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_/g DEPARTMENT OF HEALTH AND HUMAN SERVICES

Food and Drug Administration
Silver Spring MD 20993

STN BL 125320/5
STN BL 125320/6 SUPPLEMENT BLA APPROVAL
September 16, 2011

Amgen, Incorporated

Attention: John Bergan

Senior Manager, Regulatory Affairs
One Amgen Center Drive

Mail Stop 17-2-B

Thousand Oaks, CA 91320-1799

Dear Mr. Bergan:

Please refer to your Supplemental Biologics License Applications (sBLAs), dated
December 19, 2008, submitted under section 351 of the Public Health Service Act for Prolia®
(denosumab).

We acknowledge receipt of your amendments dated through September 15, 2011 and your risk
evaluation and mitigation strategy (REMS) assessment dated September 9, 2011.

The March 18, 2011, submissions constituted complete responses to our October 19, 2009,
action letter for each of the supplements listed below:

BLA STN 125320/5

This Prior Approval efficacy supplement to your biologics license application provides
for a new indication to include treatment to increase bone mass in women at high risk for
fracture receiving adjuvant aromatase inhibitor therapy for breast cancer.

BLA STN 125320/6

This Prior Approval efficacy supplement to your biologics license application provides
for a new indication to include treatment to increase bone mass in men at high risk for
fracture receiving androgen deprivation therapy for nonmetastatic prostate cancer. In
these patients Prolia also reduced the incidence of vertebral fractures.

These supplements also provide for a proposed modification to the approved REMS.

We have completed our review of these supplemental applications, as amended. They are
approved, effective on the date of this letter, for use as recommended in the enclosed, agreed-
upon labeling text.
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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.ecov/ForIndustry/DataStandards/StructuredProductLabeling/default.htm, that is
identical to the enclosed labeling (text for the package insert and Medication Guide) 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/GuidanceComplianceRegulatorylnformation/Guidances/U
CMO072392.pdf. For administrative purposes, please designate this submission “Product
Correspondence — Final SPL for approved BLA STNs 125320/5 and 125320/6.”

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 these supplemental applications.

The SPL will be accessible via publicly available labeling repositories.

We request that the labeling approved today be available on your website within 10 days of
receipt of this letter.

REQUIRED PEDIATRIC ASSESSMENTS

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

We are waiving the pediatric study requirement for these applications because necessary studies
are impossible or highly impracticable because the disease/condition does not exist in children.

RISK EVALUATION AND MITIGATION STRATEGY REQUIREMENTS

The REMS for Prolia® (denosumab) was originally approved on June 1, 2010, and a REMS
modification was approved July 22, 2011. The REMS consists of a Medication Guide,
communication plan, and a timetable for submission of assessments of the REMS. Your
proposed modifications to the REMS consist of a revised REMS document to describe the
amended communication plan, updated communication materials reflecting the newly approved
indications, and an updated Medication Guide to be consistent with the prescribing information.

Y our proposed modified REMS, submitted on July 1, 2011, and appended to this letter, is
approved.
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The timetable for submission of assessments of the REMS will remain the same as that approved
on June 1, 2010.

There are no changes to the REMS assessment plan described in our June 1, 2010 letter.

We remind you that assessments of an approved REMS must also include, under section 505-
1(g)(3)(B) and (C), information on the status of any post-approval study or clinical trial required
under section 505(0) or otherwise undertaken to investigate a safety issue. With respect to any
such post-approval study, you must include the status of such study, including whether any
difficulties completing the study have been encountered. With respect to any such post-approval
clinical trial, you must include the status of such clinical trial, including whether enrollment has
begun, the number of participants enrolled, the expected completion date, whether any
difficulties completing the clinical trial have been encountered, and registration information with
respect to requirements under subsections (i) and (j) of section 402 of the Public Health Service
Act. You can satisfy these requirements in your REMS assessments by referring to relevant
information included in the most recent annual report required under section 506B and 21 CFR
601.70 and including any material or significant updates to the status information since the
annual report was prepared. Failure to comply with the REMS assessments provisions in section
505-1(g) could result in enforcement action.

In addition to the assessments submitted according to the timetable included in the approved
REMS, you must submit a REMS assessment and may propose a modification to the approved
REMS when you submit a supplemental application for a new indication for use as described in
section 505-1(g)(2)(A) of FDCA.

Prominently identify the submission containing the REMS assessments or proposed
modifications of the REMS with the following wording in bold capital letters at the top of the
first page of the submission as appropriate:

BLA 125320 REMS ASSESSMENT

NEW SUPPLEMENT FOR BLA 125320
PROPOSED REMS MODIFICATION
REMS ASSESSMENT

NEW SUPPLEMENT (NEW INDICATION FOR USE)
FOR BLA 125320

REMS ASSESSMENT

PROPOSED REMS MODIFICATION (if included)

If you do not submit electronically, please send 5 copies of REMS-related submissions.

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
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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.

All promotional materials for your drug product that include representations about your drug
product must be promptly revised to make it consistent with the labeling changes approved in
this supplement, including any new safety information [21 CFR 601.12(a)(4)]. The revisions to
your promotional materials should include prominent disclosure of the important new safety
information that appears in the revised package labeling. Within 7 days of receipt of this letter,
submit your statement of intent to comply with 21 CFR 601.12(a)(4) to the address above or by
fax to 301-847-8444.

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 /

Patricia Keegan, M.D.

Director

Division of Oncology Products 2

Office of Hematology Oncology Drug Products
Center for Drug Evaluation and Research

ENCLOSURES:
Content of Labeling
REMS
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Medication Guide
Dear Healthcare Provider Letter
Website Screenshot
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Food and Drug Administration
Silver Spring MD 20993

Our STN: BL 125332/0 COMPLETE RESPONSE
125333/0 October 19, 2009

Amgen, Incorporated

Attention: Edward S. Burd, Ph.D.
Director, Regulatory Affairs

One Amgen Center Drive
Thousand Oaks, CA 91320-1799

Dear Dr. Burd:

Please refer to your biologics license application, dated and received December 19, 2009,
submitted under section 351 of the Public Health Service Act for Prolia (denosumab).

We acknowledge receipt of your amendments dated: February 25, 2009; February 27, 2009;
March 3, 2009; March 5, 2009; March 9, 2009; March 11, 2009; March 12, 2009;

March 13, 2009; March 18, 2009; April 6, 2009; April 15, 2009; April 17, 2009; April 23, 2009;
April 29, 2009; April 30, 2009; May 1, 2009; May 4, 2009; May 15, 2009; May 19, 2009;

May 27, 2009; June 5, 2009; June 9, 2009; June 12, 2009; June 25, 2009; July 10, 2009;

July 13, 2009; July 20, 2009; August 7, 2009; August 18, 2009; August 26, 2009;

August 31, 2009; September 3, 2009; September 10, 2009; September 11, 2009;

September 18, 2009; and, September 28, 2009.

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

CLINICAL:

1. You have not provided substantial evidence from adequate and well controlled clinical
trials establishing the safety of Prolia (denosumab) in patients with breast cancer
receiving aromatase inhibitor therapy or patients with prostate cancer receiving androgen
deprivation therapy. Specifically, the data from clinical trials submitted in these license
applications are inadequate to determine if Prolia has detrimental effects on breast cancer
or prostate cancer outcomes since the trials were not adequately designed to compare
disease-free survival and overall survival between treatment arms.

Provide results from adequate and well-controlled clinical trials demonstrating that Prolia
has no detrimental effects on either time-to-disease progression or overall survival.

Reference ID: 3168406
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Provide a justification for each of the studies selected based on adequacy of design and
conduct, including but not limited to:

a. adequacy of the sample size to detect a clinically meaningful detrimental effect;

b. assurance that monitoring assessments are performed with appropriate frequency
and are adequate in scope to assess disease progression;

C. confirmation that the trial is masked to treatment or determination of disease
progression is conducted in a manner that minimizes bias based on knowledge of
treatment;

d. the analysis is mature with minimal amounts of missing data; and,

€. treatment arms are well-controlled with respect to prognostic factors (including
concomitant anti-neoplastic therapy).

The clinical study report(s) should contain analyses of overall survival and progression-
free survival, primary data and programs used to generate all analyses presented, as well
as case report forms for all patients who progressed while receiving denosumab and all
patients who died during the conduct of the trials.

LABELING:

2. We reserve comment on the proposed labeling until the application is otherwise adequate.
If you revise labeling, your response must include updated content of labeling [21 CFR
601.14(b)] in structured product labeling (SPL) format as described at
http://www.fda.gov/ForIndustry/DataStandards/StructuredProductlLabeling/default.htm

POSTMARKETING REQUIREMENTS:

3. Please reference the October 16, 2009 complete response letter issued to you from the
Office of Drug Evaluation III, Division of Reproductive and Urologic Products
requesting you to conduct postmarketing trials for your other Prolia BLA applications,
STNs 125320/0 and 125331/0.

RISK EVALUATION AND MITIGATION STRATEGIES (REMS) REQUIREMENTS:

4. Please reference the October 2, 2009 Information Request letter from the Office of Drug -
Evaluation III, Division of Reproductive and Urologic Products requesting you to submit
a Risk Evaluation and Mitigation Strategy (REMS).

OTHER

Within one year after the date of this letter, you are required to resubmit or withdraw the
application. If you do not take any of these actions, we will consider your lack of response a

Reference ID: 3168406
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request to withdraw the application under 21 CFR 601.3(c). A resubmission must fully address
all the deficiencies listed, and will start a new review cycle. A partial response to this letter may
not be reviewed and will not start a new review cycle.

You may request a meeting or teleconference with us to discuss what steps you need to take
before the application can be approved. If you wish to have such a meeting, submit your
meeting request as described in the FDA’s Guidance for Industry - Formal Meetings Between the
FDA and Sponsors or Applicants, May 2009 at
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/U
CM153222.pdf.

If you have any questions, call the Regulatory Project Manager, Melanie Pierce, 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

Reference ID: 3168406
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HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use Prolia
safely and effectively. See full prescribing information for Prolia.

Prolia® (denosumab)
Injection, for subcutaneous use

Initial US Approval: 2010
RECENT MAJOR CHANGES------------=-==-nmono-

e  Indications and Usage (1.2, 1.3) 09/2011
. Warnings and Precautions (5.1) 07/2011

INDICATIONS AND USAGE-----------=----------—-

Prolia is a RANK ligand (RANKL) inhibitor indicated for:

e  Treatment of postmenopausal women with osteoporosis at high risk for
fracture (1.1)

e  Treatment to increase bone mass in men at high risk for fracture
receiving androgen deprivation therapy for nonmetastatic prostate cancer
(1.2)

. Treatment to increase bone mass in women at high risk for fracture
receiving adjuvant aromatase inhibitor therapy for breast cancer (1.3)

. Prolia should be administered by a healthcare professional (2.1)

e  Administer 60 mg every 6 months as a subcutaneous injection in the
upper arm, upper thigh, or abdomen (2.1)

e Instruct patients to take calcium 1000 mg daily and at least 400 [U
vitamin D daily (2.1)

. Single-use prefilled syringe containing 60 mg in a 1 mL solution (3)
. Single-use vial containing 60 mg in a 1 mL solution (3)

CONTRAINDICATIONS
e  Hypocalcemia (4.1, 5.2)

. Same Active Ingredient: Patients receiving Prolia should not receive
XGEVA® (5.1)

. Hypocalcemia: Must be corrected before initiating Prolia. May worsen,
especially in patients with renal impairment. Adequately supplement
patients with calcium and vitamin D (5.2)

. Serious infections including skin infections: May occur, including those
leading to hospitalization. Advise patients to seek prompt medical
attention if they develop signs or symptoms of infection, including
cellulitis (5.3)

. Dermatologic reactions: Dermatitis, rashes, and eczema have been
reported. Consider discontinuing Prolia if severe symptoms develop
(5.4)

. Osteonecrosis of the jaw: Has been reported with Prolia. Monitor for
symptoms (5.5)

. Suppression of bone turnover: Significant suppression has been
demonstrated. Monitor for consequences of bone oversuppression (5.6)

ADVERSE REACTIONS-----------mnmommmmeee

. Postmenopausal osteoporosis: Most common adverse reactions (> 5%
and more common than placebo) were: back pain, pain in extremity,
hypercholesterolemia, musculoskeletal pain, and cystitis. Pancreatitis
has been reported in clinical trials (6.1)

e  Bone loss due to hormone ablation for cancer: Most common adverse
reactions (> 10% and more common than placebo) were: arthralgia and
back pain. Pain in extremity and musculoskeletal pain have also been
reported in clinical trials (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.

e  Pregnancy: Based on animal data, may cause fetal harm. Pregnancy
Surveillance Program available (8.1)

e Nursing mothers: May impair mammary gland development and
lactation. Discontinue drug or nursing (8.3)

e  Pediatric patients: Safety and efficacy not established (8.4)

e  Renal impairment: No dose adjustment is necessary in patients with
renal impairment. Patients with creatinine clearance <30 mL/min or
receiving dialysis are at risk for hypocalcemia. Supplement with
calcium and vitamin D, and consider monitoring serum calcium (8.6)

See 17 for PATIENT COUNSELING INFORMATION and Medication
Guide.

Revised: 09/2011

FULL PRESCRIBING INFORMATION: CONTENTS*

1 INDICATIONS AND USAGE
1.1 Treatment of Postmenopausal Women with Osteoporosis at High
Risk for Fracture
1.2 Treatment of Bone Loss in Men Receiving Androgen Deprivation
Therapy for Prostate Cancer
1.3 Treatment of Bone Loss in Women Receiving Adjuvant Aromatase
Inhibitor Therapy for Breast Cancer
2  DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage
2.2 Preparation and Administration
3  DOSAGE FORMS AND STRENGTHS
4  CONTRAINDICATIONS
4.1 Hypocalcemia
5  WARNINGS AND PRECAUTIONS
5.1 Drug Products with Same Active Ingredient
5.2 Hypocalcemia and Mineral Metabolism
5.3 Serious Infections
5.4 Dermatologic Adverse Reactions
5.5 Osteonecrosis of the Jaw
5.6 Suppression of Bone Turnover
6 ADVERSE REACTIONS
6.1 Clinical Trials Experience
6.2 Immunogenicity
7 DRUG INTERACTIONS
8  USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
8.3  Nursing Mothers
8.4 Pediatric Use
8.5 Geriatric Use

8.6 Renal Impairment
8.7 Hepatic Impairment
10 OVERDOSAGE
11 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.2 Pharmacodynamics
12.3 Pharmacokinetics
13  NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
13.2 Animal Toxicology and/or Pharmacology
14 CLINICAL STUDIES
14.1 Postmenopausal Women with Osteoporosis
14.2 Treatment of Bone Loss in Men with Prostate Cancer
14.3 Treatment of Bone Loss in Women with Breast Cancer
16 HOW SUPPLIED/STORAGE AND HANDLING
17 PATIENT COUNSELING INFORMATION
17.1 Drug Products with Same Active Ingredient
17.2 Hypocalcemia
17.3 Serious Infections
17.4 Dermatologic Reactions
17.5 Osteonecrosis of the Jaw
17.6 Schedule of Administration

* 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 Treatment of Postmenopausal Women with Osteoporosis at High Risk for Fracture

Prolia is indicated for the treatment of postmenopausal women with osteoporosis at high risk for fracture,
defined as a history of osteoporotic fracture, or multiple risk factors for fracture; or patients who have
failed or are intolerant to other available osteoporosis therapy. In postmenopausal women with
osteoporosis, Prolia reduces the incidence of vertebral, nonvertebral, and hip fractures [see Clinical
Studies (14.1)].

1.2 Treatment of Bone Loss in Men Receiving Androgen Deprivation Therapy for Prostate
Cancer

Prolia is indicated as a treatment to increase bone mass in men at high risk for fracture receiving androgen
deprivation therapy for nonmetastatic prostate cancer. In these patients Prolia also reduced the incidence
of vertebral fractures [see Clinical Studies (14.2)].

1.3 Treatment of Bone Loss in Women Receiving Adjuvant Aromatase Inhibitor Therapy for
Breast Cancer

Prolia is indicated as a treatment to increase bone mass in women at high risk for fracture receiving
adjuvant aromatase inhibitor therapy for breast cancer [see Clinical Studies (14.3)].

2 DOSAGE AND ADMINISTRATION

2.1 Recommended Dosage

Prolia should be administered by a healthcare professional.

The recommended dose of Prolia is 60 mg administered as a single subcutaneous injection once every
6 months. Administer Prolia via subcutaneous injection in the upper arm, the upper thigh, or the
abdomen. All patients should receive calcium 1000 mg daily and at least 400 TU vitamin D daily [see

Warnings and Precautions (5.2)].

If a dose of Prolia is missed, administer the injection as soon as the patient is available. Thereafter,
schedule injections every 6 months from the date of the last injection.

2.2 Preparation and Administration

Visually inspect Prolia for particulate matter and discoloration prior to administration whenever solution
and container permit. Prolia 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.

Latex Allergy: People sensitive to latex should not handle the grey needle cap on the single-use prefilled
syringe, which contains dry natural rubber (a derivative of latex).
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Prior to administration, Prolia 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
Prolia in any other way [see How Supplied/Storage and Handling (16)].

Instructions for Prefilled Syringe with Needle Safety Guard
IMPORTANT: In order to minimize accidental needlesticks, the Prolia single-use prefilled syringe will
have a green safety guard; manually activate the safety guard after the injection is given.

DO NOT slide the green safety guard forward over the needle before administering the injection; it will
lock in place and prevent injection.

Safety Guard i
(green plastic) Window
Plunger —,
Needle Cap

(grey rubber)

Finger Grip
(clear plastic)

Activate the green safety guard (slide over the needle) after the injection.

The grey needle cap on the single-use prefilled syringe contains dry natural rubber (a derivative of latex);
people sensitive to latex should not handle the cap.

Step 1: Remove Grey Needle Cap

Remove needle cap.

Step 2: Administer Injection

Insert needle and inject all the liquid.
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DO NOT put grey needle cap back on needle.

Step 3: Immediately Slide Green Safety Guard Over Needle

With the needle pointing away from you...

Hold the prefilled syringe by the clear plastic finger grip with one hand. Then, with the other hand, grasp
the green safety guard by its base and gently slide it towards the needle until the green safety guard locks
securely in place and/or you hear a “click.” DO NOT grip the green safety guard too firmly — it will
move easily if you hold and slide it gently.

needle and lock securely in place. Do
not grip green safety guard too firmly
when sliding over needle. /

Gently slide green safety guard over Q( ) /ﬁ :

Immediately dispose of the syringe and needle cap in the nearest sharps container. DO NOT put the
needle cap back on the used syringe.

Instructions for Single-use Vial
For administration of Prolia from the single-use vial, use a 27-gauge needle to withdraw and inject the
1 mL dose. Do not re-enter the vial. Discard vial and any liquid remaining in the vial.

3 DOSAGE FORMS AND STRENGTHS

1 mL of a 60 mg/mL solution in a single-use prefilled syringe
1 mL of a 60 mg/mL solution in a single-use vial

4 CONTRAINDICATIONS
4.1 Hypocalcemia

Pre-existing hypocalcemia must be corrected prior to initiating therapy with Prolia [see Warnings and
Precautions (5.2)].
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5 WARNINGS AND PRECAUTIONS
51 Drug Products with Same Active Ingredient

Prolia contains the same active ingredient (denosumab) found in Xgeva. Patients receiving Prolia should
not receive Xgeva.

5.2 Hypocalcemia and Mineral Metabolism

Hypocalcemia may be exacerbated by the use of Prolia. Pre-existing hypocalcemia must be corrected
prior to initiating therapy with Prolia. In patients predisposed to hypocalcemia and disturbances of
mineral metabolism (e.g. history of hypoparathyroidism, thyroid surgery, parathyroid surgery,
malabsorption syndromes, excision of small intestine, severe renal impairment [creatinine clearance

< 30 mL/min] or receiving dialysis), clinical monitoring of calcium and mineral levels (phosphorus and
magnesium) is highly recommended.

Hypocalcemia following Prolia administration is a significant risk in patients with severe renal
impairment [creatinine clearance < 30 mL/min], or receiving dialysis. Instruct all patients with severe
renal impairment, including those receiving dialysis, about the symptoms of hypocalcemia and the
importance of maintaining calcium levels with adequate calcium and vitamin D supplementation.

Adequately supplement all patients with calcium and vitamin D [see Dosage and Administration (2.1),
Contraindications (4.1), Adverse Reactions (6.1), and Patient Counseling Information (17.2)].

5.3 Serious Infections

In a clinical trial of over 7800 women with postmenopausal osteoporosis, serious infections leading to
hospitalization were reported more frequently in the Prolia group than in the placebo group [see Adverse
Reactions (6.1)]. Serious skin infections, as well as infections of the abdomen, urinary tract, and ear,
were more frequent in patients treated with Prolia. Endocarditis was also reported more frequently in
Prolia-treated subjects. The incidence of opportunistic infections was balanced between placebo and
Prolia groups, and the overall incidence of infections was similar between the treatment groups. Advise
patients to seek prompt medical attention if they develop signs or symptoms of severe infection, including
cellulitis.

Patients on concomitant immunosuppressant agents or with impaired immune systems may be at
increased risk for serious infections. Consider the benefit-risk profile in such patients before treating with
Prolia. In patients who develop serious infections while on Prolia, prescribers should assess the need for
continued Prolia therapy.

5.4 Dermatologic Adverse Reactions

In a large clinical trial of over 7800 women with postmenopausal osteoporosis, epidermal and dermal
adverse events such as dermatitis, eczema, and rashes occurred at a significantly higher rate in the Prolia
group compared to the placebo group. Most of these events were not specific to the injection site [See
Adverse Reactions (6.1)]. Consider discontinuing Prolia if severe symptoms develop.

5.5 Osteonecrosis of the Jaw

Osteonecrosis of the jaw (ONJ), which can occur spontaneously, is generally associated with tooth
extraction and/or local infection with delayed healing. ONIJ has been reported in patients receiving
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denosumab [see Adverse Reactions (6.1)]. A routine oral exam should be performed by the prescriber
prior to initiation of Prolia treatment. A dental examination with appropriate preventive dentistry should
be considered prior to treatment with Prolia in patients with risk factors for ONJ such as invasive dental
procedures (e.g. tooth extraction, dental implants, oral surgery), diagnosis of cancer, concomitant
therapies (e.g. chemotherapy, corticosteroids), poor oral hygiene, and co-morbid disorders (e.g.
periodontal and/or other pre-existing dental disease, anemia, coagulopathy, infection, ill-fitting dentures).
Good oral hygiene practices should be maintained during treatment with Prolia.

For patients requiring invasive dental procedures, clinical judgment of the treating physician and/or oral
surgeon should guide the management plan of each patient based on individual benefit-risk assessment.

Patients who are suspected of having or who develop ONJ while on Prolia should receive care by a dentist
or an oral surgeon. In these patients, extensive dental surgery to treat ONJ may exacerbate the condition.
Discontinuation of Prolia therapy should be considered based on individual benefit-risk assessment.

5.6 Suppression of Bone Turnover

In clinical trials in women with postmenopausal osteoporosis, treatment with Prolia resulted in significant
suppression of bone remodeling as evidenced by markers of bone turnover and bone histomorphometry
[see Clinical Pharmacology (12.2) and Clinical Studies (14.1)]. The significance of these findings and
the effect of long-term treatment with Prolia are unknown. The long-term consequences of the degree of
suppression of bone remodeling observed with Prolia may contribute to adverse outcomes such as
osteonecrosis of the jaw, atypical fractures, and delayed fracture healing. Monitor patients for these
consequences.

6 ADVERSE REACTIONS
The following serious adverse reactions are discussed below and also elsewhere in the labeling:

Hypocalcemia [see Warnings and Precautions (5.2)]

Serious Infections [see Warnings and Precautions (5.3)]

Dermatologic Adverse Reactions [see Warnings and Precautions (5.4)]
Osteonecrosis of the Jaw [see Warnings and Precautions (5.5)]

The most common adverse reactions reported with Prolia in patients with postmenopausal osteoporosis
are back pain, pain in extremity, musculoskeletal pain, hypercholesterolemia, and cystitis.

The most common (per patient incidence > 10%) adverse reactions reported with Prolia in patients with
bone loss receiving androgen deprivation therapy for prostate cancer or adjuvant aromatase inhibitor
therapy for breast cancer are arthralgia and back pain. Pain in extremity and musculoskeletal pain and
have also been reported in clinical trials.

The most common adverse reactions leading to discontinuation of Prolia are back pain and constipation.

The Prolia Postmarketing Active Safety Surveillance Program is available to collect information from
prescribers on specific adverse events. Please see www.proliasafety.com or call 1-800-772-6436 for more
information about this program.
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6.1 Clinical Trials Experience
Because clinical studies are conducted under widely varying conditions, adverse reaction rates observed
in the clinical studies of a drug cannot be directly compared to rates in the clinical studies of another drug

and may not reflect the rates observed in clinical practice.

Treatment of Postmenopausal Women with Osteoporosis

The safety of Prolia in the treatment of postmenopausal osteoporosis was assessed in a 3-year,
randomized, double-blind, placebo-controlled, multinational study of 7808 postmenopausal women aged
60 to 91 years. A total of 3876 women were exposed to placebo and 3886 women were exposed to Prolia
administered subcutaneously once every 6 months as a single 60 mg dose. All women were instructed to
take at least 1000 mg of calcium and 400 IU of vitamin D supplementation per day.

The incidence of all-cause mortality was 2.3% (n = 90) in the placebo group and 1.8% (n = 70) in the
Prolia group. The incidence of nonfatal serious adverse events was 24.2% in the placebo group and
25.0% in the Prolia group. The percentage of patients who withdrew from the study due to adverse events
was 2.1% and 2.4% for the placebo and Prolia groups, respectively.

Adverse reactions reported in > 2% of postmenopausal women with osteoporosis and more frequently in
the Prolia-treated women than in the placebo-treated women are shown in the table below.

Table 1. Adverse Reactions Occurring in > 2% of Patients with Osteoporosis and More Frequently
than in Placebo-treated Patients

Prolia Placebo

SYSTEM ORGAN CLASS (N = 3886) (N =3876)

Preferred Term n (%) n (%)
BLOOD AND LYMPHATIC SYSTEM DISORDERS

Anemia 129 (3.3) 107 (2.8)
CARDIAC DISORDERS

Angina pectoris 101 (2.6) 87 (2.2)

Atrial fibrillation 79 (2.0) 77 (2.0)
EAR AND LABYRINTH DISORDERS

Vertigo 195 (5.0) 187 (4.8)
GASTROINTESTINAL DISORDERS

Abdominal pain upper 129 (3.3) 111 (2.9)

Flatulence 84 (2.2) 53(1.4)

Gastroesophageal reflux disease 80 (2.1) 66 (1.7)
GENERAL DISORDERS AND ADMINISTRATION
SITE CONDITIONS

Edema peripheral 189 (4.9) 155 (4.0)

Asthenia 90 (2.3) 73 (1.9)

Page 7



Prolia Placebo
SYSTEM ORGAN CLASS (N = 3886) (N =3876)
Preferred Term n (%) n (%)

INFECTIONS AND INFESTATIONS

Cystitis 228 (5.9) 225 (5.8)
Upper respiratory tract infection 190 (4.9) 167 (4.3)
Pneumonia 152 (3.9) 150 (3.9)
Pharyngitis 91 (2.3) 78 (2.0)
Herpes zoster 79 (2.0) 72 (1.9)

METABOLISM AND NUTRITION DISORDERS
Hypercholesterolemia 280 (7.2) 236 (6.1)

MUSCULOSKELETAL AND CONNECTIVE TISSUE

DISORDERS
Back pain 1347 (34.7) 1340 (34.6)
Pain in extremity 453 (11.7) 430 (11.1)
Musculoskeletal pain 297 (7.6) 291 (7.5)
Bone pain 142 (3.7) 117 (3.0)
Myalgia 114 (2.9) 94 (2.4)
Spinal osteoarthritis 82 (2.1) 64 (1.7)

NERVOUS SYSTEM DISORDERS
Sciatica 178 (4.6) 149 (3.8)

PSYCHIATRIC DISORDERS
Insomnia 126 (3.2) 122 (3.1)

SKIN AND SUBCUTANEOUS TISSUE DISORDERS

Rash 96 (2.5) 79 (2.0)
Pruritus 87 (2.2) 82 (2.1)

Hypocalcemia

Decreases in serum calcium levels to less than 8.5 mg/dL were reported in 0.4% women in the placebo
group and 1.7% women in the Prolia group at the month 1 visit. The nadir in serum calcium level occurs
at approximately day 10 after Prolia dosing in subjects with normal renal function.

In clinical studies, subjects with impaired renal function were more likely to have greater reductions in
serum calcium levels compared to subjects with normal renal function. In a study of 55 patients with
varying degrees of renal function, serum calcium levels < 7.5 mg/dL or symptomatic hypocalcemia were
observed in 5 subjects. These included no subjects in the normal renal function group, 10% of subjects in
the CrCL 50 to 80 mL/min group, 29% of subjects in the CrCL < 30 mL/min group, and 29% of subjects
in the hemodialysis group. These subjects did not receive calcium and vitamin D supplementation. In a
study of 4550 postmenopausal women with osteoporosis, the mean change from baseline in serum
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calcium level 10 days after Prolia dosing was -5.5% in subjects with creatinine clearance < 30 mL/min vs.
-3.1% in subjects with CrCL > 30 mL/min.

Serious Infections

Receptor activator of nuclear factor kappa-B ligand (RANKL) is expressed on activated T and B
lymphocytes and in lymph nodes. Therefore, a RANKL inhibitor such as Prolia may increase the risk of
infection.

In the clinical study of 7808 postmenopausal women with osteoporosis, the incidence of infections
resulting in death was 0.2% in both placebo and Prolia treatment groups. However, the incidence of
nonfatal serious infections was 3.3% in the placebo group and 4.0% in the Prolia group. Hospitalizations
due to serious infections in the abdomen (0.7% placebo vs. 0.9% Prolia), urinary tract (0.5% placebo vs.
0.7% Prolia), and ear (0.0% placebo vs. 0.1% Prolia) were reported. Endocarditis was reported in no
placebo patients and 3 patients receiving Prolia.

Skin infections, including erysipelas and cellulitis, leading to hospitalization were reported more
frequently in patients treated with Prolia (< 0.1% placebo vs. 0.4% Prolia).

There was no imbalance in the reporting of opportunistic infections.

Dermatologic Reactions

A significantly higher number of patients treated with Prolia developed epidermal and dermal adverse
events (such as dermatitis, eczema, and rashes), with these events reported in 8.2% of the placebo and
10.8% of the Prolia groups (p < 0.0001). Most of these events were not specific to the injection site [see
Warnings and Precautions (5.4)].

Osteonecrosis of the Jaw
ONJ has been reported in the osteoporosis clinical trial program in patients treated with Prolia [see
Warnings and Precautions (5.5)].

Pancreatitis

Pancreatitis was reported in 4 patients (0.1%) in the placebo and 8 patients (0.2%) in the Prolia groups.
Of these reports, 1 patient in the placebo group and all 8 patients in the Prolia group had serious events,
including one death in the Prolia group. Several patients had a prior history of pancreatitis. The time
from product administration to event occurrence was variable.

New Malignancies

The overall incidence of new malignancies was 4.3% in the placebo and 4.8% in the Prolia groups. New
malignancies related to the breast (0.7% placebo vs. 0.9% Prolia), reproductive system (0.2% placebo vs.
0.5% Prolia), and gastrointestinal system (0.6% placebo vs. 0.9% Prolia) were reported. A causal
relationship to drug exposure has not been established.

Treatment of Bone Loss in Patients Receiving Androgen Deprivation Therapy for Prostate Cancer or
Adjuvant Aromatase Inhibitor Therapy for Breast Cancer

The safety of Prolia in the treatment of bone loss in men with nonmetastatic prostate cancer receiving
androgen deprivation therapy (ADT) was assessed in a 3-year, randomized, double-blind, placebo-
controlled, multinational study of 1468 men aged 48 to 97 years. A total of 725 men were exposed to
placebo and 731 men were exposed to Prolia administered once every 6 months as a single 60 mg
subcutaneous dose. All men were instructed to take at least 1000 mg of calcium and 400 IU of vitamin D
supplementation per day.

Page 9



The incidence of serious adverse events was 30.6% in the placebo group and 34.6% in the Prolia group.
The percentage of patients who withdrew from the study due to adverse events was 6.1% and 7.0% for the
placebo and Prolia groups, respectively.

The safety of Prolia in the treatment of bone loss in women with nonmetastatic breast cancer receiving
aromatase inhibitor (Al) therapy was assessed in a 2-year, randomized, double-blind, placebo-controlled,
multinational study of 252 postmenopausal women aged 35 to 84 years. A total of 120 women were
exposed to placebo and 129 women were exposed to Prolia administered once every 6 months as a single
60 mg subcutaneous dose. All women were instructed to take at least 1000 mg of calcium and 400 IU of
vitamin D supplementation per day.

The incidence of serious adverse events was 9.2% in the placebo group and 14.7% in the Prolia group.
The percentage of patients who withdrew from the study due to adverse events was 4.2% and 0.8% for the
placebo and Prolia groups, respectively.

Adverse reactions reported in > 10% of Prolia-treated patients receiving ADT for prostate cancer or
adjuvant Al therapy for breast cancer, and more frequently than in the placebo-treated patients were:
arthralgia (13.0% placebo vs. 14.3% Prolia) and back pain (10.5% placebo vs. 11.5% Prolia). Pain in
extremity (7.7% placebo vs. 9.9% Prolia) and musculoskeletal pain (3.8% placebo vs. 6.0% Prolia) have
also been reported in clinical trials. Additionally in Prolia-treated men with nonmetastatic prostate cancer
receiving ADT, a greater incidence of cataracts was observed (1.2% placebo vs. 4.7% Prolia).
Hypocalcemia (serum calcium < 8.4 mg/dL) was reported only in Prolia-treated patients (2.4% vs. 0%) at
the month 1 visit.

6.2 Immunogenicity

Denosumab is a human monoclonal antibody. As with all therapeutic proteins, there is potential for
immunogenicity. Using an electrochemiluminescent bridging immunoassay, less than 1% (55 out of
8113) of patients treated with Prolia for up to 5 years tested positive for binding antibodies (including
pre-existing, transient, and developing antibodies). None of the patients tested positive for
neutralizing antibodies, as was assessed using a chemiluminescent cell-based in vitro biological assay.
No evidence of altered pharmacokinetic profile, toxicity profile, or clinical response was 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.

7 DRUG INTERACTIONS

No drug-drug interaction studies have been conducted with Prolia.
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8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

Pregnancy Category C

There are no adequate and well-controlled studies of Prolia in pregnant women. In genetically
engineered mice in which RANK ligand (RANKL) was turned off by gene removal (a “knockout
mouse”), absence of RANKL (the target of denosumab) 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)].

Prolia should be used during pregnancy only if the potential benefit justifies the potential risk to the
fetus. Women who become pregnant during Prolia treatment are encouraged 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 13-fold higher than the recommended human dose of 60 mg
administered once every 6 months based on body weight (mg/kg). No evidence of maternal toxicity or
fetal harm was observed. However, this study only assessed fetal toxicity during a period equivalent to
the first trimester and fetal lymph nodes were not examined. Monoclonal antibodies are transported
across the placenta in a linear fashion as pregnancy progresses, with the largest amount transferred during
the third trimester. Potential adverse developmental effects resulting from exposures during the second
and third trimesters have not been assessed in animals [see Nonclinical Toxicology (13.2)].

8.3 Nursing Mothers

It is not known whether Prolia 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 Prolia, 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 Prolia 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)].

8.4 Pediatric Use

Prolia is not recommended in pediatric patients. The safety and effectiveness of Prolia in pediatric
patients have not been established.

Treatment with Prolia may impair bone growth in children with open growth plates and may inhibit
eruption of dentition. In neonatal rats, inhibition of RANKL (the target of Prolia therapy) with a
construct of osteoprotegerin bound to Fc (OPG-Fc) at doses < 10 mg/kg was associated with inhibition of
bone growth and tooth eruption. Adolescent primates dosed with denosumab at 10 and 50 times (10 and
50 mg/kg dose) higher than the recommended human dose of 60 mg administered once every 6 months,
based on body weight (mg/kg), had abnormal growth plates [See Nonclinical Toxicology (13.2)].
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8.5 Geriatric Use

Of the total number of patients in clinical studies of Prolia, 9943 patients (76%) were > 65 years old,
while 3576 (27%) were > 75 years old. No overall differences in safety or efficacy were observed
between these patients and younger patients and other reported clinical experience has not identified
differences in responses between the elderly and younger patients, but greater sensitivity of some older
individuals cannot be ruled out.

8.6 Renal Impairment

No dose adjustment is necessary in patients with renal impairment.

In clinical studies, patients with severe renal impairment (creatinine clearance < 30 mL/min) or receiving
dialysis were at greater risk of developing hypocalcemia. Consider the benefit-risk profile when
administering Prolia to patients with severe renal impairment or receiving dialysis. Clinical monitoring of
calcium and mineral levels (phosphorus and magnesium) is highly recommended. Adequate intake of
calcium and vitamin D is important in patients with severe renal impairment or receiving dialysis [see
Warnings and Precautions (5.2), Adverse Reactions (6.1), and Clinical Pharmacology (12.3)].

8.7 Hepatic Impairment

No clinical studies have been conducted to evaluate the effect of hepatic impairment on the
pharmacokinetics of Prolia.

10 OVERDOSAGE

There is no experience with overdosage with Prolia.

11 DESCRIPTION

Prolia (denosumab) is a human IgGG2 monoclonal antibody with affinity and specificity for human
RANKL (receptor activator of nuclear factor kappa-B ligand). Denosumab has an approximate molecular
weight of 147 kDa and is produced in genetically engineered mammalian (Chinese hamster ovary) cells.
Prolia is a sterile, preservative-free, clear, colorless to pale yellow solution.

Each 1 mL single-use prefilled syringe of Prolia contains 60 mg denosumab (60 mg/mL solution),

4.7% sorbitol, 17 mM acetate, 0.01% polysorbate 20, Water for Injection (USP), and sodium hydroxide to
apH of 5.2.

Each 1 mL single-use vial of Prolia contains 60 mg denosumab (60 mg/mL solution), 4.7% sorbitol,
17 mM acetate, Water for Injection (USP), and sodium hydroxide to a pH of 5.2.
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12 CLINICAL PHARMACOLOGY
12.1  Mechanism of Action

Prolia binds to RANKL, a transmembrane or soluble protein essential for the formation, function, and
survival of osteoclasts, the cells responsible for bone resorption. Prolia prevents RANKL from activating
its receptor, RANK, on the surface of osteoclasts and their precursors. Prevention of the RANKL/RANK
interaction inhibits osteoclast formation, function, and survival, thereby decreasing bone resorption and
increasing bone mass and strength in both cortical and trabecular bone.

12.2  Pharmacodynamics

In clinical studies, treatment with 60 mg of Prolia resulted in reduction in the bone resorption marker
serum type 1 C-telopeptide (CTX) by approximately 85% by 3 days, with maximal reductions occurring
by 1 month. CTX levels were below the limit of assay quantitation (0.049 ng/mL) in 39% to 68% of
subjects 1 to 3 months after dosing of Prolia. At the end of each dosing interval, CTX reductions were
partially attenuated from a maximal reduction of > 87% to > 45% (range: 45% to 80%), as serum
denosumab levels diminished, reflecting the reversibility of the effects of Prolia on bone remodeling.
These effects were sustained with continued treatment. Upon reinitiation, the degree of inhibition of CTX
by Prolia was similar to that observed in patients initiating Prolia treatment.

Consistent with the physiological coupling of bone formation and resorption in skeletal remodeling,
subsequent reductions in bone formation markers (i.e. osteocalcin and procollagen type 1 N-terminal
peptide [PINP]) were observed starting 1 month after the first dose of Prolia. After discontinuation of
Prolia therapy, markers of bone resorption increased to levels 40% to 60% above pretreatment values but
returned to baseline levels within 12 months.

12.3 Pharmacokinetics

In a study conducted in healthy male and female volunteers (n = 73, age range: 18 to 64 years) following
a single subcutaneously administered Prolia dose of 60 mg after fasting (at least for 12 hours), the mean
maximum denosumab concentration (C,,.x) was 6.75 mcg/mL (standard deviation [SD] = 1.89 mcg/mL).
The median time to maximum denosumab concentration (T,,.x) was 10 days (range: 3 to 21 days). After
Ciax, serum denosumab concentrations declined over a period of 4 to 5 months with a mean half-life of
25.4 days (SD = 8.5 days; n = 46). The mean area-under-the-concentration-time curve up to 16 weeks
(AUC.16 weeks) of denosumab was 316 mcg-day/mL (SD = 101 mcg-day/mL).

No accumulation or change in denosumab pharmacokinetics with time was observed upon multiple
dosing of 60 mg subcutaneously administered once every 6 months.

Prolia pharmacokinetics were not affected by the formation of binding antibodies.
A population pharmacokinetic analysis was performed to evaluate the effects of demographic
characteristics. This analysis showed no notable differences in pharmacokinetics with age (in

postmenopausal women), race, or body weight (36 to 140 kg).

Drug Interactions
No drug-drug interaction studies have been conducted with Prolia.
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Specific Populations

Gender: Mean serum denosumab concentration-time profiles observed in a study conducted in healthy
men > 50 years were similar to those observed in a study conducted in postmenopausal women using the
same dose regimen.

Age: The pharmacokinetics of denosumab were not affected by age across all populations studied whose
ages ranged from 28 to 87 years.

Race: The pharmacokinetics of denosumab were not affected by race.
Renal Impairment: In a study of 55 patients with varying degrees of renal function, including patients on
dialysis, the degree of renal impairment had no effect on the pharmacokinetics of denosumab; thus, dose

adjustment for renal impairment is not necessary.

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

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 doses that were
13- to 50-fold higher than the recommended human dose of 60 mg administered once every 6 months,
based on body weight (mg/kg).

13.2  Animal Toxicology and/or Pharmacology
Prolia is an inhibitor of osteoclastic bone resorption via inhibition of RANKL.

In ovariectomized monkeys, once-monthly treatment with denosumab suppressed bone turnover and
increased bone mineral density (BMD) and strength of cancellous and cortical bone at doses 50-fold
higher than the recommended human dose of 60 mg administered once every 6 months, based on body
weight (mg/kg). Bone tissue was normal with no evidence of mineralization defects, accumulation of
osteoid, or woven bone.

