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Executive Summary

Ceftaroline fosamil is the water-soluble prodrug of the bioactive ceftaroline. Ceftaroline fosamil
is converted to bioactive ceftaroline in plasma by a phosphatase enzyme. Ceftaroline fosamil
(Teflaro®) was approved by the FDA on 10/29/2010 in adults for the treatment of Acute
Bacterial Skin and Skin Structure Infections (ABSSSI) caused by isolates including both
(b) (4)
methicillin-susceptible S. aureus (MSSA)
and
Community Acquired Bacterial Pneumonia (CABP).
The recommended dosage of ceftaroline fosamil in adult patients with normal renal function is
600 mg administered every 12 hours by intravenous (IV) infusion. The duration of therapy
ranges between 5 to 14 days (5 to 14 days for ABSSSI and 5 to 7 days for CABP) and should be
guided by disease severity, site of infection, and patient’s clinical and bacteriological progress.
The original approved duration of infusion for ceftaroline fosamil was one hour, and was revised
to a range of 5 minutes to 1 hour in adults with the approval of Supplement 14 on 8/31/2015.
The purpose of these two current supplemental submissions is to provide support expanding the
ceftaroline fosamil prescribing information for the adult indications of ABSSSI and CABP to
include pediatric patients 2 months to <18 years of age. Supportive information for expanding
the adult indications to the pediatric population are provided by five pediatric clinical studies and
population pharmacokinetic/target attainment report listed below:
1. P903-15: Phase 1, pharmacokinetics of a single dose of ceftaroline fosamil in subject 12
to 17 years of age receiving antibiotic therapy
2. P903-21: Phase 4, pharmacokinetics of a single dose of ceftaroline fosamil in children
ages birth to younger than 12 years with suspected or confirmed infection
3. P903-23: Phase 2/3, A multicenter, randomized, observer-blinded, active-controlled study
to evaluate the safety, tolerability, efficacy, and pharmacokinetics of ceftaroline versus
comparator in pediatric subjects with acute bacterial skin and skin structure infection
4. P903-24: Phase 4, A multicenter, randomized, observer- blinded, active-controlled study
evaluating the safety, tolerability, pharmacokinetics, and efficacy of ceftaroline versus
ceftriaxone plus vancomycin in pediatric subjects with complicated community-acquired
bacterial pneumonia
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5. P903-31: Phase 2/3, A multicenter, randomized, observer blinded, active-controlled study
evaluating the safety, tolerability, pharmacokinetics, and efficacy of ceftaroline versus
ceftriaxone in pediatric subjects with community-acquired bacterial pneumonia requiring
hospitalization
6. CPT-MS-08: Population pharmacokinetic modeling update and target attainment
simulations for ceftaroline for children ages birth to younger than 18 years
ABSSSI and CABP in adults and children older than 2 months are largely similar with regards to
clinical presentation and etiology (i.e., causative pathogens). In addition, there are no expected
differences in the mechanism of action based on age because ceftaroline exerts its effects by
acting on the causative pathogen. Therefore, once the pharmacokinetics (PK) of ceftaroline are
established in the pediatric population, the same pharmacodynamic (PD) principles that were
applied for treating adults can be applied to children. In addition, the probability of target
attainment using the PK/PD indices and their magnitudes (PK/PD targets) derived from the
animal models can be used to confirm the selected dosing regimen for pediatric patients, as
conducted in adult patients
A population PK model describing ceftaroline fosamil and ceftaroline, which was developed
using the adult Phase 1, 2, and 3 data (Study Report CPT-MS 14), was updated with data from
the five pediatric studies aforementioned. This updated population PK model was used to
conduct simulations to predict ceftaroline exposures and PK/PD target attainment to determine
dose regimens by age and renal function for pediatric patients 2 months to <18 years of age. For
pediatric patients ≤2 years old, the renal maturation function (fractional change in clearance due
to maturation) was adjusted to allow for simulation of mild, moderate, and severe renal
impairment (i.e., it was assumed that renal impairment impacts patients <2 years in the same way
that it impacts older patients). Although simulations were conducted to assess doses in pediatric
patients with moderate and severe renal impairment, PK data are only available from 1 pediatric
patient with CrCl < 50 mL/min/1.73 m2. Due to the insufficient experience in pediatric patients
with moderate or severe renal impairment, the Sponsor did not propose dosing of ceftaroline
fosamil for this sub-population.
The proposed dose of ceftaroline fosamil for patients <18 years with normal renal function or
mild renal impairment (i.e, CrCl >50 mL/min/1.73 m2) for the indications of ABSSSI and CABP
is listed below. The proposed duration of infusion is 5 minutes to 1 hour.
•

Children 2 months to < 24 months: 8 mg/kg q8h

•
•

Children 24 months to < 18 years and ≤ 33 kg: 12 mg/kg q8h
Children 24 months to < 18 years and > 33 kg: 400 mg q8h

The proposed doses above were either similar or lower than the doses evaluated in the five
pediatric clinical studies supporting the two submissions. However, no clinical studies have been
conducted to assess the safety, tolerability, and pharmacokinetics of a 5-minute infusion in
pediatric patients.
The population PK of ceftaroline fosamil and ceftaroline was described by a combined two
compartment model for ceftaroline fosamil and a two-compartment model for ceftaroline. Based
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on simulation results, with the proposed doses for pediatric patients, the overall steady-state
exposure (AUC24,ss) in pediatric patients were observed to be 10 to 80% higher compared to
those of adult patients for the same duration of infusion (5-minute or 1-hour). The steady-state
maximum concentration (Cmax,ss) in pediatric patients were either similar or up to 45% higher
compared to those of adult patients. Please refer to the Key Review Questions for detail.
Target attainment simulation results indicated that the dose regimens proposed by the Sponsor
following 5-minute and 1-hour IV infusion, respectively, were predicted to result in the
percentage of the duration of unbound drug concentration above MIC in each dosing interval
(%fT > MIC) values for an MIC of 1 mg/L similar to or greater than the median model-derived
values for adult subjects dosed with the currently approved dose of 600 mg q12h following 5
minute and 1-hour IV infusion, correspondingly. Based on simulations for the proposed dose
regimens following 5-minute and 1-hour infusion, >90% of subjects 2 months to < 18 years of
age are predicted to achieve PK/PD targets associated with 1-log kill of S aureus (36% fT>MIC)
and S pneumonia (44% fT>MIC), for organisms with MIC values up to 1 mg/L for S aureus and
0.5 mg/L for S pneumonia, respectively.
Taken together, the Sponsor proposed that the safety, tolerability, and pharmacokinetics data
from the five pediatric clinical studies, updated model-based estimation of systemic exposures,
and PK/PD target attainment simulations included in these two supplements support the dosing
regimens of ceftaroline fosamil for patients age 2 months to < 18 years with normal renal
function or mild renal impairment (i.e., CrCl > 50 mL/min/1.73 m2) for the indications of
ABSSSI and CABP.
2.

