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Background. In the present study, we aimed to compare the efficacy and safety of plazomicin with comparators for the 
treatment of Enterobacterales infections.

Methods. Randomized controlled trials (RCTs) assessing plazomicin for Enterobacterales infections were searched on the 
PubMed, Embase, and Cochrane Library databases. Meta-analyses were used to evaluate the efficacy and safety in RCTs.

Results. A total of 3 RCTs consisting of 761 patients were included in the present analysis. The study population included 
complex urinary tract infections (cUTIs), bloodstream infections (BSIs), and hospital-acquired pneumonia (HAP). Plazomicin 
had a clinical remission rate in the modified intention-to-treat (MITT) population that was similar to that of comparators (odds 
ratio [OR], 1.02; 95% CI, 0.60–1.73; I2 = 45%) in the pooled analysis of the 3 studies. The overall microbiologic eradication rate 
in the microbiological MITT (mMITT) population was similar to that of the comparators group (OR, 1.46; 95% CI, 0.72–2.95; 
I2 = 0%). However, the microbiologic recurrence rate of plazomicin for Enterobacterales was lower than that in the comparators 
group (OR, 0.38; 95% CI, 0.17–0.86; P = .02; I2 = 0%). No significant differences were found between plazomicin and 
comparators for the risk of any adverse events (OR, 0.78; 95% CI, 0.55–1.11; I2 = 0%).

Conclusions. Plazomicin is as good as comparators in terms of efficacy and tolerance in the treatment of Enterobacterales 
infections. Therefore, plazomicin is a suitable choice for antibiotic treatment in adult patients with cUTIs, BSIs, or HAP.
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The burden of antibiotic-resistant infections among gram- 
negative bacteria is increasing, one of the consequences of 
which is the excessive prescription of last-line antibiotics 
such as carbapenems as definitive therapy with a high risk 
of the emergence of multidrug resistance (MDR) [1]. 
Enterobacterales, particularly Escherichia coli and Klebsiella 
pneumoniae, are the most common pathogens causing blood-
stream infection (BSI), hospital-acquired pneumonia (HAP), 
complex urinary tract infections (cUTIs), and complicated 
intra-abdominal infections [2–4]. The emergence of 
antibiotic-resistant Enterobacterales, such as extended- 
spectrum β-lactamase (ESBL), AmpC β-lactamases, and carba-
penemases, has become the major concern surrounding this 

clinical entity and further limits the choice of optimal antibiotic 
treatment. Patients with Enterobacterales are 3 times more like-
ly to receive inappropriate empirical antibiotics than patients 
without MDR infections [5]. They also have longer hospital 
stays, higher hospitalization costs, and a higher risk of septic 
shock and death.

Aminoglycoside antibiotics are a recognized class of antibi-
otics that are particularly useful in the treatment of serious in-
fections caused by gram-negative bacteria due to their rapid, 
concentration-dependent bactericidal action and ability to act 
synergistically with other antibiotics [6]. Although the use of 
aminoglycosides has declined in recent years due to concerns 
about toxicity, they have recently regained their utility in the 
treatment of infections caused by MDR Enterobacteriaceae 
[7, 8]. Aminoglycosides are administered once daily, a treat-
ment strategy that has been shown to maintain efficacy while 
reducing toxicity compared with multiple daily dosing [9]. 
The main mechanism of aminoglycoside resistance in 
Enterobacteriaceae is via aminoglycoside-modifying enzymes 
(AMEs), and these enzymes have limited the utility of amino-
glycosides in the management of infections due to 
ESBL-producing Enterobacteriaceae and CRE. According to 
monitoring data from 2014 to 2015 in the United States, about 
80% of carbapenem-resistant Enterobacterales tested positive 
for ≥1 AME genes [10]. The activity of amikacin, gentamicin, 
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and tobramycin to these Enterobacterales isolated decreased, 
with only 59.7% of these isolates being sensitive to amikacin, 
49.4% to gentamicin, and 0% to tobramycin.

Plazomicin (formerly ACHN-490) is a novel aminoglycoside 
antibiotic that binds to the bacterial 30S ribosomal subunit, thus 
inhibiting protein synthesis in a concentration-dependent man-
ner [11]. In June 2018, the US Food and Drug Administration 
(FDA) approved this agent for treatment of cUTIs, including 
pyelonephritis [12]. Plazomicin has demonstrated excellent ac-
tivity against Enterobacterales. In vitro studies have shown that 
plazomicin has rapid bactericidal effect and strong activity 
against MDR Enterobacterales, including the mutation of fluo-
roquinolone target sites and the production of AMEs, ESBL, 
and carbapenemases [13–15]. However, clinical studies of pla-
zomicin in the treatment of Enterobacterales are limited. To up-
date the evidence on the use of plazomicin in the treatment of 
acute infections caused by Enterobacterales, we conducted a 
comprehensive review and meta-analysis to evaluate the effica-
cy and safety of plazomicin in the treatment of acute infections 
caused by Enterobacterales.