Adolescent primates treated with denosumab at doses > 10 times (10 and 50 mg/kg dose) higher than the
recommended human dose of 60 mg administered once every 6 months, based on mg/kg, had abnormal
growth plates, considered to be consistent with the pharmacological activity of denosumab [see Use in
Specific Populations (8.4)].

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, namely OPG-Fc, provided additional information on the pharmacodynamic properties of
denosumab. RANK/RANKL knockout mice exhibited absence of lymph node formation, as well as an
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absence of lactation due to inhibition of mammary gland maturation (lobulo-alveolar gland development
during pregnancy). Neonatal RANK/RANKL knockout mice exhibited reduced bone growth and lack of
tooth eruption. A corroborative study in 2-week-old rats given the RANKL inhibitor OPG-Fc also
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 [see Use in
Specific Populations (8.1, 8.4)].

14 CLINICAL STUDIES

14.1  Postmenopausal Women with Osteoporosis

The efficacy and safety of Prolia in the treatment of postmenopausal osteoporosis was demonstrated in a
3-year, randomized, double-blind, placebo-controlled trial. Enrolled women had a baseline BMD T-score
between -2.5 and -4.0 at either the lumbar spine or total hip. Women with other diseases (such as
rheumatoid arthritis, osteogenesis imperfecta, and Paget’s disease) or on therapies that affect bone were
excluded from this study. The 7808 enrolled women were aged 60 to 91 years with a mean age of

72 years. Overall, the mean baseline lumbar spine BMD T-score was -2.8, and 23% of women had a
vertebral fracture at baseline. Women were randomized to receive SC injections of either placebo

(N =3906) or Prolia 60 mg (N = 3902) once every 6 months. All women received at least 1000 mg
calcium and 400 IU vitamin D supplementation daily.

The primary efficacy variable was the incidence of new morphometric (radiologically-diagnosed)
vertebral fractures at 3 years. Vertebral fractures were diagnosed based on lateral spine radiographs
(T4-L4) using a semiquantitative scoring method. Secondary efficacy variables included the incidence of
hip fracture and nonvertebral fracture, assessed at 3 years.

Effect on Vertebral Fractures

Prolia significantly reduced the incidence of new morphometric vertebral fractures at 1, 2, and 3 years

(p <0.0001), as shown in Table 2. The incidence of new vertebral fractures at year 3 was 7.2% in the
placebo-treated women compared to 2.3% for the Prolia-treated women. The absolute risk reduction was
4.8% and relative risk reduction was 68% for new morphometric vertebral fractures at year 3.

Table 2. The Effect of Prolia on the Incidence of
New Vertebral Fractures in Postmenopausal Women

Proportion of Women Absolute Risk | Relative Risk
With Fracture (%)" Reduction Reduction
Placebo Prolia (%)* (%)*
N = 3691 N = 3702 (95% CI) (95% CI)
(%) (%)
0-1 Year 2.2 0.9 1.4 (0.8, 1.9) 61 (42, 74)
0-2 Years 5.0 1.4 3.5(2.7,4.3) 71 (61, 79)
0-3 Years 7.2 2.3 4.8 (3.9, 5.8) 68 (59, 74)

" Absolute risk reduction and relative risk reduction based on Mantel-Haenszel method adjusting for age

group variable.

" Event rates based on crude rates in each interval.

Prolia was effective in reducing the risk for new morphometric vertebral fractures regardless of age,
baseline rate of bone turnover, baseline BMD, baseline history of fracture, or prior use of a drug for

0steoporosis.
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Effect on Hip Fractures
The incidence of hip fracture was 1.2% for placebo-treated women compared to 0.7% for Prolia-treated
women at year 3. The age-adjusted absolute risk reduction of hip fractures was 0.3% with a relative risk

reduction of 40% at 3 years (p = 0.04) (Figure 1).

Figure 1. Cumulative Incidence of Hip Fractures Over 3 Years

N = number of subjects randomized

Effect on Nonvertebral Fractures

Treatment with Prolia resulted in a significant reduction in the incidence of nonvertebral fractures

(Table 3).

Table 3. The Effect of Prolia on the Incidence of Nonvertebral Fractures at Year 3

Proportion of Women With
Fracture (%)" Absolute Risk | Relative Risk
Placebo Prolia Reduction (%) | Reduction (%)
N = 3906 N = 3902 (95% CI) (95% CI)
(%) (%)
Nonvertebral 8.0 6.5 1.5(0.3,2.7) 20 (5, 33)
fracture'

" p-value = 0.01.
* Event rates based on Kaplan-Meier estimates at 3 years.

! Excluding those of the vertebrae (cervical, thoracic, and lumbar), skull, facial, mandible, metacarpus, and finger and toe

phalanges.

Effect on Bone Mineral Density (BMD)

Treatment with Prolia significantly increased BMD at all anatomic sites measured at 3 years. The

treatment differences in BMD at 3 years were 8.8% at the lumbar spine, 6.4% at the total hip, and 5.2% at
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the femoral neck. Consistent effects on BMD were observed at the lumbar spine, regardless of baseline
age, race, weight/body mass index (BMI), baseline BMD, and level of bone turnover.

After Prolia discontinuation, BMD returned to approximately baseline levels within 12 months.

Bone Histology and Histomorphometry

A total of 115 transiliac crest bone biopsy specimens were obtained from 92 postmenopausal women with
osteoporosis at either month 24 and/or month 36 (53 specimens in Prolia group, 62 specimens in placebo
group). Of the biopsies obtained, 115 (100%) were adequate for qualitative histology and 7 (6%) were
adequate for full quantitative histomorphometry assessment.

Qualitative histology assessments showed normal architecture and quality with no evidence of
mineralization defects, woven bone, or marrow fibrosis in patients treated with Prolia.

The presence of double tetracycline labeling in a biopsy specimen provides an indication of active bone
remodeling, while the absence of tetracycline label suggests suppressed bone formation. In subjects
treated with Prolia, 35% had no tetracycline label present at the month 24 biopsy and 38% had no
tetracycline label present at the month 36 biopsy, while 100% of placebo-treated patients had double label
present at both time points. When compared to placebo, treatment with Prolia resulted in virtually absent
activation frequency and markedly reduced bone formation rates. However, the long-term consequences
of this degree of suppression of bone remodeling are unknown.

14.2  Treatment of Bone Loss in Men with Prostate Cancer

The efficacy and safety of Prolia in the treatment of bone loss in men with nonmetastatic prostate cancer
receiving androgen deprivation therapy (ADT) were demonstrated in a 3-year, randomized (1:1), double-
blind, placebo-controlled, multinational study. Men less than 70 years of age had either a BMD T-score
at the lumbar spine, total hip, or femoral neck between -1.0 and -4.0, or a history of an osteoporotic
fracture. The mean baseline lumbar spine BMD T-score was -0.4, and 22% of men had a vertebral
fracture at baseline. The 1468 men enrolled ranged in age from 48 to 97 years (median 76 years). Men
were randomized to receive SC injections of either placebo (n = 734) or Prolia 60 mg (n = 734) once
every 6 months for a total of 6 doses. Randomization was stratified by age (< 70 years vs. > 70 years)
and duration of ADT at trial entry (< 6 months vs. > 6 months). Seventy-nine percent of patients received
ADT for more than 6 months at study entry. All men received at least 1000 mg calcium and 400 TU
vitamin D supplementation daily.

Effect on Bone Mineral Density (BMD)

The primary efficacy variable was percent change in lumbar spine BMD from baseline to month 24. An
additional key secondary efficacy variable was the incidence of new vertebral fracture through month 36
diagnosed based on x-ray evaluation by two independent radiologists. Lumbar spine BMD was higher at
2 years in Prolia-treated patients as compared to placebo-treated patients [-1.0% placebo, +5.6% Prolia;
treatment difference 6.7% (95% CI: 6.2, 7.1); p < 0.0001].

With approximately 62% of patients followed for 3 years, treatment differences in BMD at 3 years were
7.9% (-1.2% placebo, +6.8% Prolia) at the lumbar spine, 5.7% (-2.6% placebo, +3.2% Prolia) at the total
hip, and 4.9% (-1.8% placebo, +3.0% Prolia) at the femoral neck. Consistent effects on BMD were
observed at the lumbar spine in relevant subgroups defined by baseline age, BMD, and baseline history of
vertebral fracture.
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Effect on Vertebral Fractures

Prolia significantly reduced the incidence of new vertebral fractures at 3 years (p = 0.0125), as shown in

Table 4.
Table 4. The Effect of Prolia on the Incidence of
New Vertebral Fractures in Men with Nonmetastatic Prostate Cancer
Proportion of Men With | Absolute Risk | Relative Risk
Fracture (%)" Reduction Reduction
Placebo Prolia (%)* (%)*
N =673 N =679 (95% CI) (95% CI)
(%) (%0)
0-1 Year 1.9 0.3 1.6 (0.5, 2.8) 85 (33, 97)
0-2 Years 33 1.0 2.2(0.7,3.8) 69 (27, 86)
0-3 Years 39 1.5 2.4(0.7,4.1) 62 (22, 81)
" Absolute risk reduction and relative risk reduction based on Mantel-Haenszel method adjusting for age
group and ADT duration variables.
“ Event rates based on crude rates in each interval.
14.3  Treatment of Bone Loss in Women with Breast Cancer

The efficacy and safety of Prolia in the treatment of bone loss in women receiving adjuvant aromatase
inhibitor (Al) therapy for breast cancer was assessed in a 2-year, randomized (1:1), double-blind, placebo-
controlled, multinational study. Women had baseline BMD T-scores between -1.0 to -2.5 at the lumbar
spine, total hip, or femoral neck, and had not experienced fracture after age 25. The mean baseline
lumbar spine BMD T-score was -1.1, and 2.0% of women had a vertebral fracture at baseline. The

252 women enrolled ranged in age from 35 to 84 years (median 59 years). Women were randomized to
receive subcutaneous injections of either placebo (n = 125) or Prolia 60 mg (n = 127) once every

6 months for a total of 4 doses. Randomization was stratified by duration of adjuvant Al therapy at trial
entry (< 6 months vs. > 6 months). Sixty-two percent of patients received adjuvant Al therapy for more
than 6 months at study entry. All women received at least 1000 mg calcium and 400 IU vitamin D
supplementation daily.

Effect on Bone Mineral Density (BMD)

The primary efficacy variable was percent change in lumbar spine BMD from baseline to month 12.
Lumbar spine BMD was higher at 12 months in Prolia-treated patients as compared to placebo-treated
patients [-0.7% placebo, +4.8% Prolia; treatment difference 5.5% (95% CI: 4.8, 6.3); p < 0.0001].

With approximately 81% of patients followed for 2 years, treatment differences in BMD at 2 years were
7.6% (-1.4% placebo, +6.2% Prolia) at the lumbar spine, 4.7 % (-1.0% placebo, +3.8% Prolia) at the total
hip, and 3.6% (-0.8% placebo, +2.8% Prolia) at the femoral neck.

16 HOW SUPPLIED/STORAGE AND HANDLING

Prolia is supplied in a single-use prefilled syringe with a safety guard or in a single-use vial. The grey
needle cap on the single-use prefilled syringe contains dry natural rubber (a derivative of latex).

NDC 55513-710-01
NDC 55513-720-01

60 mg/1 mL in a single-use prefilled syringe
60 mg/1 mL in a single-use vial

1 per carton
1 per carton
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Store Prolia in a refrigerator at 2°C to 8°C (36°F to 46°F) in the original carton. Do not freeze. Prior to
administration, Prolia may be allowed to reach room temperature (up to 25°C/77°F) in the original
container. Once removed from the refrigerator, Prolia must not be exposed to temperatures above
25°C/77°F and must be used within 14 days. If not used within the 14 days, Prolia should be discarded.
Do not use Prolia after the expiry date printed on the label.

Protect Prolia from direct light and heat.

Avoid vigorous shaking of Prolia.

17 PATIENT COUNSELING INFORMATION

See Medication Guide.

17.1  Drug Products with Same Active Ingredient

Advise patients that denosumab is also marketed as Xgeva, and if taking Prolia, they should not receive
Xgeva.

17.2  Hypocalcemia

Adequately supplement patients with calcium and vitamin D and instruct them on the importance of
maintaining serum calcium levels while receiving Prolia [see Warnings and Precautions (5.2) and Use in
Specific Populations (8.6)]. Advise patients to seek prompt medical attention if they develop signs or
symptoms of hypocalcemia.

17.3  Serious Infections

Advise patients to seek prompt medical attention if they develop signs or symptoms of infections,
including cellulitis [see Warnings and Precautions (5.3)].

17.4  Dermatologic Reactions

Advise patients to seek prompt medical attention if they develop signs or symptoms of dermatological
reactions (dermatitis, rashes, and eczema) [see Warnings and Precautions (5.4)].

175  Osteonecrosis of the Jaw

Advise patients to maintain good oral hygiene during treatment with Prolia and to inform their dentist
prior to dental procedures that they are receiving Prolia. Patients should inform their physician or dentist
if they experience persistent pain and/or slow healing of the mouth or jaw after dental surgery [see
Warnings and Precautions (5.5)].

17.6  Schedule of Administration

If a dose of Prolia is missed, administer the injection as soon as convenient. Thereafter, schedule
injections every 6 months from the date of the last injection.
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AMGEN

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; 7,097,834; 7,364,736; and 7,411,050, as well as other patents or patents pending.

©2010-2011 Amgen Inc. All rights reserved.
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Initial REMS Approval: 06/01/10
Most Recent Modification: 09/2011 Amgen Inc.

1. -Goals
¢ To inform healthcare providers (HCP) about the risks of serious infections,
dermatologic adverse reactions, and suppression of bone turnover, including

osteonecrosis of the jaw, associated with Prolia® (denosumab).

e To inform patients about the serious risks associated with the use of Prolia.

2. REMS Elements

21 Medication Guide

Amgen will ensure the Prolia Medication Guide is distributed in accordance with 21CFR
208.24.

The Medication Guide is part of the REMS and is appended.

2.2 Communication Plan
Amgen will implement a communication plan (CP) to inform Healthcare Providers (HCP)
about the risks of serious infections, dermatologic adverse reactions, and suppression of

bone turnover, including osteonecrosis of the jaw, associated with Prolia.

The CP consists of a Dear Healthcare Provider (DHCP) Letter, which will be sent within
60 days of the most recent REMS approval to oncologists and urologists who are likely
to prescribe or have prescribed hormone ablation as a method of treatment for patients
with prostate or breast cancer by mass mailing or electronic mailing. Amgen will obtain
HCP email addresses from the American Medical Association (AMA). If a targeted
HCP’s email address is not available, or if an email is undeliverable, the provider will
receive the letter through the mail. A copy of the US Prescribing Information and

Medication Guide will accompany the DHCP Letter.

The DHCP Letter will be sent to the American Society of Clinical Oncology within 60
days of the most recent REMS approval requesting they provide this letter to their

members.

Amgen will resend the DHCP Letter to the following professional societies annually from
the date of the initial REMS approval (6/2010) for 3 years: National Osteoporosis
Foundation, American Society of Bone Mineral Research, American College of
Rheumatology, American Association of Clinical Endocrinologists, the American College
of Physicians, the American Academy of Family Physicians, the Endocrine Society, and

the American Society of Clinical Oncology.
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Initial REMS Approval: 06/01/10
Most Recent Modification: 09/2011 , Amgen Inc.

Any known new prescribers of Prolia who were not previously sent the DHCP Letter will
be sent a DHCP Letter for up to 2 years from the date of the initial REMS approval. New
prescribers of Prolia will be identified using the Healthcare Professional Data
Management database, obtained from Intercontinental Marketing Services (IMS).

The DHCP Letter, US Prescribing Information, and Medication Guide will also be
distributed to HCPs via sales represéntatives and medical science liaisons at the time of
initial contact, when inquired about the risks outlined in the REMS, or upon request;
through the Amgen toll-free medical information line (1-800-772-6436); and through a
REMS-dedicated link [www.proliahcp.com] from the website.

The DHCP Letter and web page are part of the REMS and are appended.

3. Timetable for Submission .
Amgen will submit REMS Assessments to FDA at 18 months, 3 years and 7 years from
the date of the initial approval (June 1, 2010) of the REMS. To facilitate inclusion of as
much information as possible while allowing reasonable time to prepare the submission,
the reporting interval covered by each assessment should conclude no earlier than 60
dayé before the submission date for that assessment. Amgen will submit each

assessment so that it will be received by the FDA on or before the due date.
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MEDICATION GUIDE
Prolia® (PRO-lee-a)

(denosumab)
Injection, for subcutaneous use

Read the Medication Guide that comes with Prolia before you start taking it and each time you get a refill.
There may be new information. This Medication Guide does not take the place of talking with your doctor
about your medical condition or treatment. Talk to your doctor if you have any questions about Prolia.

What is the meost important information I should know about Prolia?

If you receive Prolia, you should not receive XGEVA®. Prolia contains the same medicine as Xgeva
(denosumab).

Prolia can cause serious side effects including:

1. Low calcium levels in your blood (hypocalcemia).

Prolia may lower the calcium levels in your blood. If you have low blood calcium before you start
receiving Prolia, it may get worse during treatment. Your low blood calcium must be treated
before you receive Prolia. Most people with low blood calcium levels do not have symptoms, but
some people may have symptoms. Call your doctor right away if you have symptoms of low
blood calcium such as: '

e  Spasms, twitches, or cramps in your muscles

e Numbness or tingling in your fingers, toes, or around your mouth

Your doctor may prescribe calcium and vitamin D to help prevent low calcium levels in your
blood while you take Prolia. Take calcium and vitamin D as your doctor tells you to.

2. Serious infections.
Serious infections in your skin, lower stomach area (abdomen), bladder, or ear may happen if you
take Prolia. Inflammation of the inner lining of the heart (endocarditis) due to an infection also
may happen more often in people who take Prolia. You may need to go to the hospital for
treatment if you develop an infection.

Prolia is a medicine that may affect your immune system. People who have weakened immune
system or take medicines that affect the immune system may have an increased risk for developing
serious infections. ‘

Call your doctor right away if you have any of the following symptoms of infection:
Fever or chills

Skin that looks red or swollen and is hot or tender to touch

Severe abdominal pain

Frequent or urgent need to urinate or burning feeling when you urinate

3. Skin problems.
Skin problems such as inflammation of your skin (dermatitis), rash, and eczema may happen if
you take Prolia. Call your doctor if you have any of the following symptoms of skin problems that
do not go away or get worse: '

e Redness

Itching

Small bumps or patches (rash)
Your skin is dry or feels like leather
Blisters that ooze or become crusty
Skin peeling



4. Severe jaw bone problems (osteonecrosis).
Severe jaw bone problems may happen when you take Prolia. Your doctor should examine your

mouth before you start Prolia. Your doctor may tell you to see your dentist before you start Prolia. .

It is important for you to practice good mouth care during treatment with Prolia.

Call your doctor right away if you have any of these side effects.

What is Prolia?

Prolia is a prescription medicine used to:

e Treat osteoporosis (thinning and weakening of bone) in women after menopause (“change of life”)
who:
e have an increased risk for fractures (broken bones).
e cannot use another osteoporosis medicine or other osteoporosis medicines did not work well.

e Treat bone loss in men who have an increased risk for fractures receiving certain treatments for
prostate cancer that has not spread to other parts of the body.

e Treat bone loss in women who have an increased risk for fractures receiving certain treatments for
breast cancer that has not spread to other parts of the body.

Prolia is not recommended for use in children.
Who should not receive Prolia?

Do not take Prolia if you have been told by your doctor that your blood calcium level is too low.

What should I tell my doctor before receiving Prolia?

Before taking Prolia, tell your doctor if you:
e Are taking a medicine called Xgeva (denosumab). Xgeva contains the same medicine as Prolia.
Have low blood calcium.
Cannot take daily calcium and vitamin D.
Had parathyroid or thyroid surgery (glands located in your neck).
Have been told you have trouble absorbing minerals in your stomach or intestines (malabsorption
syndrome).
Have kidney problems or are on kidney dialysis.
Plan to have dental surgery or teeth removed.
Are pregnant or plan to become pregnant. Prolia may harm your unborn baby. Tell your doctor
right away if you become pregnant while taking Prolia.
Pregnancy Surveillance Program: Prolia is not intended for use in pregnant women. If you
become pregnant while taking Prolia, talk to your doctor about enrolling with Amgen’s Pregnancy
Surveillance Program or call 1-800-772-6436 (1-800-77-AMGEN). The purpose of this program
is to collect information about women who have become pregnant while taking Prolia.
e Are breast-feeding or plan to breast-feed. It is not known if Prolia passes into your breast milk.
You and your doctor should decide if you will take Prolia or breast-feed. You should not do both.

Tell your doctor about all the medicines you take, including prescription and nonprescription drugs,
vitamins, and herbal supplements.

Know the medicines you take. Keep a list of medicines with you to show to your doctor or pharmacist
when you get a new medicine.



How will I receive Prolia?

e Prolia is an injection that will be given to you by a healthcare professional. Prolia is injected
under your skin (subcutaneous).

You will receive Prolia 1 time every 6 months.

You should take calcium and vitamin D as your doctor tells you to while you receive Prolia.
If you miss a dose of Prolia, you should receive your injection as soon as you can.

Take good care of your teeth and gums while you receive Prolia. Brush and floss your teeth
regularly.

e Tell your dentist that you are receiving Prolia before you have dental work.

What are the possible side effects of Prolia?

Prolia may cause serious side effects.
e See “What is the most important mformatlon I should know about Prolia?”
e Long-term effects on bone: It is not known if the use of Prolia over a long period of time may
cause slow healing of broken bones or unusual fractures.

The most common side effects of Prolia in women who are being treated for osteoporosis after menopause
are:

back pain

pain in your arms and legs

high cholesterol

muscle pain

bladder infection

The most common side effects of Prolia in patients receiving certain treatments for prostate or breast cancer
are: ’

joint pain

back pain

pain in your arms and legs

muscle pain

Tell your doctor if you have any side effect that bothers you or that does not go away.
These are not all the possible side effects of Prolia. For more information, ask your doctor or pharmacist.

Call your doctor for medical advice about side effects. You may report side effects to FDA at 1-800-FDA-
1088.

How should I store Prolia if I need to pick it up from a pharmacy?

Keep Prolia in a refrigerator at 36°F to 46°F (2°C to 8°C) in the original carton.

Do not freeze Prolia.

When you remove Prolia from the refrigerator, Prolia must be kept at room temperature [up to

77°F (25°C)] in the original carton and must be used within 14 days.

e Do not keep Prolia at temperatures above 77°F (25°C). Warm temperatures will affect how Prolia
- works.

Do not shake Prolia.

Keep Prolia in the original carton to protect from light.

Keep Prolia and all medicines out of reach of children.



General information about Prolia.
Do not give Prolia to other people even if they have the same symptoms that you have. it may harm them.

This Medication Guide summarizes the most important information about Prolia. If you would like more
information, talk with your doctor. You can ask your doctor or pharmacist for information about Prolia that
is written for health professionals.

For more information, go to www.Prolia.com or call Amgen at 1-800-772-6436.

What are the ingredients in Prolia?

Active ingredient: denosumab

Inactive ingredients: sorbitol, acetate, polysorbate 20 (prefilled syringe only), Water for Injection (USP),
and sodium hydroxide

AMGEN

Amgen Manufacturing Limited, a subsidiary of Amgen Inc.

One Amgen Center Drive

Thousand Oaks, California 91320-1799

This Medication Guide has been approved by the U.S. Food and Drug Administration.

1XXXXXX = v3
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IMPORTANT DRUG WARNING
Regarding Prolia® (denosumab)

Subject: - Risk of serious infections, dermatologic adverse events and
suppression of bone turnover, including osteonecrosis of the jaw, with
use of Prolia
- New indications for Prolia

<Insert date>
Dear Healthcare Provider:

Amgen would like to inform you of important safety information for Prolia®
(denosumab) and updates to the Prescribing Information.

Prolia was originally approved by the US Food and Drug Administration (FDA) in 2010
for the treatment of postmenopausal women with osteoporosis at high risk for fracture,
defined as a history of osteoporotic fracture, or multiple risk factors for fracture; or
patients who have failed or are intolerant to other available osteoporosis therapy. At that
time, FDA approved Prolia with a Risk Evaluation and Mitigation Strategy (REMS) to
ensure the benefits of the drug outweigh the risks of serious infection and dermatological
adverse events observed in the pivotal postmenopausal osteoporosis study, as well as the
unknown risk of suppression of bone turnover, including osteonecrosis of the jaw, with
long-term treatment with Prolia.

In 2011, Prolia was approved for two new indications as a treatment to increase bone
mass in women at high risk for fracture receiving adjuvant aromatase inhibitor therapy
for breast cancer and as a freatment to increase bone mass in men at high risk for fracture
receiving androgen deprivation therapy for nonmetastatic prostate cancer. In patients
with prostate cancer, Prolia reduced the incidence of vertebral fractures.

Important Information about the Risks of Prolia

The REMS associated with Prolia is intended to ensure the benefits of the drug outweigh
the risks of:

e serious infections,

s dermatologic adverse events, and

¢ suppression of bone turnover, including osteonecrosis of the jaw.

Serious infections

In a clinical trial of over 7800 women with postmenopausal osteoporosis, serious
infections leading to hospitalization were reported more frequently in the Prolia group
than in the placebo group. Serious skin infections, as well as infections of the abdomen,
urinary tract, and ear, were more frequent in patients treated with Prolia. Endocarditis
was also reported more frequently in the Prolia-treated subjects.




Dermatologic adverse events

In a clinical trial of over 7800 women with postmenopausal osteoporosis, epidermal and
dermal adverse events such as dermatitis, eczema, and rashes occurred at a significantly
higher rate in the Prolia group compared to the placebo group.

Suppression of bone turnover (including osteonecrosis of the jaw (ONJ) and
fracture healing complications)

Prolia results in significant suppression of bone remodeling as evidenced by markers of
bone turnover and bone histomorphometry. The long-term consequences of the degree of
suppression of bone remodeling observed with Prolia may contribute to adverse
outcomes such as ONJ, atypical fractures and delayed fracture healing. ONJ has been
reported in the osteoporosis clinical trial in patients receiving denosumab.

Prolia Post-marketing Active Safety Surveillance Program

To monitor the long-term safety of Prolia, Amgen is soliciting adverse event reporting of
9 pre-specified adverse events of special interest (AESI) including serious infections,
dermatologic adverse events and suppression of bone turnover. Data collection includes
an AESI soliciting questionnaire and AESI-specific questionnaire. Prolia prescribers are
invited to voluntarily participate in this study and are encouraged to register and may do
so online at www.proliasafety.com or by calling Amgen at 1-800-77-AMGEN (1-800-
772-6436).

Medication Guide :

Prolia has a Medication Guide that accompanies the Full Prescribing Information. You
should review the information in the Medication Guide with your patients. Provide each
patient with a Medication Guide every time you administer Prolia to your patients as the
information contained within may change over time.

Reporting Patient Adverse Events
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.

Please read the accompanying FDA-approved full prescribing information for Prolia. We
urge you to contact our Medical Information department at 1-800-772-6436 or visit
www.proliahcp.com if you have any questions about the information contained in this
letter or the safe and effective use of PROLIA.

Sean E. Harper, MD

Senior Vice President, Global Development
and Chief Medical Officer

Amgen Inc.




Prolia ® (denosumab) Risk Evaluation and Mitigation Strategy

A Risk Evaluation and Mitigation Strategy (REMS) is a strategy to manage known or
potential serious risks associated with a drug product and is required by the Food and
Drug Administration to ensure that the benefits of the drug outweigh its risks.

In order for Amgen to communicate certain risks about Prolia® (denosumab), Amgen has
worked with the FDA to develop materials to communicate the risks of:

* Serious infections
« Dermatologic adverse reactions

« Suppression of bone turnover, including osteonecrosis of the jaw

The REMS program materials are designed to inform healthcare providers (HCPs) and
patients about the risks with Prolia and include a Dear Healthcare Professional Letter
and Medication Guide. It is important that you discuss with your patients the information
included in the Medication Guide.

To learn more about the serious risks of Prolia, read the Important Safety
Information provided in this link and use the links below to access REMS
supporting materials:

Prescribing Information_k
Medication Guide ¥
Dear Healthc fessional Letter »
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Prolia is indicated for the treatment and prevention of
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prostate cancer
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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 RANKL 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 initial approval for this indication was based
on demonstration of significant reduction in the risk of vertebral fractures of three years.

This efficacy supplement was submitted to expand labeling to include a new proposed
claim for Prolia for the treatment and prevention of bone loss in patients undergoing
androgen deprivation therapy for non-metastatic prostate cancer is supportéd primarily by

. evidence of increased bone mineral density in a single, multicenter, placebo-controlled
randomized trial (Protocol 20040138), is supported by consistent effects on bone mineral
density and reduction in fractures with the same dose and schedule of denosumab in post-
menopausal women at high risk for fracture (Protocol 20030216) and consistent effects
on bone mineral density in women with breast cancer receiving adjuvant aromatase
inhibitor therapy (Protocol 20040135).

Protocol 20040138 was a randomized (1:1), double-blind, placebo-controlled, multicenter
trial conducted in 1468 men with non-metastatic prostate cancer receiving androgen deprivation
therapy (ADT) either medically through gonadotropin-releasing hormone (GnRH) agonists
or surgically (orchiectomy). Patients were randomized denosumab or placebo once every
6 months for a total of 6 doses over a 36-month treatment period. Patients were required
to be at high risk for fracture based on the following criteria: age 70 years or older or age

BL STN 125320/6 Division Director Summary Review Page 3 of 26
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less than 70 years with and a history of osteoporotic fracture or BMD T-score at the
lumbar spine, total hip, or femoral neck less than -1.0 (using the normative male
database). In addition the BMD T-score at the lumbar spine, total hip or femoral neck
could not be less than -4.0.

Protocol 20040138 met its primary endpoint with a statistically significant difference in
the percent change in lumbar spine bone mineral density (BMD) from baseline to month
24 as compared to placebo-treated patients [percent change -1.0% placebo arm vs. +5.6%
Prolia arm) with a between-arm treatment difference in change in BMD from baseline of
6.7%

[(95% CI: 6.2, 7.1); p < 0.0001].. In addition, the trial met the key secondary efficacy
endpoint of a reduction in the incidence of new vertebral fracture through month 36. In
addition, with approximately 62% of patients followed for 3 years, treatment differences
in BMD at 3 years favored the Prolia arm for the lumbar spine [difference in change in
BMD from baseline 7.9%

(-1.2% placebo, +6.8% Prolia)], the total hip [difference in change in BMD from baseline
5.7%

(-2.6% placebo, +3.2% Prolia)], and the femoral neck [difference in change in BMD from
baseline 4.9% (-1.8% placebo, +3.0% Prolia)].

Supportive data were obtained from Protocol 20030216, which provided evidence of
consistency of the treatment effect and established the relationship between an increase in
BMD with a reduction in the incidence of fracture. Protocol 20030215 enrolled 7808
women at high risk for fracture (mean baseline lumbar spine BMD T-score was -2.8 and
history of vertebral fracture in 23%) who were randomized (1:1) to receive Prolia 60 mg
subcutaneously once every 6 months or placebo. In this trial, Prolia significantly
increased bond mineral density (BMD) at all anatomic sites measured at 3 years. The
trial also met the primary endpoint , demonstrating that Prolia treatment significantly
reduced the incidence of new morphometric vertebral fractures at 1, 2, and 3 years

(p <0.0001) and that the effects on BMD correlated with effects on fracture. The
incidence of new vertebral fractures at year 3 was 7.2% in the placebo-treated women
compared to 2.3% for the Prolia-treated women. The absolute risk reduction was 4.8%
and relative risk reduction was 68% for new morphometric vertebral fracturgsat year 3.
The incidence of hip fracture was also reduced (1.2% for placebo-treated women
compared to 0.7% for Prolia-treated women) at year 3. The age-adjusted absolute risk
reduction of hip fractures was 0.3% with a relative risk reduction of 40% at 3 years

(p =0.04).

This application is also supported by consistent treatment effects in Protocol 20040135,
conducted in 225 women receiving adjuvant aromatase inhibitor (Al) therapy for the
adjuvant treatment of breast cancer that employed the same dose and schedule of Prolia
as in Protocols 20040138 and 20030216. This randomized (1:1), placebo-controlled,
multicenter trial demonstrated an increase in bone mass, as determined by lumbar spine
BMD. The difference in the change in lumbar spine BMD from baseline to 12 months in Prolia-
treated patients was +4.8% as compared to -0.7% in the placebo arm [treatment difference 5.5%
(95% CI: 4.8, 6.3); p < 0.0001].
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The safety of denosumab for the proposed indication is supported by the trials
(20040135, 20030216, and 20040138) supporting efficacy. However, since Protocol
20040135 was not designed to assess designed to collect data on and exclude adverse
effects on tumor outcomes, most notably on time-to-disease progression and overall
survival. In addition, in Protocol 20030216, there was a modest imbalance in the
incidence of new cancers, with no dominant primary tumor, among denosumab-treated
post-menopausal women as compared with the control group in Protocol 20030216.
Therefore, in the October 2009 Complete Response letter, FDA requested the results of
additional studies capable of assessing for adverse effects on tumor outcomes.

In their resubmission Amgen Inc. provided the results of three additional trials (Protocols
20050103, 20050136, and 20050244) administering denosumab at a two-fold higher dose
and more frequent schedule (denosumab 120 mg by subcutaneous injection every four
weeks until toxicity or study termination), demonstrating no adverse effects on tumor

- growth or survival. In the March 18, 2011 resubmission, extended follow-up data from
Trials 20040135 and 20040138 were provided in a safety update to this efficacy
supplement. Trials 20050103, 20050136, and 20050244 enrolled 1904 patients with
hormone-refractory, metastatic prostate cancer, 2409 patients with metastatic breast
cancer, and 1779 patients with osseous metastases due to multiple myeloma or metastatic
cancers other than breast and prostate cancer, respectively. These randomized, double-
blind, double-dummy, active-controlled 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). All three
studies met their 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.

The designs of Trials 20050103, 20050136, and 20050244 were 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). This finding is described as a limitation of use stating that
Xgeva labeling; Prolia is not labeled for use in patients with metastatic disease or primary
bone marrow malignancies, such as multiple myeloma.

All members of the review team recommended approval of this efficacy supplement and
there are no unresolved issues which preclude approval.
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2. Background

Osteoporosis is characterized by low bone mass, disruption of the microarchitecture of
the bone, and skeletal fragility; these changes lead to an increased risk of skeletal
fractures. Fractures of the hip and spine are associated with increased mortality rate
and can result in limited mobility and chronic pain, thus the goal of treatment of
osteoporosis is the prevention of such fractures.

Treatment measures should always include general lifestyle measures aimed at
reducing bone loss; these include adequate dietary calcium supplemental intake,
supplemental vitamin D, regular moderate exercise, and smoking cessation. Additional
preventive measures in the form of pharmacologic treatment with anti-bone resorptive
agents should be initiated in post-menopausal women with osteoporosis and those at
high risk for osteoporosis due to drug or hormonal therapy, age, low body weight, or a
history of recent fractures, particularly recent hip fractures. Identification of patients at
risk for osteoporotic fractures also involves screening for bone mass through
measurement of bone mineral density (BMD) by dual-energy X-ray absorptiometry
(DXA).

In the United States, initiation of pharmacologic treatment of osteoporosis is largely
guided by the risk of fractures, as described in the 2008 WHO task force Fracture Risk
Assessment Tool (FRAX) or the National Osteoporosis Foundation (NOF). Use of the
2008 NOF guidelines as selection criteria for patients who will benefit from
pharmacologic treatment has not been evaluated in clinical trials. The men enrolled in
Protocol 20040138 were likely to be-at increased risk of skeletal fractures as compared
to healthy adults based on osteopenia as determined by BMD T-score and concurrent
androgen deprivation therapy, although the risk was not sufficiently high that
administration of placebo was unethical.

Drugs which have received FDA approval for treatment of osteoporosis have been
shown to improve or stabilize the loss of BMD. In addition, randomized trials have
shown that adendronate, risedronate, and zoledronic acid reduces the risk of vertebral,
non-vertebral, and hip fractures. Raloxifene and ibandronate have been shown to reduce
the incidence of vertebral fracture but not hip fractures. The correlation between
treatment-induced improvement in BMD and the reduction in the incidence of fractures
was evaluated in a meta-analysis of twelve clinical trials (Cummings SR, et al; Am J
Med. 112(4) 281-289, 2002). The authors concluded that an improvement in vertebral
BMD correlated with a reduction in fracture risk however the reduction in risk observed
was larger than would have been predicted based on BMD score alone. Since
denosumab has a novel mechanism of action, the validity of denosumab-induced
improvements in BMD as a predictor of reduction in skeletal fractures required
verification rather than extrapolation from data obtained with bisphosphonates.

Regulatory History of the BLA
The original Investigational New Drug Apphcatlon (IND 9837) for denosumab was
received at FDA on May 22, 2001. An end-of-Phase 2 (EOP2) meeting was held on
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April 21, 2004 to discuss the clinical development program intended to support an
indication for treatment of patients with cancer who had bone loss due to hormone
ablation therapy, based on one trial to be conducted in women with non-metastatic breast
cancer and one study in men with non-metastatic prostate cancer. The following key
agreements were reached:

s Approval for denosumab for the treatment of bone loss associated with hormone
ablation therapy would be contingent upon adequate anti-fracture efficacy being
demonstrated in the three year postmenopausal osteoporosis treatment trial. This trial
would then validate that denosumab-induced increases in BMD are associated with
anti-fracture efficacy

s The results of Protocol 20010223 supported the preliminary activity and safety of
denosumab 60 mg administered subcutaneously every 6 months.

o The proposed trials in breast cancer and prostate cancer were adequate in design to
support registration for treatment of osteoporosis, provided that adequate anti-fracture
efficacy was demonstrated in the trial of treatment of osteoporosis, validating that
improvement in BMD in denosumab-treated patients is a surrogate for reduction
skeletal fractures.

FDA stated that Protocol 20040138, the randomized, placebo-controlled trial in

osteoporotic men with localized prostate cancer, ®) @)
® @ ,

Pre-BLA meetings were held to discuss the submission of CMC information (July 8,
2008) and non-clinical/clinical information (October 21, 2008). Key issues discussed
during the CMC pre-BLA meeting included the type of information needed to
characterize quality attributes and information needed to support proposed specifications,
the submission format for various strengths and presentations, and that the comparability
of different drug substance manufacturing sites could only be addressed upon review of
the primary data. FDA recommended that the application include a single strength (60
mg/mL) based on the potential for medication errors between the proposed 60 and 70
mg/mL strengths. Amgen agreed.

Key issues discussed during the preBLA meeting of October 21, 2008 included the
following: the extent of information on supportive clinical studies to be included in the
BLA, the contents of the 120-day safety update, data and analyses to be submitted
characterizing bone density, impact on QT interval, hypersensitivity reactions, infections,
and hypocalcemia, and the plan for submission of manufacturing runs to assist FDA in
setting dates for facilities inspections. FDA did not raise major objections to the four
proposed indications supported by the four randomized trials, acknowledged that
presentation to an advisory committee was planned, and stated that although the final
decision would be made during the review, the application would likely receive a
standard review.

Amgen was notified that the submission was administratively split into four applications,
with separate indications, in a letter dated Jan 30, 2009. In that letter, BLA STN 125330
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identified as the “parent” BLA for any information common to more than one
application, with a letter cross-referencing this information to be submitted to the other
three applications. The four applications and their accompanying proposed indications
are BL STN 125330, supporting the proposed indication of denosumab for the treatment
of women with post-menopausal osteoporosis (PMO), which relied primarily on the
results of Protocol 20030216; BL STN 125331, a separate potential supplement
supporting the proposed indication of prevention of osteoporosis, which relied primarily
on the results of Protocol 20040132; BL STN 125320/5, supporting the proposed
indication of the treatment and prevention of osteoporosis is women with breast cancer
receiving hormone ablation therapy, which relied primarily on the results of Protocol
20040135; and BL STN 125333125230/6, supporting the proposed indication of the
treatment and prevention of osteoporosis in men with prostate cancer receiving hormone
ablation therapy, which relies primarily on the results of Protocol 20040138. The
Division of Reproductive and Urology Products (DRUP) is the lead division reviewing
BL STN 125330 and 125331, while the Division of Biologic Oncology Products is the
lead division reviewing BL STN 125320/5 and 125320/6.

The Biologics License Applications for denosumab were designated as standard review
priority since no evidence was provided in these applications to demonstrate that
denosumab treatment provides an advance over available therapies.

A complete response letter was issued October 19, 2009. The issues precluding approval
were '

¢ institution of a REMS to communicate risks

s agreement on post-marketing studies to further assess risks

o evidence of an absence of adverse effects on tumor outcomes.

The need for additional measures to assess and monitor product safety are consistent
with the recommendations of the Reproductive Health Drugs Advisory Committee,
supplemented by medical oncologists serving as Special Government Employees, and
were recommended by all members of the clinical review team.

These first two issues were addressed in Amgen’s Complete Response resubrission to
BL STN 125320/0 and identified in the approval letter issued June 1, 2010.

The third bullet was addressed in the resubmission to this efficacy supplement on March
18, 2011.

3. CMC/Device

Denosumab is a human IgG2 human monoclonal antibody that is directed against the the
RANK (receptor activator for nuclear factor-kB) ligand, also referred to as RANKL.
Denosumab binds to both the circulating and membrane-bound forms of RANK ligand,
preventing the binding of the RANK ligand to RANK, thus inhibiting activation of this
.receptor. Denosumab binds specifically to RANKL and does not recognize TNFa, TNF,
TNF-related apoptosis-inducing ligand (TRAIL), or CD40L. There is no evidence at this
time that binding of denosumab to membrane-bound RANKL induces RANKL signaling.
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The pharmacodynamic effects of denosumab are mediated through its prevention of the
binding of the RANK ligand to its receptor, RANK; inhibition of binding of RANKL
results in failure to initiate the intracellular signaling cascades necessary to promote
osteoclast formation, fusion, differentiation, activation, and survival and to inhibit
terminal differentiation and activation of osteoclasts. Interruption of RANK signaling
leads to an immediate decrease in bone resorption and bone turnover, which is reversible
upon discontinuation of denosumab.

Denosumab is produced by a genetically-engineered CHO cell line through standard
fermentation technology and standard column chromatography purification procedures.
The manufacturing process is well-controlled and results in a pure and potent product.
The product presentations are in single-use vials or pre-filled syringes containing 1 mL
liquid at a concentration of 60 mg denosumab/mL. The acetate formulation buffer for the
two presentations differs somewhat in excipients.

