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Safety and Efficacy of Ceftolozane/Tazobactam Plus 
Metronidazole Versus Meropenem From a Phase 2, 

Randomized Clinical Trial in Pediatric Participants With 
Complicated Intra-abdominal Infection

Carl-Christian A. Jackson, MD,*# Jason Newland, MD, MEd,† Nataliia Dementieva, MD,‡  
Julia Lonchar, MSc,§ Feng-Hsiu Su, MPH, MBA,§ Jennifer A. Huntington, PharmD,§ Mekki Bensaci, PhD,§  

Myra W. Popejoy, PharmD,§ Matthew G. Johnson, MD,§ Carisa De Anda, PharmD,§  
Elizabeth G. Rhee, MD,§ and Christopher J. Bruno, MD§

Background: Ceftolozane/tazobactam, a cephalosporin–β-lactamase inhibitor 
combination, is approved for the treatment of complicated urinary tract 
infections and complicated intra-abdominal infections (cIAI). The safety 
and efficacy of ceftolozane/tazobactam in pediatric participants with cIAI 
were assessed.
Methods: This phase 2 study (NCT03217136) randomized participants 
to either ceftolozane/tazobactam+metronidazole or meropenem for treat-
ment of cIAI in pediatric participants (<18 years). The primary objec-
tive was to assess the safety and tolerability of intravenous ceftolozane/
tazobactam+metronidazole. Clinical cure at end of treatment (EOT) and 
test of cure (TOC) visits were secondary end points.
Results: The modified intent-to-treat (MITT) population included 91 par-
ticipants (ceftolozane/tazobactam+metronidazole, n = 70; meropenem,  
n = 21). Complicated appendicitis was the most common diagnosis 
(93.4%); Escherichia coli was the most common pathogen (65.9%). 

Adverse events (AEs) occurred in 80.0% and 61.9% of participants receiv-
ing ceftolozane/tazobactam+metronidazole and meropenem, drug-related 
AEs occurred in 18.6% and 14.3% and serious AEs occurred in 11.4% and 
0% of participants receiving ceftolozane/tazobactam+metronidazole and 
meropenem, respectively. No drug-related serious AEs or discontinuations 
due to drug-related AEs occurred. Rates of the clinical cure for ceftolo-
zane/tazobactam+metronidazole and meropenem at EOT were 80.0% and 
95.2% (difference: −14.3; 95% confidence interval: −26.67 to 4.93) and at 
TOC were 80.0% and 100.0% (difference: −19.1; 95% confidence interval: 
−30.18 to −2.89), respectively; 6 of the 14 clinical failures for ceftolozane/
tazobactam+metronidazole at TOC were indeterminate responses imputed 
as failures per protocol.
Conclusion: Ceftolozane/tazobactam+metronidazole was well tolerated in 
pediatric participants with cIAI and had a safety profile similar to the estab-
lished safety profile in adults. In this descriptive efficacy analysis, ceftolo-
zane/tazobactam+metronidazole appeared efficacious.

Key Words: adolescent, cIAI, children, Gram-negative, Enterobacterales

(Pediatr Infect Dis J 2023;42:557–563)

Complicated intra-abdominal infections (cIAI) encompass a 
wide spectrum of pathologic conditions that arise from an 

infection originating in an abdominal organ and extending into the 
peritoneal space to form an abscess or peritonitis.1 In the majority 
of cIAI cases, the infection is polymicrobial and caused by aero-
bic Gram-negative bacteria, mainly of the Enterobacterales fam-
ily, with anaerobic bacteria also commonly isolated.2–4 Treatment 
of cIAI generally involves a combination approach that includes a 
procedure to achieve control of the source of infection and appro-
priate antimicrobial therapy.5,6

The proliferation of resistant pathogens, such as extended-
spectrum β-lactamase (ESBL)–producing Escherichia coli, 
Klebsiella pneumoniae and Pseudomonas aeruginosa is a con-
cerning trend in cIAI.2,3,7,8 Antibacterial resistance poses a major 
global threat, having been shown to be associated with poor out-
comes, including an increased mortality rate.8–10 Thus, new safe 
and effective treatments for cIAI are needed to treat these emerg-
ing drug-resistant pathogens.

