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/ DEPARTMENT OF HEALTH AND HUMAN SERVICES

Silver Spring MD 20993

BLA 125320/7
SUPPLEMENT BLA APPROVAL
November, 18, 2010
Amgen, Incorporated
Attention: John Bergan
Senior Manager, Regulatory Affairs and Safety
One Amgen Center Drive
Mail Stop 38-4C
Thousand Oaks, CA 91320-9978

Dear Mr. Bergan:

Please refer to your Supplemental Biologics License Application (SBLA), dated May 14, 2010,
received May 19, 2010, submitted under section 351 of the Public Health Service Act for
denosumab.

We acknowledge receipt of your amendments dated May 14, 2010, July 23, 2010 (2),
July 28, 2010, July 29, 2010, August 5, 2010, August 16, 2010, August 23, 2010 (2),
August 24, 2010 (2), August 31, 2010, September 7, 2010, September 10, 2010,
September 22, 2010, October 11, 2010, October 22, 2010, October 27, 2010 (4),
October 28, 2010 (2), October 29, 2010, November 11, 2010, November 15, 2010, and
November 18, 2010.

This “Prior Approval” efficacy supplement to your BLA provides for a new indication to include
the prevention of skeletal-related events in patients with bone metastases from solid tumors to be
marketed under a new proprietary name, Xgeva. 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.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA
automated drug registration and listing system (eLIST), the content of labeling

[21 CFR 601.14(b)] in structured product labeling (SPL) format, as described at
http://www.fda.gov/Forindustry/DataStandards/StructuredProductLabeling/default.ntm, that is
identical to the enclosed labeling (text for the package insert) and include the labeling changes
proposed in any pending “Changes Being Effected” (CBE) supplements. 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/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U

Food and Drug Administration
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CMOQ72392.pdf. For administrative purposes, please designate this submission “Product
Correspondence — Final SPL for approved BLA STN 125320/7.”

Also within 14 days, amend all pending supplemental applications for this BLA, including
pending “Changes Being Effected” (CBE) supplements, for which FDA has not yet issued an
action letter, with the content of labeling [21 CFR 601.12(f)] in MS Word format that includes
the changes approved in this supplemental application.

The SPL will be accessible via publicly available labeling repositories.

Submit final printed carton and container labels that are identical to the enclosed carton and
immediate container labels as soon as they are available, but no more than 30 days after they are
printed.

Please submit these labels electronically according to the guidance for industry titled “Providing
Regulatory Submissions in Electronic Format — Human Pharmaceutical Product Applications
and Related Submissions Using the eCTD Specifications (June 2008).” Alternatively, you may
submit 12 paper copies, with 6 of the copies individually mounted on heavy-weight paper or
similar material. For administrative purposes, designate this submission “Product
Correspondence — Final Printed Carton and Container Labels for approved BLA STN
125320/7.” Approval of this submission by FDA is not required before the labeling is used.

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 in pediatric patients unless this requirement is waived,
deferred, or inapplicable.

We are deferring submission of your pediatric studies because this product is ready for approval
for use in adults and the pediatric studies have not been completed.

Your deferred pediatric studies required under section 505B(a) of the Federal Food, Drug, and
Cosmetic Act (FDCA) are required postmarketing studies. The status of these postmarketing
studies must be reported annually according to 21 CFR 601.28 and section 505B (a)(3)(B) of the
FDCA. These required studies are listed below.

1. To conduct a phase 1, open-label, dose-finding pharmacokinetic, pharmacodynamic, and
safety study in pediatric patients ages 0 to 18 years who are diagnosed with solid tumors
metastatic to bone. The study will determine whether a safe dose can be administered to
patients in subsequent phase 2 and phase 3 studies.

The timetable you submitted on October 29, 2010 states that you will conduct this study
according to the following schedule.

Final Protocol Submission: December 30, 2011



BLA 125320/7

Page 3
Study Completion Date: March 31, 2014
Final Report Completion: September 30, 2014
2. To conduct a phase 2, open-label, single-arm study in pediatric patients ages 0 to 18 with
solid tumors with bone metastases to determine the safety, including effects on growing
bones, and activity of denosumab in the prevention of skeletal related events.
The timetable you submitted on October 29, 2010 states that you will conduct this study
according to the following schedule.
This study must not be initiated until at least one month after you have submitted the
complete final report for postmarketing requirement 1.
Final Protocol Submission: September 30, 2014
Study Completion Date: September 30, 2018
Final Report Submission: March 31, 2019
3. To conduct a randomized and controlled pediatric study to evaluate the efficacy and

safety of denosumab for the prevention of skeletal related events in pediatric patients
ages 0 to 18 years with solid tumors and bone metastases.

This study must not be initiated until at least one month after you have submitted the
complete final report for post marketing requirements 1 and 2.

The timetable you submitted on October 29, 2010 states that you will conduct this study
according to the following schedule.

Final Protocol Submission: March 31, 2019
Study Completion Date: March 31, 2025
Final Report Submission: September 30, 2025

Submit final reports to this BLA. For administrative purposes, all submissions related to these
required pediatric postmarketing studies must be clearly designated “Required Pediatric
Assessment(s).”

POSTMARKETING REQUIREMENTS UNDER 505(0)

Section 505(0)(3) of the FDCA authorizes FDA to require holders of approved drug and
biological product applications to conduct postmarketing studies and clinical trials for certain
purposes, if FDA makes certain findings required by the statute.

Since denosumab was approved on June 1, 2010, we have become aware of the increased risk of
severe hypocalcemia in patients with renal insufficiency from the clinical trial data submitted for
approval of this application using the 120 mg dose of denosumab. Therefore, we consider this
information to be “new safety information” as defined in section 505-1(b)(3) of the FDCA.
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We have determined that an analysis of spontaneous postmarketing adverse events reported
under subsection 505(k)(1) of the FDCA will not be sufficient to identify an unexpected serious
risk of hypocalcemia in patients with severe renal insufficiency.

Furthermore, the new pharmacovigilance system that FDA is required to establish under section
505(k)(3) of the FDCA is not yet sufficient to assess this serious risk.

Finally, we have determined that only a clinical trial (rather than a nonclinical or observational
study) will be sufficient to identify an unexpected serious risk of hypocalcemia in patients with
severe renal insufficiency

Therefore, based on appropriate scientific data, FDA has determined that you are required to
conduct the following:

4. To conduct a clinical trial to determine the safety of Xgeva (denosumab) 120 mg
administered every four weeks by subcutaneous injection in patients with severe renal
insufficiency (creatinine clearance less than 30 mL/min) and in patients receiving
dialysis. The number of patients enrolled in the trial and the frequency and duration of
plasma sampling will be sufficient to estimate the incidence and severity of
hypocalcemia, hypomagnesemia, and hypophoshatemia in this patient population. The
final report should include the primary and derived datasets using the CDISC and ADaM
data models and the analysis programs used to generate the safety and laboratory
analyses.

The timetable you submitted on October 29, 2010 states that you will conduct this trial
according to the following schedule:

Final Protocol Submission: March 31, 2011
Trial Completion Date: June 30, 2012
Final Report Submission: December 31, 2012

Submit the protocol to your IND 9838, with a cross-reference letter to this BLA. Submit all final
report(s) to your BLA. Prominently identify the submission with the following wording in bold
capital letters at the top of the first page of the submission, as appropriate: “Required
Postmarketing Protocol Under 505(0)”, “Required Postmarketing Final Report Under
505(0)”, “Required Postmarketing Correspondence Under 505(0)”.

Section 505(0)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any
study or clinical trial required under this section. This section also requires you to
periodically report to FDA on the status of any study or clinical trial otherwise undertaken to
investigate a safety issue. Section 506B of the FDCA, as well as 21 CFR 601.70 requires
you to report annually on the status of any postmarketing commitments or required studies
or clinical trials.
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FDA will consider the submission of your annual report under section 506B and 21 CFR 601.70
to satisfy the periodic reporting requirement under section 505(0)(3)(E)(ii) provided that you
include the elements listed in 505(0) and 21 CFR 601.70. We remind you that to comply with
505(0), your annual report must also include a report on the status of any study or clinical trial
otherwise undertaken to investigate a safety issue. Failure to submit an annual report for studies
or clinical trials required under 505(0) on the date required will be considered a violation of
FDCA section 505(0)(3)(E)(ii) and could result in enforcement action.

POSTMARKETING COMMITMENTS SUBJECT TO REPORTING REQUIREMENTS
UNDER SECTION 506B

We remind you of your postmarketing commitment in your submission dated October 29, 2010.
This commitment is listed below.

5. To submit a final report that includes updated results for overall survival for trials
200501083 entitled “A Randomized, Double-Blind, Multicenter Study of Denosumab
Compared with Zoledronic Acid (Zometa®) in the Treatment of Bone Metastases in Men
with Hormone-Refractory Prostate Cancer;” 200050136 entitled “A Randomized,
Double-blind, Multicenter Study of Denosumab Compared With Zoledronic Acid
(Zometa) in the Treatment of Bone Metastases in Subjects With Advanced Breast
Cancer;” and 20050244 entitled “A Randomized, Double-Blind, Multicenter Study of
Denosumab Compared With Zoledronic Acid (Zometa) in the Treatment of Bone
Metastases in Subjects With Advanced Cancer (Excluding Breast and Prostate Cancer) or
Multiple Myeloma.” The final report should also include the primary and derived
datasets and analysis programs used to generate the overall survival results reported.

The original protocol for clinical trial 20050103 was submitted to FDA on January 12,
2006, and began patient accrual on May 12, 2006. The original protocol for clinical trial
20050136 was submitted to FDA on January, 13, 2006, and began patient accrual on
April 27, 2007. The original protocol for clinical trial 20050244 was submitted to FDA
on May 2, 2006, and began patient accrual on June 21, 2006.

The timetable you submitted on October 07, 2010 states that you will conduct the
trials according to the following schedule:

Final Report Submission: October 01, 2012.

Submit clinical protocols to your IND 9838 for this product. Submit nonclinical and chemistry,
manufacturing, and controls protocols and all final reports to this BLA. In addition, under 21
CFR 601.70 you should include a status summary of each commitment in your annual progress
report of postmarketing studies to this BLA. The status summary should include expected
summary completion and final report submission dates, any changes in plans since the last
annual report, and, for clinical studies/trials, number of patients entered into each study/trial. All
submissions, including supplements, relating to these postmarketing commitments should be
prominently labeled “Postmarketing Commitment Protocol,” “Postmarketing Commitment
Final Report,” or “Postmarketing Commitment Correspondence.”
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PROMOTIONAL MATERIALS

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

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Drug Marketing, Advertising, and Communications

5901-B Ammendale Road

Beltsville, MD 20705-1266

As required under 21 CFR 601.12(f)(4), you must submit final promotional materials, and the
package insert(s), at the time of initial dissemination or publication, accompanied by a Form
FDA 2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For
more information about submission of promotional materials to the Division of Drug Marketing,
Advertising, and Communications (DDMAC), 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 BLA (in
21 CFR 600.80 and in 21 CFR 600.81).

If you have any questions, call Melanie Pierce, Senior Regulatory Health Project Manager, at
(301) 796-1273.

Sincerely,

[ Patricia Keegan, M.D./

Patricia Keegan, M.D.

Director

Division of Biologic Oncology Products
Office of Oncology Drug Products
Center for Drug Evaluation and Research

ENCLOSURES:
Content of Labeling
Carton and Container Labeling
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
XGEVA™ safely and effectively. See full prescribing information for
XGEVA.

