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Abstract
The global threat of the spread of carbapenem resistance in Enterobacteriaceae has led to the search for new antibacterials. 
Intravenous meropenem/vaborbactam (Vabomere™) is the first carbapenem/β-lactamase inhibitor combination approved in the 
USA for use in patients with complicated urinary tract infections (cUTIs), including pyelonephritis. Vaborbactam is a potent 
inhibitor of class A serine carbapenemases, which, when combined with the antibacterial meropenem, restores the activity of 
meropenem against β-lactamase producing Enterobacteriaceae, particularly Klebsiella pneumoniae carbapenemase (KPC)-
producing Enterobacteriaceae. Meropenem/vaborbactam demonstrated excellent in vitro activity against Gram-negative clinical 
isolates, including KPC- and extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae. In the phase 3, noninferi-
ority TANGO I trial in patients with cUTIs, intravenous meropenem/vaborbactam was noninferior to intravenous piperacillin/
tazobactam for overall success (composite of clinical cure and microbial eradication; FDA primary endpoint) and microbial 
eradication (EMA primary endpoint). In subsequent superiority testing, meropenem/vaborbactam was superior to piperacil-
lin/tazobactam for overall success. Meropenem/vaborbactam was generally well tolerated, with a tolerability profile generally 
similar to that of piperacillin/tazobactam. TANGO I did not assess the efficacy of meropenem/vaborbactam for the treatment 
of infections caused by carbapenem-resistant Enterobacteriaceae and meropenem/vaborbactam is currently not indicated for 
these patients. Available evidence indicates that meropenem/vaborbactam is a useful treatment option for patients with cUTIs.
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Meropenem/vaborbactam: clinical considerations 
in cUTI 

First carbapenem/β-lactamase inhibitor combination to 
be approved for use

Demonstrates excellent in vitro activity against Gram-
negative clinical isolates, including KPC- and ESBL-
producing Enterobacteriaceae

Noninferior to piperacillin/tazobactam in terms of clini-
cal efficacy, and has generally similar tolerability

1 Introduction

Complicated urinary tract infections (cUTIs) place a heavy 
burden on healthcare systems and are a common cause of 
hospitalization [1]. They are caused by a broad range of 
bacteria, with Enterobacteriaceae (e.g. Escherichia coli) 
being the predominant pathogen [2, 3]. Patients with cUTIs 
are usually treated with antibacterials, such as cephalo-
sporins, fluoroquinolones, aminoglycosides and carbapen-
ems (e.g. doripenem, ertapenem) [4, 5]. Carbapenems are 
highly potent, broad-spectrum β-lactam antibacterial agents, 
with a unique structure that confers protection against 
most β-lactamases [e.g. metallo-β-lactamase (MBL) and 
extended-spectrum β-lactamase (ESBL)] [6, 7], and are 
generally used as first-line empirical therapy for cUTIs [8]. 
However, the emergence and spread of carbapenem resist-
ance in Enterobacteriaceae since the 1990s poses a growing 
threat to public health worldwide [9, 10]. The US Centers for 
Disease Control and Prevention have identified carbapenem-
resistant Enterobacteriaceae as an urgent threat [11] and the 
development of new antibiotics against these bacteria has 
been recognized as a critical need by the WHO [12].
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There are several mechanisms of resistance to carbapen-
ems, including enzymatic inactivation, target-site mutation, 
porin mutations and efflux pumps [6]. Production of carbap-
enemases that can hydrolyse most β-lactams, including car-
bapenems [13], is one of the main mechanisms of resistance 
[14], with Klebsiella pneumoniae carbapenemase (KPC) 
being the most common carbapenemase in the USA [13]. 
Restoring the activity of β-lactams by combining them with 
β-lactamase inhibitors (BLIs) has been an effective strategy 
to overcome β-lactamase-mediated resistance to β-lactams, 
with ceftazidime/avibactam and ceftolozane/tazobactam 
combinations currently approved for use in patients with 
cUTIs [15, 16]. However, KPC is poorly inhibited by older 
BLIs (e.g. clavulanic acid and tazobactam); this led to the 
development of vaborbactam, a first-in-class boronic acid 
transitional state inhibitor (BATSI) that potently inhibits 
class A carbapenemases (particularly KPC), thereby restor-
ing the activity of carbapenems against KPC-producing 
Enterobacteriaceae [15, 16]. Meropenem/vaborbactam 
(Vabomere™) is the first carbapenem/BLI combination 
approved in the USA for use in patients with cUTI, includ-
ing pyelonephritis [17]. This article reviews the efficacy and 
tolerability of intravenous meropenem/vaborbactam in this 
indication and overviews its pharmacological properties.

2  Pharmacodynamic Properties 
of Meropenem/Vaborbactam

2.1  Mechanism of Action

Meropenem, a carbapenem antibacterial agent, is stable to 
hydrolysis by most beta-lactamases produced by Gram-nega-
tive and Gram-positive bacteria, including penicillinases and 
cephalosporinases [17]. Meropenem exerts its bactericidal 
action by binding to penicillin-binding proteins (PBPs) in 
the bacterial cell wall and inhibiting peptidoglycan cross-
linking associated with cell wall synthesis, which ultimately 
leads to cell death [17–19].

Vaborbactam is a non-suicidal, broad-spectrum BATSI 
designed as a potent inhibitor of class A serine carbapen-
emases, such as KPC, NMC-A and SME-2, as well as other 
class A (e.g. CTX-M, SHV) and class C (e.g. P99, MIR) 
β-lactamases [15–17]. Vaborbactam was also shown to 
inhibit the newly discovered class A carbapenemases BKC-1 
and FRI-1 found in clinical isolates of K. pneumoniae and 
Enterobacter cloacae, respectively [20]. Class B (e.g. NDM, 
VIM) and class D (e.g. OXA-48) carbapenemases are not 
inhibited by vaborbactam [16]. Vaborbactam does not inhibit 
mammalian serine proteases [15] and does not have any anti-
bacterial activity [17, 21].

Vaborbactam protects meropenem from degradation by 
serine carbapenemases via a novel mechanism of enzyme 
inhibition. This involves the formation of a covalent adduct 
between the catalytic serine residue of β-lactamases and 
the boron moiety of vaborbactam, which mimics the tet-
rahedral transition state of β-lactamase hydrolysis [15, 
18, 22]. Biochemical studies showed that vaborbactam is 
a slow, tight-binding reversible inhibitor of KPC-2, with 
a very slow off-rate (enzyme residence time of 992 min) 
and 1:1 stoichiometry [22, 23]. It was suggested that the 
slow off-rate of vaborbactam for KPC may play an impor-
tant role in enhancing the activity of antibacterials against 
KPC-producing bacteria [16]. Vaborbactam inhibited KPC-2 
mediated hydrolysis of nitrocefin with greater potency than 
tazobactam (> 20-fold) and clavulanic acid (> 500-fold) [15, 
23]. Unlike other currently available BLIs (such as tazo-
bactam and avibactam), vaborbactam is not hydrolyzed by 
KPC [22].