The facilities and manufacturing processes for the drug product and drug substance were
determined to have acceptable sterility assurance and microbiology product quality.

I concur with the conclusions of the CMC review staff that there are no outstanding CMC
issues that would preclude approval. All post-marketing commitments recommended by
the CMC reviewer were addressed in the original approval for STN BL 125320/0.

4. Nonclinical Pharmacology/Toxicology

The pharmacology of denosumab was evaluated in healthy cynomolgus monkeys,
oophorectomized female cynomolgus monkeys, and in a transgenic mouse model with
knock-in human RANKL and human RANK. In the oophorectomized monkeys, the
administration of denosumab alone or in combination with aledronate resulted in
significant reductions of serum markers of bone resorption and prevented the loss of
BMD as compared to animals receiving vehicle control. Fracture healing was evaluated
in RANKL/RANK transgenic mice; in this model, treatment with denosumab alone or in
combination with aledronate resulted in delayed fracture healing but did not ddversely
impact bone morphology or tensile strength as compared to control animals.

Toxicology studies were performed in cynomulgus monkeys as the only relevant species.
Denosumab binds to RANKL in non-human primates but not in rodents. Toxicology
studies included 1- month and 12-month studies (an interim sacrifice was performed at 6
months). Additional pharmacology studies of long-duration included a 12-month and a
16-month pharmacology study at multiples of 16- to 50-times the proposed human dose
(dependent on the approach to establishing exposure, as discussed in Dr. Pilaro’s review).
The toxicology findings were consistent with the expected pharmacology of denosumab,
with inhibition of bone resorption and abnormal growth plates in juvenile animals; these
effects were present despite the development of anti-product binding antibodies in a
majority and neutralizing antibodies in a minority of animals after prolonged exposure.
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Reproductive toxicology studies demonstrated exaggerated pharmacologic effects
(reduction in bone resorption); there were no off-target effects, including no evidence of
abnormal mammary gland development. In a RANKL knock-out model, there was an
absence of mammary gland development which may not be relevant for mature adults but
would have impact on fetal exposure in pregnant women. This information was included
in product labeling, is being monitored under the pregnancy registry.

Carcinogenicity studies were not performed. In extended dosing in primate, there was no
evidence of carcinogenic effects. Larger studies in primates, the only relevant model, are
not recommended and the potential for carcinogenicity will be assessed in the results of

- ongoing clinical studies and in post-marketing surveillance.

I concur with the nonclinical pharm/tox reviewers that there are no outstanding
nonclinical pharmacology or toxicology issues that would preclude approval. There are
no recommendations for post-marketing commitments for nonclinical toxicology.

5. Clinical Pharmacology/Biopharmaceutics

The clinical pharmacology of denosumab was investigated in 13 clinical studies, which
included drug substance and drug product from an early manufacturing process and the
to-be-marketed process. The pharmacodynamic profile at the recommended dose
suggested rapid onset of action with 70% inhibition in bone resorption within 6 hours of
the initial dose and 85% inhibition within 3 days, as determined by reduction in serum
Type 1 C-telopeptide levels. Changes in lumbar spine BMD were detectable as early as
one month after dosing. Based on changes in lumbar spine BMD, treatment effects were
observed with doses as low as 14 mg, however there was an apparent plateau in efficacy
with comparable effects at 60, 100, and 210 mg doses.

The pharmacokinetics of denosumab supported the proposed every 6 month dosing
regimen, with a mean half-life of 25.4 days and no evidence of accumulation after 4 years
of dosing. Clearance was dependent on targeted (RANKL binding) and non-targeted
elimination mechanisms; targeted clearance mechanisms were more apparent at lower
serum levels of denosumab. No significant differences in dosing were observed by age,
gender, or race; no dosing adjustments are recommended in patients in renal insufficiency
based on an intrinsic factor PK study in 55 patients with renal insufficiency. Due to the
known metabolism of protein products, adjustments due to hepatic insufficiency are not
anticipated and studies investigating such eftects were not conducted. The
pharmacokinetics of denosumab are dependent on weight, however the proposed fixed
dose was efficacious across a range body weight therefore dosing adjustments based on
body weight were not recommended.

The clinical pharmacology revieWer recommended that a post-marketing study be
conducted to assess the impact of denosumab on CYP substrate metabolism. This is
based on evidence with other antibodies directed against cytokines (RANKL is in the
TNF family) in which alteration in cytokine levels impact cytokine effects on CYP
substrate metabolism. This was conveyed with the original approval of Prolia (BL STN
125320/0).
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I concur with the conclusions reached by the clinical pharmacology reviewer that there
are no outstanding clinical pharmacology issues that would preclude approval.

6. Clinical Microbiology

There were no clinical microbiology data provided in this supplement and such data were
not required for review of the supplement.

7. Clinical/Statistical-Efficacy

The data supporting claims of efficacy of denosumab for the treatment and prevention of
bone loss in patients undergoing hormone ablation for prostate cancer are derived
primarily from Protocol 20040138 but are supported by the results of Protocols 20030216
(treatment of PMO). and 20040135 (treatment/prevention in women with breast cancer
receiving adjuvant aromatase inhibitor therapy).

Protocol 20040138

The efficacy of denosumab in the treatment of osteoporosis in patients undergoing
hormone ablation therapy for prostate cancer was based primarily on the results of
Protocol 20040138. Protocol 20040138 was a multicenter, double-blind, randomized
(1:1), placebo-controlled trial that registered and randomized 1468 men with non-
metastatic prostate cancer, who had received definitive local therapy and at study entry
were receiving androgen deprivation therapy (ADT) either medically through
gonadotropin-releasing hormone (GnRH) agonists or surgically (orchiectomy).

Patients were randomized 1:1 to either denosumab (n=734) or placebo (n=734) once
every 6 months for a total of 6 doses over a 36-month treatment period. All patients
received daily calcium (> 1 g) and vitamin D (> 400 IU) supplementation throughout the
trial. Randomization was stratified by age (< 70 years vs. > 70 years) and by duration of
prior ADT (< 6 months vs. > 6 months) at the time of entry. Key eligibility criteria were
histologically confirmed prostate cancer and age 70 years or older or age Iéss than 70
years with and a history of osteoporotic fracture or BMD T-score at the lumbar spine,
total hip, or femoral neck less than -1.0 (using the normative male database). In addition
the BMD T-score at the lumbar spine, total hip or femoral neck could not be less than -
4.0.

The primary efficacy endpoint was the percent change in lumbar spine BMD from
baseline to month 24. Key secondary endpoints were percentage change in femoral neck
BMD and total hip BMD from baseline to month 24, percentage change in lumbar spine
BMD, femoral neck BMD, and total hip BMD from baseline to month 36, subject
incidence of any fracture, and subject incidence of new vertebral fracture over the 36-
month treatment period. Tumor re-staging consisted of a repeat bone scan at 36 months
and measurement of PSA levels every 6 months during denosumab treatment. A blinded
central image reader identified or confirmed all vertebral and nonvertebral fractures.
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There was a statistically significant difference in lumbar spine BMD between denosumab
and placebo treated groups at 2 years [difference of 6.7% (95% CI: 6.2%, 7.1%)] based
on an increase in BMD of 5.6% in the denosumab arm and a decrease of -1% in the
placebo arm between baseline and 24 months, based on a least square mean estimate.
Consistent treatment effects on lumbar spine BMD favoring the denosumab arm were
observed in subgroups defined by age, race, geographical region, weight/BMI, BMD T-
score, and duration of androgen deprivation therapy.

Statistically significant treatment differences favoring the denosumab arm were also
‘observed in change from baseline to month 24 in femoral neck BMD [difference 3.9%
(95% CI: 3.5%, 4.4%; p < 0.01)] and total hip BMD [difference 4.8% (95% CI: 4.4%,
5.1%; p <0.01).

Additional analyses, using a hieirarchical procedure for alpha adjustment, demonstrated a
statistically significant reduction in the incidence of new vertebral fractures at 36 months
[1.5% vs. 3.5% (odds ratio: 0.37,95% CI: 0.18, 0.78: p=0.013)] but no significant
difference in all fractures (5.2% vs. 7.2%; p=0.1) at 36 months. All cause mortality was
the same, 5.9%, in both treatment arms at 36 months.

Protocol 20030216 '

As previously agreed-upon, the results of Protocol 20030216 were utilized to validate
that changes in BMD resulting from denosumab treatment will predict a change in the
rate of skeletal I concur with the major conclusions reached by the clinical and statistical
reviewers regarding efficacy. The clinical and statistical review team members
concluded that the major outcome measure for efficacy, a statistically significant
difference in the percentage change in lumbar spine BMD from study entry to 12 months,
for Protocol 20040135 was met. This finding was supported by the finding of
improvement in BMD and the decreased incidence of new fractures. This finding was
required since the pharmacodynamic effects of denosumab which affect BMD are
different from the effects of bisphosphonates, therefore FDA required that the validity of
the surrogate be confirmed for denosumab, rather than extrapolated from the experience
with bisphosphonates. Protocol 20030216 was a multicenter, randomized (1:1), double-
blind placebo-controlled trial designed to show that denosumab treatment, administered
at 60 mg every 6 months for three years reduced the incidence of new vertebral fractures
in postmenopausal women with osteoporosis. Randomization was stratified by age at
study entry: 60 to 64 years, 65 to 69 years, 70 to 74 years, and > 75 years. BMD T-scores
were required to be < - 2.5 and > - 4.0 at baseline. Concomitant treatment with calcium
(> 1 g/day) and vitamin D (> 400 IU/day) supplementation was required for the duration
of the study.

Efficacy analyses were conducted in 7808 patients who were randomized (1:1) to receive
denosumab (n=3902) or placebo (n=3906). There was a statistically significant
reduction in the risk of new vertebral, non-vertebral, and hip fractures among
denosumab-treated patients compared to controls, based on pre-specified sequential
testing procedures. The risk reduction for new vertebral fractures at month 36 was 68%
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(95% CI: 0.26, 0.41; p < 0.0001). The risk reductions in non-vertebral fractures and in
hip fractures were 20% (95% CL: 0.67, 0.95; p = 0.01) and 40% (95% CI: 0.37,0.97;p =
0.036), respectively. The treatment effects were consistent across relevant subgroups,
including patients with two or more prevalent vertebral fractures or with prevalent
vertebral fractures that were moderate or severe; patients with femoral neck T-scores of
<-2.5; and patients age > 75 years.

Protocol 20040135

Protocol 20040135 was a multinational, multicenter, double-blind, placebo-controlled
trial that enrolled 252 patients with non-metastatic breast cancer who were receiving
adjuvant aromatase inhibitor (Al) therapy following definitive local therapy. Key
eligibility criteria included no evidence of metastatic disease, no concurrent
chemotherapy, no skeletal fractures after age 25 years, and lumbar spine, total hip, and/or
femoral neck BMD T-score between -1.0 and -2.5 with no BMD T-score of less than -2.5
(osteopenia). Patients were randomized 1:1 to denosumab 600 mg (n=127) or placebo
(n=125) administered as a subcutaneous injection once every 6 months for a total of 4
doses. All patients received daily calcium (> 1 g) and vitamin D (> 400 [U)
supplementation throughout the trial. Randomization was stratified by the duration of
prior aromatase inhibitor therapy (< 6 months vs. > 6 months) at study entry. After
completion of denosumab/placebo, all patients were to be followed for an additional 24
months to assess durability of treatment effect and obtain additional safety data.

The primary efficacy endpoint was the percentage change in bone mineral density (BMD)
in the lumbar spine from baseline to month 12. Key secondary efficacy endpoints were
percentage change in BMD in the lumbar spine from baseline to month 6 and percentage
change in BMD in the total hip and in the femoral neck from baseline to month 6 and
baseline to month 12. There was no systematic assessment of tumor staging/evaluation as
part of the clinical protocol and such data was not captured on case report forms.

Efficacy analyses were conducted in the intent-to-treat population with additional
analyses performed in the “per-protocol” population by Amgen. Safety analyses were
conducted in the “as-treated” population. There were 127 patients randomized to
densumab and 125 patients to placebo. Approximately three-quarters of the patients in
both treatment arms received all four planned doses of investigational drug.” The
treatment arms were generally well-balanced, although there were some imbalances in
histologic diagnosis, tumor stage, and extent of prior treatment that are likely to occur
given the small sample size and relatively broad inclusion criteria. Although the intended
study population was patients with low bone mass, approximately 30% of the patients
had BMD T-scores within the “normal” bone mass range and 1% were osteoporotic.

There was a statistically significant difference in the percentage change in lumbar spine
BMD at 12 months between the two study arms of 5.5% (95% CI: 4.8%, 6.3%) based on
a least square mean estimate. The difference in the estimated mean change was based on
an estimated mean increase in BMD of 4.8% in the denosumab arm and an estimated
mean decrease in BMD of 0.7% in the placebo arm from baseline to month 12. The
treatment effect on the primary endpoint was consistent across relevant subgroups based
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on age, duration of prior aromatase inhibitor therapy, weight, body mass index (BMI),
prior chemotherapy, prior selective estrogen receptor modulator use, and time since
menopause. The percentage of patients with missing lumbar spine BMD scores at 12
months was 9% in the denosumab arm and 15% in the placebo arm. The applicant
confirmed that the treatment effect was robust through a series of sensitivity analyses,
including a repeated measures model, ANCOVA model using mean of the other group
imputation methods, and the per protocol analysis set, an ANCOVA model using subjects
analyzed in the appropriate stratum based on baseline characteristics rather than the
incorrect stratum used at randomization, and in univariate and multivariate covariate
analyses.

There were also significant treatment effects, favoring denosumab, for key pre-specified
secondary efficacy endpoints. There were highly significant differences in the change in
total hip BMD and in femoral neck BMD from baseline to month 12, with improvement
in BMD at month 12 compared to baseline for denosumab-treated patients. Although the
number of events were small with 2 deaths (1%) in each arm at 24 months, there were no
differences in the 2-year, all cause mortality rates between the two arms.

I concur with the major conclusions reached by the clinical and statistical reviewers
regarding efficacy. The clinical and statistical review team members concluded that the
major outcome measure for efficacy, a statistically significant difference in the
percentage change in lumbar spine BMD from study entry to 24 months, for Protocol
20040135 was met. This is further supported by the findings in the key secondary
efficacy endpoint of a statistically significant reduction in the incidence of new vertebral
fractures at 36 months. These trial results were supported by the finding of improvement
in BMD in women receiving adjuvant aromatase inhibitor therapy in Protocol 20040135.
The demonstration of an effect on BMD as a measure of clinical efficacy is acceptable
since the validity of this surrogate in denosumab-treated patients for reduction in skeletal
fractures was confirmed by the results of protocol 20030216. The findings from Protocol
20030216, reviewed by the Division of Reproductive and Urologic Products (DRUP)
under BL STN 125320/0, established the efficacy of denosumab for the treatment of post-
menopausal osteoporosis women as well as validating the surrogate endpoint of effects
on BMD with reduction in skeletal fractures. i

8. Safety

The evaluation of clinical safety considered data obtained in approximately 14,000

patients in 30 clinical trials with up to 5 years of exposure to denosumab. These trials

included patients with normal, low and osteoporotic bone density. The strategy for

primary safety analysis included:

e Separate analyses for safety were conducted for each of the major efficacy trials
(Protocols 216, 132, 135, and 138) reviewed under the original BLA (BL STN
125320/0) and two efficacy supplements (BL STN 125320/5, and 125320/6).

e Analyses for general, overall safety was conducted in an integrated dataset containing
results of the four major efficacy trials (Protocols 216, 132, 135, and 133).
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e Analyses for specific safety issues, based on signals in the initial safety program for
denosumab, potential signals based on pharmcodynamics of denosumab, and signals
observed with bisphosphonate products in osteoporotic patients. These analyses,
except where noted differently below, conducted a review of the safety information
from nine randomized, clinical studies (seven trials in women with PMO [(20010223,
20030216, 20040132, 20050141, 20050172, 20050179, 20050234) and two trials in
patients with cancer receiving hormone-ablation (20040135, 20040138)]. The safety
analyses were conducted in the “as-treated” population defined by the treatment
administered (rather than treatment assigned) in patients receiving one or more doses
of investigational drug. These trials were selected based on relevance of the
population (PMO or HA) and dose (60 mg SC every 6 months) to the proposed
indications under review.

The most common adverse reactions due to denosumab (per-patient incidence > 5% and
higher incidence in denosumab-treated group compared to placebo-treated) were back
pain, arthralgia, extremity pain, osteoarthritis, constipation, musculoskeletal pain,
hypercholesterolemia, dizziness, peripheral edema, and upper respiratory tract infection.
Focused safety analyses also confirmed that hypocalcemia, bradycardia, ischemic heart
disease and rash occurred at a low but increased incidence in denosumab-treated patients
as compared to the control group. The incidence of osteonecrosis of the jaw, a known
toxicity of bisphosphonates, did not occur at a higher incidence in denosumab-treated
patients in clinical studies. The increased incidence of cataract formation was observed
only in denosumab-treated men with prostate cancer undergoing androgen-deprivation
therapy.

The most common serious adverse reactions occui’ring in denosumab-treated patients is
infections. The potential for an adverse impact on the rate of tumor growth has not been
adequately investigated in controlled clinical trials.

The approach and results of focused safety reviews to evaluate for incidence and relative
risks of the following adverse events considered possibly-related to denosumab are
summarized in greater detail below. The identification of potential risks requiring
focused evaluation were based on data obtained in the clinical development program
(cardiac toxicity, hypocalcemia, immune responses directed against denosumab), the
known pharmacodynamic effects of denosumab (infection, delayed fracture healing,
tumor promotion, hypocalcemia) and serious adverse effects of observed with
bisphosponates (osteonecrosis of the jaw, cardiac toxicity).

Osteonecrosis of the jaw (ONJ), delayed fracture healing, and secondary malignancies
A focused safety review was conducted by Dr. Anita Abraham, DrPH in the Division of
Biometrics VI to evaluate for increased risks of osteonecrosis of the jaw (ONJ), delayed
fracture healing, and secondary malignancies. Dr. Abraham’s review considered safety

- data from nine randomized, placebo-controlled trials as discussed above. Comparisons of
between-arm differences in adverse events and determination of relative risks of these
events were conducted in the individual studies and in a pooled analysis of the seven
trials conducted in PMO patients. The incidence of ONJ was 4% in the integrated
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analysis across trials in women with PMO. The statistical reviewer concluded that there
was no increased risk of ONJ compared with placebo-controls, using either the more
narrow definition as applied by the ONJ adjudication group or a broader definition. As
noted by Dr. Pradhan, no patient experienced an event of ONJ during the extended
follow-up phases of Trials 135 and 138.

The evaluation of delay in fracture healing was limited to the four major efficacy studies
as these were the only studies designed to collect this information. Only in Protocol
20030216 was there a sufficient number of cases of delayed fracture healing (more than
one per treatment group) to conduct an evaluation of the relative risk. Among patients
enrolled in Protocol 20030216, the relative risk of any complication in patients with
fractures was 0.99 (95% CI: 0.55, 1.77). Dr. Abraham concluded that there was no
evidence of an increased risk of delayed fracture healing, while noting that additional
follow-up may be needed to identify all events.

Tumor Promotion Potential
Based on the potential for pefturbation of TNF regulation (through inhibition of
membrane-bound RANKL signaling on T cells), an evaluation of the relative risk of
secondary malignancies was conducted. Analyses included safety data from the nine
randomized studies identified above. Search terms included all adverse events in the
Neoplasms SOC of MedDRA with the exception of those terms that included the term
“benign”. With the exception of Protocol 20040138, there was no evidence of an
increased risk in malignancies in denosumab-treated patients as compared to controls.
There was a significant difference (relative risk 1.32, p=0.46) in the risk of malignancies
reported as adverse events in Protocol 20040138; on further evaluation, this was driven
by a higher rate of reports of metastatic disease as an adverse event. Metastases were
reported as an adverse event in 48 of the 731 (6.57%) denosumab-treated patients
compared to 31 of the 725 (4.28%) placebo-treated patients. In the integrated analysis of
studies conducted in women with PMO, there were 206 (4.06%) reports of second
 malignancies in 5073 denosumab-treated patients and 175 (4.14%) reports of second
malignancies in 4231 placebo-treated patients. The most common primary cancer sites
were skin, breast, GI, respiratory/mediastinal, and reproductive/urologic. Dr. Abraham
concluded that the increase rate in reported metastases, particularly bone metastases, was
of concern in men with prostate cancer, but that in general, there did not appear to be a
risk of second malignancies.

Based on this concern, Amgen provided the results of Protocols 20050103, 20050136,
and 20050244. Trials 20050103, 20050136, and 20050244 enrolled 1904 patients with
hormone-refractory, metastatic prostate cancer, 2409 patients with metastatic breast
cancer, and 1779 patients with osseous metastases due to multiple myeloma or metastatic
cancers other than breast and prostate cancer, respectively. These randomized, double-
blind, double-dummy, active-controlled 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). All three
studies met their 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
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(20050103 and 20050136) demonstrated that denosumab significantly delayed the time to
first SRE as compared to zoledronic acid.

Eligibility criteria for this trials was not restricted based on relevant prognostic .
characteristics and the randomization plan stratify for all relevant variables for a given
tumor type. However all studies required systemic, routine assessment of tumor status
and disease progression, were of sufficient size that many prognostic factors would be
expected to have been equally allocated across study arms. The results of exploratory
analyses to assess for effects on progression-free and overall survival show that these
outcomes are not statistically different from those in the control (zoledronic acid) arms
for each individual trial (displayed in the following table excerpted from Dr. Lemery’s
review). In a pooled analysis, the upper bound of the confidence interval for OS excludes
a hazard ratio of 1.07 and the upper bound of the confidence interval for PFS excludes a
hazard ratio of 1.08.

Table 1: PFS and OS Results from Advanced Cancer Studles (FDA Analyses)
Number of events (%L Median (m mos.) HR
E‘“"”““ D | za | D | zA (95% cp
Trial 103

Prostate Cancer (n = 950 denosumab; n = 951 zoledromc acid)
0S 1.05 (0.91, 1.20)

474 (49.9)

461 (48.5)

19.4

19.8

PFS

767 (80.7)

735 (77.3)

8.1

8.0

1.03 (0.92, 1.14)

Trial 136 Breast Cancer (n = 1,026 denosumab; n = 1,020 zoledronic acid)

0OS

301 (29.3)

305 (29.9)

29.4

NR

0.96 (0.82, 1.13)

PFS

683 (66.6)

698 (68.4)

11.8

11.7

1.01 (0.91, 1.13)

‘Trial 244 Other Tumors (n = 886 denosumab;

n = 890 zoledronic acid)

(O]

479

474

12

12.6

0.95 (0.84, 1.08)

687

679

5.4

5.5

"PFS

1.01 (0.91, 1.12)

It is my opinion that there does not appear to be an increased risk of second
malignancies, although additional surveillance is prudent, given the availability of other
therapeutic options for this indication. Of note, there is no difference between arms in
the number of lymphoproliferative malignancies, which would be expected if the risk of
malignancy was mediated by inhibition of TNF. The potential for an increase in the risk
or rate of tumor progression could not be addressed by the studies supporting efficacy
claims (20040135 and 20040138) but have been addressed in the resubmission,
responding to the 2009 Complete Response letter, which referenced the results of three
additional trials (Protocols 20050103, 20050136, and 20050244). In these trials,
denosumab was administered at a two-fold higher dose and more frequent schedule
(denosumab 120 mg by subcutaneous injection every four weeks until toxicity or study
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termination). Even with this much greater exposure, there was no evidence of a
clinically important adverse effect on tumor growth or survival.

Cardiac toxicity

At the time of the pre-BLA meeting (Oct 21, 2008), FDA raised concerns regarding
evidence of an apparent dose-dependent prolongation of the QT interval observed in
studies conducted in patients with rheumatoid arthritis. Based on this concern, the
Division of Biometrics VI was consulted to evaluate the integrated safety database for
evidence of cardiotoxicity. Dr. Leslie Kenna, the safety evaluator consultant conducted a
review of the safety information from nine randomized, clinical studies as discussed
above. Analyses were performed individual within each trials and in a pooled analysis;
per-patient incidence and relative risk analyses were performed using the applicant’s
classification system for cardiotoxicity and broad and narrow scope SMQ analyses.
Based on Dr. Kenna’s review, bradyarrhthymia (relative risks ranging from 1.7-2.0 for
denosumab compared to placebo) and ischemic heart disease (relative risks ranging from
1.4-1.8) were the only consistent signals in the denosumab-treated group. The incidence
of these events was low, and in the case of bradyarrhythmias, was driven primarily by the
results of conduction defects in study 216. The number of moderate (106 vs. 75) and
severe (68 vs. 34) ischemic heart disease events were increased among denosumab-
treated patients (n=3886) compared with the placebo-treated (n=3876) patients in
protocol 216. Similarly, the number of events resulting in differences in bradyarrhythmic
events was driven the differences in conduction defect events. Across pooled analysis
involving either Protocols 216 and 138 (pooled efficacy trials n=4617 denosumab/
n=4601 placebo) or across placebo-controlled trials, the number of conduction defects
were higher in the denosumab-treated patients for number of patients with AV block (8
vs. 4 patients; pooled efficacy trials and 5 vs. 3 patients; pooled placebo-controlled
dataset) and right bundle branch block (11 vs. 7 patients; efficacy trial dataset; 10 vs. 7,
placebo-controlled dataset). '

Hypocalcemia

A focused safety review of the integrated safety database was conducted by Dr. Mandi
Yu, Div of Biometrics VII, to assess the incidence and relative risks of hypocalcemia
secondary to denosumab administration. Hypocalcemia was recognized as a treatment-
related adverse reaction early in the clinical development program, therefore all four of
the registration trials required that patients receive oral calcium and vitamin D
supplementation and that serum calcium be regularly monitored throughout the clinical
study.

Dr. Yu conducted analyses separately across the 9 studies discussed above and also
pooled the data from the two major efficacy studies in post-menopausal women
(Protocols 20030216 and 20040132). There was no significant difference in the
incidence of clinically symptomatic events (including events requiring hospitalization)
between the denosumab-treated and control arms among women with PMO (incidence
rates of approximately 2.7% in both groups); the incidence of serious events of
hypocalcemia was the same in both denosumab- and placebo-treated patients (5 events in
four patients, two patients in each treatment group). There was a higher incidence of
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hypocalcemia reported as adverse events among denosumab-treated patients with cancer
receiving hormone ablation as compared to placebo-treated patients [6.2% vs. 3.3%
(Protocol 20050135); 3.0% vs. 2.2% (Protocol 20050138)]. These events were generally
symptomatic and graded as mild to moderate in severity. '

In contrast to the clinically-detected adverse event reports of hypocalcemia, there was an
approximately 3.5-fold (95% CI: 2.2, 5.9) increase in the incidence of hypocalcemia as
determined by laboratory measurements of serum calcium among women with PMO and
an approximately 5.4-fold increase in hypocalcemia based on laboratory measurements in
Protocol 20050138; no increase risk of laboratory-detected hypocalcemia was identified
in Protocol 20050135 patients. Hypocalcemia was detected within the first month of
treatment in 58% of denosumab-treated patients.

The incidence of severe hypocalcemia appeared to be increased in a single dose, open
label trial designed to assess the pharmacokinetics, safety and tolerability of denosumab
in patients with both normal and abnormal renal function. Patients in this study did not
receiving calcium or vitamin D supplementation. The study demonstrated that the
pharmacokinetics of denosumab are not influenced by renal dysfunction of any severity.
However, in patients with severe (creatinine clearance < 30 mL/min) or end-stage renal
disease, an increased incidence and severity of hypocalcemia was observed.

Hypersensitivity and Dermatologic toxicity

There is always a potential for immune responses to protein products. Surveillance for
anti-denosumab binding and neutralizing antibodies was conducted as part of the clinical
development program. The incidence of anti-denosumab binding antibodies was low-
[0.5% (43 positive samples among 8113 denosumab-treated patients)], consistent with the
findings for other fully human antibody products. Assessment for neutralizing antibodies
was conducted only in those patients with a positive screen test for binding antibodies.
No patient tested positive for neutralizing antibodies. Among the 6 patients in the four
major efficacy studies who had evidence of anti-denosumab binding antibodies, there was
no evidence of alteration in pharmacokinetics or in efficacy, as measured by an increased
in lumbar spine BMD and in hip BMD T-score from baseline in all six patients.

In addition to laboratory screening for humoral immune responses, a focused safety
review of the integrated safety database was conducted by Dr. John Yap, Ph.D., Div of
Biometrics VII, to assess the incidence and relative risks of hypersensitivity reactions in
patients receiving denosumab. In addition to the 9 trials listed above, Dr. Yap included
data from Protocols 20040245, 20050233, and 20050237 in the integrated analysis for
hypersensitivity. The analysis for hypersensitivity included a narrow list of preferred
terms proposed by the sponsor with additional terms identified by the reviewer to be
directly related to hypersensitivity. In these analyses, a significant increase in multiple
dermatologic terms was noted in Protocol 20030216 alone as well as in the overall safety
database (in which patients enrolled under Protocol 20030216 accounted for 80% of the
integrated database). The terms that were identified as occurring more frequently in
denosumab-treated patients included dermatitis (3.1% vs. 1.7%), eczema (1.3% vs.
0.7%; relative risk 1.96), and rash (2.6% vs. 1.9%; relative risk 1.34). As noted, the

BL STN 125320/6 Division Director Summary Review Page 19 0f 26

Reference ID: 3168406



incidence rates were low (> 3%) with an approximately 1.5-2-fold increase in relative
risk for denosumab-treated patients. The incidence of dermatologic adverse events did
not appear to be increased in patients with cancer undergoing hormone ablation therapy.

I disagree with Dr. Yap's conclusions regarding hypersensitivity. While Dr. Yap
concluded that denosumab is not immunogenic, the evidence of development of anti-
denosumab antibodies in a sensitive, validated assay indicate that denosumab is
immunogenic albeit at a low incidence rate. The dermatologic toxicities appear not to be
mediated by anti-drug antibody responses but by another mechanism that may reflect an
unintended targeted effect rather than a manifestation of “hypersensitivity”.
Categorizing dermatologic toxicity as hypersensitivity in product labeling would be
inappropriate as it suggests a mechanism for which there is little evidence. I recommend
that the specific toxicities be identified and that product labeling remain silent on
speculated mechanism of the toxicity, which may suggest an inappropriate and ineffective
management course of affected patients.

Risk Evaluation and Mitigatién Strategies (REMS)

The applicant submitted a proposal for a risk management plan based solely on adequate
physician product labeling. As noted by DRISK and the clinical review divisions, these
risks may not be adequately communication through physician labeling alone and for
other agents with a similar level of risk, therefore a REMS containing a Medication
Guide and communication plan has been required. The DRISK consultant noted that
although the Advisory Committee members advised that a patient registry be established,
this is unlikely to mitigate risks (since patients are not required to undergo special
screening to receive the drug). The DRISK consultant noted that post-marketing
surveillance studies would be a more effective means of collecting data to better
characterize risks. The applicant will be asked to provide surveillance program to assess
risks in the Complete Response letter.

The Agency informed Amgen of the need for post-marketing required trials to further
evaluate these risks. Amgen was notified of FDA’s determination of the need for a
REMS on October 2, 2009. The REMS was approved at the time of the original approval
for Prolia in June 2010 and contains a Medication Guide and communication plan
regarding the risks of serious infections, dermatologic toxicity, and over-suppression of
bone turn-over that occur with denosumab administration.

Marketing approval of Prolia was granted in June 2010 and marketing approval of Xgeva
(denosumab) was granted in November 2010. Since these approvals, no new safety
signals or risks have been identified in the post-marketing experience not already
identified prior to June 2010. The REMS was modified in conjunction with this
supplement to include information on the new indication under this supplement and BL
STN 125320/6, as well as to include the risks of osteonecrosis of the jaw as a specific
potential outcome of suppression of bone turnover, in the REMS template, the REMS
supporting materials, the Communication Plan, and the Medication Guide. The
Communication Plan was amended to include distribution of a second Dear Health Care
Provider Letter (DHCPL) to medical specialists (oncologists and urologists) who treat
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patients with breast and prostate cancer as well as to the medical community who treat
women with post-menopausal osteoporosis.

The following clinical post-marketing studies were identified in the original approval
letter for Prolia.

» A long-term observational study in administrative databases to prospectively evaluate
the incidence of serious infection including skin infection, dermatologic adverse
_events, and over-suppression of bone turnover in postmenopausal women -
administered denosumab (Protocol 20090522)

s A long-term surveillance study in postmenopausal women administered denosumab
to prospectively evaluate the incidence of serious infection including skin infection,
dermatologic adverse events, and over-suppression of bone turn-over (Protocol
20090601).

o A long-term pregnancy éxposure registry study in denosumab users who become
pregnant on the drug (Protocol 20090589) ‘

9. Advisory Committee Meeting

The findings in these four applications were presented to the Reproductive Health Drugs
Advisory Committee on August 13, 2009. The committee was supplemented with three
medical oncologists serving as Special Government Employees to serve as expert
advisors on issues relating to the risk of adverse effects on tumor growth. The committee
was asked a series of questions regarding the risk-benefit ratio of denosumab across the
various indications. All members advised that there is a population of post-menopausal
women in whom treatment benefit is likely to outweigh risks, however the majority
advised that benefits of prevention of osteoporosis in any population with low bone mass
in any of the proposed clinical settings (post-menopausal women, women receiving
hormone ablation for adjuvant treatment of breast cancer, and men receiving hormone
ablation for non-metastatic prostate cancer) were not likely to outweigh risks. The
majority of the members also advised that the risk-benefit ratio in women receiving
hormone ablation for adjuvant treatment of breast cancer was not favorable, given the
inadequate information on the potential risks of adverse effects on tumor growth. While
the majority of members advised that the benefits of denosumab treatment of
osteoporosis were likely to outweigh the risks in men receiving hormone ablation for
non-metastatic prostate cancer, all three oncologists disagreed with this recommendation.
Finally, the members of the advisory committee recommended that a REMS be
established for mitigation of risks through adequate communication of risks to patients
and healthcare providers.
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10. Pediatrics

A request for a full waiver was reviewed by the PeRC on June 30, 2009. The waiver was
granted for all proposed indications based on a determination that the necessary studies
would be impossible or highly impractical because the disease/condition does not exist in
children.

11. Other Relevant Regulatory Issues

The Division of Scientific Integrity conducted clinical audits of two study sites for Study
20040135, a sponsor site, and the Contract Research Organization (CRO) site. The
clinical study sites were selected based on the high number of patients enrolled and the
high number of reported protocol violations, relative to other study sites. All audited data
from clinical sites were verified to be accurate and inspections at the two clinical sites did
not reveal deficiencies that would preclude approval. However it was noted that primary
study data (DXA scans and electronic medical records) were not maintained at the study
sites; DXA scans for determination of bone-mineral density, the primary efficacy
outcome measure, were sent to the CRO, ®®@and electronic records were maintained
in a database at Amgen. Inspections were conducted of both™ ®® and Amgen;
although violations were noted, there are no outstanding issues which would preclude
approval.

With regard to financial conflicts of interest, there were no issues identified that are
outstanding and would not permit approval. The clinical reviewer determined that the
majority of investigators had no arrangements or financial interests that required
disclosure or for those who reported disclosable financial interest, the Statement of
Actions to Minimize Bias was completed and the actions taken were reviewed and are
acceptable. o

12. Labeling

e Proprietary name review: [ concur with the conclusions of the DMEPA reyiewer and
the clinical reviewer that the proposed proprietary name of Prolia is accéptable.
Proprietary name issues were addressed with the original approval of Prolia (BL STN
125320/0).

o Physician labeling: Physician labeling negotiations have not been finalized.As noted
in Dr. Lemery’s review, the advice of all review team members in OND and OSE and
consultant reviewers in DDMAC were considered in the development of final
labeling. The following sections physician labeling have been modified based on the
data in this efficacy supplement:

e Indications and Usage
The applicant’s proposed indication was modified and the final agreed upon
indication “treatment to increase bone mass in women at high risk for fracture
receiving adjuvant aromatase inhibitor therapy for breast cancer” was modified to
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state the clinical benefit demonstrated (increase bone mass) and to restrict the

indication to the patient population study through the additional of “high risk for

fracture” and specification of the hormonal treatment (adjuvant aromatase
inhibitor therapy) rather than all potential hormonal therapies.
o Warnings and Precautions

Modified to include recently added new section 5.1 “Drug Products with Same

Active Ingredient” approved under BL STN 125320/20 on July 22, 2011. Related

changes made to section 17 (new 17.1) and to Medication Guide. Of note, the

language added in 5.1, 17.1, and the MG, i.e., “Patients receiving Prolia should
not receive Xgeva” may be confusing to prescribers and patients as it is expected
that some patients with breast or prostate cancer will discontinue Prolia and
initiate Xgeva at the time of development of osseous metastases; alternative
wording that should be considered by DRUP in future labeling changes.

» Adverse Reactions '

» Description of adverse reactions are provided separately for women with post-
menopausal osteoporosis and patients with breast or prostate cancer, based on
differences in approach of the review teams for each indication in assessing
the relatedness of certain events to denosumab (e.g., cystitis). At the request
of the oncology review team, DRUP agreed to remove the term “breast
cancer” as a common adverse reaction of Prolia, based on the data in this
efficacy supplement which failed to confirm an increased risk of malignancies
in patients receiving Prolia. '

» Description of adverse reactions identified in Protocols 20040135 and

20040138.
» Use in Specific Populations
Section 8.1 revised to remove the statement B
®@ based on expanded labeling claims approved with this
application.
. ®®@

e Tables retitled to specify patient population studied.

» Descriptions of the results of 20040135 and 20040138 revised to include
details of the clinical study design, descriptive statististics of the population
studied, and for consistency with data presentation of efficacy results for the
original approval of Prolia and other products approved to increase bone mass
in patients at high risk for fracture.

e Results based on exploratory analyses or for which there is no correlation with
fracture risk were removed.

» Carton/Container labeling: Review of carton and container labeling incorporated
comments from the DMEPA, DMA, and the clinical review divisions; these were
addressed under the initial approval (BL STN 125320/0).

e Medication Guide: A medication guide was requested as part of a REMS on October
2, 2009 and the proposed REMS, including the Medication Guide was submitted on
October 8, 2009. The REMS was modified under BL STN 125320/20and has been
further based on the data provided in this application to include the following
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¢ Description of additional indicated populations
e Separate description of the common adverse events, reflecting data from section 6
of the physician labeling

'13. Decision/Action/Risk Benefit Assessment

s Regulatory Action: Approval

s Risk Benefit Assessment:
The clinical development program for denosumab demonstrated that in patients
with low bone mass or osteoporosis as defined by a BMD score, due to age
(PMO) or medical therapy (prostate cancer receiving ADT or breast cancer
receiving adjuvant aromatase inhibitor therapy trials), denosumab treatment
significantly increases BMD score at two years (Protocol 20040138), a surrogate
endpoint for risk of skeletal fracture. The validity of this surrogate in denosumab-
treated patients was established in Study Protocol 20030216 and supported by the
findings of Study 20040135.

Based on the potential but unexpected impact of other supportive care agents
(erythropoesis-stimulating agents) on shortening time to progression and death
demonstrated in multiple controlled clinical trials, FDA now considers that for
novel products, even those without a clearly established mechanism for tumor
growth promotion, data should be provided that rule out the potential for adverse
impact on tumor growth. Neither of the trials conducting in patients with cancer
receiving hormone ablation therapy was adequate in design to rule out such
effects. . Therefore, FDA reviewed the results of three additional trials conducted
in patients with metastatic cancer or advanced stage disease (Protocols 20050103,
20050136, and 20050244). Although not specifically designed to address non-
inferiority, these additional randomized, placebo-controlled trials included
systematic, comprehensive monitoring of primary and potential metastatic disease
sites in a manner which would allow one to evaluate for clinically significant
impairments in progression-free survival and overall survival. Neither the
individual trials nor the pooled analyses identified adverse effects on PFS or OS
that were clinically important. Based on the confidence intervals around the
pooled data, a clinically important adverse effect on OS or PFS appears to be
excluded.

¢ Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies
At the time of the original approval of Prolia for the treatment of postmenopausal
osteoporosis, a REMS consisting of a Medication Guide and a communication
plan to mitigate risks of serious infection, dermatologic toxicity, and over-
suppression of bone turn-over through communication of these risks to patients
and healthcare providers, was also approved. This REMS was modified on July
22,2011 following approval of denosumab, under the proprietary name Xgeva

BL STN 125320/6 Division Director Summary Review Page 24 of 26

Reference ID: 3168406



(BL STN 125320/7), to denote that Prolia and Xgeva contain the same active
ingredient. The current application further amends the REMS through (1)
revisions to the Medication Guide to reflect the expanded indications for Prolia
and include additional safety data, along with editorial revisions recommended by
DRISK for consistency with current MG labeling policy, and (2) through
modification of the communication plan with a second Dear HealthCare Provider
Letter to be issued to healthcare professionals prescribing for both the original and
expanded indications. .

» Recommendation for other Postmarketing Requirements and Commitments
No additional post-marketing requirements or commitments are needed to support
approval or further define risks for the proposed new claim.

BL STN 125320/6 Division Director Summary Review Page 25 of 26

Reference ID: 3168406



Signature Page

/Patricia Keegan/s/ September 16, 2011
Patricia Keegan, M.D., Director Date
Division of Oncology Products 2

Office of Hematology and Oncology Products

CDER/FDA
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60 mg denosumab/ 1 mL in vials or prefilled syringes

Proposed Indication

Prolia is indicated for the treatment and prevention of
bone loss in patients undergoing hormone ablation for
prostate cancer
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Division Director Summary Review

1. Introduction

The issues precluding a recommendation for approval by clinical reviewers across both
Divisions reviewing the four related Biologics License Applications (BLAs) for
denosumab are institution of a REMS to communicate risks and agreement on post-
marketing studies to further assess risks for all requested indications and additional
evidence to demonstrate safety, as it relates to the potential for adverse effects on tumor
growth, for the two indications in men and women receiving hormone ablation therapy.
The need for additional measures to assess and monitor product safety are consistent with
the recommendations of the Reproductive Health Drugs Advisory Committee, '
supplemented by medical oneologists serving as Spec1al Government Employees, and
were recommended by all members of the clinical review team.

