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AntimicrobiAl reports

Background: This subgroup analysis of the European Cubicin Outcomes 
Registry Experience evaluated the safety and effectiveness of daptomycin 
in children and adolescent patients (<18 years).
Methods: Clinical outcomes at the end of therapy were assessed as success 
(cured or improved), failure or nonevaluable. Safety was assessed for up to 
30 days post treatment.
Results: Eighty-one children and adolescent patients were included in this 
study. The most common primary infections were bacteremia (19.8%), com-
plicated skin and soft-tissue infection (18.5%), osteomyelitis (13.6%), endo-
carditis (12.3%), foreign body/prosthetic infection (12.3%), uncomplicated 
skin and soft-tissue infection (9.9%) and other (13.6%). Daptomycin doses 
ranged from 4 to >10 mg/kg/day. Median duration of therapy was 12.5 (inter-
quartile range, 7–25; mean, 16.7; standard deviation, 12.8) days. Staphylo-
coccus aureus (46.7%) was the most commonly isolated pathogen (23.8% 
methicillin-resistant S. aureus). Forty-nine (60.5%) patients completed dap-
tomycin therapy without further antibiotics, 27 (33.3%) switched to another 
antibiotic, 4 (4.9%) discontinued because of adverse events (AEs) and 1 
(1.2%) discontinued because of other reason. Overall, 75 (92.6%; 95% con-
fidence interval: 95.2–100.0%) patients achieved clinical success; 39 of 41 
(95.1%) patients receiving daptomycin monotherapy and 36 of 40 (90.0%) 
patients receiving concomitant antibiotics. Six (7.4%) patients reported AEs, 
including 1 patient with increased blood creatine phosphokinase. Three 
(3.7%) patients had serious AEs; 1 (1.2%) had a serious AE possibly related 
to daptomycin.
Conclusion: Daptomycin, alone or combined with other antibiotics and/or 
surgery, demonstrated high clinical success rates against a wide variety of 
infections and was well tolerated in children and adolescents.

Key Words: adolescents, children, daptomycin, EU-CORE, Gram-positive 
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Gram-positive bacteria, especially methicillin-resistant Staphylo-
coccus aureus (MRSA), are known to be common pathogens in 

children and adolescents in both healthcare and community-associated 
infections.1–3 Treatment of resistant pathogens including MRSA and 
vancomycin-resistant enterococci remains challenging even with 
standard antimicrobial protocols.4–6 Higher mortality has been reported 
because of MRSA infections than infections caused by methicillin-
susceptible S. aureus.7,8 Several treatment options are available for the 
management of MRSA infections in adults; however, these options are 
limited for pediatric patients owing to a lack of sufficient safety and 
efficacy data.1 Clindamycin, vancomycin and linezolid are currently 
the only antibiotics approved by the US Food and Drug Administration 
for the management of MRSA infections in pediatric patients.1

Daptomycin is a cyclic lipopeptide that is active against 
a wide range of Gram-positive bacteria. Its mechanism of action 
involves calcium-dependent binding to the bacterial cell mem-
brane, resulting in rapid depolarization of the membrane potential 
and bacterial cell death, without cell lysis and release of inflam-
matory mediators.9,10 Daptomycin is a concentration-dependent 
bactericidal agent indicated for the treatment of adult patients with 
complicated skin and soft-tissue infection (cSSTI), right-sided 
endocarditis caused by S. aureus, and bacteremia associated with 
cSSTI or right-sided endocarditis.11

Daptomycin is not approved for the treatment of pediatric 
patients,12 and limited data are currently available regarding its use in 
the treatment of Gram-positive infections in this population.1 A few 
case reports and retrospective studies have described that use of dapto-
mycin is beneficial in treating Gram-positive infections in children.2,12

The European Cubicin Outcomes Registry and Experience 
(EU-CORESM) study was a retrospective, noninterventional regis-
try developed to collect real-world data on the use of daptomycin in 
the treatment of patients with Gram-positive infections. This sub-
group analysis evaluated the safety and effectiveness of daptomycin 
in children and adolescent patients from the EU-CORE study.