In vitro, meropenem combined with vaborbactam reduced 
the minimum inhibitory concentration (MIC) values of 
meropenem by ≥ 64-fold against engineered strains and 
clinical isolates producing class A serine carbapenemases 
(e.g. KPC-2, KPC-3, SME-2, NMC-A) [15, 16], including 
strains coproducing KPC and class A ESBLs (e.g. TEM-1 
and SHV-1) [15] or KPC-producing strains carrying dere-
pressed AmpC genes [21]. Vaborbactam also restored the 
potency of meropenem against engineered KPC-producing 
K. pneumoniae strains with increased MICs because of porin 
mutations [16, 24]. Like carbapenems, vaborbactam crosses 
the outer membrane using both the OmpK35 and OmpK36 
porins, but unlike carbapenems that can use both porins with 
similar efficiency, OmpK36 appears to be the preferred porin 
for vaborbactam [16]. Vaborbactam, unlike meropenem, is 
not a substrate of the multidrug resistance (MDR) efflux 
pump AcrAB-TolC [16].

2.2  Antibacterial Activity

2.2.1  In Vitro and In Vivo Activity

This section focuses on the antibacterial activity of merope-
nem/vaborbactam against Gram-negative K. pneumoniae, E. 
coli and E. cloacae species complex microorganisms associ-
ated with cUTI (i.e. pathogens against which meropenem/
vaborbactam demonstrated efficacy in vitro and in clinical 
infections) [17]. Meropenem/vaborbactam has also shown 
good in vitro activity against isolates of a similar genus 
or organism group (e.g. Citrobacter freundii, Citrobacter 
koseri, Enterobacter aerogenes, Klebsiella oxytoca), with at 
least 90% of bacteria exhibiting an in vitro MIC  (MIC90) of 
less than or equal to the US Food and Drug Administration 
(FDA) proposed susceptibility breakpoint against Entero-
bacteriaceae (≤ 4/8 µg/mL; assessed by broth microdilution). 
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However, its efficacy in treating clinical infections caused by 
these bacteria remains to be established in adequate, well-
controlled clinical trials [17].

Meropenem/vaborbactam demonstrated excellent in vitro 
activity against Gram-negative clinical isolates, including 
KPC- and ESBL-producing Enterobacteriaceae and MDR 
Enterobacteriaceae (Table 1). Where reported, isolates were 
collected from bloodstream infections [25–28], pneumonia 
in hospitalized patients [25, 26, 28], skin/skin structure/soft 
tissue infections [25, 26, 28], UTIs [25, 26, 28, 29], intra-
abdominal infections [25, 26, 28] and other less prevalent or 
undetermined clinical specimen types [25, 26, 28].

Against contemporary Enterobacteriaceae, K. pneumo-
niae, E. coli and/or E. cloacae isolates collected worldwide, 
meropenem/vaborbactam showed potent in vitro activity that 
was greater than that of piperacillin/tazobactam (Table 1) 
[25–31]. The in vitro activity of meropenem/vaborbactam 
against Enterobacteriaceae, K. pneumoniae and E. coli 
isolates was also greater than that of cefepime and ceftazi-
dime. For example, against Enterobacteriaceae, the  MIC90 
values for meropenem/vaborbactam were 0.03–0.06 µg/mL 
versus 4–16 µg/mL for cefepime and 8–32 µg/mL for cef-
tazidime, and the susceptibility rates were 98.7–100% ver-
sus 83.9–89.6% (CLSI breakpoint)/83.2–88.4% (EUCAST) 
and 83.1–88.2% (CLSI)/79.2–85.0% (EUCAST) [25–31]. 
The  MIC90 of meropenem/vaborbactam compared with 
tigecycline was 0.03–0.06 versus 0.5–1.0 µg/mL, and the 
susceptibility rates were 98.7–100% versus 98.0–99.5% 
(FDA)/92.6–92.2% (EUCAST) [25–29]. In the pivotal 
TANGO I trial (Sect. 4), the in vitro activity of meropenem/
vaborbactam against Gram-negative clinical isolates from 
urine at baseline was consistent with that of in vitro stud-
ies, with  MIC90 values of ≤ 0.06 µg/mL for all Enterobacte-
riaceae compared with ≤ 0.5 µg/mL for meropenem, > 64 µg/
mL for piperacillin/tazobactam and cefepime, and 2 µg/mL 
for tigecycline [32]. These isolates produced one or more 
of the following β-lactamase enzymes: KPC, CTX-M,TEM, 
SHV, CMY, ACT and OXA (non-carbapenemases) [17].

Meropenem/vaborbactam had greater activity against 
its main targets, KPC-producing Enterobacteriaceae, K. 
pneumoniae, E. coli  and E. cloacae, than several other 
antibacterials, including meropenem, piperacillin/tazo-
bactam, cefepime and ceftazidime. For example, against 
KPC-producing Enterobacteriaceae, the susceptibility rates 
for meropenem/vaborbactam (99.0–99.3%; Table 1) were 
greater than the rates for meropenem (≤ 5.2%; Table 1), 
piperacillin/tazobactam (0.7%; Table 1), cefepime [1.5% 
(CLSI and EUCAST)] and ceftazidime [1.5% (CLSI)/0.7 
(EUCAST)] [25, 30, 33, 34]. The in vitro activity of mero-
penem/vaborbactam against KPC-producing Enterobacte-
riaceae was generally similar to that of tigecycline and the 
β-lactam BLI combination ceftazidime/avibactam, with sus-
ceptibility rates of 99.0–99.3% for meropenem/vaborbactam 

versus 95.8–100% (FDA)/96.3% (EUCAST) for tigecycline 
and 98.2% (FDA) for ceftazidime/avibactam [25, 33].

Meropenem/vaborbactam had generally similar in vitro 
activity against KPC-2- and KPC-3-producing Enterobac-
teriaceae isolates, with  MIC90 values of 1 µg/mL (both car-
bapenemases) and susceptibility rates of 99.2 and 98.7%, 
respectively (FDA breakpoint) [33]. There was also no 
appreciable difference in the in vitro activity of meropenem/
vaborbactam against Enterobacteriaceae isolates coproduc-
ing KPC and ESBLs and/or AmpC enzymes, and those pro-
ducing only KPC (e.g.  MIC90 0.06 µg/mL for KPC AmpC 
and 1.0 µg/mL for KPC ESBL vs. 1.0 µg/mL for KPC iso-
lates) [33].

Carbapenem-resistant Enterobacteriaceae (CRE) are 
usually resistant to most available β-lactams, including 
carbapenems, penicillins, cephalosporins and their com-
binations with BLIs [35]. Of some selected antibacterials, 
meropenem/vaborbactam and tigecycline exhibited very 
good in vitro antibacterial activity against CRE isolates 
[25–29, 31], with susceptibility rates for meropenem/vabor-
bactam (66.2–100%; Table 1) and tigecycline [99.1–100% 
(FDA)/86.1–92.5% (EUCAST)] higher than those for mero-
penem (≤ 10.4%; Table 1), piperacillin/tazobactam (≤ 6.7%; 
Table 1), cefepime [3.6–7.2% (CLSI)/1.0–6.7% (EUCAST)] 
and ceftazidime (0–6.0% (CLSI)/0–5.7% (EUCAST)] 
[25–29, 31].