Xgeva (denosumab)

injection, for subcutaneous use
Initial US Approval: 2010

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

Xgeva is a RANK ligand (RANKL) inhibitor indicated for:
. Prevention of skeletal-related events in patients with bone metastases
from solid tumors (1.1)

Important limitation of use: Xgeva is not indicated for the prevention of
skeletal-related events in patients with multiple myeloma (1.2)

e Administer 120 mg every 4 weeks as a subcutaneous injection in the
upper arm, upper thigh, or abdomen (2.1)

e  Administer calcium and vitamin D as necessary to treat or prevent
hypocalcemia (2.1)

. 120 mg/1.7 mL (70 mg/mL) single-use vial (3)

.......................... CONTRAINDICATIONS
e  None (4)

Hypocalcemia: Severe hypocalcemia can occur in patients receiving
Xgeva. Correct hypocalcemia prior to initiating Xgeva. Monitor
calcium levels and adequately supplement all patients with calcium and

vitamin D (5.1)
Osteonecrosis of the jaw can occur in patients receivin

g Xgeva. Perform

an oral examination prior to starting Xgeva. Monitor for symptoms.
Avoid invasive dental procedures during treatment with Xgeva (5.2)

ADVERSE REACTIONS
The most common adverse reactions in patients receiv

ing Xgeva (per-

patient incidence greater than or equal to 25%) were fatigue/asthenia,

hypophosphatemia, and nausea (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact Amgen Inc. at
1-800-77-AMGEN (1-800-772-6436) or FDA at 1-800-FDA-1088 or
www.fda.gov/medwatch.

Pregnancy: Based on animal data, may cause fetal harm. Pregnancy

Surveillance Program available (8.1)

Nursing mothers: May impair mammary gland development and

lactation. Discontinue drug or nursing (8.3)

Pediatric patients: Safety and efficacy not established (8.4)
Renal impairment: Patients with creatinine clearance less than 30
mL/min or receiving dialysis are at risk for hypocalcemia. Adequately

supplement with calcium and vitamin D (8.6)

See 17 for PATIENT COUNSELING INFORMATION.

Revised: 11/2010

FULL PRESCRIBING INFORMATION: CONTENTS*

1 INDICATIONS AND USAGE
1.1 Bone Metastasis from Solid Tumors
1.2 Important Limitation of Use
2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage
2.2 Preparation and Administration
DOSAGE FORMS AND STRENGTHS
CONTRAINDICATIONS
WARNINGS AND PRECAUTIONS
5.1 Hypocalcemia
5.2 Osteonecrosis of the Jaw (ONJ)
6 ADVERSE REACTIONS
6.1 Clinical Trials Experience
6.2 Immunogenicity
7 DRUG INTERACTIONS
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy: Category C
8.3 Nursing Mothers
8.4 Pediatric Use
8.5 Geriatric Use
8.6 Renal Impairment

b w

*

OVERDOSAGE

DESCRIPTION

CLINICAL PHARMACOLOGY
12.1 Mechanism of Action

12.2 Pharmacodynamics

12.3 Pharmacokinetics
NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

13.2 Animal Toxicology and/or Pharmacology
CLINICAL TRIALS

HOW SUPPLIED/STORAGE AND HANDLING
PATIENT COUNSELING INFORMATION

Sections or subsections omitted from the full prescribing information are

not listed.
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE
1.1 Bone Metastasis from Solid Tumors

Xgeva is indicated for the prevention of skeletal-related events in patients with bone metastases from
solid tumors.

1.2 Important Limitation of Use

Xgeva is not indicated for the prevention of skeletal-related events in patients with multiple myeloma [see
Clinical Trials (14)].

2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage

The recommended dose of Xgeva is 120 mg administered as a subcutaneous injection every 4 weeks in
the upper arm, upper thigh, or abdomen.

Administer calcium and vitamin D as necessary to treat or prevent hypocalcemia [see Warnings and
Precautions (5.1)].

2.2 Preparation and Administration

Visually inspect Xgeva for particulate matter and discoloration prior to administration. Xgeva is a clear,
colorless to pale yellow solution that may contain trace amounts of translucent to white proteinaceous
particles. Do not use if the solution is discolored or cloudy or if the solution contains many particles or
foreign particulate matter.

Prior to administration, Xgeva may be removed from the refrigerator and brought to room temperature
(up to 25°C/77°F) by standing in the original container. This generally takes 15 to 30 minutes. Do not
warm Xgeva in any other way [see How Supplied/Storage and Handling (16)].

Use a 27-gauge needle to withdraw and inject the entire contents of the vial. Do not re-enter the vial.
Discard vial after single-use or entry.

3 DOSAGE FORMS AND STRENGTHS
120 mg/1.7 mL (70 mg/mL) single-use vial.
4 CONTRAINDICATIONS

None.
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5 WARNINGS AND PRECAUTIONS
51 Hypocalcemia

Xgeva can cause severe hypocalcemia. Correct pre-existing hypocalcemia prior to Xgeva treatment.
Monitor calcium levels and administer calcium, magnesium, and vitamin D as necessary. Monitor levels
more frequently when Xgeva is administered with other drugs that can also lower calcium levels. Advise
patients to contact a healthcare professional for symptoms of hypocalcemia [see Adverse Reactions (6.1)
and Patient Counseling Information (17)].

Based on clinical trials using a lower dose of denosumab, patients with a creatinine clearance less than

30 mL/min or receiving dialysis are at greater risk of severe hypocalcemia compared to patients with
normal renal function. In a trial of 55 patients, without cancer and with varying degrees of renal
impairment, who received a single dose of 60 mg denosumab, 8 of 17 patients with a creatinine clearance
less than 30 mL/min or receiving dialysis experienced corrected serum calcium levels less than 8.0 mg/dL
as compared to 0 of 12 patients with normal renal function. The risk of hypocalcemia at the
recommended dosing schedule of 120 mg every 4 weeks has not been evaluated in patients with a
creatinine clearance less than 30 mL/min or receiving dialysis.

5.2 Osteonecrosis of the Jaw (ONJ)

Osteonecrosis of the jaw (ONJ) can occur in patients receiving Xgeva, manifesting as jaw pain,
osteomyelitis, osteitis, bone erosion, tooth or periodontal infection, toothache, gingival ulceration, or
gingival erosion. Persistent pain or slow healing of the mouth or jaw after dental surgery may also be
manifestations of ONJ. In clinical trials, 2.2% of patients receiving Xgeva developed ONJ; of these
patients, 79% had a history of tooth extraction, poor oral hygiene, or use of a dental appliance [see
Adverse Reactions (6.1)].

Perform an oral examination and appropriate preventive dentistry prior to the initiation of Xgeva and
periodically during Xgeva therapy. Advise patients regarding oral hygiene practices. Avoid invasive
dental procedures during treatment with Xgeva.

Patients who are suspected of having or who develop ONJ while on Xgeva should receive care by a
dentist or an oral surgeon. In these patients, extensive dental surgery to treat ONJ may exacerbate the
condition.

6 ADVERSE REACTIONS

The following adverse reactions are discussed below and elsewhere in the labeling:
e Hypocalcemia [see Warnings and Precautions (5.1)]
e Osteonecrosis of the Jaw [see Warnings and Precautions (5.2)]

The most common adverse reactions in patients receiving Xgeva (per-patient incidence greater than or
equal to 25%) were fatigue/asthenia, hypophosphatemia, and nausea (see Table 1).

The most common serious adverse reaction in patients receiving Xgeva was dyspnea.

The most common adverse reactions resulting in discontinuation of Xgeva were osteonecrosis and
hypocalcemia.
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6.1 Clinical Trials Experience

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 other clinical trials and may not reflect
the rates observed in practice.

The safety of Xgeva was evaluated in three randomized, double-blind, double-dummy trials [see Clinical
Trials (14)] in which a total of 2841 patients with bone metastasis from prostate cancer, breast cancer, or
other solid tumors, or lytic bony lesions from multiple myeloma received at least one dose of Xgeva. In
Trials 1, 2, and 3, patients were randomized to receive either 120 mg of Xgeva every 4 weeks as a
subcutaneous injection or 4 mg (dose adjusted for reduced renal function) of zoledronic acid every

4 weeks by intravenous (1V) infusion. Entry criteria included serum calcium (corrected) from 8 to

11.5 mg/dL (2 to 2.9 mmol/L) and creatinine clearance 30 mL/min or greater. Patients who had received
IV bisphosphonates were excluded, as were patients with prior history of ONJ or osteomyelitis of the jaw,
an active dental or jaw condition requiring oral surgery, non-healed dental/oral surgery, or any planned
invasive dental procedure. During the study, serum chemistries including calcium and phosphorus were
monitored every 4 weeks. Calcium and vitamin D supplementation was recommended but not required.

The median duration of exposure to Xgeva was 12 months (range: 0.1 — 41) and median duration on-study
was 13 months (range: 0.1 — 41). Of patients who received Xgeva, 46% were female. Eighty-five percent
were White, 5% Hispanic/Latino, 6% Asian, and 3% Black. The median age was 63 years (range: 18 —
93). Seventy-five percent of patients who received Xgeva received concomitant chemotherapy.

Table 1. Per-patient Incidence of Selected® Adverse Reactions of Any Severity (Trials 1, 2, and 3)

Xgeva Zoledronic Acid
Body System n=2841 n = 2836
% %

GASTROINTESTINAL

Nausea 31 32

Diarrhea 20 19
GENERAL

Fatigue/Asthenia 45 46
INVESTIGATIONS

Hypocalcemia” 18 9

Hypophosphatemia” 32 20
NEUROLOGICAL

Headache 13 14
RESPIRATORY

Dyspnea 21 18

Cough 15 15

& Adverse reactions reported in at least 10% of patients receiving Xgeva in Trials 1, 2, and 3, and meeting
one of the following criteria:
o At least 1% greater incidence in Xgeva-treated patients, or
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o Between-group difference (either direction) of less than 1% and more than 5% greater incidence in
patients treated with zoledronic acid compared to placebo (US Prescribing Information for zoledronic
acid)

® Laboratory-derived and below the central laboratory lower limit of normal [8.3 — 8.5 mg/dL (2.075 —
2.125 mmol/L) for calcium and 2.2 — 2.8 mg/dL (0.71 — 0.9 mmol/L) for phosphorus]

Severe Mineral/Electrolyte Abnormalities

e Severe hypocalcemia (corrected serum calcium less than 7 mg/dL or less than 1.75 mmol/L) occurred
in 3.1% of patients treated with Xgeva and 1.3% of patients treated with zoledronic acid. Of patients
who experienced severe hypocalcemia, 33% experienced 2 or more episodes of severe hypocalcemia
and 16% experienced 3 or more episodes [see Warnings and Precautions (5.1) and Use in Specific
Populations (8.6)].

e Severe hypophosphatemia (serum phosphorus less than 2 mg/dL or less than 0.6 mmol/L) occurred in
15.4% of patients treated with Xgeva and 7.4% of patients treated with zoledronic acid.

Osteonecrosis of the Jaw

In the primary treatment phases of Trials 1, 2, and 3, ONJ was confirmed in 1.8% of patients in the Xgeva
group and 1.3% of patients in the zoledronic acid group [see Warnings and Precautions (5.2)]. When
events occurring during an extended treatment phase of approximately 4 months in each trial are included,
the incidence of confirmed ONJ was 2.2% in patients who received Xgeva. The median time to ONJ was
14 months (range: 4 — 25).

