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DEPARTMENT OF HEALTH AND HUMAN SERVICES

Food and Drug Administration
Silver Spring MD 20993

NDA 21689/S-014
SUPPLEMENT APPROVAL

AstraZeneca LP

Attention: Judy W. Firor

Director, Global Regulatory Affairs and Patient Safety
1800 Concord Pike, PO Box 8355

Wilmington DE 19803-8355

Dear Ms. Firor:

Please refer to your Supplemental New Drug Application (SNDA) dated May 29, 2008, received
May 29, 2008, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act
(FDCA) for Nexium I.V. (esomeprazole sodium) for Injection.

We acknowledge receipt of your amendments dated June 19, 2008, August 7, 2008, August 21,
2008, August 25, 2008, September 3, 2008, September 4, 2008, September 25, 2008, October 9,
2008, October 22, 2009, September 15, 2010, November 16, 2010, January 10, 2011, January 24,
2011, February 14, 2011, February 21, 2011, March 14, 2011, April 6, 2011, April 19, 2011,
May 5, 2011, May 23, 2011, June 1, 2011, October 13, 2011, June 13, 2012, December 14, 2012,
February 19, 2013, February 28, 2013, March 12, 2013, March 21, 2013, April 22, 2013, June
20, 2013, June 27, 2013, July 16, 2013, July 25, 2013, August 14, 2013, August 22, 2013,
September 4, 2013, September 12, 2013 and March 3, 2014 .

The December 14, 2012, submission constituted a complete response to our June 16, 2011,
action letter.

This “Prior Approval” supplemental new drug application provides for the use of Nexium L.V.
(esomeprazole sodium) for Injection for risk reduction of rebleeding of gastric or duodenal ulcers
following therapeutic endoscopy in adults.

APPROVAL & LABELING

We have completed our review of this supplemental application, as amended. It is approved,
effective on the date of this letter, for use as recommended in the enclosed, agreed-upon labeling
text and with the minor editorial revisions listed below (underlined and strike through text) and
indicated in the enclosed labeling.

Reference ID: 3464787
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6 ADVERSE REACTIONS

Risk Reduction of Rebleeding of Gastric or Duodenal Ulcers in Adults
The data described below reflect exposure to NEXIUM L.V. for Injection in 375 patients.
NEXIUM L.V. for Injection was studied in a placebo-controlled trial. Patients were randomized
to receive NEXIUM 1.V. for Injection (n=375) or placebo (n=389). The population was 18 to 98
years old; 68% Male, 87% Caucasian, 1% Black, 7% Asian, 4% other, who presented with
endoscopically confirmed gastric or duodenal ulcer bleeding. Following endoscopic hemostasis,
patients received either 80 mg esomeprazole as an intravenous infusion over 30 minutes
followed by a continuous infusion of 8 mg per hour or placebo for a total treatment duration of
72 hours. After the initial 72-hour period, all patients received oral proton pump inhibitor (PPI)
©® for 27 days.

WAIVER OF HIGHLIGHTS SECTION

Please note that we have previously granted a waiver of the requirements of 21 CFR
201.57(d)(8) regarding the length of Highlights of prescribing information.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date of this letter, submit the content of
labeling [21 CFR 314.50(1)] in structured product labeling (SPL) format using the FDA
automated drug registration and listing system (eLIST), as described at
http://www.fda.gov/Forindustry/DataStandards/StructuredProductL abeling/default.ntm. Content
of labeling must be identical to, except with the revisions indicated, the enclosed labeling (text
for the package insert) with the addition of any labeling changes in pending “Changes Being
Effected” (CBE) supplements, as well as annual reportable changes not included in the enclosed
labeling.

Information on submitting SPL files using eLIST may be found in the guidance for industry
titled “SPL Standard for Content of Labeling Technical Qs and As” at
http://www.fda.gov/downloads/DrugsGuidanceComplianceRegulatorylnformation/Guidances/U
CMQ72392.pdf.

The SPL will be accessible via publicly available labeling repositories.

Also within 14 days, amend all pending supplemental applications for this NDA, including CBE
supplements for which FDA has not yet issued an action letter, with the content of labeling

[21 CFR 314.50(1)(2)(i)] in MS Word format, that includes the changes with the revisions
indicated above approved in this supplemental application, as well as annual reportable changes,
and annotate each change. To facilitate review of your submission, provide a highlighted or
marked-up copy that shows all changes, as well as a clean Microsoft Word version. The marked-
up copy should provide appropriate annotations, including supplement number(s) and annual
report date(s).

Reference ID: 3464787
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REQUIRED PEDIATRIC ASSESSMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c¢), all applications for new
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of
administration are required to contain an assessment of the safety and effectiveness of the
product for the claimed indication(s) in pediatric patients unless this requirement is waived,
deferred, or inapplicable.

We are waiving the pediatric study requirement for the above indication because there are too
few children with the disease to study and therefore necessary studies are impossible or highly
impracticable.

PROMOTIONAL MATERIALS

You may request advisory comments on proposed introductory advertising and promotional
labeling. To do so, submit the following, in triplicate, (1) a cover letter requesting advisory
comments, (2) the proposed materials in draft or mock-up form with annotated references, and
(3) the package insert(s) to:

Food and Drug Administration

Center for Drug Evaluation and Research
Office of Prescription Drug Promotion (OPDP)
5901-B Ammendale Road

Beltsville, MD 20705-1266

You must submit final promotional materials and package insert(s), accompanied by a Form
FDA 2253, at the time of initial dissemination or publication [21 CFR 314.81(b)(3)(i)]. Form
FDA 2253 is available at http://www.fda.gov/opacom/morechoices/fdaforms/cder.html;
instructions are provided on page 2 of the form. For more information about submission of
promotional materials to the Office of Prescription Drug Promotion (OPDP), see
http://www.fda.gov/AboutFDA/CentersOffices/ CDER/ucm090142.htm.

REPORTING REQUIREMENTS

We remind you that you must comply with reporting requirements for an approved NDA
(21 CFR 314.80 and 314.81).

Reference ID: 3464787
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If you have any questions, call CDR Stacy Barley, Senior Regulatory Project Manager, at (301)
796-2137.

Sincerely,

{See appended electronic signature page}

Donna Griebel, M.D.

Director

Division of Gastroenterology and Inborn Errors
Products

Office of Drug Evaluation 111

Center for Drug Evaluation and Research

ENCLOSURE(S):
Content of Labeling

Reference ID: 3464787
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signature.

DONNA J GRIEBEL
03/04/2014
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

Food and Drug Administration
Silver Spring MD 20993

NDA 021689/S-014
COMPLETE RESPONSE

AstraZeneca LP

Attention: Judy W. Firor
Director, Regulatory Affairs
1800 Concord Pike

P.O. Box 8355

Wilmington, DE 19803-8355

Dear Ms. Firor:

Please refer to your Supplemental New Drug Application (SNDA) dated May 29, 2008, received
May 29, 2008, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act
(FDCA) for Nexium® IV (esomeprazole sodium) for Injection.

We acknowledge receipt of your amendments dated June 19, 2008, August 7, 2008, August 21,
2008, August 25, 2008, September 3, 2008, September 4, 2008, September 25, 2008, October 9,
2008, October 22, 2009, September 15, 2010, November 16, 2010, January 10, 2011, Jan 24,
2011, February 14, 2011, February 21, 2011, March 14, 2011, April 6, 2011, April 19, 2011,
May 5, 2011, and June 1, 2011 .

The September 15, 2011, submission constituted a complete response to our November 26, 2008,
action letter.

We also acknowledge receipt of your amendment dated May 23, 2011, which was not reviewed
for this action. You may incorporate applicable sections of the amendment by specific reference
as part of your response to the deficiencies cited in this letter.

This “Prior Approval” efficacy supplemental new CLI'L}g application proposes the following
indication: O@,jsk reduction of rebleeding in patients
following therapeutic endoscopy for acute bleeding gastric or duodenal ulcer.

We have completed the review of your application, as amended, and have determined that we

cannot approve this application in its present form. We have described our reasons for this
action below and, where possible, our recommendations to address these issues.

Reference ID: 2962172



NDA 021689/S-014
Page 2

CLINICAL AND STATISTICAL

The additional data submitted do not provide substantial evidence of efficacy of your product for
the proposed indication for the reasons listed below:

1. Trials -840 and I-841 differ from the efficacy trial, D961DCO00001, submitted in the
sNDA on May 29, 2008, in several important ways, including the endoscopic treatments
administered and the primary endpoints evaluated. Therefore, these trials were not
adequately designed to support the proposed indication.

2. When patients from trial -840 and I-841 are matched to the population enrolled in the
original efficacy trial, D961 DC00001, based on enrollment criteria, too few patients
remain to provide adequate power to show a statistically significant treatment effect. Of
the combined total of 607 patients enrolled in the studies, only 52 patients met the
enrollment criteria of D961DCO00001. The proportion of omeprazole-treated patients in
this subgroup who had a rebleeding event within 72 hours was 13.6% (3/22). Although
this proportion was lower than that observed in the placebo-treated patients, 23.3%
(7/30), the difference was not statistically significant (p=0.49, Fisher’s Exact Test).

3. The clinical trial reported by Lau, et al.' is comparable in design to D961DC00001 and
the trial provides evidence of efficacy of intravenous omeprazole for the proposed
indication. However, the study was conducted at a single center in Hong Kong and the
population enrolled was ethnically homogeneous. Other studies have demonstrated that
Asian populations have a lower parietal cell mass; a higher prevalence of H. pylori
infection; and a higher prevalence of cytochrome 2C19 genetic polymorphism, all of
which could have contributed to the larger treatment effect observed in the Lau trial.
Therefore, the ability to generalize the results of this trial to the U.S. population is
limited.

4. There is a substantive difference in the rebleeding rate in the placebo group (20%) of the
trial reported by Lau, et al. compared to D961DCO00001 (10%). It is not clear why the
rebleeding rate in the Lau, et al. trial is double the rate observed in D961DCO00001. It
may be partially explained by the differences in Asian populations described in #3 above,
or by differences in factors such as age and baseline health status, which may impact on
the risk of rebleeding. Additionally, operational factors such as differences in endoscopic
technique may affect the risk of rebleeding. This inconsistency in rebleeding rate
between the trials also raises questions about the ability to generalize the results of this
trial to the U.S. population.

"LauJ, Sun J, Lee K, et al, Effect of Intravenous Omeprazole on Recurrent Bleeding after Endoscopic Treatment of
Bleeding Peptic Ulcers, N. Engl. J. Med., 2000, Aug 3; 343(5): 310-316

Reference ID: 2962172
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5. There were substantive differences in the efficacy outcomes within important subgroups
in the clinical trial reported by Lau, et al. compared to D961DC00001. These
inconsistencies raise questions about the reproducibility of the efficacy outcome.

a.

In the subgroup of patients 65 years of age and older, the decrease in proportion
of patients with rebleeding within 72 hours in the esomeprazole arm relative to
placebo was 2.2% in D961DCO00001. In contrast, the decrease in the same
subgroup treated with omeprazole relative to placebo in the trial reported by Lau,
et al. was 19.7%.

In the subgroup of patients with Forrest Ib classification, there were similar
proportions of patients with rebleeding within 72 hours in the esomeprazole and
placebo arms in D961DC00001 (a 0.5% difference). In contrast, there was a
decrease in the proportion of patients with rebleeding within 72 hours in the
omeprazole arm relative to placebo of 10% in the trial reported by Lau, et al.

6. The information from observational studies and literature reviews of intravenous
esomeprazole and omeprazole were not considered adequate to constitute primary
evidence of the efficacy of the product for the proposed indication.

7. We have reviewed your responses to the deficiencies cited in the November 26, 2008,
Complete Response Letter regarding trial D961DC00001. Your responses do not change
our conclusion that D961DC00001, as a single adequate and well-controlled trial, does
not provide sufficient evidence to support the proposed indication. The following
comments are responses to specific issues raised in your resubmission:

Reference ID: 2962172

a.

Your assertion that the Breslow-Day test supports the homogeneity of the
treatment effect across study centers for D961DCO00001 is not persuasive. The
Breslow-Day test is not a powerful test for detecting lack of homogeneity. For
this reason, the lack of a statistically significant finding is not necessarily
meaningful. Moreover, the small sample sizes when considering stratification
variables further limit the usefulness of the test.

A Division of Good Clinical Practice Compliance inspection was performed at
site 0102 in the Netherlands because Dr. Ernst J. Kuipers, MD, PhD, the principal
investigator at that site, disclosed that he had accepted significant payments from
AstraZeneca. The inspection found that the data from this site appear reliable.
Nevertheless, as stated in the Complete Response letter, the large magnitude of
treatment effect observed at this site, and the impact this single site had on the
overall efficacy of the trial, suggest that the efficacy results of DC961DC00001
are not robust.

You contend that the suboptimal pharmacodynamic (PD) effects of esomeprazole
on gastric pH observed in the PK/PD studies submitted in the SNDA on May 29,
2008, can be attributed to the fact that the studies were performed in Helicobacter
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pvlori negative healthy subjects, 1.e., subjects in whom it would be more difficult
to suppress intragastric acidity, and that a pH of 6 would have been more
consistently achieved if the population studied had had peptic ulcer disease. We
disagree because this position assumes that all patients with peptic ulcer disease
have H. pylori. Not all patients with peptic ulcer disease are H. pylori positive.
The populations enrolled in the clinical trials you submitted to this NDA attest to
this.

LABELING

We reserve comment on the proposed labeling until the application is otherwise adequate.
If you revise labeling, your response must include updated content of labeling

[21 CFR 314.50(1)(1)(1)] in structured product labeling (SPL) format as described at
bttp://www.fda.gov/ForIlndustry/DataStandards/StructuredProductLabeling/default.htm.

RECOMMENDATION TO ADDRESS DEFICIENCIES

In order to address the deficiencies that have been identified in this SNDA, the following
information should be included in the resubmission:

Conduct at least one additional, adequate, and well-controlled trial to demonstrate the
clinical benefit of Nexium® IV for

The trial should include some U.S. centers, and should be
esigned to evaluate a specific population of patients that would be most likely to benefit
from treatment with esomeprazole.

SAFETY UPDATE

When you respond to the above deficiencies, include a safety update as described at

21 CFR 314.50(d)(5)(vi)(d). The safety update should include data from all nonclinical and
clinical studies/trials of the drug under consideration regardless of indication, dosage form, or
dose level.

1. Describe in detail any significant changes or findings in the safety profile.

2. When assembling the sections describing discontinuations due to adverse events, serious
adverse events, and common adverse events, incorporate new safety data as follows:

e Present new safety data from the studies/clinical trials for the proposed indication

using the same format as the original NDA submission.
e Present tabulations of the new safety data combined with the original NDA data.

Reference ID: 2962172
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e Include tables that compare frequencies of adverse events in the original NDA with
the retabulated frequencies described in the bullet above.

e For indications other than the proposed indication, provide separate tables for the
frequencies of adverse events occurring in clinical trials.

3. Present a retabulation of the reasons for premature trial discontinuation by incorporating
the drop-outs from the newly completed trials. Describe any new trends or patterns
identified.

4. Provide case report forms and narrative summaries for each patient who died during a
clinical trial or who did not complete a trial because of an adverse event. In addition,

provide narrative summaries for serious adverse events.

5. Describe any information that suggests a substantial change in the incidence of common,
but less serious, adverse events between the new data and the original NDA data.

6. Provide updated exposure information for the clinical studies/trials (e.g., number of
subjects, person time).

7. Provide a summary of worldwide experience on the safety of this drug. Include an
updated estimate of use for drug marketed in other countries.

8. Provide English translations of current approved foreign labeling not previously
submitted.

ADDITIONAL COMMENTS

The pharmacokinetic data in patients with hepatic impairment that you provided in the SNDA are
not adequate to assess the recommended dose for continuous intravenous infusion of
esomeprazole in patients with moderate and severe hepatic impairment.

The following information should be included in the resubmission:

Resubmit the modeling and simulation results of previously collected data to support an
estimate of the proper constant infusion rate in patients with moderate and severe hepatic
impairment.

OTHER

Within one year after the date of this letter, you are required to resubmit or take other actions
available under 21 CFR 314.110. If you do not take one of these actions, we may consider your
lack of response a request to withdraw the application under 21 CFR 314.65. You may also
request an extension of time in which to resubmit the supplemental application. A resubmission
must fully address all the deficiencies listed. A partial response to this letter will not be
processed as a resubmission and will not start a new review cycle.

Reference ID: 2962172
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Under 21 CFR 314.102(d), you may request a meeting or telephone conference with us to
discuss what steps you need to take before the application may be approved. If you wish to have
such a meeting, submit your meeting request as described in the FDA’s “Guidance for Industry -
Formal Meetings Between the FDA and Sponsors or Applicants”, May 2009 at
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U
CM153222.pdf.

This product may be considered to be misbranded under the Federal Food, Drug, and Cosmetic
Act if it is marketed with this change before approval of this supplemental application.

If you have any questions, call Stacy Barley, Senior Regulatory Project Manager, at
(301) 796-2137.

Sincerely,
{See appended electronic signature page}

Donna Griebel, M.D.
Director
Division of Gastroenterology and Inborn Errors

Products
Office of Drug Evaluation III
Center for Drug Evaluation and Research

Reference ID: 2962172
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signature.

/sl

DONNA J GRIEBEL
06/16/2011
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville, MD 20857

NDA 21-689/S-014
COMPLETE RESPONSE

AstraZeneca LP

Attention: George Kummeth
Senior Director, Regulatory Affairs
1800 Concord Pike

P.O. Box 8355

Wilmington, DE 19803

Dear Mr. Kummeth:

Please refer to your supplemental new drug application (SNDA) dated and received on May
29,2008, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for Nexium
IV (esomeprazole sodium) for Injection.

We acknowledge receipt of your amendments dated June 19, 2008; August 7, 21, & 25, 2008;
September 3, 4, & 25, 2008; and October 9, 2008.

This supplemental new drug application proposes the following new indication:
. O® 1isk reduction of rebleeding in patients following
therapeutic endoscopy for acute bleeding gastric or duodenal ulcer.

We have completed the review of your application and have determined that we cannot approve
this application in its present form. We have described below our reasons for this action and,
where possible, we have provided our recommendations to address these issues.

CLINICAL and STATISTICAL

Our review finds that the primary efficacy results for this non-U.S. single study do not provide
substantial evidence of efficacy. For a single study to stand alone as substantial evidence of
efficacy, it should demonstrate highly statistically significant and clinically meaningful results.
Consistency should be demonstrated across subgroups and secondary endpoints. The study
should also show internal consistency in demonstrating the treatment effect across study centers.
The single study that you have submitted does not meet these criteria for providing substantial
evidence for the following reasons:

1. Highly statistically significant results were not demonstrated. Although your protocol
specified analysis showed a reduction of 4.4% in the rate of clinically significant
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rebleeding within 72 hours after hemostasis compared to placebo (p = .03), that reduction
was not highly significant, e.g., p <.001. In addition, the observed outcome was not found
to be robust when subjected to the sensitivity analyses listed below:

a. It is appropriate to account for country-to-country variation, so the protocol
specified analysis was further stratified by country. This resulted in an
insignificant treatment effect (p=0.06), although the absolute reduction in
rebleeding remained 4.4%.

b. When the protocol specified analysis was further stratified (retaining stratification
by country in the model) using Forrest classification as four separate categories
(Forrest Ia, Ib, Ila, and IIb) instead of two (Forrest I and Forrest 1), an insignificant
treatment effect was observed (p=0.11). The absolute reduction in rebleeding
remained 4.4%. We believe the appropriate adjustment for Forrest classification
should be by each individual Forrest category because each category has a different
risk of rebleeding events. Even if this stratified analysis was conducted without
incorporation of country in the model, the p value still shifted to a less persuasive
value of p= 0.05.

2. The study lacked internal consistency across study centers. Despite similar patient
demographics and disease characteristics, marked variability in the incidence of
rebleeding, i.e., the primary endpoint, and treatment effect was observed in different
countries and among leading centers. The treatment effect varied widely from -25% to
+12% by country and from -31% to +20% in the larger centers that enrolled more than 10
patients. There is no clear explanation for why this occurred, although physician expertise
and standards of care may have played a role.

3. The study lacked internal consistency in demonstrating the treatment effect in the
important subgroup of patients aged 65 and older. In this subgroup, the proportion of
patients that experienced rebleeding in the first 72 hours was 6.2% on the esomeprazole
arm and 8.4% on the placebo arm. In contrast, in patients aged less than 65 the proportion
of patients that experienced rebleeding in the esomeprazole arm was 5.5%, while on the
placebo arm the proportion was 11.9%.

4. The study lacked internal consistency in demonstrating the treatment effect in important
secondary efficacy outcomes that were evaluated in the first 72 hours. The proportion of
patients who underwent surgery for rebleeding was a prespecified secondary endpoint and
the observed outcome for this endpoint was similar between study arms. This analysis was
not found to be statistically significant, p=0.31. The secondary analysis comparing
number of blood units transfused in the first 72 hours demonstrated a lower number of
units infused on the esomeprazole arm (492) relative to placebo (738), p=0.05, and the
secondary analysis that compared the proportion of patients who required endoscopic
retreatment in the first 72 hours demonstrated a decreased rate of endoscopic retreatment
(4.3%) on the esomeprazole arm relative to placebo (8.2%), p=0.02. Although the
secondary analyses of number of blood units transfused and endoscopic retreatment appear
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nominally significant, there was no prespecified plan to adjust for multiple comparisons.
Taking a conservative approach, these p values are not significant after a Bonferroni
adjustment to account for multiple comparisons.

One center, Site 0102 in the Netherlands reported the largest treatment effect in all centers
that participated in this study, -31% rebleeding events, favoring the esomeprazole arm of
the study. The investigator from this site, Dr. Ernest J. Kuipers, MD, Ph.D., reported
having accepted significant payments from Astra Zeneca. When we conducted a
sensitivity analysis to explore the impact of that center’s data on the overall observed
outcome of the study by removing the patients treated at that center from the efficacy
analysis, we found that the overall treatment effect observed in the study decreased

to -3.73% (95% CI = -7.67, 0.10) and the p value shifted to 0.06.

We identified additional study design and conduct concerns that further limit the study’s
ability to provide persuasive evidence that esomeprazole is effective for the proposed
indication. These issues are listed below:

a. Endoscopic epinephrine injection is currently not an acceptable standard of treatment
as single therapy for upper gastrointestinal bleeding from gastric or duodenal ulcers.
More than a third of the patients in this study were treated with endoscopic epinephrine
injection as single therapy. This draws into question the applicability of the outcome
observed in this trial to current care of patients with an upper gastrointestinal bleed
from a gastric or duodenal ulcer in the United States today.

b. Although the inclusion criteria excluded patients with more than a single ulcer, a
substantial proportion of the randomized patients had multiple ulcers and there was an
imbalance between study arms in this prognostic factor that favored the esomeprazole
arm. Fewer patients on the esomeprazole arm had multiple ulcers, 13.6%, relative to
the placebo arm, 18.5%. This raises concerns regarding the study conduct in this
international trial.

c. Despite randomization, small imbalances in important prognostic factors were
observed between the two study arms. The imbalances favored the esomeprazole
treatment arm. These prognostic factors included Grade 1a stigmata of risk of
rebleeding (esomeprazole=7.5%, placebo=10.3%) and large ulcers
(esomeprazole=7.7%, placebo=10.3%).

d. The lack of an exclusion criterion for intravenous administration of a proton pump
inhibitor within 24 hours prior to enrollment is a potential confounding factor for the
observed efficacy outcome. Although this was addressed with an amendment during
the course of the study, the amendment only excluded patients who had received
intravenous doses greater than 40 mg within 24 hours prior to enrollment.
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7. There is inadequate information to permit proper dosing in patients with hepatic
impairment. Patients with moderate or severe hepatic impairment were excluded from the
randomized, placebo controlled clinical trial and there is no adequate pharmacokinetic
(PK) study conducted to evaluate esomeprazole in subjects with various degrees of hepatic
impairment. Based on the data provided in the current submission, we are unable to
determine the appropriate dose adjustment of esomeprazole for patients with hepatic
impairment.

LABELING

We reserve comment on the proposed labeling until the application is otherwise adequate.

If you revise labeling, your
response must include updated content of labeling [21 CFR 314.50(1)(1)(1)] in structured
product labeling (SPL) format as described at http://www.fda.gov/oc/datacouncil/spl.html.

These deficiencies cannot be addressed adequately through additional analyses of the data in hand.
We conclude that further clinical data from at least one additional adequate and well controlled
study that provides persuasive and consistent evidence of efficacy will be needed to address all of
the deficiencies in your application.

RECOMMENDATION TO ADDRESS DEFICIENCIES

1. Conduct at least one additional, adequate, and well-controlled study to demonstrate the
roposed clinical benefit of Nexium IV for

The study should include some U.S. centers and the study design and
analysis plan should address the deficiencies described in this letter above.

2. You should consider whether the dose evaluated in the study submitted for review in this
NDA supplement was adequate to achieve the desired efficacy, in light of the
pharmacodynamic effects observed in the two pharmacokinetic/pharmacodynamic
(PK/PD) studies that you conducted and submitted for review. The desired
pharmacodynamic effect, i.e. target intragastric pH, was not achieved by a substantial
proportion of patients in the first 24 hours of treatment in the PK/PD studies and was not
sustained for a prolonged duration of time within that period. This insufficient PD
response may have contributed to the lack of robustness of the treatment effect observed in
your major randomized, placebo controlled study. The proportion of patients who
experienced rebleeding in the first 24 hours of treatment in the phase 3 study was, in fact,
similar between treatment arms, and the majority of rebleeding events on the esomeprazole
arm occurred within the first 24 hours of treatment.
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For the reasons stated above, conduct an additional dose finding study in the target
population to evaluate dose optimization, at least for the initial 24 hours after starting
treatment. The study would require evaluation of PK and PD, and should incorporate
clinical outcome measures. A higher hourly infusion dose may be required to optimize the
PD effects, but the appropriateness of the higher doses from a safety standpoint should be
supported by appropriate nonclinical and/or clinical safety data.

Study site 0102 in the Netherlands, which reported the greatest treatment effect in the
major randomized, placebo controlled trial that you submitted for our review, will need to
be inspected by the Division of Scientific Investigations (DSI) because Dr. Ernst J.
Kuipers, MD, PhD, the investigator at that site, has disclosed that he has accepted
significant payments from Astra Zeneca. This inspection would be requested as part of our
review of any future submission that includes this study as a critical component of
establishing the efficacy of Nexium IV for the proposed indication. A recommendation
from the DSI inspector that the data from this site can be used for determining the efficacy
and safety of Nexium IV will be needed if this study will be used to support a future
marketing application. This assessment will be an important component of a future
determination of whether this study can stand as one of two adequate and well controlled
trials for the proposed indication.

4. Conduct a pharmacokinetic study in a sufficient number of patients with hepatic
impairment and include matching healthy subjects as controls.

5. For this application, we note your request for a full waiver for pediatric patients under the
age of 18 years for the following reasons:
e Small number of pediatric patients.
e Geographically widespread distribution of pediatric patients.
It is unlikely that a full waiver of pediatric studies will be granted on re-submission. The
incidence of H.pylori related peptic ulcer disease in the pediatric population is low;
however, peptic ulcers secondary to long term use of steroids, NSAIDs, and chronic renal
failure are not uncommon. Pediatric patients are administered intravenous proton pump
inhibitors (PPI) prophylactically before starting high dose steroids and for upper
gastrointestinal bleeding.
Therefore, please submit a pediatric plan with your complete response.

SAFETY UPDATE

When you respond to the above deficiencies, include a safety update as described at 21 CFR
314.50(d)(5)(vi)(b). The safety update should include data from all nonclinical and clinical
studies/trials of the drug under consideration regardless of indication, dosage form, or dose level.

1.

Describe in detail any significant changes or findings in the safety profile.
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When assembling the sections describing discontinuations due to adverse events, serious
adverse events, and common adverse events, incorporate new safety data as follows:

e Present new safety data from the studies for the proposed indication using the same
format as the original NDA submission.

e Present tabulations of the new safety data combined with the original NDA data.

e Include tables that compare frequencies of adverse events in the original NDA with the
retabulated frequencies described in the bullet above.

e For indications other than the proposed indication, provide separate tables for the
frequencies of adverse events occurring in clinical trials.

3. Present a retabulation of the reasons for premature study discontinuation by incorporating
the drop-outs from the newly completed studies. Describe any new trends or patterns
identified.

4. Provide case report forms and narrative summaries for each patient who died during a
clinical study or who did not complete a study because of an adverse event. In addition,
provide narrative summaries for serious adverse events.

5. Describe any information that suggests a substantial change in the incidence of common,
but less serious, adverse events between the new data and the original NDA data.

6. Provide updated exposure information for the clinical studies/trials (e.g., number of
subjects, person time).

7. Provide a summary of worldwide experience on the safety of this drug. Include an updated
estimate of use for drug marketed in other countries.

8. Provide English translations of current approved foreign labeling not previously submitted.

OTHER

Within one year after the date of this letter, you are required to resubmit or take one of the other
actions available under 21 CFR 314.110. If you do not take one of these actions, we will consider
your lack of response a request to withdraw the application under 21 CFR 314.65. A resubmission
must fully address all the deficiencies listed. A partial response to this letter will not be processed
as a resubmission and will not start a new review cycle.

Under 21 CFR 314.102(d), you may request a meeting or telephone conference with us to discuss
what steps you need to take before the application may be approved. If you wish to have such a
meeting, submit your meeting request as described in the FDA Guidance for Industry Formal
Meetings With Sponsors and Applicants for PDUFA Products, February, 2000
(http://www.fda.gov/cder/guidance/2125fnl.htm).
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This product may be considered misbranded under the Federal Food, Drug, and Cosmetic Act if it
is marketed with this change before approval of this supplemental application.

If you have any questions, call Chantal Phillips, Regulatory Project Manager, at (301) 796-2259.

Sincerely,
{See appended electronic signature page}

Donna Griebel, M.D.

Director

Division of Gastroenterology Products
Office of Drug Evaluation III

Center for Drug Evaluation and Research



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Donna Griebel
11/26/2008 05:49:38 PM
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
NEXIUM 1.V. safely and effectively. See full prescribing information for
NEXIUM L.V.

NEXIUM® LV. (esomeprazole sodium) for injection, for intravenous use
Initial US Approval: 2005

RECENT MAJOR CHANGES
. Indications and Usage, Risk Reduction of Rebleeding of

Gastric or Duodenal Ulcers following Therapeutic Endoscopy

in Adults (1.2) 03/2014
. Dosage and Administration, Risk Reduction of Rebleeding of

Gastric or Duodenal Ulcers following Therapeutic Endoscopy

in Adults (2.2) 03/2014
. Dosage and Administration, Preparation and Administration
Instructions (2.3) 03/2014

------------------------- INDICATIONS AND USAGE

NEXIUM L.V. is a proton pump inhibitor indicated for the treatment of:

. Gastroesophageal Reflux Disease (GERD) with erosive esophagitis (EE)
in adults and pediatric patients greater than one month of age, when oral
therapy is not possible or appropriate. (1 1)

. Risk Reduction of Rebleeding of Gastric or Duodenal Ulcers following
therapeutic endoscopy in adults (1.2)

GERD - with Erosive Esophagitis (2.1):

e Adults: Dose is either 20 mg or 40 mg NEXIUM given once daily by
intravenous injection (no less than 3 minutes) or intravenous infusion
(10 minutes to 30 minutes).

. Pediatric: Give the following doses once daily as an intravenous infusion
over 10 minutes to 30 minutes (2.1):
. 1 year to 17 years:
0  Body weight less than 55 kg: 10 mg
0  Body weight 55 kg or greater: 20 mg
. 1 month to less than 1 year of age: 0.5 mg/kg

e  For patients with severe liver impairment (Child Pugh Class C), a
maximum dose of 20 mg once daily of NEXIUM should not be
exceeded. (2.1, 8.6, 12.3)

Risk Reduction of Rebleeding of Gastric and Duodenal Ulcers in the first 72

hours following therapeutic endoscopy in Adults (2.2):

. 80 mg intravenous infusion given over 30 minutes, followed by a
continuous infusion of 8 mg/h over 3 days (72 hours).

. Dose adjustments are needed in patients with liver impairment (2.2, 8.6,

12.3)

e  For patients with bleeding gastric or duodenal ulcers and mild to
moderate liver impairment (Child Pugh Classes A and B), a
maximum continuous infusion of 6 mg/h should not be exceeded.

. For patients with severe liver impairment (Child Pugh Class C), a
maximum continuous infusion of 4 mg/h should not be exceeded.

NEXIUM L.V. for Injection is supplied as a freeze-dried powder containing 20
mg or 40 mg of esomeprazole per single-use vial. (3)

CONTRAINDICATIONS
Patients with known hypersensitivity to any component of the formulation or
to substituted benzimidazoles (angioedema and anaphylaxis have occurred).

“)

----------------------- WARNINGS AND PRECAUTIONS------------mmmmmmmmmeee

. Symptomatic response to therapy with NEXIUM does not preclude the
presence of gastric malignancy. (5.1)

. Atrophic gastritis has been noted with long-term omeprazole therapy.
(5.2)

e  PPI therapy may be associated with increased risk of Clostridium
difficile associated diarrhea. (5.3)

. Avoid concomitant use of NEXIUM L.V. with clopidogrel. (5.4)

. Bone Fracture: Long-term and multiple daily dose PPI therapy may be
associated with an increased risk for osteoporosis-related fractures of the
hip, wrist or spine. (5.5)

e  Hypomagnesemia has been reported rarely with prolonged treatment
with PPIs (5.6)

. Avoid concomitant use of NEXIUM with St John’s Wort or rifampin
due to the potential reduction in esomeprazole levels (5.7, 7.2)

. Interactions with diagnostic investigations for Neuroendocrine Tumors:
Increases in intragastric pH may result in hypergastrinemia and
enterochromaffin-like cell hyperplasia and increased chromogranin A
levels which may interfere with diagnostic investigations for
neuroendocrine tumors. (5.8, 12.2)

ADVERSE REACTIONS:
Most common adverse reactions (>1%) are headache, flatulence, nausea,
abdominal pain, injection site reaction, diarrhea, dry mouth, dizziness/vertigo,
constipation and pruritus (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact AstraZeneca
at 1-800-236-9933 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

DRUG INTERACTIONS

e  NEXIUM LV. inhibits gastric acid secretion and may interfere with the
absorption of drugs where gastric pH is an important determinant of
bioavailability (e.g. ketoconazole, iron salts, erlotinib, and digoxin).
Patients treated with NEXIUM and digoxin may need to be monitored
for digoxin toxicity. (7)

. Patients treated with proton pump inhibitors and warfarin concomitantly
may need to be monitored for increases in INR and prothrombin time.
(7

e  NEXIUM LV. may reduce the plasma levels of atazanavir, nelfinavir,
and saquinavir. (7)

e  Concomitant treatment with a combined inhibitor of CYP2C19 and
CYP3A4, such as voriconazole, may result in more than doubling of the
esomeprazole exposure. (7)

e  May increase systemic exposure of cilostazol and an active metabolite.
Consider dose reduction (7)

. Clopidogrel: NEXIUM 1.V. decreases exposure to the active metabolite
of clopidogrel. (7)

. Tacrolimus: NEXIUM may increase serum levels of tacrolimus (7.2)

e  Methotrexate: NEXIUM may increase serum levels of methotrexate
(7.3)

------------------------ USE IN SPECIFIC POPULA TIONS---mreemmmeeemmmeemeev
e  Pregnancy: Based on animal data, may cause fetal harm. (8.1)

See 17 for PATIENT COUNSELING INFORMATION

Revised: 03/2014
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FULL PRESCRIBING INFORMATION

1. INDICATIONS AND USAGE

1.1 Treatment of Gastroesophageal Reflux Disease
(GERD) with Erosive Esophagitis
NEXIUM LV. for Injection is indicated for the short-term
treatment of GERD with erosive esophagitis in adults and
pediatric patients 1 month to 17 years, inclusively as an
alternative to oral therapy when oral NEXIUM is not possible
or appropriate.

1.2 Risk Reduction of Rebleeding of Gastric or
Duodenal Ulcers following Therapeutic Endoscopy
in Adults
NEXIUM LV. for Injection is indicated for risk reduction of
rebleeding in patients following therapeutic endoscopy for
acute bleeding gastric or duodenal ulcers in adults.

2 DOSAGE AND ADMINISTRATION
General Information

NEXIUM LV. for Injection should not be administered
concomitantly with any other medications through the same
intravenous site and/or tubing. The intravenous line should
always be flushed with either 0.9% Sodium Chloride
Injection, USP, Lactated Ringer’s Injection, USP or 5%
Dextrose Injection, USP both prior to and after administration
of NEXIUM L.V. for Injection.

The admixture should be stored at room temperature up to
30°C (86°F) and should be administered within the designated
time period as listed in Table 1 below. No refrigeration is
required.

Table 1 Storage Time for Final (diluted) Product

Diluent Administer within:
0.9% Sodium Chloride 12 hours
Injection, USP
Lactated Ringer’s 12 hours
Injection, USP
5% Dextrose 6 hours
Injection, USP

Parenteral drug products should be inspected visually for
particulate matter and discoloration prior to administration,
whenever solution and container permit.
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As soon as oral therapy is possible or appropriate, intravenous
therapy with NEXIUM LV. for Injection should be
discontinued and the therapy should be continued orally.

2.1 GERD with Erosive Esophagitis
Adult Patients
The recommended adult dose is either 20 mg or 40 mg
NEXIUM given once daily by intravenous injection (no less
than 3 minutes) or intravenous infusion (10 minutes to
30 minutes). Safety and efficacy of NEXIUM LV. for
Injection as a treatment of GERD patients with erosive
esophagitis for more than 10 days have not been
demonstrated.

Dosage adjustment is not required in patients with mild to
moderate liver impairment (Child Pugh Classes A and B). For
patients with severe liver impairment (Child Pugh Class C), a
maximum dose of 20 mg once daily of NEXIUM should not
be exceeded [see Use in Specific Populations (8.6), Clinical
Pharmacology, (12.3)].

Pediatric Patients

The recommended doses for children ages 1 month to 17
years, inclusive, are provided below. Dose should be infused
over 10 minutes to 30 minutes.

1 year to 17 years:
Body weight less than 55 kg: 10 mg
Body weight 55 kg or greater: 20 mg

1 month to less than 1 year of age: 0.5 mg/kg

2.2 Risk Reduction of Rebleeding of Gastric or

Duodenal Ulcers following Therapeutic Endoscopy
in Adults

Adult dose is 80 mg administered as an intravenous infusion
over 30 minutes followed by a continuous infusion of 8 mg/h
for a total treatment duration of 72 hours (i.e., includes initial
30-minute dose plus 71.5 hours of continuous infusion).
Intravenous therapy is aimed solely at the acute initial management
of bleeding gastric or duodenal ulcers and does not constitute full
treatment. Intravenous therapy should be followed by oral acid-
suppressive therapy.

For patients with liver impairment, no dosage adjustment of
the initial esomeprazole 80 mg infusion is necessary. For
patients with mild to moderate liver impairment (Child Pugh
Classes A and B), a maximum continuous infusion of
esomeprazole 6 mg/h should not be exceeded. For patients
with severe liver impairment (Child Pugh Class C), a

4
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maximum continuous infusion of 4 mg/h should not be
exceeded [see Use in Specific Populations (8.6), Clinical
Pharmacology (12.3)].

2.3  Preparation and Administration Instructions
General Information

The reconstituted solution of Nexium I.V. should be stored at
room temperature up to 30°C (86°F) and administered within
12 hours after reconstitution. (Administer within 6 hours if
5% Dextrose Injection is used after reconstitution). No
refrigeration is required.

Gastroesophageal Reflux Disease (GERD) with
Erosive Esophagitis

Preparation Instructions for Adult Patients

Intravenous Injection (20 mg or 40 mg vial) over no less than
3 minutes
The freeze-dried powder should be reconstituted with
5 mL of 0.9% Sodium Chloride Injection, USP.
Withdraw 5 mL of the reconstituted solution and
administer as an intravenous injection over no less than 3
minutes.

Preparation Instructions for Pediatric Patients

Intravenous Infusion (20 mg or 40 mg) over 10 minutes to 30

minutes
A solution for intravenous infusion is prepared by first
reconstituting the contents of one vial* with 5 mL of 0.9%
Sodium Chloride Injection, USP, Lactated Ringer’s
Injection, USP or 5% Dextrose Injection, USP and further
diluting the resulting solution to a final volume of 50 mL.
The resultant concentration after diluting to a final volume
of 50 mL is 0.8 mg/mL (for 40 mg vial) and 0.4 mg/mL
(for 20 mg vial). The solution (admixture) should be
administered as an intravenous infusion over a period of
10 minutes to 30 minutes.

*For patients 1 month to less than 1 year of age, first calculate the dose (0.5
mg/kg) to determine the vial size needed.

Risk Reduction of Re-bleeding of Gastric or Duodenal
Ulcers in Adults

Preparation Instructions for Loading dose (80 mg) to be
given over 30 minutes
5
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5.2

5.3

The loading dose of 80 mg is prepared by reconstituting two
40 mg vials. Reconstitute each 40 mg vial with 5 mL of 0.9%
Sodium Chloride Injection, USP. The contents of the two
vials should be further diluted in 100 mL 0.9% Sodium
Chloride Injection, USP for intravenous use. Administer over
30 minutes.

Preparation Instructions for Continuous Infusion to be
given at 8 mg/hour for 71.5 hours

The continuous infusion is prepared by using two 40 mg vials.
Reconstitute each 40 mg vial with 5 mL each of 0.9% Sodium
Chloride Injection, USP. The contents of the two vials should
be further diluted in 100 mL 0.9% Sodium Chloride Injection,
USP for intravenous use. Administer at a rate of 8 mg/hour
for 71.5 hours.

DOSAGE FORMS AND STRENGTHS

NEXIUM L. V. for Injection is supplied as a freeze-dried white
to off-white powder containing 20 mg or 40 mg of
esomeprazole per single-use vial.

CONTRAINDICATIONS

Patients with known hypersensitivity to any component of the
formulation or to substituted benzimidazoles (angioedema and
anaphylaxis have occurred).

WARNINGS AND PRECAUTIONS

Risk of Concomitant Gastric Malignancy
Symptomatic response to therapy with NEXIUM does not
preclude the presence of gastric malignancy.

Atrophic Gastritis

Atrophic gastritis has been noted occasionally in gastric
corpus biopsies from patients treated long-term with
omeprazole, of which esomeprazole is an enantiomer.

Clostridium difficile Associated Diarrhea

Published observational studies suggest that PPI therapy like
NEXIUM may be associated with an increased risk of
Clostridium difficile associated diarrhea, especially in
hospitalized patients. This diagnosis should be considered for
diarrhea that does not improve [See Adverse Reactions (6.2)].

Patients should use the lowest dose and shortest duration of
PPI therapy appropriate to the condition being treated.

6
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5.4 Interaction with Clopidogrel

Avoid concomitant use of NEXIUM L.V. with clopidogrel.
Clopidogrel is a prodrug. Inhibition of platelet aggregation by
clopidogrel is entirely due to an active metabolite. The
metabolism of clopidogrel to its active metabolite can be
impaired by use with concomitant medications, such as
esomeprazole, that inhibit CYP2C19 activity. Concomitant
use of clopidogrel with 40 mg esomeprazole reduces the
pharmacological activity of clopidogrel. When using
NEXIUM L.V. consider alternative anti-platelet therapy. [see
Drug Interactions (7), Clinical Pharmacology (12.3)]

5.5 Bone Fracture

Several published observational studies suggest that proton
pump inhibitor (PPI) therapy may be associated with an
increased risk for osteoporosis-related fractures of the hip,
wrist, or spine. The risk of fracture was increased in patients
who received high-dose, defined as multiple daily doses, and
long-term PPI therapy (a year or longer). Patients should use
the lowest dose and shortest duration of PPI therapy
appropriate to the condition being treated. Patients at risk for
osteoporosis-related fractures should be managed according to
established treatment guidelines. [see Dosage and
Administration (2), Adverse Reactions (6.2)]

5.6 Hypomagnesemia
Hypomagnesemia, symptomatic and asymptomatic, has been
reported rarely in patients treated with PPIs for at least three
months, in most cases after a year of therapy. Serious adverse
events include tetany, arrhythmias, and seizures. In most
patients, treatment of hypomagnesemia required magnesium
replacement and discontinuation of the PPI.

For patients expected to be on prolonged treatment or who
take PPIs with medications such as digoxin or drugs that may
cause hypomagnesemia (e.g., diuretics), health care
professionals may consider monitoring magnesium levels
prior to initiation of PPI treatment and periodically. [See
Adverse Reactions (6.2)]

5.7 Concomitant use of NEXIUM with St John’s Wort or
Rifampin
Drugs which induce CYP2C19 or CYP3A4 (such as St John’s
Wort or rifampin) can substantially decrease esomeprazole
concentrations [see Drug Interactions (7)]. Avoid concomitant
use of NEXTUM with St John’s Wort or rifampin.
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5.8 Interactions with Investigations for Neuroendocrine

Tumors

Serum chromogranin A (CgA) levels increase secondary to
drug-induced decreases in gastric acidity. The increased CgA
level may cause false positive results in diagnostic
investigations for neuroendocrine tumors. Providers should
temporarily stop esomeprazole treatment before assessing
CgA levels and consider repeating the test if initial CgA levels
are high. If serial tests are performed (e.g. for monitoring), the
same commercial laboratory should be used for testing, as
reference ranges between tests may vary.

5.9 Concomitant use of NEXIUM with Methotrexate
Literature suggests that concomitant use of PPIs with
methotrexate (primarily at high dose; see methotrexate
prescribing information) may elevate and prolong serum
levels of methotrexate and/or its metabolite, possibly leading
to methotrexate toxicities.  In high-dose methotrexate
administration a temporary withdrawal of the PPI may be
considered in some patients [see Drug Interactions (7.3)].

6 ADVERSE REACTIONS

6.1 Clinical Trials Experience with Intravenous NEXIUM
Because clinical trials are conducted under widely varying
conditions, adverse reaction rates observed in the clinical trials
of a drug cannot be directly compared to rates in the clinical
trials of another drug and may not reflect the rates observed in
practice.

Adults

The safety of intravenous esomeprazole is based on results
from clinical trials conducted in four different populations
including patients having symptomatic GERD with or without
a history of erosive esophagitis (n=199), patients with erosive
esophagitis (n=160), healthy subjects (n=204) and patients
with bleeding gastric or duodenal ulcers (n=375).

Symptomatic GERD and Erosive Esophagitis Trials

The data described below reflect exposure to NEXIUM L.V.
for Injection in 359 patients. NEXIUM L. V. for Injection was
studied only in actively-controlled trials. The population was
18 to 77 years of age; 45% Male, 52% Caucasian, 17% Black,
3% Asian, 28% Other, and had either erosive reflux
esophagitis (44%) or GERD (56%). Most patients received
doses of either 20 or 40 mg either as an infusion or an
injection. Adverse reactions occurring in > 1% of patients
treated with intravenous esomeprazole (n=359) in clinical
trials are listed below:
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Table 2

Adverse reactions occurring at an incidence
> 1% in the NEXIUM L.V. group

% of patients

Esomeprazole
Intravenous

Adverse Reactions (n=359)
Headache 10.9
Flatulence 10.3
Nausea 6.4
Abdominal pain 5.8
Diarrhea 3.9
Mouth dry 39
Dizziness/vertigo 2.8
Constipation 2.5
Injection site reaction 1.7
Pruritus 1.1

Intravenous treatment with esomeprazole 20 and 40 mg
administered as an injection or as an infusion was found to
have a safety profile similar to that of oral administration of
esomeprazole.

Pediatric

A randomized, open-label, multi-national study to evaluate the
pharmacokinetics of repeated intravenous doses of once daily
esomeprazole in pediatric patients 1 month to 17 years old,
inclusive was performed. The safety results are consistent
with the known safety profile of esomeprazole and no
unexpected safety signals were identified. [See Clinical
Pharmacology (12.3)]

Risk Reduction of Rebleeding of Gastric or Duodenal
Ulcers in Adults

The data described below reflect exposure to NEXIUM L.V.
for Injection in 375 patients. NEXIUM L.V. for Injection was
studied in a placebo-controlled trial. Patients were
randomized to receive NEXIUM L. V. for Injection (n=375) or
placebo (n=389). The population was 18 to 98 years old; 68%
Male, 87% Caucasian, 1% Black, 7% Asian, 4% other, who
presented with endoscopically confirmed gastric or duodenal
ulcer bleeding. Following endoscopic hemostasis, patients
received either 80 mg esomeprazole as an intravenous
infusion over 30 minutes followed by a continuous infusion of
8 mg per hour or placebo for a total treatment duration of 72
hours. After the initial 72-hour period, all patients received
oral proton pump inhibitor (PPI) for 27 days.

9
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Table 3

Incidence (%) of adverse reactions that occurred in
greater than 1% of patients within 72 hours after start

of treatment®
Number(%) of patients
Esomeprazole Placebo
(n=375) (n=389)

Duodenal ulcer 16 (4.3%) 16 (4.1%)
haemorrhage
Injection site reaction” 16 (4.3%) 2 (0.5)
Pyrexia 13 (3.5%) 11 (2.8%)
Cough 4 (1.1%) 1 (0.3%)
Dizziness 4 (1.1%) 3 (0.8%)
*Incidence >1% in the esomeprazole group and greater than placebo group safety
population

#Injection site reactions included erythema, swelling, inflammation, pruritus,
phlebitis, thrombophlebitis and superficial phlebitis.

With the exception of injection site reactions described above,
intravenous treatment with esomeprazole administered as an
injection or as an infusion was found to have a safety profile
similar to that of oral administration of esomeprazole.

6.2 Postmarketing Experience
The following adverse reactions have been identified during
post-approval use of NEXIUM. Because these reactions are
reported voluntarily from a population of uncertain size, it is
not always possible to reliably estimate their frequency or
establish a causal relationship to drug exposure.

Postmarketing Reports - There have been spontaneous reports
of adverse events with postmarketing use of esomeprazole.
These reports occurred rarely and are listed below by body
system:

Blood And Lymphatic System Disorders: agranulocytosis,
pancytopenia; Eye Disorders: blurred vision; Gastrointestinal
Disorders: pancreatitis; stomatitis; microscopic colitis;
Hepatobiliary Disorders: hepatic failure, hepatitis with or
without jaundice; Immune System Disorders: anaphylactic
reaction/shock; Infections and Infestations: GI candidiasis;
Metabolism and nutritional disorders: hypomagnesemia;
Musculoskeletal And Connective Tissue Disorders: muscular
weakness, myalgia, bone fracture; Nervous System Disorders:
hepatic encephalopathy, taste disturbance; Psychiatric
Disorders: aggression, agitation, depression, hallucination;
Renal and Urinary Disorders: interstitial nephritis;
Reproductive System and Breast Disorders: gynecomastia;
Respiratory, Thoracic and Mediastinal Disorders:
bronchospasm; Skin and Subcutaneous Tissue Disorders:

10
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alopecia, erythema multiforme, hyperhidrosis,
photosensitivity, Stevens-Johnson syndrome, toxic epidermal
necrolysis (TEN, some fatal).

Other adverse events not observed with NEXIUM, but
occurring with omeprazole can be found in the omeprazole
package insert, ADVERSE REACTIONS section.

7 DRUG INTERACTIONS

Esomeprazole is extensively metabolized in the liver by
CYP2C19 and CYP3A4.

In vitro and in vivo studies have shown that esomeprazole is
not likely to inhibit CYPs 1A2, 2A6, 2C9, 2D6, 2E1 and 3A4.
No clinically relevant interactions with drugs metabolized by
these CYP enzymes would be expected. Drug interaction
studies have shown that esomeprazole does not have any
clinically significant interactions with phenytoin, warfarin,
quinidine, clarithromycin or amoxicillin. Post-marketing
reports of changes in prothrombin measures have been
received among patients on concomitant warfarin and
esomeprazole therapy. Increases in INR and prothrombin time
may lead to abnormal bleeding and even death. Patients
treated with proton pump inhibitors and warfarin
concomitantly may need to be monitored for increases in INR
and prothrombin time.

Esomeprazole may potentially interfere with CYP2C19, the
major esomeprazole metabolizing enzyme. Co-administration
of esomeprazole 30 mg and diazepam, a CYP2C19 substrate,
resulted in a 45% decrease in clearance of diazepam.
Increased plasma levels of diazepam were observed 12 hours
after dosing and onwards. However, at that time, the plasma
levels of diazepam were below the therapeutic interval, and
thus this interaction is unlikely to be of clinical relevance.

Clopidogrel is metabolized to its active metabolite in part by
CYP2C19. Concomitant use of esomeprazole 40 mg results in
reduced plasma concentrations of the active metabolite of
clopidogrel and a reduction in platelet inhibition. Avoid
concomitant administration of NEXIUM LV. with
clopidogrel. When using NEXIUM LV., consider use of
alternative anti-platelet therapy [see Clinical Pharmacology
(12.3)].

Omeprazole acts as an inhibitor of CYP 2C19. Omeprazole,
given in doses of 40 mg daily for one week to 20 healthy
subjects in cross-over study, increased Cy.x and AUC of
cilostazol by 18% and 26%, respectively. Cpax and AUC of
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one of its active metabolites, 3,4-dihydro-cilostazol, which has
4-7 times the activity of cilostazol, were increased by 29% and
69%, respectively. Co-administration of cilostazol with
esomeprazole is expected to increase concentrations of
cilostazol and its above mentioned active metabolite.
Therefore, a dose reduction of cilostazol from 100 mg twice
daily to 50 mg twice daily should be considered.

Concomitant administration of esomeprazole and a combined
inhibitor of CYP2C19 and CYP3A4, such as voriconazole,
may result in more than doubling of the esomeprazole
exposure. Dose adjustment of esomeprazole is not normally
required for the recommended doses. However, in patients
who may require higher doses, dose adjustment may be
considered.

Drugs known to induce CYP2C19 or CYP3A4 (such as
rifampin) may lead to decreased esomeprazole serum levels.
Omeprazole, of which esomeprazole is an enantiomer, has
been reported to interact with St. John’s wort, an inducer of
CYP3A4. In a cross-over study in 12 healthy male subjects, St
John’s wort (300 mg three times daily for 14 days)
significantly decreased the systemic exposure of omeprazole
in CYP2C19 poor metabolizers (Cyax and AUC decreased by
37.5% and 37.9%, respectively) and extensive metabolizers
(Cmax and AUC decreased by 49.6% and 43.9%, respectively).
Avoid concomitant use of St. John’s Wort or rifampin with
NEXIUM.

Co-administration of oral contraceptives, diazepam,
phenytoin, or quinidine did not seem to change the
pharmacokinetic profile of esomeprazole.

Concomitant use of atazanavir and proton pump inhibitors is
not recommended. Co-administration of atazanavir with
proton pump inhibitors is expected to substantially decrease
atazanavir plasma concentrations and thereby reduce its
therapeutic effect.

Omeprazole has been reported to interact with some
antiretroviral drugs.  The clinical importance and the
mechanisms behind these interactions are not always known.
Increased gastric pH during omeprazole treatment may change
the absorption of the antiretroviral drug. Other possible
interaction mechanisms are via CYP2C19. For some
antiretroviral drugs, such as atazanavir and nelfinavir,
decreased serum levels have been reported when given
together with omeprazole. Following multiple doses of
nelfinavir (1250 mg, twice daily) and omeprazole (40 mg
daily), AUC was decreased by 36% and 92%, Cuax by 37%

12

Reference ID: 3464787



and 89% and C.i, by 39% and 75%, respectively, for
nelfinavir and MS8. Following multiple doses of atazanavir
(400 mg daily) and omeprazole (40 mg daily, 2 hr before
atazanavir), AUC was decreased by 94%, Cuax by 96%, and
Cmin by 95%. Concomitant administration with omeprazole
and drugs such as atazanavir and nelfinavir is therefore not
recommended.  For other antiretroviral drugs, such as
saquinavir, elevated serum levels have been reported with an
increase in AUC by 82%, in Cyax by 75% and in Cp,, by
106% following multiple dosing of saquinavir/ritonavir
(1000/100 mg) twice daily for 15 days with omeprazole 40 mg
daily co-administered days 11 to 15. Dose reduction of
saquinavir should be considered from the safety perspective
for individual patients. There are also some antiretroviral
drugs of which unchanged serum levels have been reported
when given with omeprazole.

Studies  evaluating  concomitant  administration  of
esomeprazole and either naproxen (non-selective NSAID) or
rofecoxib (COX-2 selective NSAID) did not identify any
clinically relevant changes in the pharmacokinetic profiles of
esomeprazole or these NSAIDs.

Esomeprazole inhibits gastric acid secretion.  Therefore,
esomeprazole may interfere with the absorption of drugs
where gastric pH is an important determinant of
bioavailability. Like with other drugs that decrease the
intragastric acidity, the absorption of drugs such as
ketoconazole, atazanavir, iron salts, and erlotinib can
decrease, while the absorption of drugs such as digoxin can
increase during treatment with esomeprazole. Concomitant
treatment with omeprazole (20 mg daily) and digoxin in
healthy subjects increased the bioavailability of digoxin by
10% (30% in two subjects). Esomeprazole is an enantiomer
of omeprazole. Co-administration of digoxin with
esomeprazole is expected to increase the systemic exposure of
digoxin. Therefore, patients may need to be monitored when
digoxin is taken concomitantly with esomeprazole.

7.1 Interactions with Investigations of Neuroendocrine
Tumors
Drug-induced decrease in gastric acidity results in
enterochromaffin-like cell hyperplasia and increased
Chromogranin A levels which may interfere with
investigations for neuroendocrine tumors [see Warnings and
Precautions (5.8), Clinical Pharmacology 12.2)].

7.2  Tacrolimus
Concomitant administration of esomeprazole and tacrolimus
may increase the serum levels of tacrolimus.
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7.3  Methotrexate

Case reports, published population pharmacokinetic studies,
and retrospective analyses suggest that concomitant
administration of PPIs and methotrexate (primarily at high
dose; see methotrexate prescribing information) may elevate
and prolong serum levels of methotrexate and/or its metabolite
hydroxymethotrexate. However, no formal drug interaction
studies of methotrexate with PPIs have been conducted [see
Warnings and Precautions (5.9)].

8. USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Pregnancy Category C

Risk Summary

There are no adequate and well-controlled studies with
NEXIUM in pregnant women. Esomeprazole is the s-isomer
of omeprazole.  Available epidemiologic data fail to
demonstrate an increased risk of major congenital
malformations or other adverse pregnancy outcomes with first
trimester omeprazole use.

Teratogenicity was not observed in animal reproduction
studies with administration of oral esomeprazole magnesium
in rats and rabbits with doses about 57 times and 35 times,
respectively, an oral human dose of 40 mg. However, changes
in bone morphology were observed in offspring of rats dosed
through most of pregnancy and lactation at doses equal to or
greater than approximately 33.6 times an oral human dose of
40 mg (see Animal Data). Because of the observed effect at
high doses of esomeprazole magnesium on developing bone in
rat studies, NEXIUM should be used during pregnancy only if
the potential benefit justifies the potential risk to the fetus.

Human Data

Esomeprazole is the S-isomer of omeprazole. Four
epidemiological studies compared the frequency of congenital
abnormalities among infants born to women who used
omeprazole during pregnancy with the frequency of
abnormalities among infants of women exposed to H2
receptor antagonists or other controls.

A population based retrospective cohort epidemiological study

from the Swedish Medical Birth Registry, covering

approximately 99% of pregnancies, from 1995-99, reported on

955 infants (824 exposed during the first trimester with 39 of

these exposed beyond first trimester, and 131 exposed after

the first trimester) whose mothers used omeprazole during
14
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pregnancy. The number of infants exposed in utero to
omeprazole that had any malformation, low birth weight, low
Apgar score, or hospitalization was similar to the number
observed in this population. The number of infants born with
ventricular septal defects and the number of stillborn infants
was slightly higher in the omeprazole-exposed infants than the
expected number in this population.

A population-based retrospective cohort study covering all
live births in Denmark from 1996-2009, reported on 1,800 live
births whose mothers used omeprazole during the first
trimester of pregnancy and 837, 317 live births whose mothers
did not use any proton pump inhibitor. The overall rate of
birth defects in infants born to mothers with first trimester
exposure to omeprazole was 2.9% and 2.6% in infants born to
mothers not exposed to any proton pump inhibitor during the
first trimester.

A retrospective cohort study reported on 689 pregnant women
exposed to either H, blockers or omeprazole in the first
trimester (134 exposed to omeprazole) and 1,572 pregnant
women unexposed to either during the first trimester. The
overall malformation rate in offspring born to mothers with
first trimester exposure to omeprazole, an H2-blocker, or were
unexposed was 3.6%, 5.5%, and 4.1% respectively.

A small prospective observational cohort study followed 113
women exposed to omeprazole during pregnancy (89% first
trimester exposures). The reported rate of major congenital
malformations was 4% in the omeprazole group, 2% in
controls exposed to non-teratogens, and 2.8% in disease
paired controls. Rates of spontaneous and elective abortions,
preterm deliveries, gestational age at delivery, and mean birth
weight were similar among the groups.

Several studies have reported no apparent adverse short-term
effects on the infant when single dose oral or intravenous
omeprazole was administered to over 200 pregnant women as
premedication for cesarean section under general anesthesia.

Animal Data

Reproduction studies have been performed with esomeprazole
magnesium in rats at oral doses up to 280 mg/kg/day (about
57 times an oral human dose of 40 mg on a body surface area
basis) and in rabbits at oral doses up to 86 mg/kg/day (about
35 times the human dose on a body surface area basis) and
have revealed no evidence of impaired fertility or harm to the
fetus due to esomeprazole magnesium.
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A pre- and postnatal developmental toxicity study in rats with
additional endpoints to evaluate bone development was
performed with esomeprazole magnesium at oral doses of 14
to 280 mg/kg/day (about 3.4 to 57 times an oral human dose
of 40 mg on a body surface area basis). Neonatal/early
postnatal (birth to weaning) survival was decreased at doses
equal to or greater than 138 mg/kg/day (about 33 times an oral
human dose of 40 mg on a body surface area basis). Body
weight and body weight gain were reduced and
neurobehavioral or general developmental delays in the
immediate post-weaning timeframe were evident at doses
equal to or greater than 69 mg/kg/day (about 16.8 times an
oral human dose of 40 mg on a body surface area basis). In
addition, decreased femur length, width and thickness of
cortical bone, decreased thickness of the tibial growth plate
and minimal to mild bone marrow hypocellularity were noted
at doses equal to or greater than 14 mg/kg/day (about 3.4
times an oral human dose of 40 mg on a body surface area
basis). Physeal dysplasia in the femur was observed in
offspring of rats treated with oral doses of esomeprazole
magnesium at doses equal to or greater than 138 mg/kg/day
(about 33.6 times an oral human dose of 40 mg on a body
surface area basis).

Effects on maternal bone were observed in pregnant and
lactating rats in a pre- and postnatal toxicity study when
esomeprazole magnesium was administered at oral doses of
14 to 280 mg /kg/day (about 3.4 to 57 times an oral human
dose of 40 mg on a body surface area basis). When rats were
dosed from gestational day 7 through weaning on postnatal
day 21, a statistically significant decrease in maternal femur
weight of up to 14% (as compared to placebo treatment) was
observed at doses equal to or greater than 138 mg/kg/day
(about 33.6 times an oral human dose of 40 mg on a body
surface area basis).

A pre- and postnatal development study in rats with
esomeprazole strontium (using equimolar doses compared to
esomeprazole magnesium study) produced similar results in
dams and pups as described above.

8.3  Nursing Mothers
The excretion of esomeprazole in milk has not been studied.
However, omeprazole concentrations have been measured in
breast milk of a woman following oral administration of 20
mg. Because esomeprazole is likely to be excreted in human
milk, because of the potential for serious adverse reactions in
nursing infants from esomeprazole, and because of the
potential for tumorigenicity shown for omeprazole in rat
carcinogenicity studies, a decision should be made whether to
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discontinue nursing or to discontinue the drug, taking into
account the importance of the drug to the mother.

8.4  Pediatric Use
The safety and effectiveness of NEXIUM L.V. for Injection
have been established in pediatric patients 1 month to 17 years
of age for short-term treatment of GERD with Erosive
Esophagitis [see Clinical Pharmacology, Pharmacokinetics
(12.3)]. However, effectiveness has not been established in
patients less than 1 month of age.

1 month to 17 years of age

Use of NEXIUM L.V. for Injection in pediatric patients 1
month to 17 years of age for short-term treatment of GERD
with Erosive Esophagitis is supported by: a) results observed
from a pharmacokinetic (PK) study on NEXIUM LV. for
Injection performed in pediatric patients, b) predictions from a
population PK model comparing 1.V. PK data between adult
and pediatric patients, and c) relationship between exposure
and pharmacodynamic results obtained from adult 1.V. and
pediatric oral data and d) PK results already included in the
current approved labeling and from adequate and well-
controlled studies that supported the approval of NEXIUM
I.V. for Injection for adults.

Neonates 0 to 1 month of age

Following administration of NEXIUM 1.V. in neonates the
geometric mean (range) for CL was 0.17 L/h/kg (0.04 L/h/kg-
0.32 L/h/kg).

The safety and effectiveness of NEXIUM L.V. in neonates
have not been established.

Juvenile Animal Data

In a juvenile rat toxicity study, esomeprazole was
administered with both magnesium and strontium salts at oral
doses about 34 to 57 times a daily human dose of 40 mg based
on body surface area. Increases in death were seen at the high
dose, and at all doses of esomeprazole, there were decreases in
body weight, body weight gain, femur weight and femur
length, and decreases in overall growth [see Nonclinical
Toxicology (13.2)].

8.5 Geriatric Use
Of the total number of patients who received oral NEXIUM in
clinical trials, 1,459 were 65 to 74 years of age and 354
patients were > 75 years of age.

No overall differences in safety and efficacy were observed
between the elderly and younger individuals, and other
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reported clinical experience has not identified differences in
responses between the elderly and younger patients, but
greater sensitivity of some older individuals cannot be ruled
out.

8.6  Hepatic Impairment
For adult patients with GERD, no dosage adjustment is
necessary in patients with mild to moderate hepatic
insufficiency (Child Pugh Classes A and B). For patients with
severe hepatic insufficiency (Child Pugh Class C) a dose of 20
mg once daily should not be exceeded [see Dosage and
Administration (2), Clinical Pharmacology (12.3)].

For adult patients with bleeding gastric or duodenal ulcers and
liver impairment, no dosage adjustment of the initial
esomeprazole 80 mg infusion is necessary. For adult patients
with mild to moderate liver impairment (Child Pugh Classes A
and B), a maximum continuous infusion of esomeprazole 6
mg/h should not be exceeded. For adult patients with severe
liver impairment (Child Pugh Class C), a maximum
continuous infusion of 4 mg/h should not be exceeded [See
Dosage and Administration (2.2), Clinical Pharmacology
(12.3)].

10 OVERDOSAGE
The minimum lethal dose of esomeprazole sodium in rats after
bolus administration was 310 mg/kg (about 62 times the
human dose on a body surface area basis). The major signs of
acute toxicity were reduced motor activity, changes in
respiratory frequency, tremor, ataxia and intermittent clonic
convulsions.

The symptoms described in connection with deliberate
NEXIUM overdose (limited experience of doses in excess of
240 mg/day) are transient. Single oral doses of 80 mg and
intravenous doses of 308 mg of esomeprazole over 24 hours
were uneventful. Reports of overdosage with omeprazole in
humans may also be relevant. Doses ranged up to 2,400 mg
(120 times the wusual recommended clinical dose).
Manifestations were variable, but included confusion,
drowsiness, blurred vision, tachycardia, nausea, diaphoresis,
flushing, headache, dry mouth, and other adverse reactions
similar to those seen in normal clinical experience (see
omeprazole package insert - ADVERSE REACTIONS). No
specific antidote for esomeprazole is known. Since
esomeprazole is extensively protein bound, it is not expected
to be removed by dialysis. In the event of overdosage,
treatment should be symptomatic and supportive.
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As with the management of any overdose, the possibility of
multiple drug ingestion should be considered. For current
information on treatment of any drug overdose, a certified
Regional Poison Control Center should be contacted.
Telephone numbers are listed in the Physicians’ Desk
Reference (PDR) or local telephone book.

11 DESCRIPTION

The active ingredient in NEXIUM® LV. (esomeprazole
sodium) for Injection is (S)-5-methoxy-2[[(4-methoxy-3,5[]
dimethyl-2-pyridinyl)-methyl]sulfinyl]-1 H-benzimidazole
sodium, a proton pump inhibitor that inhibits gastric acid
secretion. Esomeprazole is the S-isomer of omeprazole, which
is a mixture of the S- and R- isomers. Its empirical formula is
C17H1sN303SNa  with molecular weight of 367.4 g/mol
(sodium salt) and 3454 g/mol (parent compound).
Esomeprazole sodium is very soluble in water and freely
soluble in ethanol (95%). The structural formula is:
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NEXIUM L.V. for Injection is supplied as a sterile, freeze-
dried, white to off-white, porous cake or powder in a 5 mL
vial, intended for intravenous administration after
reconstitution with 0.9% Sodium Chloride Injection, USP;
Lactated Ringer’s Injection, USP or 5% Dextrose Injection,
USP. NEXIUM LV. for Injection contains esomeprazole
sodium 21.3 mg or 42.5 mg equivalent to esomeprazole 20 mg
or 40 mg, edetate disodium 1.5 mg and sodium hydroxide q.s.
for pH adjustment. The pH of reconstituted solution of
NEXIUM LV. for Injection depends on the reconstitution
volume and is in the pH range of 9 to 11. The stability of
esomeprazole sodium in aqueous solution is strongly pH
dependent. The rate of degradation increases with decreasing
pH.

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action
Esomeprazole is a proton pump inhibitor that suppresses
gastric acid secretion by specific inhibition of the H'/K'-
ATPase in the gastric parietal cell. The S- and R-isomers of
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omeprazole are protonated and converted in the acidic
compartment of the parietal cell forming the active inhibitor,
the achiral sulphenamide. By acting specifically on the proton
pump, esomeprazole blocks the final step in acid production,
thus reducing gastric acidity. This effect is dose-related up to
a daily dose of 20 to 40 mg and leads to inhibition of gastric
acid secretion.

12.2 Pharmacodynamics
Antisecretory Activity
The effect of intravenous esomeprazole on intragastric pH was
determined in two separate studies. In the first study, 20 mg of
NEXIUM L.V. for Injection was administered intravenously
once daily at constant rate over 30 minutes for 5 days.
Twenty-two healthy subjects were included in the study. In
the second study, 40 mg of NEXIUM LV. for Injection was
administered intravenously once daily at constant rate over 30
minutes for 5 days. Thirty-eight healthy subjects were
included in the study.

Table 4
Effect of NEXIUM L.V. for Injection on Intragastric pH on
Day 5
Esomeprazole 20 mg Esomeprazole 40 mg
(n=22) (n=38)
% Time Gastric pH>4 49.5 66.2
(95% CI) 41.9-57.2 62.4-70.0

Gastric pH was measured over a 24-hour period

In a study in H. pylori negative healthy Caucasian volunteers
(n =24), the % time over 24 hours (95 % CI) when intragastric
pH was > 6 and > 7 was 52.3 % (40.3 — 64.4) and 4.8 % (1.8 —
7.8), respectively during administration of esomeprazole as an
intravenous infusion of 80 mg over 30 minutes followed by a
continuous infusion of 8 mg/h for 23.5 hours.

In a study in H. pylori positive and H. pylori negative healthy
Chinese subjects (overall n = 19), the % time over 24 hours
(95 % CI) when intragastric pH was > 6 and > 7 was 53 %
(45.6 — 60.3) and 15.1 % (9.5 — 20.7) in the overall study
population during administration of esomeprazole as an
intravenous infusion of 80 mg over 30 minutes followed by a
continuous infusion of 8 mg/h for 23.5 hours. When
comparing H. pylori positive (n =8) vs. negative (n =11)
subjects, the percentage of time in a 24 h period with
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intragastric pH > 6 [59 % vs. 47 %] and with pH > 7 [17 % vs.
11 %] tended to be larger in the H. pylori positive subjects.

Serum Gastrin Effects

In oral studies, the effect of NEXIUM on serum gastrin
concentrations was evaluated in approximately 2,700 patients
in clinical trials up to 8 weeks and in over 1,300 patients for
up to 6-12 months. The mean fasting gastrin level increased in
a dose-related manner. This increase reached a plateau within
two to three months of therapy and returned to baseline levels
within four weeks after discontinuation of therapy.

Increased  gastrin  causes enterochromaffin-like  cell
hyperplasia and increased serum Chromogranin A (CgA)
levels. The increased CgA levels may cause false positive
results in diagnostic investigations for neuroendocrine tumors.

Enterochromaffin-like (ECL) Cell Effects
There are no data available on the effects of intravenous
esomeprazole on ECL cells.

In 24-month carcinogenicity studies of oral omeprazole in
rats, a dose-related significant occurrence of gastric ECL cell
carcinoid tumors and ECL cell hyperplasia was observed in
both male and female animals [see Nonclinical Toxicology,
(13.1)]. Carcinoid tumors have also been observed in rats
subjected to fundectomy or long-term treatment with other
proton pump inhibitors or high doses of H,-receptor
antagonists.

Human gastric biopsy specimens have been obtained from
more than 3,000 patients treated orally with omeprazole in
long-term clinical trials.  The incidence of ECL cell
hyperplasia in these studies increased with time; however, no
case of ECL cell carcinoids, dysplasia, or neoplasia has been
found in these patients.

In over 1,000 patients treated with NEXIUM (10, 20 or
40 mg/day) up to 6-12 months, the prevalence of ECL cell
hyperplasia increased with time and dose. No patient
developed ECL cell carcinoids, dysplasia, or neoplasia in the
gastric mucosa.

Endocrine Effects

NEXIUM had no effect on thyroid function when given in
oral doses of 20 or 40 mg for 4 weeks. Other effects of
NEXIUM on the endocrine system were assessed using
omeprazole studies. Omeprazole given in oral doses of 30 or
40 mg for 2 to 4 weeks had no effect on carbohydrate
metabolism, circulating levels of parathyroid hormone,
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cortisol, estradiol, testosterone, prolactin, cholecystokinin or
secretin.

12.3 Pharmacokinetics

Absorption

The pharmacokinetic profile of NEXIUM L.V. for Injection 20
mg and 40 mg was determined in 24 healthy volunteers for the
20 mg dose and 38 healthy volunteers for the 40 mg dose
following once daily administration of 20 mg and 40 mg of
NEXIUM LV. for Injection by constant rate over 30 minutes
for five days. The results are shown in the following table:

Table 5
Pharmacokinetic Parameters of NEXIUM Following L.V.
Dosing for S days
Parameter NEXIUM NEXIUM L.V.
LV.20mg 40 mg
AUC 5.11 16.21
(umol*h/L)
(3.96:6.61) (14.46:18.16)
Crax (umol/L) 3.86 7.51
(3.16:4.72)  (6.93:8.13)
ti2 (h) 1.05 1.41

(0.90:1.22)  (1.30:1.52)

Values represent the geometric mean (95% CI)

During administration of esomeprazole over 24 hours as an
intravenous infusion of 80 mg over 30 minutes followed by a
continuous infusion of 8 mg/h for 23.5 hours (for a total of 24
hours) in healthy volunteers (n = 24), esomeprazole PK
parameters [geometric mean value (95 % CI)] were as
follows: AUC; 111.1 pmol*h/L (100.5-122.7 pmol*h/L), Cyax
15.0 umol/L (13.5-16.6 pmol/L), and steady state plasma
concentration (Cg) 3.9 pmol/L (3.5-4.5 umol/L).

In a Caucasian healthy volunteer study evaluating
esomeprazole 80 mg over 30 minutes, followed by 8 mg/h
over 23.5 h, systemic esomeprazole exposures were modestly
higher (~ 17 %) in the CYP2C19 intermediate metabolizers
(IM; n = 6 ) compared to extensive metabolizers (EM; n= 17)
of CYP2C19. Similar PK differences were noted across these
genotypes in a Chinese healthy volunteer study that included 7
EMs and 11 IMs. There is very limited PK information for
poor metabolizers (PM) from these studies.
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Distribution

Esomeprazole is 97% bound to plasma proteins. Plasma
protein binding is constant over the concentration range of 2
20 umol/L. The apparent volume of distribution at steady state
in healthy volunteers is approximately 16 L.

Metabolism

Esomeprazole is extensively metabolized in the liver by the
cytochrome P450 (CYP) enzyme system. The metabolites of
esomeprazole lack antisecretory activity. The major part of
esomeprazole’s metabolism is dependent upon the CYP2C19
isoenzyme, which forms the hydroxy and desmethyl
metabolites. The remaining amount is dependent on CYP3A4
which forms the sulphone metabolite. CYP2C19 isoenzyme
exhibits polymorphism in the metabolism of esomeprazole,
since some 3% of Caucasians and 15-20% of Asians lack
CYP2C19 and are termed Poor Metabolizers. At steady state,
the ratio of AUC in Poor Metabolizers to AUC in the rest of
the population (Extensive metabolizers) is approximately 2.

Following administration of equimolar doses, the S- and R-
isomers are metabolized differently by the liver, resulting in
higher plasma levels of the S- than of the R-isomer.

Excretion

Esomeprazole is excreted as metabolites primarily in urine but
also in feces. Less than 1% of parent drug is excreted in the
urine. Esomeprazole is completely eliminated from plasma,
and there is no accumulation during once daily administration.
The plasma elimination half-life of intravenous esomeprazole
is approximately 1.1 to 1.4 hours and is prolonged with
increasing dose of intravenous esomeprazole.  During
administration of esomeprazole over 24 hours as an
intravenous infusion of 80 mg over 30 minutes followed by a
continuous infusion of 8 mg/h for 23.5 hours plasma clearance
(CL) is approximately 5.9 to 7.2 L/h.

Concomitant Use with Clopidogrel

Results from a crossover study in healthy subjects have shown
a pharmacokinetic interaction between clopidogrel (300 mg
loading dose/75 mg daily maintenance dose) and
esomeprazole (40 mg p.o. once daily) when co-administered
for 30 days. Exposure to the active metabolite of clopidogrel
was reduced by 35% to 40% over this time period.
Pharmacodynamic parameters were also measured and
demonstrated that the change in inhibition of platelet
aggregation was related to the change in the exposure to
clopidogrel active metabolite.
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Specific Populations

Investigation of age, gender, race, renal, and hepatic
impairment and metabolizer status has been made previously
with oral esomeprazole. The pharmacokinetics of
esomeprazole is not expected to be affected differently by
intrinsic or extrinsic factors after intravenous administration
compared to oral administration. The same recommendations
for dose adjustment in special populations are suggested for
intravenous esomeprazole as for oral esomeprazole.

Geriatric

In oral studies, the AUC and C.x values were slightly higher
(25% and 18%, respectively) in the elderly as compared to
younger subjects at steady state. Dosage adjustment based on
age is not necessary.

Pediatric

In a randomized, open-label, multi-national, repeated dose
study, esomeprazole PK was evaluated following a once-daily
3-minute injection in a total of 50 pediatric patients 0 to 17
years old, inclusive. Esomeprazole plasma AUC values for 20
mg NEXIUM IV were 183% and 60% higher in pediatric
patients aged 6 — 11 years and 12 —17 years respectively
compared to adults given 20 mg. Subsequent pharmacokinetic
analyses predicted that a dosage regimen of 0.5 mg/kg once-
daily for pediatric patients 1-11 months of age, 10 mg for
pediatric patients 1-17 years with body weight <55 kg, and 20
mg for pediatric patients 1-17 years with body >55 kg would
achieve comparable steady-state plasma exposures (AUC.24)
to those observed in adult patients administered 20 mg of
NEXIUM L.V. once every 24 hours. Further, increasing the
infusion duration from 3 minutes to 10 minutes or 30 minutes
was predicted to produce steady-state Cp,.x values that were
comparable to those observed in adult patients at the 40 mg
and 20 mg NEXIUM 1.V. doses.

Gender

In oral studies, the AUC and C.x values were slightly higher
(13%) in females than in males at steady state. Similar
differences have been seen for intravenous administration of
esomeprazole. Dosage adjustment based on gender is not
necessary.

Hepatic Impairment

In oral studies, the steady state pharmacokinetics of
esomeprazole obtained after administration of 40 mg once
daily to 4 patients each with mild (Child Pugh Class A),
moderate (Child Pugh Class B), and severe (Child Pugh
Class C) liver insufficiency were compared to those obtained
in 36 male and female GERD patients with normal liver
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function. In patients with mild and moderate hepatic
insufficiency, the AUCs were within the range that could be
expected in patients with normal liver function. In patients
with severe hepatic insufficiency the AUCs were 2 to 3 times
higher than in the patients with normal liver function. No
dosage adjustment is recommended for patients with mild to
moderate hepatic insufficiency (Child Pugh Classes A and B).
However, in patients with severe hepatic insufficiency (Child
Pugh Class C) a maximum dose of 20 mg once daily should
not be exceeded [see Dosage and Administration (2), Use in
Specific Populations (8.6)].

There are no pharmacokinetic data available for esomeprazole
administered as continuous intravenous administration in
patients with liver impairment. The pharmacokinetics of
omeprazole 80 mg over 30 minutes, followed by 8 mg/h over
47.5 hours in patients with mild (Child Pugh Class A; n=5),
moderate (Child Pugh Class B; n=4) and severe (Child Pugh
Class C; n=3) liver impairment were compared to those
obtained in 24 male and female healthy volunteers. In patients
with mild and moderate liver impairment, omeprazole
clearance and steady state plasma concentration was
approximately 35% lower and 50% higher, respectively, than
in healthy volunteers. In patients with severe liver impairment,
the omeprazole clearance was 50% of that in healthy
volunteers and the steady state plasma concentration was
double that in healthy volunteers.

For adult patients with bleeding gastric or duodenal ulcers and
liver impairment, no dosage adjustment of the initial
esomeprazole 80 mg infusion is necessary. For adult patients
with mild to moderate liver impairment (Child Pugh Classes A
and B), a maximum continuous infusion of esomeprazole 6
mg/h should not be exceeded. For adult patients with severe
liver impairment (Child Pugh Class C), a maximum
continuous infusion of 4 mg/h should not be exceeded [see
Dosage and Administration (2.2), Use in Specific Populations
(8.6).

