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Abstract: This study reports an integrated analysis of three randomized controlled trials to compare
the clinical efficacies and safety of the ceftazidime–avibactam (CAZ–AVI) combination and meropenem
in the treatment of adult patients with complicated intra-abdominal infections (cIAIs). Overall, a total
of 1677 patients (CAZ–AVI: 835 patients; meropenem: 842 patients) were included in this analysis.
CAZ–AVI had a clinical cure rate at test of cure in the clinically evaluable (CE) population similar to
that of meropenem (OR, 0.88; 95% CI, 0.58–1.32; I2 = 0%). Similar trends were also observed in the
modified intent-to-treat (MITT) population (OR, 0.80; 95% CI, 0.59–1.09; I2 = 0%) and microbiological
evaluable (ME) population (OR, 0.73; 95% CI, 0.32–1.68; I2 = 0%). In terms of clinical cure rate at
the end of treatment, the efficacy of CAZ–AVI was comparable to that of meropenem in the CE
population (OR, 0.77; 95% CI, 0.47–1.25; I2 = 0%), MITT population (OR, 0.70; 95% CI, 0.47–1.06;
I2 = 5%), and ME population (OR, 1.26; 95% CI, 0.39–4.08; I2 = 0%). CAZ–AVI had a similar risk of (i)
treatment emergent adverse events (TEAEs) (OR, 1.03; 95% CI, 0.79–1.36; I2 = 38%), (ii) any serious
adverse events (OR, 0.97; 95% CI, 0.67–1.40; I2 = 0%), (iii) discontinuation of study drug due to TEAE
(OR, 2.14; 95% CI, 1.00–4.57), and iv) all-cause mortality (OR, 1.66; 95% CI, 0.78–3.53; I2 = 0%) when
compared with meropenem. In conclusion, CAZ–AVI had comparable efficacy and safety profile to
those of meropenem in the treatment of cIAI.
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1. Introduction

Intra-abdominal infection is a serious type of infection, which can cause high morbidity
and mortality. In addition to source control by radiological or surgical intervention, appropriate
antibiotic therapy is essential in the management of complicated intra-abdominal infections (cIAIs) [1].
Carbapenem exhibits broad-spectrum activity and is commonly prescribed for treating cIAI. However,
several surveillance investigations have shown the emergence of carbapenem resistance among the
pathogens causing the clinical condition of cIAI [2,3]. Thus, a new antibiotic is urgently needed in the
management of multi-drug resistant organism causing cIAI.

Ceftazidime–avibactam (CAZ–AVI) is a newly developed antibiotic combination of a ß-lactam
and a ß-lactamase inhibitor [4]. CAV–AVI and carbapenems share some similar pharmacokinetic
and pharmacodynamic profiles. Both exhibit time-dependent antimicrobial activity, are administered
every 8 h, and their dosage requires adjustment according to the renal function. However, the
well-known drug–drug interaction between carbapenem and antiepileptics was not observed for
CAV–AVI, making it a better choice in patient with seizures. CAV–AVI exhibited potent in vitro activity

Antibiotics 2019, 8, 255; doi:10.3390/antibiotics8040255 www.mdpi.com/journal/antibiotics

http://www.mdpi.com/journal/antibiotics
http://www.mdpi.com
https://orcid.org/0000-0002-6334-2388
http://dx.doi.org/10.3390/antibiotics8040255
http://www.mdpi.com/journal/antibiotics
https://www.mdpi.com/2079-6382/8/4/255?type=check_update&version=2


Antibiotics 2019, 8, 255 2 of 6

against many commonly encountered bacteria, including multi-drug resistant organisms, in several
global surveillance investigations [5–10]. Clinically, the usefulness of CAZ–AVI has been demonstrated
to be comparable to that of carbapenem in the treatment of complicated urinary tract infections (cUTIs)
in three randomized controlled trials (RCTs) [11–13] and one meta-analysis [14]. In addition to cUTI,
there were three more recent RCTs that also compared the effects of CAZ–AVI and carbapenem in
the treatment of cIAIs [15–17]. To confirm the usefulness of CAZ–AVI in the treatment of cIAI, we
conducted an integrated analysis of three recent RCTs [15–17], comparing the clinical efficacy and
safety of CAZ–AVI with those of meropenem in the treatment of adult patients with cIAI.