Ceftolozane/tazobactam is a combination of the antip-
seudomonal cephalosporin ceftolozane with the established 
β-lactamase inhibitor tazobactam and is approved for the treatment 
of cIAI and complicated urinary tract infections (cUTIs) in adults 
and children birth to 18 years of age, and nosocomial pneumonia in 
adults.11 Results from the randomized, double-blind, phase 3 study 
(ASPECT-cIAI) of ceftolozane/tazobactam plus metronidazole in ISSN: 0891-3668/23/427-557563
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hospitalized adults with cIAI demonstrated that the regimen was 
noninferior to meropenem with respect to clinical cure rates, with a 
similar rate of adverse events (AEs).12

Data describing the use of ceftolozane/tazobactam in chil-
dren and adolescents are limited; however, a pharmacokinetic 
study indicated drug exposure levels in pediatric participants are 
comparable with those observed in adults.13,14 Additionally, ceftolo-
zane/tazobactam had potent activity against Enterobacterales and 
P. aeruginosa, with susceptibility rates of 98% and 95%, respec-
tively, among 1336 isolates collected from pediatric participants in 
the United States between 2017 and 2019.15 This study evaluated 
the safety, tolerability, and efficacy of ceftolozane/tazobactam plus 
metronidazole compared with meropenem for the treatment of cIAI 
in pediatric participants.

MATERIALS AND METHODS

Study Design
This was a phase 2, randomized, double-blind study  

(protocol MK-7625A-035; NCT03217136) in pediatric partici-
pants with cIAI, conducted in 27 centers in 11 countries across 
Europe, North America, Africa, Asia/Pacific, and South America 
between April 2018 and December 2020. The study was conducted 
in accordance with the principles of Good Clinical Practice and 
the protocol was approved by the appropriate institutional review 
boards and regulatory agencies. All participants had a legally 
acceptable representative and documented informed consent/assent 
was provided for the study. Blinding, randomization, and masking 
procedures are included in Supplemental Digital Content 1 http://
links.lww.com/INF/E990.

Participants
Male and female participants from birth (defined as >32 

weeks gestational age and ≥7 days postnatal) to <18 years of age 
were eligible. The following were required for study entry: intra-
venous (IV) antibacterial therapy for presumed or documented 
cIAI, an operative procedure for the management of cIAI planned 
or completed within 24 hours of the first dose of an antibacterial 
drug (participants with necrotizing enterocolitis were exempt from 
this criteria) and a baseline intra-abdominal specimen collected in 
compliance with the protocol. Participants were excluded from the 
study if they had a history of cIAI within the previous year caused 
by a pathogen known to be resistant to either IV study treatment, 
had a concomitant infection requiring nonstudy systemic antibacte-
rial therapy, had received potentially therapeutic antibacterial ther-
apy for >24 hours during the 48 hours preceding the first dose of 
study treatment (except in cases of participants receiving >48 hours 
of prior antibacterial therapy that were deemed treatment failures) 
or had moderate or severe renal function impairment (estimated 
creatinine clearance <50 mL/min/1.73 m2). A full list of inclusion 
and exclusion criteria is provided in Supplemental Digital Content 
1 http://links.lww.com/INF/E990.

The modified intent-to-treat (MITT) population comprised 
all randomized participants who received any amount of study 
treatment. The microbiologic-modified intent-to-treat (mMITT) 
population was the subset of the MITT population with ≥1 patho-
gen identified from the baseline intra-abdominal culture, regard-
less of susceptibility to study treatment. The clinically evaluable 
(CE) population was the subset of participants in the MITT popu-
lation who adhered to trial procedures and had a clinical outcome 
at the visit of interest; an interpretable culture was not required. 
The safety population consisted of all randomized participants who 
received any amount of study treatment.

Treatment
Participants were stratified and dosed by age group as sum-

marized in Table 1. The selected doses were based on population 
pharmacokinetic modeling and simulations.14 Treatment duration 
was 5–14 days. Optional open-label oral step-down therapy with 
a protocol-defined standard-of-care regimen was permitted after 3 
days (9 doses) of IV therapy. Recommended oral step-down ther-
apy options included β-lactam/β-lactamase inhibitor combinations, 
second- or third-generation cephalosporins in combination with 
metronidazole, or quinolones (if ciprofloxacin or levofloxacin were 
chosen, it was to be used in combination with metronidazole), with 
choice of therapy guided by culture results and based on local anti-
bacterial susceptibility patterns.