6.2 Immunogenicity

As with all therapeutic proteins, there is potential for immunogenicity. Using an
electrochemiluminescent bridging immunoassay, less than 1% (7/2758) of patients with osseous
metastases treated with denosumab doses ranging from 30-180 mg every 4 weeks or every 12 weeks
for up to 3 years tested positive for binding antibodies. No patient with positive binding antibodies
tested positive for neutralizing antibodies as assessed using a chemiluminescent cell-based in vitro
biological assay. There was no evidence of altered pharmacokinetic profile, toxicity profile, or clinical
response associated with binding antibody development.

The incidence of antibody formation is highly dependent on the sensitivity and specificity of the assay.
Additionally, the observed incidence of a positive antibody (including neutralizing antibody) test result
may be influenced by several factors, including assay methodology, sample handling, timing of sample
collection, concomitant medications, and underlying disease. For these reasons, comparison of antibodies
to denosumab with the incidence of antibodies to other products may be misleading.
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7 DRUG INTERACTIONS
No formal drug-drug interaction trials have been conducted with Xgeva.

In clinical trials in patients with breast cancer metastatic to bone, Xgeva was administered in combination
with standard anticancer treatment. Serum denosumab concentrations at 1 and 3 months and reductions in
the bone turnover marker uNTx/Cr (urinary N-terminal telopeptide corrected for creatinine) at 3 months
were similar in patients with and without prior intravenous bisphosphonate therapy.

There was no evidence that various anticancer treatments affected denosumab systemic exposure and
pharmacodynamic effect. Serum denosumab concentrations at 1 and 3 months were not altered by
concomitant chemotherapy and/or hormone therapy. The median reduction in uNTx/Cr from baseline to
month 3 was similar between patients receiving concomitant chemotherapy and/or hormone therapy [see
Clinical Pharmacology (12.2)].

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy: Category C

There are no adequate and well-controlled trials of Xgeva in pregnant women. Use Xgeva during
pregnancy only if the potential benefit justifies the potential risk to the fetus. Encourage women who
become pregnant during Xgeva treatment to enroll in Amgen’s Pregnancy Surveillance Program.
Patients or their physicians should call 1-800-77-AMGEN (1-800-772-6436) to enroll.

In an embryofetal developmental study, cynomolgus monkeys received subcutaneous denosumab weekly
during organogenesis at doses up to 6.5-fold higher than the recommended human dose of 120 mg every
4 weeks, based on body weight (mg/kg). No evidence of maternal toxicity or fetal harm was observed.
However, this study only assessed fetal toxicity during the first trimester, and fetal lymph nodes were not
examined. Potential adverse developmental effects resulting from exposures during the second and third
trimesters have not been assessed in animals [see Nonclinical Toxicology (13.2)].

In genetically engineered mice in which the gene for RANK ligand (RANKL) has been deleted (a
“knockout mouse™), the absence of RANKL caused fetal lymph node agenesis and led to postnatal
impairment of dentition and bone growth. Pregnant RANKL knockout mice also showed altered
maturation of the maternal mammary gland, leading to impaired lactation postpartum [see Use in
Specific Populations (8.3)].

8.3 Nursing Mothers

It is not known whether Xgeva is excreted into human milk. Because many drugs are excreted in human
milk and because of the potential for serious adverse reactions in nursing infants from Xgeva, a decision
should be made whether to discontinue nursing or discontinue the drug, taking into account the
importance of the drug to the mother.

Maternal exposure to Xgeva during pregnancy may impair mammary gland development and lactation
based on animal studies in pregnant mice lacking the RANK/RANKL signaling pathway that have shown
altered maturation of the maternal mammary gland, leading to impaired lactation postpartum [see
Nonclinical Toxicology (13.2)].

Page 6



8.4 Pediatric Use

The safety and effectiveness of Xgeva in pediatric patients have not been established. Treatment with
Xgeva may impair bone growth in children with open growth plates and may inhibit eruption of dentition.

In neonatal rats, inhibition of RANKL with a construct of osteoprotegerin bound to Fc (OPG-Fc) at doses
less than or equal to 10 mg/kg was associated with inhibition of bone growth and tooth eruption.
Adolescent monkeys dosed with denosumab at 5 and 25 times (10 and 50 mg/kg dose) higher than the
recommended human dose of 120 mg subcutaneously every 4 weeks (based on body weight mg/kg) had
abnormal growth plates [see Nonclinical Toxicology (13.2)].

8.5 Geriatric Use

Of patients who received Xgeva in Trials 1, 2, and 3, 1260 (44%) were 65 years of age or older. No
overall differences in safety or efficacy were observed between these patients and younger patients.

8.6 Renal Impairment

In a trial of 55 patients without cancer and with varying degrees of renal function who received a single
dose of 60 mg denosumab, patients with a creatinine clearance of less than 30 mL/min or receiving
dialysis were at greater risk of severe hypocalcemia with denosumab compared to patients with normal
renal function. The risk of hypocalcemia at the recommended dosing schedule of 120 mg every 4 weeks
has not been evaluated in patients with a creatinine clearance of less than 30 mL/min or receiving dialysis
[see Warnings and Precautions (5.1), Adverse Reactions (6.1), and Clinical Pharmacology (12.3)].

10 OVERDOSAGE

There is no experience with overdosage of Xgeva.

11 DESCRIPTION

Xgeva (denosumab) is a human 1gG2 monoclonal antibody that binds to human RANKL. Denosumab
has an approximate molecular weight of 147 kDa and is produced in genetically engineered mammalian
(Chinese hamster ovary) cells.

Xgeva is a sterile, preservative-free, clear, colorless to pale yellow solution.

Each single-use vial of Xgeva contains 120 mg denosumab, 4.6% sorbitol, 18 mM acetate, Water for
Injection (USP), and sodium hydroxide to a pH of 5.2.

12 CLINICAL PHARMACOLOGY

12.1  Mechanism of Action

Xgeva binds to RANKL, a transmembrane or soluble protein essential for the formation, function, and
survival of osteoclasts, the cells responsible for bone resorption. Xgeva prevents RANKL from activating

its receptor, RANK, on the surface of osteoclasts and their precursors. Increased osteoclast activity,
stimulated by RANKL, is a mediator of bone pathology in solid tumors with osseous metastases.
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12.2  Pharmacodynamics

In patients with breast cancer and bone metastases, the median reduction in uNTx/Cr was 82% within
1 week following initiation of Xgeva 120 mg administered subcutaneously. In Trials 1, 2, and 3, the
median reduction in uNTx/Cr from baseline to month 3 was approximately 80% in 2075 Xgeva-treated
patients.

12.3  Pharmacokinetics

Following subcutaneous administration, bioavailability was 62%. Denosumab displayed nonlinear
pharmacokinetics at doses below 60 mg, but approximately dose-proportional increases in exposure at
higher doses. With multiple subcutaneous doses of 120 mg every 4 weeks in patients with cancer
metastatic to the bone, up to 2.8-fold accumulation in serum denosumab concentrations was observed and
steady state was achieved by 6 months. At steady state, the mean + SD serum trough concentration was
20.5 + 13.5 mcg/mL at the recommended Xgeva dose, and the mean elimination half-life was 28 days.

A population pharmacokinetic analysis was performed to evaluate the effects of demographic
characteristics. Denosumab clearance and volume of distribution were proportional to body weight. The
steady-state exposure following repeat subcutaneous administration of 120 mg every 4 weeks to 45 kg
and 120 kg subjects were, respectively, 48% higher and 46% lower than exposure of the typical 66 kg
subject.

Specific Populations
The pharmacokinetics of denosumab were not affected by age, gender, and race. The pharmacokinetics
of denosumab in pediatric patients have not been assessed.

Hepatic Impairment: No clinical trials have been conducted to evaluate the effect of hepatic impairment
on the pharmacokinetics of denosumab.

Renal Impairment: In a trial of 55 subjects with varying degrees of renal function, including subjects on
dialysis, the degree of renal impairment had no effect on the pharmacokinetics and pharmacodynamics of
denosumab [see Use in Specific Populations (8.6)].

13 NONCLINICAL TOXICOLOGY

13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenicity
The carcinogenic potential of denosumab has not been evaluated in long-term animal studies.

Mutagenicity
The genotoxic potential of denosumab has not been evaluated.

Impairment of Fertility

Denosumab had no effect on female fertility or male reproductive organs in monkeys at exposures that
were 6.5- to 25-fold higher than the observed human dose of 120 mg subcutaneously administered once
every 4 weeks (based on body weight mg/kg).
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13.2  Animal Toxicology and/or Pharmacology

Denosumab is an inhibitor of osteoclastic bone resorption via inhibition of RANKL. Adolescent
nonhuman primates treated with monthly doses of denosumab greater than 5 times the recommended
human dose of 120 mg had abnormal growth plates. Because the biological activity of denosumab in
animals is specific to nonhuman primates, evaluation of genetically engineered (knockout) mice or use of
other biological inhibitors of the RANK/RANKL pathway, OPG-Fc and RANK-Fc, provided additional
safety information on the inhibition of the RANK/RANKL pathway in rodent models. A study in
2-week-old rats given the RANKL inhibitor OPG-Fc showed reduced bone growth, altered growth plates,
and impaired tooth eruption. These changes were partially reversible in this model when dosing with the
RANKL inhibitors was discontinued. Neonatal RANK/RANKL knockout mice also exhibited reduced
bone growth and lack of tooth eruption. RANK/RANKL knockout mice also exhibited absence of lymph
node formation, as well as an absence of lactation due to inhibition of mammary gland maturation
(lobulo-alveolar gland development during pregnancy) [see Use in Specific Populations (8.3, 8.4)].

14 CLINICAL TRIALS

The safety and efficacy of Xgeva for the prevention of skeletal-related events in patients with bone
metastases from solid tumors was demonstrated in three international, randomized (1:1), double-blind,
active-controlled, noninferiority trials comparing Xgeva with zoledronic acid. In all three trials, patients
were randomized to receive 120 mg Xgeva subcutaneously every 4 weeks or 4 mg zoledronic acid
intravenously (1V) every 4 weeks (dose adjusted for reduced renal function). Patients with creatinine
clearance less than 30 mL/min were excluded. In each trial, the main outcome measure was
demonstration of noninferiority of time to first skeletal-related event (SRE) as compared to zoledronic
acid. Supportive outcome measures were superiority of time to first SRE and superiority of time to first
and subsequent SRE; testing for these outcome measures occurred if the main outcome measure was
statistically significant. An SRE was defined as any of the following: pathologic fracture, radiation
therapy to bone, surgery to bone, or spinal cord compression.

Trial 1 enrolled 2046 patients with advanced breast cancer and bone metastasis. Randomization was
stratified by a history of prior SRE (yes or no), receipt of chemotherapy within 6 weeks prior to
randomization (yes or no), prior oral bisphosphonate use (yes or no), and region (Japan or other
countries). Forty percent of patients had a previous SRE, 40% received chemotherapy within 6 weeks
prior to randomization, 5% received prior oral bisphosphonates, and 7% were enrolled from Japan.
Median age was 57 years, 80% of patients were White, and 99% of patients were women. The median
number of doses administered was 18 for denosumab and 17 for zoledronic acid.

Trial 2 enrolled 1776 adults with solid tumors other than breast and castrate-resistant prostate cancer with
bone metastasis and multiple myeloma. Randomization was stratified by previous SRE (yes or no),
systemic anticancer therapy at time of randomization (yes or no), and tumor type (non-small cell lung
cancer, myeloma, or other). Eighty-seven percent were receiving systemic anticancer therapy at the time
of randomization, 52% had a previous SRE, 64% of patients were men, 87% were White, and the median
age was 60 years. A total of 40% of patients had non-small cell lung cancer, 10% had multiple myeloma,
9% had renal cell carcinoma, and 6% had small cell lung cancer. Other tumor types each comprised less
than 5% of the enrolled population. The median number of doses administered was 7 for both denosumab
and zoledronic acid.