2. Methods

All three RCTs [15–17] were multicenter studies and included hospitalized adult patients with
cIAI. Two [16,17] were phase 3 trials, and one [15] was a phase 2 trial. Tables 1 and 2 summarize the
characteristics of the study and the patients. All RCTs [15–17] compared CAZ–AVI plus metronidazole
versus meropenem. Overall, a total of 1677 patients (CAZ–AVI: 835 patients; meropenem: 842
patients) were included in this analysis. Study populations were defined as (i) clinically evaluable
(CE) population, including patients who received the study drug, complied with the protocol, and
had a clinical response assessed at the test-of-cure visit (TOC), (ii) modified intent-to-treat (MITT)
population, including all intent-to-treat patients who received at least one dose of the study drug, (iii),
microbiological MITT (mMITT) population, comprising MITT patients who met the disease definition
of cIAI and had a baseline pathogen, (iv) microbiological evaluable (ME) population, including CE
patients who had an identified baseline pathogen and whose microbiological response was assessed.
The primary outcome was clinical cure rate at the TOC, two weeks after the last dose of the study
drug [15] or 28–35 days after randomization. [16,17] Clinical cure was defined as resolution of all
or most pretherapy signs or symptoms, with no further requirement for antibiotics, radiological
intervention, or surgery. Secondary outcomes included clinical cure rate at the end of treatment (EOT)
and the risk of adverse events.

Table 1. Characteristics of the included studies. cIAI: complicated intra-abdominal infections.

Study Study Design Study Period Study
Population

Study Group (No. of
Patients)

Control Group
(No. of
Patients)

Lucasti et al.,
2013

Multicenter,
randomized,
active-controlled,
double-blind
trial

2009
cIAI in
hospitalized
adults

ceftazidime/avibactam
plus metronidazole
(101)

Meropenem
(102)

Mazuski et al.,
2016

prospective,
randomized,
multicenter,
double-dummy,
double-blind,
comparative,
global studies

2012–2014
cIAI in
hospitalized
adults

ceftazidime/avibactam
plus metronidazole
(520)

Meropenem
(523)

Qin et al., 2017

multicenter,
randomized,
double blind,
double-dummy,
comparative
study

2013–2015
cIAI in
hospitalized
adults

ceftazidime/avibactam
plus metronidazole
(214)

Meropenem
(217)



Antibiotics 2019, 8, 255 3 of 6

Table 2. Baseline characteristics of the patients.

Study
Age, Mean (SD) Male, No. (%) Predominant Race, No.

(%)

APACHE II
Score ≤ 10, No.
(%)

Monomicrobial
Infection, No.
(%)

CAV-AVI MEP CAV-AVI MEP CAV-AVI MEP CAV-AVI MEP CAV-AVI MEP

Lucasti
et al., 2013

43.0
(15.9)

42.6
(18.1)

70
(69.3)

81
(79.4)

White: 56
(55.4)

White: 65
(63.7)

84
(83.2)

85
(83.3) NR NR

Mazuski
et al., 2016

49.8
(17.5)

50.3
(18.3)

326
(62.7)

332
(63.5)

White: 403
(77.5)

White: 396
(75.7)

437
(84.0)

434
(83.0)

209
(40.2)

205
(39.2)

Qin et al.,
2017

48.5
(16.8)

48.5
(17.4)

141
(65.9)

153
(70.5)

Chinese:
127 (59.3)

Chinese:
135 (62.2)

201
(93.9)

201
(92.6)

84
(39.3)

101
(46.5)

NR: not reported, MEP: meropenem.