METHODS

Patients and Data Collection
The EU-CORE study included patients who had received at 

least 1 dose of daptomycin between January 2006 and April 2012 
for the treatment of a serious Gram-positive bacterial infection. 
Patients who might have received daptomycin as part of a con-
trolled clinical trial were excluded. Local investigators collected 
the data using standardized case report forms. Safety was assessed 
up to 30 days after the end of daptomycin therapy to permit cap-
ture of adverse events (AEs) and serious AEs (SAEs). Interim data 
from the EU-CORE registry have been reported previously.13–15

The study was conducted according to the ethical principles 
of the Declaration of Helsinki. The protocol was approved by the 
health authority and the Institutional Review Board or Ethics Com-
mittee in each country and written informed consent was obtained 
from patients/legally acceptable representatives of patients accord-
ing to the requirements of the Institutional Review Board or Ethics 
Committee and/or the local data privacy regulations.
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Clinical Outcome Assessment
The investigators assessed the clinical outcome at the end 

of daptomycin therapy as cured, improved, failed, or nonevaluable 
according to the following protocol-defined criteria—cured: clini-
cal signs and symptoms resolved, no additional antibiotic therapy 
was necessary or infection cleared with a negative culture reported; 
improved: partial resolution of clinical signs and symptoms and/
or additional antibiotic therapy was warranted; failed: inadequate 
response to daptomycin therapy, worsening or new/recurrent signs 
and symptoms, need for a change in antibiotic therapy or a posi-
tive culture reported at the end of therapy and nonevaluable: unable 
to determine response because of insufficient information. Clinical 
success was defined as an outcome of cured or improved. Time to 
improvement was recorded. The reasons for stopping daptomycin 
therapy and other antibiotics prescribed after daptomycin were also 
collected.13

Safety Assessment
AEs and SAEs during daptomycin treatment and the 30-day 

follow-up period were assessed by the investigators. All reported 
AEs were recorded, regardless of their relationship to daptomycin.

Statistical Analysis
Statistical analysis was performed using SAS version 9.3 

(SAS Institute Inc., Cary, NC). Because of the nature of the trial, 
inferential analyses were not conducted, and no formal statistical 
methodology other than simple descriptive statistics was used. 
All analyses were considered to be explanatory. Numerical vari-
ables are summarized as arithmetic mean, standard deviation (SD), 
median, minimum, first quartile, third quartile and maximum for 
continuous variables. Categorical variables were summarized by 
absolute and relative frequencies. Exact confidence intervals (CIs, 
Pearson Clopper) were used around selected relative frequencies.

RESULTS

Patient Demographics and Clinical Characteristics
A total of 6075 patients were enrolled in EU-CORE, of 

whom 81 were children and adolescents. The patients in the pediat-
ric subgroup were predominantly Caucasian (n = 74; 91.4%), with 
a median age of 13 [interquartile range (IQR): 8–16; mean: 11.4; 
SD: 4.8; 95% CI: 10.3–12.5%] years and a median body weight of 
46.5 (IQR: 27–60; mean: 45.4; SD: 23.2; 95% CI: 40.2–50.6%) kg. 
Baseline demographics and underlying diseases are summarized 
in Table 1. Types of primary infection, including monoinfection 
and mixed infections, are presented in Table 2. The most common 
primary infection was bacteremia (n = 16; 19.8%). This was fol-
lowed by cSSTI (n = 15; 18.5%); osteomyelitis, implant related and 
nonimplant related (n = 11; 13.6%); endocarditis (n = 10; 12.3%); 
foreign body/prosthetic infection (n = 10; 12.3%); uncomplicated 
skin and soft-tissue infection (uSSTI; n = 8; 9.9%); septic arthritis 
(n = 3; 3.7%); urinary tract infection (n = 3; 3.7%) and other (n = 5; 
6.2%). A total of 49 (60.5%) patients completed daptomycin ther-
apy and 27 (33.3%) patients switched to another antibiotic after the 
end of daptomycin therapy (eg, step-down to oral antibiotic ther-
apy). Daptomycin therapy was discontinued in 4 (4.9%) patients 
because of AEs and in 1 (1.2%) patient because of other reason. All 
81 patients were assessed for safety and efficacy.