Trial 3 enrolled 1901 men with castrate-resistant prostate cancer and bone metastasis. Randomization
was stratified by previous SRE, PSA level (less than 10 ng/mL or 10 ng/mL or greater) and receipt of
chemotherapy within 6 weeks prior to randomization (yes or no). Twenty-six percent of patients had a
previous SRE, 15% of patients had PSA less than 10 ng/mL, and 14% received chemotherapy within
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6 weeks prior to randomization. Median age was 71 years and 86% of patients were White. The median
number of doses administered was 13 for denosumab and 11 for zoledronic acid.

Xgeva delayed the time to first SRE following randomization as compared to zoledronic acid in patients
with breast or castrate-resistant prostate cancer (CRPC) with osseous metastases (Table 2). In patients
with bone metastasis due to other solid tumors or lytic lesions due to multiple myeloma, Xgeva was
noninferior to zoledronic acid in delaying the time to first SRE following randomization.

Overall survival and progression-free survival were similar between arms in all three trials. Mortality was

higher with Xgeva in a subgroup analysis of patients with multiple myeloma (hazard ratio [95% CI] of
2.26 [1.13, 4.50]; n = 180).
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Table 2. Efficacy Results for Xgeva Compared to Zoledronic Acid

Trial 1
Metastatic Breast Cancer

Trial 2
Metastatic Solid Tumors or

Trial 3
Metastatic CRPC?

Multiple Myeloma

Xgeva Zoledronic Acid Xgeva Zoledronic Acid Xgeva Zoledronic Acid
N 1026 1020 886 890 950 951
First On-study SRE
Number of Patients who had 315 (30.7) 372 (36.5) 278 (31.4) 323 (36.3) 341 (35.9) 386 (40.6)
SREs (%)
Components of First SRE
Radiation to Bone 82 (8.0) 119 (11.7) 119 (13.4) 144 (16.2) 177 (18.6) 203 (21.3)
Pathological Fracture 212 (20.7) 238 (23.3) 122 (13.8) 139 (15.6) 137 (14.4) 143 (15.0)
Surgery to Bone 12 (1.2) 8 (0.8) 13 (1.5) 19 (2.1) 1(0.1) 4 (0.4)
Spinal Cord Compression 9(0.9) 7 (0.7) 24 (2.7) 21 (2.4) 26 (2.7) 36 (3.8)
Median Time to SRE (months) NR” 26.4 20.5 16.3 20.7 17.1
Hazard Ratio (95% CI) 0.82 (0.71, 0.95) 0.84 (0.71, 0.98) 0.82 (0.71, 0.95)
Noninferiority p-value <0.001 <0.001 <0.001
Superiority p-value® 0.010 0.060 0.008
First and Subsequent SRE®
Mean Number/Patient 0.46 | 0.60 0.44 | 0.49 0.52 | 0.61
Rate Ratio (95% ClI) 0.77 (0.66, 0.89) 0.90 (0.77, 1.04) 0.82 (0.71, 0.94)
Superiority p-value ° 0.001 0.145 0.009

8CRPC = castrate-resistant prostate cancer.

NIR = not reached.

“Superiority testing performed only after denosumab demonstrated to be noninferior to zoledronic acid within trial.
JAll skeletal events postrandomization; new events defined by occurrence > 21 days after preceding event.

*Adjusted p-values are presented.
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16 HOW SUPPLIED/STORAGE AND HANDLING

Xgeva is supplied in a single-use vial.

| 120 mg/1.7 mL | 1 vial per carton | NDC 55513-730-01 |

Store Xgeva in a refrigerator at 2°C to 8°C (36°F to 46°F) in the original carton. Do not freeze. Once
removed from the refrigerator, Xgeva must not be exposed to temperatures above 25°C/77°F or direct
light and must be used within 14 days. Discard Xgeva if not used within the 14 days. Do not use Xgeva
after the expiry date printed on the label.

Protect Xgeva from direct light and heat.
Avoid vigorous shaking of Xgeva.
17 PATIENT COUNSELING INFORMATION

Advise patients to contact a healthcare professional for any of the following:

o Symptoms of hypocalcemia, including paresthesias or muscle stiffness, twitching, spasms, or cramps
[see Warnings and Precautions (5.1) and Adverse Reactions (6.1)]

o Symptoms of ONJ, including pain, numbness, swelling of or drainage from the jaw, mouth, or teeth
[see Warnings and Precautions (5.2) and Adverse Reactions (6.1)]

e Persistent pain or slow healing of the mouth or jaw after dental surgery [see Warnings and
Precautions (5.2)]

e Pregnancy or nursing [see Use in Specific Populations (8.1, 8.3)]

Advise patients of the need for:

e Proper oral hygiene and routine dental care

e Informing their dentist that they are receiving Xgeva

e Avoiding invasive dental procedures during treatment with Xgeva

Advise patients that denosumab is also marketed as Prolia™. Patients should inform their healthcare
provider if they are taking Prolia.

AMGEN

Xgeva™ (denosumab)

Manufactured by:

Amgen Manufacturing Limited, a subsidiary of Amgen Inc.
One Amgen Center Drive

Thousand Oaks, California 91320-1799

This product, its production, and/or its use may be covered by one or more US Patents, including US
Patent Nos. 6,740,522; 7,411,050; 7,097,834; and 7,364,736, as well as other patents or patents pending.

© 2010 Amgen Inc. All rights reserved.
IxXxxxx — vl
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Division Director Summary Review

1. Introduction

Denosumab is a human monoclonal IgG2 kappa antibody produced from genetically-
engineered CHO cells. Denosumab binds specifically to the D-E loop of the human RANKL
[Receptor Activator of Nuclear factor Kappa B ligand] and also cross-reacts with the RANKIL
in non-human primates. Upon binding to RANKL, denosumab prevents the binding of the
ligand to RANK, which is expressed on osteoclasts and osteoclast precursors. By preventing
this interaction, denosumab inhibits the formation, function and survival of osteoclasts which
results from the RANKL- RANK binding. The resulting inhibition of osteoclast function
(bone resorption) results in an increase in bone density.

Denosumab significantly inhibits bone resorption as determined by reduction in the Type 1 C-
telopeptide (CTX1). The pharmacodynamic activity of denosumab can also be assessed
through measurement of urinary N-terminal telopeptide, corrected for urinary creatinine
(uNTx/uCr). The dose selected for clinical development in the proposed indication is based on
a dose projected to result in complete saturation of RANKL binding and sustained inhibition
of bone turnover as measured by uNTx/uCr.

This application is an efficacy supplement to a recently approved new molecular entity.
Prolia™ (denosumab) was approved on June 1, 2010 for the treatment of post-menopausal
women with osteoporosis at high-risk for fracture at a recommended dose of 60 mg as a
subcutaneous injection every 6 months. The approval for this indication was based on
demonstration of significant reduction in the risk of vertebral fractures of three years.

All members of the review team recommended approval of this efficacy supplement and there
are no unresolved issues which preclude aporoval, The proposed claim was for the e

however at FDA’s request, the indication
has been revised to accurately reflect the treatment effect on primary endpoint of the clinical
efficacy trials (time-to-first skeletal-related event). The indication agreed-upon with Amgen is
“for the prevention of skeletal-related events in patients with bone metastases from solid
tumors.”

The application was submitted on May 14, 2010 and received by FDA on May 19, 2010. The
efficacy supplement is supported by the results of three randomized, multicenter, active-
controlled trials conducted by Amgen, Inc., listed below.

* Protocol 20050103 entitled, “A Randomized, Double-Blind, Multicenter Study of
Denosumab Compared with Zoledronic Acid (Zometa®) in the Treatment of Bone
Metastases in Men with Hormone-Refractory Prostate Cancer”, which enrolled 1904
patients across 342 centers in 39 countries.

STN BL 125320/7 Division Director Summary Review Page 2 of 26
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e Protocol 20050136 entitled, “A Randomized, Double-Blind, Multicenter Study of
Denosumab Compared with Zoledronic Acid (Zometa®) in the Treatment of Bone
Metastases in Subjects with Advanced Breast Cancer”, which enrolled 2049 patients across
322 centers in 35 countries.

e Protocol 20050244 entitled, “A Randomized, Double-Blind, Multicenter Study of
Denosumab Compared with Zoledronic Acid (Zometa®) in the Treatment of Bone
Metastases in Subjects with Advanced Cancer (Excluding Breast and Prostate Cancer) or
Multiple Myeloma”, which enrolled 1779 patients across 321 centers in 33 countries.

These trials were designed to demonstrate that denosumab is not inferior to zoledronic acid
(Zometa®, an active control) for the composite efficacy endpoint of time-to-first skeletal-
related event (SRE).

FDA granted marketing approval for two bisphosphonates (Aredia and Zometa) based on
demonstration of a reduction in the incidence of skeletal-related events (SREs) and reduction
in the time to an SRE in patients with multiple myeloma or solid tumors metastatic to bone.
The composite endpoint of SRE is defined by the following events: radiation to metastatic
lesions in the bone, pathological fracture, surgery for metastatic lesions in the bone, or spinal
cord compression due to osseous metastases. In studies supporting approval of Aredia and
Zometa as well as provided in this application, radiation to bone and pathological fractures
were the most common SRE events.

The two issues to be discussed further in section 7 of this review are the use of a composite
endpoint for demonstration of efficacy and the approach to demonstration of non-inferiority in
the major efficacy studies.

2. Background

Two IND applications for denosumab were submitted on May 22, 2001: IND 9837 for the
denosumab clinical development program for the treatment of osteoporosis in post-
menopausal women and IND 9838 for the treatment of bone disease associated with cancer.

Clinical Development Program for denosumab for Treatment of Post-Menopausal
Osteoporosis

The clinical development program conducted under IND 9837. On December 19, 2008,

Amgen submitted a Biologics License Application (STN BL 125320) for denosumab for the

following proposed indications:

e Treatment and prevention of osteoporosis in postmenopausal women

¢ Treatment and prevention of bone loss associated with hormone ablation therapy in
patients with breast and prostate cancer

The original BLA (STN BL 125320/0) was approved for the treatment of post-menopausal

women with osteoporosis at high-risk for fracture. Other proposed claims (prevention of
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osteoporosis in post-menopausal women, treatment and prevention of bone loss associated
with hormone ablation therapy in patients with breast cancer, and treatment and prevention of
bone loss associated with hormone ablation therapy in patients with prostate cancer) will be
reviewed under separate efficacy supplements to STN BL 125320.

The efficacy and safety of Prolia was demonstrated in a 3-year, randomized, double-blind,
placebo-controlled trial that enrolled 7808 women who had a baseline BMD T-score between -
2.5 and -4.0 at either the lumbar spine or total hip. These studies demonstrated that Prolia
significantly reduced the incidence of new morphometric vertebral fractures at 1, 2, and 3
years. A Risk Evalaution and Mitigation Strategy (REMS), consisting of a Medication Guide,
communication plan, and timetable for submission of assessments, was required due to the
risks of serious infections including serious skin infections, dermatologic adverse events, and
over-suppression of bone turnover. In addition, the following post-marketing trials were
required: :

e A retrospective cohort study to determine the incidence of serious skin infections,
dermatologic adverse events, and over-suppression of bone turnover in women with
post-menopausal osteoporosis.

e A long-term observational study to prospectively evaluate the incidence of serious
skin infections, dermatologic adverse events, and over-suppression of bone turnover in
post-menopausal women receiving Prolia.

e A long-term surveillance study to prospectively evaluate the incidence of serious skin
infections, dermatologic adverse events, and over-suppression of bone turnover in
post-menopausal women receiving Prolia.

