats to human
health, butthere are substantial scientific challenges to discovering new
drugs with good activity for such bacteria’. Unfortunately, resistance
is not always reversible, and withdrawal of the antibiotic driving the
selection of resistant clones does not always lead to areductionin the

rates of resistance®. Even when there is an appropriate and effective
antibiotic foragiveninfection, it may be difficult to use, in short supply
or completely unavailable outside a few high-income countries (HICs).
The antibiotic pipeline remains insufficient for current and antici-
pated future needs; so there continues to be an urgent need to develop
innovative antimicrobials’. In the past decade, allmajor policy reports
recommending priority actions to address AMR have recognized the
pressing need to close the funding gap for antibioticresearch and devel-
opment (R&D). This hasled to publicand philanthropic funding playing
an increasing role in supporting antibiotic R&D, including via ‘push’
mechanisms (financial support forinnovation, including vianonprofit
public-private partnerships) and ‘pull’ mechanisms (financial reward
for new, needed antibiotics that enter the market) that complement
eachother and aim to attract sufficient private R&D investment®™,
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Inthis Review, we discuss how antibiotic useis linked to the escalat-
ing global problem of AMR and how strategies to tackle this create a
unique and unfavorable R&D landscape. We discuss potential solutions,
including the growingimportance of not-for-profit partnerships across
the product development lifecycle and the merits of both push fund-
ingand pullincentives in supporting a healthy ecosystem of antibiotic
innovation. We highlight the importance of complementary effortsto
enhance global access to new and existing antibiotics and the role of
policymakers and politicians in ensuring that the needs of all popula-
tions can be addressed sustainably over the long term.

Antibioticuseand AMR

The use of antibiotics in people and animals is an important driver of
individual and global levels of AMR affecting human health. However,
thelink between antibiotic use and drug resistance is complicated, and
there are many confounding factors, including the site of infection, dif-
ferences between bacterial species and how they respond to different
drugs and dosing strategies”, that make generalizing and predicting
any future resistance to individual drugs difficult.

Reducing the incidence of AMR relies on addressing the drivers
that promote resistance and developing new treatments. As any use,
butespecially overuse and inappropriate use of antibiotics, facilitates
resistance, strategies for appropriate stewardship and equitable access
should be assessed and used to support R&D. These strategies rely on
up-to-date information on the types, rates and spread of resistance,
which are not always consistent.

Antibiotic stewardship

The WHO AWaRe classification of antibiotics" is a tool to support anti-
biotic stewardship efforts atlocal, national and global levels, with anti-
biotics classified as ‘Access’, ‘Watch’ or ‘Reserve’ on the basis of their
impact on AMR. This can be a useful tool for monitoring antibiotic
use and consumption, defining targets and monitoring the effects
of stewardship policies that aim to optimize antibiotic use and curb
AMR. The WHO 13th General Programme of Work 2019-2023 included
acountry-level target of at least 60% of total antibiotic consumption
being Access group antibiotics; this was increased in the European
Union (EU) to 65% in 2023 (ref. 14). According to the WHO, the first
indication of clinical resistanceis typically reported within 2-3 years fol-
lowing market entry of anew antibiotic”, hence their recommendation
to use Access antibiotics when possible as an empiric therapy (thereby
delaying the use of new drugs and the emergence of resistance to them).
In line with antibiotic stewardship and to protect against overuse of
new antibiotics when they first come to market, policymakers have
recognized that the development of new treatments relies on funding
instruments and incentives that delink the return oninvestment in R&D
from the volume of antibiotics sold.

Theburden of AMR

Measuring the susceptibility of bacteria to antibiotics is essential
to inform appropriate clinical use of antibiotics (including steward-
ship programs and treatment decisions at the individual level) and
to enable surveillance and quantification of AMR in a standardized
way. In most clinical microbiology laboratories, the testing method-
ology has not substantially changed for decades and relies on detect-
ing phenotypic resistance in vitro following international guidelines,
such as those of the European Committee on Antimicrobial Suscep-
tibility Testing (https://www.eucast.org) and the Clinical and Labo-
ratory Standards Institute (https://www.clsi.org). For public health
purposes, there have been challenges in extrapolating antibiotic sus-
ceptibility data across local, national and international geographies
because of inconsistencies in the methods and antibiotics tested and
because results may reflect local resistance to a few drugs only. The
WHO Global Antimicrobial Resistance and Use Surveillance System
(https://www.who.int/initiatives/glass) collates antibiotic surveillance

BOX1
Defining AMR

Magiorakos et al.?® proposed the following pragmatic definitions

to categorize resistance: (1) multidrug resistant (MDR), bacteria
resistant to at least one agent in three or more antimicrobial
categories; (2) extensively drug resistant (XDR), bacteria resistant
to at least one agent in all but two or fewer antimicrobial categories
(bacteria are susceptible to only one or two antibiotic categories);
and (3) pan-drug resistant (PDR), bacteria resistant to all agents in
all antimicrobial categories. The term difficult-to-treat resistance
(DTR) has also been used to describe Gram-negative bacteria that
are resistant to first-line antibiotics where the only useful treatments
are less effective or more toxic ‘Reserve’ agents; because of the
difficulty in treating these patients, their infections may have higher
mortality®’.

results from countries that share them (an increasing number each
year), supporting the utility of sharing these data. The Global Anti-
microbial Resistance and Use Surveillance System also collects
data on antimicrobial use and clinical data to inform on the burden
of AMR globally.