Clinical Pharmacology Assessment and Recommendations:

Based on the findings presented by the Sponsor, the recommendations from the clinical
pharmacology team are listed below.
1. The pediatric doses proposed by the Sponsor for patients age 2 months to < 18 years with
normal or mild renal function for the indications of ABSSSI and CABP are acceptable.
2. The duration of infusion of 1 hour is acceptable. From a Clinical Pharmacology
perspective, the duration of infusion of 5 minutes is acceptable for pediatric patients 6
months to <18 years (see section 3.2). No data or information to support
pharmacokinetics, tolerability, or safety of the 5-minute infusion in pediatric patients 2
months to < 6 months, and 2 years to < 18 years were provided in this submission. We
recommend the Sponsor obtain additional data supporting the safety, tolerability, and
pharmacokinetics of 5 minute or 1 hour infusion in pediatric patients, especially in
patients 2 months to < 6 months.

Kunyi Wu, PharmD ______________________________
Reviewer, DCP4, Office of Clinical Pharmacology
Jeffry Florian, PhD _______________________________
Team Leader, DPM, Office of Clinical Pharmacology
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Seong H. Jang, PhD ______________________________
Team leader, DCP4, Office of Clinical Pharmacology

3.

Key Review Questions:

3.1.
Does the Sponsor’s proposed pediatric dosing regimen result in comparable pediatric
ceftaroline exposure (AUC24,ss and Cmax,ss) in patients with normal renal function or mild renal
impairment to those observed in adults? Is the pediatric dose proposed by the Sponsor for
patients with normal or mild renal function acceptable from a clinical pharmacology perspective?
The simulation results from the population PK model demonstrated that the exposures (AUC24,ss
and Cmax,ss) of the active drug, ceftaroline, in pediatric patients age 2 months to <18 years
receiving the proposed weight-based dosing were higher (10 to 80% and approximately 45%,
respectively) than those in adults receiving a dose of 600 mg every 12 hours. Please refer to the
Table 1 below for details.
Table 1. Simulated Median (90% PI) Ceftaroline AUC24,ss and Cmax,ss by Age following the
Sponsor’s Proposed Doses and Infusion Time

The target attainment simulations indicated that the median percent of the dosing interval that
free ceftaroline concentration exceeds the MIC (%fT>MIC) for MIC of 1 mg/L was higher in
pediatric patients age 2 months to <18 years with normal renal function or mild renal impairment
compared to adult patients with normal renal function for both infusion times. Please refer to
Tables 19 through 27 for additional details. In addition, based on the simulations for the
proposed dose regimens following 5 minutes and 1 hour infusion, > 90% of subjects 2 months to
< 18 years of age are predicted to achieve PK/PD targets associated with 1-log kill of S aureus
(36% fT>MIC) and S pneumonia (44% fT>MIC), for organisms with MIC values up to 1 mg/L
for S aureus and 0.5 mg/L for S pneumonia, respectively.
A total of five clinical studies evaluating ceftaroline fosamil have been conducted in pediatric
subjects. Please refer to Table 2 below for additional details. The proposed doses for pediatric
patients in current two submissions were either the same or lower than the doses utilized in these
NDA 200327 Ceftaroline Fosamil
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five clinical studies. We defer the safety evaluation to the clinical reviewer. The duration of
infusion in these five clinical studies were no less than one hour. As such, clinical data for a 5
minute infusion has not been evaluated in any pediatric clinical studies.
Therefore, with the higher systemic exposure and target attainment than those in adult patients,
from a clinical pharmacology perspective (i.e., in terms of efficacy), the proposed pediatric doses
for pediatric patients 2 months to < 18 years with normal or mild renal function are acceptable.
Please refer to question 2 for the duration of infusion.
Table 2. Five Clinical Studies Evaluating Ceftaroline Fosamil in Pediatric Patients

3.2 Is the proposed duration of infusion, 5 minutes to 1 hour, acceptable from a clinical
pharmacology perspective?
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Urine for PK analyses was collected before the start of the infusion at –2 to 0 hours (± 5 minutes
for collection start time and within 5 minutes before the start of the infusion for collection stop
time), and after the start of the infusion at 0 to 2 hours, 2 to 6 hours, and 6 to 12 hours (± 5
minutes for collection start and stop times for all intervals) for the three subjects who enrolled
under Protocol Amendment 2. Urine for PK analyses was also collected over 12 to 24 hours after
infusion of ceftaroline fosamil for the six subjects who enrolled under Protocol Amendment 1.
Subjects were monitored for adverse events (AEs) from the start of infusion of ceftaroline
fosamil on Study Day 1 through the follow-up contact on Day 7. Serious adverse events (SAEs)
were monitored through 30 days after infusion of ceftaroline fosamil. Medications received from
4 weeks before the start of infusion through Day 7 were recorded. A complete physical
examination, hematology and coagulation studies, comprehensive metabolic panel, urinalysis,
and urine microscopy were performed at baseline (within 24 hours before the ceftaroline fosamil
infusion) and periodically for up to 24 or 12 hours after infusion of ceftaroline fosamil for
subjects who enrolled under Protocol Amendment 1 or 2, respectively. Female subjects of
childbearing potential underwent urine pregnancy tests at baseline. Vital sign measurements and
an electrocardiogram (ECG) were obtained at baseline (Study Day –1 or 1) and periodically for
up to 24 or 12 hours after infusion of ceftaroline fosamil for subjects who enrolled under
Protocol Amendment 1 or 2, respectively.
4.1.1 Pharmacokinetics Results:
Mean PK parameters for ceftaroline, ceftaroline M-1, and ceftaroline fosamil after infusion of a
single dose of ceftaroline fosamil to eight adolescent subjects are presented in Table 5 below.
Subject 0004-15002 was included in the PK population. However, she was observed to have
unusually low plasma concentrations of ceftaroline and unusually high plasma concentration of
ceftaroline M-1. The Cmax for ceftaroline in this subject was approximately 18% of the mean
Cmax in all other subjects in the PK population and the AUC0-∞ for ceftaroline in this subject
was 14% of the mean of other subjects. In addition, the AUC0-∞ for ceftaroline M-1 in Subject
0004-15002 was 3.5-times the mean AUC0-∞ for ceftaroline M-1 in other subjects. The Sponsor
provided another PK parameter summary excluding subject 0004-15002. Please refer to Table 6
for detail.
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Table 5 Pharmacokinetic Parameters (Mean ± SD) for Ceftaroline, Ceftaroline M-1, and
Ceftaroline Fosamil Following a Single Intravenous Dose of Ceftaroline Fosamil—PK
Population

NDA 200327 Ceftaroline Fosamil

Reference ID: 3929430

9

CLINICAL PHARMACOLOGY REVIEW
Table 6 Pharmacokinetic Parameters (Mean ± SD) for Ceftaroline, Ceftaroline M-1, and
Ceftaroline Fosamil Following a Single Intravenous Dose of Ceftaroline Fosamil Excluding
Subject 0004- 15002—PK Population

4.1.2 Sponsor’s Pharmacokinetic Conclusions:
• The mean values of Cmax and AUC0-∞ for ceftaroline observed in adolescent subjects in
this study were about 10% and 23% less than the values observed in adult subjects
following a 600-mg dose of ceftaroline fosamil in Study P903-01.
• The ratio of systemic exposure (AUC) of ceftaroline M-1 to ceftaroline and the
percentage of the dose excreted in urine as ceftaroline M-1 in adolescent subjects in this
study were similar to values observed in adult subjects administered a 600-mg dose of
ceftaroline fosamil.
• The ratio of systemic exposure (AUC) of ceftaroline fosamil to ceftaroline in adolescent
subjects in this study was similar to the ratio observed in adult subjects administered a
600-mg dose of ceftaroline fosamil.
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•

As a result of slightly lower systemic exposure in adolescent subjects receiving 8 mg/kg
(up to 600 mg for subjects weighing ≥ 75 kg) of ceftaroline fosamil compared with adult
subjects receiving 600 mg of ceftaroline fosamil, a modestly higher dose per kilogram
should be considered for adolescent subjects aged 12 to 17 years.

