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Executive Summary
Bayer was issued a Written Request (WR) in October 2001 to satisfy the pediatric
exclusivity requirements. As part of the WR, an efficacy and safety study was conducted
in pediatric patients from 1 to 17 years of age with complicated urinary tract infections
(cUTI) and/or acute pyelonephritis. In addition, a pharmacokinetic substudy of
ciprofloxacin in these pediatric patients with cUTI and/or acute pyelonephritis was also
conducted. The proposed indication is treatment of cUTI and/or acute pyelonephritis.
A population PK (POPPK) analysis was conducted using data from a total of 6 pediatric
studies. These 6 studies included the efficacy study conducted to satisfy the WR
requirement along with 5 other studies performed in pediatric patients with varied disease
diagnoses. These studies included a variety of infections such as urinary tract infection,
lower respiratory tract infection, skin and soft tissue infection, severe sepsis, acute
invasive diarrhea and cystic fibrosis. The POPPK analysis was conducted with the
following objectives:
•
•
•

To estimate typical population pharmacokinetic parameters for ciprofloxacin in
pediatric patients.
To identify covariate, demographic and clinical factors that are significant predictors
of variability in ciprofloxacin pharmacokinetic parameters.
To provide a dosing recommendation for pediatric patients.

Plasma ciprofloxacin concentration-time data were available in 357 pediatric patients.
The age of these patients ranged from 0.27 to 16.9 years. The body weight of these
patients ranged from 4.2 to 73.5 kg. One hundred and five patients were male and 252
patients were female. Twenty-eight out of 357 patients had a history of cystic fibrosis
and 207 out of 357 patients were being treated for complicated urinary tract infection /
acute pyelonephritis. Population pharmacokinetic analyses were performed with the
NONMEM software using the First-Order Conditional Estimation (FOCE) method.
The pharmacokinetics of oral ciprofloxacin was described by a two-compartment model
with first order absorption and absorption lag time. The POPPK analysis identified cystic
fibrosis, body weight and creatinine clearance as the significant covariates for the
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apparent clearance (CL/F) of ciprofloxacin. In addition, the effect of cystic fibrosis on the
absorption rate constant (ka) was also found to be a significant covariate.
The predicted exposure of ciprofloxacin derived from the population PK analysis
compared to the exposure observed in adults is given in Table 1.
Table 1. Predicted ciprofloxacin exposure derived from the population PK analysis
compared to the exposure observed in adults
Creatinine
Clearance
(mL/min)
>50
>50

Pediatric dose

Predicted AUC
(µg-h/mL)

Adult dose

Observed AUC
(µg-h/mL)

15 mg/kg BID (po)
9 mg/kg BID (iv)

11.8
12.1

500 mg BID (po)
400 mg BID (iv)

13.7
12.7

The population based estimates for ciprofloxacin half-life (T1/2) ranged from
approximately 4 to 5 hours in pediatric patients and was similar to that reported in adults
(approximately 4 hours).
Based on the results of the efficacy study, the dosing regimen proposed for the treatment
of cUTI and/or acute pyelonephritis is: (a) oral ciprofloxacin at doses of 10 to 20-mg/kg
every 12 hours (maximum of 1500-mg per day) or (b) intravenous ciprofloxacin at doses
of 6 to 10-mg/kg every 8 hours (maximum of 1200-mg per day) or intravenous
ciprofloxacin at doses of 6 to 10-mg/kg every 8 hours (maximum of 1200-mg per day)
followed by oral ciprofloxacin at doses of 10 to 20-mg/kg every 12 hours (maximum of
1500-mg per day).
Reviewer’s Comments (Not to be sent to the sponsor):
1. The POPPK analysis identified three significant covariates, namely, body weight,
creatinine clearance and presence of cystic fibrosis in patients. The effect of cystic
fibrosis on the absorption rate constant was also found to be a significant factor.
2. The applicant used body weight as a covariate with an allometric exponent of 0.75 for
clearance parameters based on literature. Instead of this, the applicant should have
estimated the allometric exponent, which would have ensured correct estimation of
the effect of body weight on clearance.
3. The applicant used a base model comprising of body weight as a covariate. Several
covariates such as age were tested using this base model. This approach is not
optimal, since age and body weight are inter-related and so using a base model with
body weight fails to distinguish the effect of age on clearance. Instead, the applicant
should have tested the effect of age on the base model without body weight.
Phase IV Commitments
No Phase IV studies are requested.
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Recommendations:
The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical
Evaluation III has reviewed the information included in the sNDA for ciprofloxacin in
pediatric patients and has found it to be acceptable. The following dosing
recommendation for ciprofloxacin in pediatric patients for use in complicated UTI
infections and/or acute pyelonephritis, as used in the pivotal Phase III trial of
Complicated Urinary Tract Infection (Study 100169), is proposed:
(a) oral ciprofloxacin at doses of 10 to 20-mg/kg every 12 hours (maximum of 1500-mg
per day) or (b) intravenous ciprofloxacin at doses of 6 to 10-mg/kg every 8 hours
(maximum of 1200-mg per day) or intravenous ciprofloxacin at doses of 6 to 10-mg/kg
every 8 hours (maximum of 1200-mg per day) followed by oral ciprofloxacin at doses of
10 to 20-mg/kg every 12 hours (maximum of 1500-mg per day).
Dakshina M. Chilukuri, Ph.D.
________________________________
Office of Clinical Pharmacology and Biopharmaceutics
Initialed by Philip Colangelo, Pharm.D., Ph.D., ____________________________
cc: NDA 19-537, HFD-590, HFD-880 and CDR (Biopharm)
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APPENDIX I:

