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Objectives: This meta-analysis aims to assess the clinical efficacy and safety of ceftaroline

in treating acute bacterial infections – community-acquired pneumonia (CAP) and skin and

skin structure infection (SSSI) in pediatric patients.

Methods: The Pubmed, Embase, ClinicalTrials.gov. and the Cochrane databases were

searched up to December 31, 2018. Only randomized controlled trials (RCTs) evaluating

ceftaroline and other comparators in the treatment of acute bacterial infection in pediatric

patients were included. The primary outcome was the clinical cure rate and the secondary

outcome was the risk of adverse event.

Results: Three RCTs were included. Overall, ceftaroline had a clinical cure rate at end of

therapy (EOT) and test of cure (TOC) similar to comparators in the treatment of acute

bacterial infection (at EOT, OR, 1.93; 95% CI, 0.88–4.25, I2=0%, and at TOC, OR, 1.36;

95% CI, 0.64–2.91, I2=14%). In addition, ceftaroline had a clinical failure rate at EOT and

TOC similar to comparators in the treatment of acute bacterial infection (at EOT, OR, 0.62;

95% CI, 0.22–1.76, I2=0%, and at TOC, OR, 0.68; 95% CI, 0.24–1.91, I2=0%). No

significant differences were found for the risk of treatment-emergent adverse events

(TEAE) in all and different degrees between ceftaroline and comparators (OR, 0.81; 95%

CI, 0.37–1.78, I2=56%). The risks of TEAE and severe adverse events related to study drug

were similar between ceftaroline and comparators (TEAE related to study drug, OR, 0.98;

95% CI, 0.52–1.82, I2=0%, severe adverse event related to study drug, OR, 1.09; 95% CI,

0.22–5.44, I2=22%).

Conclusions: The clinical efficacy of ceftaroline is as good as comparator therapy in the

treatment of acute bacterial infections – CAP and SSSI, and this antibiotic is well tolerated as

the comparators.

Keywords: ceftaroline, acute bacterial infection, pediatric, community-acquired pneumonia,

skin and skin structure infection

Introduction
Acute bacterial infections including community-acquired pneumonia (CAP) and skin

and skin structure infections (SSSIs) are common causes of hospitalization among

pediatric patients.1,2 Moreover, these bacterial infections may be associated with sig-

nificant morbidity and mortality if no appropriate antibiotic is prescribed in time.1,3

However, the emergence of antibiotic-resistant bacteria, such as methicillin-resistant
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Staphylococcus aureus (MRSA) has limited the choices of

antibiotics, and further made the early use of appropriate

antibiotic more complicated in this critical condition.4,5

Currently, vancomycin, clindamycin and linezolid are the

commonly used antibiotics for MRSA infections in

pediatrics.5,6

Ceftaroline, an active metabolite of the prodrug – ceftaro-

line fosamil is a new broad-spectrum cephalosporin. In the

in vitro studies, ceftaroline has shown good activity against

most Gram-positive bacteria, such as Streptococcus spp., and

Staphylococcus spp. (including MRSA) and many Gram-

negative bacteria, such as Moraxella catarrhalis,

Haemophilus influenza and non-ESBL Escherichia coli,

and Klebsiella spp.7–12 For the clinical isolates obtained

from pediatric patients, the in vitro activity of ceftaroline

remains great.11,12 Clinically, several randomized trials13–15

have investigated the clinical efficacy and safety of ceftaro-

line in the treatment of acute bacterial infections, including

CAP and SSSI in pediatric patients. But, there has been no

meta-analysis comparing the efficacy and safety of ceftaro-

line and other comparators in treating acute bacterial infec-

tion in pediatric patients. Therefore, we performed

a comprehensive meta-analysis to provide better evidence

on the efficacy and safety of ceftaroline in pediatric patients

with acute bacterial infections – CAP and SSSI.