Reviewer’s Comments: We are in general agreement with the Sponsor’s conclusions regarding
the PK comparison between adult subjects and adolescent subjects (12-17 years of age). Please
refer to Table 7 for the PK parameters of healthy adults (Study P903-01). The safety data was
reviewed by Dr. Sheral Patel and we defer the safety issues of ceftaroline to Dr. Patel.

Table 7 Mean ± SD pharmacokinetic parameters following single and multiple 1-h IV infusions
of ceftaroline fosamil in healthy adults (P903-01)

4.2 Study P903-21
Title: Pharmacokinetics of a Single Dose of Ceftaroline fosamil in Children Ages Birth to
Younger than 12 Years With Suspected or Confirmed Infection
Study P903-21 is a Phase 4, multicenter, open-label, sequential, single-dose, prospective study of
ceftaroline fosamil in subjects younger than 12 years with a suspected or confirmed bacterial
infection. A total of 53 subjects enrolled in the study and all of them completed treatment and
were evaluated for PK analysis. One out of these 53 subjects was lost to follow up. Fifty-three
subjects received ceftaroline and were included in the Safety Population.
These 53 subjects were stratified into five sequential cohorts with chronological ages from birth
to younger than 12 years as shown below:
• Cohort 1: children ages ≥ 6 years to < 12 years
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•
•
•
•

Cohort 2: children ages ≥ 24 months to < 6 years
Cohort 3: young infants and toddlers ages ≥ 28 days to < 24 months (with equal
representation of subjects aged 28 days to < 12 months [Cohort 3B] and 12 months to <
24 months [Cohort 3A])
Cohort 4: term (gestational age ≥ 38 weeks) neonates ages < 28 days (stratified within the
group as 0 to 14 days [Cohort 4B] and > 14 days to < 28 days [Cohort 4A])
Cohort 5: preterm (gestational age 32 to 37 weeks) neonates ages < 28 days (stratified
within the group as 0 to 14 days [Cohort 5B] and > 14 days to < 28 days [Cohort 5A])

Subjects in each cohort received a single infusion of IV cefteroline fosamil at the following
doses shown below:
• Cohort 1: 10 mg/kg (up to 600 mg for subjects ≥ 60 kg) ceftaroline fosamil as a 1-hour
infusion
• Cohort 2: 15 mg/kg ceftaroline fosamil as a 90-minute infusion
• Cohort 3: ≥ 5 months: 12 mg/kg ceftaroline fosamil as a 1-hour infusion; 28 days to 5
months: 8 mg/kg ceftaroline fosamil as a 1-hour infusion
• Cohorts 4 and 5: 8 mg/kg ceftaroline fosamil as a 1-hour infusion
Blood samples were obtained for analysis of ceftaroline, ceftaroline fosamil, and ceftaroline M-1
plasma concentrations at the following times:
• At the end of infusion (±5 minutes)
• 15 to 45 minutes from end of infusion
• 3 to 4 hours from end of infusion
• 5 to 7 hours from end of infusion
A limited PK sampling scheme (4 samples from each subject) was employed and no more than
0.6 mL of plasma were obtained for each PK sample. The exact time of PK sample collection
was recorded. After at least 4 evaluable subjects (defined as subjects who received the entire
dose of ceftaroline fosamil and from whom at least 3 PK samples were collected) were enrolled
in each cohort (up to and including Cohort 3), PK samples from these subjects were analyzed to
obtain plasma concentrations and the data were added to population PK models for ceftaroline
and ceftaroline fosamil. The models were adjusted as necessary to accommodate the new data
and then used to predict exposure measures (maximum concentration [Cmax], area under the
curve for plasma concentration versus time [AUC], and percent of time above minimum
inhibitory concentration [%T > MIC]) in the next youngest cohort in order to select a dose.
Results of these analyses were reviewed, along with available safety data, by the Internal Data
Review Committee (IDRC) before dosing of the next youngest cohort began.
Fifty-three subjects received ceftaroline fosamil and were included in the Safety Population.
There were no deaths and no subjects discontinued from the study due to an adverse event (AE).
4.2.1 Pharmacokinetics Results:
No individual PK parameters were calculated for this study. Mean plasma concentrations of
ceftaroline in each collection interval are summarized in Table 8, by cohort and by age subgroup
within Cohorts 3, 4, and 5. The data for ceftaroline fosamil and ceftaroline M-1 are not presented
NDA 200327 Ceftaroline Fosamil
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here. Plasma concentration data for ceftaroline and ceftaroline fosamil were pooled with data
from other studies in adults and adolescent subjects in a population PK analysis that is reported
separately.
Table 8 Mean Ceftaroline Plasma Concentration by Cohort

Reviewer’s Comment: It was observed that the Cmax achieved by receiving 12 mg/kg one hour
of IV infusion for the age group of ≥ 5 months to < 24 months was lower than expected (i.e.
simulated median Cmax,ss after 1 hour of 12 mg/kg infusion was about 29 mg/L; the observed
mean Cmax,single dose was about 18 mg/L;). Based on the output of final model (Run 118), the
individual predicted plasma concentrations were similar to the observed ones for Study 21. Part
of the reason for simulated Cmax,ss higher than the observed Cmax, single dose may be due to
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the accumulation after multiple doses. However, since the half-life of ceftaroline is short, about 2
hours, accumulation may not be the only reason. The reviewer also noted that some of the
sampling time in Study 21 for Cmax was delayed to 10 minutes post infusion instead of ± 5
minutes.