Specimen Collection
Details regarding specimen collection and pathogen char-

acterization are provided in Supplemental Digital Content 1 http://
links.lww.com/INF/E990. Briefly, specimens were collected at the 
beginning of the interventional procedure before debridement, 
removal or disinfection of the primary infection site. Culture of the 
intra-abdominal specimen, isolation of pathogen(s), initial identi-
fication of pathogen(s) and susceptibility testing were conducted 
by local laboratories. Isolates were submitted to a central labora-
tory for identification and evaluation of antibacterial susceptibil-
ity profiles using the Clinical and Laboratory Standards Institute 
(CLSI) reference testing methodology and quality control recom-
mendations.16 Isolates that displayed predefined minimum inhibi-
tory concentration criteria were screened for the presence of ESBL-
encoding genes.

Assessments and End Points
Clinical and microbiologic assessments were performed at 

the end of the IV treatment visit, which was scheduled <24 hours 
after the last IV dose of therapy, the end of treatment (EOT) visit, 
which was scheduled <48 hours after the last dose of oral step-
down therapy (if applicable), and the test of cure (TOC) visit, which 
occurred 7–14 days after the last dose of study treatment. The EOT 
visit only applied to those participants who were switched to oral 
step-down therapy.

The primary end points were rates of AEs and changes in 
laboratory values and vital signs from the first dose of study treat-
ment through the last follow-up visit (21–28 days after the last 
dose) in all participants of the treated population. Key secondary 
end points were clinical success rate at the EOT and TOC visits, 
defined as the proportion of participants who had a clinical response 
of cure, and per-participant microbiologic success rate at the EOT 
and TOC visits, defined as the proportion of participants who had 
microbiologic eradication or presumed eradication (defined in Sup-
plemental Digital Content 1, http://links.lww.com/INF/E990) of all 
baseline pathogens.

Definitions of End Points
Clinical cure was considered complete resolution or marked 

improvement in signs and symptoms of infection or return to pre-
infection status, such that no further antibacterial therapy or surgi-
cal or drainage procedure was required for treatment of the cIAI. 
Participants were considered to have experienced a partial improve-
ment if they had partial resolution of the signs and symptoms of 
infection, such that no further intravenous antibacterial therapy 
was required for treatment of the cIAI, but additional oral step-
down therapy was required. The clinical outcome was considered 
a failure for those who required antibacterial therapy beyond the 
protocol-defined treatment duration of 14 days or for those with 
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persisting or recurrent infection within the abdomen requiring 
additional intervention (either nonstudy antibacterials or surgery).

Eradication was defined as an absence of the baseline 
pathogen(s) in a postbaseline specimen obtained from the original 
site of infection. Presumed eradication was defined as an absence of 
material to culture in a participant who is assessed as having partial 
improvement or clinical cure. Persistence was defined as the pres-
ence of the baseline pathogen(s) in a postbaseline specimen from 
the site of infection, and presumed persistence was an absence of 
material to culture in a participant assessed as a clinical failure. 
Participants were classified as having persistence-acquired resist-
ance if the baseline pathogen(s) could be obtained from a postbase-
line specimen and was found to be susceptible to study treatment 
pretreatment but resistant post-treatment.

Statistical Analysis
The study was designed as a descriptive study and was not 

powered for formal hypothesis testing to compare safety or efficacy 
between treatment groups. For the primary safety analysis, 95% 
CIs were derived for the between-treatment differences in the per-
centage of participants with events, and these analyses were per-
formed using the unstratified Miettinen & Nurminen method, an 
unconditional, asymptotic method.17 Changes in the laboratory and 
vital sign values from baseline were summarized using descrip-
tive statistics. For the secondary efficacy analyses, 2-sided 95% 
CI based on the Miettinen & Nurminen method17 and stratified by 
age group was used to evaluate the treatment differences for clinical 
success and per-participant microbiologic eradication at the EOT 
and TOC visits.

Sample Size Calculation
This study was not powered for inferential statistical com-

parisons of safety or efficacy end points in this study alone. This 
study was designed to contribute data to an integrated safety 
analysis in combination with data from a separate study of cef-
tolozane/tazobactam in pediatric participants with cUTI. The 
combined sample size for these studies was based on the enroll-
ment of approximately 180 participants receiving ceftolozane/tazo-
bactam in the combined safety analysis population of this study  
(MK-7625A-035; NCT03217136) and the study in pediatric cUTI 
(MK-7625A-034; NCT03230838), which would allow for a 97.3% 

probability of detecting AEs with an underlying true incidence of 
≥2% within the ceftolozane/tazobactam treatment group. Ulti-
mately, 170 participants were enrolled in the ceftolozane/tazobac-
tam treatment group of the combined studies, which allowed for a 
96.7% probability of detecting an AE with an underlying true inci-
dence of ≥2%. Decreasing enrollment did not negatively impact 
the key goals or scientific validity of the studies and allowed for 
sufficient data to evaluate safety, efficacy and pharmacokinetics in 
both study populations.