METHODS

Study Search and Selection

Studies were identified by a systematic review of the literature in 
the PubMed, Embase, and Cochrane Central Register of 
Controlled Trials databases from inception to January 2022 us-
ing the following search terms: “plazomicin,” “ACHN-490,” 
and “Enterobacterales.” Articles published in either English or 
non-English were reviewed. Studies were considered to meet 
the inclusion criteria if they directly compared the clinical effi-
cacy and safety of plazomicin with other antibiotics in patients 
with Enterobacterales infection. Studies were excluded if they 
focused on in vitro activities, animal studies, or pharmacokinet-
ic/pharmacodynamic evaluation. Data extracted from each 
study in the meta-analysis included year of publication, study 
design, type of infection, antimicrobial regimen, clinical and 
microbiological results, and adverse reactions. The quality of 
enrolled randomized controlled trials (RCTs) and risk of bias 
were assessed using the Cochrane Risk of Bias Assessment 
tool [16].

Definitions

The modified intention-to-treat (MITT) population included 
all intention-to-treat patients who received at least 1 dose of 
the study drug. The microbiological MITT population was de-
fined as mMITT patients who met the definition of cUTI or BSI 
disease and identified baseline pathogens in 3 studies [17–19] 
and all randomized patients who identified at least 1 baseline 
pathogen in urine or plasma. Complicated UTI is a urinary 
tract infection in a patient who has underlying conditions, 
such as anatomical abnormalities, or risk factors, such as 

indwelling urinary catheters. BSI is a bloodstream infection 
caused by various pathogenic microorganisms (bacteria or fun-
gi) and toxins invading the bloodstream. The clinically evalu-
able (CE) population included patients who received the 
study drug, complied with the protocol, and had a clinical re-
sponse assessed at the test-of-cure (TOC) visit. The microbio-
logically evaluable (ME) population included CE patients who 
had identified baseline pathogens and assessed microbiological 
responses. The safety population included all patients receiving 
any medication study treatment.

Outcome Measurement

The primary outcome of this meta-analysis was clinical re-
sponse assessed at TOC. Clinical remission was defined as com-
plete or near resolution of signs and symptoms, with no further 
antibiotics needed [20]. Microbiologic eradication was defined 
as a reduction in the baseline pathogen from ≥105 colony- 
forming units (CFU) per mL to <104 CFU/mL [21]. Clinical re-
lapse was defined as the return of clinical signs and symptoms 
requiring antibiotic therapy in patients who were clinically 
cured at TOC [22]. Microbiological recurrence was defined as 
culture with 105 CFU/mL of regrowth of a baseline pathogen 
that was eradicated at TOC [17]. Clinical relapse and microbi-
ological recurrence were long-term follow-up for CE and ME 
populations. Adverse events (AEs) during treatment were de-
fined as AEs that began during or after the administration of 
the study drug or increased in severity or relationship with 
the study drug during the study period.

Data Analysis

Review Manager, version 5.1, was used to perform statistical 
analysis. Heterogeneity was defined as significant when the P 
value was <.10 or I2 was >50% [23]. The fixed-effects model 
was used when the data were homogenous, and the random- 
effects model was used when they were heterogenous. The 
pooled odds ratio (OR) and 95% confidence interval were cal-
culated for outcome analysis. The significance of the pooled ra-
tios was determined by Z test, and a P value <.05 was 
considered statistically significant.

This review was registered and approved in the International 
Prospective Register of Systematic Reviews (PROSPERO: CRD 
42022311387).

