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Clinical Pharmacology and Biopharmaceutics recommends adopting the proposed
language for the labeling.

Page 1 of 65

Clinical Pharmacology Review NDA 19,851, Lotensin
Elena V. Mishina

__________________________
Elena Mishina, Ph. D.
Clinical Pharmacology Reviewer

10/16/2003

Date________________

__________________________
Patrick Marroum, Ph. D.
Cardio-Renal Team Leader
CPB Briefing was held on October 9, 2003
Attendees:
cc list: NDA 21,437, MehulM, MarroumP, MishinaE, HFD 110 BIOPHARM

Page 2 of 65

Clinical Pharmacology Review NDA 19,851, Lotensin
Elena V. Mishina

3
3.1

10/16/2003

EXECUTIVE SUMMARY
Background

NDA 19,581 for Lotensin (benazepril hydrochloride) tablets was approved in 1991.
Benazepril and benazeprilat (active metabolite) inhibit angiotensin-converting enzyme
(ACE). ACE inhibitors such as captopril and enalapril are widely used in clinical practice
to treat children with hypertension. ACE inhibitors have become primary agents for
pharmacologic therapy of hypertension because they reduce blood pressure (BP) and
have a favorable hemodynamic profile. Lotensin® (benazepril hydrochloride) has been
approved for the treatment of hypertension in the adult human population.
The applicant is seeking to obtain Pediatric Exclusivity for Lotensin, to evaluate the
(b) (4)
efficacy
of benazepril in pediatric population, and to provide the labeling
changes related to the benazepril use in children. The recommended starting dose of
(b) (4)
Lotensin (benazepril HCl) in children is 0.2 mg/kg
once
daily. Dosage should be adjusted according to blood pressure response.
3.2

Current Submission

With this Application, NDA 19,851 SE5-028, the sponsor included 4 studies. These were:
Study Protocol US02 “A Pharmacokinetic Study to Assess the Comparative
Bioavailability of a Pediatric Formulation of Lotensin (10 mg oral suspension) vs
Lotensin (10 mg) Tablets”,
Study Protocol US03A1 “A single center, single dose, open-label study to
evaluate the pharmacokinetics of benazepril in pediatric subjects”,
Study Protocol US03 “A multicenter open-label, steady state study to evaluate the
pharmacokinetics of benazepril in pediatric subjects”, and
Study Protocol US01 “A multicenter study to evaluate the pharmacokinetics,
dose-response, efficacy, and safety of benazepril in pediatric subjects”.
Study US02 compared a pediatric formulation of benazepril with the currently marketed
tablet formulation in healthy adults. Lotensin ® (10 mg) administered orally as an
extemporaneously compounded suspension was compared to Lotensin ® (10 mg)
administered in tablet formulation. For benazepril, the 90% CI for the ratio of Cmax,
AUC(0-t), and AUC(0-inf) were 86.72%- 111.95%, 84.38%-101.84%, and 81.48%
99.55%, respectively. For benazeprilat, the 90% CI for the ratio of Cmax, AUC(0-t), and
AUC(0-inf) were 88.94%-112.49%, 90.8%-106.49%, and 89.69%-104.47%, respectively.
Therefore, the 90% CI for geometric mean ratios of natural-log transformed Cmax,
AUC(0-t), and AUC(0-inf) were all within the 80%-125% range and the test and
reference formulations were found to be bioequivalent with respect to both benazepril
and benazeprilat.
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The pharmacokinetics of benazepril and its active metabolite benazeprilat was
determined following the administration of a single oral dose of benazepril hydrochloride
in pediatric subjects (Study US03a1). Healthy subjects received the dose of Lotensin as a
suspension (age range from 0.7 to 5.5 years) or a 5 or 10 mg tablet (age range from 6.5 to
16.9 years). The dose was individualized in the range of 0.1-0.5 mg/kg. The mean CL
values of benazepril for all four pediatric groups were: 2.1, 3.8, 2.1, and 2.9 L/hr/kg
respectively. These CL values were larger but of the same order of magnitude as
calculated for adults after a 10 mg of Lotensin, Study US02 (1.45 L/hr/kg). The mean CL
values for benazeprilat for all four pediatric groups were: 0.284, 0.364, 0.258, and 0.169
L/hr/kg. These CL values were larger than calculated for adults (0.132 L/hr/kg). The
group of school age children had benazeprilat clearance twice faster than adults and
adolescents’ clearance values were 27% larger than the adults’ clearance values.
Study US03 determined the pharmacokinetic of benazepril in pediatric patients at steady
state. Four plasma samples were taken per patient at the specified time window of 4 hours
covering the interval of 24 hours after dosing at Day 5. Population modeling was
performed on the sparse plasma concentrations data separately for benazepril and
benazeprilat. The sponsor concluded that the only significant covariate affecting
clearance for both benazepril and benazeprilat is age. The model development is lacking
the important part of model validation: after covariate adding one by one into the model,
the sponsor did not perform deletion of the covariates from the model which was
assumed to be final. Therefore, the appropriateness of the final model is not convincing.
The graphic exploration of the data by the reviewer indicates that clearance depends on
body weight. Body weight corrected clearance of benazepril was 10.7, 9.3, 6.3, and 3.4
L/hr/kg for each of four pediatric groups respectively. These values are higher than the
same values calculated for the healthy children and for adults and are in agreement with
the lower plasma concentrations profiles of benazepril found in the pediatric patients in
comparison with healthy children. Therefore, the same dose of Lotensin produced lower
exposure to benazepril in pediatric patients compared to healthy children and adults.
Given the wide therapeutic index of benazepril, there will be no safety concern to use this
drug in pediatric patients. Body weight corrected clearance of benazeprilat was 0.209,
0.363, 0.351, and 0.166 L/hr/kg for each of four pediatric groups respectively. These
values were comparable with the same for healthy children. The plasma benazeprilat
profiles were similar for both studies in pediatric patients and healthy children. The
exposure to benazeprilat is about 10 times larger than the exposure to benazepril.
Additionally, benazeprilat is much more potent ACE inhibitor benazepril. Therefore,
although the exposure to benazepril was found to be smaller in pediatric patients, it might
not compromise the efficacy of Lotensin.
The efficacy of Lotesin issue will be assessed by the MO.
The report of Study US01 did not include any of the pharmacokinetic data because the
sponsor was not able to collect plasma samples from the patients in this study.
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QUESTION BASED REVIEW
General Attributes

