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Executive Summary

This current submission is a response to the Protonix Pediatric Written Request (PWR) to fulfill PMC 1)
Deferred pediatric study under PREA for the treatment of erosive esophagitis associated with
gastroesophageal reflux disease in pediatric patients ages birth to seventeen years and 2) Deferred
pediatric study under PREA for the maintenance of healing of erosive esophagitis in pediatric patients
(b) (4)
ages birth to seventeen years.
The pediatric exclusivity was granted on
February 17, 2009. Originally all the studies were submitted under NDA 22-020 SE5 on November 21,
2009. Because two different dosage forms were studied and the submission was later administratively
unbound and NDA 20-987 SE5 was submitted on May 12, 2009 to support Pantoprazole Tablet for
pediatric use.

1.1

Recommendations

The Division of Clinical Pharmacology 3 has reviewed the clinical pharmacology and biopharmaceutics
information in NDA 22-020 and 20-987 and found it acceptable provided mutual agreement on labeling
language can be reached between the Agency and the sponsor. The following recommendations should
be resolved prior to the final action.
Recommendation for the weight-based dosing
Based on the population PK analysis across the age groups, the body weight was the most influencing
covariate to clearance of pantorazole in pediatric patients older than 3 years of age while the age factor
reduced clearance 20%-80% in pediatrics from birth to <1 year old. According to a population PK
(b) (4)
analysis, the sponsor’s proposed
would yield the mean AUC values in the pediatric population exceed the
mean AUC in the adult range by approximately 26%. The highest exposure is seen in pediatric patients
with the lowest body weight in each dose group.
Therefore, we recommend that doses be based on body weight as well as age to match the adult
exposure more closely. By reducing dose by a half for children with body weight < 15 kg for 1-5 years
old children and < 40 kg for 6-16 years old, AUC would be closer to that in adults after 40 mg tablet
dosing. For pediatric patients birth to 11 months old, we do not have dosing recommendation as
efficacy was not demonstrated in this age group in clinical trials.
Table 1. FDA proposed doses match adult exposures. Results are presented as mean (10th
percentile – 90th percentile). Poor metabolizers are excluded from this analysis.
(b) (4)
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*Geometric mean
Recommendation for pediatric CYP2C19 poor metabolizers
In pediatric poor metabolizers, the systemic exposure i.e. AUC of pantoprazole was greater than 6 folds
higher than in extensive metabolizers which is similar to the observation in adults. As such, dose should
be reduced for poor metabolizers of CYP2C19.
Although no dosage adjustment is recommended based on CYP2C19 in adults, for pediatric patients this
should be done because 1) safety database for pediatric patients who are CYP2C19 poor metabolizers is
limited (6 out of 226 genotyped patients); 2) safety of pantoprazole in pediatric patients can not be
extrapolated from safety of pantoprazole in adults.
The prevalence of poor metabolizers is 3% in Caucasian and African American population and 17-23%
in Asian population. If no genotyping or phenotyping would be conducted, a dose reduction for patients
with Asian subjects to the lowest dose level should be considered based on a relatively higher
prevalence of poor metabolizers in this population.

1.2

Phase IV Commitments

None

1.3

Summary of Clinical Pharmacology and Biopharmaceutics Findings

In response to PWR, total 8 studies were conducted including four PK alone or PK and PD studies
in pediatric patients. The PD analysis was conducted only for preterm infants/neonates and infants
1-11 month old of age. There were 3 additional PK studies in pediatric subjects and 5
biopharmaceutics studies conducted in support of pediatric granules. Two delayed release
formulations i.e. Protonix Delayed-Release Oral Suspension (pediatric granules hereafter) and
Protonix Delayed Release Oral Tablet were used in pediatric patients.
Pharmacokinetic/ Biopharmaceutics Properties
Pharmacokinetics in pediatric patients birth to 17 years old as requested in PWR was evaluated in four
studies at two different dose levels for each age group.
Body weight is the key covariate for pantoprazole clearance in pediatric patients older than 3
years old
The sponsor’s population pharmacokinetic model takes into account body weight, age, CYP2C19
metaboblizer status, and gender as covariates on clearance and/or volume of distribution. Population PK
analyses suggested that the body weight is the key covariate for pantoprazole clearance in pediatrics >3
years of age. Age factor in the model had significant influence in pediatrics <1 year reducing clearance
by 20% to 80% of the adult value. At 3 years of age the contribution of age factor was decreased to
reduce clearance by 5%. The impact of gender and race on the PK was not found to be clinically
meaningful.
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Figure 1. Body weight is the key covariate for pantoprazole clearance in pediatric patients >3
years of age.

(b) (4)

Systemic exposure of pantoprazole in pediatric patients in comparison to adults
Plasma concentrations of pantoprazole were highly variable in pediatric patients. The coefficient of
variation for PK parameters was about 90 %. The variability was somewhat lower in children older than
12 years yet still it is in the range of 50-70%. Notably, several patients across the age groups did not
have any measurable plasma concentrations of pantoprazole over 12-18 hours after a single dose and
over 4 or 6 hours after multiple doses. In addition, in some patients, the absorption of pantoprazole was
significantly delayed as indicated by a lag time of 4 to 6 hours as well as by a significantly delayed tmax
of 4-12 hours. The comparison of PK parameters across age groups was confounded by a difference in
formulation i.e. granules for children younger than 6 years old and tablets children older than 6 years
old. Although the systemic exposure (i.e. AUC) of granules and tablets were bioequivalent when
studied in healthy adult subjects, the possibility of under dosing can not be ruled out when granule
formulation was administered to young children.
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When approximately 0.6 mg/kg equivalent of the approved adult dose 40 mg was administered to infants
through children 11 years old, the systemic exposure of pantoprazole was lower than that in healthy
adults who received 40 mg pantoprazole tablet.
Systemic exposure of pantoprazole increased with an increase in dose in all age groups. However, the
assessment of dose proportionality was limited by a high variability.
In a population pharmacokinetic analysis, compared to adults who received a single 40 mg dose, the
systemic exposure (geometric mean AUC) was 103% higher in preterm infants and neonates with
GERD receiving pantoprazole 2.5 mg, and 23% higher in infants 1 through 11 months of age with
GERD receiving pantoprazole at approximately 1.2 mg/kg. In these patients, the apparent clearance
(CL/F) increased with age (median clearance: 0.6 L/hr, range: 0.03 to 3.2 L/hr).
Following a 1.2 mg/kg equivalent dose, the estimated AUC for 1 to 5 year-old patients was 37% higher
than for adults receiving a single 40 mg tablet. In these children the apparent clearance values had a
median value of 2.4 L/h.
Table 2. Geometric Mean Pharmacokinetic Parameters after Single Dose Administration in
Pediatric Patients less than 5 years of age (Population PK analysis)
Age
Dose
Cmax (µg/mL)
tmax (h)
AUC (µg•h/mL)
CL/F (L/h)

Preterm
infants/neonates
2.5 mg
0.86
2.0
8.4
0.3

1-11 months old
1.2 mg/kg

1-5 years
1.2 mg/kg

0.91
1.5
5.1
1.4

0.74
1.7
5.4
3.1

The geometric mean AUC estimated from population PK analysis after a 40 mg PROTONIX tablet in
pediatric patients was about 39% and 10% higher in 6 to 11 and 12 to 16 year-old children, respectively
compared to that of adults.
Table 3. Geometric Mean Pharmacokinetic Parameters after Single Dose Administration in
Pediatric Patients 6-16 years of Age (Population PK analysis)
Age
Dose
Cmax (µg/mL)a
tmax (h)b
AUC (µg•h/mL)a
CL/F (L/h) (range)

6-11 years
40 mg
3.3
1.3
6.9
6.6

12-16 years
40 mg
1.8
1.5
5.5
6.8

The parameter values obtained from the population PK analysis were used for further analysis to come
up with the dosing recommendation as listed in Table 1.
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Relative BA and BE between pediatric granules and the marketed formulations
•

Mean AUC and Cmax of pantoprazole was 7-10% and 34-37% lower for pediatric granules
compared to Tablet after a single dose of 40 mg pantoprazole.
The relative bioavailability between pediatric granules and 40 mg tablet was compared in a randomized,
open-label, 3-period crossover study. Under fasting conditions, AUC for pantoprazole 40 mg granules
given sprinkled on a teaspoonful of applesauce or as a suspension in water with an inert powder blend
was 7-10% lower and the peak concentration (Cmax) was 34-37% was lower than that of the
pantoprazole 40 mg tablet.
Table 4. Mean Pharmacokinetic Parameters for Pantoprazole in Healthy Adults After Single-Dose
Administration Of 40 mg Pantoprazole Under Fasted Condition (study 114)
Dosage regimen
Tablet
Granules sprinkled
on applesauce
Granules suspended
in water

•

Cmax (ng/mL)
Mean (% CV)
[geometric mean]
2958 (31)
[2810]
1865 (40)
[1753]
1929 (26)
[1855]

Geometic mean
ratio to tablet
90% CI
-
62.4
(55.62-70.01)
66.04
(58.86-74.08)

AUC (ng*hr/ml)
Mean (% CV)
[geometric mean]
6073 (100)
[4982]
5451 (107)
[4498]
5629 (106)
[4672]

Geometic
mean ratio
90% CI
-
90.09
(84.67-95.85)
93.8
(88.14-99.78)

The pediatric granules and the marketed Delayed-Release Oral Suspension were bioequivalent
with respect to AUC but not with respect to Cmax

The bioequivalence between the pediatric granules and the marketed Protonix Delayed-Release Oral
Suspension was assessed by an open-label, single-dose, randomized, 2-period, 2-sequence crossover, in
healthy men and women aged 18 to 50 years. Each product (40 mg) was sprinkled over a teaspoonful of
applesauce and taken with 240 mL of room-temperature water after fasting for at least 10 hours
Table 5. Mean Pharmacokinetic Parameters For Marketed Granules And Pediatric Granules
(N=24)
Dosage regimen
Marketed DelayedRelease
Oral
Suspension
Pediatric Granules

Cmax (ng/mL)
Mean (% CV)
[geometric mean]
2361 ± 693
[2267]

Geometic mean
ratio1
90% CI
118
(108-129)

2036 ± 705
-
[1916]
1
Ratio of Delayed-Release Oral Suspension to Pediatric Granules

AUC (ng*hr/ml)
Mean (% CV)
[geometric mean]
8218 ± 7910
[6112]

Geometic
mean1
90% CI
106
(100-113)

7963 ± 8032
[5773]

-

The mean Cmax, of pantoprazole with the Protonix Delayed-Release Oral Suspension 40 mg was about
18% higher compared with the pediatric granules. For Cmax, the 90% CI for the ratio of the geometric
means between two formulations was from 108% to 129% and did not fall within the bioequivalence
window of 80% to 125%.
The mean AUC of pantoprazole Protonix Delayed-Release Oral Suspension 40 mg was 6% higher
compared with the pediatric granules. For AUC, the 90% CI for the ratio of the geometric means
6

between two products was from 100% to 113% meeting the bioequivalence criteria. As such, the
pediatric granules and the marketed Protonix Delayed-Release Oral Suspension 40 mg were
bioequivalent with respect to AUC but not with respect to Cmax.
High Fat Meal Reduced Oral Absorption Of Pediatric Granules
A concomitant high fat meal delayed the median Tmax of the absorption of pantoprazole administered
sprinkled on a teaspoonful of apple sauce. The mean Cmax and AUC was decreased by 51% and 28%,
respectively by a high fat meal compared to in fasting condition.
Effect of food was comparable when Pantoprazole was administered 60 min or 30 min prior to a
high fat diet
To determine the optimal timing of meals relative to dose administration of the granules, pediatric
granule was administered under 3 conditions: fasting (after an overnight fast of at least 10 hours); 30
minutes or 60 minutes before a standard high-fat breakfast after an overnight fast of at least 10 hours.
When pantoprazole was taken 30 or 60 minutes before a meal, only a mild food effect e.g. 16% to 18%
decrease in mean AUC and 20% decrease in mean Cmax was observed. The administration of 60
minutes prior to a high fat meal did not significantly improve systemic exposure of pantoprazole
compared to when pediatric granules were administered of 30 minutes prior to a high fat meal. Dose
administration of the granules 30 minutes before meals for subsequent trials was decided based on these
results.
Dose-Response Relationship
The effect of dose levels on PD parameters was evaluated at 0.6 mg/kg and 1.2 mg/kg in infants 1-11
months old by 24 hour pH-metry for intragastric and intraesophageal pH at baseline and at steady-state.
There was no obvious dose-response between 0.6 mg/kg and 1.2 mg/kg. The higher dose of 1.2 mg/kg
resulted in statistically significant increase in some PD parameters including the mean and median
intragastric pH, the mean % of time for intragastric pH >3 and >4. On the other hand, the lower dose
0.6 mg/kg did not result in a statistically significant change in any PD parameters although numerical
increase was observed in intragastric pH. However, there was no statistically significant difference
between dose groups for changes in any PD parameters.
Assessment of a dose-response relationship for intragastric pH is confounded by a significantly high
gastric pH at baseline for 0.6 mg/kg dose group. In patients in 0.6 mg/kg dose group, the mean gastric
pH and % time intragastric pH>4 at baseline was comparable with those after 1.2 mg/kg pantoprazole
treatment. The reason for this unbalanced baseline is unclear.
The reflux index % time intraesophageal pH <4 and mean intraesophageal pH was not significantly
changed after at least 5 days of pantoprazole treatment regardless of doses. It was noted that the number
of reflux episode numerically increased at steady-state from baseline and it is unknown if pantoprazole
had any effect on it.
There was no obvious dose-dependent increase in efficacy based on the primary clinical endpoint,
GERD Symptom Score in any age groups. Please, see Clinical Review by Dr. Il-Lun Chen for details.
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2.

Question-Based Review

2.1

General Attributes of the drug

2.1.1 What pertinent regulatory background or history contributes to the current assessment of
the clinical pharmacology and biopharmaceutics of this drug?
In the United States, the use of pantoprazole sodium was approved as follows:
• February 2000: Pantoprazole sodium delayed-release tablets for short-term treatment
(up to 8 weeks) in the healing and symptomatic relief of EE (NDA 20-987).
• March 2001: The use of IV pantoprazole (NDA 20-988) for short-term treatment (7 to
10 days) of patients having GERD as an alternative to oral therapy in patients who are
unable to continue taking oral pantoprazole
• June 2001: For maintenance of healing of EE and reduction in relapse rates of daytime
and nighttime heartburn symptoms in patients with GERD (NDA 20-987/S-001)
• October 2001: For the treatment of pathological hypersecretory conditions associated
with ZES (NDA 20-988/ S-003).
• April 2002: For pathological hypersecretory conditions including Zollinger-Ellison
syndrome (ZES) (NDA 20-987/S-007)
• November 2007: The use of pantoprazole sodium for delayed-release oral suspension
(hereafter referred to pantoprazole granules or granules) for the short-term treatment of
EE associated with GERD, maintenance of healing of EE, and pathological
hypersecretory conditions including ZES (NDA 22-020)
• December 2004: The use of IV pantoprazole for short-term treatment (7 to 10 days) of
GERD and a history of EE (NDA No. 20-988/S-027)
This current submission is a response to the Protonix Pediatric Written Request (PWR) and reflects
studies evaluating the short-term use of pantoprazole sodium for the treatment of symptomatic GERD in
pediatric patients from preterm infants and neonates through 16 years of age.
The PWR was originally issued on December 31, 2001 for pediatric studies for Protonix®
(pantoprazole) Delayed-Release Tablets and I.V. for injection. The pantoprazole PWR was amended on
July 3, 2002; Dec 18, 2002; May 7, 2004; Mar 15, 2006; and subsequently revised on May 17, 2007.
The deadline for reporting the full study results from the requested studies is Dec 31, 2008.
During the period, FDA informed Wyeth that it did not consider pantoprazole I.V. to be an ageappropriate formulation for neonates/preterm infants because of potential safety concerns with
administration of an intravenous formulation. It was agreed that the IV formulation would no longer be
used for infants aged less than 1 year. The Agency agreed that Studies 1 and 2 of the WR for preterm
infants and neonates and infants younger than 1 year would be conducted with the granule formulation
for oral administration.
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2.1.4. What are the highlights of the chemistry and physical-chemical properties of the drug substance,
and the formulation of the drug product as they relate to clinical pharmacology and
biopharmaceutics review?
Pantoprazole sodium is a chemical entity originally synthesized by Nycomed (formerly known as
ALTANA Pharma, previously Byk Gulden) in Konstanz, Germany, and has been under further
development for pediatric population in the United States by Wyeth Research. Pantoprazole sodium
sesquihydrate, 5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]-1Hbenzimidazole,
monosodium salt, sesquihydrate, which may also be referred to as pantoprazole or pantoprazole sodium,
is a substituted benzimidazole derivative that binds covalently to the gastric acid pump H+, K+-ATPase.