Microbiology
Culture results were available for 63 (77.8%) patients; of 

those, 45 (71.4%) patients had positive cultures. The most com-
monly reported pathogens in primary culture were S. aureus  
(n = 21; 46.7%; 23.8% MRSA), Staphylococcus epidermidis  

(n = 10; 22.2%) and coagulase-negative Staphylococcus species 
(n = 5; 11.1%; Table 3). In patients <2 years, coagulase-negative 
Staphylococcus and Enterococcus faecium were the only reported 
pathogens in primary culture. S. aureus and coagulase-negative 
Staphylococcus were the most common pathogens in patients ≥2 to 
<12 and ≥12 to <18 years (Table 3). The main culture sources of the 
primary pathogens were blood (n = 34), deep tissue (n = 10), skin 
swab (n = 8), needle aspirate (n = 3) and urine (n = 2). Other culture 
sources included venous catheter, intraoperative tissue biopsy and 
pleural fluid.

Previous and Concomitant Antibiotic Therapies
A total of 50 (61.7%) patients received antibiotic therapy 

before daptomycin. Glycopeptides (n = 20; 24.7%) were the most 
frequently used prior antibiotics, followed by penicillins (n = 18; 
22.2%) and aminoglycosides (n = 17; 21.0%). The main reason 
for switching to daptomycin was failure of the previous antibiotic 
therapy. A total of 37 (45.7%) inpatients and 4 (5.9%) outpatients 
received concomitant antibiotics.

Surgical Interventions
Several surgical interventions were performed as part of 

the treatment of primary infection during therapy with daptomy-
cin. Thirteen (16.0%) patients underwent tissue debridement, and 
9 (11.1%) patients underwent incision and drainage. Eight (9.9%) 
patients each underwent bone debridement, foreign device removal 
and other procedures. Heart valve replacement was performed in  
3 (3.7%) patients. Forty (49.4%) patients did not undergo any surgi-
cal procedure.

Daptomycin Prescribing Patterns
The most frequently prescribed dose of daptomycin was 

6 mg/kg/day in 37 (45.7%) patients, followed by 4 mg/kg/day  
in 15 (18.5%) patients. Other prescribed doses were ≥8 to  
≤10 mg/kg/day in 11 (13.6%) patients, >6 to <8 mg/kg/day in  

TABLE 1. Baseline Demographics and Clinical 
Characteristics

Parameters
N = 81  
n (%)*

Age, yrs
  Median (IQR) 13.0 (8–16)
Age group, yr
  0 to <1 2 (2.5)
  1 to <2 3 (3.7)
  2 to <7 10 (12.3)
  7 to <12 20 (24.7)
  12 to <18 46 (56.8)
Gender
  Male 53 (65.4)
  Female 28 (34.6)
Race
  Caucasian 74 (91.4)
  Asian 1 (1.2)
  Black 1 (1.2)
  Other 4 (4.9)
  Unknown 1 (1.2)
Body weight, kg
  Median (IQR) 46.5 (27–60)
Underlying diseases/conditions† 44 (54.3)
  Oncologic (hematologic and solid organ cancer) 18 (22.2)
  Cardiovascular 11 (13.6)
  Immunosuppressed state 4 (4.9)

*Unless otherwise indicated.
†Data presented for any disease/condition with >3 patients. Some patients had 

more than 1 underlying condition.
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9 (11.1%) patients and >10 mg/kg/day in 5 (6.2%) patients. Four 
(4.9%) patients received a dose of >4 to <6 mg/kg/day. Children and 
adolescent patients received daptomycin for a median duration of 
12.5 (IQR, 7–25; mean 16.7; SD, 12.8) days. The median duration 
of therapy on the basis of patient disposition was 15.5 (IQR, 7–34; 
mean, 19.8; SD, 15.0) days for outpatients, 11.0 (IQR, 7–24; mean 
15.8; SD, 12.6) days for inpatients and 7.0 (IQR, 3–11; mean, 8.8; SD, 
7.1) days for intensive care patients. The median duration of daptomy-
cin therapy varied widely depending on the type of primary infection. 
Patients received daptomycin either as first-line (n = 30) or second-
line (n = 50) treatment; 1 patient had such information missing.