The original Investigational New Drug Application (IND 9837) for denosumab was
received at FDA on May 22, 2001. An end-of-Phase 2 (EOP2) meeting was held on
April 21, 2004 to discuss the clinical development program intended to support an
indication for treatment of patients with cancer who had bone loss due to hormone
ablation therapy, based on one trial to be conducted in women with non-metastatic breast
cancer and one study in men with non-metastatic prostate cancer. The followmg key
agreements were reached:

e Approval for denosumab for the treatment of bone loss associated with hormone
ablation therapy would be contingent upon adequate anti-fracture efficacy being
demonstrated in the three year postmenopausal osteoporosis treatment trial. This trial
would then validate that denosumab-induced increases in BMD are associated with
anti-fracture efficacy '

o The results of Protocol 20010223 supported the preliminary activity and safety of
denosumab 60 mg administered subcutaneously every 6 months.

e The proposed trials in breast cancer and prostate cancer were adequate in design to
support registration for treatment of osteoporosis, provided that adequate anti-fracture
efficacy was demonstrated in the trial of treatment of osteoporosxs, validating that
improvement in BMD in denosumab-treated patients is a surrogate for reduction
skeletal fractures.

FDA stated that Protocol 2004013,8, the randomized, placebo-controlled trial in

osteoporotic men with localized prostate cancer, Ll
® @

Pre-BLA meetings were held to discuss the submission of CMC information (July 8,
2008) and non-clinical/clinical information (October 21, 2008). Key issues discussed
during the CMC pre-BLA meeting included the type of information needed to
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characterize quality attributes and information needed to support proposed specifications,
the submission format for various strengths and presentations, and that the comparability
of different drug substance manufacturing sites could only be addressed upon review of
the primary data. FDA recommended that the application include a single strength (60
mg/mL) based on the potential for medication errors between the proposed 60 and 70
mg/mL strengths. Amgen agreed.

Key issues discussed during the preBLA meeting of October 21, 2008 included the
following: the extent of information on supportive clinical studies to be included in the
BLA, the contents of the 120-day safety update, data and analyses to be submitted
characterizing bone density, impact on QT interval, hypersensitivity reactions, infections,
and hypocalcemia, and the plan for submission of manufacturing runs to assist FDA in
setting dates for facilities inspections. FDA did not raise major objections to the four
proposed indications supported by the four randomized trials, acknowledged that
presentation to an advisory committee was planned, and stated that although the final
decision would be made during the review, the application would likely receive a
standard review.

Amgen was notified that the submission was administratively split into four applications,
with separate indications, in a letter dated Jan 30, 2009. In that letter, BLA STN 125330
identified as the “parent” BLA for any information common to more than one
application, with a letter cross-referencing this information to be submitted to the other
three applications. The four applications and their accompanying proposed indications
are BL STN 125330, supporting the proposed indication of denosumab for the treatment
of women with post-menopausal osteoporosis (PMO), which relies primarily on the
results of Protocol 20030216; BL STN 125331, supporting the proposed indication of
prevention of osteoporosis, which relies primarily on the results of Protocol 20040132,
BL STN 125332, supporting the proposed indication of the treatment and prevention of
osteoporosis is women with breast cancer receiving hormone ablation therapy, which
relies primarily on the results of Protocol 20040135, and BL STN 125333, supporting the
proposed indication of the treatment and prevention of osteoporosis in men with prostate
cancer receiving hormone ablation therapy, which relies primarily on the results of
Protocol 20040138. The Division of Reproductive and Urology Products (DRUP) is the
lead division reviewing BL STN 125330 and 125331, while the Division of Biologic
Oncology Products is the lead division reviewing BL STN 125332 and 125333.

The Biologics License Applications for denosumab were designated as standard review

priority since no evidence was provided in these applications to demonstrate that
denosumab treatment provides an advance over available therapies.

2. Background

Osteoporosis is characterized by low bone mass, disruption of the microarchitecture of
the bone, and skeletal fragility; these changes lead to an increased risk of skeletal
fractures. Fractures of the hip and spine are associated with increased mortality rate and
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can result in limited mobility and chronic pain, thus the goal of treatment of osteoporosis
is the prevention of such fractures.

Treatment measures should always include general lifestyle measures aimed at reducing
bone loss; these include adequate dietary calcium supplemental intake, supplemental

~ vitamin D, regular moderate exercise, and smoking cessation. Additional preventive
measures in the form of pharmacologic treatment with anti-bone resorptive agents should
be initiated in post-menopausal women with osteoporosis and those at high risk for
osteoporosis due to drug or hormonal therapy, age, low body weight, or a history of
recent fractures, particularly recent hip fractures. Identification of patients at risk for
osteoporotic fractures also involves screening for bone mass through measurement of
bone mineral density (BMD) by dual-energy X-ray absorptiometry (DXA).

In the United States, initiation of pharmacologic treatment of osteoporosis is largely
guided by the risk of fractures, as described in the 2008 WHO task force Fracture Risk
Assessment Tool (FRAX) or the National Osteoporosis Foundation (NOF). Use of the
2008 NOF guidelines as selection criteria for patients who will benefit from
pharmacologic treatment has not been evaluated in clinical trials. The men enrolled in
Protocol 20040138 were likely to be at increased risk of skeletal fractures as compared to
healthy adults based on osteopenia as determined by BMD T-score and concurrent use of
hormone ablation, although the risk was not sufficiently high that administration of
placebo was unethical.

Drugs which have received FDA approval for treatment of osteoporosis have been shown
to improve or stabilize the loss of BMD. In addition, randomized trials have shown that
adendronate, risedronate, and zoledronic acid reduces the risk of vertebral, non-vertebral,
and hip fractures. Raloxifene and ibandronate have been shown to reduce the incidence of
vertebral fracture but not hip fractures. The correlation between treatment-induced
improvement in BMD and the reduction in the incidence of fractures was evaluated in a
meta-analysis of twelve ’cl'in'ical‘trials (Cummings SR, et al; Am J Med. 112(4) 281-289,
2002). The authors concluded that an improvement in vertebral BMD correlated with a
reduction in fracture risk however the reduction in risk observed was larger than would
have been predicted based on BMD score alone. Since denosumab has a novel
mechanism of action, the validity of denosumab-induced improvements in BMD as a
predictor of reduction in skeletal fractures required verification rather than extrapolation
from data obtained with bisphosphonates. Evidence verifying the relationship between
denosumab-induced improvement in BMD and reduction in the incidence of skeletal
fractures was obtained in Protocol 20030216. This was also supported by a prespecified
analysis demonstrating a significant reduction in the l‘lSk of new vertebral fractures at 36
months in Protocol 20040138.
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3. CMC/Device

Denosumab is a human IgG2 human monoclonal antibody that is directed against the the
RANK (receptor activator for nuclear factor-kB) ligand, also referred to as RANKL.
Denosumab binds to both the circulating and membrane-bound forms of RANK ligand,
preventing the binding of the RANK ligand to RANK, thus inhibiting activation of this
receptor. Denosumab binds specifically to RANKL and does not recognize TNFa, TNFB,
TNF-related apoptosis-inducing ligand (TRAIL), or CD40L. There is no evidence at this
time that binding of denosumab to membrane-bound RANKL induces RANKL signaling.

The pharmacodynamic effects of denosumab are mediated through its prevention of the
binding of the RANK ligand to its receptor, RANK; inhibition of binding of RANKL
results in failure to initiate the intracellular signaling cascades necessary to promote
osteoclast formation, fusion, differentiation, activation, and survival and to inhibit
terminal differentiation and activation of osteoclasts. Interruption of RANK signaling
leads to an immediate decrease in bone resorption and bone turnover, which is reversible
upon discontinuation of denosumab.

Denosumab is produced by a genetically-engineered CHO cell line through standard
fermentation technology and standard eolumn chromatography purification procedures. '
The manufacturing process is well-controlled and results in a pure and potent product.
The product presentations are in single-use vials or pre-filled syringes containing 1 mL
liquid at a concentration of 60 mg denosumab/mL. The acetate formulation buffer for the
two presentations differs somewhat in excipients.

The facilities and manufacturing processes for the drug product and drug substance were
determined to have acceptable sterility assurance and microbiology product quality.

I concur with the conclusions of the CMC review staff that there are no outstanding CMC -
issues that would preclude approval. There are four recommended post-marketing
commitments by CMC staff that will be conveyed when/if the drug is approved.

4. Nonclinical Pharmacology/Toxicology

The pharmacology of denosumab was evaluated in healthy cynomolgus monkeys,
oophorectomized female cynomolgus monkeys, and in a transgenic mouse model with
knock-in human RANKL and human RANK. In the cophorectomized monkeys, the
administration of denosumab alone or in combination with aledronate resulted in
significant reductions of serum markers of bone resorption and prevented the loss of
BMD as compared to animals receiving vehicle control. Fracture healing was evaluated
in RANKL/RANK transgenic mice; in this model, treatment with denosumab alone or in
combination with aledronate resulted in delayed fracture healing but did not adversely
impact bone morphology or tensile strength as compared to control animals.

Toxicology studies were performed in cynomulgus monkeys as the only relevant species.

Denosumab binds to RANKL in non-human primates but not in rodents. Toxicology
studies included 1- month and 12-month studies (an interim sacrifice was performed at 6
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months). Additional pharmacology studies of long-duration included a 12-month and a
16-month pharmacology study at multiples of 16- to 50-times the proposed human dose
(dependent on the approach to establishing exposure, as discussed in Dr. Pilaro’s review).
The toxicology findings were consistent with the expected pharmacology of denosumab,
with inhibition of bone resorption and abnormal growth plates in juvenile animals; these
effects were present despite the development of anti-product binding antibodies in a
majority and neutralizing antibodies in a minority of animals after prolonged exposure.

Reproductive toxicology studies demonstrated exaggerated pharmacologic effects
(reduction in bone resorption); there were no off-target effects, including no evidence of
abnormal mammary gland development. In a RANKL knock-out model, there was an
absence of mammary gland development which may not be relevant for mature adults but
would have impact on fetal exposure in pregnant women This information will be
included in product labeling, when/if the denosumab is approved and monitored under
the pregnancy registry.

- Carcinogenicity studies were not performed. In extended dosing in primate, there was no
evidence of carcinogenic effects. Larger studies in primates, the only relevant model, are
not recommended and the potential for carcinogenicity will be assessed in the results of
ongoing clinical studies and in post-marketing surveillance, when/if this product is
approved.

I concur with the nonclinical pharm/tox reviewers that there are no outstanding
nonclinical pharmacology or toxicology issues that would preclude approval. There are
no recommendations for post-marketing commitments for nonclinical toxicology.

5. Clinical Pharmacology/Biopharmaceutics

The clinical pharmacology of denosumab was investigated in 13 clinical studies, whlch
included drug substance and drug product from an early manufacturing process and the
to-be-marketed process. The pharmacodynamic profile at the recommended dose
suggested rapid onset of action with 70% inhibition in bone resorption within 6 hours of
the initial dose and 85% inhibition within 3 days, as determined by reduction in serum
Type 1 C-telopeptide levels. Changes in lumbar spine BMD were detectable as early as
one month after dosing. Based on changes in lumbar spine BMD, treatment effects were
observed with doses as low as 14 mg, however there was an apparent plateau in efficacy
with comparable effects at 60, 100, and 210 mg doses.

The pharmacokinetics of denosumab supported the proposed every 6 month dosmg
regimen, with a mean half-life of 25.4 days and no evidence of accumulation after 4 years
of dosing. Clearance was dependent on targeted (RANKL b1nd1ng) and non-targeted
elimination mechanisms; targeted clearance mechanisms were more apparent at lower
serum levels of denosumab. No significant differences in dosing were observed by age,
gender, or race; no dosing adjustments are recommended in patients in renal insufficiency
based on an intrinsic factor PK study in 55 patients with renal insufficiency. Due to the
known metabolism of protein products, adjustments due to hepatic insufficiency are not
anticipated and studies investigating such effects were not conducted. The
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pharmacokinetics of denosumab are dependent on weight, however the proposed fixed
dose was efficacious across a range body weight therefore dosing adjustments based on
body weight were not recommended.

The clinical pharmacology reviewer recommended that a post-marketing study be
conducted to assess the impact of denosumab on CYP substrate metabolism. This is
based on evidence with other antibodies directed against cytokines (RANKL is in the
TNF family) in which alteration in cytokine levels impact cytokine effects on CYP
substrate metabolism. This request will not be conveyed at this time, but will be
requested when and if approval is recommended.

I concur with the conclusions reached by the clinical pharmacology reviewer that there
are no outstanding clinical pharmacology issues that would preclude approval.

6. Clinical Microbiology

There were no clinical microbiology data provided in this supplement and such data were
not required for review of the supplement.

7. Clinical/Statistical-Efficacy

The data supporting claims of efficacy of denosumab for the treatment and prevention of
bone loss in patients undergoing hormone ablation for prostate cancer are derived
primarily from Protocol 20040138 and supported by the results of Protocols 20030216
(treatment of PMO). ' '

Protocol 20040138 .

The efficacy of denosumab in the treatment of osteoporosis in patients undergoing
hormone ablation for prostate cancer was based primarily on the results of Protocol
20040138. Protocol 20040138 was a multicenter, double-blind, randomized (1:1),
placebo-controlled trial that registered and randomized 1468 men with non-mietastatic
prostate cancer, who had received definitive local therapy and at study entry were
receiving androgen deprivation therapy (ADT) either medically through gonadotropin-
releasing hormone (GnRH) agonists or surgically (orchiectomy).

Patients were randomized 1:1 to either denosumab (n=734) or placebo (n=734) once
every 6 months for a total of 6 doses over a 36-month treatment period. All patients
received daily calcium (> 1 g) and vitamin D (> 400 IU) supplementation throughout the
trial. Randomization was stratified by age (< 70 years vs. > 70 years) and by duration of
prior ADT (< 6 months vs. > 6 months) at the time of entry. Key eligibility criteria were
histologically confirmed prostate cancer and age 70 years or older or age less than 70
years with and a history of osteoporotic fracture or BMD T-score at the lumbar spine,
total hip, or femoral neck less than -1.0 (using the normative male database). In addition
the BMD T-score at the lumbar spine, total hip or femoral neck could not be less than
-4.0.
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The primary efficacy endpoint was the percent change in lumbar spine BMD from
baseline to month 24. Key secondary endpoints were percentage change in femoral neck
BMD and total hip BMD from baseline to month 24, percentage change in lumbar spine
BMD, femoral neck BMD, and total hip BMD from baseline to month 36, subject
incidence of any fracture, and subject incidence of new vertebral fracture over the 36-
month treatment period. Tumor re-staging consisted of a repeat bone scan at 36 months
and measurement of PSA levels every 6 months during denosumab treatment. A blinded
central image reader identified or confirmed all vertebral and nonvertebral fractures.

There was a statistically significant difference in lumbar spine BMD between denosumab
and placebo treated groups at 2 years [difference of 6.7% (95% CI: 6.2%, 7.1%)] based
on an increase in BMD of 5.6% in the denosumab arm and a decrease of -1% in the
placebo arm between baseline and 24 months, based on a least square mean estimate.
Consistent treatment effects on lumbar spine BMD favoring the denosumab arm were
observed in subgroups defined by age, race, geographical region, weight/BMI, BMD T-
score, and duration of androgen deprivation therapy.

Statistically significant treatment differences favoring the denosumab arm were also
observed in change from baseline to month 24 in femoral neck BMD [difference 3.9%
(95% CI: 3.5%, 4.4%; p < 0.01)] and total hip BMD [difference 4.8% (95% CI: 4.4%,
5.1%; p <0.01).

Additional analyses, using a hieirarchical procedure for alpha adjustment, demonstrated a
statistically significant reduction in the incidence of new vertebral fractures at 36 months
[1.5% vs. 3.5% (odds ratio: 0.37, 95% CI: 0.18, 0.78: p=0.013)] but no significant
difference in all fractures (5.2% vs. 7.2%; p=0.1) at 36 months. All cause mortality was
the same, 5.9%, in both treatment arms at 36 months.

Protocol 20030216

As previously agreed-upon, the results of Protocol 20030216 were utilized to validate
that changes in BMD resulting from denosumab treatment will predict a change in the
rate of skeletal fractures. This finding was required since the pharmacodynamic effects
of denosumab which affect BMD are different from the effects of bisphosphonates,
therefore FDA required that the validity of the surrogate be confirmed for denosumab,
rather than extrapolated from the experience with bisphosphonates. Protocol 20030216
was a multicenter, randomized (1:1), double-blind placebo-controlled trial designed to
show that denosumab treatment, administered at 60 mg every 6 months for three years
reduced the incidence of new vertebral fractures in postmenopausal women with
osteoporosis. Randomization was stratified by age at study entry: 60 to 64 years, 65 to 69
years, 70 to 74 years, and > 75 years. BMD T-scores were required to be < - 2.5 and > -
4.0 at baseline. Concomitant treatment with calcium (> 1 g/day) and vitamin D (> 400
IU/day) supplementatlon was requlred for the duration of the study.
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Efficacy analyses were conducted in 7808 patients who were randomized (1:1) to receive
denosumab (n=3902) or placebo (n=3906). There was a statistically significant
reduction in the risk of new vertebral, non-vertebral, and hip fractures among
denosumab-treated patients compared to controls, based on pre-specified sequential
testing procedures. The risk reduction for new vertebral fractures at month 36 was 68%
(95% CI: 0.26, 0.41; p < 0.0001). The risk reductions in non-vertebral fractures and in
hip fractures were 20% (95% CI: 0.67, 0.95; p = 0.01) and 40% (95% CI: 0.37,0.97; p =
0.036), respectively. The treatment effects were consistent across relevant subgroups,
including patients with two or more prevalent vertebral fractures or with prevalent
vertebral fractures that were moderate or severe; patients with femoral neck T-scores of
<-2.5; and patients age > 75 years.

I concur with the major conclusions reached by the clinical and statistical reviewers
regarding efficacy. The clinical and statistical review team members concluded that the
major outcome measure for efficacy, a statistically significant difference in the
percentage change in lumbar spine BMD from study entry to 12 months, for Protocol
20040135 was met. This finding was supported by the finding of improvement in BMD
in men receiving hormone ablation therapy in Protocol 20040138. The demonstration of
an effect on BMD as a measure of clinical efficacy is acceptable since the validity of this |
surrogate in denosumab-treated patients for reduction in skeletal fractures was confirmed
by the results of protocol 216. The findings from Protocol 216, reviewed by the Division
of Reproductive and Urologic Products (DRUP) under BL STN 125330, established the
efficacy of denosumab for the treatment of post-menopausal osteoporosis women as well
as validating the surrogate endpoint of effects on BMD with reduction in skeletal
fractures.

8. Safety

The evaluation of clinical safety considered data obtamed in approximately 14,000

patients in 30 clinical trials with up to 5 years of exposure to denosumab. These trials

included patients with normal, low and osteoporotic bone density. The strategy for safety

analysis included:

¢ Separate analyses for safety were conducted for each of the major efficacy: trials
(Protocols 216, 132, 135, and 138) under the four separate applications (BL STN
125330, 225331, 125332, and 125333).

¢ Analyses for general, overall safety was conducted in an integrated dataset containing
results of the four major efficacy trials (Protocols 216, 132, 135, and 138).

e Analyses for specific safety issues, based on signals in the initial safety program for
denosumab, potential signals based on pharmcodynamics of denosumab, and signals
observed with bisphosphonate products in osteoporotic patients. These analyses,
except where noted differently below, conducted a review of the safety information
from nine randomized, clinical studies (seven trials in women with PMO [(20010223,
20030216, 20040132, 20050141, 20050172, 20050179, 20050234) and two trials in
patients with cancer receiving hormone-ablation (20040135, 20040138)]. The safety
analyses were conducted in the “as-treated” population defined by the treatment
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administered (rather than treatment assigned) in patients receiving one or more doses
of investigational drug. These trials were selected based on relevance of the
population (PMO or HA) and dose (60 mg SC every 6 months) to the proposed
indications under review.

The most common adverse reactions due to denosumab (per-patient incidence > 5% and
higher incidence in denosumab-treated group compared to placebo-treated) were back
pain, arthralgia, extremity pain, osteoarthritis, constipation, musculoskeletal pain,
hypercholesterolemia, dizziness, peripheral edema, and upper respiratory tract infection.
Focused safety analyses also confirmed that hypocalcemia, bradycardia, ischemic heart
disease and rash occurred at a low but increased incidence in denosumab-treated patients
as compared to the control group. The incidence of osteonecrosis of the jaw, a known
toxicity of bisphosphonates, did not occur at a higher incidence in denosumab-treated
patients in clinical studies. The increased incidence of cataract formation was observed
only in denosumab-treated men with prostate cancer undergoing androgen-deprivation
therapy. i

The most common serious adverse reactions occurring in denosumab-treated patients is
infections. The potential for an adverse impact on the rate of tumor growth has not been
adequately investigated in controlled clinical trials.

The approach and results of focused safety reviews to evaluate for incidence and relative
risks of the following adverse events considered possibly-related to denosumab are
summarized in greater detail below. The identification of potential risks requiring
focused evaluation were based on data obtained in the clinical development program
(cardiac toxicity, hypocalcemia, immune responses directed against denosumab), the
known pharmacodynamic effects of denosumab (infection, delayed fracture healing,
tumor promotion, hypocalcemia) and serious adverse effects of observed with
bisphosponates (osteonecrosis of the jaw, cardiac toxicity).

Osteonecrosis of the jaw (ONJ), delayed fracture healing, and secondary malignancies
A focused safety review was conducted by Dr. Anita Abraham, DrPH in the Division of
Biometrics VI to evaluate for increased risks of osteonecrosis of the jaw (ONJ), delayed
fracture healing, and secondary malignancies. Dr. Abraham’s review considered safety
data from nine randomized, placebo-controlled trials as discussed above. Comparisons of
between-arm differences in adverse events and determination of relative risks of these
events were conducted in the individual studies and in a pooled analysis of the seven
trials conducted in PMO patients. The incidence of ONJ was 4% in the integrated
analysis across trials in women with PMO. The statistical reviewer concluded that there
was no increased risk of ONJ compared with placebo-controls, using either the more
narrow definition as applied by the ONJ adjudication group or a broader definition.

The evaluation of delay in fracture healing was limited to the four major efficacy studies
as these were the only studies designed to collect this information. Only in Protocol
20030216 was there a sufficient number of cases of delayed fracture healing (more than
one per treatment group) to conduct an evaluation of the relative risk. Among patients
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enrolled in Protocol 20030216, the relative risk of any complication in patients with
fractures was 0.99 (95% CI: 0.55, 1.77). Dr. Abraham concluded that there was no
evidence of an increased risk of delayed fracture healing, while noting that additional
follow-up may be needed to identify all events.

Based on the potential for perturbation of TNF regulation (through inhibition of
membrane-bound RANKL signaling on T cells), an evaluation of the relative risk of
secondary malignancies was conducted. Analyses included safety data from the nine
randomized studies identified above. Search terms included all adverse events in the
Neoplasms SOC of MedDRA with the exception of those terms that included the term
“benign”. With the exception of Protocol 20040138, there was no evidence of an
increased risk in malignancies in denosumab-treated patients as compared to controls.
There was a significant difference (relative risk 1.32, p=0.46) in the risk of malignancies
reported as adverse events in Protocol 20040138; on further evaluation, this was driven
by a higher rate of reports of metastatic disease as an adverse event. Metastases were
reported as an adverse event in 48 of the 731 (6.57%) denosumab-treated patients
compared to 31 of the 725 (4.28%) placebo-treated patients. In the integrated analysis of
studies conducted in women with PMO, there were 206 (4.06%) reports of second
malignancies in 5073 denosumab-treated patients and 175 (4.14%) reports of second
malignancies in 4231 placebo-treated patients. The most common primary cancer sites
were skin, breast, GI, respiratory/mediastinal, and reproductive/urologic. Dr. Abraham
concluded that the increase rate in reported metastases, particularly bone metastases, was
of concern in men with prostate cancer, but that in general, there did not appear to be a
risk of second malignancies.

It is my opinion that there does not appear to be an increased risk of second
malignancies, although additional surveillance would be prudent, given the availability
of other therapeutic options for this indication. Of note, there is no difference between
arms in the number of lymphoproliferative malignancies, which would be expected if the
risk of malignancy was mediated by inhibition of TNF. The potential for an increase in
the risk or rate of tumor progression is much less clear. Adverse event reporting is an
unreliable and imprecise way to assess for a negative impact of denosumab on tumor
control. These data must come from studies employing regular and standard evaluations
of potential sites of metastatic disease. Since such routine tumor restaging procedures
were not employed. in either Protocol 20040135 or 20040138, additional studies are
needed to address this question. '

Cardiac toxicity

At the time of the pre-BLA meeting (Oct 21, 2008), FDA raised concerns regarding
evidence of an apparent dose-dependent prolongation of the QT interval observed in
studies conducted in patients with rheumatoid arthritis. Based on this concern, the
Division of Biometrics VI was consulted to evaluate the integrated safety database for
evidence of cardiotoxicity. Dr. Leslie Kenna, the safety evaluator consultant conducted a
review of the safety information from nine randomized, clinical studies as discussed
above. Analyses were performed individual within each trials and in a pooled analysis;
per-patient incidence and relative risk analyses were performed using the applicant’s
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classification system for cardiotoxicity and broad and narrow scope SMQ analyses.
Based on Dr. Kenna’s review, bradyarrhthymia (relative risks ranging from 1.7-2.0 for
denosumab compared to placebo) and ischemic heart disease (relative risks ranging from
1.4-1.8) were the only consistent signals in the denosumab-treated group. The incidence
of these events were low, and in the case of bradyarrhythmias were driven primarily by
the results of conduction defects in study 216. The number of moderate (106 vs. 75) and
severe (68 vs. 34) ischemic heart disease events were increased among denosumab-
treated patients (n=3886) compared with the placebo-treated (n=3876) patients in
protocol 216. Similarly, the number of events resulting in differences in bradyarrhythmic
events was driven the differences in conduction defect events. Across pooled analysis
involving either Protocols 216 and 138 (pooled efficacy trials n=4617 denosumab/
n=4601 placebo) or across placebo-controlled trials, the number of conduction defects
were higher in the denosumab-treated patients for number of patients with AV block (8
vs. 4 patients; pooled efficacy trials and 5 vs. 3 patients; pooled placebo-controlled
dataset) and right bundle branch block (11 vs. 7 patients; efficacy trial dataset; 10 vs: 7,
placebo-controlled dataset).

Hypocalcemia

A focused safety review of the 1ntegrated safety database was conducted by Dr. Mandi
Yu, Div of Biometrics VII, to assess the incidence and relative risks of hypocalcemia
secondary to denosumab administration. Hypocalcemia was recognized as a treatment-
related adverse reaction early in the clinical development program, therefore all four of
the registration trials required that patients receive oral calcium and vitamin D
supplementation and that serum calcium be regularly monitored throughout the clinical
study.

Dr. Yu conducted analyses separately across the 9 studies discussed above and also
pooled the data from the two major efficacy studies in post-menopausal women
(Protocols 20030216 and 20040132). There was no significant difference in the
incidence of clinically symptomatic events (including events requiring hospitalization)
between the denosumab-treated and control arms among women with PMO (incidence
rates of approximately 2.7% in both groups); the incidence of serious events of
hypocalcemia was the same in both denosumab- and placebo-treated patients. (5 events in
four patients, two patients in each treatment group). There was a higher incidence of
hypocalcemia reported as adverse events among denosumab-treated patients with cancer
receiving hormone ablation as compared to placebo-treated patients [6.2% vs. 3.3%
(Protocol 20050135); 3.0% vs. 2.2% (Protocol 20050138)]. These events were generally
symptomatic and graded as mild to moderate in severity.

In contrast to the clinically-detected adverse event reports of hypocalcemia, there was an
approximately 3.5-fold (95% CI: 2.2, 5.9) increase in the incidence of hypocalcemia as
determined by laboratory measurements of serum calcium among women with PMO and
an approximately 5.4-fold increase in hypocalcemia based on laboratory measurements in
Protocol 20050138; no increase risk of laboratory-detected hypocalcemia was identified
in Protocol 20050135 patients. ‘Hypocalcemia was déetected within the ﬁrst month of
treatment in 58% of denosumab-treated patients.
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The incidence of severe hypocalcemia appeared to be increased in'a single dose, open
label trial designed to assess the pharmacokinetics, safety and tolerability of denosumab
in patients with both normal and abnormal renal function. Patients in this study did not
receiving calcium or vitamin D supplementation. The study demonstrated that the
pharmacokinetics of denosumab are not influenced by renal dysfunction of any severity.
However, in patients with severe (creatinine clearance < 30 mL/min) or end-stage renal
disease, an increased incidence and severity of hypocalcemia was observed.

Hypersensitivity and Dermatologic toxicity

There is always a potential for immune responses to protein products. Surveillance for
anti-denosumab binding and neutralizing antibodies were conducted as part of the clinical
development program. The incidence of anti-denosumab binding antibodies was low
[0.5% (43 positive samples among 8113 denosumab-treated patients)], consistent with the
findings for other fully human antibody products. Assessment for neutralizing antibodies
were conducted only in those, patients with a positive screen test for binding antibodies.
No patient tested positive for neutralizing antibodies. Among the 6 patients in the four
major efficacy studies who had evidence of anti-denosumab binding antibodies, there was
no evidence of alteration in pharmacokinetics or in efficacy, as measured by an increased
in lumbar spine BMD and in hip BMD T-score from baseline in all six patients.

In addition to laboratory screening for humoral immune responses, a focused safety
review of the integrated safety database was conducted by Dr. John Yap, Ph.D., Div of
Biometrics VII, to assess the incidence and relative risks of hypersensitivity reactions in
patients receiving denosumab. In addition to the 9 trials listed above, Dr. Yap included
data from Protocols 20040245, 20050233, and 20050237 in the integrated analysis for
hypersensitivity. The analysis for hypersensitivity included a narrow list of preferred
terms proposed by the sponsor with additional terms identified by the reviewer to be
directly related to hypersensitivity. In these analyses, a significant increase in multiple
dermatologic terms was noted in Protocol 20030216 alone as well as in the overall safety
database (in which patients enrolled under Protocol 20030216 accounted for 80% of the
integrated database). The terms that were identified as occurring more frequently in
denosumab-treated patients included dermatitis (3.1% vs. 1.7%), eczema (1 3% vs.
0.7%; relative risk 1.96), and rash (2.6% vs. 1.9%; relative risk 1.34). As noted, the
incidence rates were low (> 3%) with an approximately 1.5-2-fold increase in relative
risk for denosumab-treated patients. The incidence of dermatologic adverse events did
not appear to be increased in patients with cancer undergoing hormone ablation therapy.

1disagree with Dr. Yap’s conclusions regarding hypersensitivity. While Dr. Yap
concluded that denosumab is not immunogenic, the evidence of development of anti-
denosumab antibodies in a sensitive, validated assay indicate that denosumab is
immunogenic albeit at a low incidence rate. The dermatologic toxicities appear not to be
mediated by anti-drug antibody responses but by another mechanism that may reflect an
unintended targeted effect rather than a manifestation of “hypersensitivity”.
Categorizing dermatologic toxicity as hypersensitivity in product labeling would be
inappropriate as it suggests a mechanism for which there is little evidence. Irecommend
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that the specific toxicities be identified and that product labeling remain silent on
speculated mechanism of the toxicity, which may suggest an inappropriate and ineffective
management course of affected patients.

Risk Evaluation and Mitigation Strategies (REMS)

The applicant submitted a proposal for a risk management plan based solely on adequate
physician product labeling. As noted by DRISK and the clinical review divisions, these
risks may not be adequately communication through physician labeling alone and for
other agents with a similar level of risk, therefore a REMS containing a Medication
Guide and communication plan has been required. The DRISK consultant noted that
although the Advisory Committee members advised that a patient registry be established,
this is unlikely to mitigate risks (since patients are not required to undergo special
screening to receive the drug). The DRISK consultant noteéd that post-marketing
surveillance studies would be a more effective means of collecting data to better
characterize risks. The applicant will be asked to prov1de surveillance program to assess
risks in the Complete Response letter.

The Agency informed Amgen of the need for post-marketing required trials to further
evaluate these risks. Amgen was notified of FDA’s determination of the need for a
REMS on October 2, 2009. The requested REMS will contain a Medication Guide and
communication plan regarding the risks of serious infections, dermatologic toxicity, and
over-suppression of bone turn-over that occur with denosumab administration.

Amgen was also informed of the need to conduct the following clinical post-marketing
studies

¢ A long-term observational study in administrative databases to prospectively evaluate
the incidence of serious infection including skin infection; dermatologic adverse
events, and over-suppression of bone turnover in postmenopausal women
administered denosumab (Protocol 20090522)

e A long-term surveillance study in postmenopausal women administered denosumab
to prospectively evaluate the incidence of serious infection including skih infection,
dermatologic adverse events, and over-suppression of bone turn-over (Protocol
20090601).

* A long-term pregnancy exposure registry study in denosumab users who become
pregnant on the drug (Protocol 20090589)

- 9. Advisory Committee Meeting
The findings in these four applicaﬁons were presented to the Reproductive Health Drugs
Advisory Committee on August 13, 2009. The committee was supplemented with three

medical oncologists serving as Special Government Employees to serve as expert
advisors on issues relating to the risk of adverse effects on tumor growth. The committee
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was asked a series of questions regarding the risk-benefit ratio of denosumab across the
various indications. All members advised that there is a population of post-menopausal
women in whom treatment benefit is likely to outweigh risks, however the majority
advised that benefits of prevention of osteoporosis in any population with low bone mass
in any of the proposed clinical settings (post-menopausal women, women receiving
hormone ablation for adjuvant treatment of breast cancer, and men receiving hormone
ablation for non-metastatic prostate cancer) were not likely to outweigh risks. The
majority of the members also advised that the risk-benefit ratio in women receiving
hormone ablation for adjuvant treatment of breast cancer was not favorable, given the
inadequate information on the potential risks of adverse effects on tumor growth. While
the majority of members advised that the benefits of denosumab treatment of
osteoporosis were likely to outweigh the risks in men receiving hormone ablation for
non-metastatic prostate cancer, all three oncologists disagreed with this recommendation.
Finally, the members of the advisory committee recommended that a REMS be
established for mitigation of risks through adequate communication of risks to patients
and healthcare providers.

10. Pediatrics

A request for a full waiver was reviewed by the PeRC on June 30, 2009. The waiver was
granted for all proposed indications based on a determination that the necessary studies
would be impossible or highly impractical because the disease/condition does not exist in
children. :

11. Other Relevant Regulatory Issues

The Division of Scientific Integrity conducted clinical audits of two study sites for Study
20040135, a sponsor site, and the Contract Research Organization (CRO) site. The
clinical study sites were selected based on the high number of patients enrolled and the
high number of reported protocol violations, relative to other study sites. All audited data
from clinical sites were verified to be accurate and inspections at the two clini¢al sites did
not reveal deficiencies that would preclude approval. However it was noted that primary
study data (DXA scans and electronic medical records) were not maintained at the study
sites; DXA scans for determination of bone-mineral density, the primary efficacy
outcome measure, were sent to the CRO;  ®® and electronic records were maintained
in a database at Amgen. Inspections were conducted of both  ®® and Amgen;
although violations were noted, there are no outstanding issues which would preclude
approval.

With regard to financial conflicts of interest, there were no issues identified that are
outstanding and would not permit approval. The clinical reviewer determined that the
majority of investigators had no arrangements or financial interests that required
disclosure or for those who reported disclosable financial interest, the Statement of
Actions to Minimize Bias was completed and the actions taken were reviewed and are
acceptable.

BL STN 125333/0 Division Director Summary Review Page 15 of 18

Reference ID: 3168406



12. Labeling

. Proprietary name review: I concur with the conclusions of the DMEPA
reviewer and the clinical reviewer that the proposed proprletary name of
Prolia is acceptable.

e Physician labeling: Physician labeling negbtiations have not been finalized.

e Carton/Container labeling: Review of carton and container labeling
incorporated comments from the DMEPA, DMA, and the clinical review
divisions.

-0 Medication Guide: A medication guide was requested as part of a REMS on
October 2, 2009 and the proposed REMS, including the Medication Guide
was submitted on October 8, 2009. Agreement on the REMS will be
contingent upon receipt of the information requested in the complete response
letters for these applications.

13. Decision/Action/Risk Benefit Assessment

e Regulatory Action: Compiete response letter requesting the submission of data
from one or more adequately designed clinical trials that evaluate and rule out a
significant adverse effect on progression-free survival in patients with cancer.

In addition, a final risk:benefit determination will be made based on agreement on
a REMS containing a communication plan and Medication Guide to mitigate the
risks of serious infections, dermatologic toxicity, and over-suppression of bone
turn-over that occur with denosumab administration. In addition, Amgen must
submit an acceptable plan for targeted and non-targeted, post-marketing
surveillance to further assess the risks of serious infections, dermatologic toxicity,
and over-suppression of bone turn-over and to obtain data through a pregnancy
registry regarding the risks of exposure to denosumab during. pregnanqy,.

The following additional information is required in order for FDA to complete its
risk:benefit determination. In the complete response letters, FDA has requested
the following information:

¢ In support of an approval for denosumab for the treatment of post-menopausal
osteoporosis, Amgen must submit the results of the methodology and
background adverse event rate assessment study, Protocol 20090521 (Phase
A): "Denosumab Global Safety Methodology and Background (AE) Rate
Assessment Among Women With Postmenopausal Osteoporosis (PMO)
Using Multiple Observational Databases"). These data are required for FDA
to reach agreement on an acceptable study design for Protocol 20090522 ‘
(Phase B). Agreement on the design of Phase B should be completed prior to
approval.
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¢ In support of an approval for denosumab for the prevention of post-
menopausal osteoporosis, Amgen must conduct a clinical and clinical
pharmacology development program that defines a dose and schedule that is
efficacious and has acceptable, long-term safety profile. The proposed
development program should be submitted to FDA for review and
determination of its acceptability.

e In addition, Amgen must provide the results of Protocol 20090521 (Phase A)
and reach agreement with the Division of Reproductive and Urologic Products
on the design of Protocol 20090522.

e Risk Benefit Assessment:
The clinical development program for denosumab demonstrated that in patients
with low bone mass or osteoporosis as defined by a BMD score, due to age
(PMO) or medical therapy (HA trials), denosumab treatment significantly
increases BMD score at one year (Protocol 10040135), a surrogate endpoint for
risk of skeletal fracture. The validity of this surrogate in denosumab-treated
patients was established in Study 216 and supported by the findings of Study 138.
However, the benefit of reducing the risk of skeletal fractures cannot be weighed
against the unknown level of risk of an adverse effect on tumor progression.

Based on the potential but unexpected impact of other supportive care agents’
(erythropoesis-stimulating agents) on shortening time to progression and death
demonstrated in multiple controlled clinical trials, FDA now considers that for
novel products, even those without a clearly established mechanism for tumor
growth promotion, data should be provided that rule out the potential for adverse
impact on tumor growth. Neither of the trials conducting in patients with cancer
receiving hormone ablation therapy was adequate in design to rule out such
effects. Specifically, these trials did not include systematic, comprehensive
monitoring of primary and potential metastatic disease sites in a manner which
would allow one to conclude that a clinically significant 1mpa1rment 1n
progression-free survival did not exist. i

¢ Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies
The applicant has been requested to submit a REMS consisting of a Medication
Guide and a communication plan to mitigate risks of serious infection,
dermatologic toxicity, and over-suppression of bone turn-over through
communication of these risks to patients and healthcare providers.

e Recommendation for other Postmarketing Requirements and Commitments
The applicant has been requested to conduct post-marketing surveillance to

further characterize the risks of serious infection, dermatologic toxicity, and over-
suppression of bone turnover.
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1. Introduction

This abbreviated CDTL review primarily addresses issues related to Amgen’s complete
response safety update to efficacy supplements 125320/5 and 125320/6. Refer to Section 2 of
this review for the history regarding the submission of these supplements.

Denosumab is a monoclonal human IgG?2 antibody that binds to human RANKL and is
manufactured using genetically engineered Chinese hamster ovary cells. The RANK/RANKL
(receptor activator for nuclear factor k B ligand) pathway is involved in the formation,
function, and survival of osteoclasts (responsible for bone resorption).

To support this sSBLA, the applicant primarily relied on the results of two randomized trials:

e Trial 20040135 (135): A Randomized, Phase III, Double-blind, Placebo-controlled Trial
' to Evaluate AMG162 in the Treatment of Bone Loss in Patients Undergoing Aromatase
Inhibitor Therapy for Nonmetastatic Breast Cancer

e Trial 20040138 (138): A Randomized, Double-blind, Placebo-controlled Trial to Evaluate
AMG 162 in the Treatment of Bone Loss in Patients Undergoing Androgen-deprivation
Therapy for Nonmetastatic Prostate Cancer

Amgen supported these applications by submitting the results of Trial 20030216,
demonstrating a reduction in the risk of fractures in women with osteoporosis at high risk for
fractures. The Agency reviewed data from this trial as part of the original approval of
denosumab as Prolia (refer to Section 7 below).

The primary regulatory consideration of the complete response to this application was whether
denosumab causes deleterious effects on tumor outcomes. To address this issue, Amgen
submitted the results of three studies evaluating denosumab in cancer patients with bony
metastases (See Section 2 below).

2. Background

FDA received two Biologics License Applications (STN 125332/00 and 125333/00) for
denosumab (proposed trade name Prolia) on December 19, 2008 for the treatment and
prevention of bone loss associated with hormone ablation therapy in patients with prostate or
breast cancer. FDA designated October 19, 2009 as the PDUFA goal date. Following the
review of these applications, DBOP issued a Complete Response letter on October 19, 2009.
The response letter contained the following reason for not approving the original application.

You have not provided substantial evidence from adequate and well controlled clinical
trials establishing the safety of Prolia (denosumab) in patients with breast cancer
receiving aromatase inhibitor therapy or patients with prostate cancer receiving
androgen deprivation therapy. Specifically, the data from clinical trials submitted in
these license applications are inadequate to determine if Prolia has detrimental effects
on breast cancer or prostate cancer outcomes since the trials were not adequately

(%)
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designed to compare disease-free survival and overall survival between treatment arms.
Provide results from adequate and well-controlled clinical trials demonstrating that
Prolia has no detrimental effects on either time-to-disease progression or overall
survival. :

Provide a justification for each of the studies selected based on adequacy of design and
conduct, including but not limited to:

a. adequacy of the sample size to detect a clinically meaningful detrimental effect;

b. assurance that monitoring assessments are performed with appropriate frequency
and are adequate in scope to assess disease progression;

c. confirmation that the trial is masked to treatment or determination of disease
progression is conducted in a manner that minimizes bias based on knowledge of
treatment;

d. the analysis is mature with minimal amounts of missing data; and,

treatment arms are-well-controlled with respect to prognostic factors (including
concomitant anti-neoplastic therapy). ’

The clinical study report(s) should contain analyses of overall survival and progression
free survival, primary data and programs used to generate all analyses presented, as
well as case report forms for all patients who progressed while receiving denosumab
and all patients who died during the conduct of the trials.

