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Objective. To evaluate efficacy and adverse events of ceftolozane/tazobactam in complicated UTT including acute pyelonephritis.
Method. Databases that include PubMed, Embase, Scopus, and TRIP were searched. All randomized controlled trials and cohort
studies were considered for the study. Statistical analysis was done using a fixed effects model, and results were expressed in
proportion for dichotomous data and risk ratio for continuous data with 95% confidence intervals (CI). Results. A clinical cure
of ceftolozane/tazobactam was found to be 92% with 95% CI of 90-94 while that of piperacillin/tazobactam was only 78% (95%
CI, 74-82) in patients with complicated UTI. Microbiological eradication was still higher in the ceftolozane/tazobactam group
(83%, 95% CI 81-88) when compared with piperacillin/tazobactam (63% 95% CI, 58.77-65.2). Ceftolozane/tazobactam was
more effective in the treatment of complicated urinary tract infections other than acute pyelonephritis as compared to
piperacillin/tazobactam (RR=1.21, 95% CI, 1.07-1.23). Serious adverse events were found comparable in both groups
(RR=1.15, 95% CI, 0.64-2.09). Conclusion. The analysis showed that ceftolozane/tazobactam has better clinical outcomes
including cure rates and low resistance for the treatment of complicated urinary tract infection.

1. Introduction

Infection of the urinary tract is among the most common
types of infections that affect a large number of populations
[1]. Urinary tract infection (UTI) comprises urethritis, cysti-
tis, prostatitis, and pyelonephritis. Furthermore, UTI can be
divided as complicated and uncomplicated infections. It is
important to differentiate between uncomplicated and com-
plicated infections. Uncomplicated infections are more com-
mon in females in their childbearing age than in males,
whereas complicated infection (cUTI) is equally common
in both males and females [2]. Complicated UTI is occurring
only in patients who have structural, functional, or surgical

abnormalities such as renal calculi, renal transplant, or cath-
eter insertion [3].

The most common route for the microorganism to reach
the upper urinary system is by the urethra although hema-
togenous lymphatic spread is also there [4]. Bacteria that
cause complicated infection include E. coli (but accounting
less than 50% infections), Proteus spp., K. pneumoniae,
Enterobacter spp., P. aeruginosa, staphylococci, and entero-
cocci [5]. Enterococcus species especially vancomycin resis-
tant E. faecalis and E. faecium are becoming more
common in hospitalized patients [6]. Candida species are
also common in hospitalized patients having complicated
UTI [7].
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Variation in complication factors and susceptibility pat-
tern of microorganisms in complicated UTI patients makes
it difficult for the selection of antimicrobial therapy. Thus,
empiric treatment with an unproven regimen is used for such
infections [8]; selection of antimicrobials in patient with criti-
cal illness is of utmost important as we need the best possible
result with least risks [9]. Selection of antimicrobials depends
on the type of microorganisms causing complicated UTI. In
critically ill patients, intravenous fluoroquinolones, aminogly-
cosides with or without ampicillin, and extended spectrum
cephalosporin with or without aminoglycosides are used as
empiric therapy [10, 11]. Other antibiotics that are used for
complicated UTI are aztreonam and beta-lactam inhibitor
combinations (such as piperacillin/tazobactam, ceftazidime/
avibactam, and ceftolozane/tazobactam) [12, 13]. Carbapen-
ems (imipenem, doripenem, meropenem, or ertapenem) are
also used in the treatment of complicated UTT [11, 14, 15].
In case resistant gram-positive uropathies are expected, vanco-
mycin, distamycin, or linezolid should be added to the treat-
ment [16-18]. In several studies, it was found that
ceftolozane/tazobactam has potent activity against gram-
negative bacteria causing urinary tract infection [19-21].

The increase in prevalence of bacteria resistant to the
current antibiotic therapy and limited new antibiotics is very
well documented [22]. Selection of antimicrobials is some-
time inappropriate in patients with pathogenic infection
with high risk of developing resistance [23]. Thus, it is highly
important to select the best suitable antibiotic for the treat-
ment of infection. High prescription load of piperacillin/taz-
obactam has increased the risk of inappropriate therapy as
well as developing resistance [24].

Availability of different beta-lactams underlines the need
of finding the best beta-lactam for the treatment for compli-
cated urinary tract infection. The purpose of the study is to
assess the comparison in efficacy and safety of ceftolozane/
tazobactam and piperacillin/tazobactam for the treatment
of complicated urinary tract infection.

High consumption of piperacillin/tazobactam has
increased the chance of inappropriate use leading to high risk
of developing the resistance. Thus, it is necessary to find the
best possible therapy to eradicate pathogens completely to
avoid developing resistance. The purpose of the study is to
compare ceftolozane/tazobactam against piperacillin/tazobac-
tam for the treatment of complicated urinary tract infection
including acute pyelonephritis for resolution of clinical symp-
toms with least development of resistance and low risk of
adverse events. The aim of this review was to assess clinical
outcomes of ceftolozane/tazobactam and piperacillin/tazobac-
tam when used for the treatment of complicated urinary tract
infections. Such outcomes include clinical outcomes, bacterial
eradication, resistance, and adverse events, thus selecting the
better antibiotic for the treatment of complicated UTI.

2. Materials and Methods
2.1. Criteria for Quantitative Evidence Development

2.1.1. Types of Studies. Randomized control trials and longi-
tudinal cohort studies recorded the clinical outcomes of
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piperacillin/tazobactam and ceftolozane/tazobactam that
were used in the treatment of complicated urinary tract
infections. Where studies included patients with other infec-
tions (e.g., pneumonia and sepsis), studies were included if
results for therapy of UTI could be extracted separately.

