
Effect of Meropenem-Vaborbactam vs Piperacillin-Tazobactam
on Clinical Cure or Improvement and Microbial Eradication in
Complicated Urinary Tract Infection
The TANGO I Randomized Clinical Trial
Keith S. Kaye, MD, MPH; Tanaya Bhowmick, MD; Symeon Metallidis, MD; Susan C. Bleasdale, MD; Olexiy S. Sagan, MD; Viktor Stus, MD, PhD;
Jose Vazquez, MD; Valerii Zaitsev, PhD; Mohamed Bidair, MD; Erik Chorvat, MD; Petru Octavian Dragoescu, MD; Elena Fedosiuk, MD;
Juan P. Horcajada, MD, PhD; Claudia Murta, MD; Yaroslav Sarychev, MD; Ventsislav Stoev, MD; Elizabeth Morgan, BS; Karen Fusaro, BS; David Griffith, BS;
Olga Lomovskaya, PhD; Elizabeth L. Alexander, MD; Jeffery Loutit, MBChB; Michael N. Dudley, PharmD; Evangelos J. Giamarellos-Bourboulis, MD, PhD

IMPORTANCE Meropenem-vaborbactam is a combination carbapenem/beta-lactamase
inhibitor and a potential treatment for severe drug-resistant gram-negative infections.

OBJECTIVE To evaluate efficacy and adverse events of meropenem-vaborbactam in
complicated urinary tract infection (UTI), including acute pyelonephritis.

DESIGN, SETTING, AND PARTICIPANTS Phase 3, multicenter, multinational, randomized clinical
trial (TANGO I) conducted November 2014 to April 2016 and enrolling patients (�18 years)
with complicated UTI, stratified by infection type and geographic region.

INTERVENTIONS Eligible patients were randomized 1:1 to receive meropenem-vaborbactam
(2g/2g over 3 hours; n = 274) or piperacillin-tazobactam (4g/0.5g over 30 minutes; n = 276)
every 8 hours. After 15 or more doses, patients could be switched to oral levofloxacin if they
met prespecified criteria for improvement, to complete 10 days of total treatment.

MAIN OUTCOMES AND MEASURES Primary end point for FDA criteria was overall success
(clinical cure or improvement and microbial eradication composite) at end of intravenous
treatment in the microbiologic modified intent-to-treat (ITT) population. Primary end point
for European Medicines Agency (EMA) criteria was microbial eradication at test-of-cure visit
in the microbiologic modified ITT and microbiologic evaluable populations. Prespecified
noninferiority margin was −15%. Because the protocol prespecified superiority testing in the
event of noninferiority, 2-sided 95% CIs were calculated.

RESULTS Among 550 patients randomized, 545 received study drug (mean age, 52.8 years; 361
[66.2%] women; 374 [68.6%] in the microbiologic modified ITT population; 347 [63.7%] in the
microbiologic evaluable population; 508 [93.2%] completed the trial). For the FDA primary
end point, overall success occurred in 189 of 192 (98.4%) with meropenem-vaborbactam vs
171 of 182 (94.0%) with piperacillin-tazobactam (difference, 4.5% [95% CI, 0.7% to 9.1%];
P < .001 for noninferiority). For the EMA primary end point, microbial eradication in the
microbiologic modified ITT population occurred in 128 of 192 (66.7%) with meropenem-
vaborbactam vs 105 of 182 (57.7%) with piperacillin-tazobactam (difference, 9.0% [95% CI,
−0.9% to 18.7%]; P < .001 for noninferiority); microbial eradication in the microbiologic evaluable
population occurred in 118 of 178 (66.3%) vs 102 of 169 (60.4%) (difference, 5.9% [95% CI,
−4.2% to 16.0%]; P < .001 for noninferiority). Adverse events were reported in 106 of 272
(39.0%) with meropenem-vaborbactam vs 97 of 273 (35.5%) with piperacillin-tazobactam.

CONCLUSIONS AND RELEVANCE AmongpatientswithcomplicatedUTI, includingacutepyelonephritis
and growth of a baseline pathogen, meropenem-vaborbactam vs piperacillin-tazobactam resulted
in a composite outcome of complete resolution or improvement of symptoms along with microbial
eradication that met the noninferiority criterion. Further research is needed to understand
the spectrum of patients in whom meropenem-vaborbactam offers a clinical advantage.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02166476

JAMA. 2018;319(8):788-799. doi:10.1001/jama.2018.0438

Supplemental content

CME Quiz at
jamanetwork.com/learning
and CME Questions page 824

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Keith S.
Kaye, MD, MPH, Department of
Internal Medicine, Division of
Infectious Diseases, University of
Michigan Medical School, 5510A
MSRB I, SPC 5680, 1150 W Medical
Center Dr, Ann Arbor, MI 48109-
5680 (keithka@med.umich.edu).

Research

JAMA | Original Investigation

788 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://clinicaltrials.gov/show/NCT02166476
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.0438&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.0438&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438
http://www.jamanetwork.com/learning/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438
mailto:keithka@med.umich.edu
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438


S pread of beta-lactamase enzymes among gram-
negative pathogens threatens the usefulness of many
beta-lactam antibiotics and has resulted in greater reli-

ance on carbapenems.1,2 Dissemination of carbapenemases
(eg, Klebsiella pneumoniae carbapenemase) in Enterobacte-
riaceae worldwide is identified as an urgent threat by the Cen-
ters for Disease Control and Prevention, and the World Health
Organization has identified development of new agents as
a critical need.3-5 Infections due to carbapenem-resistant
Enterobacteriaceae are most often urinary tract infections
(UTIs), including acute pyelonephritis,6 and are usually health
care–associated.7,8 Mortality attributable to carbapenem-
resistant Enterobacteriaceae infections is 20% to 54.3%6,9-11

and reflects the need for better treatment options.
Vaborbactam is a cyclic boronic acid–based beta-

lactamase inhibitor with broad inhibitory activity against serine
beta-lactamases, particularly K pneumoniae carbapenemase.
Vaborbactam plus meropenem was developed as a fixed
combination product for severe gram-negative infections,
including those due to carbapenem-resistant Enterobacteria-
ceae. Meropenem-vaborbactam has potent in vitro activity
against K pneumoniae carbapenemase-producing carbapenem-
resistant Enterobacteriaceae and restores activity of me-
ropenem in animal models of infections due to these organ-
isms.12,13 Phase 1 studies demonstrated that meropenem and
vaborbactam have well-matched plasma and tissue pharmaco-
kinetic properties; exposures in preclinical models were well
tolerated.14,15 Given these properties, the Targeting Antibiotic
Non-Susceptible Gram-Negative Organisms (TANGO I) random-
ized clinical trial was conducted comparing meropenem-
vaborbactam with piperacillin-tazobactam in adults with com-
plicated UTI, including acute pyelonephritis.

Methods
Study Design and Participants
TANGO I was a phase 3, multicenter, randomized, double-
blind, double-dummy, active-control trial enrolling adults
(≥18 years) with complicated UTI or acute pyelonephritis and
conducted from November 2014 to April 2016 in 60 sites in 17
countries: Belarus, Brazil, Bulgaria, Czech Republic, Greece,
Hungary, Italy, Peru, Poland, Romania, Slovakia, Slovenia,
South Korea, Spain, Taiwan, Ukraine, and the United States.