Proposed Labeling for Ciprofloxacin
With
Clinical Pharmacology / Biopharmaceutics Revisions
Version: 03/2003

32 Page(s) of Draft Labeling has been Withheld in Full as B4
(CCI/TS) immediately following this page
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APPENDIX II:
POPULATION PHARMACOKINETIC ANALYSIS
TITLE: Population pharmacokinetic modeling of ciprofloxacin in pediatric patients.
OBJECTIVE:
• To estimate typical population pharmacokinetic parameters for ciprofloxacin in
pediatric patients.
• To identify covariate, demographic and clinical factors that are significant predictors
of variability in ciprofloxacin pharmacokinetic parameters.
• To provide a dosing recommendation for pediatric patients
STUDY DESIGN:
The data from 6 studies in pediatric subjects were pooled and used in this analysis.
Study #
Design
Patient population
Age
Dose regimen
4 months –
10 mg/kg oral
536
Open, single dose and 16 pediatric patients
12 years
ciprofloxacin
multiple-dose study
with various
administered TID for
infections (UTI, lower
5-7 days
respiratory tract
infection, skin and
soft tissue infection)
553
Non-controlled,
20 pediatric patients
3 months –
10 mg/kg IV
multiple dose study
with severe sepsis
5 years
ciprofloxacin
administered BID for 7
– 14 days
573
Double-blind,
86 pediatric patients
6 months –
10 mg/kg oral
double-dummy,
with invasive diarrhea 12 years
ciprofloxacin
single-center study
administered BID for 3
days given in
combination with
ceftriaxone im
injection at a dose of
50 mg/kg once-daily
1172
Open-label,
10 pediatric patients
5 - 17 years Patients received
randomized
with cystic fibrosis for
ceftazidime 300
controlled trial
2-3 weeks
mg/kg/day, amikacin
36 mg/kg/day
intravenously and
amikacin 2 × 250 mg
per inhalation. During
this maintenance
period, these patients
received IV
ciprofloxacin at a dose
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1359

Multiple dose study

18 pediatric patients
with cystic fibrosis
with acute pulmonary
exacerbation

5 - 17 years

100169

Randomized study to
compare
ciprofloxacin vs.
comparative
regimens in the
treatment of UTI or
pyelonephritis

207 pediatric patients
with complicated UTI
or pyelonephritis

1 – 17 years

of 10 mg/kg BID on
day-1 and received oral
ciprofloxacin at a dose
of 15 mg/kg/day BID
on day-2
IV ciprofloxacin at
doses of 10 mg/kg BID
for 3 days and oral
ciprofloxacin at a dose
of 20 mg/kg TID for 3
days
Stratum I: Oral
ciprofloxacin at doses
of 5 – 20 mg/kg BID
for 7 – 21 days
Stratum II: IV
ciprofloxacin at doses
6 – 10 mg/kg TID or
IV ciprofloxacin at
doses of 6 – 10 mg/kg
TID followed by oral
ciprofloxacin at doses
of 5 – 20 mg/kg BID
for 7 – 21 days.