Clinical Outcome
Overall clinical success was achieved in 75 (92.6%; 95% 

CI: 95.2–100.0%) out of 81 patients; 42 (51.9%) patients were 
cured and 33 (40.7%) patients were improved. Clinical success 

with daptomycin monotherapy (n = 41) was achieved in 39 [95.1%; 
cured, 20 (48.8%); improved, 19 (46.3%)] patients and 2 (4.9%) 
patients were nonevaluable. Of the patients who received concomi-
tant antibiotics (n = 40), 36 (90.0%) patients demonstrated clini-
cal success [cured, 22 (55.0%); improved, 14 (35.0%)], whereas 
4 (10.0%) patients were nonevaluable. Also, of the 27 patients 
who switched to another antibiotic, 25 patients were either cured 
[10 (37.0%)] or improved [15 (55.6%)] at the time of switching. 
Clinical outcomes by type of primary infection are summarized in 
 Figure 1. The overall clinical success rate in children and adoles-
cent patients was 100% for bacteremia (95% CI: 79.4–100.0%), 
endocarditis (95% CI: 69.2–100.0%), foreign body/prosthetic 
infection (95% CI: 69.2–100.0%), osteomyelitis including implant-
related infection (95% CI: 71.5–100.0%), uSSTI (95% CI: 63.1–
100.0%) and urinary tract infection (95% CI: 29.2–100.0%). Clini-
cal outcomes by duration of daptomycin treatment are summarized 

TABLE 2. Types of Monoinfections and Mixed Infections by Type of Primary Infection

Primary Infection
Total No. of  
Patients, N

Culture  
Positive, n (%)

Monoinfection,  
n (%)*

Mixed Infection,  
n (%)†

Bacteremia 16 12 (75.0) 12 (100.0) —
Complicated skin and soft-tissue infection 15 8 (53.3) 5 (62.5) 3 (37.5)
Osteomyelitis 11 5 (45.5) 4 (80.0) 1 (20.0)
Endocarditis 10 6 (60.0) 6 (100.0) —
Foreign body/prosthetic infection 10 6 (60.0) 5 (83.3) 1 (16.7)
Uncomplicated skin and soft-tissue infection 8 3 (37.5) 3 (100.0) —
Septic arthritis 3 1 (33.3) 1 (100.0) —
Urinary tract infection 3 3 (100.0) 3 (100.0) —
Other‡ 5 1 (20.0) 1 (100.0) —

*Only 1 pathogen identified in culture source of primary pathogen.
†More than 1 pathogen identified in culture source of primary pathogen.
‡Includes surgical antibiotic prophylaxis (n = 2) and primary infection not otherwise specified (n = 3).

TABLE 3. Culture Results—Overall and By Age Groups

Culture Results/Pathogens

Overall  
n (%)

Age Group (Yrs)

<2, n (%) ≥2 to <12,  
n (%)

≥12 to <18,  
n (%)

