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I. Executive Summary

NDA 21-636 for ZEGERID™ {(omeprazole) powder for oral suspension 20 mg was approved on
6/15/04 for the following indications: 1) short-term treatment (4-8 weeks) of active duodenal
ulcer, 2) treatment of heartburn and other symptoms associated with gastroesophageal reflux
disease (GERD), 3) short-term treatment (4-8 weeks) of erosive esophagitis which has been
diagnosed by endoscopy and 4) maintenance of healing of erosive esophagitis (EE).

In this NDA, Santarus 1s seeking approval of ZEGERID™ (omeprazole) powder for oral
suspension 40 mg for short-term treatment (4-8 weeks) of active, benign gastric ulcer and for the
C J of upper gastrointestinal (GI) bleeding in critically ill patients. For the approval of
ZEGERID 40 mg for short-term treatment (4-8 weeks) of active, benign gastric ulcer, Santarus is
relying on the safety and efficacy findings of the Agency from NDA 19-810 (Prilosec Delayed
Release Capsuiles 20 mg and 40 mg) based on the 505(b)(2) regulations. Omeprazole powder for
oral suspension (OSB-IR) 40t mg is identical to the 20 mg dose strength except for omeprazole
content. The indication of I of upper GI bleeding in critically ill patients is a new
indication that has not been approved before for any of the marketed omeprazole products. Data
from a single adequate and well-controlled clinical trial (OSB-IR-C03) was submitted in support




of this indication. Study OSB-IR-C03 was conducted as a triple-blind, double-dummy, multi-
center, randomized trial evaluating the effectiveness of OSB-IR 40 mg delivered via nasogastric
(NG) or orogastric (OG) tube compared to cimetidine I.V. 50 mg/hr in preventing UGI bleeding
in patients at risk for stress-related mucosal damage.

Data was submitted from two clinical pharmacology studies (OSB-IR-C03 and OSB-IR-C02)
investigating the pharmacokinetics and pharmacodynamics of OSB-IR 40 mg. Study OSB-IR-
C02 evaluated the PK and pharmacodynamic (PD) profiles of omeprazole following
administration of multiple 40 mg doses of OSB-IR and Prilosec Delayed Release Capsule. As
expected, OSB-IR 40 mg was not bicequivalent to Prilosec delayed release capsules 40 mg.
Although, AUC was similar, Cmax was higher for OSB-IR 40 mg (by 19.5% on day I and
51.1% on day 7). Despite the differences in pharmacokinetics, OSB-IR and Prilosec Capsule
were generally similar with respect to the pharmacodynamics of intragastric pH. Significant
food-effect was observed for OSB-IR with Cmax and AUC decreasing by 60% and 27%,
respectively following administration of 40 mg OSB-IR | hour post-meal relative to
administration 1 hour pre-meal. Study OSB-IR-C05 is an open label study that evaluated the
safety and pharmacokinetics (PK) of two consecutive 40 mg doses of OSB-IR administered
within 6 hours of each other. Cmax and AUC of omeprazole increased by 30% and 100%,
respectively, following administration of a second 40 mg dose of OSB-IR within 6 hours of a 40
mg dose of OSB-IR, which is consistent with the increase in omeprazole systemic exposure
observed following administration of OSB-IR 40 mg for 7 days.

A. Comments and Recommendations

From the view point of Office of Clinical Pharmacology and Biopharmaceutics, NDA 21-706 is
acceptable provided that a satisfactory agreement is reached between the Agency and the sponsor
with respect to proposed language in the package insert.

B. Phase 1V Commitments

None.
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III. Summary of CPB Kindings

NDA 21-706 has been submitted under a 505(b)(2) application seeking approval for use of OSB-
IR 40 mg in the treatment of several acid-related conditions. In this application, the sponsor
submitted data from two clinical pharmacology studies (OSB-IR-C02 and OSB-IR-C035). Study
OSB-IR-C02 evaluated the comparative PK/PD profiles of OSB-IR and Prilosec Delayed
Release Capsule following administration of multiple 40 mg doses, while study OSB-IR-C05
evaluated the PK of two 40 mg doses of OSB-IR administered six hours apart. :

In study OSB-IR-CO02, comparison of the PK profiles following administration of multiple 40 mg
doses of OSB-IR and Prilosec Delayed Release Capsules indicated that OSB-IR 40 mg is not
bioequivalent to Prilosec Capsule 40 mg on administration days 1 & 7. This is due to failure to
demonstrate equivalence on Cmax, which was increased for OSB-IR by 19.5% and 51.1% on
administration days 1 and 7, respectively, relative to Prilosec Delayed Release Capsule.
Comparison of the PD profiles following administration of multiple 40 mg doses of OSB-IR and
Prilosec Delayed Release Capsules indicated that OSB-IR and Prilosec Capsule were generally
similar on all the assessed PD markers and the differences observed in some of the PD
parameters (1.e., median intragastric pH and % time intragastric pH < 4) on day 1 diminished by
day 7.