Meropenem/vaborbactam also had excellent in vitro 
antibacterial activity against ESBL-producing Enterobac-
teriaceae, E. coli and K. pneumoniae (100% susceptibility; 
Table 1). Meropenem/vaborbactam in vitro activity against 
ESBL-producing Enterobacteriaceae was generally simi-
lar to that of tigecycline [susceptibility rates 100 vs. 100 
(FDA)/94.9% (EUCAST)] and numerically greater than 
that of meropenem, piperacillin/tazobactam and ceftazi-
dime [100 vs. 83.8/85.9%, 23.2/19.2% and 19.2/17.1%, 
respectively (CLSI/EUCAST)] [27]. In the TANGO I clini-
cal trial, meropenem/vaborbactam had the greatest in vitro 
activity against ESBL-producing Enterobacteriaceae, K. 
pneumoniae, E. coli and E. cloacae. For example, against 
Enterobacteriaceae, the  MIC90 for meropenem/vaborbac-
tam was 0.125 µg/mL compared with ≤ 0.5 µg/mL for 
meropenem, > 64 µg/mL for piperacillin/tazobactam, 2 µg/
mL for tigecycline and > 64 µg/mL for ceftazidime [32].

Meropenem/vaborbactam exhibited more potent in vitro 
activity against MDR Enterobacteriaceae isolates than 
meropenem, piperacillin/tazobactam, cefepime and ceftazi-
dime  (MIC90 values > 16-fold lower than the comparators), 
while its activity against XDR Enterobacteriaceae isolates 
was generally similar to that of the comparators  (MIC90 32 
vs. > 16 to > 64 µg/mL) [25]. Tigecycline exhibited potent 
in vitro activity against both MDR and XDR Enterobacte-
riaceae, with  MIC90 values of 1 and 2 µg/mL, respectively 
[25].
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Against P. aeruginosa isolates (n = 2640), meropenem/
vaborbactam demonstrated generally similar in vitro activ-
ity to that of meropenem and piperacillin/tazobactam, with 
 MIC90 values of 8–32 µg/mL for meropenem/vaborbactam 
and meropenem, and > 64 to > 128 µg/mL for piperacillin/
tazobactam, with susceptibility rates of 86.3 (FDA), 78.4% 
(CLSI and EUCAST) and 79.2% (CLSI and EUCAST), 
respectively [25].

The in vitro activity of meropenem/vaborbactam was sup-
ported by evidence from animal models of infections due to 

carbapenem-resistant K. pneumoniae, E. cloacae and E. coli 
isolates [meropenem/vaborbactam MICs ≤ 0.06 to 16 µg/mL 
(with vaborbactam 8 µg/mL)] [22, 36, 37], including murine 
models of urinary tract infection [22, 36] or neutropenic 
thigh or lung infections [37]. At human-simulated exposures 
of meropenem plus vaborbactam (i.e. 2 g of each component 
every 8 h by 3-h infusion), bacterial killing against all strains 
tested was 0.8–2.89 logs colony forming units (CFU)/tissue 
[36, 37].

Table 1  Comparative in vitro activity of meropenem/vaborbactam against Gram-negative clinical isolates

Assessed using CLSI broth microdilution methods; agar dilution method used for comparators in one study [24]. Clinical isolates were collected 
in the USA (2014 [27, 29], 2015 [26]), Europe (2014–2015 [30]), New York city (2013–2014 [24]), China (2006–2012 [34]) and worldwide 
(2000–2013 [21], 2014 [25], 2014–2015 [33], 2015 [28]). Some data available only as abstract and/or posters [26, 27, 29, 30, 34]
CLSI Clinical and Laboratory Standards Institute, CNE carbapenemase-negative Enterobacteriaceae, CPE carbapenemase-producing Entero-
bacteriaceae, CRE carbapenem-resistant Enterobacteriaceae, ESBL Extended-Spectrum β-Lactamase, EUCAST European Committee on Anti-
microbial Susceptibility Testing, KPC Klebsiella pneumoniae carbapenemase, MDR multidrug resistant, MEM meropenem, MEV meropenem/
vaborbactam, MIC90 minimum inhibitory concentration required to inhibit 90% of isolates, NR not reported, S susceptible, TZP piperacillin/
tazobactam, XDR extensively drug resistant, MBL metallo-β-lactamase
a Across all studies;  MIC90 and susceptibility not reported for all studies
b Susceptibility estimated based on US FDA susceptibility interpretive criteria
c According to CLSI or EUCAST breakpoints
d MIC90 (no. of isolates): 0.5–2.0 µg/mL (n = 15–96) [26, 27, 29], 32 µg/mL (n = 265 [25] and 330 [28]) and NR (n = 281) [31]
e Susceptibility (no. of isolates): 95.8–100% (n = 15–96) [26, 27, 29], 73.9% (n = 330) [28], 66.2% (n = 281) [31] and NR (n = 265) [25]
f Including 17 E. cloacae isolates
g Including 49 NDM, one IMP-64 and two VIM-producers [28], and 41 NDM-1 and 18 VIM-like producers [30]

Pathogen No. of  isolatesa MEV  MIC90
a 

μg/mL
MEV %Sa,b  
US FDA

MEM  MIC90
a 

μg/mL
MEM %Sa,c  
CLSI/EUCAST

TZP  MIC90
a 

μg/ml
TZP %Sa,c  
CLSI/EUCAST

Enterobacteriaceae [25–31] 46,769 0.03 to 0.06 98.7–100 0.06 96.6–98.7/96.9–98.4 8–16 92.0–93.2/88.8–89.0
Klebsiella pneumonia [25–29] 5876 0.03–0.12 97.0–100 0.03–0.12 88.3–94.3/93.0–95.0 32 to > 64 87.8–88.2/80.7–82.4
Escherichia coli [25–29] 11,514 ≤ 0.015 to 

0.03
99.8–100 0.03 99.7–99.8/99.7 8 94.7–95.7/91.2–93.3

Enterobacter cloacae spp. [25–28] 2572 0.03 99.8–100 97.2/NR
CRE [25–29, 31] 1003 0.5–32d 66.2–100e > 32 0–3.1/6.0–10.4 > 64 to > 128 0–3.0/0–6.7
Serine-CPE [21] 315 1 97.8 > 64 2.2/7.3
MDR [25] 1210 1 32 77.7/80.2 > 64 36.6/28.7
XDR [25] 161 32 > 32 13.0/19.9 > 64 2.5/2.5
ESBL-phenotype
Enterobacteriaceae [27] 99 0.12 100 16 83.8/85.9 > 64 65.7/50.5
Klebsiella pneumonia [27] 33 0.5 100
E. coli [27, 29] 148 0.03 100 0.06 83.7–96.5/NR 32 83.7/NR
KPC-producing
Enterobacteriaceae [25, 30, 33, 34] 1404 0.5–8 99.0–99.3 > 32 to > 64 0–0.7/3.4–5.2 > 64 0.7/0.7
CRE [28] 206 1 99.5 >32 1.9/7.3
K. pneumonia [21, 24, 33] 1207 0.5–1 96.6–98.9 >32 to > 64 0–7.0/2.4
E. coli [21, 33] 56 ≤ 0.03 

to ≤ 0.06
100 8–16 0–19.1/38.1

E. cloacae [21] or Enterobacter spp.  
[33]f

68 0.12–0.25 100 ≥32 0–2.6/10.3

non-KPC-producing CRE  
[25, 28]