Renal Impairment
The pharmacokinetics of esomeprazole in patients with renal
impairment are not expected to be altered relative to healthy
volunteers as less than 1% of esomeprazole is excreted
unchanged in urine.

12.4 Microbiology
Effects on Gastrointestinal Microbial Ecology
Decreased gastric acidity due to any means including proton
pump inhibitors, increases gastric counts of bacteria normally
present in the gastrointestinal tract. Treatment with proton
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pump inhibitors may lead to slightly increased risk of
gastrointestinal  infections such as Salmonella and
Campylobacter and, in hospitalized patients, possibly also
Clostridium difficile.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
The carcinogenic potential of esomeprazole was assessed
using omeprazole studies. In two 24-month oral
carcinogenicity studies in rats, omeprazole at daily doses of
1.7, 3.4, 13.8, 44.0, and 140.8 mg/kg/day (about 0.7 to 57
times the human dose of 20 mg/day expressed on a body
surface area basis) produced gastric ECL cell carcinoids in a
dose-related manner in both male and female rats; the
incidence of this effect was markedly higher in female rats,
which had higher blood levels of omeprazole. Gastric
carcinoids seldom occur in the untreated rat. In addition, ECL
cell hyperplasia was present in all treated groups of both
sexes. In one of these studies, female rats were treated with
13.8 mg omeprazole/kg/day (about 5.6 times the human dose
on a body surface area basis) for 1 year, then followed for an
additional year without the drug. No carcinoids were seen in
these rats. An increased incidence of treatment-related ECL
cell hyperplasia was observed at the end of 1 year (94%
treated vs 10% controls). By the second year the difference
between treated and control rats was much smaller (46% vs
26%) but still showed more hyperplasia in the treated group.
Gastric adenocarcinoma was seen in one rat (2%). No similar
tumor was seen in male or female rats treated for 2 years. For
this strain of rat no similar tumor has been noted historically,
but a finding involving only one tumor is difficult to interpret.
A 78-week oral mouse carcinogenicity study of omeprazole
did not show increased tumor occurrence, but the study was
not conclusive.

Esomeprazole was negative in the Ames mutation test, in the
in Vvivo rat bone marrow cell chromosome aberration test, and
the in vivo mouse micronucleus test. Esomeprazole, however,
was positive in the in vitro human lymphocyte chromosome
aberration test. Omeprazole was positive in the in vitro human
lymphocyte chromosome aberration test, the in vivo mouse
bone marrow cell chromosome aberration test, and the in vivo
mouse micronucleus test.

The potential effects of esomeprazole on fertility and
reproductive performance were assessed using omeprazole
studies. Omeprazole at oral doses up to 138 mg/kg/day in rats
(about 56 times the human dose on a body surface area basis)
was found to have no effect on reproductive performance of
parental animals.
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13.2 Animal Toxicology and/or Pharmacology

Reproduction Studies

Reproduction studies have been performed in rats at oral doses
up to 280 mg/kg/day (about 57 times an oral human dose of
40 mg on a body surface area basis) and in rabbits at oral
doses up to 86 mg/kg/day (about 35 times an oral human dose
of 40 mg on a body surface area basis) and have revealed no
evidence of impaired fertility or harm to the fetus due to
esomeprazole [see Pregnancy, Animal Data (8.1)].

Juvenile Animal Study

A 28-day toxicity study with a 14-day recovery phase was
conducted in juvenile rats with esomeprazole magnesium at
doses of 70 to 280 mg /kg/day (about 17 to 57 times a daily
oral human dose of 40 mg on a body surface area basis). An
increase in the number of deaths at the high dose of 280 mg
/kg/day was observed when juvenile rats were administered
esomeprazole magnesium from postnatal day 7 through
postnatal day 35. In addition, doses equal to or greater than
140 mg/kg/day (about 34 times a daily oral human dose of 40
mg on a body surface area basis), produced treatment-related
decreases in body weight (approximately 14%) and body
weight gain, decreases in femur weight and femur length, and
affected overall growth. Comparable findings described above
have also been observed in this study with another
esomeprazole salt, esomeprazole strontium, at equimolar
doses of esomeprazole.

14 CLINICAL STUDIES

14.1 Acid Suppression in Gastroesophageal Reflux

Disease (GERD)

Four multicenter, open-label, two-period crossover studies
were conducted to compare the pharmacodynamic efficacy of
the intravenous formulation of esomeprazole (20 mg and
40 mg) to that of NEXIUM delayed-release capsules at
corresponding doses in patients with symptoms of GERD,
with or without erosive esophagitis. The patients (n=206,
18 to 72 years old; 112 female; 110 Caucasian, 50 Black, 10
Asian, and 36 Other Race) were randomized to receive either
20 or 40 mg of intravenous or oral esomeprazole once daily
for 10 days (Period 1), and then were switched in Period 2 to
the other formulation for 10 days, matching their respective
dose level from Period 1. The intravenous formulation was
administered as a 3-minute injection in two of the studies, and
as a 15-minute infusion in the other two studies. Basal acid
output (BAO) and maximal acid output (MAO) were
determined 22-24 hours post-dose on Period 1, Day 11; on
Period 2, Day 3; and on Period 2, Day 11. BAO and MAO
were estimated from 1-hour continuous collections of gastric
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contents prior to and following (respectively) subcutaneous
injection of 6.0 mcg/kg of pentagastrin.

In these studies, after 10 days of once daily administration, the
intravenous dosage forms of NEXIUM 20 mg and 40 mg were
similar to the corresponding oral dosage forms in their ability
to suppress BAO and MAO in these GERD patients (see table
below).

There were no major changes in acid suppression when
switching between intravenous and oral dosage forms.

Table 6
Mean (SD) BAO and MAO measured 22-24 hours post-
dose following once daily oral and intravenous
administration of esomeprazole for 10 days in GERD
patients with or without a history of erosive esophagitis

BAO in mmol H'/h MAO in mmol H'/h
Intravenous
Dose Administration Intravenous Oral Intravenous Oral
Study in mg Method

1(N=42) 20 3-minute injection  0.71 (1.24)  0.69 (1.24)  5.96(5.41)  5.27(5.39)

2(N=44) 20 15-minute infusion  0.78 (1.38)  0.82(1.34)  5.95(4.00)  5.26 (4.12)

3(N=50) 40 3-minute injection  0.36 (0.61)  0.31(0.55)  5.06(3.90)  4.41 (3.11)

4(N=47) 40 15-minute infusion  0.36 (0.79)  0.22(0.39)  4.74 (3.65)  3.52(2.86)

14.2 Bleeding Gastric or Duodenal Ulcers

In a randomized, double blind, placebo-controlled clinical
study, 764 patients were randomized to receive NEXIUM L. V.
for Injection (n=375) or placebo (n=389). The population was
18 to 98 years old; 68% Male, 87% Caucasian, 1% Black, 7%
Asian, 4% Other, who presented with endoscopically
confirmed gastric or duodenal ulcer bleeding. Following
endoscopic hemostasis, patients were randomized to either 80
mg esomeprazole as an intravenous infusion over 30 minutes
followed by a continuous infusion of 8 mg per hour for a total
of 72 hours or to placebo for 72 hours. After the initial 72[]
hour period, all patients received oral proton pump inhibitor
(PPI) for 27 days. The occurrence of rebleeding within 3 days
of randomization was 5.9% in the NEXIUM L. V. treated group
compared to 10.3% for the placebo group (treatment
difference -4.4%; 95% confidence interval: -8.3%, -0.6%;
p=0.03). This treatment difference was similar to that
observed at Day 7 and Day 30, during which all patients were
receiving an oral PPIL.
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A randomized, double blind, placebo-controlled single-center
study conducted in Hong Kong also demonstrated a reduction
compared to placebo in the risk of rebleeding within 72 hours
in patients with bleeding gastric or duodenal ulcers who
received racemic omeprazole, 50% of which is the S[J
enantiomer esomeprazole.

16 HOW SUPPLIED/STORAGE AND HANDLING

NEXIUM LV. for Injection is supplied as a freeze-dried
powder containing 20 mg or 40 mg of esomeprazole per
single-use vial.

NDC 0186-6020-01 one carton containing 10 vials of
NEXIUM L.V. for Injection (each vial contains 20 mg of
esomeprazole).

NDC 0186-6040-01 one carton containing 10 vials of
NEXIUM LV. for Injection (each vial contains 40 mg of
esomeprazole).

Storage

Store at 25°C (77°F); excursions permitted to 15°-30°C (59°0]
86°F). [See USP Controlled Room Temperature]. Protect from
light. Store in carton until time of use.

Following reconstitution and administration, discard any
unused portion of esomeprazole solution.

17 PATIENT COUNSELING INFORMATION

e Advise patients to let their healthcare provider know if
they are taking, or begin taking other medications,
because NEXIUM can interfere with antiretroviral
drugs and drugs that are affected by gastric pH
changes [see Drug Interactions (7)].

e Let patients know that antacids may be used while
taking NEXTUM.

e Advise patients to immediately report and seek care
for diarrhea that does not improve. This may be a sign
of Clostridium difficile associated diarrhea [see
Warnings and Precautions (5.3)].

e Advise patients to immediately report and seek care
for any cardiovascular or neurological symptoms
including palpitations, dizziness, seizures, and tetany
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as these may be signs of hypomagnesemia [see
Warnings and Precautions (5.6)].

NEXIUM is a registered trademark of the AstraZeneca group
of companies.

Manufactured for:
AstraZeneca LP
Wilmington, DE 19850

©AstraZeneca 2014
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1. Introduction

This 1s the third review cycle for this NDA supplement, which was originally submitted in
May 29, 2008. This supplement proposes a new indication, which is associated with a new
dose and administration schedule. Nexium® IV (esomeprazole sodium injection) was
originally approved in 2005 for short-term treatment (up to 10 days) of GERD in patients with
a history of erosive esophagitis, as an alternative to oral therapy when therapy with Nexium
Delayed-Release Capsules is not possible or appropriate. The label states that “when oral
therapy is possible or appropriate, intravenous therapy with Nexium IV for Injection should be
discontinued and the therapy should be continued orally.” The approved doses are either 20 or
40 mg once daily by intravenous injection (over no less than 3 minutes) or intravenous

infusion (10-30 minutes). The new proposed indication is: “Nexium IV for Injection is
indicated for risk reduction of rebleeding in

patients following therapeutic endoscopy for acute bleeding gastric or duodenal ulcers”. The
dose proposed is 80 mg administered as an intravenous infusion over 30 minutes, followed b
a continuous infusion of 8 mg/hour given over 3 days,

he original supplement submission was supported by a single adequate and well
controlled trial. The FDA issued Complete Response letters after each of the prior two review
cycles.

The hypothesis that high doses of Nexium IV after therapeutic endoscopy will reduce the risk
of rebleed is based on in vitro study reports of the impact of acidic pH on clot stability and
hemostasis. Green WF, et. al. published a series of in vitro studies that evaluated the impact
hydrogen 1on concentration changes on the soluble and cellular coagulation systems.(Green
WR, et al. Gastroenterology, 1978 Jan; 74(1):38-43.

The authors reported that coagulation was “extremely sensitive to
relatively minor increases in hydrogen ion concentration. All studies became abnormal at pH
6.8.” At pH 6.4, polymerization of fibrinogen was prolonged and platelet aggregation was
reduced by >50%. At a pH of 5.4, platelet aggregation and plasma coagulation were nearly
completely inhibited, which suggests that the target pH to achieve with Nexium IV should far
exceed pH 6.0. Available PD data (gastric pH), summarized in the table below, indicate
Nexium IV results in a pH below the target range for a substantial portion of the first 24 hour
period after it is initiated. In addition, a “by-subject” responder analysis revealed that <60%
of subjects administered the dose proposed for labeling sustained a pH>6 for at least 1 hour in
the 24 hour period. The lack of granularity in the pH breakdown in this table in the region
between 6 and 7 should be considered, in light of the Green, et al data, which suggest that
substantive changes in clotting occur in the range of pH 6.4 to 6.8.
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Table 1: Estimates of mean percentage of time with intragastric pH>4, pH>6, pH>7 with IV infusion of
esomeprazole at 5 different infusion combinations in healthy subjects;24 hour period by dose level (
adapted from Dr. Tien-Mien Chen’s Clinical Pharmacology original submission review)

Esomeprazole Regimen Estimate
pH>4 (0-24) 40 mg + 8 mg/h 82%
80 mg + 4 mg’h 80%
80 mg + 8 mg/h 90%
120 mg (30 min)+ 8 mg/h 84%
pH>6 (0-3hr) | 40 mg + 8 mg/h 25%
80 mg + 4 mg’h 35%
80 mg + 8 mg’h 46%
120 mg (30 min)+ 8 mg/h 46%
pH>6 (0-24h) | 40 mg + 8 mg/h 46%
80 mg + 4 mg/h 44%
80 mg + 8 mg/h 52%
120 mg (30 min)+ 8 mg/h 49%
pH>7 (0-24h) | 40 mg + 8 mg/h 2%
80 mg + 4 mg’h 4%
80 mg + 8 mg’h 5%
120 mg (30 min)+ 8 mg/h 4%

In a second PK/PD study that evaluated esomeprazole 80 mg + 8 mg/h infusion vs.
omeprazole in healthy subjects, again with a 24 hour evaluation period, the proportion of time
in which the pH was > 6 was 45% (39, 51). This is similar to the findings of the study
summarized in the table above, although numerically lower.

As seen in the following table from my original review, most of the rebleeds in the
esomeprazole arm of the single efficacy trial submitted in the original review cycle,
D961DC00001 (referred to herein as Study 001), occurred in the first 24 hours. The majority
of additional rebleeds on the placebo arm occurred in the subsequent 12 hours beyond 24
hours. In contrast to the 11 additional rebleeds on the placebo arm in that follow-on 12 hour
period, there was only 1 additional rebleed in the esomeprazole arm.
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The first cycle CR letter questioned whether the appropriate dose had been identified, based on
these PD findings. The applicant responded in the second cycle submission that these studies
were conducted in healthy volunteers and that a greater effect would be anticipated in patients
with peptic ulcer disease, citing literature that reported basal gastric pH is higher in patients
with H. pylori. A publication by Gillen, et al 1999 ( H. pylori infection potentiates the
inhibition of gastric acid secretion by omeprazole. Gut. 1999; 468-475), reports a statistically
significant difference in median fasting gastric pH between H. pylori positive and negative
subjects during omeprazole treatment, respectively: 7.95 (2.7-8.3) vs. 3.75 (1.7-8.5), p<0.002.
Pre-omeprazole basal fasting pH was similar between groups: 1.6 (1.2-2.9) vs. 1.6 (1.2-7.2).
However, the Clinical reviewers in the second cycle were concerned about the generalizability
of the H. pylori population to the general peptic ulcer disease population, since not all ulcers
are caused by H. pylori. Furthermore, they wondered whether the relative efficacy observed in
the Chinese omeprazole study [“the Lau Study”; Lau, et al. 2000; 343(5):310-316] submitted
in the second cycle, compared to Study 001, might also be related to a greater PD effect in
Chinese patients (pH far exceeding 6), due to lower parietal cell mass in Asians and a possible
interaction with H.pylori infections. In the current( third) cycle submission, the applicant
attempted to allay these population concerns.

The Clinical reviewer, Dr. Johnson, has addressed each of the second cycle CR issues in her
review, issue by issue, and I generally agree with her summary conclusions. The CDTL has
recommended approval, noting that the esomeprazole and omeprazole studies submitted for
review “suggest....a measureable treatment advantage compared to placebo, across studies and
various subgroups.” In addition, he was persuaded that additional placebo-controlled trials
would be impracticable or unfeasible. I concur. The presentation of this application at a
CDER Regulatory Briefing and the panel’s discussion was key to my decision to approve this
supplemental NDA in this review cycle. My review will focus on key elements of the current
submission, input obtained from the Regulatory Briefing, and major efficacy and safety
labeling issues.

The approval action of this NDA was delayed as FDA requested safety labeling changes

(SLC) for all esomeprazole and omeprazole products, under the Food and Drug Administration
Amendments Act (FDAAA). Ultimately, revision of the Nexium IV product label (for the
currently marketed product, approved for short term treatment of erosive esophagitis) was
approved on February 25, 2014. The full prescribing sections of the label impacted were:
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Section 8.1 Pregnancy, Section 8.4 Pediatric Use, and Section 13.2 Animal Toxicology and/or
Pharmacology. (See Section 4 Nonclinical Pharmacology/Toxicology of this review, below.)

2. Background

In this section, I have summarized the contents of the Complete Response (CR) letters issued
in the previous two review cycles.

First cycle. In the first review cycle, the applicant submitted a single randomized, placebo
controlled clinical trial to support the new indication. In addition, two PK/PD studies (24 hours
in duration and conducted in healthy volunteers) were submitted as evidence that the dosing
regimen achieved gastric pH > 6. The November 26, 2008 CR letter included the following
deficiencies:

“Our review finds that the primary efficacy results for this non-U.S. single study do not
provide substantial evidence of efficacy. For a single study to stand alone as substantial
evidence of efficacy, it should demonstrate highly statistically significant and clinically
meaningful results. Consistency should be demonstrated across subgroups and
secondary endpoints. The study should also show internal consistency in demonstrating
the treatment effect across study centers. The single study that you have submitted
does not meet these criteria for providing substantial evidence for the following
reasons:

1. Highly statistically significant results were not demonstrated. Although your
protocol specified analysis showed a reduction of 4.4% in the rate of clinically
significant rebleeding within 72 hours after hemostasis compared to placebo (p=
.03), that reduction was not highly significant, e.g., p <.001. In addition, the
observed outcome was not found to be robust when subjected to the sensitivity
analyses listed below:

a. It is appropriate to account for country-to-country variation, so the protocol
specified analysis was further stratified by country. This resulted in an
insignificant treatment effect (p=0.06), although the absolute reduction in
rebleeding remained 4.4%.

b. When the protocol specified analysis was further stratified (retaining
stratification by country in the model) using Forrest classification as four
separate categories (Forrest Ia, Ib, Ila, and IIb) instead of two (Forrest I and
Forrest II), an insignificant treatment effect was observed (p=0.11). The
absolute reduction in rebleeding remained 4.4%. We believe the appropriate
adjustment for Forrest classification should be by each individual Forrest
category because each category has a different risk of rebleeding events. Even
if this stratified analysis was conducted without incorporation of country in the
model, the p-value still shifted to a less persuasive value of p=0.05.

2. The study lacked internal consistency across study centers. Despite similar patient
demographics and disease characteristics, marked variability in the incidence of
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rebleeding, i.e., the primary endpoint, and treatment effect was observed in
different countries and among leading centers. The treatment effect varied widely
from -25% to +12% by country and from -31% to +20% in the larger centers that
enrolled more than 10 patients. There is no clear explanation for why this occurred,
although physician expertise and standards of care may have played a role.

The study lacked internal consistency in demonstrating the treatment effect in the
important subgroup of patients aged 65 and older. In this subgroup, the proportion
of patients that experienced rebleeding in the first 72 hours was

6.2% on the esomeprazole arm and 8.4% on the placebo arm. In contrast, in
patients aged less than 65 the proportion of patients that experienced rebleeding in
the esomeprazole arm was 5.5%, while on the placebo arm the proportion

was 11.9%.

The study lacked internal consistency in demonstrating the treatment effect in
important secondary efficacy outcomes that were evaluated in the first 72 hours.
The proportion of patients who underwent surgery for rebleeding was a pre-
specified secondary endpoint and the observed outcome for this endpoint was
similar between study arms. This analysis was not found to be statistically
significant, p = 0.31. The secondary analysis comparing number of blood units
transfused in the first 72 hours demonstrated a lower number of units infused on the
esomeprazole arm (492) relative to placebo (738), p=0.05, and the secondary
analysis that compared the proportion of patients who required endoscopic
retreatment in the first 72 hours demonstrated a decreased rate of endoscopic
retreatment (4.3%) on the esomeprazole arm relative to placebo (8.2%), p=0.02.
Although the secondary analyses of number of blood units transfused and
endoscopic retreatment appear nominally significant, there was no pre-specified
plan to adjust for multiple comparisons. Taking a conservative approach, the p-
values are not significant after a Bonferroni adjustment to account for multiple
comparisons.

One center, Site 0102 in the Netherlands reported the largest treatment effect in all
centers that participated in this study, -31% rebleeding events, favoring the
esomeprazole arm of the study. The investigator from this site, Dr. Ernest J.
Kuipers, MD, Ph.D., reported having accepted significant payments from Astra
Zeneca. When we conducted a sensitivity analysis to explore the impact of that
center’s data on the overall observed outcome of the study by removing the patients
treated at that center from the efficacy analysis, we found that the overall treatment
effect observed in the study decreased to -3.73% (95% CI=-7.67, 0.10) and the p-
value shifted to 0.06.

We identified additional study design and conduct concerns that further limit the
study’s ability to provide persuasive evidence that esomeprazole is effective for the
proposed indication. These issues are listed below:
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a. Endoscopic epinephrine injection is currently not an acceptable standard of
treatment as single therapy for upper gastrointestinal bleeding from gastric or
duodenal ulcers. More than a third of the patients in this study were treated with
endoscopic epinephrine injection as single therapy. This draws into question the
applicability of the outcome observed in this trial to current care of patients
with an upper gastrointestinal bleed from a gastric or duodenal ulcer in the
United States today.

b. Although the inclusion criteria excluded patients with more than a single ulcer,
a substantial proportion of the randomized patients had multiple ulcers and
there was an imbalance between study arms in this prognostic factor that
favored the esomeprazole arm. Fewer patients on the esomeprazole arm had
multiple ulcers, 13.6%, relative to the placebo arm, 18.5%. This raises concerns
regarding the study conduct in this international trial.

c. Despite randomization, small imbalances in important prognostic factors were
observed between the two study arms. The imbalances favored the
esomeprazole treatment arm. These prognostic factors included Grade 1a
stigmata of risk of rebleeding (esomeprazole=7.5%, placebo=10.3%) and large
ulcers (esomeprazole=7.7%, placebo=10.3%).

d. The lack of an exclusion criterion for intravenous administration of a proton
pump inhibitor within 24 hours prior to enrollment is a potential confounding
factor for the observed efficacy outcome. Although this was addressed with an
amendment during the course of the study, the amendment only excluded
patients who had received intravenous doses greater than 40 mg within 24
hours prior to enrollment.

7. There is inadequate information to permit proper dosing in patients with hepatic
impairment. Patients with moderate or severe hepatic impairment were excluded
from the randomized, placebo controlled clinical trial and there is no adequate
pharmacokinetic (PK) study conducted to evaluate esomeprazole in subjects with
various degrees of hepatic impairment. Based on the data provided in the current
submission, we are unable to determine the appropriate dose adjustment of
esomeprazole for patients with hepatic impairment. These deficiencies cannot be
addressed adequately through additional analyses of the data in hand.”

To address the deficiencies, the letter stated “further clinical data from at least one additional
adequate and well controlled study that provides persuasive and consistent evidence of

efficacy will be needed.” Specific recommendations included:

1. Conduct at least one additional, adequate, and well-controlled study to demonstrate
the proposed clinical benefit of Nexium IV for oH

The study should include some U.S.
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centers and the study design and analysis plan should address the deficiencies
described in this letter above.

2. You should consider whether the dose evaluated in the study submitted for review
in this NDA supplement was adequate to achieve the desired efficacy, in light of
the pharmacodynamic effects observed in the two PK/PD studies you conducted
and submitted for review. The desired pharmacodynamic effect, 1.e. target
mntragastric pH, was not achieved by a substantial proportion of patients in the first
24 hours of treatment in the PK/PD studies and was not sustained for a prolonged
duration of time within that period. This insufficient PD response may have
contributed to the lack of robustness of the treatment effect observed in your major
randomized, placebo controlled study. The proportion of patients who experienced
rebleeding in the first 24 hours of treatment in the phase 3 study was, in fact,
similar between treatment arms, and the majority of rebleeding events on the
esomeprazole arm occurred within the first 24 hours of treatment. For the reasons
stated above, conduct an additional dose finding study in the target population to
evaluate dose optimization, at least for the initial 24 hours after starting treatment.
The study would require evaluation of PK and PD, and should incorporate clinical
outcome measures. A higher hourly infusion dose may be required to optimize the
PD effects, but the appropriateness of the higher doses from a safety standpoint
should be supported by appropriate nonclinical and/or clinical safety data.

3. Study site 0102 in the Netherlands, which reported the greatest treatment effect in
the major randomized, placebo controlled trial that you submitted for our review,
will need to be inspected by the Division of Scientific Investigations (DSI) because
Dr. Emst J. Kuipers, MD, PhD, the investigator at that site, has disclosed that he
has accepted significant payments from Astra Zeneca. This inspection would be
requested as part of our review of any future submission that includes this study as
a critical component of establishing the efficacy of Nexium IV for the proposed
indication. A recommendation from the DSI inspector that the data from this site
can be used for determining the efficacy and safety of Nexium IV will be needed if
this study will be used to support a future marketing application. This assessment
will be an important component of a future determination of whether this study can
stand as one of two adequate and well controlled trials for the proposed indication.

4. Conduct a pharmacokinetic study in a sufficient number of patients with hepatic
impairment and include matching healthy subjects as controls.

5. Submit a pediatric plan with your complete response.

The applicant met with the Division on June 11, 2009 to discuss a path forward for the

application. As stated in the CDTL review, “The Division rejected the applicant’s proposal to
®@

The
Division also stated that the study data from a published study by Lau, et. al., could be
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included but would be considered as supportive only because it was a single center trial and
was not conducted using esomeprazole. The Division proposed that one path forward would
be for the applicant to review and reanalyze the data from previously conducted well-
controlled trials using esomeprazole. The applicant agreed to propose and submit a
preliminary response to the CR letter for review.”

In response to the applicant’s July 14, 2009 proposal for information that would be included in
a resubmission, the Division sent a December 3, 2009 advice letter, which is summarized in
the second cycle CDTL review. The Division indicated its willingness to review the data from
previously conducted omeprazole studies as supportive evidence of efficacy.

Second Cycle. The applicant submitted a Complete Response on September 15, 2011. It
contained three randomized controlled trials (Study 840, Study 841, and “the Lau Trial”) in
which intravenous omeprazole was compared to placebo. Another Complete Response letter
was issued at the conclusion of the second review cycle, on June 16, 2011. The CR issues
were:

“The additional data submitted do not provide substantial evidence of efficacy of your
product for the proposed indication for the reasons listed below:

1. Trials 1-840 and 1-841 differ from the efficacy trial, D961DC00001, submitted in the
sNDA on May 29, 2008, in several important ways, including the endoscopic
treatments administered and the primary endpoints evaluated. Therefore, these trials
were not adequately designed to support the proposed indication.

2. When patients from trial [-840 and 1-841 are matched to the population enrolled in
the original efficacy trial, D961DC00001, based on enrollment criteria, too few
patients remain to provide adequate power to show a statistically significant
treatment effect. Of the combined total of 607 patients enrolled in the studies, only
52 patients met the enrollment criteria of D961DCO00001. The proportion of
omeprazole-treated patients in this subgroup who had a rebleeding event within 72
hours was 13.6% (3/22). Although this proportion was lower than that observed in
the placebo-treated patients, 23.3% (7/30), the difference was not statistically
significant (p=0.49, Fisher’s Exact Test).

3. The clinical trial reported by Lau, et al. is comparable in design to D961DC00001
and the trial provides evidence of efficacy of intravenous omeprazole for the
proposed indication. However, the study was conducted at a single center in Hong
Kong and the population enrolled was ethnically homogeneous. Other studies have
demonstrated that Asian populations have a lower parietal cell mass; a higher
prevalence of H. pylori infection; and a higher prevalence of cytochrome 2C19
genetic polymorphism, all of which could have contributed to the larger treatment
effect observed in the Lau trial. Therefore, the ability to generalize the results of
this trial to the U.S. population is limited.
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4.
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There is a substantive difference in the rebleeding rate in the placebo group (20%)
of the trial reported by Lau, et al. compared to D961DC00001 (10%). It is not clear
why the rebleeding rate in the Lau, et al. trial is double the rate observed in
D961DCO00001. It may be partially explained by the differences in Asian
populations described in #3 above, or by differences in factors such as age and
baseline health status, which may impact on the risk of rebleeding. Additionally,
operational factors such as differences in endoscopic technique may affect the risk
of rebleeding. This inconsistency in rebleeding rate between the trials also raises
questions about the ability to generalize the results of this trial to the U.S.
population.

There were substantive differences in the efficacy outcomes within important
subgroups in the clinical trial reported by Lau, et al. compared to D961DC00001.
These inconsistencies raise questions about the reproducibility of the efficacy
outcome.

a. In the subgroup of patients 65 years of age and older, the decrease in proportion
of patients with rebleeding within 72 hours in the esomeprazole arm relative to
placebo was 2.2% in D961DCO00001. In contrast, the decrease in the same
subgroup treated with omeprazole relative to placebo in the trial reported by
Lau, et al. was 19.7%.

b. In the subgroup of patients with Forrest Ib classification, there were similar
proportions of patients with rebleeding within 72 hours in the esomeprazole and
placebo arms in D961DC00001 (a 0.5% difference). In contrast, there was a
decrease in the proportion of patients with rebleeding within 72 hours in the
omeprazole arm relative to placebo of 10% in the trial reported by Lau, et al.

The information from observational studies and literature reviews of intravenous
esomeprazole and omeprazole were not considered adequate to constitute primary
evidence of the efficacy of the product for the proposed indication.

We have reviewed your responses to the deficiencies cited in the November 26,
2008, Complete Response Letter regarding trial D961DCO00001. Your responses do
not change our conclusion that D961DC00001, as a single adequate and well-
controlled trial, does not provide sufficient evidence to support the proposed
indication. The following comments are responses to specific issues raised in your
resubmission:

a. Your assertion that the Breslow-Day test supports the homogeneity of the
treatment effect across study centers for D961DC00001 is not persuasive. The
Breslow-Day test is not a powerful test for detecting lack of homogeneity. For
this reason, the lack of a statistically significant finding is not necessarily
meaningful. Moreover, the small sample sizes when considering stratification
variables further limit the usefulness of the test.
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b. A Division of Good Clinical Practice Compliance inspection was performed at
site 0102 in the Netherlands because Dr. Ernst J. Kuipers, MD, PhD, the
principal investigator at that site, disclosed that he had accepted significant
payments from AstraZeneca. The inspection found that the data from this site
appear reliable. Nevertheless, as stated in the Complete Response letter, the
large magnitude of treatment effect observed at this site, and the impact this
single site had on the overall efficacy of the trial, suggest that the efficacy
results of DC961DC00001are not robust.

c. You contend that the suboptimal pharmacodynamic (PD) effects of
esomeprazole on gastric pH observed in the PK/PD studies submitted in the
sNDA on May 29, 2008, can be attributed to the fact that the studies were
performed in Helicobacter pylori negative healthy subjects, i.e., subjects in
whom it would be more difficult to suppress intragastric acidity, and that a pH
of 6 would have been more consistently achieved if the population studied had
had peptic ulcer disease. We disagree because this position assumes that all
patients with peptic ulcer disease have H. pylori. Not all patients with peptic
ulcer disease are H. pylori positive. The populations enrolled in the clinical
trials you submitted to this NDA attest to this.

The applicant requested a formal dispute resolution on January 23, 2012, which was denied
because the applicant had not requested a post-action meeting to discuss its concerns. In
response to a meeting request, the Division and ODE III leadership met with the applicant on
March 22, 2012. The applicant presented a plan to submit PK, PD and clinical data (H.pylori)
to address the relevance of the Lau study to the US population. The possibility of presenting
the application to an Advisory Committee was discussed. A subsequent meeting June 12,
2012 was held to discuss the applicant’s proposed outline of the content of a Cycle 3 Complete
response. The following day the applicant requested a six month extension of the one year
response time for the complete response, and the Division concurred with the request.

3.CMC

There were no product quality issues cited in the Complete Response letters. The CMC
reviewers did not review new data during this final review cycle.

4. Nonclinical Pharmacology/Toxicology

There were no nonclinical issues cited in the Complete Response letters. However, in this
review cycle the nonclinical reviewers addressed whether there is nonclinical evidence of
cardiovascular safety concerns at the exposure level achieved in humans with this new dosing
regimen. I have summarized Dr. Chakder’s review findings below. In addition, I have
summarized the recent safety labeling changes (SLC) based on animal data that were made to
the previously approved Nexium IV label, in response to FDA’s request for a SLC for all
esomeprazole and omeprazole products.
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Cardiovascular safety. Dr. Sushanta Chakder submitted a review this cycle to summarize
the nonclinical safety data available to support the higher infusional esomeprazole doses for
the new indication. He wrote his review in response to clinical review questions regarding the
higher cardiovascular event rate reported in one of the omeprazole studies submitted in support
of this application (Study 841). He pointed to intravenous toxicity studies conducted in rats
and dogs. To facilitate comparing exposures between the animals and humans, he noted the
proposed esomeprazole dose, 80 mg IV infusion over 30 minutes followed by 8 mg/h
continuous IV infusion for the next 71.5 hours, is approximately equivalent to a 4.5 mg/kg/24
hr in humans, on the first day of administration.

In rats, intravenous doses of 18 to 36 times the proposed continuous i.v. infusion daily clinical
dose (3-6 times the proposed clinical dose, based on BSA), were well tolerated, as defined by
no mortality, in two studies. In one study CNS effects, including CNS depression, rigidity,
ataxia (at mid and high doses) and convulsions (high dose) were observed. Dr. Chakder
informed me that the CNS effects were not durable and convulsions were limited to 1 male
and 1 female in the high dose group (mid = 52 mg/kg in females and 86 mg/kg in males; high
= 100 mg/kg in females and 160 mg/kg in males). Low dose without effect was 26 mg/kg in
males and 48 mg/kg in females, which is 10x the clinical dose (based on the female dose).

In dogs, Dr. Chakder summarized the following nonclinical safety data:

1) Esomeprazole sodium administered by continuous intravenous infusion for 14
or 28 days at doses several fold higher than the proposed daily i.v. infusion
dose was well tolerated by dogs.

2) A 2-week continuous IV infusion dog study conducted with dose levels of 120
and 240 mg/kg, was not associated with deaths or treatment-related adverse
cardiovascular effects. These doses are about 27 and 54 times the proposed
clinical IV dose (14 and 28 times the clinical dose, based on BSA).

3) A 1-month continuous infusion dog study exposed groups to vehicle or
esomeprazole sodium at dose levels of 35, 86 and 170 mg/kg/day (10, 250 and
500 umol/kg/day). Eight deaths occurred across the vehicle control and
esomeprazole groups (2, 1, 2 and 3 animals sacrificed pre-terminally from the
control, low, mid and high dose groups, respectively). The number of deaths
was similar between the vehicle control group and each of the esomeprazole
dose levels. No treatment-related effects on QTc parameters were observed. A
slight decrease in heart rate was observed in males in Week 4. Thrombus
formation in the lung, pleural inflammation, fibrosis and hemorrhage were
observed in 0, 1, 1 and 2 males and 1, 1, 3 and 2 females from the control, low,
mid and high dose groups, respectively. The 35 mg/kg/day dose was the
highest tolerable dose, based on the pulmonary events, which is about 8 times
the proposed daily IV clinical dose (4.2 times the clinical dose, based on BSA).

Recently approved Safety Labeling Changes based on animal data. .

The approval action of this NDA was delayed due to a request for safety labeling changes
(SLC) for all esomeprazole and omeprazole products, based on new animal data that was
considered to be “new safety information” as defined in section 505-1(b)(3) of the FDCA. The
request for SLC was issued by FDA on October 10, 2013. The letter stated “we have become
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aware of animal data indicating that the use of esomeprazole in pregnancy may cause fetal
harm. Changes in bone morphology and physeal dysplasia were observed in pre- and postnatal
developmental toxicity studies in rats.” AstraZeneca responded on November 8, 2013. Three
Labeling Discussion Extension letters were issued: one on November 27, 2013, one on
December 30, 2013, and one on January 30, 2014. Ultimately, revisions of the Nexium IV
product label (for the currently marketed product, approved for short term treatment of GERD
with erosive esophagitis as an alternative to oral therapy when oral NEXIUM is not possible or
appropriate) were approved on February 25, 2014. The full prescribing sections of the label
impacted were: Section 8.1 Pregnancy, Section 8.4 Pediatric Use, and Section 13.2 Animal
Toxicology and/or Pharmacology. The following labeling changes were made:

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Pregnancy Category C

Risk Summary

There are no adequate and well-controlled studies with NEXIUM in pregnant women.
Esomeprazole is the s-isomer of omeprazole. Available epidemiologic data fail to
demonstrate an increased risk of major congenital malformations or other adverse
pregnancy outcomes with first trimester omeprazole use. Teratogenicity was not
observed in animal reproduction studies with administration of oral esomeprazole
magnesium in rats and rabbits with doses about 57 times and 35 times, respectively, an
oral human dose of 40 mg. However, changes in bone morphology were observed in
offspring of rats dosed through most of pregnancy and lactation at doses equal to or
greater than approximately 33.6 times an oral human dose of 40 mg (see Animal Data).
Because of the observed effect at high doses of esomeprazole magnesium on
developing bone in rat studies, NEXIUM should be used during pregnancy only if the
potential benefit justifies the potential risk to the fetus.

Animal Data

Reproduction studies have been performed with esomeprazole magnesium in rats at
oral doses up to 280 mg/kg/day (about 57 times an oral human dose of 40 mg on a
body surface area basis) and in rabbits at oral doses up to 86 mg/kg/day (about 35
times an oral human dose of 40 mg on a body surface area basis) and have revealed no
evidence of impaired fertility or harm to the fetus due to esomeprazole magnesium.

A pre- and postnatal developmental toxicity study in rats with additional endpoints to
evaluate bone development was performed with esomeprazole magnesium at oral doses
of 14 to 280 mg/kg/day (about 3.4 to 57 times an oral human dose of 40 mg on a body
surface area basis). Neonatal/early postnatal (birth to weaning) survival was decreased
at doses equal to or greater than 138 mg/kg/day (about 33 times an oral human dose of
40mg on a body surface area basis). Body weight and body weight gain were reduced
and neurobehavioral or general developmental delays in the immediate post-weaning
timeframe were evident at doses equal to or greater than 69 mg /kg/day (about 16.8
times an oral human dose of 40 mg on a body surface area basis). In addition,
decreased femur length, width and thickness of cortical bone, decreased thickness of
the tibial growth plate and minimal to mild bone marrow hypocellularity were noted at
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doses equal to or greater than 14 mg/kg/day (about 3.4 times an oral human dose of 40
mg on a body surface area basis). Physeal dysplasia in the femur was observed in
offspring of rats treated with oral doses of esomeprazole magnesium at doses equal to
or greater than 138 mg/kg/day (about 33.6 times an oral human dose of 40 mg on a
body surface area basis).

Effects on maternal bone were observed in pregnant and lactating rats in a pre- and
postnatal toxicity study when esomeprazole magnesium was administered at oral doses
of 14 to 280 mg /kg/day (about 3.4 to 57 times an oral human dose of 40 mg on a body
surface area basis). When rats were dosed from gestational day 7 through weaning on
postnatal day 21, a statistically significant decrease in maternal femur weight of up to
14% (as compared to placebo treatment) was observed at doses equal to or greater than
138 mg/kg/day (about 33.6 times an oral human dose of 40 mg on a body surface area
basis).

A pre- and postnatal development study in rats with esomeprazole strontium (using
equimolar doses compared to esomeprazole magnesium study) produced similar results
in dams and pups as described above.

8.4 Pediatric Use

Juvenile Animal Data

In a juvenile rat toxicity study, esomeprazole was administered with both magnesium
and strontium salts at oral doses about 34 to 57 times a daily human dose of 40 mg
based on body surface area. Increases in death were seen at the high dose, and at all
doses of esomeprazole, there were decreases in body weight, body weight gain, femur

weight and femur length, and decreases in overall growth [see Nonclinical Toxicology
(13.2)].

13 NONCLINICAL TOXICOLOGY
13.2 Animal Toxicology and/or Pharmacology

Reproduction Studies

Reproduction studies have been performed in rats at oral doses up to 280 mg/kg/day
(about 57 times an oral human dose of 40 mg on a body surface area basis) and in
rabbits at oral doses up to 86 mg/kg/day (about 35 times an oral human dose of 40 mg
on a body surface area basis) and have revealed no evidence of impaired fertility or
harm to the fetus due to esomeprazole [see Pregnancy, Animal Data (8.1].

Juvenile Animal Study

A 28-day toxicity study with a 14-day recovery phase was conducted in juvenile rats
with esomeprazole magnesium at doses of 70 to 280 mg /kg/day (about 17 to 57 times
a daily oral human dose of 40 mg on a body surface area basis). An increase in the
number of deaths at the high dose of 280 mg /kg/day was observed when juvenile rats
were administered esomeprazole magnesium from postnatal day 7 through postnatal
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day 35. In addition, doses equal to or greater than 140 mg/kg/day (about 34 times a
daily oral human dose of 40 mg on a body surface area basis), produced treatment-
related decreases in body weight (approximately 14%) and body weight gain, decreases
in femur weight and femur length, and affected overall growth. Comparable findings
described above have also been observed in this study with another esomeprazole salt,
esomeprazole strontium, at equimolar doses of esomeprazole.

5. Clinical Pharmacology

During the second cycle review, the Clinical Pharmacology reviewers determined the
following:

1) The applicant had provided adequate information to bridge IV omeprazole and IV
Nexium, to permit reliance upon the randomized, placebo controlled omeprazole
studies as support for the outcomes observed in the single IV Nexium trial.

2) No further dose finding study is needed in the target population.

3) Although available data suggested esomeprazole Cmax is not impacted by hepatic
impairment, the proposed post-loading infusion dose in hepatic impairment was
inadequately supported. Modeling and simulation were recommended to “estimate
the proper constant infusion rate” for patients with hepatic impairment.

Although the modeling and simulation data submitted in this review cycle to address dosing in
hepatic impairment were not found to support the proposed dosing, the reviewers ultimately
concluded dosing recommendations for hepatic impairment could be based on available data
from an IV omeprazole hepatic impairment study. Esomeprazole and omeprazole PK/PD data
established the necessary bridge for this approach. They concluded the Nexium IV infusional
dose, after a loading dose of 80 mg infused over 30 minutes, should be 6 mg/h in patients with
mild and moderate impairment, and 4 mg/h in severe hepatic impairment.

In this third review cycle, the applicant submitted PK and PD data to address efficacy issues
included in the second cycle CR letter related to the generalizability of the efficacy outcomes
observed in the Chinese population studied in “the Lau Trial” to the US population. Items #3
and #4 of the CR letter delineate specific issues that formed the basis for concerns regarding
the generalizability. (See Section 2 Background of this review.) In addition, Item #7(c)
questioned the validity of the applicant’s position that the PD effects (and hence treatment
impact) of esomeprazole would be expected to be greater in patients than in H. pylori negative
healthy volunteers. The Clinical Pharmacology reviewers were critically involved in the
review of this information, including:

1) Analyses of impact of CYP2C19 metabolism status (extensive vs. intermediate vs.
poor) on PD (pH), since the Asian population has a higher proportion of persons
who are CYP2C19 poor metabolizers.

2) Analyses of impact of H.pylori status on PD/PK.

Refer to the Clinical Pharmacology, Clinical and CDTL reviews for the reviewers’ excellent
summaries of these analyses. Unfortunately, the ability to draw firm conclusions regarding the
comparability of the two populations based on the data submitted from a Chinese PK/PD study
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and a Caucasian PK/PD study were limited by: 1) both studies were conducted in “healthy”
volunteers (non-GI bleeders), and 2) the Caucasian trial did not include H.pylori positive
subjects, which limited exploration of the impact of H.pylori status to within Asian subjects,
and did not permit impact comparisons between populations.

PD Impact of H. pylori status. Study D961500007, referred to as “Chinese PK/PD Study”,
was a single dose, randomized crossover study in 20 Chinese healthy volunteers. Nine were
H.pylori positive, 7 were extensive metabolizers, 11 were intermediate metabolizers and 2
were poor metabolizers. IV esomeprazole was administered in 5 different regimens, including
the regimen proposed for the new indication (80 mg over 30 min, followed by 8 mg/h);
however, the treatment period for each regimen was limited to 24 hours. The PD parameters
evaluated were percentage of time over 24 hours in which pH exceeded 4, 5, 6, and 7. In
addition, percentage time that the pH exceeded 6 in the first 3 hours of dosing was assessed.

Impact of H.pylori status on PD was limited to this intra-study exploration of the Chinese
PK/PD data. The following table, reproduced from the third cycle Clinical Pharmacology
review, summarizes the PD data by H.pylori status (for the proposed dose). A trend for larger
PD outcomes in H.pylori positive Chinese “healthy” volunteers and apparent greater PD
variability in the H.pylori negative subjects was noted. The small sample size limits the ability
to draw firm conclusions regarding impact of H.pylori status on pH in Chinese healthy
subjects. The greatest numerical difference between H.pylori status groups is in “rapidity” of
achieving pH>6 within the 24 hour period, as seen in the row “% time when pH>6 over first 3
hours.” A higher proportion of H.pylori positive subjects achieve a pH >6 within 3 hours of
dose. The trends appear consistent across each of the analyses. There was a numerically
higher percentage of time with pH >7 and a higher mean pH in the H.pylori positive patients.

Table 3. Pharmacodynamic Effects of the Proposed Nexium Dosing Regimen in H. pylori positive vs. H.
pylori negative Chinese Healthy Subjects

Impact of CYP2C19 status. Cross study comparisons of impact of CYP2C19 metabolism
status on PK and PD outcomes, between the Chinese and Caucasian healthy volunteer studies,
led the reviewers to conclude the two populations (Chinese and Caucasian) were generally
comparable, although there was a trend for a higher percentage of time with pH >7 in Chinese
subjects. There were some PD differences across gentoypes (EM vs. IM); however, the
reviewers noted that PK concentrations “may not explain the PD differences due to general
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lack of E-R correlation”. Small sample size and high variability limited conclusions. The
third boxplot for each population in the two figures below, reproduced from the Clinical
Pharmacology review, illustrate the apparent population differences (Asian/ Caucasian) in

percentage time pH >7.

Figure 1: Chinese PD study: PD vs. Metabolizer Status
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Figure 2: Caucasian PD study: PD vs. Metabolizer Status
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IM, or PM) between Caucasian and Chinese populations could not be fully explored because
no H. pylori positive healthy volunteers were enrolled in the Caucasian study. When the PD
outcomes by metabolizer status in the two studies are examined in the H.pylori negative subset
of the Chinese study and the entire population of the Caucasian study, apparent differences
between Asians and Caucasians again occur primarily in the analysis of percentage time pH
exceeds 7, which is most marked in the intermediate metabolizers (IM). These data are
summarized in the table below, reproduced from the Clinical Pharmacology review.

Table 4: PD outcomes by CYP2C19 metabolizer Status and by population (Chinese/Caucasian). Analysis
limited to H. pylori negative subjects

Summary. These analyses cannot definitively address the review questions raised in previous
review cycles regarding the generalizability of the outcomes observed in the Chinese Lau trial
to the US population, for reasons including: 1) the PD studies didn’t enroll the patients with
upper GI bleed from a gastric or duodenal ulcer, 2) small sample size, 3) no H.pylori positive
Caucasians were studied, and 4) dependence on cross study comparisons. Exploration of
these two PK/PD studies do suggest that H.pylori negative Chinese “healthy” volunteers may
be more likely than Caucasian H.pylori negative healthy volunteers to achieve the higher pH
values needed for optimum clot stability (based on published in vitro clot stabilization data),
since the Chinese PD study showed a trend toward higher proportion of patients achieving
higher pH’s, in particular pH>7. In addition, there was a higher proportion of H.pylori
positive Chinese subjects who exceeded pH 7 than H.pylori negative subjects, within the
Chinese study. Although there were no data available for similar PD analyses in H. pylori
positive vs. negative Caucasians, it seems reasonable to expect a similar pattern (differential
trend in more favorable effect in H. pylori positive patients) in Caucasians as well.

Exploration of Phase 3 Clinical Trial Outcomes based on PK/PD study findings. Study
001 and the Lau Trial were re-examined during this review cycle from the perspective of the
Chinese and Caucasian PK/PD data presented above. The following questions were considered
in re-examining the rebleeding data from these trials:
1) Were there imbalances in H.pylori positive/negative between arms within trials and
between trials?
2) Was there evidence of more rapid onset of PPI reduction of rebleeding in H.pylori
positive patients within Study 001?
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3) Was there evidence of a difference in onset of PPI reduction of rebleeding in
H.pylori positive patients between the two studies?

4) Was there evidence of a favorable impact of H.pylori status on any risk of rebleed,
based on the H.pylori subgroups in the placebo arms of each trial?

There were similar percentages of patients who were H.pylori positive between the trials (74%
of Nexium treated patients and 68% of placebo patients in Study 001 vs. 67% of omeprazole
treated patients and 54% of placebo patients in the Lau Trial). There was a similar percentage
of missing H.pylori status in the two trials (5% in both). A numerically higher proportion of
patients were H. pylori positive in the IV PPI arm of both studies; the absolute difference
between arms was higher in the Lau Trial than in Study 001 (13% vs. 6%). There was a lower
rate of clinical rebleeding in the H. pylori positive patients in the IV PPI arm of both trials,
which is consistent with the apparent differential PD effects between H.pylori positive and
negative patients observed in the Chinese PD study.

The Caucasian H.pylori negative PD data suggest that the maximum treatment effect does not
occur in healthy volunteers until 24 hours into the infusion. In the Chinese “healthy”
volunteer PD study, H.pylori positive subjects appeared to achieve pH>6 more rapidly than the
negative subjects (twice the number of H. pylori positive subjects achieved pH>6 within 3
hours of initiation of infusion than H.pylori negative). Study 001 (D961DC00001) rebleed
data were explored to look for evidence of a more rapid achievement of the desired higher pH
in H.pylori positive patients, as manifested by earlier dimunition in rebleeding relative to the
H.pylori negative patients. A numerical suggestion of lower rebleed rate for H. pylori positive
patients vs. H. pylori negative patients is observed starting at 6 hours in Study 001; however,
this pattern and timing were observed in both Nexium and placebo arms. (See Table
summarizing Study 001 rebleed data below). The similar pattern between arms suggests that
H.pylori positive patients treated with Nexium did not achieve a more rapid onset of desired
pH level than the negative patients, at least as manifested by differential rebleed rate between
the subgroups. The distribution of rebleeding between H.pylori positive and negative patients
in Study 001 is similar between arms (Nexium vs. placebo) until after the first 24 hours of
infusion, when percentage of rebleeds appears to plateau in both H.pylori subgroups of the
Nexium arm; whereas the rebleeds continue to climb on the placebo arm — most markedly in
the H.pylori positive subgroup. These data suggest Nexium IV’s onset of PD/treatment effect
in Caucasian patients mirrors that of H.pylori negative Caucasian healthy volunteers.

Examination of the distribution of proportion of rebleeding from 24 hours to 72 hours among
H. pylori subgroups in the two arms suggests that there is one subgroup for which Nexium IV
has the greatest impact relative to placebo, during the 24 hour to 72 hour bracketed period, i.e.,
the H.pylori positive subgroup. Proportion with rebleeding at 24 hours and 48 hours in the
Nexium treated H.pylori positive patients was 3.4% and 4.2%, respectively; while at the same
time points, the H. pylori positive placebo arm had 2.4% and 8.3% rebleeding. This contrasts
with the proportion rebleeding at 24 and 48 hours in the H. pylori negative subgroups: Nexium
=7.6% and 9.8%, Placebo = 10.1% and 11.8%.
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Tables 5 and 6: Proportion of Subjects with a Rebleed at Various Time Points in Study 001
(D961DC00001) and in “the Lau Trial”

The cross study exploration of the influence of ethnicity on rapidity of onset of risk reduction
of rebleeding in H.pylori positive patients was hampered by the absence of rebleeding data for
time points earlier than 24 hours in the Lau Trial. In contrast to Study 001, where no
difference is apparent between esomeprazole and placebo in the H.yplori positive subgroup at
24 hours, it appears that the proportion of H.pylori positive patients with a rebleed on the
omeprazole arm of the Lau Trial is dramatically lower than in the H. pylori positive patients on
the placebo arm by the first 24 hour analysis.

In contrast to the placebo arm of Study 001, where the H.pylori positive subgroup had a
numerically lower rebleed rate than the negative at the earlier time points, in the placebo arm
of the Lau trial, there is little difference in rebleed rate between H.pylori positive and negative
patients. Similar to Study 001, however, in the proton pump inhibitor (PPI) treatment arm,
there was an apparent lower risk of rebleeding in the H. pylori positive patients relative to the
PPI treated H. pylori negative patients. If the higher placebo rebleed rate in the Lau trial is
attributable to the higher ASA grade patients enrolled in the Lau trial (as discussed in Section
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7 Efficacy), the H. pylori subgroup pattern observed in that trial relative to Study 001 might be
expected, since other contributing factors could have “over-ridden” the contribution of
H.pylori status to rebleeding events in that trial. However, no conclusions can be drawn by
these limited data and cross study comparisons.

The further explorations of PK/PD data and the efficacy trial data performed during this
review cycle indicate a substantive portion of patients with peptic ulcer bleeds have underlying
H. pylori infection, and as noted above, the data suggest that in patients with peptic ulcer
bleed, the benefit from Nexium IV may be most apparent in H. pylori positive patients (seen in
both The Chinese Lau trial and Study 001). While cross study explorations suggest that the
impact of PPI infusion may be expected to be more rapid and pronounced in H.pylori positive
relative to H.pylori negative patients in a Chinese population (relative to the population
studied in Study 001), no definite conclusions can be drawn. In addition, Study 001 (and the
Lau trial) was not designed to determine whether efficacy could only be expected in a
particular subgroup.

In summary, I concur with the Clinical Pharmacology review conclusions that the available
PK and PD data do not provide strong evidence that an “ethnicity factor” was the basis for
differences in clinical outcomes between Study 001 and the Lau trial.

6. Clinical Microbiology

Not applicable, as the product is not intended to be used as an antimicrobial product.

7. Clinical/Statistical-Efficacy

In the first two review cycles, 4 trials (one esomeprazole and 3 omeprazole) were reviewed.
The following table summarizes the high level efficacy results of those trials. The data from
two of the omeprazole trials (840 and 841) are combined, and the subgroup analysis of those
two trials, focusing on patients who had endoscopic therapies utilized in Study 01, is included.

APPEARS
THIS WAY
ON
ORIGINAL
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Table 7. Rebleeding Within 72 Hours of Therapeutic Endoscopy

Study Study Drug* Placebo ;;:;?:i::

01 (252'/93?6) (i(())}g;/;) -44%
; :

o i Lo | o

840/841 Ef;gt'i’ein"tfﬂﬂl 16.7% 30.6% 13,99
endoscopic therapy | (17/102) (34/111)

_ Onlypatientsvwith | 13.6% 23.3% 079,
s on | 3122 (7/30)

*esomeprazole in Study 01: omeprazole in Lau study, Study 840, and Study 841
Source: Data reproduced from CDTL. Clinical and Statistical review and Dr. Peterson’s
presentation at CDER Regulatory Briefing on April 19, 2013

In previous review cycles, the Division’s conclusion that substantial evidence of efficacy had
not been provided for the proposed indication hinged on the following:

1)

2)

3)

The outcome observed in Study 001 (D961DC00001) was not considered
adequately robust to serve as a single trial to support approval.

The outcome of the Lau Trial was not adequate to support Study 001 because this
single center trial enrolled only Chinese patients. The reviewers questioned
whether the results were generalizable to the US population due to potential
characteristics in Chinese patients that could increase the treatment effect of proton
pump inhibitors, such as lower parietal cell mass, CYP2C19 polymorphisms, and
H. pylori prevalence. These concerns were reinforced by the larger treatment effect
observed in the Lau trial, differences between trials in rebleeding events in the
placebo arms, and differences in outcomes between trials within specific population
subsets.

When the subpopulation of omeprazole trials I-840 and I-841 (non-Chinese trials)
that matched the entry criteria for Study 001 was analyzed, the observed outcome
was not statistically significant, although it favored omeprazole.

I will discuss this cycle’s review conclusions about the adequacy of Study 001 to serve as a
single trial to support approval, after first summarizing the current review conclusions
regarding the ability of the Lau Trial and Trials 841 and 842 to support Study 001.

The Lau Trial. Items #3, #4, and #5 of the CR letter (Section 2 Background of this review)
addressed concerns about the outcome differences between the Lau Trial, which enrolled only
Chinese patients, and Study 001. The table below shows the higher placebo rebleed rate
observed in the Lau Trial relative to Study 001.
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Table 8: Proportion with clinically significant rebleeding within 72 hours in Study001 and Lau Trial

Outcome Variable Trial by Lau et al Study001
Omeprazole Placebo Esomeprazole Placebo
(n=120) (n=120) (n=375) (n=389)
Pts with clinically significant 5 (4.2%) 24 (20%) 22 (5.9%) 40 (10.3%)
rebleeding within 72 h, n (%)

With regard to Item #3, see Section 5 Clinical Pharmacology for my summary of the analyses
of the PK/PD information (including impact of H.pylori status) submitted to address whether
meaningful differences exist between Chinese and Caucasian subjects that would be expected
to result in a different PPI treatment effect between these populations.

Regarding Item 4 from the CR letter (difference in placebo rebleed rate between the Lau trial
and Study 001), the Statistical reviewer didn’t agree with the applicant’s approach to
identifying explanations for the difference. Her concern focused primarily on the
appropriateness of use of Cox Regression Models for the task. She identified the following
1ssues:

1) She didn’t agree with the applicant’s use of Cox regression models to address the
issue. Categorical data analysis models seemed better suited because the primary
endpoint of interest was a categorical endpoint (rebleeding within 72 h = yes/no).

2) The applicant’s Cox regression models treated all events as occurring at distinct
times, even though the “distinct time” of the event was only known in Study 001.
In the Lau Trial, “precision” of time of rebleed was limited to whether it occurred
on Day 1, 2 or 3 of the trial.

3) There was a low ratio of rebleeding events to number of independent variables
(6:1). “...higher ratios are necessary to ensure stable estimates of regression model
parameters.”

4) Multi-colinearity, which could affect estimates, was not assessed.

5) The applicant didn’t limit the analyses to the data from placebo control subjects.

The Statistical reviewer conducted her own exploratory analysis, limited to the placebo control
patients in the two trials, since the greatest discrepancy in rebleeding between trials was
confined to the placebo arms and this particular “discrepancy” in results between studies was
subject of the CR letter (Item 4). She found that rebleeding (by Day 3) in the placebo arm
subjects appeared related to: 1) whether a patient was hospitalized at sign of GI bleeding
(3.5% rate in those hospitalized vs 14% in those not hospitalized), 2) Forrest Class
(Rebleeding: Ia=22% , Ib=7%, Ila 14%, IIb = 22%), and 3) ASA Grade (Rebleeding: 1=9%,
IT=12%, IIT or IV = 20%). She used logistic regression models to explore the relationships
between these variables and rebleeding by Day 3 and found a consistent relationship between
the variables and rebleeding across the two studies.

When the specific variables associated with the subcategories with highest rebleed rate (e.g., Ia
and IIb for Forrest Class) were examined for relative distribution between the placebo arms
between trials, there was a similar distribution between studies, with the following exceptions:
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1) There was a higher proportion of placebo patients who were categorized Forrest IIb
in the Lau trial than in Study 001 (18% vs. 10%)

2) There was a higher proportion of placebo patients who were categorized ASA
Grade IIT or IV in the Lau trial (44% vs 13%)

3) There was a higher proportion of placebo patients who were not hospitalized at sign
of GI bleeding in Study 001. (This variable specifically referred to whether a
patient was in the hospital for another problem when they manifested peptic ulcer
bleeding as a new additional problem.)

The greatest difference between the trials in these variables appears to be in the ASA Grade of
the subjects. The applicant pointed to the enrollment of a “more severely ill” population in the
Lau Trial as an explanation for the discrepancy in outcome between the placebo arms of the
two trials. The Statistical reviewer’s exploratory analysis appears to support this. See also
Section 5 Clinical Pharmacology of my review, where I speculate that ASA status may have
“over-ridden” the contribution of H.pylori status to risk of rebleeding in the Lau trial, as
evidenced by the lack of difference in rebleeding events within the Lau placebo arm between
the H.pylori negative and positive subgroups, in contrast to the differences observed between
H. pylori subgroups within the placebo arm of Study 001. Ultimately, the Statistical reviewer
concluded that these cross-study analyses are exploratory only and cannot establish whether
the Lau trial results are generalizable to a broader population.

The second cycle CR letter’s Item 5 referred to concerns about differences in efficacy between
the Lau Trial and Study 01 in patients aged >65 years and in the Forrest Ib subgroup. The third
cycle CDTL, Dr. Fiorentino, cautioned about the limitations of cross study comparisons and
noted that the direction of the trend in benefit was consistent between the two trials in patients
>65 years.

Table 9: Rebleeding Event Rates By Age Subgroup by Trial

Outcome Variable Trial by Lau et al Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(n=120) (n=120) (n=375) (n=389)
Age
subgroup

Patients with clinically
significant rebleeding within 72
hours, n (%)

2 65 years 5/76 21/80 6.2% 8.4%
6.6% 26.3%

< 65 years 0/44 3/40 5.5% 11.9%
7.5%

It 1s difficult to describe the cross study comparisons of outcomes (difference between
treatment and placebo) observed in the Forrest Ib patients as similar (0.5% vs. 10%, Study 01
vs. Lau, respectively) in directional trend. However, I concur with the CDTL’s conclusion that
these cross study subgroup exploratory analyses comparisons are not adequate to establish that
the drug is ineffective in a subgroup.
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Additional exploratory analyses of comparability of the Lau Trial and Study 001. In his
review, the CDTL presented some additional analyses that were utilized to further explore the
comparability of qualitative aspects of the rebleeding outcomes observed in Study 001 and the
Lau Trial (summarized in Tables 13 and 14 of the CDTL review). The CDTL acknowledged
that these summary data didn’t allow for identification of meaningful differences between
trials. These cross study comparisons were hampered by differences in scope of data
evaluated: data limited to Days 1-3 in Study 001 vs. encompassing Days 1-30 for the Lau
Trial. In addition, some of the defining components of the enumerated “diagnostic subcriteria”
do not match between trials. For example, “melena” is a component of two subcriteria in the
Lau Trial, but limited to one criterion in Study 001 (entirely unique to Study 001).

There appeared to be similarity between the two trials in characterization of the rebleeds,
based on rates and distribution between study arms, at least in terms of the 3 subcriteria that
were most consistent in definitions utilized in the two trials [Study 001/Lau: 1) blood in
stomach at endoscopy/fresh blood at endoscopy; 2) active bleeding from peptic ulcer at
endoscopy/spurter or ooze at endoscopy; 3) vomiting significant amounts of fresh blood, both
trials]. The only numerical “outlier” was a higher placebo “spurter or ooze” in the Lau trial on
the placebo arm (10.9%) compared to “active bleeding” in the placebo arm of Study 001
(6.4%).

The reviewers also requested that the applicant further characterize the rebleed events in the
first 30 days, using the identified diagnostic criteria data in both trials, based on number of
criteria present within individual patients. Some differences between trials were noted.
Examination of the distribution over the range of having only one of the criteria vs. all 6
criteria, reveals that there were patients in Study 001 who met 4-6 diagnostic criteria vs. no
patients in the Lau Trial who met 4-6 criteria. In addition, there were 15 patients in the Lau
Trial who had only one of the diagnostic criteria vs. no patients in Study 001 who met only
one criterion. However, in light of the existence of some missing data regarding these
descriptor subcategories, it is possible that the number of single criterion rebleeders in the Lau
trial merely reflects missing data.

The applicant was also asked to characterize the rebleeds in Study 001 regarding site of
bleeding: duodenal vs. gastric. The tables summarizing these data, which are presented in the
CDTL review, show that the within-arm rebleed rate was nearly identical between ulcer sites —
gastric vs. duodenal. The treatment effect for esomeprazole appeared identical regardless of
ulcer site. Endoscopy report data indicated that there were patients who had multiple ulcers
identified at baseline endoscopy, although the other ulcers were not identified as a source of
bleeding. The applicant was asked to provide the number of patients whose rebleed event
occurred in a site (gastric/duodenal) that differed from baseline. In response, the applicant
stated that no patient bled from a new site; however, as shown in Table 17 of the CDTL
review, since not all re-bleeds were documented with endoscopy, that cannot be definitively
established. The information provided in Tables 16 and 17 of the CDTL review allow
derivation of the distribution of endoscopically undocumented rebleeds by baseline site of
bleeding (duodenum vs. gastric). This information is summarized in the table below.
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Table 10: Distribution of non-endoscopically documented rebleeds, based on baseline site

Duodenum = Baseline site of bleeding
No. Rebleed without endoscopic | % undocumented by
documentation/Total number of endoscopy
Rebleeds
Esomeprazole 3/14 22%
Placebo 9/25 36%
Gastric = Baseline site of bleeding
No. Rebleed without % undocumented by
endoscopy/Total number of endoscopy
Rebleeds
Esomeprazole 5/8 62%
Placebo 2/15 19%

The distribution of nonendoscopically documented rebleeding by baseline site of bleed appears
similar between baseline gastric and duodenal sites. The numerically higher proportion of
undocumented rebleeds in the baseline gastric site of the esomeprazole arm is not interpretable
in light of the small numbers in this cell. In the first 72 hours on study, based on the Study 001
protocol, these non-endoscopically documented bleeds must have manifested with at least two
clinical B signs or C to be counted as a clinically significant rebleed event. The protocol
criteria are summarized in the table below, reproduced from the first cycle Clinical Review.

APPEARS THIS
WAY ON
ORIGINAL
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Table 4: Diagnosis criteria for clinically significant rebleeding

Rebleeding diagnosed by: Criteria for diagnosis

CA” Al

Endoscopy — initiated by clinical signs of Blood in the stomach (this criterion was not
bleeding defined as: used during the first 6 hours after primary
onec of B1 or B2 or B3 endoscopic hemostasis)

and

Endoscopic verification, i.e., one of Al or | A2

A2, A verified active bleeding from a peptic

It is the result of the endoscopy that defines | ulcer (Forrest class Ia, Ib)
if there is a rebleeding or not

“B” Bl
A true clinically based definition included | Vomiting of fresh blood or fresh blood in a
at least 2 of B1 and/or B2 and/or B3 gastric tube or hemetochezia or melena

after a normal stool.

B2

Decrease in Hb>20 g/L. (or Het=6%) during
24 Hours or an increase in Hb<10 g/L. (or
Hct<3%) despite =2 units of blood has been
transfused during 24 hours

B3

Unstable circulation systolic BP <90
mmHg or pulse >=110/min (after have had a
stable circulation)

C Hematemesis " 8

Vomiting significant amounts (=200 ml)
of fresh blood as estimated by the
mvestigator

(Above Table is taken from Table 4 of Clinical Study Protocol for Study D961 DC00001)

In summary, multiple items of the CR letter pointed to apparent inconsistencies between the
outcomes in the Lau Trial and Study 001. There was concern that the inconsistencies might be
secondary to differences in ethnicities enrolled in the trials. In this review cycle, the reviewers
have carefully re-evaluated the inconsistencies identified by the previous review teams and
have considered them within the context of available data regarding PK/PD effects of the
proton pump inhibitors in Chinese vs. Non-Chinese healthy volunteers and in H.pylori
negative and positive Chinese healthy volunteers. The Clinical reviewers in this cycle
observed that there was general consistency in direction of treatment effect between the two
efficacy trials and that the relatively high placebo rebleed rate in the Lau Trial seemed
reasonable to attribute to the high ASA status eligible for enrollment in the Lau Trial. The
reviewers didn’t consider the individual subgroup analyses pointed to in the previous CR letter
grounds for concluding that the overall primary outcome of Study 001 was not reliable. In
light of the CDER Regulatory Briefing discussion on this topic, presented later in this Section,
I have concurred with the conclusions of the third cycle Clinical Review team.
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Studies 840 and 841. Second cycle Complete Response letter Items #1 and #2 address issues
related to Studies 840 and 841(omeprazole trials). The Statistical Reviewer in the current
review cycle ultimately deferred to the Clinical reviewers to determine whether the applicant’s
selection of a larger subgroup for efficacy analysis from Trials 840 and 841 is relevant. The
smaller subgroup (N=52) identified by FDA for analysis was selected by matching patients
between Trials 840/841 and Study 001 based on eligibility criteria. The applicant’s proposed
larger subset, N=137, matched subjects on the same treatment modalities, with or without
additional endoscopic treatment. The analysis of the treatment difference observed in this
larger subgroup, stratifying by type of endoscopic treatment, yielded a nominal p value that
was <0.05. The Statistical Reviewer pointed out the relatively consistent numerical pattern
favoring omeprazole across various analyses, which is shown in Table 11 below (reproduced
from the Statistical review). The Clinical reviewer also pointed to the consistent trend in
treatment effect across these subgroup analyses, including all patients with endoscopic
treatment (N=213), the applicant’s proposed larger population (N=137) and the FDA’s
matched population (N=52). She considered this consistent trend as supportive evidence of
efficacy for Nexium IV for the proposed indication. She also specifically stated in her review
that even if the difference in the smaller subgroup considered most relevant to the FDA was
not statistically significant, the trend favoring omeprazole “is important and provides
supportive evidence for the efficacy of Nexium IV for the proposed indication.”

Table 11. Rebleeding rates within 72 h: Studies 840 and 841, by type of endoscopic treatment.

Studies 840 and 841 were presented at the CDER Regulatory Briefing. Members of the panel
also pointed to similarities in the treatment differences across analyses, and stated it was not
surprising that the difference was not statistically significant in the subgroup considered most
relevant to FDA reviewers, in light of the markedly reduced sample size. While I agree that,
of course, it is not surprising that the small number of patients in the subgroup of interest to
FDA is not significant, and that the trends across analyses consistently favor omeprazole, I do
not consider the findings of these exploratory analyses of the combined data from 840/841, to
constitute substantive support of the Nexium trial, Study 001. These trials were designed with
endpoints that were vague and differed from Study 001. There was no pre-specified plan to
combine specific subsets of patients for analysis, as submitted in this NDA. While, the trends
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observed in these exploratory analyses contribute to a sense of confidence in the treatment
effect observed in Study 001, I don’t recommend inclusion of these data in the product label.

Study 001: Adequacy as a Single Trial and the CDER Regulatory Briefing. In the second
cycle CR letter, Item 7 reiterated that Study 001, as a single adequate and well-controlled trial,
does not provide sufficient evidence to support the proposed indication. Item 7 included
specific issues identified in the second cycle, including the applicant’s use of Breslow-Day test
to support homogeneity of the treatment effect across study centers and an issue regarding
removal of one of the study sites (Site 012) from the primary analysis.

In her current review, the Statistical reviewer has stated that she “generally agrees with the
Applicant’s response that the Breslow-Day test was inconclusive regarding the presence or
absence of heterogeneity of treatment effect.....” With regard to the influence of Site 0012,
the Statistical reviewer concluded that the Clinical reviewers must decide whether the contents
of the current NDA submission combined with the results of the single adequate and well
controlled trial that investigated Nexium IV are sufficient to support the proposed indication.
The Clinical Reviewer noted that the second cycle inspection of Site 012 had determined that
the data from that site were reliable. The CDTL states in his review, “The fact that ...... post
hoc analyses removing one or more sites from the primary analysis result in a different p-
value, do not in themselves suggest that the overall results or conclusions are invalid.”

When the Division presented the Cycles 1 and 2 review issues concerning the adequacy of
Study 001 at a CDER Regulatory Briefing, the reviewers explained that the interest in the
exploratory analyses and associated p value shifts (including the analysis removing Site 012)
was driven by the fact that Study 001 was a single trial submitted for a new indication. The
prior approvals of esomeprazole for other indications were not regarded as evidence that could
be reasonably relied upon to support the new proposed indication, due to the unique nature of
the new indication... O®®@ (which differs from improving
symptoms of GERD or healing of esophagitis). Although the panelists acknowledged why the
Division conducted these analyses, they supported the CDTL’s conclusion that changes in p
values in post hoc analyses do not indicate the results of the prospectively defined analysis are
invalid.

The Clinical reviewer summarized the April 19, 2013 CDER Regulatory Briefing in Section
9.4 of her review. The specific purpose of the meeting was to discuss the adequacy of
evidence to support approval of Nexium IV for the proposed indication. The Division pointed
out that intravenous proton pump inhibition has become the standard of care in the setting of
upper gastrointestinal bleeding, and that for this reason the applicant stated that it could not
conduct a placebo controlled trial, or a trial with an H2 blocker as a control arm. With regard
to efficacy, the panel was asked, “Do the data presented (Study 01, the Lau et al. study, Studies
840 and 841, and PK/PD studies) represent substantial evidence of efficacy for the proposed
indication ®® 1isk reduction of rebleeding in patients
following therapeutic endoscopy for acute bleeding gastric or duodenal ulcers”)? Some
members of the panel answered, “yes.” Others were less convinced, as they were not certain
that the omeprazole data, in particular the Lau Trial, provided adequate support, in light of
remaining questions regarding population differences; however, this group was generally
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supportive of reliance on the single trial, Study 001, despite the lack of a highly persuasive p
value. They were persuaded that the trial could not be repeated, due to practice guidelines
recommending proton pump inhibitors in this setting. They pointed to the FDA Guidance to
Industry: Providing Clinical Evidence of Effectiveness for Human Drug and Biological
Products, as support for this approach. In particular, this Guidance states:

“Nevertheless, FDA has been flexible within the limits imposed by the congressional
scheme, broadly interpreting the statutory requirements to the extent possible where the
data on a particular drug were convincing. In some cases, FDA has relied on pertinent
information from other adequate and well-controlled studies of a drug, such as studies
of other doses and regimens, of other dosage forms, in other stages of disease, in other
populations, and of different endpoints, to support a single adequate and well-
controlled study demonstrating effectiveness of a new use. In these cases, although
there is only one study of the exact new use, there are, in fact, multiple studies
supporting the new use, and expert judgment could conclude that the studies together
represent substantial evidence of effectiveness. In other cases, FDA has relied on only
a single adequate and well controlled efficacy study to support approval - generally
only in cases in which a single multicenter study of excellent design provided highly
reliable and statistically strong evidence of an important clinical benefit, such as an
effect on survival, and a confirmatory study would have been difficult to conduct on
ethical grounds.(emphasis added)......

Whether to rely on a single adequate and well-controlled study is inevitably a matter of
judgment. A conclusion based on two persuasive studies will always be more secure
than a conclusion based on a single, comparably persuasive study. For this reason,
reliance on only a single study will generally be limited to situations in which a trial
has demonstrated a clinically meaningful effect on mortality, irreversible morbidity, or
prevention of a disease with potentially serious outcome and confirmation of the result
in a second trial would be practically or ethically impossible. (emphasis added)”

Summary. I concur with the reviewers that a decrease in rebleeding events was observed
across the esomeprazole and omeprazole trials submitted in support of this application, which
provides some confidence that if the single esomeprazole trial could be repeated, the treatment
impact would be reproduced. I think the data package submitted in this NDA, taken together,
would make it practically or ethically impossible to repeat the study. Based on this, and
consistent with the majority recommendation of the CDER Regulatory Briefing panel, I have
concluded that the efficacy data submitted are adequate to support approval of this
supplemental NDA. I concur with the reviewers that the efficacy data presented in Section 14
Clinical studies of the product label should be limited to the data from Study 001, and that this
section should acknowledge support provided by the Lau trial, without presenting specific data
from the Lau Trial. I also concur with the reviewers’ decision e

@9 the primary endpoint was re-bleeding, which was defined

by major evidence of bleeding. o8

®) @
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8. Safety

No safety issues were cited in the previous CR letters. The Clinical reviewer in this 3rd cycle
concluded that there are no new safety signals from the clinical trials submitted in support of
this application. The safety data from Studies 840 and 841 were re-scrutinized during this
review cycle as they were terminated early due to an imbalance in mortality observed in Study
841. This imbalance (11 deaths in the omeprazole arm vs. 1 in the placebo arm) was presented
to the Regulatory Briefing panel, along with the mortality data from the other trials evaluated
in this application. A similar imbalance in mortality was not observed in those trials.

Tablel2. Death by Day 30 (Study 01, Study Lau), Death by Day 21 (Studies 840/841)

Source: Clinical Review, Table 25, page 36/43, Aisha Peterson, dated 07/15/2013.

The causes of deaths in Study 841 included GI hemorrhage (single death in each arm). Among
the remaining 10 deaths, myocardial infarction was reported in 5. Congestive heart
failure/heart failure was reported in 2. Cerebral infarction/stroke was reported in 2.

Pulmonary embolism was reported in 1. Study 841 was conducted in Sweden and Norway and
eligibility criteria required age >60 years for study entry. Patients only received therapeutic
endoscopic intervention (sclerotherapy, heater probe, etc) if their bleed was categorized
Forrest Ia (spurting). The mean age was 74 years, which is over a decade older than the mean
age of the patients who entered Study 001 and the Lau Trial. The authors of the publication in
which the Study 841 was reported (Hasselgren, et al. Scand J Gastroenterol. 1997;32:328-333)
discussed the imbalance in mortality and couldn’t identify a definitive explanation for it. They
noted that mortality rates associated with peptic ulcer bleeds reported in the literature differ
depending on the length of follow up from presentation with an acute bleed, and concluded
that the mortality in the placebo arm of Study 841 was “unexpectedly low.” They also pointed
to the higher proportion of patients in the omeprazole group that presented with a hemoglobin
<9.0g and a lower proportion of patients in the omeprazole arm who had a history of peptic
ulcer (literature reports had observed a lower mortality risk in patients with a history of
previous ulcer). They ultimately stated the observation could have been due to chance.

The Regulatory Briefing panel discussed these data, in addition to summary information
presented by the Division regarding its history of evaluating questions regarding
cardiovascular risk associated with proton pump inhibitors. These safety reviews have been
triggered by observations of numeric imbalances of cardiovascular events in two proton pump
inhibitor applications, both presented to previous CDER Regulatory Briefings. In response to
these review observations, the Division had requested that commercial sponsors of proton
pump inhibitors provide comprehensive, summary cardiovascular data from controlled trials to
the Division for review. Based on the Division’s review of these data, the Division concluded
there was not a cardiovascular signal for PPIs that necessitated a dedicated study to
characterize the risk. The panelists concluded that the data in the current Nexium IV NDA do
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not present a cardiovascular safety concern that should preclude approval or prompt further
study.

The Clinical reviewer concluded in her review that the available data from these studies
suggest that the mortality findings in Study 841 were most likely due to chance. The CDTL
noted in his review that a biological basis for any association between omeprazole and
cardiovascular deaths is unknown. I concur with the recommendations of the CDER
Regulatory Briefing panel that the apparent cardiovascular mortality imbalance observed in
one of the trials submitted for review does not constitute a safety signal that should preclude
approval of this supplemental NDA. In addition, I do not believe that it constitutes a signal
that should prompt requiring a post-marketing dedicated cardiovascular safety trial.

The Clinical reviewer also evaluated the applicant’s search of its global patient safety database
for reports associated with use of Nexium IV for “stress ulcer” or gastrointestinal hemorrhage,
and/or where the daily dose of intravenous esomeprazole was the same or exceeded the
proposed dose for the current proposed indication. This search was updated to include May 1,
2010 to August 31, 2012. She did not i1dentify any new safety concerns. Three events resulted
in death. Review of the narratives found in her review indicates that one death was attributed
to aspiration and the other two appeared to be related to anaphylaxis. In both cases, there was
a concomitant medication that was also suspect, including a beta-lactam in one of the patients.

In conclusion, the safety data were evaluated and carefully considered. No safety issue
precludes the approval of the Nexium IV for the proposed indication. See Section 4
Nonclinical Pharmacology/Toxicology (above) regarding a recent Safety Labeling Change
(SLC) made to all esomeprazole and omeprazole labels based on animal data. The label for
the currently marketed Nexium IV product was revised and approved in response to the FDA’s
request for SLC prior to taking action on this NDA supplement for a new indication.

9. Advisory Committee Meeting

There was no advisory committee meeting for this supplemental application.

10. Pediatrics

Refer to my first and second cycle reviews. In the last review cycle, the PMHS reviewer
recommended a full waiver for the proposed indication. The PMHS reviewer stated that if the
applicant were to seek a broader indication such as o«

pediatric studies may be feasible. The Pediatric
Review Committee concurred with granting the full waiver.
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11. Other Relevant Regulatory Issues

No additional financial disclosures were submitted in this third cycle. The financial disclosure
review in the initial review cycle identified one investigator, Dr. Ernst J. Kuipers, who
reported receiving significant financial payments. He was principal investigator at Site 0102
(Netherlands) in Study 001. The largest treatment effect in all participating centers was
observed at this site, -31% rebleeding events. A sensitivity analysis was conducted to explore
the impact of that center’s data on the overall observed outcome of the study by removing the
patients treated at that center from the efficacy analysis, and the overall treatment effect
observed in the study decreased to -3.73% (95% CI =-7.67, 0.10). However, a DSI inspection
of Site 0102 identified no significant deficiencies and a Form FDA 483 was not issued. The
study data from Site 102 were considered reliable. See further discussion in Section 2
Background and Section 7 Clinical/Statistical-Efficacy of this review.

12. Labeling

The CDTL has summarized the major labeling changes that were prompted by review of this
application. As pointed out in the CDTL review, the applicant proposed

. For this reason, the applicant’s proposed language was removed. The
Dosage and Administration section will state, “Intravenous therapy is aimed solely at the acute
initial management of bleeding gastric or duodenal ulcers and does not constitute full
treatment. Intravenous therapy should be followed by oral acid-suppressive therapy.” (There
are oral proton pump inhibitors that are approved for healing of gastric/duodenal ulcers, 1.e.
omeprazole, rabeprazole, and lansoprazole.) The Clinical Studies section will describe the
treatment on study, post completion of the 3-day intravenous infusion, as “After the initial 72
hour period, all patients received oral proton pump inhibitor for 27 days.”