The observed lack of bioequivalence of OSB-IR and Prilosec Delayed Release Capsule does not
appear to translate into substantial pharmacodynamic differences as similar acid secretion
inhibition profiles are observed for OSB-IR and Prilosec Delayed Release Capsule.

In addition, a significant food-effect on the PK of OSB-IR is observed during the study with
Cmax and AUC decreasing by 60% and 27%, respectively following administration of a 40 mg
dose of OSB-IR 1 hour post-meal relative to administration | hour pre-meal, suggesting that
OSB-IR 40 mg should be administered at least 1 hour prior to meals.

In study OSB-IR-CO05, Cmax and AUC of omeprazole increased by 30% and 100%, respectively,
following administration of a second 40 mg dose of OSB-IR within 6 hours of a 40 mg dose of
OSB-IR, which is consistent with the increase in omeprazole systemic exposure observed
following administration of OSB-IR 40 mg for 7 days (study OSB-IR-C02).
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IV. Question-based Review
A. General Attributes

Omeprazole is a substituted benzimidazole that inhibits gastric acid secretion via specific
inhibition of H'/K* ATPase enzyme system at the secretory surface of the gastric parietal cell.
Omeprazole was approved for marketing in 1989 as Prilosec® Delayed Release Capsules 20 and
40 mg for the treatment of a variety of short- and long- term acid-related conditions.

All approved omeprazole drug products are marketed as Delayed Release formulations due to the
acid-labile nature of omeprazole. Santarus Inc., obtained approval for an immediate release
formulation, omeprazole (OSB-IR) 20 mg powder for suspension on 6/15/04 under the trade
name Zegerid®. It is comprised of immediate release omeprazole and sodium bicarbonate, with
sodium bicarbonate protecting omeprazole from rapid degradation by gastric acid. Zegerid® 20
mg was approved for the following indications: 1) short-term treatment (4-8 weeks) of active
duodenal ulcer, 2) treatment of heartburn and other symptoms associated with gastroesophageal
reflux disease (GERD), 3) short-term treatment (4-8 weeks) of erosive esophagitis which has
been diagnosed by endoscopy and 4) maintenance of healing of erosive esophagitis (EE).

In this NDA, Santarus Inc. is seeking approval of the OSB-IR 40 mg powder for suspension for
all the indications currently approved for OSB-IR 20 mg as well as for short-term treatment (4-8
weeks) of active, benign gastric ulcer and for the € 1 »f upper gastrointestinal bleeding
(UGI) in critically ill patients.

The NDA consists of two Clinical Pharmacology studies (OSB-IR-CO0S and OSB-IR-C02), one
Phase II1 clinical trial in critically ill patients (OSB-IR-C03}, and one open-label safety study in
patients with acid-related conditions (OSB-IR-C(7). Study OSB-IR-CO05 is an open label study
that evaluated the safety and pharmacokinetics (PK) of two consecutive 40 mg doses of OSB-IR
administered within 6 hours of each other. Study OSB-IR-C02 evaluated the PK and
pharmacodynamic (PD) profiles of omeprazole following administration of multiple 40 mg doses
of OSB-IR and Prilosec Delayed Release Capsules. Study OSB-IR-C03 was a triple-blind,
double-dummy, multi-center, randomized clinical trial evaluating the effectiveness of OSB-IR 40
mg delivered via NG or OG tube compared to cimetidine L.V. 50 mg/hr in preventing UGI
bleeding in patients at risk for stress-related mucosal damage. Study OSB-R-C07 was an 8-
week, open-label study from which safety data from gastric ulcer, duodenal ulcer, EE, and
GERD patients was collected.