The study protocol and informed consent form were re-
viewed and approved by the institutional review board or in-
dependent ethics committee at each participating site. The trial
was conducted in accordance with ethical principles of Good
Clinical Practice, according to the International Conference on
Harmonisation Harmonized Tripartite Guideline. Prior to ini-
tiation of any study-related procedures, an informed consent
form was signed by the patient or by the patient’s guardian or
legal representative.

Detailed inclusion and exclusion criteria are reported in
Supplement 1. Eligible patients were 18 years or older, 185 kg
or less, needed 5 or more days of intravenous antibiotics,
and had documented or suspected complicated UTI or acute
pyelonephritis (Supplement 1).

Complicated UTI was defined, based on US Food and Drug
Administration (FDA) guidance,16 as having at least 2 of the fol-
lowing clinical criteria: (1) chills, rigors, or fever (temperature
≥38.0°C); (2) elevated white blood cell count (>10 000/mm3) or
left shift (>15% immature polymorphonuclear leukocytes);
(3) nausea or vomiting; (4) dysuria, increased urinary frequency,
or urinary urgency; or (5) lower abdominal pain or pelvic pain;
AND the presence of pyuria as evidenced by 1 of the follow-
ing: (1) white blood cell count 10 cells/μL or greater in unspun
urine; (2) 10 or more cells per high-power field in urine sediment;
or (3) positive leukocyte esterase on urinalysis; AND at least 1 as-
sociated risk factor, including indwelling catheter, neurogenic
bladder, obstructive uropathy, azotemia due to renal disease, or
urinary retention in men due to benign prostatic hypertrophy.
Indwelling urinary catheters or devices (including nephrostomy
tubes, indwelling stents, or both) were removed or replaced
(if feasible) within 12 hours of randomization. Signs or symptoms
of acute pyelonephritis could also be defined by flank pain or
costovertebral angle tenderness on physical examination.

Race/ethnicity was included as part of required data
collected for a registered trial. Patients self-reported race/
ethnicity based on fixed categories as per regulatory guidance.

Patients were excluded if they required either an antibi-
otic in addition to study drug or antifungal therapy; received
an antibiotic within 48 hours before randomization (except for
single dose of a short-acting oral or intravenous antibiotic); and
had estimated creatinine clearance less than 30 mL/min. Pa-
tients who received more than 48 hours of an antibiotic could
be enrolled if they had clinical evidence of treatment failure
or developed complicated UTI or acute pyelonephritis.

Randomization, Stratification, and Blinding
Eligible patients were randomized 1:1 using a computer-
generated central randomization code, using a dynamic ran-
domization algorithm and interactive voice/web response sys-
tem to receive either meropenem-vaborbactam (2g/2g via
3-hour infusion) or piperacillin-tazobactam (4g/0.5g via 30-
minute infusion) every 8 hours, for 10 days of total treatment
(intravenous ± oral) (Figure 1). Patients also received drug-
free saline infusate (30-minute or 3-hour infusion) to main-
tain blinding. Blinded dose adjustment was made for pa-
tients receiving meropenem-vaborbactam and with estimated
creatinine clearance less than 50 mL/min (not needed for pa-
tients receiving piperacillin-tazobactam).

Key Points
Question What are the comparative effects of meropenem-
vaborbactam vs piperacillin-tazobactam for treatment of
complicated urinary tract infection, including acute pyelonephritis?

Findings In this noninferiority randomized trial that included 550
patients,thedifferenceinthecompositeoutcomeofcompleteresolution
or improvement of symptoms along with microbial eradication met the
noninferioritymarginof15%whencomparingmeropenem-vaborbactam
vs piperacillin-tazobactam (98.4% vs 94.0%).

Meaning This study demonstrated noninferiority of meropenem-
vaborbactam for the treatment of complicated urinary tract infection.
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Randomization was stratified by geographic region (de-
fined as North America, Europe, Asia Pacific, and the rest of
the world) and type of infection (acute pyelonephritis, com-

plicated UTI with removable focus, and complicated UTI with
nonremovable focus). For a patient to be included in the group
with complicated UTI and a removable source of infection, the

Figure 1. Flow of Patients in TANGO I Randomized Clinical Trial

585 Patients assessed for study eligibility

35 Excluded
12 Met exclusion criteriaa

5 Other reasons

11 Did not meet inclusion criteriaa

7 Withdrew consent

272 Included in MITT analysis 273 Included in MITT analysis

182 Included in microbiologic MITT analysis
91 Excluded (no baseline pathogens, defined as

≥105  CFU/mL or same bacterial pathogen in
concurrent blood and urine cultures)

192 Included in microbiologic MITT analysis
80 Excluded (no baseline pathogens, defined as

≥105  CFU/mL or same bacterial pathogen in
concurrent blood and urine cultures)

169 Included in microbiologic evaluable analysis
13 Excludedc

1 Key inclusion or exclusion violationd,e

11 No clinical outcome of cure, improvement,
or failure or microbiologic outcome of
eradication or persistence at end of
intravenous treatment, unless failure
at earlier time point

2 Received <80% or >120% of expected
intravenous doses

4 Missed >1 intravenous dose in first 48 h
4 Received <6 doses for failure or <9 doses

for cure

178 Included in microbiologic evaluable analysis
14 Excludedc

7 Key inclusion or exclusion violationd,e

3 No clinical outcome of cure, improvement,
or failure or microbiologic outcome of
eradication or persistence at end of
intravenous treatment, unless failure
at earlier time point

3 Received <80% or >120% of expected
intravenous doses

2 Missed >1 intravenous dose in first 48 h
3 Missed >2 consecutive doses
2 Received <6 doses for failure or <9 doses

for cure

38 Discontinued treatmentb

14 Adverse event
13 Physician decision
4 Withdrawal by patient
3 Lost to follow-up
1 Lack of clinical improvement
3 Other reasons

23 Discontinued studyb

10 Lost to follow-up
7 Withdrawal by patient
3 Adverse event
3 Other reasons

23 Discontinued treatmentb

8 Physician decision
7 Withdrawal by patient
6 Adverse event
2 Other reasons

14 Discontinued studyb

5 Withdrawal by patient
5 Lost to follow-up
3 Adverse event
1 Physician decision

550 Randomized

276 Randomized to receive piperacillin-tazobactam
273 Received study drug as randomized

3 Did not receive study drug

274 Randomized to receive meropenem-vaborbactam
272 Received study drug as randomized

2 Did not receive study drug

MITT indicates modified intent-to-treat.
a Specific reasons and numbers for patient inclusion and exclusion not collected.
b A patient could discontinue study treatment but remain in the study,

discontinue study treatment but discontinue study at a later date, or
discontinue study treatment and discontinue study at the same time.

c Patients could have been excluded from microbiologic evaluable population
for more than 1 reason.

d Key inclusion criteria include documented or suspected complicated urinary
tract infection (UTI) or acute pyelonephritis and removal/replacement of
indwelling catheter before or within 12 hours of randomization. Key exclusion
criteria included presence of perinephric abscess; renal corticomedullary
abscess; uncomplicated UTI; polycystic kidney disease; chronic vesicoureteral
reflux; previous or planned renal transplantation; hemodialysis; previous or

planned cystectomy or ileal loop surgery, or known candiduria; presence of
suspected/confirmed acute bacterial prostatitis, orchitis, epidymitis, or
chronic bacterial prostatitis by history/physical examination; urinary tract
surgery 7 days prior to or within randomization; estimated creatinine
clearance less than 30 mL/min (Cockcroft-Gault); known nonrenal source of
infection within 7 days of randomization; signs of severe sepsis; receipt of
antibiotic agent with 48 hours of randomization; presence of
immunodeficiency, immunocompromised condition, or immunosuppressive
therapy; or neutropenia (less than 1000 polymorphonuclear leukocytes/μL).
Detailed inclusion and exclusion criteria are reported in Supplement 1.

e If a patient met multiple criteria, the patient was counted only once when
counting the total number of patients excluded from the clinical evaluable
and microbiologic evaluable populations.
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site care team was instructed to remove or replace the remov-
able focus within 12 hours after enrollment. The specifics and
timing of the removal or replacement of the removable source
of infection were not captured in the study database.