The OPDP reviewer’s label review recommendations were considered and addressed.
Although the reviewer recommended specific revisions to Section 14 Clinical Studies
description of the Lau trial (referred to in the label as “A randomized, double blind, placebo-
controlled single-center study conducted in Hong Kong”), not all the recommended changes
were made. The Division did not agree that the factually accurate description of omeprazole
as “50% of which is the S-enantiomer esomeprazole” overstated the efficacy of Nexium IV. In
addition, the Division did not agree with including the specific efficacy results from the Lau
trial.

13. Decision/Action/Risk Benefit Assessment

e Regulatory Action - Approval

Page 35 of 36
Reference ID: 3464766



Division Director Review

Risk Benefit Assessment - I concur with the reviewers and the
recommendations of the CDER Regulatory Briefing panel that the applicant has
provided sufficient evidence in this application to establish that Nexium IV,
administered in the proposed dose of 80 mg intravenous loading dose over 30
minute infusion, followed by 8 mg/hour for 3 days, is effective for risk
reduction of rebleeding in patients following therapeutic endoscopy for acute
bleeding gastric or duodenal ulcers in adults. Although the p-value from the
single phase 3 study of esomeprazole submitted to support the proposed
indication was not highly statistically persuasive, the trial was a relatively large,
multicenter trial, and the applicant submitted data from intravenous omeprazole
trials, which demonstrated similar impact on rebleeding. The consistent
improvement in rebleeding events in this serious condition observed across
these trials would make it very difficult, if not impossible and unethical, to
repeat the esomeprazole study to assure the reproducibility of the outcome
observed in that trial. The imbalance in mortality observed in patients treated
with omeprazole in one of the trials submitted for review was carefully
considered in the decision to approve. I concur with the reviewers and the
CDER Regulatory Briefing panel that this imbalance in one of the trials does
not constitute a safety signal that should preclude approval. I have also
concluded that it does not constitute a safety signal that justifies a post
marketing safety required study or REMS.

e Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies - None

e Recommendation for other Postmarketing Requirements and Commitments - None
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1. Introduction

Nexium® IV (esomeprazole sodium injection) was approved in 2005 for short-term treatment
(up to 10 days) of GERD in patients with a history of erosive esophagitis, as an alternative to
oral therapy when therapy with Nexium Delayed-Release Capsules is not possible or
appropriate. The label states that “when oral therapy is possible or appropriate, intravenous
therapy with Nexium IV for Injection should be discontinued and the therapy should be
continued orally.” The approved doses for this product are either 20 or 40 mg once daily by
mtravenous injection (over no less than 3 minutes) or intravenous infusion (10-30 minutes).
No new dosage format/presentation is proposed in this new application to accommodate the
higher dose and the infusional administration schedule.

In an NDA supplement, (sNDA 21-689/S014), submitted May 29, 2008, the applicant,
AstraZeneca, proposed a new indication, for which there is a new dose and administration
schedule. The new indication is “Nexium IV for Injection is indicated for @

@9 1isk reduction of rebleeding in patients following therapeutic
endoscopy for acute bleeding gastric or duodenal ulcers”. The dose proposed in the label for
this indication i1s 80 mg administered as an intravenous infusion over 30 minutes, followed by
a continuous infusion of 8 mg/hour given over 3 days, e

The applicant submitted a single randomized, placebo controlled clinical trial in the SNDA to
support the new indication. In addition, two PK/PD studies, 24 hours in duration and
conducted in healthy volunteers, were submitted to provide evidence that the dosing regimen
achieved the pharmacodynamic goal of raising gastric pH to at least 6. A Complete Response
(CR) letter was i1ssued on November 26, 2008. The deficiencies cited in the CR letter were:

“Our review finds that the primary efficacy results for this non-U.S. single study do not
provide substantial evidence of efficacy. For a single study to stand alone as substantial
evidence of efficacy, it should demonstrate highly statistically significant and clinically
meaningful results. Consistency should be demonstrated across subgroups and
secondary endpoints. The study should also show internal consistency in demonstrating
the treatment effect across study centers. The single study that you have submitted
does not meet these criteria for providing substantial evidence for the following
reasons:

1. Highly statistically significant results were not demonstrated. Although your
protocol specified analysis showed a reduction of 4.4% in the rate of clinically
significant rebleeding within 72 hours after hemostasis compared to placebo (p
= .03), that reduction was not highly significant, e.g., p <.001. In addition, the
observed outcome was not found to be robust when subjected to the sensitivity
analyses listed below:
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a. It is appropriate to account for country-to-country variation, so the
protocol specified analysis was further stratified by country. This
resulted in an insignificant treatment effect (p=0.06), although the
absolute reduction in rebleeding remained 4.4%.

b. When the protocol specified analysis was further stratified (retaining
stratification by country in the model) using Forrest classification as
four separate categories (Forrest Ia, Ib, Ila, and IIb) instead of two
(Forrest I and Forrest II), an insignificant treatment effect was observed
(p=0.11). The absolute reduction in rebleeding remained 4.4%. We
believe the appropriate adjustment for Forrest classification should be
by each individual Forrest category because each category has a
different risk of rebleeding events. Even if this stratified analysis was
conducted without incorporation of country in the model, the p-value
still shifted to a less persuasive value of p=0.05.

The study lacked internal consistency across study centers. Despite similar
patient demographics and disease characteristics, marked variability in the
incidence of rebleeding, i.e., the primary endpoint, and treatment effect was
observed in different countries and among leading centers. The treatment effect
varied widely from -25% to +12% by country and from -31% to +20% in the
larger centers that enrolled more than 10 patients. There is no clear explanation
for why this occurred, although physician expertise and standards of care may
have played a role.

The study lacked internal consistency in demonstrating the treatment effect in
the important subgroup of patients aged 65 and older. In this subgroup, the
proportion of patients that experienced rebleeding in the first 72 hours was
6.2% on the esomeprazole arm and 8.4% on the placebo arm. In contrast, in
patients aged less than 65 the proportion of patients that experienced rebleeding
in the esomeprazole arm was 5.5%, while on the placebo arm the proportion
was 11.9%.

The study lacked internal consistency in demonstrating the treatment effect in
important secondary efficacy outcomes that were evaluated in the first 72 hours.
The proportion of patients who underwent surgery for rebleeding was a
prespecified secondary endpoint and the observed outcome for this endpoint
was similar between study arms. This analysis was not found to be statistically
significant, p = 0.31. The secondary analysis comparing number of blood units
transfused in the first 72 hours demonstrated a lower number of units infused on
the esomeprazole arm (492) relative to placebo (738), p=0.05, and the
secondary analysis that compared the proportion of patients who required
endoscopic retreatment in the first 72 hours demonstrated a decreased rate of
endoscopic retreatment (4.3%) on the esomeprazole arm relative to placebo
(8.2%), p=0.02. Although the secondary analyses of number of blood units
transfused and endoscopic retreatment appear nominally significant, there was
no prespecified plan to adjust for multiple comparisons. Taking a conservative
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approach, these p-values are not significant after a Bonferroni adjustment to
account for multiple comparisons.

5. One center, Site 0102 in the Netherlands reported the largest treatment effect in
all centers that participated in this study, -31% rebleeding events, favoring the
esomeprazole arm of the study. The investigator from this site, Dr. Ernest J.
Kuipers, MD, Ph.D., reported having accepted significant payments from Astra
Zeneca. When we conducted a sensitivity analysis to explore the impact of that
center’s data on the overall observed outcome of the study by removing the
patients treated at that center from the efficacy analysis, we found that the
overall treatment effect observed in the study decreased to -3.73%

(95% CI=-7.67, 0.10) and the p-value shifted to 0.06.

6. We identified additional study design and conduct concerns that further limit
the study’s ability to provide persuasive evidence that esomeprazole is effective
for the proposed indication. These issues are listed below:

a. Endoscopic epinephrine injection is currently not an acceptable standard
of treatment as single therapy for upper gastrointestinal bleeding from
gastric or duodenal ulcers. More than a third of the patients in this study
were treated with endoscopic epinephrine injection as single therapy.
This draws into question the applicability of the outcome observed in
this trial to current care of patients with an upper gastrointestinal bleed
from a gastric or duodenal ulcer in the United States today.

b. Although the inclusion criteria excluded patients with more than a
single ulcer, a substantial proportion of the randomized patients had
multiple ulcers and there was an imbalance between study arms in this
prognostic factor that favored the esomeprazole arm. Fewer patients on
the esomeprazole arm had multiple ulcers, 13.6%, relative to the
placebo arm, 18.5%. This raises concerns regarding the study conduct in
this international trial.

c. Despite randomization, small imbalances in important prognostic
factors were observed between the two study arms. The imbalances
favored the esomeprazole treatment arm. These prognostic factors
included Grade 1a stigmata of risk of rebleeding (esomeprazole=7.5%,
placebo=10.3%) and large ulcers (esomeprazole=7.7%,
placebo=10.3%).

d. The lack of an exclusion criterion for intravenous administration of a
proton pump inhibitor within 24 hours prior to enrollment is a potential
confounding factor for the observed efficacy outcome. Although this
was addressed with an amendment during the course of the study, the
amendment only excluded patients who had received intravenous doses
greater than 40 mg within 24 hours prior to enrollment.
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There is inadequate information to permit proper dosing in patients with hepatic
impairment. Patients with moderate or severe hepatic impairment were
excluded from the randomized, placebo controlled clinical trial and there is no
adequate pharmacokinetic (PK) study conducted to evaluate esomeprazole in
subjects with various degrees of hepatic impairment. Based on the data
provided in the current submission, we are unable to determine the appropriate
dose adjustment of esomeprazole for patients with hepatic impairment. These
deficiencies cannot be addressed adequately through additional analyses of the
data in hand.”

In order to address the deficiencies, the letter stated that “further clinical data from at least one
additional adequate and well controlled study that provides persuasive and consistent evidence
of efficacy will be needed.” Specific recommendations in the letter included:

1.
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Conduct at least one additional, adequate, and well-controlled study to
demonstrate the proposed clinical benefit of Nexium IV for we
The study
should include some U.S. centers and the study design and analysis plan should
address the deficiencies described in this letter above.

You should consider whether the dose evaluated in the study submitted for
review in this NDA supplement was adequate to achieve the desired efficacy, in
light of the pharmacodynamic effects observed in the two
pharmacokinetic/pharmacodynamic (PK/PD) studies that you conducted and
submitted for review. The desired pharmacodynamic effect, 1.e. target
mntragastric pH, was not achieved by a substantial proportion of patients in the
first 24 hours of treatment in the PK/PD studies and was not sustained for a
prolonged duration of time within that period. This insufficient PD response
may have contributed to the lack of robustness of the treatment effect observed
in your major randomized, placebo controlled study. The proportion of patients
who experienced rebleeding in the first 24 hours of treatment in the phase 3
study was, in fact, similar between treatment arms, and the majority of
rebleeding events on the esomeprazole arm occurred within the first 24 hours of
treatment. For the reasons stated above, conduct an additional dose finding
study 1n the target population to evaluate dose optimization, at least for the
mitial 24 hours after starting treatment. The study would require evaluation of
PK and PD, and should incorporate clinical outcome measures. A higher hourly
infusion dose may be required to optimize the PD effects, but the
appropriateness of the higher doses from a safety standpoint should be
supported by appropriate nonclinical and/or clinical safety data.

Study site 0102 in the Netherlands, which reported the greatest treatment effect
in the major randomized, placebo controlled trial that you submitted for our
review, will need to be inspected by the Division of Scientific Investigations
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(DSI) because Dr. Emst J. Kuipers, MD, PhD, the investigator at that site, has
disclosed that he has accepted significant payments from Astra Zeneca. This
mspection would be requested as part of our review of any future submission
that includes this study as a critical component of establishing the efficacy of
Nexium IV for the proposed indication. A recommendation from the DSI
mspector that the data from this site can be used for determining the efficacy
and safety of Nexium IV will be needed if this study will be used to support a
future marketing application. This assessment will be an important component
of a future determination of whether this study can stand as one of two adequate
and well controlled trials for the proposed indication.

4. Conduct a pharmacokinetic study in a sufficient number of patients with hepatic
impairment and include matching healthy subjects as controls.

5. Submit a pediatric plan with your complete response.

The applicant met with the Division on June 11, 2009 to discuss a path forward for the
application. As stated in the CDTL review, “The Division rejected the applicant’s propose(g(':)o

The
Division also stated that the study data from a published study by Lau, et. al., could be
included but would be considered as supportive only because it was a single center trial and
was not conducted using esomeprazole. The Division proposed that one path forward would be
for the applicant to review and reanalyze the data from previously conducted well-controlled
trials using esomeprazole. The applicant agreed to propose and submit a preliminary response
to the CR letter for FDA review.”

In response to the applicant’s July 14, 2009 proposal regarding the information that would be
included in a resubmission, the Division sent an advice letter on December 3, 2009. The
CDTL summarized the information in that advice letter in her review. The Division indicated
its willingness to review the data from previously conducted omeprazole studies as supportive
evidence of efficacy.

This review will focus on the elements that led the Clinical/Statistical reviewers to conclude
that the evidence provided in this complete response did not, in combination with the
originally reviewed randomized, controlled esomeprazole trial provide substantial evidence of
efficacy of esomeprazole for the proposed indication.

2. Background

The hypothesis that Nexium IV administered as a “loading dose” that is higher than the
approved intravenous dose, coupled with a follow on continuous infusion, will decrease the
risk of rebleed from a gastric or duodenal ulcer is linked to what is known about the impact of
acidic pH on clot stability and hemostasis. Green WF, et. al. published a series of in vitro
studies that evaluated the impact of changes in hydrogen ion concentration on the soluble and
cellular coagulation systems.(Green WR, et al. Gastroenterology. 1978 Jan; 74(1):38-43.)
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The authors reported that coagulation was “extremely sensitive to relatively minor increases in
hydrogen 1on concentration. All studies became abnormal at pH 6.8.” At pH 6.4,
polymerization of fibrinogen was prolonged and platelet aggregation was reduced by >50%.
At a pH of 5.4 platelet aggregation and plasma coagulation were nearly completely inhibited.
Patchett SE, et al. conducted in vitro studies of the impact of gastric juice (from patients and
healthy volunteers) on formation of fibrin clots. They showed that gastric juice markedly
increased fibrinolysis (Patchett SE, et al. Gut. 1989 Dec; 30(12):1704-7), which was attributed
to acid dependent proteases. Pepsinogen is activated to pepsin in gastric acid.

®@

The applicant conducted a dose finding
study, 24 hours 1n duration, 1n healthy volunteers to identify a dose that achieved maintaining
pH>6 for a sustained period of time. The dose selected was evaluated in the setting of the
single phase 3 trial submitted in the original SNDA. The proportion of time the pH exceeded
6 over 24 hours 1s summarized in the table below, which demonstrates that the pH is below the
target range for a substantial portion of the 24 hour period at the dose selected for the single
trial submitted in the first review cycle.

Table 1: Estimates of mean percentage of time with intragastric pH>4, pH>6, pH>7 with intravenous
infusion of esomeprazole at 5 different infusion combinations in healthy subjects, during the 24 hour
period by dose level ( adapted from Dr. Tien-Mien Chen’s Clinical Pharmacology review from original

submission)
Esomeprazole Regimen Estimate
pH>4 (0-24) 40 mg + 8 mg/h 82%
80 mg + 4 mg/h 80%
80 mg + 8 mg/h 90%
120 mg (30 min)+ 8 mg/h 84%
pH>6 (0-3hr) [ 40 mg+ 8 mg/h 25%
80 mg + 4 mg/h 35%
80 mg + 8 mg/h 46%
120 mg (30 min)+ 8 mg/h 46%
pH>6 (0-24h) [ 40 mg + 8 mg/h 46%
80 mg + 4 mg/h 44%
80 mg + 8 mg/h 52%
120 mg (30 min)+ 8 mg/h 49%
pH>7 (0-24h) | 40 mg + 8 mg/h 2%
80 mg + 4 mg/h 4%
80 mg + 8 mg/h 5%
120 mg (30 min)+ 8 mg/h 4%
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Another way of looking at these data is to evaluate the proportion of subjects that achieved a
pH of >6, instead of the proportion of time spent at a pH >6. The proportion of subjects
administered the 80 mg IV loading + infusion of 8 mg/hr who sustained a pH>6 for at least 1
hour in the 24 hour period was 58%. This compared to 64% at the 120 mg level, 50% at the
80 mg + 4 mg infusion and only 26% at the 40 mg + 8 mg infusion dose. With this by-patient
responder analysis, the 120 mg dose level is numerically higher in achieving a pH>6 than the
dose selected to take into phase 3 evaluation. The percentage time at a pH greater than 6 was
similar for the two dose levels for the overall 24 hour period, however.

In a second PK/PD study which evaluated esomeprazole 80 mg + 8 mg/h infusion vs.
omeprazole in healthy subjects, again with an evaluation period limited to 24 hours, the
proportion of time in which the pH was > 6 was 45% (39, 51). This is similar to the findings
of the study summarized in the table above, although numerically lower for the proportion of
time pH exceeds 6.

The reviewers in the original review cycle raised questions about whether the appropriate dose
had been identified for the proposed indication, in light of the limited time pH exceeded 6.
This issue was cited in the CR letter. As stated in the Clinical Pharmacology review, the
Clinical review and the CDTL review of this resubmission, the applicant has stated that the
dose is appropriate. The applicant noted that the pharmacodynamic studies were conducted in
healthy volunteers. The applicant proposes that a greater effect would be anticipated in
patients with peptic ulcer disease because there is evidence in the literature that the basal
gastric pH is higher in patients with H. pylori. The applicant cited literature to support that
proton pump inhibitors have a greater impact on gastric pH in patients with H. pylori. The
literature includes a publication by Gillen, et al 1999 ( H. pylori infection potentiates the
inhibition of gastric acid secretion by omeprazole. Gut. 1999; 468-475), in which the authors
report a statistically significant difference in median basal fasting gastric pH between H. pylori
positive subjects during omeprazole treatment than in H. pylori negative subjects, respectively:
7.95 (2.7-8.3) vs. 3.75 (1.7-8.5), p<0.002. The pre-omeprazole basal fasting pH was similar
between the groups: 1.6 (1.2-2.9) vs. 1.6 (1.2-7.2). I concur with the Clinical reviewer’s
concerns about the generalizability of the cited data from the H. pylori population to the
general peptic ulcer disease population. Not all ulcers are caused by H. pylori.

3. CMC

This supplement proposes the use of the existing approved drug product. There were no
product quality issues cited in the Complete Response letter. The Product Quality
Microbiology Reviewers entered a review of the proposed product labeling during this review
cycle. They noted that the labeling provides “for extended room temperature holding periods
for the drug product admixtures. However, no microbiology stability data was provided to
support the holding conditions. Growth of microorganisms inadvertently introduced in to the
admixture during dilution of the drug product could potentially harm the patient.” They stated
that “microbiological data should be provided to demonstrate that the reconstituted product
solution will not support microbial growth during the proposed storage periods.” A risk
assessment summarizing studies that show adventitious microbial contamination does not
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grow under the proposed storage conditions was needed. An information request was sent to
the applicant during this review cycle. The Microbiology reviewer evaluated the information
submitted in response and determined that product labeling was supported by data. An
addendum review was entered that documented that there were no remaining CMC issues that
preclude approval.

4. Nonclinical Pharmacology/Toxicology

There were no nonclinical issues cited in the Complete Response letter.

5. Clinical Pharmacology

There were two Clinical Pharmacology issues in the CR letter: 1) the Agency questioned
whether the dose evaluated in the single efficacy trial was adequate to achieve the desired
efficacy, in light of the pharmacodynamic effects observed in the two PK/PD studies
submitted for review, and 2) there was inadequate information to permit proper dosing in
patients with hepatic impairment. The applicant submitted responses to these two issues. In
addition, because efficacy data from omeprazole trials were submitted in this CR response to
support the efficacy of esomeprazole for the proposed indication, it was important to establish
the bridge between esomeprazole and omeprazole. The applicant submitted PK/PD data as a
foundation for use of the omeprazole efficacy data.

The Clinical Pharmacology reviewers determined that the applicant had provided information
that supported that no further dose finding study is needed in the target population. The
Clinical Pharmacology reviewers found the literature that demonstrated that H. pylori
positive patients can be expected to have a more pronounced impact of PPI (omeprazole) on
gastric pH persuasive. However, I do not find that this literature supports that there will be a
similar effect in the general population of patients with upper gastrointestinal ulcer bleeding
secondary to causes other than H. pylori. In addition, the gastric pH data presented by Gillen,
et. al. refer to fasting basal pH, not pH measurements over a 24 hours period. The Clinical
Pharmacology reviewers re-examined the PK/PD dose finding data from healthy volunteers
and noted that higher doses do not increase the PD effect. It is unknown whether a higher
infusion rate (>8 mg/hour) would change the PD results. However, as shown in the figure
below, the data suggest that the pH reaches the pH 6 level at 24 hours, so the current dose
regimen might be achieving more sustained periods at a pH >6 after 24 hours. In the initial 24
hours, it is possible that the presence of blood in the stomach might alter gastric pH (increasing
it) in the target population, even if that population does not have H. pylori.
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Figurel. Median Intragastric pH Profiles at Baseline and during administration of Esomeprazole to
Healthy Subjects, Treatments A-E (D9615C00015)
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The following table from my original review points out that most of the rebleeds in the
esomeprazole arm in the single esomeprazole efficacy trial submitted in the original review
cycle, D961DCO00001, occurred in the first 24 hours.

Table 2 Proportions of Patients with Rebleeding Events by Time Period in Trial D961DC00001

Esomeprazole Placebo
N 375 389
Number of patients with Rebleed in the 22 40
overall 72 hour period (5.9%)* (10.3%)
Number of patients with Rebleed in the 17 21
first 24 hours (4.5%) (5.4%)
Number of patients with Rebleed from 5 19
>24hours to 72 hours. (1.3%) (4.9%)

*percentage of patients in the study arm that experienced rebleed

The majority of additional rebleeds on the placebo arm occurred in the subsequent 12 hours
beyond 24 hours. There were 11 additional rebleeds on the placebo arm in that follow-on 12
hours. In contrast there was only 1 additional rebleed in the subsequent 12 hours beyond the
first 24 hour period on the esomeprazole arm. These efficacy data and the PK/PD data were
what prompted the suggestion that additional dose exploration for the first 24 hour period
might result in identification of a more effective dose.

To address the hepatic impairment issue in the CR letter, the applicant submitted information
on: 1) an oral esomeprazole study that was conducted in patients with hepatic impairment, and
2) an intravenous omeprazole study conducted in patients with hepatic impairment. The
Clinical Pharmacology reviewer noted that in the oral esomeprazole study, in which the
esomeprazole dose was 40 mg, the Cmax “was not influenced by the severity of liver
impairment.” However, she noted that patients with severe hepatic impairment had AUCs 2-3
fold higher than subjects with normal hepatic function. The intravenous omeprazole study
evaluated an 80 mg dose of omeprazole infused over 30 minutes, followed by a 24 hour
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infusion of 8 mg /hour (similar dosing regimen used in the single esomeprazole efficacy trial).
In this intravenous study, the omeprazole mean AUC increased with liver severity: 1.46 fold
in mild impairment, 1.74 fold in moderate impairment, and 2 fold higher in severe impairment
(relative to normal controls).

After evaluating these data, the Clinical Pharmacology reviewer stated

She concurred wi g dose
as recommended for patients without hepatic impairment, since the available data suggest that
Cmax is not impacted by hepatic impairment.

n patients with severe hepatic impairment. The Clinical Pharmacology reviewers
recommended that the applicant should conduct modeling and simulation to “estimate the
proper constant infusion rate in moderate and sever hepatic impairment patients.” I concur.

With regard to establishing a bridge between esomeprazole and omeprazole to support reliance
on the submitted intravenous omeprazole clinical trials, the Clinical Pharmacology reviewers
examined the following information:

1) A PK/PD (intragastric pH) comparison of esomeprazole 80 mg
intravenous infusion over 30 minutes, followed by an 8 mg/hour
continuous infusion, to omeprazole dosed similarly, in Study

D961DC00004.
2) Two studies that compared PK/PD of a lower dose (40 mg) of
esomeprazole and omeprazole administered over a 30 minute infusion.
3) Comparative PK between esomeprazole and omeprazole after oral and

intravenous administration.

The Clinical Pharmacology reviewer noted that differences between the two products were
dependent on route of administration, with the greatest difference observed with oral
administration. The AUC and Cmax of esomeprazole were approximately 14% higher than
omeprazole when the products were administered by a “loading” 80 mg intravenous infusion
followed by a continuous infusion of 8 mg/hour. These data are summarized in the figure and
table below, which are reproduced from the Clinical Pharmacology review.
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Figure 2. Mean plasma concentrations following iv single doses of esomeprazole 80 mg
+ 8 mg/h and omeprazole 80 mg + 8 mg/h in healthy male and female subjects (N=39)

Table 3. Estimated geometric means and 95% ClIs for Cmax (umol/L), AUC) (umol*h/L),
Css (umol/L) and CL (L/h) following iv single doses of esomeprazole 80 mg + 8 mg/h and
omeprazole 80 mg + 8 mg/h in healthy male and female subjects

The studies of a lower dose, 30 mg infusion, revealed that the esomeprazole AUC was 36%-
43% higher than omeprazole and the esomeprazole Cmax was 12-18% higher. After oral
dosing, the AUC of esomeprazole was approximately 70% higher than omeprazole and the
Cmax was 25-30% higher. Because the exposures for esomeprazole were similar, but
somewhat higher than omeprazole, the reviewers concluded that there was an adequate bridge
supporting evaluation of favorable omeprazole efficacy data in this sSNDA when it was
administered at the same doses.

Comparative PD data between an esomeprazole 80 mg intravenous infusion followed by 8 mg/
hr and omeprazole administered in the same regimen reveal a similar PD effect in healthy
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subjects. The data are summarized in the figure below, which is reproduced from the Clinical
Pharmacology review. These data further support the bridge.

Figure 3 Median intragastric pH profile following iv single doses of esomeprazole 80 mg
+ 8 mg/h and omeprazole 80 mg + 8 mg/h in healthy male and female subjects (N=39)

In summary, I concur with the Clinical Pharmacology review conclusions that the applicant
should conduct modeling to support the proposed doses in the product label for patients with
moderate and severe hepatic impairment. | concur that a new dose finding trial is difficult to
support (but not on the grounds that H. pylori patients have a greater pH response to PPIs). I
concur that the applicant has provided adequate data to support a bridge between the
omeprazole efficacy trials in patients with upper gastrointestinal bleeding ulcers and the single
esomeprazole efficacy trial, as long as the same dose and administration schedule was studied.

6. Clinical Microbiology

Clinical microbiology considerations do not apply to this complete response submission or the
initial submission because esomeprazole is not intended as an antimicrobial product.

7. Clinical/Statistical-Efficacy

In addition to the original single esomeprazole efficacy trial (D961DC0001) that was
originally submitted to the SNDA, the applicant included 3 major omeprazole trials in this
complete response to support the efficacy observed in the esomeprazole trial (Trial 1-840, Trial
1-841, and the trial reported in a publication by Lau, et al). The major features of those trials
are summarized in the Tables below, which are reproduced from the Clinical Review.
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Table 4: Clinical studies included in the applicant’s complete response submission

Trial Name Trial Trial Design Treatment Product(s) Number Population
Type Dosage Regimen; Enrolled
Route of Administration
DY961DC0001 Safety and Multicenter Esomeprazole (a bolus 80mg over 30 min 767 Randomized Patients who had undergone successful
(TRIAL 01) Efficacy International followed by a continuous infusion of 8mg/hr for | 764 Treated endoscopic treatment of a bleeding
Prospective 71.5 hours) or Placebo gastric or duodenal ulcer classified as
Randomized Forrest Class Ia, Ib, Ia, or ITb
Double-blind, Follow-up treatment after IV Esomeprazole with (Endoscopic treatment modalities
Parallel Group, Oral Esomeprazole 40mg once daily for 27 days varied.)
Placebo-controlled
Lau, et. al. Safety and Single Center (Hong Kong) Omeprazole (a bolus intravenous injection of 320 Planned Hospitalized Patients who had
Efficacy Randomized 80mg over 30 min followed by a continuous 240 Randomized undergone successful endoscopic
Double-blind, 8mg/hr infusion for 71.5 hours) or Placebo treatment of a bleeding peptic ulcer.
Parallel Group Forrest Class Ia, Ib, IIa, or ITb
Placebo-controlled Follow-up therapy after IV Omeprazole infusion (Endoscopic treatment was injection
with oral 20mg Omeprazole once daily for 8 epinephrine followed by
weeks thermocoagulation)
Trial I-840 Safety and Multicenter Omeprazole 80mg given intravenously as a bolus | 350 Planned Hemodynamically unstable outpatients
(study stopped Efficacy International dose over 30 minutes followed by 8mg/hr for 274 Randomized and inpatients with PUB
prematurely due Double Blind 71.5 hours or Placebo endoscopically classified as Forrest Ia,
to safety Parallel Group Ib, Ia, or ITb.
monitoring) Placebo Control Follow-up therapy after IV Omeprazole infusion
with oral 20mg Omeprazole once daily for 21 (Endoscopic treatments varied. Pre-
days. (Oral therapy started at 48hours) entry endoscopic treatment only in
patients classified as Forrest Ia or ITa)
Trial I-841 Safety and Multicenter Omeprazole 80mg given intravenously as a bolus | 400 Planned Patients > 60 years old with
Efficacy International over 30 minutes followed by continuous infusion | 333 Randomized endoscopic signs of peptic ulcer
Randomized of 8mg/hr for 3 to 5 days. (If there were signs of bleeding and clinical symptoms of
Double-Blind bleeding during day 2 or 3 the infusion was upper gastrointestinal bleeding.
Parallel Group given for 120 hours) (Forrest Ia, Ib, IIa, IIb)

Placebo-Controlled

Follow-up therapy after IV Omeprazole with
Omeprazole 20mg daily for 21 days

(Endoscopic treatments varied. Pre-
entry endoscopic intervention was only
to be used in patients with bleeding
classified as Forrest Ia)
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Table 5 Comparisons of Trials Submitted (The Lau trial, 1-840, I-841, and trial D961DC00001)

Lau, et. al. 2000

1-840

1-841

D961DC00001

Definition of endpoint
criterion

Fresh hematemesis

Hypotension:
Systolic Blood Pressure<90
Tachycardia PR>110 and Melena

Drop in hemoglobin by 20g/1 in 24 hours
and melena

Moderate:

e  Hematemesis

e  Significant amount of coffee
grounds or red blood in the
nasogastric tube
Hemoglobin falling 16g/1 or more
Neither tachycardia or
hypertension

Severe:

e  Voluminous hematemesis, red
blood in the nasogastric tube or in
stools

e  Unstable circulation or rapid

transfusions required to prevent it.

Hemodynamic ally unstable and/or Hb
fall>10g/1 over 12 hours

Fresh Blood (macroscopic in the
nasogastric tube or fresh hematemesis)

Blood transfusion was necessary to
maintain the hemoglobin level.

Blood in the stomach or a verified
active bleeding from a peptic
ulcer (Forrest class Ia, Ib)

Or

At least 2 of the following:

o Vomiting of fresh blood or
fresh blood in a gastric tube or
hematochezia or melena after
a normal stool

e Decrease in hemoglobin
>20g/1 or (hematocrit >6%)
despite > 2 units of blood has
been transfused during 24
hours

o Unstable circulation systolic
blood pressure <90mm Hg or
pulse>110/min (after having
had a stable circulation)

Or

Hematemesis (vomiting of

significant amount of (>200ml)

of fresh blood)

Therapeutic endoscopic

Injection therapy (epinephrine) followed

Preferably injection technique but thermal

E.g.: sclerotherapy. heater probe

Injection therapy (epinephrine)

injection of 80mg followed by a
continuous infusion of 8mg/hr for 72
hours)

80mg over 30 minutes followed by a
continuous infusion of 8mg/hr for 71.5
hours)

infusion of 80mg over 30mg followed
by a continuous infusion of 8mg/hr for
71.5 hours). If signs of rebleeding
occurred within 48 hours the
continuous infusion was given for 120
hours

procedures by captive thermocoagulation with heater | coagulation or electrocoagulation allowed and/or one of the following:
probe coagulation with heater probe,
electrocautery, hemoclips.
Drug and dosing Placebo or Omeprazole (a bolus LV. Placebo or Omeprazole (a bolus infusion of | Placebo or Omeprazole (a bolus Placebo or Esomeprazole ( a

bolus infusion of 80mg over 30
minutes followed by a continuous
infusion of 8mg/hr for 71.5 hours)

Oral Follow-Up Treatment
After L.V. treatment

Omeprazole (20mg once daily for 8
weeks)

After 48 hr LV. therapy, all patients
received Omeprazole (20mg once daily
until F/U visit Day21)

Omeprazole (20mg once daily until
follow-up visit, day 21)

Esomeprazole (40mg once daily
for 27 days)

Inclusion criteria
Age (years)

> 16 years

>18 years

>60 years

>18 years
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Signs of Gastrointestinal Within 24 hours after admission Within 12 hours prior to endoscopy Within 48 hours prior to admission Within 24 hours prior to
Bleeding endoscopy performed endoscopy

Forrest Classification of
Bleeding Ulcers Ia, Ib, IIa, or IIb Ia, Ib, IIa, or IIb Ia, Ib, IIa, or ITb Ia, Ib, IIa, or IIb

Successful endoscopic
hemostasis Yes Only Forrest Ia, lla Only Forrest Ia Yes

Sources: Table 9 “Comparisons of the study by Lau et al (Lau et al 2000), studies I-840, I-841 and D961DC00001)” Applicants Supporting Document page 32.
Study Synopsis Tnials I-840 and I-841.
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The Clinical reviewer evaluated the entry criteria, patient demographics and endoscopic
treatments administered in the 3 major omeprazole trials, and determined that differences in
the populations studied, endoscopic treatments administered, and definitions of the primary
endpoint precluded substantive comparisons between the esomeprazole trial and Trials -840
and [-841. The Clinical reviewer and Statistical reviewer conducted exploratory analyses of
these trials by examining the patients enrolled and identifying patients who received an
endoscopic treatment allowed in the esomeprazole trial D961DCO00001. Fifty-two such
patients were identified: 22 treated with placebo and 30 with omeprazole. No statistically
significant difference in proportion of patients with rebleeding events within 72 hours was
observed between groups in this exploratory analysis.

The trial reported in a publication by Lau, et. al , heretofore referred to as “the Lau trial”, was
similar enough to D961DC00001 that the Clinical and Statistical reviewers determined that
this trial merited careful review. There were immediate concerns about this trial because it
was a single center trial, conducted in Hong Kong. The population studied was exclusively
Asian. D961DC00001 was a multicenter, international trial. However, the enrollment criteria
regarding Forrest Class and endoscopic intervention were generally consistent between the two
trials. The dose and administration schedule for omeprazole was the same as utilized for
esomeprazole in trial D961DCO00001. Although the primary endpoints differed, the primary
endpoint of D961DC00001 was a prespecified secondary endpoint in the Lau trial. The
clinical definition of rebleeding was not identical between the trials. In the Lau trial, all
rebleeds that were suspected clinically were confirmed with endoscopy. In trial
D961DC00001, rebleeding could be diagnosed by clinical criteria alone.

The demographics for the populations enrolled in the two trials are summarized in the table
below, which is reproduced from the Clinical Review. Patients in the Lau trial were somewhat
older, and there was a higher proportion of patients who presented in hemodynamic shock.
Known positive H. pylori status was similar between the two trials. There were more patients
with unknown or “trace” H. pylori status in D961DC00001.
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Table 6 Comparison Baseline Characteristics trial D96DC00001 and Lau Trial

Characteristic Lau Trial Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(N =120) (N =120) (N =375) (N =389)
Gender, n (%)
Male 80 (66.7%) 80 (66.7%) 254 (67.7%) 268 (68.9%
Female 40 (33.3%) 40 (33.3%) 121 (32.3%) 121 31.1%
Age, years
Mean (SD) 64 (17.2) 67 (15.9) 62.1(17.1) 60.2 (17.6)
Min — Max 18-99 22 -95 18 -95 18 - 98
Patients per age category. n (%)
< 65 years 44 (36.7%) 40 (33.3%) 182 (48.5%) 210 (54.0%
> 65 years 76 (63.3%) 80 (66.7%) 193 (51.5%) 179 (46.0%
Shock at Presentation, n (%)
No 104 (86.7%) 106 (88.3%) 356 (94.9%) 370 (95.1%
Yes 16 (13.3%) 14 (11.7%) 19 (5.1%) 19 (4.9%)
H. pylori status. n (%)
Negative 42 (35.0%) 56 (46.7%) 92 (24.5%) 119 (30.6%
Positive 78 (65.0%) 64 (53.3%) 246 (65.6%) 226 (58.1%
Trace 18 (4.8%) 26 (6.7%)
Missing 19 (5.1%) 18 (4.6%)
Forrest Class, n (%)
Ia 14 (11.7%) 9 (7.7%) 28 (7.5%) 40 (10.3%)
Ib 50 (41.7%) 49 (40.8%) 166 (44.3%) 163 (41.9%
Ila 38 (31.7%) 36 (30.0%) 136 (36.3%) 151 (38.8%
IIb 18 (15.0%) 26 (21.7%) 42 (11.2%) 34 (8.7%)
Missing 0 0 3 (0.8%) 1(0.3%)
Ulcer location, n (%)
Gastric 53 (44.2%) 48 (40.0%) 157 (41.9%) 155 (39.8%
Duodenal 67 (55.8%) 72 (60.0%) 216 (57.6%) 233 (59.9%
Missing 0 0 2 (0.5%) 1 (0.3%)
Hemoglobin, g/L
Mean (SD) 94.5 (27.2) 95 (25.7) 97.7 (24.9) 97.4 (25.9)

Hospitalized at time of UGI bleeding prior to
enrollment, n(%)

Not hospitalized

Hospitalized

98 (81.7%)
22 (18.3%)

97 (80.8%)
23 (19.2%)

338 (90.1%)
37 (9.9%)

354 (91.0%
35 (9.0%)

Previous history of gastric or duodenal ulcer, n
(%)

38 (31.7%)

45 (37.5%)

112 (29.9%)

118 (30.3%

Previous ulcer bleeding, n (%)

36 (30.0%)

36 (30%)

Previous complications related to gastric or
duodenal ulcer, n (%)

44 (11.7%)

41 (10.5%)

Medication use prior to enrollment, n(%)
NSAIDs
Acetylsalicylic acid (dose unknown)
Warfarin

39 (32.5%)
23 (19.2%)
5 (4.2%)

40 (33.3%)
18 (15.0%)
5 (4.2%)

151 (40.3%)
103 (27.5%)
9 (2.4%)

157 (40.4%
103 (26.5%
13 (3.3%)

The efficacy results in the two trials are summarized in the table below, which is reproduced

from the Clinical Review.
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Table 7: Proportion of patients with clinically significant rebleeding within 72 hours and 30
days, Trial D961DC00001 and the Lau Trial

QOutcome Variable Trial by Lau et al Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(n=120) (n=120) (n=375) (n=389)
Patients with clinically significant 5 (4.2%) 24 (20%) 22 (5.9%) 40 (10.3%)

rebleeding within 72 hours, n (%)

Patients with clinically significant 8 (6.7%) 27 (22.5%) 29 (7.7%) 53 (13.6%)
rebleeding within 30 days

The incremental difference between omeprazole and placebo in proportion of patients who had
clinically significant bleeding within 72 hours is much greater in the Lau trial than the
difference between esomeprazole and placebo observed in D961DC00001. The difference in
the Lau trial was statistically significant, both for the primary endpoint (30 days) and the
secondary endpoint (72 hours). Although the outcome in the Lau trial seemed persuasive on
its face, the reviewers expressed concern about the apparent greater treatment effect observed
in this single center trial conducted in an exclusively Asian population. They questioned the
generalizability of the observation to non-Asian populations. They noted that studies have
demonstrated that Asian populations have a lower parietal cell mass, a higher prevalence of H.
pylori infection and a higher prevalence of cytochrome 2C19 genetic polymorphism. The
lower parietal cell mass and the higher prevalence of H. pylori infection could result in a
greater treatment effect observed in an exclusively Asian population. The summary table
above indicates that the proportion of patients who were H. pylori positive in the two trials was
similar, however, there were more patients with unknown status in D961DC00001. The
Clinical Pharmacology review presents data on impact of poor metabolizer phenotype on
omeprazole AUC and Cmax (both increase).

The Clinical reviewers also noted the higher rate of events in the placebo arm of the Lau trial
relative to the placebo arm of D961DCO00001. They considered the possibility that greater
patient age and the higher proportion of patients in hemodynamic shock at study entry in the
Lau study created a high risk study population, leading to a higher placebo event rate. In the
original review of D961DC00001, however, the Clinical reviewer noted that in the sub-
population of patients greater than 65 years of age, the apparent treatment effect of
esomeprazole was not as great as in the younger patients in the study.

Ultimately, the Clinical reviewers concluded that the data from the Lau trial do not adequately
support the effect of intravenous esomeprazole for the reduction of risk of rebleeding of
endoscopically treated peptic ulcers. I concur. The Lau trial was a single center trial that
enrolled an ethnically homogeneous population. The magnitude of the treatment effect in the
two trials differs, and the basis for the differences is not clear. A publication by Ghassemi
KA, et. al. (Gastric Acid Inhibition in the Treatment of Peptic Ulcer Hemorrhage. Current
Gastroenterology Reports 2009, 11:462-469) also observed this discrepancy and noted that
historically studies of treatment for peptic ulcer bleeding in Asian populations have had
discrepant results compared to studies that enrolled more diverse populations. The authors
attributed the difference to factors such as lower mean age of Asian patients, smaller parietal
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cell mass in Asian patients, higher prevalence of slow PPI metabolizers, and H. pylori
prevalence in Asians.

The same authors considered whether the relative small absolute difference in percentage of
events in 72 hours between the esomeprazole arm and placebo in D961DC00001 supported
standardized treatment of patients with this regimen. They ultimately concluded that is was
justified in light of a cost effectiveness analysis, and noted that a subgroup analysis of 30-day
rebleeding rates suggested that Forrest Ib patients do not require high-dose intravenous PPI
therapy because they have a lower rate of rebleeding. The latter conclusion was based on the
fact that the observed rate of rebleed in 72 hours in the Forrest Ib subgroup was 5% in both the
placebo and esomeprazole arms. e

Interestingly, in exploratory efficacy analyses by
Forrest Class, the difference between omeprazole and placebo in the Forrest Ib subclass in the
Lau trial was nominally significant (2% vs. 16%, p=0.02), favoring omeprazole. This
subgroup analysis encompassed rebleeding over 30 days. In the Lau study, the proportions of
rebleeding events in the first 72 hours in the Ib subgroup were 2% (omeprazole) and 12%
(placebo).

An additional apparent inconsistency in efficacy within a subgroup between the two trials was
observed in the =65 years of age subgroup. In the original review of D961DC00001, the
Clinical reviewer was concerned that the treatment effect in patients >65 did not appear as
great as in patients younger than 65 years of age. The Clinical reviewer of this complete
response submission compared the subgroup efficacy analyses by age between the two trials
and observed the magnitude of effect differed between trials. It was much greater in the Lau
trial in the subgroup of older patients. This is summarized in the table below.

Table 8: Rebleeding Event Rates By Age Subgroup by Trial

Qutcome Variable Trial by Lau et al Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(n=120) (n=120) (n=375) (n=389)
Age
subgroup
Patients with clinically
significant rebleeding within 72
hours, n (%)
2 65 years 5/76 21/80 6.2% 8.4%
6.6% 26.3%
< 65 years 0/44 3/40 5.5% 11.9%
7.5%
Patients with clinically
significant rebleeding within 30
days
2 65 years 6/76 24/80 o o
7.9% (30%)
<65 years 2/44 3/40 _ _
4.6% 7.5%
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I concur with the CDTL that these differences between the trials increase concern that we
have limited ability to generalize the results of the single center Lau trial to a more
heterogeneous U.S. population.

The reviewers state that the applicant acknowledged the level of significance in the single study
did not reach the level of significance needed for a single study to support efficacy in its complete
response submission. However, the applicant challenged some of the elements of the deficiencies
listed in the CR letter. The Statistical reviewer summarized the applicant’s specific disagreements,
and evaluated the arguments that they put forth. The applicant maintained that the results of the
single trial are consistent across subgroups, secondary endpoints and study centers. The
Statistical reviewer agreed with some of the applicant’s points, and disagreed with others.

Because a single study was submitted to support the proposed indication in the initial SNDA,
the original FDA Statistical reviewer conducted a series of sensitivity analyses to assess the
robustness of the study results. The following, taken from my original review, summarizes
some of the major exploratory analyses that the FDA reviewers conducted during the original
review cycle:

1) To address the concern that the Forrest Class I vs. II stratification, which was in the
prespecified analysis, had been changed after closing the study, the reviewers
conducted an analysis utilizing the original planned analysis, incorporating pooled
Forrest Class I and II. This analysis yielded efficacy results similar to those presented
by the applicant in this NDA utilizing the modified Statistical Analysis plan, p=0.027.
(The p value shifted minimally from 0.026.)

2) To address the issue of collapsing the four Forrest categories into two stratification
categories, the reviewers adjusted the primary efficacy analysis utilizing all four
classification categories in the model. This analysis also incorporated the applicant’s
prespecified stratification factor of type of endoscopic treatment. The results of this
exploratory analysis yielded a nonsignificant p-value of 0.169. The treatment effect
remained -4.4% for proportion of treatment effect esomeprazole minus placebo.

3) Regarding the concerns about the variation in standard of care across countries and
centers, the reviewers explored the following:

a. Dropping all patients treated with only epinephrine injection from the
analysis, since this stand alone treatment is no longer considered sufficient
therapy in the U.S. This reduced the population by 143 in the esomeprazole
arm and by 142 in the placebo arm. The overall treatment effect remained
-4.5% (esomeprazole minus placebo), but the p-value shifted to 0.067. This
shift, however, might be anticipated with dropping approximately a third of
the patients from the ITT analysis.

b. Dropping the center from the Netherlands, Site 0102, which had the largest
treatment effect in favor of esomeprazole, 30.9%, from the analysis. The
number of patients randomized at this site was 53 of the total 764 ITT
population. Dropping this site from the analysis resulted in a slightly
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diminished overall treatment effect, -3.73% ((5% CI=-7.67, 0.10)
(esomeprazole minus placebo), and a shift in the p-value to 0.06.

c. Adding country as a stratification factor to explore the treatment effect by
country. (The reviewers could not do a similar analysis by center because
only a limited number of centers had randomized >12 subjects.) When
country was added as a stratification factor to the model that incorporated
the applicant’s original prespecified analysis stratification factors of
endoscopic treatment (single vs. combination) and pooled Forrest Class (I
vs. II), the p-value shifted to non-significant, p=0.058. The treatment effect
remained -4.4% for proportion of treatment effect esomeprazole minus
placebo. If the model incorporated adjustment for the Forrest class by
individual classification — Ia, Ib, Ila, IIb — and country, the p-value shifted
to 0.327.

4) The reviewers evaluated subgroup analyses to examine the trial for consistency of the
observed outcome among important subgroups. The treatment effect for esomeprazole
was most pronounced in younger patients, less than age 65 (6% rebleed vs. 12%
rebleed). In patients over the age of 65 (total N = 372), the rebleed rate was 6% on the
esomeprazole arm and 8% on the placebo arm.

The FDA’s exploratory analyses included an investigation of the contribution of country to the
overall results of this single trial (which didn’t enroll patients at sites within the US).
Adjustment by country was explored because analyses adjusting by study center could not be
performed due to low enrollment at many sites. The CR letter stated “It is appropriate to
account for country-to-country variation, so the protocol specified analysis was further
stratified by country. This resulted in an insignificant treatment effect (p=0.06), although the
absolute reduction in rebleeding remained 4.4%.”

In the Complete Response, the applicant asserted that the Breslow-Day test supports the
homogeneity of the treatment effect across study centers. The Statistical reviewer did not
agree: “Because the Breslow-Day test is not a very powerful test for detecting lack of
homogeneity, the lack of a statistically significant finding is not necessarily meaningful.
Moreover, the small sample sizes when considering stratification variables in the original
study further limits the usefulness of the test. Additionally, the test assesses the consistency of
odds ratios, whereas the estimate of interest was the difference between two treatment groups.”
The Statistical reviewer noted that the applicant expressed concerns about the FDA’s use of
the Mantel-Haenszel test, stratified by country. The applicant stated that 29/64 2X2 tables
would have to be excluded in this analysis due to absence of observations in table cells. The
Statistical reviewer examined the FDA analysis from the original review and found that no
tables were excluded from the analysis because the original reviewer utilized a PROC FREQ
SAS procedure to implement the Mantel-Haenszel test, which adds a value of 0.5 to cells with
no observations. In addition, the Mantel-Haenszel analysis was not limited to the country
stratification.

Page 22 of 30

Reference ID: 2962171



Division Director Review

The CR letter cited concerns about variability in treatment effect across centers and concerns
about Center 0102, located in the Netherlands, which had a very large treatment effect
favoring esomeprazole. The table below, reproduced from the Statistical reviewer’s addendum
review, summarizes the observed treatment effect in each center.

The applicant maintained that the data from site 0102 were high quality and that the large
treatment effect could have resulted from recruitment of higher risk patients at this site. The
Statistical reviewer remained concerned about the robustness of this single study, however, in
light of the fact that if the 21 subjects enrolled at the site are removed from the analysis, the p-
value shifts to >0.05. [The overall treatment effect observed in the study decreased to -3.73%
(95% CI=-7.67,0.10) and p-value shifted to 0.06.] This concern is based on the fact that 21 is
a relatively small fraction of the total of 767 patients in the entire study, and yet the p-value is
impacted by their removal. Interestingly, the Hong Kong site in D961 DC00001 enrolled
double the number of patients enrolled in the Netherlands, and the treatment effect was much
smaller, even smaller than that observed in the Lau trial discussed earlier in this review.
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The CR letter cited inconsistencies in treatment effect among subgroups. The Statistical
reviewer stated in her addendum review that she agreed with the applicant that the results did
not appear to vary substantially among subgroups defined by race, age, and gender. She
placed the following quote from the original SNDA statistical review from 11/13/2008 in her
addendum review to show the subgroup data she examined to support her conclusion:

The reviewers from the original review were concerned that there might be differences in
efficacy between older and younger age groups based on the fact that the rate of rebleed was
halved in the <65 years of age group, but was reduced by approximately 25% in the older age
group. Nearly half of the patients enrolled in this trial were > 65. Although this subgroup
analysis does not constitute robust evidence of difference of treatment effect, the observation
was included in the CR letter as one of many points that created concerns about relying on a
single trial, particularly without a highly persuasive p value. As noted in the discussion of the
Lau trial results, the treatment effect in the older age group in that trial appeared greater than
that in the younger age group, and differed from the analysis in D961DC00001. Nearly 2/3 of
patients in the Lau trial were > 65 years of age.

Ultimately, the Statistical reviewer has concluded that the applicant’s responses “do not dispel
concerns regarding the level of statistical significance, and issues with the distribution of the
treatment effect across study center and country.” She stated, however, that the review
question now, after submission and review of the omeprazole trials, is not whether the data
from the esomeprazole trial is adequate to stand alone as substantial evidence of efficacy to
support approval of the proposed indication, but “whether the original study can be considered
one of two studies to support the efficacy of esomeprazole, where the other studies are the
omeprazole studies contained in the resubmission.” She concluded that the Lau omeprazole
study results ““ appeared persuasive, the issue is whether the results can be generalized to the
United States. Thus, the approval of the desired indication seems to rest on the original
study.”

8. Safety

Safety data sets for omeprazole studies -840 and 1-841and the esomeprazole Study
D961DC00001 (from the original SNDA submission) were submitted in this complete
response. For the Lau trial (omeprazole), case report forms were submitted. Postmarketing
safety information for esomeprazole was also submitted. The Clinical reviewer did not review
the safety data sets from study -840 and 1-841. However, the Clinical reviewers noted that
mortality was higher in the omeprazole arm of I-841. The Clinical reviewer evaluated the
safety data from the Lau trial and the postmarketing safety data.
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Because the case report forms for the Lau study did not identify the patient’s treatment group
assignment, interpretation of association with treatment was impossible. An information
request was sent late in the review cycle for this information, and it will be reviewed with the
next cycle. There were five patients in the omeprazole group who died within 30 days after
the initial endoscopy, none due to recurrent bleeding. Twelve patients in the placebo group
died within 30 days of the initial endoscopy. Four died after surgery (gastrectomy for recurrent
bleeding in 3 and excision of a perforated ulcer in 1). Two placebo patients, deemed unfit for
surgery, died from recurrent bleeding. The remaining six died from complications related to
concurrent illnesses.

The submitted postmarketing safety data included 41 case reports describing 45 serious
adverse events (SAEs) and 20 non-serious adverse events, which were identified in the
applicant’s most recent periodic safety update report. In ten of the case reports, the indication
for use was gastrointestinal bleeding. Two of the reports were from clinical trials where
esomeprazole had been given either as a concomitant drug or the indication was for use in
pediatric patients. Three deaths were reported; one case of agranulocytosis, hematoma, and
acute hepatitis. Doses were provided in 35 case reports, and ranged from 20mg to 200mg
daily. When recorded, the time from initiation of the intravenous esomeprazole therapy to the
onset of the adverse event ranged from 0 days to 61 days.

I concur with the CDTL’s conclusions that the safety data within this submission were limited
and revealed no new safety signal.

9. Advisory Committee Meeting

There was no advisory committee meeting for this supplemental application.

10. Pediatrics

The applicant requested a waiver of pediatric studies because “studies are impossible or highly
impractical because the number of patients is so small and geographically dispersed.” The
Clinical reviewers of the initial submission did not agree and requested that a pediatric
program be developed for this indication. The application was not discussed at PeRC during
that review cycle because it is not going to be approved.

In the resubmission, the applicant again requested a full waiver. Pediatric and Maternal Health
Staff (PMHS) was consulted to evaluate the feasibility of pediatric studies for the proposed
indication; ®® 1isk reduction of rebleeding in patients
following therapeutic endoscopy for acute bleeding gastric or duodenal ulcers. The applicant
provided peptic ulcer incidence rates in children from Germany and Sweden (4.3/100,000 and
0.5/100,000 respectively) and stated that only a fraction of these patients would have bleeding.
The applicant also provided data from a claims data base as a basis for projecting the number
of pediatric patients with bleeding peptic ulcer in the U.S. The PMHS reviewer concluded
that studies in pediatric patients who undergo therapeutic endoscopy for acute bleeding gastric
or duodenal ulcers are impossible or highly impracticable because the number of patients is so
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small or the patients are geographically dispersed. She recommended that a full waiver for the
proposed indication. The PMHS reviewer stated that if the applicant were to seek a broader
indication such as 09

pediatric studies may be feasible. The Pediatric Review Committee concurred
with granting the full waiver.

The potential for a Written Request for pediatric studies was discussed; however,
esomeprazole was granted pediatric exclusivity on May 1, 2009. The CDTL noted in her
review that “Since esomeprazole is an enantiomer of omeprazole, the exclusivity granted to
esomeprazole at that time was considered a second period of exclusivity for the moiety.
Therefore, esomeprazole 1s not eligible for any further periods of exclusivity.”

11. Other Relevant Regulatory Issues

No additional financial disclosures were submitted with the complete response. The financial
disclosure review in the initial review cycle identified that one investigator, Dr. Ernst J.
Kuipers, reported receiving significant financial payments and was a principal investigator at a
site in the original pivotal trial, site 0102 in the Netherlands. The largest treatment effect in all
centers that participated in this study was observed at this site, -31% rebleeding events,
favoring the esomeprazole arm of the study. A sensitivity analysis was conducted to explore
the impact of that center’s data on the overall observed outcome of the study by removing the
patients treated at that center from the efficacy analysis, and the overall treatment effect
observed in the study decreased to -3.73% (95% CI =-7.67, 0.10). The p-value shifted to
0.06.

A DSI consult was obtained to inspect site 0102. The DSI consult concluded that no
significant deficiencies were observed and a Form FDA 483 was not issued. The study data

from Site 102 appear reliable with respect to the study protocol as written and submitted in the
NDA.

12. Labeling

This supplement will not be approved at this time. There were no labeling negotiations.

13. Decision/Action/Risk Benefit Assessment

e Regulatory Action - Complete Response

¢ Risk Benefit Assessment — I concur with the Clinical and Statistical reviewers
that the applicant has not provided sufficient evidence in this application to
establish that Nexium IV, administered in the proposed dose of 80 mg
mtravenous loading dose over 30 minute infusion, followed by 8 mg/hour for 3
days, is effective in R

The p-value

from the single phase 3 study submitted in the first review cycle was not highly
statistically persuasive and was not found to be robust in multiple sensitivity
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analyses. The sensitivity analyses selected were meaningful as they addressed
potential confounders in the conduct of the trial and its analysis. The
applicant’s responses to the elements of the deficiencies identified in trial
D961DCO00001 in the CR letter did not change the reviewers’ position that the
trial was not adequate to stand alone as a single trial that provides substantial
evidence of efficacy.

I concur with the reviewers that the data from the submitted omeprazole studies
are not sufficient to support approval of Nexium IV for the proposed indication.
The omeprazole data from the Lau trial are clinically and statistically
persuasive; however, it is not clear that the data from this study are
generalizable to the U.S. population because this study was performed at a
single site in Hong Kong. Other studies have demonstrated that Asian
populations have a lower parietal cell mass; a higher prevalence of H. pylori
infection; and a higher prevalence of cytochrome 2C19 genetic polymorphism,
all of which may potentially lead to a larger treatment effect.’ In addition, there
were inconsistencies in magnitude in the observed treatment effect between the
Lau trial and D961DC00001, both overall and within specific subgroups.
Therefore, the data presented by the applicant in this resubmission do not
adequately establish the effectiveness of intravenous esomeprazole for the
reduction of risk of rebleeding of endoscopically treated peptic ulcers.

I concur with the reviewers that the applicant should conduct at least one
additional phase 3 trial to replicate the findings of the study submitted in this
supplement.

Thefollowing description of this NDA supplement’s deficiencies and how
they may be addressed will be conveyed in the Complete Response letter:

CLINICAL AND STATISTICAL

The additional data submitted do not provide substantial evidence of efficacy of your product
for the proposed indication for the reasons listed below:

1. Trials I-840 and I-841 differ from the efficacy trial, D961DC00001, submitted in the
sNDA on May 29, 2008, in several important ways, including the endoscopic
treatments administered and the primary endpoints evaluated. Therefore, these trials
were not adequately designed to support the proposed indication.

2. When patients from trial -840 and I-841 are matched to the population enrolled in the
original efficacy trial, D961DC00001, based on enrollment criteria, too few patients
remain to provide adequate power to show a statistically significant treatment effect.
Of the combined total of 607 patients enrolled in the studies, only 52 patients met the

! Leontiadis GI, Sharma VK, Howden CW; Systematic review and meta-analysis: enhanced efficacy of proton-
pump inhibitor therapy for peptic ulcer bleeding in Asia—a post hoc analysis from the Cochrane Collaboration.;
Alimen. Pharmacol. and Therap; .2005; 21:1055-1061.
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enrollment criteria of D961DCO00001. The proportion of omeprazole-treated patients in
this subgroup who had a rebleeding event within 72 hours was 13.6% (3/22). Although
this proportion was lower than that observed in the placebo-treated patients, 23.3%
(7/30), the difference was not statistically significant (p=0.49, Fisher’s Exact Test).

3. The clinical trial reported by Lau, et al.? is comparable in design to D961DC00001 and
the trial provides evidence of efficacy of intravenous omeprazole for the proposed
indication. However, the study was conducted at a single center in Hong Kong and the
population enrolled was ethnically homogeneous. Other studies have demonstrated
that Asian populations have a lower parietal cell mass; a higher prevalence of H. pylori
infection; and a higher prevalence of cytochrome 2C19 genetic polymorphism, all of
which could have contributed to the larger treatment effect observed in the Lau trial.
Therefore, the ability to generalize the results of this trial to the U.S. population is
limited.

4. There is a substantive difference in the rebleeding rate in the placebo group (20%) of
the trial reported by Lau, et al. compared to D961DC00001 (10%). It is not clear why
the rebleeding rate in the Lau, et al. trial is double the rate observed in D961 DC00001.
It may be partially explained by the differences in Asian populations described in #3
above, or by differences in factors such as age and baseline health status, which may
impact on the risk of rebleeding. Additionally, operational factors such as differences
in endoscopic technique may affect the risk of rebleeding. This inconsistency in
rebleeding rates between the trials also raises questions about the ability to generalize
the results of this trial to the U.S. population.

5. There were substantive differences in the efficacy outcomes within important
subgroups in the clinical trial reported by Lau, et al. compared to D961DC00001.
These inconsistencies raise questions about the reproducibility of the efficacy outcome.

a. In the subgroup of patients 65 years of age and older, the decrease in proportion
of patients with rebleeding within 72 hours in the esomeprazole arm relative to
placebo was 2.2% in D961DC00001. In contrast, the decrease in the same
subgroup treated with omeprazole relative to placebo in the trial reported by
Lau, et al. was 19.7%.

b. In the subgroup of patients with Forrest Ib classification, there were _similar
proportions of patients with rebleeding within 72 hours in the esomeprazole and
placebo arms in D961DC00001 (a 0.5% difference). In contrast, there was a
decrease in the proportion of patients with rebleeding within 72 hours in the
omeprazole arm relative to placebo of 10% in the trial reported by Lau, et al.

6. The information from observational studies and literature reviews of intravenous
esomeprazole and omeprazole were not considered adequate to constitute primary
evidence of the efficacy of the product for the proposed indication.

2Laul , Sun J, Lee K, et al, Effect of Intravenous Omeprazole on Recurrent Bleeding after Endoscopic Treatment
of Bleeding Peptic Ulcers, N. Engl. J. Med., 2000, Aug 3; 343(5): 310-316
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7. We have reviewed your responses to the deficiencies cited in the November 26, 2008,
Complete Response Letter regarding trial D961DC00001. Your responses do not
change our conclusion that D961DC00001, as a single adequate and well-controlled
trial, does not provide sufficient evidence to support the your proposed indication. The
following comments are responses to specific issues raised in your resubmission:

a. Your assertion that the Breslow-Day test supports the homogeneity of the
treatment effect across study centers for D961DC00001 is not persuasive. The
Breslow-Day test is not a powerful test for detecting lack of homogeneity. For
this reason, the lack of a statistically significant finding is not necessarily
meaningful. Moreover, the small sample sizes when considering stratification
variables further limit the usefulness of the test.

b. A Division of Good Clinical Practice Compliance inspection was performed at
site 0102 in the Netherlands because Dr. Emst J. Kuipers, MD, PhD, the
principal investigator at that site, disclosed that he had accepted significant
payments from AstraZeneca. The inspection found that the data from this site
appear reliable. Nevertheless, as stated in the Complete Response letter, the
large magnitude of treatment effect observed at this site, and the impact this
single site had on the overall efficacy of the trial, suggest that the efficacy
results of DC961DC00001 are not robust.

c. You contend that the suboptimal pharmacodynamic (PD) effects of
esomeprazole on gastric pH observed in the PK/PD studies submitted in the
sNDA on May 29, 2008, can be attributed to the fact that the studies were
performed in Helicobacter pylori negative healthy subjects, 1.e., subjects in
whom it would be more difficult to suppress intragastric acidity, and that a pH
of 6 would have been more consistently achieved if the population studied had
had peptic ulcer disease. We disagree because this position assumes that all
patients with peptic ulcer disease have H. pylori. Not all patients with peptic
ulcer disease are H. pylori positive. The populations enrolled in the clinical
trials you submitted to this NDA attest to this.

In order to address the deficiencies that have been identified in this SNDA, the following
information should be included in the resubmission:

Conduct at least one additional, adequate, and well-controlled trial to demonstrate the

clinical benefit of Nexium® IV De

The trial should include some U.S. centers, and should be designed to evaluate a
specific population of patients that would be most likely to benefit from treatment with
esomeprazole.

Additional Comments:
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The pharmacokinetic data in patients with hepatic impairment that you provided in the SNDA
are not adequate to assess the recommended dose for continuous intravenous infusion of
esomeprazole in patients with moderate and severe hepatic impairment.

The following information should be included in the resubmission:
Resubmit the modeling and simulation results of previously collected data to support an

estimate of the proper constant infusion rate in patients with moderate and severe hepatic
impairment
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1. Introduction

Nexium® IV (esomeprazole sodium injection) was approved in 2005 for short-term treatment
(up to 10 days) of GERD in patients with a history of erosive esophagitis, as an alternative to
oral therapy when therapy with Nexium Delayed-Release Capsules is not possible or
appropriate. The label states that “when oral therapy is possible or appropriate, intravenous
therapy with Nexium IV for Injection should be discontinued and the therapy should be
continued orally.” The approved doses for this product are either 20 or 40 mg once daily by
mtravenous injection (over no less than 3 minutes) or intravenous infusion (10-30 minutes).
No new dosage format/presentation is proposed in this new application to accommodate the
higher dose and the infusional administration schedule. Nexium IV is currently supplied as
20mg and 40 mg vials.

In this NDA supplement, the applicant, AstraZeneca, proposes a new indication, for which
there 1s a new dose and administration schedule. The new indication is “Nexium IV for
Injection 1s indicated @ 1isk reduction of
rebleeding in patients following therapeutic endoscopy for acute bleeding gastric or duodenal
ulcers”. The dose proposed in the label for this indication is 80 mg administered as an

mtravenous infusion over 30 minutes, followed by a continuous infusion of 8 mg/hour given
over 3 days, we

®@

©@ The oral formulation indications include:
1) healing of erosive esophagitis, maintenance of healing of erosive esophagitis, treatment of
symptomatic gastroesophageal reflux disease, reduction in the occurrence of gastric ulcers
associated with continuous NSAID therapy in patients at risk for developing gastric ulcers
based on age or history of gastric ulcers, H. pylori eradication to reduce the risk of duodenal
ulcer recurrence, and long-term treatment of pathological hypersecretory conditions, including
Zollinger-Ellison Syndrome.

The applicant submitted a single randomized, placebo controlled clinical trial to support this
new indication. In addition, two PK/PD studies, 24 hours in duration, both conducted in
healthy volunteers, were submitted to provide evidence that the dosing regimen achieved the
pharmacodynamic goal of raising gastric pH to at least 6. This review will focus on the
elements that led the clinical/statistical reviewers to conclude that the evidence provided in this
single randomized, controlled trial coupled with the PK/PD data, is not adequately robust to
support approval at this time.

2. Background

As stated above, the intravenous Nexium IV product was approved in 2005. The development
plan for the indication proposed in the current supplement was the subject of correspondence
between the FDA and the applicant. Responses to meeting questions were accepted in lieu of

Page 3 of 23



Division Director Review

a meeting on February 9, 2004. The review division concurred to a placebo controlled trial in
the first 72 hours after endoscopic intervention, but recommended that pharmacodynamic data
be collected on Days 1, 4 and 8.

The hypothesis that the higher dose of Nexium IV coupled with a continuous infusion would
decrease the risk of rebleed is linked to what is known about the impact of acidic pH on clot
stability and hemostasis. Green WF, et. al. published a series of in vitro studies that evaluated
the impact of changes in hydrogen ion concentration on the soluble and cellular coagulation
systems.(Green WR, et al. Gastroenterology. 1978 Jan; 74(1):38-43.) At pH 6.4,
polymerization of fibrinogen was prolonged and platelet aggregation was reduced by >50%.
At a pH of 5.4 platelet aggregation and plasma coagulation were nearly completely inhibited.
Patchett SE, et al. conducted in vitro studies of the impact of gastric juice (from patients and
healthy volunteers) on formation of fibrin clots. They showed that gastric juice markedly
increased fibrinolysis (Patchett SE, et al. Gut. 1989 Dec; 30(12):1704-7), which was attributed
to acid dependent proteases. Pepsinogen is activated to pepsin in gastric acid.

e applicant conducted a dose finding study, 24 hours 1n duration,
to 1dentify the optimal dose for achieving the pharmacodynamic goal of maintaining pH>6.
That dose was then evaluated in the setting of a phase 3 trial that enrolled a population of
patients who presented with an upper gastrointestinal bleed from either a gastric or peptic
ulcer. The study utilized a 72 hour intravenous treatment, followed then by oral daily dosing
for the remainder of a 30 day period. The primary clinical benefit endpoint was reduction in
rebleeding during the 3 day period of intravenous esomeprazole infusion. In the Clinical
Pharmacology/Biopharmaceutics section of this review I will summarize the PK/PD data and
the observed potential for the dose and administration schedule to achieve the PD goal of
increasing the pH to >6. In the Clinical/Statistical section of this review I will examine the
efficacy outcome reported in the single randomized, placebo controlled efficacy study
submitted to support marketing approval for this new indication, and how that outcome
correlates with the pharmacodynamic effects described in the PK/PD studies.

A single efficacy study was submitted to support approval of this supplemental NDA. The
major focus of the clinical/statistical review was whether this single study provides adequately
robust evidence of effectiveness to support the approval of Nexium IV for the proposed new
indication —

— as a stand alone trial.

3. CMC/Device

This supplement proposes the use of the existing approved drug product, The only CMC
issue was the Environmental Assessment, due to the increased dose and potential increased use
of this product. The supplement was reviewed for Environmental Assessment and the
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recommendation was “FONSI” (Finding of No Significant Impact), by Raanan Bloom, PhD,
from HFD-003.

I concur with the CMC reviewer that this supplement is approvable from a CMC standpoint.

4. Nonclinical Pharmacology/Toxicology

I concur with the conclusions reached by the pharmacology/toxicology reviewer that there are
no outstanding pharm/tox issues that preclude approval.

5. Clinical Pharmacology/Biopharmaceutics

The current Nexium IV product label’s Clinical Pharmacology section reports pharmacokinetic
data for the intravenous 20 mg and 40 mg doses in healthy volunteers who were administered
Nexium IV daily x 5 days. The pharmacokinetic parameters are for the fifth day of dosing,
and reveal some accumulation in the AUC with increasing dose. While the C,,, increases in a
dose proportional fashion, the AUC more than doubles with doubling of the dose. A similar
phenomenon was observed previously in evaluation of the pharmacokinetics of the oral
Nexium doses of 20 and 40 mg over 5 days of administration — a dose proportional increase in
Cmax between the two doses, but a tripling of AUC between the 20 and 40 mg dose levels, with
a slight increase in the t;/, at the 40 mg dose level relative to 20 mg.

Pharmacokinetics of Nexium After IV Dosing for 5 Days

Nexium IV 20 mg Nexium 40 mg
AUC(micromole*h/L) 5.1 16.2
(4.0-6.6) (14.5, 18.2)
Cinax (micromole/L) 39 7.5
(3.2,4.7) (6.9,8.1)
T (hour) 1.1 1.4
(0.9, 1.2) (1.3, 1.5)

The pharmacodynamic (PD) effects of Nexium dosed IV daily x 5 days were reported in the
Clinical Pharmacology review of the initial NDA for Nexium IV — NDA 21-689. The PD
effects were reported as percentage of time with pH>4. The following table is a reproduction
with modification of Table 4 Estimates of geometric means of the percentage time pH >4 after
IV and oral administration of 40 mg multiple doses of esomeprazole from the Clinical
Pharmacology review:

Pharmacodyamic Effects of Esomeprazole 40mg IV and PO: Percentage Time pH >4

Study Day Treatment Estimate 95% CI
Day 1 40 mg IV 42% (35,48)
40 mg PO 37% (30,44)
Day 5 40 mg IV 66% (62,70)
40 mg PO 64% (60,67)
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The table above shows an increase in the pharmacodynamic effect over time with both the
oral and intravenous products.

PK (Table 3 Estimates of geometric means of the primary PK parameters after [V and oral
administration of 40 mg multiple doses of esomeprazole) is reproduced from the Clinical
Pharmacology review of the initial review of NDA 21-689 for Nexium IV. The table shows
that the AUC increases from Day 1 to Day 5, while the C,,.x remains fairly stable. Thet ;/,
increases slightly and clearance decreases.

Estimates of geometric means PK parameters after multiple doses of 1V and oral esomeprazole

Treatment Estimate 95% CI
AUC Day 1 40 mg IV 9.9 (8.2,11.9)
Day 5 40 mg IV 16.2 (14.5, 18.1)
Cinax Day 1 40 mg IV 6.8 (6.0, 7.6)
Day 5 40 mg IV 7.5 (6.9, 8.1)
T Day 1 40 mg IV 1.1 (0.9, 1.2)
Day 5 40 mg IV 1.4 (1.3,1.5)
Clearance Day 1 40 mg IV 11.7 (10.0, 13.7)
Day 5 40 mg IV 7.1 (6.4, 8.0)

In a study of longer duration, the PK/PD of intravenous esomeprazole 40 mg dosing (30
minute infusion) x 10 days was evaluated. Again the AUC was noted to increase, t,
increased and clearance decreased when the values at Day 10 were compared to Day 1. The
percentage of time that the pH was >4 increased from a mean of 33% on Day 1 to 56% on Day
10.

The pharmacodynamic impact of the oral 20 and 40 mg dose levels administered over a 5 day
period on intragastric pH is presented in the Nexium oral product label. The table below is
taken (and modified) from the Delayed Release capsule and oral suspension label. Please note
that these pharmacodynamic data were obtained after 5 days of dosing, and the reference pH is
4.

Effect of Oral Nexium on Intragastric pH on Day 5

Nexium 20 mg oral Nexium 40 mg oral
Percent Time Gastric pH >4 53% 70%
(hours)
Coefficient of variation 37% 26%
Median 24 hour pH 4.1 4.9
Coefficient of variation 27% 16%

In the review of the oral Nexium NDA, NDA 21-153, which is publicly available, the clinical
pharmacology reviewer noted that when the oral Nexium doses of 5, 10 and 20 mg were
evaluated to examine the correlation of AUC with percentage of inhibition of pentagastrin-
stimulated acid secretion, the antisecretory effect was dose dependent across those doses. An
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increased effect upon repeated daily doses was noted. A lower AUC was needed for maximal
inhibition of acid secretion on day 5 relative to Day 1. These data are summarized in the table
below, which is reproduced and modified from Table 1 Summary of the mean primary PK and
PD parameters for each treatment form the Clinical Pharmacology review, which is publicly
available on the CDER website, from NDA 21-153 esomeprazole (page 34 of that review).

PK/PD of Ascending Doses of Oral Esomeprazole Over Five Days

Dose Day AUC % Inhibition of pentagastrin
(micromoleh/L) stimulated acid secretion
5 mg Day 1 0.3 15%
Day 5 0.3 28%
10 mg Day 1 0.7 29%
Day 5 1.0 62%
20 mg Day 1 1.5 46%
Day 5 3.1 90%

In the current NDA supplement, the studies conducted to evaluate the pharmacokinetics and
pharmacodynamic effects of the proposed new dose regimen, with increase of the initial 30
minute infusion dose to 80 mg, and the addition of an 8 mg/hour infusion, were limited to 24
hours duration. The PK/PD studies included an esomeprazole dose finding study in healthy
subjects and a study that evaluated the esomeprazole dose identified in the latter study vs.
omeprazole.

In the dose finding study, the initial intravenous loading doses evaluated were 40 mg, 80 mg,
and 120 mg. The infusional dose levels for the remainder of the 72 hour period were 8 mg/hr
in each combination, with the exception of one group, a combination of 80 mg loading dose
followed by a 4 mg/hour infusion. The AUC (.54 and Cyx at the selected dose administration
schedule, 80 mg loading dose + 8 mg/hr maintenance infusion, were 110 (+/- 23) micromole-
h/L and 14 (+/-3) micromole/L, respectively, which is substantially higher than the C,,x and
AUC observed after five days of single intravenous infusions of 40 mg Nexium, as reported in
the product label. In the second PK/PD study, which compared the selected dose to
omeprazole, the observed esomeprazole AUC_p4 and Cy,ox were slightly lower — 99
micromole-h/L (+/- 26) and 13 micromole/L (+/-3).

The PD effects observed in the first 24 hours evaluated are presented in Dr. Tien-Mien Chen’s
clinical pharmacology review. The following figure is reproduced from his review. This
figure summarizes the median intragastric pH profiles for the healthy subjects treated in the 24
hour dose finding study described above. Note that the curves do not consistently reach a pH
of 6 until late in the 24 hours, and do not achieve a pH of 7.

Page 7 of 23



Division Director Review

Figurel. Median Intragastric pH Profiles at Baseline and during administration of
Esomeprazoleto Healthy Subjects, Treatments A-E (D9615C00015)
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The 80 mg loading dose followed by an 8 mg/hour infusion resulted in a higher percentage of
time that the intragastric pH was >6 (52%), compared to the 40 mg dose level (44%) and the
80 mg + 4 mg/hour infusion dose levels (46%). This was true in the first 3 hours after starting
treatment as well — the selected dose (80 mg loading followed by 8 mg/hour infusion) was
associated with a higher percentage of time spent at a pH > 6 — 46% vs. 25% for the 40 mg
dose level and 35% for the 80 mg + 4 mg/hour dose. The higher dose levels didn’t result in

further improvement over the 80 mg loading dose level (120 mg loading followed by 8
mg/hour). These outcomes are summarized in the table below.
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Table: Estimates of mean percentage of time with intragastric pH>4, pH>6, pH>7 with
intravenous infusion of esomeprazole at 5 different infusion combinations in healthy subjects,
during the 24 hour period by dose level (‘adapted from Dr. Tien-Mien Chen’s review)

Esomeprazole Regimen Estimate
pH>4 (0-24) 40 mg + 8 mg/h 82%
80 mg + 4 mg/h 80%
80 mg + 8 mg/h 90%
120 mg (30 min)+ 8 mg/h 84%
pH>6 (0-3hr) | 40 mg+ 8 mg/h 25%
80 mg + 4 mg/h 35%
80 mg + 8 mg/h 46%
120 mg (30 min)+ 8 mg/h 46%
pH>6 (0-24h) | 40 mg + 8 mg/h 46%
80 mg + 4 mg/h 44%
80 mg + 8 mg/h 52%
120 mg (30 min)+ 8 mg/h 49%
pH>7 (0-24h) | 40 mg + 8 mg/h 2%
80 mg + 4 mg/h 4%
80 mg + 8 mg/h 5%
120 mg (30 min)+ 8 mg/h 4%

The mean percentage of time spent over a pH of 4 in the first 24 hours was also reported —
90% - at the 80 mg + 8 mg/hour dose selected for study in the subsequent phase 3 trial. This
compares favorably to the Day 5 data for the percentage of time spent at a pH>4 (70%) for the
Nexium oral dose of 40 mg daily.

Another way of looking at these data is to evaluate the proportion of subjects that achieved a
pH of >6, instead of the proportion of time spent at a pH >6. The proportion of subjects
administered the 80 mg IV loading + infusion of 8 mg/hr who sustained a pH>6 for at least 1
hour in the 24 hour period was 58%. This compared to 64% at the 120 mg level, 50% at the
80 mg + 4 mg infusion and only 26% at the 40 mg + 8 mg infusion dose. With this by-patient
responder analysis, the 120 mg dose level is numerically higher in achieving the targeted pH
level than the dose selected to take into phase 3 evaluation. The percentage time at a pH
greater than 6 was similar for the two dose levels for the overall 24 hour period, however. The
figure presented earlier in this section does suggest that the 120 mg dose level may have more
success achieving the targeted PD effect earlier in a 24 hour period. However, the percentage
of time spent at a pH >6 in the first 3 hours of treatment is actually numerically lower in the
120 loading dose group than in the dose level selected for phase 3 study.

In the second PK/PD study which evaluated esomeprazole 80 mg + 8 mg/h infusion vs.

omeprazole in healthy subjects, again with an evaluation period limited to 24 hours, the
proportion of time in which the pH was >4 was 88% (85, 92) for esomeprazole and the
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proportion of time it was > 6 was 45% (39, 51). This is similar to the findings of the study
summarized in the table above, although numerically lower for the proportion of time at a pH
that exceeds 6.

o @

The healthy subject data
presented as by patient responder, 1.e. proportion of subjects who achieved a pH>6 for at least
one hour, suggests that there may be an incremental increase of the number of individuals who
achieve the target range with a further incremental dose increase above the dose studied in the
phase 3 trial. The figure presented at the beginning of this section suggests that there is a trend
upward at the end of the 24 hours toward sustaining pH closer to the target pH. Unfortunately,
no measurements beyond the first 24 hours were obtained. Despite the substantial proportion
of time spent at a pH <6 documented in the 24 hour PD studies at the dose level selected for
the phase 3 trial, there was a reduction of rebleed events in the major phase 3 study. Most of
the events of rebleeding in the study occurred in the first 3 days on treatment. In fact, the
majority of the rebleeding events that occurred on the esomeprazole arm occurred in the first
24 hours on treatment, as compared to the placebo arm, in which about half of the rebleed
events occurred in the first 24 hours. These data are presented in the Clinical/Statistical
section of this review.

The clinical pharmacology reviewers noted that although the PK/PD studies were limited to 24
hours of exposure to Nexium, the PK/PD for the dose regimen had been adequately
characterized. They did express concerns that the studies were only performed in healthy
volunteers, and not the target population. They state in their review that it is impossible to
correlate the PD in healthy subjects with the clinical endpoint of prevention of rebleeding.

The clinical pharmacology reviewers expressed concern that patients with moderate or severe
hepatic impairment were excluded, so PK data from this population were not available for this
new dose regimen. I concur with their recommendation that the applicant should conduct a
hepatic impairment study with the new dose regimen, or revise the label placing restriction on
the use in patients with hepatic impairment.

6. Clinical Microbiology

The microbiology reviewer examined the endotoxin limits for this product and, taking into
consideration the maximum allowed endotoxin permitted by these limits, calculated the
maximum endotoxin exposure a patient would experience taking the new and higher dose
proposed in this application. He noted that the product's limit for endotoxin content is [
EU/mg. At the new dose (80 mg over 30 minutes, followed by 8 mg/hour for 71.5 hours), the
maximum exposure to a patient in any 1 hour would be ®® EU. That exposure level is about
half the generally accepted patient exposure limit. The reviewer calculated that the product,
given the maximum generally accepted patient exposure limit and the total dose administered
in this schedule, would even be safe with a higher endotoxin limit, | ®® EU/mg. The
applicant’s test sensitivity for detecting endotoxin is| © " EU.
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This information was conveyed to Chantal Phillips and me via email dated November 25,
2008.

