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Clinical Pharmacology and Biopharmaceutics Review

NDA: 21-494 : Stamp Date: 4/10/02
. :1®
Trade Name: Axid ORM Division: GI & Coagulation

Generic Name: Nizatidine Syrup, 15 mg/ml OCPB Division: DPE II

Sponsor: Reliant Pharmaceuticals, LLC
2ROTSOL Team Leader: Suresh Doddapaneni

Reviewer: Suliman I. Al-Fayoumi, Ph.D. |

Type of Submission: Original NDA

1. Executive Summary

Axid® (nizatidine) immediate release 150 mg capsules is currently approved for the
treatment of acid-related disorders. The recommended oral dosage is 150 mg twice daily
& 300 mg once daily at bedtime.

The absolute bioavailability of nizatidine after oral administration exceeds 70%. Over
90% of an oral dose of nizatidine (including 60% unchanged drug) is excreted in the
urine within 12 hrs. Accumulation is not expected with BID dosing in adult individuals
with normal renal function as nizatidine is rapidly cleared with a half-life of 1-2 hrs. The
primary metabolite excreted in urine is N-desmethyl-nizatidine (~7% of P.O. nizatidine
dose).

In the current NDA, Nizatidine Syrup, 15 mg/ml is proposed as a new alternative
administration option in adult & pediatric patients. A single relative bioavailability study
has been submitted in support of the safety and efficacy of the nizatidine syrup
formulation. In this study, the syrup was found to be bioequivalent to the approved
capsules.

Recommendation

NDA 21-494 has been reviewed by the Office of Clinical Pharmacology and
Biopharmaceutics (OCPB/DPE II), and from the view point of OCPB, the submission is
acceptable provided that a satisfactory agreement is reached on the package insert
between the Agency and the sponsor. See Appendix 1 for the Agency’s proposed
revisions to the Clinical Pharmacology-related sections of Axid® package insert. Any
additional revisions to the Axid® labeling will be included in an addendum to the current
review
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I1. Summary of CPB Findings

The currently approved nizatidine formulation is Axid® IR capsule 150 mg (NDA 19-
508).

NDA 21-494 seeks approval of the syrup
formulation, which was originally developed as an age appropriate formulation for use in
pediatric patients, and is supported by the same relative bioavailability study (study

In study AX9006, the relative bioavailability of the capsule contents administered in
apple juice and in infant formula, as well as the new oral syrup formulation was
determined relative to that of the intact capsule in a four-way crossover study in healthy
adult subjects. The study demonstrated that the syrup and the capsule contents
administered in infant formula were bioequivalent to the intact capsule (Table 1).
However, administration of the capsule contents in apple juice resulted in a significantly
reduced bioavailability (27% lower AUC & 44% lower Cmax) relative to the intact
capsule. The sponsor has hypothesized that apple juice inhibits an Organic Cation
Transporter, which might be involved in the absorption of nizatidine. Based on this
comparative bioavailability study, the new nizatidine syrup is an appropriate alternative
* administration option for use in pediatric & adult patients.

Table 1. Shmmary of the geometric means and 95% confidence intervals for the primary
PK parameters of the four administration options studied in study AX9006

Syrup Infant Formula Apple Juice Capsule
AUC« 3445.2 3356.9 2531.8 3538.2
(ng-hr/ml) CI: 95-101 CI: 92-98 CI: 69-76 —
AUC.. 3550.8 ' 3455.2 2653.3 3460.6
(ng-hr/ml) CI: 95-101 CI: 93-98 CI: 70-77 -
Cmax 1290.0 1135.1 738.9 1297.9
(ng/ml) CI: 94-109 CI: 83-96 CI: 54-64 o
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III. Question-Based Review

A. General Attributes

Axid® (nizatidine), a competitive inhibitor of histamine at the H, receptor, was first
approved in the US in 1988. Axid® has been shown to significantly inhibit nocturnal
gastric acid secretion for up to 12 hours. Axid® also significantly inhibits gastric acid
secretion stimulated by food, caffeine, betazole, and pentagastrin. It currently is being
marketed at 150 mg BID & 300 mg QD for the treatment of a variety of acid-related
conditions.