2.1.2. Types of Participants. To this meta-analysis, compli-
cated UTI was defined as symptomatic UTI having clinical
symptoms of fever, pyuria, flank pain, and costovertebral
angle tenderness. Such symptoms are associated with infec-
tions that extended beyond the bladder such as pyelonephri-
tis. Studies that included patients with mild infection like
cystitis were excluded. Complicated UTI include patients
with preexisting kidney disease such as obstruction, neuro-
genic bladder, azotemia due to renal disease, urinary reten-
tion due to benign prostate hypertrophy, or chronic
catheterization.

Studies including complicated and uncomplicated UTI
were excluded under the assumption that underlying bacte-
rial species are different in both complicated and uncompli-
cated infections. Studies including only uncomplicated UTI
were also excluded under the same assumption. Studies hav-
ing patients with nosocomial infections were also included
in the review. There were no age or sex restrictions in the
selection of participants.

Types of interventions are as follows:

(1) Administration of piperacillin/tazobactam

(2) Administration of ceftolozane/tazobactam

Types of outcome measures are as follows:

(1) Cure rates (defined as no clinical signs; bacteriologi-
cal cure rate defined as eradication of bacteria and
combined clinical and bacteriological cure rate
defined as no clinical signs and eradication of bacte-
ria): (a) under therapy, (b) at the end of therapy, and
(c) after an interval

(2) Clinical cure cUTT and acute pyelonephritis

(3) Antimicrobial resistance (defined as (a) for ceftolo-
zane/tazobactam MIC > 32 mg/dL and (b) for piper-
acillin/tazobactam MIC = 16 mg/dL)

(4) Adverse events

2.2. Search Methods for Identification of Studies. The meta-
analysis was synthesized with the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) guide-
lines [25]. Four international electronic databases (PubMed,
Cochrane, Springer, and Google Scholar) were comErehen-
sively searched from initiation up to December 4", 2020,
for all studies assessing the clinical outcomes of piperacil-
lin/tazobactam and ceftolozane/tazobactam in the treatment
of complicated urinary tract infection.

2.3. Keywords and Searching Details. The search was per-
formed by combination of the following search terms using
the Boolean operators “OR and/or AND”: “complicated uri-

» o« » o«

nary tract infection”, “pyelonephritis”, “nosocomial urinary
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tract infection”, “Piperacillin”, “Tazobactam”, “Piperacillin/
tazobactam”, “ceftolozane”, and “ceftolozane/tazobactam”
(Supplementary Fig 1). We restricted the literature search
to English language reports and human subjects. Additional
trials were identified by reviewing the reference lists of eligi-
ble studies and review articles.

PubMed: PubMed search was done using the combina-
tions of keywords mentioned above. Filters of randomized
controlled trials and English language were selected to limit
the search. Filter for publication year was not used.

Springer: search was done using the advanced search
option in Springer using Boolean operators. Filters of clinical
trials, internal medicine, and English language were selected
to reduce the search trial list.

Cochrane: search was done with above terms, and filters
of randomized controlled trials, infectious disease, and uri-
nary tract infections were applied.

Google Scholar: search was done with above mentioned
terms using Boolean operators. No filters were applied dur-
ing search.

2.4. Data Collection. The search strategy as described above
was done by two authors with the help of a supervisor. Titles
and abstract were screened, and where necessary, the full
text was assessed. Studies reported in language other than
English were excluded. Studies with unclear presentation
or incomplete data were also not included in meta-analysis.

2.5. Data Extraction Process. Data was extracted using stan-
dard data extraction sheets. Quality of studies was assessed
using the Cochrane collaboration tool ROB2 without blind-
ing to authorship [26]. The items assessed were allocation
sequence, allocation concealment, blinding and availability
of outcomes of participants, outcome measurement, multi-
ple eligible outcome, and use of intention-to-treat analysis.
The allocation concealment was considered adequate if the
randomization method would not allow the investigator or
participants to know or influence to which intervention
group the patient were involved before the beginning of
the study. Blinding was divided into participants, investiga-
tor, and assessor. Measurement outcomes mean that out-
comes were recorded for all participants or not. Multiple
eligible outcomes represent that either outcomes were
recorded using time options, scales, or definitions within
the outcome domain or not. If multiple outcomes are noted,
the risk of bias increases. To classify a study as intention-to-
treat analysis, study assessment had to confirm that all ran-
domized patients were analyzed according to the randomi-
zation schedule, while longitudinal cohort trials were
assessed for quality using the NIH quality assessment tool
for before-after (pre-post) studies with no control group [27].

2.6. Statistical Analysis. For statistical analysis, dichotomous
outcomes were expressed as proportion with 95% confidence
interval (CI). For continuous outcomes, the proportion was
used, also with 95% CI. In both cases, data were pooled using
the fixed effects model. Heterogeneity was assessed using a
chi-square statistic with an alpha of 0.1 for statistical signif-

icance and the I? statistic. I* values of 25%, 50%, and 75%
correspond to low, medium, and high levels of heterogene-
ity. There were insufficient studies to examine publication
bias.

3. Results

3.1. Description of Studies. A systemic literature search was
done using the search strategy developed above, and 5679
studies were found using the selected keywords. A total of
3286 were duplicate articles, while 2381 articles were
excluded as they were not related to the study at all. The
remaining 19 articles were assessed for eligibility out of
which 8 articles were excluded as they were either editorial
analysis or meta-analysis (5), lack comparison (2), or have
a duplicate database (2) (Figure 1) [28-34].

Studies were conducted in 30 countries: South Korea,
Belarus, Brazil, Greece, Hungary, Peru, Poland, Czech
Republic, Italy, Romania, Slovakia, Romania, United States,
Chile, Columbia, Croatia, Estonia, Georgia, Germany, India,
Israel, Latvia, Mexico, Moldova, Russia, Serbia, Slovenia,
South Africa, Spain, and Thailand. Studies were published
in the English language between 2012 and 2019 (Table 1).

A total of nine hundred and seventy-seven participants
were recruited from seven studies. Among these, 2 studies
included patients above sixty-five years making as total of
203 participants, while five studies showed the mean age of
participants.

