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The threat posed by infections arising from antimicrobial-resistant bacteria is a global concern. Despite this trend, the future devel-
opment of new antimicrobial agents is currently very uncertain. The lack of commercial success for newly launched antimicrobial
agents provides little incentive to invest in the development of new agents. To address this crisis, a number of push and pull incen-
tives have been constructed to support antimicrobial drug development. Push incentives, which are designed to lower the cost of
developing new antimicrobial agents, include grants, contracts, public-private partnerships, tax credits, and clinical trial networks.
Pull incentives, which are designed to facilitate higher financial returns for a newly launched antimicrobial agent, include those that
decrease the time for a regulatory review, extend patent exclusivity, or provide premium pricing. Such incentives may also include
direct, advanced, or milestone payments or they may be insurance-based whereby healthcare systems pay for the right to access an
antimicrobial agent rather than the number of units administered. Another strategy involves the re-evaluation of interpretive criteria
for in vitro susceptibility testing (susceptibility breakpoints) of old antimicrobial agents using the same standards applied to those
of new agents, which will allow for an accurate determination of antimicrobial resistance. Although each of the above-described
strategies will be important to ensure that antimicrobial agents are developed in the decades to come, the update of susceptibility
breakpoints for old agents is a strategy that could be implemented quickly and one that could be the most effective for incentivizing

drug developers and financiers to reconsider the development of antimicrobial agents.
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THE PREVALENCE AND BURDEN OF ANTIMICROBIAL
RESISTANCE

The threat posed by infections arising from antimicrobial-
resistant bacteria and the need for new antimicrobial agents
are a global concern as evidenced by the attention given to
these issues by various national and international groups [1-5].
Although worldwide surveillance programs provide evidence
of increasing rates of antimicrobial resistance, including rising
numbers of multidrug and even pan-resistant isolates [6, 7], the
challenge has been to estimate the burden of disease associated
with infections due to antimicrobial-resistant bacteria.

In 2016, O’Neil [1] reported that >700 000 patients die due
to infections caused by antimicrobial-resistant bacteria each
year and predicted that this number would increase to 10
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million by 2050, exceeding other causes of death including
cancer, diabetes, diarrheal diseases, and automobile accidents.
In a recent report from the United States (US) Centers for
Disease Control and Prevention, the number of antibiotic-
resistant infections occurring in the US alone was estimated
to be more than 2.8 million per year. Of these infections, the
number of deaths per year was estimated to exceed 35 000 [8].
The burden of antimicrobial resistance has also been evalu-
ated. Cassini et al [9], using the 2015 data from the European
Antimicrobial Resistance Surveillance Network, estimated
671 689 (95% uncertainty interval, 583 148 to 763 966) in-
fections with antibiotic-resistant bacteria, 63.5% of which
were associated with requiring healthcare. Of these cases,
infection-attributable deaths were reported for 72.4% of pa-
tients and disability-adjusted life-years were estimated for
74.9% per every 100 000 individuals [9]. In addition to this
disease burden, the economic impact of antimicrobial re-
sistance is also profound, with an associated estimated cost
to the US healthcare system of $20 billion each year [10].
However, as described herein and in the companion paper by
Ambrose et al [11], the prevalence of antimicrobial resistance
is underestimated due to poor interpretive criteria for in vitro
susceptibility testing (susceptibility breakpoints). Thus, the
above-described burden is also likely underestimated.
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THE BROKEN ANTIBIOTIC MARKET AND RECENT
HISTORY

Despite the above-described data, the future development of
new antibiotics, even for the treatment of patients with infec-
tions arising from multidrug-resistant pathogens, is currently
very uncertain. To understand the basis for this uncertainty, it is
important to understand changes in the landscape of antimicro-
bial drug development over the last several decades. In 2002, the
US Food and Drug Administration (FDA) and European regula-
tory bodies presented proposals for Phase 3 clinical trial designs
for antibacterial compounds, which included a noninferiority
margin of 10%. Shortly thereafter, many large pharmaceutical
companies, including Elly Lily and Company and Bristol-Myers
Squib, ceased their antimicrobial drug discovery programs, at
least in part as a reaction to this requirement [12]. The uncer-
tainty of regulatory pathways, together with pipelines that in-
cluded less novel agents and the limited opportunity for return
on investment due to cost containment efforts in healthcare
settings, including antimicrobial stewardship, further served to
reduce interest in antimicrobial drug development.