250 >32 31.4 > 32 1.7–3.1/1.7–5.0 > 64 5.4/4.7

CNE [25] 63 4 16 3.2/7.9 > 64 9.5/7.9
MBL-producing CREg [28, 30] 111 > 32 3.8–18.6 > 32 0–8.5/0–1.7



1263Meropenem/Vaborbactam: A Review

2.2.2  Resistance

Resistance to β-lactam antibacterials involves several mech-
anisms, including the production of β-lactamases, modifica-
tion of PBPs by gene acquisition or target alteration, up-
regulation of efflux pumps and loss of outer membrane porin 
[17]. Clinical isolates may produce multiple β-lactamases, 
express varying levels of β-lactamases or have amino acid 
sequence variations, as well as other resistance mechanisms 
that remain to be identified [17].

In vitro studies showed that meropenem/vaborbactam 
may have reduced potency against clinical isolates copro-
ducing KPC and class B or D carbapenemases, or those 
with porin mutations and overexpression of efflux pumps 
[17]. In one global study, seven (all K. pneumoniae) of 315 
serine-carbapenemase-producing Enterobacteriaceae had 
 MIC90 values of  ≥ 16 µg/mL, and of these, four isolates 
coproduced KPC enzymes with an MBL [VIM-1 and VIM-4 
one and three isolate(s), respectively] [21]. The remain-
ing three isolates with elevated  MIC90 values had reduced 
expression of ompK37 and modest-to-high expression 
(6.62–22.3-fold) of the AcrAB-TolC resistance modulation 
efflux system [21]. In another surveillance study, 511 of 517 
(98.8%) CRE isolates harbouring blaKPC were susceptible to 
meropenem/vaborbactam at the FDA breakpoint of ≤ 4/8 µg/
mL; three isolates with elevated meropenem/vaborbactam 
MIC values of > 8 µg/mL coharboured blaKPC with blaNDM-1 
or blaOXA-48-like, or had a nonsense mutation in ompK35 
[38]. Of note, blaKPC carrying isolates were not suscepti-
ble to meropenem, imipenem or doripenem  (MIC90 values 
of > 32, > 8 and > 4 µg/mL, respectively) and were largely 
(92.2–99.6%) resistant to cephalosporins and piperacillin/
tazobactam (CLSI breakpoints) [38]. In a third study, only 
one of 206 KPC-producing Enterobacteriaceae isolates had 
an  MIC90 value > 4/8 µg/mL, and sequence analysis of the 
outer membrane proteins of this isolate revealed a frame 
shift in OmpK35 (which is likely to be incompatible with 
function) and insertion of 134GD in loop 3 of OmpK36 [28].

Ceftazidime/avibactam has been associated with treat-
ment-emergent resistance [39–41], with mechanisms includ-
ing genomic adaptations in blaKPC-2 [39] and mutations in 
plasmid-borne blaKPC-3 [40] (e.g. D179Y protein substitu-
tion). Vaborbactam is not affected by KPC-2 and KPC-3 
variants containing D179Y amino acid substitution, which 
results in increased catalytic efficiency for ceftazidime 
hydrolysis and resistance to avibactam [42]. The S130 resi-
due, which plays an important role in the catalytic mecha-
nism of β-lactamases and a significant role in the inhibi-
tion of KPC-2 by other BLIs (e.g. avibactam), also does not 
appear to be involved in the inhibition of KPC-2 by vabor-
bactam [43]. In a study of 991 KPC-producing, OXA-48 and 
MBL negative Enterobacteriaceae isolates, 14 of 18 ceftazi-
dime/avibactam-resistant isolates  (MIC90 ≥ 16 µg/mL) were 

susceptible to meropenem/vaborbactam  (MIC90 ≤ 4 µg/mL) 
and 6 of 10 meropenem/vaborbactam nonsusceptible isolates 
 (MIC90 ≥ 8 µg/mL) were susceptible to ceftazidime/avibac-
tam  (MIC90 ≤ 8 µg/mL) [33]. Cross resistance between mero-
penem/vaborbactam and ceftazidime/avibactam occurred in 
20.8% (5 of 24) of isolates resistant to either agent [33].

An in vitro study determined meropenem and vabor-
bactam concentrations associated with selecting or pre-
venting single-step mutations in 18 KPC-producing  
K. pneumoniae strains from global surveillance studies 
(meropenem MIC 8–512 µg/mL and meropenem/vaborbac-
tam MIC ≤ 0.06–32 µg/mL), with an emphasis on strains 
in the upper range of meropenem/vaborbactam MIC dis-
tribution [44]. With meropenem and vaborbactam at 8 μg/
mL each, the drug-resistance mutation frequency was sup-
pressed to < 1 × 10−8 in 77.8% (14 of 18) of these strains (all 
of which had MICs ≤ 8 μg/mL), and with meropenem 16 μg/
mL plus vaborbactam 8 μg/mL all 18 strains were inhibited, 
including the most resistant strains (MICs 16–32 µg/mL) 
[44].

In an in vitro hollow-fibre infection model, drug expo-
sures similar to meropenem 2  g with vaborbactam 2  g 
administered every 8 h by 3-h infusion in patients in phase 3  
studies produced ≈ 6 logs of bacterial killing in three tested 
KPC-producing K. pneumoniae isolates with multiple mech-
anisms of carbapenem resistance and meropenem/vabor-
bactam MICs of 8–16 µg/mL (with vaborbactam 8 µg/mL) 
[45]. This exposure dose also suppressed the development 
of resistance, with no changes in MIC between pre- and 
post-treatment isolates, suggesting that this dosage regimen 
will be effective against Enterobacteriaceae with MICs of 
8–16 µg/mL, and supporting its use in phase 3 studies [45].

2.2.3  Pharmacodynamic/Pharmacokinetic Considerations

Like other β-lactam antibacterials, the best correlate with 
efficacy of meropenem/vaborbactam is the percentage of 
time of a dosing interval that the unbound plasma concen-
tration of meropenem exceeds the meropenem/vaborbactam 
MIC (%fT > MIC) against the infecting organism [17]. In 
neutropenic mouse models of infection, the magnitude of 
meropenem  %fT > MIC associated with bacterial stasis and 
a 1- and 2-log10 CFU reduction from baseline was deter-
mined to be 30, 35 and 45%, respectively, for Gram-negative 
bacilli [46, 47]. The pharmacokinetic-pharmacodynamic 
(PK-PD) parameter that best described the antibacterial 
activity of vaborbactam in combination with meropenem 
at exposures equivalent to 2 g every 8 h by 3-h infusion in 
humans was the ratio of the 24-h unbound plasma vabor-
bactam area under the concentration time curve (AUC) to 
meropenem/vaborbactam MIC (fAUC:MIC), according to 
data from neutropenic mouse thigh and in vitro hollow-fibre 
infection models [17, 48]. In the neutropenic mouse model 
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of thigh infection, a 24-h fAUC:MIC of 38 was associated 
with restoring the bacterial killing effect of meropenem to 
1-log10 CFU reduction from baseline in KPC-producing 
strains, and was considered as the vaborbactam PK-PD tar-
get by the FDA [46].