7. Clinical/Statistical-Efficacy

The single randomized, placebo controlled study submitted to support marketing approval of
Nexium IV for this new indication randomized 767 patients in 91centers in 16 countries
around the world. There were no North American sites. The highest enrollment occurred in
Russia, 111/767 enrolled patients. The next highest accruing countries were Sweden (101),
Denmark (71), France (58), Germany and Netherlands (53 each), followed by Romania and
Hong Kong (50 each). The placebo controlled portion of this study was limited to the first 72
hours post endoscopic intervention. After 72 hours, the intravenous infusion of esomeprazole
or placebo was discontinued and oral therapy with esomeprazole 40 mg x 1 daily was initiated
for the remaining 27 days of the 30 day study period.

To be eligible patients’ source of gastrointestinal bleeding had to be from a single gastric or
duodenal site that met the criteria of Forrest Classification Ia (arterial bleed), Ib (ooze), Ila
(non-bleeding visible vessel), or IIb(adherent clot). Patients could not have multiple lesions
and had to have undergone intervention with injection and/or one of the following: heater
probe, electrocautery, or hemoclips. Approximately midway through the study, on June 21,
2006 when 382 of 767 patients had been randomized, the protocol was amended to exclude
patients who had received intravenous proton pump inhibitor within 24 hours of study entry.
The final demographic distribution revealed that approximately 2/3 were male, nearly 90% had
presented with melena, and approximately 60% had duodenal ulcers. Although eligibility
criteria stated that patients should have only a single ulcer, 14% on the esomeprazole arm had
multiple ulcers vs. 19% on the placebo arm. Data were missing for this descriptor in 8% of
randomized esomeprazole patients and 6% of placebo patients.

Laine and Peterson reported in a review article published in the New England Journal of
Medicine in 1994 (September 15, 1994. Volume 331; No. 11: 717-727) a summary of the
prognosis for rebleeding associated with the Forrest classification categories eligible for this
study. This publication reported that 55% (17-100) of actively bleeding ulcers rebleed, that
ulcers associated with a visible vessel (Forrest I1) are associated with a 43% (0-81) risk of
rebleeding, and those with adherent clot (Forrest I1Ib) a 22% (14-36) risk of rebleeding.
These risk levels were based on review of multiple publications and the associated range of
risk of rebleed for each level is large.

The primary endpoint of the study was the proportion of patients who experienced clinically
significant rebleeding in the first 72 hours after endoscopic treatment. The clinical reviewers
concurred with the applicant’s definition of significant rebleeding. The study was powered
based on the assumption that 15% of the patients on placebo would rebleed and 7% would
rebleed on the esomeprazole arm (90% power to show this difference). Literature indicates
that rebleeding occurs in 15-20% of endoscopically treated ulcers. (Lau, et al. NEJM. August 3
2000, Vol 343. No 5: 310-316.) The applicant prospectively planned to evaluate the primary
endpoint utilizing the Mantel-Haenszel test, stratified for the type of endoscopic treatment
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received at baseline. Two pre-specified interim analyses were performed during the conduct
of the trial, when approximately 33% and 67% of the patients had completed the study, and the
final test of the primary endpoint was adjusted for the two interim looks, utilizing a p value of
0.0489. In the original protocol two prognostic factors were planned for incorporation in the
final analysis — Forrest class (I vs. II) and endoscopic treatment (single vs. combination). The
plan to adjust for Forrest classification was dropped by the applicant when “after a blinded
review of the data” they found no difference in rebleed rates between Forrest class I (pooled a
and b) and II (pooled a and b). The statistical analysis plan was changed after completion of
the study, in a document dated December 17, 2007, to limit the stratification to endoscopic
treatment. The study completed on December 14, 2007.

The FDA clinical and statistical reviewers were concerned by the changes to the analysis plan
after completion of the study. The clinical reviewer was further concerned that stratification
by Forrest classification had not been appropriately applied in the “blinded review of the data”.
This was because the applicant utilized a pooled grouping of I (Ia + Ib) vs. II (Ila+IIb). Dr.
Nayyar pointed out that it is more appropriate to evaluate each of the subcategories as
individual factors, since each of the subcategories have different individual prognoses. The
table below shows that there were small imbalances between study arms in each of the Forrest
Class categories. Most of the patients in this study had either an oozing lesion or an exposed
vessel. The small differences in the worst category, active bleeding, favored the esomeprazole
arm, and the small differences in the best prognostic category in this study, adherent clot, also
favored the esomeprazole arm.

Proportion of Patientsin Each Forrest Class (Table adapted from Dr. Sonia Castilio’s
Biostatisticsreview Table 3.2

Forrest Class Esomeprazole Placebo
Ia (actively bleeding) 7.5% 10.3%
Ib (00zing) 44.2% 41.9%
ITa (exposed vessel) 36.3% 38.8%
IIb (adherent clot) 11.2% 8.7%

Dr. Nayyar was also concerned by multiple international sites that participated in the study,
and the lack of US study sites. He worried that the standard of care, technical expertise, and
consistency in application of the endoscopic intervention would vary greatly across centers and
countries, which could result in widely variant outcomes among the centers. He also worried
that the standard of care and technical expertise at many of the centers would not be consistent
with the standards of practice in the U.S. His concerns were reinforced when he and the
biostatistical reviewer examined the treatment outcomes by center and observed that there
were widely divergent outcomes among the centers. Over half of the centers, 59%, observed
either no treatment effect or the effect couldn’t be estimated. All 8 of the French centers,
which enrolled 58 of the total 767 randomized in this study, and 3 of the UK centers, which
only enrolled 5 patients, observed no treatment effect. The reviewers examined the reported
treatment effect in centers that enrolled at least 20 subjects, excluding centers that reported no
treatment effect, and found that the highest treatment effect center was site 0102 in the
Netherlands. This center demonstrated a treatment effect of 30.9% - favoring esomeprazole.
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Of note, the investigator at this center was the only investigator in this study who reported
accepting “significant payments” from the applicant. These were “honoraria for work on the
study”. He was a member of the Steering Committee.

The overall efficacy finding for the primary endpoint in this study - proportion of rebleeding
in the first 72 hours after endoscopic intervention - is summarized in the table below, which is
adapted from Table 3.3 in Sonia Castilio’s Biostatistics review:

Esomeprazole Placebo Treatment Effect Esomeprazole minus
Placebo (with 95% CI)
N 375 389
% Rebleed (n) 5.9% (22) 10.3% (40) -4.4% (CI = -8.3%, -0.6%)
p-value 0.0256

Although the absolute treatment difference was small, the proportion of patients on the placebo
arm who experienced rebleeding was nearly double that on the esomeprazole arm. The p value
is based on Mantel-Haenszel test stratified only for type of endoscopic treatment used (single
vs. combination). Although the primary endpoint was analyzed for the first 72 hours on
study, rebleeding events were also collected in the subsequent 27 days when patients on both
treatment arms took oral esomeprazole. Most of the rebleeds on study did occur in the first 72
hours of the study (22 on esomeprazole and 40 on placebo). On days 4-7, the number dropped
to 5 in the patients who had been randomized to the IV esomeprazole and 20 on the placebo
arm. There were 2 rebleeds on Days 8-30 in the IV esomeprazole arm and 3 on the placebo
arm.

The initial review issues described earlier in this section prompted careful evaluation of the
robustness of the p value associated with the treatment difference observed in this single study,
which was not highly statistically significant, p= 0.026. The reviewers examined the strength
of the observed outcome through a series of carefully selected sensitivity analyses, which are
summarized below:

1) To address the concern that the Forrest Class I vs. II stratification, which was in the
prespecified analysis, had been changed after closing the study, the reviewers
conducted an analysis utilizing the original planned analysis, incorporating pooled
Forrest Class I and II. This analysis yielded efficacy results similar to those presented
by the applicant in this NDA utilizing the modified Statistical Analysis plan, p=0.027.
(The p value shifted minimally from 0.026.)

2) To address the issue of collapsing the four Forrest categories into two stratification
categories, the reviewers adjusted the primary efficacy analysis utilizing all four
classification categories in the model. This analysis also incorporated the applicant’s
prespecified stratification factor of type of endoscopic treatment. The results of this
exploratory analysis yielded a nonsignificant p-value of 0.169. The treatment effect
remained -4.4% for proportion of treatment effect esomeprazole minus placebo.

3) Regarding the concerns about the variation in standard of care across countries and
centers, the reviewers explored the following:
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a. Dropping all patients treated with only epinephrine injection from the
analysis, since this stand alone treatment is no longer considered sufficient
therapy in the U.S. This reduced the population by 143 in the esomeprazole
arm and by 142 in the placebo arm. The overall treatment effect remained
-4.5% (esomeprazole minus placebo), but the p value shifted to 0.067. This
shift, however, might be anticipated with dropping approximately a third of
the patients from the ITT analysis.

b. Dropping the center from the Netherlands, Site 0102, which had the largest
treatment effect in favor of esomeprazole, 30.9%, from the analysis. The
number of patients randomized at this site was 53 of the total 764 ITT
population. Dropping this site from the analysis resulted in a slightly
diminished overall treatment effect, -3.73% ((5% CI=-7.67, 0.10)
(esomeprazole minus placebo), and a shift in the p value to 0.06.

c. Adding country as a stratification factor to explore the treatment effect by
country. (The reviewers could not do a similar analysis by center because
only a limited number of centers had randomized >12 subjects.) When
country was added as a stratification factor to the model that incorporated
the applicant’s original prespecified analysis stratification factors of
endoscopic treatment (single vs. combination) and pooled Forrest Class (I
vs. II), the p-value shifted to non-significant, p=0.058. The treatment effect
remained -4.4% for proportion of treatment effect esomeprazole minus
placebo. If the model incorporated adjustment for the Forrest class by
individual classification — Ia, Ib, Ila, IIb — and country, the p value shifted
to 0.327.

4) The reviewers evaluated subgroup analyses to examine the trial for consistency of the
observed outcome among important subgroups. The treatment effect for esomeprazole
was most pronounced in younger patients, less than age 65 (6% rebleed vs. 12%
rebleed). In patients over the age of 65 (total N = 372), the rebleed rate was 6% on the
esomeprazole arm and 8% on the placebo arm.

I concur with the reviewers’ conclusion that the efficacy outcome from this single trial is not
adequately robust to stand alone as evidence to support that Nexium IV for Injection is
effective treatment to prevent rebleeding in the population studied. The p value of the
applicant’s primary efficacy analysis was not highly statistically significant at 0.026, and the
proposed indication is unique enough to make it difficult to draw upon prior efficacy outcomes
in different clinical situations to support that the observation in this single study is in fact real.
I concur with the reviewers’ conclusion that the efficacy data submitted in this application
does not provide statistically persuasive evidence of the efficacy of Nexium IV for Injection

@@ risk reduction of rebleeding in patients
following therapeutic endoscopy for acute bleeding gastric or duodenal ulcers.

The clinical reviewers also expressed concern that an adequate dose had not yet been defined
by the applicant because the 24 hour pharmacodynamic studies in healthy volunteers indicated
that a pH >6, the target to optimize hemostasis, was not achieved for a substantial proportion
of the total 24 hour period, and was sustained for one hour in a minority of subjects. The
pharmacodynamic studies were only 24 hours in duration, and it appeared that at the end of 24
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hours there was a trend upward to pH of 6 in the final hours on treatment. To explore whether
the desired pharmacodynamic and associated therapeutic effect might be delayed until after the
initial 24 hours on treatment, an exploratory analysis was conducted to compare the proportion
of rebleeding that occurred in the first 24 hours vs. beyond 24 hours. These data are
summarized in the table below. Over % of patients who experienced rebleeding on the
esomeprazole infusion, had the event in the first 24 hours of treatment, compared to 2 of the
patients who rebled on the placebo arm. The proportion of patients that experienced
rebleeding in the first 24 hours was very similar between esomeprazole and placebo.

Esomeprazole Placebo
N 375 389
Number of patients with Rebleed in the 22 40
overall 72 hour period (5.9%)* (10.3%)
Number of patients with Rebleed in the 17 21
first 24 hours (4.5%) (5.4%)
Number of patients with Rebleed from 5 19
>24hours to 72 hours. (1.3%) (4.9%)

*percentage of patients in the study arm that experienced rebleed

The majority of additional rebleeds on the placebo arm occurred in the subsequent 12 hours
beyond 24 hours, as shown in the summary table below, which shows cumulative rebleeding
over sequential cumulative time periods. There were 11 additional rebleeds on the placebo
arm in that follow-on 12 hours, as demonstrated by comparing the number of rebleeds in 36
hours to the number in the first 24 hours. In contrast there was only 1 additional rebleed in the
subsequent 12 hours beyond the first 24 hour period on the esomeprazole arm.

APPEARS THIS
WAY ON
ORIGINAL
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Study D961DC00001.: Percent of Subjectswith Clinically Significant Rebleeding within 24, 36, 48, 60, and 72 hours
for ITT Population

Esomeprazole Placebo Esomepr azole — Placebo
(N=375) (N=389) 95% C.1I.

Rebleed within 24 Hours

% No Rebleed (n)' 95.5% (358) 94.6% (368)

% Rebleed (n)' 4.5% (17) 5.4% (21)

0, 0 0,

Treatment Difference vs. Placebo (95% C.L)' -0.9% (-4.1%, 2.3% )
Rebleed within 36 Hours

% No Rebleed (n)" 95.2% (357) 91.8% (357)

% Rebleed (n)" 4.8% (18) 8.2% (32)

-3.4% (-7.1%, 0.087% )
Treatment Difference vs. Placebo (95% C.1.)'

Rebleed within 48 Hours

% No Rebleed (n)' 94.9% (356) 90.8% (353)
% Rebleed (n)' 5.1% (19) 9.2% (36)
-4.2% (-8.0%, -0.54% )
Treatment Difference vs. Placebo (95% C.1.)!
Rebleed within 60 Hours

% No Rebleed (n)' 94.7% (355) 90.5% (352)
% Rebleed (n)' 5.3% (20) 9.5% (37)
. -4.2% (-8.0%, -0.46% )
Treatment Difference vs. Placebo (95% C.1.)
Rebleed within 72 Hours

% No Rebleed (n)' 94.1% (353) 89.7% (349)
% Rebleed (n)' 5.9% (22) 10.3% (40)

Treatment Difference vs. Placebo (95% C.1.)" -4.4% (-8.3%, -0.6% )

! Percentages and 95% confidence interval are sample based.

These data suggest that there might be a delayed therapeutic benefit from esomeprazole that is
accrued after 24 hours - when the pH may well be more consistently sustained at a higher
level. However the pharmacodynamic data from the dose escalation study suggests a
flattening of the pharmacodynamic effect with dose escalation, at least for the time intervals
presented in this review (0-3 hours) and (0-24 hours), and for the infusional dose levels
studied. The efficacy data and the PK/PD data suggest that additional dose exploration for the
first 24 hour period might result in identification of a more effective dose.

8. Safety

The safety data base for this new dose regimen is limited to the single phase 3 study submitted,
in which 371 were treated with the proposed 3 day intravenous regimen and received the
loading dose, and the two phase PK/PD trials, in which the combined studies treated 63
patients with the proposed loading dose and infusion level or higher dose for only a 24 hour
exposure. Of the 371 patients treated with esomeprazole in the phase 3 trial, 362 received both
the loading dose and the follow on esomeprazole infusion. The total dose that will be
administered with this new dosage regimen, combining the loading dose and the follow on
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infusion, is 652 mg of esomeprazole over a 3 day period, or 268 mg in the first 24 hours,
followed by 192 mg/24 hours in the following two days. This contrasts with the maximum
approved dose for the current Nexium IV indication, 80 mg/24 hours, up to 10 days.

In the phase 3 trial the adverse events — types and proportions — were similar between arms,
except for a higher rate of gastrointestinal rebleed related events in the placebo arm and a
higher rate of vascular disorders related to phlebitis and infusion site reactions in the
esomeprazole arm (3.5% vs. 0%). The proportion of patients with SAEs characterized as
gastrointestinal disorders was 4.8% on the esomeprazole arm and 7.7% on the placebo arm.
The overwhelming majority of these SAEs were bleeds from duodenal or gastric ulcers. On
the esomeprazole arm, 75% (12/16) of the SAE bleeds in the first 72 hours were secondary to
duodenal ulcers. On the placebo arm, 56% (14/25) were secondary to duodenal ulcers.

An additional observation in this study was that there were two psychotic events in patients
treated on the esomeprazole arm vs. one on the placebo arm. One occurred in a 73 year old on
Day 3. Another 73 year old developed acute psychosis on the first day of treatment. A
literature search found only one case of psychosis reported in an individual who was taking
lansoprazole as part of a triple therapy regimen for H. pylori. The authors concluded the
psychosis may have been secondary to a drug-drug interaction between clarithromycin and the
individual’s routine medication, amitriptyline. The authors found in their literature search for
clarithromycin that there had been a report in the literature of psychosis in a patient who was
taking clarithromycin and omeprazole.

A slightly higher rate of hypoglycemia, inadequate control of diabetes mellitus, and abnormal
potassium levels was observed in the patients on the infusional esomeprazole arm of this
study. In addition there was a higher rate of hepatobiliary adverse events on the esomeprazole
arm than the placebo arm — 1.1% vs. 0.5%. The adverse events on the esomeprazole arm in
this category included cholecystitis, steatosis, alcoholic cirrhosis and “hepatocellular damage”.
The latter event was graded as mild and there were no abnormal liver enzymes or bilirubin
reported associated with this event. It is unclear whether this event was of any significance.
The events on the placebo arm were hepatic cyst and post cholecystectomy syndrome.

The safety profile appears acceptable. Although the exposures with this dosing regimen are
much higher than other approved regimens, the duration of exposure is short — 3 days. The
pharmacology reviewer evaluated a 14 day intravenous infusional study of the esomeprazole
dose 80 mg/kg/day conducted in rats to evaluate the higher exposure. This submitted
nonclinical study revealed no new adverse events in the animals exposed to this higher dosing
regimen relative to what is already known about the toxicities associated with PPIs. Animals
demonstrated decreased activity, tremors, incoordination, and increased weights of the liver,
stomach, adrenals and kidneys. No histopathologic treatment related changes were noted.

9. Advisory Committee Meeting

There was no advisory committee meeting for this supplemental application.
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10. Pediatrics

The applicant requested a waiver of pediatric studies because “studies are impossible or highly
impractical because the number of patients is so small and geographically dispersed.” The
clinical reviewers did not agree and will request that a pediatric program be developed for this
indication because upper gastrointestinal bleeding occurs in the pediatric population and they
anticipate that the product will be used in the pediatric population. This application was not
discussed at PeRC because it is not going to be approved during this review cycle.

1. Other Relevant Regulatory Issues

There were no DSI audits requested. The financial Disclosure review noted that one
mvestigator had reported receiving significant payments from the applicant. The investigator
was Dr. Ernst J. Kuipers, MD, PhD, the PI from site 0102 in Rotterdam Netherlands. This site
was discussed above in the clinical/statistical summary review. The favorable results from this
site, prompted an exploratory analysis to evaluate the impact of removal of the data from this
site to evaluate the impact on the observed outcome. Dropping this site from the analysis
resulted in a slightly diminished overall treatment effect, -3.73% (5% CI=-7.67, 0.10)
proportion of rebleeding (esomeprazole minus placebo), and a shift in the p value to 0.06.

12. Labeling

This supplement will not be approved at this time, so no labeling negotiations were held with
the applicant. The applicant has proposed e

13. Decision/Action/Risk Benefit Assessment

e Regulatory Action - Complete Response

¢ Risk Benefit Assessment — I concur with the clinical and biostatistical
reviewers that the applicant has not provided sufficient evidence in this
application to establish that Nexium IV, administered in the proposed dose of
80 mg intravenous loading dose over 30 minute infusion, followed by 8
mg/hour for 3 days, is effective N
The p value from the single phase 3 study submitted to support this application
was not highly statistically persuasive and was not found to be robust in
multiple sensitivity analyses. The sensitivity analyses selected were
meaningful as they addressed potential confounders in the conduct of the trial
and its analysis.
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I concur with the reviewers that the applicant should conduct at least one
additional phase 3 trial to replicate the findings of the study submitted in this
supplement. It is also possible that the applicant could further optimize the
dose and administration schedule to better achieve the pharmacodynamic goal
of maintaining the gastric pH at a level >6, particularly in the first 24 hours of
treatment. I concur with the reviewers that additional PK/PD studies should be
conducted in the target population of patients and should incorporate clinical
outcome endpoints.

The following comments describing this NDA supplement’s deficiencies
will be conveyed in the Complete Response letter:

CLINICAL and STATISTICAL

Our review finds that the primary efficacy results for this non-U.S. single study do not
provide substantial evidence of efficacy. For a single study to stand alone as
substantial evidence of efficacy, it should demonstrate highly statistically significant
and clinically meaningful results. Consistency should be demonstrated across
subgroups and secondary endpoints. The study should also show internal consistency
in demonstrating the treatment effect across study centers. The single study that you
have submitted does not meet these criteria for providing substantial evidence for the
following reasons:

1.
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Highly statistically significant results were not demonstrated. Although your
protocol specified analysis showed a reduction of 4.4% in the rate of clinically
significant rebleeding within 72 hours after hemostasis compared to placebo (p =
.03), that reduction was not highly significant, e.g., p <.001. In addition, the
observed outcome was not found to be robust when subjected to the sensitivity
analyses listed below:

a.

It is appropriate to account for country-to-country variation, so the protocol
specified analysis was further stratified by country. This resulted in an
insignificant treatment effect (p=0.06), although the absolute reduction in
rebleeding remained 4.4%.

When the protocol specified analysis was further stratified (retaining
stratification by country in the model) using Forrest classification as four
separate categories (Forrest Ia, Ib, Ila, and IIb) instead of two (Forrest I and
Forrest II), an insignificant treatment effect was observed (p=0.11). The
absolute reduction in rebleeding remained 4.4%. We believe the appropriate
adjustment for Forrest classification should be by each individual Forrest
category because each category has a different risk of rebleeding events. Even
if this stratified analysis was conducted without incorporation of country in the
model, the p value still shifted to a less persuasive value of p=0.05.
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2.
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The study lacked internal consistency across study centers. Despite similar patient
demographics and disease characteristics, marked variability in the incidence of
rebleeding, i.e., the primary endpoint, and treatment effect was observed in
different countries and among leading centers. The treatment effect varied widely
from -25% to +12% by country and from -31% to +20% in the larger centers that
enrolled more than 10 patients. There is no clear explanation for why this occurred,
although physician expertise and standards of care may have played a role.

The study lacked internal consistency in demonstrating the treatment effect in the
important subgroup of patients aged 65 and older. In this subgroup, the proportion
of patients that experienced rebleeding in the first 72 hours was 6.2% on the
esomeprazole arm and 8.4% on the placebo arm. In contrast, in patients aged less
than 65 the proportion of patients that experienced rebleeding in the esomeprazole
arm was 5.5%, while on the placebo arm the proportion was 11.9%.

The study lacked internal consistency in demonstrating the treatment effect in
important secondary efficacy outcomes that were evaluated in the first 72 hours.
The proportion of patients who underwent surgery for rebleeding was a
prespecified secondary endpoint and the observed outcome for this endpoint was
similar between study arms. This analysis was not found to be statistically
significant, p = 0.31. The secondary analysis comparing number of blood units
transfused in the first 72 hours demonstrated a lower number of units infused on the
esomeprazole arm (492) relative to placebo (738), p=0.05, and the secondary
analysis that compared the proportion of patients who required endoscopic
retreatment in the first 72 hours demonstrated a decreased rate of endoscopic
retreatment (4.3%) on the esomeprazole arm relative to placebo (8.2%), p=0.02.
Although the secondary analyses of number of blood units transfused and
endoscopic retreatment appear nominally significant, there was no prespecified
plan to adjust for multiple comparisons. Taking a conservative approach, these p
values are not significant after a Bonferroni adjustment to account for multiple
comparisons.

One center, Site 0102 in the Netherlands reported the largest treatment effect in all
centers that participated in this study, -31% rebleeding events, favoring the
esomeprazole arm of the study. The investigator from this site, Dr. Ernest J.
Kuipers, MD, Ph.D., reported having accepted significant payments from Astra
Zeneca. When we conducted a sensitivity analysis to explore the impact of that
center’s data on the overall observed outcome of the study by removing the patients
treated at that center from the efficacy analysis, we found that the overall treatment
effect observed in the study decreased to -3.73% (95% CI = -7.67, 0.10) and the p
value shifted to 0.06.
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6. We identified additional study design and conduct concerns that further limit the
study’s ability to provide persuasive evidence that esomeprazole is effective for the
proposed indication. These issues are listed below

a. Endoscopic epinephrine injection is currently not an acceptable standard of
treatment as single therapy for upper gastrointestinal bleeding from gastric or
duodenal ulcers. More than a third of the patients in this study were treated
with endoscopic epinephrine injection as single therapy. This draws into
question the applicability of the outcome observed in this trial to current care of
patients with an upper gastrointestinal bleed from a gastric or duodenal ulcer in
the United States today.

b. Although the inclusion criteria excluded patients with more than a single ulcer,
a substantial proportion of the randomized patients had multiple ulcers and
there was an imbalance between study arms in this prognostic factor that
favored the esomeprazole arm. Fewer patients on the esomeprazole arm had
multiple ulcers, 13.6%, relative to the placebo arm, 18.5%. This raises
concerns regarding the study conduct in this international trial.

c. Despite randomization, small imbalances in important prognostic factors were
observed between the two study arms. The imbalances favored the
esomeprazole treatment arm. These prognostic factors included Grade la
stigmata of risk of rebleeding (esomeprazole=7.5%, placebo=10.3%) and large
ulcers (esomeprazole=7.7%, placebo=10.3%).

d. The lack of an exclusion criterion for intravenous administration of a proton
pump inhibitor within 24 hours prior to enrollment is a potential confounding
factor for the observed efficacy outcome. Although this was addressed with an
amendment during the course of the study, the amendment only excluded
patients who had received intravenous doses greater than 40 mg within 24
hours prior to enrollment.

7. There 1s inadequate information to permit proper dosing in patients with hepatic
impairment. Patients with moderate or severe hepatic impairment were excluded
from the randomized, placebo controlled clinical trial and there is no adequate
pharmacokinetic (PK) study conducted to evaluate esomeprazole in subjects with
various degrees of hepatic impairment. Based on the data provided in the current
submission, we are unable to determine the appropriate dose adjustment of
esomeprazole for patients with hepatic impairment.

LABELING

We reserve comment on the proposed labeling until the application is otherwise

4)
adequate. ®e
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Division Director Review

These deficiencies cannot be addressed adequately through additional analyses of the
data in hand. We conclude that further clinical data from at least one additional
adequate and well controlled study that provides persuasive and consistent evidence of
efficacy will be needed to address all of the deficiencies in your application.

1.

Page 22 0f 23

The following comments will be conveved to describe how to address the
deficiencies:

Conduct at least one additional, adequate, and well-controlled study to demonstrate
the proposed clinical benefit of Nexium IV for

The study should mnclude some U.S.
centers and the study design and analysis plan should address the deficiencies
described in this letter above.

You should consider whether the dose evaluated in the study submitted for review
in this NDA supplement was adequate to achieve the desired efficacy, in light of
the pharmacodynamic effects observed in the two
pharmacokinetic/pharmacodynamic (PK/PD) studies that you conducted and
submitted for review. The desired pharmacodynamic effect, i.e. target intragastric
pH, was not achieved by a substantial proportion of patients in the first 24 hours of
treatment in the PK/PD studies and was not sustained for a prolonged duration of
time within that period. This insufficient PD response may have contributed to the
lack of robustness of the treatment effect observed in your major randomized,
placebo controlled study. The proportion of patients who experienced rebleeding
in the first 24 hours of treatment in the phase 3 study was, in fact, similar between
treatment arms, and the majority of rebleeding events on the esomeprazole arm
occurred within the first 24 hours of treatment.

For the reasons stated above, conduct an additional dose finding study in the target
population to evaluate dose optimization, at least for the initial 24 hours after
starting treatment. The study would require evaluation of PK and PD, and should
incorporate clinical outcome measures. A higher hourly infusion dose may be
required to optimize the PD effects, but the appropriateness of the higher doses
from a safety standpoint should be supported by appropriate nonclinical and/or
clinical safety data.

Study site 0102 in the Netherlands, which reported the greatest treatment effect in
the major randomized, placebo controlled trial that you submitted for our review,
will need to be inspected by the Division of Scientific Investigations (DSI) because



Division Director Review

Page 23 of 23

Dr. Ernst J. Kuipers, MD, PhD, the investigator at that site, has disclosed that he
has accepted significant payments from Astra Zeneca. This inspection would be
requested as part of our review of any future submission that includes this study as
a critical component of establishing the efficacy of Nexium IV for the proposed
indication. A recommendation from the DSI inspector that the data from this site
can be used for determining the efficacy and safety of Nexium IV will be needed if
this study will be used to support a future marketing application. This assessment
will be an important component of a future determination of whether this study can
stand as one of two adequate and well controlled trials for the proposed indication.

Conduct a pharmacokinetic study in a sufficient number of patients with hepatic
impairment and include matching healthy subjects as controls.

For this application, we note that you requested a waiver for pediatric patients
under the age of 18 years for the following reasons:

Small number of pediatric patients.
Geographically widespread distribution of pediatric patients.

It is unlikely that a full waiver of pediatric studies will be granted on re-submission.
The incidence of H.pylori related peptic ulcer disease in the pediatric population is
low; however, peptic ulcers secondary to long term use of steroids, NSAIDs, and
chronic renal failure are not uncommon. Pediatric patients are administered
intravenous proton pump inhibitors (PPI) prophylactically before starting high
dose steroids and for upper gastrointestinal bleeding.

Therefore, please submit a pediatric plan with your complete response.
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1. Introduction

This is the third review cycle for Supplement 14 of NDA 21689. This Supplement previously
received a Complete Response (CR) on 11/26/2008 and 06/16/2011. The response to the second
CR was submitted 12/14/2012 as a Class 2 resubmission. A solicited Major Amendment was
received on 4/22/2013 that resulted in a 3 month review extension.

The following Primary Reviewers and their respective disciplines provided reviews for this
review cycle that are discussed in my CDTL memo:

Clinical
e Aisha Peterson-Johnson, review signed 07/15/2013
Statistics
e Lisa Kammerman, review signed 08/27/2013
Office of Clinical Pharmacology, Division of Clinical Pharmacology 3 and Division of
Pharmacometrics
e Sandhya Apparaju, Ph.D. (Clinical Pharmacology Reviewer)
e Kevin Krudys, Ph.D. (Pharmacometrics Reviewer)
o Joint review signed 07/20/2013
Nonclinical Pharmacology/Toxicology
e Sushanta Chakder, signed 07/22/2013
CMC / ONDQA Div I, Branch VI
e Yong Wang, review signed 06/06/2013
Office of Prescription Drug Promotion (OPDP)
e Meeta Patel, PharmD, signed 08/20/2013
Division of Medication Error Prevention and Analysis (DMEPA)
e Denise V. Baugh, PharmD, BCPS, review signed 06/18/2013

2. Background

For information on the background of this efficacy supplement, the reader is referred to the
previous CDTL Memorandum by Dr. Lynne Yao submitted on 06/16/2011 during the second
review cycle. The reader is also referred to the clinical review by Aisha Peterson Johnson
submitted this cycle (dated 07/15/2013).

Following the second Complete Response (CR) on 06/16/2011, the sponsor submitted a request
for a dispute resolution regarding the CR. FDA denied this request and recommend that a post-
action meeting be held between the FDA and applicant. A post-action meeting was held on
03/22/2012. Although FDA initially proposed bringing this Supplement to an Advisory
Committee, the sponsor indicated that they planned on submitting “additional data in response to
the Complete Response letter.” They also stated that “[t]his information will include additional
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PK, PD and clinical data (H. pylori) to address the relevance of the Lau study to the US
population.”

The applicant submitted an outline of their planned response to the CR and DGIEP had a
teleconference with the sponsor on June 12, 2012 to discuss the adequacy of the proposal as a
response to the CR. In general the discussion focused on providing specific analyses that could
support the use of the “Lau study” as supportive evidence of efficacy, despite the concerns about
the generalizability of the Lau study population to that evaluated in Study 01 (the original study
conducted by the applicant and submitted to the SNDA).

As a result of the June 12, 2012 meeting, the sponsor submitted on June 13, 2012 a request for a
six month extension of the one year CR response time from June 16, 2012, to December 16,
2012, in accordance with 21 CFR 314.110. DGIEP found the proposed extension date to be
acceptable.

Applicant submitted their response to the June 16, 2011, CR Letter on December 14, 2012.

3. CMC / Device

There are no unresolved CMC issues and no additional CMC data was reviewed during this
review cycle.

4. Nonclinical Pharmacology / Toxicology

No additional nonclinical pharmacology or toxicology studies were submitted or reviewed

Dr. Chakder notes in his Non-Clinical review that studies reviewed
previously under the initial submission and is acceptable. He also summarizes previous animal
data that supports the safety of the proposed IV dose in humans. In rats, intravenous doses of 18-
36 times, on a mg/kg basis (3-6 times based on body surface area), as the proposed continuous
1.v. infusion daily clinical dose was well tolerated with minimal adverse effects. In dogs,
esomeprazole sodium was tolerated well following continuous intravenous infusion for 14 or 28
days at doses several fold higher than the proposed daily 1.v. infusion dose. The highest tolerable
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dose of esomeprazole in a continuous infusion study in dogs was about 8 times, on a mg/kg basis
(4.2 times based on body surface area), as the proposed daily i.v. clinical dose.

5. Clinical Pharmacology / Biopharmaceutics

Clinical Pharmacology and Pharmacometrics submitted a joint review and the primary reviewers
were Sandhya Apparaju and Kevin Krudys (review signed July 20, 2013). Overall, the Clinical
Pharmacology review concluded that based on the available PK and PD data among Chinese and
Caucasian populations, there is no strong evidence to conclude that the ethnicity factor could
contribute to differences in clinical outcomes between the phase 3 trial 001 and the Lau et al.
trial. In addition, this submission addresses dosing recommendations in hepatic impairment
subgroups, an issue pending from earlier review cycles.

The Clinical Pharmacology review of Cycle 3 resubmission focused on the review of PK and PD
outcomes from a PK/PD study in Chinese volunteers (Study D961500007, or “Study 07”), the
previously reviewed dose-ranging PK/PD study in Caucasians (Study D961500015, or “Study
15”) as well as cross-study comparisons of data in the overall populations and subgroups where
possible (i.e., known H. pylori status, CYP2C19 status). See Table 1 for an overview of the
design and population of Study 07 and Study 15. The stated goal of their review was to
determine whether there is sufficient PK/PD information available through which the findings
from the Lau et al. study, which included only Chinese patients, can be generalized to the U.S.
population. Note that no PK/PD data directly from the Lau study were available for review.

Table 1. Overview of Study D961500007 and Study D961500015

D9615L.00007: Chinese “healthy’ subject PK/PD D96150015: Caucasian (healthy) subject PK/PD

study; 2006 study; 2004

e Open-label, single dose, randomized, crossover e Open, randomized, five-way crossover study

study (with at least 6 days of washout) (washout of at least 13 days)

* Drug: IV Esomeprazole e Drug: IV Esomeprazole

»  Treatment regimens: e Treatment regimens:
— 40 mg/3 min; — 40 mg/30 min + 8 mg/h for 23.5h;
— 40 mg/30 min, BID — 80 mg/30 min + 4 mg/h for 23.5 h
— 40 mg/30 min + 8 mg/h for 23.5 h — 80 mg/30 min + 8 mg/h for 23.5 h
— 80 mg/30 min + 4 mg/h for 23.5 h — 120 mg/30 min + 8 mg/h for 23.5 h
— 80 mg/30 min + 8 mg/h for 23.5 h — 120 mg/120 min + 8 mg/h for 23.5h

— Sample size: N =20
e Gender: 14 males; 6 females
e Race: All Chinese
e CYP2C19 status: EMs(homozygote): 7;

Sample size: N= 26

Gender: 20 males; 6 Females

Race: All Caucasians

CYP2C19 status: EMs(homozygote): 17;

IMs(heterozygote): 11; PMs: 2 IMs(heterozygote): 8; PMs: 1

* H. pylori status: Positive: 9; Negative: 11 e H. pylori status: All negative

* PK:Cmax, Css, AUC24, Clearance *  PK:Cmax, Css, AUC24, Clearance

»  PD: gastric pH related endpoints: time above pH 4, |« PD: gastric pH related endpoints: time above pH 4,
5, 6, 7 etc. 6, 7 etc.

For Study 07 and Study 15, the primary outcome variable was the percent of time with pH >6
over the 24 hour study period. The Applicant also separately documented the % of time over 24
hours with pH > 7.0 in these studies. As noted by the Clinical Pharmacology review, available in
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vitro data suggests that target pH for optimal clot stabilization occurs at pH 6.4- 6.8 (Green et al.,
Gastroenterology 1978).

Data from Studies 07 and 15 allowed the clinical pharmacology reviewers to make limited
PK/PD comparisons in the H. pylori and CYP2C19 subgroups. In the study of Chinese patients,
both H. pylori positive and negative healthy patients were enrolled. However, in the study of
Caucasian patients, only H. pylori negative, healthy patients were enrolled.

In general, the Clinical pharmacology reviewers concluded that the pharmacodynamic (PD)
outcomes observed in Caucasian and Chinese populations were comparable. Specifically, for the
proposed regimen, for Chinese patients in Study 07, the mean percentage of time with pH >6
from 0-24 hrs was 50% (n=19), compared with 52% (n=24) observed in Caucasian patients in
Study 15. There was a higher Cp.x observed in Chinese subjects when compared to Caucasian
subjects. The clinical pharmacology reviewers noted that this difference could be due to the
Chinese subjects having a lower median height and weight than the Caucasian subjects (164
cm/64kg vs. 177 cm/72kg).

For those subjects in Study 07 who received the comparable dose as that proposed for NEXIUM
IV (80 mg/30 min + 8 mg/h for 23.5 h), the PD variables by H. pylori status are presented in
Table 2 (as “Proposed Regimen E”). There was a trend for larger PD outcomes in H. pylori
positive Chinese subjects.

Table 2. Pharmacodynamic Variables by H. pylori status, Study 07 (Chinese healthy
subjects)

There were no PK differences across H. pylori subgroups in healthy Chinese volunteers and a
comparable primary PD outcome (% time when pH >6 over 24 h) in the overall and H. pylori-
negative Chinese vs. Caucasians. Although the clinical pharmacology review notes that the %
time when pH >7 over 24 h appears higher in Chinese subjects. Table 3 presents the data for

proposed Regimen (80 mg/30 min followed by 8 mg/h infusion) for PK/PD Studies 07 and 15.

Reference ID: 3377166



Table 3. PD Parameters in H. pylori negative Chinese (Study 07) and Caucasian

subjects (Study 15)

PD outcome Chinese Chinese Caucasian
Overall H. Pylori (neg) Overall
(H. pylori +, -) (n. _ {1) g (H. pylori neg)
(n=19) - (n=24)

% time when pH >4 over 24 h 95+4.6 93.69 £5.05 86.1+11.3

% time when pH >6 over 24 h 48+ 17.4 46.7 £20.4 46.6 £26.5

% time when pH >6 over first3h | 65+ 28.6 49.4 + 33.6 43.4+26.1

% time when pH >7 over 24 h 13.3+10.6 11.14 +8.56 40175

Key Clinical Pharmacology Conclusions

The impact of H. pylori status on clinical outcomes:

Better PD response (via assessment of intragastric pH) was observed in subjects in the Chinese
PK/PD Study 007 who were H. pylori positive, compared to H. pylori negative Chinese subjects.
The Clinical Pharmacology reviewers were not certain that this PD difference translates into
better clinical outcomes but they note that the phase 3 trial and the Lau et al. trial did show
“better” efficacy in H. pylori positive patients (see Additional Efficacy Analyses in Section 7).
Overall, the Clinical Pharmacology reviewers did not appear to believe that H. pylori status
could have contributed to observed differences in efficacy outcomes between the two trials
“because the proportion of H. pylori positive patients was similar between the two trials
(approximately 65% in the active treatment groups, and ~55% in the placebo groups).”

The impact of CYP2C19 polymorphism on outcomes:

Differences in CYP2C19 polymorphism across Chinese and Caucasian subjects are unlikely to
be an issue, as PK differences between genotypes were modest and an exposure-response (E-R)
correlation was absent at the high intravenous doses evaluated for this indication.

The impact of parietal cell mass differences:

While the clinical pharmacologists state that they do not have concrete data to conclude one way
or the other regarding the impact of parietal cell mass differences across ethnicities, they note
that the PD response was generally similar between the two PK/PD studies (Study 07 in Chinese
and Study 15 in Caucasians). There were however, some differences in a few of the secondary
PD outcomes assessed including % time during the first 3 hrs when pH was > 6 or % time over
24 hours with pH>7, which appeared to be better in the Chinese population compared to
Caucasians.
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Dosing recommendations in hepatic impairment subgroups:

® @

Instead, intravenous dosing recommendations from the
clinical pharmacology reviewers are based on 1.v. omeprazole data in patients with hepatic
impairment as well as a PK/PD bridge between these two drugs (“Study 004”) and are as
follows:

e Mild hepatic impairment (C-P, A): 80 mg over 30 min + 6 mg/h over 71.5 h
e Moderate hepatic impairment (C-P, B): 80 mg over 30 min + 6 mg/h over 71.5 h
e Severe hepatic impairment (C-P, C): 80 mg over 30 min + 4 mg/h over 71.5 h

6. Clinical Microbiology

During the first review cycle, the product quality microbiology reviewer recommended approval
of Nexium IV for the proposed indication. See the full review by Dr. Bryan Riley [electronically
signed March 23, 2011 and May 4, 2011(addendum)].

7. Clinical / Statistical Efficacy

Overview of Efficacy Evaluations

The reader 1s referred to the clinical reviews submitted during previous review cycles for a
detailed account of the clinical studies submitted to this SNDA.

Briefly, in addition to the applicant-conducted trial D961DC00001 (referred to herein as, “Study
017) submitted to the initial SNDA submission, the review team reviewed three key omeprazole
clinical trials. Two of these (Studies 840 and 841) were Scandinavian trials conducted in the early
1990’s. The third, referred to by the reviewers as “the Lau trial,” was considered the strongest
evidence submitted to support efficacy in the indication, in addition to Study 01. However, this trial
was a single center trial conducted in Hong Kong. The Lau trial was published in the New England
Journal of Medicine in 2000, nine years before the I'V esomeprazole Study 01 was published.
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Table 4. Key Clinical Trials Reviewed

Trial Name Trial Trial Design Treatment Product(s) Number Population
Type Dosage Regimen; Enrolled
Route of Administration
D961DC00001 Safety and | Multicenter Esomeprazole (a bolus 80mg over 30 min 767 Randomized | Patients who had undergone
(TRIAL 01) Efficacy Intermational followed by a continuous infusion of 8mg/hr | 764 Treated successful endoscopic treatment of
Prospective for 71.5 hours) or Placebo a bleeding gastric or duodenal
Randomized ulcer classified as
Double-blind, Follow-up treatment after .V. Esomeprazole Forrest Class la, b, lla, or llb
Parallel Group, with Cral Esomeprazole 40mg once daily for (Endoscopic treatment modalities
Placebo-controlled 27 days varied.)
Lau, et. al. Safety and | Single Center (Hong Kong) Omeprazole (a bolus intravenous injection of | 320 Planned Hospitalized Patients who had
Efficacy Randomized 80mg over 30 min followed by a continuous | 240 Randomized | undergone successful endoscopic
Double-blind, 8mg/hr infusion for 71.5 hours) or Placebo treatment of a bleeding peptic
Parallel Group ulcer. Fomrest Class la, Ib, lla, or lib
Placebo-controlled Follow-up therapy after |.V. Omeprazole (Endoscopic treatment was
infusion with oral 20mg Omeprazole once injection epinephrine followed by
daily for 8 weeks thermocoagulation)
Trial 1-840 Safety and | Multicenter Omeprazole 80mg given intravenously asa | 350 Planned Hemodynamic ally unstable
Efficacy Intemational bolus dose over 30 minutes followed by 274 Randomized | outpatients and inpatients with PUB
Double Blind 8mg/hr for 71.5 hours or Placebo endoscopically classified as Forrest
Parallel Group la, Ib, lia, or lib.
Placebo Control Follow-up therapy after I.V. Omeprazole
infusion with oral 20mg Omeprazole once (Endoscopic treatments varied.
daily for 21 days. (Oral therapy started at Pre-entry endoscopic treatment
48hours) only in patients classified as
Forrest la or lla)
Trial 1-841 Safety and | Multicenter Omeprazole 80mg given intravenously asa | 400 Planned Patients = 60 years old with
(study stopped | Efficacy International bolus over 30 minutes followed by 333 Randomized | endoscopic signs of peptic ulcer
prematurely Randomized continuous infusion of 8mg/hr for 3 to 5 bleeding and clinical symptoms of
due to safety Double-Blind days. (If there were signs of bleeding during upper gastrointestinal bleeding.
menitering) Parallel Group day 2 or 3 the infusion was given for 120 (Forrest Ia, Ib, lla, 1Ib)
Placebo-Controlled hours) (Endoscopic treatments varied.
Pre-entry endoscopic intervention
Follow-up therapy after I.V. Omeprazole with was only to be used in patients with
Omeprazole 20mg daily for 21 days bleeding classified as Forrest la)

Source: Reproduced from the Cycle 2 Clinical Review, Dr. Erica Wynn, p21, DARRTS, 14 June 2011

The results of the 4 trials are presented in Table 5. A more detailed tabulation of key study
features are provided in the Appendix.

Table 5. Rebleeding Within 72 Hours of Therapeutic Endoscopy

Study Study Drug* Placebo g?faetrrgﬁgg
0l (252'/%?6) (ig/'g;/;) -4.4%
Lau (g/'f;/g) (222/'%) 15.8%
e atems winn | 167% | 30.6% 3o
endoscopic therapy (17/102) (34/111)
endoscopicherapy as | o0 23.3% 0.7%
giveF;l in Stuc?)y 01 (3/22) (7/30)

*esomeprazole in Study 01; omeprazole in Lau study, Study 840, and Study 841
Source: Data reproduced from Clinical and Statistical review and Dr. Peterson’s

presentation at CDER Regulatory Briefing on April 19, 2013
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Despite the favorable outcomes observed in all 4 trials, the Division expressed concern (as noted
in the CR letter) about the generalizability of the clinical trial reported by Lau et al. due to the
“ethnically homogenous” population of this study. The Division again stated that the deficiency
could be addressed with an additional, adequate, well controlled clinical trial. The applicant
voiced ethical concerns of conducting another controlled trial in the target population and instead
proposed to submit available pharmacokinetic/pharmacodynamics evidence to bridge the two
populations (Asians and Caucasians) in order to support the applicability of Lau et al. data to the
U.S. population. These data were submitted and extensively reviewed in the third cycle.

The clinical review by Dr. Aisha Peterson Johnson for this current cycle addresses each of the
applicant’s CR responses and also focuses on the additional information submitted this cycle in
support of the Lau et al study. The Clinical Review discussion of the CR items is described
below.

Adequacy of Studies 840 and 841 to Support the Proposed Indication for NEXIUM IV

As noted by Dr. Peterson Johnson, while similarities between Study 01 and Trials I-840 and I-
841 exist, there are differences in, among other things, entry criteria, patient demographics,
endoscopic treatments administered, and primary endpoint. The primary endpoint for the I-840
and I-841 trials was “overall outcome of treatment” as measured using a ranking scale whereby
each patient was ranked for his/her worst outcome. Not all patients in Trials I-840 and I-841
received endoscopic treatment. This was considered an important difference because in Study 01,
successful hemostasis was required for study inclusion. Successful hemostasis in Study 01
required, in part, endoscopic treatment with injection therapy (epinephrine, dilution 1:10000)
and/or one of the following: coagulation with heater probe, electrocautery, or hemoclips.

Table 6.
Trial I-840 = Omeprazole IV vs. placebo
= Hemodynamically unstable patients
= Therapeutic endoscopy only for Forrest Ia, Ila
Trial I-841 = Omeprazole IV vs. placebo, treatment for 72

hours or 120 hours
= Patients > 60 years old
= Therapeutic endoscopy only for Forrest Ia

There was considerable effort performed in the previous cycle to identify a subset of patients in
Trials I-840 and I-841 that closely matched those in Study 01. For I-840 and I-841 combined,
only 52 patients received an endoscopic treatment that was allowed in Study 01. In this
subpopulation the numerical treatment benefit (reduction in rebleeding) was -9.7%, compared to
the overall study population of -13.9%.
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In contrast to the 52 patients selected by FDA reviewers last cycle, the applicant considered it
more relevant to include an analysis of the 137 patients who received the same treatment
modalities as in Study 01 (with or without additional endoscopic treatment). In this population
proposed by the applicant, the treatment difference was -15.6%. The statistical reviewer this
cycle noted in her review, “Whether this exploratory analysis should be limited to the 52 subjects
identified by the clinical review team in cycle 2 or should be expanded to the 137 subjects
identified in the Applicant’s response is a clinical decision.”

Although the numerical benefit trended in the same direction (with similar magnitude) regardless
of the subgroup analyzed, the clinical reviewer for cycle 2, Dr. Erica Wynn, concluded that no
substantive comparisons between Study 01 and Trials 1-840 and 1-841 could be made. However
in her review this cycle, Dr. Peterson-Johnson notes, “[d]espite the differences between Study 01
and Studies 840/841 (described above), the rebleeding results of Trials 1-840 and 1-841 provide
supportive evidence of efficacy for Nexium IV for the proposed indication.” She also notes that
“while not statistically significant, the trend is important and provides supportive evidence for
the efficacy of Nexium IV for the proposed indication.”

Generalizability of the Results of the Lau et al. Trial to the U.S. Population

The review team was concerned that compared with Caucasian populations, [East] Asian
populations are known to have a lower parietal cell mass, a higher prevalence of H. pylori
infection, and a higher prevalence of cytochrome 2C19 genetic polymorphism, and that these
factors could be expected to influence the pharmacodynamic effect of PPIs. It was believed that
these factors could have made the positive results of the Lau trial less generalizable to the U.S.
patient population and a number of exploratory analyses were performed.

However these factors were reviewed in detail in the Clinical Pharmacology and
Biopharmaceutics reviews described previously.

Inconsistency in Rebleeding Rates Between Study D961DC00001 and the Lau et al. trials

The review team was concerned that the differences in rebleeding rates between Study 01 and
the Lau trial, specifically in the placebo rates (10.3% vs. 20%, respectively), would make
generalizability of the Lau trial to the US population invalid or raise questions regarding the use
of the Lau trial as a “supportive” study.

In their response to the FDA CR letter, the sponsor performed a two-step analysis to determine
why the relative risk for rebleeding differed between Study 01 and the Lau trial.

As a first step of the regression analysis, the magnitude of the difference was calculated by the
Applicant. Table 7 shows the event rate at day 3 in the two studies, when only “study drug”
(placebo vs. omeprazole or esomeprazole, respectively) and “study” (the study reported by Lau
et al. vs. Study D961DC00001) are included as factors. In this model the point estimate for
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’study” (0.686) indicates a tendency for a reduced overall risk of rebleeding in Study 01 (i.e.,
~31% lower relative risk in having a rebleed in Study 01 vs. Lau, independent of study drug),
although this is not statistically significant. Probably more important, this analysis also appears
to show that subjects who received placebo had a ~2.4-times higher risk of rebleeding compared
to those that received PPI (esomeprazole or omeprazole), independent of the study in which the
subjects were enrolled.

Table 7. Relative Risk for rebleeding in the D961DC00001 study and the Lau et al study - Reduced
model - Cox regression

Explanatory variable Relative risk Lower 95% CI Upper 95% CI p-value
Study 0.686 0.442 1.067 0.0944
Study diug 2.381 1.519 3.734 0.0002

Lau study=1 and D961DC00001 study=2. Study drug=1 for esomeprazole/omeprazole. 2=placebo
Source: Applicant, Response to Complete Response Letter, 7 December 2012, Table 5, page 20

In a second step, potential risk factors for recurrent bleeding were included in the analysis. Table
8 includes, in addition to the two factors in Table 7, also other such potential risk factors. In this
model the difference in rebleeding rate between the studies appears to be explained by factors
other than “study.” After adjusting for other possible explanatory variables, the estimated risk for
rebleeding in Study 01 relative to the Lau study is close to 1. The strongest predictor is ASA
grade 1V, and the applicant notes that patients with ASA grade IV were not included in Study 01.
Applicant further states the following: “When designing study D961DC00001, inclusion of
severely ill patients with ASA grade IV was not considered feasible, as this would not be
accepted, due to ethical considerations, at all planned sites of this multi-national study.”

APPEARS THIS
WAY ON
ORIGINAL
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Table 8. Relative Risk for rebleeding in the D961DC00001 study and the Lau et al study -Expanded
model, Cox regression

Explanatory variable Relative risk Lower 95% CI Upper 95% CI p-value
Study 0.979 0.543 1.768 0.9451
Study drug 2.290 1.416 3.703 0.0007
Age 0.993 0.977 1.009 0.3962
Sex 1.169 0.723 1.890 0.5229
Hospitalized 0.330 0.130 0.835 0.0193
Previous ulcer bleeding 1.277 0.683 2.387 0.4442
ASA grade II 1.395 0.776 2.509 0.2658
ASA grade TIT 2.256 15132 4.497 0.0207
ASA grade IV 3.968 1.425 11.052 0.0083
H. pylori 0.612 0.385 0.973 0.0379
Forrest Ia 25197 1.031 4.601 0.0415
ForrestIIa 1.773 1.031 3.050 0.0386
Forrest ITb 2.453 1.282 4.694 0.0067
NSAID (incl aspirin) 1.395 0.782 2.489 0.2601
Aspirin § 6 i o) 0.595 2.081 0.7391
Warfarin 0.675 0.159 2.875 0.5952

Lau study=1 and D961DC00001 study=2. Study drug=1 for esomeprazole/omeprazole. 2=placebo. Sex=1 for
male and sex=2 for female. ASA II. ASA ITT and ASA IV compared to ASA 1. H. pylori variable collapsed
into 2 main classes Hp=0 for Negative and Hp=1 for Positive or Trace. Forrest class Ia . Forrest class Ila
and Forrest class ITb compared to Forrest class Ib. Hospitalized, Previous ulcer bleeding, NSAID. Aspirin
and Warfarin . answers: 0=no, 1=yes.

Source: Applicant, Response to Complete Response Letter, 7 December 2012, Table 6, page 21

I also note that the relative risk associated with the study drug (compared to placebo) does not
appear to change between the two analyses, suggesting fairly robust estimate of treatment benefit
(2.381 to 2.290) for the PPI, with very small p-values.

However, the statistical reviewer did not agree with the Applicant’s approach (to the regression
model) to identifying possible reasons for the differences in placebo rebleeding rates between the
Lau et al. trial and Study 01 and considered any type of cross-study analyses to be exploratory in
nature. Therefore, she concluded that the results of such analyses “should not be given much
weight in deciding whether the results of Lau can be generalized to a broader population.”

Differences in efficacy outcome between Lau and Study 01 in subgroups of patients >65 years of
age and the subgroup of patients with Forrest Ib classification

Previous reviewers were concerned about differences in treatment benefit in patients > 65 years
of age between the Lau study (-19.7%) and Study 01 (-2.2%). However, as noted by the clinical
reviewer, the risk factor shown to have the greatest positive association with risk of rebleeding
correlates directly with age — ASA grade IV. However, no ASA grade IV patients were allowed
in Study 01 and 20.5% of patients >65 years old in the Lau Study were classified as ASA grade
IV. Regardless, these cross study comparisons between subgroups should be viewed with caution
however the trend for therapeutic benefit in subjects > 65 in Study 01 is still in the same
direction as the overall results (i.e., -2.2% vs. -4.4%).
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In addition, as noted by the clinical reviewer, Forrest Ib patients have a higher risk of rebleeding
and therefore represent an important subgroup. The Applicant stated that “the effect of iv
esomeprazole in Forrest Ib patients in study D961DC00001 is lower than anticipated and
difficult to explain.” In their response to the Complete Response Letter, the Applicant provided
possible explanations for the difference in effect size seen in Forrest Ib patients in Study 01
compared to Lau, 0.5% vs. 10%, respectively. Their arguments appear speculative in nature (as
post hoc explanations for retrospective subgroup analyses tend to be). However I am
unconvinced that the outcomes of the Forrest Ib subgroup analyses within Study 01 have
established that the drug would be ineffective in these patients, oY

Other Issues Identified within the CR Letter

The reader is referred to the clinical review this cycle and biometric review from previous cycles
for discussions related to Items 6 and 7 from the CR letter. The fact that observational studies
were submitted to the application or that post hoc analyses removing one or more sites from the

primary analysis result in a different p-value, do not in themselves suggest that the overall results
or conclusions are invalid.

Additional Efficacy Analyses

An April 10, 2013 information request sent to the applicant requested the proportion of subjects
by treatment arm who re-bleed within 3, 6, 12 and 24 hours for Study 01 and the Lau et al. study.

The number of re-bleedings by specified time period in Study 01 is presented in Table 9. There
does not appear to be substantial difference in rebleeding between the two arms of Study 01 until

24-48 hours.
Table 9. D961DC00001 - Proportion of subjects who Re-Bleed within 3, 6, 12, 24, 48 and 72 hours,
ITT population
Re-bleed within (hours) Esomeprazole Placebo
n/N(%) n/'N(%)
3 3/375 (0.8%) 3/389 (0.8%)
6 6/375 (1.6%) 5/389 (1.3%)
12 9/375 (2.4%) 10/389 (2.6%)
24 17/375 (4.5%) 20/389 (5.1%)
48 19/375 (5.1%) 35/389 (9%)
72 22/375 (5.9%) 40/389 (10.3%)

reblee:

mdbmpe 15APR13:( 4 4.54 "D961DC00001 - proportion of st

Source: Applicant, Response to Infonnétion Request, dated 04/22/2013

In the Lau et al. study, data on re-bleeding was not collected as a continuous variable over time,
but as events within consecutive 24-hour periods after randomization. Data for the first 3
consecutive 24 hour periods is given in Table 10. Note that in the Lau study there was a clear
difference in rebleeding rates at the 24 hour timepoint.
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Table 10. Lau et al - Proportion of subjects who Re-Bleed within 24, 48 and 72 hours, ITT

population
Re-bleed within (hours) Omeprazole Placebo
n/N(%) n/N(%)
24 3/120 (2.5%) 17/120 (14.2%)
48 3/120 (2.5%) 21/120 (17.5%)
72 5/120 (4.2%) 24/120 (20%)

..... bmpe 15APRI13 11:07.26 "LAU -

ho rebleed!

Source Appllcant Response to Informatlon Request, dated 04/22/2013

The applicant also stratifies these data by H. pylori status. This analysis for Study 01 is presented
in Table 11):

Table 11. D961DC00001 - Proportion of subjects who Re-Bleed within 3, 6, 12, 24, 48 and 72 hours
(subgrouped by H. pylori status), ITT population

Re-bleed within Esomeprazole n/N(%o) Placebo n/N(%)
(hours)

H. pylori(+) H. pylori(-) H. pyvlori(+) H. pvylori(-)
3 2/264 (0.8%) 3/119 (2.5%)
6 3/264 (1.1%) 2/92 (2.2%) 1/252 (0.4%) 4/119 (3.4%)
12 4/264 (1.5%) 4/92 (4.3%) 4/252 (1.6%) 6/119 (5%)
24 9/264 (3.4%) 7/92 (7.6%) 6/252 (2.4%) 12/119 (10.1%)
48 10/264 (3.8%) 7/92 (7.6%) 18/252 (7.1%) 13/119 (10.9%)
72 11/264 (4.2%) 9/92 (9.8%) 21/252 (8.3%) 14/119 (11.8%)

19 Ezomeprazole subjects have missing H.pylori status, 2 of them rebleed within 72 hours
18 Piacebo Sllb_]ECtS ha\e nnssmg H pvlon status 5 o-f them 1ebleed within 72 hours

mdbmpe 17APR13:10:07:26.18 "D961DCO000 2 i rebleed w HPztah

Source: Appllcant Response to Informatlon Request dated 04/22/2013

Figure 1 presents the KM estimates of rebleeding events, by H. pylori status, in Study 01.

APPEARS THIS
WAY ON
ORIGINAL
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Figure 1. KM estimates of rebleeding events by H. pylori status in Study
D961DC00001
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Source: Applicant, Response to Information Request, dated 04/22/2013

Table 12 presents the proportion of subjects in the Lau study who re-bleed, by H. pylori status.

Note that continuous data on time of rebleed was not available for the Lau et al study as it was
for Study 01.

Table 12. Lau et al - Proportion of subjects who Re-Bleed within 24, 48 and 72 hours (subgrouped
by H. pylori status), ITT population

Re-bleed within Omeprazole n/N(%o) Placebo n/N(%)
(hours)

H. pvlori(+) H. pylori(-) H. pylori(+) H. pylori(-)
24 2/39 (5.1%) 9/64 (14.1%) 7/54 (13%)
48 2/39 (5.1%) 11/64 (17.2%) 9/54 (16.7%)
72 1/78 (1.3%) 3/39 (7.7%) 11/64 (17.2%) 12/54 (22.2%)

3 Omeprazole subjects have missing H. pvlcni status and 1 of them rebleed within 72 hours
% Placebo subjects have mzasme H pvlon st’!tus ancl 1of rhem rebleed within 72 hours

PR

mdbmpe 17TAPR13:10:36:12.25 "LAU - p« ibject ebleed w HPstatus

Source: Applicant, Response to Informatlon Request dated 04/22/2013

DGIEP also requested that for those subjects who met the definition of a clinically significant
rebleed in Study 01 and Lau et al., to tabulate, by study and treatment arm, the number of
patients who met each criterion comprising the definition of a clinically significant rebleed.
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This data is presented in Table 13 & Table 14. It does not appear that any single criterion by
itself drove the observed outcome in either study. There appears to be significant overlap and
redundancy in these criteria both between and within each study.

Table 13. D961DC00001 - Number(%b) of subjects who had a clinically significant rebleed within 30
days, by diagnostic sub criterias and treatment arm, ITT population

Diagnostic sub criteria Esomeprazole Placebo
(n=29/N=375) (n=53/N=389)
n/N(%) n/N(%)

1 - Endoscopic verification: blood in stomach 13 /375 (3.5%) 30/ 389 (7.7%)

2 - Endoscopic verification: active bleeding from a peptic ulcer 13 /375 (3.5%) 25/ 389 (6.4%)

At least one of 1 or 2: Any endoscopic verification 18 /375 (4.8%) 36 /389 (9.3%)

3 - Vomiting of fresh blood/fresh blood in gastric 21/ 375 (5.6%) 39 /389 (10%)

tube/haematochezia/maelena

4 - Decrease in Hb>20g/L during 24h or lack of increase in Hb 25/ 375 (6.7%) 44 /389 (11.3%)

after transfusion

5 - Unstable circulation SBP < 90mmHg/pulse = 110/min 18 /375 (4.8%) 28 /389 (7.2%)

At least one of 3, 4 or 5: Any clinical sign 29/ 375 (7.7%) 53 /389 (13.6%)

6 - Vomiting significant amounts (=200mL) of fresh blood as 8/375(2.1%) 12 /389 (3.1%)

estimated by the investigator

mdbmpe 18APR13:12:16:46.91 "D961DC0O0001 - diagnostic criterias incl. any A anyB"

Source: Applicant, Response to Information Request, dated 04/22/2013

Table 14. Lau et al - Number(%6) of subjects who had a clinically significant rebleed within 30 days,
by diagnostic sub criteria and treatment arm, ITT population

Diagnostic sub criteria Omeprazole Placebo
(n=8/N=118) (n=27/N=119)
/N(%) /N(%)

Defined as rebleeders but no subcriterias can be found 2 /119 (1.7%)*

1 - Associated condition at repeat endoscopy: Fresh blood 4/118(3.4%) 8/119 (6.7%)

2 - Recent hemorrhage at repeat endoscopy: Spurter or Ooze 3/118(2.5%) 13/119(10.9%)

At least one of 1 or 2; Any endoscopic verification 6/118 (5.1%) 17/119(14.3%)

3 - Rebleeding day 1-3: Fresh hematemesis 3/118(2.5%) 2/119 (1.7%)

4 - Rebleeding day 1-3: Drop by 2mg/dl & melena 1/118(0.8%) 9/119 (7.6%)

5 - Rebleeding day 1-3: Hypotension. tachycardia and melena 4/118 (3.4%) 10/ 119 (8.4%)

At least one of 3, 4 or 5: Any clinical sign 6/118(5.1%) 20/119(16.8%)

6 - Vomit significant amounts of fresh blood 1/118(0.8%)

Categories 3. 4 and 5 were assessed at day 1-3. but one on day 6
*Two subjects (IVP 141 and IVP 171) in the placebo group are defined as rebleeders but no details of criteria can
be found

Source: Applicant, Response to Information Request, dated 04/22/2013

Since multiple criteria could be met to define a rebleeder for any given subject in either trial, the
review team also asked the applicant to tabulate the number of patients in each treatment arm
who met multiple criteria for rebleeding. Table 15 presents the number of subjects who met
multiple criteria.

Reference ID: 3377166



Table 15. D961DC00001 and Lau et al - Number(%b) of subjects who had a clinically significant
rebleed within 30 days, with multiple diagnostic sub criteria and treatment arm, ITT population

Total number of D961DC00001 Lau et al

sub criteria met
Esomeprazole Placebo Omeprazole Placebo
(n=29/N=375) (n=53/N=389 (n=8/N=118) (n=27/N=119)
n/N(%) n/N(%) n/N(%0) n/N(%)

Defined as 2/119 (1.7%)

rebleeders but no
subcriteria can be

found

1 3/118(2.5%) 12/ 119 (10.1%)
2 8/375(2.1%) 17 /389 (4.4%) 2/118 (1.7%) 9/119 (7.6%)

g 10 /375 (2.7%) 14 /389 (3.6%) 3/118(2.5%) 4/119 (3.4%)

i 4/ 375 (1.1%) 11/ 389 (2.8%)

5 6/375 (1.6%) 8/389(2.1%)

6 1/375 (0.3%) 3 /389 (0.8%)

'D261DC00001 al o of combined d d criterias”

se to Information Request, dated 04/22/2013

e 16 APR13-1
upe 1oAFR1S:]

SC;L-JlI’l(;(-EZ Applicar;t; -Fééépoh

DGIEP sent an Information Request on August 15, 2013 that requested, among other issues,
further clarification on type of peptic ulcer bleeds observed at baseline and follow-up
endoscopies.

Applicant notes that rebleeding events were documented by endoscopy in 43 of the 62 subjects
who had clinically significant rebleeding within 72 hours. In all 43 cases the rebleeding location
was in the same location (stomach or duodenum) as the baseline bleeding event.

Table 16 present the proportion of subjects who had rebleeds by baseline ulcer type (duodenal or

gastric). The relative reduction in rebleeding rate between esomeprazole and placebo was similar
for duodenal and gastric ulcers.
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Table 16. Proportion of subjects by treatment with clinically significant
rebleeding within 72 hours

Duodenum
Treatment No Rebleeding Rebleeding Total
Group
N* % N % N
Esomeprazole 202 935 14 6.5 216
Placebo 208 89.3 25 10.7 233
Gastric
No Rebleeding Rebleeding Total
N* % N % N
Esomeprazole 150 94.9 g 5.1 158
Placebo 140 90.3 15 9.7 155
Combined
No Rebleeding Rebleeding
N* % N % p-value®*
Esomeprazole 352 94.1 22 59 0.0266
Placebo 348 89.7 40 10.3

*  One Esomeprazole and one Placebo subject were not included in the analyses because their baseline
bleeding location could not be verified at endoscopy. Neither subject had a rebleed within 72 hours.
##%  Cochran-Maentel-Haenzel test stratified by baseline endoscopy bleeding location.

Source: Applicant response to IR dated August 15, 2013

The applicant also provided rebleeding events that were documented by endoscopy. It appears
the majority of rebleeds was documented by endoscopy and appears to trend similarly with the
overall results. Applicant also notes that in all 43 cases where rebleeding were endoscopically
documented, the rebleeding location was in the same location (stomach or duodenum) as the
baseline bleeding event. See Table 17.
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Table 17. Proportion of subjects by treatment with clinically significant rebleeding
within 72 hours as documented by endoscopy

Duodenum
Treatment No Rebleeding Rebleeding Total
Group
N=* % N % N
Esomeprazole 202 94.8 11 52 213
Placebo 208 92.9 16 Tl 224
Gastric
No Rebleeding Rebleeding Total
N* % N % N
Esomeprazole 150 98.0 3 2.0 153
Placebo 140 91.5 13 85 153
Combined
No Rebleeding Rebleeding
N* % N %o p-value**
Esomeprazole 352 96.2 14 3.8 0.0246
Placebo 348 92.3 29 TT

*

One Esomeprazole and one Placebo subject were not included in the analyses because their baseline
bleeding location could not be verified at endoscopy. Neither subject had a rebleed within 72 hours.
##  Cochran-Maentel-Haenzel test stratified by baseline endoscopy bleeding location.

Source: Applicant response to IR dated August 15, 2013

8. Safety

The Clinical reviewer for this cycle concluded that overall, no new safety signals were observed
for Nexium 1V in Study 01 or the Lau study. More detailed safety review of Study 01 was done
in the first cycle by Dr. Anil Nayyar (review dated 11/18/2008) and a safety review of the Lau
Study was performed during the last cycle by Dr. Erica Wynn (review dated 4/08/2011).

The CDTL reviewer last cycle (Dr. Lynne Yao, review dated 06/16/2011) concluded that,
“[o]verall, the safety data available for esomeprazole contained within this submission were
minimal. Based on review of the safety data submitted there were no new safety signals
identified.”

During this review cycle there was refocus on the safety data from Studies 1-840 and 1-841 given
that these studies were terminated prematurely after an imbalance in mortality was detected in
Study 1-841. Eleven deaths were reported in the omeprazole arm compared with one death in the
placebo arm. However this imbalance was not observed in the other three studies submitted to
support approval of this NDA.
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Table 18. Death by Day 30 (Study 01, Study Lau), Death by Day 21 (Studies 840/841)

Study Drug Study 01 Study Lau Study 840 Study 841

Esomeprazole/Omeprazole 0.8 4.2% 6.2% 7.4%
(3/375) (5/120) (8/130) (11/148)

Placebo 1.5% 10.0% 5.9% 0.6%
(6/389) (12/120) (8/135) (1/162)

Source: Clinical Review, Table 25, page 36/43, Aisha Peterson, dated 07/15/2013.

The causes of deaths are presented in the clinical review and include M, heart failure, stroke,
pulmonary embolism and GI hemorrhage. The biologic basis of any such association between
omeprazole and the CV events is not known. The Clinical reviewer concluded that the available
data from these studies, as well as available postmarketing data, suggest that the mortality
findings in Study 1-841 were most likely due to chance.

9. Advisory Committee Meeting

An Advisory Meeting was not held to discuss this efficacy supplement.

10. Pediatrics

See previous CDTL memo by Dr. Lynne Yao for a discussion of the proposed pediatric plan
submitted by the applicant. Briefly, the applicant submitted a waiver request in the initial
submission because “studies are impossible or highly impractical because the number of patients
is so small and geographically dispersed.” At the time, the application was not discussed at PeRC
because the review team planned a CR during this review cycle. During the second review cycle
the applicant again request a full waiver. The applicant provided data on the number of projected
hospitalized patients in the U.S. with pediatric peptic ulcer bleeds. This data was presented
before the Pediatric Review Committee (PeRC) on February 16, 2011, and the committee
concurred with the recommendation to provide full waiver to the applicant for the proposed
indication.

11. Other Relevant Regulatory Issues

Regulatory Briefing

A CDER Regulatory Briefing was held on April 19, 2013. The purpose of this briefing is to
discuss the adequacy of evidence provided to support approval of NEXIUM L.V. for the
proposed indication, for which PPIs have become standard of care.

DGIEP provided a brief overview of the concerns that were raised during previous review cycles
(Cycles 1 and 2). Also presented were the available PK/PD data in Chinese and Caucasian

Reference ID: 3377166



subjects that were provided by the sponsor to support the applicability of the Lau et al. clinical
trial data to the general U.S. population.

As noted in the meeting minutes from the Regulatory Briefing, the majority of the Regulatory
Briefing Panel members concluded that the data presented represented substantial evidence of
efficacy as described in the Evidence of Effectiveness Guidance document. A member with
Clinical Pharmacology expertise commented that a larger PK/PD study in healthy subjects would
be unlikely to provide additional relevant information from the Clinical Pharmacology
perspective, noting that the PD effect of interest (increase in pH to specific levels) had been
demonstrated. The majority of members also commented that the consistent effect across the
studies supported the conclusion that efficacy had been demonstrated.

In addition, the Regulatory Briefing Panel members concluded that the mortality difference
observed in Study 841 did not preclude approval because the observation did not constitute
conclusive evidence of increased risk of mortality related to PPI or even a signal of an increased
risk, since it was not a consistent finding across studies.

12. Labeling

Indication

The Applicant’s original proposed indication for NEXTUM IV was
risk reduction of rebleeding in
patients following therapeutic endoscopy for acute bleeding gastric or duodenal ulcers.”

Claims regardin were removed S

In addition, throughout the label the proposed term— was changed to
“bleeding gastric and duodenal ulcers.”

Adverse Reactions

Table 3 was added to the table to reflect more broadly the adverse reactions observed in Study
0l.

Dosing

Sections 2.2, 8.6 and 12.3 were revised to contain language regarding dosing in patients with
hepatic impairment.

Animal Toxicology
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Clinical Studies

The review team negotiated with the applicant regarding acceptable presentation of clinical data
included in Section 14.2

Other Labeling Issues

At the time of finalization of this review, the team was discussing whether data obtained under
NDA #202342 (esomeprazole strontium, approved 08/06/2013) should be incorporated into the
NEXIUM IV label. More specifically, these discussions were in regard to Sections 8 and 13.2 of
the esomeprazole strontium label, which contain data from juvenile rat toxicity studies conducted
with esomeprazole magnesium and esomeprazole strontium.

13. Recommendations/Risk Benefit Assessment

e Recommended Regulatory Action

Approval.

¢ Risk Benefit Assessment

NEXIUM LV. is currently approved and indicated for the short-term treatment of GERD
with erosive esophagitis in adults and pediatric patients 1 month to 17 years, inclusively, as
an alternative to oral therapy when oral NEXIUM is not possible or appropriate.

The review team this cycle performed a number of analyses that indicate that Study 01 can be
used to label IV NEXIUM adequately for the treatment of bleeding gastric and duodenal
ulcers. The Lau et al. trial, despite lacking an identical design to Study 01, nevertheless
provides supportive evidence that omeprazole (a racemic mixture of which esomeprazole is
half the content) is effective in the treatment of bleeding gastric or duodenal ulcers.
Arguments that the Lau study population is not generalizable, as a whole, to a non-Chinese
population do not appear to be supported strongly by the analyses performed by the review
team this cycle, particularly the PK/PD analyses. The results from from Study 01 and Lau et
al., and to a lesser extent Studies I-840 and I-841, suggest to me that intravenous
esomeprazole or omeprazole has a measureable treatment advantage compared to placebo,
across studies and various subgroups.
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The applicant also makes the point that additional placebo-controlled trials would be
impracticable or unfeasible. It shouldn’t be taken lightly that published clinical practice
guidelines, including the 2012 American College of Gastroenterology Guidelines* and the
2010 International Consensus Upper GI Bleeding Conference Group, strongly advocate the
use of intravenous PPI drugs in preventing peptic ulcer re-bleeding after a successful
endoscopic hemostasis. This reality does lend some support to the applicant’s assertion.

FDA’s, Guidance for Industry Providing Clinical Evidence of Effectiveness for Human Drug
and Biological Products, notes the following in such circumstances in which a second
adequate and well-controlled trial would be impractical [Section 11(3)(c)]:

A conclusion based on two persuasive studies will always be more secure than
a conclusion based on a single, comparably persuasive study. For this reason,
reliance on only a single study will generally be limited to situations in which
a trial has demonstrated a clinically meaningful effect on mortality,
irreversible morbidity, or prevention of a disease with potentially serious
outcome and confirmation of the result in a second trial would be practically
or ethically impossible.

Actively bleeding gastric and duodenal ulcers could result in significant morbidity and
mortality. As noted by the applicant, approximately 100 patients per 100,000 inhabitants are
yearly admitted to hospitals due to significant upper Gl bleeding, and approximately half of
these bleedings are caused by gastric and/or duodenal ulcers (Rockall et al 1995, van
Leerdam et al 2003). The mortality rate within 30 days in these patients is approximately 5 to
10%.

Further, as concluded by the review team, the proposed dosing regimen of NEXIUM 1V for
bleeding gastric or duodenal ulcers appears to be safe, providing a favorable risk: benefit
profile.

As noted previously, at the time of finalization of this review, the team was discussing
whether animal data obtained under NDA #202342 (esomeprazole strontium) should be

incorporated into the NEXIUM 1V label. Because of these ongoing discussions, an action
was not taken on the PDUFA goal date of September 14, 2013.

e Recommendation for Postmarketing Risk Evaluation and Management Strategies

A REMS is not recommend.

e Recommendation for other Postmarketing Requirements and Commitments

At the time of finalization of my review, no Postmarketing Requirements or Commitments
were recommended.

! Am J Gastroenterol 2012; 107:345-360
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¢ Recommended Comments to Applicant

None.
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14. Appendix
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Table 19. Key Study Design Features (Studies 01, Lau, 840, and 841)

01 Lau 840 841
Definition of | Blood in the stomach or a Fresh Moderate: Hemodynamically
endpoint verified active bleeding hematemesis * Hematemesis unstable and/or
criterion from a peptic ulcer (Forrest « Significant Hb fall>10g/I over

class la, Ib) Hypotension: amount of coffee | 12 hours
Or Systolic Blood grounds or red
At least 2 of the following: Pressure<90 blood in the Fresh Blood
» Vomiting of fresh blood | Tachycardia nasogastric tube (macroscopic in
or fresh blood in a gastric | PR>110 and « Hemoglobin the nasogastric
tube or hematochezia or Melena falling 169/l or tube or fresh
melena after a normal more hematemesis)
stool Drop in « Neither
* Decrease in hemoglobin | hemoglobinby |  tachycardia or Blood transfusion
>20g/1 or (hematocrit 20g/l'in 24 hypertension was necessary to
>6%) despite > 2 units of | hours and Severe: maintain the
blood has been melena « \oluminous hemoglobin level.
transfused during 24 hematemesis, red
hours blood in the
« Unstable circulation nasogastric tube
systolic blood pressure or in stools
<90mm Hg or « Unstable
pulse>110/min (after circulation or
having had a stable rapid transfusions
CirCUlatiOﬂ) required to
Or prevent it.
Hematemesis (vomiting of
significant amount of
(>200ml) of fresh blood)
Therapeutic Injection therapy Injection Preferably injection | Eg: sclerotherapy,
endoscopic (epinephrine) and/or one of | therapy technique but heater probe
procedures the following: coagulation (epinephring) thermal
with heater probe, followed by coagulation or
electrocautery, hemoclips. captive electrocoagulation
thermocoagula | allowed
tion with
heater probe
Drug and Placebo or Esomeprazole (a | Placebo or Placebo or Placebo or
dosing bolus infusion of 80mg over | Omeprazole (a | Omeprazole (a Omeprazole (a
30 minutes followed by a bolus IV bolus infusion of bolus infusion of
continuous infusion of injection of 80mg over 30 80mg over 30mg
8mg/hr for 71.5 hours) 80mg followed | minutes followed followed by a
by a by a continuous continuous
continuous infusion of 8mg/hr | infusion of 8mg/hr
infusion of for 71.5 hours) for 71.5 hours). If
8mg/hr for 72 signs of
hours) rebleeding

occurred within
48 hours the
continuous
infusion was
given for 120
hours
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Oral Follow- | Esomeprazole (40 mg once | Omeprazole After 48 hr IV Omeprazole (20
Up Treatment | daily for 27 days) (20 mg once therapy, all patients | mg once daily
After IV daily for 8 received until follow-up
treatment weeks) omeprazole (20mg | visit, day 21)
once daily until
follow-up visit
Day?21)
Inclusion
criteria >18 years > 16 years >18 years >60 years
Age (years)
Within 24 hours prior to Within 24 Within 12 hours Within 48 hours
Signs of endoscopy hours after prior to endoscopy | prior to admission
Gastrointestin admission
al Bleeding la, Ib, Ila, or llb endoscopy la, Ib, Ila, or llb la, Ib, lla, or llb
Yes performed Only Forrest Ia, lla | Only Forrest la
Forrest
Classification la, Ib, lla, or
of Bleeding Ib
Ulcers
Yes
Successful
endoscopic
hemostasis
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1. Introduction

This memorandum reviews the information submitted by the applicant, AstraZeneca, in
response to a Complete Response Letter issued on November 26, 2008, for Nexium L. V.
(esomeprazole sodium [.V.), NDA 21-689/S014, for O

®@risk reduction of rebleeding in patients following therapeutic endoscopy for acute bleeding
gastric or duodenal ulcers. This review focuses on the deficiencies cited in the Complete
Response Letter issued and the adequacy of the responses provided by the applicant regarding
these deficiencies. The Complete Response Letter noted deficiencies in clinical, statistical,
and clinical pharmacology areas. These deficiencies and the applicant’s responses will be the
focus of this memo.

The applicant’s complete response was submitted on September 15, 2010, and was designated
for standard review, with a PDUFA date of March 16, 2011. However, additional data
received from the applicant on February 14, 2011 based on an information request sent to the
applicant triggered a major amendment, with an extension of the PDUFA date to June 16,
2011.

Both the clinical and statistical reviewers have recommended that a Complete Response action
be taken for the current submission. This memo reviews the recommendations made by each
review discipline and documents my concurrence with the clinical and statistical teams’
recommendations for a Complete Response action. The clinical pharmacology team, however,
concluded that the information submitted to address the clinical pharmacology deficiencies
was adequate.