DATA:
Patient demographics:

Sampling:
A total of 1462 plasma ciprofloxacin concentrations were available from 357 patients.
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Assay Methodology:
Study 100169:
All assay results tabulated in this report were obtained with an HPLC procedure that
involves protein precipitation and enhanced fluorescence detection after post-column UV
reaction. The procedure contains a detailed description of the procedure and relevant
assay validation data. The calibration range of ciprofloxacin was from 0.05 to 7.5 µg/mL.
According to the method report, the intra-day precision ( % CV) ranged from 0.7 to 5.9%
and the inter-day precision ( % CV) ranged from 2.0 to 4.3% for all the QC samples and
lower quantitation limit calibration standard. The corresponding intra-day accuracy
ranged from 94.6 to 102.5 % and inter-day accuracy ranged from 98.0 to 100.0%.
Ciprofloxacin is stable in serum up to 15 month at –20 °C.
Formulation of Ciprofloxacin Suspension:
For this clinical investigation, ciprofloxacin oral suspension 5% (5 g ciprofloxacin/100
(b) (4)
mL) strength was used. The drug product is
suspension made of 2
components that are mixed together prior to dispensing. The individual components are
microcapsules containing ciprofloxacin, polyvinylpyrrolidone, methacrylic acid
copolymer, hydroxypropylmethylcellulose, magnesium stearate, and Polysorbate 20 and
(b) (4)
a suspension fluid made of medium chain triglyceride, sucrose
, lecithin, and
strawberry flavor.

Assumptions:
•

In Study 553, the rate of infusion was not available for some patients on non
pharmacokinetic assessment days. In these patients, it was assumed that the rate of
infusion corresponded to the duration of infusion recommended in the study protocol
(60-minute infusion).

•

In Study 573, information on the application time of ciprofloxacin was not available.
Therefore, it was assumed that the dosing interval was 12 hours.

•

In Study 573, the date of blood sample collection and the time after dosing were
available for each patient. Clock times of blood sample collection were not available.
Consequently, the blood sample could have been collected either after the first or
second dose of ciprofloxacin on the sampling day. However, it is unlikely that the
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samples were collected after the second dose as this would indicate that the samples
were taken in the evening or late night in most cases. Therefore, it was assumed that
sampling took place after the first dose of ciprofloxacin on the day of sampling.
•

In Study 1359, information on the time of administration of ciprofloxacin was not
available. Therefore, it was assumed that the dosing interval specified in the protocol
was adhered to and that oral administration of ciprofloxacin was started immediately
after completion of the last intravenous dosing interval.

•

In Study 100169, the duration of infusion was not reported in 22/45 patients who
received ciprofloxacin by intravenous infusion. In these patients, the duration of
infusion was assumed to be 1 hour (as specified in the package insert).

•

In Study 100169, the following information was collected: date and time of plasma
sample collection (for determination of ciprofloxacin concentration), the date and
time of the two doses administered prior to the collection of the plasma sample and
date of start of ciprofloxacin treatment. The dosing interval for ciprofloxacin
administration on the initial days of treatment was assumed to be 12 hours (as stated
in the protocol). For example, if the plasma sample (for the determination of
ciprofloxacin concentration) was collected on Day 5, the times of administration of
ciprofloxacin on the morning of Day 5 and the evening of Day 4 were available. The
dosing interval for ciprofloxacin on Days 1, 2 and 3 was assumed to be 12 hours.