In May 2012, Dr. Janet Woodcock of the FDA addressed the
public health crisis of increasing antibiotic resistance and the in-
adequate development of new agents at an Expert Workshop on
Facilitating Antibacterial Drug Development at the Brookings
Institute. She acknowledged that the approach to change clinical
trial designs for the development of antimicrobial agents taken
by the agency in the last decade had contributed to the problem.
Dr. Woodcock described the need for development pathways
for antimicrobial agents focused on patients with unmet med-
ical need [13]. A guidance document on antibacterial therapies
for patients with unmet medical need, which was released a year
later, outlined a pathway that included novel trial designs and
smaller safety databases [14]. However, this guidance document
and the release of subsequent updated guidance documents
for other indications [15-18] have proven to be insufficient
to renew the interest of the large pharmaceutical companies
that divested their interest in the development of antimicro-
bial agents. This is in part because of the effects of antimicro-
bial stewardship on the commercial landscape for antimicrobial
agents and because the pharma industry had refocused their
pipelines on more financially lucrative therapeutic areas. In
the case of antimicrobial stewardship, high-cost, narrowly
differentiated agents are held in reserve and instead, low-cost
competing alternatives are used. For those companies that did
remain in the space, the clinical trial design requirements for
unmet need limited the number of such patients available for
study enrollment. In addition, most companies that remained
focused on antimicrobial research and development (R&D)
were small companies with limited resources that could not af-
ford to build the commercial infrastructure necessary to bring
new drugs to market and for which there was a diminishing
opportunity for merger or acquisition-based exits. Finally, the

ongoing uncertainty regarding the regulatory path to approval
for agents with a narrow spectrum of activity or that target the
pathogens causing infections with greatest unmet medical need
continue to discourage further drug development [19].

As larger companies lost interest in the space, mid-size
and small pharmaceutical companies took their place. Some
of the existing intellectual property and development exper-
tise transferred from the larger to these smaller companies.
For more than a decade, mid-size and smaller pharmaceutical
and biotechnology companies have been working to develop
antimicrobial agents with fewer resources. However, with re-
imbursement challenges and the questionable benefit of more
expensive, narrowly differentiated agents (eg, products are only
differentiated in that they have activity against a bacterial isolate
possessing a clinically rare resistant determinant), the commer-
cial success of newly launched antimicrobial agents has been
minimal [20]. In addition, the lack of discovery research invest-
ment by large pharma and the inability of small companies to
take on high-risk programs greatly diminished the number of
companies exploring novel antimicrobial targets and classes of
drugs. As a result, investor interest has further dwindled and
the smaller companies that took up the challenge to develop
new antimicrobial agents have been forced to merge or sell their
assets for less than the cost expended to develop the product.
Such was the case for Achaogen, a company that filed for bank-
ruptcy in April 2019 [21]. Achaogen launched plazomicin in
July 2018. The company reported just $800 000 in total sales for
2018 [22] and filed for bankruptcy in April 2019 [21]. In June,
2019 Cipla USA, Inc. agreed to buy the worldwide rights, ex-
cluding Greater China, to plazomicin for $4 650 000 (plus cer-
tain cash and noncash considerations totaling $10 500 000 and
assumption of certain contract liabilities) [23]. These events un-
folded in less than 1 year, even though the drug was developed
to address the unmet medical need of patients with a range
of antimicrobial-resistant organisms, including carbapenem-
resistant Enterobacteriaceae, and was expected to reach $500
million in sales annually [24]. This program was funded in part
by a $124.4 million contract with the Biomedical Advanced
Research and Development Authority ([BARDA], which is
part of the Office of the Assistant Secretary for Preparedness
and Response in the US Department of Health and Human
Services) [25].