2. Background
A. Clinical Background

Peptic ulcer is the most common cause of upper gastrointestinal bleeding. Up to 20% of
patients with a bleeding peptic ulcer will require endoscopy because of active continuous
bleeding, or recurrent episodes of bleeding.' It has been established that specific populations
are at higher risk of bleeding from peptic ulcers and for rebleeding after endoscopic treatment
for peptic ulcers. These risk factors include older age (age >65 years), poor overall health
status, comorbid illnesses, ulcer size and hemodynamic instability (i.e. shock, low initial
hemoglobin level, requirement for blood transfusions). Additionally, the risk of rebleeding has
also been demonstrated to be associated with the findings on endoscopy and Laine and
Peterson reported a review of the prognosis for rebleeding associated with the Forrest
classification categories.” This publication reported that 55% (17-100) of actively bleeding

' Lau, et al, Effect of Intravenous Omeprazole on Recurrent Bleeding after Endoscopic Treatment of Bleeding
Peptic Ulcers, N. Engl. J. Med., 2000, Aug 3; 343(5): 310-316

2 Laine L., Peterson W, Bleeding Peptic Ulcer, N. Engl. J. Med., 1994, Sep 15;331(11):717-27

? Forrest JA, Finlayson ND, Shearman DJ, Endoscopy in gastrointestinal bleeding, Lancet, 1974, 17:394-397.

Page 2 of 38 2

Reference ID: 2962129



Cross Discipline Team Leader Review

ulcers rebleed, that ulcers associated with a visible vessel (Forrest II) are associated with a
43% (0-81) risk of rebleeding, and those with adherent clot (Forrest I1b) a 22% (14-36) risk of
rebleeding (see table 1). These risk levels were based on review of multiple publications and
the associated range of risk of rebleed for each level is large. It is important to note that each
of the individual classifications in this scheme are associated a distinct risk of rebleeding.

Table 1: Forrest Classification of Gastric Ulcer Hemorrhage with Prognosis

Forrest Classification Rebleeding Incidence if untreated

Type I: Active Bleeding | Type Ia: Spurting bleeding 100%

Type Ib: Oozing bleeding 55% (17 -100%)
Type II: Recent Bleeding | Type Ila: Non-bleeding visible vessel 43% (8 — 81%)

Type IIb: Adherent Sentinel Clot 22% (14 -36%)

Type Ilc: Black base vessel 10% (0 -13%)

(Hematin covered flat spot)
Type III: No bleeding Type III: No stigma 5% (0 —10%)

copied from clinical review by E. Wynn

Treatment for bleeding peptic ulcers includes both conservative management, endoscopic
treatment, and surgery. Endoscopic treatment is usually provided within 24 hours of inpatient
hospitalization and treatments used include injection with epinephrine, thermocautery, and
hemoclips. The clinical reviewer noted that in a recently published clinical guideline, injection
therapy with epinephrine is useful only as adjunct therapy in combination with other
modalities (e.g. thermocautery, hemoclips).”

Several investigators have studied the use of proton pump inhibitors (PPIs) to decrease the risk
of rebleeding of peptic ulcers. The mechanism of action of the presumed effect of PPIs in the
reduction of risk of rebleeding of peptic ulcers is based on in vitro and animal studies that
demonstrate that platelet aggregation is decreased at <6.8 and that fibrinolysis increases at
lower pH. Therefore, maintenance of a higher intragastric pH through the actions of PPIs may
enhance clot formation in the stomach and duodenum, leading to a decreased risk of
rebleeding. The clinical reviewer noted that several studies have been published evaluating the
use of intravenous PPI to decrease the risk of bleeding of peptic ulcers; however, these studies
have been confounded by heterogeneity of patient populations studied, specific PPI treatment
regimen, and the timing and/or type of endoscopic intervention used.

B. Regulatory Background

Initial Submission

The original sSNDA (21-689/S014) was submitted on May 29, 3008. The supplement was
granted a standard review. On November 26, 2008, a Complete Response letter was issued
because of significant clinical and clinical pharmacology deficiencies. These deficiencies
included:

* Barkun A, Bardou M, Kuipers, E, et al, “International Consensus Recommendations on the Management of
Patients with Nonvariceal Upper Gastrointestinal Bleeding.” Ann. Intern. Med. 2010;152:101-113.
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1. Lack of a highly statistically significant result of a single study to support the efficacy
of the product for the proposed indication.

2. Lack of robustness of clinical efficacy when evaluated using important sensitivity
analyses including country-to-country variation and appropriate stratification by patient
characteristics (i.e., Forrest classification)

3. Lack of internal consistency and wide variability of efficacy results across study
centers

4. Lack of treatment effect in patients 65 years of age and older, a group considered to be
at higher risk for rebleeding events

5. Lack of effect in important secondary efficacy outcomes including the proportion of
patients who underwent surgery for rebleeding, the number of units of blood required
in the first 72 hours, and the proportion of patients who required endoscopic
retreatment in the first 72 hours, after Bonferroni adjustment to account for multiple
comparisons

6. Potential impact of results from a study site with a primary investigator with significant
financial disclosures. Removal of this site from the analysis resulted in a decrease in
the observed treatment effect to -3.7% and a p-value that increased to 0.06.

7. Nonstandard endoscopic treatments within the study

8. Inclusion of a substantial number of patients that had multiple ulcers at the time of
endoscopy despite clear exclusion criteria that stated that patients with multiple ulcers
on endoscopy should be excluded from the study. Fewer patients with multiple ulcers
were randomized to the treatment group and may have favored the esomeprazole arm.

9. Imbalances in baseline factors for risk of rebleeding that favored the treatment arm
(1.e., large ulcers, and grade Ia stigmata for risk of rebleeding).

10. Allowance for use of I.V. PPI therapy within 24 hours of enrollment of the study.

11. Inadequate information to permit proper dosing in patients with hepatic impairment.

Recommendations to address the deficiencies were:
1. Conduct at least one additional adequate and well-controlled study to demonstrate the
proposed benefit of NEXTUM L V. for o

2. Consider if the dose evaluated in the pivotal trial was adequate to achieve the desired
efficacy. Conduct an additional dose finding study in the target population to evaluate
dose optimization.

3. Study site 0102 in the Netherlands, which reported the greatest treatment effect will
need to be inspected by the Division of Scientific Investigations (DSI).

4. Conduct a pharmacokinetic study in sufficient number of patients with hepatic
impairment and include matching healthy subjects as controls.

Additionally, the Complete Response letter recommended the submission of the following
additional information:

1. Submit a pediatric plan
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2. Submit Safety update as described in 21CFR 314.50(d)(5)(vi)(b) to include data from
all nonclinical and clinical data trials of the drug under consideration regardless of
indication, dosage form, or dose level

The following list outlines the discussions between the division and the applicant regarding the
information to be included in the complete response submission:

e June 11, 2009 — Type C meeting held between the Division and applicant to discuss a
path forward for the application. The applicant proposed a reanalysis of the data from
D961DC00001

The Division rejected the applicant’s

The Division also stated that the study data from a published
study by Lau, et al, could be included but would be considered as supportive only
because it was a single center trial and was not conducted using esomeprazole. The
Division proposed that one path forward would be for the applicant to review and
reanalyze the data from previously conducted well-controlled trials using esomeprazole.

The applicant agreed to propose and submit a preliminary response to the CR letter for
FDA review.

e July 14, 2009 — The applicant submitted a proposal for the information to be included to
address the deficiencies noted in the Complete Response letter.

e December 03, 2009 — An advice letter was issued to the applicant that included the
following recommendations:

1. Provide supportive data, including clinical study reports (CSRs) for each trial
included in the new submission. Submit justification describing how the
supportive evidence is similar to that of trial D961DC00001 (the pivotal trial
reviewed with the original efficacy supplement submission). Present a summary
of a head to head comparison between the submitted trials and D961DC00001
evaluating the patient population, therapeutic endoscopic procedures, dosing of
drug, endpoints criteria, and efficacy results.

2. Provide criteria used to define a clinically significant rebleed event in each trial
and the timing of all clinically significant rebleeding events

3. Provide information on rebleeding events during the first 72 hours post-
endoscopy using Forrest’s classification criteria. Also provide separate tables
for the percent of patients with clinically significant rebleeding events by age,
race, and gender for each trial.

4. Provide additional supportive evidence of efficacy for specified variables:

o Proportion % (n) of mortalities within 72 hours and 30 days

o Proportion % (n) who had surgery due to a rebleeding event within 72
hours and 30 days

o Proportion % (n) who had endoscopic re-treatment due to a rebleeding
event within 72 hours and 30 days

o Number of blood units transfused within 72 hours and 30 days
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5. Provide complete case report forms (CRFs) for patients who died, sustained a
serious adverse event (SAE) and/or rebleeding event at any time during the
trial.

6. Provide datasets in a format similar to those in the original submission.

Current Submission
The applicant submitted their Complete Response for supplement S014 on September 15,
2011. The current submission included the following information:

1. Pharmacologic bridging studies to assess the pharmacodynamic comparability between
intravenous omeprazole and intravenous esomeprazole

2. Three clinical studies evaluating intravenous omeprazole: one published in the
literature by Lau, et al, and two studies (I-840 and I-841) conducted by the applicant

3. Observational data from use of intravenous esomeprazole in patients with peptic ulcer
bleed

4. A systematic review of available trials from any proton pump inhibitor for the
proposed indication

5. Additional observational data from other data sources including healthcare and
administrative databases, and hospital networks with field-based studies.

This memo will review the data included in the applicant’s complete response. The Complete
Response letter contained no product quality or pharmacology/toxicology deficiencies;
therefore, no reviews were required from these disciplines. The following reviewers provided
discipline specific reviews for the submission:

Clinical Review by E. Wynn, dated June 14, 2011

Statistical Review by L. Kammerman, with concurrence by M. Welch, dated June 15, 2011
Clinical Pharmacology Review by D. Jappar, with concurrence by S.C. Lee dated May 26,
2011

Pediatric and Maternal Health Staff consult review by A. Taylor, with concurrence by L.
Mathis, dated January 18, 2011

Division of Scientific Investigation (DSI) consult by J. Lee dated April 8, 2011.

Office of Surveillance and Epidemiology consult by J. Ju, dated, January 28, 2011

3. CMC/Device

Current Submission

There were no product quality issues cited in the Complete Response letter. Thus, there were
no product quality issues reviewed in the applicant’s current submission. The product quality
microbiology review initially noted potential deficiencies related to the applicant’s proposed
storage times for the reconstituted product. However, the applicant addressed the reviewer’s
concerns adequately and the reviewer concluded that the supplement be approved.

Page 6 of 38 6

Reference ID: 2962129



Cross Discipline Team Leader Review

4. Nonclinical Pharmacology/Toxicology

Current Submission
There were no nonclinical issues cited in the Complete Response letter. Thus, there were no
nonclinical issues reviewed in the applicant’s current submission.

5. Clinical Pharmacology/Biopharmaceutics
Initial Submission
The reader is referred to the clinical pharmacology review by T. M. Chen, dated November 25,
2008 for complete details.

The original SNDA submission included one clinical pharmacology study that evaluated the
following:
1. PK and PD parameters of esomeprazole, IV, given as a loading of dose of 40 mg, 80
mg, and 120 mg, over 30 minutes in healthy subjects
2. PK and PD parameters of esomeprazole, IV, given as a loading dose as described
above, followed by a continuous infusion of either 4mg/hr or 8 mg/hr for 72 hours in
healthy subjects

Additionally, data pertinent to the SNDA reviewed in previous submissions includes the
following:

1. PK and PD parameters of esomeprazole, IV, given once daily for 5 days at doses of 20
and 40 mg to healthy subjects

2. PK and PD parameters of esomeprazole, PO, given once daily for 5 days at doses of 20
and 40 mg to healthy subjects

The overall results of these studies are presented in table 2. It is important to note that
intragastric pH levels above 4 were achieved at least 80% of the 24-hour treatment period for
all treatment regimens studied. However, intragastric pH levels above 6 were only achieved
for roughly half of the 24-hour period. These pharmacodynamic findings suggest that the
optimal dose may not have been achieved because nonclinical studies, as stated above, suggest
that a pH of at least 6.4 is required to maximize hemostasis in the upper gastrointestinal tract.
Nevertheless, there was a reduction of rebleeding events in the single phase 3 trial despite the
substantial proportion of time that intragastric pH <6 (see section 4, Clinical/Statistical-
Efficacy). However, the small treatment effect noted in the single phase 3 trial may be partly
explained by an inadequate dose.
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Table 2: Estimates of mean percentage of time with intragastric pH>4, pH>6, pH>7 with
intravenous infusion of esomeprazole at 5 different infusion combinations in healthy subjects,
during the 24 hour period by dose level

copied from division director memo by D. Griebel

The clinical pharmacology reviewer also noted that although the PK/PD studies were limited
to 24 hours of exposure to Nexium, the PK/PD for the dose regimen had been adequately
characterized. The reviewer noted that the studies were only performed in healthy volunteers,
and not the target population and expressed concern that it is not possible to correlate the PD
in healthy subjects compared to patients who have bleeding peptic ulcers. The clinical
pharmacology reviewer also expressed concern that patients with moderate or severe hepatic
impairment were excluded from the pivotal trial. Therefore, PK data from this population
were not available for this new dose regimen.

Based on these concerns, the following clinical pharmacology deficiencies were cited in the
Complete Response letter:

1. You should consider whether the dose evaluated in the study submitted for review in
this NDA supplement was adequate to achieve the desired efficacy, in light of the
pharmacodynamic effects observed in the two pharmacokinetic/pharmacodynamic
(PK/PD) studies that you conducted and submitted for review. The desired
pharmacodynamic effect, i.e. target intragastric pH, was not achieved by a substantial
proportion of patients in the first 24 hours of treatment in the PK/PD studies and was
not sustained for a prolonged duration of time within that period. This insufficient PD
response may have contributed to the lack of robustness of the treatment effect
observed in your major randomized, placebo controlled study. The proportion of
patients who experienced rebleeding in the first 24 hours of treatment in the phase 3
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study was, in fact, similar between treatment arms, and the majority of rebleeding
events on the esomeprazole arm occurred within the first 24 hours of treatment.

2. There is inadequate information to permit proper dosing in patients with hepatic
impairment. Patients with moderate or severe hepatic impairment were excluded from
the randomized, placebo controlled clinical trial and there is no adequate
pharmacokinetic (PK) study conducted to evaluate esomeprazole in subjects with
various degrees of hepatic impairment. Based on the data provided in the current
submission, we are unable to determine the appropriate dose adjustment of
esomeprazole for patients with hepatic impairment.

Thus, the Complete Response letter included the following clinical pharmacology deficiencies
that must be addressed by the applicant in their resubmission:

1. Conduct an additional dose finding study in the target population to evaluate dose
optimization, at least for the initial 24 hours after starting treatment. The study would
require evaluation of PK and PD, and should incorporate clinical outcome measures. A
higher hourly infusion dose may be required to optimize the PD effects, but the
appropriateness of the higher doses from a safety standpoint should be supported by
appropriate nonclinical and/or clinical safety data.

2. Conduct a pharmacokinetic study in a sufficient number of patients with hepatic
impairment and include matching healthy subjects as controls.

Current Submission
The reader is referred to the clinical pharmacology review by D. Jappar, dated May 26, 2011
for complete details.

The applicant submitted data and literature references for PK/PD bridging between
omeprazole and esomeprazole in order to use the results of intravenous omeprazole data to
support the proposed indication for esomeprazole. The applicant submitted data comparing
PK and PD parameters of short-term intravenous infusion of esomeprazole and omepraozole;
the PK and effect on intragastric pH of esomeprazole, 80 mg as a bolus intravenous infusion
over 30 minutes followed by a continuous infusion of 8 mg/hour for 23.5 hours was compared
to that of corresponding dosage regimen of intravenous omeprazole in Study D961 DC00004;
and oral studies (which will not be reviewed in this memo).

Study D961DC00004 was a double-blind, randomized, 2-way crossover, single-center
(Switzerland) comparative study of esomeprazole and omeprazole given as short-term
intravenous infusion of 80 mg over 30 minutes followed by continuous infusion of 8 mg/hour
for 23.5 hours regarding the effect on 24-hour intragastric pH and pharmacokinetics in 39
healthy male and female volunteers with washout period of 13 days between the treatments.
The clinical pharmacology reviewer noted that the geometric mean Cmax and AUCt of
esomeprazole were 14% higher compared to omeprazole; 95.47 vs. 83.97 umol*h/L for AUC
and 12.82 vs. 11.28 umol/L for Cmax. Esomeprazole and omeprazole has similar intragastric
pH compared to time profiles and median intragastric pH (5.9 vs. 5.8). Therefore, no
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substantive differences were noted between the two treatments with respect to both PK and PD
parameters when given as 80 mg bolus infusion over 30 minutes followed by a continuous
infusion of 8 mg/hour for 23.5 hours. However, clinical reviewer also noted that there was
less interindividual variability for esomeprazole compared to omeprazole regarding AUC and
percentage of time with intragastric pH>4.

D9615C00018 was a single-center, open-label, randomized, two-way cross-over study
comparing the effect of single 30-minutes intravenous infusion of esomeprazole 40 mg and
omeprazole 40 mg under fasting conditions. The clinical pharmacology reviewer noted that
following single dose of 30 minutes intravenous infusion, esomeprazole 40 mg had higher
exposure (36% for AUC and 18% for Cmax) and longer half-life (12%) compared to
omeprazole. Regarding PD parameters, both esomeprazole and omeprazole resulted in a
significant reduction in peak acid output and basal acid output from the baseline, with more
significant effect from esomeprazole compared to omeprazole. The more pronounced PD
effect of esomeprazole likely is a reflection of its higher AUC compared to omeprazole.

Study SH-QBE-0061 was a two-center, open-label, randomized, two-way cross-over study to
compare PK of single and multiple dose of 40 mg esomeprazole and 40 mg omeprazole
administered as a short term intravenous infusion for 30 minutes once daily for five days in
healthy male subjects. The clinical pharmacology reviewer noted that following once daily
intravenous administration of 40 mg esomeprazole or 40 mg omeprazole over 30 minutes for 5
days, AUC was higher for esomeprazole than for omeprazole on both day 1 and day 5 in
extensive metabolizers. However, in poor metabolizers, the effect on AUC was contradictory.
Moreover, the observed difference in AUC between poor and extensive metabolizers for
esomeprazole was less than for omeprazole. However, there were only 2 subjects in poor
metabolizer group to make a definitive conclusion.

The clinical reviewer concluded that extent of differences between the PK/PD parameters of
esomeprazole compared to omeprazole were dependent on the route of administration. There
were no major differences in PK and PD parameters (AUCt and Cmax of esomeprazole were
only 14% higher than those for omeprazole) in studies evaluating continuous intravenous
infusion (80 mg as a bolus infusion over 30 minutes followed by a continuous infusion of 8
mg/hour for 23.5 hours). However, following short term intravenous infusion over 30
minutes, AUC and Cmax of 40 mg esomeprazole were 36-43% and 12- 18% higher than those
of 40 mg omeprazole, respectively. Higher AUC of esomeprazole was also reflected in its
higher PD effect. For the various administration routes and dosing regimens studied, the acid
suppression effect of esomeprazole was similar to or greater than that of omeprazole when
given at the same dose. Therefore, clinical studies evaluating intravenous omeprazole would
be likely to demonstrate a similar or smaller treatment effect than studies evaluating
esomeprazole. The clinical reviewer concluded that overall, a reasonable PD bridging is
established between omeprazole and esomeprazole for the proposed IV dosing regimen.

Additionally, the applicant submitted data and literature references to address the use of
esomprazole for the proposed indication in patients with hepatic impairment. The applicant
submitted data from two studies; use of oral esomeprazole in hepatic impairment patients
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(study SH-QBE-0026, Sjovall et al 2002), and another study with intravenous omeprazole in
hepatic impairment patients (CSR I-1226, Piqué et al 2002).

When esomeprazole 40 mg was given orally for 5 days to hepatic impairment patients, overall,
the AUC increased with the degree of the liver impairment. However, Cmax was not
influenced significantly by the degree of liver impairment. The AUC in patients with severe
hepatic insufficiency were about 2-3 fold higher compared to patients with normal hepatic
function. When intravenous omeprazole, 80 mg, was infused over 30 minutes followed by a
constant infusion of 8 mg/hour up to 24 hours in hepatic impairment patients, higher
omeprazole AUC was noted in patients with hepatic impairment compared to subjects with
normal liver function. Additionally, the omeprazole AUC increased with the degree of the
liver impairment. Patient with mild to moderate hepatic impairment had an approximately 1.46
fold (46% ) and 1.74 fold (74%) higher mean AUC compared to the patients with normal liver
function whereas the patients with severe hepatic impairment function had almost 2 fold
higher mean AUC compared to the patients with normal hepatic function. Mean omeprazole
Cmax values, however, were less influenced by the severity of hepatic impairment. The

Therefore,
cal pharmacology reviewer recommende e modeling

and simulation results of previously collected data to support an estimate of the proper
constant infusion rate in patients with moderate and severe hepatic impairment.

In a dose finding study submitted and reviewed during the last review cycle, the applicant
proposed the recommended dose for patients with normal liver function (80 mg infusion over
30 minutes followed by a 8 mg/hr constant infusion) showed 50% higher AUC (111 vs. 74
pmol*h/L) and comparable Cmax compared to the recommended dose for patients with severe
hepatic impairment (80 mg infused over 30 min followed by 4 mg/hr constant infusion).

Based on these findings, the applicant has proposed the following dose adjustment for
esomeprazole in patients with hepatic impairment:

.
2. A dose reduction for patients with severe hepatic impairment to 80 mg infused over 30
min followed by a maximum continuous infusion dose of 4 m

The clinical reviewer concluded that the data provided supported the proposed dosing
recommendations for patients with hepatic impairment. However, clinical reviewer noted
concern regarding the proposed continuous intravenous infusion rate of esomeprazole for both
patients with moderate h and severe (4 mg/hour) hepatic impairment. Therefore, the
clinical pharmacology reviewer recommended that the applicant conduct further modeling and
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simulation based on previously collected data in order to estimate the proper constant infusion
rate in patients with moderate and severe hepatic impairment.

Finally, the applicant provided information to address the deficiency relating to the optimal
dose of esomeprazole for the proposed indication. The applicant argued that healthy subjects
would be more likely to H. pylori negative and that the acid suppressive effects of PPIs are
less pronounced than in patients who are H. pylori positive.” Based on the provided literature,
clinical pharmacology reviewer agreed that the acid suppressive effect of the proposed
esomeprazole is expected to be more pronounced when given to bleeding peptic ulcer patients
than given to H. pylori negative healthy subjects as in this dose finding study. After further
internal discussion, the clinical pharmacology review team concurred with applicant’s
explanation and agrees that no further dose finding study in target population is necessary.
However, I do not agree that all patients with bleeding peptic ulcers are H. pylori positive.
Thus, it cannot be assumed that the effect of esomeprazole is expected to be more pronounced
in bleeding peptic ulcer patients compared to healthy patients. I conclude that the data the
applicant has presented to not completely support their dose selection as the optimal dose of
esomeprazole.

6. Clinical Microbiology

Clinical microbiology considerations do not apply to this complete response submission or the
initial submission because esomeprazole is not intended as an antimicrobial product.

7. Clinical/Statistical- Efficacy
Initial Submission
The reader is referred to the clinical review by A. Nayyar dated November 17, 2008 and the
statistical review by S. Castillo dated November 13, 2008 for complete details.

The data used to support the proposed indication in the initial SNDA submission was a single
randomized, placebo-controlled study. The primary endpoint of the study was the proportion
of patients who experienced clinically significant rebleeding in the first 72 hours after
endoscopic treatment. Major enrollment criteria included presence of a single gastrointestinal
bleeding from a peptic ulcer (gastric or duodenal) classified by Forrest classification as Ia, Ib,
IIa, or IIb (see table 1); patients with multiple ulcers were excluded. Intervention for the ulcer
must have included injection with epinephrine and/or one of the following: heater probe,
electrocautery, or hemoclips. Patients were randomized to receive treatment with
esomeprazole, 80 mg, IV over 30 minutes followed by a constant infusion of 8 mg/hr for the
remainder of the 72 hour treatment period or placebo.

There were 767 patients enrolled at 91centers outside the U.S.; approximately 2/3 were male,
nearly 90% presented with melena, and approximately 60% had duodenal ulcers. As stated
above, patients were to be excluded from the study if multiple ulcers were present at

> Gillen D, Wirz A, Neithercut W, Ardill J, McColl K; Helicobacter pylori infection
potentiates the inhibition of gastric acid secretion by omeprazole; Gut, 1999;44:468-475
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endoscopy. However, 14% on the esomeprazole arm had multiple ulcers compared to 19% on
the placebo arm. Data were missing for this descriptor in 8% of randomized esomeprazole
patients and 6% of placebo patients.

The overall efficacy results are presented in table 3. Treatment with esomeprazole resulted in
a decreased the incidence of rebleeding at 72 hours of 4.4% compared to placebo treatment
and that the result was statistically significant (p=0.0256, Mantel-Haenszel test stratified only
for type of endoscopic treatment used).

Table 3: Incidence of rebleeding within thefirst 72 hours after endoscopic intervention

copied from division director memo from initial SNDA submission (21-689/S014) by D.
Griebel

However, the clinical and statistical reviewers uncovered several issues that questioned the
robustness of the efficacy finding, and the clinical and statistical reviewer concluded that this
single study did not provide substantial evidence of efficacy for the proposed indication. The
limitations and deficiencies of the study were summarized in the Complete Response letter as
follows:

“Our review finds that the primary efficacy results for this non-U.S. single study do not
provide substantial evidence of efficacy. For a single study to stand alone as substantial
evidence of efficacy, it should demonstrate highly statistically significant and clinically
meaningful results.

Consistency should be demonstrated across subgroups and secondary endpoints. The study
should also show internal consistency in demonstrating the treatment effect across study
centers.

The single study that you have submitted does not meet these criteria for providing substantial
evidence for the following reasons:

1. Highly statistically significant results were not demonstrated. Although your protocol
specified analysis showed a reduction of 4.4% in the rate of clinically significant
rebleeding within 72 hours after hemostasis compared to placebo (p = .03), that
reduction was not highly significant, e.g., p <.001. In addition, the observed outcome
was not found to be robust when subjected to the sensitivity analyses listed below:

a. It is appropriate to account for country-to-country variation, so the protocol
specified analysis was further stratified by country. This resulted in an insignificant
treatment effect (p=0.06), although the absolute reduction in rebleeding remained
4.4%.

b. When the protocol specified analysis was further stratified (retaining stratification
by country in the model) using Forrest classification as four separate categories
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2.

(Forrest Ia, Ib, I1a, and IIb) instead of two (Forrest I and Forrest II), an insignificant
treatment effect was observed (p=0.11). The absolute reduction in rebleeding
remained 4.4%. We believe the appropriate adjustment for Forrest classification
should be by each individual Forrest category because each category has a different
risk of rebleeding events. Even if this stratified analysis was conducted without
incorporation of country in the model, the p value still shifted to a less persuasive
value of p=0.05.

The study lacked internal consistency across study centers. Despite similar patient
demographics and disease characteristics, marked variability in the incidence of
rebleeding, i.e., the primary endpoint, and treatment effect was observed in different
countries and among leading centers. The treatment effect varied widely from -25% to
+12% by country and from -31% to +20% in the larger centers that enrolled more than
10 patients. There is no clear explanation for why this occurred, although physician
expertise and standards of care may have played a role.

The study lacked internal consistency in demonstrating the treatment effect in the
important subgroup of patients aged 65 and older. In this subgroup, the proportion of
patients that experienced rebleeding in the first 72 hours was 6.2% on the esomeprazole
arm and 8.4% on the placebo arm. In contrast, in patients aged less than 65 the
proportion of patients that experienced rebleeding in the esomeprazole arm was 5.5%,
while on the placebo arm the proportion was 11.9%.

The study lacked internal consistency in demonstrating the treatment effect in
important secondary efficacy outcomes that were evaluated in the first 72 hours. The
proportion of patients who underwent surgery for rebleeding was a prespecified
secondary endpoint and the observed outcome for this endpoint was similar between
study arms. This analysis was not found to be statistically significant, p=0.31. The
secondary analysis comparing number of blood units transfused in the first 72 hours
demonstrated a lower number of units infused on the esomeprazole arm (492) relative
to placebo (738), p=0.05, and the secondary analysis that compared the proportion of
patients who required endoscopic retreatment in the first 72 hours demonstrated a
decreased rate of endoscopic retreatment (4.3%) on the esomeprazole arm relative to
placebo (8.2%), p=0.02. Although the secondary analyses of number of blood units
transfused and endoscopic retreatment appear nominally significant, there was no
prespecified plan to adjust for multiple comparisons. Taking a conservative approach,
these p values are not significant after a Bonferroni adjustment to account for multiple
comparisons.

One center, Site 0102 in the Netherlands reported the largest treatment effect in all
centers that participated in this study, -31% rebleeding events, favoring the
esomeprazole arm of the study. The investigator from this site, Dr. Ernest J. Kuipers,
MD, Ph.D., reported having accepted significant payments from Astra Zeneca. When
we conducted a sensitivity analysis to explore the impact of that center’s data on the
overall observed outcome of the study by removing the patients treated at that center
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7.

from the efficacy analysis, we found that the overall treatment effect observed in the
study decreased to -3.73% (95% CI =-7.67, 0.10) and the p value shifted to 0.06.

We identified additional study design and conduct concerns that further limit the
study’s ability to provide persuasive evidence that esomeprazole is effective for the
proposed indication. These issues are listed below:

a. Endoscopic epinephrine injection is currently not an acceptable standard of

treatment as single therapy for upper gastrointestinal bleeding from gastric or
duodenal ulcers. More than a third of the patients in this study were treated with
endoscopic epinephrine injection as single therapy. This draws into question the
applicability of the outcome observed in this trial to current care of patients with an
upper gastrointestinal bleed from a gastric or duodenal ulcer in the United States
today.

b. Although the inclusion criteria excluded patients with more than a single ulcer, a

substantial proportion of the randomized patients had multiple ulcers and there was
an imbalance between study arms in this prognostic factor that favored the
esomeprazole arm. Fewer patients on the esomeprazole arm had multiple ulcers,
13.6%, relative to the placebo arm, 18.5%. This raises concerns regarding the study
conduct in this international trial.

c. Despite randomization, small imbalances in important prognostic factors were

observed between the two study arms. The imbalances favored the esomeprazole
treatment arm. These prognostic factors included Grade 1a stigmata of risk of
rebleeding (esomeprazole=7.5%, placebo=10.3%) and large ulcers
(esomeprazole=7.7%, placebo=10.3%).

d. The lack of an exclusion criterion for intravenous administration of a proton pump

mhibitor within 24 hours prior to enrollment is a potential confounding factor for
the observed efficacy outcome. Although this was addressed with an amendment
during the course of the study, the amendment only excluded patients who had
received intravenous doses greater than 40 mg within 24 hours prior to enrollment.

There is inadequate information to permit proper dosing in patients with hepatic
impairment. Patients with moderate or severe hepatic impairment were excluded from
the randomized, placebo controlled clinical trial and there is no adequate
pharmacokinetic (PK) study conducted to evaluate esomeprazole in subjects with
various degrees of hepatic impairment. Based on the data provided in the current
submission, we are unable to determine the appropriate dose adjustment of
esomeprazole for patients with hepatic impairment.”

These deficiencies were communicated in a Complete Response letter issued on November 26,
2008. Additionally, the letter included recommendations to resolve these clinical deficiencies:

8. Conduct at least one additional, adequate, and well-controlled study to demonstrate the
proposed clinical benefit of Nexium IV for we
The study should mclude some U.S. centers and the study
design and analysis plan should address the deficiencies described in this letter above.
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9. You should consider whether the dose evaluated in the study submitted for review in
this NDA supplement was adequate to achieve the desired efficacy, in light of the
pharmacodynamic effects observed in the two pharmacokinetic/pharmacodynamic
(PK/PD) studies that you conducted and submitted for review. The desired
pharmacodynamic effect, i.e. target intragastric pH, was not achieved by a substantial
proportion of patients in the first 24 hours of treatment in the PK/PD studies and was
not sustained for a prolonged duration of time within that period. This insufficient PD
response may have contributed to the lack of robustness of the treatment effect
observed in your major randomized, placebo controlled study. The proportion of
patients who experienced rebleeding in the first 24 hours of treatment in the phase 3
study was, in fact, similar between treatment arms, and the majority of rebleeding
events on the esomeprazole arm occurred within the first 24 hours of treatment.

For the reasons stated above, conduct an additional dose finding study in the target
population to evaluate dose optimization, at least for the initial 24 hours after starting
treatment. The study would require evaluation of PK and PD, and should incorporate
clinical outcome measures. A higher hourly infusion dose may be required to optimize
the PD effects, but the appropriateness of the higher doses from a safety standpoint
should be supported by appropriate nonclinical and/or clinical safety data.

In addition to these recommendations to address clinical deficiencies, the letter also stated that
additional site inspections would be required if data from a specific site in the Netherlands
would be used to support of any future submissions as described below:

10. Study site 0102 in the Netherlands, which reported the greatest treatment effect in the
major randomized, placebo controlled trial that you submitted for our review, will need
to be inspected by the Division of Scientific Investigations (DSI) because Dr. Ernst J.
Kuipers, MD, PhD, the investigator at that site, has disclosed that he has accepted
significant payments from Astra Zeneca. This inspection would be requested as part of
our review of any future submission that includes this study as a critical component of
establishing the efficacy of Nexium IV for the proposed indication. A recommendation
from the DSI inspector that the data from this site can be used for determining the
efficacy and safety of Nexium IV will be needed if this study will be used to support a
future marketing application. This assessment will be an important component of a
future determination of whether this study can stand as one of two adequate and well
controlled trials for the proposed indication.

Current Submission
The reader is referred to the clinical review by E. Wynn, dated June 14, 2011 and the statistical
review by L. Kammerman, dated June 15, 2011 for complete information.

After discussions with the division regarding the information that could be submitted as part of
the complete response, the division agreed that data from previously conducted studies
evaluating intravenous esomeprazole could be submitted. Additionally, previously conducted
studies using intravenous omeprazole would be considered supportive. However, data from
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these studies should ideally be from clinical trials with designs aimed at minimization of bias
with similar target population, inclusion and exclusion criteria, primary efficacy measures, and
drug dose administration.

The applicant submitted three clinical studies for review as the primary information in support
of their complete response. The design of the three studies and the original study (Study
D961DC00001) are listed in table 4. As noted by the clinical reviewer, all three of these
studies were conducted using intravenous omeprazole, not esomeprazole. The division had
stated that studies in omeprazole would be considered supportive only. However, the
applicant also submitted clinical pharmacology data (see section X) to support a
bioequivalence bridge between intravenous omeprazole and intravenous esomeprazole. The
clinical pharmacology reviewer concluded that the data supported the bioequivalence of these
two formulations. Therefore, the three studies submitted using intravenous omeprazole could
be used to support the efficacy of intravenous esomeprazole. This section will detail the
findings from these three studies.
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Table 4: Clinical studies included in the applicant’s complete response submission

Trial Name Trial Trial Design Treatment Product(s) Number Population
Type Dosage Regimen; Enrolled
Route of Administration
DY961DC0001 Safety and Multicenter Esomeprazole (a bolus 80mg over 30 min 767 Randomized Patients who had undergone successful
(TRIAL 01) Efficacy International followed by a continuous infusion of 8mg/hr for | 764 Treated endoscopic treatment of a bleeding
Prospective 71.5 hours) or Placebo gastric or duodenal ulcer classified as
Randomized Forrest Class Ia, Ib, IIa, or ITb
Double-blind, Follow-up treatment after IV Esomeprazole with (Endoscopic treatment modalities
Parallel Group, Oral Esomeprazole 40mg once daily for 27 days varied.)
Placebo-controlled
Lau, et. al. Safety and Single Center (Hong Kong) Omeprazole (a bolus intravenous injection of 320 Planned Hospitalized Patients who had
Efficacy Randomized 80mg over 30 min followed by a continuous 240 Randomized undergone successful endoscopic
Double-blind, 8mg/hr infusion for 71.5 hours) or Placebo treatment of a bleeding peptic ulcer.
Parallel Group Forrest Class Ia, Ib, IIa, or ITb
Placebo-controlled Follow-up therapy after IV Omeprazole infusion (Endoscopic treatment was injection
with oral 20mg Omeprazole once daily for 8 epinephrine followed by
weeks thermocoagulation)
Trial I-840 Safety and Multicenter Omeprazole 80mg given intravenously as a bolus | 350 Planned Hemodynamically unstable outpatients
(study stopped Efficacy International dose over 30 minutes followed by 8mg/hr for 274 Randomized and inpatients with PUB
prematurely due Double Blind 71.5 hours or Placebo endoscopically classified as Forrest Ia,
to safety Parallel Group Ib, Ia, or ITb.
monitoring) Placebo Control Follow-up therapy after IV Omeprazole infusion
with oral 20mg Omeprazole once daily for 21 (Endoscopic treatments varied. Pre-
days. (Oral therapy started at 48hours) entry endoscopic treatment only in
patients classified as Forrest Ia or Ila)
Trial I-841 Safety and Multicenter Omeprazole 80mg given intravenously as a bolus | 400 Planned Patients > 60 years old with
Efficacy International over 30 minutes followed by continuous infusion | 333 Randomized endoscopic signs of peptic ulcer
Randomized of 8mg/hr for 3 to 5 days. (If there were signs of bleeding and clinical symptoms of
Double-Blind bleeding during day 2 or 3 the infusion was upper gastrointestinal bleeding.
Parallel Group given for 120 hours) (Forrest Ia, Ib, Ila, IIb)

Placebo-Controlled

Follow-up therapy after IV Omeprazole with
Omeprazole 20mg daily for 21 days

(Endoscopic treatments varied. Pre-
entry endoscopic intervention was only
to be used in patients with bleeding
classified as Forrest Ia)

copied from clinical review by E. Wynn
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Studies [-840 and 1-841

These studies were conducted as multicenter, international, randomized, double-blind, parallel
group, placebo-controlled studies. The studies were designed to evaluate the effect of
intravenous omeprazole in patients with bleed peptic ulcers with respect to clinical outcomes
such as mortality, surgery, need for repeat endoscopic treatment, and the number and amount
of blood transfusions.

Eligibility, treatment and assessments

Both studies enrolled patients with endoscopically intervention for a bleeding peptic ulcer. In
Study 840, patients enrolled must have been hemodynamically unstable outpatients and
inpatients with PUB endoscopically classified as Forrest Ia, Ib, IIa, or IIb. Patients enrolled in
Study 1-841 must be over 60 years of age with evidence of bleeding. These enrollment criteria
differed substantively compared to the original pivotal trial (see table 4). Additionally, the
baseline endoscopic treatment used in -840 and 1-841 were also different from the original
study (see table 4). The omeprazole treatment used in both studies was generally analogous to
the esomeprazole treatment used in the pivotal study. However, in Study 1-841, the continuous
infusion could be continued up to 5 days if signs of bleeding were present at day 2 or 3.

Endpoints
The primary endpoints used in these studies were also different from the original pivotal trial.

The primary endpoint for Studies [-840 and I-841 was the incidence of specific clinical
outcomes 72 hours after endoscopic treatment for bleeding ulcer. These outcomes included
death, operation, additional endoscopic treatment, and total blood transfusions required.
However, the endpoint for the pivotal study was the proportion of patients with clinically
significant rebleeding within 72 hours of continuous infusion of Esomeprazole or placebo.

The reviewer concluded that the differences in patient population, endoscopic treatments used
at baseline, and primary endpoint measurement precluded the ability to make any substantive
comparisons between these studies and the original pivotal trial. The applicant asserted that
137 patients randomized in trials 1-840 and [-841 were treated with the comparable endoscopic
modalities to those in the original pivotal trial. However, the clinical and statistical reviewer
evaluated all the patients enrolled in the study and found 52 patients that had similar baseline
enrollment criteria. Furthermore, of these 52 patients, only 14 had two endoscopic treatment
modalities given at study entry. The clinical reviewer noted that differences in baseline
treatment modality may lead to differences in risk of rebleeding. The reviewer cited a
publication by Park, et al, that concluded that differences in endoscopic treatment modalities
lead to different rebleeding rates. Specifically, the authors concluded that 1) the addition of a
second modality to epinephrine is superior to epinephrine alone 2) mechanical therapy alone
with either hemoclips or thermal therapy using a heater probe is similar to combination
therapy with epinephrine and 3) combination therapy with injection therapy is superior to
cautery using bipolar coagulation alone. Therefore, appropriate comparisons based on
endoscopic treatment provided could only be made between patients in the studies with the
same treatment. Only 14 patients in both studies met this criterion.
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Results

There were 274 patients enrolled in study [-840 and 333 patients randomized in the [-841
study. However, study [-840 was stopped early due to an increase in mortality rate in the
treatment group compared to the placebo group. This will be discussed more completely in
section 11, Safety. As stated above, the applicant asserted that 137 patients randomized in
trials [-840 and I-841 were treated with the comparable endoscopic treatment modalities to
those in the original pivotal trial. However, the clinical and statistical reviewer agreed that
only 52 patients matched the patients with comparable endoscopic treatment modalities from
the original pivotal study. The clinical and statistical reviewer evaluated the efficacy outcome
for these 52 matched patients. Again, as stated above, a more “appropriately” matched
population only includes 14 patients, a number too small to draw any conclusions.

Baseline demographic data for the 52 matched patients is presented in table 5. The reviewer
noted that there were baseline differences between the treatment groups. Patients in the
omeprazole group had a higher mean age and a higher percentage were over the age of 65
years. There were also differences in the proportion of patients classified in each of the Forrest
groups and more patients in the placebo group presented in shock. It is not clear how these
baseline imbalances may have affected the study. However, the presence of these differences
at baseline make the ability to draw conclusions from these limited patients even more
difficult.

APPEARS THIS WAY
ON ORIGINAL

20
Reference ID: 2962129



Clinical Review
Erica Wynn
NDA 21689 Supplement 14

Intravenous Nexium (Esomeprazole Sodium)

Table 5: Baseline Demographics for 52 patients in Trials I-840 and I-841 who received

the same endoscopic treatment as Pivotal Trial

Characteristic Omeprazole Group Placebo Group
n=22) (n=30)

Male Sex — no. (%) 10 (45.5%) 18/30 (60%)

Female Sex —no. (%) 12 (54.5%) 12/30 (40%)

Mean Age — (years) 70.5 68.3

Patients > 65 years — no. (%)
< 65 years — no. (%)

17/22 (77.3%)
5/22 (22.7%)

19/30 (63.3%)
11/30 (36.7%)

Mean Hemoglobin (g/L) (Standard Deviation) | 82.9 (32.3) 95.8 (32.4)
Number of Patients with Shock at 18/22 (81.8%) 26/30 (87%)
Presentation
Number of Patients with Endoscopic Signs of
Rebleeding
Spurting Hemorrhage (Forrest Class Ia) 2/22 (9.1%) 5/30 (16.7%)
Oozing Hemorrhage (Forrest Class Ib) 8/22 (36.4%) 9/30 (30.0%)
Nonbleeding Visible Vessel (Forrest Class | 1/22 (4.5%) 7/30 (23.3%)
IIa) 11/22 (50%) 9/30 (30.0%)
Clot with underlying vessel (Forrest Class
1Ib)
Number of Patient with
Duodenal ulcer 13/22 (59%) 15/30 (50%)
Gastric ulcer 9/22 (41%) 15/30 (50%)
Number of Patients with A Previous Ulcer 10/22 (45.4%) 17/30 (56.7%)
Number of Patients with A Previous Ulcer 3/22 (13.6%) 3/30 (10%)

Complication

Number of Patients with Each Risk Factor for
Bleeding Peptic Ulcer (%)

Use of Cox-2 NSAID

Use of Aspirin

Use of Warfarin

2/22 (9.1%)
5/22 (22.7%)
1/22 (4.5%)

1/30 (3.3%)
6/30 (20%)
1/30 (3.3%)

The primary endpoint of the original pivotal trial, the proportion of patients with a rebleeding
event in the first 72 hours was evaluated in the 52 patients from Study I-840 and I-841. The
clinical and statistical reviewer noted that a smaller proportion 13.6% (3/22) of omeprazole-
treated subjects had a rebleeding event within 72 hours as compared to placebo-treated
subjects: 13.6% (3/22) vs. 23.3% (7/30). However, this difference was not statistically
significant (p=0.4882, Fisher’s Exact Test). The statistical reviewer concluded that the sample
size was too small to permit meaningful analyses of subgroups.

Thus, no further subgroup analyses were performed in patients from these studies. Overall, the
limitations in the study design, patient population studied, endpoints selected were sufficiently
divergent to prevent a meaningful interpretation and comparison with the original pivotal trial.
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Furthermore, even in the subset of patients who were matched for similar endoscopic
treatments, there was a treatment effect that was not statistically significant.

It is also important to note that trial [-841 was also omitted from the review because of
differences in the trial design as described above. Furthermore, the applicant stated that trial
was terminated prematurely after 333 patients had been randomized due to a substantial
imbalance between treatment groups in the number of deaths. The mortality rate was 6.9% in
the omeprazole group and 0.6% in the placebo group. However, the applicant stated that an
independent expert group, the primary investigators, and personnel from the company
examined the data and determined that the difference in mortality was secondary to chance.
Nevertheless, no new patients were enrolled in the trials and the Steering Committee decided
not to resume enrollment. Regardless, the increase in mortality may be concerning for a
potential safety signal and; furthermore, this study clearly does not provide additional support
to the applicant’s efficacy claim.

The Lau Trial

This study was a randomized, double-blind, placebo-controlled study conducted at a single
center in Hong Kong, Prince of Wales Hospital, and was funded by an academic research
grant. The clinical reviewer noted that an exact study protocol was not provided by the
applicant and could not be reviewed. The purpose of the study was to evaluate the effect of
intravenous omeprazole on the prevention of rebleeding by assessment of the rate of clinically
significant rebleeding during the intravenous treatment period.

Eligibility, treatment and assessment

Enrollment criteria included hospitalized patients who had undergone successful endoscopic
treatment of a bleeding peptic ulcer. Forrest Class Ia, Ib, Ila, or IIb. In this study, endoscopic
treatment was injection epinephrine followed by thermocoagulation. These enrollment criteria
were generally consistent with the enrollment criteria of the original pivotal trial. The
treatment administered was omeprazole (a bolus intravenous injection of 80mg over 30 min
followed by a continuous 8mg/hr infusion for 71.5 hours) or placebo. This treatment regimen
was analogous to the treatment plan for esomeprazole used in the original pivotal trial. The
patient population, use of specific endoscopic treatment modality and the treatments provided
were generally comparable to the original pivotal trial.

Endpoints
The primary endpoint of the Lau trial, recurrent bleeding within 30 days following endoscopy,

differed from the original pivotal trial. However, the proportion of patients having clinically
significant rebleeding within the first 72 hours was measured as a secondary outcome, the
primary endpoint for the original pivotal trial, was a secondary endpoint of the study. Thus
comparisons of outcomes from the Lau trial and the original pivotal trial could be performed.
The clinical reviewer noted that the studies overall were generally well-matched based on
endoscopic procedures performed, and important inclusion criteria. There were minor
differences in the clinical definition of rebleeding used in the two trials; however, in the Lau
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trial, rebleeding was confirmed with endoscopy, which is more sensitive that confirmation of
rebleeding based on clinical grounds (see table 6).

Table 6: Comparison of the Lau trial and trial D961DC00001

Lau, et. al. 2000 D961DC00001
Definition of endpoint Fresh hematemesis Blood in the stomach or a verified active bleeding from
criterion a peptic ulcer (Forrest class Ia, Ib)

Hypotension: Or

Systolic Blood Pressure<90
Tachycardia PR>110 and Melena

Drop in hemoglobin by 20g/1 in 24 hours and melena

At least 2 of the following:

o Vomiting of fresh blood or fresh blood in a gastric
tube or hematochezia or melena after a normal stool

e Decrease in hemoglobin >20g/1 or (hematocrit >6%)
despite > 2 units of blood has been transfused during
24 hours

o Unstable circulation systolic blood pressure <90mm
Hg or pulse>110/min (after having had a stable
circulation)

Or

Hematemesis (vomiting of significant amount of

(>200ml) of fresh blood)

Therapeutic endoscopic
procedures

Injection therapy (epinephrine) followed by captive
thermocoagulation with heater probe

Injection therapy (epinephrine) and/or one of the
following: coagulation with heater probe, electrocautery.
hemoclips.

Drug and dosing

Placebo or Omeprazole (a bolus I.V. injection of
80mg followed by a continuous infusion of 8mg/hr
for 72 hours)

Placebo or Esomeprazole ( a bolus infusion of 80mg
over 30 minutes followed by a continuous infusion of
8mg/hr for 71.5 hours)

Oral Follow-Up Treatment
After I.V. treatment

Omeprazole (20mg once daily for 8 weeks)

Esomeprazole (40mg once daily for 27 days)

Inclusion criteria
Age (years)

Signs of Gastrointestinal
Bleeding

Forrest Classification of
Bleeding Ulcers

Successful endoscopic
hemostasis

> 16 years
Within 24 hours after admission endoscopy
performed

Ia, Ib, IIa. or ITb

Yes

>18 years

Within 24 hours prior to endoscopy

Ia, Ib, ITa, or ITb

Yes

Results

Overall, 240/739 patients who were admitted to the hospital during the study period with
bleeding peptic ulcers were enrolled in the study. Of these, 267 patients received endoscopic
treatment. Surgery was required for five patients in whom endoscopic treatment was
unsuccessful. There were 22 patients not included in the trial; 10 had terminal cancer, 9 were
moribund as a result of concomitant illnesses, and 3 did not provide consent. Two hundred
forty were randomized to treatment (120 omeprazole and 120 placebo). With the exception of
one patient in the placebo group, all patients completed their assigned infusion treatment
according to the protocol. The eight week follow-up visit was completed for all but two
patients in the omeprazole group and four in the placebo group. According to the article, 85
patients in the omeprazole group and 83 patients in the placebo group underwent follow-up
endoscopy at 8 weeks. The demographic characteristics compared to the original pivotal trial
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are presented in table 7. There were not substantive differences in gender or mean age.
However, there were some differences in important baseline characteristics. The clinical
reviewer noted that the Lau trial enrolled more patients over the age of 65 years in both
treatment groups. In addition, both treatment groups in the Lau trial contained more patients
who were hospitalized at the time of upper GI bleeding prior to endoscopy; were in shock at
presentation; or on concomitant anticoagulation therapy. The clinical reviewer suggested that
the older and sicker population enrolled in the Lau trial may explain the larger treatment effect
in the primary outcome compared to the pivotal trial. It may also explain, at least in part, the
differences between trials in mortality within 72 hours and within 30 days.
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Table 7: Comparison Baseline Characteristics trial D96DC00001 and Lau Trial

Characteristic Lau Trial Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(N = 120) (N = 120) N =375) (N = 389)

Gender, n (%)

Male 80 (66.7%) 80 (66.7%) 254 (67.7%) 268 (68.9%)

Female 40 (33.3%) 40 (33.3%) 121 (32.3%) 121 (31.1%)
Age, years

Mean (SD) 64 (17.2) 67 (15.9) 62.1(17.1) 60.2 (17.6)

Min — Max 18 -99 22-95 18-95 18 — 98
Patients per age category, n (%)

< 65 years 44 (36.7%) 40 (33.3%) 182 (48.5%) 210 (54.0%)

> 65 years 76 (63.3%) 80 (66.7%) 193 (51.5%) 179 (46.0%)
Shock at Presentation, n (%)

No 104 (86.7%) 106 (88.3%) 356 (94.9%) 370 (95.1%)

Yes 16 (13.3%) 14 (11.7%) 19 (5.1%) 19 (4.9%)
H. pylori status, n (%)

Negative 42 (35.0%) 56 (46.7%) 92 (24.5%) 119 (30.6%)

Positive 78 (65.0%) 64 (53.3%) 246 (65.6%) 226 (58.1%)

Trace 18 (4.8%) 26 (6.7%)

Missing 19 (5.1%) 18 (4.6%)
Forrest Class. n (%)

Ia 14 (11.7%) 9 (7.7%) 28 (7.5%) 40 (10.3%)

b 50 (41.7%) 49 (40.8%) 166 (44.3%) 163 (41.9%)

Ila 38 (31.7%) 36 (30.0%) 136 (36.3%) 151 (38.8%)

IIb 18 (15.0%) 26 (21.7%) 42 (11.2%) 34 (8.7%)

Missing 0 0 3 (0.8%) 1 (0.3%)
Ulcer location, n (%)

Gastric 53 (44.2%) 48 (40.0%) 157 (41.9%) 155 (39.8%)

Duodenal 67 (55.8%) 72 (60.0%) 216 (57.6%) 233 (59.9%)

Missing 0 0 2 (0.5%) 1 (0.3%)
Hemoglobin, g/L

Mean (SD) 94.5 (27.2) 95 (25.7) 97.7 (24.9) 97.4(25.9)

Hospitalized at time of UGI bleeding prior to
enrollment, n(%)

Not hospitalized

Hospitalized

98 (81.7%)
22 (18.3%)

97 (80.8%)
23 (19.2%)

338 (90.1%)
37 (9.9%)

354 (91.0%)
35 (9.0%)

Previous history of gastric or duodenal ulcer, n
(%)

38 (31.7%)

45 (37.5%)

112 (29.9%)

118 (30.3%)

Previous ulcer bleeding. n (%)

36 (30.0%)

36 (30%)

Previous complications related to gastric or
duodenal ulcer, n (%)

44 (11.7%)

41 (10.5%)

Medication use prior to enrollment, n(%)
NSAIDs
Acetylsalicylic acid (dose unknown)
Warfarin

39 (32.5%)
23 (19.2%)
5 (4.2%)

40 (33.3%)
18 (15.0%)
5 (4.2%)

151 (40.3%)
103 (27.5%)
9 (2.4%)

157 (40.4%)
103 (26.5%)
13 (3.3%)

copied from clinical review by E. Wynn

The overall efficacy results of the Lau trial are presented in table 8. There was a 15.8%
reduction in the incidence of recurrent bleeding in patients treated with intravenous

omeprazole compared to placebo. This finding was both clinical and statistically significant.
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There were also treatment differences based on Forrest classification but these differences did

not reach statistical significance except with both Forrest Ia and Ib were combined and when

ITa and IT b were combined. Again, the clinical reviewer disagreed that combining these
groups should be grouped because each group is associated with a different underlying risk of

rebleeding.
Table 8: Efficacy results for the Lau trial
Efficacy Outcome Omeprazole Placebo p-value
(N = 120) (N =120)

Number of patients with recurrent bleeding (%)

By Day 3 (72 hours) 5(4.2%) 24 (20.0%) <0.001
By Day 7 7 (5.8%) 26 (21.7%) <0.001
By Day 30* 8 (6.7%) 27 (22.5%) <0.001

Recurrent Bleeding Within 30 days by Forrest Class (# patients/total #)

Active bleeding ulcers (Forrest Ia + Ib) 3/64 (4.7%) 10/58 (17.2%) 0.04
Forrest Class Ia 2/14 (14.3%) 2/9 (22.2%) 1.00
Forrest Class Ib 1/50 (2.0%) 8/49 (16.3%) 0.02

Ulcers with nonbleeding visible vessels (Forrest Ila + IIb) 5/56 (8.9%) 17/62 (27.4%) 0.02
Forrest Class Ila 3/38 (7.9%) 9/36 (25.0%) 0.06
Forrest Class ITb 2/18 (11.1%) 8/26 (30.8%) 0.17

Recurrent Bleeding Within 3 days by Sex (#patients/total #)

Male 2/80 (2.5%) 14/80 (17.5%)
Female 3/40 (7.5%) 10/40 (25%)

Recurrent Bleeding Within 3 days by Age (#patients/total#)
> 65 years old 5/76 (6.6%) 21/80 (26.3%)
< 65 years old 0/44 3/40 (7.5%)

Recurrent Bleeding Within 30 days by Sex (#patients/total #)

Male 5/80 (6.3%) 17/80 (21.3%) | <0.001
Female 3/40 (7.5%) 10/40(25.0%) 0.06

Recurrent Bleeding Within 30 days by Age(#patients/total#)
> 65 years old 6/76 (7.9%) 24/80 (30.0%) <0.001
< 65 years old 2/44 (4.6%) 3/40 (7.5%)

Mean number of units of blood transfused within 30 days after endoscopic 1.7 (1.9) 2.4(3.2) 0.03

therapy (Standard Deviation)

Number of patients who died (%)

Within 3 days 3/120 (2.5%) 0/120

Within 30 days 5/120 (4.2%) 12/120 (10.0%) 0.13
Number of patients who had surgery due to rebleeding (%)

Within 3 days 1/120 (0.8%) 5/120 (4.2%)

Within 30 days 3/120 (2.5%) 8/120(6.7%)
Number of patients who had endoscopic retreatment for rebleeding (%)

Within 3 days 4/120(3.3%) 21/120 (17.5%)

Within 30 days+ 6/120 (5%) 23/120 (19.1%) | <0.001

Total Number of hospitalization days from date of endoscopy until the date of

discharge 757 859

copied from clinical review by E. Wynn

The clinical reviewer also compared the results of the Lau trial with the original pivotal trial.
Both studies demonstrated a treatment effect; however, the Lau trial had an overall treatment

26
Reference ID: 2962129



Clinical Review

Erica Wynn

NDA 21689 Supplement 14

Intravenous Nexium (Esomeprazole Sodium)

effect o  15.8% while the original pivotal trial had an overall treatment effect of only 4.4%. It
should be noted that the incidence of rebleeding in the placebo group for the Lau study (20%)
was almost double the incidence of rebleeding in the original pivotal trial (10.3%). This
difference may be due to the older and sicker population enrolled in the Lau trial as well as
racial differences noted between the two study populations. Additionally, differences such as
endoscopic technique but these differences cannot be reviewed as there are no data to assess
the adequacy of the endoscopic technique. Also, the treatment effect by day 30 was also
generally consistent within studies and between studies (see table 9).

Table 9: Proportion of patients with clinically significant rebleeding within 72 hours and 30
days, Trial D961DC00001 and the Lau Trial

Outcome Variable Trial by Lau et al Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(n=120) (n=120) (n=375) (n=389)
Patients with clinically significant 5(4.2%) 24 (20%) 22 (5.9%) 40 (10.3%)

rebleeding within 72 hours, n (%)

Patients with clinically significant 8 (6.7%) 27 (22.5%) 29 (7.7%) 53 (13.6%)
rebleeding within 30 days

copied from clinical review by E. Wynn

Sensitivity analyses based on data from the original pivotal trial are presented in table 10.
There were no substantive differences in the efficacy outcome based on race, age, or gender.
However, in patients 65 years of age and older, there was a substantial difference in outcome
in the original pivotal trial (2.2% decrease in rebleeding in the esomeprazole group) compared
to the Lau trial (19.7% decrease in rebleeding in the omeprazole group).

APPEARS THIS
WAY ON ORIGINAL
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Table 10: Efficacy data from D961DC00001 based on race, age, and gender

copied from original statistical review by S. Castillo

There were other substantive differences in outcomes in the original pivotal trial compared to
the Lau trial as outlined in table 11. Despite similarities in percentages of patients in each age
group and by Forrest classification between the two studies (see table 7), the efficacy
outcomes for these groups differ dramatically. It is not clear why these differences are present,
but these differences are concerning for some patient characteristics between the two trials that
differ fundamentally and affect the outcome of the study. These inconsistencies raise
questions about the reproducibility of the efficacy outcome.

Table 11: Comparison of proportion of patientswith rebleeding or death in Trial
D961DC00001 and theLau Trial

Subgroup D961DC00001 Lau trial
Esomeprazole Placebo Omeprazole Placebo
Mortality within 3 days 0.3% 0.0% 2.5% 0%
Mortality within 30 days 0.8% 1.3% 4.2% 10%
Age > 65 years within 3 days 6.2% 8.4% 7.9% 30%
Forrest class Ib 5.4% 4.9% 2.0% 12%
28
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Additional efficacy data from other sources

The applicant also submitted data from other sources that support the use of intravenous
omeprazole or intravenous esomeprazole. The sources of data to evaluate use of intravenous
esomeprazole in routine clinical practice included data from various claims databases
including Premier Perspective Comparative Database, Kaiser Permanente Medical Care
Program Databases and Veteran Affairs Administration Medical Care System Databases in
US, PHARMO Record Linkage System in the Netherlands and a field-based study using the
Hospital Network in Spain. Additionally, the applicant included information from
observational studies and a literature review of intravenous esomeprazole and omeprazole.
These studies are not considered adequate and well-controlled and therefore would not be
sufficient to stand alone as evidence of the effectiveness of the product. The reader is directed
to the clinical review by E. Wynn for complete details of these data.

Conclusions

There were three clinical studies submitted in the Complete Response submission to support
data from the original pivotal trial, D961DC00001. The first two studies, -840 and 1-841,
differ from the original pivotal trial in several substantive ways including differences in the
patient populations studied, differences in the endoscopic treatments used, and differences in
the clinical endpoints. Even when patients with similar characteristics from these studies are
evaluated, there is a treatment effect of approximately 10% that is not statistically persuasive
(p=0.49). As described above, the data from the Lau trial are clinically and statistically
persuasive; however, it is not clear that the data from this study are generalizable to the U.S.
population because this study was performed at a single site in Hong Kong. Other studies
have demonstrated that Asian populations have a lower parietal cell mass; a higher prevalence
of H. pylori infection; and a higher prevalence of cytochrome 2C19 genetic polymorphism, all
of which may potentially lead to a larger treatment effect.’ Therefore, the data presented by
the applicant in this Complete Response submission do not adequately support the effect of
intravenous esomeprazole for the reduction of risk of rebleeding of endoscopically treated
peptic ulcers.

Furthermore, other differences in efficacy outcomes between the two studies are concerning.
The major difference in treatment effect between D961DC00001 and the Lau trial is driven by
the difference in baseline rebleeding rate in the placebo group. It is not clear why there is such
a difference in the baseline rebleeding rate in these two groups. It may be partially explained
by the differences in ethnicity as described above such as differences such as the age and
baseline health status; all of which may impact on the risk of rebleeding. Additionally, there
are substantive differences in the outcome based on Forrest classification (Ib), and in mortality
at 30 days between the two studies. These subgroup analyses suggest that the populations
studied in the two trials differ in ways that affected the outcome of the study. These
differences increase the concern that the ability to generalize the results of this study to the

® Leontiadis GI, Sharma VK, Howden CW; Systematic review and meta-analysis: enhanced efficacy of proton-
pump inhibitor therapy for peptic ulcer bleeding in Asia—a post hoc analysis from the Cochrane Collaboration.;
Alimen. Pharmacol. and Therap; .2005; 21:1055-1061.
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U.S. population is limited. Furthermore, these inconsistencies raise questions about the
reproducibility of the efficacy outcome.

11. Safety
Initial Submission
The reader is referred to the clinical review by A. Nayyar dated November 17, 2008 and the
statistical review by S. Castillo dated November 13, 2008 for complete details.

The safety data base for the original submission included patients treated in the single pivotal
trial, as well as PK/PD trials in healthy subjects. The total dose that was administered over 72
hours in the original pivotal trial was 652 mg of which 268 mg was given in the first 24 hours.
This differs substantially from the approved intravenous esomeprazole dose of a maximum of
80 mg in 24 hours. The clinical reviewer noted that the types and proportions of adverse
events in the original pivotal trial were similar between treatment arms, except the higher rate
of gastrointestinal bleeding events in the placebo arm, and the higher rate of infusion site
reactions in the treatment arm. The majority of SAEs in the trial were bleeds from duodenal or
gastric ulcers. On the esomeprazole arm, 75% (12/16) of the SAE bleeds in the first 72 hours
were secondary duodenal ulcers. On the placebo arm, 56% (14/25) were secondary to
duodenal ulcers. The clinical reviewer concluded that the safety profile appears acceptable
based on the data from a single trial. Although the exposures with this dosing regimen are
much higher than other approved regimens, the duration of exposure is short, i.e., 3 days.

The Complete Response letter included the recommendation to submit the following additional
safety data:

When you respond to the above deficiencies, include a safety update as described at 21 CFR
314.50(d)(5)(vi)(b). The safety update should include data from all nonclinical and clinical
studies/trials of the drug under consideration regardless of indication, dosage form, or dose
level.

1. Describe in detail any significant changes or findings in the safety profile.

2. When assembling the sections describing discontinuations due to adverse events,
serious adverse events, and common adverse events, incorporate new safety data as
follows:

e Present new safety data from the studies for the proposed indication
using the same format as the original NDA submission.

e Present tabulations of the new safety data combined with the original
NDA data.

¢ Include tables that compare frequencies of adverse events in the original
NDA with the retabulated frequencies described in the bullet above.

e For indications other than the proposed indication, provide separate
tables for the frequencies of adverse events occurring in clinical trials.
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3. Present a retabulation of the reasons for premature study discontinuation by
incorporating the drop-outs from the newly completed studies. Describe any new
trends or patterns identified.

4. Provide case report forms and narrative summaries for each patient who died
during a clinical study or who did not complete a study because of an adverse
event. In addition, provide narrative summaries for serious adverse events.

5. Describe any information that suggests a substantial change in the incidence of
common, but less serious, adverse events between the new data and the original
NDA data.

6. Provide updated exposure information for the clinical studies/trials (e.g., number of
subjects, person time).

7. Provide a summary of worldwide experience on the safety of this drug. Include an
updated estimate of use for drug marketed in other countries.

8. Provide English translations of current approved foreign labeling not previously
submitted.

Current Submission
The reader is referred to the clinical review by E. Wynn, dated June 14, 2011 for complete
information.

The safety data in this submission includes safety data sets for study 1-840 and 1-841, safety
data sets for Study D961 DC00001, the original pivotal trial, case report forms for the Lau trial,
and postmarketing safety information for esomeprazole. The safety data from the original
pivotal trial were previously reviewed with the original submission as described above. The
clinical reviewer did not review the safety data sets from study 1-840 and 1-841 because the
studies were not used to support the efficacy of the product. Further more, the data contained
in these studies as well as the Lau trial were using omeprazole, not esomeprazole. Therefore,
there are little data on the safety of esomeprazole available for review in this submission.
Nevertheless, clinical reviewer evaluated the safety data from the Lau trial and to the
postmarketing safety data.

The reviewer noted that the case report forms for the Lau study did not identify the patient’s
treatment group assignment and thus made interpretation of association to treatment
impossible. An information request was sent late in the review cycle for this information, and
it will be reviewed with the next cycle. There were five patients in the omeprazole group who
died within 30 days after the initial endoscopy. Twelve patients in the placebo group died
within 30 days of the initial endoscopy to achieve hemostasis. None of the five deaths in the
Omeprazole group were caused by recurrent bleeding. Four of the patients in the placebo
group died after surgery (three following gastrectomy for recurrent bleeding and one after
excision of a perforated ulcer). Two patients in the placebo group who were deemed unfit for
surgery, died from recurrent bleeding. The remaining six patients died from complications
related to the concurrent illnesses. All but two patients in the omeprazole group and four
patients in the placebo group completed follow-up assessments at 8 weeks.
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Postmarketing safety infor mation

A total of 41 case reports describing 45 serious adverse events (SAEs) and 20 non-serious
adverse events were identified in the applicant’s most recent periodic safety update report. In
nearly a quarter (10 of 41) of the case reports, the indication for use was gastrointestinal
bleeding. Two of the reports were from clinical trials where esomeprazole had been given
either as a concomitant drug or the indication was for used in pediatric patients. Three deaths
were reported; one case of agranulocytosis, hematoma, and acute hepatitis. Doses were
provided in 35 of the case reports and ranged from 20mg to 200mg daily. The time from
initiation of the intravenous esomeprazole therapy to the onset of the adverse event ranged
from 0 days to 61 days in cases in which the timing of the adverse event was recorded. Based
on these data, no new safety concerns were uncovered in the postmarketing data.

Conclusions

Overall, the safety data available for esomeprazole contained within this submission were
minimal. Based on review of the safety data submitted there were no new safety signals
identified.

12. Advisory Committee Meeting

No advisory committee meeting was held during the initial or current review cycle to discuss
this product.

13. Pediatrics

Initial Submission

The applicant requested a waiver of pediatric studies because “studies are impossible or highly
impractical because the number of patients is so small and geographically dispersed.” The
clinical reviewers did not agree and will request that a pediatric program be developed for this
indication because upper gastrointestinal bleeding occurs in the pediatric population and they
anticipate that the product will be used in the pediatric population. This application was not
discussed at PeRC because it is not going to be approved during this review cycle.

Current Submission
The applicant again requested a full waiver for pediatric studies for the same reasons as listed
above. The review division consulted the Pediatric and Maternal Health Staff (PMHS) to
evaluate the feasibility of pediatric studies for the proposed indication;

®® 1isk reduction of rebleeding in patients following therapeutic endoscopy for
acute bleeding gastric or duodenal ulcers. The PMHS reviewer noted that the applicant
provided incidence rates from Germany and Sweden for peptic ulcers in pediatric patients of
4.3/100,000 and 0.5/100,000 respectively and that only a fraction of these patients would have
bleeding from their peptic ulcer disease. The applicant also provided data from a claims data

(b) (4)
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base (Premier Perspective™ database) that provides the projected number of pediatric patients
with bleeding peptic ulcer in the U.S. (see table 10).

Table 10: US projected number of hospitalized patients with Pediatric PUB (primary
discharge diagnosis only)

Age group 2004 2005 2006 2007 2008

<1
1to3
4to1l
12to 17
Total

copied from PMHS reviewer consult by A. Taylor

Based on these data, the PMHS reviewer concluded that studies in pediatric patients who
undergo therapeutic endoscopy for acute bleeding gastric or duodenal ulcers are impossible or
highly impracticable because the number of patients is so small or the patients are
geographically dispersed. Thus, the PMHS reviewer recommended that a full waiver should
be granted to the applicant for the proposed indication. However, if the applicant were to seek
a broader indication such as

e PMHS reviewer
noted that the Best Pharmaceuticals for Children Act (BPCA) 1s designed to provide an
incentive to sponsors to conduct pediatric studies that may not be required under PREA.

However, esomeprazole was granted pediatric exclusivity on May 1, 2009. Since
esomeprazole is an enantiomer of omeprazole, the exclusivity granted to esomeprazole at that
time was considered a second period of exclusivity for the moiety. Therefore, esomeprazole is
not eligible for any further periods of exclusivity. The waiver request was presented before
the Pediatric Review Committee on February 16, 2011, and the committee concurred with the
recommendation to provide full waiver to the applicant for the proposed indication.

14. Other Relevant Regulatory Issues

A. Financial Disclosures
There were no additional financial disclosures submitted with the current complete response.
However, during the last review cycle one investigator, Dr. Ernst J. Kuipers, reported
receiving significant financial payments and was a principal investigator at a site in the
original pivotal trial. This site, site 0102 in the Netherlands, reported the largest treatment
effect in all centers that participated in this study, -31% rebleeding events, favoring the
esomeprazole arm of the study. When a sensitivity analysis was conducted to explore the
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impact of that center’s data on the overall observed outcome of the study by removing the
patients treated at that center from the efficacy analysis, the overall treatment effect observed
in the study decreased to -3.73% (95% CI =-7.67, 0.10) and the p value shifted to 0.06.
Therefore, the Complete Response letter recommended that this site be investigated during the
current review cycle (see results of DSI review in section 4.B below).

B. DSl Audits
A DSI consult was obtained to inspect site 0102, a clinical site from the original pivotal study
(see section 4.A above). The principal investigator, E.J. Kuipers received significant fianacial
payments and this site reported the largest treatment effect in all centers that participated in the
study. The DSI consult concluded that no significant deficiencies were observed and a Form
FDA 483 was not issued. The study appeared to have been conducted in accordance with the
study protocol and applicable good clinical practice regulations, including data collection and
assurance of subject safety and welfare. The study data from Site 102 appear reliable with
respect to the study protocol as written and submitted in the NDA.

However, the DSI consulted also noted that the final evaluation inspection report (EIR) from
the field has not been received at DSI and the final classification remains pending. However,
in an email correspondence with DSI on June 9, 2011, DSI confirmed that a final EIR was
issued and that there are no changes to the original findings or recommendations.

C. Discipline Consults
To assist in the assessment of the need to conduct appropriate pediatric studies under PREA,
consults were obtained from the PMHS staff (see review by A. Taylor for complete details),
and from OSE, Division of Epidemiology (see review by J. Ju for complete details).

15. Labeling

Physician labeling

Final product labeling was not satisfactorily negotiated during the current review cycle
because deficiencies in the submission leading to a Complete Response action precluded a
complete review and negotiation of final labeling with the applicant. The applicant will be
required to submit proposed physician labeling with their Complete Response.

Patient labeling

Currently, Nexium labeling contains patient labeling but no medication guide. Final patient
labeling was not satisfactorily negotiated during the current review cycle. The applicant will
be required to submit proposed physician labeling with their Complete Response.

16. Recommendations/Risk Benefit Assessment
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Recommended Regulatory Action

The current submission contains deficiencies that have not been satisfactorily addressed.
These include clinical issues that have not been resolved. Therefore, I recommend that a
Complete Response (CR) action be taken for this application.

Risk Benefit Assessment

I agree with the clinical and statistical reviewers’ conclusions regarding the data submitted in
the applicant’s Complete Response. The data submitted do not provide adequate support for
the applicant’ proposed indication (see Recommended Comments to Applicant below).
Additionally, the responses that the applicant provided to address the deficiencies noted in
study D961DC00001 in the Complete Response letter were reviewed. The applicant’s
responses do not change the reasons cited in the Complete Response Letter that study
D961DC00001, as a single adequate and well-controlled study, does not provide sufficient
evidence to support the your proposed indication. Furthermore, the safety data provided by
the applicant were not complete and an information request send to the applicant late in the
review cycle could not be reviewed during the current cycle. Therefore, there are inadequate
data to completely review the safety data. However, the missing safety data are not critically
in assessing an updated safety profile for esomeprazole per se because the missing safety data
are for omeprazole. Nevertheless, the safety data requested from the applicant will be
reviewed, if necessary, in the next review cycle.

The clinical pharmacology reviewers concluded that the data submitted in the Complete
Response were sufficient. However, the reviewer also recommended that additional modeling
and simulation based on previously collected data be performed in order to estimate the proper
constant infusion rate in patients with moderate and severe hepatic impairment. Based on the
clinical pharmacology reviewer’s recommendation for additional modeling data, I do not agree
with the deficiencies have been completely addressed. However, the data have already been
submitted but without sufficient time for the clinical pharmacology reviewer to evaluate the
data. Therefore, the Complete Response letter should state that this information should be
resubmitted with the next submission.

Recommendation for Postmarketing Risk Evaluation and Management Strategies
Postmarketing risk management activities were not reviewed extensively during this review
cycle because a Complete Response action is recommended. However, during the review of
the submission, no specific issues that would require postmarketing risk management activities
were identified. Therefore, specific risk management strategies will not be included in the
Complete Response letter.

Recommendation for other Postmarketing Requirements and Commitments

Postmarketing requirements and commitments were not reviewed extensively during this
review cycle because a Complete Response action is recommended. Therefore, specific
recommendations for postmarketing requirements and commitments will not be included in the
Complete Response letter.
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Recommended Comments to Applicant

The additional data submitted do not provide substantial evidence of efficacy of your product
for the proposed indication. The additional clinical data that you have submitted do not meet
the criteria for providing substantial evidence for the following reasons:

1. Trials I-840 and I-841 differ from the efficacy trial, D961DC00001, submitted in the
sNDA on May 29, 2008 in several important ways, including the endoscopic
treatments administered, and the primary endpoints evaluated. Therefore, these trials
were not adequately designed to support the proposed indication.

2. When patients from trial -840 and I-841 are matched to the population enrolled in the
original efficacy trial based on enrollment criteria, too few patients remain to provide
adequate power to show a statistically significant treatment effect. Of the combined
total of 607 patients enrolled in the studies, only 52 patients had similar baseline
enrollment criteria. The proportion of omeprazole-treated patients who had a
rebleeding event within 72 hours was 13.6% (3/22). Although this proportion was
lower than that observed in the placebo-treated patients, 23.3% (7/30), the difference
was not statistically significant (p=0.49, Fisher’s Exact Test).

3. The clinical trial reported by Lau, et al.” is comparable in design to D961DC00001 and
the trial provides evidence of efficacy of intravenous omeprazole for the proposed
indication. However, the study was conducted at a single center in Hong Kong and the
population enrolled was ethnically homogeneous. Other studies have demonstrated
that Asian populations have a lower parietal cell mass; a higher prevalence of H. pylori
infection; and a higher prevalence of cytochrome 2C19 genetic polymorphism, all of
which may potentially lead to a larger treatment effect observed in the Lau trial.
Therefore, the ability to generalize the results of this study to the U.S. population is
limited.

4. There is a substantive difference in the rebleeding rate in the placebo group (20%) of
the trial reported by Lau, et al. compared to the original efficacy trial (10%). It is not
clear why the rebleeding rate in the Lau, et al. trial is double the rate observed in
D961DCO00001. It may be partially explained by the differences in Asian populations
described in #3 above, or by differences in factors such as age and baseline health
status, which may impact on the risk of rebleeding. Additionally, operational factors
such as differences in endoscopic technique may also affect the risk of rebleeding.

5. There were substantive differences in the efficacy outcomes within important
subgroups in the clinical trial reported by Lau, et al. compared to D961DC00001.
These inconsistencies raise questions about the reproducibility of the efficacy outcome.

"LauJ, SunJ, Lee K, et al, Effect of Intravenous Omeprazole on Recurrent Bleeding after Endoscopic Treatment
of Bleeding Peptic Ulcers, N. Engl. J. Med., 2000, Aug 3; 343(5): 310-316
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a. In the subgroup of patients 65 years of age and older, the decrease in proportion
of patients with rebleeding within 72 hours in the esomeprazole arm relative to
placebo was 2.2% in D961DC00001. In contrast, the decrease in the same
subgroup treated with omeprazole relative to placebo in the trial reported by
Lau, et al. was 19.7%.

b. In the subgroup of patients with Forrest Ib classification, there were similar
proportions of patients with rebleeding within 72 hours in the esomeprazole and
placebo arms in D961DC00001 (a 0.5% difference). In contrast, there was a
decrease in the proportion of patients with rebleeding within 3 days in the
esomeprazole arm relative to placebo of 10% in the trial reported by Lau, et al.

6. The information from observational studies and literature reviews of intravenous
esomeprazole and omeprazole were not considered adequate to constitute primary
evidence of the efficacy of the product for the proposed indication.

7. We have reviewed your responses to the deficiencies cited in the November 26, 2008,
Complete Response Letter regarding D961DC00001. Your responses do not change
the reasons cited in the Complete Response Letter that study D961 DC00001, as a
single adequate and well-controlled study, does not provide sufficient evidence to
support the your proposed indication. The following comments are responses to
specific issues raised in your resubmission:

a. Your assertion that the Breslow-Day test supports the homogeneity of the
treatment effect across study centers for D961DC00001 is not persuasive. The
Breslow-Day test is not a powerful test for detecting lack of homogeneity. For
this reason, the lack of a statistically significant finding is not necessarily
meaningful. Moreover, the small sample sizes when considering stratification
variables further limits the usefulness of the test.

b. You contend that the suboptimal pharmacodynamic (PD) effects of
esomeprazole on gastric pH observed in the PK/PD studies submitted in the
sNDA on May 29, 2008, can be attributed to the fact that the studies were
performed in Helicobacter pylori negative healthy subjects, i.e., subjects in
whom it would be more difficult to suppress intragastric acidity, and that a pH
of 6 would have been more consistently achieved if the population studied had
had peptic ulcer disease. We disagree because this position assumes that all
patients with peptic ulcer disease have H. pylori. Not all patients with peptic
ulcer disease are H. pylori positive, and the populations enrolled in the clinical
trials you submitted to this NDA attest to this.

c. A Division of Scientific Investigations (DSI) inspection was performed at site
0102 in the Netherlands because Dr. Ernst J. Kuipers, MD, PhD, the principal
investigator at that site, disclosed that accepted significant payments from
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AstraZeneca. The DSI investigation found that the data from this site were
valid. Nevertheless, as stated in the Complete Response letter, the large impact
from this small site on the overall efficacy of the trial suggests that the efficacy
results are not robust and that the results from this single pivotal trial are not
persuasive.

In order to address the deficiencies that have been identified in this SNDA, the following
information should be included in the resubmission:

1. Conduct at least one additional, adequate, and well-controlled trial to demonstrate the
clinical benefit of Nexium® IV for

mclude some U.S. centers, and shou
designed to evaluate a specific population of patients with bleeding gastric or duodenal
ulcers that would be most likely to benefit from treatment with esomeprazole.

Additional Comments:
The pharmacokinetic data in patients with hepatic impairment that you provided in the SNDA
are not adequate to assess the recommended dose for continuous intravenous infusion of
esomeprazole in patients with moderate and severe hepatic impairment.
The following information should be included in the resubmission:

1. Resubmit the modeling and simulation results of previously collected data to support

an estimate of the proper constant infusion rate in patients with moderate and severe
hepatic impairment
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

From the clinical standpoint, the submitted clinical data are adequate to support the
recommendation of US marketing approval for Nexium® IV for @@ risk
reduction of rebleeding in patients following therapeutic endoscopy for acute bleeding of
gastric or duodenal ulcers.

1.2 Risk Benefit Assessment

This is the third review cycle for this Application. The aggregate data submitted during
Cycles 1, 2, and 3 support the conclusion that the benefit of Nexium IV at the proposed
dose for reducing the risk of rebleeding following therapeutic endoscopy for acutely
bleeding gastric or duodenal ulcers outweighs the risks.

The primary evidence submitted was Study 01. This randomized, placebo-controlled
study used esomeprazole IV as the active study drug. This single study was
adequately designed and the results were statistically significant in favor of
esomeprazole. Secondary sources of evidence included the Lau Study and Studies
840 and 841. See Section 5.3 for a brief summary of the information submitted during
Cycles 1 and 2.

For over 10 years, practice guidelines on the management of patients with ulcer
bleeding (including those by the American College of Gastroenterology and the
International Consensus Upper Gastrointestinal Bleeding Conference Group) " have
included a strong recommendation for the use of IV PPI therapy following the
achievement of endoscopic hemostasis to improve patient outcomes. Currently, two
PPIs are available in an intravenous form—pantoprazole (Protonix®) and esomeprazole
(Nexium®).