Was the pediatric exclusivity granted for this sNDA?
Yes. This sNDA was performed in agreement with the guidelines for clinical
investigations in pediatric subjects. This submission fulfills the requirements described in
the Written Request and the pediatric exclusivity was granted to the sponsor.
What is the proposed mechanism of action and therapeutic indication?
Benazepril (Lotensin ®) is an angiotensin converting enzyme inhibitor (ACE inhibitor).
ACE inhibitors act by selectively inhibiting the conversion of angiotensin I to angiotensin
II by inhibition of angiotensin converting enzyme. The effects of decreased levels of
angiotensin II include vasodilation and decreased retention of sodium and water.
Lotensin® is marketed in the US for the treatment of hypertension in adults.
What are the general pharmacokinetic properties of Lotensin?
In adults, approximately 37% of orally administered benazepril is rapidly absorbed and
subsequently metabolized in the liver to its active form, benazeprilat. Both benazepril and
benazeprilat are glucuronidated and excreted in the urine and bile. Peak concentrations of
benazeprilat are observed approximately one to two hours following drug administration,
with the plasma half- life being 10–11 hours. Only trace amounts of an administered dose
of Lotensin can be recovered in the urine as unchanged benazepril, while about 20% of
the dose is excreted as benazeprilat, 4% as benazepril glucuronide, and 8% as
benazeprilat glucuronide.
The serum protein binding of benazepril is about 96.7% and that of benazeprilat about
95.3%, as measured by equilibrium dialysis; on the basis of in vitro studies, the degree of
protein binding should be unaffected by age, hepatic dysfunction, or concentration (over
the concentration range of 0.24-23.6 µmol/L).
What is the approved dosage and administration?
Benazepril is currently available in 5, 10, 20, and 40 mg tablet form. Common adult
dosages of Lotensin range from 5 to 80 mg daily (single or divided dosage). The
recommended initial dose for patients not receiving a diuretic is 10 mg QD. The usual
maintenance dosage range is 20-40 mg per day administered as a single dose or in two
equally divided doses.
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Pharmacokinetic Studies in Pediatric Patients

Were there the correct moieties identified and measured to assess clinical
pharmacology?
Yes. Benazepril and benazeprilat concentrations were quantified in plasma using electro
spray ionization (ESP-HPLC/MS/MS) method.
Within-study assay validation was performed by analysis of QC samples together with
the study samples. The limit of quantitation for both benazepril and benazeprilat was 0.5
ng/mL. The inter-day and intra-day variability were satisfactory, chromatograms were
shown.
What are the exposure-response relationships for efficacy and safety?
The following pharmacodynamic (PD) parameters were measured at baseline and after
drug administration in children: systolic and diastolic blood pressure, its difference, and
heart rate. However, the sponsor did not seek to establish any relationship between
benazepril and benazeprilat plasma concentrations and response.
Are the pharmacokinetics of benazepril and benazeprilat in children and adults similar?
The pharmacokinetics of benazepril and its active metabolite benazeprilat was
determined following the administration of a single oral dose of benazepril hydrochloride
in pediatric subjects (Study US03a1). Healthy subjects received Lotensin as a suspension
(age range from 0.7 to 5.5 years) or a 5 or 10 mg tablet (age range from 6.5 to 16.9
years). The dose was individualized and ranged from 0.1 to 0.5 mg/kg. The mean CL
values of benazepril for all four pediatric groups were: 2.1, 3.8, 2.1, and 2.9 L/hr/kg
respectively (Table 1). These CL values were larger but of the same order of magnitude
as calculated for adults after a dose of 10 mg of Lotensin (Study US02, 1.45 L/hr/kg).
Table 1. Comparison of CL values from Studies US02, US03, and US03a1
Parameter

Infants and
toddlers
(1 to 24 months)

Pre-school
Children
(>2 to 6 years)

School-age
children
(>6 to 12 years)

Adolescent
(>12 to 16 years)

Adults
(32±7 years)

9.3 ± 3.2

6.3 ± 2.8

3.4 ± 0.8

1.45c

2.1 ± 3.9

3.8 ± 1.3

2.2 ± 0.7

2.9 ± 2.1

BW-corrected CL* (L/h/kg)a

0.209 ± 0.188

0.363 ± 0.107

0.351 ± 0.203

0.166 ± 0.05

b

0.284 ± 0.114

0.365 ± 0.078

0.258 ± 0.073

0.169 ± 0.057

Benazepril
BW-corrected CL* (L/h/kg) a 10.7 ± 3.5
BW-corrected CL* (L/h/kg)

b

Benazeprilat

BW-corrected CL* (L/h/kg)

*body weight-corrected CL, calculated as CL/BW (L/h/kg)
a
studyUS03
b
study US03A1
c
study US02
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The mean CL values for benazeprilat for all four pediatric groups were: 0.284, 0.364,
0.258, and 0.169 L/hr/kg, respectively. These CL values were larger than calculated for
adults (0.132 L/hr/kg). The group of school age children had benazepril clearance twice
faster than adults and adolescents’ clearance values were 27% larger than adults’
clearance values.
Body weight corrected clearance of benazepril in pediatric patients (Study US03)
estimated with NONMEM was 10.7, 9.3, 6.3, and 3.4 L/hr/kg for each of the four
pediatric groups respectively. These values are higher than the same values calculated for
the healthy children and for adults and are in agreement with the slightly lower plasma
concentrations profiles of benazepril found in the patients in comparison with healthy
children.
Body weight corrected clearance of benazeprilat (Study US03) was 0.209, 0.363, 0.351,
and 0.166 L/hr/kg for each of the four pediatric groups respectively. These values were
comparable with the same for healthy children. The plasma benazeprilat profiles were
similar for both studies in pediatric patients and healthy children.
Were the plasma profiles for benazepril and benazeprilat comparable for pediatric
patients and healthy children?
Figures 1 and 2 represent benazepril plasma concentrations measured after a single dose
in healthy children, and at steady state in pediatric patients (6 to 16 years of age),
respectively. The doses (calculated in mg/kg of BW) used in these studies were similar.
The patients had higher body weight than healthy subjects. Additionally, one could
expect a slight (R=1.19) accumulation of benazepril after multiple dosing. Nevertheless,
the plasma profiles of benazepril look similar although slightly higher in Figure 1 (in
accordance with lower clearance values obtained for the healthy children).

Benazepril PLasma Concentrations, ng/mL

Benazepril Plasma Concentrations
after a Single Dose in Children 6-16 years old

100

10

1
0

Figure 1.
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Benazepril Plasma Concentrations, ng/mL

Benazepril Plasma Concentrations
at Steady State in Children 6-16 years old
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Figure 2.
Therefore, the same dose of Lotensin produced slightly lower exposure in pediatric
patients to benazepril than healthy children and adults. After the dosing with Lotensin,
the exposure to benazeprilat is about 10 times larger than the exposure to benazepril.
Additionally, benazeprilat is much more potent ACE inhibitor than benazepril. Therefore,
although the exposure to benazepril was found to be smaller in pediatric patients, it might
not compromise the efficacy of Lotensin.
Were the population pharmacokinetic data analyses for benazepril and benazeprilat
performed appropriately?
No. Study US03 determined the pharmacokinetic of benazepril in pediatric patients at
steady state. Four plasma samples were taken per patient at the specified time window of
4 hours covering the interval of 24 hours after the dose on Day 5. Population modeling
was performed on the sparse plasma concentrations data separately for benazepril and
benazeprilat. The sponsor concluded that the only significant covariate affecting
clearance for both benazepril and benazeprilat is age. The model development is lacking
the important part of model validation: after covariate adding one by one into the model,
the sponsor did not perform deletion of the covariates from the model which was
assumed to be final. Therefore, the appropriateness of the final model was not
convincing.
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Benazepril CL vs BWT
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The graphic exploration of the data by the reviewer indicates that clearance depends on
the body weight.
What dosage regimen is recommended based on the data obtained for the pediatric
population?
The sponsor recommended a starting dose
for hypertensive patients
aged 6 to 16 years based on the placebo-controlled double-blind clinical study.
(b) (4)
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APPENDIX