PK-PD target attainment analyses (using Monte Carlo 
simulation, population pharmacokinetic models, non-clinical 
PK-PD targets for efficacy and in vitro surveillance data) 
evaluated the meropenem/vaborbactam dosage regimens 
selected for patients with normal renal function or varying 
degrees of renal impairment [estimated glomerular filtration 
rates (eGFRs) ≥ 50, 30–49, 15–29 or < 15 mL/min/1.73 m2 
receiving 2/2, 1/1, 1/1 or 0.5/0.5 g of each component, 
respectively, every 8 h by 3-h infusion] [47]. Based on 
the three meropenem  %fT > MIC targets (i.e. 30, 35 and 
45%) and pathogen MIC distributions, the percentage prob-
abilities of PK-PD target attainment at meropenem/vabor-
bactam MICs of 4 and 8 µg/mL were ≥ 98.5 and ≥ 90.9%, 
respectively [47]. The fAUC:MIC of vaborbactam achieved 
with a regimen of meropenem 2 g and vaborbactam 2 g 
every 8 h by 3-h infusion in patients with KPC-producing 
Enterobacteriaceae at baseline was ≥ 50-fold higher than the 
fAUC:MIC target of 38 [46]. These results support the use 
of the approved dosage regimen of meropenem/vaborbactam 
4 g (meropenem 2 g and vaborbactam 2 g) every 8 h by 3-h 
infusion, as well as dosage adjustments for impaired renal 
function (Sect. 6).

3  Pharmacokinetic Properties 
of Meropenem/Vaborbactam

The pharmacokinetic properties of meropenem and vabor-
bactam following administration of meropenem/vaborbac-
tam 4 g (2/2 g) every 8 h as 3-h intravenous infusion in 
healthy adults [17] and in a population pharmacokinetic 
analysis in patients with cUTIs or other infections due to 
CRE [17, 49] are summarized in Table 2.

Meropenem and vaborbactam peak plasma concentrations 
and AUC increased dose proportionally over a dose range of 
meropenem 1–2 g and vaborbactam 0.25–2 g when adminis-
tered as a 3-h intravenous infusion [17]. There was no accu-
mulation of meropenem/vaborbactam in healthy adults after 
multiple 3-h infusions every 8 h for 7 days [17]. In infected 
patients, the steady-state volumes of distribution of mero-
penem and vaborbactam were 20.2 and 18.6 L, respectively, 
in a population pharmacokinetic analysis [4, 17]. Approxi-
mately 2% of meropenem and 33% of vaborbactam is plasma 
protein bound [17]. Hydrolysis of the β-lactam ring to inac-
tive meropenem open lactam is a minor metabolic pathway, 
accounting for 22% of a meropenem dose eliminated in the 
urine [4, 17]. Vaborbactam is not metabolized. Meropenem 
and vaborbactam are largely eliminated by the kidneys, with 

40–60% of a meropenem dose and 75–90% of a vaborbactam 
dose eliminated as unchanged drug within 24 to 48 h. The 
mean renal and non-renal clearance of meropenem was 7.8 
and 7.3 L/h, respectively; corresponding values for vabor-
bactam were 8.9 and 2.0 L/h [17].

Hepatic impairment does not affect the pharmacoki-
netic properties of meropenem, and vaborbactam does not 
undergo hepatic metabolism; thus, hepatic impairment is 
not expected to affect the systemic clearance of meropenem/
vaborbactam [17]. Because of reduced plasma clearance of 
meropenem and vaborbactam in patients with renal dysfunc-
tion [50], meropenem/vaborbactam dosage adjustments are 
required in patients with renal impairment (eGFR < 50 mL/
min/1.73 m2; Sect. 6). As renal impairment is more likely in 
the elderly, dosage adjustments in these patients should also 
be based on renal function [17].

Coadministration of valproic acid or divalproex sodium 
with carbapenems, such as meropenem, may reduce serum 
concentrations of valproic acid, resulting in increased risk of 
breakthrough seizures [17]. Consideration should be given 
to supplemental anticonvulsant therapy if administration 
of meropenem/vaborbactam is necessary [17]. Coadminis-
tration of probenecid with meropenem/vaborbactam is not 
recommended as probenecid competes with meropenem 
for active tubular secretion, leading to increased merope-
nem plasma concentrations [17]. During simulated Y-site 
administration, meropenem/vaborbactam was physically 
compatible with 83% of the 88 intravenous medications 
tested, including 82% of antibacterials tested (e.g. amikacin, 
gentamicin, tigecycline). Fifteen drugs (including albumin, 
ceftaroline, ciprofloxacin) were physically incompatible with 
meropenem/vaborbactam, with the most common incompat-
ibility being change in turbidity [51].

Table 2  Pharmacokinetic properties of meropenem and  
vaborbactam. Mean values reported

AUC  area under the concentration–time curve, CL plasma clearance, 
Cmax peak observed concentration, MEM meropenem, t½ elimination 
half-life, VAB vaborbactam
a Eight healthy adults [17] and 295 patients (including 35 with 
impaired renal function) [49] received approved dosages (Sect. 6)
b AUC 24 h (healthy adults) and AUC 24 h at steady state (patients)
c Multiple-dose (7  days) pharmacokinetics (healthy adults) [17] and 
population pharmacokinetics (patients) [17, 49]

Populationa Cmax 
(mg/L)

CL 
(L/h)

AUC b 
(mg·h/L)

t½  
(h)

Healthy  adultsc MEM 43.4 15.1 414 1.22
VAB 55.6 10.9 588 1.68

Patientsc MEM 57.3 10.5 650 2.30
VAB 71.3 7.95 835 2.25
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4  Therapeutic Efficacy of Meropenem/
Vaborbactam

The randomized, double-blind, multinational, phase 3 
TANGO I study evaluated the efficacy of meropenem/
vaborbactam versus piperacillin/tazobactam in adults with 
cUTI [52]. Eligible patients were ≥ 18 years of age, had a 
bodyweight of ≤ 185 kg, required intravenous antibacterials 
for ≥ 5 days and had documented cUTI or acute pyelonephri-
tis. Patients who required either an antibacterial in addition 
to meropenem/vaborbactam or an antifungal, those who had 
received an antibacterial within 48 h before randomization 
(except single-dose short-acting oral or intravenous anti-
bacterial) or had an estimated creatinine clearance  (eCLCR) 
of < 30 mL/min were excluded from the study [52].