METHODS:
The NONMEM software (version V, Level 1.1) with NM-TRAN and PREDPP were used
for population non-linear mixed-effects modeling. Analyses were performed on a
personal computer with the Compaq Visual Fortran Compiler (Standard Edition version
6.5) and Windows NT 4.0 operating system. S-PLUS 2000 and Sigmaplot 2000 software
packages were used in the generation of various plots.
A one-compartment linear model with first-order absorption was initially evaluated for
fitting the ciprofloxacin plasma concentration data. More complex models were to be fit
to the data based on inspection of diagnostic plots and parameter estimates. The firstorder conditional estimation (FOCE) method with η- ε interaction was employed in all
population pharmacokinetic models. Population and individual estimates of
pharmacokinetic parameters were obtained from this conditional estimation method.
Initially, the model building strategy involved construction of a base model. In pediatric
patients, pharmacokinetic parameters such as clearance and volume of distribution are
known to be related to indices of body mass (e.g., body weight, body surface area).
Recent articles in the literature advocate the use of principles of allometry (with specific
reference to body weight) in population pharmacokinetic analyses, especially those that
involve pediatric patients. According to principles of allometry, exponent values of 0.75
(for most physiologic process parameters) and 1.00 (for most volume-related parameters)
have also been shown to accurately describe clearance and volume parameters over a
wide range of body weights. Therefore, in the current population pharmacokinetic
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analysis, following identification of an appropriate structural model, body weight was to
be used as a covariate with an allometric exponent of 0.75 for clearance parameters (e.g.,
total clearance and inter-compartmental clearance for two compartment models). In
addition, body weight was to be used as a covariate with an allometric exponent of 1.00
for volume parameters (eg, central and peripheral volumes of distribution). Such a model
was to be considered the base model. The resulting model parameterization was
consistent with prior physiologic knowledge and allowed the estimation of model
parameters that were easily interpretable across a large range of body weights.
A preliminary graphical screen of potential covariates was conducted to identify any
highly correlated covariate factors (such as age and height). In such cases, the most
clinically useful covariate was selected to be included in the model building process.
Exploratory analysis of the relationship between patient covariates, clinical and
demographic factors and individual pharmacokinetic parameters was performed
graphically. The exploratory analysis helped in the construction of parameter- covariate
relationships, which were tested by explicit incorporation into the population mixedeffects pharmacokinetic model.
Covariate models were built by stepwise forward inclusion procedure. Covariates were
added one-at-a-time to the base model. The covariate that resulted in the greatest
statistically significant decrease in the value of the objective function was added to the
base model. The entire procedure was repeated until no further statistically significant
decrease in the value of objective function occurred. Along with typical goodness of fit
diagnostic plots, the likelihood ratio test1 was used to discriminate among alternative
nested models, based on an alpha level that was set a priori to 0.999 (p<0.001). When
comparing alternative models, differences in the value of objective function, which is
proportional to minus twice the maximum logarithm of the likelihood of the data, are
approximately chi-squared distributed with n degrees of freedom (n is the difference in
the number of parameters between the full and the reduced model). This approximation
has been shown to be accurate for the FOCE method.
Exponential error models were used to describe the inter-individual variance on
pharmacokinetic parameters (Equation 6-1). Modeling was initially performed with the
assumption of no covariance between inter-individual random effects but a block
covariance matrix was subsequently explored.
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In the population pharmacokinetic analysis, the residual error model was initially
described by a combination additive and proportional error model (Equation 6-2).

Methods for Model Evaluation:
The robustness of the final model was evaluated by (a) parametric bootstrap method, (b)
leverage analysis followed by cross-validation and (c) outlier analysis.
Parametric bootstrap
In the parametric bootstrap procedure, the final model and the estimates for population
parameters were used to perform Monte-Carlo simulations of plasma ciprofloxacin
concentrations for all patients who were included in the population pharmacokinetic
analysis. These simulations included both inter-individual and intra-individual (residual)
variability components. The final model was then fit individually to each of the
simulated dataset and all population parameters were estimated. This procedure was
repeated using the SIMULATION, SUBPROBLEM feature in NONMEM and results
from 1000 successful runs were obtained. Values for median, 2.5th and 97.5th percentiles
(denoting the 95% confidence interval) for all the population parameters were calculated.
Leverage analysis and cross-validation
Leverage analysis was performed by randomly removing ten percent of the patients
without replacement. The steps involved in this procedure are outlined below.
1. Ten percent of the patients were randomly removed (without replacement) from the
complete data set to form a smaller set that contained all data from the remaining
ninety percent of the patients.
2. The final model was applied to the smaller dataset and the population
pharmacokinetic parameters were estimated.
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3. The population pharmacokinetic parameters were then used to predict plasma
concentrations in the ten percent of the patients who were randomly removed in Step
1.
4. Steps 1 through 3 were repeated 10 times with subsets of patients randomly removed
without replacement each time.
For each population pharmacokinetic parameter, the average of the ten leverage analysis
runs and the standard deviation was obtained. After completion of leverage analysis,
prediction error and absolute prediction error were calculated with predictions made in
Step 3 (referred to as cross-validation). Prediction error (PE) was calculated as ln
(predicted) minus ln (observed). Absolute prediction error was calculated by obtaining
the absolute value of prediction error.
Outlier analysis
In the outlier analysis, the final model was evaluated by deletion of outliers
concentrations with weighted residuals less than 0.5 or greater than 5).
Results:
At the conclusion of the pharmacokinetic (structural) model identification process, a two
compartment pharmacokinetic model with absorption lag time and first order absorption
was identified as the best pharmacokinetic (structural) model and was chosen for further
model building. Diagnostic plot for this pharmacokinetic (structural) model is shown in
Figure 12-2.
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The structural model identified in Run 018 was used in the construction of the base PK
model, which is presented below:
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Stepwise Covariate model building:
Covariate models were built by stepwise forward inclusion procedure. In order to
identify clinically meaningful covariates and to minimize the chances of obtaining a
statistically significant covariate by random chances, the total number of covariate
models was limited by pre-defined comparisons based on prior knowledge and clinical
interest in factors that might affect the pharmacokinetics of ciprofloxacin in the pediatric
population. The influence of age, gender, cystic fibrosis, creatinine clearance (estimated
from serum creatinine) and complicated urinary tract infection / pyelonephritis on
ciprofloxacin clearance was evaluated. The effect of age, gender and cystic fibrosis on
the central and peripheral volumes of distribution was determined and the influence of
cystic fibrosis on absorption rate constant was also determined. The results of the first
step of the stepwise forward inclusion procedure are shown in Table 8-11.