RESULTS

Study Selection and Characteristics

A total of 411 relevant articles were searched through the re-
trieval strategy. After excluding 99 repetitions, the remaining 
312 abstracts were screened. Then, studies that were 
non-RCTs, pharmacokinetics, in vitro susceptibility testing, 
or experimental animal studies were also excluded. Finally, 
3 studies consisting of 761 patients that met the inclusion 
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criteria were included in this meta-analysis (Figure 1) [17–19]. 
All studies were randomized, multicenter studies designed to 
compare the clinical efficacy and safety of plazomicin 15 mg 
once daily with a control group for patients with cUTIs, BSI, 
or HAP (Table 1). The patients included in the 3 studies were 
all older than age 18 years, and their geographic and ethnic 
characteristics were multicenter, including countries in the 
Americas, Europe, and India in Asia. Plazomicin 10 mg (unap-
proved doses) were excluded. Two of the 3 studies focused on 
cUTIs and compared plazomicin combined with levofloxacin 
or meropenem [17, 19]. The third study investigated BSI or 
HAP and compared plazomicin with colistin [18]. 
Carbapenem-resistant Enterobacterales (CRE) were mainly 
Klebsiella pneumoniae, accounting for 18%. In the other 2 stud-
ies on cUTIs, Enterobacterales accounted for 87.5% and 99%, 
respectively, mainly Escherichia coli. These Enterobacterales 
were not susceptible to carbapenem, some quinolones, 
trimethoprim-sulfamethoxazole, or other aminoglycosides. 
With the exception of the CRE study using meropenem or tige-
cycline as an adjunctive antibiotic, the other 2 studies on com-
plicated urinary tract infections had no prior antimicrobial 
exposures. All the domains in each study were classified as hav-
ing a low risk of bias (Figure 2).

Clinical Response

Overall, plazomicin had a clinical remission rate in the MITT 
population that was similar to that for the comparators (OR, 
1.02; 95% CI, 0.60–1.73; I2 = 45%) (Figure 3A) in the pooled 
analysis of the 3 studies. In the CE population, there was no dif-
ference in clinical relapse rates between plazomicin and com-
parators in the pooled analysis of the 2 studies of cUTIs (OR, 
0.60; 95% CI, 0.05–6.62; I2 = 71%) (Figure 3B). The 2 studies 
showed great heterogeneity in clinical relapse rate.

Microbiological Response

The overall microbiologic eradication rate in the mMITT pop-
ulation was reported in all 3 studies, and the pooled analysis 
showed that the Enterobacterales eradication rate of plazomi-
cin was similar to that of the comparator group (OR, 1.46; 
95% CI, 0.72–2.95; I2 = 0%) (Figure 4A). In the ME population, 
the microbiologic recurrence rate of Enterobacterales in those 
on plazomicin was lower than that in the comparator group 
in the pooled analysis of the 2 studies of cUTIs (OR, 0.38; 
95% CI, 0.17–0.86; P = .02; I2 = 0%) (Figure 4B).

Adverse Events

No significant differences were found between plazomicin and 
comparators for the risk of any AEs (OR, 0.78; 95% CI, 0.55– 
1.11; I2 = 0%) (Figure 5A), serious AEs (OR, 0.49; 95% CI, 
0.21–1.14; I2 = 18%) (Figure 5B), or AEs related to study drug 
(OR, 0.58; 95% CI, 0.26–1.30; I2 = 0%) (Figure 5C). 
Regarding common nephrotoxicity and ototoxicity of 

aminoglycosides, no significant difference was observed be-
tween plazomicin and comparators in terms of renal function 
(OR, 1.36; 95% CI, 0.34–5.47; I2 = 56%) (Figure 5D) or vestib-
ular and cochlear function (OR, 1.10; 95% CI, 0.18–6.83; I2 = 
0%) (Figure 5E). AEs related to study drugs and ototoxicity 
were only included in the pooled analysis of 2 studies of cUTIs.

DISCUSSION

This meta-analysis based on 3 RCTs showed that the clinical 
efficacy of plazomicin was not inferior to comparators in the 
treatment of Enterobacterales infections. The overall pooled 
clinical remission rate of plazomicin in treating cUTIs, BSI, or 
HAP was as high as 85.7% in the MITT population, and it was 
as good as the comparator. The clinical relapse rate of plazomicin 
was 3.19%, which was lower than that of the levofloxacin and 
meropenem groups. The overall clinical remission rate heteroge-
neity of 45% and 71% in clinical relapse in our study resulted 
from 2 studies of cUTIs (Connolly et al. 2018 [17] and 
Wagenlehner et al. 2019 [19]). In meta-analyses, heterogeneity 
is naturally present. For small meta-analyses, it is more impor-
tant to find the source of heterogeneity. The difference between 
the 2 studies may be explained by the disparity in the number of 
included samples, with Wagenlehner’s study being almost 
4 times larger than Connolly’s. This pooled comparison due to 
sample size may be more meaningful for meta-analysis findings.