6.1
6.1.1

Review of Individual Studies
A Pharmacokinetic Study to Assess the Comparative Bioavailability of a
Pediatric Formulation of Lotensin (10 mg oral suspension) vs Lotensin (10
mg) Tablets (US02)

Investigator(s): Magdy Shenouda, MD, MDS Pharma Services, 105 Neptune Blvd.,
Neptune, New Jersey 07754
Study period: First subject dosed 07-Dec-01
Last subject completed 17-Dec-01
Objectives: To assess the bioavailability of an extemporaneously compounded
suspension of Lotensin compared with Lotensin tablets following a single 10 mg dose,
administered in the fasted state.
Design: This was a single dose, randomized, open-label, two-way crossover study. For
the first study period, the subjects were randomly assigned to receive a single 10 mg dose
of Lotensin (either two 5 mg tablets or 5 mL of an oral suspension (2 mg/mL)
formulation) after an overnight fast. The alternate product was administered during the
subsequent study period. Dosing for each study period was separated by a minimum
seven-day washout interval.
Sampling: A total of 14 blood samples were collected through the 72-hour postdose
interval during each study period. A total of 28 blood samples (56 mL of blood) were
drawn during the study for Lotensin analysis. The subjects were confined to the clinic
during each study period through collection of the 24-hour postdose blood collection and
returned for events as scheduled through 72 hours.
Number of subjects: A total of 30 subjects were enrolled in and completed the study.
Treatments Administered:
Investigational drug: 5 mL Lotensin ® oral suspension (2 mg/mL) prepared from five
Lotensin ® 20 mg tablets (Novartis), Mfg. Code: 201E1307, Expiration date: Sep 2006;
Ora-Sweet TM , (Paddock Labs, Inc., Minneapolis, MN) Lot No. 182963, Expiration
date: April 2003; and Ora-Plus TM solution (Paddock Labs, Inc., Minneapolis, MN), Lot
No. 193011, Expiration date: April 2003.
Comparator Drug: Lotensin ® 5 mg tablets (Novartis Pharmaceuticals), Mfg. Ref. Code:
112E7963, Expiration date: March 2004.
Preparation of Suspension (for 150 mL of a 2.0 mg/mL suspension)
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Add 75 mL of Ora-Plus®* oral suspending vehicle to a polyethylene terephthalate (PET)
bottle containing fifteen Lotensin® 20 mg tablets, and shake for at least 2 minutes. Allow
the suspension to stand for a minimum of 1 hour. After the standing time, shake the
suspension for a minimum of 1 additional minute. Add 75 mL of Ora-Sweet®* oral
syrup vehicle to the bottle and shake the suspension to disperse the ingredients. The
suspension should be refrigerated at 2-8 °C (36-46 °F) and can be stored for up to 30 days
in the PET bottle with a child-resistant screw-cap closure. Shake the suspension before
each use.
Duration of treatment: For the first study period, the subjects were randomly assigned
to receive a single 10 mg dose of Lotensin (either two 5 mg tablets or 5 mL of an oral
suspension (2 mg/mL) formulation) after an overnight fast. The alternate product was
administered during the subsequent study period. Dosing for each study period was
separated by a minimum seven-day washout interval. All investigational drug supplies
were stored in a secured and temperature-controlled area that had restricted access. The
clinical site was responsible for study drug administration and inventory.
Pharmacokinetic evaluations: The pharmacokinetics of benazepril and benazeprilat
were assessed by measuring serial plasma concentrations following the test and reference
treatments.
The following pharmacokinetic parameters were calculated from the concentration-time
data for benazepril and benazeprilat for all subjects.
AUC(0-inf) = AUC(0-t) + Ct/Kel, where Kel is the terminal elimination rate constant.
AUC(0-t)/ AUC(0-inf) Ratio of AUC(0-t) to AUC(0-inf). Also referred to as AUCR.
Cmax
Maximum observed drug concentration.
Tmax
Time of the maximum drug concentration (obtained without
interpolation).
Kel
Terminal elimination rate constant calculated by linear regression of the
terminal linear portion of the ln concentration vs. time curve.
T1/2
Elimination half-life calculated as ln(2)/Kel.
Relative bioavailability was evaluated based on 90% confidence intervals (CI) of the ratio
of product means for ln(Cmax), ln[AUC(0-t)], and ln[AUC(0-inf)] being within the range
of 80 to 125%.
Statistical methods: Descriptive statistics were computed for the pharmacokinetic
parameters and concentration data. Pharmacokinetic parameters AUC(0-inf), AUC(0-t),
Cmax, and Tmax were compared between the test treatment (5 mL Lotensin oral
suspension 2 mg/mL, Treatment A) and the reference treatment (2 x 5 mg Lotensin
tablets, Treatment B). With the exception of Tmax, the statistical analysis using ANOVA
was based on natural log-transformed pharmacokinetic parameters. The analysis model
contained sequence, formulation, and period as fixed factors and subject (nested in
sequence) as a random factor. The ratio of treatment means on the original scale was
estimated, along with its 90% confidence interval (CI), by the anti-log of the difference in
least squares means on the log scale for AUC(0-t), AUC(0-inf), and Cmax. For Tmax, the
ratio of treatment means and 90% CI were estimated on the original scale. Relative
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bioavailability of the test formulation was evaluated based on the 90% CI of AUC(0-t),
AUC(0-inf), and Cmax being within the 80% to 125% range.
Results:
Four subjects in this trial were female and the remaining 26 subjects were male. Of these
30 subjects, 21 subjects were Black, six were Caucasian, and three were Hispanic. Three
subjects had a large body frame size, 23 subjects had a medium frame size, and four
subjects had a small frame size. Demographic and baseline characteristics are shown in
Table 3.
Table 3. Demographic and Baseline Characteristics