After 15 or more doses of intravenous therapy, and if they
met prespecified criteria for improvement, patients could be
switched to oral levofloxacin (500 mg every 24 hours), to com-
plete 10 days of total treatment (intravenous + oral). Criteria
for switching to oral therapy are reported in Supplement 1.

Analysis Populations
The modified intent-to-treat (ITT) population was the popu-
lation to assess adverse events and comprised all patients who
received 1 or more doses of study drug. The microbiologic
modified ITT population included all patients in the modi-
fied ITT population with 1 or more bacterial pathogens of 105

colony-forming units (CFU)/mL or more in baseline urine cul-
ture or the same bacterial pathogen present in concurrent blood
and urine cultures. The microbiologic evaluable population in-
cluded all patients who met criteria for the microbiologic modi-
fied ITT population and who had a clinical outcome and mi-
crobiologic outcome at end of intravenous treatment; received
80% or more and 120% or less of expected intravenous doses
for completed treatment duration; missed 1 intravenous dose,
or no doses, in the first 48 hours and missed 2 or fewer con-
secutive intravenous doses overall; received 6 or more doses
of study drug if classified as experiencing treatment failure on
overall outcome; or received 9 or more doses if classified as
experiencing cure on overall outcome.

Procedures
Study procedures included assessment of study outcomes, col-
lection of urine for urinalysis and cultures, collection of blood
for culture, and pharmacokinetic analyses. Assessments of ad-
verse events, clinical laboratory evaluations, vital signs, physi-
cal examinations, and electrocardiograms were also conducted.

Clinical Assessments
Clinical outcome assessment was performed on day 3 of study
treatment, at end of intravenous treatment, on the last day of
total therapy (end of treatment), at the test-of-cure visit (end
of treatment +7 days), and at the late follow-up visit (end of
treatment +14 days) (eFigure in Supplement 2). Visit assess-
ments were combined at end of intravenous treatment and end
of treatment for patients who did not switch to oral therapy.
Investigators made clinical outcome assessments at each visit
based on improvement, no change, or worsening of the base-
line symptoms and signs.

Microbiologic Assessments
Urine and blood cultures were sent to a local laboratory for cul-
ture and susceptibility testing. Up to 2 isolated pathogens were
allowed per urine culture (at ≥105 CFU/mL urine). Urine cul-
tures with 3 or more bacterial organisms were considered con-
taminated. If an organism grew concurrently in urine and blood,
it was not considered a contaminant. All isolates cultured at the
local laboratory and designated as pathogens were sent to
the reference laboratory (JMI Laboratories, North Liberty, Iowa)

for confirmation of identification and susceptibility testing re-
sults. Susceptibility testing was completed using Clinical and
Laboratory Standards Institute methods.17,18

For microbiologic outcome, eradication was defined as base-
line bacterial pathogens reduced to less than 104 CFU/mL on
urine culture (FDA criteria) or less than 103 CFU/mL (European
Medicines Agency [EMA] criteria) AND negative blood culture
for an organism identified as a uropathogen (if repeated after
positive finding at baseline blood culture).

Primary and Secondary End Points
The primary efficacy end point was assessed using different
criteria for the FDA and the EMA.16,19 For the FDA criteria, the
primary end point was overall success, a composite outcome
of clinical cure (complete resolution or significant improve-
ment of baseline signs and symptoms of complicated UTI or
acute pyelonephritis) and microbial eradication (baseline
pathogens reduced to <104 CFU/mL urine) at the end of intra-
venous treatment visit for the microbiologic modified ITT
population. For the EMA criteria, the primary end point was
microbial eradication (baseline pathogens reduced to
<103 CFU/mL urine) at the test-of-cure visit for the microbio-
logic modified ITT and microbiologic evaluable populations.

Secondary end points reported here include proportion
of patients with overall success at end of intravenous treat-
ment and at test-of-cure visits (by infection type) in the
microbiologic modified ITT population; clinical cure at end of
intravenous treatment and at test-of-cure visits in the micro-
biologic modified ITT population; microbial eradication to
less than 104 CFU/mL of urine for the FDA criteria and less
than 103 CFU/mL of urine for the EMA criteria at end of
intravenous treatment and at test-of-cure visits in the micro-
biologic modified ITT and microbiologic evaluable popula-
tions; per-pathogen outcomes (overall success, clinical
cure, and microbial eradication) in the microbiologic modi-
fied ITT population; and adverse event and tolerability
profile of meropenem-vaborbactam as assessed by vital
signs, clinical laboratory tests, electrocardiograms, and
physical examinations.

Secondary end points not reported here include pharma-
cokinetic characterization of plasma exposure of meropenem
and vaborbactam; assessments in the clinical evaluable popu-
lation; and assessments on day 3 and the last follow-up visit.

Statistical Analysis
A sample size of approximately 500 patients with 60% in the
microbiologic modified ITT population, an overall success
rate at end of intravenous treatment of 80% in both treat-
ment groups, and a noninferiority margin of 15% provided
90% power to demonstrate noninferiority of meropenem-
vaborbactam to piperacillin-tazobactam in the microbiologic
modified ITT population. A sample size of 500 patients with
50% in the microbiologic evaluable population provided
84% power to demonstrate noninferiority of meropenem-
vaborbactam to piperacillin-tazobactam in the microbiologic
evaluable population.

For primary end point analyses, the proportion of pa-
tients with overall success and the proportion of patients with
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microbial eradication were summarized by treatment
group. Two-sided 95% CIs were presented for between-
group differences (meropenem-vaborbactam − piperacillin-
tazobactam), based on the method of Miettinen and
Nurminen.20 The prespecified noninferiority margin was a dif-
ference of 15%. Noninferiority was concluded if the lower limit
of the 2-sided 95% CI for the treatment difference for overall
success at end of intravenous treatment was greater than −15%.
For the EMA criteria, meropenem-vaborbactam was noninfe-
rior only if noninferiority was demonstrated for microbial eradi-
cation at test of cure in both the microbiologic modified ITT
and microbiologic evaluable populations. If noninferiority
was demonstrated in FDA or EMA primary end points, the pro-
tocol and statistical analysis plan included an assessment of
superiority using the CI to determine whether the lower bound
of the 2-sided 95% CI was greater than 0. A sensitivity analy-
sis of the FDA primary end point assessing only those who were
cured, as opposed to improved, was also conducted. The study
was not powered to demonstrate noninferiority for second-
ary end points.

In designing this study to support regulatory registration,
we considered noninferiority margins that would be clini-
cally acceptable as well as recognize the activity of meropenem-
vaborbactam against carbapenem-resistant Enterobacteria-
ceae, a pathogen family that the US Centers for Disease Control
and Prevention considers to be an urgent antimicrobial resis-
tance threat. In developing agents to address these threats and
provide therapy for patients who do not have other treatment
options to thus address this unmet need, it is recognized that
clinicians and regulators are willing to accept a lower level of
certainty about differences in efficacy between an estab-
lished comparator and a test agent that can provide activity
against drug-resistant pathogens.