Ceftaroline was measureable in all PK samples collected from all subjects. All subjects had
ceftaroline plasma concentrations > 1 mg/L in plasma samples collected 3 to 4 hours after the
end of the ceftaroline fosamil infusion (4 to 5 hours from the beginning of infusion), and the
majority of subjects (45 out of 53) had ceftaroline concentrations > 1 mg/L in plasma samples
collected 5 to 7 hours after the end of infusion.
The mean ceftaroline concentrations in the plasma samples taken at the end of the ceftaroline
fosamil infusion, which should represent the approximate Cmax, were lower in Cohorts 4 and 5
than in Cohorts 1, 2, and 3. This was expected based on the lower dose in Cohorts 4 and 5;
however, the lower dose may not fully explain the lower Cmax. In contrast, the mean ceftaroline
concentrations in PK samples taken in the last collection interval (5 to 7 hours after the end of
the ceftaroline fosamil infusion) were higher for Cohorts 4 and 5 compared to Cohorts 1, 2, and 3.
Within Cohorts 4 and 5, ceftaroline plasma concentrations in the last 2 PK sample collection
intervals tended to be higher in subjects with an age range of birth to 14 days than in subjects >
14 to < 28 days, again suggesting that maturation of renal function may impact ceftaroline
clearance in the youngest subjects.
Ceftaroline fosamil plasma concentrations were variable, and were typically only measureable in
plasma samples taken at the end of the ceftaroline fosamil infusion or 15 to 45 minutes after the
end of infusion. This is expected based on the rapid conversion of ceftaroline fosamil to
ceftaroline in plasma.
Ceftaroline M-1 was measureable in all PK samples collected from all subjects. The highest
mean ceftaroline M-1 plasma concentration occurred in plasma samples collected 3 to 4 hours
after the end of the ceftaroline infusion. This is consistent with data in healthy adult subjects in
which time to maximum drug concentration (Tmax) for ceftaroline M-1 typically occurred
around 3 hours. At the end of infusion, mean ceftaroline M-1 plasma concentrations in each
cohort were approximately 3% to 4% of mean ceftaroline plasma concentrations at the same time.
For plasma samples collected 5 to 7 hours after the end of infusion, mean ceftaroline M-1 levels
were 53.3%, 50.3%, 51.1%, 26.0%, and 25.7% of mean ceftaroline levels at the same time for
Cohorts 1, 2, 3, 4, and 5, respectively. The higher percentages in this collection interval are
reflective of the longer half-life of ceftaroline M-1 compared to ceftaroline (approximately
4 hours and 2.5 hours, respectively, in healthy adults).
4.2.2 Sponsor’s Pharmacokinetic Conclusions:
• The doses used in this study achieved ceftaroline exposures in pediatric subjects that
exceeded the minimum concentration required to inhibit the growth of 90% of organisms
(MIC90) for ceftaroline against Staphylococcus aureus for more than 50% of an 8-hour
dosing interval.
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•

It was observed that ceftaroline was cleared more slowly by the youngest subjects (cohort
4 and cohort 5). Because ceftaroline is predominantly cleared by the kidneys, this
observation is consistent with immature renal function in this younger age range.

4.3 Study P903-23
Title: A Multicenter, Randomized, Observer-Blinded, Active-Controlled Study to Evaluate the
Safety, Tolerability, Efficacy, and Pharmacokinetics of Ceftaroline Versus Comparator in
Pediatric Subjects With Acute Bacterial Skin and Skin Structure Infections
This was a phase 2/3 multicenter, randomized, observer-blinded, active-controlled, parallelgroup study to evaluate the efficacy, safety, and PK of intravenous (IV) ceftaroline versus IV
comparator (vancomycin or cefazolin with or without aztreonam) in pediatric subjects from the
ages of 2 months to < 18 years with ABSSSI. Aztreonam was available for administration, if
required, during IV treatment with comparator, if an infection involving a Gram-negative
pathogen was identified or suspected. Subjects were stratified by age cohort and region and were
randomly assigned to treatment in a 2:1 ratio, ceftaroline to comparator. The following age
cohorts were defined:
- Cohort 1: children from 12 years to < 18 years
- Cohort 2: children from 6 years to < 12 years
- Cohort 3: children from 24 months to < 6 years
- Cohort 4: young infants/toddlers from 2 months to < 24 months

IV ceftaroline fosamil was infused over 60 (± 10) minutes every 8 hours (q8h) (± 1 hour) as
follows:
•
•

Children ≥ 6 months: ceftaroline fosamil 12 mg/kg for subjects weighing ≤ 33 kg or 400
mg for subjects weighing > 33 kg
Children < 6 months: ceftaroline fosamil 8 mg/kg

A minimum of 7 IV doses was required for subjects randomized to ceftaroline group. Subjects
may have been switched from IV to open-label oral study drug (cephalexin at 25 mg/kg q6h
[preferred switch], clindamycin 10 mg/kg q8h, or linezolid [600 mg every 12 hours (q12h)
[Cohort 1] or 10 mg/kg q8h [Cohorts 2, 3, and 4]) on or after Study Day 4.
Total duration of study drug therapy (IV and oral, or IV alone) was 5 to 14 days; a minimum of 3
days (7 infusions for subjects randomized to ceftaroline fosamil) of IV study drug therapy was
required. The total duration of subject participation was expected to be 26 to 50 days.
Number of Subjects:
Please see Table 9 for detail.
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Table 9 Subject Populations

4.3.1 Pharmacokinetic Measurements and Analyses
A sparse PK sampling schedule was applied to this study and only at selected study centers.
Samples were to be collected between the end of the fourth infusion of ceftaroline fosamil and
before the oral switch or Study Day 5 (whichever was earlier). The PK blood samples were not
to be drawn if the subject had received a blood or blood component transfusion within the past
24 hours.
• PK Schedule 1: at the end of the ceftaroline fosamil infusion (± 5 minutes) and 3 to 4
hours after the end of the infusion
• PK Schedule 2: 15 minutes to 2 hours after the end of the ceftaroline fosamil infusion and
5 to 7 hours after the end of the infusion (before the start of the next infusion)
The PK samples were to be collected from subjects in the ceftaroline group and analyzed (using
a validated assay) by the unblinded central bioanalytical laboratory. In summary, plasma
concentrations were determined using a liquid chromatography coupled with tandem mass
spectrometry method that was validated to demonstrate the accuracy, linearity, reproducibility,
and precision of the analytical procedure. The method has a lower limit of quantification for
all analytes of 50 ng/mL.
A total of 198 plasma samples from 99 subjects in the ceftaroline treatment group were analyzed
to determine concentrations of ceftaroline, ceftaroline fosamil, and ceftaroline M-1 (inactive,
open ring metabolite). Cerebral spinal fluid samples were not taken from any subject; therefore,
none were available for analyses. Ceftaroline and ceftaroline fosamil plasma concentration data,
along with other information including demographic data, were combined with appropriate data
from other clinical studies and analyzed using a population PK approach and is reported
separately. No PK parameters were calculated in this study.
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4.4 Study P903-24
Title: A Multicenter, Randomized, Observer-Blinded, Active-Controlled Study Evaluating
the Safety, Tolerability, Pharmacokinetics, and Efficacy of Ceftaroline Versus Ceftriaxone
Plus Vancomycin in Pediatric Subjects with Complicated Community-acquired Bacterial
Pneumonia
This was a Phase 4, multicenter, randomized, observer-blinded, active-controlled study to
evaluate the safety, tolerability, PK, and efficacy of intravenous (IV) ceftaroline fosamil versus
IV ceftriaxone plus IV vancomycin (referred to as comparators) in pediatric subjects aged 2
months to < 18 years with complicated CABP, which was designed to enrich for subjects at risk
for infection due to MRSA. Block randomization, stratified by age cohort, was used to assign
subjects (3:1) to ceftaroline fosamil or comparators. The following age cohorts were defined:
• Cohort 1: children from 12 years to < 18 years
• Cohort 2: children from 6 years to < 12 years
• Cohort 3: children from 24 months to < 6 years
• Cohort 4: young infants/toddlers from 2 months to < 24 months
Subjects were to receive at least 5 days, but no more than 21 days of study drug therapy (IV
[ceftaroline fosamil or comparators] or IV plus oral combined; a minimum of 3 days [72 hours]
of IV study drug was required). Vancomycin could be discontinued on or after Study Day 4 if
MRSA, penicillin-resistant Streptococcus pneumoniae (PRSP), or penicillin-intermediate S.
pneumoniae (PISP) was not confirmed or suspected. A switch to open-label oral study drugs
(amoxicillin clavulanate, clindamycin, or linezolid) was allowed on or after Study Day 4 if the
subject met the protocol-specified criteria.
Intravenous ceftaroline fosamil infused over 120 (± 10) min every 8 hours (q8h) (± 1 hour) as
follows:
•
•