Figure 2. Pantoprazole sodium
(b) (4)

.

2.1.3 What are the proposed mechanism(s) of action and therapeutic indication(s)?
Pantoprazole, a proton pump inhibitor (PPI), is a potent, acid-activated, irreversible inhibitor of the H+,
K+-ATPase of parietal cells and produces prolonged suppression of gastric acid secretion. Like other
benzimidazole derivatives such as omeprazole and lansoprazole, pantoprazole undergoes a molecular
rearrangement in an acidic environment that is necessary for its activity. Although it is amphoteric,
pantoprazole acts as a weak base (approximate pKa of 4.0) that is protonated in the low pH environment
of the parietal cell secretory canaliculi. The protonated species forms a tetracyclic sulfenamide, which
then becomes covalently bound to cysteine residues of the H+, K+-ATPase or gastric proton pump.
(b) (4)

2.1.4 What are the proposed dosage(s) and route(s) of administration?
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(b) (4)

The sponsor is not seeking an indication for infants younger than 1 year old due to failure of
demonstration of efficacy in this age group.

2.2

General Clinical Pharmacology

2.2.1 What are the design features of the clinical pharmacology and clinical studies used
to support dosing or claims?
Wyeth Research has conducted 12 pediatric clinical studies to evaluate the pharmacokinetic,
pharmacodynamic, efficacy, safety, tolerability, and clinical outcomes of pantoprazole sodium in
granules, tablets, and intravenous injection in the pediatric population.
Eight (8) studies were conducted with oral pantorpazole per PWR. These studies were conducted in
preterm infants and neonates with a (postmenstrual) corrected age less than 44 weeks, infants 1 through
11 months, children 1 through 11 years, and adolescents 12 through 16 years of age. Four additional
studies were conducted in support of use of pantoprazole in pediatric population. Two of them were PK
studies for the intravenous injection formulation.
Table 6. Clinical Studies With Oral Pantoprazole in Accordance to the Pediatric Witten Request
Age Group
(Population)

Study No.

Formulation

Neonates and
preterm infants
with a clinical
diagnosis of
GERD

3001B3
331-WW

Granules

1 through 11
months with
presumed GERD

3001B3
333-WW

Granules

1 through
11 months with
symptomatic
GERD
1 through 11 years
with
endoscopically
proven GERD
1 through
5 years with
endoscopically
proven
symptomatic
GERD

3001B3
329-WW
3001B3
334-US

3001B3
328-NA

Granules for
ages < 6 years
Tablets for ages
> 6 years

Granules

Objectives and Study Design
Objectives: PK, PD, safety
Design: Randomized, open-label, single and multiple-dose
PK study, with 2 arms (1.25 mg and 2.5 mg). Treated for at
least 5 days.
PD at 2.5 mg only
Objectives: PK, PD, safety
Design: Randomized, open-label, single and multiple-dose
PK, safety, and multiple-dose PD study, patients randomly
assigned to 0.6 mg/kg or 1.2 mg/kg dose.
Objectives: Efficacy and safety
Design: A 4-week open-label treatment run-in phase,
followed by a 4-week double-blind placebo-controlled,
treatment-withdrawal phase (1.2 mg/kg or placebo).
Objectives: PK and safety
Design: Randomized, open-label, single and multiple-dose
PK study. Treated for at least 5 days (0.6 mg/kg and 1.2
mg/kg)
Objectives: Exposure/response and safety
Design: Randomized, double-blind,
multiple-dose, parallel-treatment groups
(0.3 mg/kg; 0.6 mg/kg; 1.2 mg/kg).
Treated for 8 weeks.
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No. of
Patients in
Safety
Population

PWR

59

1

67

2

129

3

41

4

60

4

5 through 11 years
with
endoscopically
proven GERD
12 through 16
years with
suspected GERD,
symptomatic
GERD, or
endoscopically
proven GERD
12 through 16
years with
symptomatic
GERD

Tablet

Objectives: Exposure/response, and safety
Design: Randomized, double-blind, multiple-dose, paralleltreatment group (10, 20, or 40 mg). Treated for 8 weeks.

53

4

Tablet

Objectives: PK and safety
Design: Randomized, open-label, single-and multiple-dose
PK study. Treatment group (20 or 40 mg). Treated for at
least 5 days.

22

5

Tablets

Objectives: Safety and clinical outcomes
Design: Randomized, double-blind,
multiple-dose, parallel-treatment group
study. Two (2) treatment groups (20 or
40 mg). Treated for 8 weeks.

136

5

3001A1
322-US

3001A3
337-US

3001A1
326-US

Table 7. Additional Supportive clinical trials in pediatric patients
Age Group
(Population)

Study No.

Formulat
ion

Infants 1- 12 months with
presumed GERD.

3001B3-335
WW

Granules

5 through 16 yrs
Children and adolescents
who could benefit from
acid suppression therapy

3001A1-109
US

Tablet

2 through 16 yrs
Hospitalized Children and
adolescents who might
benefit from acid
suppression therapy

3001K1-110
US

IV

1 through 2 yrs
Hospitalized children who
would benefit from acid
suppression therapy

3001K1-117
US

IV

Objectives and Study Design

No. of
Patients in
Safety
Population

Objectives: Safety
Design: Open-label safety extension study, with patients assigned
to 0.6 mg/kg or 1.2 mg/kg based on clinical response or pH-metry
data in preceding studies (331-WW or 333-WW).
Treated for 6 weeks.
Objectives: Single dose PK, safety
Design: Open-label, single-dose, randomized, age-stratified (5
through 10 yrs and 11 through 16 yrs), parallel-group study.
Treated with 20 or 40 mg tablet.
Objectives: Single-dose PK, PD, and
safety
Design: Open-label, single-dose (possibly 2-dose), randomized,
parallel-group study. Stratified by 3 age groups (2 through 4 yrs, 5
through 10 yrs, and 11 through 16 yrs) and randomly assigned to
receive 0.8 mg/kg or 1.6 mg/kg for 1 Day treatment.
Objectives: Single dose PK, safety
Design: Open-label, randomized, inpatient, single-dose study.
Two (2) dose groups: 0.8 mg/kg or 1.6 mg/kg.

58

24

19

4

2.2.2 What is the basis for selecting the response endpoints, i.e., clinical or pharmacodynamics,
(PD) and how are they measured in clinical pharmacology and clinical studies?
Pharmacodynamics
Per PWR, pharmacodynamic parameters were measured using 24 hour pH-metry in the preterm infants
and neonates and infants younger than 1 year old. Comparisons were made from baseline (predose) to
pantoprazole steady state. Pantoprazole plasma concentrations were considered to be at steady state after
patients had received at least 5 consecutive daily doses of the drug.
The PD parameters are:
• Initial stomach pH
• Duration of pH measurement (h)
• The mean and median intragastric pH
• The percentage of time intragastric pH was >4
• The percentage of time intragastric pH was >3
• The mean and median intraesophageal pH
• The percentage of time with an intraesophageal pH <4 (the reflux index)
• AUC of esophageal pH < 4 (the reflux area)
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•
•

AUC and the normalized AUC of gastric H+ activity
AUC and normalized AUC of esophageal H+activity

Data from 24 hour pH-metry were used to analyze the effect of pantoprazole on the inhibition of gastric
acid as determined by measurement of the intragastric and intraesophageal pH with a dual electrode.
The patient had an intragastric and intraesophageal pH assessment for up to 24 hours at each of those
time points via a 2-channel intragastric and intraesophageal pH probe with an internal reference
electrode placed transnasally into the stomach. The pH values from both the intragastric and
intraesophageal electrodes were recorded continuously at the rate of 1 sampling every 4 seconds for up
to 24 hours on a data storage unit.
On each of the pH-metry days, the patients were fed every 3 to 4 hours as appropriate, with each feeding
lasting a maximum of 30 minutes. The pH probes were inserted after not feeding for approximately 2
hours. Because of the buffering effects of feeding, data collected during the 30-minute feeding and 30
minute postfeeding periods were excluded from data analysis. Only the pH recording lasted at least 16
hours was included for the PD assessment.
Primary Clinical Efficacy Endpoint
The efficacy of pantoprazole sodium in pediatric patients was assessed based on GERD Symptom Score
(GSS) and composite symptom score (CSS) (Table 6). Please, see Clinical Review by Dr. Ii-Lun Chen
for details.
Table 8. Primary Endpoint For Clinical Efficacy Assessment
Infant
Age 1-5 years
Age 5-11 years
CAGS-I
eDiary GSS
GASP-Q
Assessment
(GSQ-YC + I-GERQ)
Tool
Weekly GSS
Weekly GSS
CSS
Primary
(five items)
(eight items)
Endpoint
* CSS: composite symptom score

Age 12-16 years
GASP-Q
CSS*

The symptom score was calculated using GERD symptom assessment tools developed for use by parents
of infants, young children, and adolescents as below.
•
•
•
•

GERD Assessment of Symptoms in Pediatric Questionnaire [GASP-Q],
GERD Symptoms Questionnaire for Infants [GSQ-I]
GERD Assessment of symptoms questionnaire for young children [GSQ-YC]
2 age-specific GERD symptom daily eDiaries for use in studies 328 and 329.
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Table 9. Symptom Assessment Tools Used in Efficacy Measurement Across Pediatric Studies

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified and
measured to assess pharmacokinetic parameters and exposure response relationships?
Yes. Please refer to the Analytical section for details.

2.2.4 Exposure-Response Evaluation
2.2.4.1 What are the characteristics of the dose-response for efficacy?
Pharmacodynamics
• Intragastric pH
Dose effect on the pharmacodynamic parameters was assessed in infants aged 1-11 months at two dose
levels, 0.6 mg/kg and 1.2 mg/kg after at least 5 days of once daily dosing. A statistically significant
increase in mean gastric pH and % of time intragastric pH>4 and >3 at steady-state from baseline was
observed only at 1.2 mg/kg dose level not at 0.6 mg/kg dose level. There was no significant difference
in a change from baseline to at steady-state between two dose groups. Based on these results, the dose
of 1.2 mg/kg was chosen for the efficacy trial for patients 1-11 months old of age.
Reviewer’s comments: Dose-response relationship for intragastic pH is confounded by a high mean
intragastric pH at baseline for 0.6 mg/kg dose cohort which was 4.2± 1.4 compared to that for 1.2
mg/kg dose cohort which was 3.0 ± 1.4. The baseline for pH parameters; %time for gastric pH >4,
mean gastric pH for 0.6 mg/kg dose cohort was high and comparable to those after 1.2 mg/kg treatment.
On the other hand, the initial stomach pH was comparable between two dose groups: 2.4 ± 1.5 for 0.6
mg/kg cohort and 2.8 ± 1.9 for 1.2 mg/kg cohort. The reason for apparent bias in baseline between two
dose groups is unknown.
For preterm infants and neonate, the PD parameters were measured at one dose level. Therefore, doseresponse relationship could not be assessed.
The sponsor collected blood samples for patients for PD measurement; however, did not analyze
exposure-response relationship.
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Table 10. Descriptive Summary Of Intragastric PD Parameters Studies In Infants Less Than 1
Year Of Age
Parameter
Preterm infants/neonates
Infants 1-11 months
Dose
2.5 mg (n=16)
0.6 mg/kg (n=11)
1.2 mg/kg (n=10)
Mean ± SD
Baseline
Steady State
Baseline
Steady State Baseline
Steady
State
2.6 ± 1.3
2.8 ± 1.9
2.8 ± 2.5
Initial Stomach 2.61 ± 2.121 4.13 ± 1.681* 2.4 ± 1.5
pH
Mean
4.3 ± 0.9
5.2 ± 1.0*
4.2 ± 1.4
4.8 ± 1.3
3.1 ± 1.4
4.2 ± 1.5*
Intragastric pH
% time
59.8 ± 20.7 79.3 ± 20.5*
55.5 ± 28.6 68.5 ± 28.3 32.2
56.6 ±
intragastric
±24.1
31.1*
pH>4
% time
72.79 ±
86.24 ±
68.4 ± 26.3 76.9 ± 24.5 43.5 ±
66.3 ±
intragastric pH 19.35
17.48*
29.8
30.5*
>3
1
n=15
* p<0.05
Reviewer’s comments: It was noted that 5 patients in preterm infants/neonates had the mean
intragastric pH above 5 at baseline. The % time of gastric pH >4 for these patients was 72%-94% at
baseline.
Figure 3. Mean Intragastric pH Over Time (24 Hours): 1-11 month old

• Intraesophageal pH
The effects of pantoprazole on intraesophageal parameters in these infants were inconsistent and mostly
insignificant. While the mean intragastric pH increased, from baseline at steady state, the mean
intraesophageal pH actually decreased. The sponsor explained that the inconsistent results were
attributed to 1) 50% increase in number of reflux episode at steady-state from baseline; 2) the majority
of patients had a normal % time of intraesophageal pH <4 e.g. <10%. Because of the increased number
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of reflux episode, even with an increase gastric pH the increased exposure time of esophagus to
refluxant would have contributed to the decreased mean intraesophageal pH.
Reviewer’s comments: The number of reflux episode numerically increased at steady-state from
baseline and it is unknown if pantoprazole had any effect on it. The percent patients whose % time for
intraesohpageal pH <4 was >10% was not consistently decreased.
Notably, the percentage time of intraesophageal pH <4 less than 10% is considered normal1 and 7090% patients had intraesophageal pH < 4 for less than 10% time at baseline.
Table 11. Intraesophageal pH In Preterm Infants/Neonates After At Least 5 Days Of Once Daily
Dosing Of Pantoprazole
Dose Baseline
mg Mean ± SD

Steady-state

Change from P-value
baseline
Mean ± SD
-0.16 ± 0.31 0.060

Mean intraesophageal pH over 24 h 2.5

5.06 ± 0.28

4.91 ± 0.31

% time Intraesophageal pH <4 2.5
(reflux index)

8.65 ± 8.93

7.34 ± 8.63

-1.31
12.34

± 0.676

Esophageal Reflux Area (pH•min) 2.5
(time-pH area under pH <4)

73.86 ± 131.12

23.58 ± 34.36

-50.29
139.54

± 0.170

AUC of esophgeal H+ activity 2.5
(H*mmol/L)

5.84 ± 12.08

0.91 ± 0.70

-4.92
12.17

± 0.126

Number of Reflux
episode

124.00 ± 77.47

184.38 ± 189.85 60.38
182.54

2.5

± 0.206

Table 12. Intraesophageal pH in infants aged 1-11 months
PD parameter

Dose
mg/kg

Baseline
Mean ± SD

Steady-state
Mean ± SD

P-value

Mean intraesophageal pH over 24 h 0.6

5.7 ± 0.7

5.6 ± 0.8

0.347

1.2

5.2 ± 0.4

4.9 ± 0.3

0.012

% time Intraesophageal pH <4 0.6
(reflux index)
1.2

4.6 ± 3.9

4.6 ± 5.6

0.982

8.0 ± 5.6

9.4 ± 5.8

0.534

Esophageal Reflux Area (pH•min) 0.6
(time-pH area under pH <4)
1.2

33.4 ± 25.2

24.5 ± 36.7

0.423

57.5 ± 39.3

31.3 ± 13.3

0.066

AUC of esophgeal H+ activity 0.6
(H*mmol/L)
1.2

2.1 ± 1.6

1.5 ± 2.4

0.387

3.5 ± 2.3

1.5 ± 0.6

0.021

Number of Reflux episode

0.6

87.4 ± 59.9

109.1 ± 121.0

0.410

1.2

143.2 ± 48.3

212.6 ± 112.6

0.144

1

Vandenplas Y, Goyvaerts H, Helven R. Gastroesophageal reflux as measured by 24-hour pH monitoring in 509 healthy
infants screened for risk of sudden infant death syndrome. Pediatrics. 1991;88:834-840.
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Clinical endpoint
There was no obvious dose-dependent increase in efficacy based on the primary clinical endpoint,
GERD Symptom Score in any age groups. For patients aged 1-11 months old, the efficacy was not
demonstrated based on the primary efficacy endpoint, withdrawal rates. Please, see Clinical Review by
Dr. Il-Lun Chen for details.
Table 13. Summary of the Weekly GERD Symptom Score From Baseline to the Final Evaluation 
Children 1 Through 5 Years in mITT Population