Data thatinform estimates of the current burden of AMR are lim-
ited by many factors, including sparse coverage across some regions
(such asthe WHO African Region), inconsistentinterpretation of MDR,
XDR and PDR (described in Box 1) and data deriving from tertiary
hospitals with microbiology laboratories versus community settings.
Despite these limitations, the Global Research on Antimicrobial Resist-
ance Project has provided the most accurate dataso far, withananaly-
sis of 23 bacterial pathogens and 88 pathogen-drug combinations'.
Accordingtothis analysis, drug-resistant lower respiratory infections
accounted for more than 1.5 million deaths, with six bacterial species
responsible for 73.4% of the deaths. The burden was not spread equally
among demographic groups or geographies; those most impacted
were babies and children, irrespective of country. Death rates were
highestinwesternsub-Saharan Africa (at27.3 deaths per100,000) and
lowest in Australasia (6.5 deaths per 100,000 persons).

The incidence of drug-resistant bacterial infections is higher in
areas of high antibiotic use and low vaccination coverage (whether
fromlow uptake or poor access) andin areas with lack of access to clean
water, poor sanitation, high population densities, poverty, conflict
and population migration'®. Rates are lower in areas with high-quality
public health and infection-control systems"”. However, not all vaccines
areuniversally available'® and only exist for some bacterial pathogens
pronetodrug resistance. Also, good infection and prevention control
(IPC) is not always possible in all settings', and good antimicrobial
stewardshipis challenging toimplement globally due to differencesin
healthcare®. Resistance is an inevitable consequence of use; so there
will be a continual need to develop the next generation of treatments
and make themaccessible and affordable to allwho need themas part
of universal health coverage.

Why is the antibiotic pipeline so poor?

The period between the 1950s and the 1980s is often referred to as
the ‘golden era’ of antibiotic drug discovery, with many new classes
being developed during this time. This was followed by a period of
steep decline, during which there was a greater focus on develop-
ing new agents within existing classes (rather than new classes of
drugs) to counter the growing problem of resistance”. Gradually, the
pharmaceutical industry disinvested, and, by the early 2000s, when
methicillin-resistant Staphylococcus aureus reached epidemic levels
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Achaogen

- Started 2004

- FDA approval June 2018
- Bankruptcy April 2019
- Investor loss $504M

- USG grants $133M

Tetraphase

+ Founded 2006

- FDA approval Aug 2018

- Peak market cap $1.8B

- Distressed sale Dec 2019
- Investor loss $550M

- USG grants $107M

Entasis Paratek
- Founded 2015 - Founded 1996
(spinout from AstraZenca) - FDA approval Oct 2018

- Peak market cap $118M
- FDA approval May 2023
- Distressed sale July 2022 - Investor loss $162M
- Investor loss $134M - USG grants $285M

+ USG grants > $19M

- Peak market cap $797M
- Distressed sale June 2023

— 2019 2020 2022

- Started 2000 (as Rib-X)
- FDA approval June 2017
- Peak market cap $423M
- Bankruptcy Dec 2019

- Investor loss $593M

- USG grants $132M

Spero
« Founded 2013

Fig.1|Financial problems of antibiotic SME (biotech) companies. Bankruptcy
or liquidation (red shading) and distressed sales (blue shading) are common
among small-to-medium-sized antibiotic development companies. Dataare

- Peak market cap $628M
- Layoffs May 2022
- Current market cap
$76M: drug in phase 3
« Investment to date $439M
- USG grants $60M

2023

Nabriva

+ Founded 2005

- FDA approval Aug 2019
- Peak market cap $282M
- Liquidation Nov 2022

- Investor loss $507M L
- USG grants N/A Bankruptcy or liquidation

Distressed sale or layoffs
current as of third quarter 2023 and subject to change as market conditions

evolve. Cap, capital; M, million. USG, United States government; N/A, no
information available.

in certain regions and hospitals, it became clear that there were not
enough new appropriate antibiotics in the pipeline.

Lack ofinnovation

Between 2010 and 2019, regulatory authorities have approved an
increasing number of new antibiotics?, although a WHO analysis
(https://www.who.int/observatories/global-observatory-on-health-
research-and-development/analyses-and-syntheses/antimicrobial-
resistance/analysis-of-the-antibacterial-pipeline) indicated that there
were few real innovations and limited added value over the current
standard of care. Furthermore, the clinical pipeline remains inade-
quate tokeep pace with the global burden of drug-resistantinfections.
As 0f 2022, the WHO reported 11 small-molecule antibiotics and 13
non-traditional treatmentsin late-stage clinical trials (phase 2 or 3) and
onein pre-registration (clinical trials completed and data submitted
for approval to use the drug in patients), all with activity against one
or more WHO priority pathogens and which, if adequately funded
and successful, could launchin the next3-5years. There was only one
antibiotic candidate active against all four ‘critical’ priority pathogens
inphase 3, and, for five of the seven high-priority pathogens, there are
between O and three antibiotics inany stage of development. However,
of 12 that fulfill the WHO innovation criteria, only four were active
against ‘critical priority’ pathogens®; most are existing drugs com-
bined with a ‘resistance breaker’, such as a -lactamase inhibitor, and
therefore are not new classes or agents with new modes of action. The
preclinical pipeline is more promising, but many products at this stage
of development are soinnovative that they have no clear financial and
clinical development path. Furthermore, innovative approaches often
require higher levels of risk and investment.