Patients received meropenem/vaborbactam (2/2 g via 3-h 
intravenous infusion) or piperacillin/tazobactam (4.0/0.5 g 
via 30-min infusion) every 8 h for 10 days of total treatment 
(intravenous with or without oral therapy) [52]. Patients 
were stratified for randomization according to geographic 
region (North America, Europe, Asia Pacific and the rest 
of the world) and the type of infection (acute pyelonephri-
tis, cUTI with removable focus and cUTI with nonremov-
able focus). In the meropenem/vaborbactam group, blinded 
dose adjustment was made for patients with  eCLCR < 50 mL/
min; no dosage adjustment of piperacillin/tazobactam was 
required based on renal function. To complete 10 days of 
total treatment, patients who met prespecified criteria of 
improvement after 15 doses of intravenous treatment could 
be switched to oral levofloxacin (500 mg mg/day) [52].

Efficacy outcomes were assessed on day 3 of study treat-
ment, at end of intravenous therapy (EOIVT), on the last 
day of total therapy (end of treatment; EOT), at the test-
of-cure (TOC) visit (i.e. EOT plus 7 days) and at the late 
follow-up visit (i.e. EOT plus 14 days) [52]. The efficacy 
analysis populations were: (1) modified intent-to-treat 
population (MITT), i.e. all patients who received ≥ 1 dose 
of study drug, (2) modified-MITT (m-MITT) population, 
i.e., all patients in the MITT population with ≥ 1 bacterial 
pathogen of ≥ 105 CFU/mL in baseline urine culture or the 
same bacterial pathogen present in concurrent blood and 
urine cultures, and (3) the microbiological evaluable (ME) 
population, i.e. all m-MITT patients who had a clinical out-
come and microbiological outcome at EOIVT; received ≥ 80 
and ≤ 120% of expected intravenous doses for completed 
treatment duration; missed 0 or 1 intravenous dose in the first 
48 h and missed ≤ 2 consecutive intravenous doses overall; 
received ≥ 6 doses of study drug if classified as experiencing 
treatment failure on overall outcome; or received ≥ 9 doses 
if classified as experiencing cure on overall outcome [52].

At baseline, the mean age of patients in the MITT popu-
lation was ≈ 53 years and patients in both the MITT and 

m-MITT populations presented with a mean of 3.5 symp-
toms. In the MITT meropenem/vaborbactam (n = 272) and 
piperacillin/tazobactam (n = 273) groups, 59.2 and 59.0% of 
patients had acute pyelonephritis, 19.5 and 18.7% had cUTI 
with removable infection source, and 21.3 and 22.3% had 
cUTI with nonremovable infection source [52]. The common 
urinary pathogens in the m-MITT meropenem/vaborbactam 
(n = 192) and piperacillin/tazobactam (n = 182) groups were 
E. coli (65.1 and 64.3%), K. pneumoniae (15.6 and 15.4%), 
Enterococcus Faecalis (6.8 and 7.7%), Proteus Mirabilis 
(3.1 and 6.6%) and E. cloacae spp. complex (5.2 and 2.7%). 
Of the urinary isolates tested at baseline in this population, 
almost all were susceptible to meropenem and ≈ 12% were 
resistant to piperacillin/tazobactam (FDA criteria) [52].

In the MITT population, the mean duration of intravenous 
and oral levofloxacin step-down therapy was 10.1 days in the 
meropenem/vaborbactam group and 9.9 days in the pipera-
cillin/tazobactam group; the mean duration of intravenous 
therapy in both groups was 8.0 days [52]. Levofloxacin was 
used in 93.6% of meropenem/vaborbactam and 95.1% of 
piperacillin/tazobactam recipients; 9.9 and 8.2% of patients 
in the respective groups received levofloxacin despite having 
a levofloxacin-resistant pathogen at baseline (FDA criteria). 
Most patients in the meropenem/vaborbactam (91.5%) and 
piperacillin/tazobactam groups (86.1%) in the MITT popula-
tion completed study treatment (intravenous plus oral) [52].

The primary efficacy endpoint was assessed using the 
FDA and European Medicines Agency (EMA) criteria.

• The FDA primary endpoint was the proportion of patients 
in the m-MITT population who achieved overall success 
at EOIVT visit. Overall success was the composite of 
clinical cure (complete resolution or significant improve-
ment of baseline signs and symptoms of cUTI or acute 
pyelonephritis) and microbial eradication (baseline path-
ogens reduced to < 104 CFU/mL urine).

• The EMA primary endpoint was the proportion of 
patients in the coprimary m-MITT and ME populations 
who achieved microbiological eradication (baseline path-
ogens reduced to < 103 CFU/mL urine) at TOC visit.

Noninferiority was demonstrated if the lower limit of the 
two-sided 95% CI of the difference between the meropenem/
vaborbactam and piperacillin/tazobactam groups at EOIVT 
was greater than − 15% for overall success (FDA) and for 
microbial eradication at TOC in both the m-MITT and ME 
populations (EMA) [52]. If the FDA or EMA endpoints were 
noninferior, superiority of meropenem/vaborbactam over 
piperacillin/tazobactam was assessed using the 95% CI to 
assess whether the lower bound of the 2-sided 95% CI was 
greater than 0.

Meropenem/vaborbactam was noninferior to piperacillin/
tazobactam for the FDA primary endpoint of overall success 
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(composite of clinical cure and microbial eradication) at 
EOIVT [98.4 vs. 94.0%; between-group difference (BGD) 
4.5%; 95% CI 0.7–9.1] and the EMA primary endpoint of 
microbial eradication in the m-MITT (66.7 vs. 57.7%; BGD 
9.0%; 95% CI − 0.9 to 18.7) and ME populations (66.3 vs. 
60.4%; BGD 5.9 (95% CI − 4.2 to 16.0) (all p < 0.001 for 
noninferiority) [52]. Having established noninferiority, the 
superiority of meropenem/vaborbactam to piperacillin/tazo-
bactam was shown for overall success (p = 0.01). Findings of 
the primary analysis were supported by a sensitivity analysis 
of overall success at EOIVT in patients who were cured, 
with noninferiority of meropenem/vaborbactam to pipera-
cillin/tazobactam demonstrated (81.3 vs. 78.6%; 2.7%; 95% 
CI − 5.5 to 10.9).

For secondary endpoints, although the study was not 
powered to evaluate noninferiority of the two groups, non-
inferiority criteria were met for all key endpoints, includ-
ing overall success at TOC (74.5 vs. 70.3%; BGD 4.1%; 
95% CI − 4.9 to 9.1), and overall success at EOIVT in 
patients with acute pyelonephritis (97.5 vs. 94.1%; BGD 
3.4%; 95% CI − 2.0 to 10.2), cUTI with removable infec-
tion source (100 vs. 92.1%; BGD 7.9%; 95% CI − 2.5 to 
20.9) and cUTI with non-removable infection source (100 
vs. 95.3%; BGD 4.7%; 95% CI − 5.1 to 15.6) [52]. Clinical 
cure rates with meropenem/vaborbactam at EOIVT (98.4 
vs. 95.6%; BGD 2.8%; 95% CI − 0.7 to 7.1) and at TOC 
(90.6 vs. 86.3%; BGD 4.4%; 95% CI − 2.2 to 11.1), as 
well as the proportion of patients with microbial eradica-
tion (FDA criteria) at EOIVT (97.9 vs. 82.3%; BGD 5.6%; 
95% CI 1.4 to 10.7) and TOC (68.8 vs. 62.1%; BGD 6.7%; 
95% CI − 3.0 to 16.2) were also noninferior to those with 
piperacillin/tazobactam ([52].