B. General Clinical Pharmacology

1. Is OSB-IR 40 mg comparable to Prilosec Delayed Release Capsule 40 mg on
PK/PD profiles?

Study OSB-IR-C02 evaluated the comparative PK and PD aspects of omeprazole after the
admunistration of OSB-IR and Prilosec Capsules. Thirty six male and female healthy subjects
(30 males & 6 females, Age 30 + 7 yrs) received 20 mg QD doses of either OSB-IR or Prilosec
Delayed-Release Capsules | hour belore breakfast (after overmight fasting) for 7 consecutive
days. The study was conducted in a randomized, two-treatment, two-period crossover fashion
with a washout period of 10-14 days separating treatments. In each treatment period, PK and PD
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(intragastric pH measurements) samples were collected post-dose on administration days 1 and
7.

On day 8 of period I, subjects received OSB-IR 20 mg 1 hour after the start of the standardized
high-fat breakfast. This was aimed at assessing the effect of food on the PK of OSB-IR.

OSB-IR and Prilosec Delayed-Release Capsule were not bioequivalent as the mean Cmax value
for OSB-IR was 51% and 19.5% higher on treatment days 1 and 7, respectively, relative to
Prilosec Delayed-Release Capsules (Tables 1 & 2).

Table 1. Summary of bioequivalence assessment between OSB-IR and Prilosec on day |
Mean Ratio (%) 90% Confidence Interval

Ln[Cmax] 151.1 124.0-184.1
Ln[AUC(0-t)] 93.2 £3.9-103.5
La[AUC(0-<)] 87.9 §2.4-93.7

Table 2. Summary of bioequivalence assessment between OSB-IR and Prilosec on day 7

Mean Ratio (%) 60% Confidence Interval
En{Cmax] 119.5 107.2-133.1
La[AUC(0-0)] 101.9 95.3-109.1
L[ AUC(0-00)] 101.9 95.2-109.0

Table 3. Summary of omeprazole PK parameters following administration of a 40 mg dose

of OSB-IR or Prilosec 1 hr pre-meal on day 7.

Plasma Omeprazole

QSB-IR 40 mg Prilosec 40 mg

Anthmetic Arithmetic % Mean 90% Cl for
Parameters” N** Mean SD Nt Mean sp Ratiot % Mean Ratio
Cmax (rg/mi) 31 1954 554 Q 31 1677 8455 -
Tmax (hr) 31 058 0223 3 .77 0.¢0 -
AUC{0-t (ng heamll) 31 4555 2586 3 4506 2822 -
AUCID-inR (ng-nmLy - 31 4840 2744 ch 4501 2840
In{Cmax) 31 7.51 043 7.34 0.43 118.50 1G7.23- 13317
In[AUC{0-4;] 31 825 062 225 ne2 101 89 85 37-10908
IREAUC{D-inf}] 31 8.27 063 31 8.26 .63 101.91 95.25 - 109.02
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Table 4. Summary of omeprazole PK and PD parameters after administration

of 40 mg OSB-IR or Prilosec 1 hr pre-meal on days 1 and 7.

OSB-IR (40 mg)

Prilosec (40 mg)

AUEC* (mmol-hr/L)

Day 1 70 (52-89)t 76 (46-90)
Day 7 84 (74-99) 93 (74-99)
Mean gastric acid
concentration (mM)
Day 1 24 (9-51) 23 (8-33)
Day 7 13 (1-22) 6 (1-24)

Median gastric pH
Day 1
Day 7

3.86 (2.20-5.39)t
5.20 (4.14-5.49)

4.33 (2.81-5.21)
5.20 (4.84-5.59)

% time gastric pH <4
Day I
Day 7

53 (22-77yt
23 (12-46)

43 (19-61)
23 (16-43)

* Expressed as bascline-corrected value.
t Median (25"™-75" percentile).

OSB-IR and Prilosec Delayed-Release Capsule were similar on all the determined PD
parameters, particularly on day 7 (Table 4).

Overall, the PK/PD data for OSB-IR and Prilosec Delayed-Release Capsule suggest that while
there are PK differences between the two formulations, those differences do not seem to translate
to sizeable PD differences at a dose of 40 mg QD.

