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ABSTRACT

Introduction: Guidelines for treatment of
multidrug-resistant (MDR) bacteria rely on
newly approved antibiotics, with limited evi-
dence of their effectiveness for treating these
infections. Data regarding cost of such an
approach are lacking. We aimed to evaluate
estimated cost of using newly approved antibi-
otic drugs compared to older antibiotics for the
treatment of difficult-to-treat pathogens.
Methods: MDR bacteria of interest included
those defined by the World Health Organiza-
tion as critical or of high priority for research.
Old and newly approved antibiotics for these
bacteria, defined as approved before or after

January 2010, respectively, were evaluated for
treatment cost and for 14-day treatment course.
Estimated annual costs were calculated based on
the Centers for Disease Control and Preven-
tion’s’ report on MDR bacteria prevalence in US
hospitalized patients. Old and new drugs costs
were compared.
Results: The cost of a 14-day treatment course
for methicillin-resistant Staphylococcus aureus
bacteremia with a newly approved drug was
found to be 6 to 60 times higher than that of
older drugs. Similarly, the cost of a 14-day
course for carbapenem-resistant Enterobac-
terales or MDR Pseudomonas aeruginosa was
doubled with new drugs; and for carbapenem-
resistant Acinetobacter baumannii,* 20 times
higher with newer drugs. Annual incremental
costs of treating difficult-to-treat Gram-negative
bacteria with new drugs ranged from 30 million
to over 500 million USD.
Conclusions: Using newly approved antibiotic
drugs for MDR infections carries a large incre-
mental cost. Additional data to support survival
benefit of these drugs are required to justify the
price differences. Subgroups of patients who
would benefit most from treatment should be
defined.
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Key Summary Points

Why carry out this study?

Guidelines for treatment of multidrug-
resistant (MDR) bacteria rely on newly
approved antibiotics.

We aimed to assess how much would it
cost to base treatment for multidrug-
resistant bacterial infections on those new
antibiotics.

What was learned from the study?

Annual incremental cost of new
antibiotics could reach 30–500 million
USD for some bacteria.

Lack of solid evidence for superior
effectiveness of new antibiotics for these
bacteria complicates treatment decisions.

Cost should be part of the discussion while
considering use of newly approved
antibiotics until further evidence for
effectiveness accumulates.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13663976.

INTRODUCTION

Multidrug-resistant (MDR) bacterial infections
are a growing problem worldwide. According to
a recent Centers for Disease Control and
Prevention (CDC) report, over 2.8 million cases
of antibiotic-resistant infections occur annually
in the US, resulting in over 35,000 deaths [1]. In
addition to the medical challenges posed by
these infections, they also constitute a public
health and economic burden. The spending for

one MDR infection has been reported to be
165% higher than for non-MDR infection, with
an incremental cost of 1383 USD. This has been
translated to a national annual cost of 2.2 bil-
lion USD in 2014, mostly attributed to antibi-
otic costs [2, 3].

Recently, the Infectious Diseases Society of
America (IDSA) issued guidelines for treatment
of antimicrobial-resistant Gram-negative bacte-
ria. Newly approved drugs dominate treatment
recommendations in these guidelines, although
their effectiveness for specific MDR infections is
supported by limited evidence for survival
benefit [4, 5].

We aimed to evaluate the estimated cost of
using newly approved antibiotics compared to
old antibiotics for the treatment of specific dif-
ficult-to-treat pathogens.

METHODS

We searched the US Food and Drugs Adminis-
tration (FDA) website for antibacterial drugs
with in vitro activity against specific MDR
ESKAPE bacteria [vancomycin-resistant Entero-
coccus faecium (VRE), methicillin-resistant Sta-
phylococcus aureus (MRSA), carbapenem-
resistant Klebsiella pneumoniae, carbapenem-re-
sistant Acinetobacter, MDR Pseudomonas aerugi-
nosa, and carbapenem-resistant Enterobacter
spp.) [6]. ESKAPE pathogens were chosen as
bacteria of interest based on World Health
Organization definition of these bacteria as
critical or high priority for research and drug
development [7]. Drugs approved between 1
January 2010 and 14 November 2020 were
included, and were considered ‘‘new’’ [6]. For
each resistant pathogen, we created a list of
potentially covering antibiotics, divided into
‘‘old’’ and ‘‘new’’ according to approval before
and after 1 January 2010, respectively [4, 6, 8].
Drugs not approved for use in the US were
excluded (teicoplanin, intravenous fos-
fomycin). For each drug, the cost per day and
for a 14-day treatment course were determined
using the IBM Micromedex Red Book website
[9]. The annual price of treating each bacteria
using its individual drug options was calculated
by multiplying the cost of a 14-day treatment
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course and the estimated number of annual
infections, as detailed in the recent CDC report
[1] (see details regarding cost calculation in
Supplement 1). Ethical approval was not
required for this study, as data were collected
from public databases.