As stated in the FDA Guidance Antibacterial Therapies
for Patients with an Unmet Medical Need for the Treatment of
Serious Bacterial Infections, “the guidance for industry Com-
plicated Urinary Tract Infections: Developing Drugs for Treat-
ment recommends a noninferiority margin of 10 percent for a
trial evaluating a new antibacterial drug based on reliable and
reproducible evidence of an antibacterial drug treatment ef-
fect of approximately 30 percent (the effect of the antibacte-
rial drug over placebo). An active-controlled trial showing non-
inferiority based on the selection of a noninferiority margin
greater than 10 percent but less than the treatment effect of
30 percent (eg, a noninferiority margin of 15 percent) still es-
tablishes effectiveness for the treatment of complicated UTI
but allows for a greater potential loss of efficacy. Such a find-
ing of noninferiority could be acceptable for patients who have
limited or no alternative treatment options for their serious in-
fectious disease.”21 Accordingly, a value of −15% for the lower
bound of the 95% CI of the difference between meropenem-
vaborbactam vs piperacillin-tazobactam was assumed in de-
signing and powering this study.

The Breslow-Day test was used to assess the homogeneity
of the odds ratios across regions. In a post hoc analysis, the same
test was used to assess the homogeneity of the odds ratios among
all centers. If no significant center × treatment interaction was
observed, a mixed-effects logistic regression was conducted.

Results

Patient Disposition
A total of 550 patients at 60 sites in 17 countries were
randomized between November 2014 and April 2016: 274
to meropenem-vaborbactam and 276 to piperacillin-
tazobactam. The distribution of patients by sites is reported
in eTable 1 in Supplement 2. Of the 550 patients, 545 received
1 or more doses of study drug (modified ITT population): 272
received meropenem-vaborbactam and 273 piperacillin-
tazobactam (Figure 1). Of the 545 patients who received study
drug, 374 (68.6%) had bacterial pathogens of 105 CFU/mL or
greater in baseline urine culture or the same bacterial patho-
gen present in concurrent blood and urine cultures; these 374
comprised the microbiologic modified ITT population (192
meropenem-vaborbactam; 182 piperacillin-tazobactam).

Baseline characteristics for the 3 study populations (modi-
fied ITT, microbiologic modified ITT, microbiologic evalu-
able) are reported in Table 1 and in eTable 2 in Supplement 2.
The meropenem-vaborbactam and piperacillin-tazobactam
groups included numerically similar percentages of patients
with acute pyelonephritis (59.2% and 59.0%, respectively),
complicated UTI with removable source of infection (19.5% and
18.7%), and complicated UTI with nonremovable source of
infection (21.3% and 22.3%).

Patients presented with a mean of 3.5 symptoms (range,
2-6) at baseline in both the modified ITT and microbiologic
modified ITT populations. Baseline urinary pathogens were nu-
merically similar across the meropenem-vaborbactam and
piperacillin-tazobactam groups of the microbiologic modi-
fied ITT population, and Escherichia coli (65.1% and 64.3%, re-
spectively) and K pneumoniae (15.6% and 15.4%) were the most
commonly isolated urinary pathogens. Overall, nearly all base-
line urinary isolates were susceptible to meropenem and ap-
proximately 12% were resistant to piperacillin-tazobactam by
FDA criteria. Resistance to the most common pathogens using
FDA criteria is reported in Table 1 and using European Com-
mittee on Antimicrobial Susceptibility Testing criteria22 is re-
ported in eTable 3 in Supplement 2.

Most patients in both groups of the modified ITT popula-
tion (91.5% meropenem-vaborbactam; 86.1% piperacillin-
tazobactam) completed study treatment (intravenous + oral).
Of those not completing treatment, most prematurely discon-
tinued intravenous therapy (8.1% meropenem-vaborbactam
group; 12.8% piperacillin-tazobactam). Treatment discontinu-
ations because of an adverse event (2.2% meropenem-
vaborbactam; 5.1% piperacillin-tazobactam) and physician
decision (2.9% meropenem-vaborbactam; 4.8% piperacillin-
tazobactam) were the primary reasons for the higher percent-
ages of intravenous treatment discontinuations in the pipera-
cillin-tazobactam group.

The majority of patients in both treatment groups (94.9%
meropenem-vaborbactam group; 91.6% piperacillin-
tazobactam) completed the study. Mean study duration was
approximately 25 days (maximum, 31 days). The primary rea-
sons for not completing the study in the meropenem-
vaborbactam and piperacillin-tazobactam groups were loss to

Research Original Investigation Effects of Meropenem-Vaborbactam vs Piperacillin-Tazobactam in Treatment of Complicated UTI

792 JAMA February 27, 2018 Volume 319, Number 8 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.0438&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.0438&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.0438&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.0438


follow-up (1.8% and 3.7%, respectively), patient withdrawal
(1.8% and 2.6%), and an adverse event (1.1% and 1.1%).

Duration of Treatment
Treatment duration was similar across both groups. Mean
duration of intravenous and oral step-down therapy in the
modified ITT population was approximately 10 days in the
meropenem-vaborbactam group (10.1 days [range, 1-17]) and
piperacillin-tazobactam group (9.9 days [range, 2-15]). Most
patients in both groups received 5 to 11 days of intravenous
therapy; the mean duration was 8.0 days in both groups (1-15
days for meropenem-vaborbactam; 2-15 days for piperacillin-
tazobactam).

Levofloxacin was used as oral step-down therapy in 146
patients (93.6%) receiving meropenem-vaborbactam and 137
(95.1%) receiving piperacillin-tazobactam. A percentage of pa-
tients in both groups were switched to oral step-down therapy
with levofloxacin despite having a levofloxacin-resistant
pathogen at baseline by FDA criteria (9.9% meropenem-
vaborbactam; 8.2% piperacillin-tazobactam) and European
Committee on Antimicrobial Susceptibility Testing criteria
(9.9% in each group).

Efficacy Evaluation
Primary End Points
Noninferiority was met for the FDA primary end point of over-
all success in the microbiologic modified ITT population at end
of intravenous treatment and for the EMA primary end point
of microbiologic outcome of eradication at test of cure in the
microbiologic modified ITT and microbiologic evaluable popu-
lations (Figure 2A).

At end of intravenous treatment, the overall success rate
in the microbiologic modified ITT population was 98.4%
with meropenem-vaborbactam vs 94.0% with piperacillin-
tazobactam (difference, 4.5% [95% CI, 0.7% to 9.1%];
P < .001 for noninferiority). The lower limit of the 95% CI
(0.7%) was greater than the prespecified noninferiority mar-
gin of −15%, demonstrating that meropenem-vaborbactam
was noninferior to piperacillin-tazobactam for the FDA pri-
mary end point (Figure 2A). Additionally, according to the
prespecified statistical plan, superiority of meropenem-
vaborbactam over piperacillin-tazobactam was concluded for
this end point since the lower limit of the 95% CI (0.7%)
exceeded 0 (P = .01).

Overall success for the primary end point at the end of in-
travenous treatment was clinical cure or improvement and mi-
crobial eradication. Results of a sensitivity analysis assessing
only patients who were cured, as opposed to improved, dem-
onstrated rates of overall success of 81.3% for meropenem-
vaborbactam vs 78.6% for piperacillin-tazobactam (differ-
ence, 2.7% [95% CI, −5.5% to 10.9%]).