Children ≥ 6 months: ceftaroline fosamil 15 mg/kg for subjects weighing ≤ 40 kg or 600
mg for subjects weighing > 40 kg
Children < 6 months: ceftaroline fosamil 10 mg/kg

Total duration of study drug therapy was 5 to 21 days; a minimum of 3 days of initial
hospitalization and 3 days (72 hours) of IV study drug therapy (ceftaroline fosamil or
comparators) were required. The total duration of subject participation was expected to be 26 to
57 days; the Late Follow-up (LFU) assessments were to occur 21 to 35 days after last dose of
any study drug (IV or oral).
Number of Subjects:
Intent-to-Treat (ITT) Population: 30 subjects randomized to ceftaroline fosamil, 10 subjects
randomized to comparators
Analyzed for efficacy:
• Modified Intent-to-Treat (MITT) Population: 29 ceftaroline fosamil; 9 comparators
• Clinically Evaluable (CE) Population: 26 ceftaroline fosamil; 9 comparators
• Microbiological Modified Intent-to-Treat (mMITT) Population: 15 ceftaroline fosamil; 3
comparators
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• Microbiologically Evaluable (ME): 13 ceftaroline fosamil; 3 comparators
Analyzed for Safety:
• Safety Population: 30 ceftaroline fosamil; 10 comparators
PK population:
• PK population: N=29; All randomized subjects who received a known amount of
ceftaroline fosamil and who had at least 1 PK sample collected (excluding those who
received blood or blood component transfusions within 24 hours before any PK sample
was drawn).
4.4.1 Pharmacokinetic Measurements and Analyses
A sparse PK sampling schedule was applied to this study. Samples were to be collected between
the end of the fourth infusion of ceftaroline fosamil and before the oral switch or Study Day 5
(whichever was earlier). The PK blood samples were not to be drawn if the subject had received
a blood or blood component transfusion within the past 24 hours.
•
•

PK Schedule 1: at the end of the ceftaroline fosamil infusion (± 5 minutes) and 3 to 4
hours after the end of the infusion
PK Schedule 2: 15 minutes to 2 hours after the end of the ceftaroline fosamil infusion and
5 to 7 hours after the end of the infusion (before the start of the next infusion)

The PK samples were to be collected from subjects in the ceftaroline group and analyzed (using
a validated assay) by the unblinded central bioanalytical laboratory. In summary, plasma
concentrations were determined using a liquid chromatography coupled with tandem mass
spectrometry method that was validated to demonstrate the accuracy, linearity, reproducibility,
and precision of the analytical procedure. The method has a lower limit of quantification for
all analytes of 50 ng/mL.
Plasma concentrations of ceftaroline, ceftaroline fosamil, and ceftaroline M-1 were listed for
each subject in the PK population. Ceftaroline and ceftaroline fosamil plasma concentration data,
along with other information including demographic data, were combined with appropriate data
from other clinical studies and analyzed using a population PK approach. This analysis is
presented in a separate report. No PK parameters were calculated or reported for this study.

.

4.5 Study P903-31
Title: A Multicenter, Randomized, Observer Blinded, Active-Controlled Study Evaluating the
Safety, Tolerability, Pharmacokinetics, and Efficacy of Ceftaroline Versus Ceftriaxone in
Pediatric Subjects With Community-acquired Bacterial Pneumonia Requiring Hospitalization
This was a Phase 2/3 multicenter, randomized, observer-blinded, active-controlled study to
evaluate the safety, tolerability, PK, and efficacy of ceftaroline versus ceftriaxone in pediatric
subjects aged 2 months to < 18 years with CABP requiring hospitalization. Subjects were
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stratified by age cohort and region and were randomly assigned to treatment in a 3:1 ratio,
ceftaroline fosamil to ceftriaxone. The following age cohorts were defined:
• Cohort 1: children from 12 years to < 18 years
• Cohort 2: children from 6 years to < 12 years
• Cohort 3: children from 24 months to < 6 years
• Cohort 4: young infants/toddlers from 2 months to < 24 months
A minimum of 7 intravenous (IV) doses was required for subjects randomized to ceftaroline
fosamil. A switch to open label oral study drug (amoxicillin clavulanate) was allowed on or after
Study Day 4 if a subject met the protocol-specified criteria.
IV ceftaroline fosamil infused over 60 (± 10) minutes every 8 hours (q8h [± 1 hour]) as follows:
•
•

Children ≥ 6 months: ceftaroline fosamil 12 mg/kg for subjects weighing ≤ 33 kg or 400
mg for subjects weighing > 33 kg
Children < 6 months: ceftaroline fosamil 8 mg/kg

Total duration of study drug therapy was 5 to 14 days, inclusive; a minimum of 3 days (7
infusions for subjects randomized to ceftaroline fosamil) of IV study drug therapy was required.
The total duration of subject participation was expected to be 26 to 50 days, inclusive.
Number of Subjects:
Intent-to-Treat (ITT) Population: 122 subjects ceftaroline fosamil, 39 subjects ceftriaxone.
Analyzed for efficacy:
• Modified Intent-to-Treat (MITT) Population: 107 ceftaroline fosamil; 36 ceftriaxone
• Microbiological Modified Intent-to-Treat (mMITT) Population: 24 ceftaroline fosamil; 9
ceftriaxone
• Clinically evaluable (CE) Population: 98 ceftaroline fosamil; 36 ceftriaxone
• Microbiologically evaluable (ME) Population: 23 ceftaroline fosamil; 9 ceftriaxone
Analyzed for safety:
• Safety Population: 121 ceftaroline fosamil; 39 ceftriaxone
PK population:
• PK population: N=116; All randomized subjects who received a known amount of
ceftaroline fosamil and who had had at least 1 PK sample collected (excluding those who
received blood or blood component transfusions within 24 hours before any PK sample
was drawn)
4.5.1 Pharmacokinetic Measurements and Analyses
A sparse PK sampling schedule was applied to this study. Samples were to be collected between
the end of the fourth infusion of ceftaroline fosamil and before the oral switch or Study Day 5
(whichever was earlier). The PK blood samples were not to be drawn if the subject had received
a blood or blood component transfusion within the past 24 hours.
•