N = 81 N = 5 N = 30 N = 46

Culture available 63 (77.8) 5 (100.0) 21 (70.0) 37 (80.4)
Negative culture 18 (28.6) 1 (20.0) 7 (33.3) 10 (27.0)
Positive culture 45 (71.4) 4 (80.0) 14 (66.7) 27 (73.0)
 Staphylococci
   Staphylococcus aureus 21 (46.7) — 6 (42.9) 15 (55.6)
    MSSA 14 (31.1) — 4 (28.6) 10 (37.0)
    MRSA 5 (11.1) — 1 (7.1) 4 (14.8)
    Methicillin susceptibility unknown 2 (4.4) — 1 (7.1) 1 (3.7)
  CoNS
    Staphylococcus epidermidis 10 (22.2) 1 (25.0) 3 (21.4) 6 (22.2)
     Methicillin resistant 10 (22.2) 1 (25.0) 3 (21.4) 6 (22.2)
    Staphylococcus spp., coagulase-negative 5 (11.1) 1 (25.0) 1 (7.1) 3 (11.1)
     Methicillin resistant 3 (6.7) 1 (25.0) — 2 (7.4)
     Methicillin susceptible 1 (2.2) — — 1 (3.7)
     Methicillin susceptibility unknown 1 (2.2) — 1 (7.1) —
   Staphylococcus spp., coagulase not specified 1 (2.2) — — 1 (3.7)
 Enterococci
   Enterococcus faecium 3 (6.7) 2 (50.0) 1 (7.1) —
    Vancomycin susceptibility unknown 3 (6.7) 2 (50.0) 1 (7.1) —
   Enterococcus faecalis 2 (4.4) — 1 (7.1) 1 (3.7)
    Non-VRE 1 (2.2) — — 1 (3.7)
    Vancomycin susceptibility unknown 1 (2.2) — 1 (7.1) —
 Other 3 (6.7) — 2 (14.3)  1 (3.7)

Proportions of pathogens are based on the number of patients with a positive culture.
CoNS indicates coagulase-negative Staphylococcus species; MSSA, methicillin-susceptible Staphylococcus aureus; and VRE, vancomy-

cin-resistant enterococci.
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in Figure 2. Children and adolescent patients receiving ≥5 days of 
daptomycin had an overall clinical success rate ranging from 92.3% 
to 100%. The median time for improvement of all patients was 3.0 
(IQR, 2–5) days, with 80.2% of patients improving between 1 and 
4 days of treatment. Although no treatment failures were reported, 
6 (7.4%) patients were nonevaluable at the end of daptomycin ther-
apy. Clinical success rates were high regardless of whether dap-
tomycin was used as first-line or second-line treatment (n = 28; 
93.3% and n = 46; 92.0%, respectively).

Safety
AEs, regardless of relationship to daptomycin, were 

reported in 6 (7.4%) patients. Three (3.7%) patients experi-
enced SAEs. A total of 4 (4.9%) patients discontinued dapto-
mycin because of AEs, of whom 3 (3.7%) patients discontinued 
because of SAEs. One death was reported in an 11-year-old girl 
with cSSTI because of pulmonary hemorrhage 3 days after start-
ing daptomycin therapy, and this was deemed to be unrelated to 
the treatment. Immune system disorders; respiratory, thoracic 
and mediastinal disorders; and skin and subcutaneous disorders 
were the most commonly involved system organ classes [2 (2.5%) 
patients each]. Details of individual AEs and SAEs are presented 
in Table 4. Three patients had AEs after 1–4 days of exposure to 
daptomycin, and 1 patient each had an AE after 5–7, 15–28 and 
>28 days of exposure to daptomycin.

Serum creatine phosphokinase (CPK) was measured in 32 
(39.5%) patients at baseline and 31 (38.3%) patients during dap-
tomycin treatment. At baseline, 28 (87.5%) patients had CPK at 
≤1 × upper limit of normal (ULN), with 1 patient in each of the 
following categories: >1 to 2 × ULN, >2 to 5 × ULN, >5 to 10 × 
ULN and >10 × ULN. The majority of patients showed no increase 
in maximum CPK level during daptomycin therapy. Three patients 
had an increase to >1 to 2 × ULN, and 1 patient had an increase to 
>5 to 10 × ULN from normal values at baseline (≤1 × ULN). One 
patient showed a decrease from >5 to 10 × ULN at baseline to >2 to 
5 × ULN during treatment.

DISCUSSION
The emergence of resistant Gram-positive bacteria such 

as MRSA and vancomycin-resistant enterococci as major patho-
gens of serious pediatric infections has highlighted the current 
limitations of existing therapies.1–5 Daptomycin exhibits rapid, 
concentration-dependent bactericidal activity against both sus-
ceptible and resistant Gram-positive bacteria. This and its once-
daily administration make it an attractive therapeutic option for 
infections caused by these pathogens.16 EU-CORE was initiated 
to capture real-world data regarding the use of daptomycin in the 
treatment of Gram-positive infections. The results from this anal-
ysis showed that children and adolescent patients with a variety 
of Gram-positive infections treated with daptomycin had a high 
clinical success rate, whether daptomycin was used as first- or 
second-line therapy.