In the microbiologic modified ITT population, at end
of intravenous treatment, overall success was 97.5%
for meropenem-vaborbactam and 94.1% for piperacillin-
tazobactam (difference, 3.4% [95% CI, −2.0% to 10.2%]) for pa-
tients with acute pyelonephritis; 100% and 92.1% (differ-
ence, 7.9% [95% CI, −2.5% to 20.9%]) for patients with
complicated UTI and a removable source of infection; and 100%

Table 1. Baseline Characteristics, Pathogens, and Drug Resistance

Baseline Characteristics
(MITT Population)a

No. (%)
Meropenem-
Vaborbactam
(n = 272)

Piperacillin-
Tazobactam
(n = 273)

Acute pyelonephritis 161 (59.2) 161 (59.0)

Complicated urinary tract infection 111 (40.8) 112 (41.0)

With removable source of infectionb 53 (19.5) 51 (18.7)

With nonremovable source of infection 58 (21.3) 61 (22.3)

Age, mean (SD), y 53.0 (19.4) 52.6 (20.9)

≥65 87 (32.0) 103 (37.7)

Female sex 181 (66.5) 180 (65.9)

White race 254 (93.4) 252 (92.3)

Creatinine clearance, mean (SD),
mL/min/1.73 m2

93.5 (34.4) 89.2 (36.4)

≤50 31 (11.4) 37 (13.5)

Diabetes mellitus 42 (15.4) 44 (16.1)

Systemic inflammatory response syndromec 77 (28.3) 90 (33.0)

Charlson Comorbidity Index score ≥3d 143 (52.6) 147 (53.8)

Common baseline pathogens
(microbiologic MITT population)e,f

n = 192 n = 182

Escherichia coli 125 (65.1) 117 (64.3)

Klebsiella pneumoniae 30 (15.6) 28 (15.4)

Enterococcus faecalis 13 (6.8) 14 (7.7)

Proteus mirabilis 6 (3.1) 12 (6.6)

Enterobacter cloacae species complex 10 (5.2) 5 (2.7)

Drug resistance (FDA/CLSI criteria)
in the most common baseline urinary
gram-negative pathogens
(microbiologic MITT population)a,g,h

E coli n = 124 n = 115

Meropenem 0 0

Piperacillin-tazobactam 7 (5.6) 6 (5.2)

K pneumoniae n = 30 n = 27

Meropenem 1 (3.3) 2 (7.4)

Piperacillin-tazobactam 15 (50) 9 (33.3)

Abbreviations: CLSI, Clinical and Laboratory Standards Institute; FDA, US Food
and Drug Administration; MITT, modified intent-to-treat.
a Population comprised all patients who received 1 or more doses of study drug.
b Includes urinary catheter or removable kidney stones.
c Defined as the occurrence of �2 of fever (temperature >38°C [100.4°F]) or

temperature <36°C (96.8°F); heart rate >90/min; respiratory rate >20/min or
arterial carbon dioxide tension <32 mm Hg; abnormal white blood cell count
(>12 000/μL or <4000/μL or >10% immature [band] forms).

d Index used to categorize comorbidities based on ICD diagnosis codes. Each
category has an associated weight (range, 1-6), based on adjusted risk of
mortality or resource use. The sum of weights results in a comorbidity score;
higher score indicates higher likelihood that the predicted outcome will result
in mortality or higher resource use.

e Organisms observed in �15 patients at baseline. Some patients had >1
pathogen at baseline. Overall, in the microbiologic MITT population, 12 of 192
patients (6.3%) in the meropenem-vaborbactam group and 20 of 182 (11.0%)
in the piperacillin-tazobactam group had >1 baseline pathogen.

f The microbiologic MITT population included all patients in the MITT population
with bacterial pathogens of �105 CFU/mL in baseline urine culture or the same
bacterial pathogen present in concurrent blood and urine cultures.

g The FDA/CLSI breakpoint for piperacillin-tazobactam resistance of
Enterobacteriaceae is >64 μg/mL.17,18 The FDA/CLSI breakpoint for
meropenem resistance of Enterobacteriaceae is �4 μg/mL.17,18

h Only pathogens with a frequency of at least 10 patients total are included.
Only data from urinary isolates are included. If the same pathogen was
isolated from the same source (urine or blood), only the result for the isolate
with the highest minimum inhibitory concentration was included.
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and 95.3% (difference, 4.7% [95% CI, −5.1% to 15.6%]) for
patients with complicated UTI and a nonremovable source of
infection (Figure 2B).

The differences and 95% CIs between treatment groups for
overall success at end of intravenous treatment for sub-
groups based on age, sex, renal function, diabetes status, sys-
temic inflammatory response syndrome status, Charlson
Comorbidity Index score, and geographic region are pre-
sented in Figure 3. In patients with bacteremia, follow-up
cultures were negative in all patients; the overall success for
complicated UTI, including acute pyelonephritis, at end of in-
travenous treatment was 83.3% (10/12) for meropenem-
vaborbactam and 100% (15/15) for piperacillin-tazobactam
(difference, −16.7% [95% CI, −45.4% to 6.3%]). The 2 patients
in the meropenem-vaborbactam group who did not achieve
overall treatment success for their UTI were deemed to have
experienced treatment failure because study drug was pre-
maturely discontinued owing to an adverse event.

For the Europe region, overall success at the end of intra-
venous treatment was 98.8% (171/173) for meropenem-
vaborbactam and 94.5% (15 4/163) for piperac ill in-
tazobactam. The number of patients enrolled outside Europe

was relatively small, but overall success was similar: 94.7%
(18/19) for meropenem-vaborbactam and 89.5% (17/19) for
piperacillin-tazobactam. Of these 19 patients outside Europe
in each group, overall success for the patients in the US re-
gion was 100% (3/3) for meropenem-vaborbactam and 83.3%
(5/6) for piperacillin-tazobactam. There were no differences
in the primary end point by prespecified geographic region.
The P value to test for homogeneity of the odds ratio across
regions was .27 (Breslow-Day test), indicating no significant
region difference in the odds ratio.

In addition, as a post hoc analysis, a test for homogeneity
of the odds ratios among all centers was conducted using the
Breslow-Day test. The P value for this test was .37. Since no sig-
nificant center × treatment interaction was observed, a mixed-
effects logistic regression was conducted. In this model, the
primary end point (overall success at end of intravenous treat-
ment) was used as the dependent variable, with treatment as
fixed effect (meropenem-vaborbactam vs piperacillin-
tazobactam) and center as random effect. The odds ratio
obtained from the model was 4.23 (95% CI, 1.14 to 15.69). The
result demonstrates that the superiority of the overall suc-
cess rate in the meropenem-vaborbactam group over the

Figure 2. Primary and Secondary Study End Points

–10–15–20 5 20 250 1510
Between-Group Difference in

Successful Treatment (95% CI), %

–5

Favors
Piperacillin-
Tazobactam

Favors
Meropenem-
Vaborbactam

No. of Patients Successfully Treated/Total No. (%)

Meropenem-Vaborbactam Piperacillin-Tazobactam

Between-Group
Difference
(95% CI), %

189/192 (98.4) 171/182 (94.0)FDA primary: overall success at end of
intravenous treatment (microbiologic MITT analysis)a,b

4.5 (0.7 to 9.1)

128/192 (66.7) 105/182 (57.7)Microbiologic MITT analysisb 9.0 (–0.9 to 18.7)
EMA primary: microbial eradication at test of cure

118/178 (66.3) 102/169 (60.4)Microbiologic evaluable analysis 5.9 (–4.2 to 16.0)

