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Multidrug-resistance (MDR) among Gram-neg-
ative bacteria represents an urgent public health
threat that continues to escalate as these
pathogens relentlessly spread and acquire new
resistant determinants [1]. Carbapenems have
traditionally fulfilled a critical role in the treat-
ment of MDR infections. The global dissemi-
nation of beta-lactamases capable of
hydrolyzing carbapenems has therefore forced
clinicians to resort to last-line agents, such as
the polymyxins, aminoglycosides and tigecy-
cline, which lack robust efficacy data and carry
the potential for significant toxicity [2]. Partly

due to the paucity of safe and effective treat-
ments, crude mortality rates approaching 50%
are often documented in patients infected with
carbapenem-resistant Enterobacteriaceae (CRE)
[3–6]. Developing novel antibiotics that remain
stable against these enzymes has proved
tremendously challenging for the pharmaceu-
tical industry [1]. An alternative strategy,
whereby the activity of an existing agent is
restored by combining it with a novel beta-lac-
tamase inhibitor, has, however, translated into
initial progress in the battle against MDR
pathogens. The first of these combinations to
enter the clinic, ceftazidime-avibactam,
demonstrated superior outcomes in comparison
with older, more toxic regimens in small
observational studies of patients with CRE
infections [7, 8]. However, suboptimal response
in certain patient populations (i.e. those with
pneumonia or receiving renal replacement
therapy), as well the development of on-therapy
resistance in up to 10% of patients, underscores
the urgent need for continued antibiotic inno-
vation [9, 10].

In this issue, Wunderink and colleagues
report the results of a pathogen-specific, Phase
III, multinational, open-label, randomized,
controlled trial (TANGO II) comparing the
novel carbapenem-beta-lactamase inhibitor,
meropenem-vaborbactam, with best available
therapy (BAT) for the treatment of serious CRE
infections. Pathogen-specific clinical trials
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represent a new paradigm for antibactierial drug
development [11]. In the case of infections
caused by MDR pathogens, there is a critical
need for novel therapies that are effective irre-
spective of the primary source of infection.
Therefore, pathogen-specific trials may provide
more clinically useful information than tradi-
tional clinical trials used to gain regulatory
approval that focus on a specific infectious dis-
ease syndrome, generally in patients at low risk
for antimicrobial resistance [11]. TANGO II
included patients with CRE bloodstream infec-
tion, hospital-acquired or ventilator-associated
pneumonia (HAP/VAP), complicated intra-ab-
dominal infection or complicated urinary tract
infection. The clear strengths of the trial, in
addition to a pathogen focus, include the
prospective design, randomization, stratifica-
tion by infection type, inclusion of medically
complicated patients, and blinded evaluation of
outcomes by both the local site investigator and
an adjudication committee. Among patients
with a confirmed CRE infection, those assigned
to meropenem-vaborbactam experienced
higher rates of clinical cure, reduced all-cause
mortality and lower nephrotoxicity versus those
assigned to BAT.

Do these positive results finally establish an
antibiotic as the preferred standard of care for
CRE infections? Although the investigators are
to be applauded for their meticulous execution
of a clinical trial in a complex patient popula-
tion, there are some limitations that need to be
considered when drawing specific conclusions
from these data. First, a total of only 77 patients
were randomized, of whom 47 had a confirmed
CRE infection. The present relatively low fre-
quency of CRE infections provides a very small
patient-pool from which clinical trials can
recruit, and hence trials like TANGO II must be
global, recruiting patients from countries with
differing standards of care, approved compara-
tor antibiotics, and regulatory frameworks.
Furthermore, patients with serious CRE infec-
tions are often acutely ill, requiring intensive
adjunctive care that may make obtaining con-
sent for enrolment difficult [3, 11]. Perhaps due
to difficulties in consenting more critically ill
patients, in the present study, less than 20% of
patients required intensive care unit (ICU)

admission and fewer than 50% presented with
the systemic inflammatory response syndrome
(SIRS), suggesting overall a lower acuity of ill-
ness than is often seen in real-world practice,
where approximately 50% of patients with CRE
infections have required ICU care [7, 12].
Patients with CRE infections also typically carry
a substantial burden of chronic comorbidity
and immunocompromising conditions
[3, 7, 12]. These characteristics were well repre-
sented in the TANGO II cohort, with over 50%
having a Charlson Comorbidity Index score
above five and nearly one-third categorized as
immunocompromised. This low baseline health
status, however, portends a poor prognosis
irrespective of antibiotic efficacy and compli-
cates attempts to correlate crude and
attributable mortality. Baseline and infection-
induced organ dysfunction is also relatively
common in patients with MDR infections,
leading to unpredictable and variable drug
pharmacokinetics [3]. Although this may make
target drug level attainment more challenging,
inclusion of such patients in clinical trials pro-
vides valuable data on the effectiveness and
safety of adjusted dosing strategies. It is disap-
pointing then that only approximately 10% of
patients in TANGO II had severe renal impair-
ment (estimated creatinine clearance\30 mL/
min) and that those requiring continuous renal
replacement were excluded. Finally, the lack of
a clear consensus in the preferred treatment
strategy for CRE infections leaves no standard
basis for comparison. This was illustrated by the
ten different single agent or combination regi-
mens used in the BAT arm. Although it may be
argued that ceftazidime-avibactam has emerged
as the drug of choice in many regions, it is also
notable that this agent was administered to
only one patient in the BAT group.