2. Is exposure of omeprazole increased following administration of two 40 mg doses of
OSB-1R 6 hours apart?

Study OSB-IR-CO05 evaluated the safety and PK of two consecutive 40 mg doses of OSB-IR
administered within 6 hours of each other, which simulates the recommended regimen on day |
for the prevention of upper GI bleeding in critically 11l patients. The study findings indicate that
Cmax and AUC of omeprazole increase by 30% and 100%, respectively, foliowing
administration of a second 40 mg dose of OSB-IR within 6 hours of a 40 mg dose of OSB-IR
(Table 5). This is consistent with the increase in omeprazole systemic exposure observed
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following administration of OSB-IR 40 mg for 7 days and is likely due to auto-inhibition of
CYP2C19 metabolism, the major metabolizing isozyme for omeprazole.

G—-0 OSBAR 40 fay Ouse 1)
060 ==} OSBIR 40 myg (Ooze 2}

Fliuma Ceneprornin Concentrabon (hgart )

1000 1

L] 2 4 ] [} 10 2 ta 1 ] @
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Figure 1. Mean PK profiles of omeprazole plasma concentrations after administration
of two 40 mg doses of OSB-IR 6 hours apart.

Table 5. Summary of omeprazole PK parameters after administration of two 40 mg
doses of OSB-IR 6 hour apart.

Piasma Omeprazole*

OSB-IR 40 mg (Dose 1) OSB-R 40 mg (Dose 2)
Pharmacokinetic Arithmetic Arithmetic
Parameters N Mean sD N Mean 8D
Cmax (ng/ml} 12 1283 535 12 1675 745
Trrax {rr; 12 41 0325 12 U &g 036
AUCID 8) (rgerimL} 12 1613 1017 12 3174 2218
AUC:O U ng=brinl 12 612 1018 12 3227 2581
ALCIC INh ing~homL} 12 1663 1095 12 3356 2622
T iars 12 (.85 03C 12 107 0.46
ke :1/hn 12 {80 024 12 073 030
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C. Intrinsic Factors

None

D. Extrinsic Factors

None

E. General Biopharmaceutics

1. What is the nature of the formulation?

A single strength (40 mg) of the OSB-IR drug product is proposed in this submission. It is
provided in child-resistant, single dose, multilayer foil packets containing 40 mg omeprazole,
1680 mg of sodium bicarbonate (20 mEq), and other specified excipients and flavorings (Table
6). Sodium bicarbonate (20 mEq) is intended to protect omeprazole against gastric acid-
catalyzed degradation. OSB-IR 40 mg is to be reconstituted in~ ‘o —tablespoons of water -—
L .7 for oral administration. The clinical and commercial formulations are
identical. The approved 20 mg strength and the 40 mg strength sought to be approved in this
NDA are identical with the exception of the amount of omeprazole per packet.

Table 6. Composition of OSB-IR 40 mg powder for suspension

Reference
Ingredient to Quality | Manufacturer Quanll;y Function
Standard per packet
Omeprazole usr -~ mg'
Sodwum
Bicarhonate LSk #1 1880 mg
Xylitct NE \
Sucrose -
NF
powderagd \
Sucralose NE
Xanthan Gum NF
D F
GRAS -
Totai Weight/unit

2. [Is there a food-effect on the PK of OB-IR?

The findings of study OSB-IR-C02 indicate that there 1s a significant food-effect on the PK of
OSB-IR. Mean Cmax and AUC values of omeprazole are reduced by 60% and 27%, respectively
following administration of 40 mg OSB-IR 1 hour post-meal relative to administration | hour
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pre-meal (Table 4). The labeling of OSB-IR should state that OSB-IR is to be administered at
least 1 hour prior to meals.

Table 7. Summary of omeprazole PK parameters after administration of 40 mg OSB-IR
1 hr pre-meal on day 7 or 1 hr post-meal on day 8.
Piasma Omeprazole

OSB-IR 40 mg {Postmeal} 0SB-IR 40 mg (Premeal)
Aritiwnetic Arithmetic % Mean 90% Cl for

Parameters™ N** Mean sD N Moan 5D Ratiot “% Mecan Ratio
Cmax (ngfrL) 1 880 6 3787 16 2113 895 4 - -

Trnax {hr) 16 1.47 0.71 16 o565 020 - -
AUC(D-t) {ng=hrimL) 16 3778 270G H 4838 2644 - -
AUCLG-inf} {ng+hriml.) 16 3862 2874 16 4941 2849 . -
I{Cmax} 16 568 082 16 759 043 4025 34 87 -48 45
{AUCLO-1) 16 802 0.70 16 8 33 .61 72.86 67 53 -78 60
InfAUC{0-inf)) 16 8.03 0.71 16 B8.35 062 7282 67.56 - 78.49

3. Is the sponsor’s proposed in vitro dissolution test method acceptable as a surrogate of in
vivo drug release for QA/QC purposes?