Primary end pointsA

No. of Patients Successfully Treated/Total No. (%)

Meropenem-Vaborbactam Piperacillin-Tazobactam

1015–20 5 20 250 1510
Between-Group Difference in

Successful Treatment (95% CI), %

5

Favors
Piperacillin-
Tazobactam

Favors
Meropenem-
Vaborbactam

Between-Group
Difference
(95% CI), %

143/192 (74.5) 128/182 (70.3)Overall success at test of curea 4.1 (–4.9 to 9.1)

189/192 (98.4) 174/182 (95.6)Clinical cure at end of intravenous treatmentd 2.8 (–0.7 to 7.1)

117/120 (97.5) 95/101 (94.1)Acute pyelonephritis 3.4 (–2.0 to 10.2)
Overall success at end of intravenous treatmenta

174/192 (90.6) 157/182 (86.3)Clinical cure at test of cure 4.4 (–2.2 to 11.1)
188/192 (97.9) 168/182 (92.3)Microbial eradication at end of intravenous

treatment (FDA criteria)
5.6 (1.4 to 10.7)

132/192 (68.8) 113/182 (62.1)Microbial eradication at test of cure (FDA criteria) 6.7 (–3.0 to 16.2)

35/35 (100) 35/38 (92.1)Complicated UTI, removable infection sourcec 7.9 (–2.5 to 20.9)
37/37 (100) 41/43 (95.3)Complicated UTI, nonremovable infection source 4.7 (–5.1 to 15.6)

Secondary end pointsB

For microbiologic outcome, eradication was defined as baseline bacterial
pathogens reduced to less than 104 colony-forming units (CFU)/mL on urine
culture (US Food and Drug Administration [FDA] criteria) or less than 103

CFU/mL (European Medicines Agency [EMA] criteria) AND negative blood
culture for an organism that was identified as a uropathogen (if repeated after
positive at baseline blood culture). In panel A, blue dashed line at x = −15
indicates the noninferiority margin. MITT indicates modified intent-to-treat;
SIRS, systemic inflammatory response syndrome; UTI, urinary tract infection.
a At end of intravenous treatment, overall success represents patients with

clinical cure or improvement and microbial eradication. At test of cure, overall
success represents patients with clinical cure and microbial eradication.

b The microbiologic MITT population included all patients in the MITT population
with bacterial pathogens of 105 CFU/mL or greater in the baseline urine culture or
the same bacterial pathogen present in concurrent blood and urine cultures.

c Includes urinary catheter or removable kidney stones.
d At end of intravenous treatment, clinical cure represents patients with

complete resolution or significant improvement of baseline signs and
symptoms of complicated UTI or acute pyelonephritis.
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piperacillin-tazobactam group was maintained when center
effect was accounted for in the model. These results were con-
sistent with the findings in the prespecified primary analysis
(including all centers) using risk difference as the test statistic.

For the EMA primary end point in the microbiologic modi-
fied ITT population, microbial eradication occurred in 66.7%
of patients (128/192) in the meropenem-vaborbactam group
vs 57.7% (105/182) in the piperacillin-tazobactam group at test
of cure (difference, 9.0% [95% CI, −0.9% to 18.7%]; P < .001
for noninferiority). For the EMA primary end point in the
microbiologic evaluable population, microbial eradication oc-
curred in 66.3% of patients (118/178) in the meropenem-
vaborbactam group vs 60.4% (102/169) in the piperacillin-
tazobactam group at test of cure (difference, 5.9% [95% CI,
−4.2% to 16.0%]; P < .001 for noninferiority) (Figure 2A). Based
on these data, meropenem-vaborbactam was noninferior to
piperacillin-tazobactam because the lower limit of the 95% CI
for the differences between treatment groups in both popu-
lations was greater than the prespecified noninferiority
margin of −15%.

Key Secondary End Points

Overal l Succe ss | Overall success in the meropenem-
vaborbactam group was noninferior to that in the piperacillin-
tazobactam group at test of cure (74.5% and 70.3%, respec-
tively; difference, 4.1% [95% CI, −4.9% to 9.1%]) (Figure 2B).
At test of cure, overall success was 82.5% for meropenem-
vaborbactam and 75.2% for piperacillin-tazobactam (differ-
ence, 7.3% [95% CI, −3.5% to 18.3%]) in patients with acute
pyelonephritis, 60.0% and 60.5% (difference, −0.5% [95% CI,
−22.7% to 21.6%]) in patients with complicated UTI and a re-
movable source of infection, and 62.2% and 67.4% (differ-
ence, −5.3% [95% CI, −26.0% to 15.5%]) in patients with com-
plicated UTI and a nonremovable source of infection. Overall
success by infection type at end of intravenous treatment is
shown in Figure 2B.

Clinical Cure | In the microbiologic modified ITT population, clini-
cal cure at end of intravenous treatment (clinical cure or im-
provement) was 98.4% in the meropenem-vaborbactam group

Figure 3. Overall Success at End of Intravenous Treatment, by Subgroup (Microbiologic Modified Intent-to-Treat Analysis)

No. of Patients Successfully Treated/Total No. (%)

Meropenem-Vaborbactam Piperacillin-Tazobactam

Between-Group
Difference
(95% CI), %

–20–30–40–50 10 500 403020
Between-Group Difference in

Successful Treatment (95% CI), %

–10

Favors
Piperacillin-
Tazobactam

Favors
Meropenem-
Vaborbactam

128/130 (98.5) 102/105 (97.1)<65 1.3 (–3.0 to 6.7)
Age, y

61/62 (98.4) 69/77 (89.6)≥65 8.8 (0.7 to 17.9)

66/67 (98.5) 60/62 (96.8)Men 1.7 (–5.1 to 9.7)
Sex

123/125 (98.4) 111/120 (92.5)Women 5.9 (0.8 to 12.3)

34/35 (97.1) 36/39 (92.3)65 to <75 4.8 (–7.9 to 18.0)
27/27 (100) 33/38 (86.8)≥75 13.2 (–0.2 to 27.5)

4/4 (100) 2/3 (66.7)Asian 33.3a
Race

3/3 (100) 2/2 (100)Black or African American 0a

176/178 (98.9) 160/169 (94.7)White 4.2 (0.6 to 8.8)
6/7 (85.7) 7/8 (87.5)Other –1.8 (–43.6 to 38.2)

3/3 (100) 5/6 (83.3)North America 16.7a
Region

171/173 (98.8) 154/163 (94.5)Europe 4.4 (0.6 to 9.2)
4/4 (100) 2/3 (66.7)Asia Pacific 33.3a

11/12 (98.7) 10/10 (100)Other –8.3 (–36.2 to 21.6)

1/1 (100) 1/1 (100)<30 0a
Creatinine clearance, mL/min/1.73 m2

20/20 (100) 20/22 (90.9)30-50 9.1 (–8.1 to 28.1)

32/32 (100) 31/34 (91.2)Yes 8.8 (–2.5 to 23.1)
Diabetes

157/160 (98.1) 140/148 (94.6)No 3.5 (–0.7 to 8.7)

54/55 (98.2) 58/61 (95.1)Yes 3.1 (–5.3 to 12.0)
SIRS

135/137 (98.5) 113/121 (93.4)No 5.2 (0.5 to 11.2)

87/89 (97.8) 75/77 (97.4)≤2 0.4 (–5.6 to 7.0)
Charlson Comorbidity Index Score categoryb

102/103 (99.0) 96/105 (91.4)≥3 7.6 (2.2 to 14.7)

10/12 (83.3) 15/15 (100)Yes –16.7 (–45.4 to 6.3)
Bacteremia at baseline

174/175 (99.4) 153/164 (93.3)No 6.1 (2.6 to 11.1)

166/169 (98.2) 147/156 (94.2)>50 4 (–0.1 to 9.0)

SI conversion factor: To convert creatinine clearance values to mL/s/m2,
multiply by 0.0167.
a Numbers of patients too small to permit calculation of 95% CIs.
b Used to categorize comorbidities of patients based on the International

Classification of Diseases diagnosis codes. Each comorbidity category has

an associated weight ranging from 1 to 6, based on the adjusted risk of mortality
or resource use. The sum of all the weights results in a comorbidity score.
A higher score indicates a higher likelihood that the predicted outcome will
result in mortality or higher resource use.
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and 95.6% in the piperacillin-tazobactam group (difference,
2.8% [95% CI, −0.7% to 7.1%]) and at test of cure was 90.6%
and 86.3% (difference, 4.4% [95% CI, −2.2% to 11.1%])
(Figure 2B).