Subsequently, FDA approved denosumab, as Prolia, on June 1, 2010, for the treatment of
postmenopausal women with osteoporosis at high risk for fracture. This review will not
describe the pertinent regulatory history of denosumab prior to the October 19, 2009, CR
action. Suzanne Demko described this regulatory history in her clinical review of the original
applications (STN 125332/00 and 125333/00).

Following the CR action, Amgen submitted a proposal to the Agency on February 18, 2010 to
submit the results of three trials reviewed as part of the Xgeva efficacy supplement (STN
125320/7) to address the deficiencies identified in the CR letter. These trials included
assessments of disease progression and overall survival, and these trials explored a higher dose
intensity of denosumab (120 mg subcutaneously every four weeks). FDA responded in a
memorandum dated March 2, 2010 that the Agency would accept the data from these trials that
enrolled approximately 5,700 patients (2,862 received denosumab); however, overall
acceptance of the data to support approval would be a review issue.

3. CMC

Review staff identified no new quality issues during the review cycle for this resubmission.

As summarized in the Division Director’s summary review dated October 16, 2009, there were
no outstanding CMC issues that precluded approval. CMC-related post-marketing
commitments described in Dr. Keegan’s review memo were instituted as part of the initial
Prolia BLA approval for osteoporosis (refer to approval letter for STN 125320/0 dated June 1,
2010). .
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4. Nonclinical Pharmacology/Toxicology

Non-clinical review staff identified no new issues during the review cycle for this
resubmission. At the time of the original review of these two applications, non-clinical review
staff stated that no outstanding nonclinical pharmacology or toxicology issues existed that
would preclude approval.

S. Clinical Pharmacology/Biopharmaceutics

Clinical Pharmacology review staff from the Clinical Pharmacology 5 Division of OCP found
the clinical pharmacology and biopharmaceutics data as acceptable to support the approval of
these efficacy supplements.

5.1 General clinical pharmacology/biopharmaceutics considerations

5.1.1 Dose selection

Clinical pharmacology review staff submitted an updated review following the CR response
by Amgen. Refer to page 9 of the Clinical Pharmacology Biopharmaceutics Review
[http://www.accessdata.fda.gov/drugsatfda_docs/nda/2010/125320s000ClinPharmR.pdf
(accessed July 15, 2011)] for a discussion of clinical studies used to support dosing. Amgen
investigated the same doses [60 mg subcutaneous (SC) every six months] in the two oncology
osteoporosis studies that Amgen investigated in the postmenopausal osteoporosis studies.

5.1.2 Pharmacokinetics

As identified in the OCP review, Amgen did not provide additional pharmacokinetic data in
this resubmission of the efficacy supplements. Refer to product labeling and the original BLA
reviews for information regarding the pharmacokinetics of denosumab at the dose and
schedule proposed in these efficacy supplements.

5.2 Drug-drug interactions

OCP determined, during the review of STN 125320/7 (Xgeva supplement), that concomitant
anticancer therapy did not appear to influence the pharmacokinetics or pharmacodynamics of
denosumab. Additionally, prior intravenous bisphosphonate therapy did not:appear to affect
denosumab concentrations (at one and three months post dosing) or uNTx/Cr concentrations
(evaluated in Studies 20040114 and 20040113).

5.3 Immunogenicity

As identified in the OCP review, Amgen did not provide additional immunogenicity data in
this resubmission of the efficacy supplements. The original submission contained data (as
summarized by OCP) that less than 1% of patients (43 out of 8,113) tested positive for binding
antibodies; none of these patients developed neutralizing antibodies. These binding antibodies
did not influence the PK, PD, tolerability, or efficacy of denosumab according to OCP review
staff. - '
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5.4 Demographic interactions/special populations

5.4.1 Body weight

As summarized by OCP in the review of the original submission, the final population
pharmacokinetic model demonstrated an association between body weight and denosumab
pharmacokinetic parameters in postmenopausal women. OCP confirmed this finding during
the review of an updated population PK model (STN 125320/7) that explored a higher dose
and more frequent dosing schedule of denosumab. Nevertheless, as stated in the OCP review,
“denosumab at a fixed dose of 60 mg provides a similar time course of serum concentrations
as to a dose of 1 mg/kg over a wide body weight range of 44 kg to 113 kg.”

5.4.2 Renal insufficiency

Pharmacokinetic parameters appeared unaffected or minimally effected by varying degrees of
renal dysfunction as described in the OCP review of Study 20040245 (a dedicated renal
impairment study). However, the analysis below, copied from Dr. Shord’s review of STN
125320/7, shows a higher probability of hypocalcemia in patients with reduced creatinine
clearance. Product labeling describes this finding of hypocalcemia in patients with reduced
creatinine clearance.

Figure 1 Probability of Hypocalcemia versus Baseline Creatinine Clearance
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5.4.3 Other demographic populations

OCP reported no differences in pharmacokinetic parameters in patients older than 65 years
treated with denosumab. As described during the review of STN 125320/7, clearance values
of denosumab were higher in Black and Hispanic patients treated with denosumab compared
to Asian and White patients; however, these differences were within the reported PK
variability at high denosumab concentrations estimated from phase 2 and 3 studies.

The safety and efficacy of denosumab has not been studied in children treated with
denosumab. However, neonatal rats exposed to OPG-Fc exhibited greater reductions in
skeletal growth and inhibited incisor growth. In.a long term recovery study, rats exhibited
modest epiphyseal growth plate changes after discontinuing OPG-Fc and bone size was
decreased when compared to control vehicle group. A separate study report showed that
weekly OPG-Fc caused osteopetrosis-like changes in rats at the 10 mg/kg dose-level.
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Histopathological assessment of the tibia showed disorganized growth plate morphology.
Amgen concluded from non-clinical studies that denosumab carries potential risks (in patients
with rapidly growing bones) of widened growth plates, decreased long bone growth, and
impaired dentition.

5.5 Thorough QT study or other QT assessment

During the review of the original BLA (STN 125320/0), QT-IRT determined that ECG
evaluations were adequate and that denosumab did not appear to prolong QTc intervals across
a dosing spectrum up to 210 mg. QT-IRT did not require any new studies to support this
efficacy supplement.

6. Clinical Microbiology

This section is not applicable to this indication.

7. Clinical/Statistical-Efficacy

Suzanne Demko was the primary reviewer of safety and efficacy for this application and her
review was completed on December 19, 2008. Suzanne Demko recommended against
approval in her original review because the effects of denosumab on cancer outcomes were not
adequately elucidated at the time of the complete response action. Suzanne Demko stated that
“any future consideration of this application is predicated on a demonstration that there are no
detrimental effects on cancer outcomes from analyses of data from completed and ongoing
clinical trials in patients with metastatic cancers.”

The statistical reviewers summarized that the data from the studies rev1ewed in these
applications supported the claimed treatment effects.

This review will contain only a brief synopsis of efficacy as efficacy results were described
and summarized at the time of the original review of these two applications.

7.1 Summary of clinical program

Four major efficacy trials supported the use of denosumab for the treatment ofpatients with
osteoporosis at high risk for fracture: Trials 20040135, 20030216, 20040138, and 20040132.
The Division of Reproductive and Urology Products (DRUP) reviewed the primary efficacy
data for Trial 20030216 under STN 125320, supporting the use of denosumab for the treatment
of women with post-menopausal osteoporosis and Trial 20040132 supporting the proposed
indication of prevention of osteoporosis. Following a review of these applications, an
indication was granted for the treatment of postmenopausal women with osteoporosis at high
risk for fracture. Denosumab is not indicated for the prevention of osteoporosis.

For the two applications subject to this review (now classified as efficacy supplements), the
applicant submitted the results from Trials 20040135 and 20040138. These trials are
summarized in Table 1 below.
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Table 1: Overall Design of Efficacy Trials 20040135 and 20040138

Duration
. . . Subjects of Primary
Trial - Population Design Randomized | treatment Endpoint
. (mo)
Women with non-
metastatic breast
cancer receiving
135 aromatase inhibitor 252 (U.S, 24 Lumbar Spine
therapy with a T- . Canada) BMD at 12 months
Randomized
score of -1.0 to -2.5
. (1:1) double-
at the LS, hip, or .
blind, placebo
femoral neck
- controlled
Men with non-
. 1468 (U.S.,
metastatic prostate Spi
138 cancer at high risk Europe, 36 Lumbar Spine
Canada, BMD at 24 months
for fracture 3 Mexico)
receiving ADT

Ultimately, a determination of clinical benefit from Trials 135 and 138 relied upon the results
of Trial 20030216 reviewed by DRUP. Trial 216 was a large (n=7,808) multinational,
multicenter, randomized (1:1) double-blind, placebo controlled trial designed to evaluate
whether denosumab administered every 6 months would reduce the risk of new vertebral
fractures in postmenopausal women (aged 60 to 91) with osteoporosis (T-score between -2.5
and -4) during the 36-month treatment period. In addition to denosumab or placebo, patients
received calcium (> | gram) and vitamin D (> 400 IU). As summarized in Suzanne Demko’s
review, denosumab resulted in a statistically significant reduction in the risk of new vertebral,
nonvertebral, and hip fractures when compared with placebo based on a pre-specified

sequential testing procedure. The protocol stipulated testing of the primary endpoint at month
36.

Table 2: Primary Efficacy Results of Trial 136

Relative Risk : Absolute Risk
Site Reduction (%) at P value Reduction (%) at
Month 36 (95% CI) Month 36 (95% CI)
Vertebral fracture 68 (59, 74) <0.0001 4.8(3.9,5.8)
Non-vertebral fracture 20(5,33) 0.0106 1.5(0.3,2.7)

Table 2 shows that denosumab reduced the risk of vertebral and non-vertebral fractures.
Denosumab also reduced the relative risk of hip fractures by 40% at 3 years with an age-
adjusted absolute risk-reduction of 0.3% at 3 years. In addition to the effects of denosumab on
fractures, treatment with denosumab increased bone mineral density (BMD) at 3 years at the
lumbar spine, hip, and femoral neck.

The effects of denosumab on fractures and BMD in the postmenopausal osteoporosis trial
allowed the Agency to consider the results of Trial 136, a smaller clinical trial evaluating the
effects of denosumab on BMD (a surrogate) in women with non-metastatic breast cancer
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receiving aromatase inhibitors. The results of Trial 138 demonstrated improvements in BMD
and on vertebral fractures.

Amgen subsequently supported these applications by submitting the results from three
randomized controlled trials comparing the effects on skeletal related events (SREs) of
denosumab against zoledronic acid. Amgen designed all three trials to demonstrate non-
inferiority of denosumab as compared to zoledronic acid in time to first on-study SRE. This
CDTL reviewer summarized efficacy results from these three trials as part of the review of the
application of SBLA 125320/7 (Xgeva SRE applications). Additional safety results pertinent
to these applications are summarized in Section 8 below.

Table 3: Studies Submitted by Amgen that Evaluated Tumor Outcomes in Patients with
Cancer Metastatic to Bone

. . Study . s . . N | Subjects
Trial Disease Design Primary Objective Regimen Enrolled
103 | Prostate cancer : To determine if 1901
. Denosumab SC and
136 Breast cancer denosumab is non- X . 2046
- . . . zoledronic acid
Solid tumors Randomized, inferior to lacebo IV Qdw
(excluding double-blind, zoledronic acid p ’
breast and double- with respect to first or
244 tat dummy on-stud zoledronic acid IV 1776
p?;fdarsu(i?ir;:r) ¢ occurrence Zf an and denosumab
myeloma SRE placebo SC Q4w

*SC = subcutaneous; IV = infravenous

7.2 Trial 135

Trial 135 randomized (1:1) 252 women with breast cancer receiving adjuvant aromatase
inhibitor therapy (Al) to receive either denosumab (60 mg every 6 months) or placebo. The
trial randomized 127 patients to the denosumab arm and 125 patients to the placebo arm and
stratified patients by duration of aromatase inhibitor therapy (< 6 months versus > 6 months).
An additional key eligibility criterion included a requirement for a lumbar spine, total hip,
and/or femoral neck BMD T-score of -1.0 to -2.5.

As described in Table 1, the primary efficacy endpoint was the percentage change in BMD in
the lumber spine at 12 months. Key secondary endpoints included percentage change in
lumbar spine density at 6 months and percentage change in the BMD from baseline to months
6 and 12 in the hip and femoral neck. The protocol stipulated monitoring of BMD by dual x-
ray absorptiometry (DXA) of the spine, femoral neck, and total hip at baseline and at months
1,3, 6, 12, and 24 (or during the early termination visit). ‘The protocol also required X-rays at
baseline and month 24. This trial did not include a systematic plan to assess patient outcomes
related to cancer. Amgen designed the trial with adequate power to detect a 2% difference in
the treatment effect at the lumbar spine between arms.

In general, demographic characteristics of the patient populations were reasonably balanced
between treatment arms. Most patients were White (91% receiving denosumab and 95%
receiving placebo) and > 96% of patients in both arms were enrolled in the United States.
Median age was 59 years in the denosumab arm and 60 years in the placebo arm. More
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patients in the denosumab arm had infiltrating ductal carcinoma histology (86% versus 74%)
and more patients in the denosumab arm had NO lymph node status (68% versus 57%). Some
imbalances may be attributable to the relatively small sample size of Trial 135.

Exposure to study drug or placebo was reasonably similar between the two arms (refer to
Table 8 of Suzanne Demko’s review).

The primary efficacy analyses were assessed using the intent-to-treat population. Treatment
with denosumab resulted in a statistically significant (p < 0.0001) increase in lumbar spine
BMD between denosumab and placebo at the 12 month time-point based on a least square
mean estimate (denosumab + 4.8% versus placebo — 0.7%). The difference between arms was
5.5% with a 95% CI of 4.8 to 6.3. Despite missing BMD scores at 12 months in 9% of
patients in the denosumab arm and 15% in the placebo arm, sensitivity analyses confirmed the
robustness of the overall treatment effects. The effects on BMD at 12 months were maintained
in the supportive analyses of BMD at 24 months.

This CDTL reviewer agrees with Suzanne Demko that the results of this trial alone were not
sufficient to determine that denosumab provides clinical benefit in this population because the
trial was designed to measure an effect on a surrogate endpoint. However, the results of Trial
216, summarized above, support a fracture reduction benefit for patients at high risk for
fracture. Study 135 was too small and of too short duration to assess for any meaningful
differences in fracture rate (Study 135 enrolled 252 patients versus 7,808 patients in the post-
menopausal osteoporosis study). Amgen also demonstrated an effect on fracture reduction in
the lumbar region as a secondary endpoint in Trial 138 (supporting clinical benefit in
appropriately selected patients).

7.3 Trial 138

Trial 138 randomized (1:1) 1,468 men with non-metastatic prostate cancer receiving hormone
ablation therapy to receive either denosumab (60 mg every 6 months) or placebo. Acceptable
forms of androgen deprivation therapy included gonadotropin-releasing hormone (GnRH)
agonist therapy expected to be continued for at least 12 months or surgery (orchiectomy). The
trial randomized 734 patients to receive denosumab and 734 patients to receive placebo for up
to 36 months. Stratification factors included age (< 70 years versus > 70 years) and duration
of prior ADT at the time of study entry (< 6 months versus > 6 months). An additional key
eligibility criterion included a requirement for a T-score measurement of < -1.0 at the lumbar
spine, total hip, or femoral neck or a history of osteoporotic fracture for patients younger than
70 years. :

As described in Table 1, the primary efficacy endpoint was the percentage change in BMD in
the lumber spine at 24 months. Key secondary endpoints included percentage change in BMD
at 24 months; percentage change in lumbar spine, femoral neck, and total hip BMD at 36
months; per-patient incidence of any fracture; and per-patient incidence of vertebral fracture
over the 36 month time-period. The protocol stipulated monitoring of BMD by dual x-ray
absorptiometry (DXA) of the spine, femoral neck, and total hip at baseline, and at months 1, 3,
6, 12, 34, and 36 (or during the early termination visit). A randomized subset of 1/3 of the
patients also underwent screening and post-treatment DXA scans of the total body and distal
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radius. This trial did not include a systematic plan to assess patient outcomes related to
cancer. Amgen designed the trial with adequate power to detect a 2% difference in treatment
effect on BMD at the lumbar spine between arms.

In general, demographic characteristics of the patient populations were reasonably balanced
between treatment arms. The majority of patients were enrolled in either the United States or
Canada. Median age in both arms was 76 years. Enrollment by demographic status
(denosumab versus placebo) was 84% versus 83% for White patients; 10.5% versus 11% for
Hispanic or Latino patients; 4.9% versus 4.4% for Black or African American patients; and
0.7% versus 0.4% for Asian patients. A total of 74.1% of patients enrolled in the denosumab
arm versus 71.4% of patients enrolled in the placebo arm were stage II. Gleason score was <7
for 68% of patients randomized to the denosumab arm versus 73% randomized to the placebo
arm.

Exposure to study drug or placebo was reasonably similar between the two arms (refer to
Table 18 of Suzanne Demko’s review).

The primary efficacy analyses were assessed using the intent-to-treat population. Treatment
with denosumab resulted in a statistically significant (p < 0.0001) increase in lumbar spine
BMD between denosumab and placebo at the 24 month time-point (denosumab + 5.6% versus
placebo — 1.0%). The difference between arms was 6.7% with a 95% CI of 6.2 to 7.1. BMD
results in the femoral neck and total hip also favored patients in the denosumab arm compared
to the placebo arm. Finally, a reduction in vertebral fractures but not total fractures was
observed at 36 months among patients who received denosumab [vertebral fractures: 1.5% vs.
3.5% (odds ratio: 0.37, 95% CI: 0.18, 0.78: p=0.013)].

This reviewer concurs with the efficacy conclusions made by the clinical and statistical
reviewers. The study met the primary outcome measures for BMD at 12 and 24 months for
Trials 135 and 138, respectively. These improvements in BMD were supported by a reduction
in vertebral fractures in the prostate cancer trial and a reduction in fractures in the larger
osteoporosis trial (216) reviewed by DRUP. Overall, these studies established the
effectiveness of denosumab as a drug that can reduce the risk of fractures in patients at high
risk for fracture (this was based on a surrogate endpoint in the breast cancer study). The study
results did not justify the use of denosumab in patient populations at lower risk of fracture (i.e.,
for the prevention of osteoporosis in men or women at low risk of fracture). Refer to Suzanne
Demko’s review and the minutes of the August 13, 2009 Adv1sory Committee for more
detailed discussions of the prevention indications.

8. Safety

8.1 Adequacy of database, major safety findings

This reviewer considered the size of the safety database as adequate. At the time of Suzanne
Demko’s original review of the efficacy supplements, Amgen submitted safety data from over
14,000 subjects enrolled in denosumab clinical trials. Following the CR action, FDA also
reviewed data on 2,841 patients with cancer who received denosumab in Clinical Trials 103,
136, and 244 [refer to Xgeva efficacy supplement reviews (STN 125320/7)]. Safety
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conclusions from the Xgeva application differed from those from the Prolia applications due to
the different dosing regimens used for the different indications. Patients enrolled in the Xgeva
trials specifically appeared at higher risk for osteonecrosis of the jaw. This review will focus
on the safety of denosumab when administered at a dose of 60 mg subcutaneously every 6
months. Nevertheless, the Xgeva trials were useful in the evaluation of tumor outcomes as
they enrolled a large number of patients with cancer.

In addition to the safety information described in Suzanne Demko’s initial review and the
Division Director’s summary review, Amgen submitted new safety data in the resubmission of
the efficacy supplements. This data consisted of extended safety follow-up of patients enrolled
in HALT Trials 20040135 and 20040138 (135 and 138). A total of 186 patients completed the
24-month treatment phase of Trial 135 and participated in extended follow-up (n = 96 for
denosumab). In Trial 138, a total of 802 patients (n = 417 for denosumab) completed the 36-
month treatment phase and participated in extended follow-up. Dr. Pradhan completed the
review of this extended follow-up safety data. In general, unless otherwise specified, no new
safety signals were found in the extended follow-up data compared to the review of the
original HALT applications. :

The following were the primary submission specific safety concerns identified by Suzanne
.Demko:

e Tumor Promotion and Malignancy: This was the primary concern identified by Suzanne
Dembko resulting in a CR action by the Agency. A signal of tumor promotion was not
observed in Trials 135 and 138; however, these trials did not rigorously assess tumor
outcomes. Based on experience with other supportive care drugs, additional data on the
effects of denosumab on tumor outcomes were considered necessary prior to the approval
of the HALT efficacy supplements. Amgen provided this data in this response. Refer to
Section 8.4 below for further discussion.

Labeling previously agreed to by DRUP and Amgen states that breast cancer was one of
the most common adverse reactions leading to treatment discontinuation. Although breast
cancer may have been a reason for treatment discontinuation, this CDTL is not convinced
that sufficient evidence exists that breast cancer should be considered an adverse reaction.
For example, although there was a slight imbalance in discontinuation evénts in the post-
menopausal osteoporosis trials (20 versus 10 patients), the overall incidence of breast
cancer was 4% in each arm. Additionally, refer to Section 8.4 below regarding progression
events for breast and prostate cancer. During labeling discussions with DRUP and OSE,
breast cancer was removed from the most common adverse reactions leading to treatment
discontinuation (as breasts cancer did not meet the criteria for listing as an adverse
reaction).

e Infections: Suzanne Demko reported a slightly increased incidence of serious infections in
patients receiving denosumab and more serious infections of the skin, ear, abdominal
system and urinary tract. However, deaths due to infections occurred more frequently in
patients receiving placebo. Notably infection did not occur more frequently in studies
evaluating a higher dose of denosumab (Xgeva trials) when compared to zoledronic acid.
The total pooled incidence of infection in the three advanced cancer trials was 0.9% for
denosumab and 0.7% for zoledronic acid.
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e Osteonecrosis of the jaw (and changes in bone histomorphometry): No cases of ONJ
occurred in the PMO or HALT trials and no additional cases occurred during the extended
follow-up of the HALT trials. ONJ occurred in 2.2% of patients enrolled in Xgeva clinical
trials. As noted, patients in the Xgeva trials received a higher dose intensity of
denosumab.

e Hypocalcemia: Hypocalcaemia appeared transient without serious clinical sequelae in the
HALT trials. Patients in the HALT trials received calcium and vitamin D. The risk of
hypocalcemia increased in patients with a creatinine clearance of < 30 mL/min. Severe

" hypocalcemia may be more frequent in patients receiving the higher Xgeva dose (3.1% of
patients developed a corrected serum calcium less than 7 mg/dL in the Xgeva trials).

e Dermatologic adverse reactions: Dermatological adverse reactions occurred with higher
frequency in the postmenopausal osteoporosis studies. The Prolia label contains a
Warning for these reactions. This finding was not confirmed in the Xgeva advanced
cancer trials.

e Cataracts: Suzanne Demko reported an increased incidence of cataracts occurring in the
prostate cancer trial (138) and noted that this safety finding may necessitate additional
study. A total of 4.7% of patients developed cataracts in the denosumab group versus
1.2% of patients in the placebo group. This finding was not replicated in the
postmenopausal osteoporosis trials or in Trial 135. In the extended follow-up of Trial 138,
a total of 4 patients in the prior denosumab group and 7 patients in the prior placebo group
developed cataracts.

The unexpectedly high incidence of cataracts observed in Trial 138 was not replicated in
Xgeva Trial 103 that enrolled patients with prostate cancer. The per-patient incidence rate
of cataracts in Trial 103 was 0.4% in the denosumab group versus 0.5% in the zoledronic
acid group. Trial 103 was a double-blind trial and the median number of doses of
denosumab administered to patients in Trial 103 was 13.5 (with median 13 months on
study).

8.2 Deaths, SAEs, discontinuations due to AEs, general AEs, and results of
laboratory tests

8.2.1 Deaths

Clinical reviewers found the causes of death, including cardiac, to be balanced between
treatment arms in the postmenopausal osteoporosis studies and in the HALT studies.
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8.2.2 SAEs

Clinical review staff found no statistically significant or clinically meaningful differences in
SAEs between treatment groups in Trials 135 or 138. A higher overall rate of SAEs (generally
balanced between arms) occurred in the prostate cancer study. This higher rate may be related
to the higher age of the population and longer duration of follow-up compared to the trial
conducted in women with breast cancer.

8.2.3 Drop-outs and discontinuations due to adverse events

The numbers of patients who discontinued therapy or withdrew from the trials were balanced
between treatment groups in Trials 135 and 138.

8.2.4 Common adverse events

There were no adverse events that occurred at an (per-patient) incidence rate of > 5% and with
an increased per-patient incidence rate of 5% or higher in the denosumab groups as compared
to the placebo groups. Product labeling lists the following most common adverse reactions in
patients receiving denosumab: back pain, pain in extremity, musculoskeletal pain,
hypercholesterolemia, and cystitis. The most common adverse reactions in patients receiving
denosumab in the HALT trials were arthralgia, back pain, pain in the extremity, and
musculoskeletal pain.

8.3 Immunogenicity
Refer to Section 5.3 above.

8.4 Special safety concerns

The primary safety concern regarding these two efficacy supplements involved the potential
for adverse cancer outcomes in patients who receive supportive care drugs. To address this
concern, Amgen submitted analyses of progression free survival (PFS) and overall survival
(OS) from three trials that evaluated denosumab at a higher dose (120 mg) and more frequent
schedule in patients with advanced cancer and bony metastases.

Dr. Shan Pradhan (clinical), Dr. Michael Axelson (clinical), Dr. Weishi Yuan (statistical), and
Dr. Jing Zhang (statistical) reviewed the data from three trials submitted to application STN
125320/7. Table 3 above lists the titles and basic descriptions of the three trials. These three
trials established the effectiveness of denosumab in preventing skeletal related events in
patients with solid tumors metastatic to bone. PFS and OS were prospectively monitored;
however, they were considered exploratory endpoints for purposes of statistical testing.
Amgen did not utilize an independent radiology review to determine a patient’s date of
progression; however, adequate blinding minimized the potential for bias. A review of data by
the clinical review team determined that specific adverse events were unlikely to result in
unmasking of the blind status for most patients.

In the resubmission, Amgen provided data from a combined 5,520 patients. Amgen evaluated
survival status for all patients except those who withdrew full consent or who were lost to
follow-up. The applicant stated that the size of this population provided sufficient power to
provide approximately 98% power to detect a 15% increased risk of worse survival and an
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84% power to detect a 10% increase in risk. Regarding PFS, Amgen stated that the size of the
advanced cancer population from these 3 studies (combined) was sufficient to provide
approximately > 99% power to detect a 15% increase in risk, and 90% power to detect a 10%
increase in risk.

Table 4 contains the PFS and OS results from the three advanced cancer trials (103, 136, and
244) that Amgen submitted as part of this complete response. The hazard ratios for PFS and
OS all are close to 1.0. Amgen performed an integrated analysis of OS from the three trials
and computed a HR 0f 0.99 [0.91, 1.07]. A total of 1,254 (43.8%) death events occurred
among patients treated with denosumab versus 1,240 (43.3%) receiving zoledronic acid. Table
5 below shows that the FDA integrated analyses of PFS and OS from Trials 103, 136, and 244
produced results similar to Amgen’s results.

Table 4: PFS and OS Results from Advanced Cancer Studies (FDA Analyses)

Number of events (%) | Median (in mos.) HR
D | zA D | ZA (95% CI)

Endp_oint

Trial 103 Prostate Cancer (n = 950 denosumab; n = 951 zoledronic acid)

(0N

474 (49.9)

461 (48.5)

19.4

19.8

1.05 (0.91, 1.20)

PFS

767 (80.7)

735 (77.3)

8.1

8.0

1.03 (0.92,1.14)

Trial 136 Breast Cancer (n = 1,026 denosumab;

n = 1,020 zoledronic acid)

O8]

301 (29.3)

305 (29.9)

29.4

NR

0.96 (0.82, 1.13)

PFS

683 (66.6)

698 (63.4)

11.8

11.7

1.01 (0.91, 1.13)

Trial 244 Other Tumors (n = 886 denosumab; n = 890 zoledronic acid)

0OS 479 474 12 12.6 0.95 (0.84, 1.08)

PFS 687 679 5.4 5.5 1.01 (0.91, 1.12)

Comment: In each study, the power to detect small differences in PES or OS was low. The
combined analysis of the three studies provided some increase in power. The 95% CI
excluded a HR of 1.07 for OS and 1.08 for PFS. OS effects observed in the HALT trials. ®®
I 99 provided further evidence that there is unlikely to be a clinically
important effect on tumor outcomes in patients receiving denosumab. Additionally, Amgen, as
a PMC following the approval of STN 125320/7, agreed to provide complete survival
information from Trials 103, 136, and 244 by October 1, 2012. FDA requested this additional
data to confirm the consistent effects across trials regarding a lack of effect on either PFS or
OS in patients with cancer. It should be stressed that these studies do not provide definitive

evidence of non-inferiority regarding PFS or OS. [ ee
e

Nevertheless, the totality of the evidence suggests that treatment with denosumab does not
result in a large detrimental effect on OS or PES.
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Table 5: Pooled Analysis of OS and PFS from Trials 103, 136, and 244 (FDA analyses)

Pooled Survival Pooled OS Pooled PFS
All Three Trials Denosumab ZA Denosumab ZA
N =2862 N=2861 N =2862 N=2861
Number of Events (%) | 1254 (43.8%) | 1240 (43.3%) | 2137 (74.7%) | 2112 (73.2%)
Median S‘é’g“’al (93% 1 55 5(21.3,23.6) | 22.3 (20.9,23.5) | 83(7.9,85) | 8.3(7.9,8.5)

HR (95% CI) 0.98 (0.90, 1.06) 1.01 (0.95, 1.07)

*ZA = zoledronic acid

8.5 Highlight differences between CDTL and review team with explanation for
CDTL’s conclusion and ways that the disagreements were addressed

There were no major differences between the CDTL and the primary review team regarding
this section of the application.

9. Advisory Committee Meeting

FDA convened a meeting of the Advisory Committee for Reproductive Health Drugs on
August 13, 2009 to discuss the denosumab osteoporosis indications. The committee included
representation from oncologists in addition to endocrinologists, infectious disease specialists,
dermatologists, statisticians, a consumer representative, a patient representative, and an
industry representative. The following, as stated in Susanne Demko’s review, summarizes the
recommendations made by the committee:

a. Approve denosumab for the treatment of post menopausal osteoporosis (PMO); but limit to
high risk patients
b. Do not approve for the prevention of PMO

c. Do not approve for the treatment or prevention of bone loss in patients with breast cancer
receiving aromatase inhibitor therapy

d. Approve for the treatment of bone loss in men with prostate cancer receiving androgen
deprivation therapy
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e. Do not approve for prevention of bone loss in men with prostate cancer receiving androgen
deprivation therapy

f. Include a Risk Evaluation and Mitigation Strategy (REMS) as a condition of approval

Regarding the cancer osteoporosis indications, the minutes from the meeting stated that “the
committee indicated that studies should show safety, with no adverse outcome on clinical
course of cancer treatment.” Recommendations against approval for patients with cancer were
made based on the lack of data on the effects of denosumab on tumor outcomes. The three
oncologists on the panel disagreed with the recommendation to approve denosumab for the
treatment of bone loss in men with prostate cancer receiving androgen deprivation therapy
(based on the lack of knowledge of the effects of denosumab on tumor outcomes).

10. Pediatrics

The PeRC reviewed and granted the applicant’s request for a full waiver of PREA
requirements on June 20, 2009 during the original review cycle. PeRC granted the waiver for
the proposed indications because the diseases/conditions (breast cancer, prostate cancer, and
osteoporosis) do not exist in the pediatric population.

11. Other Relevant Regulatory Issues

11.1 Application Integrity Policy (AIP)

Based on the review of CRFs by the clinical reviewer and preliminary inspection findings of
study sites by DSI (verbally communicated during an internal review-team meeting), the
primary data submitted to this application were found to be reliable for the primary analyses of
safety and efficacy.

11.2 Financial disclosures

Section 3.3 of Suzanne Demko’s clinical review describes investigators and sub-investigators
with financial conflicts of interest who participated in the conduct of the two trials supporting
these applications. Suzanne Demko found that the applicant’s Statement of Actions to
Minimize Bias for the few investigators who disclosed financial interests to be.acceptable.
Additionally, the design of the studies minimized the chance that these investigators unduly
influenced the outcomes of the studies (i.e., large placebo controlled international studies).

11.3 GCP issues

The applicant, in the clinical study report for Trial 216, described numerous GCP violations at
Site 803, located in Lithuania. Violations included enrollment of patients without informed
consent, under-reporting of SAEs, and eligibility criteria violations. Based on these findings,
the applicant excluded data from all subjects at this site (n = 60) from efficacy and safety
analyses. Suzanne Demko found that based upon this information, it is unlikely that these
violations introduced bias that would affect the overall study results.

11.4 DSI audits

During the original review cyble, DBOP consulted DSI to inspect four sites that enrolled
patients into the two trials (refer to Suzanne Demko’s review). DSI also inspected a CRO
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acting as the independent radiologic vender and found that the procedures employed by the
applicant and the CRO were adequate.

11.5 DRISK consult

Refer to Section 13.3 of this review regarding DRISK consultation regarding the REMS.
Refer to Section 12.4 for DRISK consultation regarding the Medication Guide.

12. Labeling

12.1 Labeling issues raised by DDMAC

DBOP received DDMAC’s consult on August 18, 2011. DDMAC raised the following

labeling issues:

e DDMAC recommended adding the term “nonmetastatic” prior to prostate cancer and
breast cancer in the Highlights section, in the indication statement, and in Section 14.3
(breast cancer). Comment: This reviewer agrees with adding the term “nonmetastatic”
prior to prostate cancer to clarify the intended population; however, this reviewer
disagrees with the addition prior to the breast cancer indication, as this term is redundant
(the proposed indication is for patients receiving adjuvant aromatase inhibitor therapy for
breast cancer: by definition, this means non-metastatic breast cancer).

e DDMAC recommended removal of the following from the indication statements.
e 12: O

e 1.3 ®) @

Comment.: Following internal labeling discussions with DRUP, DBOP agreed to the

removal of the statements ®®@ consistent with other
labels in PLR format. Both divisions agreed to allow the statement that Prolia reduced the
incidence of vertebral fractures ®®@ (consistent with prior
practice).

e DDMAC inquired whether the ONJ sections should be the same regarding the Prolia and
Xgeva labels. Comment: As discussed with DRUP during labeling meetings, the two
labels are not consistent because the risk of ONJ is markedly higher among patients
receiving denosumab as Xgeva.

e DDMAC requested that DBOP consider adding a qualifier (i.e. > 10%) to most common
adverse reactions in Section 6 of the label. Comment: DBOP agreed to make this change.

¢ DDMAC made comments regarding the incidence of serious adverse events in Section 6.1
of the label stating that two paragraphs appeared redundant. Comment: DBOP considered
the two prior paragraphs as adequate clarification that the two paragraphs (in question)
that begin with “the incidence of serious O@ yofer to different patient populations.

e DDMAC requested that DBOP consider adding “most common” to adverse reactions
reported in > 10% of patients (last paragraph of Section 6.1). In labeling meetings, DBOP
review staff considered “most common” redundant in this section of the label, so this
section of the label was not revised.
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e DDMAC asked DBOP to consider removing the words “the target of denosumab”
following “RANKL” in Sections 8.1 and 8.4. DDOP did not revise these sections because
these sections contained previously agreed upon language (between Amgen and DRUP).

e DDMAC asked DBOP to consider adding 95% CI’s next to the p-value under the
following Section: Effect on Vertebral Fractures. Comment: Because the table proposed
by Amgen includes the CIs, DDOP did not change this paragraph of the label to add the
Cls.

12.2 Physician labeling

In general, DBOP revised all sections of the label for brevity and clarity. DBOP review staff
preferred command language as directed by the PLR. The remainder of this section of the
review will only focus on high-level issues regarding the label submitted by Amgen.
Numbering below is consistent with the applicable sections in product labeling. This review
will not comment on all sections (for example, if only minor edits were made to a section) of
product labeling. This CDTL agreed with the recommendations made by the review teams
described below. '

1. Indications and Usage

Revised the indication statement to identify each of the two new indications (breast and
prostate cancer) and to stipulate exactly who should receive denosumab (i.e., only patients
with breast cancer receiving aromatase inhibitors as adjuvant therapy). DBOP review staft and
DRUP agreed to remove the word “prevention” from the indication statement as the
risk/benefit profile was not considered favorable for an osteoporosis prevention indication for
patients at less than high risk for fracture.

4. Adverse Reactions
e DBOP recommended replacement of the phrase i
with “receiving androgen deprivation therapy for prostate cancer or adjuvant
aromatase inhibitor therapy for breast cancer” to ensure consistency with the revised
indication statement.

e DBOP removed ®® a5 an adverse reaction because the per-patient incidence rate
was similar between denosumab and placebo groups. :
e DBOP recommend removal of the proposed statement regarding Ll

®@

14. Clinical Studies Section

e DBOP added additional information describing the study designs (including stratification
factors) and included demographic information (as recommended by the PLR guidance).

e DBOP added absolute difference values to the BMD information for lumbar spine, total
hip, and femoral neck.

e DBOP removed BMD information (from Trial 138) regarding measurements of the ®®

®® Either substantial evidence did not exist for these

sites (i.e., information came from a sub-study) or the relevance of these surrogate
endpoints is not known in regards to the clinical endpoint of an improvement in fractures.
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. ®® information of BMD from Trial 138 due to
lack of an alpha allocation plan regarding these measurements.

e DBOP recommended removing ®® ag this figure was redundant and included
information regarding ®® BMD (from Trial 138) not supported by
substantial evidence.

e DBOP recommended removing ®® as it included redundant information ®®

®®@ for vertebral fractures at three different time points (from Trial 138).
However, inclusion of the p-value at three years for vertebral fractures was permitted.

e DBOP recommended removing ®® as this table was redundant and included
information on BMD from body sites ®® without clear
relationship between these surrogate endpoints and fractures.

e DBOP recommended removal of a statement about e

from the “Treatment of Bone Loss in Women with Breast Cancer” Section as these
subgroups were either not relevant to the overall treatment effect or considered
exploratory. i

Amgen responded to the FDA label recommendations on August 8, 2011. Amgen accepted
most of the recommendations and proposed some administrative updates to the label. FDA
subsequently communicated the following additional labeling changes following final labeling
meetings held with representatives from DBOP, DRUP, and OSE on August 31 and September
1,2011.

DBOP revised the label consistent with Section 12.1 of this review.
DBOP revised the indication statements in the Highlights Section for consistency with
Section 1.2 and 1.3 of the label.

e DBOP revised the titles to Tables 2 and 4 to highlight the populations described in the
tables.

12.3 Carton and immediate container labels

No changes to the carton and immediate container were proposed in these efficacy
supplements.

12.4 Patient labeling/Medication Guide

Amgen submitted a revised Medication Guide that incorporated the new indications addressed
in these efficacy supplements.

The clinical team recommended the following changes to the Medication Guide:

¢ Removal of the word “prevent” from the section describing the uses of Prolia, as Prolia
will not be indicated for the prevention of bone loss.

e Inclusion of only one section regarding “the most common side effects of Prolia” rather
than separate sections for the treatment of bone loss due to osteoporosis and for the
treatment of bone loss in cancer patients.
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e Removal of the adverse reaction ®®@ (Clinical review staff recommended
removal of this term from product labeling (similar incidence in denosumab and placebo
groups).

e Additionally, the Medication Guide was revised to ensure consistency with labeling
changes agreed to with DRUP in July 2011. In the July 2011 action, DRUP included a
Warning regarding Xgeva and Prolia containing the same active ingredient. DBOP did not
recommend inclusion of this Warning in Xgeva product labeling as the (safety) risks of
receiving a lower dose of Prolia (or Prolia in lieu of Xgeva) in addition to Xgeva were
considered by review staff as low.

DRISK completed a review of the Medication Guide on August 16, 2011. DBOP and
representatives of OSE (including DRISK) met on August 31, 2011 and agreed upon final
changes to the Medication Guide. DBOP and OSE proposed the following additional changes
to the Mediation Guide.

e Revise the following statement originally proposed by DRISK: “It is not known if Prolia
is safe and effective in children” to “Prolia is not recommended for use in children.” This
change highlighted the DBOP and DRUP concerns regarding the use of denosumab in
growing children.

e DBOP did not accept the DDMAC recommendation to change “Your doctor may prescribe
calcium and vitamin D” to “Your doctor will prescribe vitamin D” because some patients
may not benefit from calcium or vitamin D (for example, patients with hypercalcemia).

e DBOP agreed to include the DDMAC recommendations to include the italicized part of the
following sentence to clarify the intended population: “Treat bone loss in women who
have an increased risk for fractures and are receiving certain treatments for breast cancer
that has not spread to other parts of the body."”

e DBOP considered the DDMAC recommendation to highlight the pregnancy information in
the “Before taking Prolia....” section. DBOP and OSE agreed to include additional “white
space” to better highlight this information.

13. Recommendations/Risk Benefit Assessment

13.1 Recommended regulatory action

This Cross Discipline Team Leader recommends approval of sSBLAs STN 125320/5 and
125320/6 submitted under Section 351 of the Public Health Service Act (pending agreement
on product labeling, the REMS modification plan, and the Medication Guide). All current
review teams recommended approval (following Amgen’s submission of additional data to
support these supplements) or have reported that there were no findings that would prevent
approval. :

13.2 Risk-benefit assessment

This CDTL reviewer agrees with current review staff and recommends approval of this
efficacy supplement (STN 125320/5 and 6) for the following indications:

Prolia is indicated as a treatment to increase bone mass in men at high risk for fracture
receiving androgen deprivation therapy for nonmetastatic prostate cancer.
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Prolia is indicated as a treatment to increase bone mass in women at high risk for
fracture receiving adjuvant aromatase inhibitor therapy for breast cancer.

This CDTL reviewer agrees with review staff to not approve denosumab for the prevention of
osteoporosis in patients with cancer. Ultimately, the benefit of denosumab in patients at high
risk for fractures was demonstrated in the postmenopaual osteoporosis Trial 20030216 (216)
that was reviewed by DRUP. This study demonstrated a reduction in the risk of fractures in
postmenopausal women with osteoporosis (T-score between -2.5 and -4).