Lack ofinvestment and poor returns
While developing new antibiotic classes proved to be increasingly
challenging fromascientific point of view, the lack of investment into
antibiotic R&D, particularly private investment in small-medium-sized
companies (SMEs/biotechs), is a direct result of the lack of economic
returns tocompanies and investors that successfully develop new anti-
biotics. The estimated cost up until first approval for one antibioticis
over US $1billion, accounting for attrition and cost of capital, whereas
the expected return is less than $100 million per year®.
Toourknowledge, there are only six moderate-to-large companies
(GSK, MSD, Otsuka, Pfizer, Roche and Shionogi) with active antibiotic
programs. Antibiotic R&D, particularly from discovery to preclinical
stages, is typically carried out in academia or SMEs, with the latter

sometimes doing clinical development as well. There are more than
50 SMEs working on new treatments for drug-resistant infections®**
(https://beam-alliance.eu/), but, according to the WHO, nearly half of
these companies (often spinouts from universities) have fewer than
ten employees and less than 12 months of funding®.

This contrasts with R&D ecosystems of other therapeutic fields,
inwhich academic and publicly funded researchis taken forward by a
mix of small and large companies, with substantial capital investment
from venture capital firms and institutional investors. Larger compa-
nies become involved if the data look promising, bringing the scale
of investment and capabilities needed for late-stage development,
global regulatory submission and commercialization. This system
does not work effectively for antibiotics because, despite promising
data, these products remain financially unattractive and struggle to
attract sufficient private investment to complete development of
their programs and enter the market. This can resultin promising new
innovations getting stuck in a ‘valley of death’ and not progressing to
regulatory approval.

A high-risk market
Even when SMEs manage to secure investment for phase 2 and 3 stud-
ies and successfully gain regulatory approval, economic challenges
persist. Of the last ten antibiotics reaching market, seven of the com-
panies that launched them have either gone bankrupt or succumbed
toadistressed sale (Fig.1). Possible reasons for the failure of these new
antibiotics to achieve sustainable salesinclude alack of realinnovation
or response to unmet medical needs and insufficient clinical data to
convince healthcare professionals to prescribe the new (high-cost)
drugover the standard of care®. Also, importantly, new antibiotics are
typically classified as ‘Reserve’ and so are used sparingly. Investors in
these companies have lost billions of dollars as aresult. For SMEs that
launch an antibiotic, the low potential for sales can be a death knell.
Biotechnology investors are adept at assessing and managing
the risks and hefty expense of product development. It is therefore
arational consequence of the unique economics of the antibiotic
market that most investors, including venture capital firms and
larger pharmaceutical companies, have scaled back antibiotic R&D
investment considerably. Between 2011 and 2020, US biotech com-
panies developing antimicrobials raised $1.6 billion, compared with
$26.5billion raised by oncology companies in venture capital funding
during the same period”. Most private investment goes to areas such
as chronic diseases or cancer, with greater probability to earn a posi-
tive investment return.
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REPAIR Impact Fund

AMR Action Fund

European Commission, Innovative Health Initiative, HERA

BARDA

Fig.2|International push mechanisms covering all phases of antibiotic R&D.
Publicactors at the national and regional level include the NIH, the Biomedical
Advanced Research and Development Authority (BARDA), the JPIAMR and the
European Commission. Global nonprofit organizationsinclude CARB-X and

GARDP. For-profitimpactinvestors include the REPAIR Impact Fund and the

AMR Action Fund. These are for illustration purposes and are not an exhaustive
representation. HERA, Health Emergency Preparedness and Response Authority;
NIAID, National Institute of Allergy and Infectious Diseases.

Strategies for a sustainable antibiotic R&D
ecosystem

Inresponse to the limited antibiotic pipeline and the many obstacles
hindering discovery and R&D, governments, philanthropies and the
private sector have proposed and/orimplemented push mechanisms
and pullincentives. Below, we highlight those funding instruments and
incentives already in place.

Push mechanisms

Push mechanisms are intended to reduce the investment needed to
researchand develop new drugs by distributing the expenditures across
multiple parties, thereby encouraging more R&D. Examples of push
incentives include increasing access to research, providing research
grants, offering tax incentives and establishing public-private partner-
ships for sharing R&D outlays®. Push mechanisms can beimplemented
atnational, regional and international levels. Given the importance of
coordinating global R&D activities toward targeting the critical and
high-priority pathogens and the most burdensome infections and to
avoid duplication of work and maximize impact, there hasbeenatrend
toward supportinginternational initiatives that canimplement global
strategies to align the antibiotic pipeline with public health need”.

A synergistic set of international push mechanisms has been
deployed, covering all sequential links of the antibiotic innovation
chain (Fig. 2). Starting with the earliest stages of translation from
academic research to product development, the Joint Programming
Initiative on Antimicrobial Resistance (JPIAMR; https://www.jpiamr.
eu/about/who-we-are/) is an international collaborative platform
engaging 29 nations to coordinate national AMR research funding,
including funding for antibiotic R&D. The European Commission has
announced plans to evolve the JPIAMR into a 7-year One Health AMR
Partnership. The early stages of development also benefit from regional
or national incubators, such as INCATE (https://www.incate.net/)
and PACE (https://www.ukri.org/what-we-do/browse-our-areas-of-
investment-and-support/pathways-to-antimicrobial-clinical-
efficacy-pace/), which facilitate the translation of research projects
between academia and industry.