RESULTS

Study Participants
A total of 94 participants were randomized and 91 were 

included in the MITT population, with 70 treated with ceftolozane/
tazobactam plus metronidazole and 21 treated with meropenem. 
The clinically evaluable (CE) population included 78 participants 
at EOT (ceftolozane/tazobactam plus metronidazole, n = 59; mero-
penem, n = 19) and 77 participants at TOC (ceftolozane/tazobac-
tam plus metronidazole, n = 58; meropenem, n = 19) (Supplemental 
Digital Content 2, http://links.lww.com/INF/E991). Overall, 94.4% 
of participants treated with ceftolozane/tazobactam plus metronida-
zole and 87.0% of participants treated with meropenem completed 
the study.

In the MITT population, demographics and baseline char-
acteristics were generally comparable between those treated with 
ceftolozane/tazobactam plus metronidazole and those treated with 
meropenem, with the exception of sex and the percentage of par-
ticipants who had an open vs. laparoscopic abdominal procedure 
(Table 2). A higher proportion of males were in the ceftolozane/
tazobactam plus metronidazole group (67.1%) compared with 
the meropenem group (28.6%) and a greater proportion of par-
ticipants in the meropenem group had an open procedure (42.9%) 
compared with the ceftolozane/tazobactam plus metronidazole 
group (28.6%). The most common diagnosis was complicated 
appendicitis (91.4% for ceftolozane/tazobactam plus metronida-
zole and 100.0% for meropenem). Polymicrobial cIAI infections 
were present in 54.3% and 66.7% of participants in the ceftolo-
zane/tazobactam plus metronidazole and meropenem groups, 
respectively, and bacteremia was present at baseline in 2.9% and 
0% of participants, respectively. Few (<2.0%) participants had 

TABLE 1.  Summary of Dosing and Pharmacokinetic Sampling Schedule by Age Cohort

Age group 

C/T + MTZ* MEM + pbo*

n Dose n Dose 

12 to <18 years 16 IV ceftolozane 1 g/ tazobactam 0.5 g† + IV MTZ‡10 mg/kg 5 IV 20 mg/kg
every 8 hours6 to <12 years 30 IV ceftolozane 20 mg/kg/ tazobactam 10 mg/kg§ + IV MTZ‡ 10 mg/kg 9

2 to <6 years 22 7
3 months to <2 years 1 0
Birth¶ to <3 months 1 IV Ceftolozane 20 mg/kg/ tazobactam 10 mg/kg§ + IV MTZ‖,** 10-15 mg/kg 0 IV 20 mg/kg 

every 8 hours

*Each dose of C/T or MTZ or MEM or pbo was administered as a 60-minute (±10 minutes) infusion. C/T + MTZ or MEM + pbo was to be dosed every 8 hours (±1 hour) after the pre-
vious infusion. The second IV dose had a ±4-hour window for dosing to facilitate adjustment of the dosing schedule (once every 8 hours) to be carried out throughout the dosing period.

†Children 12 to <18 years received the dosage indicated for adult patients with cIAI.11

‡Maximum dose was 1.5 g/day.
§Maximum dose was ceftolozane 1 g/tazobactam 0.5 g.
¶Birth was defined as >32 weeks gestational age and ≥7 days postnatal.
‖Participants >28 days of age: MTZ 10 mg/kg every 8 hours (maximum dose 1.5 g/day). For participants ≤28 days of age, the suggested dosing regimen was as follows: participants 

≤28 days of age and ≤2 kg: MTZ 15 mg/kg loading dose, then 7.5 mg/kg/dose every 12 hours; participants ≤28 days of age and >2 kg: MTZ 15 mg/kg loading dose, then 10 mg/kg dose 
every 8 hours. However, other site-specific standard of care MTZ dosing was permitted at the investigator’s discretion.