3. Results

Overall, CAZ–AVI had a clinical cure rate at TOC in the CE population similar to that of meropenem
(622 (92.3%) vs. 643 (93.2%), OR, 0.88; 95% CI, 0.58–1.32; I2 = 0%, Figure 1) in the pooled analysis of the
three RCTs [15–17]. Similar trends were also observed in the MITT population (513 (82.6%) vs. 535
(85.6%), OR, 0.80; 95% CI, 0.59–1.09; I2 = 0%) and ME population (154 (92.2%) vs. 178 (94.25), OR, 0.73;
95% CI, 0.32–1.68; I2 = 0%) in the pooled analysis of two studies. However, the pooled analysis of the
mMITT population showed CAZ–AVI was associated with a lower clinical cure rate when compared
with meropenem (526 (82.1%) vs. 535 (85.6%), OR, 0.72; 95% CI, 0.53–1.97; I2 = 0%). In terms of clinical
cure rate at EOT, the efficacy of CAZ–AVI was comparable to that of meropenem in the CE population
(648 (94.3%) vs. 670 (95.6%), OR, 0.77; 95% CI, 0.47–1.25; I2 = 0%), MITT population (552 (88.9%) vs.
575 (92.0%), OR, 0.70; 95% CI, 0.47–1.06; I2 = 5%) and ME population (169 (97.1%) vs. 187 (96.4%). OR,
1.26; 95% CI, 0.39–4.08; I2 = 0%), but lower than that of meropenem in the mMITT population (487
(87.6%) vs. 519 (92.3%), OR, 0.59; 95% CI, 0.39–0.87; I2 = 0%).
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In terms of safety, CAZ–AVI had a similar risk of (i) treatment emergent adverse events (TEAEs)
(390 (46.1%) vs. 369 (43.5%), OR, 1.11; 95% CI, 0.92–1.35; I2 = 0%), (ii) any serious adverse events (60
(7.1%) vs. 62 (7.3%), OR, 0.97; 95% CI, 0.67–1.40; I2 = 0%), (iii) discontinuation of study drug due to
TEAE (21 (2.8%) vs. 10 (1.3%), OR, 2.14; 95% CI, 1.00–4.57), and (iv) all-cause mortality (18 (2.1%) vs.
11 (1.3%), OR, 1.66; 95% CI, 0.78–3.53; I2 = 0%) when compared with meropenem.

For common adverse event, CAZ–AVI had a higher risk of nausea (64 (7.6%) vs. 34 (4.0%), OR,
2.10; 95% CI, 1.09–4.03; I2 = 42%) and vomiting (43 (5.1%) vs 19 (2.2%), OR, 2.34; 95% CI, 1.34–4.08;
I2 = 0%) but had the similar risk of pyrexia (42 (5.0%) vs. 48 (5.7%), OR, 0.87; 95% CI, 0.57–1.34;
I2 = 0%) and cough (20 (2.7%) vs. 25 (2.9%), OR, 0.81; 95% CI, 0.41–1.58; I2 = 12%) when compared
with meropenem.

4. Discussion

In this study, we demonstrated that the clinical efficacy of CAZ–AVI was comparable to that of
meropenem on the basis of the integrated analysis of three RCTs [15–17]. This evidence was supported
by an analysis based on different populations (CE, MITT, and ME) and different outcome measurements
(clinical cure rate at TOC and EOT). The only exception was the finding regarding of the mMITT
population, for whom the clinical cure rate of CAZ–AVI was lower than that of meropenem. Most of our
findings are consistent with those of Chen et al.’s meta-analysis [14], in which there were no significant
differences between CAZ–AVI and carbapenems in clinical success and microbiological success for the
treatment of Enterobacteriaceae infections. However, in contrast to Chen et al.’s analysis [14], which
included two RCTs of cUTIs, this study focused only on cIAI and thus helps expand the application of
CAZ–AVI. In addition, our findings are in line with those of Sternbach et al.’s meta-analysis [18], in
which CAZ–AVI was comparable in efficacy to meropenem and other antibiotics for treating cIAIs. In
contrast, our study compared CAZ–AVI only with meropenem. In summary, the present study results
indicate that CAZ–AVI is comparable in efficacy to meropenem in the treatment of cIAIs. Therefore,
CAZ–AVI could be a therapeutic alternative for treating cIAIs according to the findings of our study
and of previous reports [14,18].