Combating Antibiotic-Resistant Bacteria Biopharmaceutical
Accelerator (CARB-X; https://carb-x.org/) was created in 2016 as a
nonprofit, public-private partnership toaccelerate the development
of priority R&D projects, from hit-to-lead to first-in-human studies.
It has raised more than US $900 million from four governments (US,
Germany, UK and Canada) and three private foundations (the Wellcome

Trust, the Bill & Melinda Gates Foundation and the Novo Nordisk
Foundation). CARB-X selects early-stage R&D projects globally submit-
ted via open funding calls and provides awardees with non-dilutive
funding and comprehensive scientific, regulatory and business
support (Fig. 3).

Since its creation, CARB-X has supported 64 R&D therapeutic
projects in eight countries, with notable progress: ten projects have
advanced into or completed clinical trials, and five projects remain
activeinclinical development,including late-stage clinical trials. Addi-
tionally, nine product developers with active R&D projects have already
secured follow-on funding that can help support clinical development
after leaving the CARB-X portfolio. Focusing on similar stages of devel-
opment to CARB-X, in 2018, Novo Holdings established Replenishing
and Enabling the Pipeline for Anti-Infective Resistance (REPAIR; https://
www.repair-impact-fund.com/) Impact Fund and invested in compa-
niesinvolvedindiscovery and early-stage development of therapies for
drug-resistant infections. The Novo REPAIR fund portfolio comprises
11 companies but has paused investments in additional companies.
Showing synergies among push mechanisms, ten companies within
the REPAIR fund’s portfolio also received support from CARB-X.

The EU Innovative Medicines Initiative New Drugs for Bad Bugs
(https://www.imi.europa.eu/projects-results/project-factsheets/
nd4bb) supported preclinical development, but no R&D project
remains active, and its successor (Innovative Medicines Initiative AMR
Accelerator; https://www.imi.europa.eu/projects-results/project-
factsheets/amr-accelerator) currently has alimited focus on antibiotic
R&D outside tuberculosis. The European Commission is exploring
how its new Health Emergency Preparedness and Response Authority
can contribute to the global push-and-pull incentive ecosystem after
selecting AMR as one of its three priorities?°.

In2016, the Global Antibiotic Research and Development Partner-
ship (GARDP; https://gardp.org/about-gardp/) was created to carry
outR&D activities that support and complement commercially driven
R&D, witharesearch portfolio governed by global public health needs,
including discovery and exploratory research and clinical development
for specific therapeutic areas or populations that are not acommercial
priority. GARDP has been funded by nine governments (Australia,
Canada, Germany, Japan, Luxembourg, Monaco, the Netherlands,
Switzerland and the UK), four foundations (the Bill & Melinda Gates
Foundation, the Leo Model Foundation, the Right Foundation and the
Wellcome Trust), the non-governmental organization Médecins Sans
Frontiéres and the EU.
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Prepare leaders for strategy
and tactics to secure funding
for advanced development;
includes annual Investor Day

NIAID menu of
microbiology/
pharmacology/toxicology/
CMC in-kind services (and
additional services for
diagnostics)

Regulatory strategy to
build best package for
intended label

Core team with decades of
antibacterial R&D from both
large and small companies

Market-shaping support
Preclinical services

Portfolio acceleration tools
Clinical advisory board

Company support team

Business development council

Pilot for Tx, Vx and
Dx in STls

Lung model
standardization +
validation

« Superiority designs

Gut decolonization

- Early evaluation of
pre-existing resistance risk

Use extensive, global
subject matter expert pool
across all disciplines

Fig.3| CARB-X support model. In addition to non-dilutive funding, CARB-X provides the most promising early-stage projects globally with comprehensive scientific,
regulatory and business support. CMC, chemistry, manufacturing and controls; STIs, sexually transmitted infections; Tx, treatments; VX, vaccines; Dx, diagnostics.

GARDP finances and undertakes R&D activities with its partners,
collaborators and service providers and works with partners to com-
plete development of novel compounds and bring these products
through regulatory approval. For example, GARDP formed a collabo-
ration agreement with Entasis Therapeutics (subsequently acquired
by Innoviva Speciality Therapeutics) to complete the development of
zoliflodacin, a new oral antibiotic to treat gonorrhea®. This included
GARDP sponsoring and leading a pivotal global phase 3 trial, with trial
sites in low- and middle-income countries (LMICs), which are often
excluded from clinical research®>*, and leading on the post-phase 2
clinical and pharmaceutical development activities. GARDP estimates
thatits total costs willamount to approximately €80 million, including
support for the phase 3 trial with -1,000 patients across five countries,
aswell as clinical pharmacology studies, pharmaceutical development
ofthefinal drug product, registrationin at least two LMICs and future
expansion of the safety database in specific populations.