Methods
Study search and selection
All clinical studies were identified by a systematic review of

the literature in the PubMed, Embase, ClinicalTrials.gov. and

Cochrane databases until December 31, 2018 using the fol-

lowing search terms – “ceftaroline”, “infant”, “youth”, “teen-

ager”, “child”, “children”, “adolescent”, “teenagers and

teens”. Only clinical studies that compared the clinical effi-

cacy and adverse effects of ceftaroline and other comparators

in pediatric patients were included. Two reviewers (Chang &

Huang) searched and examined publications independently

to avoid bias. When they disagreed, the third author (Chen)

resolved the issue. The following data were extracted from

every included study: year of publication, study design,

countries and duration, type of infection, antibiotic regimens

of ceftaroline and comparators, outcomes and adverse

events. The assessment of clinical outcome used themodified

ITT (MITT) population which was consisted of all patients in

the intention to treat (ITT) population who had a confirmed

diagnosis in accordance with the study protocol criteria. The

evaluation of safety used the ITT population that included all

patients who received any amount of intravenous (IV) study

drug.

Definitions and outcomes
The primary outcome was overall clinical cure with reso-

lution of clinical signs and symptoms of pneumonia or

SSSI, or improvement to the extent that no further anti-

microbial therapy was necessary at the end of therapy

(EOT) and test of cure (TOC). The EOT visit took place

within 48 hrs after the last dose of oral study drug or

within 24 hrs if the patient had continued to receive IV

study drug. The TOC visit was at 8–15 days after the last

dose of IV or oral study drug (whichever was given last).

Secondary outcomes included the clinical failure rate at

EOT and TOC, the risk of adverse events (AE) including

mild, moderate, severe and serious degree, and disconti-

nuation because of AEs. Clinical failure at the EOT was

defined as the discontinuation of study drug because of

insufficient therapeutic effect or because of an AE and the

patient requiring further alternative antimicrobial therapy.

Clinical failure at TOC was defined as incomplete resolu-

tion or worsening of signs and symptoms requiring addi-

tional non-study antibacterial treatment.

Data analysis
This study used the Cochrane Risk of Bias Assessment

tool to assess the quality of enrolled RCTs and the risk of

bias.16 The software Review Manager, version 5.3 was

used to conduct the statistical analyses. The degree of

heterogeneity was evaluated with the Q statistic generated

from the χ2 test. The proportion of statistical heterogeneity

was assessed by the I2 measure. Heterogeneity was con-

sidered significant when the p-value was less than 0.10 or

the I2 was more than 50%. The random-effects model was

used when they are significant heterogeneous, and the

fixed-effect model was used when the data were homo-

genous. Pooled odds ratios (OR) and 95% confidence

intervals (CI) were calculated for outcome analyses.

Results
Study selection and characteristics
The search program yielded 198 references, including 56

from Pubmed, 116 from Embase, 15 from the Cochrane

database and 11 from ClinicalTrials.gov. After excluding 76

duplications, the remaining 122 abstracts were screened.

Among them, w retrieved six articles for full-text review.

Finally, three studies13–15 fulfilling the inclusion criteria were
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included in this meta-analysis (Figure 1). All studies13–15

were randomized, multicenter studies that were designed to

compare the clinical efficacy and safety of ceftaroline with

other comparators for pediatric patients with acute bacterial

infections (Table 1). Two studies13,14 evaluated the efficacy

of ceftaroline in the treatment of CAP and one study focused

the pediatric with SSSI.15 In Korczowski et al study,15 they

enrolled 163 patients and compared ceftaroline with vanco-

mycin or cefazolin. In Cannavino et al’s study,13 they

enrolled 161 patients and compared ceftaroline with ceftriax-

one in a ratio of 3:1. In Blumer et al’s study,14 they enrolled

40 patients and compared ceftaroline with ceftriaxone and

vancomycin in a ratio of 3:1. Most of the domains were

classified as having a low risk of bias, except for blinding

of participants and personnel (Figure 2).

Clinical efficacy
Overall, ceftaroline had a clinical cure rate at EOT and

TOC similar to comparators in the treatment of acute

bacterial infection (at EOT, OR, 1.93; 95% CI,

0.88–4.25, I2=0%, and at TOC, OR, 1.36; 95% CI,

0.64–2.91, I2=14%, Figure 3). In addition, ceftaroline

had a clinical failure rate at EOT and TOC similar to

comparators in the treatment of acute bacterial infection

(at EOT, OR, 0.62; 95% CI, 0.22–1.76, I2=0%, and at

TOC, OR, 0.68; 95% CI, 0.24–1.91, I2=0%, Figure 4).