Prior Approvals Based on the Composite Endpoint of Skeletal-Related Events

On July 16, 1996, Aredia® was approved for the expanded indication “Aredia is indicated, in
conjunction with standard antineoplastic therapy, for the treatment of osteolytic bone
metastases of breast cancer and osteolytic lesions of multiple myeloma. The Aredia treatment
effect appeared to be smaller in the study of breast cancer patients receiving hormonal therapy
than in the study of those receiving chemotherapy, however, overall evidence of clinical
benefit has been demonstrated.” Approval was based on a randomized, placebo-controlled
trial in patients with multiple myeloma and two randomized, placebo-controlled trials in
patients with breast cancer metastatic to the bone (MBC) receiving concurrent chemotherapy
or concurrent hormonal therapy, respectively.

All three trials demonstrated a reduction in the incidence of SREs for the palmidronate arm
compared to placebo for patients with multiple myeloma (24% vs. 41%; p <0.001), MBC
receiving concurrent chemotherapy (46% vs. 65%; p <0.001), and MBC receiving concurrent
hormonal therapy (55% vs. 63%, p=0.094). There was also a consistent delay in time-to-first
SRE in patients with MBC receiving concurrent chemotherapy (13.9 mos vs. 7.0 mos,
p<0.001) or hormonal therapy (10.9 mos vs 7.4 mos; p-0.118).

On February 22, 2002, Zometa® was approved for the expanded indication “for the treatment
of patients with multiple myeloma and patients with documented bone metastases from solid
tumors, in conjunction with standard antineoplastic therapy. Prostate cancer should have
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progressed after treatment with at least one hormonal therapy”. The approval was based on the
results of a randomized, active-controlled (palmidronate) trial conducted in patients with breast
cancer metastatic to bone and in patients with multiple myeloma and two randomized,
placebo-controlled trials in patients with prostate cancer who had documentation of previous
bone metastases and 3 consecutive rising PSAs while on hormonal therapy and in patients with
solid tumor study with bone metastases from malignancies other than breast cancer and
prostate cancer. Each study evaluated skeletal-related events (SREs), defined as any of the
following: pathologic fracture, radiation therapy to bone, surgery to bone, or spinal cord
compression. Change in antineoplastic therapy due to increased pain was an SRE in the
prostate cancer study only. Planned analyses included the proportion of patients with an SRE
during the study (the primary endpoint) and time to first SRE. In the breast cancer /myeloma
trial, efficacy was determined by a non-inferiority analysis comparing Zometa to pamidronate
90 mg for the proportion of patients with an SRE. The estimation of the treatment effect of
pamidronate was based on historical data in 3 randomized placebo-controlled trials of
palmidronate that enrolled a total of 1128 patients. The reduction in the proportion of patients
with an SRE among palmidronate-treated patients was estimated to be 13.1% (95% CI: 7.3%,
18.9%).

The two placebo-controlled trials revealed a consistent reduction in the proportion of patients
with an SRE for the zoledronic acid arm compared to controls that was significant in patients
with prostate cancer (33% vs 44%, p=0.21) but not significant for patients with solid tumors
other than breast or prostate cancer (38% vs. 44%, p=0.13). In both trials there was a delay in
the time-to-first SRE for the for the zoledronic acid arm compared to controls in both the
prostate cancer trial (HR 0.67; p=0.11, median time-to-first SRE not reached in Zometa arm
vs. 321 days in control) and the solid tumor trial (HR 0.73; p=0.023, median times to first SRE
230 days vs. 163 days).

In the active-controlled trial, the proportion of patients with an SRE as 44% for patients in the
zoledronic acid arm as compared to 46% in the palmindronate arm, with a difference in
incidence of -2% (95% CI around the difference -7.9% and 3.7%); based on these results, more
than half of the estimated treatment effect of palmidronate (13% reduction in proportion of
patients with SREs) was retained. The time to first SRE was not different with median times
to first SRE of 373 days for the zoledronic acid arm and 363 days for the palmidronate arm,
[HR 0.92 (95% CI : 0.77, 1.09)].

Clinical Development Program for denosumab for Prevention of Ske?etal-Related Events

On September 20, 2005, an end-of-Phase 2 meeting was held to discuss the adequacy of
Protocols 20050103 and 20050136 to support labeling claims for denosumab for the proposed
indication of “ oe
". With regard to claims for
prevention of SREs, FDA stated that the primary endpoint should be the time-to-first on-study
SRE, that Amgen’s proposed primary analysis method (the synthesis method for non-
inferiority, was acceptable as was the proposed to use the Hochberg procedure for control of
Type I error rate for secondary endpoints. FDA further agreed that if non-inferiority was
demonstrated on the primary endpoint, then testing for superiority on time-to-SRE would be
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acceptable. However FDA cautioned that in order to demonstrate a robust effect on the
primary endpoint, the results of the NI analyses in the intent-to-treat and per-protocol
populations should be similar. With regard to the proposed non-inferiority margins for
Protocols 20050103, FDA stated agreement with the margin but for Protocol 20050136, FDA
noted that they could not duplicate the calculations provided but agreed that a protocol with
80% power, at a denosumab vs. zoledronic acid hazard ratio of 0.9, to rule out with at least
97.5% confidence that the denosumab vs. zoledronic acid hazard ratio is 1.11 or greater would
be acceptable. bl

On Nov. 1, 2006, FDA provided written advice regarding the additional clinical protocol
(Protocol 20050244 submitted on May 2, 2006. FDA advised that they “[did] not object to
using a synthesis method for the primary analysis. However, the meta-analysis used to
estimate the zoledronate effect uses patients having a wide variety of diseases. Direct and
indirect comparisons were also used to determine the zoledronate effect. The patient
population for which the estimate from the meta-analysis is unbiased and valid may not be the
same as the patient population used for study 20050244, It is not clear that the estimate of the
zoledronate effect from the meta-analysis is directly transferable to the current trial. A quality
assessment should be done of the transferability to this trial of the estimated pamidronate
versus placebo effect on the time to first skeletal-related event. Such an assessment cannot be
made until after study 20050244 is complete. Also, the reproducibility of the effectiveness of
denosumab would need to be studied from the results of trials comparing Denosumab with
zoledronate and studying the reproducibility of the zoledronate effect. The robustness of the
results should also be evaluated in a determination of efficacy.”

Amgen met with FDA on December 8, 2006 and on July 8, 2008 to reach agreements
regarding the comparability data necessary to support a new concentration (70 mg/mL) and
dosage strength (120 mg per 1.7 mL) and the stability and analytical assessments necessary to
support a new presentation (prefilled syringe). The new dosage strength, concentration, and
presentation were to be used only for the proposed indication of prevention of skeletal-related
events.

A pre-BLA meeting was held on January 30, 2009, to discuss the content of an application for
the use of denosumab (proposed trade name AMGIVAT™) in o
This supplemental application was to be based on the results of Protocols 20050136 and
20050244 which were expected to be available by Q2 2009 and Q3 2009, respectively. If
available at the time of the 120-day update, Amgen proposed to also provide the results from
the primary analysis of Study 20050103. Since the data were not available, the meeting
focused on issues of organization of integrated safety and efficacy analyses and extent of
safety data to be provided. FDA agreed that Amgen would not be required to submit
individual radiologic images and that submission of datasets in CDISC was acceptable. FDA
also agreed that the supplemental application should include only the drug substance and drug
product information that would be required for registration of the 70 mg/ml vial presentation
and requested that the supplement clearly delineate CMC information unique to this
supplement and that which was identical to information contained in STN 125320. At FDA’s
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request, Amgen agreed to include a complete dossier of the available nonclinical data and to
clearly identify new information (not contained in the original BLA) and information
previously submitted in support of the post-menopausal osteoporosis and hormonal ablation
therapy indications.

The data cut-off dates for the final analysis of Protocol 20050136 occurred in March 2009, for
Protocol 20050244 in April 2009, and for Protocol 20050103 in October 2009.

On April 13,2010, Amgen provided a meeting package summarizing the quality, nonclinical,
and clinical content of the BLA to be based on the results of studies 20050136, 20050244, and
20050103 for the 1 @9 Amgen
confirmed their intent to submit a stand-alone biologics license application for denosumab
under the proprietary name AMGIVA™ for the treatment of patients with bone metastases
from solid tumors. FDA and Amgen reached agreement on the proposed content and structure
of the BLA submission. In addition, Amgen agreed to provide the clinical study reports
incorporating data from the ongoing extension phase for study 20050103 once that phase is
complete. Amgen also agreed to provide the results from both the Cox and log-rank tests in
the summary of efficacy as well as integrated datasets. With regard to the requirement for a
REMS (Medication Guide and communication plan), FDA stated that the need for a
medication guide will be a review issue.

The application was submitted on May 14, 2010 and received by FDA on May 19, 2010; it
was assigned the submission tracking number (STN) BL 125355, however upon approval of
denosumab for the treatment of post-menopausal osteoporosis on June 1, 2010, under STN BL
125320, the application that is the subject of this review was re-coded as a supplement (STN
BL 125320/7) to the approved BLA.

The application was designated as a priority review based on the claims of an advance over
available therapy [zoledronic acid (Zometa®)) reported for two of the three major efficacy
trials in the supplement. The application was filed on July 16,2010.

The application was amended multiple times (July 26 and 29, 2010; August 5, 18, 23, 24, 25
and 31, 2010; September 8, 10, and 22, 2010, and October 12, 22, 27, 28, and 29, 2010) during
the review for administrative reasons and in response to information requests from FDA.

3. CMC/Device

I concur with the conclusions reached by the quality reviewer and the facilities reviewers
regarding the acceptability of the manufacturing of the drug product and drug substance. All
manufacturing site inspections were acceptable. The supplement relied primarily on quality
data provided in the original BLA supporting approval of denosumab solution at a
concentration of 60 mg/mL supplied in vials and pre-filled syringes and on comparability of
quality characteristics for the current strength (120 mg) and concentration (70 mg/mL) to that
approved in original BLA. Additional information to support minor manufacturing changes.
Stability testing supports the proposed expiry dating for this strength. Amgen’s request for
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waiver for categorical exclusion from environmental assessment was granted. There are no
outstanding issues.

4. Nonclinical Pharmacology/Toxicology

I concur with the conclusions reached by the pharmacology/toxicology reviewer that there are
no outstanding pharmacology or toxicology issues that preclude approval. There were no new
nonclinical toxicology or safety pharmacology data provided in this supplement. The OPG-Fc
(osteoprotegrin-Fc) rodent animal model was used to investigate the effects of RNAK-L
inhibition, as denosumab-binding is restricted to human and non-human primates. This OPG-
Fc rodent model has been determined to be an appropriate surrogate for denosumab.
Nonclinical studies using OPG-Fc alone or in combination with chemotherapy in human
xenograft tumor models and investigative studies of OPG-Fc and vascular endothelial growth
factor B in rats were provided in the supplement. Studies of OPG-Fc in the nude mouse/tumor
xenograft model indicated that inhibition of RANKL does not inhibit tumor growth but did
decrease the size of osteolytic lesions at sites of bone metastases. Rodent studies with OPG-Fc
and VEGF conducted to investigate effects of RANKL inhibition on the cornea were
inconclusive in determining whether such inhibition results in corneal pathology, as observed
in toxicology studies in cynomolgus monkeys treated with denosumab.