The approved dissolution test method for the 20 mg strength will be used for the 40 mg strength
as well: The approved dissolution method and specification are as follows;

The dissolution of the QSB-IR powder for suspension is determined using Apparatus [T (paddles)
at 50 rpm in 900 mL of T T buffer,pH — The acceptance limit is set at

Q-4___ lat 15 min.

F. Analytical Section

Is the analytical assay method adequately validated?

An LC-MS/MS method was validated for omeprazole in human heparmized plasma using a
sample volume of 100 pl. Samples were extracted 'f B

S adAC 7 LC-MS/MST . 1was
employed with a run-time per sample of — minutes.

Linear Range:T 1 ng/mL
Recovery: L 3 over the linear concentration range

Limit of Quantitation; = ng/mL
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Quality Control Inter-day Variation (n = 30)

== ag/mL ~— ng/mL ~— ng/mL
Mean 15.2 107.1 5793
C.V.% 10.5 5.0 5.1

Quality Control Intra-day Variation (n = 6)

~ ng/mL — ng/mL ~— ng/mL
Mean 14.7 108.9 583.5
C.V.% 5.9 2.6 3.2

Overall, the assay method is adequately validated.
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Y. Appendices

A. Proposed Package Insert (original and Agency proposed)
B. Individual Study Reviews

C. OCPB Filing/Review Form
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Appendix A

Proposed Package Insert
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Appendix B

Individual Study Reviews
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Study: OSB-IR-C02

Study Date: May-Jul 2002

Type of Study: PK/PD Study in Healthy Subjects

Study OSB-IR-C02 is entitled,

“COMPARISON OF THE PHARMACOKINETICS AND PHARMACODYNAMICS OF
40 mg OMEPRAZOLE SODIUM BICARBONATE-IMMEDIATE RELEASE (OSB-IR)
SUSPENSION AND PRILOSEC® DELAYED-RELEASE CAPSULES IN HEALTHY

SUBJECTS”

Primary Objectives

» To test the hypothesis that OSB-IR is bioequivalent to Prilosec at steady-state with regard to
AUC gy after the 7" consecutive daily dose of each omeprazole formulation.

» To assess whether OSB-IR is cquivalent to Prilosec with regard to decreasing integrated
gastric acidity for the 24-hr interval after the 7™ dose of each omeprazole formulation.

Study Design

Randomized, crossover PK/PD study

Subjects

Key Inclusion

24 subjects

Criteria Healthy male and female subjects
Age: 18 to 45 yrs
Weight: 120-200 lbs.

Treatinents In each of two successive periods, subjects were randomized to receive 40
mg of OSB-IR or Prilosec one hr before breakfast for 7 days. The two
treatment periods werc separated by a 10-14 day washout period.

To evaluate the food-effect on the PK/PD of OSB-IR, subjects received 40
mg of OSB-IR one hr after breakfast on day 8 in the OSB-IR treatment
period.

PK Sampling

Times For determination of omeprazole plasma concentrations, plasma samples
were collected at the following time points:

-30 (Pre-dose), 5, 10, 15, 20, 30, 45, 60, 90, 120, 150, 180, 210, 240, 300,
360, 420, 480, 540, 600, 660 and 720 min post-dose on days 1 and 7 of
cach treatment period.
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PD Sampling
Times For determination of intra-gastric pH levels, intra-gastric pH

measurements were collected every 8 sec for 24 hrs on days 0, 1 and 7 of
each treatment period using an ambulatory pH recording system with a
disposable antimony electrode and an internal standard.

Pharmacokinetic/Pharmacedynamic Analysis

Plasma omeprazole concentrations were determined using a validated LC-MS/MS assay method
with an assay range of T A ng/mL. The following pharmacokinetic parameters were
calculated: Cmax, tmax, AUC0.1), AUCp ) and tyo.

The following pharmacodynamic parameters were calculated: AUEC (Integrated gastric acidity),
Mean gastric acid concentration, Median gastric pH and % time intragastric pH < 4.