Inclusion of cystic fibrosis as a covariate for clearance resulted in the maximum decrease
(24.967 points) in the value of objective function (Table 8-11). Inclusion of this covariate
also resulted in a decrease in the estimate of inter-individual variance for ciprofloxacin
clearance from 0.130 to 0.083 (Table 8-12). The base model with the addition of cystic
fibrosis as a covariate for clearance (Run 036) will be referred to as Model 1 in the rest of
this report.
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The stepwise forward inclusion procedure was continued with Model 1 serving as the
next base model. The results of the second step of the stepwise forward inclusion
procedure are presented in Table 8-13.

Inclusion of cystic fibrosis as a covariate for absorption rate constant resulted in the
maximum decrease (15.043 points) in the value of objective function. This resulted in a
decrease in the estimate of inter-individual variance for absorption rate constant from
0.324 to 0.218 (Table 8-14). Model 1 with the addition of cystic fibrosis as a covariate
for absorption rate constant (Run 111) will be referred to as Model 2 in the rest of this
report.

47

The stepwise forward inclusion procedure was continued with Model 2 serving as the
base model. The results of the third step of the stepwise forward inclusion procedure are
presented in Table 8-15.

Inclusion of creatinine clearance as a covariate for clearance resulted in the maximum
decrease (12.751 points) in the value of objective function. This resulted in a marginal
decrease in the estimate of inter-individual variance for clearance (from 0.0771 to 0.0678,
Table 8-16). Model 2 with the addition of creatinine clearance as a covariate for
clearance (Run 203) will be referred to as Model 3 in the rest of this report.
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The fourth step of the stepwise forward inclusion procedure did not identify any
additional covariates. Therefore, Model 3 was declared as the final model and Run
203 was rerun with the covariance step.
The pharmacokinetic model fit was evaluated based on parameter estimates, standard
errors of the estimates and diagnostic plots. The parameter estimates, asymptotic
standard errors (SE), relative standard error (calculated as SE/estimate) expressed as
percentage (%RSE) and the symmetric 95% confidence intervals for the fixed and
random effect parameters are presented in Table 8-17. Symmetric 95% confidence
intervals were calculated as point estimate ± 1.96 × SE.