5. Clinical Pharmacology/Biopharmaceutics

I concur with the conclusions reached by the clinical pharmacology and biopharmaceutics
reviewers that there are no outstanding clinical pharmacology issues that preclude approval.

Data supporting the original BLA noted that pharmacokinetics were best characterized by a
two-compartment model and the exposure increased in a linear, dose-proportional manner over
arange of 60-210 mg. Clearance mediated by target antigen (RANKL)-binding was more
rapid at lower concentrations, indicated saturation of binding at denosumab concentrations
above 1 mcg/mL.

Denosumab significantly inhibits bone resorption as determined by reduction in serum levels
of Type 1 C-telopeptide (CTX1). The onset of action is rapid with 70% reduction of CTX1
levels from pretreatment levels within 6 hours of administration of 60 mg of denosumab as a
SC injection. The reduction in serum CTX]1 is persistent for up to 6 months.

The dose of denosumab, 120 mg administered every four weeks, utilized in clinical studies
supporting the proposed new indication (prevention of SREs) is higher than the recommended
dose approved for Prolia for the treatment of osteoporosis. In dose-finding, tolerability and
activity-estimating clinical trials, doses of 30 to 180 mg administered at 4- week and 12-week
intervals were determined to be tolerable and active, however the Amgen tested doses ranging
from 30 mg to 180 mg administered subcutaneously (SC) every 4 weeks or every 12 weeks.
The maximum tolerated dose was not reached. Amgen states that the dose (120 mg every 4
weeks) used in pivotal efficacy trials for prevention of SRE was selected based on maximal
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reduction of bone turnover using the biomarker urinary N-terminal telopeptide, corrected for
urinary creatinine (uNTx/uCr). Amgen determined that the every 12 week dosing schedule
did not result in sustained reductions in uNTx/Cr.

The pharmacokinetics data of denosumab were also evaluated in dose-ranging, activity
estimating study in 255 women with breast cancer metastatic to bone. Patients were
randomized to one of six arms: denosumab at doses of 30 mg, 120 mg, or 180 mg SC every
four weeks or densoumab at 60 mg or 180 mg SC every 12 weeks) or zoledronic acid every
four weeks. Based on these data, the mean Cpay following a 120 mg dose of denosumab was
13.5 meg/mL, and the terminal elimination half-life was 28.8 days following multiple doses.

In a population PK analysis conducted in patients enrolled in the major efficacy trials,
bioavailability was estimated to be 62% and the beta elimination half-life was 38 days (at
higher doses) once non-linear target mediated clearance was saturated. The population PK
analysis also demonstrated an inverse relationship between exposure (estimated from trough
concentrations) and BSA and weight as well as difference in exposure based on tumor type
(higher clearance resulting in lower exposure in patients with multiple myeloma) but did not
identify differences in exposure based on gender, race, or age (adults < 65 yrs compared to
adults > 65 years)

The clinical pharmacology reviewer concluded that there is evidence of an exposure-response
(ER) relationship for effectiveness based on subset analyses of the major efficacy trials in
which trough concentrations for denosumab were obtained in 183 patients. In exploratory
analyses, the probability of development an SRE decreased with increasing denosumab trough
concentrations; this relationship appeared to be linear across quartiles defined by trough
concentrations (46 patients per quartile over a trough concentrations ranging from
approximately 10,000 ng/mL to approximately 30,000 ng/mL). In this subset analysis, patients
with trough levels above the median for the study population had longer time-to-first SRE than
the overall experience in the control population, however those with trough concentrations
below the median appeared to have a similar time-to-first SRE as compared to the control
population, based on visual inspection of figure 3 in the clinical pharmacology review. The
clinical pharmacologists concluded that no modifications for pharmacokinetically-guided or
weight-adjusted dosing appear necessary. I concur with these conclusions, given the small
numbers of patients in the subset, the exploratory nature of the analysis and comparison, the
consistency of effect on biomarkers of bone resorption across a very broad dose range (30-180
mg every 4 weeks), and inspection of the curves that suggest that patients with lower
denosumab exposure (below the median) have a time-to-first SRE that is similar to the active
control. It is also notable that in exploration of exposure-response relationships in clinical
trials of denosumab for the treatment of post-menopausal osteoporosis demonstration that
body weight was a covariate for clearance however body weight did not appear to be an
important factor in characterizing the exposure-response relationship with regard to incidence
of new verterbral fractures over 3 years or change in bone mineral density.

With regard to ER relationships for toxic effects, based on assessments from the 183-patient
subset from the major efficacy trials, there was no evidence of an exposure-response for the
risk of hypocalcemia. An assessment of effects on cardiac conduction through serial ECG
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assessments was obtained in 255 women with metastatic breast cancer enrolled in the dose-
ranging, active controlled trial (20040113), there was no evidence of an effect on QTc¢ interval.

6. Clinical Microbiology

There was no clinical microbiology review conducted or required for review of this
application. Microbial sterility was conducted as part of the CMC evaluation of this
application and is discussed in section 3 of this review.

7. Clinical/Statistical-Efficacy

The clinical development program establishing safety and efficacy is supported by three large,
multinational, randomized (1:1), double-blind, double-dummy, active-controlled trials. FDA
concurred with the acceptability of the trial designs and analysis plans prior to initiation of the
trials, with caveats to be discussed with the efficacy results. The reduction in the incidence of
the composite clinical endpoint, skeletal-related events, has been previously determined by
FDA to be a direct measure of clinical benefit; this composite endpoint was used as the
primary basis for approval of two bisphosphonates (Zometa and Aredia) based on
demonstration of reduction in the proportion of patients with a skeletal-related event. The
trials were well-conducted and as a whole, provide substantial evidence of efficacy for
denosumab.

In general, the trials were very similar in design and differed primarily in eligibility criteria for
underlying disease and stratification factors for randomization specific to the underlying
primary cancer. Eligibility for Protocol 20050103 was restricted to patients with castrate-
resistant prostate cancer, eligibility to Protocol 20050136 was restricted to patients with breast
cancer, and eligibility to Protocol 20050244 excluded enrollment of patients with either breast
or prostate cancer, but permitted enrollment of patients with other solid tumors and patients
with multiple myeloma.

All trials required that patients have radiological evidence of at least one osseous metastasis or
a lytic lesion from multiple myeloma, creatinine clearance > 30 mL/min, and corrected (for
serum albumin level) serum calcium of > 8 mg/dL. Patients with hypercalcemia, prior
intravenous bisphosphonate use, planned radiation or surgery to bone, osteonecrosis of the
jaw, active dental condition requiring surgery, or a planned invasive dental procedure during
the course of the study. Patients who received prior oral bisphonates for prevention of
skeletal-related events were eligible.

Treatment consisted of denosumab 120 mg by subcutaneous (SC) injection and IV placebo for
zoledronic acid every four weeks or zoledronic acid (dose reduced for reduced renal function)
4 mg intravenously (IV) and SQ placebo for denosumab every four weeks until toxicity or
study termination. Patients were encouraged to continue taking the investigational products
following the first skeletal-related event, in order to assess the durability of the treatment effect
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beyond the first event. In order to maintain the study blind, dose modification rules were
based on the presumption that all patients were receiving zoledronic acid and denosumab; both
drug/placebo were held for > Grade 3 toxicity attributed by the investigators to study drug and
IV zoledronic acid/placebo were held for renal toxicity.

Supplementation with oral calcium and vitamin D was recommended but not required.

The primary endpoint of the three efficacy studies was non-inferiority in time-to-first on-study
SRE, as determined by an independent radiology review committee assessed radiographs to
confirm pathological fractures and spinal cord compression events. Events included in the
composite endpoint were radiation to bone, pathological fracture, surgery to bone, or spinal
cord compression. If more than one event occurred on the same date, the SRE-defining event
was identified according to the following protocol-specified, hierarchal order:spinal chord
compression, surgery, fracture, radiation.

Secondary endpoints included
e Superior time-to-first SRE
e Time to first and subsequent SRE

The statistical analysis plans for each protocol identified two secondary endpoints that were to
be tested only if denosumab was found to be non-inferior to zoledronic acid in the primary
efficacy analysis. The SAPs specified that the Hochberg procedure would be used to adjust for
multiplicity to maintain an overall significance level of 0.05, two-sided.

Additional analysis included a comparison of overall survival and a comparison of
progression-free survival for safety purposes (to evaluate for potential adverse consequences).

With regard to acceptability of the non-inferiority comparisons, FDA agreed that the synthesis
approach was acceptable but expressed concerns regarding the reliability of the estimated
treatment effect of zoledronic acid. These concerns are included

e Uncertainty with regard to the precision (or variability) of the estimate of zoledronic acid
effect derived from the meta-analysis of clinical trials which were not optimal or designed
for estimating this effect.

The estimated zoledronic acid treatment effect used in Protocol 20050136 for
determination on the NI margin for time to first on-study SRE of placebo versus zoledronic
acid was based on four historical trials conducted in patients with advanced breast cancer:
the Novartis 010, Novartis 019, and Novartis 018 trials and the Japan 1501 trial. Only one
of these trials, the Japan 1501 trial, compared the treatment effect of zoledronic acid
against a placebo control using a multiple events analysis. Novartis 019 and 018 did not
utilize zoledronic acid, and the Novartis 010 trial was a non-inferiority comparison of
palmidronate and zoledronic acid. Amgen employed a step-wise procedure to first estimate
the pamidronate treatment effect relative to placebo in the Novartis 019 and 018 trials. The
second step was to combine this information with the Novartis 010 trial results in order to
estimate the zoledronic acid treatment effect relative to placebo.
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Since three of the four trials did not directly assess the zoledonic acid treatment effect
relative to placebo, one of the four trials relied on non-inferiority, and individual trials
were generally small (small sample size), the pooled hazard ratio 1.58 of placebo relative
to zoledronic acid with a 95% CI (1.23, 2.02) lacks precision, reliability and robustness.

The estimated zoledronic acid treatment effect used in Protocol 20050244 for
determination on the NI margin for time to first on-study SRE of placebo versus zoledronic
acid was based on three historical trials: the Novartis 010, Novartis 011, and Novartis 012
trials. Novartis 011 compared the treatment effect of zoledronic with placebo in patients
with solid tumors and Novartis 012 trial established the treatment effect of pamidronate
with placebo in patients with multiple myeloma, while the Novartis 010 trial was a non-
inferiority comparison of palmidronate and zoledronic acid conducted in patients with
breast cancer. Amgen again employed a step-wise procedure with sequential pooling of
data beginning with Novartis 012, then Novartis 010, and finally including data from
Novartis 011 in order to estimate the zolendromic acid treatment effect Since only one of
three trials (Novartix 011) directly compared the zoledronic acid treatment effect to
placebo, one trial relied on non-inferiority and the individual trials were generally small,
the pooled hazard ratio 1.40 of placebo relative to zoledronic acid with a 95% CI (1.11,
1.77) was also considered not to be well-estimated, and lacking in precision, reliability and
robustness.

The estimated zoledronic acid treatment effect used in Protocol 20050103 for
determination on the NI margin for time to first on-study SRE of placebo versus zoledronic
acid was based on a single historical trials: Novartis 039 trial, which compared zoledronic
acid with placebo in patients with prostate cancer, in which the hazard ratio for time-to-
first SRE was 1.477 (95% CI:1.10, 1.98) for placebo relative to zoledronic acid. Since there
is only a single trial, there is no objective assessment of study-to-study variability.