**Participants 7–28 days of age who received MTZ with a frequency other than every 8 hours were required to receive placebo at the same frequency to maintain blinding.
C/T indicates ceftolozane/tazobactam; MEM, meropenem; MTZ, metronidazole; pbo, placebo; IV, intravenous.
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failed prior antibacterial therapy for their cIAI before study entry. 
Most participants in both groups had baseline creatinine clear-
ance ≥80 mL/min/1.73 m2.

Pathogens at Baseline
The incidence and distribution of baseline intra-abdomi-

nal pathogens were generally comparable across age and treat-
ment groups. The most common Gram-negative pathogens were 
E. coli, P. aeruginosa and Bacteroides fragilis (Table  3). All P. 
aeruginosa, Enterobacterales and Bacteroides fragilis isolates 

were susceptible to both ceftolozane/tazobactam and meropenem. 
Participants in each treatment group (12.5% ceftolozane/tazobac-
tam plus metronidazole; 11.1% meropenem) had ESBL-produc-
ing Enterobacterales at baseline (the majority of which were E. 
coli). All of these participants had baseline isolates susceptible to 
ceftolozane/tazobactam and meropenem, based on CLSI break-
points.16

Overall, ceftolozane/tazobactam susceptibility rates were 
lower compared with meropenem for Gram-negative anaerobes 
[ceftolozane/tazobactam, 21/34 (61.8%); meropenem, 35/36 

TABLE 2.  Participant Baseline Characteristics (MITT Population)

Characteristic C/T + MTZ (N = 70) MEM + placebo (N = 21) 

Male sex, n (%) 47 (67.1) 6 (28.6)
Age, n (%)
  Birth to <3 months 1 (1.4) 0
  3 months to <2 years 1 (1.4) 0
  2 to <6 years 22 (31.4) 7 (33.3)
  6 to <12 years 30 (42.9) 9 (42.9)
  12 to <18 years 16 (22.9) 5 (23.8)
White race, n (%) 61 (87.1) 19 (90.5)
Median (range) weight, kg 27.7 (3.1–90.0) 30.5 (11.0–61.1)
Complicated appendicitis baseline diagnosis, n (%) 64 (91.4) 21 (100.0)
Type of abdominal procedure, n (%)   
  Percutaneous 2 (2.9) 0
  Laparoscopic 44 (62.9) 11 (52.4)
  Open 20 (28.6) 9 (42.9)
  Other 3 (4.3) 1 (4.8)
  Missing 1 (1.4) 0
Bacteremia at baseline 2 (2.9) 0
Baseline CrCl (mL/min/1.73 m2),* n (%)
  CrCl ≥80 61 (87.1) 21 (100.0)
  CrCl ≥50 to <80 8 (11.4) 0
  CrCl ≥30 to <50 1 (1.4) 0
Failure of prior antibacterial therapy, n (%) 1 (1.4) 0
Number of baseline pathogens, n (%)   
  Polymicrobial 38 (54.3) 14 (66.7)
  Monomicrobial 26 (37.1) 5 (23.8)
  Missing 6 (8.6) 2 (9.5)

*CrCl rates were calculated by the revised Schwartz equation at baseline.
C/T indicates ceftolozane/tazobactam; CrCl, creatinine clearance; MEM, meropenem; MITT, modified intent-to-treat; 

MTZ, metronidazole.

TABLE 3.  Pathogen Identified at Baseline (MITT Population)*

Pathogen category organism/group, n/N (%) C/T + MTZ MEM + placebo 

Aerobic Gram-negative 56/70 (80.0) 18/21 (85.7)
  Escherichia coli 47/70 (67.1) 13/21 (61.9)
    ESBL producer† 8/56 (14.3) 3/18 (16.7)
  Pseudomonas aeruginosa 19/70 (27.1) 6/21 (28.6)
  Klebsiella pneumonia 4/70 (5.7) 0/21 (0.0)
    ESBL producer† 2/56 (3.6) 0/18 (0.0)
Aerobic Gram-positive 20/70 (28.6) 10/21 (47.6)
  Streptococcus anginosus 9/70 (12.9) 3/21 (14.3)
  Streptococcus constellatus 9/70 (12.9) 3/21 (14.3)
Anerobic Gram-negative 16/70 (22.9) 5/21 (23.8)
  Bacteroides fragilis 13/70 (18.6) 4/21 (19.0)
  Bacteroides thetaiotaomicron 4/70 (5.7) 2/21 (9.5)
Anaerobic Gram-positive 8/70 (11.4) 2/21 (9.5)