GARDP also has programs on discovery and exploratory research,
serious bacterial infections and children’s antibiotics, focusing on
infections that affect children and infants, because one in five deaths
associated with antibiotic-resistant infections occursin children under
the age of five, with 99.7% of those deaths in LMICs'. To develop treat-
ments for neonatal sepsis, GARDP has initiated aninternational public
health trial, NeoSepl, to evaluate potential new combination treatment
regimens, with results expected in2027 (ref. 34).

In 2020, to temporarily bridge the funding gap, 23 pharma-
ceutical companies, along with the European Investment Bank, the
Wellcome Trust, the Boehringer Ingelheim Stiftung and the Novo
Nordisk Fonden, committed approximately US $1 billion to the AMR
Action Fund (https://www.amractionfund.com/), which supports
companies conducting antibiotic clinical development for priority
bacterial and fungal pathogensidentified by the WHO, the US Centers
for Disease Control and Prevention and other national public health
entities. In addition to providing investment capital, the AMR Action
Fund provides strategic, tactical and technical support to its portfolio
companies. Since 2022, the AMR Action Fund has invested in six compa-
nies carrying out clinical trials of antibacterials for priority pathogens.
The AMR Action Fund has a goal to support two to four approvals of
new antimicrobials by 2030, and one of its eight portfolio companies
(https://www.amractionfund.com/investments#out-portfolio) gained
an approval from the Food and Drug Administration in April 2024,
while another has filed a new drug application (NDA) with the Food
and Drug Administration.

Combining national programs and contributions tointernational
partnerships, the US government is currently the largest contributor

to pushincentives, with the National Institutes of Health (NIH) and the
National Institute of Allergy and Infectious Diseases (https://www.niaid.
nih.gov/research/recent-initiatives-antimicrobial-resistance) focusing
mostly on the earliest stages of research and the Biomedical Advanced
Research and Development Authority (https://medicalcounter
measures.gov/barda/cbrn/antibacterials/) focusing onthe latest stages
before and after market approval. The other largest contributors to
pushincentives globally are the European Commission, German and
UK governments (to CARB-X and GARDP) and the Wellcome Trust (to
CARB-X; https://dashboard.globalamrhub.org/). Other governments
and private foundations have also increased their contributions to
support antibiotic R&D* . According to the Global AMR R&D Hub,
whichincludes public and philanthropic funding, there are 195 active
projects across the entire pipeline with atotal value of US $559.5 million
(Fig. 4 and Table 1). However, according to recent estimates, push
mechanisms for antibiotic R&D will require an additional global invest-
ment ranging between $250 million and $400 million per year™,

Pullincentives

In the absence of a sustainable economic market for antibiotics,
private capital will be refractory to investing in antimicrobial innova-
tion. Therefore, tofacilitate a sustainable innovation ecosystem, policy
mechanisms are required to delink revenue from sales volume and
reward investment in the successful development of antimicrobials
meeting public health needs.

Thereis consensus acrossindustry and some other stakeholders,
including several governments, on the need for pull incentives®. To
attract the necessary level of private investment, the value of such
incentives needs to be sufficient to deliver reasonable returns to inves-
tors. Estimates for the amount needed range from US $2 billion to
$4 billion**°, typically proposed to be paid over a 10-year period.
According to some”*, this would be adequate to provide anappropri-
atereturnoninvestmentin R&D to lead to the approval of one needed
new antibiotic. The USA introduced an incentive in 2012 under the
Generating Antibiotic Incentives Now (GAIN) Act, providing 5 years
of non-patent exclusivity for qualifying antibiotics, butitsimpact has
been limited because the return of investment was insufficient and,
insome cases, not targeted to the highest-value novel antibiotics that
address unmet medical needs.

Since 2016, the G7 (consisting of Canada, France, Germany, Italy,
Japan, the United Kingdom and the United States) has recognized
the urgency of public health needs for new antibiotics and has made
repeated statements supporting progress for push and pullincentives.
While the commitments are welcome and reflect global economic
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Fig. 4| Allocation of public and philanthropicinvestments in R&D of

human antibacterial therapeutics globally, by research stage. Data are

from the Global AMR R&D Hub’s Dynamic Dashboard and cover the period
from1January 2017 to 14 June 2024. Key to pie chart colors: active projects are
showningreen, closed projects are shown inred, and percent total funding and
percent total number of projects are shown in blue. Projects targeting human
bacterial pathogens (single-sector projects only), excluding Mycobacterium
tuberculosis, were included in the analysis. Discovery comprises target
assessment and validation, hit discovery process and preclinical R&D up to filing
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aninvestigational NDA (IND). Development includes the progression of selected
candidates from IND to commercialization and concludes with submission of an
NDA. Some projects span more than one stage; therefore, investments were split
accordingly but not the number of projects. Hence, the total number of projects
doesnotadd up. USD, United States Dollars; ‘active’ indicates projects that were
inprogress as of 14 June 2024; ‘closed’ indicates projects completed as of 14 June
2024.The dataavailable from the Dynamic Dashboard are not exhaustive and
are subject to limitations and caveats; see https://globalamrhub.org for further
information. All values are correct as of 24 July 2024.