¢ A second issue with regard to acceptability of applications based on non-inferiority trials is
establishing that the constancy assumption (that effect size remains constant between
historical trials and the NI trial) is correct. Since this can generally not be proven, NI trials
should attempt to control for factors that might alter the effect size by utilizing the same
trial design features (patient eligibility criteria, adjunctive treatment, same method and
timing of assessments) in the NI trial as the historical trials. Evidence that the NI trials
differ from historical trials in patient characteristics or patient management undermines
confidence in the constancy assumption.

o The third issue with regard to acceptability of applications based on non-inferiority trials is
the approach to selection of a non-inferiority margin that preserves a clinically meaningful
effect. In this application, using the synthesis method, all three trials planned to preserve
at least 50% of zoledronic acid effect. The synthesis method is designed to directly address
the question of whether the test product would have been superior to a placebo had a placebo
been in the NI trial as well as to assess the fraction of the zelodronic acid treatment effect that
is preserved in denosumab-treated patients. In the synthesis approach, the NI margin is not
predetermined and the synthesis method can not generate a fixed margin, therefore
evaluation of the percentage of zelodronic acid treatment effect that is retained occurs after
the trial is completed. Because zelodronic acid effects were not well-estimated, use of the
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synthesis method rather than pre-selection of an appropriate margin was considered by
FDA to be an acceptable methodology for comparisons of the two treatment arms.

o The fourth issue with regard to acceptability of applications based on non-inferiority trials
is the ability to demonstrate that the treatment effect is robust. Where there is uncertainty
about the historical effect size, more than one NI trial should be provided to support
effectiveness.

Although some of these issues were adequately addressed, FDA raised concerns in
presubmission meetings and communcations regarding lack of confidence in an accurate and
robust estimation of the treatment effect for purposes of establishing non-inferiority. FDA
stated that a conclusion that substantial ev1dence of efficacy was established would be
contingent on the trial results.

Efficacy Results

Protocol 20050103 enrolled 1904 patients with metastatic prostate cancer from 342 centers in
39 countries. Patients were accrued between May 12, 2006 and December 18, 2008. The data
cut-off date for the primary efficacy analysis was October 30, 2009.

Protocol 20050136 enrolled 2049 patients with metastatic breast cancer from 322 centers in 35
countries between April 27, 2006 and December 31, 2008. The data cut-off date for the
primary efficacy analysis was April 30, 2009.

Protocol 20050244 enrolled Bone Metastases in Subjects with Advanced Cancer (Excluding
Breast and Prostate Cancer) or Multiple Myeloma”, which enrolled 1779 patients with solid
tumor metastatic to bone or multiple myeloma from 321 centers in 33 countries. Patients were
accrued between June 21, 2006 and May 16, 2008. The data cut-off date for the final efficacy
analysis was March 6, 2009.

Key demographics and baseline tumor characteristics are summarized in the next two tables
(abstracted from the Clinical Review). The three trials differed with regard to patient
population in that those in Protocol 20050103 were all male and were generally older than in
the other two trials while those in Protocol 20050136 were nearly all female. The populations
also differed in the type of osseous metastases, with 20050103 having the highest proportion
of patients with osteoblastic disease and those in 20050244 having the highest proportion of
osteolytic disease, as might be predicted by the underlying cancer primary (prostate and
multiple myeloma).
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o Trial103

‘Total All "

| Trial136 | Trial244 S
Ll e , L Studies
-+ Demographics SR | B e b i R S G | EEelaeng. £ ,
Lo | w950 | n=951 | n=1026 | n=1020 | n=886 | n=890 | n=5732
S W e | | | | | R
Age (years)
Min 40 38 27 24 18 22 18
Median 71 71 57 56 60 61 63
Max 93 91 91 90 89 87 93
Age >75 (35.6) (36.5) (5.9) (6.2) (8.4 (8.3) (16.7)
Age > 65 - (73.4) (77.3) (26.8) (26.1) (33.7) (37.6) (45.5)
Gender
Male (100.0) (100.0) (0.8) (0.9) (66.4) (61.9) (53.3)
Female 0 0 (99.1) (99.0) (33.6) (37.8) (46.4)
Race
White (87.3) (85.2) (80.0) (79.6) (86.9) (86.2) (83.9)
Hispanic or Latino “4.7) (6.0) (5.8) (5.8) (5.5) (4.0) (5.3)
Asian 2.3) .7) 3.1) (3.6) 4.1) 4.9) (3.4)
Black (4.0) (3.7) (2.5) (2.5) (2.3) (3.3) (3.0)
Japanese (0.0) (0.0) (6.8) (6.8) (0.3) (0.1) 2.5)
Other (1.6) 2.3) (1.6) (1.6) (0.9) (0.9) (1.5)
Native Hawaiian or
Other Pacific Islander (0.1) (0.1) 0.1) 0.1) (0.0) (0.0) (0.1)
American Indian or
Alaska Native (0.0) (0.0) (0.0) (0.0) (0.0) 0.2) (0.0)
Region
Europe (55.2) (53.1) (52.1) (51.1) (55.4) (53.8) (53.3)
North America (17.9) (17.8) (18.9) (18.4) (22.2) (23.4) (19.6)
Latin America (20.3) (21.1) (16.9) (17.3) (16.5) (14.6) (17.8)
Other (6.6) (8.0) (12.0) (13.1) (5.9) (7.9 (9.0)
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‘ e | Trial103 = |  Trial136 |  Trial244 . | Subjects
Disease Charactoristes |2 ZA_| D T ZA | D [za |
T T T n=950 | n=951 | n=1026 | n=1020 | n=886 | n=890 | n=5732
: S 1) | ) | () (%) | (%) | (%) | (%)
History of SRE

N (74.0) | (74.0) | (59.5) | (58.1) | (49.3) | (45.5) | (60.2)
Y (26.0) | (26.0) | (40.4) | (41.8) | (50.7) | (54.2) | (39.5)
Lesion Type

Osteoblastic (63.3) | (56.5) | (274 | (27.9) | (17.0) | (14.6) | (34.6)
Not Seen (19.8) | (23.4) | (32.7) | (32.8) | (43.1) | (43.5) | (32.3)
Mixed (135 | (15.8) | (24.8) | @@51) | (17.5) | (17.4) | (19.2)
Osteolytic (G4) | @1 | 148 | (13.6) | @2.1) | (23.6) | (13.4)
Unable to Evaluate ©.1n | 02) | 0.3) 0.4) | 02) | (0.6) (0.3)
ECOG

1 (48.8) | (484) | (44.0) | (43.5 | (57.3) | (553) | (49.2)
0 (44.0) | (44.8) | (49.1) | (47.8) | (27.1) | 26.,5) | (40.3)
2 72) | 6.8) | (6.6) 8.0) | (15.3) | 17.6) | (10.0)
Missing 00) | (0.0) | 0.1) | (03) | (02) | (0.2) 0.1
3 0.0) | ©.0) | (0.1 02) | 0.0) | (0.0 0.1
Visceral Mets

N (83.1) | (81.0) | (46.2) | (48.4) | (46.5) | (49.6) | (59)
Y (16.9) | (19.0) | (53.7) | (51.5) | (53.5) | (50.1) | (4D)
Gleason Score

2-6 (184) | (18.9) |

7 @87 | @94 |

8-10 41.5) | 42.9)

Missing (11.4) | 8.7

Menopause Status

Y oo | (8L8) | (816) | (27.8) | (329)

Missing ] 03y 02) | (66.8) | (62.4) |

N o a66) | 69 | @ | @a

N/A oo Ty L as T on | 03

All three studies met the primary endpoint, demonstrating that denosumab is non-inferior to
zoledronic acid in the time-to-first skeletal-related event. In addition, two of the trials
(20050103 and 20050136) demonstrated that denosumab significantly delayed the time to first
SRE as compared to zoledronic acid. For the third trial, the p-value, adjusted by the Hochberg
procedure for multiple testing, did not demonstrate superiority at a two-sided 0.05 level,
however the unadjusted p-value was less than 0.05 (p= 0.03, unadjusted). The consistency of
the findings with demonstration of superior results in two of the three studies.are sufficient to
establish the clinical benefit without the need to characterize or rely upon preservation of the
treatment effect of zoledronic acid. In addition, the effects on the primary endpoint are
supported by a significant prolongation in the time to first and subsequent SRE as well as the
lower proportion of patients with an SRE in the denosumab arm compared to the zoledronic
acid arm across all three studies. The efficacy results are summarized in the following table.
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Table 2. Efficacy Results for Xgeva Compared to Zoledronic Acid in Patients with Advanced Malignancies Involving Bone

Trial 1 Trial 2 Trial 3
Metastatic Breast Cancer Metastatic Solid Tumors or Metastatic CRPC*
Multiple Myeloma
Xgeva Zoledronic Acid Xzeva Zoledromc Acid Xgeva Zoledrontc Acid

N 1026 1024 886 890 930 951
First On.study SRE
Nwmber of Patien:s who had 31330.0 372(36.5) 278318 323(36.3) 341 (35.9) 386 (40.6)
SREs {%)
Comporents of First SRE

Radiation to Bone 82 (8.0 116117y 119(13.8) 144162 177(18.8) 03 QLY

Pathological Fracture 212207 238 (23.3) 123(13.% 136 (15.6) 137 (14.9 143 15.5)

Surgery ic Bope . 12(1.2) 8(08) 13(1.5) 192.1) 1 (0.1 40.8

Spinal Cord Compression 5{0.9) 70 2D TS 627 3683.
Median Time to SRE (months) NR® 26.4 203 16.3 0.7 171
Hazard Rade (95% CD 0.82 (0.71, 0.95) 0.84 (0.71, 0.98) 0.820.71, 0.95)
Noninferiortty p-value = 0.001 = 0.001 = 0.001
Supertority p-valne® 0.010 0.060 0.908
First and Subsequent SRE®
Mean NumberPatient 0.46 | 0.60 0.44 | $.49 0.52 | £.61
Rate Ratio (95% CI) 0.77(0.66, 0.80) 0.90(0.77, 1.04) 0.82¢0.71,0.94)
Superiozity p-value © 0.001 0.145 0.008

‘CRPC = castrate-resistant prostate cancer,

NR = not zeached.

“Supariority testing performed only afer denosumasb demonstated to be noninferior to zoledronic acid within trial.
AlE skelstal svents postrandomization; new events defined by occwrenca » 21 days after preceding event.
*Adjusted p-values ars prasentad.

8. Safety

The application contained sufficient safety data to adequately characterize the risks to the
indicated population. The primary source of safety supporting the recommended dose of 120
mg subcutaneously every 4 weeks, which is both a higher dose and more frequent schedule
than in the initial approval, was derived from 2841 denosumab-treated patients enrolled in the
three randomized, double-dummy, active-controlled trials which established efficacy;. In all
three studies, the dose of denosumab was 120 mg administered subcutaneously (SC) every 4
weeks and the active control was zoledronic acid at a dose of 4 mg intravenously every 4
weeks.

Key eligibility criteria for these studies included a requirement for creatinine clearance of >30
mL/min, corrected serum calcium of 8-11.5 mg/dL, no prior history of bisphosphonate use, no
prior history of osteonecrosis of the jaw (ONJ), and no planned or recently completed dental
surgery.