Proton pump inhibitors are a widely used class of medications which have long been
used for Gl diseases related to acid production. Short-term use of PPI has been found
to be relatively safe and current warnings and precautions labeling for PPIs focuses
primarily on events associated with the long term use of PPIs—B-12 deficiency, atropic
gastritis, bone fracture, and hypomagnesemia. The proposed length of treatment with
Nexium IV for ®®@ rebleeding of gastric or duodenal ulcers after
therapeutic endoscopy is 72 hours

1 Laine L, Jensen DM Am J Gastroenterol 2012; 107:345-360

2 Barkun AN, Bardou M, Kuipers EJ, Sung J, Hunt RH, Martel M, Sinclair P, International Consensus Upper Gastrointestinal
Bleeding Conference Group; International Consensus Recommendations on the Management of Patients With Nonvariceal Upper
Gastrointestinal Bleeding. Ann Int Med 2010; 152(2):101-113.
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1.3 Recommendations for Postmarket Risk Evaluation and Mitigation
Strategies

None.

1.4 Recommendations for Postmarket Requirements and Commitments

See the following information from the Cycle 2 clinical review by Dr. Erica Wynn:

“To comply with regulations under the Pediatric Research Equity Act (PREA), the
applicant submitted a request for waiver of pediatric trials. In support of their
waiver, the applicant submitted data on the occurrence of peptic ulcer bleeding in
children and an analysis of two US pediatric databases exploring the incidence of
pediatric peptic ulcer bleeding. Consults were obtained from the Pediatric
Maternal Health Staff (PMHS) and the Office of Surveillance and Epidemiology
(OSE). Both consultants concluded that the incidence of peptic ulcer bleeding in
pediatric patients was uncommon. The reader is referred to the finalized PMHS
consult by Dr. Amy Taylor dated March 2, 2011, and the OSE consult by Dr. Jing
Ju dated February 1, 2011. Based on the information provided, this reviewer
concurs with the PMHS consult, the OSE consult, and the applicant in that the
number of pediatric PUB patients who are eligible to participate in a study is very
limited and it may not be feasible to conduct trials in pediatric patients. In the
opinion of this reviewer, the applicant’s waiver request seems reasonable and
should be granted for future trials. This issue was taken before the Pediatric
Review Committee on February 16, 2011, and the committee concurred.”

2 Introduction and Regulatory Background

2.1 Product Information

Nexium® (esomeprazole sodium) is the pure S-enantiomer of the racemic proton pump
inhibitor (PP1) omeprazole (Prilosec®).

Nexium® is currently available in delayed-release capsules (20 mg, 40 mg), granules for
delayed-release oral suspension (10 mg, 20 mg, and 40 mg), and as a solution for
intravenous infusion.

Nexium® IV was approved in the United States in 2005 for use in adults for short-term
treatment (up to 10 days) of gastroesophageal reflux disease (GERD) in patients with a
history of erosive esophagitis as an alternative when oral therapy is not possible or
appropriate.
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2.2 Tables of Currently Available Treatments for Proposed Indications

See first and second cycle reviews.

2.3 Availability of Proposed Active Ingredient in the United States

See first and second cycle reviews.

2.4 Important Safety Issues With Consideration to Related Drugs

PPIs are widely used and have generally been found to be safe and well-tolerated.
Current PPI labeling includes the following warnings and precautions:

e Symptomatic response does not preclude presence of gastric malignancy.

e Atrophic gastritis has been noted with long-term omeprazole therapy.

o Observational studies suggest that PPI therapy may be associated with an
increased risk of Clostridium difficile associated diarrhea.

e The concomitant use of Clopidogrel and PPIs should be avoided due to the
inhibition of CYP2C19 activity. CYPC2C19 is necessary for the metabolism of
clopidogrel to its active metabolite.

e Hypomagnesemia, symptomatic and asymptomatic, has been reported in
patients treated with a PPI.

e The concomitant use of St. John’s Wort and Rifampin with a PPI should be
avoided due to the induction of CYP2C19 or CYP3A4 which can lead to
decreased concentrations of the PPI.

e Serum chromagranin A (CgA) levels increase secondary to drug-induced
decreases in gastric acidity. The increased CgA level may cause false positive
results in diagnostic investigations for neuroendocrine tumors.

e Patients treated with a PPl and Warfarin may need to be monitored for increases
INR and prothrombin time due to the risk of abnormal bleeding.

e Long-term PPI therapy has been associated with increased risk of osteoporosis-
related hip fracture.

In addition, prescribers should be warned against the concomitant use of certain
antiretroviral drugs and drugs for which gastric pH can affect bioavailability. See
individual product labeling for further details. Additionally, the concomitant use of PPIs
and clopidogrel has been associated with an increased risk of adverse outcomes
following acute coronary syndrome.3

3 Ho MP, Maddox TM, Wang L, Fihn S, Jesse RL, Peterson ED, Rumsfeld JS. Risk of Adverse
Outcomes Associated with Concomitant Use of Clopidogrel and Proton Pump Inhibitors Following Acute
Coronary Syndrome. JAMA 2009; 301: 937-944.
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2.5 Summary of Presubmission Regulatory Activity Related to Submission

Table 1. Pre-submission Regulatory History, NDA 21-689, S-014

Date

Regulatory Action(s)

29 May 2008

The original supplemental NDA (S-014) submitted

26 November 2008

Complete Response Action, Cycle 1

11 June 2009

Type C, Post-Action Meeting
Agency outlined that the following data may support a
complete response:
= Literature reports
= Lau et al study (including data, CRFs, protocol, and
SAP)

15 September 2010 Cycle 2 submitted by AstraZeneca

16 June 2011 Complete Response Action, Cycle 2

23 January 2012 Applicant requested formal dispute resolution regarding CR
action dated 16 June 2011

30 January 2012 Agency denied dispute resolution request and recommended
that Applicant request a post-action meeting to discuss
concerns

06 April 2012 XXX

22 March 2012

Post Action Meeting
=  Agency discussed the possibility of holding an
Advisory Committee meeting to discuss the Division’s
recommendation to conduct an additional study
= Applicant described plan to submit PK, PD, and
clinical data to address the relevance of the Lau study
to the US population

23 April 2012 AZ submitted a proposed outline of their Cycle 3 Complete
Response for preliminary Review
12 June 2012 Type C Meeting (tcon) to discuss Cycle 3 Complete

Response submission.

Key Agreement: The way forward to approval for this
indication is to focus on the applicability of the Lau, et al.
study to the US population, as identified in preliminary
responses to the outline document and discussed at the
meeting.

14 December 2012

Cycle 3 submitted by AstraZeneca

2.6 Other Relevant Background Information

N/A
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3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The submission was of reasonable quality. The electronic application was well-
organized and easily navigable.

No new clinical trials were submitted in support of this cycle of the Application.
Therefore, the Division of Scientific Investigations (DSI) did not perform any site audits.

3.2 Compliance with Good Clinical Practices

No new clinical trials were submitted in support of this Application. See the Cycle 1
clinical review by Dr. Anil Nayyar and the Cycle 2 review by Dr. Erica Wynn for
compliance with good clinical practices information regarding the studies submitted
during those cycles.

3.3 Financial Disclosures

No new clinical trials were submitted in support of this Application. See the Cycle 1
clinical review by Dr. Anil Nayyar and the Cycle 2 review by Dr. Erica Wynn for financial
disclosure information regarding the studies submitted during those cycles.

4 Significant Efficacy/Safety Issues Related to Other Review
Disciplines

4.1 Chemistry Manufacturing and Controls

There were no new data related to CMC submitted during the current review cycle.

During the first review cycle, CMC recommended approval of Nexium for the proposed
indication.

4.2 Clinical Microbiology
During the first review cycle, the product quality microboligy reviewer recommended

approval of Nexium® for the proposed indication. See the full review by Dr. Bryan S.
Riley in DARRTS (March 23, 2011 and May 4, 2011 addendum).

4.3 Preclinical Pharmacology/Toxicology

No new non-clinical studies were submitted in support of this efficacy supplement.
During the first review cycle, the pharmacotoxicology reviewer, Dr. Ke Zhang,
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recommended approval of Nexium® for the proposed indication (see full review in
DARRTS, 13 November 2008).

4.4 Clinical Pharmacology

During the second cycle review, the Office of Clinical Pharmacology/Division of Clinical
Pharmacology IlIl (OCP/DCP Ill) found the Application to be acceptable from a clinical
pharmacology standpoint except for the label language, including the issue of dosage
adjustment in hepatic impairment patients.

See the Cycle 3 Clinical Pharmacology review by Dr. Sandhya Apparaju in DARRTS.

During the current review cycle, the Applicant submitted data to support the

generalizability of the Chinese patient data submitted in Cycle 2 to the Caucasian
population. These results are discussed in Section 6, Review of Efficacy.

5 Sources of Clinical Data

5.1 Tables of Studies/Clinical Trials

Table 2. Major Efficacy and Safety Trials Submitted During Review Cycles 1, 2, and 3

Trial Name Trial Trial Design Treatment Product(s) Number Population
Type Dosage Regimen; Enrolled
Route of Administration
D961DC00001 Safety and | Multicenter Esomeprazole (a bolus 80mg over 30 min 767 Randomized | Patients who had undergone
(TRIAL 01) Efficacy International followed by a continuous infusion of 8mg/hr | 764 Treated successful endoscopic treatment of
Prospective for 71.5 hours) or Placebo a bleeding gastric or duodenal
Randomized ulcer classified as
Double-blind, Follow-up treatment after 1.V. Esomeprazole Forrest Class la, Ib, lia, or lib
Parallel Group, with Oral Esomeprazole 40mg once daily for (Endoscopic treatment modalities
Placebo-controlled 27 days varied.)
Lau, et. al. Safety and | Single Center (Hong Kong) Omeprazole (a bolus intravenous injection of | 320 Planned Hospitalized Patients who had
Efficacy Randomized 80mg over 30 min followed by a continuous | 240 Randomized | undergone successful endoscopic
Double-blind, 8mag/hr infusion for 71.5 hours) or Placebo treatment of a bleeding peptic
Parallel Group ulcer. Forrest Class la, Ib, lla, or lib
Placebo-controlled Follow-up therapy after |.V. Omeprazole (Endoscopic treatment was
infusion with oral 20mg Omeprazole once injection epinephrine followed by
daily for 8 weeks thermocoagulation)
Trial 1-840 Safety and | Multicenter Omeprazole 80mg given intravenously asa | 350 Planned Hemodynamic ally unstable
Efficacy International bolus dose over 30 minutes followed by 274 Randomized | outpatients and inpatients with PUB
Double Blind 8mg/hr for 71.5 hours or Placebo endoscopically classified as Forrest
Parallel Group 1a, Ib, lla, or lib.
Placebo Control Follow-up therapy after |.V. Omeprazole
infusion with oral 20mg Omeprazole once (Endoscopic treatments varied.
daily for 21 days. (Oral therapy started at Pre-entry endoscopic treatment
48hours) only in patients classified as
Forrest la or lla)
Trial 1-841 Safety and | Multicenter Omeprazole 80mg given intravenously asa | 400 Planned Patients = 60 years old with
(study stopped | Efficacy International bolus over 30 minutes followed by 333 Randomized | endoscopic signs of peptic ulcer
prematurely Randomized continuous infusion of 8mg/hr for 3to 5 bleeding and clinical symptoms of
due to safety Double-Blind days. (If there were signs of bleeding during upper gastrointestinal bleeding.
monitoring) Parallel Group day 2 or 3 the infusion was given for 120 (Forrest Ia, Ib, lia, lib)
Placebo-Controlled hours) (Endoscopic treatments varied.
Pre-entry endoscopic intervention
Follow-up therapy after |.V. Omeprazole with was only to be used in patients with
Omeprazole 20mg daily for 21 days bleeding classified as Forrest la)

Electronically copied and reproduced from the Cycle 2 Clinical Review, Dr. Erica Wynn, p21, DARRTS, 14 June 2011

Reference ID: 3338584
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In addition to the clinical studies described in Table 2 above, the Applicant also
submitted PK/PD studies (Studies 04, 07, and 15) and literature reviews.

5.2 Review Strategy

The 16 June 2011 Complete Response Letter (second cycle) stated that the additional
data submitted by the Applicant in Cycle 2 did not provide substantial evidence of
efficacy for Nexium IV for the proposed indication. The letter went on to specifically
state the reasons why the submitted data were deemed inadequate.

The current clinical review will focus on the new post-hoc analyses submitted in support
of the Cycle 3 re-submission. Each complete response item will be addressed in the
order presented in the Complete Response Letter.

5.3 Discussion of Individual Studies/Clinical Trials

For a detailed review of the clinical trial results of studies submitted in previous cycles,
see the full clinical reviews in DARRTS.

Below is a summary of the first and second review Cycles (excerpt from the Background
Document for the CDER Regulatory Briefing held April 19, 2013):

-Beginning of Regulatory Briefing excerpt-

First Cycle
During the first review cycle, the Applicant submitted a single adequate and well-

controlled trial (Study 01). The primary efficacy endpoint in Study 01 was
rebleeding within 72 hours of therapeutic endoscopy in patients who experienced
peptic ulcer bleeding. (Clinically significant rebleeding was defined as an active
bleed or blood in the stomach detected on EGD, hematemesis, hematochezia,
melena, blood in gastric aspirate, hypotension or fall in hemoglobin greater than
2g/L in 24 hours.) For this study, 767 patients were randomized to esomeprazole
or placebo. Overall, 5.9% of patients had rebleeding in the esomeprazole group
compared to 10.3% in the placebo group. The difference between the treatment
groups was -4.4%, with p-value of 0.03.

The Division decided that the data from this trial failed to provide a level of
evidence that rose to standards for a single study approval. A complete response
letter was issued, and the Applicant was told the deficiency could be addressed
by conducting an additional adequate and well-controlled study. The Sponsor
responded that this would be impossible because use of high dose PPIs for the
prevention of peptic ulcer rebleeding after therapeutic endoscopy is currently the
standard of care. Clinical practice guidelines in the U.S. and internationally

11
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recommend high dose intravenous PPIls as part of the treatment regimen of
peptic ulcer bleeding. [Intravenous PPIs available in the U.S. include Nexium and
Protonix (pantoprazole).] In a post-action meeting with the Applicant, the Division
agreed that randomized, controlled trials investigating omeprazole for the same
indication could be considered as supportive evidence, as long as an appropriate
bridge was provided between esomeprazole and omeprazole. Esomeprazole is
the S-isomer of omeprazole.

Second Cycle
In the second review cycle, the Applicant submitted five types of data:
= Pharmacokinetic/pharmacodynamic (PK/PD) bridging data between
intravenous omeprazole and esomeprazole
= Data from the literature and trials conducted with intravenous omeprazole
= Observational data from use of intravenous esomeprazole in patients with
peptic ulcer bleed
= A systematic review of available trials from any proton pump inhibitor
= Additional observational data from other data sources including healthcare
and administrative databases, and hospital networks with field-based
studies.

After reviewing the data, the clinical pharmacology and pharmacometrics
reviewers concluded that the data submitted were sufficient to provide a
reasonable pharmacodynamic bridge between omeprazole and esomeprazole for
the proposed IV dosing regimen. With this bridge established, the submitted trials
conducted with intravenous omeprazole were reviewed.

Three key omeprazole clinical trials were identified. Two (Study 840 and 841)
were Scandinavian trials conducted in the early 1990’s. These two studies are
discussed further below. The third, referred to by the Division as “the Lau trial”,
was considered the strongest evidence submitted to support efficacy in the
indication. However, this trial was a single center trial conducted in Hong Kong.
The trial was published in the New England Journal of Medicine in 2000, nine
years before the IV esomeprazole Study 01 was published. Although the primary
endpoint of the Lau trial was not the same as Study 01, the Lau trial did provide
data on the percentage of patients with clinically significant rebleeding within 72
hours following therapeutic endoscopy for peptic ulcer bleeding. In this all-
Chinese population, 4.2% of omeprazole patients and 20.0% of placebo patients
had clinical significant rebleeding within 72 hours of therapeutic endoscopy
following peptic ulcer bleeding. The rebleed rate was similar, though numerically
lower, in the omeprazole arm of the Lau trial than in the esomeprazole arm of
Study 01. The rebleed rate in the placebo arm was strikingly higher in the Lau
trial than in Study 01.

12
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While the Lau trial provided supportive evidence of the effectiveness of
omeprazole in the homogenous population, the Division questioned the
generalizability of the results to the heterogenous U.S. population. Asians are
known to have a lower parietal cell mass, higher prevalence of H. pylori infection,
and a higher prevalence of CYP2C19 poor metabolizers. (Esomeprazole
metabolism is significantly dependent upon CYP2C19.) The Division was
particularly concerned that the first two factors could result in a higher proportion
of the treated population achieving the high pH levels necessary to optimally
stabilize clot. Further, the Lau study protocol was not available for review by the
Division and there was no opportunity for a DSI inspection.

The trial designs of Scandinavian Studies 840 and 841 differed substantively
from Trial 01. Areas of difference included entry criteria, patient demographics,
and endoscopic treatments administered. The reviewers concluded that these
differences precluded substantive comparisons between Study 01 and Studies
840 and 841. The statistical reviewer conducted exploratory analyses by using
data from a small subset of 52 patients from these two trials who had received an
endoscopic treatment allowed during Study 01. While no statistically significant
difference in the proportion of patients with rebleeding at 72 hours between the
omeprazole and placebo groups was observed in this analysis, the difference
favored omeprazole and was similar in magnitude to the Lau study and Study 01.

Table 3. Rebleeding by 72 Hours after Therapeutic Endoscopy

Study Study Placebo | Treatment
Drug Difference

5.9% 10.3% -4.4%
(22/376)  (40/389)
Lau 4.2% 20 % -15.8%
(5/120)  (24/120)
840/841 13.6% 23.3% 9.7%
(3/22) (7/30)

In the Complete Response letter issued to the sponsor at the end of cycle 2
review, the Division expressed concern about the generalizability of the clinical
trial reported by Lau et al. due to the ethnically homogenous population (Asian)
of this study. The Division again stated that the deficiency could be addressed
with an additional, adequate, well controlled clinical trial. The applicant voiced
ethical concerns of conducting another controlled trial in the target population
and instead proposed to submit available pharmacokinetic/ pharmacodynamics
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(PK/PD) evidence to bridge the two populations (Asians and Caucasians) in
order to support the applicability of Lau et al. data to the U.S. population. These
data were submitted in the third cycle.

-End of excerpt from Regulatory Briefing Background Document-

6 Review of Efficacy (Additional Analyses submitted in
Response to CR Letter)

The seven items outlined in the Complete Response Letter (underlined) are discussed
below. The discussion includes the Applicant’s responses and this reviewer’'s
comments.

6.1 Complete Response Iltem #1

Trials 1-840 and 1-841 differ from the efficacy trial, D961DC00001, submitted in the
sNDA on May 29, 2008, in several important ways, including the endoscopic
treatments administered and the primary endpoints evaluated. Therefore, these trials

were not adequately designed to support the proposed indication.

Studies -840 and 1-841 were submitted by the Applicant during the second cycle and
were reviewed in detail by Dr. Erica Wynn. In short, Trials 1-840 and 1-841 were
conducted in the early 1990’s in Scandinavia using omeprazole IV as the active study
drug. These placebo-controlled trials were conducted using omeprazole IV 80 mg bolus
(over 30 minutes) followed by an infusion of omeprazole 8 mg/hour for a total of 72
hours of IV treatment. o4
Following the IV PPI phase, all patients were
treated once daily with oral omeprazole 20 mg. Trial -840 was conducted in
hemodynamically unstable patients, while Trial 1-841 was conducted in patients 60

years of age and older.

While similarities between Study 01 and Trials 1-840 and 1-841 exist, there are
differences in many areas including entry criteria, patient demographics, endoscopic
treatments administered, and primary endpoint. The primary endpoint for the Trials was
“overall outcome of treatment” as measured using a ranking scale where each patient
was ranked for his/her worst outcome. Not all patients in Trials -840 and 1-841 received
endoscopic treatment. These differences led the clinical reviewer for cycle 2, Dr. Erica
Wynn, to conclude that no substantive comparisons between Study 01 and Trials -840
and 1-841 could be made.
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Despite these differences, the Applicant believes that Trials 1-840/841 provide
supportive evidence of efficacy for the proposed indication related to peptic ulcer
bleeding (PUB) due to the fact that the studies show the beneficial effect of high-dose
PPI treatment when added to a wide variety of endoscopic treatment regimens. During
the second review cycle, the Applicant addressed the issue of differences related to
different modalities of initial endoscopic therapy between Trials 1-840/841 and Study
01by selecting a sub-sample of patients from Trials 1-840/841 that received similar (or
slightly more effective) endoscopic therapy as those used in Study 01. See Table 4
below. In these analyses, all subpopulations show a treatment difference in favor of the
use of omeprazole (versus placebo).

Table 4. Trials 1-840/841 Analysis Subpopulations

Patients included in Sub-population Number of Treatment
patients Difference A

All patients with endoscopic therapy 213 -13.9%

Patients with endoscopic therapy as given in Study 01 137 -15.6%

(including patients who received additional endoscopic

therapy)

Patients with endoscopic therapy as given in Study 01 only 52 9.7%

ATreatment difference= rebleeding rate in omeprazole patients — rebleeding rate in placebo patients

MO Comment: | agree with the Applicant that the similarities in study design between
Study 01 and trials -840 and 1-841 do not entirely preclude relevant comparisons.
Despite the differences between Study 01 and Studies 840/841 (described above), the
rebleeding results of Trials -840 and 1-841 provide supportive evidence of efficacy for
Nexium |V for the proposed indication. While rebleeding was not the primary endpoint
for Trials 1-840/84, the endpoint of severe rebleeding by Day 21 was a pre-specified
secondary analysis. The severe rebleeding endpoint was defined as voluminous
hematemesis, red blood in the nasogastric tube or in the stools, or unstable circulation
(or rapid transfusion required to prevent unstable circulation). This endpoint definition is
similar to the primary endpoint of clinically significant rebleeding used in the primary
efficacy study (Study 01). See
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Table 5 below.
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Table 5. Rebleeding Endpoint Definitions

Study

Rebleeding Endpoint

Rebleeding Definition

Study 01

Clinically Significant
Rebleeding

Endoscopy (need at least 1)
o A1-Active bleed
o A2- Blood in stomach
Clinical (need at least 2)
o B1- Hematemesis, hematochezia,
melena, blood in gastric aspirate
o B2-Fallin Hgb >2 g/L in 24 hours
o B3- Hypotension (SBP<90, tachycardia
HR>110) and melena
Hematemesis: >200 mL of fresh blood

Trials
1-840/841

Severe Rebleeding

Voluminous hematemesis

Red blood in the nasogastric tube or stools
Unstable circulation (or rapid transfusion required
to prevent unstable circulation

6.2 Complete Response Item #2

When patients from Trials I-840 and I-841 are matched to the population enrolled

in the original efficacy trial D961DC00001, based on enrolment criteria, too few

patients remain to provide adequate power to show a statistically significant

treatment effect. Of the combined total of 607 patients enrolled in the studies,

only 52 patients met the enrolment criteria of D961DC00001. The proportion of

omeprazole-treated patients in this subgroup who had a rebleeding event within

72 hours was 13.6% (3/22). Although this proportion was lower than that

observed in the placebo-treated patients, 23.3% (7/30), the difference was not

statistically significant (p=0.49, Fisher's Exact Test).

MO Comment:
For the 52 patients from Studies 840/841 who met the enrolment criteria for Study 01,
the treatment difference was approximately 10%. The treatment difference observed in
other subpopulations of Trials 1-840/841 ranged from 10-15%. See Table 4 above.
These results suggest that the decrease in the rate of rebleeding seen with Nexium 1V
compared with placebo is not related to the initial endoscopic therapy used. And while
not statistically significant, the trend is important and provides supportive evidence for
the efficacy of Nexium IV for the proposed indication.

Reference ID: 3338584
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6.3 Complete Response Item #3

The clinical trial reported by Lau et al is comparable in design to D961DC00001
and the trial provides evidence of efficacy of intravenous omeprazole for the
proposed indication. However, the trial was conducted at a single center in Hong
Kong and the population enrolled was ethnically homogeneous. Other studies
have demonstrated that Asian populations have a lower parietal cell mass; a
higher prevalence of H. pylori infection; and a higher prevalence of cytochrome
2C19 genetic polymorphism, all of which could have contributed to the larger
treatment effect observed in the Lau trial. Therefore, the ability to generalize the
results of this trial to the U.S. population is limited.

The Applicant acknowledges that compared with Caucasian populations, Asian
populations are known to have a lower parietal cell mass, a higher prevalence of H.
pylori infection, and a higher prevalence of cytochrome 2C19 genetic polymorphism.
Each of these factors could be expected to influence the pharmacodynamics effect of
PPIs.

No PK/PD data from the Lau study were available. Therefore, to help support the
comparability of the two populations, the Applicant submitted PK and PD data from two
Phase 1 studies in Chinese (Study 07) and Caucasian (Study 15) subjects. For
Studies 07 (Chinese subjects) and 15 (Caucasian subjects) the primary outcome
variable was the percent of time with pH >6 over the 24 hour study period. Data from
Studies 07 and 15 also allowed the clinical pharmacology reviewers the ability to make
limited PK/PD comparisons in the H. pylori and CYP2C19 subgroups. In the study of
Chinese patients, both H. pylori positive and negative, healthy patients were enrolled.
However, in the study of Caucasian patients, only H. pylori negative, healthy patients
were enrolled.

The Clinical pharmacology reviewers concluded that the pharmacodynamic (PD)
outcomes observed in Caucasian and Chinese populations were comparable.*
Specifically, for Chinese patients in Study 07, the mean percentage of time with pH >6
was 48% (+ 17.4) compared with 46.6% (+ 26.5) observed in Caucasian patients in
Study 15. See

*Slide #70, Regulatory Briefing, April 19, 2013.
http://inside.fda.gov:9003/downloads/CDER/OfficeoftheCenterDirector/RegulatoryBriefings/UCM348981.pdf
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Table 11, below. There was a higher Cnax Observed in Chinese subjects when
compared to Caucasian subjects. The difference could be due to the Chinese subjects
having a lower median height and weight than the Caucasian subjects (164 cm/64kg,
177 cm/72kQ).

H. pylori status

All Caucasian subjects in Study 15 were H. pylori negative. Both H. pylori negative and
positive subjects were enrolled in the Chinese Study 07. There was a trend for larger
PD outcomes in H. pylori positive subjects. In Study 07 (Chinese Subjects), the mean
baseline pH in the H. pylori positive subjects was 1.67 compared with 1.47 in the H.
pylori negative group. For the primary study endpoint, H. pylori positive patients were
observed to have a higher percentage of time with pH >6 during the 24 hour study
period. The mean pH over the study in H. pylori positive subjects (n=9) was 6.25 £+ 0.23
compared with 5.84 + 0.61 in H. pylori negative subjects (n=11). See Table 6 below.

Table 6. Pharmacodynamic Variables by H. pylori status, Study 07

*

Electronically copied and reproduced from the CDER Regulatory Briefing, 19 April 2013, Dr. Sandhya Apparaju, slide #65

CYP2C19 status

CYP2C19 status was known for all subjects in both studies (07 and 15). Patients were
categorized according to CYP2C19 status as extensive metabolizers (EM), intermediate
metabolizers (IM), and poor metabolizers (PM). In the Caucasian Study (15), there
were 71% EMs, 25% IMs, and 4% PMs compared with 45%, 45%, and 10%,
respectively in the Chinese study (07).

After reviewing the data of Caucasian patients in Study 15, the clinical pharmacology
reviewers noted the following:
= Modestly higher systemic exposures (~ 17 % higher AUC) in IMs vs EMs
= Large variability in PD; differences in sample size (N = 17 EMs vs. N = 6 IMs)
= PD variability not due to H. pylori status (only H. pylori negative patients enrolled)
= PD variability unlikely to be due to PK differences (lack of Exposure-Response)
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Table 7. PK/PD Parameters by CYP2C19 status in Caucasian Subjects, Study 15

Overall 2 - LA
(n=17) (n=6) (n=1)
Cmax (umol/L) 142+26 13.9+ 3.0 145+12 17.0
AUC 24 (umol.h/L) 109 + 23.1 105.1+18.8 123+ 315 105.4
% time pH >6 over 24 h 452 + 285 56.9 + 13.9 7.4

Table adapted from Clinical Pharmacology Slides presented at CDER Regulatory Briefing, April 19, 2013

After reviewing the data of Chinese patients by CYP2C19 status in Study 07, the clinical
pharmacology reviewers noted the following:

= Modestly higher systemic exposures (12- 20 % higher AUC) in IMs vs. EMs

= Similar primary PD outcome across genotypes (% time over 24 h when pH > 6)

= PD outcomes could be confounded by H. pylori status

Table 8. PK/PD Parameters by CYP2C19 status in Chinese Subjects, Study 07

PK/PD Variable EMs IMs PMs
(n=7) (n=10) (n=2)

% time pH >6 over 24 hours 50.6 + 20.5 534 +17.7 51.6 +43.3

Cmax (ng/mL) 5953 + 1257 7225 + 1815 7655; 8037

AUC 24 (ng.h/mL) 36573 + 8058 43032 + 8790 47411; 46157

Table adapted from Clinical Pharmacology Slides presented at CDER Regulatory Briefing, April 19, 2013

The PK/PD results observed in Chinese subjects may be confounded by H. pylori status
as both H. pylori positive and negative subjects were enrolled in Chinese Study 07.
Therefore, to make a more direct comparison of PD parameters between Chinese and
Caucasian patients, data from H. pylori negative Chinese and Caucasian patients was
explored. The mean difference was very small (0.1%) for the primary outcome variable
of Studies 17 and 05 (% time when pH >6 over 24 hours) between Chinese and
Caucasian H. pylori negative subjects. See Table 9 below.
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Table 9. PD Parameters in H. pylori negative Chinese and Caucasian subjects

Electronically copied and reproduced from the CDER Regulatory Briefing, 19 April 2013, Dr. Sandhya Apparaju, slide #70

When the PD parameters in H. pylori negative patients are explored by CYP2C19
status, the results for the % time pH >6 over 24 hours continues to be comparable
between Caucasian and Chinese EMs and IMs. There were too few PMs in each group
for relevant comparisons to be made. See Table 10 below.

Table 10. PD Parameters in H. pylori negative Subjects, by CYP2C19 status

Electronically copied and reproduced from the CDER Regulatory Briefing, 19 April 2013, Dr. Sandhya Apparaju, slide #71

MO Comment:
The basic question to be answered is whether Nexium IV (80 mg bolus followed by 8
mg/h) can be expected to have similar effects on intragastric pH in Chinese and
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Caucasian subjects. The ability of the PK/PD studies conducted in Chinese and
Caucasian subjects to answer this question is limited for several reasons. First, the
studies were conducted in healthy subjects, not PUB patients. Second, the studies
involved a relatively small number of patients (24 Caucasian, 19 Chinese). Further, the
Caucasian study did not enroll any patients with H. pylori infection.

Despite these limitations, the data from the PK/PD studies do show that Nexium IV has
a similar effect on the primary PD outcome, % time pH > 6 over 24 hours, in Chinese
and Caucasian subjects. This comparable effect persists regardless of CYP2C19
genotype. There was also a trend for larger PD effect seen in H. pylori positive subjects
compared to H. pylori negative subjects. No exposure response relationship was noted.
The PK/PD results provide sufficient evidence, in the opinion of this reviewer, that
Nexium IV will affect intragastric pH similarly in Caucasian and Chinese patients.
Therefore, the results of the Lau study can serve as supportive evidence of efficacy for
the primary efficacy study--Study 01.

APPEARS THIS WAY
ON ORIGINAL
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Table 11. Overall PD outcomes, Studies 07 and 15

PD outcome Chinese Subjects
H. pylori positive
and negative

(n=19)

Chinese Subjects
H. pylori negative

(n=11)

Caucasian Subjects
H. pylori negative

n=24

% time pH >6, 48 +17.4 46.7 £ 204

over 24 hours (mean)

46.6 £ 26.5

Table adapted from Regulatory Briefing Presentation (April 19, 2013) by Dr. Sandhya Apparaju, clinical pharmacology reviewer.

6.4 Complete Response ltem #4

There is a substantive difference in the rebleeding rate in the placebo group
(20%) of the trial reported by Lau et al compared to D961DC00001 (10%). It is
not clear why the rebleeding rate in the Lau et al trial is double the rate observed
in D961DCO00001. It may be partially explained by the differences in Asian
populations described in #3 above, or by differences in factors such as age and
baseline health status. which may impact on the risk of rebleeding. Additionally,
operational factors such as difference in endoscopic technique may affect the

risk of rebleeding. This inconsistency in rebleeding rate between the trials also
raises questions about the ability to generalize the results of this trial to the U.S.

population.

To address this complete response item, the Applicant conducted a two-step risk factor
analysis. These post-hoc analyses should be viewed as exploratory; therefore, no
statistically valid conclusions can be drawn from the results. In the first step, only “study
drug” (placebo/omeprazole-esomeprazole) and study (Study 01/Lau study) were
included as risk factors. In this model, there was a tendency for a reduced risk of

rebleeding in Study 01. See Table 12 below.

Table 12. Day 3- Relative Risk for Rebleeding in Study 01 and Lau et al- Reduced

model- Cox regression

Explanatory variable Relative risk Lower 95% CI Upper 95% CI p-value
Study 0.686 0.442 1.067 0.0944
Study drug 2.381 1.519 3.734 0.0002

Lau study=1 and D961DC00001 study=2. Study drug=1 for esomeprazole/omeprazole, 2=placebo

edicted nsk for re

Electronically copied and reproduced from Applicant’s response to Complete Response Letter, p 20.

In the second step of the Applicant’s analysis, possible risk factors for recurrent
bleeding were included. The relative risk for rebleeding attributable to Study 01 was
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0.979. This value suggests that factors other than the study may have been largely
responsible for the difference in placebo response rates seen Study 01 and Lau et al.
The risk factor with the highest relative risk (strongest predictor of rebleeding) was
American Society of Anesthesiologists (ASA) grade IV.

ASA grade |V (see Table 13 below) patients have severe systemic disease that is a
constant threat to life. Study 01 was conducted a decade after the Lau trial and during
that decade the use of IV PPI therapy in the setting of peptic ulcer bleeding continued to
increase. Therefore, when Study 01 was conducted, ASA grade |V patients were
excluded from the placebo-controlled study due to ethical considerations. In contrast,
ASA Grade IV patients made up 16% of the Lau study population.

Table 13. American Society of Anesthesiologists (ASA) Grade Descriptions

Grade Description

I A normal healthy patient

Il A patient with mild systemic disease

11 A patient with severe systemic disease

A\ A patient with severe systemic disease that is a constant threat to life

V A moribund patient who is not expected to survive without the operation

Vi A declared brain-dead patient whose organs are being removed for donor
purposes

The American Society of Anesthesiologists (ASA) system is a six-category physical status classification system for assessing the
fitness of patients before surgery.

APPEARS THIS
WAY ON ORIGINAL
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Table 14. Day 3- Relative Risk for rebleeding in Study 01 and Lau et al-Expanded
model, Cox regression

Explanatory variable Relative risk Lower 95% CI Upper 95% CI p-value
Study 0.979 0.543 1.768 0.9451
Study drug 2.290 1.416 3.703 0.0007
Age 0.993 0.977 1.009 0.3962
Sex 1.169 0.723 1.890 0.5229
Hospitalized 0.330 0.130 0.835 0.0193
Previous ulcer bleeding 1.277 0.683 2.387 0.4442
ASA grade I 1.395 0.776 2.509 0.2658
ASA grade ITI 2.256 1.132 4.497 0.0207
ASA grade IV 3.968 1.425 11.052 0.0083
H. pylori 0.612 0.385 0.973 0.0379
Forrest Ia 2.177 1.031 4.601 0.0415
Forrest ITa 1:773 1.031 3.050 0.0386
Forrest ITb 2.453 1.282 4.694 0.0067
NSAITD (el aspirin) 1.395 0.782 2.489 0.2601
Aspirin 1.112 0.595 2.081 0.7391
Warfarin 0.675 0.159 2.875 0.5952

Lau study=1 and D961DC00001 study=2. Study drug=1 for esomeprazole/omeprazole, 2=placebo. Sex=1 for
male and sex=2 for female. ASA T, ASA IIT and ASA TV compared to ASA I. H. pylori variable collapsed
into 2 main classes Hp=0 for Negative and Hp=1 for Positive or Trace. Forrest class Ia , Forrest class Ila
and Forrest class ITb compared to Forrest class Ib. Hospitalized, Previous uleer bleeding, NSAID, Aspirin
and Warfarin , answers: 0=no, 1=yes.

mdbmpe 20NOV12:22:09:14.17 IVP_PUB Cox1 edicted risk for reble

Electronically copied and reproduced from Applicant’s Response to Complete Response Letter submission, p. 21

The Applicant analyzed Day 30 rebleeding results excluding ASA Grade IV patients to
further explore how the inclusion of ASA Grade IV patients contributed to the difference
in placebo group rebleeding rates in Studies 01 and Lau. By Day 30, 22.5% of the
placebo patients in the Lau Study had had a rebleeding event, compared with 13.6% of
the placebo patients in Study 01 (8.9% placebo rebleeding rate difference). If the
sickest patients (ASA grade V) are excluded from the Lau Study, the difference in Day
30 placebo rebleeding rates decreases to 3.4%. See Table 15 below. It is expected
that Day 3 results will be similar given that for both studies the majority of the rebleeding
events occurred in the first 72 hours.

Table 15. Rebleeding rate 01 Study and Lau Study, excluding ASA grade |V patients

Study Day Treatment N No Rebleeding  95% CI for

Rebleeding Rebleeding

rate

Lau 30 Omeprazole 102 95 (93.1%) 7 (6.9%) 3% - 14%
D961DC00001 30 Esomeprazole 3T 346 (92.3%) 29 (7.7%) 5% -11%
Lau 30 Placebo 100 83 (83.0%) 17 (17.0%) 10% - 26%
D961DC00001 30 Placebo 389 336 (86.4%) 53 (13.6%) 10% -17%
mdbmpe 20NOV12:22:59:46.72 PUB Lau rebleeding_konf subgroup analyses_exkl ASAIV

Electronically copied and reproduced from Applicant’s response to Complete Response Letter, p 22
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MO Comment:

Understanding the cause of the difference in the rebleeding rate in the placebo group of
the trial reported by Lau et al (20%) compared to Study 01 (10%) is important. The
post-hoc factor analyses submitted by the Applicant may provide some evidence to
suggest that the differences can be explained, in large part, by factors other than ethnic
differences (such as those described in CRL #3 above). The results of the factor
analyses support the conclusion that the Lau study can be viewed as supportive
evidence for Study 0lgiven that the Lau results can generalized to the US population.
The statistical specifics of how the risk factor analyses were performed and therefore
whether the results are able to provide adequate supportive evidence will be discussed
in the statistical review.

6.5 Complete Response Item #5

There were substantive differences in the efficacy outcomes within important
subgroups in the clinical trial reported by Lau et al compared to D961DC00001.
These inconsistencies raise questions about the reproducibility of the efficacy
outcome.

a) In the subgroup of patients 65 years and older, the decrease in proportion of
patients with rebleeding within 72 hours in the esomeprazole arm relative to
placebo was 2.2% in D961DC00001. In contrast, the decrease in the same
subgroup treated with omeprazole relative to placebo in the trial reported by
Lau et al was 19.7%.

b) In the subgroup of patients with Forrest Ib classification, there were similar
proportions of patients with rebleeding within 72 hours in the esomeprazole
and placebo arms in D961DC00001 (a 0.5% difference). In contrast, there
was a decrease in the proportion of patients with rebleeding within 72 hours in
the omeprazole arm relative to placebo of 10% in the trial reported by Lau et
al. See Table 16, below.

As discussed above, the rate of rebleeding in placebo patients in Study 01 was
approximately half that seen in placebo patients in the Lau study (10.3% and 20%,
respectively). The discrepancy in placebo rebleeding rates between the two studies is
reflected in the dissimilar treatment differences seen in Study 01 and the Lau Study
(-4.4% and -15.8%, respectively). Subgroup analysis reveals that the treatment
difference in patients 65 years and older taking esomeprazole was -2.2% in Study 01
compared with -19.7% in the Lau Study. The Applicant explored risk factors associated
with rebleeding (see discussion of factor analyses above). In these analyses, the
relative risk estimate for the factor “age” is 0.993 which suggests that age is not a risk

26

Reference ID: 3338584



Clinical Review

Aisha Peterson Johnson

sNDA 21,689/S-014

Nexium I.V. (esomeprazole sodium)

factor associated with rebleeding. However, the factor shown (in the analysis) to have
the greatest positive association with risk of rebleeding correlates directly with age--
ASA grade IV. No ASA grade IV patients were allowed in Study 01 and 20.5% of
patients 265 years old in the Lau Study were classified as ASA grade V.

MO Comment:

While the magnitude of the difference was smaller in patients >65 years old than the
mean, the direction of the difference was consistent with the results of Study 01 and
provide supportive evidence that IV PPIs are effective for the prevention of rebleeding.

Table 16. Rebleeding by Forrest class for Patients in Study 01

Day Treatment Ia Ib IIa IIb
8 Esomeprazole 3/28 (10.7%) 9/166 (5.4%) 8/136 (5.9%) 2/42 (4.8%)
8 Placebo 9/40 (22.5%) 8/163 (4.9%) 17/151 (11.3%) 6/34 (17.6%)
7 Esomeprazole 4/28 (14.3%) 10/166 (6%) 9/136 (6.6%) 3/42 (7.1%)
7 Placebo 10/40 (25%)  14/163 (8.6%) 20/151 (13.2%) 6/34 (17.6%)
30 Esomeprazole 4/28 (14.3%) 10/166 (6%)  10/136 (7.4%) 4/42 (9.5%)
30 Placebo 10/40 (25%)  14/163 (8.6%) 21/151 (13.9%) 8/34 (23.5%)

In the D961DC00001 study 4 patients had missing values for Forrest class (3 in Eso and 1 in placebo)

PUDB Forrest

Electronically copied and reproduced from Applicant's Response to Complete Response Letter submission, Table 16, p. 30

In their response to the Complete Response Letter, the Applicant provided possible
explanations for the difference in effect size seen in Forrest Ib patients seen in Study 01
compared to Lau, 0.5% vs. 10%, respectively. The Applicant posits that the Lau study
investigators may have been more experienced at identifying oozing bleeding from
visible vessels (with a higher risk of rebleeding), while a higher proportion of bleeding
from minute mucosal vessels (with a lower risk of rebleeding) were including in Study
01. No photo documentation is available from Lau Study. However, photo
documentation is available from Study 01 and a post-hoc assessment of these photos
was done by the Applicant. Photos were available for 273 of the 329 Forrest Ib patients
of study 01. Two members of the Endpoint Committee for the study independently
examined the photos to look for the presence or absence of additional stigmata of
rebleeding (non-bleeding visible vessel or clot). According to the Applicant, the analysis
showed that for Forrest |Ib patients where there was agreement there was a higher
rebleeding rate in the placebo group than in the group without agreement (13.7% vs.
5.7%, respectively). And there was a higher therapeutic effect of esomeprazole seen in
patients where there was agreement compared with patients for which there was no
agreement (8.6% vs. 0.5%, respectively).

MO Comment:
Forrest Ib patients have a higher risk of rebleeding and therefore represent an important
subgroup. The Applicant’s post-hoc analysis on agreement of independent observers
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regarding the presence or absence of additional stigmata of bleeding in Study 01 does
not persuade me that the small treatment difference seen in Forrest Ib patients is not
real. However, the totality of the information from Study 01 and the Lau Study
supports the position that Nexium 1V is efficacious for the prevention of rebleeding in
PUB. At Day 3, Day 7, and Day 30 in all Forrest subgroups, the proportion of placebo
patients with rebleeding was higher than the proportion of IV PPI patients with
rebleeding.

6.5 Complete Response Item #6

The information from observational studies and literature reviews of intravenous
esomeprazole and omeprazole were not considered adequate to constitute
primary evidence of the efficacy of the product for the proposed indication.

The Applicant acknowledged in their response that the observational study data
submitted during Cycle 2 were meant to serve as supportive evidence of efficacy.

MO Comment:
It is appropriate that the observational study data submitted during Cycle 2 serve only
as secondary evidence of efficacy.

6.7 Complete Response Item #7

We have reviewed your response to the deficiencies cited in the November 26,
2008, Complete Response Letter regarding trial D961DC00001. Your responses
do not change our conclusion that D961DC00001, as a single adequate and well-
controlled trial, does not provide sufficient evidence to support the proposed
indication. The following comments are responses to specific issues raised in
your resubmission:

a. Your assertion that the Breslow-Day test supports the homogeneity of the
treatment effect across study centers for D961DC00001 is not persuasive.
The Breslow-Day test is not a powerful test for detecting lack of homogeneity.
For this reason, the lack of a statistical significant finding is not necessarily
meaningful. Moreover, the small sample sizes when considering stratification
variables further limit the usefulness of the test.

b. A Division of Good Clinical Practice Compliance inspection was performed at
site 0102 in the Netherlands because Dr. Ernst J. Kuipers, MD, PhD, the
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principal investigator at that site, disclosed that he had accepted significant
payments from AstraZeneca. The inspection found that the data from this site
appear reliable. Nevertheless, as stated in the Complete Response letter, the
large magnitude of treatment effect observed at this site, and the impact this
site had on the overall efficacy of the trial, suggest that the efficacy results of
D961DC00001 are not robust.

MO Comment:
Please see the biometrics reviews (Cycles 1, 2, and 3) for discussions regarding the
Breslow-Day test, stratification variables, and other statistical issues.

The Division of Good Clinical Practice Compliance inspected site 0102 during the
second review cycle and determined that the data from the site appeared reliable. The
direction of the treatment difference supports the conclusion that Nexium IV is
efficacious at the tested dose for ®®@ repleeding of gastric and duodenal
ulcers after therapeutic endoscopy.

6.8 Additional Efficacy Considerations

6.8.1 Pharmacodynamic Endpoints

The primary endpoint for the PK/PD studies used to support dosing was the percentage
of time subjects had a pH >6. However, in vitro studies showed that substantive impact
on both plasma coagulation and platelet aggregation occurred at pH 6.4 — 6.8.°> This
suggests that a target pH for optimal clot stabilization would be greater than 6.8. A
review of the mean time that subjects had a pH greater than 7 reveals that these values
are generally much lower than the mean percent times subjects had a pH greater than 6
regardless of CYP2C19 and H. pylori status (48% vs 13.3% for Chinese subjects and
47% vs 4.0 percent for Caucasian subjects, mean values).

Given the results of the in vitro studies, PD results for the percent time pH >7 endpoints
are particularly important. The relatively low percentage of time spent with a pH above
7 for both Chinese and Caucasian subjects suggests that a higher dose of
esomeprazole might be necessary for the proposed indication to meet clot stabilization
goals. The sponsor’s dose-finding studies explored five dosing regimens (including two
with higher bolus doses than the proposed dose). In these studies, the PD effect
appeared to plateau at bolus doses higher than the proposed dose. During the second

® Green FW, Kaplan MM, Curtis LE, Levine PH. Effect of acid and pepsin on blood coagulation and platelet aggregation: a poss ble
contributor to prolonged gastroduodenal mucosal hemorrhage. Gastroenterology 1978;74:38-44
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cycle clinical pharmacology review, Dr. Dilara Jappar concluded that no further dose
finding studies in the target population were necessary.

Figure 1. Median Intragastric pH Profiles at Baseline and during
administration of Esomeprazole to Healthy Subjects, Treatments A-E
(D9615C00015)

Mean

Median pH

0 2 -+ 6 8 10 12 14 16 18 20 22 24

Time after dose (h)

80(0.5n)+8 120(0.5n)+8 120(2h)+8

— Baseline 40(0.5h)+8 80(0.5n)+4

When we compare the results seen in Caucasian and Chinese subjects, it should be
noted that there was a trend for Chinese subjects to have a higher percentage of time
with a pH >7 over the 24 hour study period. This trend persisted regardless of CYP2C19

genotype or H. pylori status. See Table 17 and
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Table 18 below.

Table 17. Mean % time pH >7 over 24 hours, by CYP2C19 status

EMs IMs PMs
Study 07 11.2+7.8 16.4 £ 10.6 11.3;4.6
(Chinese Subjects) (n=7) (n=10) (n=2)
Study 15 4.418.5 3.4+4.9 0.0
(Caucasian Subjects) (n=17) (n=6) (n=1)

Table adapted from Regulatory Briefing Presentation (April 19, 2013) by
Dr. Sandhya Apparaju, clinical pharmacology reviewer, Slides 66 and 67
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Table 18. Mean % time pH >7 over 24 hours, by H. pylori status

Overall H. pylori positive | H. pylori negative
Study 07 13.3+10.6 18.75 £ 9.26 11.14 + 8.56
(Chinese Subijects) n=19 (n=9) (n=11)
Study 15 4075 All Caucasian subjects were H. pylori
(Caucasian Subjects) n=24 negative

Table adapted from Regulatory Briefing Presentation (April 19, 2013) by Dr. Sandhya Apparaju, clinical pharmacology reviewer

MO Comment:

The generalizability of the PK/PD results to patients with bleeding gastric or duodenal
may be limited by the fact that the studies included only healthy subjects. Higher bolus
doses than the proposed bolus dose were studied, but no higher hourly infusion doses
were studied than the 8mg/h proposed dose.

6.8.2 Time to Rebleeding

The cumulative number of rebleeding events that occur by 3 days and 30 days were the
primary endpoints for Study 01 and the Lau study, respectively. Understanding at which
timepoint within these broad time categories and comparing that to the pH was
important. Rebleeding data at 3, 6, 9, 12, 24, and 48 hours was available for Study 01.
Unfortunately, the Lau study data on rebleeding was not collected as a continuous
variable over time, but as events within consecutive 24-hour periods after
randomization.

In Study 01, the highest number of rebleeding events occurred between hours 12 and

24. A trend for most of the 3 day rebleeding events to occur within the first 24 hours
was also seen in the Lau study. See Table 19 and Table 20 below.

Table 19. Proportion of patients with Rebleeding, Study 01

Re-bleed within (hours) Esomeprazole Placebo
n/N(%) /N(%)

3 3/375 (0.8%) 3/389 (0.8%)

6 6/375 (1.6%) 5/389 (1.3%)

12 9/375 (2.4%) 10/389 (2.6%)

24 17/375 (4.5%) 20/389 (5.1%)

48 19/375 (5.1%) 35/389 (9%)

T

s

22/375 (5.9%)

40/389 (10.3%)

Reference ID: 3338584
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Table 20. Proportion of Patients with Rebleeding, Lau et al Study

Re-bleed within (hours) Omeprazole Placebo
n/N(%) n/N(%)

24 3/120 (2.5%) 17/120 (14.2%)

48 3/120 (2.5%) 21/120 (17.5%)

72 5/120 (4.2%) 24/120 (20%)
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MO Comment:

Of the 22 rebleeding events in the esomeprazole arm that occurred by Day 3, 77%
occurred by 24 hours in Study 01. Of the 5 rebleeding events that occurred by Day 3 in
the Lau study, 60% occurred by 24 hours. This data suggests that most of the benefit
offered by the use of esomeprazole in this setting occurs early on. And this benefit is
more directly related to increasing the pH than maintaining an increased pH. Therefore,
continued dose-finding for the optimal maintenance dose is unnecessary. Further, the
lack of further improvement in PD parameters seen with the 120 mg bolus dose
supports the use of the proposed 80 mg bolus dose. | agree with the Dr. Dilara Jappar
(Second cycle, pharmacology reviewer) that no further dose-finding is necessary unless
those studies occur in the target population.

6.8.3 Rebleeding Definitions Used

An Information Request (IR) was sent to the Applicant during the current review cycle
asking for a numeric breakdown for Study 01 and Lau study of how patients were
diagnosed with rebleeding events. See Table 21 below for diagnostic criteria for
rebleeding in Study 01 and the Lau study.

Table 21. Definition of Clinically Significant Rebleeding

Study 01 Lau et al Study
= Endoscopy (need at least 1) » Vomiting of fresh blood
o A1- Active bleed = Shock (systolic BP <90 mm Hg or
o A2-Blood in stomach pulse =2110) with melena
= Clinical (need at least 2) = Drop in hemoglobin of 2 g/dL within
o B1- Hematemesis, 24 hours after a transfusion to 10
hematochezia, melena, g/dL

blood in gastric aspirate

o B2-Fallin Hgb >2 g/L in 24
hours

o B3- Hypotension (SBP<90,
tachycardia HR>110) and
melena

= Hematemesis: >200 mL of fresh
blood
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Table 22. Number(%) of Patients with Clinically Significant Rebleeding within 30 days,
by diagnostic sub-criteria and treatment arm, Study 01

Diagnostic sub criteria Esomeprazole Placebo
(n=29/N=375) (n=53/N=389)
n/N(%) n/N(%)

1 - Endoscopic verification: blood in stomach 13 /375 (3.5%) 30/389 (7.7%)

2 - Endoscopic verification: active bleeding from a peptic ulcer 13 / 375 (3.5%) 25 /389 (6.4%)

At least one of 1 or 2: Any endoscopic verification 18 /375 (4.8%) 36/ 389 (9.3%)

3 - Vomiting of fresh blood/fresh blood in gastric 21/375 (5.6%) 39 /389 (10%)

tube/haematochezia/maelena

4 - Decrease in Hb=>20g/L during 24h or lack of increase in Hb 25/ 375 (6.7%) 44 /389 (11.3%)

after transfusion

5 - Unstable circulation SBP < 90mmHg/pulse = 110/min 18 / 375 (4.8%) 28 /389 (7.2%)

At least one of 3. 4 or 5: Any clinical sign 29/ 375 (7.7%) 53/389(13.6%)

6 - Vomiting significant amounts (=200mL) of fresh blood as 8/375(2.1%) 12 /389 (3.1%)

estimated by the investigator

Electronically copied and reproduced from Applicant’s 22 April 2013 Response to Information Request, p 9.

Table 23. Number(%) of Patients with Clinically Significant Rebleeding within 30 days,
by diagnostic sub-criteria and treatment arm, Lau et al Study

Diagnostic sub criteria Omeprazole Placebo
(n=8/N=118) (n=27/N=119)
n/N(%) n/N(%)

Defined as rebleeders but no subcriterias can be found 2/119 (1.7%)*

1 - Associated condition at repeat endoscopy: Fresh blood 4/118 (3.4%) §/119 (6.7%)

2 - Recent hemorrhage at repeat endoscopy: Spurter or Qoze 3/118(2.5%) 13/119 (10.9%)

At least one of 1 or 2: Any endoscopic verification 6/118 (5.1%) 17 /119 (14.3%)

3 - Rebleeding day 1-3: Fresh hematemesis 3/118 (2.5%) 2/119 (1.7%)

4 - Rebleeding day 1-3: Drop by 2mg/dl & melena 1/118 (0.8%) 9/119 (7.6%)

5 - Rebleeding day 1-3: Hypotension, tachycardia and melena 4/118 (3.4%) 10 /119 (8.4%)

At least one of 3. 4 or 5: Any clinical sign 6/118 (5.1%) 20/119 (16.8%)

6 - Vomit significant amounts of fresh blood 1/118 (0.8%)

Categories 3, 4 and 5 were assessed at day 1-3, but one on day 6
*Two subjects (IVP 141 and IVP 171) in the placebo group are defined as rebleeders but no details of criteria can
be found

Electronically copied and reproduced from Applicant’s 22 April 2013 Response to Information Request, p 9.

MO Comment:

Review of the data on how rebleeding criteria were used to classify rebleeding events
showed that most patients in both studies were diagnosed with rebleeding based on
clinical signs and symptoms.

7 Review of Safety

Safety Summary
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Overall, no new safety signals were observed for Nexium IV in Study 01 or the Lau
Study. For a full safety review of Study 01, see the clinical review of Dr. Anil Nayyar in
DARRTS (18 November 2008). For a fully safety review of the Lau Study, see the

clinical review of Dr. Erica Wynn in DARRTS (08 April 2011).

At 72 hours after endoscopy, the mortality difference (active-placebo) varied from -0.3 to
+2.5% across all 4 studies (See Table 24 below).

Table 24. Death by 72 Hours

Study Drug Study 01 Study Lau Study 840 Study 841

Esomeprazole/Omeprazole 0.5% 2.5% 1.5% 0.6%
(2/375) (3/120) (2/130) (1/159)

Placebo 0.8% 0 0 0.6%
(3/389) (1/163)

Reviewer's Table.

Both Studies 840 and 841, submitted as supportive evidence during cycle 2 (see clinical
review by Dr. Erica Wynn in DARRTS, 08 April 2011), were terminated prematurely

after an imbalance in mortality was detected in Study 841. Eleven deaths were reported
in the omeprazole arm compared with one death in the placebo arm.

Table 25. Death by Day 30 (Study 01, Study Lau), Death by Day 21 (Studies 840/841)

Study Drug Study 01 Study Lau Study 840 Study 841

Esomeprazole/Omeprazole 0.8 4.2% 6.2% 7.4%
(3/375) (5/120) (8/130) (11/148)

Placebo 1.5% 10.0% 5.9% 0.6%
(6/389) (12/120) (8/135) (1/162)

Reviewer’s Table.

Of the 12 deaths reported in Study 841, only one in each treatment group was directly
related to gastrointestinal bleeding (AE term, Gl hemorrhage). Myocardial infarction
was reported in five of the Nexium IV patient death narratives. For other AE terms
reported in patients who died during Study 841, see Table 26 below.

Reference ID: 3338584
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Table 26. Death by Treatment Group (Study 841)

*Patients #5 through #11 randomized to omeprazole |V received omeprazole oral after omeprazole IV
*Patient #1 randomized to placebo IV did not receive omeprazole oral after placebo IV
Table electronically copied and reproduced from CDER, April 19, 2013 Regulatory Briefing Background Document

MO Comment:

An imbalance in deaths of the magnitude seen in Study 841 was not seen in Studies
840, 01, or Lau and is not previously known to be associated with the use of Nexium IV.
Nexium IV is currently marketed and the postmarketing mortality data support the
hypothesis that the mortality findings in Study 841 were a chance occurrence.

7.1 Methods

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.
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7.2 Adequacy of Safety Assessments

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.

7.3 Major Safety Results

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.

7.3.1 Deaths

See Section 7, Safety Summary, for a discussion of deaths in Studies 01, Lau, 840,
and 841.

7.4 Supportive Safety Results

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.

7.5 Other Safety Explorations

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.

7.6 Additional Safety Evaluations

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.

7.7 Additional Submissions / Safety Issues

See the First Cycle clinical review by Dr. Anil Nayyar and the Second Cycle clinical
review by Dr. Erica Wynn.
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8 Postmarket Experience

The Applicant submitted results of a search of the AstraZeneca global patient safety
database. The search criteria used in this analysis included: medically confirmed case
reports on esomeprazole iv for which new or significant follow-up information had been
received by AstraZeneca during the period 1 May 2010 to 31 August 2012 and where
esomeprazole iv was used for treatment of stress ulcer or gastrointestinal (Gl)
hemorrhage, and/or where an AE of Gl hemorrhage was reported, and/or where a daily
dosage of esomeprazole iv of 280 mg or an infusion rate of 8 mg/h was used. A total of
52 case reports describing 89 adverse events (AEs). The 52 case reports involved 38
non-serious AEs and 51 serious adverse events (SAEs). Overall, a review of these 52
case reports did not identify any new safety concerns regarding the use of
esomeprazole |V in the setting of bleeding gastric or duodenal ulcers.

Of the events reported, three ended in death. See narratives in Table 27 below.

APPEARS THIS WAY
ON ORIGINAL
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Table 27. Narratives of Reported Post-marketing Deaths,

®) ©6)

Case
ID/Country/Primary
Source/Age
(years)/Gender

Primary
Dose/Route

AE(s)

Narrative

2012SE09183 /
South Africa /

HP/8/
Female

Intravenous
(NOS)

Off label use;
Death;

Asthenia; Aphagia;
Haematochezia;
Pneumonia

aspiration

A report was received from a healthcare professional via medical
representative concerning an eight years old Female patient. The
patient's medical history, concurrent diseases and concomitant
medications were not reported. On an unknown date, the patient
started receiving a treatment with intravenous Nexium IV
(esomeprazole). The Nexium IV was administered to an 8 years old
patient /off label use in the pediatric intensive care unit (preferred
term: off label use).

Reporter stated that patient was on Nexium IV for one day only.
Patient was HIV positive. She had aspiration pneumonia (preferred
term:pneumonia aspiration) and was very weak (preferred
term:asthenia). She couldnt eat (preferred term:aphagia) and had
blood in stools (preferred term:haematochezia). The patient died of an
unknown cause on ®)X6)

2012SE53889 /
France / AUTH /
95 / Male

1 DF DAILY /
Intravenous
(not
otherwise
specified)

Cardiac arrest;
Gastrointestinal
haemorrhage;
Gastric ulcer;
Anaphylactic
shock;

Urticaria

Spontaneous serious succint report transmitted by French Medicine
Agency concerning a 95-y-old male patient. Patient's medical history
included coronary artery disease. On ®)©  the patient was
hospitalized for unspecified reason. On unspecitied date, the patient
started on Nexium and Umuline intravenously. The patient then
presented with anaphylactic schock and pelvis urticarian lesion
requiring Polaramine and a bolus of 0.5 mg of Adrenaline IV. Nexium
and Umuline were both discontinued and switched to Novorapid and
Azantac leading to patient's full recovery for anaphylactic shock and
urticaria. On ®X6) | patient died due to cardio-circulatory arrest
following digestive hemorrhage and gastric ulceration. French
Medicine Agency considered the events of anaphylactic shock and
urticaria as serious due to important medical event and suspected.
Nexium and Umuline in their occurrence.

2012SE37310/
China/HP /78 /
Male

40 mgBID /
Intravenous
(not
otherwise
specified)

Anaphylactic
shock

A report was received from a health professional concemning a 78 year
old Chinese, male patient. The patient's medical history included
cephalosporin allergy. The patient's concurrent disease provided as
upper gastrointestinal hemorrhage, which was treated in a hospital.
Concomitant medications included ceftriaxone sodium and
tazobactam sodium for Nexium injection (esomeprazole sodium) (Lot.
No.NH2456) 40mg + 0.9% NaCl solution 100ml two times a day were
taken for acid inhibitory. On ®)X6)  before the first time of taking
above drugs, the health protessional did test for penicillin and no
allergic reactions occurred. Then using of above drugs (which were
injected with two tubes) started. After about half a minute taking above
drugs, consciousness loss, pale face and dyspnea came out. The
doctor thought it was anaphylactic shock (preferred term: anaphylactic
shock) then stopped above injections immediately, which weren't used
again. 0.9% NaCl injection1000 ml was taken with one tube together
with Dexamethasone 5mg intravenous push and adrenaline 1mg
intravenous push. After one minute, cardio-respiratory arrest was
noted. Rescue measurements were taken for more times, but the
patient was not responding to the rescue. At 21:55 pm, on|  ®®

, the patient died from the event of anaphylactic shock
(consciousness loss, pale face, dyspnea).
The reporter assessed the event of anaphylactic shock
(consciousness loss, pale face, dyspnea) to be serious with the
following serious criterias: death, life threatening and important
medical event.
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The Applicant also submitted the results of a scientific literature search for the period

1 January 2010 to 11 September 2012. The Applicant identified 3 articles considered to
be the most relevant for assessment of safety in this patient population. No new safety
concerns were identified from these publications.

Table 28. Post-marketing Safety Literature Search Results, IV Nexium, January 2010
to September 2012

den Hoed CM and Kuipers EJ. Esomeprazole for the treatment of peptic ulcer bleeding.
Expert Rev. Gastroenterol Hepatol 2010;4(6):679-95.

Kuipers EJ, Sung JJY, Barkun A, Mossner J, Jensen D, Stuart R et al. Safety and
Tolerability of High-Dose Intravenous Esomeprazole for Prevention of Peptic Ulcer
Rebleeding. Adv Ther 2011;28(2):150-9.

Lin P-C, Chang C-H, Hsu P-I, Tseng P-L, Huang Y-B. The efficacy and safety of proton
pump inhibitors vs histamine-2 receptor antagonists for stress ulcer bleeding
prophylaxis among critical care patients: A meta-analysis. Crit Care Med
2010;38(4):1197-1205.

There was no new information from clinical studies relevant to this patient population
during the same period.
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9 Appendices

9.1 Literature Review/References

9.2 Labeling Recommendations

See Final label.

9.3 Advisory Committee Meeting

No Advisory Committee Meeting was held for this Application.

9.4 Regulatory Briefing

On April 19, 2013, DGIEP presented this Application at a CDER Regulatory Briefing.
The purpose of the briefing was to discuss the adequacy of evidence provided to
support approval of Nexium®for this new indication, for which PPIs have become
standard of care.

The following questions were posed to the panel:
1. Do the data presented (from Study 01, the Lau et al. study, Study 840,

Study 841, and PK/PD studies) represent substantial evidence of efficacy
for the proposed indication N
risk reduction of rebleeding in patients following therapeutic endoscopy for
acute bleeding gastric or duodenal ulcers”)?

Brief Answer: Yes, the data represent substantial evidence of efficacy for the

proposed indication.

2. Given the overall safety database (including Study 01, the Lau et al. study,
Study 840, and Study 841), is it reasonable to conclude that the mortality
difference observed in Study 841 does not preclude approval?
Summary answer: The mortality difference observed in Study 841 does not
preclude approval.

See the official Regulatory Briefing Slides®, Meeting Minutes’, and Transcripts® for
further information.

6 http://inside.fda.gov:9003/downloads’ CDER/OfficeoftheCenterDirector/Regul atoryBriefings/'UCM 348981. pdf
7 http://inside.fda.gov:9003/downloads/ CDER/OfficeoftheCenterDirector/Regul atoryBriefings UCM 352972.pdf
8 http://inside.fda.gov:9003/downl oads/ CDER/Offi ceoftheCenter Director/Regul atoryBriefings/UCM 348791 pdf
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

This is the second review cycle for this application. During the first review cycle, the
applicant submitted a single trial that failed to provide evidence of a highly statlstlcally
significant effect for the primary outcome,

In this second submission, the applicant submitted five types of data:

¢ Pharmacokinetic/pharmacodynamic (PK/PD) bridging data between intravenous
Omeprazole and Esomeprazole

e Data from the literature and trials conducted with intravenous Omeprazole
Observational data from use of intravenous Esomeprazole in patients with peptic
ulcer bleed
A systematic review of available trials from any proton pump inhibitor
Additional observational data from other data sources including healthcare and
administrative databases, and hospital networks with field-based studies.

The applicant has demonstrated a bridge in the PK/PD parameters for Omeprazole and
Esomeprazole. The clinical pharmacology reviewer concluded that the extent of
differences between the Esomeprazole and Omeprazole PK/PD parameters is
dependent on the route of administration. When the drug products are administered
according to the applicant’s proposed dosing regimen, there are no major differences in
the PK and PD parameters. In light of this bridge, successful trials conducted with
intravenous Omeprazole could support an indication for Esomeprazole.

However, based on the information provided, the randomized controlled studies
conducted with Omeprazole fail to meet the regulatory standard required for approval.
Under Section 314.125 of the Federal Food and Drug Cosmetic Act, the FDA may
refuse to approve an application if there is a lack of substantial evidence consisting of
adequate and well-controlled investigations, as defined in 314.126, that the drug
product will have the effect it purports or is represented to have under the conditions of
use prescribed, recommended, or suggested in its proposed labeling. Usually it has
been the position of the FDA to require at least two clinical trials, each convincing on its
own, to establish efficacy. However, the Guidance for Industry: Providing Clinical
Evidence of Effectiveness for Human Drug and Biological Products states that, “In some
cases, FDA has relied on pertinent information from other adequate and well-controlled
studies of a drug, such as studies of other doses and regimens, of other dosage forms,
in other stages of disease, in other populations, and of different endpoints, to support a
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single adequate and well-controlled study demonstrating effectiveness of a new use. In
these cases, although there is only one study of the exact new use, there are, in fact
multiple studies supporting the new use and expert judgment could conclude that the
studies together present substantial evidence of effectiveness. In other cases, FDA has
relied only on a single adequate and well controlled efficacy study to support approval —
generally only in cases in which a single multicenter study of excellent design provided
highly reliable and statistically strong evidence of an important clinical benefit, such as
effect on survival, and a confirmatory study would be difficult to conduct on ethical
grounds.”

Two of the randomized controlled trials with Omeprazole were omitted from the efficacy
analysis due to marked differences in the designs of the trials with regards to treatment
regimen, patient population, and primary endpoint relative to the originally submitted
pivotal trial. When the reviewer selected a subset of patients from these trials that would
allow comparison to the pivotal trial, the sample size was too small to permit meaningful
statistical analysis. Furthermore, there were marked differences in the baseline
characteristics of the placebo and treatment groups for this subset of patients.
Therefore, support of the pivotal study must be based solely on the trial conducted by
Lau, et al. Reliance on a single study requires a high degree of scientific rigor. This trial
was a single center study conducted in Hong Kong between 1998 and 1999. It has been
documented in the literature that Asians have a lower parietal cell mass; a higher
prevalence of H. pylori infection; and a higher prevalence of cytochrome 2C19 genetic
polymorphism, all of which may explain why PPI therapy has been demonstrated to be
more efficacious in this population. ' The Lau trial population more than likely does not
reflect the more diverse population of the United States. Given this information, one
could argue that drug will not have the effect it purports “under the conditions of use
prescribed”, i.e. the treatment effect seen in China may not reflect that which would
occur in the United States due to differences in the population. In support of this
argument, consider that the treatment effect in the Lau trial was 15.8%. However, in the
pivotal trial which included more study centers cross different countries, the treatment
affect was only 4.4%. In addition, the Lau study fails to show a statistically significant
effect on mortality, an important clinical benefit.

The applicant has argued that conducting an additional trial would be difficult on ethical
grounds. There may be some validity to the applicant’'s argument especially in light of
consensus clinical guidelines that recommend the administration of proton pump
inhibitors following therapeutic endoscopy. However, it may be reasonable for the
applicant to conduct a multicenter, active treatment concurrent control trial. This may be
in the form of a dose comparison trial. There is some data in the literature to suggest
that a lower bolus dose of the intravenous proton pump inhibitor may also be efficacious
at preventing the recurrence of rebleeding.”

In support of their resubmission, the applicant provided a summary of available
literature, a metaanalysis, and outcomes from an observational study of treatment in
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clinical practice. An independent search of the literature was performed by this reviewer.
The data presented in the literature is conflicting. Although some clinical trials have
shown positive outcomes in preventing rebleeding in peptic ulcer patients, most of these
studies were conducted in Asia. Trials that were conducted in Europe and North
America were less favorable. More importantly, there is little evidence in the literature
that preventing the recurrence of rebleeding in patients with peptic ulcer bleeds, has a
significant impact on improving mortality. In fact, the results of the observational study
submitted with this application, also concluded that with the exception of Asians and
patients with high-risk stigmata for rebleeding at therapeutic endoscopy, use of high-
dose intravenous proton pump inhibitor therapy failed to improve survival.

There were no additional safety signals detected in the Lau trial. However, this reviewer
can not ignore the imbalance in mortality that was seen in trial I-841, which was
excluded from the efficacy analysis. This trial enrolled patients who may have been
considered to have high-risk stigmata for recurrent bleeding following endoscopy. The
fact that there were more deaths in the treatment group for this population is concerning
and worth mentioning.

Given all the information presented, it is the recommendation of the Division that a
complete response be issued for NDA 21689 Supplement 14.

1.2 Risk Benefit Assessment

The applicant seeks approval of intravenous Esomeprazole for the proposed indication.
Intravenous Esomeprazole is currently approved and marketed in the United States,
although not at the proposed doses. During the first review cycle of trial D961DC00001,
the reviewer concluded that the safety profile of intravenous Esomeprazole was similar
to that of placebo and that there were no new safety concerns. There were no new data
presented in this submission to the contrary. However, a risk:benefit analysis must also
take into consideration efficacy. In the absence of established efficacy for the patient
population, the risks of treatment do not outweigh the benefits.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation
Strategies

This section is not applicable.

1.4 Recommendations for Postmarket Requirements and Commitments

To comply with regulations under the Pediatric Research Equity Act (PREA), the
applicant submitted a request for waiver of pediatric trials. In support of their waiver, the
applicant submitted data on the occurrence of peptic ulcer bleeding in children and an
analysis of two US pediatric databases exploring the incidence of pediatric peptic ulcer
bleeding. Consults were obtained from the Pediatric Maternal Health Staff (PMHS) and
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the Office of Surveillance and Epidemiology (OSE). Both consultants concluded that the
incidence of peptic ulcer bleeding in pediatric patients was uncommon. The reader is
referred to the finalized PMHS consult by Dr. Amy Taylor dated March 2, 2011, and the
OSE consult by Dr. Jing Ju dated February 1, 2011. Based on the information provided,
this reviewer concurs with the PMHS consult, the OSE consult, and the applicant in that
the number of pediatric PUB patients who are eligible to participate in a study is very
limited and it may not be feasible to conduct trials in pediatric patients. In the opinion of
this reviewer, the applicant’s waiver request seems reasonable and should be granted
for future trials. This issue was taken before the Pediatric Review Committee on
February 16, 2011, and the committee concurred.

2 Introduction and Regulatory Background

Upper gastrointestinal bleeding is a complication of peptic ulcer disease. Eighty percent
of bleeding from peptic ulcers or nonvariceal causes stops spontaneously.e"4 For the
other 20% of patients that will require endoscopy, morbidity and mortality usually result
from either continuous active bleeding or episodes of recurrent bleeding.® There are
data to suggest that death associated with peptic ulcer bleeding is related to other co-
morbidities rather than a direct consequence of the bleeding ulcer itself.

Certain clinical features have been associated with an increased risk of rebleeding and
poor outcomes. These include: age > 65 years, poor overall health status, comorbid
illnesses, ulcer size and hemodynamic instability (i.e. shock, low initial hemoglobin level,
requirement for blood transfusions).® The Forrest Classification scheme is used to
predict the risk of rebleedin% in peptic ulcer disease.® The following is a modified version
of the Forrest classification.®’*:

Table 1 Forrest Classification of Gastric Ulcer Hemorrhage with Prognosis

Forrest Classification Rebleeding Incidence if untreated
Type | Type la: Spurting bleeding 100%
Active Bleeding Type Ib: Oozing bleeding 55% (17 -100%)
Type Il Type lla: Non-bleeding visible vessel 43% (8 — 81%)
Recent Bleeding Type llb: Adherent Sentinel Clot 22% (14 -36%)
Type llc: Black base vessel (Hematin
covered flat spot) 10% (0 -13%)
Type llI Type lll: No stigma 5% (0 — 10%)
No bleeding

Current medical therapy for peptic ulcer bleeding includes initial hemodynamic
stabilization, volume replacement, and correction of any known coagulopathies. Most
patients should undergo upper endoscopy within 6 to 24 hours of arriving in the
hospital.?* In clinical practice, the goal for treatment of peptic ulcer bleeding is to prevent
the recurrence of rebleeding after achieving initial hemostasis and hemodynamic
stability.'® Most mechanical hemostatic techniques are equally effective when used
alone. According to the most recently published clinical guidelines, injection therapy with
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epinephrine is useful only as adjunct therapy in combination with other modalities (e.g.
thermocautery, hemoclips).™

Use of proton pump inhibitors in the treatment of peptic ulcer bleeding is based on
previous in-vitro and animal studies which have shown that the ability to form clots is
sensitive to alterations in hydrogen ion concentration.'® ' “Platelet aggregation
decreased significantly at pH = 6.8 and gastric mucosal bleeding time fell significantly at
pH=6.4"" Additionally, under acidic conditions pepsinogen is converted to pepsin
which lyses blood clots.” Thus the theory behind the use of intravenous proton pump
inhibitors in this setting is that proton pump inhibitors may decrease peptic ulcer
bleeding by maintaining gastric pH above 6. This is believed to be the pH at which
platelet aggregation is optimized and fibrinolysis is relatively inhibited, potentially
improving the likelihood of clot stability at the ulcer site.® Previous studies have shown
that Hy-receptor antagonists provide no clinical benefit in the management of peptic
ulcer bleeding. Studies that have evaluated the use of intravenous proton pump
inhibitors have been confounded by heterogeneity in terms of patient populations
studied, the specific regimen of PPl used, and the timing and/or type of endoscopic
intervention employed.’ Despite this, current guidelines recommend that intravenous
proton pump inhibitor therapy be used in all patients with high-risk lesions after
endoscopic therapy."’

2.1 Product Information

Intravenous Esomeprazole (NEXIUM® |.V.) was approved in the United States in 2005
for use in adults for short-term treatment (up to 10 days) of gastroesophageal reflux
disease (GERD) in patients with a history of erosive esophagitis as an alternative to oral
therapy in patients when therapy with NEXIUM® Delayed-Release Capsules is not
possible or appropriate. Based on current labeling, when oral therapy is possible or
appropriate, intravenous therapy with NEXIUM® 1.V. for injection should be
discontinued and the therapy should be continued orally.

Product Name: Esomeprazole Sodium
Proposed Trade Name: NEXIUM® I.V.
Pharmacological Class:  Proton Pump Inhibitor
Chemical formula: C17H18N303SNa
Molecular weight: 367.4 g/mol
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Structural formula:

The active ingredient of NEXIUM® 1.V. is Esomeprazole sodium. Esomeprazole is the
S-enantiomer of Omeprazole, a substituted benzimidazole that suppresses gastric acid
secretion by specific inhibition of the H+/K+ ATPase in the gastric parietal cell.
According to the current labeling, Esomeprazole is protonated and converted in the
acidic compartment of the parietal cell forming the active inhibitor, the achiral
sulphenamide.

2.2 Tables of Currently Available Treatments for Proposed Indications

There are currently no other approved treatments for this indication: ol
@@ risk reduction of rebleeding in patients following

therapeutic endoscopy for acute bleeding gastric or duodenal ulcers (aka PUB).

2.3 Availability of Proposed Active Ingredient in the United States

Currently the active ingredient, Esomeprazole, is available in the U.S. by prescription in
oral and intravenous forms for a number of indications including: treatment of
gastroesophageal reflux disease (GERD); risk reduction of NSAID-associated gastric
ulcer; H. pylori eradication to reduce the risk of duodenal ulcer recurrence; and
pathological hypersecretory conditions including Zollinger-Ellison syndrome. The
intravenous form is only approved for the treatment of gastroesophageal reflux disease
(GERD) with erosive esophagitis (EE) when oral therapy is not possible or appropriate.
There are also generics approved for marketing in the U.S. Esomeprazole is marketed
by AstraZeneca as NEXIUM®. Esomeprazole has also been combined with
NAPROSYN®, a non-steroidal anti-inflammatory drug (NSAID), in VIMOVO® which is
also marketed by AstraZeneca.

2.4 Important Safety Issues With Consideration to Related Drugs

As with all medications, proton pump inhibitors should be used at the lowest dose for
the shortest duration necessary to treat the condition. Although current labeling for the
six proton pump inhibitors (PPIs) approved for use in the US acknowledge common
adverse reactions (i.e. headache, abdominal pain, nausea, vomiting, flatulence and
diarrhea), the class of drugs is generally well tolerated. Current labeling of
Esomeprazole states that the PPI may increase INR and prothrombin time when
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administered concomitantly with warfarin. Additionally Esomeprazole may interfere with
the absorption of drugs for which gastric pH is an important determinant of their
bioavailability and those drugs metabolized by the cytochrome P450 pathways. The
labeling of Esomeprazole recommends that a dose of 20mg should not be exceeded for
patients with severe liver impairment.

There are a number of potential issues concerning the prolonged use of proton pump
inhibitors. Some studies have suggested that PPI therapy, particularly when given long-
term and/or in high doses, is associated with several potential adverse effects, including
enteric infections (e.g. Clostridium difficile) and community acquired pneumonia due to
bacterial overgrowth.15 Other potential areas of concern regarding long-term proton
pump inhibitor use have included carcinoid formation; development of gastric
adenocarcinoma, and malabsorption of fats, minerals, and vitamins, especially vitamin
B12.'® There have also been concerns about rebound acid secretion following PPI
discontinuation leading to dependency on the drug."” Recently the labeling of
Omeprazole has been updated to reflect the diminished anti-platelet activity of PLAVIX®
when administered concomitantly with Omeprazole.®

Reflex-mediated elevations in serum gastrin levels occurs secondary to acid
suppressive therapy. The increased gastrin levels cause both enterochromaffin-like cell
hyperplasia and increased chromogranin A levels." Because gastrin is a trophic
hormone, there have been concerns about whether high-doses can affect the onset and
development of conditions such as colon cancer in people who are genetically
predisposed.?°

Under the Food and Drug Administration Amendments Act (FDAAA), the full prescribing
information for each drug in the PPI class was revised to include language regarding the
increased risk of hypomagnesemia and increased risk of fractures of the hip, wrist, and
spine in patients taking proton pump inhibitors for prolonged periods of time. The
greatest risk of fractures was reported in those taking high doses of proton pump
inhibitors or those treated for more than 12 months.?’ Likewise low serum magnesium
levels were seen most often in patients taking the medication for longer than one year.??

2.5 Summary of Presubmission Regulatory Activity Related to Submission

May 29, 2008 — Original efficacy supplement submitted for the new proposed indication

November 26, 2008 — Complete Response Action for Clinical and Statistical
deficiencies. The primary efficacy results in the single non-U.S. study (D961DC00001)
do not provide substantial evidence of efficacy. Recommendations to address the
deficiencies were:
e Conduct at least one additional adequate and well-controlled study to
demonstrate the proposed benefit of NEXIUM 1.V. for R
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® @

e Consider if the dose evaluated in the pivotal trial was adequate to achieve
the desired efficacy. Conduct an additional dose finding study in the target
population to evaluate dose optimization.

e Study site 0102 in the Netherlands, which reported the greatest treatment
effect will need to be inspected by the Division of Scientific Investigations
(DSI).

e Conduct a pharmacokinetic study in sufficient number of patients with
hepatic impairment and include matching healthy subjects as controls.

e Submit a pediatric plan
Submit Safety update as described in 21CFR 314.50(d)(5)(vi)(b) to include
data from all nonclinical and clinical data trials of the drug under
consideration regardless of indication, dosage form, or dose level

March 26, 2009 — The applicant requested a meeting to discuss issues conveyed in the
complete response letter.