Table 1| Major public and philanthropic funders of antibiotic
R&D across the pipeline®

Funder Discovery-IND  Clinical
development-NDA
NIH (USA) 41.3% 2.2%
Biomedical Advanced Researchand  1.7% 58.7%
Development Authority (USA)
CARB-X (global partnership) 231% 2.3%
GARDP (global partnership) 0.7% 12.7%
InnovFin (IDFF) (EU) -— 9.5%
Innovative Medicines Initiative (EU) 4.5% 0.5%
Congressionally Directed Medical 21% 3.7%
Research Programs (USA)
Cystic Fibrosis Foundation (USA) 1.9% 3.9%
Impact Fund (DK) 3.4% 0.7%
European Commission (EU) 2.3% 1.2%
Federal Ministry of Education and 2.4% 01%
Research (DE)
Innovate UK (UK) 17% 0.5%
Defense Threat Reduction Agency - 2.8%
(USA)
Wellcome Trust (UK) 1.6% -

®Data are from the global AMR R&D Hub and cover the period from 1 January 2017 to 14

June 2024, indicating allocation of public and philanthropic investments in R&D of human
antibacterial therapeutics globally. Investments made by each selected funder are indicated
as a percentage of the total funding volume per research stage. Projects targeting human
bacterial pathogens (single-sector projects only), excluding M. tuberculosis, were included
in the analysis. Data from the Global AMR R&D Hub's Dynamic Dashboard are subject to
limitations and caveats; see https://globalamrhub.org for further information. IDFF, Infectious
Diseases Finance Facility.

realities, concrete progress on implementation has been limited,
despite strong economic and health returns to governments on these
investments**,

The UK has launched an innovative pull incentive: a subscrip-
tion model for purchasing antibiotics that has the dual objective
to stimulate investment and to guarantee access for UK patients**.

This could serve asamodel for other countries to consider as amecha-
nismtoincentivize antibiotic R&D. For apredictable and modest annual
payment from England’s National Health Service to a pharmaceutical
company, the UK model is likely to deliver the intended results of
guaranteed availability of new antibiotics, regardless of the volume
needed. The modelincludes fixed payments for the developer. These
representafair share of the global total based on the UK’s relative gross
domestic product and, according to the UK government, represent a
fair contributionit should make to pay for the successful development
ofanovel antibiotic, via a transparent, pragmatic mechanismto assess
thevalue of each antibiotic and a pathway for engaging manufacturers
atanearly stageinthe contracting process to support theirinvestment
decisions. It thereby aims to ensure that the model delivers a win-win
for UK taxpayers and the companies involved. The UK completed a suc-
cessful pilot phase with two innovative antibiotics and is now finalizing
the design for longer-termrollout.

Canada has announced plans for a pilot incentive based on
the UK model. Progress of the current proposals in the USA (the Pio-
neering Antimicrobial Subscriptions to End Upsurging Resistance
(PASTEUR) Act) and the EU, as well as upscaling of a Japanese pilot
incentive program (which does not yet incentivize R&D), will be cru-
cial to the overall success and wider adoption of this model***¢. The
PASTEUR Act has bipartisan support in the US Congress and could
deliver between $750 million and $3 billion to aninnovating company,
although multiple efforts to enact the PASTEUR Act have not yet suc-
ceeded. In Europe, proposals include several options that could be
complementary, such as a transferable exclusivity voucher (TEV) and
guaranteed revenue across member states. The conceptis that member
states enact pull mechanisms that together trigger the necessary pri-
vate investment. Success hinges on the biggest markets: ifthe PASTEUR
Actisnotenacted and the TEV and alternative European pullincentives
fail, the remaining national pullincentives are unlikely to provide a suf-
ficientincentive to the largest pharmaceutical companies to re-enter
thefield". Modeling suggests that, without the implementation of such
incentives, the antibiotic pipeline could further decrease over the next
decade, whereasareturnto growth, with more approvals, may be seen
within a few years after the introduction of effective pull incentives*s.

Although there is no evidence yet of the impact of the UK’s sub-
scription mechanism***°, it will be important to evaluate its effect in
stimulating additional antibiotic R&D, particularly ifexpanded to other
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countries. Currently, the model neither directly requires nor encour-
ages recipients to strengthen access in LMICs. Other pull incentive
models, suchasthe TEV, have raised concerns from multiple EU mem-
ber states and civil society organizations that they may be too costly
for national health budgets and may not be the most effective means to
encourage small or large pharmaceutical companies to address AMR®".
Pullincentives could also be designed to strengthen access in LMICs
inamore proactive way.

Making antimicrobials accessible to all who

need them

While antimicrobial consumptionis arguably the key driver of AMR, a
lack of access to needed antibiotics is an increasing problem globally
and (counterintuitively) is also adriver of AMR, because inappropriate
antibiotic use drives resistance to available drugs. Many countries,
including both LMICs (particularly in Africa®®) and HICs, face agrowing
crisis of inadequate access and antibiotic shortages****, access barri-
ers are multifaceted, and global availability, affordability and equity
must be promoted.

A major challenge is the balance between access to and excess of
antimicrobial use. Although overuse of antimicrobialsis reported ata
population level in many LMICs*, most vulnerable populationsstill lack
accessto essential antimicrobials when needed. Global shortages and
inequitable access affect patient safety and health outcomes, increas-
ing morbidity and mortality. One consequence of thisaccessissueisa
growing market of substandard and falsified drugs widely available to
purchase over the counter in many LMICs, which often lack sufficient
regulatory mechanisms for evaluating, approving and monitoring
and/or auditing antimicrobials in the market*®. Global access without
clinical oversight via sales through the internet is also an increasing
problem in many countries (including HICs)*, and this is influenced
by lack of access to adequate healthcare.