PK Schedule 1: at the end of the ceftaroline fosamil infusion (± 5 minutes) and 3 to 4
hours after the end of the infusion
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•

PK Schedule 2: 15 minutes to 2 hours after the end of the ceftaroline fosamil infusion and
5 to 7 hours after the end of the infusion (before the start of the next infusion)

The PK samples were to be collected from subjects in the ceftaroline group and analyzed (using
a validated assay) by the unblinded central bioanalytical laboratory.
Plasma concentrations of ceftaroline, ceftaroline fosamil, and ceftaroline M-1 were listed for
each subject by age cohort in the PK Population. Ceftaroline and ceftaroline fosamil plasma
concentration data, along with other information including demographic data, were combined
with appropriate data from other clinical studies and analyzed using a population PK approach.
This analysis is reported separately.

4.6 Population PK Analysis Report
Title: CPT-MS-08: Population Pharmacokinetic Modeling Update and Target Attainment
Simulations for Ceftaroline for Children Ages Birth to Younger Than 18 Years
The objective of the population PK analysis is to describe the population pharmacokinetics of
ceftaroline and ceftaroline fosamil in pediatric patients.

4.6.1 Source Data
This population PK analysis evaluated data obtained from the studies listed below and all other
studies in healthy volunteers and patient adults and adolescents used in previous population PK
modeling (Study CPT-MS-14). The five individual studies listed below have been summarized
previously in this review.
1. P903-15: Phase 1, pharmacokinetics of a single dose of ceftaroline fosamil in subject 12
to 17 years of age receiving antibiotic therapy
2. P903-21: Phase 4, pharmacokinetics of a single dose of ceftaroline fosamil in children
ages birth to younger than 12 years with suspected or confirmed infection
3. P903-23: Phase 2/3, A multicenter, randomized, observer-blinded, active-controlled study
to evaluate the safety, tolerability, efficacy, and pharmacokinetics of ceftaroline versus
comparator in pediatric subjects with acute bacterial skin and skin structure infection
4. P903-24: Phase 4, A multicenter, randomized, observer- blinded, active-controlled study
evaluating the safety, tolerability, pharmacokinetics, and efficacy of ceftaroline versus
ceftriaxone plus vancomycin in pediatric subjects with complicated community-acquired
bacterial pneumonia
5. P903-31: Phase 2/3, A multicenter, randomized, observer blinded, active-controlled study
evaluating the safety, tolerability, pharmacokinetics, and efficacy of ceftaroline versus
ceftriaxone in pediatric subjects with community-acquired bacterial pneumonia requiring
hospitalization
4.6.2 Bioanalytical Methods
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4.6.4 Analysis Population and Data Characteristics
The ceftaroline population PK dataset was comprised of 525 patients and 195 healthy subjects
contributing a total of 10,884 concentrations (5410 ceftaroline fosamil and 5474 ceftaroline).
After accounting for concentrations that were BLQ, there were 6633 concentrations (1799
ceftaroline fosamil and 4834 ceftaroline) available for analysis. Of the 525 patients in the
analysis data set, the 305 pediatric patients from Studies P903-15, -21, -23, -24, and -31
contributed a total of 974 measurable concentrations (234 ceftaroline fosamil and 740
ceftaroline). The dataset included patients with complicated skin and skin structure infections or
community acquired pneumonia; pediatric patients with complicated skin and skin structure
infections, community acquired pneumonia, or an infection of any type; and healthy subjects.
The studies contributing pediatric data consisted of 173 males and 132 females with ages ranging
from 1 day to 17 years and bodyweights ranging from 1.5 to 100 kg. In the pediatric population
with a reported nCRCL, there were 241(85.5%), 40(14.2%), and 1(0.3%) patients with nCRCL
≥80, 50-<80, and 30-<50 ml/min/1.73m2, respectively. The 23 neonates (to-term and preterm)
did not have a reported nCRCL.
For adults, the breakdown was 268 males and 147 females with ages ranging from 18 to 88 years
and bodyweights ranging from 40 to 134 kg. Distributions of all continuous covariates were
similar across both sexes and between healthy subjects and patients with the following
exceptions: i) males exhibited a slightly higher median weight and BSA than females; and ii)
patients exhibited a lower median age, weight, body mass index (BMI), and BSA than healthy
subjects due to the inclusion of the pediatric patients. Please refer to Tables 10, 11, 12, and 13 for
the summary of the demographic statistics.
Table 10. Summary of Continuous Covariates by Patient Status for Adults

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 11
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Table 11. Summary of Renal Function Groups by Patient Status in Adults

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 13

Table 12. Summary of Age Groups for Pediatric Patients

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 19
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Table 13. Summary of Renal Function Groups for Pediatric Patients

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 20

The pop-PK model developed for adult subjects, shown in equation 5, was modified to include
an effect renal maturation on ceftaroline central compartment clearance (CLc) to account for
renal maturation in pediatric patients less than 2 years old. The model was also modified to allow
for the maturational change in the volume of distribution of ceftaroline central compartment
(Vcc). Please refer to equation 6 for the final model.
Reviewer’s Comment: The Sponsor updated a previously developed adult only population PK
model with the maturation factors for both ceftaroline central compartment clearance (CLc) and
the volume of distribution of central compartment (Vcc) to describe exposures in pediatric
patients. The structure of maturation factor for CLc followed the publication of Holford’s group
in 2009 1. The structure of maturation factor for Vcc was modified following the publication of
Holford’s group in 2002 2. The addition of the maturation factors seems reasonable.

1

Rhodin MM et al. Human renal function maturation: a quantitative description using weight and
postmenstrual age. Pediatr Nephrol (2009) 24:67-76
2
Anderson BJ et al. Acetaminophen developmental pharmacokinetics in premature neonates and infants.
Anesthesiology (2002) 96: 1336-45
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The final model resulted in imporved goodness-of-fit criteria across all pediatric age groups (see
Figure 1).
Figure 1 Observed vs. Individual Predicted Ceftaroline by Age Group (Run 118, final model)
Observed ceftaroline concentrations (mcg/mL) are plotted versus individual predictions by age
group. Values are indicated by open circles. The line of identity (solid black) is included as a
reference. The age group is listed at the top of each plot.

Adapted from the Sponsor’s report of Study CPT-MS-08, Figure 44

As requested by the Agency, the Sponsor summarized model parameter estimates by age groups.
Please refer to Tables 14, 15, 16, 17, and 18 for detail.
Reviewer’s Comment: Based on the reported reduction of the objective function of NONMEM
and the visual examination of plots of observed versus predicted plasma ceftaroline concention
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in different age groups, the quality of fit of the pharmacokinetic model to the data seems
acceptable.