All studies required clinical signs and symptoms of com-
plicated UTI and pyelonephritis (fever > 38, chills, rigor,
nausea or vomiting, dysuria, lower abdominal pain, and
pyuria) and positive urinalysis. In all studies, a positive urine
culture before treatment was a prerequisite. Seo et al.
recruited participants who were having healthcare-
associated UTI. Five studies used fever and pain as sign of
severity and laboratory analysis (elevated WBC) or specified
that the clinical condition had to require parenteral antibi-
otics. In one study, clinical signs and symptoms were not
defined. Patients with negative urinalysis were excluded.
Studies that only reported pooled data instead of reporting
single study and explicitly included patients with compli-
cated UTI were excluded from this review.

3.1.1. Interventions. The keys drugs included in the first
study were ceftolozane/tazobactam versus levofloxacin,
which were analyzed. Ceftolozane/tazobactam 1.5g was
administered intravenously every eight hours, whereas levo-
floxacin 750 mg was intravenously administered once daily.
Duration of treatment in two treatment groups was between
7 and 14 days [29].

Analysis of comparison of meropenem/tazobactam
against piperacillin/tazobactam therapy was performed in
the second study. 4g meropenem/vaborbactam in 250 mL
of normal saline was infused over three hours every eight
hours. Piperacillin/tazobactam 4.5 g was administered intra-
venously in 100 mL normal saline every eight hours. The
therapy was switched to levofloxacin 500 mg oral tablet after
the administration of 15 doses in each group, if clinically
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indicated. The duration treatment in each group was 15
days [30].

Comparison of fosfomycin and piperacillin/tazobactam
was studied in the third study. 6g of fosfomycin is fused
intravenously every eight hours in group one while pipera-
cillin/tazobactam 4.5g every eight hours in group 2. The
duration of treatment in each group was 7 to 14 days [31].

Study four analyzed piperacillin/tazobactam, cefepime,
and ertapenem therapy for complicated UTI. Piperacillin/
tazobactam 4.5g IV given every 6 hours, ertapenem 1g IV
once daily, and cefepime 2g IV every 12 hours were given.
The duration of each treatment group was 10 to 14 days [33].

The key drug analyzed in two longitudinal cohort studies
was ceftolozane/tazobactam. The dose was the same in both
studies that 1.5 g of ceftolozane/tazobactam was given intra-
venously every eight hours.

3.1.2. Outcomes. Outcomes varied in different studies, so it
was not always feasible to combine results. Even the primary
outcome was defined differently. Cure rates were presented
as clinical or bacteriological or combined clinical and bacte-
riological cure rates; the outcome was assessed during ther-
apy or at the end of therapy. Three studies presented
adverse events, while one study did not provide any infor-
mation regarding adverse events (Table 2).

Quality assessment was done using ROB2 of screened
articles. Overall, the risk of bias for the articles was low.
But there were some concerns in the randomization process

in two studies while in one study, deviation from intended
interventions was also noted (Figure 2). Quality assessment
of the longitudinal cohort study was done using the NIH
quality assessment tool for before-after (pre-post) studies
with no control group [27].

3.1.3. Effect of Intervention

(1) Clinical Cure Rates of Ceftolozane/Tazobactam and
Piperacillin/ Tazobactam. The review indicates that the clini-
cal treatment success rate at the end of treatment with cefto-
lozane/tazobactam from three studies was 92% (95% CI, 90-
94%) in the treatment of complicated UTI, whereas the clin-
ical treatment success rate of piperacillin/tazobactam was
78% (95% CI, 74-82%) (Figure 3). The risk ratio of 1.18
(95% ClI, 1.12-1.25) was found to indicate that therapy fail-
ure is more in the piperacillin/tazobactam group. We did
within-group analysis to evaluate reason heterogeneity, and
Figure S1 represents the funnel plot by removing studies
with publication bias-reduced heterogeneity.

(2) Microbiological Eradication of Pathogens by Ceftolozane/
Tazobactam and Piperacillin/ Tazobactam. Studies showed
proportion of microbiological eradication of pathogens by
ceftolozane/tazobactam, indicating the pooled microbiologi-
cal eradication of 85% with 95% CI (81-88%). In pooled
microbiological eradication rates of piperacillin/tazobactam,
percentage success was only 63% (95% CI 58.77-67%)
(Figure 4). The risk ratio of 1.35 with 95% CI (1.24-1.46)
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TaBLE 2: The quality assessment tool for before-after (pre-post) studies with no control group: scores of included studies.

Scale items®

1 2 3 4 5 7 8 9 10 11 12 Score
Arakawa et al. (2019) Y Y Y Y N Y Y N Y N CD NA M
Basetti et al. (2020) Y Y Y Y N NA Y N Y Y CD Y M
Osornio et al. (1996) Y Y Y Y N Y Y N N N CD Y M
As percentage (intention-to-treat)
Overall Bias -
Selection of the reported result
Measurement of the outcome
Missing outcome data -
Deviations from intended interventions
Randomization process -
T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Low risk
Some concerns
m High risk

FIGURE 2: Quality assessment of screened randomized controlled trials.

again shows that the risk of failure is more in the piperacil-
lin/tazobactam group. Within-group analysis was done for
the evaluation of reasons for heterogeneity. Figure S2
shows the funnel plot after removal of studies with
publication bias thereby reducing heterogeneity.

(3) Overall Clinical Success Rate at the End of 28 Days of
Treatment. Finding indicates the overall clinical success rate
in the treatment of complicated UTI by ceftolozane/tazobac-
tam and piperacillin/tazobactam. Pooled data of overall clin-
ical success rates showed 82% of success rate with 95% CI
(78-85%), while the overall clinical success rate for piperacil-
lin/tazobactam was 66% (95% CI 61-70%) (Table 3). Analy-
sis is done within group for the evaluation of heterogeneity.
Figure 5(s) represents the funnel plot after removal of stud-
ies with publication bias showing reduction in heterogeneity.