Using the WHO FRAX fracture risk assessment tool, a 65 year old woman [160 cm and 75 kg
(mean values using NHANES data 1999-2002)] has an approximate 2.8% 10 year risk of hip
fracture and a 12% risk of major osteoporotic fracture
[http://usgovinfo.about.com/gi/0.htm?zi=1/XJ&zTi=1 &sdn=usgovinfo&cdn=newsissues&tm=
24&gps=157 137 1899 936&f=00&tt=2&bt=1&bts=0&zu=http%3 A//www.cdc.gov/nchs/dat
a/ad/ad347.pdf (accessed 8/31/2011). The risk increases dramatically for the same patient with
a T score of -4.0: the 10 year risk of major osteoporotic fracture is 26% and hip fracture is
13%. These data are for non-smokers without a history of previous fracture, glucocorticoid
use, rheumatoid arthritis, or secondary osteoporosis. :

These two efficacy supplements (patients with prostate or breast cancer at high risk for
fracture) largely relied on the benefits demonstrated in the postmenopausal osteoporosis trial.
The two trials submittted in these efficacy supplements evaluated effects on bone mineral
density (BMD) as a surrogate for beneficial effects on fractures. These two trials enrolled
patients considered at high risk for fractures (osteopenic patients receiving therapies that
hasten bone loss).

In the clinical study report for Trial 135, Amgen cited data from the ATAC trial (ATAC
Trialists” Group, Lancet 2002) citing an increased fracture risk for patients receiving
anastrazole compared to tamoxifen (5.9% versus 3.7% after a median follow-up of 33.3
months). Other studies also confirmed an increased risk of fractures in women receiving
aromatase inhibitors compared to tamoxifen (Pant S, Shapiro, Drugs, 2008).

In the clinical study report for Trial 138, Amgen cited data regarding bone loss related to
androgen deprivation from orchiectomy or medical hormonal suppression. Amgen cited two
reports citing an increased fracture risk among men undergoing androgen deprivation therapy
[Shahinian et al., NEJM, 2005 (SEER database and Medicare database) and Smith et al., JCO,
2005 (claims database)]. One report (Shahinian et al., 2005) stated that the risk of fractures
increased from 12.6 to 19.4% over four years.

Based on these reports, aromatase inhibitor therapy and androgen deprivation therapy appear
to result in an increased risk for fractures. Trials 135 and 138 were smaller trials than the
primary post-menopausal osteoporosis trial. Nevertheless, Trial 138 showed a reduced risk for
vertebral fractures at three years in men with prostate cancer receiving androgen deprivation
therapy. Both trials demonstrated that denosumab increased bone mass compared to placebo
in the two patient populations. This increase in bone mass was considered by the review team
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as an acceptable surrogate for fracture reduction for patients at high risk for fracture only
because of the demonstrated reduction in fractures observed in the postmenopausal
osteoporosis study, along with the supportive effect on vertebral fractures in the prostate
cancer population.

Overall denosumab was well tolerated by patients in Trials 135 and 138. Most adverse events
were comparable in incidence rates to the placebo arm. The most common adverse reactions
reported with denosumab in patients with bone loss receiving androgen deprivation therapy for
prostate cancer or adjuvant aromatase inhibitor therapy for breast cancer were arthralgia, back
pain, pain in the extremity, and musculoskeletal pain. An increased incidence rate of cataracts
was observed in men in Trial 138; however, this finding was not replicated in two other trials
of denosumab (as Xgeva) in prostate cancer. Osteonecrosis of the jaw remains a concern;
however, this risk remains low among patients treated with denosumab as Prolia. This risk is
higher in patients treated with denosumab as Xgeva (higher dose).

The benefits of denosumab appear favorable only for patients at high risk for fractures
(postmenopausal osteoporosis or certain patients receiving adjuvant aromatase inhibitor
therapy for breast cancer or androgen deprivation therapy for prostate cancer). Because the
benefits of denosumab have not been established using the surrogate markers of bone mineral
density in patients at normal or low risk for fractures, this drug should not be approved for the
prevention of osteoporosis.

13.3 Recommendation for postmarketing Risk Evaluation and Management
Strategies

The Agency notified Amgen of the need for a REMS consisting of a Medication Guide and a
Communication Plan regarding the risks of serious infections, dermatologic toxicity, and over-
suppression of bone on October 2, 2009 prior to the original approval of denosumab for the
treatment of women with osteoporosis (as Prolia). In the complete response safety update,
Amgen submitted a plan to modify the Communication Plan, largely to update new

prescribers. Amgen also proposed a modification of the goal of the REMS as follows: [®®
L o®

DRISK completed an assessment of the REMS modification plan on July 29, 2011 and a joint
meeting between representatives of DBOP, DRUP, and DRISK occurred on August 5, 2011.
Agreement was reached during the meeting regarding the major provisions of the REMS.
DBOP communicated the following recommendations to Amgen on August 5, 2011.

e Revise the REMS goal so that it continues to describe the risks of serious infections,
dermatologic adverse reactions, and suppression of bone turnover. Osteonecrosis of the
jaw was added to the goal statement.

e Revise the REMS so that a Dear Health Care Provider Letter (DHCPL) will be sent to new
prescribers including oncologists and urologists.

e Revise the REMS to include the website for Amgen’s Prolia Post-Marketing Active Safety
Surveillance Program in the DHCPL.
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Amgen responded to FDA recommendations to the DHCP letter, Webpage document, and
REMS document on August 15,2011. Amgen agreed to the FDA recommendations; however,
requested that FDA not include the following additional sentence in the Serious Infections
section of the DHCP letter

Amgen stated that
this statement is theoretical and is not appropriate for inclusion in the letter.

DBOP and DRISK met on August 31, 2010 to discuss Amgen’s proposal. OSE recommended
inclusion of the information because the information remains in product labeling. However, to
address Amgen’s concerns, DRISK and DBOP agreed to include this information at the end of
the Serous Infections section of the DHCP letter and to include the additional information

included in the product label to put this statement into context: | 0@

b2
.

Agreement regarding final changes to the REMS modification plan and the final language in
the Medication Guide has not been reached at this time. Refer to Section 12.4 for further
discussion of the Medication Guide, a part of the REMS.

13.4 Recommendation for other postmarketing requirements and commitments

DBOP identified no additional postmarketing requirements as necessary following the review
of these two efficacy supplements. Postmarketing requirements and commitments to further
characterize safety, including effects on overall survival, are ongoing and were part of the
original approval of denosumab on 6/1/2010 and the approval of the Advanced Cancer
efficacy supplement (STN 125330/7) on 11/18/2010.
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1 Recommendations/Risk Benefit Assessment

Refer to section 1 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.

1.1 Recommendation on Regulatory Action

This reviewer recommends approval of supplemental Biologic License Application
(sBLA) 125320/5/65 for the the treatment of bone loss in patients at high risk for fracture
who are receiving androgen deprivation therapy for prostate cancer or adjuvant
aromatase inhibitor therapy for breast cancer.

It is the recommendation of this reviewer to deny approval of the applicant’s proposed
indications for the prevention of bone loss in men with prostate cancer receiving
androgen deprivation therapy and for the prevention of bone loss in women with breast
cancer receiving adjuvant aromatase inhibitor therapy. Refer to section 1, pages 10-11,
of the initial clinical review of BLAs 125332 and 125333 (completed October 2009) by S.
Demko for further discussion regarding the proposed prevention indications.

Regarding the basis of the treatment indications portion of this application, refer to
section 1.1 of the initial clinical review of BLAs 125332 and 125333 (completed 2009) by
S. Demko. In addition, the review states that future consideration of the application
should be predicated on demonstration that there are no detrimental effects of Prolia on
cancer outcomes based on analyses of data from completed and ongoing clinical trials
in patients with metastatic cancers.

See section 2.5 below regarding subsequent regulatory activity related to the
submission including details of the Complete Response letter issued October 19, 2009;
the applicant’s subsequent proposal to submit results from pivotal Xgeva ‘skeletal-
related event (SRE) Trials 20050103, 20050136, and 20050244 to fulfill the deficiencies
outlined in the CR letter; and the Agency’s agreement that the response proposal would
meet expectations regarding the BLA 125332 and 125333 clinical deficiencies. All three
denosumab SRE trials were designed to prospectively evaluate time-to-disease
progression and overall survival (OS) cancer outcomes. As Xgeva Trials 20050103,
20050136, and 20050244 were initially submitted and reviewed under sBLA 125320/7,
refer to the sBLA 125320/7 clinical and statistical reviews for full discussion of overall
survival and progression-free survival results. Overall survival and progression-free
survival were similar between arms in each of the three trials and similar also in a
pooled analysis, demonstrating no detrimental effect of denosumab on time-to-disease
progression or OS cancer outcomes, adequately addressing the BLA 125332 and
125333 clinical deficiencies.
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1.2 Risk Benefit Assessment

Refer to section 1.2 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko for a full risk-benefit discussion. The review states that
additional data was required to assess effects on cancer outcomes for patients treated
with denosumab, the basis for the October 2009 CR action. Refer to section 1.1 above
and the clinical and statistical reviews for sBLA 125320/7 regarding the overall survival
and progression-free survival data submitted under sBLA 125320/7 for pivotal Xgeva
SRE Trials 20050103, 20050136, and 20050244; overall survival and progression-free
survival were similar between arms in each of the three trials and similar also in a
pooled analysis. '

This reviewer concludes that denosumab has an acceptable risk-benefit profile for
treatment of bone loss in patients at high risk for fracture who are receiving androgen
deprivation therapy for prostate cancer or aromatase inhibitor therapy for breast cancer.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation
Strategies

In this resubmission the applicant proposed a REMS modification including changes to
the Medication Guide, DHCP letter, and Prolia REMS website. See section 9.1 for this
reviewer’s recommendations regarding the Medication Guide. See also the DRISK
REMS modification review under separate cover. At this time, the REMS modification
remains under review and negotiations with the applicant are ongoing.

1.4 Recommendations for Postmarket Requirements and Commitments

None. Of note, however, is a postmarketing requirement under Xgeva sBLA 125320/7
for the applicant to submit a final report that includes updated overall survival results for
Trials 200501013, 20050136, and 20050244. The final report submission, date for this
PMR is October 1, 2012.

2 Introduction and Regulatory Background

Refer to section 2 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.

2.1 Product Information

Refer to section 2.1 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.
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2.2 Tables of Currently Available Treatments for Proposed Indications

Refer to section 2.2 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.

2.3 Availability of Proposed Active Ingredient in the United States

Denosumab is marketed in the United States as Prolia and as Xgeva. The current
application is an efficacy supplement to the original Prolia BLA.

2.4 Important Safety Issues With Consideration to Related Drugs

Refer to section 2.4 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.

2.5 Summary of Presubmission Regulatory Activity Related to Submission

Refer to sections 1 and 2.5 of the initial clinical review of BLAs 125332 and 125333
(completed October 2009) by S. Demko.

A Complete Response (CR) letter, stating that data submitted was inadequate to
determine if Prolia has detrimental effects on breast or prostate cancer outcomes since
the trials were not adequately designed to compare disease-free survival and overall
survival between treatment arms, and recommending that the applicant provide results
from adequate and well-controlled clinical trials demonstrating that Prolia has no
detrimental effects on either time-to-disease progression or overall survival, was issued
October 19, 2009, for both BLAs 125332 and 125333.

In a response proposal summary submitted February 18, 2010, the applicant proposed
to submit results from pivotal Xgeva skeletal-related event (SRE) Trials 20050103,
20050136, and 20050244 to fulfill the above BLA 125332 and 1252333 deficiencies.

On March 2, 2010, the DBOP clinical review team issued a memorandum regarding the
applicant’'s Complete Response proposal, stating that the overall proposal to provide
results from Trials 20050103 and 20050136, with supporting data from Trial 20050244,
was adequate in meeting the Agency’s expectations with regard to the BLA 125332 and
125333 clinical deficiencies.

2.6 Other Relevant Background Information

Since issuing the CR letter for Prolia BLAs 125332 and 125333 in October 2009, FDA
has granted marketing approval for denosumab under the Prolia and Xgeva
tradenames, with two distinct product labels and dosing regimens. Denosumab was
approved by DRUP in June 2010 as Prolia for the treatment of women with
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postmenopausal osteoporosis (PMO) at high risk for fracture, and by DBOP in
November 2010 as Xgeva for the prevention of skeletal-related events in patients with
bone metastases from solid tumors.

Also refer to section 2.6 of the initial clinical review of BLLAs 125332 and 125333
(completed October 2009) by S. Demko.

3 Ethics and Good Clinical Practices

Refer to section 3 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.

i

4 Significant Efficacy/Safety Issues Related to Other Review
Disciplines
Refer to section 4 of the initial clinical review of BLAs 125332 and 125333 (completed

October 2009) by S. Demko. No additional issues related to other review disciplines
with regard to these supplements have been identified.
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5 Sources of Clinical Data

5.1 Tables of Studies/Clinical Trials

Figure 1 Denosumab Clinical Trials (copied from Amgen’s submission: HALT CR
response, module 2.7.4)

. - Human Human Efficacy and Safely Studies in .
Biophammaceutic Pharmacokinetic Pharmacodynamic Treatment & Prevention of Efficacy and Safety Studies
Studies . L NN . in Patients with Cancer
Studies Studies P p G
| I I T I
| [ | | | 1
y Patient PK & Treatment of
Comparative Subject PK & Initial Intrinsic Patient PD& || Treatment | | Preventon of Other Bone Loss Other
BA &BE Iniial Tolerability Factor PK/PD of PMOQ PMO Studies Associated Studies
Tolerability With HALT
—20080146 20010124 [—20010123 20040245 20010223 —20030216 L2[)040132 20040144 I:zoo«nss — 20040113
€34 mo)
—20050227 20030148 '“—20040178 50241 —20050141 —20040132 20040138 [—20040114
(36 ma)
20060288 ‘[20030‘64 20050172 —20050170 20040132 I— 200501234
(48 maj
—20060446 20030180 20050234 —20050233 20050209
20070384 —AMG-162-A~J301 20060237 20050126
—20060232 20050244
—20080280 I—20080537
— 20080287 —20080560
BA = bi ilability; BE = bioequival HALT = hormone ablation therapy: PD = pharmacodynamics: PK = phammacckinetics: PMO = pestmenopausal
osteoporosis

boid italic text data from this study provided in this Safely Update; plain text no data from this study provided in this Safety Update.

Refer to section 5 of the initial clinical review of BLAs 125332 and 12533'3'3(completed
October 2009) by S. Demko for a full discussion of pivotal HALT Trials 20040135 and

20040138.

Amgen included extended follow-up data from pivotal HALT Trials 20040135 and
20040138 in the HALT CR safety update. Data from other studies in patients receiving
hormone ablation for cancer (Studies 20050209, 20080537, and 20080560) are
included in the submission; these studies are ongoing, vary in design, and include one
open-label study and two that remain blinded.

As results from Xgeva SRE Trials 20050103, 20050136, and 20050244 form the basis
of the HALT CR response submission, discussion of these trials is included in section
5.3 below. Refer also to the the Xgeva sBLA 125320/7 clinical and statistical reviews.

Reference ID: 3168406
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5.2 Review Strategy

The initial clinical review of BLAs 125332 and 125333 (completed October 2009) by S.
Demko includes the primary safety review of pivotal HALT trials 20040135 and
20040138. Data from the safety follow-up periods of these two trials, a portion of which
was included in the initial HALT 120-day safety update submission, is included in the
HALT CR resubmission and is the focus of the present safety review. Safety data
including CRFs, case narratives, and electronic datasets were reviewed. The safety
review also included investigations for submission-specific safety concerns.

As results from Xgeva SRE Trials 20050103, 20050136, and 20050244, initially
submitted and reviewed under sBLA 125320/7, form the basis of the current HALT CR

response submission (as detailed in earlier sections of this review), refer to the the
Xgeva sBLA 125320/7 clinical and statistical reviews.

5.3 Discussion of Individual Studies/Clinical Trials

HALT Trials 20040135 (breast) and 20040138 (prostate)

Refer to section 5 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko for a complete discussion of pivotal HALT Trials 20040135
and 20040138.

In Trial 20040135, all patients who received at least one dose of investigational product
(IP) and completed the 24-month treatment phase were asked to participate in the
safety followup period (months 25-48). Data from the 24-month safety period were
included in the HALT CR resubmission. Investigational product was not administered in
the safety followup period.

In Trial 20040138, all patients who completed the 36-month treatment phase were
asked to participate in the safety followup period (months 37-60) or were offered
enrollment in an open-label extension study. Data from the 24-month safety period
were included in the HALT CR resubmission. Investigational product was not
administered during the safety followup period.

SRE Trials 20050103, 2005136, and 2005244

Trials 20050103, 20050136, and 20050244 (hereon Trials 103, 136, and 244) are
international, randomized, double-blind, double-dummy trials of parallel design. The

12
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trials encompass different tumor types and were initially submitted in support of the
single proposed indication for the treatment of patients with bone metastases from solid
tumors.

Table 1 Trials 103, 136, and 244

103 Hormone-refractory prostate cancer

136 Breast cancer

Solid tumors (other than breast and prostate
cancer) and multiple myeloma

244

4

Each trial compared denosumab to zoledronic acid with respect to the following
endpoints:

e Primary
o Time to first on-study SRE (non-inferiority)

e Secondary (tested only if denosumab was found to be non-inferior to zoledronic acid
with respect to time to first on-study SRE)
o Time to first on-study SRE (superiority)
o Time to first-and-subsequent on-study SRE
* Multiple event analysis
* To be considered a subsequent event, the SRE must have occurred at
least 21 days after the previous SRE

e Exploratory endpoints included OS and PFS

A skeletal-related event (SRE) was defined as any of the following:
¢ Pathologic fracture (vertebral or non-vertebral)

¢ Radiation therapy o bone (including the use of radioisotopes)
e Surgery to bone

e Spinal cord compression

13

Reference ID: 3168406



Clinical Review

S. Pradhan

sBLAs 125320/5 and 125320/6 (formerly BLAs 125332 and 125333)
Denosumab/Prolia

Patients were randomized 1:1 to receive denosumab 120 mg by subcutaneous injection
every 4 weeks or zoledronic acid 4 mg (dose-reduced for reduced renal function) by IV
infusion every 4 weeks, in a blinded fashion until approximately 745 patients
experienced at least 1 on-study SRE.

Figure 2 Treatment Schema for Trials 103, 136, and 244 (adapted from sBLA

125320/7)
denosumab 120 mg SC
+
E placebo IV infusion over a 7 :
S N minimum of 15 minutes g Yes 12 Offered
C R Q4w t » open-label
R 0 h study
E L
E J L L : N .| Benefit:Risk
N 1M 5 positive?
,L S placebo SC E End of
G T + N > Study
Zoledronicacid4mglv | | | T No
over a minimum of 15
minutes Q4W
Screening Blinded Treatment Phase
<4 weeks | <8days l l / / l l ’
| l Study  Week  Week ek Binded Primary  Binded | 1
Informed  Randomizaton 02! 5 Qw Ar{!)alyss Q4w End of
Consent Q4W c u?t:ff Blinded
Signed Date P

1. End of Blinded Investigational Product: If positive benefit:risk confirmed, all subjects may be offered open-label
denosumab in a separate protocol. If positive benefit:risk not confirmed, all subjects WIII be followed for survival
for 2 years

2. Subjects not participating in the open-label treatment protocol will be followed for survival for 2 years

3. Primary Analysis Data Cut-off Date: data cut-off date for the primary efficacy analysis in anticipation of
approximately 745 subjects having experienced at least one on-study SRE

For patients ending study participation before the end of the blinded treatment phase,
follow-up survival data was to be collected every 12 weeks for 2 years from the last
dose of blinded IP.

14
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Table 2 Trial Initiation/Cutoff Dates

Trial Initiation Primary Analysis Cutoff Date
103 May 2006 October 2009
136 April 2006 March 2009
244 June 2006 April 2009

Randomization was stratified within each ftrial as shown below.

Table 3 Randomization Stratification

Stratification Factor | (Pr;:fat 0 (B:::st) 244
Previous SRE “yvs.n X X X
PSA <10vs. 210 X
Current. chemotherapy yvs. n X X
Prior oral bisphosphonate yvs.n X
Region Jag:]ne;/s. X
Tumortpe | meoiC X
Syster-rtl;]cza ?;;;cancer yvs. n X

*PSA = prostate specific antigen; NSCLC = non smali cell lung cancer; MM = multiple myeloma

It was recommended, not required, that patients receive daily supplementation with at
least 500 mg calcium and at least 400 1U of vitamin D unless documented
hypercalcemia developed during the study.

A data monitoring committee reviewed safety and efficacy data at regular intervals
(approximately twice yearly) during the blinded treatment phases. See Section 6 for
further detail regarding the DMC including review of the DMC charter.

Important Inclusion Criteria (modified from the protocols)
¢ Current or prior radiographic (X-ray, CT, or MRI) evidence of at least one bone
metastasis (or lytic bone lesion from multiple myeloma)
e CrCl =30 mL/min
e Serum calcium (albumin-adjusted) 2 8 mg/dL and < 11.5 mg/dL
e For Trial 103 only:
o Failure of at least 1 hormonal therapy as evidenced by a rising PSA

15
Reference ID: 3168406



Clinical Review

S. Pradhan

sBLAs 125320/5 and 125320/6 (formerly BLAs 125332 and 125333)
Denosumab/Prolia

o Serum testosterone level < 50 ng/dL due to either surgical or chemical
castration

Important Exclusion Criteria (modified from the protocols)
e Prior IV bisphosphonate use
Prior oral bisphosphonate use for the treatment of bone metastases
Planned radiation or surgery to bone
History of ONJ/osteomyelitis of the jaw
Active dental or jaw condition requiring oral surgery
Non-healed dental/oral surgery
Planned invasive dental procedure for the course of the study

Administration of blinded IV inyestigational product (IP) was withheld (SC administration
continued) for patients who experienced renal deterioration (as defined in the zoledronic
acid USPI) on study. Once the patient’s serum Cr returned to within 10% of baseline,
the IV IP was re-initiated at the same dose as that prior to treatment interruption.

Administration of both SC and IV IP was withheld for any patient experiencing a Grade
3 or4 (NCI CTCAE v3.0) adverse event (AE) reported by the investigator to be related
to IP. Re-exposure to both IPs could only occur when the AE resolved to Grade 1 or
less and the investigator and sponsor agreed that the patient’s safety would not be
compromised.

See below for a general Schedule of Assessments. In addition, Trial 103 required
monitoring of PSA levels every 12 weeks.

An examination of the oral cavity was to be conducted by the investigator or designated
healthcare professional at screening, then every 24 weeks (approximately 6 months)
during the treatment period, and at the end-of-study visit.

Concomitant Therapies

Investigators could prescribe any concomitant treatments deemed necessary with the
exception of those prohibited below. Usual therapy for metastatic cancer was allowed,
including chemotherapy or hormonal therapy for metastatic breast or prostate cancer.

Prohibited Therapies

e Bisphosphonates (oral and IV, other than the IV IP)
¢ (Unapproved) investigational products other than denosumab

The protocols contained the statement that “If an SRE occurs on study, every effort
should be made to continue the subject on investigational products”. All patients who
experienced an SRE on study were to receive treatment for the SRE as determined by
their physician, which may have included radiation, surgery, chemotherapy, and/or the

16
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administration of bisphosphonates. If administration of bisphosphonates was chosen,

the patient was to be discontinued from further administration of IP but was to continue

with all other study assessments every four weeks.

Figure 3 Scheduie of Assessments

(copied from the BLA)
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Blinded Treatment Period® in weeks {Visits every 4 weeks)

*informed Consent must be obtained Endof | Follow
before any study assessments are W53 | W57 | W61 | W65 |WaT (W73 | W77 W81 | W85 W83 | Wa3Wa7 [W101 | W105 |W102 Stud{g up®
performed unless it is standard of care Visit {Q12W)
Medical History" '

Physical Examination® and ECOG

Assessment X X x X * X

Oral Examination” X X X

CENTRAL LABORATORY

Serum Chemistrf x| x| x| x{|{x|x|[x]|x]|x|{x ]| x| x

Hematology‘ x| x x| x « | x| x! x x| x|x| x X X x X

Pregnancy Test”

Urine Collection™ x

Bone Specific Ali. Phos.

Anti-Denosumab Antibody x X x5
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subjects) x * X
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Foolnote_sr for Schedules of Subject Assessments

Screening: All screening assessments must be completed and results obtained {eg, chemistry, hematology) before randemization into the study.
Assessments conducted as standard of care do nof require informed consent and may be provided as screening data if conducted within the screening window
specified. Randomization must accur no more than 8 calendar days before ptanned study day 1.

Study day 1: The first day that investigational product is administered will be study day 1.

Blinded Treatment Phase: The freatment phase will end when the benefit risk analysis has been completed

Medical History: (ncludes detailed histary of cancer and metastatic bone disease, history of other disease processes (active ar resolved) and concomitant
illnesses including SREs and/aor HCM.

Physical Examination: A routine physical examination by the investigator {or designated physician) will nclude height {(screening only), weight, and vital signt
ECOG performance status will ke assessed with each physical examination.

Oral Examination: A visual examination of the oral cavity, inciuding teeth, mucosa and jaws will be conducted at screening to establish baseline oral health
conditions and subsequently fo identify any new abnenmalities or changes in pre-axisting conditions.

Serum Chemistry: Organ function including monitoring of calcium tevels. A complete listing of tests can be found in Section 7.8.1. Screening values, provide:
by the central laboratory, 'will be used as baseline values.

Hematology: Red bload cell count, hemoglobin, hematocrit, platelet count, and white blood cell count with differential. Screening values, provided by the
central labaratory, will be used as baseline values.

Pregnancy Test: Serum or urine test must be performed for all women of childbearing potential no more than 7 days before randomization. Must be repeated
(locally) if the result is more than 7 days before randomization.

10.

Urine Collection: Study day 1. week 13, and end of study, urine must be collected from the 2nd vaid of the day (before 12:00pm) for urine creatinine and
urinary N-felopeptide (uUNTx) analysis

1.

Serum Creatinine: Todetermine creatinine clearance at baseline in order to calculate the dose of IV investigational product, using the Cockcroft-Gauit formuli
provided in the Zometa® prescribing information. Serum creatinine must be obtained using a local laboratory, preferably on the day of, and no mora than 14
days before, each administration of IV investigational product to monitor for renal insufficiency. Refer to Section 3.1.3 for dose stopping rules.

12

Investigational Product Administration: Dencsumab will be administered at a dose of 120 mg SC Q4W and zoledronic acid will be administered |V at a dos
of 4 mg (equivalent creatinine clearance-adjusted dose in patients with baseline creatinine clearance < 80 mUmin) as a single, minimum 15-minute infusian
Q4W in a biinded manner. Subcutaneous injection must be administered first, followed by IV infusion. Both (SC and IV) investigational products must b
withheld for related Grade 3 or 4 AEs. IV investigational product must be withheld (SC wiil continue) for renal toxicity (refer to Saction 5.1.3 for dose withholdin
rules).

13.

Skeletal Survey: Radiograph of skull, spine, chest. pelvis, upper extremities shoulder fo etbow, lower extremities hip to knee. Blinded hard copy films or
digitized films will be sent for each radiclogic assessment to a central reader after local reading and reporting, including any unplanned x-rays.

14.

Skelefal Related Event {SRE) Recording: SREs include pathologic fracture (vertebral or non-vertebral), radiation therapy to bone (including the use of
radioisotopes), surgery to bone, or spinal cord compression. Patholagical fracfura(s) will be obtained through skeletal surveys, analyzed by the central imaging
reader. Spinal cord compression will be confirmed using radiographic imaging (eg. MRI) and sent to the cenfral imaging reader. Radiation to bone and surgen
fo bone SRESs are to be decumented on the respective CRF(s).

15.

Adverse Events: Adverse events must be assessed and documented at 2ach scheduled dinic visit. Subjects must be followed for adverse events for 30 days
after the last dose of invastigational product, ar until all investigational product-related toxicities and ongoing serious adverse events have resclved or are
considered stable, whichever is later.

16.

Concomitant Medications/Treatments: Information regarding type and timing of concomitant medications and treatments will be collected. Calcium and
Vitamin D supplements will be recorded as concomitant medications.

3

Footnotes for Schedule of Subject Assessments

17.

PROs: The PROs will be administered on days 1, 8 (completed at home or in clinic), 20 (week §) and then every visit (Q4W) thereafter. Forms are to be
completed by the subject before any other study procedures are conducted for each visit.

18. Blinded Treatment After Week 49: Subjects continuing on treatment after week 49 will confinue on a Q4 schedule with investigational product
administration and blood sample collection and a Q12 week schedule for physical examinations, cral examinations and skeletal surveys, until the end of study.
Serum for anti-denosumab anfibody assay will ba caollected once every 53 weeks after Week 49, until the end of study.

19.

End of Study Visits in the blinded treatment phase will be completed at any point a subject discontinues participation. If the benefit: risk is not
positive, all subjects will be given approximately 4 weeks to complete the end of study visit.: All end of study assessments must be completed if not
done in the last week, except skeletal surveys which do not need to be repeated if completed within the last 12 weeks.

20. Follow up: Follow up survival data will be collected approximately every 12 weeks for each subject 2 years after the subject's end of study visit.

21,

Follow up Anti-denosumab Antibady Sample: One follow up serum sample for anti-denosumab antibody (binding and neufralizing) assay will be collected
frcm each subject, 24 weeks (approximately 8 months) after the subject's |ast dose cf investigational product.

19
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Skeletal-Related Events

e Skeletal surveys were sent from the site to the central imaging vendor for central
reading. See Section 6 of the sBLA 125320/7 clinical review for further details
regarding the central imaging review and IRC.

e Surgery to bone included procedures used to set or stabilize a fracture or to
prevent an imminent fracture or cord compression.

¢ Radiation therapy to bone included radiation for pain control, to treat or prevent
pathologic fractures, or to treat or prevent cord compression.

e Cord compression events were to be confirmed using MRI or CT scans which
were to be submitted to the central imaging reader for review.

¢ All scheduled and non-scheduled x-rays were to be submitted to the central
imaging vendor for review.

4

Disease Progression

¢ Overall disease progression in these double-blind placebo-controlled trials was to
be assessed and documented by the investigator on the CRF based on clinical
observations.

Statistical Considerations

o See the sBLA 125320/7 clinical and statistical reviews for discussion of the
statistical analysis plans including sample size assumptions and analysis of
primary and secondary endpoints.

o Early stopping

o No trial was to be stopped early based on evidence of non- mfenonty
o For superiority, no trial was to be stopped unless a p-value of 0.0005 was
achieved.

* The protocol specified that the Applicant would monitor the rate of SREs by
treatment group and if this was lower than expected, may choose to modlfy the
sample size.

Important Protocol Amendments
o Trial 103
o The sample size was increased from 1700 to 1870 patients.
e Trial 136
o The sample size was increased from 1400 to 1680 patients.
o The sample size was increased from 1680 to 1960 patients.

6 Review of Efficacy

Refer to section 6 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.
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7 Review of Safety

Safety Summary

Refer to section 7 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko for a summary of the primary safety review of HALT Trials
20040135 and 20040138 (hereon Trials 135 and 138), including a list of key safety
issues pertinent to the application.

The initial (October 2009) clinical review of BLAs 125332 and 125333 highlights a
concern regarding the potential for tumor promotion in drugs being considered as
supportive care in the oncology setting, i.e. the potential for a supportive care drug to
act as a tumor promoter to already existing cancers or to negatively impact the efficacy
of concomitant cancer therapy. Neither Trial 135 nor 138 included prespecified, defined
plans to evaluate for potential treatment effects on time-to-disease-progression, and
though overall survival (OS) was a designated exploratory endpoint, an insufficient
number of events was expected to occur and neither trial was powered to detect a
meaningful decrement in OS. Therefore, it could not be determined from the data
submitted whether denosumab has an impact on time-to-disease progression or overall
survival cancer outcomes. This was the basis of the Agency’s October 2009 Complete
Response letter to the applicant requesting results from adequate and well-controlled
clinical trials demonstrating that Prolia has no detrimental effects on either time-to-
disease progression or overall survival. In March 2010, the applicant submitted a
proposal, to which the Agency agreed, to submit results from pivotal Xgeva SRE Trials
103, 136, and 244 in response to this clinical deficiency. Though the populations in
these trials were at a later stage of disease than those in Trials 135 and 138, sample
sizes were chosen to meet non-inferiority boundaries not based on the intended PFS or
OS analyses, patients were treated at a higher dose than in the HALT trials, and
exposure and duration of treatment varied among trials, it was determined that these
primary analysis data would be adequate to answer the question of whether denosumab
has any detrimental effects on cancer outcomes. The trials were initially submitted to
and reviewed under sBLA 125320/7; refer to the sBLA 125320/7 clinical and statistical
reviews for full discussion of the SRE trial PFS and OS results. Both OS and PFS were
similar between arms in each trial, and in pooled analysis, demonstrating no detrimental
effect of denosumab on time-to-disease progression or OS cancer outcomes.
Additionally, the three Xgeva trials were designed to prospectively evaluate tumor
outcomes. Under an sBLA 125320/7 postmarketing requirement, the applicant will
submit updated OS results from Trials 103, 136, and 244 in 2012.

Other safety evaluations in this resubmission relevant to the proposed indication
included data from the 24-month extended follow-up phases of HALT Trials 135 and
138. One hundred eighty-six patients completed the 24-month treatment phase of Trial
135 and participated in the extended follow-up phase (96 in the prior denosumab group,
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90 in the prior placebo group). Eight hundred two patients completed the 36-month
treatment phase of Trial 138 and participated in the extended follow-up phase (417 in
the prior denosumab group, 385 in the prior placebo group). This safety update review
includes summaries of deaths and of common, serious, and significant adverse events
(AEs) and AEs resulting in dropout from study. In addition, AEs of special interest
based on the antibody target or on safety signals identified either during development or
from experience with other anti-resorptive agents are summarized.

7.1 Methods

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

Adverse event analyses were conducted using data from the extended follow-up phases
of Trials 135 and 138. The safety analysis population in the Trial 135 extended follow-
up phase consisted of 96 patients who received denosumab in the treatment phase and
90 who received placebo. The safety analysis population in the Trial 138 extended
follow-up phase consisted of 417 patients who received denosumab in the treatment
phase and 385 who received placebo.

Electronic datasets were submitted in CDISC format as requested by the Division.

7.1.2 Categorization of Adverse Events

Adverse events were coded in the extended follow-up phase of Trial 135 using version
12.0 of the MedDRA dictionary. [n the extended follow-up phase of Trial 138, adverse
events were coded using version 13.0 of the MedDRA dictionary.

Adverse events from a subset of case report forms and case narratives for the extended
follow-up phase of Trials 135 and 138 were reviewed and compared to the datasets in
order to confirm adequacy of the data transfer. To confirm the overall adequacy of AE
coding, a comparison of verbatim terms to corresponding MedDRA lower level terms
was performed. [n this evaluation, this reviewer found no substantial deficiencies that
would preclude further review.

Toxicity grading was based on the NCI CTCAE version 3.0.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare
Incidence

For this resubmission safety update review, the extended follow-up phase of Trial 135
and the extended follow-up phase of Trial 138 were analyzed individually due to basic
differences in design between Trials 135 and 138, including in trial population, duration,
and exposure.
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7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of
Target Populations

Only patients who completed the 24-month treatment phase of Trial 135 and patients
who completed the 36-month treatment phase of Trial 138 participated in the respective
24-month extended follow-up phases. Investigational product was not administered
during either extended follow-up phase.

Table 4 Demographics Summary by Trial

"Trial 135 (Breast) Extended Trial 138 (Prostate)
Followup ~ Extended Followup
Denosumab Placebo Denosumab Placebo
n=96 n=90 n=417 n=385
n{%) n (%) n (%) n (%)
Age (years) | |
Mean 59.7 60.0 74.4 741
Min 38 42 48 52
Median 59 58 75 74
Max 84 81 92 90
Sex
F 96 90 0 0
M 0 0o 417 385
Race
Amzf;"si’; ',’\}g't?v"é 1.(1.0%) 0 (0.0%) 0 (0.0%) 2 (0.5%)
Asian | 1(1.0%) 0 (0.0%) 1(0.2%) 0 (0.0%)
Black ;‘;:\ef::gzz 1(1.0%) 0(0.0%) 18 (43%) | 13 (3.4%)
Hispanic or Latino | 4 (4.2%) 1(1.1%) 47 (11.3%) | 51(13.2%)
Jépan_ese 1(1.0%) 0 (0.0%) 0 (0.0%) 3 (0.8%)
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Trial 135 (Breast) Extended Trial 138 (Prostate)
Followup Extended Followup
Denosumab Placebo Denosumab Placebo
n=96 n=90 n=417 n=385
n (%) n (%) n (%) n (%)
Native Hawaiian or .
Other Pacific 0 (0.0%) 1(1.1%) 0 (0.0%) 2 (0.5%)
Islander
Other 2(2.1%) 0 (0.0%) 350 (84.1%) | 315 (81.6%)
White or
Caucasian 86 (89.6%) 88 (97.8%) 0 (0.0%) 2 (0.5%)

4

There were no significant differences in demographic characteristics between the
extended follow-up phase safety populations and the safety analysis populations
described in Section 7 of the initial clinical review of BLAs 125332 and 125333
(completed October 2009).

Patient demographics were balanced between prior treatment groups in the extended
follow-up phase of each trial.

7.2.2 Explorations for Dose Response

The dosing regimen in Trials 135 and 138 was the labeled Prolia regimen of 60 mg
administered subcutaneously every 6 months. Planned treatment duration was 2 years
(4 doses) in trial 135 and 3 years (6 doses) in Trial 138. The following table
summarizes the number of doses received by patients in the extended-phase safety
population in each trial, during the treatment phase. The majority of the patients in the
extended follow-up phase of Trial 135 received the planned 4 doses and the majority of
the patients in the extended follow-up phase of Trial 138 received the planned 6 doses.

Figure 4 Trials 135 and 138 — Denosumab Exposure

N Trial 135 Trial 138
umber of
doses n=96 (ext. followup) n=417 (ext. followup)
n (%) n (%)
Dgg‘:;'géb 7 5( 2.1%) 3( 0.7%)
q6M 2 1( 1.0%) 0( 0.0%)
3 4( 4.2%) 1( 0.2%)
4 89 (92.7%) 0( 0.0%)
5 0 ( 0.0%) 2( 0.5%)
6 0( 0.0%) 410 (98.6%)
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7.2.3 Special Animal and/or In Vitro Testing

None. Refer to section 7.2.3 of the initial clinical review of BLAs 125332 and 125333
(completed October 2009) by S. Demko.

7.2.4 Routine Clinical Testing

Not applicable to this resubmission safety update as the focus of safety analyses in this
review is the extended follow-up phase of Trials 135 and 138.

7.2.5 Metabolic, Clearance, and Interaction Workup

Not applicable to this resubmission safety update as the focus of safety analyses in this
review is the extended follow-up phase of Trials 135 and 138. Refer to section 7.2.5 of
the initial clinical review of BLAs 125332 and 125333 (completed October 2009) by S.
Demko and the clinical review of Xgeva sBLA 125320/7.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Refer to section 7.2.6 of the initial clinical review of BLAs 125332 and 125333
(completed October 2009) by S. Demko.
7.3 Majbr Safety Results

7.3.1 Deaths
A total of 56 fatal adverse events occurred during the extended follow-up phases of

Trials 135 and 138. Numbers of fatal events were balanced between prlor treatment
groups in each trial, as shown in the table below.

Table 5 Fatal Adverse Events (per patient incidence)

Trial 135 Extended Trial 138 Extended
Followup Followup
Denosumab Placebo Denosumab Placebo
n=96 ~ n=90 n=417 n=385
n (%) n (%) n (%) n (%)
2(2.2%) 2(2.3%) 26 (6.2%) 26 (6.8%)
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Trial 135

During the extended follow-up phase of Trial 135 a total of 4 patients died, 2 in each
prior treatment group. Review of case report forms and narrative listings for each of the
4 patients confirmed that breast cancer disease progression was the cause of death in
each case.

Trial 138

In general, causes of death during the extended follow-up phase of Trial 138 were
expected in the patient popuiation being studied, men with a median age of 75 and 91%
of patients above age 65 at enrolliment. The table below summarizes all fatal events
that occurred during the extended follow-up phase of Trial 138, by MedDRA system
organ class (SOC) and preferred term (PT). A review of CRFs was performed to
evaluate stated causes of death and in general, the causes of death described in the
reports accurately reflect the patient histories.

Table 6 Trial 138 Extended Follow-up Phase - Deaths by SOC and PT

Denosumab Placebo
SOC : PT n=417 n=385
n (%) n {%)
Blood and lymphatic .
system disorders Anaemia 0( 0.0%) 1( 0.3%)
Cardiac failure 0 ( 0.0%) 3(0.8%)
Cardiopulmonary failure 0 ( 0.0%) 2( 0.5%)
Cardiac disorders Cardio-respiratory arrest 1( 0.2%) 0 ( 0.0%)
Cardiovascular o o
insufficiency 1(02%) 0(0.0%)
Death 6 ( 1.4%) 2 ( 0.5%)
General disorders and | General physical health o ig o
administration site deterioration 0( 0.0%) 1( 0.3%)
conditions Sudden cardiac death 0( 0.0%) 1( 0.3%)
Thrombosis in device 0( 0.0%) 1( 0.3%)
Metabolism and . .
nutrition disorders Failure to thrive 1( 0.2%) 0( 0.0%)
Neoplasms benign, Acute lymphocytic o o
malignant and leukaemia 1(0.2%) 0(0.0%)
unspecified (incl cysts Brain neoplasm
and polyps) malignant 0( 0.0%) 1(0.3%)
Colorectal cancer 0
metastatic 1( 0.2%) 0 ( 0.0%)
Lun fasm
“rga’l‘i‘;ﬁgnt 0( 0.0%) 1( 0.3%)
Metastases to bone 1(0.2%) 2( 0.5%)
Pancreatic carcinoma 1(0.2%) 0( 0.0%)
Prostate cancer 4 1.0%) 2( 0.5%)
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Denosumab - Placebo

SOoC PT n=417 n=385

n (%) n (%)

Prostate cancer o o
metastatic 3( 0.7%) 1( 0.3%)

Rectal cancer o o
metastatic 1( 0.2%) 0( 0.0%)

Tongue neoplasm
malignant stage 1( 0.2%) 0( 0.0%)
unspecified

Nervous system Cerebrovascular o o
disorders accident 2 ( 0.5%) 1(0.3%)
Renzlisaor:g;rrslnary Urogenital haemorrhage 0( 0.0%) 1( 0.3%)

, Chronic obstructive 0 0
Respiratory, thoracic pulmoﬁary disease 0( 0.0%) 1(03%)
and mediastinal Pneumonia aspiration ~ 0(0.0%) 1(0.3%)
disorders Puimonary embolism 0 ( 0.0%) 2 ( 0.5%)
Respiratory failure 1( 0.2%) 1( 0.3%)
. Aortic aneurysm rupture 0( 0.0%) 1(0.3%)
Vascular disorders Arteriosclerosis 1( 0.2%) 0( 0.0%)

7.3.2 Serious Adverse Events

A total of 160 patients experienced serious adverse events in the extended follow-up
phases of Trials 135 and 138. The analyses of SAEs are summarized in the tables
below. Case report forms or case narratives were reviewed for selected cases.