Table 14 Summary of PK Parameters for 28d-<2yr Patients

Adapted from the Sponsor’s report of Study CPT-MS-08-ppktables (response to IR, SDN498), Table 3

Table 15 Summary of PK Parameters for 2-<6yr Patients

Adapted from the Sponsor’s report of Study CPT-MS-08-ppktables (response to IR, SDN498), Table 4
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Table 16 Summary of PK Parameters for 6-<12yr Patients

Adapted from the Sponsor’s report of Study CPT-MS-08-ppktables (response to IR, SDN498), Table 5

Table 17 Summary of PK Parameters for 12-<18yr Patients

Adapted from the Sponsor’s report of Study CPT-MS-08-ppktables (response to IR, SDN498), Table 6

NDA 200327 Ceftaroline Fosamil

Reference ID: 3929430

29

CLINICAL PHARMACOLOGY REVIEW
Table 18 Summary of PK Parameters for Adult Patients

Adapted from the Sponsor’s report of Study CPT-MS-08-ppktables (response to IR, SDN498), Table 7

Reviewer’s Comment: For ceftaroline, variance parameter estimates (%CV) for CLc, Vcc, Qc,
and Vpc demonstrated a low to moderate degree of unexplained variability for age groups from
28 days and above. CLc and Vcc increased with the increase of age and weight. Values are more
consistent after normalizing for body weight, supporting the inclusion of body weight in the
model and the use of weight-based dosing. Please refer to the table below for additional details.
Age group

*Vcc
(L)
15.6

*Weight
(kg)
74

*CLc
(L/h/kg)
0.13

*Vc (L/kg)

adult

*CLc
(L/h)
9.48

12-<18 yrs

8.89

12.2

51.5

0.17

0.24

6-<12 yrs

5.71

6.67

33.2

0.17

0.20

2-<6 yrs

3.44

3.64

20.4

0.17

0.18

1m - <2 yrs

1.81

2.26

9.2

0.20

0.25

0.21

Proposed
dose
600 mg
q12hrs
12 mg/kg
q8hrs
12 mg/kg
q8hrs
12 mg/kg
q8hrs
8 mg/kg
q8hrs

Dose by
weight
8 mg/kg
q12hrs
12 mg/kg
q8hrs
12 mg/kg
q8hrs
12 mg/kg
q8hrs
8 mg/kg
q8hrs

*Median value only
4.6.5 Model Evaluation Results
The Sponsor reported that the ceftaroline population PK model evaluation results, which
included the results of a predictive check and a non-parametric bootstrap, revealed that the final
model provided a reliable description of the data with good precision of structural model and
most variance parameter estimates.
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The Reviewer’s Comment: The reviewer did not repeat the Sponsor’s model diagnostics. The
provided diagnostic plots for the predictive check and non-parametric bootstrap support the
conculsion that the final model provides a reasonable description of the data; however, there
was difficulty in describing the central tendency of Cmax in some age groups (12 to 18 years and
2 to 6 years). The Sponsor concludes that the model is acceptable for simulation and the
reviewer concurs.
4.6.6 Exposure and Target Attainment Simulations Results
The final combined ceftaroline fosamil and ceftaroline population PK model (Run 118) was used
for all simulations in this report to evaluate the weight based doses and 2 different infusion
lengths (5 minutes and 1 hour) in pediatric patients from 2 months to <18 years old. The adult
doses of 600 mg q12h following as a 1-hour infusion and 600 mg q12h as a 5-minute infusion
were simulated for comparison to the results from pediatric patients. The adult exposure in a
patient with normal renal function was used for all pediatric comparisons.
The simulation results for the pediatric patients with normal renal function and an infusion
duration of 5 minutes for two dosing regimens, 8 mg/kg q8h and 12 mg/kg q8h, respectively, are
in Table 19 and Table 20 below.
Table 19 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, and %T>MIC by Age for
Normal Renal Function Following 8 mg/kg (max of 400 mg) q8h Dosing (5 Minute Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08-Ceftaroline Pediatric Dosing Regimen Simulation
(response to IR, SDN505), Table 17
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Table 20 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, and %T>MIC by Age for
Normal Renal Function Following 12 mg/kg (max of 400 mg) q8h Dosing (5 Minute Infusion) to
in Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08-Ceftaroline Pediatric Dosing Regimen Simulation
(response to IR, SDN505), Table 25

For patients with normal renal function, simulations predict that the proposed dose regimen of 8
mg/kg q8h as a 5 mintues infusion will result in 99.7-100% of the patients age 2 months to < 2
years achieving the PK/PD target associated with 1-log kill of S aureus (36% fT>MIC, MIC = 1
mg/L). Similarly, 100% of such patients are predicted to achieve the PK/PD target associated
with 1-log kill of S. pneumonia (44% fT>MIC, MIC = 0.5 mg/L). For the propsed dose regiment
of 12 mg/kg q8h as a 5 minute infusion, 100% of the patients age 2 to < 18 years are predicted to
achieve PK/PD target associated with 1-log kill of S aureus (36% fT>MIC, MIC = 1 mg/L) and
100% of the patients are predicted to achieve the PK/PD target associated with 1-log kill of S.
pneumonia (44% fT>MIC, MIC = 0.5 mg/L).

Reviewer’s Comment: Based on the simulation results, with proposed doses, the estimates of
median Cmax,ss for patients age 2 to 24 months were similar (Cmax,ss ratio 0.946-1.01) to adults
with normal renal function receiving a 5 minute infusion. For the same age group, the AUC24,ss
were slightly higher (AUC24,ss ratio 1.10-1.37) compared to adults. The 90% PI also indicated
same trend for both Cmax,ss and AUC24,ss.
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With the proposed dose (12 mg/kg every 8 hours up to 400 mg for 33 kg), the estimates of median
Cmax,ss for patients age 2 to 12 years were higher (median Cmax,ss ratio 1.41 to 1.45) compared to
the adults with normal renal function receiving 5 minutes infusion. In contrast, Cmax,ss for
patients age 12 to 18 years was similar (median Cmax,ss ration 0.97) to the adults. For the
patients age 2 to <18 years, the AUC24,ss were higher (median AUC24,ss ratio 1.26 to 1.61)
compared to adults. The 90% PI also indicated same trend for both Cmax,ss and AUC24,ss.
Target attainment stimulation results in Table 19 and 20 indicated that the median percent of
time to dosing interval for free ceftaroline over MIC for MIC of 1 mg/L was higher in pediatric
patients with proposed dose compared to adults (66.7% to 87.7% for patients age 2 months to 18
years compared to 60.5% for adults).