Table 14. Summary of Composite Symptom Scores of GERD Assessment From Baseline to the
Final Evaluation - Children 5 Through 11 Years
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Table 15. Summary of Composite Symptom Scores of GERD Assessment From Baseline to the
Final Evaluation - Adolescents 12 Through 16 Years

2.2.4.2 What are the characteristics of the dose-response for safety?
Please, see Clinical Review by Dr. Ii-Lun Chen for details. There was no dose-dependent overall
increase in the number of adverse events. Overall, 412 (67.1%) patients reported 1 or more TEAE. The
most commonly reported TEAEs were headache, upper respiratory infection, rhinitis, infection, fever,
diarrhea, accidental injury pharyngitis, abdominal pain, cough increased, vomiting, and otitis media
(5.0%)
Overall, 12.2% of patients had TEAEs of any severity that were judged by the reporting investigator to
be related to treatment with pantoprazole. The severity for drug-related TEAEs was mild for 5.7%,
moderate for 5.2%, and severe for 1.3%.
Table 16. Patient (>2%) reporting TEAE by dose (from Dr. Ii-Lun Chen’s review)
Body System
AE

Low
(n = 37)

Medium
(n = 211)

High
(n = 366)

Total
(n = 614)

Any AE
Body as whole
Headache
Infection
Fever
Accident. injury
Abdominal pain
Pain
Digestive system
Diarrhea
Vomiting
Gastroenteritis
Constipation
Tooth disorder
Nausea
Respiratory system
URI

35 (94.6)

135 (64.0)

242 (66.1)

412 (67.1)

10 (27.0)
5 (13.5)
3 (8.1)
7 (18.9)
3 (8.1)
3 (8.1)

32 (15.2)
24 (11.4)
13 (6.2)
20 (9.5)
16 (7.6)
5 (2.4)

33 (9.0)
23 (6.3)
35 (9.6)
16 (4.4)
19 (5.2)
6 (1.6)

75 (12.2)
52 (8.5)
51 (8.3)
43 (7.0)
38 (6.2)
14 (2.3)

6 (16.2)
3 (8.1)
1 (2.7)
1 (2.7)
1 (2.7)
3 (8.1)

8 (3.8)
9 (4.3)
4 (1.9)
1 (0.5)
3 (1.4)
4 (1.9)

33 (9.0)
22 (6.0)
11 (3.0)
13 (3.6)
11 (3.0)
6 (1.6)

47 (7.7)
34 (5.5)
16 (2.6)
15 (2.4)
15 (2.4)
13 (2.1)

8 (21.6)

16 (7.6)

47 (12.8)

71 (11.6)
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Rhinitis
Pharyngitis
Cough inc
Sinusitis
Skin and appendages
Contact dermatitis
Rash
Special senses
Otitis media

8 (21.6)
5 (13.5)
4 (10.8)
2 (5.4)

22 (10.4)
16 (7.6)
11 (5.2)
6 (2.8)

33 (9.0)
21 (5.7)
19 (5.2)
8 (2.2)

63 (10.3)
42 (6.8)
34 (5.5)
16 (2.6)

0
1 (2.7)

5 (2.4)
5 (2.4)

14 (3.8)
11 (3.0)

19 (3.1)
17 (2.8)

1 (2.7)

6 (2.8)

24 (6.6)

31 (5.0)

According to Clinical Reviewer an overall withdrawal rate from the trials was higher for the high dose
group for various reasons including higher AE, non-compliance and non-satisfactory results. Of 50
discontinued patients out of 366 patients in the high dose group, 3% (11 out of 366) was discontinued
due to adverse events whereas 0.9% (2 out of 211) and 2.7% (1 out of 37) patients was discontinued
from the medium dose and the low dose treatment group, respectively.
Table 17: Summary
review)
Conclusion
Reason
Completed
Discontinued
Adverse event
Failed to return
Investigator
request
Lost to f/u
Noncompliance
Other
Parent request
Patient request
Protocol
violation
Unsatisfactory
response

of Primary Reason for Discontinuation by Dose (from Dr. Ii-Lun Chen’s
Low
(n = 37)
35 (94.6)
2 (5.4)
1 (2.7)
0
0

Medium
(n = 211)
200 (94.8)
11 (5.2)
2 (0.9)
1 (0.5)
0

High
(n = 366)
316 (86.3)
50 (13.7)
11 (3.0)
2 (0.5)
2 (0.5)

Total
(n = 614)
551 (89.7)
63 (10.3)
14 (2.3)
3 (0.5)
2 (0.3)

0
0
1 (2.7)
0
0
0

0
0
2 (0.9)
0
4 (1.9)
2 (0.9)

1 (0.3)
10 (2.7)
2 (0.5)
5 (1.4)
2 (0.5)
7 (1.9)

1 (0.2)
10 (1.6)
5 (0.8)
5 (0.8)
6 (1.0)
9 (1.5)

0

0

8 (2.2)

8 (1.3)

2.2.4.3 Is the dose and dosing regimen selected by the sponsor consistent with the known relationship
between dose-concentration-response, and are there any unresolved dosing or administration
issues?
There was no clear evidence to show the superiority of the high dose for efficacy in pediatric patients
based on the symptomatic score, although a definite conclusion of dose-response relationship could not
be drawn due to a small number of subjects,
In adults, a dose-dependent healing of erosive esophagitis (EE) was observed. The EE healing rates
after 8 week treatment was 66%, 83.5% and 92.6% for 10mg, 20mg and 40 mg treatment, respectively
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while 39.7% for placebo group. A dose-response and superiority of 40 mg could only be demonstrated
when healing of erosive esophagitis or maintenance of healing was assessed (Protonix label).
In pediatric program, eight patients with erosive esophagitis were enrolled in a dose-ranging study to
assess dose response endoscopically. All 8 patients with erosive esophagitis healed their erosions within
the 8 weeks of treatment in these studies while receiving either the medium or high doses. No patients
in the low dose group had endoscopy.
(b) (4)

According to Dr, Earp’s population PK analysis,

(b) (4)

Based on the population PK analysis, it is
recommended that a dose should be based on both age and body-weight to maintain the systemic
exposure within the range observed in adults. Please, see section 2.4.2. and 4.4.

2.3

Intrinsic Factors

2.3.1 How the doses for pantoprazole were selected for pediatric patients?
The pediatric Written Request calls for 4 studies to evaluate PK in preterm infant/neonates (corrected gestational
age < 44 weeks), infants (1-11 months old), children (1-11 years old) and adolescents (12-16 years old). The
sponsor conducted 4 PK studies using pediatric granules and the marketed Protonix Delayed-Release Tablet.

Prior to the initiation of pediatric program, the sponsor conducted three pharmacokinetic studies in
pediatric patients aged 1-16 years. Two PK studies (117 and 110) were conducted in hospitalized
pediatric patients 1-16 years of age using intravenous pantoprazole and one PK study (109) was
conducted in pediatric patients 5-16 years of age who by the judgment of the investigator would benefit
from acid suppression therapy using Protonix tablets.
Table 18. List of Additional Pharmacokinetic Studies Conducted in Pediatric Patients
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In studies 117 and 110, the body-weight normalized clearance of pantoprazole in children 2-16 years old
was similar to that in healthy adults after 40 mg Pantoprazole intravenous administration. On the other
hand, the clearance (L/hr/kg) in children aged 1-2 years appeared higher than that of children older than
2 years. In children 1-2 years old, the systemic exposure of pantoprazole after administration of
intravenous 1.6 mg/kg pantoprazole was similar to that after administration of 0.8 mg/kg intravenous
pantoprazole in children 2-16 years old of age.
Figure 4. Body-Weight Normalized Total Clearance Following an Intravenous Pantoprazole
Administration

In study 109, Protonix® tablets were studied at 20mg and 40 mg dose levels in children 5-16 years old.
Similarly in adults, the median time to peak plasma concentration was 2-2.9 hr and the terminal half-life
was 0.7-1.4 hours.
The sponsor chose the dose 0.6 mg/kg which is approximately equivalent to 40 mg for a 70 kg adult and
a higher dose 1.2 mg/kg for children 1-5 years old. For preterm infants and neonates, two doses 1.25 mg
and 2.5 mg were chosen for PK and PD study. This fixed dose of 1.25 mg and 2.5 mg is equivalent to
0.41 mg/kg and 0.82 mg/kg for a 3 kg infant, respectively. The dose of 20 mg and 40 mg were selected
for subsequent studies in 6-16 years old pediatric patients with GERD.
Table 19. Doses for PK studies in pediatric Patients using oral formulation
Age
Preterm
infants/neonate
1-11 mo
1-5 yr
6-11
12-16 yr

BW (kg)

Formulation

Low Dose
mg

> 1.5 kg

Granule

1.25 mg

2.5-7
7-15
>8.3 and <12.5
12.5-25
>25

G
G
G
G
Tablet

2.5 mg
5 mg
5 mg
10 mg
20 mg

T

20 mg

20

mg/kg

High Dose
mg

mg/kg

2.5
0.3-1
0.3 -0.7
0.4-0.6
0.4-0.8
< 0.8

5
10
15
20
40
40

0.6-2
0.6-1.4
1.2 -1.8
0.8-1.6
<1.6

2.3.2. What are Pharmacokinetic Characteristics of Pantoprazole in Pediatric Patients?
Mean AUC and Cmax in pediatric patients was lower than in healthy adults when the equivalent
body-weight based dose was administered.
After administration of 0.6 mg/kg dose equivalent to 40 mg in a 60 kg adult to pediatric patients 1 month
to 11 years old, the systemic exposure of pantoprazole was lower than in adults when PK parameters
obtained by NCA analysis were compared.
Reviewer’s comments:
Blood samples for PK analysis were collected over 18 hours from preterm infants and neonates in two
sampling groups and over 12 hours for children 1-16 years old. The blood samples were collected at
pre- and 0.5, 1, 2, 4, 6, and 12 hours post-dose in children 1 month through 11 years old and at pre- and
1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, and 12 hours post-dose in children 12 through 16 years old. For some
subjects particularly in 1-5 years old group who exhibited a lag time and substantially delayed Tmax
around 4-5 hours, blood samplings were not sufficient to obtain a full plasma concentration-time
profile. As such mean AUCT was used compared across age group between adults and pediatrics in this
review.
PK parameters for pantoprazole in pediatric patients were highly variable. The % coefficient of
variation for PK parameters was about 90 %. The variability was somewhat lower in children older
than 12 years yet still in the range of 50-70%.
In most patients plasma concentrations of pantoprazole were close to or below LLOQ at last sampling
time point. However, some patients particularly in 1-5 year old group exhibited a lag time of 4 to 6
hours and a tmax of 4-12 hours observed suggesting a significant delay in absorption. Because there
were no PK samples collected between 6 to 12 hours, Cmax and AUC estimation is considered
unreliable for these subjects. Because of insufficiency in the plasma sampling scheme, PK parameters
estimated by population PK analysis would be more appropriate for younger age groups.
The sponsor originally analyzed PK parameters by Non-Compartmental Analysis except for preterm
infants and neonates. Therefore, in this review the PK parameters mostly by Non-Compartmental
Analysis were discussed. The population PK analysis is further discussed in detail in the
Pharmacometics Review by Dr. Justin Earp in Appendix 4.3. Briefly, in a population PK analysis, the
PK parameters were generally higher than what was estimated by Non-Compartmental Analysis across
age groups. It may be in part due to variable and uncertain bioavailability especially with granule
formulations. Nonetheless, those values were similar to what was later provided by the sponsor upon
Agency’s request.
•

Preterm infants and neonates: In preterm infants and neonates, the 1.25 mg dose and 2.5 mg
dose is equivalent to 0.3-0.8 mg/kg and 0.6-1.6 mg/kg, respectively for patients 1.5 kg to 4.5 kg
of body weight. The mean AUC estimated in a population PK analysis for the low dose cohort
in this age group was 44% lower to that in adults after 40 mg while AUC in the high dose cohort
was about 13% higher than in adults receiving a single dose of 40 mg pantoprazole tablet.
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•

Infants 1-11 months old of age: The mean AUCT in patients aged 1-11 months old after a single
dose of 1.2 mg/kg was 35% lower than that in adults after 40 mg tablet dose.

•

Children 1-5 years old of age: The mean AUCT in patients aged 1-5 years old was about 60 %
lower than that in adults after 40 mg tablet dose. Because of prolonged absorption indicated by
delayed tmax to 6 hours and insufficient PK sampling, the AUCT is very likely underestimated
and Cmax is not reliable for several subjects in this group. Therefore, PK parameters based on
Non-compartmental analysis is not considered reliable. As such parameter estimates by
population PK analysis was used for further evaluation.

•

Children 6-11 years old of age and 12-16 years old of age: The mean PK parameters between
age groups of 6-11 years old and 12-16 years old were in general comparable. When compared
to adults receiving 40 mg tablet, geometric mean AUCT of pantoprazole given as 40 mg tablet
was about 30% lower and mean Cmax was about 14-20% lower.

Table 20. Single-Dose Pharmacokinetic Parameters for Different Age Groups from Pediatric
Written Request Studies in preterm infants/neonates and infants 1-11 months old of age (NonCompartmental Analysis)
Age
Dose

<44 weeksa
2.5 mg b
1.25 mg b
(n=14)
(n=17)

1-11 months old
0.6 mg/kg
1.2 mg/kg
(n=21)
(n=20)

Cmax
(ng/ml)
Tmax (hr)
(min-max)
AUCt
(ng*hr/ml)
Number of subjectse
AUC∞ c
(ng*hr/ml)

ND

ND

ND

ND

ND

ND

3540
(79)
[2785]
3.1 ± 1.5

7270
(72)
[5631]
2.7
±
1.1
0.23
(91)

503 (100)
[295]
1.03
(0.98-11.8)
842 (108)
[604]
n=13
1137
(99)
[778]
1.3± 0.7

1384 (94)
[796]
1.02
(0.5-4)
3187(102)
[1725]
n=18
3709
(90)
[2229]
1.6 ± 1.4

1.02
(75)

0.9
(155)

t1/2 (h)
(± SD)
CL/F
(L/h/kg)

0.21
(57)

a

Corrected gestational age
population PK analysis
c
Study 114
d
geometric mean
d
number of subjects for AUC∞, CL/F and t1/2
ND: Not determined
b

* pediatric granules suspended in water
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c,d

Adults
40
mg*
Granules
(n=24)
1855

40
mg
Tablet
(n=24)
2810

2
(1-4)
4574

2.5
(1.5-4.0)
4870

4672

4982

Table 21. Single-Dose Pharmacokinetic Parameters for Different Age Groups from Pediatric
Written Request Studies in children and adolescents 1-16 years old of age (Non-Compartmental
Analysis)
Age
Dose

Cmax
(ng/ml)
Tmax (hr)
(min-max)
AUCt
(ng*hr/ml)
Number of subjects3
AUC∞ c
(ng*hr/ml)

1-5 years old
0.6 mg/kg 1.2
(n=7)
mg/kg
(n=10)
228
653
(85)
(99)
[166]
[406]
5.8
(1-6)
563
(76)
[377]
n=2
294
(70)
[266]
1.1 ±0.1

3
(1-6)
1920
(89)
[1205]
n=6
1840
(87)
[1194]
1.5 ±0.5

6-11 years old
20 mg
40 mg
(n=10)
(n=11)

12-16 years old
20 mg
40 mg
(n=9)
(n=10)

1643
(75)
[1351]

2429
(44)
[2223]

987
(39)
[924]

2690
(49)
[2423]

2
(1-4)
2448
(82)
[1946]

2
(1-2.3)
3748
(48)
[3377]

1.5
(1-3)
1264
(49)
[1146]

2497
(84)
[1972]
0.8 ±0.2

3782
(48)
[3403]
0.7 ±0.1

1305
(47)
[1194]
0.9 ±0.5

1.5
(1-8)
3800
(73)
[3472]
n=8
4262
(72)
[3510]
0.8 ±0.4

0.40
(75)

0.28
(60)