Bioanalytical assay
Within-study assay validation was performed by analysis of QC samples together with
the study samples. The limit of quantitation was 0.5 ng/mL.
Benazepril
High range: The mean value for all calibration standards met the guideline for accuracy +
15%, ranging from 98.3% at 100 ng/ml, to 103% at 25.0 ng/rnl. The precision, expressed
as the Relative Standard Error (%RSD), ranged from 4.43% at 300 ng/ml, to 9.32% at
100 ng/mt was also within industry + 15% guideline for precision. The mean correlation
coefficient was found to be 0.9960.
Low range: The mean value for all calibration standards met the guideline for accuracy +
15%, ranging from 94.6% at 25.0 ng/ml, to 105% at 2.50 and 5.00 ng/ml. The precision,
expressed as the Relative Standard Error (%RSD), ranged from 4.59% at 1.00 ng/ml, to
8.13% at 0.500 ng/ml was also within industry + 15% guideline for precision. The mean
correlation coefficient was found to be 0.9954.
Benazeprilat
High range: The mean value for all calibration standards were found to have accuracy,
ranging from 96.1% at 300 ng/ml, to 107% at 100 ng/ml. The precision, expressed as the
Relative Standard Error (%RSD), ranged from 6.89% at 100 ng/ml, to 9.55% at 25.0
ng/ml was also within industry + 15% guideline for precision.
Low range: The mean value for all calibration standards were found to have accuracy,
ranging from 96.4% at 0.500 ng/ml, to 104% at 10.0 ng/ml. The precision, expressed as
the Relative Standard Error (%RSD), ranged from 6.91% at 5.00 ng/ml, to 10.8% at
0.500 ng/ml was also within industry + 15% guideline for precision.
Table 2. Inter-Day Accuracy and Precision Measurements for Benazepril
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Pharmacokinetics:
The arithmetic means and standard deviations of benazepril pharmacokinetic parameters
and statistical comparisons of Tmax and ln-transformed parameters Cmax, AUC(0-t), and
AUC(0-inf) following Treatments A and B are summarized in the following Table 4.
Table 4.

The geometric mean ratios of AUC(0-t) and AUC(0-inf) were 92.70% and 90.06%,
respectively, indicating that benazepril from the oral suspension had similar extent of
absorption compared to the reference tablet formulation. The geometric mean ratio of
Tmax was 79.39%, with 90% CI of 63.85% - 94.86%, indicating marginally faster
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achievement of peak plasma concentrations for the suspension; however, at a geometric
mean ratio of 98.53% for Cmax the peak benazepril concentrations were practically
identical between the two formulations. The 90% CI for the ratio of Cmax, AUC(0-t),
and AUC(0-inf) were 86.72%- 111.95%, 84.38%-101.84%, and 81.48%-99.55%,
respectively, and therefore were all within the 80% to 125% range required for the
conclusion of equivalent bioavailability.
Therefore, benazepril has a very similar pharmacokinetic profile when administered as an
oral suspension compared to when administered as an oral tablet. Benazepril from an oral
suspension had similar extent of absorption compared to the reference tablet formulation.
Despite the shorter time to reach maximum benazepril concentrations, peak benazepril
concentrations were practically identical between the two formulations. The 90% CI for
the ratio of Cmax, AUC(0-t), and AUC(0-inf) were within the 80% to 125% range
required for the conclusion of equivalent bioavailability.
The arithmetic means and standard deviations of benazeprilat pharmacokinetic
parameters and statistical comparisons of Tmax and ln-transformed parameters Cmax,
AUC(0-t), and AUC(0-inf) following Treatments A and B are summarized in the
following Table 5.
Table 5.

The geometric mean ratios of benazeprilat Cmax, AUC(0-t), and AUC(0-inf) were
100.0%, 98.20%, and 96.80%, respectively, indicating that formation of benazeprilat
following benazepril administration as an oral suspension occurred at a similar rate and
similar extent compared to that following the reference tablet formulation. The 90% CI
for the ratio of Cmax, AUC(0-t), and AUC(0-inf) were 88.94%-112.49%, 90.8%106.22%, and 89.69%-104.47%, respectively, and therefore were all within the 80% to
125% range required for the conclusion of equivalent bioavailability. The geometric
mean ratio of benazeprilat Tmax was 121.35%; however, the 90% CI was 92.82% -
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149.87% indicating that the slight prolongation in time to peak was not statistically
significant.
Therefore, formation of benazeprilat following benazepril administration as an oral
suspension occurred at a similar rate and similar extent compared to that following
reference tablet formulation. The 90% CI for the ratio of Cmax, AUC(0-t), and AUC(0
inf) were 88.94%-112.49%, 90.8%-106.49%, and 89.69%-104.47%, respectively, and
therefore were all within the 80% to 125% range required for the conclusion of
equivalent bioavailability.
Conclusions: Lotensin ® (10 mg) administered orally as an extemporaneously
compounded suspension appeared to be safe and well tolerated by this normal healthy
population compared to Lotensin ® (10 mg) administered in a tablet formulation.
The test and reference formulations have been shown to exhibit similar bioavailability
with respect to both benazepril and benazeprilat. The 90% CI for geometric mean ratios
of natural-log transformed Cmax, AUC(0-t), and AUC(0-inf) were all within the 80%
125% range required for the conclusion of equivalent bioavailability. Although Tmax
values were different between the 2 formulations, the temporal differences were very
small for benazepril, and not statistically significant for benazeprilat.
Comments:
1.

The sponsor has adequately performed a study to compare the Lotensin ® (10
mg) administered orally as an extemporaneously compounded suspension
with Lotensin ® (10 mg) administered in tablet formulation. These
formulations were bioequivalent both with respect to AUC and Cmax of
benazepril (parent drug) and benazeprilat (active metabolite). This
formulation appeared to be plausible to use in children and other patients who
are unable to swallow the tablet.
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A single center, single dose, open- label study to evaluate the
pharmacokinetics of benazepril in pediatric subjects (US03a1)

Investigators: Samuel W. Boellner, MD
Study center: Clinical Study Centers, 9601 Lile Drive, Little Rock, Arkansas
Study period: First patient enrolled: 09 Sept. 2002 Last patient completed: 29 Sept. 2002
Objectives: To determine the pharmacokinetics of benazepril and its active metabolite
benazeprilat following the administration of a single oral dose of benazepril
hydrochloride in pediatric subjects.
Study Design: This single center, open- label, single- dose study consisted of a screening
visit, a baseline visit and a 24- hour pharmacokinetic sampling period. The study
included 6 infants/ toddlers (1 to 24 months), 8 pre-school children (> 2 to 6 years), 8
school-age children (> 6 to 12 years), and 8 adolescents (> 12 to 16 years). At the
screening visit (Visit 1) each subject had a medical history taken, a physical examination
was performed that included assessment of vital signs, the use of prescription and overthe- counter medications was assessed, specimens were collected (non- fasting) for
laboratory evaluations (hematology, chemistry, urinalysis) and urine drug and alcohol
screens, an electrocardiogram (ECG) was performed, and had a pregnancy test, if
indicated. Following review of the results of the screening evaluations, an eligible subject
returned for the baseline visit. At this visit, the subject was re- evaluated using the study
inclusion/ exclusion criteria, vital signs were taken, specimens were obtained for urine
drug and alcohol screens, an ECG was performed, and a pregnancy test was performed, if
indicated. Following an overnight fast, each subject received a single dose of benazepril.
Immediately before dosing and at 0.5, 1, 2, 3, 4, 8, 12, and 24 hours after dosing the
subject provided 1.0 mL blood samples which were analyzed for benazepril and
benazeprilat. Subjects continued to fast for 2 hours after dosing. Vital signs were
measured at each sampling time. After the 12-hour assessments, subjects could be
discharged to local accommodations. Each subject was evaluated at the study site at 24
hours post dose and had a physical examination that included assessment of vital signs,
provided a blood sample for laboratory evaluations, and had an ECG performed.
Number of patients: Planned, 30. Recruited, 30. Analyzed: 30 (infants/ toddlers 6; pre
school children 8; school- age children 8, adolescents 8).
Investigational drug: Benazepril tablets (Lotensin ® for oral administration: 5 mg
tablet, lot number 0083005930, batch number 119G8953; 10 mg tablet, lot number
0083006330, batch number 028G4621; 20 mg tablet, lot number 0083007930, batch
number 038G4601). For subjects 6 years of age the dose was 0. 2 – 0.5 mg/ kg
administered as a suspension prepared from the 20 mg tablets, and for subjects > 6 to 16
years of age the dose was 0.1 - 0. 5 mg/ kg (administered as a 5 mg or 10 mg tablet).
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The dose of benazepril was 0.2 to 0.5 mg/ kg for subjects younger than 6 years of age and
was 0.1 to 0.5 mg/ kg for subjects over 6 years of age (Table 1).
Table 1. Benazepril dosage by age group