The simulation results for the pediatric patients with mild renal impairment for the duration of
infusion of 5 minutes for two dosing regimens, 8 mg/kg q8h and 12 mg/kg q8h, respectively, are
in Table 21 and Table 22 below.
Table 21 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, and %T>MIC by Age for
Mild Renal Impairment Following 8 mg/kg (max of 400 mg) q8h Dosing (5 Minute Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08-Ceftaroline Pediatric Dosing Regimen Simulation
(response to IR, SDN505), Table 49
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Table 22 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, and %T>MIC by Age for
Mild Renal Impairment Following 12 mg/kg (max of 400 mg) q8h Dosing (5 Minute Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08-Ceftaroline Pediatric Dosing Regimen Simulation
(response to IR, SDN505), Table 57

For patients with mild renal impairment, the simulation results indicated 100% of the patients
age 2 months to < 18 years were predicted to achieve the PK/PD target associated with 1-log kill
of S aureus (36% fT>MIC, MIC = 1 mg/L) and 1-log kill of S. pneumonia (44% fT>MIC, MIC
= 0.5 mg/L) with the proposed dose regimen following 5 minutes IV infusion.
Reviewer’s Comment: Based on the simulation results with proposed dose (8mg/kg every 8
hours), the estimates of median (90% PI) Cmax,ss for patients age 2 to 24 months were similar
(median Cmax,ss ratio 1.01 to 1.04) to the adults with normal renal function receiving a 5 minute
infusion. For the same age group, the median (90% PI) AUC24,ss were higher (AUC24,ss ratio 1.37
to 1.73) compared to adults.
With the proposed dose (12 mg/kg every 8 hours up to 400 mg for 33 kg), the estimates of median
(90% CI) Cmax,ss for patients age 2 to 12 years were higher (median Cmax,ss ratio 1.45 to 1.48)
compared to the adults with normal renal function receiving a 5 minute infusion. In contrast,
Cmax,ss for patients age 12 to 18 years was similar (median Cmax,ss ration 1.00) to the adults. For
the patients age 2 to 18 years, the median (90% PI) AUC24,ss were higher (median AUC24,ss ratio
1.40 to 1.80) compared to adults.
Target attainment stimulation results in Table 21 and 22 indicated that the median percent time
of the dosing interval free ceftaroline exceeds MIC (%fT>MIC) for MIC of 1 mg/L was higher in
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pediatric patients with the proposed dose compared to adults (77.8% to 98.8% for patients age 2
months to 18 years compared to 60.5% for adults), especially for patients age 2 to 12 months
(93.8%-98.8%).
The simulation results for the pediatric patients with normal renal function and a 1 hour infusion
for the two dosing regimens 8 mg/kg q8h and 12 mg/kg q8h, respectively, are in Table 23 and
Table 24 below.

Table 23 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, and %T>MIC by Age for
Normal Renal Function Following 8 mg/kg (max of 400 mg) q8h Dosing (1 Hour Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 69
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Table 24 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, and %T>MIC by Age for
Normal Renal Function Following 12 mg/kg (max of 400 mg) q8h Dosing (1 Hour Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 77

For patients with normal renal function, based on simulations for the proposed dose regimen and
1 hour infusion, 100% of the patients age 2 months to < 18 years are predicted to achieve PK/PD
target associated with 1-log kill of S aureus (36% fT>MIC, MIC = 1 mg/L) and the PK/PD target
associated with 1-log kill of S. pneumonia (44% fT>MIC, MIC = 0.5 mg/L).
Reviewer’s Comment: Based on the simulation results, with proposed dose (8mg/kg q8h), the
estimates of median (90% PI) Cmax,ss for patients age 2 to 24 months were similar (median Cmax,ss
ratio 0.904 to 0.941) to the adults with normal renal function receiving 1 hour infusion. For the
same age group, the median (90% CI) AUC24,ss were slightly higher (AUC24,ss ratio 1.10 to 1.37)
compared to adults.
With the proposed dose (12 mg/kg q8h up to 400 mg for 33 kg), the estimates of median (90% PI)
Cmax,ss for patients age 12 to 18 years were similar (median Cmax,ss ratio 0.935) to the adults
with normal renal function receiving 1 hour infusion. The Cmax,ss of patients age 2 to 12 years
were slightly higher (median Cmax,ss ratio 1.29 to 1.31) than exposures in adults. For patients age
2 to 18 years, the median (90% PI) AUC24,ss were higher (median AUC24,ss ratio 1.250 to 1.62)
compared to the ones of adults.
Target attainment stimulation results in Table 23 and 24 indicated that the %fT>MIC for MIC of
1 mg/L was higher in pediatric patients with proposed dose compared to adults (71.9% to 92.6%
for patients age 2 months to 18 years compared to 64.5% for adults).
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The simulation results for the pediatric patients with mild renal impairment for the duration of
infusion of 1 hour for two dosing regimens, 8 mg/kg q8h and 12 mg/kg q8h, respectively, are in
Table 25 and Table 26 below.
Table 25 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, %T>MIC by Age for
Mild Renal Impairment Following 8 mg/kg (max of 400 mg) q8h Dosing (1 Hour Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 141
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Table 26 Median (90% PI) Steady State Ceftaroline Cmax,SS, AUC24,SS, %T>MIC by Age for
Mild Renal Impairment Following 12 mg/kg (max of 400 mg) q8h Dosing (1 Hour Infusion) in
Pediatric Patients Based on Simulations

Adapted from the Sponsor’s report of Study CPT-MS-08, Table 149

For patients with mild renal impairment, based on simulations for the proposed dose regimen
following 1 hour infusion, 100% of the patients age 2 months to < 18 years are predicted to
achieve PK/PD target associated with 1-log kill of S aureus (36% fT>MIC, MIC = 1 mg/L) and
the PK/PD target associated with 1-log kill of S. pneumonia (44% fT>MIC, MIC = 0.5 mg/L).
Reviewer’s Comment: Based on the simulation results, with proposed dose (8mg/kg q8h, the
estimates of median (90% PI) Cmax,ss for patients age 2 to 24 months were similar (median Cmax,ss
ratio 0.99 to 1.03) to adults with normal renal function receiving 1 hour infusion. For the same
age group, the median (90% PI) AUC24,ss were higher (AUC24,ss ratio 1.37 to 1.73) compared to
adults.
With the proposed dose (12 mg/kg q8h up to 400 mg for 33 kg), the estimates of median (90% PI)
Cmax,ss for patients age 12 to 18 years were similar (median Cmax,ss ratio 0.992) to the adults with
normal renal function receiving 1 hour infusion. The Cmax,ss of patients age 2 to 12 years were
slightly higher (median Cmax,ss ratio 1.35 to 1.38) than these of adults. For patients age 2 to 18
years, the median (90% PI) AUC24,ss were higher (median AUC24,ss ratio 1.40 to 1.64) compared
to the ones of adults.
Target attainment stimulation results in Table 25 and 26 indicated that the %fT>MIC for MIC of
1 mg/L was higher in pediatric patients with proposed dose compared to adults (82.7% to 100%
for patients age 2 months to 18 years compared to 64.5% for adults).
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Due to the limited amount of clinical data in pediatric patients with renal impairment, especially
patients with moderate or severe renal impairment, it is reasonable not to propose any dosing
regimens for this sub-population.

NDA 200327 Ceftaroline Fosamil

Reference ID: 3929430

39

--------------------------------------------------------------------------------------------------------This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
--------------------------------------------------------------------------------------------------------/s/
---------------------------------------------------KUNYI WU
05/10/2016
JEFFRY FLORIAN
05/11/2016
SEONG H JANG
05/11/2016

Reference ID: 3929430

