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Estimating the Size of the U.S. Market for New Antibiotics
with Activity against Carbapenem-Resistant Enterobacteriaceae
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University of Pittsburgh, Department of Medicine, Pittsburgh, Pennsylvania, USA

New antibiotics with activity against carbapenem-resistant Enterobacteriaceae (CRE) improve outcomes of CRE-infected patients. However, companies developing these drugs have faced ﬁnancial difﬁculties. Sales of ceftazidime-avibactam,
meropenem-vaborbactam, and plazomicin in the United States totaled $101 million
from February 2018 to January 2019. We estimate that the current annual U.S. market for new anti-CRE antibiotics is $289 million (range, $169 to $439 million). Without new antibiotic development models and/or reimbursement reform, the majority
of anti-CRE drugs will be commercially inviable.
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C

arbapenem-resistant Enterobacteriaceae (CRE) are estimated to cause 1.5 to 4.5
million infections requiring hospitalization worldwide each year, including 19,000
to 49,000 such infections in the United States (1). The development of antibiotics with
activity against CRE is endorsed as an urgent medical priority by health care organizations globally (2). Since 2015, ﬁve such agents (ceftazidime-avibactam, meropenemvaborbactam, plazomicin, eravacycline, and imipenem-cilastatin-relebactam) have been
approved by the U.S. Food and Drug Administration (FDA) (Table 1). Observational
studies and randomized trials have shown that ceftazidime-avibactam, meropenemvaborbactam, and plazomicin are signiﬁcantly more effective and less toxic in treating
CRE-infected patients than polymyxin-based (colistin or polymyxin B) or other previous
salvage regimens (3–7).
We recently estimated that these three new agents were used to treat 23% (range,
16% to 42%) of CRE infections in the U.S. from February 2018 to January 2019, and that
their monthly use against CRE infections surpassed that of intravenous polymyxins in
December 2018 (3). In a survey of U.S. hospital-based pharmacists, the new drugs were
positioned as ﬁrst-line against 67.5% of CRE infections. Therefore, we estimated the
drugs were employed against only 35% (range, 23% to 62%) of CRE infections in which
their use was expected based on positioning (3). These data are noteworthy because
companies developing ceftazidime-avibactam, meropenem-vaborbactam, and plazomicin have struggled ﬁnancially (8). Our objectives in this study were to report sales
data and estimate the size of the U.S. market for new anti-CRE antibiotics. We anticipated that results would provide important insights into the ﬁnancial viability of the
marketplace, even as other agents targeting CRE receive FDA approval or move
through early and late-stage development.
We obtained data on numbers of units sold and sales ﬁgures for ceftazidimeavibactam, meropenem-vaborbactam, and plazomicin from IQVIA (Durham, NC). We
used our previous estimates of CRE infections treated (n ⫽ 7,941, February 2018 to
January 2019) or anticipated to be treated (n ⫽ 22,950; range, 12,825 to 34,055) with
new anti-CRE agents to determine market size (U.S. dollars). Eravacycline and
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TABLE 1 Approved and late-pipeline antibiotics with activity against carbapenem-resistant Enterobacteriaceae
Spectrum of activity in vitro
CREf
Active against KPC and
OXA48 producers
Active against KPC producers

Status
FDA approved, February 2015

Meropenem-vaborbactam

FDA approved, August 2017

Plazomicin

FDA approved, June 2018

Eravacycline

FDA approved, August 2018

Imipenem-cilastatinrelebactam
Ceﬁderocol

FDA approved, July 2019

Active against KPC producers

Phase 3 enrollment complete,
data pending

Active against KPC, OXA48,
and MBL producers

Active
and
Active
and

against KPC, OXA48,
MBL producers
against KPC, OXA48,
MBL producersd

Other MDR Gram-negative
bacteriag
Active against MDR Pseudomonas
speciesb
Activity against Pseudomonas
species is equivalent that of to
meropenem
Active against MDR Pseudomonas
speciesc
Inactive against Pseudomonas;
active against MDR Acinetobacter
and Stenotrophomonas species
Active against MDR Pseudomonas
speciese
Active against MDR Pseudomonas,
MDR-Acinetobacter,
Stenotrophomonas, and
Burkholderia species

Salesa
$92.4 M
$7.9 M

$0.7 M
NAd

NAe
NA

aU.S.