In the case of meropenem-vaborbactam, which was ap-
proved by the FDA in 2017 for the treatment of adult patients
with complicated urinary tract infections, including pyelone-
phritis, caused by designated susceptible Enterobacteriaceae,
Escherichia coli, Klebsiella pneumoniae, and Enterobacter clo-
acae species complex, up to a $90 million award was provided
by BARDA [26]. However, Melinta Therapeutics, which mar-
kets this agent, reported total cumulative sales from launch in
2017 through to November 2019 that were only $20.6 million
[20]. These sales figures led to a filing by Melinta Therapeutics
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in November 2019 that highlighted concerns about their ability
to continue company operations if their debt could not be re-
structured or a suitor to acquire the company could not be
found [27]. Unfortunately, this filing was followed by filing for
Chapter 11 bankruptcy in December 2019 [28]. In partnership
with Deerfield Management Company, L.P, Melinta recently
emerged from Chapter 11 [29]. Despite the outcome for both
companies, these 2 examples highlight that there have been some
small companies still willing to invest in the space. However,
the sales of the products and the resulting valuations applied
to these assets do not reflect the life-saving role they play for
patients. Unfortunately, these examples are not unique because
other recent launches of agents for the treatment of patients
with infections arising from antimcrobial-resistant bacteria
have led to minimal sales relative to the investment made. Three
companies that launched antimicrobial agents after plazomicin
reported sales that were dwarfed by the operational expenses
of keeping these agents on the market. Such expenses include
postapproval regulatory commitments, pharmacovigilance, de-
velopment of automated antimicrobial susceptibility testing,
ongoing drug manufacturing, medical affairs, and sales and
marketing [30]. The products include Paratek’s omadacycline
($3.1 million sales on a $32.6 million loss in Q3 2019) [31],
Tetraphase’s eravacycline ($1.0 million sales on a $16.3 million
loss in Q3 2019) [32], and Nabrivas lefamulin ($1.4 million
sales on a $17.8 million loss in the first partial quarter [Q3 2019]
postapproval) [33]. Recently, Tetraphase announced the sale of
the company to AcelRX, a non-infectious diseases company,
in March 2020. Included in the sale was eravacycline, which
achieved $3.3 million in sales in 2019 following approval by the
FDA in August 2018. The reported sale price of the company
was $14.4 million, paid in stock in the acquiring company, plus
the potential of up to an additional $12.5 million if sales targets
are met. This valuation is in stark contrast to Tetraphase’s peak
market capitalization of $1.8 billion in 2015 (a valuation which
based on the expectation of an oral outpatient treatment) and
the approximately $600 million raised to date for the company.
In fact, the value of Tetraphase in this transaction was very near
the expected cash on hand, which effectively put no value on
their approved product [34, 35]. Given the above, it is clear to
see that the antibiotic market is broken.

STRATEGIES TO INCENTIVIZE ANTIMICROBIAL
DRUG DEVELOPMENT

The above-described lack of commercial successes for newly
launched antimicrobial agents provides little incentive to de-
velop such drugs. As a result, the current landscape is one
with little-to-no investor interest and drug discovery, limited
pipelines, and a staggering loss of institutional knowledge and
expertise, with the exodus of scientists from this field due to
the lack of employment opportunities. To address this crisis,

various incentives, as described below, have been constructed
to support antimicrobial drug development.

Push incentives are designed to lower the cost of discovering
and developing new antimicrobial agents. Such incentives take
the form of grants, contracts, public-private partnerships, tax
credits, and clinical trial networks. The premise for these incen-
tives is that by promoting basic research, the resulting data can
be leveraged commercially to address public health priorities.
Because this funding mechanism is at risk if the asset fails during
development, developers may feel pressure to take a more opti-
mistic view of the data and dismiss important signals to stop a
program in order to continue a given funding stream [36-38].
However, these risks are mitigated through close coordination
between the company and the funding partner and by using
expense reimbursement contracts. Funding partners include
Combating Antibiotic Resistant Bacteria Biopharmaceutical
Accelerator (CARB-X), the US Department of Defense, the
National Institutes of Health and National Institute of Allergy
and Infectious Diseases, the Global Antibiotic Research and
Development Partnership, the Wellcome Trust, the Bill &
Melinda Gates Foundation, BARDA, the Innovative Medicines
Initiative (IMI), and the REPAIR Impact Fund.