*Limited to pathogens with prevalence of ≥5% in ≥1 treatment arm.
†ESBL-producer status was determined for pathogens isolated from participants in the mMITT population with 

baseline aerobic Gram-negative pathogens.
C/T indicates ceftolozane/tazobactam; ESBL, extended-spectrum β-lactamase; MEM, meropenem; MITT, modified 

intent-to-treat; MTZ, metronidazole.
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(97.2%)] and Gram-positive anaerobes [ceftolozane/tazobactam, 
4/10 (40.0%); meropenem, 10/10 (100.0%)], based on CLSI break-
points.16

Safety
The mean (SD) overall treatment duration (IV only or 

IV + oral) was 9.3 (3.6) days and 9.0 (3.2) days for ceftolozane/

tazobactam plus metronidazole and meropenem, respectively. The 
mean (SD) duration of IV treatment in the ceftolozane/tazobactam 
plus metronidazole group was 6.4 (2.8) days and was 5.8 (1.8) days 
in the meropenem group. A total of 35 (50.0%) and 12 (57.1%) 
participants transitioned to optional oral step-down therapy in 
the ceftolozane/tazobactam plus metronidazole and meropenem 
groups, for a median of 6.3 and 5.2 days, respectively. The most 

TABLE 4.  Adverse Events (Safety Population)

AE category, n (%) 
C/T + MTZ  

(N=70) 
MEM + placebo  

(N=21) 
Difference*  
(95% CI) 

Overall AE summary
  ≥1 AE 56 (80.0) 13 (61.9) 18.1 (−2.6 to 41.1)
  No AE 14 (20.0) 8 (38.1) −18.1 (−41.1 to 2.6)
  Drug-related† AE 13 (18.6) 3 (14.3) 4.3 (−17.6 to 19.1)
  Serious AE 8 (11.4) 0 11.4 (−4.6 to 21.0)
  Serious drug-related† AE 0 0 –
  Death 0 0 –
  Discontinued due to AE 2 (2.9) 0 2.9 (−12.9 to 9.9)
  Discontinued due to drug-related† AE 0 0 –
  Discontinued due to serious AE 2 (2.9) 0 2.9 (–12.9 to 9.9)
  Discontinued due to serious drug-related† AE 0 0 –
Most commonly reported AEs‡

  Diarrhea 12 (17.1) 5 (23.8) −6.7 (−29.5 to 10.6)
  Pyrexia 9 (12.9) 3 (14.3) −1.4 (−23.0 to 12.6)
  Vomiting 7 (10.0) 1 (4.8) 5.2 (−13.5 to 15.8)
  Abdominal pain 7 (10.0) 0 10.0 (−6.0 to 19.3)
  Nasopharyngitis 3 (4.3) 3 (14.3) −10.0 (−30.9 to 1.8)
Most commonly reported drug-related AEs†,§

  Diarrhea 4 (5.7) 1 (4.8) –
  Increased alanine aminotransferase 3 (4.3) 1 (4.8) –
  Increased aspartate aminotransferase 4 (5.7) 1 (4.8) –
  Blood alkaline phosphatase increased 2 (2.9) 0 –
  Vulvovaginal mycotic infection 0 1 (4.8) –
  Dysgeusia 2 (2.9) 0 –

*The percent difference (C/T + MTZ minus MEM) was based on the unstratified Miettinen & Nurminen method.
†Determined by the investigator to be related to the drug.
‡Incidence ≥10% in ≥1 treatment arm.
§Incidence ≥4% or ≥2 participants in ≥1 treatment arm.
AE, adverse event; C/T, ceftolozane/tazobactam; CI, confidence interval; MEM, meropenem; MTZ, metronidazole.