Reference therapy: None
Duration of treatment: Single oral dose of benazepril followed by a 24-hour assessment
period.
Statistical methods: Background and demographic variables were summarized using
descriptive statistics for each age group and for all age groups combined.
For benazepril and benazeprilat, the following pharmacokinetic parameters were
estimated from the concentration- time data over the 24- hour post- dose period for each
age group and for all age groups combined: AUC0- 24 (area under the plasma
concentration- time curve from 0 to 24 hours), AUC0- inf (area under the plasma
concentration- time curve from time zero to infinity), Cmax (observed maximum plasma
concentration), Tmax (time to maximum plasma concentration), ke (elimination rate
constant), t1/ 2 (terminal half- life), CL/ F (apparent clearance), and CL/ F/ wt (apparent
clearance normalized for body weight). For each parameter except Tmax, descriptive
statistics were calculated (arithmetic mean, standard deviation, geometric mean,
minimum, median, and maximum) and 90% confidence intervals. For Tmax, only the
median and range were computed. For each pharmacokinetic parameter except Tmax,
90% confidence intervals for the differences between age groups were computed.
RESULTS
Demographics:
The demographic characteristics of subjects in each age group are summarized in Table
2. The mean age, height, and weight of subjects increased across age groups. The
majority of subjects were Caucasian (90%) and male (56.7%).
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Table 2. Demographic and background characteristics by age group, safety population

Pharmacokinetics:
Benazepril
The estimates of the benazepril pharmacokinetic parameters derived from the plasma
concentration vs. time values for each age group are given in Table 3.
Table 3. Mean (standard deviation) of benazepril pharmacokinetic parameters by age
group
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A scatterplot of the weight normalized oral clearance values for each subject in each age
group are given in Figure 1.
Figure 1. Scatter plot of weight norlmalized benazepril oral clearance (CL/ F/ wt) versus
age

Table 4 demonstrates the comparison of pharmacokinetic parameters estimated for each
age group of children with calculation of the 90% confidence intervals.
Table 4. Age group comparisons of benazepril pharmacokinetic parameters

A plot of plasma concentrations of benazepril vs time in children 6 to 16 years of age is
shown below.
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Benazepril PLasma Concentrations, ng/mL

Benazepril Plasma Concentrations
after a Single Dose in Children 6-16 years old
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Figure 2. Benazepril plasma concentrations vs time in healthy children of 6 to 16 years of
age.
In all four age groups, maximum concentrations of benazepril were achieved rapidly,
with median Tmax values ranging from 0.53 to 0.73 hours (overall mean of 0.55 hours),
indicating rapid absorption and/ or metabolism of benazepril. Similar values of 0.5 to 1
hours have been reported in adults.
Mean terminal half-life values of benazepril were small in all four age- groups, ranging
from 0.4 to 1.4 hours (overall mean, 0.82 hours), suggesting rapid elimination. Similar
values of 0.8 hours have been reported in adults. Mean oral clearance values of
benazepril were 4.38, 3.79, 2.20, and 2.94 L/h/kg for the infant/ toddler, preschool,
school-age and adolescent groups, respectively.
BENAZEPRILAT
The estimates of the benazeprilat pharmacokinetic parameters derived from the plasma
concentration- time values for each age group are given in Table 5 below for all
pharmacokinetic variables.
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Table 5. Mean (standard deviation) of benazeprilat pharmacokinetic parameters by age
group

A plot of plasma concentrations of benazeprilat vs time in children 6 to 16 years of age is
shown below.

Benazeprilat Plasma Concentrations, ng/mL

Benazeprilat Plasma Concentrations
after a Single Dose in Children 6-16 years old
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Figure 2. Benazeprilat plasma concentrations vs time for children of 6 to 16 years of age.
A scatter plot of the weight normalized oral clearance values for each subject in each age
group are given in Figure 3.
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Figure 3. Scatter plot of weight norlmalized benazeprilat oral clearance (CL/ F/ wt)
versus age
Table 6. Age group comparisons of benazeprilat pharmacokinetic parameters

In all four age groups the maximum concentrations of benazeprilat were achieved rapidly
(median Tmax values ranging from 1 to 2 hours for the four age groups), with similar
values reported in adults (1 to 2 hours). The mean terminal half-life (t1/2) values ranged
from 4.8 to 5.6 hours, approximately two- fold less than values reported in adults (10 to
11 hours). Mean oral clearance values of benazeprilat were 0.284, 0.65, 0.259, and 0.169
L/h/kg in the infant/ toddler, preschool, school-age, and adolescent groups, respectively.
The confidence intervals for the differences between all age group pairs were wide and
outside the 80 to 125% limit for equivalence for all pharmacokinetic parameters
(including Cmax, dose- normalized AUC, CL/F/wt and t1/2) of both benazepril and
benazeprilat. Therefore, it cannot be concluded that the Cmax, AUC, oral clearance or
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terminal half- life values are equivalent between any age- group pair for both benazepril
and benazeprilat. This inability to demonstrate equivalency is possibly due to the low
number of subjects studied coupled with the large variability in the data. There was a
slight trend noted toward lower clearance (and greater AUC0-inf) of benazeprilat with
increasing age. For example, mean apparent clearance values decreased with increase in
age from 284, 365, 258, to 169 mL/h/kg for infant/ toddler, preschool, school and
adolescent age- groups, respectively. Mean dose- normalized AUC0-inf values increased
with increase in age from 4128, 2849, 4176 to 6592 ng·h/mL/mg·kg for infant, toddler,
preschool, school age and adolescent groups, respectively. Previous studies in adults have
found higher dose-normalized AUC0-inf values of approximately 10,000 ng·h/mL/mg·kg
for benazeprilat, which is consistent with this trend. Potential reasons for this trend could
be age-related differences in absorption, metabolism, distribution or elimination. It
cannot be concluded that the Cmax, AUC, oral clearance or terminal half- life values are
similar between any age-group pair for both benazepril and benazeprilat due to the wide
confidence intervals. There was a slight trend noted toward lower clearance (and greater
AUC0-inf) of benazeprilat with increasing age.
Comments:
1.