Microbial eradication rates at TOC in both groups (68.8% 
in meropenem/vaborbactam and 62.1% in piperacillin/tazo-
bactam recipients) were numerically lower than the rates at 
EOIVT (97.9 and 82.3%), which largely accounted for the 
numerically lower overall success rates at TOC (74.5 and 
70.3%) than at EOIVT (98.4 and 94.0%) [52]. These results 
may have been affected by the ≈ 10% of patients (distrib-
uted equally in both treatment groups) who received oral 
levofloxacin despite having levofloxacin-resistant microor-
ganisms; however, clinical cure rates in both groups were 
high at TOC and EOIVT, indicating that most patients with 
microbiological recurrence or persistence had asymptomatic 
bacteriuria [52].

Overall success rates at EOIVT in subgroup analyses 
(e.g. based on age, race, geographic region) in the m-MITT 
population were generally consistent with the primary end-
point results, with the exception of outcomes in subgroups 
with small numbers of patients (n < 25) [52]. For example, 
in patients with bacteraemia at baseline, the overall success 
rates in meropenem/vaborbactam and piperacillin/tazo-
bactam recipients were 83.3% (10/12 patients) and 100% 

(15/15) (between-group difference − 16.7%; 95% CI − 45.4 
to 6.3%); the two meropenem/vaborbactam recipients who 
did not achieve overall success with therapy had treatment 
failure because of treatment discontinuation due to an 
adverse event [52].

Overall success rates were also assessed according to 
underlying comorbidities (Charlson comorbidity score ≤ 2 
or ≥ 3; 0 indicates no comorbidity) and severity of illness 
[systemic inflammatory response syndrome (SIRS) status 
yes/no] in patients receiving meropenem/vaborbactam or 
piperacillin/tazobactam [53]. At EOIVT, in the m-MITT 
population, overall success rates in both groups exceeded 
90% regardless of SIRS status or Charlson comorbid-
ity score. At TOC, overall success rates were numerically 
higher in patients with SIRS (92.7% in meropenem/vabor-
bactam and 72.1% in piperacillin/tazobactam groups) than in 
patients without SIRS (67.2 and 69.4%), and among patients 
with SIRS, the rates were numerically higher in meropenem/
vaborbactam than piperacillin/tazobactam recipients (92.7 
vs. 72.1%). Patients with a Charlson comorbidity score of  
≥ 3 had numerically higher overall success rates at TOC in 
both treatment groups (84.3% in meropenem/vaborbactam 
and 85.7% in piperacillin/tazobactam recipients) than in 
patients with a score of ≤ 2 (66.0 and 59.0%) [53].

In other m-MITT analyses, overall success rates at EOIVT 
and TOC were generally similar between meropenem/vabor-
bactam and piperacillin/tazobactam recipients regardless of 
renal function  (CLCR ≥ 50 mL/min or  CLCR < 50 mL/min) 
[54]. In addition, the clinical cure and microbial eradica-
tion rates at these timepoints were generally similar in the 
two groups regardless of baseline pathogen [32] and across 
a range of Enterobacteriaceae MICs [52]. In the 9.9% of 
patients in each group who were either in or were admitted 
to the intensive care unit (ICU) at the time of enrollment, the 
mean length of stay in the ICU did not differ significantly 
between patients in the meropenem/vaborbactam and pipera-
cillin/tazobactam groups (9.3 vs. 11.1 days) [55].

5  Tolerability of Meropenem/Vaborbactam

Intravenous meropenem/vaborbactam was generally well tol-
erated in TANGO I in patients with cUTI, with a tolerability 
profile generally similar to that of intravenous piperacillin/
tazobactam [52]. In the meropenem/vaborbactam (n = 272) 
and piperacillin/tazobactam (n = 273) groups in the MITT 
population, treatment-emergent adverse events (AEs) 
occurred in 39.0 and 35.5% of patients, treatment-related 
AEs in 15.1 and 12.8% of patients, serious AEs in 4.0 and 
4.4% of patients and life-threatening AEs (e.g. congestive 
heart failure, infusion-related reaction) in 1.1 and 0% of 
patients. Treatment-emergent AEs resulted in discontinu-
ation of therapy in 2.6% of meropenem/vaborbactam and 
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5.1% of piperacillin/tazobactam recipients, and 1.1% of 
patients in each group withdrew from the study because 
of these AEs; there were two (0.7%) deaths in each treat-
ment group. The most common (incidence > 2%) treatment 
emergent AEs in meropenem/vaborbactam recipients were 
headache (8.8 vs. 4.4% of piperacillin/tazobactam recipi-
ents), diarrhoea (3.3 vs. 4.4%) and infusion-site phlebitis 
(2.2 vs. 0.7%). Severe AEs occurred in 2.6% of meropenem/
vaborbactam and 4.8% of piperacillin/tazobactam recipients, 
with individual AEs (e.g. anaemia, increased levels of aspar-
tate aminotransferase) occurring in < 1% of patients in either 
treatment group [52].

β-lactam antibacterials have been associated with serious 
and sometimes fatal hypersensitivity reactions and serious 
skin reactions; there have been reports of severe hyper-
sensitivity reactions in patients with a history of penicillin 
hypersensitivity receiving another β-lactam antibacterial 
[17]. Thus, it is important to inquire about hypersensitivity 
to penicillin, cephalosporins, other β-lactam antibacterials 
and other allergens prior to meropenem/vaborbactam ther-
apy. Meropenem has been associated with seizures and other 
adverse central nervous system (CNS) experiences, usually 
in patients with CNS disorders or bacterial meningitis and/
or compromised renal function. Only recommended dos-
ages of meropenem/vaborbactam should be administered, 
and patients with known seizure disorders should continue 
receiving anticonvulsant therapy. Patients experiencing focal 
tremors, myoclonus or seizures should be evaluated neu-
rologically, and may require anticonvulsant therapy (if not 
already instituted) and dosage adjustment or discontinuation 
of meropenem/vaborbactam [17].

As with almost all antibacterials, Clostridium difficile-
associated diarrhoea (CDAD), ranging from mild to fatal 
colitis, has been reported with meropenem/vaborbactam 
[17]. As CDAD was reported to occur over a 2-month period 
after administration of antibacterials, it must be considered 
in all patients with diarrhoea after treatment with antibacte-
rials. In the event of suspected or confirmed CDAD in mero-
penem/vaborbactam recipients, discontinuation of ongoing 
antibacterial treatment not directed against C. difficile may 
be required; fluids and electrolytes, protein supplement, anti-
bacterials against C. difficile and surgical evaluation should 
be instituted as clinically indicated. Thrombocytopenia has 
been reported in patients with renal impairment who were 
treated with meropenem; however, no clinical bleeding was 
reported in these patients. Prolonged use of meropenem/
vaborbactam, as with other antibacterials, may lead to the 
overgrowth of nonsusceptible organisms; therefore repeated 
evaluation of patients is necessary, and appropriate measures 
should be taken if superinfection occurs during meropenem/
vaborbactam therapy [17].