Microbial Eradication | In the microbiologic modified ITT popu-
lation, eradication at test of cure was 74.2% in the meropenem-
vaborbactam group and 63.4% in the piperac il l in-
tazobactam group (difference, 10.8% [95% CI, −1.4% to 23.0%])
in patients with acute pyelonephritis; 60.0% and 52.6%
(difference, 7.4% [95% CI, −15.4% to 29.3%]) in patients with
complicated UTI and a removable source of infection; and
48.6% and 48.8% (difference, −0.2% [95% CI, −21.7% to 21.4%])
in patients with complicated UTI and a nonremovable source
of infection.

In the microbiologic evaluable population, eradication at
test of cure was 74.8% in the meropenem-vaborbactam group
and 67.4% in the piperacillin-tazobactam group (difference,
7.4% [95% CI, −5.1% to 20.0%]) in patients with acute pyelo-
nephritis; 58.8% and 55.9% (difference, 2.9% [95% CI, −20.3%

to 25.9%]) in patients with complicated UTI and a removable
source of infection; and 45.5% and 48.8% (difference, −3.4%
[95% CI, −25.3% to 19.0%]) in patients with complicated UTI
and a nonremovable source of infection.

Outcomes by Pathogen
Of the 374 patients in the microbiologic modified ITT popu-
lation, 85.9% (165/192) of patients in the meropenem-
vaborbactam group and 84.6% (154/182) in the piperacillin-
tazobactam group had Enterobacteriaceae as a baseline
pathogen; the majority had a single pathogen.

Outcomes at end of intravenous treatment in patients
in the microbiologic modified ITT group with Enterobacteria-
ceae by baseline minimum inhibitory concentration to
meropenem-vaborbactam and piperacillin-tazobactam are re-
ported in Table 2. Despite 11.0% (17/154) of baseline Entero-
bacteriaceae isolates in the piperacillin-tazobactam group being
resistant to piperacillin-tazobactam, all 17 patients achieved
clinical cure, and 16 of 17 achieved microbial eradication at the
primary end point.

Table 2. Cure, Eradication, and Overall Success Rates at End of Intravenous Treatment and Test-of-Cure Visits in Patients With Enterobacteriaceae
by Baseline MIC (Microbiologic MITT Population)a

Meropenem-Vaborbactam (n = 192) Piperacillin-Tazobactam (n = 182)b

MIC, μg/mL

No./Total (%)

MIC, μg/mL

No./Total (%)

Clinical Curec Microbial Eradication Overall Successd Clinical Curec Microbial Eradication Overall Successd

End of Intravenous Treatment

≤0.06 146/149 (98.0) 146/149 (98.0) 146/149 (98.0) ≤0.05 10/10 (100) 10/10 (100) 10/10 (100)

0.12 12/12 (100) 11/12 (91.7) 12/12 (100.0) 1 14/15 (93.3) 14/15 (93.3) 14/15 (93.3)

0.25 2/2 (100) 2/2 (100) 2/2 (100) 2 57/60 (95.0) 56/60 (93.3) 57/60 (95.0)

0.5 1/1 (100) 1/1 (100) 1/1 (100) 4 21/22 (95.5) 20/22 (90.9) 20/22 (90.9)

32b 1/1 (100) 1/1 (100) 1/1 (100) 8 6/6 (100) 6/6 (100) 6/6 (100.0)

16 10/11 (90.9) 10/11 (90.9) 10/11 (90.9)

32 10/11 (90.9) 8/11 (72.7) 10/11 (90.9)

64 2/2 (100) 2/2 (100) 2/2 (100)

>64 17/17 (100) 16/17 (94.1) 17/17 (100)

Total 162/165 (98.0) 161/165 (98.0) 162/165 (98.2) 147/154 (95.0) 142/154 (92.0) 146/154 (94.8)

Test-of-Cure Visit

≤0.06 135/149 (90.6) 105/149 (70.5) 113/149 (75.8) ≤0.05 9/10 (90.0) 6/10 (60.0) 9/10 (90.0)

0.12 10/12 (83.3) 7/12 (58.3) 7/12 (58.3) 1 14/15 (93.3) 13/15 (86.7) 14/15 (93.3)

0.25 2/2 (100.0) 1/2 (50.0) 1/2 (50.0) 2 52/60 (86.7) 40/60 (66.7) 46/60 (76.7)

0.5 1/1 (100.0) 1/1 (100) 1/1 (100) 4 19/22 (86.4) 12/22 (54.5) 15/22 (68.2)

32e 1/1 (100.0) 1/1 (100) 1/1 (100) 8 6/6 (100) 5/6 (83.3) 5/6 (83.3)

16 7/11 (63.6) 4/11 (36.4) 4/11 (36.4)

32 8/11 (72.7) 5/11 (45.5) 6/11 (54.5)

64 2/2 (100) 1/2 (50.0) 1/2 (50.0)

>64 17/17 (100) 9/17 (52.9) 10/17 (58.8)

Total 149/165 (90.3) 115/165 (69.7) 123/165 (74.5) 110/154 (71.4) 95/154 (61.7) 110/154 (71.4)

Abbreviations: MIC, minimum inhibitory concentration; MITT, modified
intent-to-treat.
a The microbiologic MITT population included all patients in the MITT

population with 1 or more bacterial 1 pathogens of 105 CFU/mL or greater in
baseline urine culture or the same bacterial pathogen present in concurrent
blood and urine cultures.

b US Food and Drug Administration/Clinical and Laboratory Standards Institute
breakpoint for piperacillin-tazobactam susceptibility of Enterobacteriaceae is
16 μg/mL or less; resistance is greater than 64 μg/mL.17,18.

c At end of intravenous treatment, clinical cure represents patients with
complete resolution or significant improvement of baseline signs and
symptoms of complicated urinary tract infection, including acute
pyelonephritis.

d At end of intravenous treatment, overall success represents patients with
clinical cure or improvement and microbial eradication. At test of cure, overall
success represents patients with clinical cure and microbial eradication.

e For an organism containing an OXA-48 enzyme.
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Evaluation of Adverse Events
In the meropenem-vaborbactam and piperacillin-tazobactam
groups, respectively, the proportions of patients who experi-
enced an adverse event (39.0% and 35.5%), study drug-related
adverse event (15.1% and 12.8%), severe adverse event (2.6% and
4.8%), or life-threatening adverse event (congestive cardiac fail-
ure, septic shock secondary to salpingo-oophoritis, and an in-
fusion-related reaction) (1.1% and 0%) were similar; the num-
ber of patients who died (0.7% in each group), experienced a
serious adverse event (4.0% and 4.4%) or an adverse event lead-
ing to study drug discontinuation (2.6% and 5.1%), or study dis-
continuation (1.1% in each group) was low and similar across
treatment groups (eTable 4 in Supplement 2).