A single dose pharmacokinetic study was conducted in normal pediatric
volunteers aged from 0.7 to <16 years following daily oral administration of
0.1 to 0.5 mg/kg benazepril HCL.

2.

The mean CL values of benazepril for school age children (6 to 12 years old)
and adolescents (12 to 16 years old) were: 2.1 and 2.9 L/hr/kg respectively.
These CL values were larger than calculated for adults after a dose of 10 mg
of Lotensin (1.5 L/h/kg). The mean CL values for benazeprilat for all two
pediatric groups were: 0.258 and 0.169 L/hr/kg, respectively. These CL values
were larger than calculated for adults (0.132 L/hr/kg). The group of school age
children had benazeprilat clearance twice faster than adults and the
adolescents’ clearance values were 27% larger than the adults’ clearance
values.

3.

The sponsor concludes that the conducted study may not give a full
explanation of the observed trends in apparent clearance and AUC found with
age and further studies would be needed to determine the statistical validity
and reasons for these trends.
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6.1.3

A multicenter open- label, steady state study to evaluate the
pharmacokinetics of benazepril in pediatric subjects (US03)
Investigators:
Carolyn Abitbol, MD et al.
Study center(s):

Subjects enrolled at 20 centers in the United States.

Study period:

First subject enrolled: 23 July 2002
Last subject completed: 03 December 2002
Development phase: IV
Objectives: To define appropriate dosing information in the pediatric age group. The
study was to determine the pharmacokinetics of benazepril after a minimum of 5 days at
steady state in pediatric subjects.
Study Design: This multicenter, open- label study consisted of a screening visit, a
baseline visit and a 4- hour pharmacokinetic sampling period at least 5 days after the
baseline visit. The study was to include 16 subjects in each of the following age groups:
infants/ toddlers (1 to 24 months), pre- school children (> 2 to 6 years), school- age
children (> 6 to 12 years), and adolescents (> 12 to 16 years). At the baseline visit
subjects were randomized to one of four 4- hour collection schedules for blood sampling
(1 mL) for pharmacokinetic analysis: 1, 2, 3, and 4 hours post dose; 5, 6, 7, and 8 hours
post dose; 12, 13, 14, and 15 hours post dose; or 21, 22, 23, and 24 hours post dose. Four
subjects in each age group were randomized to each of the four collection schedules.
Number of subjects: Planned, 64 (16 in each of the 4 age groups). Recruited, 57.
Analyzed: 3, infants/ toddlers; 9, pre- school children; 19, school- age children; 26,
adolescents.
Investigational drug:
Benazepril tablets
(Lotensin ® for oral administration:
5 mg tablet, lot number 0083005930, batch number 119G8953;
10 mg tablet, lot number 0083006330, batch number 028G4621;
20 mg tablet, lot number 0083007930, batch number 038G4601).
For subjects 6 years of age the dose was 0.2 to 0.5 mg/ kg administered as a suspension
prepared from the 20 mg tablets, and for subjects > 6 to 16 years of age the dose was 0.1
to 0.5 mg/kg (5 mg or 10 mg tablet).
Treatment assignment:
All subjects received orally administered benazepril. The dose received depended on the
subject’s age and weight (Table 1).
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Table1. Benazepril dosage by age group

Sampling
At the baseline visit (Visit 2), subjects who were eligible to continue in the study were to
be randomly assigned to one of the following four collection schedules for blood samples
for pharmacokinetic analysis:
1, 2, 3, and 4 hours post dose
5, 6, 7, and 8 hours post dose
12, 13, 14, and 15 hours post dose
21, 22, 23, and 24 hours post dose.
For each eligible subject, the investigator called a central randomization center to have
the subject assigned to one of the collection schedules. The randomization was balanced
so that for each age group, four subjects were randomly assigned to each of the four
collection schedules.
Subjects were to be dosed with benazepril at the same time each day (2 hours). The time
of dosing was one that would allow the subject to return to the clinic for Visit 3 at a
convenient time to have blood samples drawn for pharmacokinetic analysis at the times
determined by the collection schedule for the subject.
Pharmacokinetics:
Steady- state benazepril and benazeprilat pharmacokinetic parameters were determined
from the plasma concentration-time data over a 24-hour post-dose period.
Statistical methods:
Background and demographic variables were summarized using descriptive statistics for
each age group and for all age groups combined.
The pharmacokinetic analyses of benazepril and benazeprilat plasma concentrations were
performed using population pharmacokinetic analysis methods. The analyses were
conducted to identify important demographic variables, concomitant medications, and
disease conditions that could influence the pharmacokinetics of benazepril and
benazeprilat. The effect of age on the pharmacokinetics of benazepril and benazeprilat
was evaluated for the purpose of developing appropriate dose recommendations for
pediatric subjects. The population pharmacokinetic analyses were performed in three
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steps: population pharmacokinetic model building, evaluation of potential covariates and
model validation. Population pharmacokinetic models were developed using the
NONMEM (Nonlinear Mixed- Effect Model) software. The pharmacokinetic model was
chosen based on goodness- of- fit criteria including diagnostic scatter plots, decreases in
inter-subject variances, and the value of the objective function. Models were built in a
stepwise manner with incremental covariate factors. The objective function was used for
hypothesis testing to discriminate among alternative hierarchical models. Demographic
variables such as age, gender, race, height, and body weight were evaluated as potential
covariates. Once the basic population pharmacokinetic model was developed, Bayesian
estimates of individual parameters were calculated using the POSTHOC method in
NONMEM. The performance of the final optimal population pharmacokinetic model was
tested using bootstrapping. The validity of the model was assessed by bootstrapping and
by examination of the diagnostic plots.
RESULTS
Table 2. Demographic and background characteristics by age group, safety population

The sponsor’s plots of benazepril and benazeprilat plasma- concentration- versus- time
for all pediatric subjects are shown in Figures 1.1 and 1.2.
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BENAZEPRIL PHARMACOKINETICS
Plasma samples (n = 281) were assayed for benazepril concentrations in 57 pediatric
subjects (age: 0.91 to 16.9 years). Of these 281 concentrations, sixty- seven were above
the limit of quantitation from 31 pediatric subjects (age: 0.91 to 16.9 years).
A summary of baseline demographic continuous data for subjects included in the
NONMEM analysis is illustrated in Table 3 below.
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Table 3. Characteristics of the pediatric subjects for benazepril (N = 31)

Base Population Pharmacokinetic Model Development
A one-compartment pharmacokinetic model was chosen over a two-compartment
pharmacokinetic model for fitting of benazepril plasma concentration- time data. The
Figure 1.1 compares benazepril plasma concentration profiles for 4 studied groups of
children. The figure below compares benazepril plasma concentration profiles for schoolage children and adolescents (6 to 16 years of age). Visual inspection suggests the
plausibility of one-compartmental model proposed by the sponsor.
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If consider only pediatric patients who had the efficacy and safety data in this clinical
study (aged from 6 to 16 years), this plot contains only 53 data points from 27 patients.
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Table below refers to the data obtained in Study US02 for adults.
ADULTS Study US01
Benazepril

AUC

AUCinf

Cmax

Mean
SD

102.1
39.7

103.8
39.1

108.7
44.9

Plasma concentrations in adults were higher on average than the same for pediatric
patients.
Several error models were also tested for describing residual error during the population
modeling process. A heteroscedastic model (consisting of a proportional term and an
additive term) was found to best describe the residual variability in concentrations of
benazepril. All tested intermediate models for benazepril are listed in Table 4.
Table 4. Listing of the intermediate models for benazepril.