6  Dosage and Administration 
of Meropenem/Vaborbactam

In the USA, meropenem/vaborbactam is indicated for the 
treatment of patients ≥ 18 years of age with cUTI, includ-
ing pyelonephritis, caused by the following susceptible 
organisms: E. coli, K. pneumoniae and E. cloacae [17]. 
To reduce the development of drug-resistant bacteria and 
maintain the efficacy of meropenem/vaborbactam, it should 
be used only to treat or prevent infections that are proven 
or strongly suspected to be caused by susceptible bacteria. 
The recommended dosage of meropenem/vaborbactam is 
4 g (meropenem 2 g and vaborbactam 2 g) administered 
every 8 h by intravenous 3-h infusion in patients with an 
eGFR of ≥ 50 ml/min/1.73 m2. The duration of treatment 
is ≤ 14 days. In patients with impaired renal function, mero-
penem/vaborbactam dosage (administered as a 3-h infusion) 
should be reduced as follows [17]:

• 2 g (meropenem 1 g and vaborbactam 1 g) every 8 h in 
patients with eGFR of 30–49 ml/min/1.73 m2

• 2 g (meropenem 1 g and vaborbactam 1 g) every 12 h in 
patients with eGFR of 15–29 ml/min/1.73 m2

• 1 g (meropenem 0.5 g and vaborbactam 0.5 g) every 12 h 
in patients with eGFR of < 15 ml/min/1.73 m2

As meropenem and vaborbactam are removed by hae-
modialysis, patients maintained on haemodialysis should be 
administered meropenem/vaborbactam after a haemodialysis 
session [17]. In patients with changing renal function, serum 
creatinine concentrations and eGFR should be monitored 
at least once a day and meropenem/vaborbactam dosages 
adjusted accordingly. Local prescribing information should 
be consulted for further information, including dosage and 
administration details, contraindications, warnings and 
precautions.

7  Current Status of Meropenem/
Vaborbactam for The Treatment of cUTIs

Antibacterials have been the mainstay of treatment of cUTIs, 
with the choice of therapy based on factors such as patient 
tolerance, severity of underlying urological abnormality, pre-
vious antibacterial therapy, urine culture reports, spectrum 
of local pathogens and local antimicrobial resistance patterns 
[3, 4, 8]. Initial empirical therapy should include antibac-
terials with broad-spectrum activity (e.g. third-generation 
cephalosporins, aminoglycosides or carbapenems), based on 
the spectrum of local pathogens [3–5]. However, because 
of the emergence and spread of antibacterial resistance in 
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common UTI pathogens [2, 4], there is a need for new highly 
effective antibacterials.

Intravenous meropenem/vaborbactam is the first car-
bapenem/BLI combination approved in the USA for use in 
patients with cUTI, including pyelonephritis [17]. When 
combined with meropenem, vaborbactam restores the activ-
ity of meropenem against β-lactamase-producing Enterobac-
teriaceae (Sect. 2). Meropenem/vaborbactam demonstrated 
excellent in vitro activity against Gram-negative clinical 
isolates, including KPC- and ESBL-producing Enterobac-
teriaceae and MDR Enterobacteriaceae (Sect. 2). In the 
clinical setting, meropenem/vaborbactam was no less effec-
tive than intravenous piperacillin/tazobactam in terms of the 
composite endpoint of overall success (FDA primary end-
point) and microbial eradication (EMA primary endpoint) in 
the pivotal, phase 3, noninferiority TANGO I trial in patients 
with cUTI (Sect. 4). In subsequent superiority testing, mero-
penem/vaborbactam was superior to piperacillin/tazobactam 
in terms of overall success (Sect. 4). Meropenem/vaborbac-
tam was generally well tolerated, with a tolerability profile 
generally similar to that of piperacillin/tazobactam (Sect. 5).

With regard to the comparator, although piperacillin is 
approved for the treatment of UTIs in the USA, piperacil-
lin/tazobactam is not approved for patients with cUTI (it is 
approved for cUTIs in other countries) [4]. However, because 
of its antibacterial spectrum, time-dependent bacterial kill-
ing, pharmacokinetic properties, three times daily dosing and 
achievement of high urinary concentrations, the FDA approved 
its use as a comparator in TANGO I [4]. The dosage of pipera-
cillin/tazobactam selected for the study (4.0/0.5 g every 8 h) 
was also approved by the FDA and differed from the usual 
daily dose of 3.0/0.375 g every 6 h in patients with an eGFR              
of > 40 mL/min [4].

It should be noted that while patients enrolled in TANGO 
I were symptomatic and had pyuria, urine cultures with 
pathogen growth of > 103 CFU/mL and significant comor-
bidities, < 30% of patients met the criteria of SIRS and only 
3% of patients were enrolled in the USA [52]. It is unclear if 
all the patients would have met the criteria of hospitalization 
in the USA [52]. TANGO I also did not assess the efficacy 
of meropenem/vaborbactam for the treatment of infections 
caused by CRE, as it would have been unethical to adminis-
ter the comparator piperacillin/tazobactam in these patients 
[52]. A second phase 3 study, TANGO II (NCT02168946) 
compared the efficacy of meropenem/vaborbactam with best 
available therapy in patients with cUTI, acute pyelonephritis, 
hospital-acquired or ventilator-associated bacterial pneumonia, 
bacteraemia or complicated intra-abdominal infection due to 
known or suspected CRE. Recently presented data showed that 
meropenem/vaborbactam was associated with significantly 
higher cure rates relative to best available therapy [56]. Fully 
published results from TANGO II are awaited with interest and 
it should be noted that meropenem/vaborbactam is currently 

not approved for use in these patients. Additional studies are 
needed to determine which patient groups may be more likely 
to benefit from meropenem/vaborbactam therapy [52].

To conclude, meropenem/vaborbactam is a broad-spectrum 
antibacterial developed for use against serious Gram-negative 
infections, including those caused by KPC-producing Entero-
bacteriaceae. Meropenem/vaborbactam was effective and gen-
erally well tolerated in the well-designed TANGO I study in 
patients with cUTI, and is the first carbapenem/BLI combina-
tion to be approved by the FDA in this indication. Although 
fully published results regarding its efficacy in the treatment 
of infections caused by CRE and additional data identifying 
groups of patients who may be more likely to benefit from 
therapy are awaited, current evidence indicates that merope-
nem/vaborbactam is a useful treatment option for patients with 
cUTIs.

Data Selection Drug Name: 128 records identified 

Duplicates removed 14

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

14

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

44

Cited efficacy/tolerability articles 5

Cited articles not efficacy/tolerability 51

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were Vabomere, 
meropenem, RPX-2014, vaborbactam, RPX-7009. Records were 
limited to those in English language. Searches last updated 10 
August 2018
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