In addition to clinical efficacy, the risk of adverse events associated with CAZ–AVI administration
is an important concern. Our analysis showed that gastrointestinal adverse events were the most
common adverse events in patients treated with CAV–AVI, and the risk of nausea and vomiting
was higher in the CAV–AVI group than in the meropenem group. However, the risk of adverse
events for CAZ–AVI was similar to that of meropenem in relation to TEAEs, serious adverse events,
discontinuation of study drug due to TEAE, and all-cause mortality. Overall, this suggests that
CAZ–AVI is as tolerable as meropenem in the treatment of cIAI.

This study has several limitations. First, because only three RCTs investigated this issue, the
number of patients was limited in this study. Second, we did not evaluate the clinical response
to CAZ–AVI in patients with cIAI caused by individual pathogens, especially multidrug-resistant
organisms. Third, the definition of TOC varied in the three included studies [15–17], which may affect
the results. Therefore, we cannot investigate the cause of the lower clinical cure rate of CAZ–AVI in the
mMITT population. Further study is warranted to clarify these issues.

In conclusion, CAZ–AVI had comparable efficacy to that of meropenem in the treatment of cIAI.
In addition, CAZ–AVI was as tolerable as meropenem in this analysis. Therefore, CAZ–AVI could be a
therapeutic option in the treatment of cIAIs.

Author Contributions: Conceptualization, C.-K.T. and C.-C.L.; methodology, C.-K.T. and C.-C.L.; formal analysis,
C.-K.T., C.-C.L. and C.-M.C.; investigation, C.-C.L. and C.-M.C.; writing—original draft preparation, C.-K.T. and
C.-C.L.; writing—review and editing, C.-M.C.; supervision, C.-M.C.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.



Antibiotics 2019, 8, 255 5 of 6

References

1. Sartelli, M.; Chichom-Mefire, A.; Labricciosa, F.M.; Hardcastle, T.; Abu-Zidan, F.M.; Adesunkanmi, A.K.;
Ansaloni, L.; Bala, M.; Balogh, Z.J.; Beltran, M.A.; et al. The management of intra-abdominal infections from
a global perspective: 2017 WSES guidelines for management of intra-abdominal infections. World J. Emerg.
Surg. 2017, 12, 29. [CrossRef] [PubMed]

2. Lodise, T.; Ye, M.J.; Zhao, Q. Prevalence of Invasive Infections Due to Carbapenem-Resistant Enterobacteriaceae
among Adult Patients in U.S. Hospitals. Antimicrob. Agents Chemother. 2017, 61, e00228-17. [CrossRef] [PubMed]

3. Zhang, Y.; Wang, Q.; Yin, Y.; Chen, H.; Jin, L.; Gu, B.; Xie, L.; Yang, C.; Ma, X.; Li, H.; et al. Epidemiology
of Carbapenem-Resistant Enterobacteriaceae Infections: Report from the China CRE Network. Antimicrob.
Agents Chemother. 2018, 62, e01882-17. [CrossRef] [PubMed]

4. van Duin, D.; Bonomo, R.A. Ceftazidime/Avibactam and Ceftolozane/Tazobactam: Second-generation
beta-Lactam/beta-Lactamase Inhibitor Combinations. Clin. Infect. Dis. 2016, 63, 234–241. [CrossRef]
[PubMed]

5. de Jonge, B.L.; Karlowsky, J.A.; Kazmierczak, K.M.; Biedenbach, D.J.; Sahm, D.F.; Nichols, W.W. In
Vitro Susceptibility to Ceftazidime-Avibactam of Carbapenem-Nonsusceptible Enterobacteriaceae Isolates
Collected during the INFORM Global Surveillance Study (2012 to 2014). Antimicrob. Agents Chemother. 2016,
60, 3163–3169. [CrossRef] [PubMed]