CARB-X is currently investing $500 million over the period
from 2016 to 2021 to accelerate the development of innova-
tive antimicrobial agents and other therapeutics, vaccines, and
rapid diagnostics to address drug-resistant bacterial infections
[39]. CARB-X funding allows recipients to get investigational
antimicrobial agents from preclinical development through to
the filing of the investigational new drug application. BARDA,
which was established by the US Congress to provide federal
investments, provides support for investigational antimicro-
bial agents in later stage development and serves to bridge the
gap after a CARB-X award ends. IMI in Europe fulfills a similar
function.

Pull incentives, which impact revenue generated after
regulatory approval, can be grouped into 2 categories: lego-
regulatory and outcome-based incentives. Lego-regulatory
pull incentives are those that indirectly facilitate higher
market returns for a newly launched antimicrobial agent. Such
incentives may include those that decrease the time for a reg-
ulatory review, extend patent exclusivity, or provide premium
pricing. Outcome-based incentives include direct, advanced,
or milestone payments [36-38]. Because pull incentives re-
ward successful R&D programs, and the incentive is received
at the point of or after regulatory approval or market entry,
the developer assumes the majority of the risks. Thus, pull in-
centives may not be immediately meaningful for earlier stage
companies that may lack the resources to transition assets to
late-stage development or regulatory approval. In addition,
pull incentives take a long time to implement with uncertain
outcomes.
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The GAIN (Generating Antibiotic Now)
Legislation, which was passed by the US Congress in 2012, is

Incentives

an example of a lego-regulatory pull incentive. This legislation
allows for fast track and priority review status for drugs that
target qualifying pathogens and, if approved, extends market
exclusivity by an additional 5 years (in addition to the existing
5 years). Designed for expediting the approval of qualified in-
fectious disease products (QIDPs), 15 different drugs have
gained a QIPD designation status and have been subsequently
approved by the FDA since the GAIN Act was passed [40, 41].
However, although agents approved are deemed to provide
value, commercial success for such agents is yet to be realized.
In fact, much of the current pipeline of newer agents is at risk
for being unable to remain on the market in part because of
a generally narrow product differentiation. Reducing the cost
of antimicrobial development through streamlined pathways is
likely to be helpful [42], but it will not be sufficient to overcome
the narrow product differentiation and the impact of antimicro-
bial stewardship.

Pull incentives may also be insurance-based whereby health-
care systems pay for the right to access an antimicrobial agent
rather than the number of units administered. To this end,
the Medicare Hospital Inpatient Prospective Payment System
has proposed to increase New Technology Add-On Payments
(NTAP) to 75% from 50% for all new antibiotics designated as
QIDP by the FDA [43, 44]. However, given the premise for anti-
microbial stewardship programs, which is to use antimicrobial
agents optimally, this will not be sufficient to incentivize anti-
microbial drug development. In addition, the mechanics of the
NTAP system have proven to be a barrier to use at the local
hospital due to the associated paperwork burden, the reliance
on pharmacists to submit an NTAP application, that the money
flows back in a topline manner to the hospital rather than di-
rectly to the pharmacy budget, the difficulty with NTAP reim-
bursement tracking because they are not coded to individual
drugs but rather are provided as bundled payments across all
NTAP qualified drugs, and that even 75% reimbursement still
prices many newer drugs well above the cost of generics. When
one considers the cost for a company to effectively launch a new
antimicrobial agent, such an upfront investment cannot be re-
couped, even after several years on the market. The Infectious
Disease Society of America (IDSA) and others have called on
the Center for Medicine & Medicaid Services for an improved
Medicare reimbursement strategy for antimicrobial agents [45].
The IDSA proposal strikes a balance between patient-centered
care and drug developer needs. The proposal is patient-centered
and allows a positive return on the investment associated with
antimicrobial R&D.