The absolute bioavailability of nizatidine after oral administration of Axid® exceeds 70%.
Over 90% of an oral dose of nizatidine (including 60% unchanged drug) is excreted in
urine within 12 hrs. Accumulation is not expected with BID dosing in individuals with
normal renal function as nizatidine is rapidly cleared with a half-life of 1-2 hrs. The
primary metabolite excreted in urine is N-desmethyl-nizatidine (~7% of P.O. nizatidine
dose). :

B. General Biopharmaceutics

1. What is the nature of the formulation?

Nizatidine syrup, 15 mg/ml is a new formulation originally developed by the sponsor to
serve as a bona fide age-appropriate pediatric formulation. The composition of the syrup
formulation is shown in Table 1.

Table 1. Qualitative composition of the nizatidine syrup

Component, Grade Quality Function % wiv
Nizatidine, USP Active ingredient 1.50
Methylparaben, NF '

Propylparaben, NF . (— j

Glycerin, USP

Sodium Alginate, NF

Purified Water, USP

Sodium Chloride, USP

‘Saccharin Sodium, USP

Sodium Citrate Dihydrate, USP

Citric Acid Anhydrous, USP

Sucrose, NP

Flavor, Bubble Gum ————~ ]
Artificial Sweetness Enhancer ——

Sodium Hydroxide, NE Z_' \)
. — _J
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2. How do nizatidine syrup & Axid® 150 mg capsules compare on the
bioavailability of nizatidine?

In study AX9006, the relative bioavailability of the capsule contents administered in
apple juice and in infant formula, as well as the new oral syrup formulation was
determined relative to that of the intact capsule in a four-way crossover study in healthy
adult subjects. The study demonstrated that the syrup and the capsule contents
administered in infant formula were bioequivalent to the intact capsule (Table 1).
However, administration of the capsule contents in apple juice resulted in a significantly
reduced bioavailability (27% lower AUC & 44% lower Cmax) relative to the intact
capsule. The sponsor has hypothesized that apple juice inhibits an Organic Cation
Transporter, which might be involved in the absorption of nizatidine. However, with the
availability of syrup formulation, this is not an issue from a practical point of view.

Table 1. Summary of the geometric means and 95% confidence intervals for the primary
PK parameters of the four administration options studied in study AX9006

Syrup Infant Formula Apple Juice | Capsule
AUCy, 3445.2 3356.9 2531.8 - 3538.2
(ng-hr/ml) CI: 95-101 Cl: 92-98 ClI: 69-76 -
AUC,... 3550.8 3455.2 2653.3 3460.6
(ng-hr/ml) CI: 95-101 CI: 93-98 CIL: 70-77 -
Cmax 1290.0 1135.1 738.9 1297.9
(ng/ml) CI: 94-109 CI: 83-96 CI: 54-64 -

Appears This Way
On Original
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Appendix 1

Proposed Package Insert
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Appendix 2

Individual Study Reviews
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Study #: AX 9006 ' Study Date: Jan 2002

Type of Study: Bridging Relative Bioavailability Study

Study AX9006 is entitled,

“AN OPEN-LABEL, SINGLE-DOSE, RANDOMIZED, FOUR-WAY
CROSSOVER STUYD TO EVALUATE THE BIOEQUIVALENCE OF
NIZATIDINE FROM EXTEMPORANEOUS ORAL SOLUTIONS USED IN
PEDIATRIC CLINICAL TRIALS WITH A PROTOTYPE NIZATIDINE LIQUID
FORMULATION INTENDED FOR PEDIATRIC USE AND TO ASSESS THE
RELATIVE BIOAVAIALBILITY OF THE ORAL SOLUTIONS AND
PROTOTYPE LIQUID FORMULATION TO A 150 mg AXID® CAPSULE IN
HEALTHY SUBJECTS”

Objectives

« To evaluate the relative bioavailability of 150 mg of the oral preparations in apple
juice and formula, and 150 mg of the prototype syrup formulation to a 150 mg
capsule.