sales for February 2018 through January 2019 (IQVIA, Durham, NC). M, million; NA, not applicable.
is positioned primarily as an anti-CRE agent since other agents are more active against many MDR and carbapenem-resistant Pseudomonas.
cPlazomicin activity against Pseudomonas is generally insufﬁcient for use as monotherapy against systemic infections.
dEravacycline is more potent than tigecycline, an earlier tetracycline with some anti-CRE activity. The role of eravacycline in treating CRE infections is unclear since
clinical data remain limited. Based on activity against anaerobic bacteria, the agent may be positioned against intra-abdominal infections. There were limited sales
data for eravacycline through January 2019.
eImipenem-cilastatin-relebactam has excellent activity against MDR and carbapenem-resistant Pseudomonas. It may be positioned primarily as an anti-MDR
Pseudomonas and anti-KPC-producing CRE agent. Imipenem-cilastatin-relebactam was not approved during the time period under study.
fKPC, Klebsiella pneumoniae carbapenemase; OXA48, OXA48-like carbapenemase; MBL, metallo-beta-lactamase.
gMDR, multidrug resistant.
bCeftazidime-avibactam

imipenem-cilastatin-relebactam were not included in our analysis, since sales of the
former were negligible through January 2019 and the latter was not approved by FDA
until July 2019.
Monthly sales of ceftazidime-avibactam, meropenem-vaborbactam and plazomicin
in the United States were calculated as 3-month moving averages (Fig. 1). Between
February 2018 and January 2019, estimated sales of these agents were $92.4, $7.9, and
$0.7 million, respectively (Table 1). Combined sales during this 12-month period were
$101 million. Based on anticipated use of agents against CRE infections, we calculate
that the current annual U.S. market for new anti-CRE antibiotics is $289 million (range,
$169 to $439 million).
Anti-CRE agents are case studies for difﬁculties facing companies developing new
antibiotics. These drugs address a major, previously unmet medical need, and improve patient outcomes compared to previous treatments. Nevertheless, Allergan and
the Medicines Company have sold off ceftazidime-avibactam and meropenemvaborbactam, respectively, after realizing insufﬁcient returns, and Achaogen declared
bankruptcy after losing ⬎$450 million developing plazomicin (8). Despite activity
against some other multidrug-resistant (MDR) Gram-negative bacteria, these drugs are
positioned at hospitals primarily as anti-CRE agents (Table 1) (3). The new anti-CRE
antibiotic market we describe is likely too small to sustain multiple agents unless
spectra of activity are expanded or clinicians demonstrate greater willingness to
prescribe drugs empirically. To put our data in perspective, a billion dollars in incentives
is believed to be necessary to ensure viability of a new antibiotic (9, 10). To be proﬁtable
and sustainable, new biopharmaceutical companies generally target about $300 million
in annual revenue (https://www.quora.com/On-average-how-long-does-it-take-for-a
-bio-pharmaceutical-company-to-become-proﬁtable-after-inception/answer/Antoun
-Nabhan). Market prospects will become even more daunting as more anti-CRE drugs
are approved.
A recent paper endorsed a nonproﬁt antibiotic development model (9). Uncertainties of this intriguing proposal include whether nonproﬁts are more likely than forDecember 2019 Volume 63 Issue 12 e01733-19
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proﬁt companies to develop high-priority antibiotics that improve patient outcomes
while limiting redundancy in coverage, to discover or select drug development “winners,” and/or to tolerate lack of early-stage revenue and subsequent low sales. Indeed,
the Achaogen experience serves as a cautionary tale; the company received approximately $225 million in nondilutive, pre-FDA approval “push” funding to support its
drug development program from government and public-private sources, including
the U.S. Biomedical Advanced Research and Development Authority (BARDA) and the
nonproﬁt Combating Antibiotic Resistant Bacteria Biopharmaceutical Accelerator
(CARB-X) partnership (11; Alan Carr, personal communication).
Regardless of the entity developing antibiotics, we believe that ﬁnancial “pull”
incentives are crucial for sustainability (3, 10). Along these lines, multifaceted reforms
to in-hospital reimbursement for antibiotics that target resistant infections by the
Centers for Medicare and Medicaid Services (CMS), scheduled for implementation in or
around October 2019 as part of the ﬁscal year 2020 Final Rule, are a major step forward
(11, 12). CMS has waived the “substantial clinical improvement” criterion for qualiﬁed
infectious diseases product (QIDP) antibiotics to be eligible for new technology add-on
payments (NTAP), an important development, since antibiotics generally are approved
by the FDA based on noninferiority data for treatment of predominantly non-MDR
infections (13). In addition, NTAP payments to hospitals for QIDP antibiotics have been
increased by 50%, which should encourage more rapid formulary decisions about new
agents and offset at least some of the excess costs of their use. Finally, International
Statistical Classiﬁcation of Diseases and Related Health Problems-10 (ICD-10) codes
have been adjusted to increase the complexity of diagnosis-related group (DRG)