0.18
(44)

t1/2 (h)
(± SD)
CL/F
2.4
1.46
0.41
(L/h/kg)
(67)
(79)
(155)
1
Study 114
2
Pediatric granules sprinkled on apple sauce
2
after excluding subjects without reliable estimation
[ ]: geometric mean

1

Adults
2
Granules
40 mg
(n=24)
1753

40
mg
Tablet
(n=24)
2810

2.5 (1.5
5.0)
4366

2.5
(1.5-4.0)
4870

4488

4982

Reviewer’s comments: Notably, several patients across the age group did not have any measurable
plasma concentrations of pantoprazole after a single dose or after multiple doses at two sampling time
points. This lack of measurable plasma concentrations was observed predominantly for neonates and
infants at the low dose level. This may be due to incomplete dosing especially in younger children given
granule formulation and/or delayed absorption which could not be captured under the studied PK
sampling scheme.
Table 22. Number of Subjects Who Did Not Have Any Measurable Plasma Concentrations Of
Pantoprazole
Age
Preterm
1-11 mo
1-5 yr
6-11 yr
12-16 yr
infants/neonates
Formulation
Granule
Granule
Granule
Tablet
Tablet
Dose Group
Low
High
Low High
Low High
Low
High Low
High
Single
5
2
0
1
0
1
0
1
1
0
Multiple
4
2
4
1
0
0
3
2
1
2
The accumulation of pantoprazole following multiple doses was assessed by comparing plasma
concentration change between two time points between and PK profile after a single-dose
administration. Plasma concentrations after multiple doses were highly variable with %CV ranging 60
125% and samples were generally collected after Tmax. This is not considered adequate to assess the
accumulation after multiple doses. Nonetheless, significant accumulation is not expected with once
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daily dosing because plasma concentrations of pantoprazole were close to LLOQ at 12 hours in most
subjects after a single dose. In case of other proton pump inhibitor, e.g. esomeprazole, a significant
increase in AUC was observed after multiple doses which may be attributed to auto-inhibition of
metabolism as esomeprazole is a strong inhibitor of CYP2C19 enzyme. Nonetheless, the accumulation
was not observed for pantoprazole even in adults.
2.3.3. What are the Intrinsic Factors Influencing Pharmacokinetics of Pantoprazole in Pediatric Patients?
The effect of age on PK properties was examined based on PK results pooled across individual studies.
A higher AUC was observed in preterm infants and neonates. This may be attributed to the not well
developed clearance pathways in this population. Infants around 1 year age tended to have lower AUC
values compared with other children. This is possibly due to increased clearance per kilogram of body
weight and variation in the amount of granules ingested in patients aged 1 month to 4 years.
The comparison of PK parameters among groups of children older than 6 years and younger than 5 years
is confounded by formulation difference i.e. tablets for children older than 6 years vs. granules for
children younger than 5 years. The systemic exposure i.e. AUC between granules and Tablets in healthy
adults were similar and in adults; nonetheless, granules sprinkled on a teaspoonful of applesauce was
administered with 240 mg water for adults and may have contributed to relatively consistent results in
terms of plasma concentrations at early time points. .
Figure 5. Dose (mg/kg) Normalized AUC of Pantoprazole vs Age

The apparent oral clearance varied across age groups. The CL/F was lowest in preterm infants and
neonates and infants of age 1-11 months old. The CL/F was highest in 1-5 year old children and
decreased in children older than 6 years. Similar trend of clearance variation over age was reported for
lansoprazole2.

2

Tran et al. (2000) Pharmacokinetic-pharmacodynamic study of oral lansoprazole in children, Clin Pharmacol Ther
2002;71:359-67
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Reviewer’s comments: The PK parameters for 1-5 year old children are not considered reliable due to
high variability in plasma concentrations. It is unclear to what degree incomplete dosing is contributing
to low systemic exposure of pantoprazole in this age group.
Figure 6. Pantoprazole Allometrically-Scaled Clearance vs Age

(b) (4)

The CL/F increases up to about 1 year of age and reaches a plateau. The increase in CL/F up to 1 year
can be attributed to the increasing CYP enzyme activity and maturation of clearance mechanisms after
birth.
Population PK analysis
Population PK analysis suggests that the body weight is the key covariate for pantoprazole clearance in
pediatrics >3 years of age. Age factor had significant influence in pediatrics <1 year reducing clearance
20% to 80% of the adult value and at 3 years of age the age factor reduces clearance 5%. Please, see
Pharmacometics Review by Dr. Justin Earp in Appendix 4.3.
Figure 7 Body weight is the key covariate affecting pantoprazole clearance in pediatrics >3 years
of age.
(b) (4)
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Figure 8. Age factor (Age/(Age+A50) vs. age. Age does not significantly influence clearance for
pediatric patients older than 1-3 years of age.

2.3.4. What pharmacogenetics information is there in the application and is it important or not?
Pantoprazole is mainly metabolized by CYP2C19 followed by sulfation and to a less extent by CYP3A4.
CYP2C19 displays a known genetic polymorphism. In adults the elimination half-life was increased to
3.5 to 10 hours in poor metabolizers for CYP2C19 compared to approximate 1 hour in extensive
metabolizers for CYP2C19 and AUC of pantoprazole was 5-6 folds higher in poor metabolizers than in
extensive metabolizers.
For pediatric patients, genotyping for CYP2C19 was conducted in 6 studies. Out of 226 patients, six
patients were poor metabolizer genotype carriers i.e. CYP2C19 *2*2 and among them 4 patients had
systemic exposure.
In pediatric patients, the dose-normalized AUC significantly varied depending on CYP2C19 genotypes.
For patients who were CYP2C19 *2*2 carriers, the dose-normalized AUC was greater than 6 folds
higher than extensive metabolizers e.g. CYP2C19*1*1 carriers and intermediate metabolizers e.g.
CYP2C19 *1*2 carriers. One intermediate metabolizer was genotyped as CYP2C19 *1*4 carrier. The
AUCt was used for poor metabolizers for a comparison since accurate AUCinf could not be derived
because of sustained plasma concentrations beyond blood sampling period. Thus the AUC difference
between extensive metabolizers and poor metabolizers is expected be greater than 6 folds.
According to Dr. Il-Lun Chen, there was no obvious difference in safety profile for these poor
metabolizers compared to the rest. However, it should be noted that the safety database for this
subgroup of patients is limited in this submission and the safety of pantoprazole for adult poor
metabolizers can not adequately represent the safety profile for pediatric patients. As such, the
increased systemic exposure in pediatric poor metabolizers is concerning especially for infants and
children and a dose-reduction should be considered for poor metabolizers for CYP2C19.
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Table 22. Dose-normalized AUC for
was generated by the reviewer)
Genotype
*1*1(n=16)
*1*X (n=6) 1
1
2

*2*2 (n=2)

patients with CYP2C19 genetic variants (Study 109)(Table
AUC/Dose (h/L)
0.1 ± 0.05
0.29 ± 0.40
(0.13 ± 0.04) 2
0.92 (0.633)

CL/F (L/h/kg)
0.34 ± 0.20
0.16 ± 0.10
(0.18± 0.08) 2
0.03

n=5:CYP2C19 *1*2; .n=1: CYP2C19*1*4
Without one subject (*1*2) with poor metabolizer phenotype

Figure 8. Effect Of Genotype On The Oral Apparent Clearance Of Pantoprazole In Children 5-16
Years Old
1.0

Clearance L/h/kg

0.8

0.6

0.4

0.2

0.0
*1*1

*1*2

*2*2

Genotype

2.4.3

What issues related to dose are unresolved?

The sponsor proposes

(b) (4)
(b) (4)

Under this dose, the mean AUC values in
the pediatric population exceed the mean AUC in the adult range by approximately 26% when dosing 20
mg to pediatric patients 1-5 years of age and 40 mg to pediatric patients 6-17 years. The highest
exposure is seen in pediatric patients with the lowest body weight in each dose group. The observations
that 1) AUC increases with decreasing body weight and 2) AUC does not change significantly with age
suggest that dosing by body weight will better match adult exposure consistently across pediatric
patients. (For details, please see Pharmacometrics Review by Dr. Justin Earp in Appendix).
Therefore, the dose should be also based on the body-weight to match closely to the mean systemic
exposure observed in adults following 40 mg administration and to reduce variability in systemic
exposure.
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Table 23. FDA proposed doses match adult exposures. Results are presented as mean (10th
percentile – 90th percentile) Poor metabolizers are excluded from this analysis
(b) (4)

2.5
General Biopharmaceutics
2.5.2 What is the relative bioavailability of the delayed-release granules used in pediatric patients and
the marketed formulations i.e. Protonix Delayed-Release Tablet and Protonix Delayed Release
Suspension?
The new formulation of pantoprazole sodium in the form of delayed-release granules used in pediatric
patients was a prototype formulation during the development of approved delayed-release oral
suspension for adults who have difficulty in swallowing tablets. The approved Delayed-Release Oral
Suspension 40 mg was further modified from the prototype formulation used in this application to
qualitatively match the marketed tablets and to allow inclusion of color. Of note, the marketed DelayedRelease Oral Suspension was not used in pediatric studies.
Pediatric Granules vs. Delayed-Release Tablet 40 mg
For pediatric studies, Tablet
In clinical trials, the granules were orally administered by 2 methods depending on the age of patients:
• Sprinkled on a teaspoonful of applesauce or in apple juice for children older than 1 year old
• Suspended in water with an inactive powder blend for infants younger than 1 year old.
The relative bioavailability between pediatric granules and 40 mg Tablet was compared in healthy adult
volunteers under fasting condition in a randomized, open-label, 3-period crossover study (n=24; Study
114). The AUC for pantoprazole 40 mg granules sprinkled on a teaspoonful of applesauce or as a
suspension in water with an inactive powder blend was 7-10% lower and the peak concentration was 34
37% was lower than that of the pantoprazole 40 mg tablet. As such, bioequivalence criterion was met
by AUC but not by Cmax between pediatric granules and Tablet 40 mg.
Reviewer’s comments: In relative bioavailability study, granules were taken with 240 ml water. It is
unclear if water or other liquid was provided to young children to rinse down the granules.
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Table 24. Comparison of Compositions of PROTONIX®(Pantoprazole Sodium) Delayed-Release
Tablets and Pantoprazole Sodium Delayed-Release Granules

(b) (4)
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Table 25. Single-dose PK parameters for pantoprazole in healthy adult volunteers after
administration of 40 mg pantoprazole under fasted condition (study 114)

Pediatric Granules vs. Protonix Delayed-Release Oral Suspension
The bioequivalence between the pediatric granules and the marketed Delayed-Release Oral Suspension
was assessed by an open-label, single-dose, randomized, 2-period, 2-sequence crossover, in-patient
study in healthy men and women aged 18 to 50 years (n=24; Study 119). Each subject received the test
article according to the randomization chart of the study protocol, with 240 mL of room-temperature
water after fasting for at least 10 hours. Pantoprazole granules (40 mg) in capsule (Wyeth and Altana
formulations) were sprinkled over a teaspoonful of applesauce for administration.
Table 26. Summary of Mean Pharmacokinetic Parameters for Both Treatments (n=24)
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Table 27. Summary of Bioequivalence Analysis

Ratio of Delayed-Release Oral Suspension to Pediatric Granules

The mean Cmax, of pantoprazole with the Protonix Delayed-Release Oral Suspension (=Altana
formulation) was about 18% higher compared with the pediatric granules (=Wyeth formulation). For
Cmax, the 90% CI for the ratio of the geometric means between the Altana and the Wyeth granules was
from 108% to 129% and did not fall within the bioequivalence window of 80% to 125%.
The mean AUC of pantoprazole with the Altana formulation was 6% higher compared with the Wyeth
formulation. For AUC, the 90% CI for the ratio of the geometric means between the Altana and the
Wyeth granules was from 100% to 113% and was within the bioequivalence window of 80% to 125%.
As such, the Altana and Wyeth treatment formulations were bioequivalent with respect to AUC but not
with respect to Cmax.
Reviewer’s comments: The relative BA was not evaluated between 20 mg Protonix tablet and 20 mg
pediatric granules. Nonetheless, because two 20 mg tablets are bioequivalent to one 40 mg table and
pediatric granule 20 mg is identical in component and compositionally proportional to pediatric
granule 40 mg, a relative BA between 20 mg tablet and 20 mg pediatric granules is expected to be the
same as to that between 40 mg tablet vs.40 mg pediatric granule.
The relative BA of granules sprinkled in apple juice was not compared. The chemical stability of
pantoprazole in apple juice was comparable to that in apple sauce. Please, see CMC review for detail
by Dr. Sharon Kelly. During the clinical trials, pantoprazole was administered sprinkled on either
apple juice or apple sauce.
In a dose-ranging study (study 322), 10 mg tablet was used but this tablet was not a commercially
(b) (4)
available product and no in vivo BA or BE study was conducted for this 10 mg tablet.
The sponsor provided study 322 which was submitted previously for pharmacodynamic comparability
between Delayed-Release Oral Suspension and Tablet. This study was previously reviewed by Dr.
Abimbola Adebowale. Please, see Clinical Pharmacology Review for supplements to NDA 22-020 dated
May 12, 2006 and August 2, 2007.
Nonetheless, this information is not considered adequately supporting the comparability of the marketed
tablet and the pediatric granules because 1) it is not a direct comparison between the pediatric granules
and the tablet and 2) the pediatric granules is not bioequivalent to the tablet for Cmax and 3) there is
no PK comparison between the approved Delayed-Release Oral Suspension and the tablets, that may
have been useful to interpret the difference in Cmax between the pediatric granules and tablet.
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2.5.3 What is the effect of food on the bioavailability (BA) of the drug from the dosage form?
High fat meal decreases absorption of pantoprazole from pediatric granules
Note that granules were called spheroids in some studies.
Effect of a high fat meal on the absorption of pantoprazole granule was evaluated in a randomized,
open-label, 2-period, 2-sequence crossover, inpatient study in 2 groups of healthy adult subjects (Study
115). Each group was assigned to a specific dose regimen. Doses were administered 30 min after a
standard high-fat breakfast following an overnight fast of at least 10 hours by either sprinkled on a
teaspoonful of applesauce or by suspended in water with an inactive powder blend.
Regardless of administration methods the high fat meal delayed the absorption of pantoprazole delaying
median tmax by 2 hours and decreases mean Cmax by 51-53% and AUC by 28-32% compared to under
fasting condition.
Table 28. Pharmacokinetic Parameters for Pantoprazole pediatric granules in Applesauce

The effect of a high fat meal was comparable when pantoprazole was taken 30 or 60 minutes
before a high fat meal
To determine the optimal timing of meals relative to dose administration of the granules, a randomized,
open-label, 3-period, 6-sequence crossover, inpatient study in healthy subjects (study 118) was
conducted. Test article was administered under 3 conditions: fasting (after an overnight fast of at least
10 hours); 30 minutes before a standard high-fat breakfast after an overnight fast of at least 10 hours;
and 60 minutes before a standard high-fat breakfast after an overnight fast of at least 10 hours.
When pantoprazole was taken 30 or 60 minutes before a high fat meal, only a mild food effect e.g. 16%
to 18% decrease in mean AUC and 20% decrease in mean Cmax was observed. The administration of
60 minutes prior to a high fat meal did not significantly improve systemic exposure of pantoprazole
compared to administration of 30 minutes prior to a high fat meal. Dose administration of the granules
30 minutes before meals for subsequent trials was suggested based on the results of study 118.
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Table 29. Summary of Pharmacokinetic Parameters for Pantoprazole Sodium Delayed-Release
Granules in Suspension

2.6

Analytical Section

2.6.1 How is pantoprazole is measured in the plasma?
Plasma samples were analyzed for pantoprazole concentrations by a validated LC/MS/MS method
except in studies 109, 110 and 114 for which HPLC with UV detector was used for analysis. The assay
validation report RPT-54260 titled “Bioanalytical Method Validation Report for the Determination of
Pantoprazole in Human Plasma, with Heparin as Anticoagulant, by LC/MS/MS” was submitted.
(b) (4)
Briefly, pantoprazole and the added internal standard,
are extracted from sodium heparin
human plasma using liquid-liquid extraction. This extract is then subjected to reverse phase high
performance liquid chromatography using a Aquasil C18 column. Pantoprazole and (b) (4)
in the
effluent are detected using a PE/Sciex API 365 and API III Plus LC/MS/MS systems in MRM mode.
Quantitation is achieved by monitoring the product and precursor ions (384Æ200 m/z for pantoprazole
(b) (4)
and 346Æ198 m/z for
. The limit of quantitation was established at 10 ng/mL, and the
assay was linear up to 5000 ng/mL using 0.1 mL of human plasma. In-run quality control was done at
25, 2000 and 4000 ng/ml and the precision and accuracy of the method was acceptable.