The final model parameter estimates were relatively precise. Further, the parameters
appeared reasonable when compared to data reported in the literature. Inter-individual
variability in pharmacokinetic parameters was calculated as the square root of interindividual variance (ω2) and was expressed as percent coefficient of variation (%CV).
Inter-individual variability ranged from 21.5 %CV (bioavailability) to 46.4 %CV
(absorption rate constant). The arithmetic mean of the different ηs used in the population
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pharmacokinetic model was not statistically significantly different from zero as indicated
by the ETABAR test in NONMEM (Table 12-2).
The combination proportional/additive residual variance model structure was stratified by
route of administration, with a shared additive term. The estimate of the proportional
residual variance for the oral data was 0.175 (~42 % CV), which may indicate some
misspecification of the oral absorption model, a greater degree of process error or lack of
information / non-compliance associated with some oral dosing studies. The estimate of
the proportional term for the intravenous variance model was 0.0763 (~28 % CV). The
estimate of the shared additive residual variance component was quite small, 0.0011 (SD
= 0.03 mg/L). Although the shared additive residual variance component was small, it
added stability to the model. Exclusion of the additive residual variance component
resulted in minimization problems. The symmetric confidence intervals for all of the
random variance terms are probably not accurate, but can still be used to judge relative
precision of these parameter estimates.
For the final model, typical diagnostic plots such as population predicted versus observed
ciprofloxacin concentration, individual predicted versus observed ciprofloxacin
concentration and weighted residual vs. predicted concentrations are shown in Figures
12-8, 12-9 and 12-10, respectively. As seen in the population predicted versus observed
ciprofloxacin concentration plot, the model is predictive but for the three outliers
observed at higher concentrations (>15 mg/L). The residuals plot shows that the weighted
residuals fall around the unity line and the smoothed line.
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Model Evaluation
Consistency of Model Parameters
In general, the population pharmacokinetic parameters were consistent with prior
knowledge about the pharmacokinetics and disposition of ciprofloxacin. For non-cystic
fibrosis patients, the population pharmacokinetic model derived equation for
ciprofloxacin clearance is shown in Equation 8-1.

Substituting a typical body weight of 70 kg for adults, and a creatinine clearance value of
7.8 L/h (130 mL/min), the typical value for ciprofloxacin clearance in adults is predicted
to be 29.4 L/h. In a previous pharmacokinetic study (D90-012-01) in healthy adults, the
geometric mean ciprofloxacin clearance following intravenous administration was
determined to be 32.5 L/h, which is in agreement with the clearance value predicted
based on the final population pharmacokinetic model of this study.
Using Equation 8-1, the clearance component associated with creatinine clearance is
estimated to be 9.83 L/h for a typical adult with creatinine clearance of 7.8 L/h (130
mL/min). The clearance component not associated with creatinine clearance (.non renal
clearance. component) is estimated to be 19.6 L/h for a typical adult weighing 70 kg.
Thus, according to the final model parameter estimates, the ratio of renal clearance to
total clearance is approximately 33%. This value is different than the reported value in
the literature indicating that renal clearance accounts for 50% of total clearance in adults.
The fact that the current population pharmacokinetic model did not precisely determine
the relative contribution of ciprofloxacin renal and nonrenal components may be
attributed to sparse sampling in a large number of pediatric patients in this study. It
should be noted that 82 % of pediatric patients provided one ciprofloxacin concentration
for the current analysis.
In the current dataset, 295 (83%) out of 357 patients had a creatinine clearance value
greater than 4.8 L/h/1.73m2 (80 mL/min/1.73m2). Fifty-eight (16%) patients had a
creatinine clearance value between 3.0 L/h/1.73m2 (50 mL/min/1.73m2) and 4.8
L/h/1.73m2 (80 mL/min/1.73m2). The estimated creatinine clearance value was less than
3 L/h/1.73m2 in 4 (1%) patients. Since a vast majority of the pediatric patients exhibited
creatinine clearance greater than 50 mL/min/1.73m2, the clinical usefulness of the final
population pharmacokinetic model is restricted to pediatric patients with mild renal
impairment (by convention creatinine clearance above 50 mL/min/1.73m2) and normal
renal function. The final model was used to estimate (by means of simulation) the
change in ciprofloxacin exposure in pediatric patients with mild renal impairment.
Simulations were performed for a typical 12-year old (body weight = 41 kg, height = 150
cm) pediatric subject. The first set of simulations was performed using a creatinine
clearance value of 5.94 L/h (which is equivalent to 7.8 L/h/1.73m2 or 130 mL/min/1.73m2
for the 12-year old subject). Plasma ciprofloxacin concentrations were simulated in 1000
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typical 12-year pediatric subjects each receiving 370-mg of ciprofloxacin by a 1-hour
intravenous infusion.
Note that the ciprofloxacin dose used for simulation was 9-mg/kg rounded to the nearest
10-mg. The second set of simulation was performed using a creatinine clearance value of
2.30 L/h (which is equivalent to 3.0 L/h/1.73m2 or 50 mL/min/1.73m2). As before,
plasma ciprofloxacin concentrations were simulated in 1000 typical 12-year old pediatric
subjects each receiving 370-mg of ciprofloxacin by a 1-hour intravenous infusion. The
individual and median simulated plasma concentrations for subjects with creatinine
clearance value of 130 mL/min/1.73m2 and for subjects with creatinine clearance value of
50 mL/min/1.73m2 are shown in Figure 12-12.