RESULTS

The list of included bacteria, their relevant ‘‘old’’
and ‘‘new’’ drugs, and daily costs are provided in
Table 1.

For VRE, the most commonly used old drug
cost for a 4-day treatment course ranged
between 1093 USD (daptomycin) and 2188 USD
(linezolid), and reached up to 6989 USD (tige-
cycline) and 8595 USD (telavancin). New drug
options for VRE are limited, and include
omadacycline (6200 USD per course), and ori-
tavancin (2987 USD per course of one dose).

For MRSA bacteremia, a 14-day course of the
new drug ceftaroline would cost over six times
more than a course of daptomycin (6778 vs.
1093 USD), and * 60 times the cost of 14 days
of vancomycin, the current first-line treatment
for these infections [10]. For other sources of
infection, the costs of old drugs are also signif-
icantly lower for MRSA pneumonia, with
14 days of ceftaroline or lefamulin treatment
costing at least 2–3 times more than for line-
zolid and 40–60 times than for vancomycin,
while, for skin and soft tissue infections, clin-
damycin, trimethoprim-sulfamethoxazole, and
doxycycline would have negligible costs com-
pared to lipoglycopeptides, delafloxacin, or
omadacycline (Table 1).

For MDR Gram-negative infections, treat-
ment with old drugs is based on various com-
binations of colistin, tigecycline, meropenem,
and aminoglycosides. Recent IDSA guidelines
recommend as preferred treatments for car-
bapenem-resistant Enterobacterales (CRE) and
difficult-to-treat Pseudomonas aeruginosa mainly
new drugs, including ceftazidime-avibactam,
ceftolozane-tazobactam, meropenem-vaborbac-
tam, imipenem-relebactam, and cefiderocol [4].
A treatment course with any of these would cost
double that for the colistin-tigecycline combi-
nation and * 20 times the cost of colistin

monotherapy, commonly used for Car-
bapenem-resistant Acinetobacter baumannii
(CRAB) infections [11].

Considering 8500 annual CRAB infections in
hospitalized patients [1], treating all of them
with cefiderocol instead of colistin would have
an annual incremental cost of * 150 million
USD, 20 times that of colistin, based on ran-
domized controlled trials (RCT) showing
increased mortality with the former drug [12].
Similarly, the additional treatment cost of 3100
annual carbapenem-resistant Enterobacteri-
aceae infections with ceftaizidime-avibactam
over the colistin-tigecycline combination would
have an incremental cost of * 31 million USD,
more than doubling the cost. For 32,600 MDR P.
aeruginosa annual cases, imipenem-relebactam
treatment would cost 577 million USD more
than amikacin, 69 times the cost of the older
drug.

DISCUSSION

Infections with ESKAPE pathogens are life-
threatening, severe infections, carrying sub-
stantial mortality. Preventive strategies have
accomplished a reduction/stabilization in the
number of ESKAPE infections in the US [1]. Yet,
highly resistant Gram-negative infections were
recently estimated to require between 39 and
138.2 days of therapy for 10,000 patient
encounters. In other countries, rates are even
higher, with over 10% of Gram-negative bac-
teremias caused by difficult-to-treat resistant
pathogens [13].

Due to the severity and poor outcome of
these infections, development of new drugs has
been prioritized by policy-makers. Four years
after FDA’s approval of ceftazidime-avibactam,
new anti-CRE drugs were reported to be used
less widely than expected. Explanations sug-
gested for the relatively low uptake (estimated
at 35%) include high cost, shortage or non-
availability issues, and lack of evidence from
RCTs supporting superior efficacy and safety
[14]. Ongoing emergence of resistance to these
new drugs could also contribute to the restricted
use, as well as delays in the availability of sus-
ceptibility testing methods [13, 15]. Even with
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restricted use, annual sales of ceftazidime-av-
ibactam, meropenem-vaborbactam, and pla-
zomicin in 2018–9 were estimated at 101
million USD, while it has been estimated that,
with a 100% uptake, the cost would have been
289 million [13].