Despite these largely unavoidable limita-
tions, the findings of the study do contain
potentially valuable efficacy and safety insights.
First, with regards to in vitro activity, although
meropenem-vaborbactam minimum inhibitory
concentrations (MICs) were not reported, 12%
(5/41) of K. pneumoniae isolates were reported to
show baseline meropenem-vaborbactam resis-
tance (MIC[ 4/8). Four of these isolates pro-
duced metallo-beta-lactamases or class D
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carbapenemases (against which vaborbactam is
known to be inactive [13]), while the remaining
isolate produced KPC-3. Although rare, surveil-
lance studies have documented pre-existing
meropenem-vaborbactam resistance among
KPC-producing K. pneumoniae, typically medi-
ated by increased KPC expression and/or
mutations to ompK35 and ompK36 [13, 14].
These findings attest to the critical need for
rapid diagnostic tests that are capable of
detecting both genetic markers of resistance and
antimicrobial susceptibilities. Although it is
important not to draw firm conclusions from
the small number of isolates tested, it is
encouraging that the specter of on-therapy was
not raised in this study, with all follow-up cul-
tures from patients in the meropenem-vabor-
bactam group (n = 32), maintaining
susceptibility. One organism did develop a
fourfold increase in MIC during treatment, but
the follow-up MIC remained within the sus-
ceptible range (1 mg/L). It is reasonable to
speculate that the stability of meropenem to
extended-spectrum beta-lactamases and AmpC
enzymes, together with preserved activity in
high inoculum infections [15, 16], may provide
a stronger antibiotic backbone compared to
cephalosporins when co-formulated with car-
bapenemase inhibitors.

In terms of patient outcomes, the overall
28-day mortality of 16% in the meropenem-
vaborbactam group does suggest progress in the
battle against CRE, although it must be
remembered that over one-third of patients had
a low-risk urinary source of infection. Notably,
there were no deaths among the four patients
treated with meropenem-vaborbactam for CRE
HAP/VAP; the one patient treated with BAT for
HAP/VAP did, unfortunately, pass away. Per-
haps most impressively, among patients who
did not experience antibiotic failure prior to
meropenem-vaborbactam initiation (n = 23),
there was only one death. This finding under-
scores the importance of early effective therapy
in serious CRE infections and again points to
the critical role of rapid diagnostics in opti-
mizing the use of new agents. Whereas combi-
nation therapy has been the standard for CRE
infections [3, 5], even following the introduc-
tion of ceftazidime-avibactam [10, 17, 18], these

outcomes were achieved with meropenem-
vaborbactam monotherapy which, in addition,
demonstrated a favorable tolerability profile,
particularly with respect to renal adverse effects.

The outcomes in certain high-risk patient
subgroups, however, are a sobering reminder
that there is still much room for improvement
in the management of CRE infections. In
patients with positive blood culture, SIRS or
age C 65 years, 28-day mortality rates ranged
between 26 and 29% in the meropenem-
vaborbactam group (vs. 38-66% in the BAT
arm). Perhaps most alarming was that only 2 of
7 meropenem-vaborbactam patients with crea-
tinine clearance\ 50 mL/min achieved clinical
success, and mortality in this subgroup was over
40%.

To adapt to the unmet medical need caused
by infections due to the MDR pathogens, we
must advance the paradigm of antimicrobial
precision medicine. To this end, innovative,
pathogen-focused trials enrolling vulnerable
patients are essential to inform on the efficacy
and safety of novel agents in their target pop-
ulations. TANGO II has provided clinically
useful insights into the safety and efficacy of
meropenem-vaborbactam in patients with CRE
infections. Moving forward, it will be important
for the infectious diseases community to share
their experiences with meropenem-vaborbac-
tam so that additional insight can be gained
into important therapeutic questions not
addressed in this study, such as associated col-
lateral damage, emergence of resistance with
more widespread use, and the role, if any, of
combination meropenem-vaborbactam
therapy.
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