In the subgroup analysis of patients with CAP, the clinical

cure and failure rates at EOT and TOC were similar

between ceftaroline and comparators (clinical cure rate at

EOT, OR, 2.48; 95% CI, 0.87–7.05, I2=0%, and at TOC,

OR, 1.89; 95% CI, 0.68–5.22, I2=24%; clinical failure rate

at EOT, OR, 0.77; 95% CI, 0.24–2.43, I2=0%, and at

TOC, OR, 0.85; 95% CI, 0.25–2.65, I2=0%).

Adverse events
No significant differences were found for the risk of treat-

ment-emergent adverse events (TEAE) in all and different

degrees between ceftaroline and comparators (≥1 TEAE,

OR, 0.81; 95% CI, 0.37–1.78, I2=56%, mild TEAE OR,

0.90; 95% CI, 0.54–1.51, I2=6%, moderate TEAE, OR,

1.02; 95% CI, 0.42–2.48, I2=24% severe TEAE OR, 0.66;

95% CI, 0.19–2.27, I2=0%, Figure 5). The risks of TEAE

and severe adverse events related to study drug were

similar between ceftaroline and comparators (TEAE

related to study drug, OR, 0.98; 95% CI, 0.52–1.82,

I2=0%, severe adverse event related to study drug, OR,

1.09; 95% CI, 0.22–5.44, I2=22%, Figure 5). Finally, the

risk of discontinuation of study drug due to an adverse

event was also equivalent between ceftaroline and com-

parators (OR, 1.44; 95% CI, 0.38–5.51, I2=0%, Figure 5).

Discussion
Several findings from this meta-analysis based on three RCTs

showed that ceftaroline has a clinical efficacy similar to other

comparators in the treatment of pediatric patients with acute

bacterial infection. These findings are supported by the follow-

ing the data. First, the pooled clinical cure rate of ceftaroline in

treating acute bacterial infections was 92.6% at EOT and

90.9% at TOC, respectively, and it was as good as other

comparators (87.6% at EOT, and 88.6% at TOC). Second,

Figure 1 Flow diagram of the study selection process.
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pooled clinical failure rate of ceftaroline in this meta-analysis

was less than 5%, which was similar to comparators. Third,

subgroup analysis of CAP in two studies,13,14 showed no

significant differences in the clinical cure and failure rate

between ceftaroline and comparators. Similar findings were

showed in the previous studies20,21 of adult patients. For

example, the pooled analysis involving a total of 2364 records

in 14 manuscripts showed the efficacy/effectiveness of cef-

taroline was 81.2% in all types of pneumonia including CAP,

hospital-acquired pneumonia, health care-associated pneumo-

nia and ventilator-associated pneumonia.20 Therefore, based

on the findings of these analyses, it indicated that ceftaroline

can play an important role in the treatment of pediatric patients

with acute bacterial infections including CAP and SSSI.

Although this meta-analysis demonstrated the efficacy of cef-

taroline, when the clinical feasible, the narrowest spectrum

such as ampicillin for CAP or clindamycin for SSSI should be

considered for antibiotic de-escalation.

In addition to the clinical efficacy of ceftaroline, the risk

of adverse events is another important concern in the treat-

ment of acute bacterial infections in pediatric patients. Most

of treatment emergent adverse events among ceftaroline

users were mild, and diarrhea and vomiting were the most

common adverse events. In this analysis, the pooled risks of

treatment-emergent adverse effects were similar between

ceftaroline and comparators. Even for the risk of treatment-T
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emergent adverse events and serious adverse events due to

study drugs, and discontinuation of study drug due to an

adverse event, there was no significant difference in the

safety issue between ceftaroline and comparators. All of

these findings suggest that ceftaroline is as safe as other

comparators in the treatment of acute bacterial infections in

the pediatric population.