Descriptive statistics were calculated for the designated PK and PD parameters for each
treatment on days 1, 7 and 8 (only for OSB-IR). ANOVA models were applied to the PK and
PD parameters to evaluate treatment differences as well as the food-effect for QSB-IR.

Summary of Results

Pharmacokinetics

Table 1. Summary of omeprazole PK parameters after administration of OSB-IR or
Prilosec 1 hr pre-meal on day 1.

Plasma Omeprazole

OSB-IR 40 mg Prlosec 40 mg

Arithmetic Arithmetic % Mean
Parameters® N~  Mean SD N**t  Mean sD 90% Clt Ratiot
Cmax {ng/mL) 32 1412 616.2 32 1040 579.1 - .
Tmax (hr) 32 0.44 019 32 2.34 2.40 - -
AUC(0-t} (ngehr/mL) 32 2180 22564 32 2460 2546 - -
AUC(0-inf) (ng*hr/mL) 32 2228 23719 I 2658 2868 - -
T¥a (hr) 32 1.00 0.63 31 1.21 0.73 - -
Keal{1/hr) 32 0.89 0.38 N 0.73 0.30 . -
in{Cmax) 32 715 047 32 6.74 0.74 124.0-184.1 151.1
In[AUC{0-t)] 32 7.34 0.80 a2 7.41 0.91 83.9-103.5 93.2
In[AUC{0-nf)} 32 7.35 0.80 31 7.48 0.87 82.4-93.7 87.9
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Table 2. Summary of omeprazole PK parameters afier administration of OSB-IR or

Prilosec 1 hr pre-meal on day 7.

Pilasma Omeprazole
0SB-R 20 mg Prilosec 40 mg

Arithmetic Artthmetic % Mean
Parameters* N™ Mean sD Nt Mean sSD 90% Clf Ratio}
Cmax{ng/ml.) k| 1954 654.0 3| 1677 645.5 - -
Trax{(hr) 3N .58 0.23 K} 1.77 0.90 - -
AUC(0-t} {ng+hr/mL} 31 4555 2586 3 4506 2522 - -
AUC(HNf} (ng*hr/imL) 31 4640 2741 3 4591 2640 - -
In{Cmax) 3 7.51 0.40 31 7.34 043 107.2-1332 1195
In[AUC(0-1)] K1 8.26 0.63 3 8.25 0.62 954 -109.% 102.0
InfAUC(D-Int}] 31 827 0.63 31 8.26 063 953-1080 1019

Plaaru Ocnaprazols Concanirestion (hgiml)
i

Sourcs: Post-text Tables 15.4-2 and 15.4-5.1.

L |

L
n

Note: The entim curve for Prilosec 40 mg treatment is shifted slightly (3 minutes) to the right for ease of
reading. Both curves were generated from blood samples taken at the identical time points as indicated for the

OSB-IR curve.

Fig. 1. Mean PK profiles of omeprazole plasma conc. after administration of OSB-IR
or Prilosec 1 hr pre-meal on day 7.
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Table 3. Summary of omeprazole PK parameters after administration of OSB-IR 1 hr pre-meal
onday 7 and 1 hr post-meal on day 8.

Plasma Omeprazole
OSB-IR 40 mg (Postmeal) 0SB-R 40 mg (Promeal)

Arithmetic Arithmetic % Mean
Parametears® N Moan sD N Mean sD 90% Ci**  Ratio™
Cmax (ng/mL) 16 880.6 378.7 16 2133 695.4 - -
Tmax (hr) . 16 1.47 07 16 0.55 0.20 - -
AUC(0-1) (ng*hr/ml) 16 3778 270¢ 16 4838 2643 - -
AUC(0HInf) (ng+hriml) 16 3gs2 2874 16 4941 2849 - .
In{Cmax) 16 B8.6B 0.52 16 7.59 043 349-485 402
In[AUC{0-1)} 16 8.02 0.70 16 8.33 0.81 675-78.6 729
InfAUC(O-InT)) 16 8.093 16 8.35 062 676-785 T28
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Source: Post-text Tables 15.4-3 and 15.4-15.
Nate: The entire curve for OSB-IR 40 mg, Postmeal treatment is shifted slightly {3 minutes) ta the right for aase
of reading. Both curves were generated from blood samples taken at the Identical ime points as indicated for

Figure 2. Mean PK profiles of omeprazole plasima conc. afier administration of OSB-
IR T hr pre-meal on day 7 and | hr post-meal on day 8.
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Pharmacodynamics

Table 4. Summary of omeprazole PD parameters after administration

of OSB-IR or Prilosec I hr pre-meal on days 1 and 7.