The median duration of exposure to denosumab varied from 7 months in Protocol 2050244 to
12 months in Protocol 20050103 to 17 months in Protocol 20050136. Among the 2841
patients treated with one or more doses of denosumab, 46% were female, 85% were White, 5%
Hispanic/Latino, 6% Asian, and 3% Black. The median age was 63 years (range 18 — 93).
Seventy-five percent of denosumab-treated patients also received concomitant chemotherapy.
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The attribution of adverse reactions to denosumab were based on occurrence of the event at an
higher incidence in denosumab-treated patients compared to zoledronic acid-treated patients or
at the same incidence as adverse reactions of zoledronic acid as listed in the Zometa product
label. The most common adverse reactions of denosumab, occurring in greater than 10% of
patients were fatigue (46%), hypophosphatemia (32%), nausea (31%), dyspnea (21%),
diarrhea (20%), hypocalcemia (18%), cough (15%), and headache (13%). The most serious
adverse reactions of denosumab were dyspnea and ONJ.

Adverse reactions occurring at a clinically important higher rate in denosumab-treated patients
were hypocalcemia (18% vs. 9%), hypophosphatemia (32% vs. 20%), and ONJ (1.8% vs.
1.3%). Severe hypocalcemia, defined as corrected serum calcium of < 7 mg/dL and severe
hypophosphatemia (<2 mg/dL) were also more common in denosumab-treated patients [(3.1%
vs. 1.3%, severe hypocalcemia) and (15.4% vs. 7.4%, severe phosphatemia)]. Based on
pharmacokinetic studies conducted in patients with various levels of renal insufficiency, the
risks of hypocalcemia appears to be increased in patients with creatinine clearances of less
than 30 mL/min; this finding is not due to difference in pharmacokinetics of denosumab in
patients with renal impairment.

While the incidence of ONJ was higher in denosumab-treated patients, the requirement for
surgical management of ONJ was similar in the denosumab- and zoledronic acid-treated
patients.

As noted by in the clinical review and CDTL reviews, exploratory analyses of progression-free
survival and overall survival were conducted to evaluate for possible risks. The design of
these studies was not optimal for assessment of progression-free survival since eligibility
criteria did not limit entry for all relevant prognostic characteristics nor did the randomization
plan stratify for all relevant variables for a given tumor type. With these caveats, there was no
evidence of an adverse effect on tumor growth rate or impairment of PFS among denosumab-
treated patients compared to the control arm. Similarly, analyses of overall survival did not
suggest adverse impact on survival with one exception. In an exploratory subset analysis
conducted in 180 patients with multiple myeloma enrolled in Protocol 20050244, the results
suggested poorer survival for patients receiving denosumab with a hazard ratio of 2.26 (95%
CI: 1.13, 4.50). These findings are not considered definitive due to the exploratory nature of
the analysis. However, as noted below, pending more definitive data, product labeling
includes a limitation of use stating that Xgeva is not indicated for the prevention of SRE in
patients with multiple myeloma.

A total of 2758 patients were evaluated for evidence of an immune response to denosumab.
The rate of development of a binding antibodies directed against denosumab was
approximately 1%, as detected by a sensitive electrochemiluminescent bridging immunoassay.
Among patients with evidence of binding antibodies, no patient developed neutralizing
antibodies to denosumab. The development of binding antibodies did not appear to alter the
pharmacokinetics or pharmacodynamic effects of denosumab and did not appear to result in
increased rate of adverse reactions to denosumab.

Specific safety concerns that were addressed in product labeling are
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e A limitation of use for patients with multiple myeloma, pending adequately designed trials
that demonstrate that overall survival is not impaired in patients with this primary cancer.

e Product labeling contains a subsection under Warnings and Precautions, describing the
incidence and severity of hypocalcemia, the potential for higher risks in patients with
severe renal dysfunction, recommendations for use of supplementation which may mitigate
this risk and recommendations for patient management in the event of severe or serious
hypocalcemia.

e Product labeling contains a subsection under Warnings and Precautions, describing the
risks of osteonecrosis of the jaw and precautions to be taken to mitigate these risks.

e Based on non-clinical studies and on the known mechanism of action of denosumab, the
potential exists for impairment of normal bone growth in children. Information is included
under Use in Specific Populations describing potential risks to the developing fetus based
on non-clinical studies. In addition, the Pediatric subsection notes that the safety and
effectiveness of denosumab in children has not been established.

The DRISK consultant concurred with the clinical review team’s recommendation that a
REMS should not be required, based on the availability of other drugs for this indication with
similar risks that have been safely administered outside of a REMS. The DRISK consultant
noted that given the frequency of administration (every 4 weeks), patients will be closely
monitored and that the prescribing medical subspecialists (oncologists) are experienced in the
administration of toxic therapy and in risk communication of therapy.

The clinical review team and the DRISK consultant agreed that revised labeling adequately
communications risks of hypercalcemia and ONJ in the Warnings and Precautions and the
Adverse Reactions sections of the labeling. Given the lack of safety or efficacy data in patients
with multiple myeloma and the findings of unplanned subset analyses which cannot rule out
potential safety concerns (shortened survival), the Indications and Usage section of the label
notes that denosumab is not indicated for the treatment of patients with multiple myeloma as a
limitation of use. The results of an additional trial which will either confirm or rule out such
risks are pending.

Post-marketing requirements have been identified for pediatric studies and for characterization
of the risks of hypocalcemia in patients with severe renal dysfunction who receive denosumab
according to the recommended dose for this indication (120 mg every 4 weeks), which will
result in substantially greater exposure than the original approval (60 mg every six months).
Additional non-clinical studies are ongoing to more fully assess the risks of denosumab with
regard to normal bone growth. Studies to be conducted in children will be designed,
considering the findings in the non-clinical studies.

9. Advisory Committee Meeting

This supplement was not referred to an advisory committee for advice because the application
presented no controversial issues. The results of three large, well-conducted clinical trials
provided substantial evidence of effectiveness. No new safety issues were identified in this
application as compared to the original BLA and the acceptability of the risks in light of the
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benefits for this supportive care agent is similar to those considered for the approved
indication under the original BLA. The safety of denosumab for the treatment of post-
menopausal osteoporosis was discussed at the Advisory Committee convened to provide
advice on the original BLA for Prolia in August 2009.; based on the advice of that Committee
the risks of denosumab do not outweigh the benefits for patients with post-menopausal
osteoporosis (PMO), however based on differences in the incidence of malignancy which was
higher on the denosumab arms in the PMO trials, the AC recommended that additional trials
were needed to establish the safety of denosumab in patients with cancer, specifically
addressing the risk of adverse effect on tumor growth manifesting in a shortening of
progression-free survival or in an increased incidence of second primary cancers. The results
the three trials reviewed under this efficacy supplement did not provide signals that
denosumab impairs tumor control or increases the rate of second malignancies.

b

10. Pediatrics

The requirement to conduct pediatric studies for the initial approval of denosumab (Prolia) was
waived because the condition (post-menopausal osteoporosis) does not occur in children.

Amgen requested a deferral for the conduct of pediatric studies for the proposed indication in
this efficacy supplement; the Division concurred that a deferral was appropriate. The
applicant’s request for deferral under this supplement was presented to the PeRC on
September 22, 2010. The PeRC agreed with the Division to grant a deferral because the
product is ready for approval in adults.

The deferral request included Amgen’s plans to conduct dose-tolerability (phase 1) and
activity-estimating (phase 2) studies in patients ages birth to 18 years. Two nonclinical studies
in a human neuroblastoma tumor cell line-nude mouse xenograft model will be conducted
prior to initiation of studies in children with cancer to assess proof-of-concept and safety
(effects on bone growth). The PeRC suggested that submission of the non-clinical data could
be required under a PMR and that a broad PMR be required for this supplemental indication to
assess safety and efficacy in children. In addition, the PeRC noted the Division’s plans to seck
advice from the Pediatric subcommittee to the Oncologic Drugs Advisory Committee on Nov.
30, 2010. Based on the advice from the Pediatric subcommittee, the Division could issue a
requirement for a new PMR(s) and release the original PMR(s). The PeRC also noted that,
based on the available non-clinical data regarding effects on bone growth and development
and/or advice from the Pediatric subcommittee regarding applicability to this population, a
waiver for the youngest age cohort might be appropriate.

11. Other Relevant Regulatory Issues

There are no other unresolved relevant regulatory issues. Financial disclosure statements were
provided by the applicant; the potential for bias is limited by the study design (double-blind,
double-dummy) and was also assessed to a limited extent through clinical site inspections.
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The applicant provided assurances that the clinical trials were conducted in accordance with
the Declaration of Helsinki and Good Clinical Practices.

Six clinical were inspected in accordance with the CDER Clinical Investigator Data Validation
Inspection using the Bioresearch Monitoring Compliance Program (CP 7348.811). Sites were
chosen based upon analysis of site-specific efficacy data, number and types of protocol
deviations, patient enrollment per site, and self-identified investigator financial conflict of
interest.

The contract research organization (CRO), ®®@ responsible for independent
confirmation of the skeletal-related events was inspected in accordance with the CDER
Sponsor/Monitor/CRO Inspection using the Bioresearch Monitoring Compliance Program (CP
7348.810). This CRO was responsible for central review of primary efficacy endpoint
components for the three major efficacy trials.

The inspectional findings for the CRO and the clinical investigators indicate that the data
appear generally reliable and may be used to support this efficacy supplement. .

12. Labeling

Includes:
e Proprietary name

Amgen requested a new proprietary name for denosumab for this proposed indication.
Concerns were raised by DRISK regarding potential safety issues with use of a second
proprietary name, resulting in possible overdosage due to concurrent dosing with denosumab
under both proprietary names. However based on Phase 1 studies, single doses of up to 180
mg were tolerable, thus safety risks alone were not sufficient to support rejection of the second
name. FDA rejected Amgen’s first proposed proprietary name ©® due to risks of
medication error based on orthographic similarities to another approved drug (Cimzia). The
Division of Medication Errors and the Division of Biologic Oncology Products found the
proposed proprietary name of Xgeva acceptable.

e Physician labeling
There were no unresolved issues regarding physician labeling. Disagreements among
various FDA review staff were resolved by discussion during internal labeling
meetings. Major revisions to Amgen’s proposed labeling requested by FDA staff are
summarized below:

o The proposed indication was modified to reflect the clinical benefit of Xgeva

A ®®@
(prevention of SRE);

® @

o A limitation of use was added to state that Xgeva is not indicated for patients with
multiple myeloma, based on the uncertainty regarding safety in this population and
the possibility that the risk:benefit ratio is not favorable as suggested by the
exploratory subset analyses of Protocol 20050244.
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Dosage and Administration sections edited for brevity and “command language”.
''was

deleted; there were not data provided in the application to support that this

limitation is necessary to ensure safe and effective use.

Amgen did not propose Contraindications and the clinical review staff in DBOP

and I concur with this approach. The acceptable risks for the proposed use are

different than for treatment of post-menopausal osteoporosis given the high

incidence of SRE in patients with cancer. In addition, patients with cancer will be

closely monitored for their underlying cancer by subspecialists who are

experienced in the administration and management of drugs which carry risks of

electrolyte abnormalities (e.g., cetuximab, cisplatin).

The proposed Warnings and Precautions subsection titled

was deleted as there is no evidence that

The proposed Warnings and Precautions subsection titled
deleted due to

The propose
was deleted in favor of a specific limitation of

use. The overall survival data in this exploratory analysis are included in Section
14 of the product label.

Editorial changes to the Warnings and Precautions subsections titled
“Hypocalcemia” and “Osteonecrosis of the Jaw (ONJ)”. These sections were also
amended to include the incidence of the risks, in accordance with FDA Guidance
for this section of product labeling.

The proposed table in the Adverse Reactions secti