This meta-analysis has several limitations. First, although

ceftaroline as a new cephalosporin with broad-spectrum activ-

ity, we cannot evaluate the association between in vitro activ-

ity and the in vivo response of different antibiotic-resistant

organisms, especially for MRSA and PRSP. Among three

enrolled studies,13–15 only Korczowski et al’s study15

demonstrated that the rate of clinical cure at TOC and micro-

biological eradication in patients with MRSA was higher in

ceftaroline group than comparator group. In Blumer et al’s

study,14 only one case of CAP due to MRSAwas enrolled and

the clinical cure was achieved at the TOC visit. In Cannavion

et al’s trial,13 they excluded MRSA associated with CAP due

to they used ceftriaxone as comparator. Therefore, we still

need further studies to prove the clinical efficacy of ceftaroline

against MRSA infections. Second, only three RCTs were

enrolled in this meta-analysis, and only the clinical setting of

CAP and SSSI was assessed as acute bacterial infections.

Fortunately, three trials17–19 aim to investigate the efficacy of

ceftaroline in the clinical setting of late-onset sepsis,

Study or subgroup
1.1.1 at EOT

Subtotal (95% CI)

Subtotal (95% CI)

1.1.2 at TOC

Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Total events

Test for overall effect: Z=1.63 (P=0.10)
Heterogeneity: Chi2=1.12, df=2 (P=0.57); I2=0%

Total events

Test for overall effect: Z=0.80 (P=0.43)
Heterogeneity: Chi2=2.33, df=2 (P=0.31); I2=14%

Ceftaroline
Events Total TotalEvents Weight

Comparator Odds ratio
M-H, Fixed, 95% CI

Odds ratio
M-H, Fixed, 95% CI

24 29 7 9 22.5%
103 107 46 52 28.3%

98

225

107
243

32

85

36 49.2%
97 100.0%

1.37 [0.22, 8.66]
3.36 [0.90, 12.47]
1.36 [0.39, 4.72]
1.93 [0.88, 4.25]

26 29 9 9 15.3%
101 107 45 52 31.2%

94

221

107
243

32

86

36 53.5%
97

0.01
Favors [experimental] Favors [control]

0.1 1 10 100

100.0%

0.40 [0.02, 8.45]
2.62 [0.83, 8.23]
0.90 [0.27, 2.97]
1.36 [0.64, 2.91]

Figure 3 The overall clinical cure rates of ceftaroline and comparators in the treatment of acute bacterial infections.

Study or subgroup
1.2.1 at EOT

Subtotal (95% CI)

Subtotal (95% CI)

1.2.2 at TOC

Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Total events

Test for overall effect: Z=0.90 (P=0.37)
Heterogeneity: Chi2=1.51, df=2 (P=0.47); I2=0%

Total events

Test for overall effect: Z=0.74 (P=0.46)
Heterogeneity: Chi2=1.49, df=2 (P=0.48); I2=0%

Ceftaroline
Events Total TotalEvents Weight

Comparator Odds ratio
M-H, Fixed, 95% CI

Odds ratio
M-H, Fixed, 95% CI

3 29 0 9 8.0%
7 107 4 36 67.7%
0

10

107
243

1

5

52 24.3%
97 100.0%

2.51 [0.12, 53.23]
0.56 [0.15, 2.04]
0.16 [0.01, 3.99]
0.62 [0.22, 1.76]

3 29 0 9 8.1%
8 107 4 36 67.5%
0

11

107
243

1

5

52 24.4%
97

0.001
Favors ceftaroline Favors comparator

0.1 1 10 1000

100.0%

2.51 [0.12, 53.23]
0.65 [0.18, 2.29]
0.16 [0.01, 3.99]
0.68 [0.24, 1.91]

Figure 4 The overall clinical failure rates of ceftaroline and comparators in the treatment of acute bacterial infections.
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Study or subgroup
2.1.1 TEAE

Subtotal (95% CI)

Subtotal (95% CI)

2.1.2 mild TEAE

Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Total events

Test for overall effect: Z=0.53 (P=0.60)

Heterogeneity: Tau2=0.02 Chi2=2.14, df=2 (P=0.34); I2=6%

Heterogeneity: Tau2=0.26 Chi2=4.50, df=2 (P=0.11); I2=56%

Total events

Test for overall effect: Z=0.40 (P=0.69)