Recently, the Mapping Antimicrobial Resistance and Antimicro-
bial Use Partnership study observed 0.01% consumption of Reserve
antibioticsinsix of 14 African countries in the study™*°, compared to
1% and 0.2% consumption in the United States and Europe®. The current
landscape of antimicrobial accessibility highlights disproportionate
availability of and access to the WHO AWaRe Watch or Reserve antimi-
crobialsin HICs compared to LMICs***2, Recently launched antibiotics
arealso not widely available across HICs®*. The lack of sufficient global
market demand for several older antibiotics has led to their withdrawal
and the introduction of the term ‘forgotten antibiotics’; this can be
problematicifoneis subsequently needed to treat MDRinfections, as
happened with colistin®.

Toaddressaccess, itisimportant to have strategies that combine
R&D and access initiatives, with a focus on partnerships. To facilitate
this, it is essential that policymakers and politicians are fully aware of
theissues and involved in providing solutions.

Partnering to combine R&D and access initiatives

There remains a need for governments and philanthropies to engage
in strategic partnerships with not-for-profit and private sectors to
drive sustainable R&D, align public and private interests and facilitate
equitable access to antibiotics. When providing financing or incen-
tives, governments and philanthropies should ensure that the resulting
antibiotics meet public health needs (as in WHO disease strategies
and roadmaps) and are widely accessible®. Such partnerships should
encourage transparency, knowledge sharing, pre-competitive collabo-
ration, adhering to responsible manufacturing practices and facilita-
tion of availability and affordability®.

Onthebasis of the experiences of product development partner-
ships for poverty-related diseases, risk- and reward-sharing mecha-
nisms such as push and pull mechanisms will be key to incentivizing
private sector participation®. Governments and philanthropies can
share with industry the financial risks associated with antibiotic

development, while ensuring that financiers and innovators are appro-
priately rewarded for successful innovations. This approach should
strike a balance between stimulating R&D and ensuring that global
public health needs are met®®,

The combined goal of equitable access and antibiotic stew-
ardship should be included in antibiotic R&D financing and incen-
tivizing models. To achieve these objectives, three principles (the
three ‘As’ of availability, affordability and appropriate access) must
guide antibiotic development and distribution and delivery pro-
cesses to ensure that antibiotics are used judiciously on the basis
of medical need. The AWaRe classification that aims to reduce
consumption of Watch and Reserve antibiotics needs to be more
widely adhered to.

Product development should also be approached through an
integrated R&D and access approach. This requires that research
activities and access considerations are aligned and supported from
the outset and consistent with globally coordinated mechanisms. Key
aspectsinclude shaping clinical development to cater for real-world
needs, optimizing pharmaceutical development to simplify adminis-
trationand reduce production costs, and generating relevant clinical
data and medical evidence to support appropriate use in diverse
settings after approval, with the necessary funding to achieve the
access goals.

Availability of antibiotics can be enhanced through strategies
for ensuring global availability, that is, market approvalin all jurisdic-
tions®. Companies can either do this directly or through voluntary
licensing and agreements with quality manufacturers and distributors,
negotiated bilaterally or facilitated by organizations such as GARDP or
the Medicines Patent Pool. This can help expedite access to life-saving
antibiotics and facilitate more regionally diversified manufacturing
capacities, ensuring more resilient supply chains, which are particularly
importantin crises and emergencies.

Affordability needs to be ensured by early investment in pharma-
ceutical manufacturing to reduce the marginal cost of production,
whichbenefits all countries, as well as fair pricing practices thatlink to
therelative wealth of acountry and are supported by public reimburse-
ment for the most vulnerable populations™.

Funders and investors can support these principles and policies
through contractual conditions between funding entities, SMEs, phar-
maceutical companies and nonprofit R&D organizations. Stimulating
R&D for antibiotics and ensuring equitable access demand a com-
prehensive and collaborative approach. Alignment on policies and
contractual conditions will facilitate addressing the antibiotic crisis
and safeguard public health. Such conditions can be satisfied in part
through partnership with third parties, suchas GARDP, that can apply
an integrated R&D and access approach to enable pharmaceutical
partners to meet such obligations.

Public-private partnerships play a crucial role in making new
antimicrobials accessible around the world. For example, all CARB-
X-funded product developers are contractually obligated to develop
stewardship and access plans to facilitate availability of innovative
products to patients who need them, as well as responsible use. With
key partners in the innovation and access ecosystem (including
GARDP), CARB-X produced a Stewardship and Access Plan Develop-
ment Guide to support developers to produce impactful and compre-
hensive plans’>. GARDP has initiated access-related investments for
zoliflodacin; this included generating clinical evidence to facilitate
appropriate use, reduction of the cost of manufacturing and simplify-
ing the route of administration. In its agreement with Entasis, GARDP
secured market access rights for 150 countries, and, if approved, this
should improve registration and access of zoliflodacin in these coun-
tries®. Similarly, not-for-profit partnerships can facilitate access to
treatments even when not participating in clinical development. In
2022, GARDP signed a license agreement with Shionogi for the rights
tomanufacture and commercialize cefiderocol, atreatment for certain
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Gram-negative bacterial infections, in 135 countries” that historically
have limited or no access to new, innovative antibiotics.