Although this study showed that outpatients received dapto-
mycin for a longer mean duration than inpatients, it should be noted 
that there were only 6 patients treated as outpatients compared with 
78 as inpatients.

Daptomycin was well tolerated, and no unexpected or infu-
sion-related reactions were reported. A limited number of AEs were 
reported, with no new safety signals. CPK levels remained at <1 × 
ULN in the majority of patients. No indication of CPK-related AEs 
was observed in these real-world data.

Results from pharmacokinetic studies suggest that higher 
doses may be required in pediatric patients due to increased 
plasma clearance and hence lower area under the curve when 
compared with adults.1 However, in the present registry, the most 
commonly used dose was 6 mg/kg/day. In a recently completed 
study of daptomycin in patients aged 1–17 years with cSSTI, 
age-adjusted daptomycin doses were administered once daily to 
achieve exposures demonstrated to be successful in adult studies 
of cSSTI: 12–17 years, 5 mg/kg; 7–11 years, 7 mg/kg; 2–6 years, 
9 mg/kg; and 1 to <2 years, 10 mg/kg (NCT00711802). Treat-
ment guidelines published in 2011 (after the start of this study 
in January 2006) suggest that an intravenous dosage of dapto-
mycin 6–10 mg/kg/day may be used as an alternative agent in 
the management of MRSA bacteremia, infective endocarditis, 
acute hematogenous osteomyelitis and septic arthritis in pediatric 
patients.17 There are currently 2 trials registered in Clinical Tri-
als.gov that focus on the treatment of Gram-positive infections 
with daptomycin in pediatric patients. One of these studies will 
examine the safety and efficacy of daptomycin versus standard 
of care in pediatric patients with bacteremia caused by S. aureus 
(NCT01728376). The second trial will examine the safety and 
efficacy of daptomycin, compared with vancomycin or nafcillin, 
in the treatment of pediatric patients with acute hematogenous 
osteomyelitis (NCT01922011). These randomized studies aim 
to recruit a relatively large number of patients and should help 
to increase the overall knowledge surrounding the efficacy and 
safety of daptomycin in children and adolescent patients.

Limitations
This was a retrospective, noncomparative registry that 

included selected patients and data. The number of patients treated 
in this study is an obvious limitation to drawing any conclusions 
about the effectiveness or safety of daptomycin in this popula-
tion. An additional limitation was the prior/concomitant use of 
other antibiotic agents. Furthermore, patients were followed for 
only up to 30 days post treatment. Finally, there was no blind-
ing or independent evaluation, and the outcome was determined 
by the treating physician. However, despite these limitations, the 
results showed interesting trends in a population for which there 
is scarcity of data.

TABLE 4. Safety of Daptomycin in Children and 
Adolescents

Parameter N = 81,  
n (%)

Any AE 6 (7.4)
Any SAE 3 (3.7)
  SAEs related to study medication* 1 (1.2)
Death† 1 (1.2)
AEs leading to permanent drug  

discontinuation
4 (4.9)

AEs related to study medication‡ 4 (4.9)
Individual AEs reported
  Rash 2 (2.5)
  Anaphylactic reaction 1 (1.2)
  Blood CPK increased 1 (1.2)
  Dyspnea 1 (1.2)
  Hypersensitivity 1 (1.2)
  Osteosarcoma 1 (1.2)
  Renal failure acute 1 (1.2)
  Pulmonary hemorrhage 1 (1.2)
  Tachycardia 1 (1.2)

*One (1.2%) patient each had tachycardia, anaphylactic reaction, dyspnea and 
rash.

†An 11-year-old girl whose death was caused by pulmonary hemorrhage, which was 
deemed to be unrelated to the study drug.

‡Two (2.5%) patients had rash, and 1 (1.2%) patient each had tachycardia, anaphy-
lactic reaction, hypersensitivity, blood CPK increased and dyspnea.
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