0 20 40 60 80 100

TOC

EOT 

TOC

EOT

Participants, %

C/T + MTZ
MEM + pbo

 MITT population

CE population

80.0% (56/70)
95.2% (20/21)

80.0% (56/70)c

100% (21/21)

89.8% (53/59)

89.7% (52/58)

100% (19/19)

100% (19/19)

Differencea,b; 95% CI

-14.3; -26.67 to 4.93

-19.1; -30.18 to -2.89

-10.6; -21.22 to 6.95

-10.7; -21.48 to 6.84

FIGURE 1.  Rates of clinical cure in the MITT and clinical evaluable populations at EOT and TOC.  
CE indicates clinically evaluable; C/T, ceftolozane/tazobactam; EOT, end of treatment; MEM, meropenem; MITT, modified 
intent-to-treat; MTZ, metronidazole; pbo, placebo; TOC, test of cure. aDifference in C/T + MTZ minus MEM. bThe percent 
difference was based on the Miettinen & Nurminen method stratified by age group with Cochran-Mantel-Haenszel weights. 
If there was a zero count in any class of the stratum, the groups with the lower count were pooled with the near age group 
stratum in the model. cSix of the 14 failures at the TOC visit in the C/T plus MTZ group were based on indeterminate or 
missing clinical responses and not on observed clinical failures.
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common oral step-down antibacterial agents (>10% in either treat-
ment group) were metronidazole, amoxicillin/clavulanate, and cip-
rofloxacin.

In total, ≥1 AE occurred in 80.0% and 61.9% of partici-
pants receiving ceftolozane/tazobactam plus metronidazole and 
meropenem; 18.6% and 14.3% were considered treatment-related, 
respectively (Table  4). The most frequently reported AEs and 
the most commonly reported drug-related AEs are summarized 
in Table  4. Serious AEs (SAEs) occurred in 11.4% (8/70) and 
0% (0/21) of participants receiving ceftolozane/tazobactam plus  
metronidazole and meropenem, respectively. Three of the SAEs 
in the ceftolozane/tazobactam plus metronidazole group occurred 
during the IV treatment period (abdominal sepsis and pneumonia 
in 1 participant; intra-abdominal fluid collection in 1 participant) or 
during oral step-down therapy (fecaloma in 1 participant); all other 
SAEs were reported after study therapy was completed. All SAEs 
were resolved and none were considered drug-related. Two partici-
pants in the ceftolozane/tazobactam plus metronidazole group were 
discontinued from study therapy because of nondrug-related SAEs: 
1 participant discontinued from study intervention owing to SAEs 
of abdominal sepsis and pneumonia on day 3, and 1 participant 
owing to an SAE of pneumonia on day 10. No study drug discon-
tinuations occurred because of a drug-related AE.

Efficacy
In the MITT population, rates of clinical cure for  

ceftolozane/tazobactam plus metronidazole and meropenem at 
EOT were 80.0% and 95.2%, and at TOC were 80.0% and 100.0%, 
respectively (Fig. 1). In the CE population, rates of clinical cure 
for ceftolozane/tazobactam plus metronidazole and meropenem 
were 89.8% and 100.0% at EOT, and 89.7% and 100.0% at TOC, 
respectively (Fig. 1). When clinical success rates were stratified by 
prespecified subgroups, they were generally comparable between 
treatment groups and consistent with the overall clinical success 
rate in the MITT population at the TOC visit (Supplemental Digi-
tal Content 3, http://links.lww.com/INF/E992). These subgroups 
included sex, geographic region, duration of IV study treatment, 
number of intra-abdominal abscesses, peritonitis type, procedure 
type, prior antibacterial agent use, site of infection, presence of 
bacteremia at baseline, and number of baseline pathogens. Among 
participants with ESBL-producing pathogens isolated at baseline 
(mMITT population), rates of clinical cure at the TOC visit were 
80.0% (8/10) in the ceftolozane/tazobactam plus metronidazole 
group vs. 100.0% (3/3) in the meropenem group.

The overall per-participant microbiologic success rates at the 
TOC visit in the MITT population were high (>84%) and compa-
rable between treatment groups (Supplemental Digital Content 4, 
http://links.lww.com/INF/E993). Most microbiologic outcomes were 
presumed based on clinical outcomes in participants who did not 
have follow-up intra-abdominal cultures and, therefore, reflect clini-
cal outcomes. The per-participant microbiologic success rates at the 
EOT visit were consistent with those reported at the TOC visit (Sup-
plemental Digital Content 4, http://links.lww.com/INF/E993).