The parameter estimates for the base one- compartment model along with the intersubject variability parameter associated with oral clearance (CL), apparent volume of
distribution (V) and absorption rate constant (ka) are shown in Table 5.
Table 5. Parameter estimates from the base model for benazepril.
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The residual variability on clearance was about 40%
Covariate Population Pharmacokinetic Model Development
The covariate model building steps are shown in Table 6.
Table 6. Covariate model building steps.

None of body weight, sex, and race was found to be a significant covariate on oral
clearance of benazepril. The sponsor concluded that age and body height were identified
as significant covariates on benazepril oral clearance. Age was highly correlated with
body height (HT). Since age is a more meaningful parameter than HT, the sponsor
selected Model 23 as the final covariate model.
The final model for benazepril is shown in Table 7. The differences in the objective
function with the inclusion of age was small although significant with the level of
sensitivity as p=0.05 (∆OFV 3.8).
The sponsor has not performed the significance testing of the covariates at the higher
level of sensitivity by removing them from the model one by one. The difference in OFV
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of 7.91 would be insignificant for the level of sensitivity as p=0.001 (∆OFV 10.83).
Therefore, the conclusion on the effect of age on clearance cannot be made.
An attempt was made to test the effect of these covariates on volume of distribution and
absorption rate. However, it was not successful because the model did not converge.
Table 7. Covariate assessment during covariate model development for benazepril

Model Validation
The final population pharmacokinetic model 23 for benazepril was fitted to 4000
bootstrapped runs to evaluate its stability and performance. The values of all parameter
estimates (20th and 80th percentiles) obtained by bootstrapping are summarized in Table 8
along with the parameter estimates of the final model.
Table 8. The twentieth and eightieth percentiles of the parameter estimates for benazepril
by 4000 bootstrapping runs and typical population parameter estimates of the final model

All of the typical values of the parameter estimates, except for ω2 CL, of the final model
all fell within the 20th and 80th percentiles of the respective ones by bootstrapping,
indicating that the performance and stability of the final population pharmacokinetic
model of benazepril was adequate.
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Based on the final model, the following population pharmacokinetic parameters (typical
value ± SE) were estimated for benazepril: oral clearance (CL: 129 ± 30.0 L/ h), apparent
volume of distribution (V: 203 ± 69.9 L) and first- order absorption rate constant (ka:
0.88 ± 0.34 1/ h). Inter- individual variability of the pharmacokinetic parameter was
33.2% for CL. Residual variability consisted of a combined additive (0.75 ng/mL) and a
proportional error (54.8%) term.
The plot of Bayesian- predicted benazepril concentrations versus observed concentrations
is shown in Figure 2.1.
Figure 2.1.

Although the predicted vs observed values are distributed around the line of identity, the
conclusion on the improvement of the final model with inclusion of covariate cannot be
made because the sponsor did not submit the same plot for the base model. The plot of
weighted residuals versus predicted benazepril concentrations is shown in Figure 2.2.
Figure 2.2.
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The sponsor concluded that no apparent bias was observed in both plots. However, at low
plasma concentrations the WRES values are shifted to the positive side.
Age was reported as an important covariate on oral clearance of benazepril in these
pediatric subjects. The relationship between posterior Bayesian- predicted individual oral
clearance of benazepril and corresponding age is depicted in Figure 2.3. A positive
correlation between posterior Bayesian- predicted oral clearance of benazepril and age
was apparent.
Figure 2.3. Relationship between posterior Bayesian- predicted oral clearance of
benazepril and corresponding age (solid line: loess smoothing line)

The relationship between body weight- corrected oral clearance of benazepril and age is
presented in Figure 2.4. There was a negative trend between body weight- corrected
benazepril oral clearance and age in these pediatric subjects.
Figure 2.4. Relationship between body weight- corrected posterior Bayesian- predicted
oral clearance of benazepril and corresponding age (solid line: loess smoothing line)
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If the individual posterior Bayesian- predicted oral clearance (CL) values are corrected by
the following equation derived from the final population pharmacokinetic model (Model
23) for benazepril [Age- corrected CL = CL – (Age – 0.9) × 6 = CL – (Age – 0.9) × 13.9
(L/ h)] correlation between individual age- corrected clearance and age no longer became
apparent, as shown in Figure 2.5.
Figure 2.5. Relationship between age- corrected posterior Bayesian- predicted oral
clearance of benazepril and corresponding age (solid line: loess smoothing line)

Nevertheless, substantial inter-subject variability was reported. The summary of the
Bayesian- estimated individual oral clearance, body weight- corrected oral clearance and
age- corrected oral clearance is presented in Table 9.
Table 9. Summary (mean ± SD) of Bayesian- estimated individual oral clearance, body
weight- corrected oral clearance and age-corrected oral clearance by age group

After age correction, the mean CL of benazepril appeared to be comparable among age
groups.
If consider only pediatric patients who had the efficacy and safety data in this clinical
study, this plot contains only 53 data points from 27 patients. Due to the small sample
size of the two youngest age groups, their parameter estimations cannot be considered as
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reliable results. Figure 2-6 shows the relationship of benazepril clearance and body
weight for patients of 6 to 16 years of age.
Benazepril CL vs BWT
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Figure 2-6. Benazepril clearance vs body weight for patients of 6 to 16 years of age.
BENAZEPRILAT PHARMACOKINETICS
Base Population Pharmacokinetic Model Development
Plasma samples (n = 281) were assayed for benazeprilat concentrations in 57 pediatric
subjects (age: 0.91 to 16.9 years). Of these 281 concentrations, two hundred and nine
were greater than the limit of quantitation from 56 pediatric subjects (age: 0.91 to 16.9
years). A summary of baseline demographic continuous data for subjects included in the
NONMEM analysis is illustrated in Table 10.
Table 10. Characteristics of the pediatric subjects (continuous data) included in the
NONMEM analysis for benazeprilat (N = 56)
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A one-compartment pharmacokinetic model was chosen over a two- compartment
pharmacokinetic model for fitting of benazeprilat plasma concentration- time data. The
benazeprilat plasma concentrations in the four studied groups of patients are shown in the
Figure 1-2. The benazeprilat plasma concentrations vs time in the pediatric patients of 6
to 16 years of age are shown in Figure below.