The IDSA proposal requires hospitals to implement anti-
microbial stewardship programs that are consistent with US
Centers for Disease Control and Prevention recommendations.
The proposal encourages patient-centered new and appropriate

antimicrobial agent use through antimicrobial stewardship
programs while generating antimicrobial agent use and re-
sistance pattern data to support future stewardship decision
making. The proposal allows a positive return to drug manufac-
turers by decoupling the cost of new antimicrobial agents from
the standard Medicare Diagnosis-Related Group payment. The
ultimate goal of the IDSA proposal is to improve patient care by
improving current and future antimicrobial stewardship prac-
tices while stabilizing the antibiotic marketplace.

Another strategy that merits serious discussion involves the
re-evaluation of susceptibility breakpoints of old antimicrobial
agents using the same standards applied to that of new agents.
Like that suggested by the IDSA, this proposal is also patient-
centered and allows for a positive return on the investment for
drug developers. A scientifically justified adjustment in the sus-
ceptibility breakpoints of old antimicrobial agents that is con-
sistent with modern standards will aid antimicrobial stewardship
efforts for new and old agents alike. In particular, changes to sus-
ceptibility breakpoints for older antimicrobial agents can help
with the effort to clearly characterize the prevalence of anti-
microbial resistance and better identify patients receiving legacy
antimicrobial agents who are at risk for clinical failure. Such in-
formation will in turn help define the role of new antimicrobial
agents. The implementation of this proposal will also improve
patient safety. As illustrated by the example of amikacin and
plazomicin against Enterobacteriaceae in the companion paper
by Ambrose et al [11], the impact of such changes can dramat-
ically affect the number of isolates that would be categorized
as amikacin-resistant and thus, better define when plazomicin
might be a better choice amongst the aminoglycosides.

United States Antimicrobial Susceptibility Test (USCAST)
committee members recently reviewed how susceptibility
breakpoints for old antimicrobial agents were determined and
how their adjustment can impact the perceived utility of an old
relative to a new antimicrobial agent. In addition, they described
the data and analysis needs to systematically re-evaluate sus-
ceptibility breakpoints for old antimicrobial agents [11]. Using
such a process, this group has undertaken the review of suscep-
tibility breakpoints for older antimicrobial agents, including the
fluoroquinolones and aminoglycosides [46, 47]. There are many
important benefits that could be realized by the implementation
of corrected susceptibility breakpoints. The reliable prediction
of the efficacy of potential antimicrobial dosing regimens based
on the use of corrected susceptibility breakpoints will allow for
the optimization of antimicrobial therapy for individual pa-
tients. This is essentially the goal of antimicrobial stewardship
activities. Correction of the susceptibility breakpoints for old
agents will allow for the characterization of antimicrobial resist-
ance for old and new agents based on the same criteria. An ac-
curate characterization of antimicrobial resistance will allow for
a better understanding of the pathogens and associated infec-
tions for which new antimicrobial agents are needed. Because
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antimicrobial resistance has been underestimated to date due to
poor susceptibility breakpoints, the commercial benefit of new
agents for certain patient populations will be more apparent,
which, in turn, should reincentivize drug development.

CONCLUSIONS

Herein, various push and pull incentives to stimulate antimicro-
bial drug development are described. Although all of these
strategies will be important to ensure that antimicrobial agents
are developed in the decades to come, the correction of sus-
ceptibility breakpoints for old agents is a strategy that could be
implemented quickly, and one that could be the most effective
for incentivizing drug developers and financiers to reconsider
the development of antimicrobial agents. However, even with
the promise of all of these strategies, including corrected sus-
ceptibility breakpoints, it is important to consider the societal
need for antimicrobial agents, one that cannot be accurately
reflected by current or improved financial models. As recently
suggested by Rex and Outterson [48], antibiotics represent a
valuable form of insurance, given that these agents resemble the
“fire departments” or “fire extinguishers” of medicine. Like fire-
fighting infrastructure, antimicrobial drug development must
be protected and fostered in advance of the need of such agents.
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