June 11, 2009 — Type C meeting held between the Division and applicant to discuss a
path forward for the application. The Division rejected we

The Division also stated that the study data from a published study by Lau,
et al could be included but would be considered as supportive only because it was a
single center trial and was not conducted using Esomeprazole. The Division proposed
that one path forward would be for the applicant to review and reanalyze the data from
previously conducted well-controlled trials using Esomeprazole. The applicant agreed to
propose and submit a preliminary response to the CR letter for FDA review.

July 14, 2009 — The applicant submitted an outline of their proposal for the response to
the Complete Response Package

December 03, 2009 — An advice letter was issued to the applicant regarding their
proposed complete response proposal.

e Provide supportive data, including clinical study reports (CSRs) for each
trial included in the new submission. Submit justification describing how
the supportive evidence is similar to that of trial D961DC00001 (the pivotal
trial reviewed with the original efficacy supplement submission). Present a
summary of a head to head comparison between the submitted trials and
D961DCO00001 evaluating the patient population, therapeutic endoscopic
procedures, dosing of drug, endpoints criteria, and efficacy results.

e Provide criteria used to define a clinically significant rebleeding event in
each trial and the timing of all clinically significant rebleeding events

14
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e Provide information on rebleeding events during the first 72 hours post-
endoscopy using Forrest’s classification criteria. Also provide separate
tables for the percent of patients with clinically significant rebleeding
events by age, race, gender for each trial.

e Provide additional supportive evidence of efficacy for specified variables:

o Proportion % (n) of mortalities within 72 hours and 30 days

o Proportion % (n) who had surgery due to a rebleeding event within
72 hours and 30 days

o Proportion % (n) who had endoscopic re-treatment due to a
rebleeding event within 72 hours and 30 days

o Number of blood units transfused within 72 hours and 30 days

e Provide complete case report forms (CRFs) for patients who died,
sustained a serious adverse event (SAE) and/or rebleeding event at any
time during the trial.

e Provide datasets in a format similar to those in the original submission.

September 16, 2010 — Applicant’s resubmission following the complete response is
received.

2.6 Other Relevant Background Information

This section is not applicable.

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

Overall, the current submission is adequate for review. During the process of the
review, there were 4 information requests and one teleconference with the applicant to
clarify information presented in the resubmission package.

3.2 Compliance with Good Clinical Practices

A single pivotal study was submitted in support of the original NDA application. Study
D961DC00001 was an international randomized, double-blind, placebo-controlled trial
and only foreign data were submitted. The study was conducted in 16 countries and 91
centers randomized patients. A DSI inspection of the site with the largest treatment
effect (Site 102) in the Netherlands was requested by the Division. No significant
deficiencies were observed during the DSI inspection and according to the DSI consult,
the study data appear reliable.

15
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3.3 Financial Disclosures

There were no additional financial disclosures with the current submission. During the
last review cycle one investigator, Dr. Ernst J. Kuipers, reported receiving significant
financial payments. This investigator site was the subject of a DSI inspection in the
current cycle. Reference is made to section 3.2.

4 Significant Efficacy/Safety Issues Related to Other Review
Disciplines

4.1 Chemistry Manufacturing and Controls

There were no new data related to CMC presented in the current application. No CMC
labeling changes were provided. During the first review cycle, CMC recommended
approval of the application.

4.1.1 Product Quality Microbiology

Please refer to the Product Quality Microbiology reviews of Dr. Bryan S. Riley dated
March 23, 2011, and May 4, 2011, for additional details.

The labeling for this product allows this product to be stored at room temperature for
extended periods. However there were no microbiology stability data provided to
support the proposed holding conditions. The microbiology reviewer concluded that this
application was approvable pending resolution of the following product quality
microbiology deficiencies:

e The applicant should provide microbiological data that shows that the
reconstituted product solution will not support microbial growth during the
proposed storage periods (6 or 12 hours).

e The applicant should provide a risk assessment summarizing studies that show
that adventitious microbial contamination does not grow under the proposed
storage conditions.

e Tests should be run at the recommended storage conditions proposed in the
label. If this data is not provided, the labeling should recommend that the
admixture storage period is not more than 4 hours at room temperature.

Following review of the sponsor’s reply to a solicited information request, the
microbiology reviewer recommended approval of the submission.
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4.2 Clinical Microbiology

Other clinical microbiology considerations do not apply because this product is not
intended for use as an antimicrobial.

4.3 Preclinical Pharmacology/Toxicology

There were no new preclinical pharmacology/toxicology data presented in this
resubmission. During the prior review cycle, the application was recommended for
approval from a preclinical standpoint.

4.4 Clinical Pharmacology

The reader is referred to the clinical pharmacology review by Dr. Dilara Jappar, dated
May 28, 2011 for additional details.

During the first review cycle for this application, the clinical pharmacology reviewer, Dr.
Tien Mien Chen, noted several deficiencies that needed to be addressed by the
applicant. The initial clinical pharmacology reviewer noted limitations in the dose
ranging study (D9615C00015). Most notably, results of the dose ranging study showed
that the dosing regimen chosen for the Phase 3 trials did not result in a desirable gastric
pH range. The reviewer suggested that the applicant conduct a new dose ranging study
in the target population for better dose selection and that the applicant evaluate
pharmacokinetics, pharmacodynamics, and clinical outcomes in both the intravenous
and oral treatment phases. The reviewer noted that patients with moderate and severe
hepatic impairment were excluded from the pivotal trial. It was recommended that the
applicant either conduct a PK trial in patients with various degrees of hepatic
impairment against matching healthy control or revise the labeling with restrictions for
use of intravenous Esomeprazole in patients with hepatic impairment. The clinical
pharmacology reviewer also noted that because of the higher dose being administered,
there was a higher potential for interactions with co-administered drugs that are
metabolized by CYP2C19. There was also the potential for interaction with a different
set of drugs whose absorption are affected by gastric pH. The clinical pharmacology
reviewer recommended that the labeling be revised to reflect the lack of a drug-drug
interaction study for the new dosing regimen.

In the complete response letter, the applicant was asked to provide bridging data
between intravenous Omeprazole and intravenous Esomeprazole to demonstrate that
the two drugs have comparable PK and PD profiles. Establishing the comparability of
the two products would justify the use of trials conducted with Omeprazole in support of
the efficacy of Esomeprazole for the proposed indication. The clinical pharmacology
reviewer for this resubmission concluded that the Cox and AUC: of Esomeprazole were
14% higher compared to Omeprazole when administered as the continuous infusion
proposed by the sponsor. Both drugs reduced intragastric acidity and there were no
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statistically significant differences between the treatments administered. The clinical
pharmacology reviewer also concluded that there was less inter-individual variability in
percentage of time with intragastric pH>4 and AUC+ for Esomeprazole compared to
Omeprazole. The reader is referred to the clinical pharmacology review for additional
details.

441 Mechanism of Action

Esomeprazole is a substituted benzimidazole that irreversibly inhibits the H'/K*-ATPase
pump in the gastric parietal cell reducing acid production.

4.4.2 Pharmacodynamics

The reader is referred to the clinical pharmacology review for additional details.

In the complete response letter the applicant was asked to consider whether the dose
evaluated was adequate to achieve the desired efficacy. In the original submission, the
desired pH was not achieved by a substantial proportion of patients in the first 24 hours
of treatment and was not sustained for a prolonged duration of time.

The applicant acknowledged that the level of intragastric pH observed in the two PK/PD
studies may have contributed to the lack of robustness of the treatment effect. However,
the applicant asserts that studies were conducted in H. pylori negative patients in whom
it would be more difficult to suppress intragastric acidity. The applicant states that the
acid suppressive effect of the proposed dosing regimen for Esomeprazole can be
expected to be more pronounced when given to patients with peptic ulcer bleeding.
However, this argument appears to assume that the majority of patients with peptic
ulcer bleeding will be H. pylori negative. This is not necessarily the case, especially with
the high prevalence of NSAID induced gastric ulcers.? The applicant also argues that
treatment with intravenous Omeprazole (80mg bolus, followed by 8mg/hr as a
continuous intravenous infusion) given to patients with bleeding gastric and duodenal
ulcers resulted in a rapid increase to intragastric pH>6 and was maintained throughout
the remainder of the 24-hour treatment period. The applicant argues that in the current
submission, the comparative PK/PD study showed that intravenous Esomeprazole
80mg bolus followed by 8mg/hr resulted in at least as pronounced effect on intragastric
pH as the corresponding dosage regimen of intravenous Omeprazole. Consequently the
applicant maintains that intravenous Esomeprazole will result in a level of acid
suppression sufficient to achieve the desired efficacy. The clinical pharmacology
reviewer concluded that the percentage of time that intragastric pH>4, pH>5, and pH>6
was slightly longer for Esomeprazole and the difference increased with higher pH cut-off
levels. However, the differences between the treatments were not statistically
significant. Additionally the 24-hour median intragastric pH was similar for both
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Esomeprazole and Omeprazole. Overall there were no major differences between
intravenous Esomeprazole and intravenous Omeprazole given as an 80mg bolus over
30 minutes and followed by continuous infusion of 8mg/hr for 23.5 hours.

Of note, in vitro studies conducted by Green, et al, showed that “at pH 6.4, assays of
the intrinsic and extrinsic coagulation systems, the polymerization of fibrinogen, and
assay of the availability of platelet factor 3 were twice prolonged over control values.
Theoretically, even if the proposed regimen is able to achieve a significant proportion of
time with intragastric pH above 6, the target pH level may still be below that which is
necessary to definitively alter hemostasis

»12

4.4.3 Pharmacokinetics

The reader is referred to the clinical pharmacology review for additional details. The
applicant was asked to conduct a pharmacokinetic study in a sufficient number of
patients with hepatic impairment and include matching healthy subjects as controls. The
applicant states that they have not performed any study with intravenous Esomeprazole
in patients with hepatic impairment. However, a study with the oral preparation has
been conducted in the population and was submitted in the original NDA.

Previous studies have shown that low dose Omeprazole at 4mg/hr after an initial 80mg
bolus is effective at maintaining a pH consistent pH between 4 and 6."° However, there

e fact that there is no evidence to suggest that this dose would
achieve the desired outcomes, additional safety and efficacy data with the intravenous
preparation in hepatically impaired patients may be required.

The reader is again referred to the clinical pharmacology review for additional details.
The clinical pharmacology reviewer concluded that the proposed loading dose of 80mg
over 30 minutes for all degrees of hepatic impairment appeared acceptable

owever,
the clinical pharmacology reviewer still maintained concerns regarding the proposed

constant intravenous infusion rate of in patients with moderate impairment and
4mg/hr in patients with severe hepatic impairment. The clinical pharmacology reviewer
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recommends that the applicant use PK and PD modeling and simulation to estimate the
proper constant infusion rate for patients with moderate and severe hepatic impairment.

5 Sources of Clinical Data

The reviewer’s table below summarizes the randomized controlled studies using
intravenous Esomeprazole and intravenous Omeprazole submitted in support of this
application. The first study D961DC00001 was submitted during the first review cycle
and will not be reanalyzed. It was presented here to allow the reader to compare study
designs for the trial conducted with intravenous Esomeprazole and those conducted
with intravenous Omeprazole.
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5.1 Tables of Studies/Clinical Trials

Trial Name Trial Trial Design Treatment Product(s) Number Population
Type Dosage Regimen; Enrolled
Route of Administration
D961DC00001 Safety and | Multicenter Esomeprazole (a bolus 80mg over 30 min 767 Randomized | Patients who had undergone
(TRIAL 01) Efficacy International followed by a continuous infusion of 8mg/hr | 764 Treated successful endoscopic treatment of
Prospective for 71.5 hours) or Placebo a bleeding gastric or duodenal
Randomized ulcer classified as
Double-blind, Follow-up treatment after |.V. Esomeprazole Forrest Class la, Ib, lla, or llb
Parallel Group, with Oral Esomeprazole 40mg once daily for (Endoscopic treatment modalities
Placebo-controlled 27 days varied.)
Lau, et. al. Safety and | Single Center (Hong Kong) Omeprazole (a bolus intravenous injection of | 320 Planned Hospitalized Patients who had
Efficacy Randomized 80mg over 30 min followed by a continuous | 240 Randomized | undergone successful endoscopic
Double-blind, 8mg/hr infusion for 71.5 hours) or Placebo treatment of a bleeding peptic
Parallel Group ulcer. Forrest Class la, Ib, lla, or llb
Placebo-controlled Follow-up therapy after |.V. Omeprazole (Endoscopic treatment was
infusion with oral 20mg Omeprazole once injection epinephrine followed by
daily for 8 weeks thermocoagulation)
Trial 1-840 Safety and | Multicenter Omeprazole 80mg given intravenously as a | 350 Planned Hemodynamic ally unstable
Efficacy International bolus dose over 30 minutes followed by 274 Randomized | outpatients and inpatients with PUB
Double Blind 8mg/hr for 71.5 hours or Placebo endoscopically classified as Forrest
Parallel Group la, Ib, lla, or llb.
Placebo Control Follow-up therapy after I.V. Omeprazole
infusion with oral 20mg Omeprazole once (Endoscopic treatments varied.
daily for 21 days. (Oral therapy started at Pre-entry endoscopic treatment
48hours) only in patients classified as
Forrest la or lla)
Trial 1-841 Safety and | Multicenter Omeprazole 80mg given intravenously as a | 400 Planned Patients = 60 years old with
(study stopped Efficacy International bolus over 30 minutes followed by 333 Randomized | endoscopic signs of peptic ulcer
prematurely Randomized continuous infusion of 8mg/hr for 3 to 5 bleeding and clinical symptoms of
due to safety Double-Blind days. (If there were signs of bleeding during upper gastrointestinal bleeding.
monitoring) Parallel Group day 2 or 3 the infusion was given for 120 (Forrest Ia, Ib, lla, 1lb)
Placebo-Controlled hours) (Endoscopic treatments varied.
Pre-entry endoscopic intervention
Follow-up therapy after I.V. Omeprazole with was only to be used in patients with
Omeprazole 20mg daily for 21 days bleeding classified as Forrest |a)

Reference ID: 2958187

21




Clinical Review

Erica L. Wynn, M.D., M.P.H

NDA 21-689/S-014

l.V. NEXIUM/Esomeprazole Sodium

5.2 Review Strategy

The current submission consisted of two components:
o the applicant’s responses to address deficiencies outlined in the original CR letter
dated November 26, 2008
e the supporting documentation from related compounds and epidemiologic data
The supporting documentation contained the following:
Data bridging Omeprazole |.V. and Esomeprazole I.V.
Supporting data from randomized controlled clinical trials with Omeprazole I.V.
Observational studies with Omeprazole I.V.
A systematic review and metaanalysis of available clinical studies with
Omeprazole I.V. in peptic ulcer bleeding
e Supporting Esomeprazole 1.V. data including outcomes of PUB treatment in
routine clinical practice
e A summary of published systematic reviews of available literature on clinical
studies with PPIs
The strategy for this second review cycle consisted primarily of reviewing the applicant’s
responses to the original CR letter and the supporting documentation, after
consideration of the clinical pharmacology reviewer’'s assessment of the data bridging
I.V. Omeprazole and Esomeprazole. Reference is made to the clinical pharmacology
review of Dr. Dilara Jappar. Reference is also made to the statistical review of Dr. Lisa
Kammerman.

During a Type C meeting with the Agency, the Agency suggested that the applicant
review and analyze data from previously conducted well controlled trials using
Esomeprazole. Omeprazole trials would be considered supportive only. The Agency
stated that the data should come from trials designed to minimize bias and include a
similar target population, inclusion criteria, exclusion criteria, primary efficacy measures
and drug dose administration as used in study D961DC00001. This was also
communicated to the applicant in an advice letter. In addition, the applicant was asked
to provide criteria used to define a clinically significant rebleed in each trial and the time
when a clinically significant rebleeding event happened for all occurrences.

In the supporting document, the applicant included the clinical study reports for three
previously conducted trials using Omeprazole I.V. as treatment. The trial conducted by
Lau et al, hereafter referred to as the Lau trial, will be reviewed in detail in section 5.3.

Two of the trials (Trial 1-840 and Trial I-841) were excluded from the efficacy analysis.

The clinical reviewer examined the trial protocol synopsis and the clinical study reports
for these studies. (Refer to Section 5.1 above for summary information.) In the opinion
of this reviewer, the designs of these trials were substantially different from the original
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pivotal study (D961DCO00001) with regards to treatment regimen, patient population,
and primary endpoint. Therefore trials -840 and 1-841 did not appear to provide
supportive evidence for the indication sought. In the pivotal trial, treatment consisted of
either I.V. Esomeprazole or placebo administered over 72 hours followed by oral
Omeprazole therapy for 27 days. In trial I-840, oral therapy with 20mg of Omeprazole
was started after 48 hours of the 72 hour intravenous infusion. In study [-841,
intravenous infusion therapy was permitted up to day 5 if a patient bled within the first 3
days. In addition, because both trials were conducted in the 1990s, there were no
standardized endoscopic treatment regimens for these trials.

@@ The pivotal
trial was designed to include patients with and without high-risk stigmata for rebleeding
at time of endoscopy. Patients enrolled in trials I-840 and 1-841 do not reflect the patient
population for which the sponsor is seeking an indication. In the literature, all Forrest
classifications carry some risk of rebleeding. In the pivotal trial, all patients classified as
Forrest la, lla, Ib, and llb underwent diagnostic and interventional endoscopy to achieve
hemostasis prior to initiation of the infusion therapy. In trial 1-840, only patients classified
as Forrest Class la and Ila underwent intervention to achieve hemostasis. In trial 1-841,
only patients classified as Forrest Class la, underwent intervention to achieve
successful hemostasis and received treatment. Additionally, all patients enrolled in trial
I-841 were over the age of 60 years. As stated previously, increased age is associated
with a higher risk of rebleeding and complications from peptic ulcer bleeds. If the drug
demonstrated efficacy, the older patient population may confound outcomes resulting in
a larger treatment effect favoring the treatment group because all patients would be at
higher risk for rebleeding events..

Information requests were generated to address the differences in the endoscopic
treatment regimens and differences noted in the patient population. The applicant’s
responses dated February 14, 2011, February 18, 2011, and April 6, 2011, provided
additional clarity for the reviewer. The applicant asserted that 137 patients randomized
in trials 1-840 and 1-841 were treated with endoscopic modalities comparable to those in
the original pivotal trial (Trial D961DC00001). In some cases, a patient who had
received an injection agent not used in the original trial was included The applicant
stated these patients fulfilled the inclusion criteria of Trial D961DC00001 and there were
no exclusion criterion in the trial that would exclude patients who, in addition to receiving
endoscopic therapy as specified in the clinical study protocol for D961DC00001, also
received other endoscopic therapy. However, in the original protocol of trial
D961DC00001, there were restrictions concerning endoscopy. Specifically, the protocol
stated that “Endoscopic treatment with modalities not mentioned in Section 3.3.2 (of the
protocol), inclusion criterion no. 5, e.g. Argon plasma coagulation, injection of water,
thrombin, fibrin glue or sclerosing agents (lipidocanol, ethanol), is not allowed.”

In order for Trials 1-840 and 1-841 to be supportive of the pivotal trial, the endoscopic

treatment regimens should be comparable to those submitted in the original trial.
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Following review of the applicant’s responses to the solicited information requests, it
was determined that of those patients enrolled in 1-840 and [-841 combined, only 52 of
the 137 patients suggested for inclusion by the applicant, received an endoscopic
treatment that was allowed in D961DCO00001. Of these 52 patients, 38 received
epinephrine injection only which is not consistent with past or present standard of care
guidelines for endoscopic treatment of peptic ulcer bleeds. The applicant acknowledged
that endoscopic injection therapy was not standardized during the conduct of these
trials and cited a study by Park, et al, to support their argument that different endoscopic
therapies appear to have similar efficacy.® However, the Park, et al, article concluded
that there are differences in endoscopic treatment modalities. Specifically, the authors
concluded that 1) the addition of a second modality to epinephrine is superior to
epinephrine alone 2) mechanical therapy alone with either hemoclips or thermal therapy
using a heater probe is similar to combination therapy with epinephrine and 3)
combination therapy with injection therapy is superior to cautery using bipolar
coagulation alone.® The applicant also included 9 patients in this group, for whom the
agent used during the injection therapy was not known. After excluding the 38 patients
who received epinephrine injection therapy only, 14 patients remained that clearly
matched the enrollment and treatment criteria of trial D961DC00001.

Despite the inconsistencies in treatment provided, the reviewer reviewed the efficacy
and safety of the 52 patients from trials -840 and 1-841. The results demonstrated that
13.6% (3/22) patients in the omeprazole group experienced a clinically significant
rebleeding event as opposed to 23.3%(7/30) in the placebo group. These findings
represents a fraction of the patients from the original studies and are not statistically
significant (p=0.49) based on the analysis provided by the statistical reviewer. Baseline
demographics for those 52 patients are provided below. The reviewer notes that there
were baseline discrepancies in these groups. Patients in the omeprazole group had a
higher mean age and a higher percentage were over the age of 65 years. There were
also marked differences in the proportion of patients classified in each of the Forrest
groups and more patients in the placebo group presented in shock.
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Table 2 Baseline Demographics for 52 patients in Trials 1-840 and 1-841 who received the same

endoscopic treatment as Pivotal Trial

Characteristic Omeprazole Group Placebo Group
(n=22) (n=30)
Male Sex — no. (%) 10 (45.5%) 18/30 (60%)
Female Sex — no. (%) 12 (54.5%) 12/30 (40%)
Mean Age — (years) 70.5 68.3
Patients = 65 years — no. (%) 17122 (77.3%) 19/30 (63.3%)
< 65 years — no. (%) 5/22 (22.7%) 11/30 (36.7%)
Mean Hemoglobin (g/L) (Standard Deviation) 82.9 (32.3) 95.8 (32.4)
Number of Patients with Shock at Presentation 18/22 (81.8%) 26/30 (87%)
Number of Patients with Endoscopic Signs of
Rebleeding
Spurting Hemorrhage (Forrest Class |a) 2122 (9.1%) 5/30 (16.7%)
Oozing Hemorrhage (Forrest Class Ib) 8/22 (36.4%) 9/30 (30.0%)
Nonbleeding Visible Vessel (Forrest Class lla) 1/22 (4.5%) 7/30 (23.3%)
Clot with underlying vessel (Forrest Class llb) 11/22 (50%) 9/30 (30.0%)
Number of Patient with
Duodenal ulcer 13/22 (59%) 15/30 (50%)
Gastric ulcer 9/22 (41%) 15/30 (50%)
Number of Patients with A Previous Ulcer 10/22 (45.4%) 17/30 (56.7%)
Number of Patients with A Previous Ulcer 3/22 (13.6%) 3/30 (10%)
Complication
Number of Patients with Each Risk Factor for
Bleeding Peptic Ulcer (%)
Use of Cox-2 NSAID 2/22 (9.1%) 1/30 (3.3%)
Use of Aspirin 5122 (22.7%) 6/30 (20%)
Use of Warfarin 1/22 (4.5%) 1/30 (3.3%)

Finally the clinical reviewer examined the primary outcomes for each of the trials.

The primary outcome measures for -840 and [-841 were markedly different from that of
the original pivotal study. In trial I-840, the primary endpoint was overall outcome of
treatment. Each patient was ranked for his/her worst outcome according to a predefined
graded scale which included death, operation, additional endoscopic treatment, more
than 3 units of blood transfused after initial endoscopic treatment, and 0 to 3 units of
blood transfused after initial endoscopic treatment. The time to endoscopy was not
standardized in this trial. In the literature, patients with bleeding more than 48 hours
prior to presentation have a lower risk of recurrent bleeding.24 Finally in trial -840,
clinically significant rebleeding was defined as slight, moderate, or severe and no
objective definitions were provided for markers of hypotension. In trial 1-841, the primary
objective was achieved through assessment of the total number of blood transfusions
and overall outcome of treatment (including death, operation, endoscopic treatment,
and number of blood transfusions). The objective measures for hemodynamic instability
were vaguely defined with a different threshold for hemoglobin drop as that used in trial
D961DC00001.
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Trial 1-841 was omitted from the review because of differences in the trial design as
described above. Furthermore, the applicant stated that trial was terminated
prematurely after 333 patients had been randomized due to a substantial imbalance
between treatment groups in the number of deaths. The mortality rate was 6.9% in the
omeprazole group and 0.6% in the placebo group. This trial does not provide additional
support for the applicant’s efficacy claim and the increase in mortality may also be
concerning for a potential safety signal. (Refer to Section 7 below.)

5.3 Discussion of Individual Studies/Clinical Trials

5.3.1 Overview of Protocols Submitted Under Supplement 14

The applicant submitted clinical data from a trial conducted in Hong Kong in 2000 by
Lau. et al, using Omeprazole I.V. in support of the current application. The clinical trial
was conducted at a single center at the Chinese University of Hong Kong, Prince Wales
Hospital and was funded by an academic research grant. The exact study protocol was
not available for review. Following a solicited information request, the applicant provided
the academic research application for this trial which included information on the clinical
study protocol. This study will be referred to as the “Lau trial” hereafter. The results of
this study were published in the New England Journal of Medicine and will also be
referred to during this review.

The following tables provide a summary of the original trial submitted during the first
review cycle and the clinical criteria used to define rebleeding. This is provided for
comparison purposes only. Tables 5 and 6 provide summary information on the Lau
trial. Additional efficacy data are provided in Section 6 along with the applicant’s
responses to the complete response letter.
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Table 3 Summary of the Pivotal Trial D961DC00001 contained in the Original NDA submission dated May 29, 2008

Study # and Period D961DC00001 (October 30, 2005 — December 14, 2007)
Design International, randomized, multicenter, prospective, double-blind, parallel group, placebo controlled
Primary Objectives To compare, in subjects with Peptic Ulcer Bleeding (PUB) after successful endoscopic hemostasis, the efficacy of 72 hours
continuous intravenous infusion of either Esomeprazole or placebo at preventing rebleeding by assessment of the rate of clinically
significant rebleeding during the intravenous treatment period.
Key Secondary To compare, in subjects with PUB after successful endoscopic hemastasis, 72 hours continuous 1.V. infusion of either
Objectives Esomeprazole or placebo with regard to the following, where time period begins at start of V. treatment:
Rate of clinically significant rebleeding within 7 days and 30 days Proportion of mortalities within 72 hours and 30 days
Proportion of “bleed-related” mortalities within 30 days, based on Proportion of subjects who, within 72 hours and 30 days, had
assessments by the Endpoint Committee surgery (except endoscopic treatment) due to rebleeding
Number of blood units transfused within 72 hours and 30 days Number of days hospitalized due to rebleeding within 30days
Safety and tolerability
Treatments (AFTER successful endoscopy) Intravenous Esomeprazole 80mg (0.5hr)+ 8mg/hr (71.5hr) or Placebo I.V. 80mg (0.5hr)+8mg/hr

(71.5 hr) followed by Esomeprazole Oral 40mg once daily (27days)

*Endoscopic Treatment

Endoscopic treatment administered for the PUB of all enrolled subjects having Forrest classification la, Ib, lla, and Ilb. Successful
hemostasis required for study inclusion. Successful hemostasis (considered to have been established if bleeding was stopped and,
if applicable, formerly bleeding vessels were flat or cavitated and must be achieved by endoscopic treatment with injection therapy
(epinephrine, dilution 1:10000) and/or one of the following: coagulation with heater probe, electrocautery, hemoclips. Endoscopic
treatment with modalities not mentioned (e.g. argon plasma coagulation, injection of water, thrombin, fibrin glue or sclerosing
agents (lipidocanol, ethanol) is not allowed. Routine “second look™ endoscopy without clinical signs of rebleeding is not allowed.

Number of Enrollees Planned: 760-800 of both sexes (10 — 25 per center)
Planned Randomized: 767
(Number Enrolled) Treated: 764
Primary Efficacy Clinically significant rebleeding within 72 hours of continuous infusion of Esomeprazole or placebo (yes or no).
Parameters
Key Secondary Efficacy | Clinically significant rebleeding within 7 days and 30 days
Parameters Death within 72 hours and 30 days
Death related to rebleeding within 30 days as judged by the Endpoint Committee
Requirement for surgery within 72 hours and 30 days
Requirement for endoscopic re-treatment within 72 hours and 30 days
Number of blood units transfused within 72 hours and 30 days
Number of days hospitalized due to rebleeding during the 30-day treatment phase
Key Tolerability Adverse events, clinical laboratory findings, physical examination, vital signs including blood pressure and pulse.
Parameters
Sample Patient Patients who have undergone successful endoscopic treatment of a bleeding gastric or duodenal ulcer
Population | Key Inclusion Criteria | Key Exclusion Criteria
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Study # and Period D961DC00001 (October 30, 2005 — December 14, 2007)
Upper gastrointestinal bleeding (hematemesis, melena, or hematochezia) Malignancy or advanced disease with a life expectancy of <6months as judged
or with such sign within the last 24 hours as judged by the investigator by the investigator
One endoscopically confirmed bleeding gastric or duodenal peptic ulcer, at | American Society of Anesthesiology Classification of Physical Status of
least 5Smm in diameter, classified as Forrest la, Ib, lla, or lIb. Photo physical status > 3 as judged by the investigator
documentation of the source of bleeding is required. In the case of Forrest
class lIb, all efforts should be made to remove the clot. If the clot cannot be
removed, it is to be handled as follows:
e Ifthe clot can be removed with 5min of high-pressure water
irrigation or by cold snare, the ulcer should be reclassified and
only Forrest Ia, Ib, and lla should be included
. If the clot cannot be removed despite these measures, the
subject should be included as Forrest IIb
Successful hemostasis (which is considered to have been established if Severe hepatic disease defined as Child-Pugh B or C
bleeding has stopped and, if applicable, formerly bleeding vessels are
flattened or cavitated) achieved by endoscopic treatment with injection
therapy (epinephrine, dilution 1:10000) and/or coagulation with heater
probe, electrocautery, or hemoclips
Major cardiovascular event at enrollment or within 3 months prior to study
start, such as stroke, myocardial infarction, or hospitalization for treatment of
unstable angina pectoris as judged by the investigator
Hemorrhagic disorder, platelets <100X10°/L, INR.1.5, APTT>1.5XULN,
treatment with low-molecular weight heparin
Endoscopic suspicion of gastric malignancy or juxta pyloric stenosis as judged
by the investigator.
Sign of multiple bleeding peptic ulcers or concomitant other gastrointestinal
bleeding from esophageal varices, reflux esophagitis, gastritis, Mallory Weiss
tears, ulcus implex, Dieulafoy’s lesions, colon, small bowel, or ulcer distal to
the stoma in Billroth-resected subjects
Need for treatment during the first 7 days of the study with NSAIDS, COX-2
inhibitors, ASA (including low dose) and clopidogrel
Chemotherapy within two weeks prior to study start or planned during the
course of the study
Key Changes in « Overall study time table changed and estimation of study date completion extended to 2007.
Protocol Amendment 1 | e The number of patient enrolled increased from 2000 to 2500.
e Section 3.3 “Exclusion criteria” modified to include statement that “Intravenous administration of a PPl (Esomeprazole,
Omeprazole, lansoprazole, rabeprazole, or pantoprazole) exceeding a total dose of 40mg within 24 hours prior to enroliment”
e Section 3.6 “Pre-study, concomitant and post-study treatments” section modified to state that intravenous administration of a
PPl exceeding a total of 40mg within 24 hours prior to enroliment is not allowed

Source: Reviewer’s Table
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As stated above in the table above, the primary objective was determined by assessing the rate of
clinically significant rebleeding during the intravenous treatment period (i.e. the first 72 hours after
achieving hemostasis). The table below outlines the diagnostic criteria for clinically significant rebleeding

used in the trial.

Table 4 Diagnostic criteria for clinically significant rebleeding for Study D961DC00001

Rebleeding Diagnosed by:

Criteria for diagnosis

A. Endoscopy

Endoscopy: initiated by clinical signs of rebleeding
defined as:
a. one of B1 orB2 or B3
AND

Endoscopic verification, i.e. one of A1 or A2

(It is the result of the endoscopy that defines if there
is rebleeding or not.)

A1: Blood in stomach (this criterion cannot be
used during the first 6 hours after primary
endoscopic hemostasis).

A2: A verified active bleeding from a peptic ulcer
(Forrest Ia, Ib).

B. Clinically

A true clinically based definition, at least two of
B1 and/or B2 and/or B3

B1: Vomiting of fresh blood or fresh blood in a
gastric tube or hematochezia or melena after a
normal stool.

B2: Decrease in Hgb>20g/L (or Hct >6%) during
24 hours or an increase in Hgb <10g/L (or Hct
<3%) despite = 2 units of blood has been
transfused during 24 hours.

B3: Unstable circulation systolic blood pressure <
90 mmHg or pulse = 110/min (after having had a
stable circulation)

C. Hematemesis

C: Vomiting significant amounts (>200 mL) of
fresh blood as estimated by the investigator.
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Table 5 Summary of the Lau Trial

Study # and Period Lau, et al May 1998 — July 1999
Design Double-blind, placebo-controlled, randomized
Study Centers Prince of Wales Hospital

Primary Objectives

To examine whether maximal acid suppression, i.e. 72 hours of continuous intravenous (1.V.) infusion of Omeprazole
followed by Omeprazole oral 20mg daily reduced the incidence of rebleeding after endoscopic hemostasis within 30 days
after endoscopy compared to placebo for 72 hours followed by Omeprazole 20mg oral daily for 8 weeks.

Treatments

(AFTER successful endoscope) Either 80mg bolus injection of Omeprazole OR equivalent placebo followed by continuous

infusion of Omeprazole 8mg/hr for 72 hours.

After 72 hours H. pylori positive patients receive oral Omeprazole 20mg b.i.d, clarithromycin 500mg b.i.d, and amoxicillin
1gm bid for 1 week. H. pylori negative patients receive oral Omeprazole 20mg daily for 4 weeks.

*Endoscopic Treatment

(Performed within 24 hours of admission)

Endoscopes: Dual channel scopes XQ-2T200 or 2T10. Dual therapy of epinephrine injection AND heater probe coaptive
thermocogulation: Epinephrine injection (1:10,000) in 0.5 to 1mL aliquots using a 21 or 23 gauge injection needle around and
into bleeding point, followed by 3.2 mm heat probe tamponade (30 Joules 3-4 continuous pulses onto bleeding vessel).
Successful endoscopic treatment defined by the cessation of bleeding and flattening or cavitation of bleeding vessel.

Number of Enrollees
Planned/Enrolled/Completed

320 (160 patients in each arm) planned
240 (120 patients in each arm) enrolled
239 Completed the trial.

Primary Efficacy Parameters

Recurrent bleeding within 30 day after endoscopy.

Key Secondary Efficacy
Parameters

Late rebleeding; i.e. beyond 72 hours and day 28

Number of blood units transfused within 30 days

Early rebleeding, i.e. by 72 hours

Hospital stay (Duration of hospitalization within 30 days)

Rebleeding requiring surgery within 30 days

Death (of any cause including rebleeding) within 30 days

Ulcer healing at 4-week

In-hospital and 30-day mortality

Rebleeding defined as
o fresh hematemesis,
e hypotension (SBP <90, tachycardia PR>110) and melena

e drop of Hemoglobin by 2gm/dl in 24hours and melena (documentation required by repeat endoscopy showing coffee ground
materials or fresh blood in the stomach and the presence of stigmata in ulcer floor)

Sample Patient Population

Patients who have undergone successful endoscopic treatment of a bleeding gastric or duodenal ulcer

Key Inclusion Criteria

Key Exclusion Criteria

Patients with bleeding peptic ulcers; ulcer actively bleeding or with major
stigmata of visible vessels (protuberant discolorations in ulcer bases) and
clots (Forrest I, lla, and 1lIb ulcers) seen at endoscopy within 24 hours of
their admissions.

Presence of an inter-current ulcer complication precluding endoscopic
treatment such as gastric outlet obstruction or ulcer perforation mandating
surgical intervention

Age = 16 years

Mor bound patients e.g. patients with terminal illnesses or malignancy

Endoscopic hemostasis achieved
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Clinical criteria were used in the Lau trial to initially diagnose patients who had recurrent
bleeding. Those criteria are outlined in the table below and similar to those used in trial
D961DCO00001. Like trial D961DC00001, patients suspected of having recurrent
bleeding underwent urgent endoscopy. “Recurrent bleeding was confirmed if the ulcer
was actively bleeding (spurting or oozing hemorrhage) or if there was either coffee
ground material or flesh blood in the stomach near a vessel.”®

Table 6 Clinical Criteria used to define rebleeding in the Lau Trial,
Vomiting of fresh blood

Drop in hemoglobin of more than 2 grams/dL within
24 hours after transfusion to a level of 10grams/dL.
Shock: defined as SBP<90mm Hg or Pulse
=110beats/min with melena after stabilization

5.3.2 Clinical Overview of The Lau Trial

There were 240 patients enrolled in the Lau trial (120 in the Omeprazole arm and 120 in
the Placebo arm). Summaries of demographic and baseline characteristics are provided
below. These data were confirmed by the reviewer using the applicant’s submitted
dataset. Baseline characteristics were similar between the treatment groups and
provided in the table below. Patients within the placebo group were slightly older and
there were more patients in the placebo group who had coexisting illnesses. As stated
previously, an increased risk of rebleeding and poor outcomes is associated with
increasing age, comorbid illnesses, ulcer size, hemodynamic instability (i.e. shock, low
initial hemoglobin level, requirement for blood transfusions), and poor overall health
status. The older and sicker population in the placebo group could result in more
favorable outcomes for Omeprazole. However, in the opinion of this reviewer, it is
unlikely that the outcomes were influenced by these factors because the differences
were small. In addition, baseline hemoglobin levels and ulcer size were roughly the
same for both groups. There were actually more patients in the treatment arm who
would be classified as Forrest Class 1a (which carries the highest risk of rebleeding).
This would actually favor the placebo. The treatment arm also contained more patients
that were H. pylori positive and used aspirin. These imbalances would favor the placebo
group. In summary, although the baseline risk factors for rebleeding were not
completely balanced, it appears that the overall baseline risk of rebleeding is not
substantially different between the treatment groups.
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Table 7 Baseline Characteristics of the Patients enrolled in the Lau Trial.

(defined as SBP = 90mm HG or pulse 2110 beats
per minute) (%)

Characteristic Omeprazole Group Placebo Group
(n=120) (n=120)
Male Sex — no. (%) 80 (66.7%) 80 (66.7%)
Female Sex —no. (%) 40 (33.3%) 40 (33.3%)
Mean Age — (years) 64 £17.2 67 £15.9
Patients = 65 years — no. (%) 76 (63.3%) 80 (66.7%)
Mean Hemoglobin (g/L) 94+27 95+26
Number of Patients with Shock at Presentation 16 (13.3%) 14 (11.7%)

Number of Patients with Endoscopic Signs of
Rebleeding
Spurting Hemorrhage (Forrest Class |a)
Oozing Hemorrhage (Forrest Class Ib)
Nonbleeding Visible Vessel (Forrest Class lla)

14 (11.7%)
50 (41.7%)
38 (31.7%)

9 (7.5%)
49 (40.8%)
36 (30.0%)

New England Journal of Medicine.2000;343(5) 310-316.

In trial D961DCO00001, the primary efficacy variable was “clinically significant rebleeding

Clot with underlying vessel (Forrest Class IIb) 18 (15.0%) 26 (21.7%)
Number of Patients with High-risk ulcers
Posterior duodenal ulcer 17 (14.2%) 15 (12.5%)
Lesser curvature gastric ulcer 12 (10%) 5 (4.2%)
Angular incisura ulcer 11 (9.2%) 11 (9.2%)
Size of ulcer (cm) 1.2+1.1 1.1+08
Number of Patients with Ulcers = 2cm 21 (17.5%) 25 (20.8%)
Number of Patients with A Previous Ulcer 38 (31.7%) 45 (37.5%)
Number of Patients with A Previous Bleeding Ulcer 36 (30%) 36 (30%)
Number of Patients with Each Risk Factor for
Bleeding Peptic Ulcer (%)
Helicobacter Pylori Infection 78 (65%) 64 (53%)
Use of NSAID 39 (32.5%) 40 (33.3%)
Use of Aspirin 23 (19.2%) 18 (15.0%)
Use of Warfarin 5 (4.2%) 5 (4.2%)
Number of Patients with Coexisting llinesses (%) 30 (25%) 40 (33.3%)
Cerebrovascular disease 8 (6.7%) 13 (10.8%)
Chronic renal failure 8 (6.7%) 4 (3.3%)
Cardiovascular disease 3 (2.5%) 9 (7.5%)
Cancer 11 (9.2%) 14 (11.7%)
Endoscopic treatment
Dose of epinephrine (ml) 11x4 1185

Median number of erobe plulses 8 7
ource: Lau , 2ung ,Leel, yung, al eC! intravenous Umeprazoie on recurren eeding er endoscopic treatment Ol eeding peptic uicers

within 72 hours of continuous infusion of Esomeprazole or placebo (yes or no)”.
However, the primary outcome in the Lau trial was recurrent bleeding within 30 days
following endoscopy. The proportion of patients having clinically significant rebleeding
within the first 72 hours was measured as a secondary outcome. A summary of the
primary and secondary efficacy results from the Lau trial have been provided in the
table below. More patients in the placebo group relative to the Omeprazole group
experienced recurrent bleeding by days 3, 7, and 30. Most of the enrolled study
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participants who experienced clinically significant rebleeding did so within the first 72
hours. All of the results were statistically significant. (Please refer to the statistical
review of Dr. Lisa Kammerman. The p-values listed in this table were reported from
information requested from the statistical reviewer or reproduced from the publication of
the Lau trial results.?)

The Lau publication reported the primary efficacy outcomes stratified by those patients
who had active bleeding ulcers and those who had ulcers with nonbleeding visible
vessels. The results were statistically significant for both groups. The applicant’s current
analyses combines Forrest Class la and Ib in one group and Forrest Class lla and IIb in
a second group. When the results were stratified by each of the Forrest categories
individually, the treatment effect was fairly consistent across categories; however, the
results were only statistically significant for Forrest Class Ib. (Refer to the reviewer’s
Table 8 below.) The small treatment effect (7.9%) observed in Forrest Class la may be
secondary to the small number of study participants in that group.

This reviewer conducted exploratory analyses examining the percentage of patients
with clinically significant rebleeding within the first 72 hours by age and gender. An
analysis based on race was not applicable given that the racial and ethic background of
this trial was uniform. While gender did not seem to have an impact on the rate of
rebleeding, it appears that patients 65 years of age and older experienced more
clinically significant bleeding within the first 3 days following endoscopy compared to
patients less than 65 years of age. This is consistent with literature reports. Notably, the
three patients in the treatment group who died within the first 72 hours were also over
the age of 65 years.

Although more patients in the placebo arm compared to the Omeprazole arm died
within 30 days, this difference was not statistically significant. Again this is consistent
with reports in the literature that have concluded that reducing the risk of rebleeding
after endoscopic therapy does not significantly affect mortality.
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Table 8 Efficacy Results for the Lau Trial.

Efficacy Outcome Omeprazol Placebo P
e (N =120) Value
(N =120)
Number of patients with recurrent bleeding (%)
By Day 3 (72 hours) 5 (4.2%) 24 (20.0%) <0.001
By Day 7 7 (5.8%) 26 (21.7%) <0.001
By Day 30* 8 (6.7%) 27 (22.5%) <0.001
Recurrent Bleeding Within 30 days by Forrest Class (# patients/total #)
Active bleeding ulcers (Forrest la + Ib) 3/64 (4.7%) 10/58 (17.2%) 0.04
Forrest Class la 2/14 (14.3%) 2/9 (22.2%) 1.00

Forrest Class Ib 1/50 (2.0%) 8/49 (16.3%) 0:02
Ulcers with nonbleeding visible vessels (Forrest lla + lIb)
Forrest Class lla

Forrest Class b

5/56 (8.9%)
3/38 (7.9%)
2/18 (11.1%)

17162 (27.4%) 0.02
9/36 (25.0%) 0.06
8/26 (30.8%) 0.17

Recurrent Bleeding Within 3 days by Sex (#patients/total #)

Male 2/80 (2.5%) 14/80 (17.5%)
Female 3/40 (7.5%) 10/40 (25%)
Recurrent Bleeding Within 3 days by Age (#patients/total#)
= 65 years old 5/76 (6.6%) 21/80 (26.3%)
< 65 years old 0/44 3/40 (7.5%)
Recurrent Bleeding Within 30 days by Sex (#patients/total #)
Male 5/80 (6.3%) 17/80 (21.3%) | <0.001
Female 3/40 (7.5%) 10/40(25.0%) 0.06
Recurrent Bleeding Within 30 days by Age(#patients/total#)
= 65 years old 6/76 (7.9%) 24/80 (30.0%) | <0.001
< 65 years old 2/44 (4.6%) 3/40 (7.5%)
Mean number of units of blood transfused within 30 days after 1.7 (1.9) 2.4 (3.2) 0.03
endoscopic therapy (Standard Deviation)
Number of patients who died (%)
Within 3 days 3/120 (2.5%) 0/120
Within 30 days 5/120 (4.2%) | 12/120 (10.0%) 0.13
Number of patients who had surgery due to rebleeding (%)
Within 3 days 1/120 (0.8%) 5/120 (4.2%)
Within 30 days 3/120 (2.5%) 8/120(6.7%)
Number of patients who had endoscopic retreatment for rebleeding (%)
Within 3 days 4/120(3.3%) | 21/120 (17.5%)
Within 30 days+ 6/120 (5%) 23/120 (19.1%) | <0.001
Total Number of hospitalization days from date of endoscopy until the
date of discharge 757 859

Sources: Reviewer’s Table Derived from Applicant’s Table 2 Supporting Documentation p. 16 — 17 and Lau Table 2 p.313 - Lau
JYW, Sung JJY, Lee K, Yung , et al “Effect of intravenous Omeprazole on recurrent bleeding after endoscopic treatment of bleeding
peptic ulcers” New England Journal of Medicine.2000;343(5):310-316.

*This number is the total number of patients in the group who had recurrent rebleeding within 30 days after treatment

+In the applicants analysis, there were 2 additional patients included n the placebo group for whom initial hemostasis was never
achieved. The p-value remained statistically significant.
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The applicant was asked to provide case report forms for the patients in the trials who
died or had serious adverse events and/or rebleeding at any time while on the study.
While the case report forms for the Lau trial were provided in the complete response
resubmission, the treatment group assignments for patients were not provided.

Although intravenous Esomeprazole is currently approved and marketed for use in the
U.S., the sponsor’s proposed dosing regimen is not a part of the current labeling. An
assessment of safety would reveal if administering the proton pump inhibitor as an
80mg 1.V. bolus followed by a continuous infusion of 8mg/hour for 71.5 hours would
result in new adverse events not currently in the approved labeling. Like trial
D961DC00001 conducted with Esomeprazole, the total dose PPl (omeprazole) in the
Lau trial was 652 mg over a 72-hour period (268mg in the first 24 hours and 384mg
over the following 48 hours).

The applicant noted that the pharmacokinetic properties of Esomeprazole are different
from those of Omeprazole, resulting in higher exposures (AUC) for Esomeprazole
compared to Omeprazole following repeated oral administration. The applicant also
stated that the PK differences between Esomeprazole and Omeprazole are less
pronounced when the drugs are administered as once daily |.V. doses compared to oral
administration (40% to 70%). The PK differences, although still statistically significant,
are further decreased when the drugs are administered intravenously as an 80mg bolus
followed by continuous infusion of 8mg/h (14% for AUC and Cnax). Although one would
have to factor in the formulation used, because Esomeprazole exposures are higher
than Omeprazole exposures, there would be no reason to anticipate a new safety signal
would have arisen in the Lau trial that was not evident in trial D961DC00001. In
addition, during the follow-up period of trial D961DC00001 a higher dose of oral
Esomeprazole was administered (40mg/day) for 27 days. (The Lau trial administered 20
mg/day of oral Omeprazole for 8 weeks.)

An adverse event dataset was not provided with the Lau trial for review.

In the original review of D961DCO001, the reviewer noted the most common adverse
events in both treatment groups (placebo and Esomeprazole) were related to
rebleeding, the primary efficacy outcome. The reviewer also noted that infusion site
reactions were more common in the Esomeprazole treatment group compared to the
placebo group. However, the events were mild, of short duration, and did not cause
discontinuation of study drug. The original reviewer noted that although the alkaline
phosphatase values increased to a slightly higher degree in the Esomeprazole
treatment group, overall the adverse event profile for intravenous Esomeprazole did not
differ from that expected in acutely ill patients with peptic ulcer bleeding. Given the
similarities in dosing administration and anticipating that exposures would be higher for
Esomeprazole relative to Omeprazole, it is likely that the adverse event profile in the
Lau trial would not have been substantially different (if not better) than that which was
demonstrated in trial D961DC00001. In summary, given the information available to this
reviewer, one may assume that there would not be any additional safety signals from
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the data in this resubmission package, that are not currently part of labeling. However,
the reader must bear in mind that the majority of the trial data is from randomized trials
conducted with Omeprazole. There is still a small possibility that a new safety signal
could arise with Esomeprazole in this study population. There are no controlled trials to
confirm or refute this assumption.

In the publication by Lau et. al., they state that “no side effect related to the infusion was
reported in either group.”? There were five patients in the Omeprazole group who died
within 30 days after the initial endoscopy. Twelve patients in the placebo group died
within 30 days of the initial endoscopy to achieve hemostasis. None of the five deaths in
the Omeprazole group were caused by recurrent bleeding.?® Four of the patients in the
placebo group died after surgery (three following gastrectomy for recurrent bleeding and
one after excision of a perforated ulcer). Two patients in the placebo group who were
deemed unfit for surgery, died from recurrent bleeding. The remaining six patients died
from complications related to the concurrent illnesses. All but two patients in the
Omeprazole group and four patients in the placebo group completed follow-up
assessments at 8 weeks. Biopsies of the ulcers from three patients revealed cancer
(two in the Omeprazole group and one in the placebo group).

Case report forms from the Lau trial were reviewed. However, the absence of
accompanying narratives and treatment groups limits the utility of the information
provided. A sampling of the data from the case report forms is presented in the table
below.
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Table 9 Reviewers Summary of Deaths and Serious Adverse Events in the Lau Trial

Patient
Number

Treatment

Verbatim Terms for SAE

Reviewers Summary Narrative

| ®)(©)

??

Recurrent Gl bleeding
Pneumonia
Death

Patient was an 84 year old male with a past medical history of bladder cancer (s/p
surgery). There was no prior history of UGI bleed and he was H. pylori neqative.
Patient was had been on Voltaren but no aspirin use. Presented to ED on

with melena and a hemoglobin of 4. He was admitted for Gl bleeding, transfused
with 4 units of blood, and underwent emergent endoscopy which revealed a small
amount of coffee ground debris in the stomach, mild reflux esophagitis and a 1.5 cm
duodenal ulcer with a visible vessel. Hemostasis was achieved with 8cc of
adrenaline and thermocoagulation. On hospital Day 2, patient developed melena,
chest pain, and a drop in his hemoglobin (14.3 to 10.7). Interestingly the patient did
not undergo repeat endoscopy until hospital day 3 after his hemoglobin dropped to
8.8 and SBP 90/50. After repeat endoscopic intervention failed to result in
hemostasis, the patient underwent emergent surgery to control bleeding. Patient
died on Hospital day 13 of pneumonia.

B ®)(©)

??

Acute Myocardial
Infarction

Pulmonary Tuberculosis
Urinary Tract Infection
Death

Patient was a 76 year old male with a past medical history of complete heart block
(s/p pacemaker placement in 1993), congestive heart failure, dementia, diabetes
mellitus, and primary tuberculosis. He was H. pylori negative and did not have a
previous ulcer history however he was taking aspirin regularly. Patient initially
presented on ®©®,ith melena and hypotension. He was admitted to the
hospital for heart failure but underwent endoscopy on the day of admission which
revealed a stomach full of coffee ground/food debris, several non-bleeding pre-
pyloric ulcers, extensive ulceration of the duodenum and active bleeding of a 2cm
ulcer on the posterior wall of the D1/D2. Hemostasis was achieved after injection of
9mls of adrenaline and thermocoagulation. On hospital Day 2, patient developed
fresh melena and hypotension and underwent repeat endoscopy but did not require
additional intervention. The patient was discharged from the hospital on OO e
subsequently died on ©© The causes of death were noted to be
recurrent acute myocardial infarction, urinary tract infection, and pulmonary
tuberculosis. However, there were no details provided on the interim time period
between time of discharge and time of death.

B ®)(©)

??

Lymphoma

Possible LGI Bleed
Cerebrovascular Accident
Death

Patient was a 68 year old male with a history of ymphoma and coagulopathy.
Patient was H. pylori positive and had a history of NSAID use. During inpatient
hospitalization for treatment of his lymphoma, he developed melena and
hypotension. He was transfused with 6 units of blood and underwent endoscopy
where fresh blood and clots were seen in the stomach. Bleeding of a 3cm ulcer was
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controlled with injection of 20ml of epinephrine and thermocautery. The course is
unclear. However, it appeared as if the patient had persistent Gl bleeding. A repeat
endoscopy on hospital Day 3 was showed revealed no UGI bleeding. The
endoscopist questioned if the patient has mucosal bleeding due to thrombocytopenia
from a lower Gl source. The patient died on hospital day 4. The cause of death was
malignant lymphoma, cerebrovascular accident, and gastrointestinal bleeding.

B (b) (6)

??

Cerebrovascular Accident
Bronchopneumonia
Death

Patient was an 82 year old male with a history of gallstones, gastric ulcers (with
bleeding), myeloproliferative disorder, thrombocytopenia, “chest infection”, and
fracture of right femur. He was admitted for a viral gastroenteritis, diarrhea, and
severe dehydration. Four days later he developed melena. An endoscopy revealed a
0.1 — 0.4cm gastric ulcer with an adherent clot. After injection with epinephrine, the
clot was removed and hemostasis of the bleeding vessel was achieved with a heater
probe. On hospital Day 8, patient had an ischemic stroke. During the hospitalization,
the patient also developed a bronchopneumonia and was treated with ciprofloxacin
for 7 days. The patient died on hospital day 12. The cause of death was
bronchopneumonia.

B (b) (6)

??

Death

Patient was an 84 year old male with a past medical history of hypertension,
emphysema, renal impairment, and stroke. The patient was an aspirin user but had
no prior history of ulcers or NSAID use. The patient was admitted up UGI bleeding.
Initial endoscopy revealed light “coffee ground stain” in the stomach and a 0.3cm
duodenal ulcer showing a visible vessel. Hemostasis was achieved with 10cc of
epinephrine and thermocoagulation. The patient was discharged on hospital Day 5.
He died approximately 23 days later prior to the follow-up visit. The cause of death
was listed as pneumonia, however no additional details were provided.

B (b) (6)

??

Death

Patient was a 76 year old female with a history of hypothyroidism (s/p
thyroidectomy), community acquired pneumonia, left knee pain (on NSAID), and
coagulopathy. Patient was admitted for fever, cough, complicated by upper Gl bleed.
Endoscopy revealed moderate amount of coffee ground debris in the stomach.
There were multiple 0.5cm — 1cm ulcers in the gastric antrum with old clots. There
was also a 1 cm gastric ulcer showing visible vessel with adherent clot. Hemostasis
was achieved with 8 ml of epinephrine and thermocoagulation. Multiple duodenal
ulcers were noted but none showed signs of hemorrhage. Later the patient
developed hypotension, respiratory failure, multiorgan dysfunction and appeared to
be in septic shock. She was started on antibiotics but continued to deteriorate and
died 3 days after admission. The cause of death was sepsis from unknown cause.

B (b) (6)

??

Recurrent UGI bleed

Patient was a 62 year old male with a past medical history of I.V. drug use and ulcer.
He was admitted for gastrointestinal bleeding after presenting with melena and
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(b) (6)

(b) (6)

hypotension. Initial endoscopy revealed coffee ground clots in the stomach and a 1.5
cm ulcer with a visible vessel in the first part of the duodenum. Hemostasis was
achieved with 8ml of epinephrine and thermocautery. On hospital Day 4 patient
developed hypotension (SBP<80) and a drop in hemoglobin. A repeat endoscopy
revealed large amount of fresh clots in the fundus of the stomach, a bleeding 2cm
duodenal ulcers (Forrest Class lla). Hemostasis was again achieved with
epinephrine and thermocoagulation. Patient was able to complete the follow-up visit
at 8 weeks. There were no additional details available

Recurrent UGI bleeding
Recurrent UGI bleeding

Patient was a 73 year old male with a history of Hepatitis C, cirrhosis, ascites, and
coagulopathy. He also had a previous history of ulcer disease but was H. pylori
negative. Patient was admitted for gastrointestinal bleeding after he presented with
melena and hypotension. Initial endoscopy revealed blood clots in the stomach; a
0.1-0.4 cm ulcer in the first part of the duodenum with no signs of hemorrhage; grade
1 esophageal varices with no signs of hemorrhage; and a pseudodlverticulum in the
first part of the duodenum. The endoscopy also revealed a 1.5 cm duodenal ulcer
showing with a blood clot and visible vessel. Hemostasis was achieved with
adrenaline and thermocautery. The CRF is unclear and there were several corrected
errors. However, it appears that the patient experienced persistent hypotension and
a drop in hemoglobin which lead to a repeat endoscopy on the following 2 days. The
endoscopy on hospital Day 2 revealed a 2 cm duodenal ulcer with “brisk” spurting
blood. Hemostasis was achieved with epinephrine, thermocautery, and hemoclips.
Repeat endoscopy on Day 3 showed a large duodenal ulcer with a large vessel
traversing along the ulcer floor with a hemoclip. The ulcer appeared to be healing
over the hemoclip. There was slight oozing of the ulcer on pretreatment with
epinephrine. Heat was reapplied to the ulcer. This episode was not considered as a
rebleed, but it's unclear why. Patient again bled on hospital Day 12. Endoscopy
revealed coffee ground blood in the stomach and a 1 cm bleeding duodenal ulcer.
Hemostasis was achieved with 9ml of epinephrine and thermocautery. The patient
was discharged 7 days later. At the 8 week follow up visit, repeat endoscopy
showed healed ulcers.

??

Recurrent UGI bleeding
Dieulafoy's lesion

Patient was a 69 year old with a past medical history of anemia, dehydration,
functional tachycardia, and influenza pneumonia. There was no prior history of
ulcers, coagulopathy, NSAID or aspirin use. The patient was initially hospitalized for
dizziness but subsequently developed hematemesis. Endoscopy revealed coffee
ground blood in the stomach and a 1 cm gastric ulcer showing a visible vessel.
Hemostasis was achieved with 8cc of epinephrine and heater probe. On day 3
following the initial endoscopy, the patient developed hematemesis and tachycardia.
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(b) (6)

(b) (6)

(b) (6)

Repeat endoscopy revealed large amounts of blood clots in the stomach. After failed
attempts to achieve hemostasis, an urgent laparotomy with excision of Dieulafoys
lesion was ?erformed. It appears as if the patient was discharged 9 days later on
However, there is no follow up information available. It also appears that
that the patient was still hospitalized as of Rl

??

Recurrent UGI bleeding
Recurrent UGI bleeding

Patient was a 76 year old male with a history of smoking, emphysema (on steroids).
There is no mention of a history of cardiovascular disease, however, the patient has
reported aspirin use. Patient was H. pylori positive. He was admitted for UGI
bleeding after presenting with melena. Endoscopy revealed a 1.5cm gastric ulcer
with a visible vessel. Hemostasis was achieved with 6 mls of epinephrine and
thermocoagulation. The patient rebled the following day. Repeat endoscopy revealed
a large amount of blood clots in the stomach with a 3 cm bleeding ulcer. Hemostasis
was again achieved with 13 ml of epinephrine and heat. The following day, the
patient experienced another episode of recurrent bleeding and underwent surgery to
achieve hemostasis. He was discharged on hospital day 24. No follow-up information
was available.

??

Recurrent UGI bleeding
Death

Patient was a 68 year old male with a history of non-insulin dependent diabetes
mellitus, sinus tachycardia admitted for pneumonia. There was no prior history of
ulcer, coagulopahty, NSAID use, or aspirin use. During the hospitalization he
developed melena, hypotension. Endoscopy revealed multiple duodenal ulcers. The
CREF reports a “huge DU in the posterior wall of the stomach from D1 down to D2”
covered with “black slough”. This was more likely a duodenal ulcer. Notwithstanding,
one visible vessel was identified. Hemostasis was achieved with 11mls of
epinephrine and thermocauterv. The CRF is somewhat unclear. It appears that the
L (b) (6) . .
initial endoscopy on was negative. It then appears that the patient
experienced bleeding (as evidenced by a drop in hemoglobin) on July 1, within the
first 24 hours of the initial endoscope. However, there are two endoscopy reports
dated ®® |t is also documented on the CRF that neither early or late
rebleeding occurred. A third endoscopy report dated OO \vas significant
only for scarring at the D1/D2 junction with a circumferential ulcer. The hospital
course is unclear but it appears as if the patient developed an aspiration pneumonia,
was transferred to the 1.V.U and started on antibiotics, but subsequently died on o
The cause of death is listed as septicemia of uncertain etiology.

??

Recurrent UGI bleeding

Patient was a 76 year old male with a history of hypertension, arthritis (on
allopurinol), and cerebrovascular accident. There are several errors and correction in
the case report form. There was no history of a coagulopathy. It appears as if the
patient was on aspirin and concurrent H2 blocker and PPI therapy. From the CREF, it
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appears that the patient was admitted for loss of consciousness on April 20. He later
developed melena and underwent endoscopy on OO The endoscopist
noted coffee grounds in the stomach. There was a 1.5 cm ulcer at the anterior wall of
the antrum with a visible vessel. Hemostasis was achieved with epinephrine and
theromocautery. There was no recurrence of rebleeding with the first 72 hours of
endoscopy. Later the patient vomited large amounts of blood and underwent an
anterior gastrotomy and excision of the gastric ulcer to control bleeding. The patient
was discharged on ®® 2nd there was no follow-up visit noted.

B (b) (6)

Recurrent UGI bleeding
Death

Patient was a 54 year old male with a history of hypertension and liver disease (?
Hepatocellular carcinoma s/p right lobectomy and cholescystectomy). Patient also
had a previous history of ulcer disease and Gl bleeds. He was not taking warfarin,
aspirin, or NSAIDs. Patient was admitted on for evaluation of a
gastrointestinal bleed after he presented with melena. He6 was noted to have a
coagulopathy on admission. Initial endoscopy on revealed coffee ground
debris in the stomach and a >2.0 cm duodenal ulcer with a spurting blood vessel.
Hemostasis was achieved with 11cc of epinephrine and thermocg;agulation. It
appeaqbs)(%s if the patient did well and was discharged on He was readmitted
for melena. Endoscopy revealed a small clot in the stomach and fresh
blood in the duodenum. There was an oozing duodenal ulcer. Hemostasis was
achieved with heat and injection of 8mls of epinephrine. There are no add|t|onal
details on the 2" hospltal|zat|on The patient subsequently died on OOt a
separate facility. The cause of death was listed at hepatocellular carcinoma.

B (b) (6)

??

Recurrent UGI bleeding
Peritonitis
Death

The age of this female patient was not provided. She had a history of COAD, cor
pulmonale and congestive heart failure. Additionally the patients had a previous
history of ulcer disease, active pulmonary tuberculosis, respiratory failure, and drug-
induced hepatitis. She was admitted on ®E \yith melena. Initial
endoscopy showed 2 1.5cm duodenal ulcers. Hemostasis was achieved with 19¢c of
epinephrine and heater probe. The following day the patient developed hypotension
after vomiting coffee ground debris. Repeat endoscopy was performed showing a
oozing 1.5 cm ulcer in the second part of the duodenum and hemostasis was again
achieved with epinephrine and thermocoagulation. According to the autopsy report,
following the procedure, the patient had increasing abdominal pain with an X-ray
showing surgical emphysema. The patient was diagnosed clinically with peritonitis
secondary to heater probe oerforatlon of her intestine. She was managed
conservatively and

B (b) (6)

??

Death

80 year old male with a history of a stroke, gout, and hypertension. He was admitted
for melena and evaluation of Gl bleeding. Initial endoscopy revealed 0.1 — 0.4 cm
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ulcer with no signs of hemorrhage. Additionally, there as a 1.0cm gastric ulcer with
an oozing visible vessel. Bleeding was controlled with 12 cc of adrenaline and heat.
The patient died the following day of respiratory failure but no additional information
is provided.

I e ?? Recurrent Gl bleeding Patient was a 68 year old male admitted with hypotension and melena. Past medical

history was remarkable only for nocturnal headaches and convulsions. Initial
endoscopy showed several blood clots in the stomach along with a 1.0cm ulcer at
the lesser curve of the stomach with a spurting vessel. Hemostasis was achieved
with 28cc of epinephrine and heat. The patient had fresh hematemesis the following
day. Repeat endoscopy showed fresh blood and clots in the stomach, a 1 cm gastric
ulcer with a fresh clot covering an exposed vessel. Hemostasis was achieved with
epinephrine and heat. The patient was discharged 3 days later. On repeat
endoscopy at the follow-up 8 weeks later, the ulcer had healed and only antral
gastritis was noted.

i A ?? Multiple Myeloma 77 year old female with a previous history of ulcer disease, hypertension, chronic

Death renal failure and NSAID use. She was admitted for evaluation of melena and
Recurrent Bleeding gastrointestinal bleeding on R Endoscopy revealed blood clots in the
stomach; a 5 cm gastric ulcer showing “black sough”; a 5 cm antral ulcer with a
blood clot. When the blood clot was removed a spurting vessel was identified.
Bleeding was controlled with 25cc of epinephrine and heat. The patient apparently
did well and was discharged on hospital Day 5. Prior to the 8 week follow-up visit,
the patient was readmitted with hypercalcemia, abdominal pain, and multiple joint
pain. She was diagnosed with multiple myeloma. It appears that following discharge
from this second hospitalization, she was readmitted a 3" time for evaluation of a Gl
bleed. Endoscopy during the 3" hospitalization showed coffee ground debris in the
stomach and gastric and duodenal ulcers without signs of hemorrhage. Biopsies
were taken for history but no other intervention was document. The patient
subsequently died 2 weeks later. The cause of death was end-stage multiple
myeloma.

I B ?? Recurrent Bleeding This was a 67 year old female with a past medical history of multiple joint pain (on

NSAIDs), congestive heart failure (on digoxin), cerebrovascular accident (on
warfarin), and CRHD. She was admitted with melena and Gl bleeding. Initial
endoscopy revealed fresh and coffee ground blood in the stomach. There was a 1.0
cm ulcer at the anterior wall of the antrum with an adherent clot. The clot could not
be removed with washing. Hemostasis of another 1.0 cm ulcer on the posterior wall
of the antrum showing an adherent clot and fresh oozing, was achieved with 5mils of
epinephrine and heat. The patient’'s hemoglobin dropped 2 days later and repeat
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endoscopy was performed. Coffee ground debris mixed with food was noted on
endoscopy. Additionally two prepyloric ulcers with oozing were noted. Bleeding was
controlled with epinephrine and heat. The patient was discharged 6 days later. At the
8 week follow-up the ulcers had healed and the patient was put on lifelong acid
suppressive therapy to prevent ulcer relapse.

i N ?? Recurrent Gl bleeding 95 year old female with a possible fall and left shoulder pain (on NSAIDs) prior to

Abdominal Sepsis admission for melena and Gl bleeding. The patient also had a previous history of
Enterocutaneous fistula ulcer disease and bleeding, but there was no additional information available on past
Death medical history. On examination of the CRF, it is unclear if the patient was
discharged in May after the initial workup and then readmitted in June for rebleeding.
However, it appears that the initial endoscopy on O showed a clean
stomach and a >2.0cm duodenal ulcer. Bleeding was controlled with epinephrine and
heat. The following day, the patient had fresh melena and a drop in hemoglobin. A
5.0 cm ulcer in the first part of the duodenum was noted on repeat endoscopy with a
spurting blood vessel. Epinephrine injection was attempted but the patient developed
desaturation and shock. The procedure was aborted, the patient resuscitated and
rushed to the operating room where a partial gastrectomy was performed to control
bleeding. It is unclear if the patient was discharge. However, in June she again
developed melena and a drop in her hemoglobin. Endoscopy in June revealed
multiple linear erosions and superficial ulcers. There were no stomach ulcers. One
“erosion” was o0ozing and bleeding was controlled with epinephrine only. The patient
died in July. The cause of death was uncontrolled abdominal sepsis and
enterocutaneous fistula.

i B ?? Recurrent Gl bleeding This was a 90 year old male with a past medical history of a cerebellar stroke and

aspirin use. There was no previous history of chronic NSAID use, coagulopathy, or
ulcer disease. He was admitted with melena and anemia. Initial endoscopy showed
blood clots in the stomach and a 1.5 cm duodenal ulcer with a visible vessel.
Hemostasis was achieved with 8ml of adrenaline and heat. The following day the
patient again had melena and hypotension. On repeat endoscopy, coffee ground
fluid was noted in the stomach along with fresh clots at the pylorus and in the
duodenum. A 1.5cm duodenal ulcer was noted. Thirteen cc’s of epinephrine were
injected at the site of the previous visible vessel and heat was applied with further
flattening and cavitation of the vessel. The patient was discharged 3 days later. The
follow-up visit was not completed as the patient’s further management was done in
China.

Source: Reviewer’s Table
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6 Review of Efficacy

Efficacy Summary

The applicant submitted five types of data in this resubmission:

e Clinical Pharmacology bridging data between intravenous Omeprazole and
Esomeprazole

e Data from the literature and trials conducted with intravenous Omeprazole

e Observational data from use of intravenous Esomeprazole in patients with peptic
ulcer bleed

e A systematic review of available trials from any proton pump inhibitor

e Additional observational data from other data sources including healthcare and
administrative databases and hospital networks with field-based studies.

In order to support the proposed efficacy claim, the applicant presented bridging data to
support the PK/PD comparability between Esomeprazole and Omeprazole. The
applicant also submitted supportive data from three randomized controlled clinical trials
with Omeprazole |.V. Two of the trials were omitted because of marked differences in
study population, design, and outcome. (See Section 5.2 above). The third trial, the Lau
trial, demonstrated superiority of Omeprazole over placebo at reducing the rate of
recurrent bleeding within 30 days following initial endoscopic treatment for peptic ulcer
bleeding. (The treatment effect in the Lau trial was 15.8%. vs. 4.4% in the pivotal trial
DC96100001). However, this trial was a single center study conducted in Hong Kong
and the results of this trial may not be applicable to populations outside of China. While
the standardized endoscopic treatment in the Lau trial may contribute to the robustness
of the results and the larger treatment effect seen (compared to that in the pivotal trial),
it may limit the generalizability of the trial outcomes. The preferred endoscopic
treatment modality may vary between countries as well as within different regions of the
same country. In example of this, some have reported that injection of dilute
epinephrine has been the main method of achieving hemostasis in Europe, while the
application of heat appears to be the preferred strategy in the United States.’
Furthermore, Asians reportedly have a lower parietal cell mass and there is a higher
prevalence of H. pylori infection and the cytochrome 2C19 genetic polymorphism, all of
which may explain why PPI therapy has been demonstrated to be more efficacious at
reducing ulcer bleeding in the population. %°

In the original complete response, the Division cited issues with the results obtained
from the single pivotal trial D961DC00001. The Division stated that highly statistically
significant results were not demonstrated and the observed outcomes were not robust
when subjected to sensitivity analyses. The Division also cited that there was marked
variability in the incidence of rebleeding and treatment effect observed in different
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countries and among leading centers. Finally the Agency stated that the pivotal trial
lacked internal consistency in demonstrating treatment effect in important secondary
efficacy outcomes evaluated in the first 72 hours. The applicant acknowledged the
efficacy results in trial D961DC00001 did not reach the level of significance required for
a single pivotal study to support approval. However, they maintain that this lack of
statistical significance does not suggest a lack of clinically meaningful treatment effect
but rather a lack of adequate powering of the trial. The applicant states that they have
re-examined the data across subgroups and secondary endpoints and found that the
results are consistent and that the variation in treatment effect is consistent with what
would be expected by chance alone. The applicant also examined the homogeneity
among centers and for patients aged 65 years and older using a Breslow-Day test. The
applicant asserts that this analysis demonstrates that the observed variation is due to
chance because of the limited sample size. The applicant acknowledged that some of
the secondary outcome variables did not show statistically significant results in favor of
the treatment group. However, the applicant asserts that because the primary outcome
was statistically significant, the null hypothesis could not be rejected nor the efficacy of
their product denied. It was the position of the applicant that secondary endpoints
should be regarded as supportive only especially in light of all the evidence that showed
a positive effect favoring the treatment group.

This reviewer can not comment on the applicant’s position on the aforementioned
issues as they are statistical in nature. However, the statistical reviewer during the first
cycle of this review concluded that no significant country-by-treatment interactions were
found based on the Breslow-Day test. The supportive trials conducted with Omeprazole
seem to provide little additional information to address the aforementioned statistical
issues. The Lau trial was a single center trial in Hong Kong. These results may not be
generalizable to the more diverse population of the United States. Additionally there
were no analyses done across subgroups. Exploratory analyses were conducted by this
reviewer however no definitive conclusions can made on the basis of exploratory
analyses. With the exception of Forrest Class la, it appears that the results from the Lau
trial are consistent across Forrest classes. It also appears that the results are consistent
for age and gender. However, there is no information reported in the Lau trial related to
outcomes for patients at high-risk for rebleeding at baseline. Like the pivotal trial, there
was no mention of how adjusting for multiplicity would occur as it relates to the
secondary endpoints. Trials -840 and -841 were excluded from the analyses because
of differences in study design and conduct which resulted in a limited number of
evaluable patients who met enrollment criteria and received similar treatments provided
in the pivotal trial. The applicant did provided information on the primary outcomes by
study site for these trials. On quick review of the primary outcome results by study site,
it appears that the outcomes would have again varied by study sites within the
countries.
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In the complete response letter, the Division identified additional study design and
concerns that limited the ability of the pivotal trial to provide persuasive evidence that
Esomeprazole was effective for the proposed indication. The issues were:

e Endoscopic epinephrine injection is not currently an acceptable standard of
treatment as single therapy for upper gastrointestinal bleeding from gastric or
duodenal ulcers.

¢ Although the inclusion criteria excluded patients with more than a single ulcer, a
substantial proportion of the randomized patients had multiple ulcers and there
was an imbalance between study arms in prognostic factors favoring the
Esomeprazole arm.

e Despite randomization, small imbalances in important prognostic factors were
observed between the 2 study arms favoring Esomeprazole treatment arm.

e The lack of exclusion criteria from intravenous administration of proton pump
inhibitor within 24 hours prior to enrollment is a potential confounding factor for
the observed efficacy outcome.

[ ]

The applicant acknowledged the Division’s concerns However, they contend that the
pivotal trial demonstrates efficacy and the results are supported in the evidence
presented in the supporting documentation. It is the applicant’s position that the study
protocol did not impose restrictions on the method of endoscopic hemostasis in order to
make the results more generalizable across academic as well as community based
centers. They report that therapy with epinephrine injection only was administered to 17
to 23% of patients with active bleeding and that post-hoc analysis of the results in the
pivotal trial showed that the reduction in rebleeding was similar for single and
combination therapy. (The applicant’s post-hoc analyses are provided in the figure
below.) Finally the applicant stated that the imbalances in baseline demographics only
had a marginal effect on the p-values and that even after stratifying on all imbalances,
the p-values remain significant. This reviewer can not comment on the appropriateness
or validity of the statistical tests performed. However, the reader must be aware that the
value of stand-alone injection epinephrine therapy to achieve hemostasis following
therapeutic endoscopy has been highly debated. Despite this controversy, neither the
2003 nor the updated 2010 International Guidelines recommend the use of injection
only therapy for control of upper Gl bleeding.>"’
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Table 10 Analysis of clinically significant rebleeding within 72 hours with various stratifications,
ITT population Trial D961DC00001

Source: Table 1 Applicants Complete Response Document dated June 29, 2010.

The reviewer considered the applicant’s analysis across various stratifications. It is not
entirely clear why the applicant chose a 2 cm cut-off for the ulcer size. The medical
reviewer performed a literature review of the definition of ulcers used in clinical trials. A
review of the literature was also conducted to determine the relationship between ulcer
formation and clinical outcomes. One metaanalysis reviewing 45 publications, found
that in 25 publications an ulcer was defined using a diameter of = 3mm with depth.?’
Some studies have used a diameter of 5Smm. The medical reviewer was unable to find
any studies assessing the relationship between the risk of developing ulcer-related
complications and ulcer diameter. However, it may be reasonable to assume that any
true ulcer (an excavation that penetrates through the muscularis mucosa into the
submucosa) regardless of size may carry some risk of complication and clinically
significant bleeding, even if the severity of the complication can not be predicted.

The applicant states that the protocol required only one bleeding ulcer be present at
endoscopy and therefore it was not a protocol violation to include patients with more
than one ulcer (non-bleeding) at baseline. Indeed, most endoscopically diagnosed
ulcers are asymptomatic. The appearance of the ulcer on endoscopy helps to determine
the risk of rebleeding. Allowing patients with multiple ulcers to be included in the trial
may render the outcome results uninterpretable. Consider the following; a patient has
one ulcer that is Forrest Class Ib on initial endoscopy. There is also an ulcer that may
be classified as a Forrest Class Ila and several small ulcers that are Forrest Class IlIb.
All carry a risk of rebleeding, but only the first two required intervention on initial
endoscopy. On clinical presentation alone, the investigator could not assure that a
rebleed event was caused by the same ulcer initially requiring intervention unless a
repeat endoscopy were performed.
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In the applicant’s resubmission, they state that the reason for allowing inclusion of
patients exposed to standard doses of proton pump inhibitor was based on study
operational aspects and concerns over generalizability. They assert that excluding all
patients receiving even single doses of an [.V. proton pump inhibitor before enroliment
would have complicated recruitment and reduced external validity. This reviewer agrees
that not allowing patients who had been on standard doses of oral PPIs prior to study
entry may have limited the practicality and feasibility of the study. However, the only
approved indication for intravenous Esomeprazole is for the treatment of GERD with
erosive esophagitis when oral therapy is not possible. Therefore there would be limited
reasons for patients to have received an intravenous PPI therapy prior to study entry.
For those patients who had received an intravenous PPI, it would most likely be patients
that have received the drug for stress ulcer prophylaxis, a study population which
should not be included in a trial of this nature. Furthermore, Dr. Lau and his colleagues
published another study in 2007 on the use of Omeprazole before endoscopy in
patients with gastrointestinal bleeding. In that trial the authors concluded that infusion
of-high dose Omeprazole before endoscopy accelerated the resolution of signs of
bleeding in ulcers and reduced the need for endoscopic therapy.?® This supports the
Division’s position that enrolling patients who had received an intravenous PPI could
confound the interpretation of the study results.

6.1 Indication

The applicant is seeking the following indication: i
@@ risk reduction of rebleeding in patients following therapeutic endoscopy for acute
bleeding gastric or duodenal ulcers. There are currently no proton pump inhibitors that
are approved for this indication.

6.1.1 Methods

This is the second review cycle for this application. During a Type C between the
Division and the application to discuss the contents the resubmission package, the
Division suggested that the applicant review and analyze data from previously
conducted well controlled trials using Esomeprazole. Omeprazole trials would be
considered supportive only. The Division also stated that the data should come from
trials designed to minimize bias which included similar study populations, inclusion
criteria, exclusion criteria, primary efficacy measures and drug dose administration as
used in study D961DCO00001. The applicant submitted three (3) randomized, control
clinical studies with intravenous Omeprazole. The following table, reproduced from the
applicant’s submission illustrates all of the trials submitted with the current application.

As stated previously in Section 5, trials 1-840 and |-841 were omitted from the analysis
of this reviewer due to marked differences in the study design. The statistical reviewer
also noted her review that studies 1-840 and I-841 only contained 52 patients that could
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reasonably be compared with patients enrolled in the original trial D961DC00001 based
on inclusion criteria and treatments administered. Although the treatment effect favored
Omeprazole for the primary endpoint of rebleeding within 72 hours, this difference was

not statistically significant (p = 0.49)
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Table 11 Comparisons of Trials Submitted (The Lau trial, 1-840, 1-841, and trial D961DC00001)

Voluminous hematemesis, red
blood in the nasogastric tube
or in stools

Unstable circulation or rapid
transfusions required to
prevent it.

Lau, et. al. 2000 1-840 1-841 D961DC00001
Definition of endpoint Fresh hematemesis Moderate: Hemodynamic ally unstable and/or | Blood in the stomach or a
criterion e Hematemesis Hb fall>10g/l over 12 hours verified active bleeding from a
Hypotension: « Significant amount of coffee peptic ulcer (Forrest class la,
Systolic Blood Pressure<90 grounds or red blood in the Fresh Blood (macroscopic in the Ib)
Tachycardia PR>110 and Melena nasogastric tube nasogastric tube or fresh Oor
e Hemoglobin falling 16g/l or hematemesis) At least 2 of the following:
Drop in hemoglobin by 20g/l in 24 more « Vomiting of fresh blood or
hours and melena e  Neither tachycardia or Blood transfusion was necessary to fresh blood in a gastric tube
hypertension maintain the hemoglobin level. or hematochezia or melena
Severe: after a normal stool

o Decrease in hemoglobin
>20g/1 or (hematocrit >6%)
despite = 2 units of blood
has been transfused during
24 hours

» Unstable circulation systolic
blood pressure <90mm Hg
or pulse=110/min (after
having had a stable
circulation)

Or

Hematemesis (vomiting of

significant amount of

(>200ml) of fresh blood)

Therapeutic endoscopic
procedures

Injection therapy (epinephrine)
followed by captive
thermocoagulation with heater probe

Preferably injection technique but
thermal coagulation or
electrocoagulation allowed

E.g.: sclerotherapy, heater probe

Injection therapy (epinephrine)
and/or one of the following:
coagulation with heater probe,
electrocautery, hemoclips.