December 2019 Volume 63 Issue 12 e01733-19
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FIG 1 Monthly sales of ceftazidime-avibactam, meropenem-vaborbactam, and plazomicin in the United States. Sales data are presented as 3-month moving
averages in U.S. dollars, beginning with the introduction of ceftazidime-avibactam to the market. The dip and subsequent rebound in sales of ceftazidimeavibactam in 2016 and 2017 corresponded to a nationwide supply shortage of the drug and its resolution.
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classiﬁcations relevant to antibiotic-resistant infections, thereby increasing bundled
reimbursements. As valuable as these steps are, NTAPs last for only 3 years, and
increased reimbursements will not cover the full costs of QIDP antibiotics. Bipartisan
legislation (the Developing an Innovative Strategy for Antimicrobial Resistant Microorganisms [DISARM] Act) has been introduced in the U.S. Congress that would codify and
extend CMS reforms by carving out QIDP-designated antibiotics and antifungals from
the DRG and by reimbursing hospitals for use of these drugs at 2% above cost (14, 15).
Both the revised Final Rule and DISARM Act acknowledge the essential role of antimicrobial stewardship in reinforcing the effectiveness of payment reforms. CMS have
established that the institution of stewardship and infection control programs will be
a condition for hospital participation in Medicare (11).
An unexplored reform is to classify antibiotics against high-priority, MDR bacteria as
orphan drugs. The Orphan Drug Act (ODA), passed by U.S. Congress in 1983, offers
research and development (R&D) tax credits, fee waivers, and extended market exclusivity to drugs against rare diseases (16). Historically, antibiotics against resistant
pathogens have not been considered eligible because they can be used to treat
common, susceptible infections. The ODA originally stipulated a commercial viabilitybased deﬁnition of a rare disease as one occurring so infrequently in the United States
that there was “no reasonable expectation” that R&D costs would be recovered (17). In
1984, however, a prevalence-based modiﬁcation was added to the deﬁnition that also
allowed for diseases affecting fewer than 200,000 people in the United States regardless of prospects for commercial viability (16). In 2018, over half of new FDA-approved
drugs had orphan designations, and orphan drugs comprised some of the most
expensive and proﬁtable products in the world (16–18). Companies increasingly “salami
slice” drugs against relatively common diseases into orphan agents that target “rare”
subsets of these diseases, such as biomarker-deﬁned cancers or cystic ﬁbrosis deﬁned
by speciﬁc mutations (17–19). Often, clinical trials employ surrogate endpoints that
lower treatment success thresholds (e.g., slowing tumor growth rather than improving
survival) and shorten time to approval (16, 19). Moreover, many orphan drugs have
gained much broader, lucrative markets after approval (18). These developments invite
the question of why life-saving, anti-CRE antibiotics should not be granted orphan
status. In the bigger picture, there is growing debate about whether the intent of the
ODA has been subverted and if the legislation should be revised so that resources are
better allocated to drugs marginalized by market forces (16–19). Anti-CRE antibiotics
are prototypes of such drugs.
Our market size calculations were based on estimates of numbers of CRE infections
and positioning of new agents nationally, and current drug prices. It is plausible that
market size will change as epidemiology or drug prices evolve. Moving forward, use of
the recently approved antibiotic imipenem-cilastatin-relebactam and the late-pipeline
agent ceﬁderocol (if FDA approved) may prove telling for the ﬁeld. Imipenem-cilastatinrelebactam has excellent activity against MDR Pseudomonas species (20), and Merck
may be able to leverage resources and experience that were unavailable to smaller
companies introducing previous agents. Ceﬁderocol, a siderophore cephalosporin from
Shionogi, has a novel mechanism of action and spectrum of activity that includes CRE
expressing metallo-beta-lactamases and MDR, nonfermenting Gram-negative bacteria
(21). Economic inviability of these agents, coupled with the earlier commercial failures
mentioned above, would likely have a chilling effect on biopharmaceutical companies
and investors contemplating whether to pursue antibiotic development. The steady
but slow uptake of new anti-CRE agents and continued use of polymyxins attest to the
need for research into economic and behavioral factors that inﬂuence antibiotic
prescribing and stewardship practices (3). It is also imperative that infectious diseases
clinicians and professional societies face their responsibilities in shaping public policy,
educating other health care professionals, and developing and disseminating timely
guidelines for the most appropriate use of new and older antibiotics. As an immediate
priority, education and guidelines must state clearly that polymyxins or other salvage
aac.asm.org 4
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drugs are no longer justiﬁable therapeutic choices against the vast majority of CRE
infections (3).
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