For studies 109, 110 and 114, pantoprazole in plasma was analyzed by HPLC method with UV detector:
The assay method validation report titled “The method validation of HPLC analysis of pantoprazole in
the presence of (b) (4) in human plasma (GTR-30693)” was submitted. The method is linear between
25 and 5000 ng/ml and the precision and accuracy of the method was acceptable.

33

2.6.3

What is the range of the standard curve? What are the lower and upper limits of quantification
(LLOQ/ULOQ)? What is the accuracy, precision and selectivity at these limits?
HPLC-UV
Table 30. Precision And Accuracy Of HPLC Method Using A UV Detector For Analysis Of
Pantoprazole In Plasma
Precision (%)
Accuracy (%)
Intra-batch
0.8-7.2
97.8-103.1
Inter-batch
1.9-4.3
98.7-103
LLOQ
12.1
94
HPLC-MS/MS
The limit of quantitation was established at 10 ng/mL, and the assay was linear up to 5000 ng/mL using
0.1 mL of human plasma. In-run quality control was done at 25, 2000 and 4000 ng/ml.
The selectivity of the method was also demonstrated by the analysis of blank samples (6 or more lots)
and human plasma matrix effect Quality Control (QC) pools and found acceptable. The inter-batch
precision and accuracy was 11.81% and 0.32%, respectively at LLOQ meeting acceptance criteria.
2.3.4. How was genotyping conducted?
The accuracy, precision, specificity, and robustness of the methods to detect CYP polymorphisms was
reviewed and found by Genomics Reviewer Dr. Li Zhang (please see Appendix 4.4 for more details)
Table 31. Sponsor’s Genotyping Method In Each Study
Sample No.
Genotyping Method
Study 109: 24

PCR-RFLP (CYP2C19 *2, *3, *2B, *4, *5, *6, *7, *8)

Study 334: 59

PCR-RFLP (CYP2C19 *2, *3, *4, *5; 3A4 *2, *3), ASA-PCR(3A4*1B)

Study 333: 67

PCR-RFLP (CYP2C19 *2, *3, *4, *5; 3A4 *2, *3), ASA-PCR(3A4*1B)

Study 331: 59

PCR-RFLP (CYP2C19 *2, *3, *4, *5; 3A4 *2, *3), ASA-PCR(3A4*1B)

Study 337: 22

PCR-RFLP (CYP2C19 *2, *3, *4, *5; 3A4 *2, *3), ASA-PCR(3A4*1B)

Study 117: 4

PCR-RFLP (CYP2C19 *2, *3, *4, *5)

1) PCR-RFLP (PCR- restriction fragment length polymorphism)
A restriction fragment length polymorphism is a variation in the DNA sequence of a genome that can be
detected by breaking the DNA into pieces with restriction enzymes and analyzing the size of the
resulting fragments by gel electrophoresis. PCR-RFLP is a technique fragmenting a sample of DNA by a
restriction enzyme, which can recognize and cut DNA wherever a specific short sequence occurs, in a
process known as a restriction digest. The resulting DNA fragments are then separated by length through
a process known as gel electrophoresis, and transferred to a membrane via the Southern blot procedure.
Hybridization of the membrane to a labeled DNA probe then determines the length of the fragments
which are complementary to the probe. A RFLP occurs when the length of a detected fragment varies
between individuals. Each fragment length is considered an allele, and can be used in gene
Analysis of RFLP variation is an important tool in genome mapping and genetic disease analysis.
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2) ASA-PCR (Allele-Specific Amplification PCR)
This diagnostic or cloning technique is used to identify or utilize single-nucleotide polymorphisms
(SNPs). It requires prior knowledge of a DNA sequence, including differences between alleles, and uses
primers whose 3' ends encompass the SNP. PCR amplification under stringent conditions is much less
efficient in the presence of a mismatch between template and primer, so successful amplification with an
SNP-specific primer signals presence of the specific SNP in a sequence [3].
3) Assay Validation: PCR-RFLP assay (CYP3A4*2, *3) and ASA-PCR assay (CYP3A4*1B)
i) Intra-Assay Precision
The testing was completed by the three scientists. Upon re-amplification and sample testing in duplicate,
all repeat samples passed interpretation and matched with expected results.
ii) Inter-Assay Precision
The final genotypes from each sample run in triplicate, in tests performed by three scientists were
identical. All samples amplified successfully during repeat testing.
iii) Accuracy
The genotypes determined by sequencing were identical to the genotypes detected by the PCR-RFLP.
iv) Specificity
The generated sequences aligned with the sequence found in Genbank.
v) Conclusion
The performances of assays resulted in definitive and unambiguous result interpretation on the test
samples and controls. The performance of the assays successfully met all pre-determined acceptance
criteria. Post validation monitoring procedures are also applied.
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Table 32. Summary Of Bioanalytical Assay Validation

(b) (4)

(b) (4)
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(b) (4)
(b) (4)
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3

Detailed Labeling Recommendations
(b) (4)
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4.2. Individual Study Review
Study 117
A study of the pharmacokinetics, safety, and tolerability of intravenous doses of pantoprazole in
hospitalized pediatric patients
Study design
This was an open-label, randomized, inpatient study of a single IV dose of pantoprazole administered to
pediatric patients at least 1 year but less than 2 years of age. Patients were randomly assigned to receive
either pantoprazole intravenous 0.8 mg/kg infused over 15 minutes or pantoprazole IV 1.6 mg/kg
infused over 15 minutes.
PK sampling
Blood samples for PK analysis were collected at 2 hours before test article administration and at 0.25,
0.50, 0.75, 1, 1.5, 2, 4, 8, and 12 hours after the start of the infusion
Bioanalytical assay and Genotyping assay
Plasma samples were analyzed for pantoprazole concentrations by a validated LC-MS-MS method. The
limit of quantitation was 10 ng/mL and the assay was linear up to 5000 ng/mL using 0.1 mL of human
plasma.

Genotype assessments of whole blood were performed using polymerase chain reaction (PCR) and
restriction-fragment analysis
Reviewer’s comment: According to the protocol, buccal cells were supposed to be collected for
pharmacogenomics analysis.
Patient disposition
Two (2) patients were diagnosed with gastrointestinal reflux, 1 patient had diarrhea and vomiting, and 1
patient had normal gastrointestinal function at study entry. Two patients aged 12 and 13 months old
were given 0.8mg/kg and two patients aged 17 months old were given 1.6 mg/kg.
PK results
Individual Pantoprazole Pharmacokinetic Parameters by Dose Group (1-2 yr)
Patient
1
21
2
4

Dose
mg/kg
0.8
1.6

Age
(month)
13
12
17
17

BW
(kg)
7.6
13.2
11.3
8.5

Cmax
(ng/ml)
5613
4846
11355
8555

Tmax
(h)
0.25
0.25
0.25
0.25
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T1/2
(h)
1.12
2.54
0.38
0.75

AUCinf
(ng h/ml)
2223
1761
4362
7553

CL
(L/h/kg)
0.36
0.47
0.37
0.21

Vss
(L/kg)
0.22
0.4
0.15
0.20

Mean plot of plasma concentration-time profiles following administration of 0.8 mg/kg intravenous
pantoprazole in pediatric patients aged 1-2 years old

Pharmacogenomics
The genotype of all 4 patients in this study was consistent with an extensive metabolizer phenotype for
CYP2C19.
Sponsor’s conclusion
The Cmax and AUC of pantoprazole increased with dose from 0.8 mg/kg to 1.6 mg/kg pantoprazole.
Pantoprazole sodium given as a 15-minute infusion was well tolerated by hospitalized pediatric patients
aged 1 to 2 years.

Study 110
An initial study of the harmacokinetics, pharmacodynamics, safety, and tolerability of intravenous doses
of pantoprazole in hospitalized pediatric patients:
Study Design

This was an open-label, single-dose, randomized, age-stratified, parallel-group study in hospitalized
pediatric patients aged 2 to 16 years, inclusive, who could benefit from acid suppression therapy. A
second dose of IV pantoprazole was permitted if the treating investigator determined that further acid
suppression therapy was needed and if the first dose had been well tolerated.
Patient disposition
A total of 19 patients (11 males, 8 females) were enrolled in this study and stratified by age into groups
ranging in age from 2 to 4 years (6 patients), 5 to 10 years (6 patients including 1 patient aged 5 years
and 1 patient aged 7 years), and 11 to 16 years (7 patients including 2 patients aged 11 years, 1 patient
aged 12 years, and 1 patient aged 13 years). Sixteen (16) of the 19 patients completed the study, 8 in
each dose group. The overall study population was predominately white (52.6%, 10 of 19 patients) and
included 11 male patients (57.9%) than 8 female patients (42.1%).
PK sampling and pH monitoring flow chart
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At each pH monitoring time point, gastric pH was assessed 3 times, and an average of the 3 values was
documented in the CRF.
Bioanalytical assay method and genotyping
Plasma samples were analyzed for pantoprazole concentration by a high-performance liquidchromatography (HPLC) method with ultraviolet detection following a solid phase extraction. The limit
of quantitation was 25 ng/mL and the assay was linear up to 5000 ng/mL using 0.5 mL of human
plasma.
Bioanalytical summary of pantoprazole

Genotype assessments of whole blood were made by means of polymerase chain reaction (PCR) and
restriction-fragment analysis
RESULTS
Genotype

The genotype of the patients in this study was consistent with an extensive metabolizer phenotype for
CYP2C19.
MEAN (SE) PLASMA CONCENTRATION-TIME PROFILE OF IV PANTOPRAZOLE AT 0.8 AND 1.6
mg/kg IN PEDIATRIC PATIENTS AGED 2 TO 16 YEARS.
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Summary of PK parameters of IV pantoprazole by dose in pediatric patients aged 2 to 16 years

 g·h/mL
Reviewer’s comment: The geometric mean AUCi was 5.4 µg·h/mL and Cmax was 5.5 µ
following in adult extensive metabolizers receiving a 40 mg dose (approximately 0.6 mg/kg for 70 kg
body weight) of PROTONIX I.V. (Protonix label).
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Median (SE) pH-time profile of IV pantoprazole in pediatric patients aged 2 to 16 years

Sponsor’s Conclusion

Intravenous pantoprazole at both doses evaluated was well tolerated by hospitalized pediatric patients
aged 2 to 16 years. The pharmacokinetics of pantoprazole were similar in the age groups 2 to 4 years, 5
to 10 years, and 11 to 16 years. The mean Cmax and AUC values increased with dose from 0.8 mg/kg to
1.6 mg/kg. No trends toward a change with age were observed in the dose-independent PK parameters
(CL and Vss) normalized by body weight in pediatric patients aged 2 to 16 years. The values of CL and
t1/2 of IV pantoprazole in these pediatric patients were similar to those previously observed with IV
pantoprazole (40 mg) in healthy adult subjects. The safety and PK profiles of pantoprazole from this
study should provide a basis for dose selection for future studies in pediatric patients with similar ages.

Study 109
Pharmacokinetics, safety, and tolerability of a single oral dose of pantoprazole in children:
Study design
This was an open-label, single-dose, randomized, age-stratified, parallel-group study of 2 dose levels in
children aged 5 to 16 years who could benefit from acid suppression therapy. Two (2) age groups (5 to
10 years and 11 to 16 years) of 12 subjects each were studied. Within each age group, subjects were
randomly assigned on a 1:1 basis to receive a single dose of either pantoprazole 20 mg or pantoprazole
40 mg (2 x 20 mg)
Rationale for dose selection

The pharmacokinetics of pantoprazole in adults is dose-proportional and the resulting pharmacodynamic
(PD) effect is related to serum concentration. PK/PD modeling suggests that the area under the
concentration-time curve (AUC) is the best predictor for the lowering of acid output in patients. Because
the mechanism of proton pump inhibition and the concentrations-effect relationship is the same for all
age groups, if similar therapeutic exposure is achieved for the pediatric and adult populations, the safety
and efficacy in the pediatric population should match those observed in adults. Based on the
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pharmacokinetic profile of pantoprazole, the doses selected for this study, 20 mg and 40 mg once daily,
should produce a therapeutic exposure in pediatric subjects similar to that seen in adults.
Patient disposition
A total of 24 patients (16 males, 8 females) were enrolled in this study and stratified by age into groups
ranging in age from 5 to 10 years (12 patients), and 11 to 16 years (12 patients). There was one 11-year
old in the 11- to 16-year group. All patients were then randomly assigned to receive treatment with oral
pantoprazole at a dose of 20 mg (12 patients) or 40 mg (12 patients). All patients completed the study.
Bioanalytical analysis method and genotype analysis

Plasma samples were analyzed for pantoprazole concentration by a high-performance liquidchromatography method with ultraviolet detection following a solid phase extraction. The limit of
quantitation is 25 ng/L and the assay is linear up to 5000 mg/L using 0.5 mL of human plasma.
Summary of bioanalytical assay

Genotype analysis was performed on whole blood using polymerase chain reaction (PCR) and
restriction-fragment analysis. The PCR reactions used polynucleotide primers for the 7 known allelic
variants of CYP2C19, none of which have enzymatic activity.
PK sampling
Blood samples for PK analysis were collected at pre- and 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 7, 8, 10 and 12 hours
post-dose.
RESTULTS
Pharmacokinetic Parameters For Pantoprazole

73

As indicated by a t1/2 greater than 3.5 hours, 3 subjects have the slow metabolizer phenotype for
CYP2C19. Of these three, two subjects were confirmed as CYP2C19 *2*2 carriers and one subject was
genotyped as a CYP2C19 *1*2 carrier. The presence of these slow metabolizers caused a large
intersubject variability in the AUC and t1/2 values for these 2 groups
Reviewer’s comment: The dose-normalized AUC significantly varied depending on CYP2C19
genotypes. Especially for CYP2C19 *2*2 carriers, the dose-normalized AUC was greater than 6 folds
higher than extensive metabolizers e.g. CYP2C19*1*1 carriers and intermediate metabolizers e.g.
CYP2C19 *1*2 carriers. One intermediate metabolizer was genotyped as *1*4 carrier. The AUCt was
used for poor metabolizers for a comparison since accurate AUCinf could not be derived because of
sustained plasma concentrations beyond blood sampling period.
Dose-normalized AUC for patients with CYP2C19 genetic variants (Table was generated by the
reviewer)
Genotype
AUC/Dose (h/L)
CL/F (L/h/kg)
*1*1(n=16)
0.1 ± 0.05
0.34 ± 0.20
0.29 ± 0.40
0.16 ± 0.10
*1*X (n=6) 1
(0.13 ± 0.04) 2
(0.18± 0.08) 2
3
*2*2 (n=2)
0.92 (0.63 )
0.03
1

n=5:CYP2C19 *1*2; .n=1: CYP2C19*1*4
Without one subject (*1*2) with poor metabolizer phenotype
3
AUCt/Dose
2

Sponsor’s Conclusion
The pharmacokinetics of pantoprazole in children between 5 and 16 years of age are similar to those in
healthy adults. In general, pantoprazole was well tolerated. The findings in this study support the use of
20-mg and 40-mg doses of pantoprazole in pediatric patients aged 5 to 16 in future clinical trials.