6. Hackel, M.; Kazmierczak, K.M.; Hoban, D.J.; Biedenbach, D.J.; Bouchillon, S.K.; de Jonge, B.L.; Stone, G.G.
Assessment of the In Vitro Activity of Ceftazidime-Avibactam against Multidrug-Resistant Klebsiella spp.
Collected in the INFORM Global Surveillance Study, 2012 to 2014. Antimicrob. Agents Chemother. 2016, 60,
4677–4683. [CrossRef] [PubMed]

7. Karlowsky, J.A.; Biedenbach, D.J.; Kazmierczak, K.M.; Stone, G.G.; Sahm, D.F. Activity of Ceftazidime-Avibactam
against Extended-Spectrum- and AmpC beta-Lactamase-Producing Enterobacteriaceae Collected in the INFORM
Global Surveillance Study from 2012 to 2014. Antimicrob. Agents Chemother. 2016, 60, 2849–2857. [CrossRef]
[PubMed]

8. Karlowsky, J.A.; Kazmierczak, K.M.; Bouchillon, S.K.; de Jonge, B.L.M.; Stone, G.G.; Sahm, D.F. In
Vitro Activity of Ceftazidime-Avibactam against Clinical Isolates of Enterobacteriaceae and Pseudomonas
aeruginosa Collected in Latin American Countries: Results from the INFORM Global Surveillance Program,
2012 to 2015. Antimicrob. Agents Chemother. 2019, 63, e01814-18. [CrossRef] [PubMed]

9. Kazmierczak, K.M.; de Jonge, B.L.M.; Stone, G.G.; Sahm, D.F. In vitro activity of ceftazidime/avibactam
against isolates of Enterobacteriaceae collected in European countries: INFORM global surveillance 2012-15.
J. Antimicrob. Chemother. 2018, 73, 2782–2788. [CrossRef] [PubMed]

10. Kazmierczak, K.M.; de Jonge, B.L.M.; Stone, G.G.; Sahm, D.F. In vitro activity of ceftazidime/avibactam
against isolates of Pseudomonas aeruginosa collected in European countries: INFORM global surveillance
2012-15. J. Antimicrob. Chemother. 2018, 73, 2777–2781. [CrossRef] [PubMed]

11. Carmeli, Y.; Armstrong, J.; Laud, P.J.; Newell, P.; Stone, G.; Wardman, A.; Gasink, L.B. Ceftazidime-avibactam
or best available therapy in patients with ceftazidime-resistant Enterobacteriaceae and Pseudomonas
aeruginosa complicated urinary tract infections or complicated intra-abdominal infections (REPRISE): A
randomised, pathogen-directed, phase 3 study. Lancet Infect. Dis. 2016, 16, 661–673. [PubMed]

12. Vazquez, J.A.; Gonzalez Patzan, L.D.; Stricklin, D.; Duttaroy, D.D.; Kreidly, Z.; Lipka, J.; Sable, C.
Efficacy and safety of ceftazidime-avibactam versus imipenem-cilastatin in the treatment of complicated
urinary tract infections, including acute pyelonephritis, in hospitalized adults: Results of a prospective,
investigator-blinded, randomized study. Curr. Med. Res. Opin. 2012, 28, 1921–1931. [CrossRef] [PubMed]

13. Wagenlehner, F.M.; Sobel, J.D.; Newell, P.; Armstrong, J.; Huang, X.; Stone, G.G.; Yates, K.; Gasink, L.B.
Ceftazidime-avibactam Versus Doripenem for the Treatment of Complicated Urinary Tract Infections,
Including Acute Pyelonephritis: RECAPTURE, a Phase 3 Randomized Trial Program. Clin. Infect. Dis. 2016,
63, 754–762. [CrossRef] [PubMed]