(4) Clinical Cure Rate in cUTI. The clinical cure rate in
patients with complicated UTI excluding acute pyelonephri-
tis was found to be 73% in ceftolozane/tazobactam where in
82 patients out of 118, the cure was successful, as compared
to the piperacillin/tazobactam group where the success rate
of clinical cure was 57%, consisting of 70 out of 122 infected
patients (Table 2).

(5) Clinical Cure Rate in Acute Pyelonephritis. The number
of patients with acute pyelonephritis that had successful
clinical cure was 273 out of 350, showing a clinical cure suc-
cessful rate of 78%, whereas patients in the piperacillin/tazo-

bactam group showed a success rate of 80% with 157
successfully treated patients out of 194 (Table 3).

(6) Microbiological Eradication of E. coli. The percentage of
Enterobacteriaceae was 88% in the ceftolozane/tazobactam
group which was higher when compared with that in the
piperacillin/tazobactam group where the percentage of E.
coli eradication was noted to be 78% (Table 2).

(7) Resistance to Antibiotics. The rate of resistance was found
to be quite low in the ceftolozane/tazobactam group of 2.7%
as compared to the piperacillin/tazobactam group where the
rate of resistance was 10% (Table 3).

(8) Adverse Events. All adverse events recorded were found
to be higher in the ceftolozane/tazobactam group (almost
38%), whereas in the piperacillin/tazobactam group, the
recorded events were 33%. Serious drug events associated
with study drugs were 4% in the ceftolozane/tazobactam
group while in the piperacillin/tazobactam group, serious
drug events were 3.7%.

4. Discussion

The review showed the clinical cure rate of both beta-lac-
tam/beta-lactamase inhibitors with 17% higher clinical cure
rates with the ceftolozane/tazobactam group where overall
treatment success was 92% when compared with the pipera-
cillin/tazobactam group with a clinical cure rate of 78%. The
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Proportion  [ower  Upper 7 value  P-val Relative
Study ID of clinical  Jimit it value - frvalue weight
success
Wagenlehner et al., 0.920 0.889 0.943 13.219  0.001 84.29
2015
—
Arakawa et al., 2018 0.978 0.915 0.994 5.275 0.001 ’ 5.60
X -1.00 -0.50 0.00 0.50 1.00
Basetti et al., 2020 0.882 0.725 0.955 3.785 0.001 10.11
Total 0.922 0.894 0.943 14.589 0.001
Fixed effects model
Heterogeneity T = 0.216 Diff Q = 2, I? = 50.996, P < 0.130
Proportion  [ower  Upper Relative
Study ID of clinical ~ (jmit limit Zvalue  P-value weight
success
[
Kaye et al., 2018 0.621 0. 0.688 13.219 0.001 u 62.84
Kaye et al,, 2019 0.916 0.865 0.949 5.275 0.001 - 20.15
Seo etal., 2017 0.939 0.788 0.985 3.757 0.001 - 2.76
Osornio et al., 1997 0.810 0.725 0.955 3.785 0.001 ~1.00 ~0.50 0.00 0.50 1.00 14.25
TOTAL 0.745 0.894 0.943 14.589 0.001

Fixed effects model

Heterogeneity 7 = 1.124 Diff Q = 3, 12=93.281, P < 0.001

FIGURE 3: Forest plot of clinical cure of ceftolozane/tazobactam and piperacillin/tazobactam in patients with cUTI. Black squares indicate

proportion, and horizontal lines indicate 95% CIL.

risk ratio also signifies that there is a chance of therapy suc-
cess with ceftolozane/tazobactam when compared with
piperacillin/tazobactam. This result is also supported by
another study that reported high clinical cure rates in cUTI
[35]. Another study showed similar results where ceftolo-
zane/tazobactam was more effective in the treatment of
infection caused by Pseudomonas aeruginosa than piperacil-
lin/tazobactam [36].

Microbiological eradication was also higher in the ceftolo-
zane/tazobactam group where the rate of microbiological
eradication was noted to be 85% almost 22% higher than the
control group where the success rate was only 63%. Thus, at
the end of treatment, patients with no pathogens were more
in the ceftolozane/tazobactam group. The results are also con-
firmed by a study which showed higher with ceftolozane/tazo-
bactam even in patients with carbapenem-resistant infection
which recorded their experience [37]. Another study supports
the result of ceftolozane/tazobactam superiority in microbio-
logical eradication of E. coli and P. aeruginosa [38]. Further-
more, the microbiological eradication of ceftolozane/

tazobactam was found to be very high in one meta-analysis
(OR 1.31, 95% CI, 0.42-4.10; I? = 37%) [39].

The study findings showed that overall clinical cure rates
after 28 days were also found to be higher in the comparative
group where success was 82%, higher by 16% than that in the
control group. In the ceftolozane/tazobactam group, the risk
of relapse was lower than that in the piperacillin/tazobactam
group after 28 days of treatment therapy. A study has reported
sixty percent mortality rates after twenty-eight days in patients
with UTI in the group of piperacillin/tazobactam [40]. Pooled
analysis of the ASPECT trial also confirmed better overall cure
rates with ceftolozane/tazobactam [41].