Plazomicin has received FDA approval for the treatment of 
adults with cUTIs or pyelonephritis caused by susceptible mi-
croorganisms [24]. The primary objectives of phase II and III 
trials of plazomicin in the treatment of cUTIs were to prove 
the noninferior treatment of plazomicin compared with levo-
floxacin and meropenem according to the comprehensive dif-
ference in clinical cure rates of the MITT population and the 
cure visit testing at later follow-up [17, 19]. This clinical effect, 
especially in the treatment of Enterobacterales infections, could 
achieve an ideal outcome. In the trial where plazomicin was 
used to combat CRE with BSI or HAP, plazomicin treatment 
was associated with an 86% reduction in the rate of death 
over 28 days and a 63% reduction in rate of death over 
60 days compared with colistin treatment, with the separation 
between treatment arms evident by day 14 and sustained 
through day 60 [18]. The present findings indicate that plazo-
micin could be as effective as comparators in the treatment of 
Enterobacterales infections in adult patients. The overall treat-
ment difference in favor of plazomicin here was probably 
driven to an appreciable extent by plazomicin’s lower nephro-
toxicity than colistin, a known independent risk factor for mor-
tality. Enrolled patients were acutely ill, presenting with 
multiple comorbidities, prior infections, and complex hospital-
izations, reflecting real-world clinical practice. At the time of 
randomization, 1 adjunctive antibiotic, either tigecycline or 
meropenem, was selected by the investigator to be added to 
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plazomicin or colistin. Before randomization, patients may 
have received treatment with empirical therapy according to lo-
cal standards of care. However, patients who have received 
>72 hours of empirical therapy for presumed CRE infection 
were not eligible for the study. Therefore, the comparison of 
the efficacy and safety of adjuvant antibiotics for plazomicin 
and polymyxin under equally randomized conditions is 
modest.

In terms of ME, plazomicin was superior to comparators. In 
2 large in vitro studies [10, 25], the minimum inhibitory con-
centration of plazomicin needed to inhibit 50% and 90% of 
the tested isolates, respectively (MIC 50/90), was 0.5 µg/mL/2 
µg/mL with susceptibility of >95% in both studies. Against 
Escherichia, Klebsiella, Enterobacter, Serratia, and Citrobacter 
species, plazomicin exhibited MIC 50/90 = 0.25–0.5 µg/mL/ 
0.5–1 µg/mL. In addition, the difference between plazomicin 
and other aminoglycosides is that it is more active against 
Enterobacterales [24]. Aminoglycoside resistance can be medi-
ated by 3 types of mechanisms: enzymatic modification, target 

site modification, and porin channel/efflux pump expression 
changes. The most common mechanism in Enterobacterales 
species is enzymatic modification, mostly via 3 AME classes: 
n-acetyltransferases (AACs), o-adenyltransferases, and o-phos-
photransferases [26]. Plazomicin is protected from nearly all 
clinically relevant AMEs due to structural differences. 
However, the only AME currently identified among gram- 
negative organisms with activity against plazomicin is 
AAC(2’)-I, which is chromosomally expressed in some 
Providencia stuartii isolates [27]. Although plazomicin is pro-
tected from AMEs, 16S rRNA methyltransferases prevent pla-
zomicin activity, as with all other clinically utilized 
aminoglycosides [28]. In an evaluation of plazomicin against 
ESBL-producing Enterobacterales, it was more active than oth-
er tested aminoglycosides and comparable to meropenem/va-
borbactam and avibactam/ceftazidime [29, 30]. Another 
study tested plazomicin in 110 unique CRE patient isolates, in-
cluding 107 Klebsiella pneumonia–producing carbapenemase 
isolates, and only 1 strain was found to be resistant to 

Figure 1. Flow diagram of the study selection process.
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plazomicin [31]. Only 3 strains (2.7%) were sensitive to mero-
penem and imipenem. These isolates showed different sensitiv-
ities to amikacin (23.6%), gentamicin (81.8%), kanamycin 
(8.2%), and tobramycin (3.6%). The MIC 90 value of plazomi-
cin was the lowest of all tested drugs (1.0 mg/L), and for 
96 carbapenemase-producing Klebsiella pneumonia isolates, 
the MIC 90 value was 0.5 mg/L. When plazomicin was tested 
against 95 polymyxin-resistant Enterobacterales isolates, 
including both mcr-1-positive isolates and mcr-1-negative iso-
lates, it inhibited 89.5% of these isolates at an MIC of ≤2 mg/L. 
When evaluating comparator antibiotics including amikacin, 
gentamicin, tobramycin, doripenem, meropenem, tigecycline, 
levofloxacin, aztreonam, piperacillin/tazobactam, trimetho-
prim/sulfamethoxazole, ceftriaxone, and ceftazidime, the high-
est susceptibility percentage among all these agents was only 
21% for amikacin [32].