Adverse events occurring in 1.5% or more of patients in
either treatment group are reported in Table 3. Headache, all
instances of which were mild or moderate in severity, was the
most common adverse event reported with meropenem-
vaborbactam treatment, and no patients discontinued study
treatment because of headache. The proportion of patients with
a potentially clinically significant elevation in a laboratory test
value or vital sign was low and numerically similar in the treat-
ment groups.

Discussion
Noninferiority was demonstrated for meropenem-vabor-
bactam compared with piperacillin-tazobactam for the FDA pri-
mary end point of overall success at the end of intravenous treat-
ment in the microbiologic modified ITT population. In addition,
superiority was observed. This finding is notable, given the ob-
served high efficacy of piperacillin-tazobactam (overall suc-
cess, 94.0%). Noninferiority was also observed for the EMA pri-
mary end point of eradication at the test-of-cure visit in the
coprimary populations (microbiologic modified ITT and micro-
biologic evaluable).

The overall success at the test-of-cure visit (74.5% in the
meropenem-vaborbactam group, 70.3% in the piperacillin-
tazobactam group) was lower for both treatment groups than
at the end of intravenous treatment (98.4% vs 94.0%, respec-
tively). These differences were driven primarily by lower rates
of microbial eradication at the test-of-cure visit (meropenem-
vaborbactam, 68.8%; piperacillin-tazobactam, 62.1%). The
lower outcomes at test of cure may have been affected by the
approximately 10% of patients who received levofloxacin as
oral therapy despite having a levofloxacin-resistant organ-
ism; however, these patients were distributed equally in the
2 groups. Clinical cure rates remained high at the test-of-cure
visit (90.6% in the meropenem-vaborbactam group vs 86.3%
in the piperacillin-tazobactam group), indicating that most of
the patients with microbiologic recurrence or persistence had
asymptomatic bacteriuria.

Piperacillin-tazobactam continues to be highly active
against Enterobacteriaceae isolated from patients with UTIs,
including extended-spectrum beta-lactamase producers, with
94.2% of isolates from patients at US medical centers with UTIs
in a 2012 to 2014 survey shown to be susceptible.23 Piperacillin-
tazobactam is widely used to treat serious gram-negative in-
fections, including UTIs.24 Although approximately 12% of
Enterobacteriaceae were resistant to piperacillin-tazobactam
at baseline, there was no apparent relationship between
piperacillin-tazobactam minimum inhibitory concentrations
and overall success, clinical cure, or microbial eradication by
FDA or EMA criteria. This result may reflect that resistance is
defined according to plasma exposures and that high urinary
concentrations of piperacillin-tazobactam are achieved.

Meropenem-vaborbactam was well tolerated, with 2.6% of
patients discontinuing study treatment because of an adverse
event compared with 5.1% discontinuing piperacillin-
tazobactam. Overall incidence of adverse events and serious
adverse events was numerically similar between treatment
groups. The adverse event profile of meropenem-vaborbactam

Table 3. Treatment-Emergent Adverse Events Occurring in 1.5% or More of Patients
(Either Group; Modified Intent-to-Treat Population)a

Adverse Event

No. (%)b

Meropenem-Vaborbactam
(n = 272)

Piperacillin-Tazobactam
(n = 273)

Total
(n = 545)

Headache 24 (8.8) 12 (4.4) 36 (6.6)

Diarrhea 9 (3.3) 12 (4.4) 21 (3.9)

Nausea 5 (1.8) 4 (1.5) 9 (1.7)

Asymptomatic bacteriuria 4 (1.5) 4 (1.5) 8 (1.5)

Catheter site phlebitisc 5 (1.8) 3 (1.1) 8 (1.5)

Infusion site phlebitis 6 (2.2) 2 (0.7) 8 (1.5)

Urinary tract infection 4 (1.5) 4 (1.5) 8 (1.5)

Hypokalemia 3 (1.1) 4 (1.5) 7 (1.3)

Vaginal infection 1 (0.4) 6 (2.2) 7 (1.3)

Alanine aminotransferase increased 5 (1.8) 1 (0.4) 6 (1.1)

Anemia 2 (0.7) 4 (1.5) 6 (1.1)

Aspartate aminotransferase increased 4 (1.5) 2 (0.7) 6 (1.1)

Pyrexia 4 (1.5) 2 (0.7) 6 (1.1)

Dyspnea 0 5 (1.8) 5 (0.9)

a Treatment-emergent adverse
events are adverse events with a
start date and time on or after the
first dose of study drug.

b Frequency data are for numbers of
participants experiencing an event,
not for numbers of adverse events.
Percentages calculated using the
number of patients in the column
heading as the denominator.

c Phlebitis associated with catheter
sites, not with intravenous infusion
of study drug.
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was comparable to that of piperacillin-tazobactam in this trial
and to that published for meropenem alone.25,26

Limitations
This study has several limitations. First, the majority of pa-
tients were enrolled outside of the United States and, al-
though all were symptomatic, had pyuria, had urine cultures
with pathogen growth greater than 105 CFU/mL, and had sig-
nificant comorbidities, less than one-third met the criteria for
systemic inflammatory response syndrome, and it is unclear
whether all would have met criteria for hospitalization in the
United States.

Second, 31% of patients enrolled did not have a baseline
pathogen present at 105 CFU/mL or greater, despite meeting
the clinical and pyuria criteria, and therefore were not included
in the primary analysis population (ie, the microbiologic
modified ITT population). However, in 2 recent registration pro-
grams for complicated UTI including more than 1000 patients
eachforceftazidime-avibactam27 andceftolozane-tazobactam,28

using the same inclusion criteria resulted in the exclusion of
20.6% and 25.1% of patients, respectively, from the microbio-
logic modified ITT population. In these trials,27,28 as in the cur-
rent one, the percentage of patients enrolled who meet the
symptom/sign inclusion criteria and have a baseline patho-
gens of 105 CFU/mL or greater ranges from 68% to 78%, sug-
gesting that the complicated UTI or acute pyelonephritis cri-

teria required for enrollment based on regulatory guidance may
not be reflective of clinical practice. The results of the nonin-
feriority and superiority analyses are restricted to the 68% of
patients who grew a pathogen at baseline.

Third, an extended infusion of piperacillin-tazobactam was
not used to match that of meropenem-vaborbactam; al-
though extended infusions of beta-lactam agents are being in-
creasingly used in practice, it is not standard for complicated
UTI, and the option was not acceptable to regulatory authori-
ties for this study.

Fourth, this study was not designed to evaluate the use
of meropenem-vaborbactam for the treatment of carbapenem-
resistant pathogens, because enrolling such patients into
a trial with piperacillin-tazobactam as a comparator would
be unethical.

Conclusions
Among patients with complicated UTI and growth of a base-
line pathogen, meropenem-vaborbactam vs piperacillin-
tazobactam resulted in a composite outcome of complete reso-
lution or improvement of symptoms along with microbial
eradication that met the noninferiority criterion. Further re-
search is needed to understand the spectrum of patients in
whom meropenem-vaborbactam offers a clinical advantage.
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