The treatment of complicated UTI other than acute
pyelonephritis was found to be better with ceftolozane/tazo-
bactam as compared to piperacillin/tazobactam where 77%
of total patients in experimental groups received successful
treatment with ceftolozane/tazobactam (RR 1.21), while
treatment of acute pyelonephritis was found to be similar
in both the experimental (78%) and control groups (80%),
with RR of 0.97(95% CI, 0.89-1.05).
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Microbiological Lower ~ Upper Relative
Study ID erdication  limit limit Zvalue - P-value weight
Wagenlehner et al., 0.804 0.762 0.840 11.179  0.001 96.98
2015
3.02
Arakawa et al., 2018 0.978 0.915 0.994 5275 0.001 -1.00 -0.50 0.00 0.50 1.00
Total 0.815 0.775 0.849 11.925 0.001
Fixed effects model
Heterogeneity 7 = 2.524 Diff Q = 1, I? = 90.539, P < 0.001
Proportion  [ower  Upper Relative
Study ID of clinical it limit Zvalue  P-value weight
success
Kaye et al., 2018 0.577 0.504 0.647 2.067 0.039 45.19
Kaye et al., 2019 0.488 0.488 0.633 1.645 0.100 44.58
Seo etal., 2017 0.970 0.814 0.996 3.413 0.001 ‘ - 0.99
1997
TOTAL 0.606 0.557 0.652 4.249 0.001

Fixed effects model

Heterogeneity 7 = 0.337 Diff Q = 3, I? = 86.652, P < 0.001

FIGURE 4: Forest plot of microbiological eradication of ceftolozane/tazobactam and piperacillin/tazobactam in patients with cUTT. Black

squares indicate proportion, and horizontal lines indicate 95% CIL.

TaBLE 3: Cure in cUTI, acute pyelonephritis, E. coli eradication, resistance, and adverse event.

Wagenlehner Arakawa et al,  Risk o

Study ID et al, 2015 Kaye et al,, 2018 Kaye et al., 2019  Seo et al., 2017 2018 ratio 95% CI
Intervention dru Ceftolozane/ Piperacillin/ Piperacillin/ Piperacillin/ Ceftolozane/

J tazobactam tazobactam tazobactam tazobactam tazobactam
Clinical cure in cUTI % (n/N) 67.1 (47/70) 92.1 (35/38) 41.57 (35/84) N/A 72.9 (35/48) 121 1.00-147
Clinical cure in acute % (n/N)
pyelonephritis % (n/N) 79 (259/328) 94.1 (95/101) 66 (62/94) N/A 63.6 (14/22) 0.97 0.89-1.06
Microbiological eradication
o E. coli % (n/N) 90.5 (237/262) 84.6 (154/182) 63.2 (84/133) 93.9 (31/33) 83.5 (66/79) 1.15  1.07-1.23
Resistance 2.7 (20/731) 18 (26/142) 3.3 (6/178) N/A N/A 0.25 0.14-0.45
Serious adverse events % (1n/N) 2.8 (15/533) 4.8 (13/273) 2.6 (6/231) N/A 11.4 (13/114) 1.15  0.64-2.09
Adverse effects % (1/N) 5.8 (31/533) 4.4 (12/273) 2.2 (5/231) N/A 58.8 (67/114)  5.11 3.01-8.68

In ceftolozane/tazobactam, the rate of resistance was
much lower of almost 2.7%, that is, four times lower than
that in the piperacillin/tazobactam group. Thus, there is a
high of development of resistance against piperacillin/tazo-
bactam as compared to ceftolozane/tazobactam. A study

recorded the efficacy and resistance of ceftolozane/tazobac-
tam against the comparators including piperacillin/tazobac-
tam that were found to be resistant. Organisms like K.
pneumonia (100%), Enterobacter (38.9%), P aeruginosa
(37.4%), and E. coli (17.9%) developed resistance against
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Overall

Lower  Upper Relative

Study ID cinical iy i 2 VAve Povalue weight
cure
Subgroup
ceftolozone/tazobactam .
Wagenlehner et al., 0.769 0.725 0.808 10.108  0.001 96.06
2015
3.94
Arakawa et al., 2018 0.966 0.901 0.989 5.714 0.001 -1.00 -0.50 0.00 0.50 1.00
Total 0.784 0.742 0.820 11.040 0.001
Fixed effects model
Heterogeneity T = 2.1Diff Q = 1, I* = 92.260%, P < 0.001
Overall  [ower U Relati
pper elative
Study ID clinical limit limit Zvalue  P-value weight
cure
Kaye et al,, 2018 0.703 0.633 0.765 5.319 0.001 39.59
Kaye et al., 2019 0.545 0.471 0.617 1.198 0.231 : 46.01
Seo et al., 2017 0.939 0.788 0.985 3.757 0.001 ] 1.96
-
Osornio et al., 0.746 0.625 0.838 3.723 0.001 ‘ 12.44
1997
-1.00 -0.50 0.00 0.50 1.00

TOTAL 0.648 0.602 0.693 5.998 0.001

Fixed effects model

Heterogeneity 7 = 0.317 Diff Q = 3, I? = 86.190%, P < 0.001

F1GURE 5: Forest plot for overall clinical success after 28 days of ceftolozane/tazobactam and piperacillin/tazobactam in patients with cUTL
Black squares indicate proportion, and horizontal lines indicate 95% CI.

piperacillin/tazobactam. It was found that ceftolozane/tazo-
bactam was effective even for such resistant strains [42, 43].

General adverse events were noted more in the experi-
mental group than in the control group. A risk ratio of
5.11 with 95% CI 3.01-8.68 clearly indicates that there are
more adverse events in patients who received ceftolozane/
tazobactam as compared to those receiving piperacillin/tazo-
bactam. Serious adverse events were also higher in the exper-
imental group than in the control (RR 1.15, 95% CI 0.64-
2.09). A systematic review reported that the most common
adverse event with ceftolozane/tazobactam was hypokalemia
that was 4.2% out of 48 evaluable cases [43, 44]. Another
meta-analysis showed a similar risk ratio of 1.16 with 95%
CI 0.67-1.99 serious adverse events related to ceftolozane/
tazobactam [39, 44].

Limitations present in this meta-analysis should be
noted. The clinical cure rates, microbiological eradication,
and overall cure rates were derived from cohorts with differ-
ent methods to measurements (i.e., cure rates after 4 days or
cure rates after seven days). High heterogeneity was noted
due to difference in effect size, study design (retrospective

or prospective, open label), or patient with infections from
different pathogens.