Any AEs reported in the included trials were comparable be-
tween plazomicin and the comparison arms. Plazomicin has 

demonstrated a not-inferior AE profile when compared with other 
commonly used antibiotics in the treatment of Enterobacterales 
infection. The most common AEs in the plazomicin group were 
headache (8.3%), dizziness (4.2%), nausea (4.2%), vomiting 
(4.2%), and diarrhea (4.2%), which were similar to the phase I trial 
data [33]. In addition, serious AEs and drug-related AEs may 
mainly lead to death, sepsis, or acute renal injury. The plazomicin 
group was superior to the comparators, but there was no signifi-
cant difference. Furthermore, most patients in the plazomicin 
group had full renal recovery by the final follow-up visit (81.0%) 
[19]. AEs related to renal function changes included elevated se-
rum creatinine levels, decreased creatinine clearance, acute renal 
injury, renal failure, renal injury, and chronic kidney disease, 
which occurred in 11 (3.6%) patients in the plazomicin arm vs 4 
(1.3%) in the meropenem arm. Increases in serum creatinine of 
≥0.5 mg/dL occurred in 21 (7.0%) patients in the plazomicin 
arm vs 12 (4.0%) in the meropenem arm. Full recovery for the 
increase in serum creatinine at the end of intravenous therapy 

Figure 2. Summary graph of the risk of bias.
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occurred in 6 of 11 (54.5%) in the plazomicin arm vs 4 of 9 (44.4%) 
in the meropenem arm [19]. In another phase II study on cUTIs, 
the incidence of levofloxacin in renal function events was 
0. Among patients with evaluable data, 2/12 (16.7%) in the 
plazomicin group vs 8/16 (50.0%) in the colistin group had a se-
rum creatinine increase of ≥0.5 mg/dL above baseline at any 
time during the study, and 1/12 (8.3%) in the plazomicin group 

vs 6/16 (37.5%) in the colistin group had a serum creatinine in-
crease of ≥0.5 mg/dL above baseline while on study drug 
therapy [18]. AEs related to potential ototoxicity did not appear 
to be common, as the report was not entirely based on cochlear 
and vestibular assessments in the phase 3 trial. Although amino-
glycosides have been known to be associated with ototoxicity risks, 
the possibility of ototoxicity associated with plazomicin treatment 

Figure 3. Overall clinical response rates of plazomicin and comparators. A, Clinical remission rate in the MITT population. B, Clinical relapse rate in the CE population. 
Abbreviations: CE, clinically evaluable; MITT, modified intention-to-treat.

Figure 4. Overall microbiological response rates of plazomicin and comparators. A, Microbiologic eradication rate in the mMITT population. B, Microbiologic recurrence 
rate in the ME population. Abbreviations: ME, microbiologically evaluable; mMITT, microbiological modified intention-to-treat.
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could not be determined from the trial. In an earlier study, cochle-
ar and vestibular function was assessed at baseline and up to 6 
months after plazomicin treatment [33]. Although the evaluation 

was conducted in healthy subjects, no evidence of ototoxicity was 
found, which further supported the low potential ototoxicity of 
plazomicin.

Figure 5. Overall adverse events rates of plazomicin and comparator. A, Any AEs. B, Serious AEs. C, AEs related to study drug. D, Functional change of renal. E, Functional 
change of vestibular or cochlear. Abbreviation: AE, adverse event.
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This study has several limitations. First, only 3 RCTs with 
limited patients were included in this meta-analysis, so gener-
alization of the findings of this meta-analysis might be limited. 
Further clinical study is warranted to clarify the effectiveness 
and safety of plazomicin compared with other antibiotics in 
the treatment of Enterobacterales infections. Second, this study 
also did not provide sufficient evidence for treatment of BSI or 
HAP with plazomicin. In addition to clinical research, more 
real-world evidence studies are needed to provide evidence. 
Third, although most of the Enterobacterales included in the 
study were antibiotic-resistant, there were antibiotic- 
susceptible Enterobacterales and gram-positive bacteria.

CONCLUSIONS

Plazomicin is as good as comparators in terms of efficacy and 
tolerance in the treatment of Enterobacterales infections. 
Therefore, plazomicin is a suitable choice for antibiotic treat-
ment in adult patients with cUTIs, BSI, or HAP. However, pla-
zomicin should not be routinely used as a first-line treatment 
for these infections because it does not show superiority and 
there is some uncertainty regarding risks of renal impairment 
and ototoxicity. Clinicians should reserve these broad- 
spectrum antibiotics for use when there are special indications.
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