14. Che, H.; Wang, R.; Wang, J.; Cai, Y. Ceftazidime-avibactam versus carbapenems for the treatment of infections
caused by Enterobacteriaceae: A meta-analysis of randomized controlled trials. Int. J. Antimicrob. Agents
2019, 55, 809–813. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/s13017-017-0141-6
http://www.ncbi.nlm.nih.gov/pubmed/28702076
http://dx.doi.org/10.1128/AAC.00228-17
http://www.ncbi.nlm.nih.gov/pubmed/28559271
http://dx.doi.org/10.1128/AAC.01882-17
http://www.ncbi.nlm.nih.gov/pubmed/29203488
http://dx.doi.org/10.1093/cid/ciw243
http://www.ncbi.nlm.nih.gov/pubmed/27098166
http://dx.doi.org/10.1128/AAC.03042-15
http://www.ncbi.nlm.nih.gov/pubmed/26926648
http://dx.doi.org/10.1128/AAC.02841-15
http://www.ncbi.nlm.nih.gov/pubmed/27216054
http://dx.doi.org/10.1128/AAC.02286-15
http://www.ncbi.nlm.nih.gov/pubmed/26926635
http://dx.doi.org/10.1128/AAC.01814-18
http://www.ncbi.nlm.nih.gov/pubmed/30670424
http://dx.doi.org/10.1093/jac/dky266
http://www.ncbi.nlm.nih.gov/pubmed/30010894
http://dx.doi.org/10.1093/jac/dky267
http://www.ncbi.nlm.nih.gov/pubmed/30010951
http://www.ncbi.nlm.nih.gov/pubmed/27107460
http://dx.doi.org/10.1185/03007995.2012.748653
http://www.ncbi.nlm.nih.gov/pubmed/23145859
http://dx.doi.org/10.1093/cid/ciw378
http://www.ncbi.nlm.nih.gov/pubmed/27313268
http://dx.doi.org/10.1016/j.ijantimicag.2019.09.007
http://www.ncbi.nlm.nih.gov/pubmed/31533075


Antibiotics 2019, 8, 255 6 of 6

15. Lucasti, C.; Popescu, I.; Ramesh, M.K.; Lipka, J.; Sable, C. Comparative study of the efficacy and
safety of ceftazidime/avibactam plus metronidazole versus meropenem in the treatment of complicated
intra-abdominal infections in hospitalized adults: Results of a randomized, double-blind, Phase II trial.
J. Antimicrob. Chemother. 2013, 68, 1183–1192. [CrossRef] [PubMed]

16. Mazuski, J.E.; Gasink, L.B.; Armstrong, J.; Broadhurst, H.; Stone, G.G.; Rank, D.; Llorens, L.; Newell, P.;
Pachl, J. Efficacy and Safety of Ceftazidime-Avibactam Plus Metronidazole Versus Meropenem in the
Treatment of Complicated Intra-abdominal Infection: Results From a Randomized, Controlled, Double-Blind,
Phase 3 Program. Clin. Infect. Dis. 2016, 62, 1380–1389. [CrossRef] [PubMed]

17. Qin, X.; Tran, B.G.; Kim, M.J.; Wang, L.; Nguyen, D.A.; Chen, Q.; Song, J.; Laud, P.J.; Stone, G.G.; Chow, J.W.
A randomised, double-blind, phase 3 study comparing the efficacy and safety of ceftazidime/avibactam plus
metronidazole versus meropenem for complicated intra-abdominal infections in hospitalised adults in Asia.
Int. J. Antimicrob. Agents 2017, 49, 579–588. [CrossRef] [PubMed]

18. Sternbach, N.; Leibovici Weissman, Y.; Avni, T.; Yahav, D. Efficacy and safety of ceftazidime/avibactam: A
systematic review and meta-analysis. J. Antimicrob. Chemother. 2018, 73, 2021–2029. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/jac/dks523
http://www.ncbi.nlm.nih.gov/pubmed/23391714
http://dx.doi.org/10.1093/cid/ciw133
http://www.ncbi.nlm.nih.gov/pubmed/26962078
http://dx.doi.org/10.1016/j.ijantimicag.2017.01.010
http://www.ncbi.nlm.nih.gov/pubmed/28363526
http://dx.doi.org/10.1093/jac/dky124
http://www.ncbi.nlm.nih.gov/pubmed/29659836
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	Discussion 
	References