The individual simulated ciprofloxacin concentrations were analyzed in WinNonlin
(version 3.3 Pharsight Corporation) and the summary statistics for derived
pharmacokinetic parameters are shown in Table 8-18.
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From Table 8-18, it can be seen that the average ciprofloxacin simulated Cmax, AUC0-inf
and half-life values are comparable in the two groups. The average AUC0-inf was 18.51
mg×hr/L for the 130 mL/min/1.73m2 creatinine clearance group and was 23.97-mg×hr/L
for the 50 mL/min/1.73m2 creatinine clearance of group. Therefore, when compared to
pediatric subjects with normal renal function (130 mL/min/1.73m2), based on the final
population pharmacokinetic model, approximately 30% increase in exposure should be
expected in subjects with creatinine clearance of 50 mL/min/1.73m2. This prediction is
somewhat consistent with ciprofloxacin pharmacokinetic data observed in adults with
normal renal function and mild renal impairment. In adults, a 50% increase has been
reported in ciprofloxacin AUC0-inf in subjects with mild renal impairment (when
compared to normal subjects) and no substantial increase was observed in ciprofloxacin
Cmax and half-life.
Parametric Bootstrap
Following parametric bootstrap, median, 2.5th and 97.5th percentile (n = 1000) for all
parameters in the final model were calculated and are presented in Table 8-19. For easy
comparison, the parameter estimates and symmetric 95% confidence intervals from Table
8-17 are also reproduced in Table 8-19.
The median (and mean, data not shown) population parameter estimates obtained from
the parametric bootstrap procedure were generally comparable to the original parameter
estimates indicating little bias in the parameters. Further, in most cases, the 2.5th and
97.5th percentiles (denoting the 95% confidence interval) indicated good precision in
parameter estimates.
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Leverage Analysis and Cross-validation
The robustness of the final model was assessed by leverage analysis and crossvalidation. For all parameters in the final model, the average of the ten leverage analysis
runs and the standard deviation is presented in Table 8-20. Graphical representations of
the result of the leverage analysis (for all θ, diagonal ω2 and σ2) are shown in Figure 12
13 to Figure 12-31. The average values, especially for the fixed effect parameters (θ),
were comparable to the final model parameter estimates indicating that the final model
was fairly robust.
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Discussion and Conclusions
The purpose of this study was to develop a population pharmacokinetic model for
ciprofloxacin in pediatric patients. Data from six pediatric studies covering the entire
pediatric age range (3 months to 17 years) were used in this study. An allometrically
scaled (based on body weight) two-compartment model with absorption lag time and first
order absorption adequately fit the plasma concentration data. Cystic fibrosis was a
covariate that significantly influenced ciprofloxacin clearance and absorption rate
constant; cystic fibrosis patients exhibited higher ciprofloxacin clearance and smaller
absorption rate constant when compared to non-cystic fibrosis patients. In addition,
ciprofloxacin clearance was influenced by creatinine clearance.
The pharmacokinetics and disposition of antimicrobial agents have been reported to be
different in cystic fibrosis patients when compared to healthy subjects and other patient
populations. According to the final model of this study, pediatric cystic fibrosis patients
exhibit higher ciprofloxacin clearance when compared to non-cystic fibrosis patients.
Based on the final model, ciprofloxacin clearance in a typical 12-year old cystic fibrosis
patient is predicted to be 45% higher when compared to the clearance in a typical 12-year
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old non-cystic fibrosis patient, which is consistent with reports of increased ciprofloxacin
clearance in adults with cystic fibrosis.
The dosing recommendations made in Section 9 of this report strictly relate to (non-cystic
fibrosis) pediatric patients with complicated urinary tract infection. It should be noted
that, in general practice, pediatric cystic fibrosis patients receive daily doses of
ciprofloxacin that are higher than those recommended in this report for complicated
urinary tract infection. These higher doses are supported by the increased ciprofloxacin
clearance predicted for this population and are also justified by the minimum inhibitory
concentration values for microorganisms in cystic fibrosis patients.
In population analyses, especially those involving pediatric data, age is almost always
used as a continuous variable to describe the variability in clearance. When used in
population pharmacokinetic models, age is thought to reflect other physiological
variables (such as renal function and metabolism) that gradually change with age in