Addressing the ‘brain drain’ in antibiotic R&D

With about 80% of researchers who were active in antibiotic R&D now
working in other fields, there is a worrying diminishingly small num-
ber of experts in antibiotic R&D. This scientific ‘brain drain’ further
complicates efforts to tackle AMR, as it affects every part of the drug
development process, from basic discovery research through clinical
testing and beyond™.

To help rectify this, CARB-X provides grant holders with access
to 100+ subject matter experts; many previously worked for large and
small product developers that have exited antibiotic R&D. They provide
advice on projects within the CARB-X portfolio. CARB-X also manages
portfolioacceleration tools to develop a higher-level understanding of
commonissues faced by the small teams carrying out antibiotic R&D,
creating efficiencies across multiple funded product developers. The
results of portfolio acceleration tools are also shared publicly to benefit
the larger antibiotic R&D community.

GARDP has established the REVIVE (https://revive.gardp.org/) edu-
cation and outreach programto connect and support the antimicrobial
R&D community also with>170 R&D experts. GARDP’s program helps
toretainand freely share invaluable experience and knowledge crucial
for the antibiotic R&D community. Learning and knowledge exchange
is provided free of charge globally via various activities, including
webinars, resources (for example, Antimicrobial Encyclopaedia)
and co-hosting the annual, free virtual Antimicrobial Chemotherapy
Conference (https://acc-conference.com/).

Despite these activities, national and international professional
societies must better support the antibiotic R&D community.

Therole of policymakers and politicians

The High-Level Meeting at the 2024 UN General Assembly (includ-
ing negotiations of a second Political Declaration on AMR) and the
High-Level Ministerial Conference on AMR, which follows soon after,
are once more elevating AMR to the global stage, having been displaced
duetothe coronavirus pandemic and subsequent discussions on pan-
demic preparedness.

Governments could explore the value of an international agree-
ment to address AMR as for other translational challenges, such as
climate change, desertification and biodiversity loss. International
cooperation to address AMR is an endeavor across four international
agencies: the Food and Agriculture Organization of the United Nations,
the UN Environment Programme, the WHO and the World Organisation
for Animal Health (the Quadripartite). The World Health Assembly and
the G7 (ref. 75) and G20 + 1 (African Union)’® have also made commit-
ments to strengthen R&D and access to antibiotics. To help the many
governments who have not fully implemented these commitments
or their national action plans’’%, policymakers must implement an
appropriate framework of targets and monitoring mechanisms to
enable international cooperation.

Aninternational framework will not be generated through any of
the currently foreseen pandemic instruments. Even though AMR is a
pandemic of drug-resistant infections, pandemic instruments under
negotiation either exclude antibiotic resistance or do not address AMR
with the specificity required to governacomplex ecosystem of public,
not-for-profit and private actors”. Thus, politicians and policymak-
ers must devise a new framework on AMR to finance the end-to-end
development of, manufacturing of, approval of and access to new
treatments. Regional technical cooperation and political alignment,
such as thatin the EU*°, the ASEAN (https://asean.org/) or the African
Union®, are an important step in the right direction®>®, In addition,
thereis a need for continued voluntary and pragmatic coalitions and
partnerships of countries and foundations that can ensure progress
ontheglobal scene and motivate others to join or align.

Some governments already deserve credit for establishing enti-
ties such as the Global AMR R&D Hub and the JPIAMR, and for funding
organizations such as GARDP and CARB-X, as well as a national-level
pull incentive, such as the UK’s subscription mechanism. However,
these commitments must be universally applied, adequately funded,
binding, routine, global, predictable, sustainable and long term. As part
oftheir responsibility to address AMR, governments should commit to
additional investments in R&D according to their capacity and needs.
In addition, governments should create appropriate public-private
mechanisms for developing, manufacturing and the distribution of
antibiotics.

Finally, politicians and policymakers should strengthen and
expand existing programs and entities that facilitate and perform
R&D and promote equitable access to new and existing antibiotics.
Thereisanopportunity to proactively identify institutions and mecha-
nisms that can play a critical role in ensuring equitable access. This
includes recognition of the global priorities set by the WHO Prequalifi-
cation Programmeto validate quality-assured antibiotics and support
for SECURE (https://www.secureantibiotics.org/), a new initiative
sponsored by the WHO and GARDP, to expand access to essential
antibiotics.

The WHO also has an important role to play in research priority
setting through a combination of the priority pathogens list, research
agendas that identify the most urgent research problems that need
to be addressed®, and target product profiles® that provide clear
guidance to drug developers. Additionally, all involved stakeholders
need to work together to identify globally relevant R&D targets that
cansupport push and pullinstruments delivering new antibiotics and
treatment regimens that respond to the most urgent unmet medical
needs globally.

Conclusion

Now is thetime to raise the urgency, ambition and commitments of the
world’s leadersto fully supportanew antibiotic R&D ecosystem that is
grounded by effective push and pull mechanisms that incentivize the
nonprofit and private sectors to conduct global public health-driven
antibiotic R&D. Success will require a coordinated effort among
countries, led by anindependent expert panel (similar to efforts on
climate change), tolead and guide pharmaceutical companies, SMEs,
nonprofit global organizations, the healthcare community and civil
society organizations to ultimately reduce global infection-associated
morbidity and mortality.
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