Benazeprilat Plasma Concentrations, ng/mL

Benazeprilat Plasma Concentrations
at Steady State in Children 6-16 years old
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The Cmax values in pediatric patients were similar to the same calculated for adults
(Study US02) as shown in the Table 11.
Table 11. Mean pharmacokinetic parameters of benazeprilat in adults (Study US02).
Benazeprilat

AUC

AUCinf

Cmax

Mean

990.2

1072.4

180.2

SD

334.1

316.1

55.9

Several error models, i. e., additive, proportional, exponential, and heteroscedastic error
models, were tested for describing residual error during the population modeling process.
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An exponential model was found to best describe the residual variability in plasma
concentrations of benazeprilat.
All tested intermediate models for benazeprilat are listed in Table 12.
The parameter estimates from the base one- compartment model of benazeprilat along
with the inter- subject variability parameters associated with the apparent clearance (CL),
apparent volume of distribution (V) and absorption rate constant are shown in Table 12.
Table 12.

Table 13. Parameter estimates from the base population pharmacokinetic model for
benazeprilat (Model 8) in 56 pediatric subjects

For the base model, the inter-individual variability was very high (for CL 63.7%, and for
V 105%).
Covariate Population Pharmacokinetic Model Development
Table 14 shows the steps of including the covariates into the model.

Table 14.
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From all tested covariates only age influenced significantly clearance and sex the volume
of distribution. Figure 3.1 shows the plot of predicted with the final model vs observed
plasma concentrations of benazeprilat. It is not clear, if these are individual predictions or
population predictions. Nevertheless, the plot is skewed at high plasma concentration
values, therefore, the model underpredicts the benazeprilat plasma concentrations.
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The sponsor did not show graphically how inclusion of these covariates improved the fit.
Only final proposed model results were explored graphically.

The plot of weighted residuals versus predicted benazeprilat concentrations is shown in
Figure 3.2.

For the final model, the sponsor selected the only covariate age for CL with the
explanation as follows:
“The one- compartment population pharmacokinetic model (Model 20) with covariate of
age on apparent clearance was identified as the final model because it had the largest
decrease in OFV “.
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Effect of Age on Apparent Clearance of Benazeprilat
Age was reported by the sponsor as an important covariate on apparent clearance of
benazeprilat in these pediatric subjects. Figure 3.3 shows the relationship between the
predicted individual apparent clearance of benazeprilat and age. The relationship between
body weight- corrected apparent clearance of benazeprilat and age is presented in Figure
3.4. After the apparent clearance of benazeprilat was corrected by body weight, the
relationship between body weight- corrected benazeprilat apparent clearance and age in
these pediatric subjects became less apparent.

If the individual posterior Bayesian- predicted apparent clearance (CL) values are
corrected by the following equation derived from the final population pharmacokinetic
model (Model 20) for benazeprilat, correlation between individual age- corrected
clearance and age no longer became apparent, as shown in Figure 3.5.
Age corrected CL = CL × (Age + 4) / Age = CL × (Age + 15.1) /Age (L/h).
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The sponsor did not mention if the inter-subject variability decreased after the
incorporation of age into the model. However, substantial inter- subject variability was
noted in the final model.
The summary of the Bayesian- estimated individual apparent clearance, body weightcorrected apparent clearance and age- corrected apparent clearance for benazeprilat is
presented in Table 15.
Table 15. Summary (mean ± SD) of Bayesian- estimated individual apparent clearance,
body weight- corrected and age- corrected apparent clearance for benazeprilat by age
group

Model Validation (Bootstrapping)
The final population pharmacokinetic model for benazeprilat was fitted to the 4000
bootstrapped samples to evaluate its stability and performance. The values of all
parameter estimates (20 th and 80 th percentiles) obtained by bootstrapping are
summarized in Table 16 along with the parameter estimates of the final model.
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Table 16. The twentieth and eightieth percentiles of the parameter estimates for
benazeprilat by 4000 bootstrapping runs and typical population parameter estimates of
the final model

The typical value of the parameter estimates (except ω2 CL, ω2 V and σ12) of the final
model all fell within the 20 th and 80 th percentiles of the respective ones by
bootstrapping.
The following population pharmacokinetic parameters (typical value ± SE) were
estimated for benazeprilat: apparent clearance (CL: 30.3 ± 12.2 L/ h), apparent volume of
distribution (V: 90.4 ± 20.2 L) and first-order metabolic conversion/ absorption rate
constant (ka: 0.76 ± 0.16 1/ h). Inter- individual variability of the benazeprilat
pharmacokinetic parameters was 46.9% for CL and 86.0% for V. Residual variability was
estimated to be 33.2%.
Effect of Sex on Apparent Volume of Distribution for Benazeprilat
Sex was also identified as significant covariate on the apparent volume of distribution of
benazeprilat in these pediatric subjects. The box plot of posterior Bayesian- predicted
apparent volume of distribution of benazeprilat versus sex (1 for male and 2 for female)
is shown in Figure 3.6.
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Females appeared to have smaller apparent volume of distribution for benazeprilat than
males in these pediatric subjects. However, when both age and sex were included in the
final model, the change in the objective function was only 1.6 units. The sponsor rejected
the hypothesis of the influence of sex on V and concluded that the clinical relevance of
gender influence on V is not anticipated to be significant.
The sponsor concluded that only age influenced significantly clearance. The covariates
were not tested with the model reducing technique using more sensitive approach
(p<0.005), therefore, the conclusion on the significance of the chosen covariates has not
been proven by the sponsor.
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The Figure 3.7 shows the relationship between benazeprilat clearance and body weight.
Benazeprilat CL vs BWT

Benazeprilat CL, L/hr

30

20

10

0
25

0

50

75

100

125

150

175

BW, kg

Figure 3.7. Benazeprilat clearance values vs body weight in pediatric patients of 6 to 16
years of age.
COMMENTS:
1.
2.

3.

4.

5.

A multiple dose pharmacokinetic study was conducted in 57 hypertensive
male and female pediatric patients aged 1 to <16 years following daily oral
administration of 0.1 to 0.5 mg/kg benazepril HCL.
The sponsor used the data from all patients to develop a population model.
The base model development was performed satisfactorily for both benazepril
and benazeprilat. The sponsor may consider modeling the pharmacokinetic of
parent drug and metabolite simultaneously.
The covariate model development is lacking the important part of model
validation: after covariate adding one by one into the model, the sponsor did
not perform deletion of the covariates from the model which was assumed to
be final. The sponsor concluded that the only significant covariate affecting
clearance for both benazepril and benazeprilat is age. The appropriateness of
the final model is not convincing. The graphic exploration of the data by the
reviewer indicates that clearances of both benazepril and benazeprilat depend
on body weight.
Body weight corrected benazepril clearance in pediatric patients was 6.3 and
3.4 L/hr/kg for school age children (6 to 12 years old) and adolescents (12 to
16 years old) respectively. These values are higher than the same values
calculated for the healthy children (2.2 and 2.9 L/hr/kg) and for adults (1.45
L/hr/kg) and are in agreement with the slightly lower plasma concentrations
profiles of benazepril found in the patients in comparison with healthy
children.
Body weight corrected benazeprilat clearance was 0.351, and 0.166 L/hr/kg
for two pediatric groups respectively. These values were comparable with the
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same for healthy children (0.258 and 0.169 L/hr/kg) and adults (0.132
L/hr/kg). The plasma benazeprilat profiles were similar for both studies in
pediatric patients and healthy children.
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