5. Conclusion

The meta-analysis concluded that ceftolozane/tazobactam
has better clinical outcomes in patients with complicated
urinary tract infections, except for acute pyelonephritis.
So the use of ceftolozane/tazobactam in acute pyelonephri-
tis should be avoided. The risk of resistance is also low in
the ceftolozane/tazobactam group, therefore reducing the
stay of patient in the healthcare facility. There are signifi-
cantly high rates of side effects among ceftolozane/tazobac-
tam compared to piperacillin/tazobactam; however, these
side effects did not contribute to severe morbidity or
mortality.

Data Availability

All the data related to this study is presented in this study
and attached supplementary materials.



12

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

MWS was responsible for the data extraction, content
design, and interpretation. SWG was the principal investiga-
tor and was responsible for the data curation, data analysis,
and methodology. RKM was responsible for the data collec-
tion, validation, and analysis. PV was responsible for the
data collection, draft writing, review, and editing. MMH
was responsible for the data collection, draft writing, review,
and editing. HAR was responsible for the content validation,
draft revision, and editing.

Supplementary Materials

Supplementary Materials Funnel plot graph 1A: standard
error calculation for publication bias (Figure 1(a)). Forest
plot of clinical cure in patients with cUTI after removal of
publication bias. Black squares indicate proportion, and hor-
izontal lines indicate 95% CI. Funnel plot graph 2A: after
removing the publication bias (Figure 2(a)). Forest plot after
removal of publication bias. (Supplementary Materials)

References

[1] A. Pallett and K. Hand, “Complicated urinary tract infections:
practical solutions for the treatment of multiresistant gram-
negative bacteria,” Journal of Antimicrobial Chemotherapy,
vol. 65, no. 3, pp. 25-33, 2010.

[2] L. E. Nicolle, S. Bradley, R. Colgan et al., “Infectious diseases
society of America guidelines for the diagnosis and treatment
of asymptomatic bacteriuria in adults,” Clinical Infectious Dis-
eases, vol. 40, no. 5, pp. 643-654, 2005.

[3] L.E.Nicolle, G. Evans, M. Laverdieve, P. Phillips, C. Quan, and
C. Rotstein, “Complicated urinary tract infection in adults,”
Canadian Journal of Infectious Diseases and Medical Microbi-
ology. Hindawi Limited, vol. 16, no. 6, pp. 349-360, 2005.

[4] D. E. Neal, “Complicated urinary tract infections,” Urologic
Clinics of North America, vol. 35, no. 1, pp. 13-22, 2008.

[5] K. Shigemura, S. Arakawa, K. Tanaka, and M. Fujisawa, “Clin-
ical investigation of isolated bacteria from urinary tracts of
hospitalized patients and their susceptibilities to antibiotics,”
Journal of Infection and Chemotherapy, vol. 15, no. 1, pp. 18-
22, 2020, https://pubmed.ncbi.nlm.nih.gov/19280295/.

[6] B. H. Heintz, J. Halilovic, and C. L. Christensen, “Vancomy-
cin-resistant enterococcal urinary tract infections,” The Jour-
nal of Human Pharmacology and Drug Therapy, vol. 30,
no. 11, pp. 1136-1149, 2010.

[7] J. D. Sobel, J. F. Fisher, C. A. Kauffman, and C. A. Newman,
“Candida urinary tract infections - Epidemiology,” Clinical
Infectious Diseases, vol. 52, suppl_6, pp. S433-5436, 2011.

[8] A.R. Ronald, L. E. Nicolle, and G. K. M. Harding, “Standards
of therapy for urinary tract infections in adults,” Infection,
vol. 20, no. S3, pp. 164-170, 1992.

[9] N. Arulkumaran, M. Routledge, S. Schlebusch, J. Lipman, and
M. A. Conway, “Antimicrobial-associated harm in critical
care: a narrative review,” Intensive Care Medicine, vol. 46,
no. 2, pp. 225-235, 2020.

BioMed Research International

[10] K. Gupta, T. M. Hooton, K. G. Naber et al., “Executive sum-
mary: international clinical practice guidelines for the treat-
ment of acute uncomplicated cystitis and pyelonephritis in
women: a 2010 update by the Infectious Diseases Society of
America and the European Society for Microbiology and
Infectious Diseases,” Clinical Infectious Diseases, vol. 52,
no. 5, pp. €103-e120, 2011.

[11] M. P. Curran, D. Simpson, and C. M. Perry, “Ertapenem: a
review of its use in the management of bacterial infections,”
Drugs, vol. 63, pp. 1855-1878, 2003, https://pubmed.ncbi
.nlm.nih.gov/12921489/.

[12] D. van Duin and R. A. Bonomo, “Ceftazidime/avibactam and

ceftolozane/tazobactam: second-generation f-lactam/f-lacta-

mase inhibitor combinations,” Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America,

vol. 63, pp. 234-241, 2016.

“Urinary Tract Infections- ClinicalKey,” 2020, https://www.

clinicalkey.com/#!/content/book/3-s2.0-B9781437701

2650003922scrollTo=%23hl0000106/.

[14] X. Tan, Q. Pan, C. Mo et al,, “Carbapenems vs alternative anti-
biotics for the treatment of complicated urinary tract infection:
a systematic review and network meta-analysis,” Medicine,
vol. 99, no. 2, p. €18769, 2020.

[15] F. M. E. Wagenlehner, C. Wagenlehner, R. Redman,
W. Weidner, and K. G. Naber, “Urinary bactericidal activity of
doripenem versus that of levofloxacin in patients with compli-
cated urinary tract infections or pyelonephritis,” Antimicrobial
Agents and Chemotherapy, vol. 53, no. 4, pp. 1567-1573, 2009.