OSB-IR (40 mg) | Prilosec (40 mg)

AUEC* (mmol-hr/L)

Day 1 70 (52-89)t 76 (46-90)

Day 7 84 (74-99) 93 (74-99)
Mean gastric acid
conc. (mM)

Day 1 24 (9-51) 23 (8-53)

Day 7 13 (1-22) 6 (1-24)

Median gastric pH
Day 1
Day 7

3.86 (2.20-5.39)t
5.20 (4.14-5.49)

4.33 (2.81-5.21)
5.20 (4.84-5.59)

% time gastric pH <4
Day 1
Day 7

53 (22-77)t
23 (12-46)

43 (19-61)
23 (16-43)

* PD parameters were expressed as baseline-corrected values.

+ Median {25%-75" percentile)

Appears This Way
On Original

NDA 21-706, Omeprazole sodium

bicarbonate-IR powder for suspension 40 mg

39




Nate: Zero lime Is the time of dosing. Values are displayed for sach 15-minute intetval of the 24-hour
post-dosing recording period. Results are mediana from 24 subjects.

Fig. 3. Median intra-gastric pH-time profiles following administration of QSB-IR or
Prilosec 1 hr pre-meal on days t and 7.

Comments

1.

OSB-IR is not bioequivalent to Prilosec capsules. While the two formulations exhibit similar
omeprazole AUC values on both days 1 and 7, substantial Cmax differences are observed
between the two formulations. Higher Cmax for OSB-IR relative to Prilosec Delayed-
Release Capsules is understandable since it is an immediate release formulation.

Administration of OSB-IR under fed conditions (1 hr post-meal) appears to have a marked
eftect on the primary PK parameters, as AUC and Cmax are reduced by 27% and 60%,
respectively, relative to administration under fasting conditions. The actual effect of food on
the PK of OSB-IR is likely to even be greater as OSB-IR was administered 1 hour post-meal
in the completed study while the published Agency guidance on food-effect studies
recommends that the drug product be administered within 30 min of a high fat meal to
adequately assess the food-effect.

With regard to the PI) findings, Prilosec seems to result in greater inhibition of acid secretion
relative to OSB-IR on day 1 as evidenced by median intra-gastric pH and % time intra-
gastric pH < 4. Thosc differences seem to diminish with multiple-dose administration (day
7). Overall, however, no consistent trend is observed across all the determined PD
parameters.
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Study: OSB-IR-C05 Study Date: Jun 2002

Type of Study: PK & Safety Study in Healthy Subjects

Study OSB-IR-C05 is entitled,

“THE PHARMACOKINETICS OF TWO 40 mg DOSES OF OMEPRAZOLE SODIUM
BICARBONATE-IMMEDIATE RELEASE SUSPENSION (OSB-IR) ADMINISTERED
TO HEALTHY SUBJECTS WITH A BETWEEN-DOSE INTERVAL OF SIX HOURS”

Primary Objectives

* To describe the PK of two doses of OSB-IR 40 mg administered orally 6 hours apart.

Study Design
Open-label, single-period, safety and PK study

Subjects 12 subjects

Key Inclusion
Criteria Healthy non-Asian male subjects

Age: 18 1o 45 yrs
Weight: 120-200 lbs.

Treatments Study subjects received two 40 mg doses of OSB-IR 40 mg within 6 hours
of each other under fasting conditions. Dose was administered as a 20
mL agueous suspension followed by 100 mL water.

PK Sampling
Times For determination of omeprazole plasma concentrations following OSB-

IR 40 mg administration, plasma samples were collected at the following
time points: 5, 10, 15, 20, 30, 45, 60, 90, 120, 150, 180, 210, 240, 300 and
360 min post-dose following administration of the first OSB-IR 40 mg
dose. 360 minutes after the administration of first dose, a second dose of
OSB-IR 40 mg was administered and plasma samples collection continued
at the following time points: 420, 480, 540, 600, 660 and 720 min post-
first dose.
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Pharmacokinetic Analysis

Plasma omeprazole concentrations were determined using a validated LC-MS/MS assay method
with an assay range of L. 3 ng/mL. The following pharmacokinetic parameters were
calculated: Crax, tmax, AUC(0., AUC(g.y and tyz.