Study 118
An open-label, randomized, 3-period crossover study to determine the effect of a high-fat meal on the
relative bioavailability of a single 40 mg dose of pantoprazole sodium enteric-coated spheroids
administered orally to healthy subjects
Reviewer’s comments:
Note that the terms spheriods and granules were used interchangeably in the study report. The granules
were administered as suspended in water with an inactive powder blend.
Study design
This was a randomized, open-label, 3-period, 6-sequence crossover, inpatient study in healthy subjects.
Test article was administered under 3 conditions: fasting (after an overnight fast of at least 10 hours); 30
minutes before a standard high-fat breakfast after an overnight fast of at least 10 hours; and 60 minutes
before a standard high-fat breakfast after an overnight fast of at least 10 hours.
Treatment
The high-fat meal was the standard US Food and Drug Administration (FDA) breakfast and consisted of
2 eggs fried in butter, 2 pieces of bacon, 2 pieces of toast with butter, 4 ounces of hashed brown potatoes
cooked in butter, and 8 ounces of whole milk. All subjects were to fast during the first 4 hours after test
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article administration. Water was not permitted in the 2 hours before and 4 hours after dose
administration. Beginning 4 hours after test article administration, standardized medium-fat meals and
snacks was served throughout each inpatient period. Identical meals (other than the high-fat breakfast)
were consumed on study day 1 of each study period. Pantoprazole sodium enteric-coated granules were
administered orally as suspended in water with inactive powder blend on study day 1 of each study
period at approximately 0800 hours with 240 mL of room-temperature water.
PK sampling
Blood samples for PK analysis were collected at -2 0 0.25 0.5 1 1.5 2 2.5 3 4 5 6 8 10 12 and 16.
Bioanalytical assay method

The plasma samples were analyzed for pantoprazole by a validated liquid chromatography/tandem mass
spectrometry (LC/MS/MS) assay. The lower limit of quantitation (LLOQ) is 10 ng/mL in serum and the
assay was linear up to 5000 ng/mL using 0.1 mL of human plasma.
Summary of bioanalytical assay

Subject disposition
Twenty four subjects were enrolled and completed the study. Subjects in this study were predominantly
black (14; 58.3%) and men (100%).
PK results
Mean (SE) Plasma Concentration Time Profiles Following Administration of 40 mg Pantoprazole
Sodium Granules in Suspension to Healthy Adult Subjects (N=24)
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Summary of Pharmacokinetic Parameters for Pantoprazole Sodium Granules in Suspension

a

Median values reported for tlag and tmax
ratio of Fed30 to fasting
c
ratio of Fed60 to fasting
b

When granules were administered 30 min or 60 min before a high fat meal, the median tmax was similar
between under fasting condition and fed condition regardless of timing of administration. The mean
Cmax and AUC for the granules in suspension were lower under fed condition than under fasting
condition.
. The mean AUC values was about 16% lower and mean Cmax was about 20% lower under the fed
condition than under fasting condition. On the other hand, the systemic exposure of pantoprazole was
similar when it was administered 60 minutes before a high fat meal to when 30 minutes before a high fat
meal. Therefore administering the granules 30 minutes before the meal will avoid majority of the food
effect and administering the granules 60 minutes before a meal does not have any additional advantage.

Study 114
A randomized, 3-period, crossover; relative bioavailability study comparing a new pantoprazole entericcoated spheroid formulation, administered in 2 different dose regimens, and the currently marketed
tablet formulation of pantoprazole in healthy adult subjects
Study design
This was a randomized, open-label, 3-period, crossover study. Single oral doses of test article were
administered to healthy subjects after an overnight fast of at least 10 hours on study day 1 in each of 3
periods. The test article was prepared according to instructions in the protocol and was dispensed as
either 40 mg of pantoprazole sprinkled on a tablespoonful of applesauce (A), suspended by using an
inactive powder blend and water (B), or as the marketed 40 mg pantoprazole tablet (C).
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Each subject was administered a single oral dose of test article (40-mg dose of pantoprazole) on study
day 1 in each of 3 periods at approximately 8:00 AM with 240 mL of room-temperature water and after
an overnight fast of at least 10 hours. Each dose was separated by 72 hours.
Blood samples were to be collected for determination of pantoprazole concentrations at pre- and at 0.33,
0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, and 24 hours after test article administration.
Bioanalytical assay method
Plasma samples were analyzed for pantoprazole concentrations by a high-performance liquid
chromatography (HPLC) method with ultraviolet detection after a solid phase extraction. The limit of
quantitation was 25 ng/mL and the assay was linear up to 5000 ng/mL using 0.5 mL of human plasma.
Analytical Summary of Pantoprazole

PK results

Mean (SE) Plasma Concentration Time Profiles Following Administration of 40 mg of
Pantoprazole to Healthy Adult Subjects (N=24)

Reviewer’s comment: The granules suspended in water with an inactive powder blend were used only in infants
younger than 1 year old and the indication for this age group is not pursued for lack of efficacy. The granules
(b) (4)
suspension with an inactive powder blend
.

The mean AUC for the spheroids, sprinkled in applesauce or administered as a suspension was similar to
that for the tablet. For AUC, the 90% CIs for the ratio of the geometric means of the spheroids sprinkled
on applesauce to the tablet were from 84.67 to 95.85 and that of the spheroid suspension to the tablet
were from 88.14 to 99.78. These 90% CIs for AUC were within the bioequivalence window of 80% to
125%.

77

Pharmacokinetic Parameters for Pantoprazole

The mean Cmax was for the spheroids, sprinkled in applesauce or administered as a suspension lower
than that of the tablet. For Cmax the 90% CI for the ratio of the geometric means of the spheroids
sprinkled on applesauce to the tablet was from 55.62 to 70.01, and that of the spheroid suspension to the
tablet was from 58.86 to 74.08. Therefore, both spheroid regimens (sprinkled on applesauce and as
suspension) were not within the bioequivalence window with respect to Cmax.
The sponsor explained that the lower Cmax with the spheroid formulation may be because some spheroids
can be in the stomach and some in the small intestine, resulting from multiple waves of gastric
emptying. On the other hand, once the tablet reaches the small intestine, it dissolves after a lag time and
the drug is released over a short time interval.
Reviewer’s comments: A lag time in plasma PK was observed with granules in some pediatric patients.

Study 119
An open-label, single-dose, randomized, 2-period, crossover, bioequivalence study between the Altana
formulation (=Protonix Delayed Release Oral Suspension 40 mg) of pantoprazole delayed-release
granules and the Wyeth formulation (=Pediatric formulation) of pantoprazole delayed-release granules
in healthy subjects
Note: The Altana formulation is the marketed Protonix® Delayed-Release Oral Suspension 40 mg and
the Wyeth formulation is the pediatric granules used in the pediatric program
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Study design
This was an open-label, single-dose, randomized, 2-period, 2-sequence crossover, in-patient study in
healthy men and women aged 18 to 50 years. Each subject received the test article according to the
randomization chart of the study protocol, with 240 mL of room-temperature water after fasting for at
least 10 hours. Pantoprazole delayed-release granules (40 mg) in capsule (Wyeth and Altana
formulations) were sprinkled over a teaspoonful of applesauce for oral administration. Subjects were to
ingest the entire teaspoon of applesauce with the 40-mg pantoprazole delayed release granules at once.
Water was permitted except during the 2 hours before and 2 hours after test article administration.
Standard medium-fat meals were served according to the clinic’s schedule, starting 4 hours after test
article administration.
Blood samples (5 mL) were collected for determination of pantoprazole concentrations at the following
times: on day 1, pre-dose (time 0) which may have been collected within 2 hours before test article
administration and at 0.33, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, and 24 hours after test article
administration.
Subject disposition
All subjects (100%) enrolled in this study were males. The majority of the subjects were non-Hispanic
(83.33%) and 54.17% were black.
Bioanalytical assay method
Plasma samples were analyzed for pantoprazole concentrations by a validated LC/MS/MS method. The
limit of quantitation was 10 ng/mL and the assay was linear up to 5000 ng/mL using 0.1 mL of human
plasma.
Analytical Summary of Pantoprazole

PK results
The Altana and Wyeth treatment formulations were bioequivalent with respect to AUC but not
bioequivalent with respect to Cmax.
The mean Cmax, of pantoprazole with the Altana formulation was about 18% higher compared with
Wyeth formulation. For Cmax, the 90% CI for the ratio of the geometric means between the Altana and
the Wyeth granules was from 108% to 129% and did not fall within the bioequivalence window of 80%
to 125%.
The mean AUC of pantoprazole with the Altana formulation was about 6% higher compared with the
Wyeth formulation. For AUC, the 90% CI for the ratio of the geometric means between the Altana and
the Wyeth granules was from 100% to 113% and was within the bioequivalence window of 80% to
125%.
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Pharmacokinetic results for three subjects (6, 16 and 19) showed relatively high AUC values with an
elimination half-life greater than 6 hours. These data are consistent with the presence of slow
metabolizer phenotype for cytochrome P-450 (CYP) 2C19; nonetheless, genotyping was not conducted.
Mean (SE) Plasma Concentration-Time Profiles After Administration of Pantoprazole Sodium
Enteric Coated Granules 40 mg to Healthy Adult Subjects (n=24)

•
•

Altlana: Marketed delayed release granules
Wyeth: Pediatric delayed release granules

Summary of Mean Pharmacokinetic Parameters for Both Treatments

Summary of Bioequivalence Analysis
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Reviewer’s comments: The AUC and Cmax of slow metabolizers was about 3-6 fold and 1.5-2 fold
greater than the geometric mean AUC and the Cmax, respectively.
Formulation
Subject
6
16
19

Altana
Cmax
3266
3380
4065

AUCi
27808
22346
31195

T1/2
7.49
6.28
7.74

Wyeth
Cmax
2870
3220
3800

AUCi
27446
18995
33300

T1/2
7.03
4.81
8.03

Study 115
An open-label, randomized, 2-period crossover study to determine the effect of a high-fat meal on the
relative bioavailability of a single 40 mg dose of pantoprazole sodium enteric-coated spheroids
administered orally to healthy subjects using two dose regimens.
Note that the term “spheroids” was used for “granules” in this study.
Study design
This was a randomized, open-label, 2-period, 2-sequence crossover, inpatient study in 2 groups of
healthy subjects. Each group was assigned to a specific dose regimen (spheroids sprinkled on a
teaspoonful of applesauce or suspended in water with an inactive powder blend). Doses were
administered with 240 mL of room-temperature, after an overnight fast of at least 10 hours, to subjects
who were in the fasting state or immediately after the completion of a standard high-fat breakfast water.
The high fat meal was the standard FDA-defined breakfast and was served 30 minutes before dose
administration.
PK sampling
Blood samples were collected to measure plasma concentrations of pantoprazole on study day 1 within 2
hours before dose administration and at 0.33, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16, and 24 hours
after test article administration.
Bioanalytical assay method
Plasma samples were analyzed for pantoprazole concentrations by a validated LC-MS-MS method. The
limit of quantitation was 10 ng/mL and the assay was linear up to 5000 ng/mL using 0.1 mL of human
plasma.
Analytical Summary of Pantoprazole

Subject disposition
Subjects in this study were predominantly white (74%) men and women with an average age of 34
years. The 4 treatment groups were comparable; except that the 40 mg fasted/fed (suspension) group
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was predominantly men (7 men/8 total) and the 40 mg fed/fasted (apple sauce) group was predominantly
women (7 women/9 total). Total 34 subjects completed the study.
Results
Mean (SE) Plasma Concentration Time Profiles Following Administration of 40 mg of
Pantoprazole Spheroids in Applesauce to Healthy Adult Subjects (n=17)

Mean (SE) Plasma Concentration Time Profiles Following Administration of 40 mg of
Pantoprazole Spheroids in Suspension to Healthy Adult Subjects (n=17)
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Pharmacokinetic Parameters for Pantoprazole Spheroids in Applesauce

Pharmacokinetic Parameters for Pantoprazole Spheroids in Suspension

After a high-fat breakfast the median tmax increased by 2 hours for spheroids sprinkled in applesauce and
by 2.5 hours for spheroids in suspension. The mean AUC values were 30% and 33% lower in the fed
condition compared to the fasting condition for spheroids sprinkled in applesauce and spheroids in
suspension, respectively. The mean Cmax values were 45% and 47% lower in the fed condition compared
to the fasting condition for spheroids sprinkled in applesauce and spheroids in suspension, respectively.
Under fasting conditions, the Cmax and AUC for spheroids administered as suspension is 35-40% lower
compared to spheroids administered with applesauce. The reason for this observation could be due to the
fact that the spheroids were sticking to the sides of the suspension bottle at the time of dose
administration, resulting in incomplete dose administration.
Reviewer’s comments: In study 114, the systemic exposure of pantoprazole administered as granules
sprinkled on applesauce or suspended in water under fasting condition was comparable.
Pharmacokinetic parameter estimates for two subjects (9 and 31) showed and the terminal half-life
greater than 7 hours in both the periods of the study. These data are consistent with the presence of a
slow metabolizer phenotype for cytochrome P-450 (CYP) 2C19; however, genotyping was not
conducted.
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Reviewer’s comment: The AUC of pantoprazole in subjects 9 and 31 was about 7-8 folds higher than
the geometric mean AUC and Cmax was about 2-3 folds higher than the geometric mean Cmax.

Study 331
A multicenter, open-label, pharmacokinetic, pharmacodynamic, clinical symptoms, and safety study of
pantoprazole delayed-release granules administered as a suspension in neonates and preterm infants with
a clinical diagnosis of gastroesophageal reflux disease
Study design
This was a multicenter, open-label, randomized, single-dose and multiple-dose study to assess PK,
clinical GERD and respiratory symptoms and safety of 2 dose levels of pantoprazole (1.25 mg and 2.5
mg) and the PD at one dose level (2.5 mg) in neonates and preterm infants with a clinical indication for
acid suppression to treat a presumed diagnosis of GERD. Patients were neonates and preterm infants
admitted to an NICU or special care nursery at the time of enrollment.
Patients in the study were assigned to 1 of 3 assessment strata, PK, PK/PD, or PD. Patients in the PK
and PK/PD strata were randomly assigned to 1.25 or 2.5 mg of pantoprazole delayed-release granules
for oral suspension. Patients who participated in the PD stratum (selected sites only) received 2.5 mg of
pantoprazole granules for oral suspension. All patients received at least 5 days of treatment.
Reviewer’s comment: One patient in PK/PD strata was mistakenly assigned to 1.25 mg strata. The
sponsor intended to study PD only at 2.5 mg due to the possibility of under dosing in premature infants
either due to spitting or possibly malabsorption of the dose due to the immature GI tract. The sponsor
concerned that the loss of even 1 or 2 granules at the lowest dose represents a 9-18% of the dose given
1.25 mg represents approximately 11 granules. In 1.25 mg dose cohort, there were five patients who did
not have any measurable plasma concentrations of pantoprazole. It is unclear in CRF if this is due to
incomplete dosing.
PK sampling
PK samples after single-dose administration were collected at pre-determined interval divided by two
groups. Each patient had 4 blood samples drawn on day 1 at the collection times as shown below.