Study Design
Open-label, randomized, single-dose, 4-way crossover relative bioavailability study

Subjects : 24 healthy adults

Treatment Subjects were randomized to receive 150 mg nizatidine dissolved
in infant formula, apple juice, or prototype syrup, or as intact
capsule.

PK Sampling Samples were collected for determination of nizatidine and its N-

desmethyl metabolite in plasma at 0 (pre-dose), 0.25, 0.5, 0.75, 1,
1.25,1.5,1.75,2,25,3,35,4,5,6,8, 10, 12, 16 & 24 hrs post-
dose.

Pharmacokinetics/Pharmacodynamics

The following pharmacokinetic parameters were determined for nizatidine and its
desmethyl metabolite: Trax, Crax, t1/2, AUCq, AUC ., CL/f and Vy/f.

Results & Conclusions
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Table 2. Summary of the primary PK parameters following administration of the
four oral nizatidine formulations

Traatment
Parameter Svrup Apple Juice Formula Capsule
g";;ml_) 1340.6 + 378.6 762.8 £195.7 1178.4£327.4 1367.6 £ 452.9
(0.28) {0.26) (0.28) (0.33)
Trax (R). 0.77 £0.40 131 £0.41 0.94£0.39 1.02£0.48
(052) (0.31) (0.42) (0.47)
AUC;,*,T L, 3510.0689.4 25781 4 491.3 34109 £634.0 3605.0 £ 713.6
(ngeh/mL) (0.20) (0.19) {0.19) (0.20)
AUC;\*- L 3610916747 2604.1 £ 472.8 3506.6 + 626.9 3703.1 £702.0
(ngsh/mt) (0.19) (0.18) (0.18) (0.19)
Kel (1) 0.518 £0.099 0.428 £0.085 0.526 +0.083 0.531 £0.119
(0.19) (0.20) (0.16) (0.22)
gty 1.38 £0.26 1.69 £0.39 1.35 £0.25 1.37 £ 0.29
(0.19) (0.23) (0.18) (0.21)
CUF (L) 430182 57.5 £ 10.8 440175 41980
(0.19) (0.19) ©0.17) (0.19)
VdiF (L) 86.4 £ 26.5 142,31 49.8 86.5£25.0 83.4+26.9
(0.35) (0.29) (0.32)

(0.31)

Table 3. Summary of the results of bioequivalence assessment following
administration of the four oral nizatidine formulations

Parameter/Statistic -Syrup? Apple Juice® Formuta® Capsute”

AUCo.1 (ngehr/mL) . '
Adjusted Mean 3445.2 2531.8 3356.9 3538.2
Ratio 0.97 0.72 0.95 -
90% Cl 95-101 69-76 9298 -

AUCo... (ngehr/mL)
Adjusted Mean 3550.8 2653.3 3455.2 3640.6
Ratio 0.98 0.73 0.85 -
90% Cl 95-101 70-77 93-98 -
Adjusted Mean 1290.0 738.9 1135.1 1297.9
Ratio 0.99 0.57 0.87 -
90% ClI 94-109 54-64 83-96 -

 Test

® Reference

Cl: Confidencs Interval ) i
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e Asshown by Tables 2 & 3, the syrup formulation as well as the infant formula
preparation was bioequivalent to the intact capsule. However, the apple juice
preparation was deemed bioinequivalent to the intact capsule on both Cmax (reduced
by 43%) and AUC (reduced by 27%). The sponsor hypothesizes that this might be
due to apple juice inhibiting the organic cation transporter, for which nizatidine is a
substrate. Irrespective of the mechanism involved, the same observation has been
reported earlier in literature (Sullivan et al., 1995).
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