[16] F. M. Wagenlehner, N. Lehn, W. Witte, and K. G. Naber, “In
vitro activity of daptomycin versus linezolid and vancomycin
against gram-positive uropathogens and ampicillin against
enterococci, causing complicated urinary tract infections,”
Chemotherapy, vol. 51, no. 2-3, pp. 64-69, 2005, https://
www.karger.com/Article/Full Text/85611/.

[17] G. Eden, O. Burkhardt, C. Clajus, and J. T. Kielstein, “Dapto-
mycin for a complicated urinary tract infection with
vancomycin-resistant Enterococcus faecium in a renal trans-
plant recipient,” Nephrology Dialysis Transplantation Plus,
vol. 5, no. 4, pp. 350-351, 2012.

[18] F. M. E. Wagenlehner and K. G. Naber, “New drugs for Gram-
positive uropathogens,” In: International Journal of Antimi-
crobial Agents, vol. 24, pp. 39-43, 2004.

[19] M. A. Pfaller, M. Bassetti, L. R. Duncan, and M. Castanheira,
“Ceftolozane/tazobactam activity against drug-resistant Entero-
bacteriaceae and Pseudomonas aeruginosa causing urinary tract
and intraabdominal infections in Europe: report from an anti-
microbial surveillance programme,” Journal of Antimicrobial
Chemotherapy, vol. 72, no. 5, pp. 1386-1395, 2017.

[20] H.S. Sader, D.]J. Farrell, R. K. Flamm, and R. N. Jones, “Cefto-
lozane/tazobactam activity tested against aerobic Gram-
negative organisms isolated from intra-abdominal and urinary
tract infections in European and United States hospitals,” The
Journal of Infection, vol. 69, no. 3, pp. 266-277, 2014.

[21] M. W. Popejoy, D. L. Paterson, D. Cloutier et al., “Efficacy of
ceftolozane/tazobactam against urinary tract and intra-
abdominal infections caused by ESBL-producingEscherichia
coliandKlebsiella pneumoniae: a pooled analysis of phase 3
clinical trials,” Journal of Antimicrobial Chemotherapy,
vol. 72, no. 1, pp. 268-272, 2017.

[22] R.J. Fair and Y. Tor, “Antibiotics and bacterial resistance in
the 21st century,” Perspectives in Medicinal Chemistry, vol. 6,
p- PMC.S14459, 2014.

—
w


https://downloads.hindawi.com/journals/bmri/2022/1639114.f1.docx
https://pubmed.ncbi.nlm.nih.gov/19280295/
https://pubmed.ncbi.nlm.nih.gov/12921489/
https://pubmed.ncbi.nlm.nih.gov/12921489/
https://www.clinicalkey.com/#!/content/book/3-s2.0-B9781437701265000392?scrollTo=%23hl0000106
https://www.clinicalkey.com/#!/content/book/3-s2.0-B9781437701265000392?scrollTo=%23hl0000106
https://www.clinicalkey.com/#!/content/book/3-s2.0-B9781437701265000392?scrollTo=%23hl0000106
https://www.karger.com/Article/FullText/85611
https://www.karger.com/Article/FullText/85611

BioMed Research International

(23]

[24]

(25]

[26]

(27]
(28]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

M. H. Kollef, G. Sherman, S. Ward, and V. J. Fraser, “Inade-
quate Antimicrobial Treatment of Infections: A Risk Factor
for Hospital Mortality Among Critically Ill Patients,” Chest,
vol. 115, no. 2, pp. 462-474, 1999.

C. Llor and L. Bjerrum, “Antimicrobial resistance: risk associ-
ated with antibiotic overuse and initiatives to reduce the prob-
lem,” Therapeutic Advances in Drug Safety, vol. 5, pp. 229-241,
2014.

A. Liberati, D. G. Altman, J. Tetzlaff et al., “The PRISMA state-
ment for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation
and elaboration,” Journal of Clinical Epidemiology, vol. 62,
no. 10, pp. el-e34, 2009.

J. A. Sterne, J. Savovié, M. J. Page et al., “RoB 2: a revised tool
for assessing risk of bias in randomised trials,” BMJ, vol. 366,
2019.

“Study Quality Assessment Tools | NHLBI, NIH,” 2021.

J. Sifuentes-Osornio, E. Jakob, L. Clara et al., “Piperacillin/taz-
obactam in the treatment of hospitalized patients with urinary
tract infections: an open non-comparative and multicentered
trial,” Journal of Chemotherapy, vol. 8, no. 2, pp. 122-129,
1996.

F. M. Wagenlehner, O. Umeh, J. Steenbergen, G. Yuan, and
R. O. Darouiche, “Ceftolozane-tazobactam compared with
levofloxacin in the treatment of complicated urinary-tract
infections, including pyelonephritis: a randomised, double-
blind, phase 3 trial,” Lancet, vol. 385, no. 9981, pp. 1949-
1956, 2015, http://www.thelancet.com/article/S0140673614
622200/fulltext/.

K. S. Kaye, T. Bhowmick, S. Metallidis et al., “Effect of
meropenem-vaborbactam vs piperacillin-tazobactam on clini-
cal cure or improvement and microbial eradication in compli-
cated urinary tract infection the TANGO I randomized clinical
trial,” Journal of the American Medical Association, vol. 319,
no. 8, pp. 788-799, 2018.

K. S. Kaye, L. B. Rice, A. L. Dane et al., “Fosfomycin for injec-
tion (ZTT-01) versus piperacillin-tazobactam for the treatment
of complicated urinary tract infection including acute pyelone-
phritis: ZEUS, a phase 2/3 randomized trial,” Clinical Infec-
tious Diseases, vol. 69, no. 12, pp. 2045-2056, 2019.

S. Arakawa, K. Kawahara, M. Kawahara et al., “The efficacy
and safety of tazobactam/ceftolozane in Japanese patients with
uncomplicated pyelonephritis and complicated urinary tract
infection,” Journal of Infection and Chemotherapy, vol. 25,
no. 2, pp. 104-110, 2019.