For multiple dose PK, blood samples after at least 5 consecutive daily doses of pantoprazole were
collected at 3 and 6 hours after the last dose. .
Pharmacodynamics
PD assessments were based on pH-metry results. Results were recorded for up to 24 hours during patient
screening to obtain baseline pH values and again at steady state after at least5 consecutive doses of
pantoprazole. For patients in PD stratum, only multiple-dose PK samples were collected.
Intragastric and intraesophageal pH was assessed during the screening period (baseline evaluation) and
after the final dose of pantoprazole after administration of at least 5 consecutive daily doses of
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pantoprazole. The patient had an intragastric and intraesophageal pH assessment for up to 24 hours at
each of these time points via a 2-channel intragastric and intraesophageal pH probe with an internal
reference electrode (supplied by WR) placed transnasally into the stomach.
On each of the pH-metry days, the patients were fed every 3 to 4 hours as appropriate, with each feeding
lasting a maximum of 30 minutes. The pH probes were inserted after not feeding for approximately 2
hours. Because of the buffering effects of feeding, data collected during the 30-minute feeding and 30
minute post-feeding periods were excluded from data analysis. Patients who had a total recording time
of at least 16 hours of pH-metry were included for PD analysis.
Clinical Symptoms
Secondary parameters for evaluation were changes in the frequency of clinical symptoms of GERD and
respiratory symptoms from baseline to steady state. Changes were compared between the 2 dose groups.
Subject disposition
Male and Female term and postterm infants within the neonatal period (≤28 days postnatal age), or
preterm infants with a corrected age of less than 44 weeks. Body weight of at least 1500 g was required.
Treatment
Pantoprazole delayed-release granules were provided in an inert powder blend in foil pouches in 1.25
and 2.5-mg dose strengths. At the time of administration, 2.5 mL of water was added to the content of
the foil pouch to form a grape-flavored suspension. The appropriate doses were then administered to
patients by using an oral syringe approximately 30 minutes before the first feeding each day at
approximately the same time as on study day 1.
Bioanalytical assay method
Plasma samples were analyzed for pantoprazole concentrations by a validated LC/MS/MS method. The
limit of quantitation was 10 ng/mL, and the assay was linear up to 5000 ng/mL using 0.1 mL of human
plasma.
Analytical Summary of Pantoprazole

Patient disposition
The study population consisted of hospitalized preterm infants and neonates. Preterm infants were
defined as infants who were born before 37 complete weeks of gestation. Neonates were defined as term
or postterm infants in the first 28 days since birth. Term infants were defined as those born after 37 to 42
weeks of gestation, and postterm infants were defined as those born after 42 weeks of gestation.
There were no statistically significant differences between the dose groups. All the patients participating
in the study were neonates (aged ≤28 days) or preterm infants with a corrected age of less than 44
weeks. Most (54 of 59; 91.5%) were born prematurely. The median gestational age was 29 weeks. The
median corrected age of the infants born prematurely was 37.5 weeks. The mean body-weight was 2673
± 658 g. The majority (41 of 59; 69.5%) of the patients were male. Race and ethnicity were
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predominantly white, non-Hispanic (46 of 59; 78%) followed by African-American (9 of 59; 15%),
other (3 of 59; 5%) and Asian (1 of 59; 1%).
Concomitant medication
All but 1 of the 59 (98.3%) patients received concomitant medication during the study. Iron preparations
were the most widely used products and were given to 32 (54.2%) patients. The second most common
medications were propulsives (eg, metoclopramide), which were given to 18 (30.5%) patients, indicated
for feeding intolerance as well as GERD. At least 12 (20.3%) patients received vitamin supplements,
including multivitamin and plain vitamin preparations. Other concomitant products provided to at least
10% of the patients in the study were mydriatics or cycloplegics (11 patients; 18.6%); caffeine for the
treatment of apnea (9 patients; 15.3%), nasal decongestants (8 patients; 13.6%); and antifungals for
topical use, ascorbic acid, and laxatives (7 patients each; 11.9%).
PK results
Mean Concentration-Time Profile of Pantoprazole After a Single Oral Dose in Neonates and
Preterm Infants

The t1/2 calculated from the mean plasma concentration profile was 5.6 hours and 4.2 hours for the 1.25and 2.5-mg dose groups, respectively. This is longer than the typical t1/2 of 1 hour seen in older children
and adult subjects. It is probably because of this long t1/2 that plasma concentrations are observed even
18 hours postdose. The AUCT values obtained from the mean plasma concentration profiles were 2251
and 7538 ng•h/mL for the 1.25- and 2.5-mg dose groups, respectively. The AUCT value at the 2.5-mg
dose was higher than that in adults receiving 40-mg dose. The AUCT values increased with dose, but the
increase did not appear to be proportional with dose.
There were 5 patients in the 1.25-mg dose group and 2 patients in the 2.5-mg dose group who had zero
concentrations up to 18 hours after dose administration
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Pantoprazole Plasma Concentration After Single-Dose and Multiple-Dose Oral Administration of
1.25 mg Daily

Pantoprazole Plasma Concentration After Single-Dose and Multiple-Dose Oral Administration of
2.5 mg Daily

Population PK
A population PK analysis was performed with data obtained after single-dose administration to further
characterize the PK in this population. The population PK analysis was done using nonlinear mixedeffects modeling approaches (NONMEM). A one compartment pharmacokinetic model with first order
absorption was developed and appeared to best describe the data.
The typical value of apparent oral clearance in this population was estimated to be 0.4 L/h for a patient
with weight of 2.5 kg. Similarly, the typical value of apparent oral volume of distribution in this
population was estimated to be 1.6 L for a patient with weight of 2.5 kg. The inter-individual variability
for Cl/F and V/F were 82.3% and 77.3%, respectively. These %CVs are on the higher side and are
expected, given the nature of the data. The residual error was 33%.
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Reviewer’s comment: The final population PK model was a two compartment model according to a
separate report for population PK analysis. For detailed review of the population PK analysis, please
see Pharmacometrics review by Dr. Justin Earp.
Plot of Observed and Predicted Plasma Concentration
(b) (4)
(b) (4)

Summary of Pharmacokinetic Results After Single Dose Administration of Pantoprazole (PK and
PK/PD Strata) Estimated From Population PK Modeling

The mean (± SD) half-life (t1/2) estimated from the population PK modeling was 3.1 hours (± 1.5) and
2.7 hours (± 1.1) for the 1.25- and 2.5-mg dose groups, respectively.
Reviewer’s comment: The t1/2 calculated from the mean plasma concentration profile was 5.6 hours and
4.2 hours for the 1.25- and 2.5-mg dose groups, respectively.
No apparent trends were observed between AUC and weight normalized CL/F with corrected age.
There appeared to be a trend towards decrease in AUC and increase in oral clearance with increase in
postnatal age.
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Model-Estimated Individual Weight-Normalized Clearance Values versus Postnatal Age
(b) (4)

Model-Estimated Individual Weight-Normalized Clearance Values Versus Corrected Age
(b) (4)

Pharmacogenomics
Two (2) patients were identified as poor metabolizers of CYP2C19. With only 2 patients identified as
poor metabolizers, no clear pattern can be discerned on the effect of genotype on the AUC of
pantoprazole. Among the 40 PK and PK/PD patients, 10 were heterozygous for CYP2C19*1/*2, 6 were
heterozygous for CYP3A4*1/*B, 2 were heterozygous for CYP3A4*1/*3, and 3 were homozygous for
CYP3A4*B/*B. There were few patients with plasma concentration data who were heterozygous for
CYP3A4 or CYP2C19 within each treatment group, making it difficult to draw meaningful conclusions
on their effect on the AUC of pantoprazole.
Pharmacodynamics
Please, see QBR.
Summary of intragastric pH related PD Parameters in preterm infants/neonates
Parameter
Preterm infants/neonates
Dose
2.5 mg (n=16)
Mean ± SD
Baseline
Steady State
Initial Stomach pH
2.61 ± 2.12
4.13 ± 1.68*
Mean Intragastric pH
4.3 ± 0.9
5.2 ± 1.0*
% time intragastric pH>4
59.8 ± 20.7
79.3 ± 20.5*
% time intragastric pH >3 72.79 ± 19.35
86.24 ± 17.48*
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The initial stomach pH at start of pH-metry increased significantly from 2.61 ± 2.12 to 4.13 ± 1.68
during the treatment period of the study. The patients’ mean and median intragastric pH levels
increased significantly from baseline at steady state. Moreover, the percentage of time that intragastric
pH was >3 and >4 also significantly increased.
Reviewer’s comment: There were four patients whose % time gastric pH >4 was greater than 70%.
Intraesophageal pH in preterm infants/neonates after at least 5 days of treatment
Dose Baseline (b)
mg Mean ± SD

Steady-state (s)

Change from P-value
baseline
Mean ± SD
-0.16 ± 0.31 0.060

Mean intraesophageal pH over 24 h 2.5

5.06 ± 0.28

4.91 ± 0.31

% time Intraesophageal pH <4 2.5
(reflux index)

8.65 ± 8.93

7.34 ± 8.63

-1.31
12.34

± 0.676

Esophageal Reflux Area (pH•min) 2.5
(time-pH area under pH <4)

73.86 ± 131.12

23.58 ± 34.36

-50.29
139.54

± 0.170

AUC of esophgeal H+ activity 2.5
(H*mmol/L)

5.84 ± 12.08

0.91 ± 0.70

-4.92
12.17

± 0.126

Number of Reflux
episode

124.00 ± 77.47

184.38 ± 189.85 60.38
182.54

2.5

± 0.206

However, there was no intraesophageal pH parameters that resulted in statistically significant change
after multiple dosing of pantoprazole.
The intraesophageal pH-metry parameters had large
interindividual variability and did not show consistent results. The inconsistent results were attributed to
1) 50% increase in number of reflux episode at steady-state from baseline; 2) the majority of patients
had a normal % time of intraesophageal pH <4 e.g. <10%. Because of the increased number of reflux
episode, the sponsor claims that even with an increase gastric pH the increased exposure time of
esophagus to refluxant would have contributed to the decreased mean intraesophageal pH.
Reviewer’s comment: It is unknown if pantoprazole had any effect on the increase in reflux episode. It
was noted that the % patients whose % time of intraesophageal pH <4 (reflux index) was considered
abnormal (e.g.>10%) decreased from 25% at baseline to 18.8% at steady-state while no consistent
trend was observed for the majority of patients who had normal % time of intraesophageal pH <4.
However, in infants 1-11 months old, the % patients whose reflux index was abnormal increased after
treatment.
Clinical evaluation
Total Daily GERD Symptom Scores
Descriptive statistics for the total daily GERD symptom score, a sum of 5 selected GERD symptoms, are
presented from baseline through the last day on therapy. Because this clinical evaluation was
exploratory in nature under a short-term treatment, detailed review was not conducted. Please, see
Clinical Review by Dr. Il-Lun Chen.
PK conclusion
The concentration values were highly variable after single and multiple doses of pantoprazole in this
study population; however, further PK analysis was still possible. The t1/2 of pantoprazole appeared to be
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longer in neonates and preterm infants compared with that seen in adults and children aged 1 through 16
years. This finding was expected and consistent with literature reports. Pantoprazole is primarily
metabolized by the CYP2C19 enzyme and to a limited extent by CYP3A4. These enzymes are not
completely developed in neonates and preterm infants and appear to be activated by a mechanism
associated by birth but independent of gestational age. This is probably the reason for the longer t1/2
observed in this population. The trend toward increased apparent oral clearance with increase in
postnatal age is probably a result of activation of CYP enzymes after birth.
Reviewer’s comments: For a detailed review, please see Pharmacometrics review in Appendix.

Study 333
A multicenter, randomized, open-label, single-dose and multiple dose study of the pharmacokinetics and
pharmacodynamics of 2 dose levels of pantoprazole sodium enteric-coated spheroid suspension in
infants aged 1 through 11 months with presumed GERD
Study design
This was a Phase 3, multicenter, randomized, open-label, single-dose and multiple-dose PK and safety,
in infants aged 1 month through 11 months with presumed GERD. Hospitalized patients or outpatients
participated in 1 of 2 strata: PK or PD. Approximately 56 patients were to be enrolled in the study; 32
patients in the PK portion of the study and 24 patients in the PD portion of the study.
After screening, patients whose weight was 2.5 kg to < 7 kg were randomly assigned in a 1:1 fashion to
receive either a 5-mg (high) daily dose or a 2.5-mg (low) daily dose of pantoprazole, and patients whose
weight was at least 7 kg but not more than 15 kg were randomly assigned in a 1:1 fashion to receive
either a 10-mg (high) daily dose or a 5-mg (low) daily dose of pantoprazole.
Pantoprazole Dose Strength Based Upon Weight Group

For patients in the PK stratum, single-dose PK analysis was performed after the first dose of
pantoprazole. Multiple-dose PK values were assessed after at least 5 (but not more than 10) consecutive
daily doses of pantoprazole. For patients in the PD stratum, PD assessments were made by using 24
hour pH-metry at baseline and at steady state after at least 5 (but not more than 10) consecutive daily
doses of pantoprazole to measure the intragastric and intraesophageal pH for up to 24 hours. All PD
patients participated in the multiple-dose PK assessment, but PD patients did not participate in the
single-dose PK assessments.
Reviewer’s comment: PK/PD relationship was not analyzed.
Treatment
The test article was pantoprazole sodium enteric-coated spheroids (granules) in an inactive powder
blend, provided in 3 strengths (2.5 mg, 5 mg, and 10 mg) for administration to patients in the low (0.6
mg/kg) and high (1.2 mg/kg) dose groups. The contents of the pouch were reconstituted with 5 mL of
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water to produce a grape-flavored oral suspension. Dosing with an oral syringe or small spoon occurred
approximately 30 minutes before the morning feeding.
PK sampling
Blood samples for single-dose PK assessments were collected on study day 1 at 2 hours before and at
0.5, 1, 2, 4, 6, and 12 hours after pantoprazole administration. PK samples were collected at 2 and 4
hours after multiple dose pantoprazole administration. PK plasma samples for PD patients were
collected on the morning of study day 1, at hour -2 (predose), and on study day 7 ± 2 (final study
evaluation) at 3 hours after pantoprazole administration.
Bioanalytical assay method

Plasma samples were analyzed for pantoprazole concentrations by a validated liquid
chromatography/tandem mass spectroscopy (LC/MS/MS) method. The limit of quantitation was 10
ng/mL and the assay was linear up to 5000 ng/mL using 0.1 mL of human plasma.
Analytical Summary of Pantoprazole

Disposition of patients

Eighty-one (81) patients were enrolled in the study. Fourteen (14) patients were screen failures. Sixtyseven (67) were randomly assigned to treatment and received at least 1 dose of pantoprazole. Thirtythree (33) patients were randomly assigned in a 1:1 fashion to receive the low dose (0.6 mg/kg), and 34
patients were randomly assigned to the high-dose (1.2 mg/kg) group.
PK results
Summary of Pharmacokinetic Parameter Estimates- Day 1
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Reviewer’s comment: The systemic exposure of pantoprazole was highly variable (CV >80%). The PK sampling
was not sufficient for some subjects as there was no sample collected between 6-12 hours post-dose and a few
patients had substantial plasma concentration at 6 hours post-dose. For six patients (two in 0.6 mg/kg and four
in 1.2 mg/kg group) did not have at least 2 measurable concentrations after Cmax thus were excluded from the
AUCinf estimation. Subjects for whom % AUCext was greater than 20% were excluded from AUCinf

estimation.
The exposures observed with the 1.2-mg/kg dose regimen were similar to those seen in adults receiving
40 mg of pantoprazole, although variable.
There was no evidence of accumulation of pantoprazole after multiple-dose administration judged based
on mean plasma concentration time profiles after single dose and plasma concentrations at two time
points after multiple dose administration.
Reviewer’s comments: Apparently blood samples were collected beyond expected tmax after multiple
dosing. The accumulation of pantoprazole after multiple-dose was not adequately addressed although
the current data appears to be consistent with what was observed in adults e.g. no accumulation after
multiple doses (Protonix label).
Mean Plasma Concentration-Time Profiles of Pantoprazole After Single-Dose and Multiple-Dose
Oral Administration of Pantoprazole Suspension All PK Population
0.6 mg/kg

1.2 mg/kg

Pharmacogenomics
Two (2) of the PD patients were poor metabolizers based on their CYP2C19 genotype but one blood
sample was collected only after multiple doses. As such they were not included for a single dose PK
analysis. Ten (10) patients were heterozygous for CYP2C19*1/*2, 12 patients were heterozygous for
CYP3A4*1/*1B, and 3 patients were homozygous for CYP3A4*1B/*1B.
Results for PD parameters
There was statistically significant increase at steady-state from baseline in mean gastric pH, median
gastric pH, and percentages of time that gastric pH was > 4 and > 3, while corresponding changes
following the low dose (0.6 mg/kg) were not statistically significant.
Reviewer’s comments: It was noted that the mean intragastric pH at baseline was elevated in 0.6 mg/kg
dose group from initial stomach pH. Consistently, the % time intragastirc pH>4 and >3 was higher at
baseline for 0.6 mg/kg dose group compared to that for 1.2 mg/kg dose group. Moreover, mean gastric
pH % time gastric pH>4 at baseline for 0.6 mg/kg dose cohort was comparable with those at steady
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state after 1.2 mg/kg dosing. As such the dose-response relationship based on mean change from
baseline appears to be confounded by difference at baseline. This may be reflective of difficulty in
collecting reliable pH measurements in this age group and difficulty in identifying patients in this age
group who would need acid suppression based on clinical symptom.
Descriptive Summary of Intragastric pH related Pharmacodynamic Parameters in infants 1-11
months old
Parameter
Infants 1-11 months
Dose
0.6 mg/kg (n=11)
1.2 mg/kg (n=10)
Mean ± SD
Baseline
Steady
Baseline
Steady State
State
Initial Stomach pH
2.4 ± 1.5
2.6 ± 1.3 2.8 ± 1.9
2.8 ± 2.5
Mean Intragastric pH
4.2 ± 1.4
4.8 ± 1.3 3.1 ± 1.4
4.2 ± 1.5*
% time intragastric pH>4
55.5
± 68.5
± 32.2 ±24.1 56.6 ± 31.1*
28.6
28.3
% time intragastric pH >3
68.4
± 76.9
± 43.5
± 66.3 ± 30.5*
26.3
24.5
29.8
There was significant decrease in mean intraesophageal pH over 24 h and AUC of esophgeal H+ activity
(H*mmol/L) after 1.2 mg/kg treatment. Except them there was no statistically significant change in
most of esophageal pH parameters after either treatment . Notably, the number of reflux episode also
increased at steady-state similarly in preterm infants.
Intraesophageal pH in infants aged 1-11 months
PD parameter