Drug and dosing

Placebo or Omeprazole (a bolus I.V.
injection of 80mg followed by a
continuous infusion of 8mg/hr for 72
hours)

Placebo or Omeprazole (a bolus
infusion of 80mg over 30 minutes
followed by a continuous infusion of
8mg/hr for 71.5 hours)

Placebo or Omeprazole (a bolus
infusion of 80mg over 30mg
followed by a continuous infusion of
8mg/hr for 71.5 hours). If signs of
rebleeding occurred within 48
hours the continuous infusion was
given for 120 hours

Placebo or Esomeprazole ( a
bolus infusion of 80mg over 30
minutes followed by a
continuous infusion of 8mg/hr
for 71.5 hours)

Oral Follow-Up
Treatment After L.V.
treatment

Omeprazole (20mg once daily for 8
weeks)

After 48 hr |.V. therapy, all patients
received Omeprazole (20mg once daily
until F/U visit Day21)

Omeprazole (20mg once daily until
follow-up visit, day 21)

Esomeprazole (40mg once
daily for 27 days)
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Lau, et. al. 2000

1-840

1-841

D961DC00001

Inclusion criteria
Age (years)

Signs of
Gastrointestinal
Bleeding

Forrest Classification of
Bleeding Ulcers

Successful endoscopic
hemostasis

= 16 years
Within 24 hours after admission
endoscopy performed

la, b, lla, or lIb

Yes

>18 years

Within 12 hours prior to endoscopy

la, b, lla, or lIb

Only Forrest Ia, lla

>60 years

Within 48 hours prior to admission

la, Ib, lla, or lIb

Only Forrest la

218 years
Within 24 hours prior to
endoscopy

la, b, lla, or lIb

Yes

Sources: Table 9 “Comparisons of the study by Lau et al (Lau et al 2000), studies 1-840, 1-841 and D961DC00001)” Applicants Supporting Document page 32.

Study Synopsis Trials 1-840 and 1-841.
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Please refer to section 5.3 above for additional details on the Lau trial using
Omeprazole I.V. In the complete response letter issued after the first review cycle, the
Division recommended that the applicant conduct an additional adequate and well-
controlled trial to demonstrate the proposed benefit of Esomeprazole I.V. for the
proposed indication. In the complete response resubmission, the applicant cited
“substantial practical and ethical challenges” to conducting an additional trial, especially
taking into account the existing data that suggest a possible positive effect of high-dose
PPI treatment in patients with peptic ulcer bleeding. Current clinical guidelines
recommend that an intravenous bolus followed by continuous infusion of PPI therapy be
used to decrease rebleeding and mortality in patients that have undergone successful
endoscopic therapy."’

6.1.2 Demographics

Baseline characteristics for the Lau trial have been presented in detail in Section 5. The
following table is a comparison of the baseline characteristics for the Lau trial and trial
D961DC00001. Both of the trials enrolled a higher percentage of male study
participants. The Lau trial enrolled more patients over the age of 65 years in both
treatment groups. In addition, both treatment groups in the Lau trial contained more
patients who were hospitalized at the time of upper Gl bleeding prior to endoscopy;
were in shock at presentation; or on concomitant anticoagulation therapy. The older and
sicker population may explain why the Lau trial demonstrated a larger treatment effect
in the primary outcome compared to the pivotal trial. It may also account for the
differences between trials in mortality within 72 hours and within 30 days.

Differences in treatment effect may be attributable to differences in the
pharmacokinetics of the drugs used, baseline demographics, or in the conduct of the
trial itself. Interestingly there were more patients classified as Forrest Class la in the
treatment arm of the Lau trial compared to placebo arm. Forrest Class la carries the
highest risk of rebleeding. Consequently, this difference may favor the placebo group
with respect to outcomes and decrease the treatment effect. (The treatment effect
observed in the Lau trial was 15.8%.) In contrast the pivotal trial D961DC00001 enrolled
more patients in the placebo arm classified as Forrest Class la. This would favor the
results for the treatment group. However, the treatment effect in this trial was only 4.4%.
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Table 12 Comparison Baseline Characteristics trials D96DC00001 and Lau Trial

Characteristic Lau Trial Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(N =120) (N =120) (N = 375) (N = 389)
Gender, n (%)
Male 80 (66.7%) 80 (66.7%) 254 (67.7%) 268 (68.9%)
Female 40 (33.3%) 40 (33.3%) 121 (32.3%) 121 (31.1%)
Age, years
Mean (SD) 64 (17.2) 67 (15.9) 62.1 (17.1) 60.2 (17.6)
Min — Max 18 — 99 22-95 18 - 95 18 — 98
Patients per age category, n (%)
< 65 years 44 (36.7%) 40 (33.3%) 182 (48.5%) 210 (54.0%)
= 65 years 76 (63.3%) 80 (66.7%) 193 (51.5%) 179 (46.0%)
Shock at Presentation, n (%)
No 104 (86.7%) 106 (88.3%) 356 (94.9%) 370 (95.1%)
Yes 16 (13.3%) 14 (11.7%) 19 (5.1%) 19 (4.9%)
H. pylori status, n (%)
Negative 42 (35.0%) 56 (46.7%) 92 (24.5%) 119 (30.6%)
Positive 78 (65.0%) 64 (53.3%) 246 (65.6%) 226 (58.1%)
Trace 18 (4.8%) 26 (6.7%)
Missing 19 (5.1%) 18 (4.6%)
Forrest Class, n (%)
la 14 (11.7%) 9 (7.7%) 28 (7.5%) 40 (10.3%)
Ib 50 (41.7%) 49 (40.8%) 166 (44.3%) 163 (41.9%)
lla 38 (31.7%) 36 (30.0%) 136 (36.3%) 151 (38.8%)
IIb 18 (15.0%) 26 (21.7%) 42 (11.2%) 34 (8.7%)
Missing 0 0 3 (0.8%) 1 (0.3%)
Ulcer location, n (%)
Gastric 53 (44.2%) 48 (40.0%) 157 (41.9%) 155 (39.8%)
Duodenal 67 (55.8%) 72 (60.0%) 216 (57.6%) 233 (59.9%)
Missing 0 0 2 (0.5%) 1 (0.3%)
Hemoglobin, g/L
Mean (SD) 94.5 (27.2) 95 (25.7) 97.7 (24.9) 97.4 (25.9)
Hospitalized at time of UGI bleeding prior
to enrollment, n(%)
Not hospitalized 98 (81.7%) 97 (80.8%) 338 (90.1%) 354 (91.0%)
Hospitalized 22 (18.3%) 23 (19.2%) 37 (9.9%) 35 (9.0%)
Previous history of gastric or duodenal 38 (31.7%) 45 (37.5%) 112 (29.9%) 118 (30.3%)
ulcer, n (%)
Previous ulcer bleeding, n (%) 36 (30.0%) 36 (30%) -—- --
Previous complications related to gastric --- -— 44 (11.7%) 41 (10.5%)
or duodenal ulcer, n (%)
Medication use prior to enroliment, n(%)
NSAIDs 39 (32.5%) 40 (33.3%) 151 (40.3%) 157 (40.4%)
Acetylsalicylic acid (dose unknown) 23 (19.2%) 18 (15.0%) 103 (27.5%) 103 (26.5%)
Warfarin 5(4.2%) 5 (4.2%) 9 (2.4%) 13 (3.3%)

Source: Applicant’s Table 10 “Comparison of baseline characteristics at baseline, studies Lau et al, 1-840 + 1-841 (only
endoscopically treated patients), and D961DC00001” p. 36 Supporting Document
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6.1.3 Subject Disposition

According the Lau publication, 739 patients were admitted with bleeding peptic ulcers.?

Of these, 267 patients received endoscopic treatment. “Endoscopic treatment was not
required in 472 patients who had ulcers with clean bases or flat pigments.”® Surgery
was required for five patients in whom endoscopic treatment was unsuccessful. There
were 22 patients not included in the trial; 10 had terminal cancer, 9 were moribound as
a result of concomitant illnesses, and 3 did not provide consent.?®> Two hundred forty
were randomized to treatment (120 Omeprazole and 120 placebo). With the exception
of one patient in the placebo group, all patients completed their assigned infusion
treatment according to the protocol. The eight week follow-up visit was completed for all
but two patients in the Omeprazole group and four in the placebo group. According to
the article, 85 patients in the Omeprazole group and 83 patients in the placebo group
underwent follow-up endoscopy at 8 weeks. The percentage of patients who had ulcer
healing at 8 weeks was not significantly different between the two groups (84.7%
Omeprazole and 92.8% placebo). Among those who did not undergo follow-up
endoscopy, no further bleeding was documented.?

6.1.4 Analysis of Primary Endpoint(s)

Peptic ulcer bleeding is a common cause of hospitalization in the United States.®®
Recurrence of bleeding from a peptic ulcer is most likely to occur in the first week
following initial endoscopy to achieve hemostasis. The primary endpoint chosen
appears adequate. Some articles have held that rebleeding is an independent predictor
of mortality.>°

The primary endpoint in trial D961DC00001 was the presence of clinically significant
rebleeding within 72 hours of continuous infusion of Esomeprazole or placebo (yes or
no). Likewise the Lau trial also measured clinically significant rebleeding. However the
primary efficacy variable was recurrent bleeding within 30 days after endoscopy. Early
rebleeding (within the first 72 hours) was measured as a secondary endpoint in the Lau
trial as opposed to a primary endpoint in the original trial D961DC00001.

Diagnostic criteria to define clinically significant rebleeding for trial D961DC00001 and
the Lau trial were provided in tabular form in Section 5 and in Section 6.1.1. Both trials
used similar definitions of hypotension and similar thresholds for decreases in
hemoglobin. In both trials, a follow-up endoscopy was performed to confirm the
occurrence of rebleeding. However, in the original trial, it was only recommended that
confirmatory endoscopy be performed. Clinically significant rebleeding may have also
been diagnosed solely on the basis of a predefined clinical definition or hematemesis
>200ml. The fact that the Lau trial required repeat confirmatory endoscopy provides
additional robustness to the outcome. However, it is unclear whether patients were
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required to have fresh hematemesis OR hypotension and melena OR a drop in
hemoglobin and melena prior to endoscopy because the full protocol for the Lau trial
was not available for review. Notwithstanding, it appears from examining the case report
forms from the Lau trial, that patients were not required to have the presence of all 3
criteria prior to repeat endoscopy.

Hematemesis was included in the outcome definition of both trials; however, the Lau
trial did not quantify the amount of hematemesis required. It is possible that a patient
may have vomited residual blood from the procedure itself or from the placement of the
NG tube. However, as stated above, repeat endoscopy was required to confirm
recurrence of bleeding and therefore quantification of the amount of hematemesis was
not necessary.

The proportion of patients with clinically significant rebleeding within 72 hours (the
primary endpoint for D961DC00001) and within 30 days (the primary endpoint for the
Lau trial) are presented below for comparison. The reader is referred for Section 5 for
additional information on the statistical analysis of outcome results for the Lau trial.

Table 13 Proportion of patients with clinically significant rebleeding within 72 hours and 30 days,
Trial D961DC00001 and the Lau Trial

Outcome Variable Trial by Lau et al Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(n=120) (n=120) (n =375) (n =389)
Patients with clinically significant 5(4.2%) 24 (20%) 22 (5.9%) 40 (10.3%)
rebleeding within 72 hours, n (%)
Patients with clinically significant 8 (6.7%) 27 (22.5%) 29 (7.7%) 53 (13.6%)
rebleeding within 30 days

6.1.5 Analysis of Secondary Endpoints(s)

There were a number of secondary endpoints in the Lau trial. Secondary endpoints
were outlined in Section 5 of this review and are as follows:
e Early rebleeding, i.e. within the PPI infusion period of 72 hours
Late rebleeding; i.e. beyond 72 hours and day 28
Blood transfusion
Hospital stay
Rebleeding requiring surgery
Death (of any cause including rebleeding) within 30 days
In-hospital and 30-day mortality
Ulcer healing at 4 weeks
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The choice of secondary endpoints appears reasonable. In the research application
grant (provided in lieu of the protocol), guidelines for the definition of rebleeding are
provided. Outcome parameters were monitored daily along with adverse events,
concomitant ilinesses, concomitant medications, laboratory variables and vital signs.

Guidance related to the secondary endpoints was provided for the investigators in the
Lau research grant. This adds some degree of uniformity to the outcomes. Indications
for surgical intervention were:

o failed endoscopic hemostasis in spurting hemorrhage

e rebleeding after two attempts at endoscopic hemostasis.
The research grant states that transfusion would be required to maintain a hemoglobin
of around 9gm/dI. Furthermore, patients were discharged on the 4" day if they had a
stable hemoglobin and return of bowel function. However, there were no objective
criteria outlined for “return of bowel function”. In clinical practice, “return of bowel
function” may be demonstrated by presence of bowel sounds, passing of flatus or
tolerance of oral feeding.

Acceptable forms of endoscopic intervention allowed during the second endoscopy
were not outlined. The experience level of the endoscopist and the choice of
intervention (e.g. combination therapy with hemoclips and injection vs. thermocautery)
may also affect secondary outcome. The number of days hospitalized, transfusion
requirements, and need for surgery may be affected by the technique used during the
endoscopy.

There was no formal statistical analysis plan provided for how secondary endpoints
were analyzed. The reader is referred to Section 5 for additional details on the Lau trial.
A comparison of the some of the secondary endpoints is provided in the table below.
With the exception of death within the first 72 hours, secondary outcomes favored the
treatment arm. This reviewer can not comment on the statistical significance of these
results as these analyses were not powered sufficiently to demonstrate statistical
significance. Therefore, it is difficult to draw clear conclusions based on these results.
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Table 14 Secondary Outcomes in the Lau Trial

Outcome Variable Lau Trial Trial D961DC00001
Omeprazole Placebo Esomeprazole Placebo
(n =120) (n =120) (n = 375) (n =389)

Proportion of patients who died 3 (2.5%) 0 (0%) 1(0.3%) 0 (0%)

within 72 hours, n (%)

Proportion of patients who died 5 (4.2%) 12 (10.0%) 3 (0.8%) 8 (2.1%)

within 30 days, n (%)

Proportion of patients who had 1(0.8%) 5 (4.2%) 5(1.3%) 9 (2.3%)

surgery due to rebleeding within 72

hours, n (%)

Proportion of patients who had 3 (2.5%) 8 (6.7%) 10 (2.7%) 21 (5.4%)

surgery due to rebleeding within 30

days, n (%)

Number of blood units transfused 1.7 (1.9) 24 (3.2) 1.6 (2.5) 2.4 (4.5)

within 30 days, Mean (SD)

Proportion of patients who had 4 (3.3%) 21 (17.5%0 16 (4.3%) 32 (8.2%)

endoscopic retreatment within 72

hours, n (%)

Proportion of patients who had 6 (5.0%) 25 (20.8%) 24 (6.4%) 45 (11.6%)

endoscopic retreatment within 30
days, n (%)

6.1.6 Other Endpoints

This section is not applicable.

6.1.7 Subpopulations

The research grant application states that additional analyses were to be done on the
rates of recurrent bleeding in different strata, actively bleeding ulcers and ulcers with
major stigmata. This information was not provided in the publication but may have been
useful for demonstrating internal consistency across subpopulations. In the Lau trial,
there were no analyses done for subpopulations. An analysis of the efficacy results
based on the presence (or absence) of high risk stigmata for recurrence of bleeding at
initial endoscopy would have been useful. Because the Lau trial was conducted at a
single center in Hong Kong, it may have also been useful to stratify the analyses based
on H. pylori status and by CYP 2C19 phenotype. Both of these characteristics are
reportedly higher in Asian populations.
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6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations

Only one dose of the intravenous proton pump inhibitor was studied in both trial
D961DC00001and the Lau trial. There is some data to suggest that low-dose
intravenous PPI therapy can result in similar efficacy outcomes as high dose
intravenous PPI therapy following endoscopic hemostasis.>’

In the original complete response letter, it was stated that there was inadequate
information to permit proper dosing in patients with hepatic impairment. The applicant
stated that although, a study with |.V. Esomeprazole had not been done in hepatically
impaired patients, a study with oral Esomeprazole had conducted and was submitted in
the original NDA file for NEXIUM Delayed-Release Capsules. Additionally the applicant
stated that there was a study with intravenous Omeprazole in hepatically impaired
patients. The data from that study demonstrated a 70% higher AUC and a 30% hlgher
Cmax than in healthy adults. The applicant proposed

Reference is made to the
clinical pharmacology review by Dr. D. Jappar. It is recommended that the applicant
conduct a modeling and simulation to estimate the proper infusion rates in patients with
moderate and severe hepatic impairment.

During the first review cycle, the Agency also recommended that the applicant consider
and additional dose finding study in the target population. The applicant asserted that
prior PK/PD studies were conducted in H. pylori negative patients in whom it would be
more difficult to suppress intragastric acidity, therefore it was expected that a more
pronounced effect would be seen in those patients that had peptic ulcer bleeding. The
clinical pharmacology reviewer concurred with the applicant’s explanation and agreed
that no further dose finding study in the target population is necessary.

In the opinion of this reviewer, the applicant seems to imply that most patients with
peptic ulcer bleeding will be H. pylori positive. This may not necessarily be true,
especially given the high prevalence of NSAID-induced gastric ulcers. Additionally, in
the invitro studies conducted by Green, et al, “at pH 6.4, assays of the intrinsic and
extrinsic coagulation systems, the polymerization of fibrinogen, and ass 1)4 of the
availability of platelet factor 3 were twice prolonged over control values.” “ It may be
possible that even if the proposed regimen is able to achieve a significant proportion of
time with intragastric pH above 6, the target pH level may still be below that which is
necessary to definitively alter hemostasis. The addition of a PD parameter to an efficacy
trial may provide useful information.

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects

In the context of this indication, the administration of high-dose intravenous proton
pump inhibitor therapy is considered short-term. The effect of intravenous proton pump
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inhibitor therapy on the recurrence of rebleeding seems to plateau after the first 3 — 5
days. There is no data to indicate if this therapeutic effect would diminish over time. This
is consistent with the Kaplan-Meier plot presented in the Lau article that estimates the
likelihood that rebleeding would occur within 30 days after endoscopic treatment. It is
also consistent with the clinical pharmacology conclusion that the PD effect appears to
plateau.

Figure 1 Kaplan-Meier Estimates of the Likelihood that Bleeding Would Not Recur within 30 days
after Endoscopic Treatment

Source: Lau JYW, Sung JJY, Lee K, Yung , et al “Effect of intravenous Omeprazole on recurrent bleeding after endoscopic
treatment of bleeding peptic ulcers” New England Journal of Medicine.2000;343(5):310-316.

6.1.10 Additional Efficacy Issues/Analyses

The applicant included information from an observational cohort study performed in
seven European countries at 123 centers. The purpose of the study, which included
patients admitted to the hospital between October 1, 2008, and November 30, 2008,
was to describe clinical outcomes of current management strategies for non-variceal
upper gastrointestinal bleeding. The primary endpoints were continuation of bleeding,
rebleeding, surgery, and in-hospital mortality. Patients fulfilling the following criteria
were included:

e Adult patients (= 18 years) admitted to the hospital, or inpatients admitted for
another reason, presenting with overt non-variceal upper gastrointestinal
bleeding manifested as hematemesis/coffee ground vomiting, melena,
hematochezia and other clinical or laboratory evidence of acute blood loss from
the upper gastrointestinal tract over the selection period.
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e Evidence that an upper gastrointestinal endoscopy was performed
e Complete medical records related to hospitalizations were available.

The observational nature of the study may overcome many of the issues that make
conducting an experimental trial less feasible. However, the results may be difficult to
interpret because of lack of a control group. The observational nature of the may also
be confounded by selection bias and missing data. In the absence of randomization,
there may be differences in the distribution of baseline patient characteristics that affect
the outcome. In this observational trial, complete information on the dose of the
intravenous PPl administered was not always available. This limits the utility of these
results, especially in light of data that suggest that low-dose intravenous PPI therapy
may be as effective as high-dose.*'

Medical records from 2660 enrolled patients were evaluable, of which approximately
374 were reported to have fulfilled inclusion criteria of the pivotal trial, D961DC00001.
Of these 374, 142 were on Omeprazole, 107 were on Esomeprazole, and 125 used
another PPI. Treatment groups were somewhat similar for baseline demographics.
However the Omeprazole group may have been a sicker population at baseline, as
more of these patients presented in shock. This may also account for the higher
percentage of patients that died in the Omeprazole group. Interestingly, more patients
taking Esomeprazole continued bleeding after first endoscopy; continued bleeding or
rebleeding within 30 days; and required additional endoscopy. The pharmacokinetic
profile (AUC and Cnax) of intravenous Esomeprazole were noted to be similar to
Omeprazole by the clinical pharmacology reviewer, but the outcomes for Esomeprazole
were worse in this observational study.
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Figure 2 Demographic and baseline characteristics of subsample of patients from Observational
Cohort Study NCT00797641 who approximately fulfilled the inclusion criteria in Trial D961DC00001
and were treated with PPI after initial endoscopy

Source: Table 12 Applicants Supporting Document “Demographic and baseline characteristics of the sub-sample of PUB patients in

study NCT000797641 who approximately fulfilled the inclusion criteria in study D961DC00001 and were treated with PPI after initial
endoscopy
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The results of the observational cohort are presented in the table below.

Table 15 Results from Subsample of Patients in Observational Cohort study NCT00797641 who
approximately fulfilled inclusion criteria for pivotal trial D961DC00001 and were treated with PPI
after initial endoscopy

Source: Table 13 Applicants Supporting Document “Results from the sub-sample of patients in study NCT00797641 who

approximately fulfilled the inclusion criteria in study D961DC00001 and were treated with PPI after initial endoscopy.
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The applicant submitted a systematic review and metaanalysis of randomized controlled
trials investigating intravenous Omeprazole for the prevention of rebleeding in patients
with peptic ulcer bleeding. This review was conducted by an external consultant. These
analyses were not verified. However, the results appeared to indicate that high dose
intravenous Omeprazole reduced rebleeding, surgery, and further endoscopic
retreatment. With the exception of trials conducted in Asia or in trials that only included
patients at high-risk for rebleeding, high dose intravenous Omeprazole did not
significantly affect mortality rates. Geographical location of the trials was reportedly the
only characteristic shown to be significantly associated with treatment effect.

Finally the applicant stated that they have not conducted any additional randomized
controlled trials with intravenous Esomeprazole for this particular indication. The
applicant submitted data from a multicenter retrospective observational study conducted
by an external consultant using the Hospital Network in Spain. Patients in this study
were = 18 years old; hospitalized due to peptic ulcer bleeding; fulfilled criteria for
endoscopic high risk stigmata; received standard endoscopic therapy; and were treated
with an intravenous PPI (either Esomeprazole or Pantoprazole) after endoscopy.
Patients were recruited from selected hospitals that almost exclusively used one type of
PPI when managing patients with at high risk for rebleeding following therapeutic
endoscopy. Data were collected from medical records using a common case report
form. The primary outcome variables were continuation of bleeding within 72 hours and
recurrent bleeding; need for surgery to control bleeding; and mortality within 72 hours, 7
days, and 30 days. In addition the number of blood units transfused and re-endoscopy
were also evaluated. Again, the results of the trial may be difficult to interpret because
this trial was not controlled. In the absence of adequate randomization and control there
may be differences in baseline patient characteristics that may affect outcomes. The
observational nature of the trial also introduces the possibility of selection bias. Some
may argue that the results of observational trials are more generalizable to a much
broader population. However, this trial was conducted outside the United States, and
extrapolation of the results may not account for differences in clinical practice and social
norms. Finally outcomes from use of intravenous Pantoprazole would not support the
approval of intravenous Esomeprazole for the proposed indication because the efficacy
of pantoprazole for the proposed indication has not been established.

There were 594 patients recruited by participating study centers between January 2006
and December 2009. Fifty-five (55) were excluded because they did not fulfill the
eligibility criteria or had incomplete information in their medical records. Of the
remaining 539 patients, 268 were treated with intravenous Esomeprazole and 271 were
treated with intravenous Pantoprazole after initial therapeutic endoscopy. Baseline
demographics and characteristics are provided in the table below.
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Table 16 Baseline Characteristics from Observational Study (Using Pantoprazole and
Esomeprazole) for patients with PUB and high-risk stigmata at endoscopy in routine clinical
practice

Source: Applicants Supporting Document. pp 47- 48. Table 14 “Baseline characteristics for patients with PUB and high-risk stigmata
at endoscopy by PPI treatment after endoscopy in routine clinical practice.

There were baseline differences in the characteristics that may impact the outcomes.
Most importantly, single injection therapy was used during the initial endoscopic
treatment in the majority of patients (79.3% in the pantoprazole group and 92.2% in the
Esomeprazole group). As mentioned previously, single injection therapy is not
recommended standard of care for achieving endoscopic hemostasis.
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The outcome results are presented in the table below.

Table 17 Outcomes: Observational study for patients with PUB and high-risk stigmata at
endoscopy by PPI treatment after endoscopy in routine clinical practice
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7 Review of Safety

Safety Summary

The applicant submitted supporting data from the trials conducted with intravenous
Omeprazole. As described above, there were limitations precluding a full safety analysis
of the Lau trial data. Notwithstanding, given the similarities in dosing administration and
anticipating that exposures would be higher for Esomeprazole compared to
Omeprazole, it appears unlikely that a new safety signal would have arisen in these
trials that was not evident in pivotal trial D961DC00001. The most common adverse
events in both treatment groups (placebo and Esomeprazole) of the pivotal trial were
related to rebleeding, the primary efficacy outcome. Infusion site reactions were more
common in the Esomeprazole treatment group compared to the placebo group.
However, the events were mild, of short duration, and did not cause discontinuation of
study drug. Although the alkaline phosphatase values increased to a slightly higher
degree in the Esomeprazole treatment group, overall the adverse event profile for
intravenous Esomeprazole did not differ from that expected in acutely ill patients with
peptic ulcer bleeding.

Trials 1-840 and 1-841 were omitted from the efficacy analysis. It is important to note that
both trials were terminated prematurely after an imbalance in mortality was detected in
study 1-841. Per the applicant, an independent expert group, the primary investigators,
and personnel from the company examined the data and determined that the difference
in mortality was secondary to chance. However, no new patients were enrolled in the
trials and the Steering Committee decided not to resume enroliment. This is concerning.
Trial I-841was terminated prematurely after 333 patients had been randomized. The
mortality rate was 6.9% in the omeprazole group and 0.6% in the placebo group.

A graphic depicting the cumulative number of deaths in trial 1-841 is presented below.

Table 18 Cumulative Number of Death by Study Treatment and Day Trial 1-841

Source: Clinical Study Report Trial 1841, p.34
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The authors of an article published on data from the Lau trial state that “no side effect
related to the infusion was reported in either group.”25 There were five patients in the
Omeprazole group who died within 30 days after the initial endoscopy. Twelve patients
in the placebo group died within 30 days of the initial endoscopy to achieve hemostasis.
According to the publication, none of the five deaths in the Omeprazole group were
caused by recurrent bleeding.?® Four of the patients in the placebo group died after
surgery (three following gastrectomy for recurrent bleeding and one after excision of a
perforated ulcer). Two patients in the placebo group, who were deemed unfit for
surgery, died from recurrent bleeding. The remaining six patients died from
complications related to the concurrent illnesses. All but two patients in the Omeprazole
group and four patients in the placebo group completed follow-up assessments at 8
weeks. Biopsies of the ulcers from three patients revealed cancer (two in the
Omeprazole group and one in the placebo group).

The applicant also submitted a safety update summarizing data from September 1,
2008, to April 30, 2010. According to the applicant there were no new data from clinical
studies relevant to this patient population. No safety concerns were identified for
intravenous Esomeprazole.

The reader is referred to Section 5 for additional information.

7.1 Methods

There was limited data from clinical trials to assess the safety of intravenous
Esomeprazole for this indication. The safety data from the Lau trial was presented in
Section 5. In the original submission, the applicant submitted a safety update report that
summarized safety data received between January 1, 2008 and August 31, 2008 for this
indication. The current submission contains complementary data covering the period
from September 1, 2008 to April 30, 2010.

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

The primary safety data source was derived from the trial conducted with intravenous
Omeprazole by Lau, et al. Reference is made to Section 5 of review for this safety
information. It is important to note that while case report forms from this trial were
provided by the applicant, the patients’ treatment group assignments were not included
on the case report forms. This limits the ability of the reviewer to conduct a full safety
assessment. The applicant states in the resubmission that studies included in the
original supplemental NDA were finalized at the time of submission.

Secondary sources of safety data included post-marketing data in the safety update
report and two case reports from clinical studies in other indications where intravenous
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Esomeprazole treatment was given. No other studies relevant to this indication were
performed during the period covered by the safety update.

7.1.2 Categorization of Adverse Events

There was no information provided in the Lau article on the dictionary used to
categorize adverse events.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare
Incidence

Please refer to section 5 for individual trial safety data. This section is not applicable as
there was only one new randomized controlled trial included in the analysis. Data from
the observational cohorts and metaanalyses could not be pooled for this safety
assessment.

7.2 Adequacy of Safety Assessments

Assessments of safety were included in the efficacy analyses, as the sponsor measured
death as a secondary outcome. Apart from the reported hemoglobins and assessments
for hypotension, there were no data provided on clinical laboratory evaluations and
physical examination findings.

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of
Target Populations

Given the short-term nature of the indication, exposure guidelines from ICH E1 would
not be applicable. Intravenous Esomeprazole is currently approved and marketed but
not at the doses proposed for the indication sought.

7.2.2 Explorations for Dose Response

Please refer to the clinical pharmacology review and section 4 for additional details.
Only one dose of the intravenous Omeprazole was studied. Previous studies have
shown that low dose Omeprazole at 4mg/hr after an initial 80mg bolus is effective at
maintaining a pH consistent pH between 4 and 6.'° However, there was a relative
amount of inter-subject variability in AUC.

7.2.3 Special Animal and/or In Vitro Testing

This section is not applicable
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7.2.4 Routine Clinical Testing

There were no data provided on clinical laboratory evaluations.

7.2.5 Metabolic, Clearance, and Interaction Workup

Please see the clinical pharmacology review for details and refer to Section 4 of this
review. There were no additional data provided on drug-drug interactions.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

There are no other proton pump inhibitors approved for this indication.

7.3 Major Safety Results

Please refer to section 5 of this review and section 8

7.4 Supportive Safety Results

This section does not apply. Please refer to section 5.

7.4.1 Common Adverse Events

Please refer to Section 5.

7.4.2 Laboratory Findings

There were no data on laboratory findings presented in the current submission.

7.4.3 Vital Signs

Vital signs were recorded and included as part of the definition of clinically significant
rebleeding. However no additional data were provided.

7.4.4 Electrocardiograms (ECGs)

There were no new ECG data provided

7.4.5 Special Safety Studies/Clinical Trials

This section is not applicable.
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7.4.6 |Immunogenicity

There were no new immunogenicity data provided.
7.5 Other Safety Explorations

7.5.1 Dose Dependency for Adverse Events

Only one dose was studied, therefore this section is not applicable

7.5.2 Time Dependency for Adverse Events

This section is not applicable

7.5.3 Drug-Demographic Interactions

New data was presented was from a single center trial in one country. Please refer to
Section 5

7.5.4 Drug-Disease Interactions

This section is not applicable.

7.5.5 Drug-Drug Interactions

Please refer to the clinical pharmacology review.
7.6 Additional Safety Evaluations

7.6.1 Human Carcinogenicity
No additional carcinogenicity data were submitted. While, there is an increased

incidence of treatment related enterochromaffin cell hyperplasia associated with proton
pump inhibitor use, the data are inconclusive.

7.6.2 Human Reproduction and Pregnancy Data

According to the label, Omeprazole is a Pregnancy Category C, while Esomeprazole is
a Pregnancy Category B.
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7.6.3 Pediatrics and Assessment of Effects on Growth

This section is not applicable. No assessment of growth effects was provided. The
proposed intravenous regimen is designed to be used short-term and would unlikely
have an effect on child growth. Furthermore, there is limited data specific to pediatric
peptic ulcer bleeding in the literature and it appears that peptic ulcer bleeding is
uncommon in children.

Consults were obtained from the Pediatric and Material Health Staff (PMHS) and the
Officer of Surveillance and Epidemiology (OSE). Per OSE, “The projected annual
number of hospitalized pediatric patients with a diagnosis of PUB in the U.S. during
2004 through 2008 (based on the SDI inpatient data) ranged from @@ \when only
the primary discharge diagnosis was used, and from @@ \when all discharge
diagnoses were used. These numbers are slightly higher then the numbers provided by
the applicant in their request for waiver of pediatric trials @@ \when only the
primary discharge diagnosis was used:; @@ \when all discharge diagnoses were
used).When both peptic ulcer bleeding codes and upper Gl bleeding codes were used
to obtain more conservative estimates of pediatric patients who may have peptic ulcer
bleeding on the SDI inpatient data, the annual numbers ranged from @@ \when
only the primary discharge diagnosis was used and from @@ when all
discharge diagnoses were used. The PMHS consult also concurred that the condition
was unlikely to occur in children.

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

No cases of overdose were reported during the Lau clinical trial. In general, there is
limited experience with proton pump inhibitor overdose. Symptoms are transient and
manifestations may vary. The drug abuse potential is small. As stated previously,
proton-pump inhibitor therapy in healthy volunteers may induce acid-related symptoms
after withdrawal, a phenomenon referred to as rebound acid hypersecretion.

8 Postmarketing Experience

The applicant searched the Astra Zeneca Global Patient Safety Database using the
following criteria:
e Events of peptic ulcer or any type of gastrointestinal bleeding reporting on
NEXIUM I.V.
e Any event reported on NEXIUM |.V. with a daily dosage of 80mg or an infusion
rate of 8mg/hour.

According to the applicant, a total of 41 case reports describing 45 serious adverse
events (SAEs) and 20 non-serious adverse events were identified. In nearly a quarter
(10 of 41) of the case reports, the indication for use was gastrointestinal bleeding. Two
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of the reports were from clinical trials where Esomeprazole had been given either as a
concomitant drug or the indication was for used in pediatric patients. Three of the case
reports involved a death (one case of agranulocytosis, hematoma, and acute hepatitis
respectively). Doses were provided in 35 of the case reports and ranged from 20mg to
200mg daily. When the information was provided, the time from initiation of the
intravenous Esomeprazole therapy to the onset of the adverse event ranged from 0
days to 61 days. A review of the case reports did not identify any new safety concerns
regarding the use of intravenous NEXIUM. The applicant provided narratives for the
serious adverse events. A sampling of those narratives is provided in the table below.

APPEARSTHIS
WAY ON
ORIGINAL
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Table 19 Narrative Summaries of Adverse Events from the Applicants Postmarketing Database September 1, 2008 through April 30, 2010

Report ID#/Country Patient Dose/Schedule Preferred Term for Narrative
Age/Gender Route/Duration/Indication | Adverse Event

Time to Onset

Outcome
2009UWO07589 40 mg / Daily Galactorrhea A report has been received from a Physician concerning an Adult ,
Mexico / HCP Intravenous / 15 days 0 days Male subject, who had been receiving intravenous (not otherwise
Unknown / Male Gastric ulcer Recovered specified) NEXTUM 40 Milligrams, daily for gastric ulcer The drug

was started during or gastric ulcer. The patient experienced

galactorrhea which started during 9@ 10 days after NEXTUM

treatment began. The drug was discontinued. The patient recovered
. ®)(©)

from the event of during 15 days after the NEXIUM end date.

The report was considered to be nonserious.

2008PK02076 40 mg / twice daily Acute Hepatitis A report has been received from a physician concerning a male
Germany / Regulatory Authority Intravenous / 2 days 28 days patient whose
71 years / Male Unknown Indication Died medical history included cor pulmonale. The patient's concurrent

diseases included pulmonary embolus, lung adenocarcinoma,
hypertensive heart disease, chronic atrial fibrillation and type II
diabetes mellitus with neurological manifestations. Concomitant
medications included prednisolone and bisoprolol hemifumarate.
The patient received treatment with oral Avalox (moxifloxacin
hydrochloride) 400 mg daily between
for pneumonia following pulmonary infarction; intravenous (. g}glox
Amp (moxifloxacin hydrochloride) 1x 1 infusion on for
pneumonia following pulmonary infarction; oral Diflucan single(b) -
dose different for candida esophagitis between
oral Nexium (Esomeprazole magnesium) 40 me: mm(Jbl))(%r
of single dose different per day, between
intravenous (not otherwise specified) Nexium Amp 40 mg two
. ® ©)
times a day between oral NOV(;())%)OHH
(; agl&glglmide) from single dose different
for tvpe II diabetes mellitus with neurological manifestations.
the patient was hospitalized. The reason was right-
sided central pulmonary artery embolism and diffuse embolism oft
he left upper and lower lobe. Transaminases were inconspicuous.
Due to the extended pulmonary embolism the patient developed

®) (©6)
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Report ID#/Country Patient
Age/Gender

Dose/Schedule
Route/Duration/Indication

Preferred Term for
Adverse Event
Time to Onset
Outcome

Narrative

infarction pneumonia, which was treated wit(l‘}) é)valox (moxifloxacin
hydrochloride), 1x 1 infusion from Under this
treatment, the patient's general condition was worsened with icterus
and massive pruritus. Laboratory investigations showed considerable
increase (()bg(lal)epatic function parameters and of bilirubin (values on

ALT 735 U/l (normal range: 0-50 U/1), AST 242 U/l (normal range:
0-50 U/), bilirubin 7.2 mg/dl (normal range: 0-1 mg/dl)).
Serologically exclusion of viral hepatitis. Maximum values were
reached ®@© ALAT 1283 U/L, ASAT 648 U/L, bilirubin on
26.2 mg/dl. In the further course normalization of

transaminases with continuing massively increased bilirubin values
(laboratory values: ALAT 44 U/l @;::;6). ASAT 45 U1 ®@

, bilirubin 20.9 mg/dl . The adverse drug
reaction developed in hospital.

2008CG01403
France / Regulatory Authority
71 years / Male

8mg/every hour intravenous
drip/4 days/Unknown

Agranulocytosis
3 days
Died

A report has been received from the French Medicine Agency
concerning a 71-year-old male patient. His medical history included
ischemic cerebrovascular accident, prostate cancer and multiple bone
metastases. At the time of event, the patient was being treated with
propacetamol chlorolhydrate. Three weeks before event, the patient
had received Taxotere (docetaxel). On C , the patient was
hospitalized for hemorrhagic shock on bulb ulcer. He urgently
underwent surgery with gastro-duodenal artery suture at bulb ulcer
and pyloroplasty.
After operation, he was transferred to a surgical intensive care unit
where he was intubated, ventilated and sedated. Intravenous Nexium
8 mg every hour, Acupan (nefopam hydrochloride) and
propacetamol were started.
On , sedation was stopped and intubation was removed
without any particular problem. Biological work-up showed
thrombocytopenia (56000 cells/mm3) associated to prothrombin
activity at 51 percent. Hemodynamic values remained stable. On| )
, the patient’s respiratory function deteriorated. He
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Report ID#/Country Patient
Age/Gender

Dose/Schedule
Route/Duration/Indication

Preferred Term for
Adverse Event
Time to Onset
Outcome

Narrative

presented with tachypnea but physical auscultation only evidenced
symmetric vesicular murmurs. White blood cell

count was decreased to 0.5 G/L and neutrophil count to 0.41 G/L.
On that day, intravenous Nexium, Acupan and propacetamol were
discontinued.

On 9@ the leukopenia worsened again. On that day.
Neupogen (filgrastim) was started. Pulmonary fibroscopy with
bronchoalveolar lavage were performed and showed “dirty
secretions”. White blood cell count was at 0.9 G/L and neutrophil
count at 0.66 G/L. On OO0 the patient presented with
febrile symptoms and was started on Claforan (cefotaxime),
gentamicin and vancomycin intravenously. Respiratory distress
worsened leading to oral tracheal intubation. Bronchoalveolar lavage
showed Gram-positive diplococci. White blood cell count was at 0.5
G/L and neutrophil count at 0.37 G/L. Global cardiac failure
occurred requiring vascular filling and treatment with dobutamine
and adrenalin. Myelogram disclosed absence of extra-hemopoietic
cells, decreased total cellularity and partial blockade

of granulocytic series maturation without anomaly of other series.
On , septic shock and pneumopathy worsened. White
blood cell count was at 4.3 G/L. On 1 . neutrophil count
was at 3.66 G/L. The patient died. The French Medicine Agency
reported agranulocytosis as serious adverse event due to
hospitalization and as the cause of death and suspected intravenous
Nexium, Acupan, propacetamol and Taxotere in its occurrence. The
French Medicine Agency stated that two hypothesis were evoked for
agranulocytosis - post-chemotherapy bone marrow aplasia occurring
three weeks after the latest course of Taxotere with

retardation of cell regeneration. leukocytic medullar toxicity related
to high dose of intravenous Nexium.

2009AP02894
Philippines / HCP
81 years / Female

40 mg / UNK
Intravenous / 3 days
Peptic ulcer hemorrhage

Hematoma*
0 days
Died

A report has been received from a Physician concerning an 81 year
old, Female subject, who had been receiving intravenous Nexium, 40
mg (frequency not reported), for peptic ulcer bleed. The patient was
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Report ID#/Country Patient
Age/Gender

Dose/Schedule
Route/Duration/Indication

Preferred Term for
Adverse Event
Time to Onset
Outcome

Narrative

hospitalized for peptic ulcer bleeding. She was given Nexium L.V.
for three days.

An intraluminal hematoma developed in the duodenum. The size
was big enough to occupy almost the entire lumen. It eventually
ruptured, thus required surgery. The patient was referred to a
surgeon from the same institution. The patient expired due to
complication of surgery on . The patient had been
hospitalized for a peptic ulcer bleed (no further details obtained).

2009SE03936
France / Regulatory Authority
60 years / Female

20mg/daily/intravenous/
2months/gastric ulcer

Alanine aminotransferase
increased, Aspartate
aminotransferase
increased, cytolytic
hepatitis,
61days/Recovered

A report was received from the French Medicine Agency Regulatory
Authority concerning a 60 year old female patient, who had been
receiving intravenous Nexium, 20mg, daily for gastric ulcer,
intravenous voriconazole 150mg twice a day for pulmonary
aspergillosis and intravenous paracetamol 1 gram four times a day
for pain. The patient's gnedical history included intestinal occlusion
(started on , and required operation) The patient's
concurrent diseases included obesity and right mammary ductal
intraepithelial neoplasia. No concomitant medications were
mentioned in the report. Nexium was started on OO for
gastric ulcer, Voriconazole started on OO ¢ pulmonary
aspergillosis and Paracetamol started on ) , for pain. The
patient experienced hepatic cytolysis, increased aspartate
aminotransferase and increased alanine aminotransferase which
started on . The first control of blood voriconazole was
at the upper limit of normal leading voriconazole dose decreased. On
. blood voriconazole was at 4,40mg/L. Vor1conazole
Nexium and paracetomol were stopped on
Voriconazole was switched to Ambisome (amphotericin B) at 225
mg/24hours. The second day after stopping the voriconazole hepatic
cytolysis regressed and became normal after one week. The patient
recovered from the event of hepatic cytolysis, aspartate
aminotransferase increased and alanine aminotransferase increased.
Nexium and paracetomol were re-introduced without recurrence of
symptoms
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Report ID#/Country Patient

Dose/Schedule

Preferred Term for

Narrative

Age/Gender Route/Duration/Indication | Adverse Event

Time to Onset

Outcome
2009SE04550 40 mg / twice daily Neutrophil count A report has been received from a pharmacist concerning a 93 year
France / HCP Intravenous / 3 days decreased*, old, female subject, who had been receiving intravenous Nexium, 40

93 years / Female

Gastroesophageal reflux
disease

White blood cell count
decreased*

2 days

Not recovered

milligrams, two times a day for gastroesophageal reflux. The patient
was treated with lansoprazole since an unspecified date.
Concomitant medications included zolpidem, oxazepam, furosemide
and enoxaparin sodium. On , the patient was emergently
hospitalized for an unspecified cause and Esomeprazole sodium 40
mg intravenous twice a day was started on the same day for
gastroesophageal reflux. The patient experienced white blood cell
decreased and neutrophil decreased on ® (white blood
cell count at 1.5 G/L and neutrophil count at 0.43 G/L.)
Esomeprazole was discontinued on . At the time of
reporting, the event of white blood cell

decreased and neutrophils decreased was ongoing.

2010SE09660
France / Regulatory Authority
54 years / Female

40 mg / twice daily
Intravenous / 3 days
Gastritis erosive

Dermatitis bullous*,
Eczema*,

Pruritus*, Rash macular*
2/5 days

Recovered

A report has been received from French health authority concerning
54 year old, female patient, who had been receiving intravenous
Nexium 40mg, two times a day for gastric mucous membrane
erosion and subcutaneous Lovenox (enoxaparin sodium), 0.6ml, two
times a day. The patient's medical history included pulmonary
embolism, phlebitis and cholecystectomy. The patient's concurrent
diseases included protein S deficiency, hypertension arterial and the
patient was allergy to iodine, fraxiparin. and heparin. Concomitant
medication included ibuprofen. On , the patient
received Esomeprazole magnesium for gastric mucous membrane

erosion and

®)(©) ®)(6)

, the patient had upper limbs pruritis. On
the patient had bullous eruption and edema appeared on upper
limbs. The patient presented also with squamous lesions and
generalized pruritus. Urticarial lesions were found on the back.
Dermatologists diagnosed hand bullous eczema with maculopapullar
rash (probable drug eruption).
Bullae were aseptic and regressed within 48 hours under
dermocorticoids and after Nexium and Lovenox were

On
®) ©)
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Report ID#/Country Patient

Dose/Schedule

Preferred Term for

Narrative

Age/Gender Route/Duration/Indication | Adverse Event
Time to Onset
Outcome
discontinuation on OO At the time of reporting, the
urticarial lesions on the back were still persistent. The
patient recovered from the event of eczema, bullous eruption,
pruritis and rash macular under corticoids and left the hospital after 8
days.
2009UW04521 Unknown/unknown Urticaria A report has been received from a Physician via Takeda Global
US /HCP Intravenous / <1 year 0 days Research and Development concerning an 11 year old, Female
11 years / Female Peptic ulcer Recovered

subject, who had been receiving intravenous Esomeprazole for
peptic ulcers. Intravenous Nexium was started in 21y

®®Tlhe patient experienced hives. The Nexium was discontinued
and the patient recovered from the event. The report was considered
to be non-serious

2009UWO03896
US/SI
15 years / Female

40 mg / Four times a day
Intravenous / 4 days
Unknown

Abdominal abscess, Psoas
abscess, 28 days
Recovered with sequelae

A report has been received from a Study Investigator concerning a
15 year old Caucasian, Female enrolled in study D9615C00021; A
Randomized, Open-Label, Multi-National Study to Evaluate the
Pharmacokinetics of Repeated Once- Daily Intravenous Doses of
Esomeprazole in Pediatric Patients 0 to 17 years Old, Inclusive with
Gastroesophageal Reflux Disease (GERD). Intravenous Nexium was
() ( . . :

started on . Nexium was discontinued on

.The patient experienced an abdominal abscess and an
illiopsoas abscess which started on . The event of
became serious on .The patient recovered with sequelae
from the event on . The investigator considered that
there was no causal relationship between
the event and the Nexium

®) (©)

2009SE19277
France / HCP
UNK / Female

Unknown / Unknown
Intravenous / Unknown
Gastrointestinal
hemorrhage

Thrombocytopenia
3 days
Not recovered

A report has been received from a physician via a sales
representative concerning a female patient. The patient’s medical
history included renal failure, ulcer and anemia. Concomitant
medication included

anticoagulation drug. In , the patient started on oral
Nexium (Esomeprazole magnesium) 20051(15 for prophylaxis of
NSAID gastric ulceration. On . she was hospitalized in
the intensive care unit

®) (6)
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for gastrointestinal hemorrhage of an ulcer. Nexium intravenous 80
mg daily was started. The patient received O (-) type blood
transfusion. On that day, platelet count was normal.
, the patient was diagnosed thrombocytopenia with platelet
count of 60000/mm3. There were no toms related to the event.
Nexium oral was discontinued on&. At the time of
reporting, the event was ongoing

2009SE32897 40mg/ twice daily/ Confusional state, A report was received from a pharmacist concerning a female who

France / HCP intravenous/unknown/ Hallucination, had been receiving intravenous Nexium (Esomeprazole sodium), 40

UNK / Female unknown Unknown mg two times a day. The patient's concurrent diseases included
Unknown cephalic pancreatectomy. Nexium was started on an unknown date

when the patient was hospitalized in digestive surgery ward after
cephalic pancreatectomy. The patient had one episode of confusional
state and hallucination during the night ofﬁ after the
second injection of Nexium 40 mg on that day. The dose of Nexium
was reduced to 40 mg daily. The outcome of the events was
unknown.
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9 Appendices

9.1 Labeling Recommendations

Intravenous esomeprazole is not recommended for Approval during this review cycle.
Labeling changes will be addressed during subsequent review cycles.

9.2 Advisory Committee Meeting

This section is not applicable.
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1 EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action
The reviewer recommends that NEXTUM Intravenous formulation in the dose of 80 mg

in 30 minutes followed by continuous infusion at the rate of 8 mg per hour for next 71.5
hours for the indication o
be not

approved. The primary efficacy result in this non-US, single study 1s weak, has not been
replicated and does not provide substantial evidence to support the proposed indication.

1.2 Recommendation on Post-marketing Actions

1.2.1. Risk Management Activity

N.A.

1.2.2. Required Phase 4 Commitments

N.A.

1.2.3. Other Phase 4 Requests

N.A.

1.3 Summary of Clinical Findings

1.3.1. Brief Overview of Clinical Program

NEXIUM travenous formulation (Esomeprazole-sodium) is S-enantiomer of the
racemic proton pump inhibitor (PPI) omeprazole and shares the same mechanism of
action. It works through an inhibition of the final step in gastric acid production (the
H+/K+-ATPase, located in the secretory membranes of the parietal cells in the gastric
oxyntic mucosa), resulting in a profound inhibition of gastric acid secretion.

The mntravenous (I.V.) formulation of esomeprazole was approved for injection and
infusion in the US in 2005 for the indication of short-term (up to 10 days) treatment of
gastroesophageal reflux disease (GERD) and healing of non-steroidal anti-inflammatory
drug (NSAID) induced ulcers in patients for whom oral administration is not possible or
appropriate.

The purpose of the current application is to support the use of esomeprazole I.V. for the
indication o
The

dose of esomeprazole used / proposed for this indication 1s 80 mg as intravenous infusion




over 30 minutes followed by continuous infusion of esomeprazole at the rate of 8
mg/hour for next 71.5 hours. Single pivotal trial with 767 patients randomized into two
treatment groups (Esomeprazole=376, Placebo=391), was submitted in support of the
indication. It should be noted that while study was being conducted the applicant
modified the protocol where patients receiving intravenous PPI in dose of >40 mg were
excluded midway through the study and also made changes in the study analysis.

1.3.2. Efficacy

The applicant submitted the results of single pivotal, phase 3, randomized, double blind,
multicenter, multi- national, parallel-group, placebo controlled study D961DC00001, in
patients with peptic ulcer bleeding after complete hemostasis of the initial bleeding was
achieved with endoscopic treatment. Of the total 767 patients 376 were randomized to
receive esomeprazole I.V. 80 mg for 30 min followed by esomeprazole 1.V. 8§ mg/hr for
71.5 hours and 391 received placebo 1.V. for 30 min followed by placebo I.V. for 71.5
hours. Patients that received I.V. esomeprazole in first 72 hours was called
“esomeprazole” group. The group receiving I.V. placebo was designated as “placebo”
group. After 72 hours of [.V. treatment both groups (esomeprazole and placebo) received
oral esomeprazole 40 mg daily for next 27 days.

Primary Endpoint

The primary efficacy endpoint was rebleeding within 72 hours. Overall 5.9% patients had
rebleeding in esomeprazole group compared to 10.3% in placebo group. The difference
between the treatment groups was 4.4% with p value of 0.0256.

Secondary Endpoints

The secondary efficacy analysis was done for clinically significant rebleeding within 7
days and 30 days, death within 72 hours and 30 days, requirement for surgery within 72
hours and 30 days, requirement for endoscopic re-treatment within 72 hours and 30 days,
number of blood units transfused within 72 hours and 30 days and number of days
hospitalized due to rebleeding during the 30-day treatment phase. The treatment effect
was primarily observed during 0 to 7 days as most of the secondary variables events
occurred during first 7 days.

Limitations of the study
Background changes in study analysis

In the initial protocol dated June 1, 2005, the baseline factors of endoscopic treatment
(single vs. combination) and Forrest class (I vs. II) were assumed by the Applicant to
influence the probability of rebleeding and that they would be included in the analysis.
According to the Applicant, after a review of blind data no difference was seen in
rebleeding rate between the Forrest groups. It is important to point out here that it is well
accepted fact in medical literature that Forrest class 1a with arterial bleeding has higher
risk of rebleeding compared to Forrest class 2b with blood clot on the ulcer base. The
sponsor collapsed all the categories of Forrest class into one group. The analysis was
therefore changed in the Statistical Analysis Plan (dated Dec. 17, 2007) to only be
stratified for endoscopic treatment (single vs. combination). No protocol amendment



documenting this change was issued. The Applicant stated that: “All changes were made
prior to unblinding of study data” (Section 5.8.2 on page 74 of study report).

Further, interim analysis of the study data was done twice. DSMB reviewed unblended
data at these formal interim analysis meetings on 21 November 2006 and 13 March 2007.
Recommendations to continue the study were communicated to the applicant after those
meeting. This was apparently due to not achieving the robust efficacy data.

In the present submission although the study demonstrated a reduction in rebleeding for
esomeprazole during the 72 hours (primary Endpoint) compared to placebo using the
protocol-specified analysis model, the sensitivity analyses conducted by the FDA’s
statistician to assess the robustness of the single study did not give results consistent with
protocol-specified analyses. Sensitivity analyses for the primary efficacy endpoint of rate
of rebleeding were carried out to evaluate how the pre-specified study findings hold up
when alternative analyses were performed. According to the FDA’s statistician, the
following analyses did not support the primary results:

1. Country Analysis and its effect on study results.

2. Analysis of certain centers and their effect on the study results.

3. Analysis based on Forrest Class.

4. Analysis on endoscopic therapy (excluding Injection therapy alone).

Lack of support from pharmacodynamic evaluation

The clinical study was not adequately supported by the two supportive PK/PD studies.
For adequate hemostasis and preventing clot lysis it is imperative to achieve pH > 6 as
proposed in the hypothesis for the present trial. The two supportive PK/PD studies
(D961DC00015, D961DC00004) submitted in this submission did not demonstrate
achieving intragastric pH of > 6 adequately with the dose and mode of administration
used in the trial. Intragastric pH of > 6 could be achieved only for less than 50 % of the
time in 24 hour (D9615C00015=52.3%; D961 DC00004=44.6%). Only one subject had
an intragastric pH > 6 more than 90% of time in 24-hour period.

Conclusions
The efficacy results of this single, non-US, study did not provide substantial evidence of
effectiveness to support the sought indication
In the absence of replication the robustness of the primary results was not established or
proved by alternative sensitivity analyses. There was insufficient proof of the superiority
of high dose I.V. esomeprazole over placebo to support the proposed indicatim}b )f('gr

@9 The weakness of the study was evident throughout the execution of the trial
during the two interim analyses. The two PK/PD studies were also not supportive of the
clinical study. In order to resolve these deficiencies, the applicant should provide at least
one additional adequate and well-controlled study to demonstrate the proposed clinical
benefit. The study should include some US centers.



1.3.3. Safety

In the safety review of pivotal study (D961DC00001) during I.V. treatment (72 hours)
local administration site adverse events related to skin and vascular systems occurred at a
significant higher rate with esomeprazole when compared to placebo. However, the
overall safety profile was deemed comparable between the two experimental arms
(esomeprazole versus placebo).

The focus of the current safety review was on determining the safety profile of the high
dose continuous 1.V infusion of esomeprazole compared with placebo during the I.V.
treatment phase (within 72 hours). In particular distribution by treatment arm of serious
adverse events (SAE), adverse events (AE), and AEs leading to withdrawal was assessed.

The safety of esomeprazole 1.V. Nexium in the dose of 20 mg or 40 mg daily was
previously reviewed for the indication of short term use (7 to10 days) in GERD and
erosive esophagitis at the time of the original submission of [.V. Nexium approved in
2005. The safety profile of I.V. Nexium as an injection or infusion was found to be
similar to the oral administration. Neither the Adverse Events (AE) pattern nor any other
safety assessments implied any safety concerns for I.V. administration of esomeprazole
in the dose of 20 mg or 40 mg daily for 7 to 10 days.

SAEs

SAEs were numerically fewer in esomeprazole compared to placebo group during the
first 72 hours of I.V phase of treatment (Eso=8.8%; Placebo=10.5%). This was partly
accounted for by a lower incidence of rebleeding in esomeprazole group.

SAEs were similar in the two treatment groups during the oral treatment period from 4 to
30 days (Es0=8.4%; Placebo=8.0%).

The majority of SAEs during the study were related to primary efficacy variable i.e.
rebleeding from the peptic ulcer, the underlying clinical condition. SAEs related to other
systems were few and equally spread out in the two treatment groups. No particular trend
was noticed.

Discontinuation due to AE

Proportion of patients that discontinued due to AEs in the first 72 hours were fewer in
esomeprazole than placebo group (Eso=8.3%; Placebo=10%). This was primarily due to
lower incidence of rebleeding in esomeprazole group. Majority of AEs that led to
discontinuation were related to GI rebleeding which is also primary efficacy variable.
Proportion of patients that discontinued due to AEs was similar during 4 to 30 days
(Eso=1.7%; Placebo=2.8%). Rebleeding was the most common AE for discontinuation.

Overall AEs
Overall incidence of adverse events seen during high dose continuous I.V. infusion of
esomeprazole was numerically lower than the placebo during first 72 hours (Es0=39.2%,



Pla=41.9%). Incidence of AEs related to GI system was numerically lower in
esomeprazole group than placebo group (Eso=12.3%, Pla=19.8%). This was accounted
for primarily by the lower incidence of rebleeding in the esomeprazole group. However
incidence of AEs related to administration site and vascular systems were numerically
higher in esomeprazole group compared to placebo (Eso=13.6%, Pla=9.2%). The AEs
related to other systems were comparable in the two groups.

Incidence of AEs related to administration site and local vascular disorders remained
numerically higher in esomeprazole group than placebo group (Eso=11.2%, Pla=7.7%)
during oral administration of esomeprazole (4 to 30 days). Incidence of AEs during this
period related to other systems was comparable in two treatment groups. The most
common adverse events reported (> 1%) were peptic ulcer bleeding, constipation,
diarrhea, nausea, pyrexia, edema, urinary tract infection, thrombophlebitis, dyspnoea,
abdominal pain, cough, headache, and dizziness.

Laboratory data

Increases in mean ALP values at 72 hours and 30 days compared to baseline were
observed in both treatment groups. The increase at 72 hours was numerically higher for
esomeprazole compared to placebo (12.6% and 5.2% respectively). The corresponding
increase at 30 days was also numerically higher in the esomeprazole than placebo group
(43.1% versus 30.9%). In the majority of patients ALP increase was within the reference
range. Further the increase in ALP was not associated with increases in other liver
function tests, i.e. ALT, AST or bilirubin. There were no noticeable differences in the
two treatment groups. The changes related to the other laboratory tests were balanced in
the two experimental groups and did not show any trend.

1.3.4. Dosing Regimen and Administration

N.A.

1.3.5. Drug-Drug Interactions

Drug-interactions with oral esomeprazole have been described. No drug-drug interaction
studies with high dose, continuous infusion of esomeprazole were performed in this
clinical development program.

1.3.6. Special Populations

High dose continuous infusion of esomeprazole has not been studied in enough patients
with renal insufficiency, hepatic insufficiency, age <18 years, or women who are
pregnant or nursing to assess safety and efficacy in these populations. The Medical
Officer reviewer recommends that the pediatric studies in the age group < 18 years be
performed. The applicant should submit pediatric plan along with the next submission.
The applicant should also include enough patients with renal and hepatic insufficiency in
the proposed supportive study.



2. INTRODUCTION AND BACKGROUND

2.1 PRODUCT INFORMATION

The chemical name, empirical formula, molecular weight, structure formula, established
name, proposed trade name, and pharmacological class are as follows:

Chemical Name: (S5)-5-methoxy-2[[(4-methoxy-3, 5-dimethyl-2-pyridinyl)-methyl]
sulfinyl]-1 H-benzimidazole sodium.

Emperical formula: C;7H;sN3O3SNa
Molecular weight: 367.4 g/mol

Structure formula:

Established name: Esomeprazole sodium
Proposed trade name: Nexium [.V.
Pharmacological class: Proton pump inhibitor

Esomeprazole is S-enantiomer of the racemic proton pump inhibitor (PPI) omeprazole
and shares the same mechanism of action. Both omeprazole and esomeprazole work
through an inhibition of the final step in gastric acid production (the H+/K+-ATPase,
located in the secretory membranes of the parietal cells in the gastric oxyntic mucosa),
resulting in a profound inhibition of gastric acid secretion. Omeprazole has an
asymmetric centre at the sulphur atom and can thus be resolved into the S-enantiomer
esomeprazole (H 199/18) and the R-enantiomer H 199/19. The pharmacodynamic (PD)
effects of the enantiomers do not differ from each other or from the racemate in vitro,
since both enantiomers are chemically converted to the same active molecule (the achiral
sulphenamide), in the gastric parietal cell.

Oral esomeprazole (Nexium) is currently approved for use in adults, adolescents (12 to
18 years of age), and in children from 1 year of age in the EU, US and Canada. The
intravenous (I.V.) formulation of esomeprazole was approved for injection and infusion
in the US in 2005. The approved indication is for short-term (up to 10 days) treatment of
gastroesophageal reflux disease (GERD) and healing of non-steroidal anti-inflammatory
drug (NSAID) induced ulcers in patients for whom oral administration is not possible or
appropriate.



The purpose of this present application is to support the use of esomeprazole 1.V. for the
indication of’ N

The
dose of esomeprazole used / proposed for this indication is 80 mg as intravenous infusion
over 30 minutes followed by continuous infusion of esomeprazole at the rate of 8
mg/hour for next 71.5 hours.

2.2 Currently Available Treatment for Indications

Currently, there is no approved treatment for this patient group.

2.3 Availability of Proposed Active Ingredient in the United States

Oral and intravenous formulations are approved for marketing in U.S.

2.4 Important Issues with Pharmacologically Related Products

There are no important issues with pharmacologically related products.

2.5 Pre-submission Regulatory Activity

Esomeprazole (Nexium) I.V. was approved in 2005 for the treatment of
Gastroesophageal Reflux Disease (GERD) in adults in the dose of 20 mg or 40 mg daily
by intravenous injection (no less than 3 minutes) or intravenous infusion (10 to 30
minutes) for 7 to 10 days when oral treatment 1s not possible or appropriate.

The sponsor had accepted Divisions written responses dated 2/9/2004 in lieu of meeting
for Nexium [.V. phase 3 clinical development program we

The
Division agreed on placebo as comparator during first 72 hours (I.V. phase), primary
endpoint of rebleeding and inclusion criteria. Division suggested that sponsor obtain
pharmacodynamic data in a subgroup of patients during I.V. to oral switch (on day 1, 4,
and 8) and additional analysis based on age be included.

2.6 Other Relevant Background Information

Globally, oral formulation of esomeprazole has been available worldwide for the healing
of erosive esophagitis, maintenance of healing of erosive esophagitis, symptomatic
GERD, risk reduction of NSAID associated gastric ulcer, treatment of H.Pylori infection
and duodenal ulcer (in combination with amoxicillin and clarithromycin) and
pathological hypersecretory conditions including Zollinger-Ellison Syndrome.
Esomeprazole Intravenous formulation is approved for treatment of GERD when oral
treatment is not possible or appropriate. Off label use of Intravenous formulation is
common worldwide for variety of conditions where acid suppression is required (head
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injury, burns, patients receiving high doses of steroids etc), including peptic ulcer
bleeding.

3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES

3.1 CMC (and Product Microbiology, if Applicable)

The supplement proposes the use of the existing (approved) drug product. No CMC-
related labeling changes were provided (Description, How Supplied sections). The
proposed dose is available from the currently marketed product.

The only CMC-related review issue involves Environmental Assessment (EA), due to the
possibility that action on this supplement could increase use of the product. The
supplemental application was consulted to HFD-003 (Raanan Bloom, Ph.D.) for EA
assessment and evaluation.

The supplement was reviewed with the recommendation of FONSI (Finding of No
Significant Impact). See EA review for NDA 21-689/SE1-014, dated 14-OCTOBER-
2008, R. Bloom, Ph.D., reviewer.

Thus, from the standpoint of CMC, this supplement has been recommended to be
approved.

3.2 Animal Pharmacology/Toxicology
Pharmacology-Toxicology review was done by Dr Zhang Kee. From the pre-clinical

standpoint of NEXIUM L.V. was recommended for the proposed indication. Please see
Pham-Tox review for details.

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY

4.1 Sources of Clinical Data

This review is primarily based on data from clinical trial conducted by the applicant. Post
marketing reports also contributed to this review.

4.2 Tables of Clinical Studies

The table 1 summarizes the clinical trials conducted as part of the development for the
new indication ‘“Maintenance of hemostasis and risk reduction of rebleeding of gastric
and duodenal ulcer”. The result of Study D961DC00001 forms the primary basis for this
review.
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Table 1: Clinical Studies of Esomeprazole-sodium

Study Objectives Design Test product Population | Number | Treatment
Dosage regimen enrolled | Duration
D961DC00001 | To assess Randomized, 80 mg L.V. Patients 767 72 hours
prevention of double-blind, infusion in 30 with
rebleeding in parallel-group, minutes bleeding
patients that have placebo- followed by I.V. | peptic ulcer
undergone controlled continuous
successful primary infusion at the
endoscopic dose of 8 mg/h
hemostasis of a for 71.5 hours
bleeding peptic
ulcer
D961DC00004 | To assess the effect | Double-blind, 80 mg V. Healthy 39 24 hours
on 24-hour randomized, 2- infusion in 30 subjects
intragastric pH and | way cross-over minutes
pharmacokinetics followed by L.V.
in healthy subjects. continuous
infusion at the
dose of 8 mg/h
for 23.5 hours
D961DC00015 | To assess effect on | Open, 40, 80, and 120 Healthy 25 24 hours
24-hour randomized, mg followed by | subjects
intragastric pH & five-way a continuous
pharmacokinetics crossover dose infusion of 8 or 4
in healthy subjects. | finding study mg/h
4.3 Review Strategy

Clinical review of the efficacy and safety of single pivotal study D961DC00001 was
done by this reviewer, Dr Anil Nayyar. Additional safety data from healthy subjects was
also reviewed from two PK/PD studies D961 DC00004, D961DC00015. Dr Sonia Castillo
reviewed the statistical aspects of the submission. Clinical pharmacology results were
reviewed by Dr Tien Mien Chen from the office of Clinical Pharmacology. In addition
Pharmacology/ Toxicology review was done by Dr Ke Zhang.

4.4 Data Quality and Integrity

Not applicable.

4.5 Compliance with Good Clinical Practices

The applicant stated that Studies D961 DC00001, D961DC00004, and D961DC00015
were each carried out in accordance with International Conference on Harmonization
(ICH) / Good Practice (GCP) guidelines.
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5 CLINICAL PHARMACOLOGY

The clinical pharmacology review was done by Dr Chen, Tien Mien. The important
PK/PD information related to the clinical trial is discussed below.

5.1 Pharmacokinetics
Mean PK parameters obtained from Study D961500015 and D961D00004 are
summarized in table 2 for comparisons.

Table 2: Mean (+ SD) PK Parameters of Esomeprazole and Omeprazole after Given
the Same Dosing Regimen (80 mg by 0.5-hr infusion followed by 8 mg/hr

continuous infusion for 23.5 hrs)

Study No.

AUCO_24 (umole-h/L)

Cinax (pmole/L)

C,,' (umole/L)

1. D9615C00015 (n=26)
Esomeprazole

109.9 (+23.1)

Male: 107.8 (£ 26.0)
Female: 115.7 (£ 11.1)

Homo-EM: 105.1 (+ 18.8)
Hetero-EM: 123.2 (+ 31.5)
PM: 105.4 (Suject # 20; M)

14.2 (£ 2.6)

Male: 13.4 (£2.4)
Female: 16.7 (= 1.5)

Homo-EM: 13.9 (£ 3.0)
Hetero-EM: 14.5 (£ 1.2)
PM: 17.0

4.0 (= 1.0)

Male: 4.1 (= 1.1)
Female: 4.0 (= 0.5)

Homo-EM: 3.9 (+ 0.9)
Hetero-EM: 4.4 (£ 1.5)
PM: 3.7

11. D961DC00004 (n=39)

Esomeprazole

98.6 (+ 25.9)

Male: 100.0 (£24.7)
Female: 96.5 (£ 28.4)

Homo-EM: 90.4 (+ 18.1)
Hetero-EM: 107.9 (= 30.6)
PM: 86.9

13.1 (£ 2.8)

Male: 12.9 (£ 3.2)
Female: 13.4 (+ 2.3)

Homo-EM: 12.3 (£ 2.2)
Hetero-EM: 14.0 (£ 3.3)
PM: 14.0

3.4 (& 1.0)

Male: 3.5 (£ 0.9)
Female: 3.2 (= 1.1)

Homo-EM: 3.1 (+ 0.8)
Hetero-EM: 3.7 (£ 1.1)

Omeprazole

89.1 (+30.5)

Male: 91.2 (+ 29.2)
Female: 85.9 (+33.1)

Homo-EM: 76.8 (+ 21.2)
Hetero-EM: 100.3 (+ 34.2)
PM: 122.7 (Suject # 7; M)

11.6 (= 2.8)

Male: 11.7 (£ 3.0)
Female: 11.3 (+2.7)

Homo-EM: 10.3 (+ 1.8)
Hetero-EM: 12.6 (+ 2.8)
PM: 14.0

infusion.

C,: Mean steady-state plasma level.
The Cg was reportedly not determined for omeprazole due to continuous increase of plasma level towards the end of 24 hr

EM=Entensive metabolizer, PM= Poor metabolizer

(Above table taken from table 7 of clinical pharmacological review)

These are the results of two PK/PD studies:

1. For inter-study comparison of esomeprazole PK data, Study D9615C00015 had around
8-18 % higher in PK parameters than those obtained from Study D961DC00004.

2. Compared to the same dose of omeprazole (within Study D961 DC00004), esomeprazole
had slightly larger (11-13%) mean PK parameters which is consistent with previous
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findings that R-isomer of omeprazole (a racemate) is eliminated faster than the S-isomer
(esomeprazole).

Between males and females, their mean esomeprazole PK parameters are comparable.
Homo-EM had slightly lower (4-16%) mean esomeprazole PK parameters than those of
Hetero-EM.

Only one PM was included in each of the above two studies and their PK parameters are
not as high as expected for a PM and the values are within the range for EMs.

The reason for the PM having similar PK data as those of Homo-PM or Hetero-PM is not
known, however, it could be due to 1) only one PM being included in each study, 2).
Esomeprazole and omeprazole also inhibiting CYP 2C19 after multiple dose (or
continuous infusion), and PM being less influenced by this inhibition mechanism on
2C19, and 3) crossover study design of I.V. infusion (washout period being 13 days)
complicating the inhibition mechanism on 2C19 for EMs.

It was reported that Cg (based on at least 3 consecutive time points during continuous
infusion) for omeprazole could not be determined nor was CL calculated since
omeprazole plasma levels tended to increase during the continuous infusion.

Mean plasma profiles of esomeprazole and omeprazole and their median 24-hr
intragastric pH profiles obtained from D961DC00004 are shown in figures 1 and 2.

Figure 1: Mean plasma concentrations following L.V. single doses of

esomeprazole 80 mg + 8 mg/h and omeprazole 80 mg + 8 mg/h in
healthy subjects (N=39) (D961DC00004)

(Above Figure taken from Figure 5 of clinical pharmacology review)

5.2 Pharmacodynamic data

Mean intragastric pH profile following the similar dose and mode of administration of
esomeprazole and omeprazole in healthy subjects during 24 hours is shown in figure 2.
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Figure 2: Median intragastric pH profile following 1.V. doses of esomeprazole
80 mg + 8 mg/h and omeprazole 80 mg + 8 mg/h in healthy subjects
(N=39) (D961DC00004)

(Above Figure taken from Figure 6 of clinical pharmacology review)

The comparisons of mean % of time for intragastric pH>6.0 during the 24-hr
period between esomeprazole and omeprazole are shown below in table 3.

Table 3: Comparison of % Time for 24-hr intragastric pH > 6.0 between
Esomeprazole vs. Omeprazole (D961DC00004)

(Above Table taken from Table 8 of clinical pharmacology review)

According to the clinical pharmacology reviewer the above PD results obtained from
Study D961DC00004 showed that
a. For esomeprazole and omeprazole, mean % of time for pH>6.0 in 24-hr
period were 44.6 and 41.4%, respectively and there were no major differences
in PD (p-value of 0.6789) observed.
b. The above mean % of time obtained from this study were lower than that from
D9615C00015 (around 50%)
c. Mean time to reach pH>6 for esomeprazole and omeprazole are calculated to
be 7.26 (x 6.85) hrs and 8.54 (+ 7.78) hrs which were longer than that from
Study D9615C00015 [5.67 ( 6.97) hr for esomeprazole].

The differences between inter-study comparisons are complicated due to different fasting
status. The sponsor indicates that there is no other obvious explanation for these
differences.

15



Comments:
The PK/PD information is of limited value because these PK/PD studies were conducted
in healthy subjects for the duration of 24 hours and not in the target population.

According to the sponsor’s data the relevant PD values with dose used in the trial show
that mean time to reach pH of >6 was about 8 hours and pH of >6 was maintained for
only 45% of the time during 24 hours (table 3).

During 24 hours of study, the pH of >6 was not reached in first 18 hours and majority of
the time fluctuating between pH 5 to 6 (figure 2). This is considered inadequate to
achieve the desired PD effects on the blood clot.

In addition patients with moderate to severe liver disease were not analyzed in adequate
number to assess the PK/PD data for dose adjustment.

For details please see Dr Chen, Tien Mien, the Clinical Reviewer’s review.

6 INTEGRATED REVIEW OF EFFICACY

In this review, efficacy data generated from the study D961DC00001 are discussed.

6.1 Indication

In the “Indication and Usage” section, the Applicant proposed the following wording for
the rebleeding of gastric and duodenal ulcer after endoscopic treatment indication:
O@ 1isk reduction of rebleeding in patients
following therapeutic endoscopy for acute bleeding gastric and duodenal ulcer.

6.1.1 Methods

The clinical data from single pivotal, randomized, double blind, parallel-group, placebo
controlled (Study D961DC00001) were analyzed. The reviewer has approached this
submission first by focusing upon what the sponsor has requested, and what evidence has
been submitted in support of that request. The materials reviewed include all data
pertinent of clinical trial with emphasis on the protocol and clinical study report.

This review followed a stepwise fashion directed to determine the factual clinical
evidence to support the sponsor’s proposed use of esomeprazole. The one clinical trial
and two PK/PD trials were examined (D961DC00001, D961 DC00004, D961D500015).
The protocol was examined first and then the reported data for efficacy and safety. The
reviewer’s final judgment on safety and efficacy submitted in support of the proposed
indication was based on the safety profile and whether the stated primary objective
endpoint analysis was achieved. Since this was a single clinical study robustness of the
data was assessed by sensitivity analysis.

The primary variable, rebleeding within 72 hours, was analyzed with a Mantel-Haenszel
test, stratified for type of endoscopic treatment at baseline. Mantel- Haenszel test or log-
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rank test for dichotomous variables and Wilcoxon two-sample test for continuous
variables, were used in the analysis of secondary variables, with adjustment for type of
endoscopic treatment at baseline.

It should be noted that the applicant amended the protocol on June 21, 2006. The
applicant added exclusion criteria. Patients receiving intravenous PPI exceeding a total
dose of 40 mg within 24 hours prior to enrollment were not included in the study. The
applicant also made changes in the analysis of the efficacy data which is presented in
details in statistics section by Dr Sonia Castillo.

6.1.2 General Discussion of Endpoints

The primary endpoint was clinically significant rebleeding within 72 hours during the
continuous infusion of esomeprazole or placebo. Clinically significant rebleeding was
diagnosed by the criteria (table-2)

Comments:

Clinically significant rebleeding after the first 72 hours was assessed during 4 to 7 days
and subsequently during 7 to 30 days. The primary thinking for this analysis was to avoid
cumulative incidence of rebleeding/non-bleeding during 72 hours being reflected later in
subsequent periods after 72 hour (during 4 to 7 days and 7 to 30 days). Further with the
background knowledge that the majority of rebleeding in peptic ulcers occurs within 7
days, the analysis was focused on rebleeding during first 7 days. Similar analysis was
done for other secondary variables i.e. need for surgery or endoscopic retreatment for
rebleeding.

Primary variable:
Clinically significant rebleeding within 72 hours of continuous infusion of esomeprazole
or placebo.

Methods of assessment

The diagnosis of rebleeding could be based on either A, B, or C (see table 4).

The recommendation was to always confirm the diagnosis of rebleeding by endoscopy.
However, if no bleeding was detected at re-endoscopy the patient was defined as a
rebleed if he/she fulfilled C (vomiting of >200 mL of fresh blood) and/or B.

The time of a clinically significant rebleeding was defined as the time of demonstrating
the first clinical sign of a rebleeding (B1, B2 or B3) which was subsequently confirmed
by endoscopy. In case of an active bleeding endoscopic re-treatment was recommended.

When the patient was discharged from the hospital, he/she was given information card,
detailing signs and symptoms that might be associated with rebleeding. Patients were
advised to contact investigator or the hospital without delay to be evaluated for
rebleeding, if they experienced any such signs or symptoms.
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Table 4: Diagnosis criteria for clinically si

gnificant rebleeding

Rebleeding diagnosed by:

Criteria for diagnosis

“A
Endoscopy — initiated by clinical signs of
bleeding defined as:

one of B1 or B2 or B3

and

Endoscopic verification, i.e., one of Al or
A2.

It is the result of the endoscopy that defines
if there is a rebleeding or not

Al

Blood in the stomach (this criterion was not
used during the first 6 hours after primary
endoscopic hemostasis)

A2
A verified active bleeding from a peptic
ulcer (Forrest class Ia, Ib)

G‘B”
A true clinically based definition included
at least 2 of B1 and/or B2 and/or B3

B1

Vomiting of fresh blood or fresh blood in a
gastric tube or hemetochezia or melena
after a normal stool.

B2

Decrease in Hb>20 g/L (or Hct>6%) during
24 Hours or an increase in Hb<10 g/L (or
Hct<3%) despite >2 units of blood has been
transfused during 24 hours

B3

Unstable circulation systolic BP <90
mmHg or pulse >110/min (after have had a
stable circulation)

C Hematemesis

C

Vomiting significant amounts (>200 mL)
of fresh blood as estimated by the
investigator

(Above Table is taken from Table 4 of Clinical Study Protocol for Study D961DC00001)

Primary outcome variable:

Rebleeding within 72 hours was calculated from the date and time for significant
rebleeding, as recorded in the CRF. Patients who left the study prematurely without
having had a rebleeding were considered as having no rebleeding.

Comments:

The assessment and criteria of significant rebleeding for primary endpoint are adequate.

However patients with less significant bleedi

ng should have been also accounted for to

assess information on the total risk of rebleeding.
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Secondary variables:

There were multiple secondary variables proposed by the sponsor:

Clinically significant rebleeding within 7 days and 30 days: Rebleeding within 7
days and 30 days was calculated from the date and time for significant rebleeding,
as recorded in the CRF.

Death within 72 hours and 30 days: Death within 72 hours and 30 days was
calculated from the date of death as recorded in the CRF.

Death related to rebleeding within 30 days was judged by the EpC: The EpC
evaluated and determined whether death was related to rebleeding or not based on
clinical and laboratory data collected in the CRF, including autopsy reports if
available.

Requirement for surgery within 72 hours and 30 days: Any surgery (except
endoscopic treatment) initiated within 72 hours or 30 days caused by rebleeding
was recorded in the CRF. The decision to perform surgery was based on several
factors such as the patient’s age, co-morbidities, primary endoscopic findings, the
patient’s actual status and the progress of the actual bleeding.

Recommendations for surgery:

» Extensive continuous bleeding as judged by massive hemetemesis and/or
hemetemesis with shock (shock was defined as a systolic BP <90 mm Hg
or pulse>110 beats/min) and when endoscopy/endoscopic treatment was
not judged to be an alternative.

» Significant rebleeding (after primary successful endoscopic treatment) and
attempt of endoscopic treatment was not able to control the bleeding.

» Clinical signs of persisting significant continuous bleeding after 4 units of
blood had been given within 24 hours

» Clinical signs of persisting significant continuous bleeding after a total 8
units of blood had been given irrespective of time.

Requirement for endoscopic re-treatment within 72 hours and 30 days:

In case of rebleeding endoscopic re-treatment was recommended if the rebleeding
was classified as Forrest class Ia, Ib, Ila or IIb. The need for endoscopic re-
treatment was based on investigators assessment and not on the presence of a
confirmed clinically significant rebleeding.

Comments:

This secondary variable of requirement of endoscopic retreatment is investigator
dependent and may not be uniform across the study.

19



e Number of blood units transfused within 72 hours and 30 days: The number of
blood units (whole blood and packed red cells) transfused to the patient during the
study was recorded in the CRF.

Recommendations on when a blood transfusion should be given:
» Deficit in oxygen transporters was best substituted with red blood cells.

» Hemodynamic instability was best substituted with crystalloids or plasma
expanders.

» Transfusion of red blood cells (whole blood or packed cells) was
recommended when:

= Extensive continuous bleeding (as judged by massive hematomas
and/or hematemesis with shock

=  When the hemoglobin concentration was <100 g/L

In patients with an increased peripheral oxygen demand (patients with cardiac diseases,
patients in shock) transfusions were given at a higher hemoglobin concentration where
as in otherwise healthy patients transfusion were initiated at a lower hemoglobin
concentration than 100 g/L.

Comments:

The analysis of blood transfusions units required in the two treatment groups during
different time frame and overall was appropri