DISCUSSION
This study and the companion pediatric study of cUTI 

(NCT03230838; reported separately18) are the first randomized 
clinical studies to evaluate ceftolozane/tazobactam treatment in 
pediatric populations. No clinically meaningful safety concerns 
were identified for ceftolozane/tazobactam plus metronidazole. 
Although the rates of both AEs and SAEs were higher in the cef-
tolozane/tazobactam plus metronidazole group than in the merope-
nem group, the significance of this is unclear, as the study was not 

powered for formal hypothesis testing of between-treatment group 
comparisons. Of note, the most common AEs seen in this study 
(diarrhea, pyrexia, and vomiting) are frequently observed signs 
of cIAI in children.19 In addition, the rates of drug-related AEs 
were similar between treatment groups. None of the 10 SAEs that 
occurred in 8 participants treated with ceftolozane/tazobactam plus 
metronidazole were considered drug-related, and only 3 (occurring 
in 2 participants) were reported during IV therapy; the remaining 
events manifested either during oral step-down therapy or during 
the post-treatment follow-up periods, suggesting that these events 
were unlikely to be associated with ceftolozane/tazobactam. In 
addition, there were no individual AEs or SAEs that predominated 
and would indicate a safety signal.

Clinical success rates at the TOC visit were numerically 
lower in the ceftolozane/tazobactam plus metronidazole group 
compared with the meropenem group. However, efficacy was a 
secondary end point and the study was not powered for formal 
hypothesis testing of between-treatment group comparisons. It is 
notable that the difference in clinical cure rates was not driven by 
lower-than-expected efficacy in the ceftolozane/tazobactam plus 
metronidazole group, as efficacy in this pediatric study population 
was comparable to that seen in the pivotal phase 3 study of adults 
with cIAI, in which treatment with ceftolozane/tazobactam plus 
metronidazole resulted in an 83.0% clinical cure rate.12 Although 
the study was randomized to facilitate balance in baseline charac-
teristics between the 2 treatment groups, there were some numeri-
cal imbalances, notably in the type of surgery and prevalence of 
polymicrobial infection, which could have differentially influenced 
clinical outcomes between treatment groups.

There was no clear pattern in participant or disease charac-
teristics (eg, cIAI diagnosis, medical history, and baseline patho-
gens) between those in the ceftolozane/tazobactam plus metro-
nidazole group who experienced clinical failure versus the rest 
of the study population. It also should be noted that a substantial 
proportion [6/14 (43%)] of those classified as clinical failures 
in the ceftolozane/tazobactam plus metronidazole group were 
reported as having an indeterminate response, meaning that the 
participant was lost to follow-up or a clinical assessment could 
not be made owing to another reason. In the CE population, in 
which only observed failures were included, the response rates 
for ceftolozane/tazobactam plus metronidazole were higher than 
in the MITT population.

More than 10% of the study population had infections 
caused by ESBL-producing Enterobacterales, which pose a par-
ticular challenge in the treatment of pediatric infections; among 
this subgroup, 80% of those treated with ceftolozane/tazobactam 
plus metronidazole achieved a clinical cure. Similarly, the clinical 
cure rate for participants with ESBL-producing Enterobacterales 
from the phase 3 study in adults with intra-abdominal infections 
was 95.8% in the ceftolozane/tazobactam plus metronidazole treat-
ment group.12 A recent study of isolates from pediatric participants 
found that apart from cephalosporins, ESBL-producing strains of 
E. coli and K. pneumoniae were less likely to be susceptible to 
other antibacterial agents, such as amoxicillin/clavulanic acid, qui-
nolones, gentamicin, netilmicin, and cotrimoxazole.20 Thus, having 
options that are effective against these multidrug-resistant organ-
isms, such as ceftolozane/tazobactam, is important.

Not unexpectedly, there were few participants in the young-
est age cohorts (3 months to <2 years and birth to <3 months of 
age) despite efforts to enroll participants <2 years of age, consist-
ent with the epidemiology of cIAI.2 Nevertheless, the companion 
study in cUTI did include 34 ceftolozane/tazobactam-treated par-
ticipants who ranged from birth to <2 years of age.18 In addition, 
a safety and pharmacokinetic study of ceftolozane/tazobactam in 
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pediatric participants enrolled 6 participants who were 3 months 
to <2 years of age and 13 participants from birth to <3 months 
of age.13

A limitation of this study is that it was not powered for for-
mal hypothesis testing of between-treatment group comparisons. 
Therefore, the results should be interpreted with caution.

In conclusion, these results show that ceftolozane/tazobac-
tam plus metronidazole was well tolerated in pediatric participants 
with cIAI and had a safety profile similar to the established safety 
profile in adults. In this descriptive efficacy analysis, ceftolozane/
tazobactam plus metronidazole appeared efficacious.
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