Dose
mg/kg

Baseline
Mean ± SD

Steady-state
Mean ± SD

P-value

Mean intraesophageal pH over 24 h 0.6

5.7 ± 0.7

5.6 ± 0.8

0.347

1.2

5.2 ± 0.4

4.9 ± 0.3

0.012

% time Intraesophageal pH <4 0.6
(reflux index)
1.2

4.6 ± 3.9

4.6 ± 5.6

0.982

8.0 ± 5.6

9.4 ± 5.8

0.534

Esophageal Reflux Area (pH•min) 0.6
(time-pH area under pH <4)
1.2

33.4 ± 25.2

24.5 ± 36.7

0.423

57.5 ± 39.3

31.3 ± 13.3

0.066

AUC of esophgeal H+ activity 0.6
(H*mmol/L)
1.2

2.1 ± 1.6

1.5 ± 2.4

0.387

3.5 ± 2.3

1.5 ± 0.6

0.021

Number of Reflux episode

0.6

87.4 ± 59.9

109.1 ± 121.0

0.410

1.2

143.2 ± 48.3

212.6 ± 112.6

0.144

Based on the PK and PD from this study the 1.2-mg/kg daily dose was selected for the efficacy study
3001B3-329-WW, which was conducted in infants aged 1 month through 11 months.
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Study 334
A multicenter, randomized, open label, single and multiple dose study of the safety and
pharmacokinetics of 2 dose levels of pantoprazole sodium in children aged 1 through 11 years with
endoscopically proven GERD
Note that the term “spheroid” was used for “granules” in this study.
Study design
This study was a multicenter, randomized, open-label, single-dose and multiple-dose PK study in
children ages 1 through 11 years with endoscopically proven GERD at 2 dose levels (0.6 mg/kg [low
dose] and 1.2 mg/kg [high dose] to assess the safety and tolerability in this population.
For children ages 1 through 5 years, the 2 dosage levels (low and high) of pantoprazole spheroids were
provided in 4 strengths: 5, 10, 15 and 20 mg, according to the patient’s weight, for administration as a
sprinkle on applesauce or in apple juice. For patients ages 6 through 11 years, the low and high dosage
levels were achieved using pantoprazole tablets in strengths of 20 and 40 mg.
Dose Strength Based on Weight Group (Age <6 Years/Spheroid)

Dose Strength Based on Weight Group (Age <6 Years/Spheroid)

Reviewer’s comment: It was noted that two patients were randomly assigned to a lower dose group, 0.6
mg/kg but based on the patient’s body weight, the investigators were given permission to treat the
patients with a highest dose (1.2 mg/kg).
PK sampling
Samples for PK analysis was taken up to 2 hours before dose administration, and at 0.5, 1, 2, 4, 6 and 12
hours after a single- dose administration and at 2 and 4 hours after at least 5 consecutive dose
administrations.
Reviewer’s comments: For six subjects aged less than 5 years, apparently Cmax was achieved at 6
hours post-dose; however, there was no sampling done until 12 hours. As such PK sampling was not
sufficient to capture a full PK profile for these subjects.
Patient disposition
Plasma from the PK blood samples was analyzed for pantoprazole by a validated liquid chromatography
coupled to tandem mass spectrometry (LC/MS/MS) assay. The lower limit of quantitation (LLQ) was 10
ng/mL and the assay was linear up to 5000 ng/mL using 0.1 mL of human plasma.
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Bioanalytical Summary of Pantoprazole

PK results
Summary of Pharmacokinetic Results: Day 1 (Age <6 Years/Spheroid)
Age
Dose
Cmax
(ng/ml)
Tmax (hr)
(min-max)
AUCt
(ng*hr/ml)
Number of subjects 3
AUC∞
(ng*hr/ml)
t1/2 (h)
(± SD)
CL/F
(L/h/kg)

1-5 years old
0.6 mg/kg 1.2 mg/kg
(n=10) 2
(n=7)1
181
653
(85)
(99)
[166]
[406]
5.8
(1-6)
563
(76)
[377]
(n=2)
294
(70)
[266]
1.1 ±0.1

3
(1-6)
1920
(89)
[1205]
(n=6)
1840
(87)
[1194]
1.5 ±0.5

2.4
(67)

1.46
(79)

included four subjects whose tmax was 6 hours
included two subjects whose tmax was 6 hours
3
when λ-extrapolation was not reliable, patients were excluded.
1
2

Reviewer’s comments: In six subjects: four in 0.6 mg/kg and two in 1.2 mg/kg, tmax was delayed to 6
hours. Because there were no PK samples collected between 6 to 12 hours, it is unclear if this is true
tmax. Subjects whose % AUCext is greater than 20% was excluded from AUC∞ calculation.
Clearance versus age across ages 1 year through 11 years shows a trend toward decreased clearance with
increasing age. However, this may result in part from the difference in formulation between the 2 age
groups and the extent of absorption. There was considerable variability observed in the lag time after
single-dose and after multiple-dose administration of pantoprazole. Therefore, pantoprazole
concentrations at each time point on day 1 and at steady state could not be compared.
Pharmacogenomics

There were no poor metabolizers of CYP2C19. Out of the 41 subjects who received pantoprazole, there
were 11 patients heterozygous for CYP2C19 * 1/ *2, 2 heterozygous for CYP3A4 * 1/ *B, 1
heterozygous for CYP3A4 *1/ *3, and 1 was homozygous for CYP3A4 *B/*B.
Conclusion

A total of 17 subjects in the age group 1 through < 6 years and 21 subjects in the age group 6 through 11
years contributed to the PK evaluations of pantoprazole spheroid and tablet formulations. The plasma
concentrations and the PK parameters were in general highly variable in the age group 1 through < 6
years. Less variability was observed in the age group 6 to 11 years with the tablet formulation. It is
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unclear if this higher variability in the younger patients is due to the nature of this patient population or a
result of the spheroid formulation used in this group. The Cmax and AUC increased with increasing
doses of pantoprazole. Probably due to the large variability and the small number of subjects within each
group, the increase in Cmax and AUC did not appear to be exactly dose proportional.
Summary of Pharmacokinetic Parameter Estimates: Age ≥6 Years/Tablet

Study 337
A multicenter, randomized, open-label, single- and multiple-dose study of the pharmacokinetics and
safety of 2 dose levels of pantoprazole sodium tablets in adolescents aged 12 through 16 years with a
clinical diagnosis of gastroesophageal reflux disease
Study design

This was a multicenter, randomized, open-label, single- and multiple-dose PK study in adolescents aged
12 through 16 years with GERD. There were 2 dose groups (20-mg and 40-mg tablets), with each
subject receiving 5 to 11 doses of pantoprazole. Patients were randomly assigned in a 1:1 fashion to the
20- or 40-mg treatment groups. Single-dose PK analysis was performed after the first dose of
pantoprazole. Multiple-dose PK values were assessed on day 8 (± 3 days) of pantoprazole administration
after the last of at least 5 consecutive doses. Because patients were to be provided with a 14-day supply
of pantoprazole, if a patient missed a dose, that patient could restart accumulating a run of 5 consecutive
doses.
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PK sampling
Two (2) hours before dose administration, and at 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 6.0, 8.0, and 12.0 hours
after oral dose administration on study day 1. Patient took a minimum of 5 consecutive doses (no missed
doses) before this PK determination at 2 and 4 hours after the dose on day 8 ± 3 days.
Bioanalytical assay method

Plasma samples were analyzed for pantoprazole concentrations by a validated liquid
chromatography/tandem mass spectroscopy (LC/MS/MS) method. The limit of quantitation was 10
ng/mL and the assay was linear up to 5000 mg/mL using 0.1 mL of human plasma.
Analytical Summary of Pantoprazole

Patient disposition

All patients entered the study with clinical signs and symptoms of GERD including 4 patients with a
diagnosis of EE by endoscopy, 4 patients with a diagnosis of reflux esophagitis established by biopsy, 4
patients with abnormal pH-metry that was consistent with reflux esophagitis, and 4 patients with other
objective testing consistent with GERD. Adolescents aged 12 through 16 years with a clinical diagnosis
of GERD. Patients of both sexes (10 male and 12 female adolescents) were enrolled in this single- and
multiple-dose study.
PK results
Mean Plasma Concentration Time Profiles Following Single-Dose Oral Administration of
Pantoprazole Delayed-Release Tablet
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Summary of Pharmacokinetic Results - Day 1

Mean Plasma Concentration-Time Profiles After Single- and Multiple-Dose Oral Administration
of 40 mg of Pantoprazole Delayed-Release Tablet – All-Patient PK Population

Pharmacogenomics

There were no poor metabolizers of CYP2C19. There appeared to be no clear pattern for Cmax and AUC
of pantoprazole based on the genotype. For patients who were heterozygous for CYP2C19 or had a
variant of CYP3A4, there were too few patients per treatment group to make any meaningful conclusion
about the effect of these polymorphisms.
Sponsor’s discussion
The plasma concentrations and the PK parameters Cmax and AUC increased with increasing doses of
pantoprazole. The Cl/F and Vz/F normalized to body weight did not show any trend across ages 12 to
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16 years. These parameters are in general highly variable, presumably due to the uncertainty of the
bioavailability factor (F).
There was considerable variability observed in the lag time after single-dose and after multiple-dose
administration of pantoprazole. Therefore, pantoprazole concentrations at each time point on day 1 and
at steady state could not be compared. As expected, there was no appreciable accumulation after
multiple doses of pantoprazole, which is consistent with the short half-life of pantoprazole.
After single dose administration of 40 mg, 3 patients had an unusually long lag time (4-8 hours) and 1
patient had no measurable concentration up to 12 hours postdose. Two (2) patients did not have any
measurable concentrations after multiple doses of pantoprazole. The dosing records for the patients with
zero concentrations were verified to ensure that the patients did take the protocol-specified dose. The
above phenomenon can be attributed to either delayed gastric emptying of the tablet or failure of
dissolution of the enteric coating. If the tablet did not pass the pylorus for a long time (up to 8 or 12
hours postdose) then it would not have been possible to capture the PK profile within the specified
window of measurement.
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4.4. Pharmacometric Review
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4.4. Pharmacogenomics Review
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4.5. OCP Filing Form

Office of Clinical Pharmacology
w Drug Application Filing and Review Form
General Information About the Submission
NDA/BLA Number
OCP Division (I, II, III, IV, V)
Medical Division
OCP Reviewer
OCP Team Leader

Information
22-020
III
Insook Kim, Ph.D.
Sue-Chih Lee, Ph.D.

Brand Name
Generic Name
Drug Class
Indication(s)
Dosage Form

Pharmacometrics Reviewer

Justin Earp, Ph.D.

Dosing Regimen

Date of Submission
Estimated Due Date of OCP Review
Medical Division Due Date
PDUFA Due Date

11/21/2008
March 24, 2009
April 1, 2009
5/21/2009

Route of Administration
Sponsor
Priority Classification

DGP

Information
Protonix
Pantoprazole sodium
PPI
GERD
Granules for oral suspension
Oral tablet
20 mg QD
40 mg QD
Oral
Wyeth
Priority

Clin. Pharm. and Biopharm. Information
“X” if included
at filing

Number
studies
submitted

of

Number
studies
reviewed

STUDY TYPE
Table of Contents present and sufficient to
locate reports, tables, data, etc.
Tabular Listing of All Human Studies
HPK Summary
Labeling
Reference
Bioanalytical
and
Analytical
Methods
I. Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics (e.g., Phase I) 

X
X
X
X
X

Healthy Volunteerssingle dose:
multiple dose:
Patientssingle dose:
multiple dose:
Dose proportionality 
fasting / non-fasting single dose:
fasting / non-fasting multiple dose:
Drug-drug interaction studies 
In-vivo effects on primary drug:
In-vivo effects of primary drug:
In-vitro:
Subpopulation studies 
ethnicity:
gender:
pediatrics:

3
4

`
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of

Critical Comments If any

geriatrics:
renal impairment:
hepatic impairment:
PD 
Phase 2:
Phase 3:
PK/PD 
Phase 1 and/or 2, proof of concept:
Phase 3 clinical trial:
Population Analyses 
Data rich:
Data sparse:
II. Biopharmaceutics
Absolute bioavailability
Relative bioavailability 
solution as reference:
alternate formulation as reference:
Bioequivalence studies 
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies
Bio-waiver request based on BCS
BCS class
Dissolution study to evaluate alcohol induced
dose-dumping
III. Other CPB Studies
Genotype/phenotype studies
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies

1

2

1

1

2

11

On initial review of the NDA/BLA application for filing:

Content Parameter

Yes No N/A Comment

Criteria for Refusal to File (RTF)
1 Has the applicant submitted bioequivalence data comparing to-be
marketed product(s) and those used in the pivotal clinical trials?
2 Has the applicant provided metabolism and drug-drug interaction
information?
3 Has the sponsor submitted bioavailability data satisfying the CFR
requirements?
4 Did the sponsor submit data to allow the evaluation of the validity of the
analytical assay?
5 Has a rationale for dose selection been submitted?
6 Is the clinical pharmacology and biopharmaceutics section of the NDA
organized, indexed and paginated in a manner to allow substantive review
to begin?
7 Is the clinical pharmacology and biopharmaceutics section of the NDA
legible so that a substantive review can begin?
8 Is the electronic submission searchable, does it have appropriate hyperlinks
and do the hyperlinks work?

n/a
n/a
y
y
y
y
y
y

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality)
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9
10

11
12
13
14

15
16
17
18
19

Data
Are the data sets, as requested during pre-submission discussions,
submitted in the appropriate format (e.g., CDISC)?
If applicable, are the pharmacogenomic data sets submitted in the
appropriate format?
Studies and Analyses
Is the appropriate pharmacokinetic information submitted?
Has the applicant made an appropriate attempt to determine reasonable
dose individualization strategies for this product (i.e., appropriately
designed and analyzed dose-ranging or pivotal studies)?
Are the appropriate exposure-response (for desired and undesired effects)
analyses conducted and submitted as described in the Exposure-Response
guidance?
Is there an adequate attempt by the applicant to use exposure-response
relationships in order to assess the need for dose adjustments for
intrinsic/extrinsic factors that might affect the pharmacokinetic or
pharmacodynamics?
Are the pediatric exclusivity studies adequately designed to demonstrate
effectiveness, if the drug is indeed effective?
Did the applicant submit all the pediatric exclusivity data, as described in
the WR?
Is there adequate information on the pharmacokinetics and exposureresponse in the clinical pharmacology section of the label?
General
Are the clinical pharmacology and biopharmaceutics studies of appropriate
design and breadth of investigation to meet basic requirements for
approvability of this product?
Was the translation (of study reports or other study information) from
another language needed and provided in this submission?

y

y
y

Dose-ranging
studies

y

Dose-response
relationship
n/a

Pending review
y
y
y
n/a

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? ____yes___
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.
The sponsor stated that the commercially available 40 mg delayed-release granules formulation (co-developed
with Nycomed, formerly ALTANA Pharma) was not selected because it is not bioequivalent to the pediatric
formulation. Please, guide the reviewer to the study report if submitted.
Insook Kim, Ph.D.
Reviewing Clinical Pharmacologist

1/14/2009
Date

Sue-Chih Lee, Ph.D.
Team Leader/Supervisor

1/14/2009
Date
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Linked Applications Submission
Type/Number
--------------------------------------NDA 20987
SUPPL 36
NDA 20987

SUPPL 36

NDA 20987

SUPPL 37

NDA 22020

SUPPL 1

NDA 22020

SUPPL 1

NDA 22020

SUPPL 1

NDA 22020

SUPPL 1

NDA 22020

SUPPL 1

NDA 22020

SUPPL 1

NDA 22020

SUPPL 1

NDA 22020

SUPPL 2

NDA 22020

SUPPL 2

NDA 22020

SUPPL 2

NDA 22020

SUPPL 2

NDA 22020

SUPPL 2

NDA 22020

SUPPL 2

Sponsor Name

Drug Name / Subject

--------------------

-----------------------------------------PROTONIX (PANTOPRAZOLE
SODIUM) 40MG ENTE
PROTONIX (PANTOPRAZOLE
SODIUM) 40MG ENTE
PROTONIX (PANTOPRAZOLE
SODIUM) 40MG ENTE
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
PROTONIX DELAYED RELEASE
GRANULES
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