Ceftaroline
Events Total TotalEvents Weight

Comparator Odds ratio
M-H, Random, 95% CI

Odds ratio
M-H, Random, 95% CI

12 30 8 10 15.7%
55 121 18 39 40.9%
51

118

106
257

23

49

53 43.3%
102 100.0%

0.17 [0.03, 0.92]
0.97 [0.47, 2.01]
1.21 [0.62, 2.35]
0.81 [0.37, 1.78]

5 30 4 10 10.3%
42 121 14 39 42.7%
34

81

106
257

16

34

53 47.0%
102

0.01
Favors ceftaroline Favors comparator

0.1 1 10 100

100.0%

0.30 [0.06, 1.47]
0.95 [0.45, 2.02]
1.09 [0.53, 2.23]
0.90 [0.54, 1.51]

Subtotal (95% CI)

2.1.3 moderate TEAE
Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Heterogeneity: Tau2=0.15 Chi2=2.64, df=2 (P=0.27); I2=24%
Total events

Test for overall effect: Z=0.04 (P=0.96)

6 30 4 10 26.4%
10 121 3 39 33.0%
14

30

106
257

4

11

53 47.0%
102 100.0%

0.38 [0.08, 1.77]
1.08 [0.28, 4.14]
1.86 [0.58, 5.97]
1.02 [0.42, 2.48]

Subtotal (95% CI)

2.1.4 secere TEAE
Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Heterogeneity: Tau2=0.00 Chi2=0.32, df=2 (P=0.85); I2=0%
Total events

Test for overall effect: Z=0.65 (P=0.51)

1 30 0 10 14.2%
3 121 1 39 29.0%
3

7

106
257

3

4

53 56.9%
102 100.0%

1.07 [0.04, 28.30]
0.97 [0.10, 9.56]
0.49 [0.09, 2.49]
0.66 [0.19, 2.27]

Subtotal (95% CI)

2.1.5 TEAE related to study drug
Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Heterogeneity: Tau2=0.00 Chi2=0.36, df=2 (P=0.83); I2=0%
Total events

Test for overall effect: Z=0.08 (P=0.94)

7 30 3 10 15.3%
12 121 3 39 22.4%
23

42

106
257

12

18

53 62.3%
102 100.0%

0.71 [0.14, 3.50]
1.32 [0.35, 4.95]
0.95 [0.43, 2.09]
0.98 [0.52, 1.82]

Subtotal (95% CI)

2.1.6 SAE related to study drug
Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Heterogeneity: Tau2=0.45 Chi2=2.56, df=2 (P=0.28); I2=22%
Total events

Test for overall effect: Z=0.11 (P=0.92)

0 30 1 10 20.6%
6 121 1 39 40.6%
4

10

106
257

1

3

53 38.8%
102 100.0%

0.10 [0.00, 2.77]
1.98 [0.23, 17.00]
2.04 [0.22, 18.71]
1.09 [0.22, 5.44]

Subtotal (95% CI)

2.1.7 Discontinuation of study drug due to an AE
Blumer et al, 2016
Cannavino et al, 2016
Korczowski et al, 2016

Heterogeneity: Tau2=0.00 Chi2=0.44, df=2 (P=0.80); I2=0%
Total events

Test for overall effect: Z=0.53 (P=0.60)

3 30 0 10 19.4%
3 121 0 39 20.3%
4

10

106
257

2

2

53 60.3%
102 100.0%

2.67 [0.13, 56.28]
2.33 [0.12, 46.17]
1.00 [0.18, 5.64]
1.44 [0.38, 5.51]

Figure 5 The risk of adverse events ceftaroline and comparators in the treatment of acute bacterial infections.
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meningitis and osteomyelitis in children are ongoing. We can

obtain more data to analysis after these trials are completed in

the near future. Finally, the age of the study population in this

meta-analysis varied, and some specific groups such as neo-

nates or immunocompromised patients were not included. In

addition, the history of previous exposure to health care facil-

ity is lack among these enrolled studies. All these issues may

limit the generalizability of the findings in this meta-analysis.

In conclusion, based on the findings of this meta-

analysis of three RCTs, the clinical efficacy of ceftaroline

is as good as comparator therapy in the treatment of acute

bacterial infections – CAP and SSSI, and this antibiotic is

well tolerated as the comparators. Thus, ceftaroline can be

recommended as an appropriate antibiotic therapy for

pediatric patients with acute bacterial infections.
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