Table 7 Serious Adverse Events (per patient incidence)

Trial 135 Extended Trial 138 Extended
Followup Followup
Denosumab Placebo - Denosumab Placebo
n=96 =90 n=417 n=385
n (%) n (%) n (%) n (%)
9 ( 9.4%) 4( 4.4%) 78 (18.7%) 69 ( 17.9%)
Trial 135

The following table summarizes the analyses of SAEs for the extended follow-up phase
of Trial 135. The case of pneumonia occurred in a 76 year old patient. The case of
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lobar pneumonia occurred in a patient with a history of repeated bouts of pneumonia.
The patient who experienced a fibula fracture also fractured her tibia after a fall.

Table 8 Trial 135 Extended Follow-up Phase - SAEs by SOC and PT

_ Denosumab Placebo
sSOoC PT n=96 : n=90
' n (%) n (%)
Blood and lymphatic . , o 0
system disorders Febrile neutropenia 0( 0.0%) 1( 1.1%)
Cardiac disorders Myaocardial infarction 1( 1.0%) 0( 0.0%)
Colonic stenosis 1( 1.0%) 0( 0.0%)
Gastrointestinal Diverticulum intestinal 2( 2.1%) 0( 0.0%)
disorders Gastritis 1( 1.0%) 0( 0.0%)
Haemorrhoids 1( 1.0%) 0( 0.0%)
- . Hepatic failure 0( 0.0%) 1( 1.1%)
H
epatobiliary disorders Jaundice 1( 1.0%) 0( 0.0%)
Cellulitis 0( 0.0%) 1( 1.1%)
Infections and Clostridium difficile 0( 0.0%) 1( 1.1%)
infestations Lobar pneumonia 1( 1.0%) 0( 0.0%)
Pneumonia 1( 1.0%) ' 0( 0.0%)
Injury, poisoning and Fibula fracture 1( 1.0%) 0( 0.0%)
procedural Overdose 0( 0.0%) 1( 1.1%)
complications Tibia fracture 2( 2.1%) 0( 0.0%)
Musculos_kele'tal and Arthralgia 1( 1.0%) 0( 0.0%)
°°”ré?:é':'deef,'s‘°’s“e Muscular weakness 1( 1.0%) 0( 0.0%)
Adeg:rf;rggfma 1( 1.0%) 0( 0.0%)
Neoplasms benign, Breast cancer 0( 0.0%) 1 1.1%)
malignant and Breast cancer in situ 0( 0.0%) 1 11%)
unspecified (incl cysts Breast cancer ‘ :
0, O
and polyps) metastatic 2(2.1%) 1CL1%)
Metastases to bone 1( 1.0%) 0( 0.0%)
Nerious system Syncope 1( 1.0%) 0( 0.0%)
Psychiatric disorders Depression 0( 0.0%) 1( 1 1%)
Trial 138

A MedDRA SOC level analysis was performed for the extended follow-up phase of Trial
138. The overall per-patient incidence of SAEs was balanced between prior treatment
groups. The following table summarizes the analysis of SAEs for the extended follow-
up phase of Trial 138. Overall there were no clinically meaningful differences between
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prior treatment groups. The higher overall rate of SAEs as compared to the extended
follow-up phase of Trial 135 likely reflects the age and associated comorbidities of the
population studied in Trial 138. ‘

Table 9 Trial 138 Extended Follow-up Phase - SAEs by SOC

Denosumab Placebo
SOC , n=417 n=385
‘ n (%) n (%)
Neoplasms benign,
malignant and o 0
unspecified (incl cysts 22 ( 5.3%) 14.( 3.6%)
and polyps)
Gastrointestinal
disorders 15 3.6%) 10 ( 2.6%)
Infections and
infestations 15 (1 3.6%) 14 ( 36%)
Cardiac disorders 14 ( 3.4%) 12 ( 3.1%)
General disorders and
administration site 12 { 2.9%) 7( 1.8%)
conditions
Nervous system
disorders 10 ( 2.4%) 13 ( 3.4%)
Renal and urinary
disorders 9( 2.2%) 14 ( 3.6%)
Respiratory, thoracic
and mediastinal 9( 2.2%) 8( 2.1%)
disorders
Blood and lymphatic 6 ( 1.4%) 4( 1.0%)

system disorders

Injury, poisoning and

procedural 6( 1.4%) 7( 1.8%)
complications

Musculoskeletal and

connective tissue 6 ( 1.4%) 5( 1.3%)
disorders
Vascular disorders 5( 1.2%) 8( 2.1%)
Metabolism and o o
nutrition disorders 3(0.7%) 6( 1.6%)
Surgical and medical
gpmcedures 3( 0.7%) 1( 0.3%)
Hepatobiliary disorders 2 ( 0.5%) 1( 0.3%)
Ear and labyrinth
disorderys 1( 0.2%) 0( 0.0%)
Psychiatric disorders 1( 0.2%) 0( 0.0%)
Skin and subcutaneous o o
tissue disorders 1(02%) 0( 0.0%)
Congenital, familial and
genetic disorders 0(0.0%) 1(03%)
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Denosumab Placebo
soc n=417 n=385
n (%) n (%)
Eye disorders 0( 0.0%) 2( 0.5%)
Reproductive system
and breast disorders 0( 0.0%) 1( 0.3%)

7.3.3 Dropouts and/or Discontinuations

No patients withdrew from Trial 135 due to an adverse event during the extended
follow-up period.

Five patients withdrew in the prior denosumab group and no patients in the prior
placebo group in the extended follow-up period of Trial 138. Four patients withdrew
due to events related to progression of prostate cancer; the fifth patient withdrew due to
worsening Alzheimer’s disease.

7.3.4 Significant Adverse Events

In addition to discussion in Section 7.4.1 Common Adverse Events, CTCAE Grade 3-5
adverse events were analyzed at each level of the MedDRA hierarchy for the extended
follow-up periods of Trials 135 and 138:

Trial 135

At the PT level, most terms occurring in the prior denosumab group occurred in a single
patient. Terms occurring at higher incidence in the prior denosumab group compared to
the prior placebo group were lumbar vertebral fracture, meniscus lesion, thoracic
vertebral fracture, and tibia fracture, each occurring in 2 patients. Similarly, no HLT
term occurred in more than 2 patients in the prior denosumab group. At the HLGT level,
only ‘Bone and joint injuries’ occurred in more than 2 patients in the prior denosumab
group, occurring in 7 patients in the prior denosumab group compared to 1 patient in the
prior placebo group. Preferred terms subsumed under this HLGT included meniscus
lesion (2 patients), radius fracture (1 patient), thoracic vertebral fracture (2 patients),
tibia fracture (2 patients), and fibula fracture (1 patient). Review of cases revealed that
at least 3 fracture events were due to trauma and the patient who experienced fibula
fracture also experienced a tibia fracture after a fall. In addition, at least one vertebral
fracture event was also due to trauma. Only SOC terms ‘Injury, poisoning, and
procedural complications’ (7 patients vs. 2 patients) and ‘Musculoskeletal and
connective tissue disorders’ occurred in more than 2 patients each in the prior
denosumab group. ‘Injury, poisoning, and procedural complications’ included the PT
terms listed above under the PT analysis, and ‘Musculoskeletal and connective tissue
disorders’ included PTs arthralgia, osteoarthritis, muscular weakness, neck pain, pain in
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extremity, and synovial cyst, each occurring in a single patient. Arthralgia,
musculoskeletal pain, and pain in extremity are included in the Prolia labeling; see
section 7.4.1 and labeling recommendations.

Trial 138

At the PT, HLT, HLGT, and SOC levels, no term occurred at greater than 2% increased
incidence in the prior denosumab group compared to the prior placebo group.

7.3.5 Submission Specific Primary Safety Concerns

Refer to section 7.3.5 of the inijtial clinical review of BLAs 125332 and 125333
(completed October 2009) by S. Demko.

Osteonecrosis of the Jaw

No patient experienced an event of osteonecrosis of the jaw (ONJ) during the extended
follow-up phases of Trials 135 and 138.

Cataracts in Trial 138

Refer to section 5.3 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko. In the extended follow-up phase of Trial 138, four patients
in the prior denosumab group and seven patients in the prior placebo group
experienced an adverse event of cataract. Refer also to the clinical safety review of
Xgeva SRE sBLA 125320/7; in Xgeva SRE Trials 103, 136, and 244, which utilized the
labeled Xgeva dosing regimen of 120 mg denosumab administered every 4 weeks,
there were no safety signals concerning for increased risk of cataract. '

7.4 Supportive Safety Results

7.4.1 Common Adverse Events

Consistent with the common adverse event (AE) search criteria applied by S. Demko in
the initial clinical review of BLAs 125332 and 125333, this reviewer defined common
AEs, for the purpose of presentation below (highlighted), as events occurring at a per
patient incidence of > 5% with >5% difference favoring the prior denosumab treatment
group. The labeling proposed by the applicant includes adverse reactions reported in
10% or more of Prolia-treated patients and this reviewer is in agreement with this
labeling proposal.
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Trial 135

Table 10 AEs by PT (>5% per patient incidence in the prior denosumab group)

Denosumab Placebo

PT n=96 n=90

n (%) - n (%)
Arthralgia 11 (11.5%) 4( 4.4%)
Back pain 6 ( 6.3%) 5( 5.6%)
Dyspepsia 6 ( 6.3%) 1( 1.1%)
Insomnia 6 ( 6.3%) 0( 0.0%)
Pain in extremity 6 ( 6.3%) 4( 4.4%)

Arthralgia has been included in the Prolia labeling.

Table 11 AEs by HLT (>5% per patient incidence in the prior denosumab group)

Denosumab Plaéebo
HLT n=96 n=90
n (%) n (%)

Musculoskeletal and
connective tissue pain 16 (16.7%) 12 (13.3%)
and discomfort
Joint related signs and

symptoms 11 (11.5%) 5( 5.6%)
Upperi;efzgitggfsry tract 10 (10.4%) 7( 7.8%)
Urinary tractinfections 7( 7.3%) 3( 3.3%)
B maand | (o9 | o(oow

DYSP:%‘; Sgns and 6 ( 6.3%) 1( 1.1%)
Pain an'c\llgigcomfort 6 ( 6.3%) 2( 2.2%)

The HLT ‘Joint related signs and symptoms’ includes the PT arthralgia.

Table 12 AEs by HLGT (>5% per patient incidence in the prior denosumab group)

. Denosumab Placebo

HGLT n=96 n=90

n (%) n (%)

infections - pathogen o
unspecified 18 (18.8%) 14 (15.6%)
Bone and joint injuries 16 (16.7%) 8 ( 8.9%)
Musculoskeletal and 16 ( 16.7%) 13 (14.4%)
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Denosumab Placebo
HGLT n=96 n=90
n (%) n (%)
connective tissue :
disorders NEC -
Joint disorders 14 (14.6%) 8 ( 8.9%)
Gastrointestinal signs o o
and symptoms 13 (13.5%) 6( 6.7%)
Coneral system 10 ( 10.4%) 10 ( 11.1%)
Bone disorders (excl
congenital and 6 ( 6.3%) 7{ 7.8%)
fractures)
Gastrointestinal motility .
and defaecation 6( 6.3%) 6 ( 6.7%)
conditions
- Sleep disorders and o o
disturbances 6 ( 6.3%) 0( 0.0%)
Epidermal and dermal
conditions 5(15.2%) 7(7.8%)
Injuries NEC 5( 5.2%) 5( 5.6%)
Phys:ca:oeF));ce;aqunatlon 5( 5.2%) 1( 1.1%)
Resplratgréglsorders 5( 5.2%) 10 (11.1%)
Synovial and bursal
I orters 5( 5.2%) 0 ( 0.0%)
Urmargyt::;ttos;?sns and 5( 5.2%) 4( 4.4%)

The HLGT ‘Bone and joint injuries’ includes fracture PTs addressed in section 7.3.4
above. ‘Joint disorders’ includes the PT arthralgia. ‘Gastrointestinal signs and
symptoms’ includes disparate Gl PTs already included in the Prolia labeling.

Table 13 AEs by SOC (>5% per patient incidence in the prior denosumab group)

Denosumab Placebo
SOC n=96 n=90
: n (%) n (%)
Musculoskeletal and
connective tissue 33 (34.4%) 24 (26.7%)
disorders :
infections and 22 (22.9%) 17 ( 18.9%)
Injury, poisoning and
procedural 18 ( 18.8%) 13(14.4%)
complications
Gaztig?éeef;‘”a' 17 (17.7%) 12 ( 13.3%)
Psychiatric disorders 13 (13.5%) 6 ( 6.7%)
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Denosumab Placebo
SOC n=96 =90
n (%) n (%)

General disorders and
administration site

12 (12.5%)

11 (12.2%)

conditions
Investigations 11 (11.5%) 4 ( 4.4%)
Nervous Systam 9 ( 9.4%) 13 ( 14.4%)
Respiratory, thoracic
and mediastinal 9( 9.4%) 12 (13.3%)
disorders
Reproductive system 8 ( 8.3%) 4( 4.4%)
and breast disorders 70 70
Skin and subcutaneous o o
tissue disorders 8( 8.3%) 8( 8.9%)
Vascular disorders 7( 7.3%) 5( 5.6%)
Metabolism and o o
nutrition disorders 6(6.3%) 9(10.0%)
Renal and urinar
oorders 6 ( 6.3%) 4( 4.4%)

The SOC ‘Musculoskeletal and Connective Tissue Disorders’ includes PTs arthralgia,
back pain, and musculoskeletal pain, which are included in the Prolia labeling. The SOC
‘Investigations’ includes a number of disparate laboratory PTs mostly occurring in 1-2
patients each. :

Trial 138

Table 14 AEs by PT (>5% per patient incidence in the prior denosumab group)

Denosumab Placebo
PT n=417 n=385
n (%) n (%)
Arthralgia 21( 5.0%) 14 { 3.6%)

No PT occurred at greater than 5% per patient incidence in the prior denosumab group.

Table 15 AEs by HLT (>5% per patient incidence in the prior denosumab group)

Denosumab Placebo
- HLT n=417 n=385
n (%) n (%)
Musculoskeletal and
connective tissue pain 33( 7.9%) 20 ( 5.2%)
and discomfort
Bladder and urethral 26 ( 6.2%) 21 ( 5.5%)

symptoms
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- Denosumab Placebo
HLT n=417 n=385
n (%) n (%)
Joint related signs and 22 ( 5.3%) 14 ( 3.6%)

symptoms

Table 16 AEs by HLGT (>5% per patient incidenée in the prior denosumab group)

Denosumab Placebo
HLGT n=417 n=385
n (%) n (%)
Infections - pathogen o
unspecified 45 (10.8%) 33( 8.6%)
Musculoskeletal and !
connective tissue 36 ( 8.6%) 23 ( 6.0%)
disorders NEC
Urinary tract signs and o o
symptoms 33 ( 7.9%) 31( 8.1%)
Joint disorders 28 ( 6.7%) 19 ( 4.9%)
Gastrointestinal motility
and defaecation 27 ( 6.5%) 13 ( 3.4%)
conditions
Gastrointestinal signs o o
and symptoms 25( 6.0%) 19 ( 4.9%)
General system 24 ( 5.8%) 20 ( 5.2%)

disorders NEC

Table 17 AEs by SOC (>5% incidence in the prior denosumab group)

Denosumab Placebo
SOC n=417 n=385
n (%) n (%)

Musculoskeletal and
connective tissue
"~ disorders

72 (17.3%)

51 ( 13.2%)

Infections and
infestations

55 ( 13.2%)

46 (11.9%)

Gastrointestinal
disorders

53 (12.7%)

42 (10.9%)

Renal and urinary
disorders

48 (11.5%)

49 (12.7%)

Neoplasms benign,
malignant and

9 0
unspecified (incl cysts 43 (10.3%) 28 ( 7.3%)
and polyps)
Nervous system
disorders 33 ( 7.9%) 38 ( 9.9%)
General disorders and 31( 7.4%) 25 ( 6.5%)
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Denosumab Placebo
SOC n=417 n=385
n (%) n (%)
administration site
conditions
Respiratory, thoracic
and mediastinal 30 ( 7.2%) 26 ( 6.8%)
disorders
Cardiac disorders 25 ( 6.0%) 27 ( 7.0%)
Injury, poisoning and
procedural 24 ( 5.8%) 27 ( 7.0%)
complications
Metabolism and
nutrition disorders 23( 5.5%) 20( 5.2%)
Vascular disorders 22 ( 5.3%) 24 ( 6.2%)

7.4.2 Laboratory Findings

No laboratory evaluations were collected in the extended follow-up phases of Trials 135
and 138.

7.4.3 Vital Signs

No vital sign data were collected in the extended follow-up phases of Trials 135 and
138.

7.4.4 Electrocardiograms (ECGs)

No ECGs were collected in the extended follow-up phases of Trials 135 and 138.

7.4.5 Special Safety Studies/Clinical Trials

No special safety studies were submitted.

7.4.6 Immunogenicity

Samples for detecting antidenosumab antibodies were not collected during the
extended follow-up phases of Trials 135 and 138.

7.5 Other Safety Explorations

Refer to section 7.5 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko and the clinical review of Xgeva sBLA 125320/7.
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7.6 Additional Safety Evaluations

Refer to section 7.6 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko and the clinical review of Xgeva sBLA 125320/7.

7.7 Additional Submissions / Safety Issues

None.

8 Postmarket Experience

Initial marketing approval of Prolia was granted in June 2010 and marketing approval of
Xgeva was granted in November 2010. To date, postmarketing experience with
denosumab has identified no new safety signals or risks not already recognized during
clinical development.
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9 Appendices

9.1 Literature Review/References

Refer to section 9.1 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.

9.2 Labeling Recommendations

This reviewer recommended the following key labeling changes, including changes to
the medication guide as below.

i

Indications and Usage

¢ Change the indication from “the treatment and prevention of bone loss in
patients undergoing hormone ablation for prostate or breast cancer” to the
following two indications (for clarity and for consistency with the PMO sections
of the labeling):

o treatment to increase bone mass in men at high risk for fracture who are
also receiving androgen deprivation therapy for nonmetastatic prostate
cancer

o treatment to increase bone mass in women at high risk for fracture who are
also receiving adjuvant aromatase inhibitor therapy for breast cancer

e Removal of the prevention of bone loss indication, as above [see section 1.1 of
the initial clinical review of BLAs 125332 and 125333 (completed October 2009)
by S: Demko], and removal of all related language in the sections below

Warnings and Precautions

e A July 2011 labeling supplement approved by DRUP included addition of the
following warning: “Patients receiving Prolia should not receive Xgeva.”

o As noted in section 9.2 of the Clinical Review of sBLA 125320/7 (Xgeva),
there is no evidence that inadvertently receiving an extra 60 mg dose of
denosumab would acutely harm cancer patients receiving Xgeva, therefore
removal of the “Drugs with Same Active Ingredient” warning from the
Xgeva label was recommended in the sBLA 125320/7 review, along with
inclusion of a statement in the Xgeva Patient Counseling Information
Section that Xgeva is also marketed as Prolia and that patients should
inform their healthcare provider if they are taking Prolia.
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Adverse Reactions

Replacement of ®® with “receiving
androgen deprivation therapy for prostate cancer or adjuvant aromatase
inhibitor therapy for breast cancer” (for clarity and consistency)

Removal of ®@ (occurred with similar incidence in the denosumab and
placebo arms) from and the addition of pain in extremity and musculoskeletal
pain to the list of most common adverse reactions reported with Prolia in the
HALT study populations

Removal of a statement regarding B

Clinical Trials

Inclusion of absolute risk reduction and relative risk reduction with regard to
effect on vertebral fractures in men with prostate cancer
Inclusion of demographic information for the study populations, includinmean
baseline lumbar spine BMD T-scores and vertebral fracture rates (for
consistency with the PMO sections of the labeling)
Inclusion of the stratification factors in each trial
Removal of figures (to remove redundant information or information not
pertinent to the benefits, risks, or use of denosumab)

®® results in the prostate
cancer trial, as there was no plan for alpha allocation beyond the key secondary
endpoint

®@ results in the breast
cancer trial, as there was no plan for alpha allocation beyond the primary
endpoint
Removal of BMD results for sites other than the lumbar spine, total hip, femoral
neck (for consistency with the PMO sections of the labeling)
Removal of selected subgroup analyses from statements regarding Lre

(for consistency with the PMO sections of the labeling)

Editorial changes for consistency with the PMO sections of the labeling

Medication Guide

Removal of language regarding prevention of bone loss

Changes regarding the most common side effects of Prolia, for consistency with
the recommendations above under the Adverse Reactions section of the
labeling

Removal of statements regarding treatments for breast or prostate cancer
®@
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9.3 Advisory Committee Meeting

Refer to section 9.3 of the initial clinical review of BLAs 125332 and 125333 (completed
October 2009) by S. Demko.
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1 Recommendations/Risk Benefit Assessment

The application under review included four separate proposed indications, only two of which
pertain to patients with cancer, i.e., prevention and treatment of patients with breast cancer
receiving aromatase inhibitor therapy, and prevention and treatment of men with prostate cancer
receiving androgen deprivation therapy. For the purposes of this section of the review, the
treatment and prevention indications will be discussed separately. In addition, reference will be
made to the postmenopausal osteoporosis indications sought by this application, i.e., treatment of
women with postmenopausal osteoporosis, and prevention of osteoporosis in post-menopausal
women, only as they apply to the trials submitted in support of the cancer indications.

1.1 Recommendation on Regulatory Action

Treatment

It is the recommendation of this reviewer to deny the approval of these original Biological
License Applications (BLA), STN 125332/00 and STN 125333/00, for denosumab
(Prolia™) for the treatment of patients with bone loss associated with hormone ablation therapy
(HA) administered to patients with breast and prostate cancers. Any future consideration of this
application is predicated on a demonstration that there are no detrimental effects on cancer
outcomes from analyses of data from completed and ongoing clinical trials in patients with
metastatic cancers. The data should be submitted to the agency for review and demonstrate
neutral or positive effects on cancer outcomes for patients treated with denosumab. In addition,
should Amgen secure approval for denosumab for these cancer indications in the future,
treatment should be limited to patients who are at high risk for fracture, patients who are
refractory to bisphosphonates, or patients who are intolerant of bisphosphonates.

These recommendations are based on the analyses of efficacy and safety data submitted from
two randomized, placebo-controlled trials, Trial 20040135 (135) and Trial 20040138 (138). Trial
135 studied bone mineral density as the primary endpoint. Bone mineral density (BMD) is not
accepted as a regulatory endpoint for anti-resorptive agents. Skeletal related events, including
incidence of new vertebral fractures is an accepted regulatory endpoint for this class of products.
As a result, demonstration of clinical benefit for Trial 135 is based upon the efficacy data
submitted for Trial 20030216 (216) which supported the primary indication for the treatment of
postmenopausal osteoporosis (PMO). The primary efficacy endpoint in Trial 216 was reduction
of new vertebral fractures. For trial 135, BMD is a surrogate endpoint while reduction of new
vertebral fractures is considered clinical benefit for regulatory purposes. The data from Trial 138
does not rely on another study to confirm clinical benefit.

[Data from Trial 216 were reviewed in the Division of Reproductive and Endocrinology
Products (DRUP).]

Trial 135 was a multinational, multicenter, double-blind, placebo-controlled trial involving 252
patients with non-metastatic breast cancer receiving adjuvant aromatase inhibitor (Al) therapy
following definitive local therapy. Patients were randomized 1:1 to denosumab (127) or placebo
(125) once every 6 months for a total of 4 doses during the treatment period of 24 months. All
patients received daily calcium (> 1 g) and vitamin D (> 400 IU) supplementation throughout the
trial. Randomization was stratified by the duration of aromatase inhibitor therapy (< 6 months vs.
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> 6 months). A 24 month safety follow-up period was ongoing at the time the BLA was
submitted. The primary efficacy endpoint was percentage change in lumbar spine bone mineral
density (BMD) from baseline to month 12. Key secondary endpoints were percentage change in
lumbar spine bone mineral density (BMD) from baseline to month 6, and percentage change in
total hip and femoral neck BMD from baseline to months 6 and 12. There were no neoplastic
disease assessments specified as part of the trial and such data was not captured during the
conduct of the trial. Survival rate at month 24 was an exploratory endpoint.

There was a statistically significant increase in lumbar spine BMD between denosumab and
placebo treated groups at 12 months (denosumab + 4.8%, placebo — 0.7%) based on a least
square mean estimate. The treatment difference between the groups was 5.5% (95% CI: 4.8, 6.3).
Consistent effects on lumbar spine bone mineral density were observed regardless of baseline
age, duration of aromatase inhibitor therapy, weight/bone mass index (BMI), prior
chemotherapy, prior selective estrogen receptor modulator (SERM) use, and time since
menopause. The treatment differences in total hip and femoral neck BMDs from baseline to
month 12 were also statistically significant (p<0.0001). Trial 135 did not include an evaluation
of skeletal related events and relied on the outcome of Trial 216 to demonstrate clinical benefit.
All cause mortality included 2 deaths (1%) for each treatment group at 24 months.

Trial 216 was a multinational, multicenter, randomized, double-blind placebo-controlled trial to
investigate the safety and efficacy of denosumab on the reduction of new vertebral fractures in
7808 postmenopausal women with osteoporosis after 3 years of treatment. Subjects were
randomized (1:1) to receive either denosumab (3902) or placebo (3906). All patients received
daily calcium (> 1 g) and vitamin D (= 400 IU) supplementation throughout the trial.
Randomization was stratified by age at study entry: 60 to 64 years, 65 to 69 years, 70 to 74 years,
and > 75 years. BMD T-scores were required to be <-2.5 and > - 4.0 at baseline. The last
scheduled dose of investigational product was administered at month 30, and patients were
followed until month 36 at which time they were offered the opportunity to enroll in an extension
trial. The primary efficacy endpoint was the incidence of new vertebral fractures during the 36-
month treatment period. Key secondary endpoints were time to first nonvertebral fracture and
time to first hip fracture.

There was a statistically significant reduction in the risk of new vertebral, nonvertebral, and hip
fractures for denosumab when compared with placebo based on a prespecified sequential testing
procedure. The risk reduction for new vertebral fractures at month 36 was 68% (95% CI: 0.26,
0.41; p <0.0001). Risk reductions for nonvertebral fractures and hip fractures were 20% (95%
CI: 0.67, 0.95; p=0.0106) and 40% (95% CI: 0.37, 0.97; p = 0.0362), respectively. Consistent
effects were observed in subgroups at higher fracture risk defined by other baseline
characteristics: subjects with > 2 prevalent vertebral fractures or having prevalent vertebral
fractures which were moderate or severe, subjects with femoral neck T score < - 2.5 and subjects
with age > 75 years. Body weight did not affect the incidence of vertebral fracture or lumbar
spine BMD levels.

Trial 138 was a multinational, multicenter, double-blind, placebo-controlled trial involving 1468

men with nonmetastatic prostate cancer following definitive local therapy receiving androgen
deprivation therapy (ADT) with gonadotropin-releasing hormone (GnRH) agonists or following

Reference ID: 3168406



Clinical Review FINAL 10/07/2009
Suzanne Demko

BLAs 125332 & 125333
Prolia/Denosumab

orchiectomy. Approximately 10% of the study population underwent orchiectomy. Patients
were randomized 1:1 to either denosumab (734) or placebo (734) once every 6 months for a total
of 6 doses over a 36-month treatment period. All patients received daily calcium (> 1 g) and
vitamin D (> 400 IU) supplementation throughout the trial. Randomization was stratified by age
group (< 70 years vs. > 70 years) and duration of ADT at trial entry (< 6 months vs. > 6 months).
Upon completion of the 36-month treatment period, patients were either continued on trial for 24

-months during which no investigational product was administered, or were offered enrollment in
a 2-year extension trial. The primary efficacy endpoint was the percent change in lumbar spine
BMD from baseline to month 24. Key secondary endpoints were percentage change in femoral
neck BMD and total hip BMD from baseline to month 24, percentage change in lumbar spine
BMD, femoral neck BMD, and total hip BMD from baseline to month 36, subject incidence of
any fracture, and subject incidence of new vertebral fracture over the 36-month treatment period.
Neoplastic disease assessments consisted of bone scans at baseline and month 36 and PSA levels
every 6 months during the treatment phase of the trial. In addition, there were exploratory
analyses to assess effects on cancer outcomes based on periodic bone scans or PSA results.
Survival rate at 36 months was also an exploratory endpoint.

There was a statistically significant increase in lumbar spine BMD between denosumab and
placebo treated groups at 2 years (denosumab + 5.6%, placebo -1%) based on a least square
mean estimate. The treatment difference was 6.7% (95% CI: 6.2, 7.1), favoring denosumab.
Consistent effects on lumbar spine BMD were observed regardless of baseline age, race,
geographical region, weight/BMI, BMD, level of bone turnover, duration of androgen
deprivation therapy, and presence of vertebral fracture. The treatment differences from baseline
to month 24 in femoral neck BMD were 3.9% (95% CI: 3.5, 4.4, p < 0.0001) and total hip BMD
4.8% (95% Cl: 4.4, 5.1. p <0.0001). There was a statistically significant reduction in the
incidence of new vertebral fractures at 36 months, denosumab 1.5%, placebo 3.5% (OR: 0.37,
95% CI: 0.18, 0.78: p=0.0125). At month 24, the incidence of any fracture was not statistically
significant, 45/734 (6.1%) in the placebo group and 32/734 (4.4%) in the denosumab group
(p=0.1282). At month 36, the incidence of any fracture was also not statistically significant,
53/734 (7.2%) in the placebo group and 38/734 (5.2%) in the denosumab group (p=0.1048). The
PSA and bone scan data were inadequate to provide any meaningful conclusions regarding
progression of pre-existing prostate cancer. All cause mortality was 5.9% for both treatment
groups at 36 months. ' i

The evaluation of clinical safety for this application was based on analyses of the experiences of
14,000 patients in 30 clinical trials with up to 5 years of exposure. These trials included patients
with normal or low bone density, as well as those with bone density in the osteoporotic range. In
addition to separate analyses of the two randomized, placebo controlled trials for the hormone
ablation therapy (HA) indications (135 and 138), safety data from trials 135, 138 as well as two
randomized, placebo controlled trials (216 and 132) for the post-menopausal osteoporosis (PMO)
indications were pooled and analyzed to assess overall safety. The most common adverse events
(patient incidence of > 5%, and denosumab group > placebo) were back pain, arthralgia,
extremity pain, osteoarthritis, constipation, musculoskeletal pain, hypercholesterolemia,
dizziness, peripheral edema, and upper respiratory tract infection. The most serious adverse
events were cardiac disorders, nervous system disorders, infections, and gastrointestinal
disorders. Adverse events identified as important by the applicant and the FDA review teams
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were infections (including serious skin infections in PMO Trial 216), tumor promotion (i.e.,
growth of pre-existing tumors in response to stimulation by a drug or biologic), new primary
malignancies, hypocalcemia, suppression of bone remodeling, osteonecrosis of the jaw, and
cataracts (in Trial 138 only).

All key trials submitted with this application met their efficacy endpoints. When compared to
placebo, treatment with denosumab increases bone mineral density in both women with breast
cancer treated with aromatase inhibitors (Als) and men with prostate cancer treated with
androgen deprivation therapy (ADT). In addition, treatment with denosumab significantly
decreases the risk of vertebral fractures in women with postmenopausal osteoporosis (PMO) and
men with prostate cancer receiving ADT. There is a need for drugs for the treatment of patients
with osteoporosis who are at high risk for fractures. While there are currently approved therapies
for the treatment and prevention of osteoporosis (see Table 2), not all patients receive benefit
from these drugs and other patients become refractory to their effects. In addition, there are
patients who are intolerant to these therapies because they can have major gastrointestinal and
other severe toxicities. Over half'of women who start bisphosphonates (BP) therapy discontinue
treatment based on side effects and intolerability within one year. Mortality rates for women
with osteoporosis in the first year after a hip or vertebral fracture are significantly higher than in
the general population, and approximately 20% of women die within a year of hip fracture.
There is also a need for agents to treat patients with bone loss associated with hormone ablation
(HA) therapies. At the present time, there are no FDA approved agents for the HA indications;
although, it is the accepted practice of medicine to treat with bisphosphonates for these
indications.

The overall safety profile for denosumab is unacceptable for women with breast cancer receiving
aromatase inhibitors, and men with prostate cancer receiving androgen deprivation therapy
because neither trial submitted in support of these indications was designed to evaluate
neoplastic disease. Additional data from well-designed, controlled clinical trials is needed to
determine if denosumab plays a role in stimulating tumor growth in pre-existing tumors.
Although it is notable that the most common adverse events observed with denosumab were not
serious, or are amenable to mitigation, there are a number of safety issues requiring further study
and experience to determine their relevance and importance. While there were no confirmed
cases of osteonecrosis of the jaw (ONJ) in this application, data from ongoing and recently
completed trials in patients with advanced cancers indicate that ONJ remains a safety concern.
Because denosumab inhibits the signaling of RANK on activated T-cells and dendritic cells by
binding RANK ligand, and an increase in the incidence of infections was noted throughout the
development program for denosumab, the effects of denosumab on the immune system will also
require additional study. Likewise, the effects of denosumab on the development of new
malignancies will require further assessment and experience as will long term outcomes resulting
from the significant suppression of bone remodeling observed with denosumab. Finally, the
increased incidence of cataracts observed in prostate cancer patients (Trial 138) will require
additional study.

Prevention

It is also the recommendation of this reviewer to deny approval for the applicant’s proposed
indications for the prevention of bone loss in women with breast cancer receiving aromatase
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inhibitors and for the prevention of bone loss in men with prostate cancer receiving androgen
deprivation therapy. This recommendation is based on the following: In Trial 135, although the
breast cancer patients studied were individuals with low and normal bone mass, the trial was
never intended to stand alone in support of approval because the primary endpoint is not
accepted as a measure of clinical benefit for regulatory purposes. Reduction in fractures is the
accepted primary endpoint for regulatory purposes and the trial in patients with breast cancer
(Trial 135) relied upon the PMO prevention trial (Trial 132) for confirmation of clinical benefit.
Trial 132 enrolled women with low bone mass who were at relatively low risk of fracture based
on an estimated 10-year risk of hip fracture (0.8%) and an estimated 10-year risk of major
osteoporotic-related fractures (9.5%) for the overall study population in the pivotal prevention
trial. Although the trial met its primary efficacy endpoints, the submitted data does not indicate
how to identify patients who would benefit from administration of denosumab for a prevention
indication in women with breast cancer on aromatase inhibitors. Since it is not possible to
identify these patients for therapy, and many of the risks associated with denosumab therapy are
serious or unknown, the administration of denosumab in a prevention population is not justified.
This same logic applies to patients with prostate cancer receiving ADT. The data submitted does
not indicate how to identify patients with prostate cancer on ADT who would benefit from a
prevention strategy. Baseline lumbar spine BMD T-scores for trial enrollees included 61% with
normal bone mass, 29% with low bone mass, and 9% with osteoporosis. It should be noted that
Trial 138 included a measure of clinical benefit as part of the trial, i.e., the incidence of new
vertebral fractures at 36 months, which was statistically significantly decreased for patients in the
denosumab group. In spite of this result, the risk: benefit ratio for prostate cancer patients
receiving ADT with normal or low bone mass is unfavorable at this time. Since the benefits of
osteoporosis prevention are not well defined for either group of patients studied to support the
prevention indications, the potential safety signals identified for denosumab are serious enough
to warrant additional study in these patients in order to identify who would benefit from
administration of denosumab for any prevention indication.

1.2 Risk Benefit Assessment

The risks identified in this review outweigh the benefits of approving a new biologic agent for a
population of patients who are at increased risk for fractures associated with hormone ablation
therapies. Patients with postmenopausal osteoporosis (PMO) have many approved agents for the
indications sought in this application, and while there are no other approved agents for the
specific indications sought for the breast and prostate cancer populations, other agents are in
common use by the medical community in both populations. The distinction between the
osteoporosis and cancer populations, however, is somewhat artificial if one considers the fact
that bone loss associated with hormone ablation therapies is no different from bone loss
associated with other drugs, e.g., corticosteroids, or other causes of hypogonadism. The need for
health care provider administration could increase oncologist oversight and enhance participation
in promoting the bone health of patients, a stated goal of the American Society of Clinical
Oncologists. Because it is given subcutaneously, denosumab may be easier to take than some of
the oral bisphosphonates, and is not subject to the serious upper gastrointestinal toxicity caused
by them. The dose frequency proposed for labeling (every 6 months) may be beneficial to
patients by improving compliance; however, the dose frequency is by no means unique. There
are a number of approved bisphosphonates with infrequent dosing regimens. For patients who
exhibit significant bone loss, the immediate pharmacodynamic effects observed with denosumab
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are of benefit in rapidly increasing bone density. In addition, unlike bisphosphonates,
denosumab’s effects on bone resorption cease almost immediately upon discontinuation. This
could be of benefit to some patients, e.g., women of childbearing age who plan to become
pregnant. (Bisphosphonates are incorporated into the bone matrix, from where they are gradually
released over periods of weeks to years. The extent of bisphosphonate incorporation into adult
bone, and the amount available for release back into the systemic circulation, is directly related
to the total dose and duration of bisphosphonate use. Although there are no data on fetal risk in
humans, bisphosphonates do cause fetal harm in animals, and animal data suggest that uptake of
bisphosphonates into fetal bone is greater than into maternal bone. Therefore, there is a
theoretical risk of fetal harm, e.g., skeletal and other abnormalities, if a woman becomes
pregnant even after completing a course of bisphosphonate therapy.) It must also be remembered
that not all patients respond to other approved treatments for osteoporosis, and some patients are
intolerant of the gastrointestinal side effects.

As with any new product, not all of the associated risks can be known prior to marketing
approval. The potential safety signals identified in this application require close observation of
postmarketing adverse event reporting. Previously unknown risks may also be identified during
the postmarketing period. The risks observed during the clinical development of denosumab to
date include a number of important toxicities. Discussions of these specific safety signals follow.

Tumor Promotion: For supportive care agents administered to patients with cancer, the
risk/benefit analysis must take into consideration the potential for the agent to stimulate growth
of pre-existing tumors or to negatively impact the efficacy of concomitant cancer therapy. There
is a growing body of evidence suggesting that promotion of tumor growth may exist for drugs in
which there is no demonstrable direct relationship between receptors and tumor proliferation.
Neither of the hormone ablation (HA) trials included rigorous prespecified plans to evaluate
potential treatment effects on time-to-event endpoints or overall survival. The data that was
analyzed with regard to tumor promotion for both HA trials are subject to a number of caveats
for consideration in decision making. Because disease progression data were obtained as part of
the overall safety data and were not based upon pre-specified, scheduled assessments of breast or
prostate cancer, there is the strong potential for ascertainment bias in the results. In addition,
because the trials were relatively small and not powered for time-to-event or surv1val endpomts
the confidence intervals around the safety data obtained are wide.

Limited data on cancer progression are available for patients with breast cancer in Trial 135. A
tabulation of adverse events of metastasis and an exploratory analysis of OS are the only data
available for analyses involving progressive disease in patients with breast cancer. As noted
previously, the adverse event data tabulated for events of metastasis were not confirmed by
prespecified imaging assessments and are prone to ascertainment bias. The exploratory OS
analysis in Trial 135 was not statistically meaningful because there were not enough events (1%
for each treatment group), and not enough events would be expected in this population of breast
cancer patients to perform a meaningful analysis. With regard to patients with prostate cancer, in
Trial 138, the adverse events data tabulated for events of metastasis are also prone to
ascertainment bias. However, of note in the 138 Trial, exploratory analyses of the OS, PSA and
bone scan data provided positive evidence that was contrary to the findings in the adverse events
tabulated data. Although exploratory, these analyses demonstrated denosumab was no worse
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than placebo with regard to measures of tumor progression. These analyses have been interpreted
as reassuring; however, the trial was not designed appropriately to measure these outcomes.
Additional data from well designed, blinded trials (which include time-to-event endpoints and
are powered for survival), are required before any conclusions about the effect of denosumab on
tumor progression can be reached.

Infections: Patients in the denosumab group were observed to have an increased incidence of
serious infections. There were more serious infections of the skin, ear, abdominal system and
urinary tract. Also, endocarditis, infective arthritis and skin ulcers were observed more
commonly in denosumab treatment groups. However, there was no increase in opportunistic
infections observed in patients treated with denosumab. RANKL, the target for denosumab, is
involved in signaling pathways that play a role in immune function, either directly via activated
T-cells and dendritic cells, or indirectly via TNF-related activation-induced cytokine (TRANCE).
Activated T-cells express TRANCE, a differentiating factor of osteoclasts. In the adult immune
system, TRANCE also modulates immunity via dendritic cells which are required to initiate T-
cell mediated immunity. Disruption of the RANKL/RANK pathway over time may lead to
unforeseen consequences with regard to immune dysregulation; therefore, the long-term immune
effects of denosumab should be studied in new or ongoing trials.

Malignancy: In the postmenopausal osteoporosis (PMO trials), patients in the denosumab group
were observed to have an increased incidence of breast cancer, pancreatic cancer, gastrointestinal
cancer and reproductive cancers. Breast cancer was the most common adverse event that led to
discontinuation of investigational product in patients with PMO. However, the incidence rates
for the common cancers observed were small, < 1%, and the overall incidence of cancers in the
PMO trials were balanced between the treatment groups (approximately 4%). These findings
also require further study to determine their significance.

Skin and soft tissue disorder: Patients treated with denosumab were more likely to develop skin
and soft tissue related adverse events. These excluded infections. There were more bullous
conditions, pruritic conditions, skin rashes, dermatitis and eczema related adverse events in the
denosumab group compared to placebo. For other specific events, the incidence rates were
balanced between the treatment groups.