pediatric patients. In the primary analyses reported herein, age was used as a continuous
covariate. However, in order to fulfill the requirements of the Written Request Letter,
secondary analyses were performed in which age was used as a categorical covariate. In
these secondary analyses, patients were divided into two groups (3 months to 2 years of
age and over 2 years of age) and the relative change in ciprofloxacin clearance was
determined. The age cutoff of 2 years is supported by the fact that major physiological
changes that have the potential to affect drug disposition are mostly complete by 2 years
of age. This is also consistent with the general classification of pediatric patients in
regulatory guidance documents (infants: 1 month to 2 years and children: 2 to 12 years).
In the secondary analyses, when age was used as a categorical covariate for ciprofloxacin
clearance, the decrease in the value of objective function did not reach statistical
significance in any step of the stepwise forward inclusion procedure. Therefore,
irrespective of the use of age as a categorical or a continuous covariate, this demographic
information would not have entered the final population pharmacokinetic model.
A highly statistically significant difference in ciprofloxacin absorption rate constant in
pediatric patients with cystic fibrosis is consistent with reports in the literature regarding
malabsorption of drugs and nutritional supplements in this population. The
gastrointestinal pH is different in pediatric cystic fibrosis patients and is generally
considered to be the reason for altered pharmacokinetic profile of drugs in cystic fibrosis
patients.
In adults, renal clearance accounts for approximately 50% of total ciprofloxacin clearance
and ciprofloxacin pharmacokinetics are sufficiently altered in subjects with moderate
renal impairment (creatinine clearance value less than 50 mL/min or 3 L/h) and severe
renal impairment to warrant dose adjustment. In the current dataset, 295 out of 357
patients had creatinine clearance values greater than 4.8 L/h/1.73 m2 (80 mL/min/1.73
m2). Fifty-eight patients had creatinine clearance between 3.0 L/h/1.73 m2 (50
mL/min/1.73 m2) and 4.8 L/h/1.73m2 (80 mL/min/1.73 m2). The estimated creatinine
clearance value was less than 3 L/h/1.73 m2 in 4 patients. Therefore, the utility of the
final model is restricted to creatinine clearance values above 3.0 L/h/1.73 m2 (50
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Reviewer’s Comments:
1. The POPPK analysis identified three significant covariates, namely, body weight,
creatinine clearance and presence of cystic fibrosis in patients. The effect of cystic
fibrosis on the absorption rate constant was also found to be a significant factor.
2. The applicant used body weight as a covariate with an allometric exponent of 0.75 for
clearance parameters based on literature. Instead of this, the applicant should have
estimated the allometric exponent, which would have ensured correct estimation of
the effect of body weight on clearance.
3. The applicant used a base model comprising of body weight as a covariate. Several
covariates such as age were tested using this base model. This approach is not
optimal, since age and body weight are inter-related and so using a base model with
body weight fails to distinguish the effect of age on clearance. Instead, the applicant
should have tested the effect of age on the base model without body weight.
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APPENDIX III:
PEDIATRIC STUDY DECISION TREE
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1. Is it reasonable to assume that pediatric patients are similar to adults with
regard to disease progression? Would you expect a similar response to
intervention?
Yes. Pediatric patients are similar to adults with regard to disease progression in cUTI
and acute pyelonephritis. A similar response to intervention is expected.
2. Is it reasonable to assume similar concentration-response (C-R) in pediatrics and
adults?
Yes. Based on the similarity in disease progression in adults and pediatric patients and
also based on the minimum inhibitory concentration (MIC) levels for the organisms
causing the infection being similar, achieving similar exposure in adults and pediatric
patients should be predictive of the efficacy of ciprofloxacin.
3. Has the sponsor conducted PK studies to achieve levels similar to adults and has
the applicant conducted safety trials?
Yes. The sponsor has conducted a population PK analysis using data generated in 6
studies in pediatric patients with a variety of infection diagnoses. In addition, the sponsor
has conducted an efficacy trial to determine the efficacy of ciprofloxacin in the treatment
of cUTI and acute pyelonephritis in pediatric patients. Also, the sponsor has conducted a
long-term observational safety study to determine the safety profile of ciprofloxacin in
pediatric patients.
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