Y. B. Seo, J. Lee, Y. K. Kim et al., “Randomized controlled trial
of piperacillin-tazobactam, cefepime and ertapenem for the
treatment of urinary tract infection caused by extended-
spectrum beta-lactamase-producing Escherichia coli,” BMC
Infectious Diseases, vol. 17, no. 1, pp. 1-9, 2017.

M. Bassetti, A. Vena, D. R. Giacobbe et al., “Ceftolozane/tazobac-
tam for treatment of severe ESBL-producing Enterobacterales
infections: a multicenter nationwide clinical experience,” in Open
Forum Infectious Diseases, Oxford University Press, 2020.

C. P. Nguyen, T. N. Dan Do, R. Bruggemann et al., “Clinical
cure rate and cost-effectiveness of carbapenem-sparing beta-
lactams vs. meropenem for Gram-negative infections: a sys-
tematic review, meta- analysis, and cost-effectiveness analysis,”
International Journal of Antimicrobial Agents, vol. 54, no. 6,
pp. 790-797, 2019.

H. S. Sader, R. K. Flamm, C. G. Carvalhaes, and
M. Castanheira, “Antimicrobial susceptibility of Pseudomonas

(37]

(38]

(39]

(40]

[41]

(42]

[43]

[44]

13

aeruginosa to ceftazidime-avibactam, ceftolozane-tazobactam,
piperacillin-tazobactam, and meropenem stratified by U.S.
census divisions: results from the 2017 INFORM program,”
Antimicrobial Agents and Chemotherapy, vol. 62, no. 12, 2018.

M. Bosaeed, A. Ahmad, A. Alali et al., “Experience with
ceftolozane-tazobactam for the treatment of serious Pseudo-
monas aeruginosa infections in Saudi tertiary care center,”
Infectious Diseases: Research and Treatment, vol. 13,
p. 117863372090597, 2020.

S. E. Giancola, M. V. Mahoney, T. E. Bias, and E. B. Hirsch,
“Critical evaluation of ceftolozane-tazobactam for compli-
cated urinary tract and intra-abdominal infections,” Thera-
peutics and Clinical Risk Management, vol. 12, p. 787, 2016,
https://pubmed.ncbi.nlm.nih.gov/27279744/.

I. L. Cheng, Y. H. Chen, C. C. Lai, and H. J. Tang, “The use of
ceftolozane-tazobactam in the treatment of complicated intra-
abdominal infections and complicated urinary tract infec-
tions—a meta-analysis of randomized controlled trials,” Inter-
national Journal of Antimicrobial Agents, vol. 55, no. 2,
p. 105858, 2020.

P. D. Tamma and J. Rodriguez-Bailo, “The use of noncarbape-
nem f-lactams for the treatment of extended-spectrum f-lac-
tamase infections,” Clinical Infectious Diseases, vol. 64, no. 7,
pp. 972-980, 2017.

M. W. Popejoy, D. L. Paterson, D. Cloutier et al., “Efficacy of
ceftolozane/tazobactam against urinary tract and intra-
abdominal infections caused by ESBL-producing Escherichia
coli and Klebsiella pneumoniae: a pooled analysis of phase 3
clinical trials,” Journal of Antimicrobial Chemotherapy,
vol. 72, no. 1, pp. 268-272, 2017.

H. S. Sader, P. R. Rhomberg, D. J. Farrell, and R. N. Jones,
“Antimicrobial activity of CXA-101, a novel cephalosporin
tested in combination with tazobactam against Enterobacteri-
aceae, Pseudomonas aeruginosa, and Bacteroides fragilis
strains having various resistance phenotypes,” Antimicrobial
Agents and Chemotherapy, vol. 55, no. 5, pp. 2390-2394, 2011.

H. A. Terzi, O. Aydemir, T. Demiray, M. Kéroglu, and
M. Altindis, “Evaluation of in vitro activity of ceftolozane-
tazobactam and ceftazidime-avibactam against
carbapenemase-producing multi-drug resistant Klebsiella
pneumoniae isolates,” Mediterranean Journal of Infection,
Microbes and Antimicrobials, vol. 9, no. 11, pp. 1-7, 2020.

A. E. Maraolo, M. Mazzitelli, E. M. Trecarichi, A. R. Buonomo,
C. Torti, and I. Gentile, “Ceftolozane/tazobactam for difficult-
to-treat Pseudomonas aeruginosa infections: a systematic
review of its efficacy and safety for off-label indications- Clin-
icalKey,” International Journal of Antimicrobial Agents,
vol. 55, no. 3, p. 105891, 2021, https://www.clinicalkey.com/
#!/content/playContent/1-s2.0-S0924857920300303?
returnurl=null&referrer=null/.


http://www.thelancet.com/article/S0140673614622200/fulltext
http://www.thelancet.com/article/S0140673614622200/fulltext
https://pubmed.ncbi.nlm.nih.gov/27279744/
https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S0924857920300303?returnurl=null&referrer=null
https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S0924857920300303?returnurl=null&referrer=null
https://www.clinicalkey.com/#!/content/playContent/1-s2.0-S0924857920300303?returnurl=null&referrer=null

	A Meta-Analysis on Clinical Outcomes of Ceftolozane versus Piperacillin in Combination with Tazobactam in Patients with Complicated Urinary Tract Infections
	1. Introduction
	2. Materials and Methods
	2.1. Criteria for Quantitative Evidence Development
	2.1.1. Types of Studies
	2.1.2. Types of Participants

	2.2. Search Methods for Identification of Studies
	2.3. Keywords and Searching Details
	2.4. Data Collection
	2.5. Data Extraction Process
	2.6. Statistical Analysis

	3. Results
	3.1. Description of Studies
	3.1.1. Interventions
	3.1.2. Outcomes
	3.1.3. Effect of Intervention


	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Supplementary Materials