Summary of Results

T—Q DSB-1F 440 nyy Mnar 1
o0 Guel) OBB-IR 4D 1y (Dot 2

=g

1000 s,

Plazmu Omoprazoin Cormhtrabon (agiml ]

~Teen o

o H a4 & [ ‘o 12 4 1w 1 L]
THne (housst

Figure 1. Mean PK profiles of omeprazole plasma concentrations after administration
of two 40 mg doses of OSB-IR 6 hours apart.

Table 1. Summary of omeprazole PK parameters after administration of two 40 mg
doses of OSB-IR 6 hour apart.

Plasma Omeprazole*

OSB-IR 40 myg (Dose 1) 0SB-IR 40 myg (Dose 2)
Pharmacokinetic Arithmelic Arithmetic
Parameters N Mean 8D N Mean SD
Cmax {ng/mLy 12 1283 535 12 15875 748
Trnax (hr; 12 0 41 022 12 C.co 0.36
AUC{0-8) (ng+awimL) 12 1613 1017 12 31°4 2218
ALICO U (ngebrenL 12 512 1018 12 daz7 2681
AUCIC AT {ng-heiml s 12 1665 106 12 3356 28F2
Tha 15y 12 G ys 2 12 107 48
ket {1ty i2 080 Géa 12 Lm 036
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The study describes the pharmacokinetic profile of the first-day dosing regimen proposed for
critically ill patients at risk of gastrointestinal bleeding due to stress related mucosal damage.
Cmax and AUC of omeprazole increased by 30% and 100%, respectively following
administration of the second 40 mg dose of OSB-IR relative to the first 40 mg dose of OSB-IR.
This increase systemic exposure is consistent with that observed following administration of
OSB-IR 40 mg for 7 days (study OSB-IR-C02).
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Appendix C

OCPB
Filing/Review Form
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Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

seneral Information About the Submission

Enformation [nformation
NDA Number 21-706 Proposed Brand Name Zegerid™
OCPB Division (1, 11, NI} il Generic Name Omeprazole

Medical Division G| & Coaqgulation Drug Class Proton Pump Inhibitor
OCPB Reviewer Suliman Al-Fayoumi Indication(s) Acid-related conditions
OCPB Team Leader Suresh Doddapaneni Dosage Form Powder for suspension

Dosing Regimen

40 mg 1 hr prior to meals

Date of Submission 2126104 Route of Administration Oral
Estimated Due Date of OCPB | 10/15/04 Sponsor Santarus, Inc.
Review

PDUFA Due Date 12/26/04 Pricrity Classification Standard
Estimated Division Due Date 11/26/04

Clin. Pharm. and Biopharm. Information

X" i included
at filing

Number of
studies

reviewed

Number of
studies

submitted

Criticat Comments If any

STUDY TYPE

Table of Contents present and
sufficient {o locate reports, tables, data,
etc.

Tabular Listing of All Human Studies

HPK Summary

Labeling

b AE IR

Reference Bioanalytical and Analytical
Methods

I. Clinical Pharmacology

Mass balance:

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics {e.g., Phase ) -

Healthy Volunteers-

single dose:

mulliple dose:

Patients-

single dose:

mulliple dose:

Dase 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.

gerialrics:

renal impairment:

hepatic impairmant’

PD:

Phase 2

Phase 3.

| PKIPD:
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Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses —

Data rich:

Data sparse:

1. Biopharmaceutics

Absolute bioavaitability:

Relative bicavailability -

solution as reference:

altemate formulation as reference:

Bioeguivalence studies -

traditional desigry; single / multi dose:

replicate design; single / mulli dose:

Food-drug interaction studies:

Dissolution:

‘vivc):

Bio-wavier request based on BCS

BCS cilass

. Other CPB Studies

Genotypeiphenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Totai Number of Studies

Filability and QBR comments

“X7if yes

Comments

Application filable ?

X

Comments sent to firm ?

Not needed at
this time

GBR questions (key issues to be
considered)

1. Is OSB-IR 40 mg comparable to Prilosec Del

PK/PD profiles?

ayed Release Capsule 40 mg on

Other comments or information not
included above

Primary reviewer Signature and Date

Secondary reviewer Signature and Date
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this page is the manifestation of the electronic signature.
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