Recent IDSA guidelines for the treatment of
difficult-to-treat Gram-negative infections rely
mainly on new antibiotics [4]. Recommenda-
tions in these guidelines were based on obser-
vational studies and two small RCTs, showing
mortality benefit of meropenem-vaborbactam
for carbapenem-resistant Enterobacterales
infections and imipenem-relebactam for MDR
Pseudomonas infections [16]. Cefiderocol, as
treatment for carbapenem-resistant Gram-neg-
ative bacteria, was demonstrated to result in
increased all-cause mortality compared with
colistin-based therapy in the only RCT pub-
lished for this indication [12].

We found that the incremental cost of
selecting new drugs over older ones could reach
hundreds of millions of USD annually, with
limited evidence for superior effectiveness.
These costs were calculated for hospitalized
patients, not considering the increased burden
of such infections in other institutional sites of
care, such as nursing homes.

Trials addressing new drugs specifically for
highly resistant pathogens are scarce, and the
evidence for the use of some of these drugs is
sometimes very poor. We found that using the
ceftaroline for MRSA bacteremia, which has
never been tested in an RCT, would cost 60
times the cost of vancomycin. Nevertheless,
Gram-positive infections are less of a problem
compared to Gram-negative ones. Many
options are available for treating skin and soft
tissue infections caused by MDR Gram-positive
infections, and the choice of using new drugs
may be only for the purpose of oral step-down
or the use of single-dose administration. For
Gram-negative bacteria, clinicians may face
infections that are resistant to all older drugs,
since resistance to colistin and meropenem
have increased, and the use of new drugs would
likely be necessary. Regarding Gram-negative
infections, the annual cost of cefiderocol for
CRAB infections was estimated to be 20 times
that of colistin. The only RCT comparing the

two showed increased all-cause mortality with
cefiderocol [12, 17]. Trials like the latter,
specifically including patients with MDR infec-
tions, are difficult to conduct. Their perfor-
mance involves identifying a sufficient number
of patients with a possibly life-threatening
infection, and obtaining their consent to
receive an old drug perceived to be less effective.

It should be noted that our cost analysis is
limited to the situation in the US. Hence, the
generalization of our data may be limited, and
may depend on the cost of the drugs in other
countries, the epidemiology of resistant bacte-
ria, and the availability of new drugs.

The discussion regarding antibiotic cost may
change in the near future if the UK’s innovative
‘subscription-type’ payment model gets broad
acceptance. In this model, the UK’s National
Health Service will pay a bulk sum for an annual
payment to pharmaceutical companies, pur-
chasing the whole yearly supply of necessary
antibiotics based on the health benefits to
patients according to NHS consideration. This
will likely negate the need to specifically con-
sider the price of each antibiotic before treating
a patient, and is also thought to be able to
secure a constant pipeline of new antimicro-
bials, by providing companies with an upfront
payment which can be used in future develop-
ment ventures. Two antibiotic drugs that were
first selected for purchase in this model are
cefiderocol and ceftazidime-avibactam [18].

CONCLUSIONS

Older drugs have limited effectiveness and some
have considerable toxicities [4]. The develop-
ment of new drugs is of high priority, and their
use may provide important benefits for patients,
including a survival benefit. Nevertheless,
additional proof of such benefits should come
from clinical trials, and drug prices should be
part of the discussion while considering the use
of these drugs. Local protocols regarding
antibiotic use should take into account regional
costs and the availability of new antibiotics, in
addition to the epidemiology of various MDR
bacteria. Assessment of the risk of toxicity and/
or reduced effectiveness should be conducted
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on a case-by-case basis prior to decisions on an
antibiotic regimen. Subgroups of patients who
would benefit most from these new, expensive
drugs, should be defined, and include popula-
tions often excluded or under-represented in
RCTs, e.g., immunocompromised patients,
patients with baseline renal dysfunction, and
elderly patients. Future studies should include
these patients and report results specifically for
these subgroups.
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