Bone biopsy histomorphometry: Bone histomorphometry results demonstrated a degree of bone
remodeling suppression not previously observed with other antiresorptive agents. Additional data
is required to determine the long term consequences of this finding.

Hypocalcemia: Hypocalcemia associated with the administration of denosumab was transient
(nadir at day 8-11), resolved spontaneously after discontinuation, and there were no serious
clinical sequelae observed. Adequate calcium and Vitamin D supplementation was required in
the key clinical trials.

Osteonecrosis of the jaw (ONJ): No cases of ONJ were positively adjudicated in the key clinical
trials. This included cases identified by the applicant and adjudicated by the independent ONJ
committee. An FDA analysis of the integrated safety database identified possible additional
cases. These cases were reviewed by subject matter experts in the Division of Dermatology and
Dental Products and based on accepted diagnostic criteria were not confirmed. However, at least
ten confirmed cases of ONJ have been reported in other ongoing or completed trials conducted
by the applicant in patients with multiple myeloma and metastatic cancers.
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Severe and End-stage Renal Disease: In a single dose, open label trial to assess PK, safety and
tolerability in patients with both normal and abnormal renal function not receiving calcium or
vitamin D supplementation, it was concluded that the PK of denosumab is not influenced by
renal dysfunction of any severity. However, in patients with severe (creatinine clearance < 30
mL/min) or end-stage renal disease, an increased incidence and severity of hypocalcemia was
observed.

Although the trials submitted as part of this application have met their efficacy endpoints,
approval for both of the cancer treatment indications should be denied. Based on the available
data provided for denosumab as a part of this application, the risk:benefit analysis cannot be
completed. There is no reliable data to support the contention that this antibody causes no
detrimental effects on tumor outcomes, and additional data from ongoing and recently completed
trials in patients with metastatic cancers, designed with specific cancer related endpoints, should
be submitted to FDA for review prior to consideration for approval. Should future approval be
granted, the approval should be limited to well-defined patient populations who are at high risk
for fracture, or who have failed or are intolerant to other treatment alternatives. While the
majority of the safety concerns identified are not severe, some of the potential safety signals
previously identified and discussed have serious ramifications for patients and must be evaluated
further. This is especially true with regard to the possibility of detrimental effects on cancer
outcomes. Any approval must be predicated on data from adequately designed and well-
conducted clinical trials demonstrating that treatment with denosumab results in no detrimental
effects on cancer outcomes. Such data is lacking in this application. Additional data is required
to assess effects on cancer outcomes for patients treated with denosumab.

1.3 Recommendations for Postmarket Risk Management Activities
None.

1.4 Recommendations for Postmarket Studies/Clinical Trials

None.

2 Introduction and Regulatory Background

Denosumab is an 1gGs,, fully human monoclonal antibody to receptor activator for nuclear factor-
kB ligand (RANKL). RANKL is a 38kD, 316 amino acid protein with extracellular domains that
self-associate as a trimer. RANKL expression is modulated by various cytokines,
glucocorticoids, and parathyroid hormone and is produced by cells of osteoblastic lineage and
activated T cells. RANKL stimulates its specific receptor, RANK, initiating intracellular
signaling cascades which promote osteoclast formation, fusion, differentiation, activation, and
survival, leading to enhanced bone resorption and bone loss. Denosumab blocks the binding of
RANKL to RANK. RANK is a widely expressed 616 amino acid, type I transmembrane protein
that associates at the cell surface as a trimer. RANK can be induced by CD40L stimulation on
dendritic cells and via T cell receptor engagement (+ TGF-b, IL-4) on T cells. RANK also
prevents terminal differentiation and activation of osteoclasts. Denosumab binds specifically to
RANKL and does not bind to TNFo,, TNFB, TNF-related apoptosis-inducing ligand (TRAIL), or
CD40L.
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Figure 1 OPG/RANK/RANKL Pathway (excerpt from Clinical Overview)
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In the United States (US), breast cancer is the most common cancer in women and the second
most common cause of cancer deaths. US breast cancer deaths for 2008 are estimated at over
40,000, with an estimated overall incidence of approximately 182,000. Similarly, for prostate
cancer in the US, deaths are estimated at approximately 28,000 for 2008 with an overall
incidence of approximately 186,000'. Hormone depletion is a primary treatment modality for
estrogen receptor positive breast cancer as well as prostate cancer. For women with breast
cancer, aromatase inhibitor (Al) therapy has been shown to be beneficial for postmenopausal
women with ER+ breast cancer. The American Society of Clinical Oncology (ASCO) has
concluded that optimal adjuvant hormonal therapy for a postmenopausal woman with receptor-
positive breast cancer includes an aromatase inhibitor as initial therapy or after treatment with
tamoxifen.? The main consequence of Al therapy is reduction in estrogen levels. It is well
recognized that bone loss is associated with estrogen deficiency in postmenopausal women.
Postmenopausal bone loss may be accelerated with further reductions in estrogen levels by
aromatase inhibition. Bone loss in postmenopausal women occurs at a rate of approximately 1%
per year. In the Anastrozole, Tamoxifen, Alone or in Combination (ATAC) trial, treatment with
the aromatase inhibitor Arimidex alone resulted in a median percent change in lumbar spine bone

1.Jemal A, Siegel R, Ward E et. al. Cancer statistics, 2008. Cancer J Clin. 2008 Mar-Apr;58(2):71-96. Epub 2008

2 Winer EP, Hudis C, Burstein HJ et.al. American society of clinical oncology technology assessment on the use of
aromatase inhibitors as adjuvant therapy for postmenopausal women with hormone receptor-positive breast cancer:
status report 2004. J Clin Oncol 2005 Jan 20;23(3):619-29. Epub 2004 Nov 15
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mineral density of -2.3% at one year and -4.0% at two years. In addition to the changes in BMD,
these women are at increased risk for fractures.’

Prostate cancer is the most commonly diagnosed cancer among men in the United States
accounting for approximately 29% of all new cancers reported. For men with prostate cancer,
short course androgen deprivation therapy (ADT) is commonly prescribed as monotherapy or in
combination with external beam radiation for men with early stage disease. ADT lowers both
testosterone and estrogen in men with prostate cancer by decreasing the availability of
testosterone for conversion to estrogen. A loss of BMD can occur after only 6 to 9 months of
ADT and the longer the duration of therapy, the greater the risk for osteoporosis and skeletal
fractures®.

Although there is no FDA approved treatment for the specific cancer-related indications sought
in this application, there are numerous trials, including trials with bisphosphonates’,
demonstrating increased bone density and decreased fractures for therapies affecting bone
resorption for both women receiving Als and men receiving ADT. Lifestyle modifications,
including smoking cessation, regular exercise, and supplementation with calcium and Vitamin D
are the treatments most commonly recommended.

Osteoporosis is a systemic skeletal disease characterized by low bone mass as well as
microarchitectural changes in bone tissue. These changes result in fragile bones and an increase
in susceptibility to fracture. The risk of osteoporotic fractures for both men and women is
dependent upon factors other than decreased bone mass. Age, prior factures, a family history of
hip fractures, high bone turnover, low body mass index, tobacco use, and alcohol abuse, are
among the most important factors. Genetic and nutritional factors (e.g. calcium and vitamin D
intake) also play significant roles.

Antiresorptive agents alter three-dimensional trabecular bone architecture that do not necessarily
depend upon changes in BMD, making cancellous bone more plate-like and denser, with
increased and thicker trabeculae. With bisphosphonates, the trabecular architecture becomes
more isotropic providing protection against fracture risk in falls that may stress the bone in
unusual directions. The fracture risk reduction seen in the first year of treatment with
antiresorptive agents seems to be most prominent at trabecular bone sites. Antiresorptive agents
have little effect on cortical bone geometry. Consequently, increased strength of cortical bone
probably occurs through increased tissue mineralization and/or decreased cortical porosity rather
than through geometric changes. .

3 Eastell R, Adams JE, Coleman RE et.al. Effect of anastrozole on bone mineral density: 5-year results from the
anastrozole, tamoxifen, alone or in combination, trial 18233230. J Clin Oncol. 2008 Mar 1;26(7):1052-8.

4 Shahinian VB, Kuo YF, Freeman JL, et. al. Risk of fracture after androgen deprivation for prostate cancer.

N Engl J Med 2005 Jan 13;352(2):154-64.

5 Smith MR, Eastham J, Gleason DM, et. al. Randomized controlled trial of zoledronic acid to prevent bone loss in
men receiving androgen deprivation therapy for nonmetastatic prostate cancer. J Urol 2003 Jun;169(6):2008-12
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In general, the primary endpoint for osteoporosis treatment trials is the incidence of
morphometric vertebral fractures. The key trial submitted in support of the breast cancer
indication was not designed to evaluate fracture events. However, Trial 216, the key trial for the
PMO indication, was designed to evaluate the incidence of morphometric vertebral fractures in
postmenopausal women. FDA agreed that the primary endpoint for the trial in patients with
breast cancer would be an acceptable surrogate for clinical benefit based upon a demonstration of
decreased incidence of fractures in Trial 216. Trial 138 included both a primary endpoint of
increase in BMD and key secondary endpoints of vertebral and all fractures.

It is important to note that it has been the practice of the Office of Oncology Drug Products
(OODP) and it’s predecessors in CDER and CBER to examine in vitro and ir vivo nonclinical
proof-of-concept and available clinical data for evidence of adverse effects on tumor outcomes
prior to marketing approval, with the requirement for clinical studies to investigate possible
adverse risks by conducting post-marketing studies. In cases where pharmacodynamic or
nonclinical data suggested the pdtential for stimulation of tumor growth, such as the receptor for
a growth factor being present on tumor cells, and clinical studies were lacking in specific tumor
types expressing the receptor, the indication for the product was restricted until such studies were
performed (e.g., initial approval for granulocyte colony stimulating factors was limited to
patients with non-myeloid malignancy). In addition, there is a growing body of medical literature
suggesting that promotion of tumor growth may exist for drugs in which there is no
demonstrable direct relationship between receptors and tumor proliferation. In these instances,
drugs used to palliate cancer treatment-related toxicity may not only bind directly to tumor cells
with consequent alterations in known signal transduction pathways, but may also stimulate tumor
growth through binding to receptors in non-malignant components of the tumor
microenvironment, or through activation of other signal transduction pathways not directly or
intentionally targeted. Many aspects of tumor progression are still not well understood. However,
there is now evidence that some agents administered to palliate cancer treatment-toxicity may
enhance tumor growth. OODP currently requires that supportive care drugs and biologics which
may affect tumor growth directly or indirectly be evaluated in studies designed to identify
detrimental effects on cancer outcomes (i.e., time-to-event endpoints such as progression free
survival or overall survival).

2.1 Product Information

Table 1 Denosumab Product Information

Generic Name: Denosumab
Trade Name: PROLIA™
. ; Receptor activator for nuclear factor-kB ligand (RANKL)
Pharmacological Category: antagonist
Original BLA: Yes
Drug Class: Recombinant humanized monoclonal antibody
Route of Administration: Subcutaneous injection
Dose and Regimen: 60 mg SQ once every 6 months

Patients with non-metastatic breast and prostate cancer
Populations Studied: receiving hormone ablation therapy
Women with postmenopausal osteoporosis
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2.2 Tables of Currently Available Treatments for Proposed Indications

Approved products available for the treatment and prevention of osteoporosis are listed below in
Table 2 which was adapted from the clinical review conducted by the Division of Reproductive
and Urologic Products (DRUP).

Table 2 Approved Products for Osteoporosis Prevention and Treatment

Class Drug Prevention | Treatment
Fosamax ° °
Fosamax PlusD °
Actonel ° .
Bisphosphonate Actonel with
Calcium
Boniva ° .
Reclast ° °

Estrogen
Agonist/Antagonist
PTH analog Forteo *
Miacalcin both*
Fortical both*
Premarin
Premphase
Prempro
Climara
Climara Pro
Prefest
Femhrt
Activella
Vivelle
Alora
Menostar
Vivelle Dot L
* Original Approval based on BMD, not fracture efficacy

Evista ° °

Calcitonin

Estrogen and
Estrogen/Progestin
combination
products

2.3 Availability of Proposed Active Ingredient in the United States

Denosumab is not marketed in the United States currently. The current application is an original
BLA.

2.4 Important Safety Issues with Consideration to Related Drugs®

In general in patients with cancer, bisphosphonates are administered to treat bone loss associated
with the malignancy or its treatment. The most common toxicities experienced with
bisphosphonate therapy are tolerated by patients after appropriate treatment. However, several
complications associated with bisphosphonates are serious and require careful attention and
monitoring, specifically, hypocalcemia, renal toxicity, and osteonecrosis of the jaw (ONJ).

6 Dunstan CR, Felsenberg D, Seibel MJ. Therapy insight: the risks and benefits of bisphosphonates for the treatment
of tumor-induced bone disease. Nat Clin Pract Oncol. 2007 Jan;4(1):42-55.
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Hypocalcemia can occur in patients treated with bisphosphonates when the compensatory
mechanisms of the body, most importantly secretion of parathyroid hormone, are dysfunctional
because of a history of parathyroidectomy, low levels of Vitamin D, and/or hypomagnesemia.
Periodic monitoring of serum magnesium, calcium and phosphate during therapy is essential.
Nephrotoxicity for patients receiving bisphosphonates is both dose and infusion-time dependent
and may require treatment and dose modifications as appropriate. ONJ with bisphosphonate
therapy is most common in patients with underlying malignancies. Risk factors include dental
extraction, poor dental hygiene during treatment, monthly sequential therapy with
pamidronate/zometa, longer periods of follow-up, older age at diagnosis, and certain concomitant
medications (e.g., corticosteroids). Both prevention and conservative treatment strategies
(limited debridement, antibiotics, and good oral hygiene) are recommended for ONJ.

[n addition to the foregoing, RANKL inhibition has immune system effects because RANK is
expressed on dendritic cells and activated B and T cells. Treatment with denosumab could lead
to an increased risk of susceptibility to infections, especially in certain high risk groups of
patients (e.g., patients receiving chemotherapy).

2.5 Summary of Presubmission Regulatory Activity Related to Submission
Table 3 Regulatory Activity

July 17,2001 INDs 9837 and 9838 may proceed letters issued

April 21, 2004 Type B Pre-IND (11709)/Pre Phase I1I meeting

May 14, 2004 Original IND 11709 submission (Protocols 20040135 an
20040138) :

March 14, 2005 SAP acceptable

September 20, 2005 Pre-Phase 3 meeting

December 8, 2006 Type C CMC meeting

February 5, 2008 Type C teleconference to discuss structure and content of marketing
application

July 8, 2008 Pre-BLA CMC meeting

July 29, 2008 Pre-BLA CMC follow-up teleconference

October 21, 2008 Type B Pre-BLA Clinical meeting .

December 19, 2008 BLA application submitted (under BLA STN 125320/0)  *

January 14, 2009 Application administratively divided

May 15, 2009 120 Day Safety Update received

2.6 Major Clinical Regulatory Agreements

The history with regard to products developed for osteoporosis includes FDA involvement in the
design and review of trials that established the regulatory precedent for the aggregate endpoint,
skeletal related events (SRE). It was determined that SREs represented an adequate efficacy
measure for new drug approval and that a decrease in the number of SREs represented clinical
benefit. In the current application, the primary endpoints for the HA indications, change in BMD
from baseline to a fixed time point, are not regarded as representative of clinical benefit. Rather,
proof of clinical benefit relies on the outcome of the larger PMO trial for Trial 135 (see summary
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of agreements, 21 April 2004 Type B Meeting below), and fracture reduction (a secondary
endpoint) in Trial 138.

The following major clinical regulatory agreements were made regarding the conduct of the
trials submitted to support both the breast and prostate cancer indications.

21 April 2004 Type B Meeting
FDA and the applicant agreed:

e Approval for denosumab for the treatment of bone loss associated with hormone ablation
therapy would be contingent upon adequate anti-fracture efficacy being demonstrated in
the three year postmenopausal osteoporosis treatment trial. This trial would then validate
that denosumab-induced increases in BMD are associated with anti-fracture efficacy

e The phase 2 trial (20010223) supported the selected dose of 60 mg denosumab
administered SC once every 6 months for the Phase 3 trials.

e The design of the two phase 3 trials in breast cancer and prostate cancer would support
registration in this indication, provided adequate anti-fracture efficacy is demonstrated in
the 3-year PMO treatment trial.

FDA did not agree that the phase 3 trial in prostate cancer &@
(O]

14 March, 2005 FDA Letter Comments
FDA and the applicant agreed:

e The proposed SAP was acceptable.

e The primary analysis of BMD percent change would be from baseline to the last
scheduled time point (at month 12) using either an ANOVA or ANCOVA with the
baseline measurement as a covariate.

e Missing data should be kept to a minimum and imputation should be done by the last
observation carried forward (LOCF) method.

o A repeated measures analysis can be used as a supportive analysis.

2.7 Other Relevant Background Information

May, 2004 Medical Products Agency (Sweden); AFSSAPS (France); Medicines Evaluation
Board (Netherlands)

Scientific advice from these agencies regarding the phase 3 clinical trials was integrated into the
denosumab development program. The two phase 3 trials to treat bone loss associated with
hormone ablation therapy in non-metastatic breast and prostate cancer (Trials 20040135 and
20040138 respectively) were considered appropriate designs to evaluate changes in BMD and
potential reduction in fracture risk (latter in prostate cancer only). The recommendation to
evaluate fractures in the breast cancer population was not incorporated into the phase 3 trial
(20040135).

June, 2008 EMEA
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A single RMP for denosumab was requested by EMEA. EMEA stated that it should include
discussion of any other indications (adult and pediatric) in the development program with regard
to risk minimization in the context of potential off-label use. In addition, the introduction of
adherence aids such as reminder stickers was requested for inclusion in the RMP.

October, 2008 EMEA

The EMEA issued a decision related to denosumab: Pediatric Investigation Plan under Article 25
of Regulation (EC) No. 1901/2006 as amended for PIP (EMEA-000145-PIP01-07). There were
no recommendations to conduct pediatric trials related to HA associated bone loss in breast or
prostate cancer (Product Specific Waiver).

3 Ethics and Good Clinical Practice

3.1 Submission Quality andlIntegrity

This application was submitted in CDISC format. In general, the quality of the submission was
adequate for review of the trials pertaining to both the HA and PMO indications. However,
analyses of the specific key trial databases revealed a large number of database errors.
Specifically, each database was compared to the CDISC SDTM and ADaM standards and reports
were generated of all instances where the data did not conform to the standards. In a review of
the specific errors identified, the majority were noted to be minor noncompliance with the
controlling standards which are not expected to affect the quality of the submission or the
conduct of this review. Other divergences from specific controlling data standards and/or
regulations will be discussed under the headings to which they apply.

3.2 Compliance with Good Clinical Practices

On March 5, 2009 in response to FDA’s questions regarding on site trial monitoring activities,
the applicant submitted to the file an amendment discussing the monitoring procedures for Trials
20040135 (Trial 135) and 20040138 (Trial 138). Provided was a detailed report of the
monitoring plan and execution of the plan for the aforementioned trials. In general, the applicant
audited a minimum of 5% of the investigator sites for each trial (4 sites for Trial 135 and 10 sites
for Trial 138) as well as 2 of the top 10 enrolling sites for Trial 135 and 5 of the top 10 enrolling
sites for Trial 138. Sites were selected for audit based on pre-specified criteria, i.e., enrollment,
feedback received from applicant clinical trial teams, protocol deviations, serious adverse events
(SAEs), investigators’ experience, use of contracted monitors, and site location (region). The
majority of site audits were conducted during the enrollment phase of the trial. The fourteen site
audits included a review of compliance with the protocol, informed consent process, SAE
reporting, accuracy and integrity of trial data, investigational product (IP) management, trial
master file, support services (e.g. imaging facilities), and sponsor oversight of trial conduct. The
assessment of trial activities/processes was accomplished through a review of trial
documentation and interviews with the principal investigator and key trial staff. In addition to
audits during the enrollment phase, sites were audited every 8 — 12 weeks during the treatment
phase with the option to increase the monitoring frequency if warranted. One hundred percent
(100%) source document verification was specified for the informed consent; eligibility criteria;
DXA, X-ray, and fracture reports; adverse events; concomitant medications; and trial drug
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administration. The applicant’s efforts to manage compliance with good clinical practices in
these trials were adequate.

Analyses of the data for each of the HA trials were performed by this reviewer to identify sites of
interest for DSI inspection. Protocol deviations were identified and evaluated by site. In addition,
data for the primary endpoints were analyzed to evaluate if any site or sites were the main
contributors to the efficacy results. Based on these analyses, a DSI consult was requested for
sites 159 (Port Lucie, FL) and 183 (Wichita, KS) in Trial 135 and sites 129 (Waterbury, CT) and
188 (Myrtle Beach, SC) in Trial 138.

As DSI attempted to make arrangements to inspect the bone density data at the clinical trial sites,
information regarding the verification of efficacy data became available. DSI was informed that
trial sites do not retain a copy of the scans and there are no reports to verify as part of subject
records. It was verified at the clinical sites that scans were performed at the required time points.
In addition, the applicant was contacted in an effort to determine how the bone density data
could be verified. DSI was informed that there was little they could do to verify the data, since
the process of generating this data were mostly if not entirely electronic. The scans obtained at
clinical sites were burned onto CDs and sent to ®® the independent radiologic vendor for
the trials, which then: (1) checked the CDs for meeting quality specifications, (2) removed
CDs/images that did not meet quality standards from the pool to be analyzed, (3) selected the
portion of the image on which bone density measurements were to be made, (4) "ran" the
program which generated bone density data, and (5) uploaded the data to a central server shared
with the applicant. Amgen then accessed the server to down load the data for creating bone
density data sets and line listings. The typical material that is inspected to verify efficacy
endpoint data (i.e., case report forms and source documents) were never generated. Some
procedural aspects of converting the images into bone density results were available for
verification at the CRO, ®®  and selected portions of this information could be made
available to the applicant, upon request. The DSI inspection concluded that the procedures
employed by the applicant and the applicant’s CRO, ®@  were adequate.

In addition, the applicant noted in their clinical study report that there were GCP violations for
Trial 216. Site 803, Lithuania, was reported as having a significant number of violations
including enrollment of patients without informed consent or without meeting eligibility criteria,
under reporting of serious adverse events, and other study conduct violations. The applicant
excluded all subjects from this site, N=60, from the efficacy and safety analyses. Based upon this
information, it is unlikely that bias was introduced into the analyses of the trial data as a result of
theses violations.

3.3 Financial Disclosures

As required by 21 CFR 54.4(a) (1), the applicant provided listings of investigators who
participated in each trial as well as completed forms FDA 3454 and 3455. In addition, the
applicant submitted lists of investigators having disclosable financial arrangements, investigators
who had no arrangements or financial interests requiring disclosure, and investigators who did
not provide financial disclosure information. A review of these lists and information was
undertaken. In the majority of cases, investigators had no arrangements or financial interests that
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required disclosure. Investigators who reported disclosable financial interest in the applicant are
summarized in Table 4. For investigators who disclosed financial interests in the applicant, a
Statement of Actions to Minimize Bias was completed and the actions taken were reviewed and
are acceptable.

Table 4 Investigators with Disclosable Financial Arrangements or Interests (All Trials)

Investigator Study Site |Financial Information - Category No. subjects
enrolled
20030216 ,175 shares of Amgen stock 0/7868
20040132 1/332
20050134 wns Amgen stock (undisclosed amount) 0/96
20040113 tock valued in excess of $50,000 2/255
20040114 0/111
20040135 pprox. $35,000 in lecture honoraria in [®© 3/252
20040138 esearch grant from Amgen (undisclosed amt) 2/1468
20040135 1,000 shares of Amgen stock 0/252
20050134 ceptorship 0/96
20040113 50,000 to conduct preclinical studies 0/255
20050141 ontract with Amgen to fund a study (undisclosed 6/1189
ount)
20040144 ompensation for consultation and honoraria 0/227
undisclosed amt)
20030216 mgen provided research support: AUS $56,756, 17/7868
US $11,350 and AUS $50,000.
20040138 ach of his ®®@children own 800 shares of Amgen 6/1468
tock
20040138 mgen stock worth $109,400 12/1468
20030216 mgen provided research support in the amount of 51/7868
100,000.
20040114 mgen has several grants with his institution 0/111
(undisclosed amount)
20040114 wns Amgen stock (undisclosed amount) 0/111
20050234 ndisclosed amt of stock (held for > 10 years) 5/504
20050134 ther Amgen sponsored trials A 0/96
20040113 esearch grant (undisclosed amount) P 1/255
20030216 mgen subsidized a study — $85,350. 1/7868
20060289 1/4900
20040138 rant or research (undisclosed amount) 5/1468
20030216 ,200 or 5,000 shares of Amgen stock 13/7868
20050141 8/1189
20040144 14/227
20050134 rants to support research (undisclosed amt) 0/96
20040138 wns equity interest exceeding $50,000 1/1468
20040138 ndisclosed significant equity interest 8/1468
20040144 unding for clinical project (undisclosed amt) 0/227
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4 Significant Efficacy/Safety Issues Related to Other Review
Disciplines

This submission was reviewed by the Division of Biologic Oncology Products (DBOP), Division
of Reproductive and Urology Products (DRUP), the Office of Pharmacoepidemiology and
Statistical Science, Office of Pharmaceutical Science/Office of Biotechnology Products/Division
of Monoclonal Antibodies, Office of Biostatistics Review; the Office of Clinical Pharmacology;
Office of Biostatistics/Quantitative Safety and Pharmacoepidemiology Group, the Laboratory of
Molecular and Developmental Immunology, Division of Monoclonal Antibodies. Separate
archived reviews for offices/divisions other than DBOP are available in the FDA document file
and are referenced herein as appropriate.

4.1 Chemistry Manufacturing and Controls

The following discussion relies on the original review performed by the product quality team in
the Laboratory of Molecular and Developmental Immunology, Division of Monoclonal
Antibodies. A separate archived review is available in the FDA document file.

Denosumab is a full length IgG, kappa human mAb against RANKL that is produced in a CHO
cell line. It recognizes an epitope ®® in the D-E loop of human RANKL within the
receptor binding portion of the ligand. There is diminished ADCC and CDC activity because
denosumab is constructed as an [gG, antibody. The mechanism of action for the antibody is
ligand-binding which blocks the subsequent interaction of the ligand with its receptor. The
antibody is manufactured using standard mAb manufacturing procedures and controls. There
have been no clinically significant changes to manufacturing processes or product comparability
during phase 2 and 3 trials. A facilities inspection was conducted for the drug substance
manufacturing site at Boerhringer Ingelheim Pharma GmbH & Co., Biberach an der Riss,
Germany. A contaminated harvest was revealed in the manufacture of drug substance lot 76003.
It was recommended that the inspection be classified VAI. An additional facilities inspection was
conducted for the drug substance manufacturing site at the Amgen, Inc. Lake Centre Facility in
Boulder, Colorado. The results of this inspection are pending. The Amgen Manufacturing, Ltd.
drug product manufacturing site in Juncos, Puerto Rico was last inspected April 9, 2007. A
surveillance inspection was planned for June, 2009; however a report of this inspection was not
yet available.

4.2 Clinical Microbiology

Sections 3.2.S of the BLA pertaining to microbial control of the drug substance manufacturing
process were reviewed by Dr. Suvarna from the Division of Manufacturing and Product Quality
(DMPQ), Biotech Manufacturing Team (BMT). There were at least 6 amendments to the BLA
based on information requests. The drug substance aspect of the BLA, as amended, is
recommended for approval from a CMC microbiology product quality perspective. Important
CMC microbiology and product quality aspects of the drug substance are summarized below.
These were excerpted from the DRUP clinical review.
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1. The ACO facility was inspected by a team of investigators (Kalavati Suvarna, Ph.D.,
Sarah Kennett, Ph.D, Nancy Schmidt, Kimberley Hoefen, and Maan Abduldyaem) from
June 8, 2009 to June 12, 2009. No FDA form 483 was issued at the end of inspection (No
violations found). The manufacturing process is microbially controlled at the ACO site.
Hold time for all in process intermediates at the ACO site has been adequately validated
for microbial control.

2. The BI Pharma facility was inspected by a team of investigators (Kalavati Suvarna,
Ph.D., Chana Fuchs, Ph.D and Sarah Kennett, Ph.D.) from May 11, 2009 to May 19,
2009. A 1-item FDA form 483 was issued at the end of inspection. A contaminated
harvest lot was processed further. A recommendation was made to classify this inspection
as voluntary action indicated (VAI). The sponsor has responded to this observation. This
response is being evaluated by the international compliance team within DMPQ, Office
of Compliance and a final decision is pending.

3. The bioburden procedure for denosumab process was adequately qualified. The
endotoxin procedure for denosumab drug substance analysis was adequately validated.
The applicant was asked to provide calculation of the endotoxin limit based on worst-
case minimal patient weight of 50 kg and the maximum single human dose for
denosumab to determine the safety margin for the proposed endotoxin specification. The
endotoxin drug substance specification for the postmenopausal osteoporosis indication is

®® EU/mL, which is well below the threshold of human pyrogenic response. The
endotoxin results for batches manufactured at ACO site ®® varied from that
manufactured at Bl Pharma ®@ Although the endotoxin results from the two
sites varied at the two sites, the results at both sites were within the acceptance criteria
and well below the threshold of human pyrogenic response.

4. Section 3.2.P of the BLA pertains to drug product manufacture and was reviewed by Dr.
Don Obenhuber from the Division of Manufacturing and Product Quality (DMPQ). The
drug product manufacturing was found to be satisfactory; no major issues of concern
were identified.

4.3 Preclinical Pharmacology/Toxicology

The following discussion relies on the original reviews performed by the Pharmacology/
Toxicology review teams in the Office of Oncology Drug Products, Division of Biologic
Oncology Products and the Division of Reproductive and Urology Products. Separate archived
reviews are available in the FDA document file.

The applicant performed a number of preclinical studies. In a one month study of cynomolgus
monkeys administered doses of 0, 0.1, 1, and 10 mg SC once weekly with a 3 month recovery
period, the expected pharmacological effects were observed, i.e., increased cortical bone mineral
density, dose-dependent reduction in bone biomarkers, reductions of alkaline phosphatase and
fluctuations of serum calcium levels without end organ toxicities. In addition, 28 out of 30 non-
human primates observed were positive for anti-denosumab antibodies. In 6 and 12 month non-
human primate studies, doses of 0, 1, 10, and 50 mg/kg SC once monthly were administered with
a 3 month recovery. Observed were increases in cortical and trabecular BMD (radius, tibia, and
femur) in the 10 and 50 mg/kg dose cohorts in females and in the 50 mg/kg dose cohort in males.
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In addition, dose-dependent decreases in bone markers, i.e., osteocalcin, serum C-telopeptide,
urine N-telopeptide, were observed. Four females developed abscesses of the teeth or jaw at
doses exceeding 10 mg/kg. In addition, two unscheduled deaths were observed in the male 50
mg/kg dose cohort, one found dead at week 11 and the other sacrificed moribund at week 42.
The probable causes of death were acute renal failure secondary to infection. While both control
and treated animals exhibited protozoal infections, it is possible that the treated animals were
immunosuppressed resulting from treatment and, therefore, succumbed to infection. In addition,
one animal exhibited cardiac histopathology consisting of minimal multifocal acute myocarditis
and focal acute pericarditis

Reproductive toxicology studies were also performed. In the female reproductive toxicology
study, no effects on cycle length, mating performance, or hormone levels were observed at doses
up to 12.5 mg/kg SC weekly. The NOAEL in this study was > 12.5 mg/kg. Effects on embryo-
fetal development included increased fetal spleen weight; however there was no
histopathological correlate observed. In addition, there was a trend toward delayed ossification,
including incidence of shortened, isolated, rudimentary and/or vestigial cervical ribs, and
misaligned vertebrae. However, the trend was not deemed clinically relevant. In the male non-
human primate reproductive toxicology study, no toxicity to spermatogenesis or male
reproductive organs were observed following 12 months of monthly exposure at doses up to 50
mg/kg.

The potential for carcinogenicity was not evaluated in long term animal studies. However, there
was no evidence for carcinogenicity in the 12 month non-human primate toxicology study or in
the 12 or 16 month non-human primate pharmacology studies. There are no recommendations
for carcinogenicity studies based on the intended HA clinical indications. Mutagenicity was not
evaluated.

The potential safety issues suggested by the nonclinical studies, i.e., RANK -/- and RANKL -/-
knockout transgenic mice failed to lactate because of impaired mammary gland development or
impaired lactation, and RANKL knockout mice exhibited impaired lymph node formation during
early development, are both addressed in labeling. Denosumab is not recommended for pregnant
or breast feeding women, or for pediatric patients. No other nonclinical safety concerns were
identified. e

4.4 Clinical Pharmacology

The following discussions of the clinical pharmacology analyses undertaken for denosumab rely
on the original review performed by the Office of Clinical Pharmacology, Divisions of Clinical
Pharmacology 3 and 5. A separate archived review is available in the FDA document file.

4.4.1 Mechanism of Action

Denosumab binds with high affinity (Kd 3 x 10-12 M) and specificity to the soluble and cell-
membrane-bound forms of human RANKL. Binding prevents activation of RANK and inhibits
the formation, activation, and survival of osteoclasts. End effects are reduction in the number and
function of osteoclasts, and decrease in bone resorption as well an increase in cortical and
trabecular bone mass, volume, and strength. Denosumab is highly specific, binding only to
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RANKL and not binding to other members of the TNF family, including TNFa, TNFf, TNF-
related apoptosis-inducing ligand, or CD40 ligand.

4.4.2 Pharmacodynamics

The pharmacodynamic effects of denosumab were evaluated over the life of the development
program. All key trials required scheduled evaluation of bone turnover markers, specifically
serum C-telopeptide (CTx) and serum N-terminal propeptide type I procollagen (P1NP).
Denosumab administration resulted in significant inhibition of bone resorption, as assessed by
reductions in serum levels of Type 1 C-telopeptide (CTX1). Treatment with 60 mg of
denosumab resulted in rapid reduction in the bone resorption marker serum CTX1 within 6 hours
of SC administration by approximately 70% (Trials 216 and 132), with reductions of
approximately 85% occurring by 3 days (Trial 223). Serum CTX1 reductions in bone turnover
were maintained throughout the dosing interval (6 months). At the end of the dosing cycle, some
attenuation of bone resorption inhibition was observed, indicating that reduction of bone
turnover associated with denosumab administration is reversible when serum concentrations of
denosumab diminish. Bone mineral density (BMD) continuously increased during treatment.

4.4.3 Pharmacokinetics

Pharmacokinetics (PK) of denosumab were studied broadly over the course of the development
program. A validated sandwich enzyme-linked immunosorbent assay was utilized to quantify
serum antibody concentrations. The assay methods relied upon securing denosumab and RANKL
bound to the assay plate and detecting the antibody with labeled RANKL or anti-denosumab
antibody. Serum concentrations timed data were analyzed using non-compartmental PK analysis
methods. In patients with cancer, the PK analysis key trials were Trials 123 and 176. Trial 123
was a randomized, double-blind, active controlled, single dose, Phase I trial that evaluated the
safety and tolerability of denosumab in patients with cancer-related bone metastases. A total of
54 subjects were enrolled in this two phase trial. Trial 176 was an open label, ascending dose,
single and multiple dose trial that evaluated safety, PK and PD in 19 Japanese women with
breast cancer and bone metastases. In the patients evaluated in Trial 176, PK characteristics were
measured as follows: mean PK AUCO-t was 351 mcg d/mL (SD 144); mean Cmax was 7.7
mcg/mL (SD 3.1); mean Tmax was 8 days with a median range of 7 to 28 days; and:mean T"*
was 24.7 days (SD 2.44).

Whether subject type affected denosumab PK parameters was also analyzed and there appeared
to be no difference in PK when comparing healthy subjects to women with postmenopausal

osteoporosis, women with breast cancer, and men with prostate cancer.

In addition to characterization of PK, the effects of renal impairment on the PK of denosumab
were evaluated. PK was not influenced by renal dysfunction, regardless of the severity.

5 Sources of Clinical Data

Amgen submitted clinical data in eCTD and SDTM format for trials in support of both the HA
and PMO indications as noted in Figure 2 below. Separate analyses of each trial were performed
and a CSR was submitted for each key trial. Case report forms (CRF) were submitted for each
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patient who died while receiving investigational product (IP), who had serious adverse events,
those terminating study drug prematurely, and those categorized as other, lost to follow up,
physician decision to terminate study drug, or patient decision to terminate study drug. A 120
day safety update was also submitted, as were follow-up data requested by FDA for further
analysis of emerging safety issues identified during the review of this application.

5.1 Tables of Studies/Clinical Trials

Figure 2 Denosumab Clinical Trials (excerpt from CSR)

" . Human Human Efficacy and Safety Studies in .
Blopg?:‘;wi::emw Pharmacokinetic Phamacodynamic Treatment & Prevention of Ef;m:g::giaﬂf: z::z::_es
Studies Studies Postmenopausal Osteoporosis
|_J I ] i
] I | i ] i
Healthy Patient PK & ' Treatment of
Comparative Subject PK Initial intrinsic Patient PD 3 || Treatment | | Prevention Other Bone Loss Other
BA & BE & Initial Tolerability Factor PK/PD of PMO of PMO Studies Associated Studies
Tolerability With HALT
I~20050146 20010124 20010123 l—20040245 20010223 [~20030216 |—20040132 20040144 20040135 20040113
{24 mo)
20050227 20030148 -20040176 20050241 20040132 20040114
20050141 produi 20040138
20030164 20050172

20060286 20050134
20030180 20050179 -20050233

2 % 20050209
—20060237

—20050234

20060232
L-20060289

BA = bioavailability; BE = bioequivalence; HALT = hormone-ablative therapy: PD = pharmacodynamics; PK = pharmacokinetics;
PMO = postmenopausal osteoporosis

5.2 Review Strategy

Clinical data from 1705 patients who received at least one dose of investigational product (IP)
during the conduct of Trials 135 and 138 were submitted in support of the HA indications. These
patients comprise the safety analysis population evaluated for this indication. Trial 135 included
data from 249 patients receiving either denosumab (129) or placebo (120). There were six
patients in the trial who did not receive the treatment to which they were randomizéd. Trial 138
included data from 1456 patients receiving either denosumab (731) or placebo (725). These two
trials were the primary focus of this review. Each trial was reviewed separately for both efficacy
and safety. Also reviewed were supporting Trials 113, 114, 134, and 209. Each clinical study
report was reviewed to determine if the results demonstrated for the supporting trials were
consistent with the primary analyses of the registrational trials. However, no formal comparisons
to Trials 135 and 138 were performed. A random subset of approximately 10% of all case report
forms and case narrative listings were reviewed for Trials 135 and 138 and compared to one or
more of the datasets in order to confirm the adequacy of the data transfer. In addition, each trial
was reviewed for adverse events of interest (e.g. hypocalcemia, infections, and osteonecrosis of
the jaw). There were no major discrepancies identified during this review.

In addition to analyses of the key trials supporting the HA indication, data from the four key
trials (132, 135, 138, and 216) submitted in support of all indications for this application were
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pooled and reviewed. Where necessary to further investigate a safety concern, CRFs and
narrative line listings for Trials 132 and 216 were reviewed. In addition, the applicant’s summary
reports for certain adverse events of interest were reviewed and compared and contrasted to the
independent safety analyses performed by this and other reviewers. The results of these reviews
are discussed at length as part of the pooled analyses.

A number of SDTM data tabulation and ADaM datasets provided by the applicant were utilized
to accomplish this safety review. These are discussed separately under the headings to which
they apply below. In addition, the safety database was analyzed at all levels of the MedDRA
hierarchy and by Standard MedDRA Queries in order to identify safety signals.

5.3 Discussion of Individual Clinical Trials

5.3.1 A Randomized, Phase III, Double-blind, Placebo-controlled Trial to Evaluate AMG
162 in the Treatment of Bone Loss in Patients Undergoing Aromatase Inhibitor Therapy
for Nonmetastatic Breast Cancer (Trial 135)

Trial Summary: This was a multicenter (3), double-blind, placebo-controlled trial conducted in
the US and Canada from October 4, 2004, when the first patient was enrolled, to May 11, 2007,
when the last patient completed their end of study visit. Randomized were 252 patients (208
patients were planned) with nonmetastatic breast cancer who had received definitive local
therapy and who were receiving aromatase inhibitor therapy. Patients were randomized (1:1) and
received either 60 mg denosumab (129) or placebo (120) SC once every 6 months for a total of 4
doses during the treatment period of 24 months. Randomization was stratified by the duration of
aromatase inhibitor therapy (< 6 months vs. > 6 months). The primary endpoint was percentage
change in lumbar spine bone mineral density (BMD) from baseline to month 12. All patients
received daily calcium and vitamin D supplements. Adverse events, the incidence of fractures,
and concomitant medications were evaluated prior to treatment and at months 1, 3, 6, 12, 15, 18,
and 24 after initiation of investigational product or at the early-termination visit; clinical
laboratory parameters and vital signs were measured at the same time points, with the exception
of months 3 and 15. Dual x-ray absorptiometry (DXA) of the spine, femoral neck, and total hip
was performed at baseline, months 1, 3, 6, and 12, and at the early-termination/month-24 visit;
DXA of the total body and radius was performed at baseline, month 12, at the early °
termination/month-24 visit; x-rays were taken at baseline and month 24. Bone turnover markers
were assessed at baseline, at months 1, 6, and 12, and at the early-termination/month-24 visit.
Serum samples were obtained before and during the treatment period for assessment of
denosumab concentrations, anti-denosumab antibodies, and exploratory biomarkers. An external
data monitoring committee (DMC) monitored patient safety on an ongoing basis for the duration
of the 24-month treatment period.

Eligibility Criteria: Eligible patients met the following criteria:

e Women > 18 years of age with the ability to provide informed consent who had
histologically or cytologically confirmed early-stage, estrogen-receptor-positive
adenocarcinoma of the breast;

e Eastern Cooperative Oncology Group (ECOG) score of 0 or 1;

¢ o distant metastases;
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e completed treatment pathway (surgery, chemotherapy, radiation, and/or hormone
therapy); currently on or initiating aromatase inhibitor therapy for the duration of the
trial;

e no evidence of current unstable systemic disease, organic or psychiatric disorder, or
inadequate organ function that could have interfered with completion of the trial or
interpretation of results;

® no recent exposure to bisphosphonates or other medications known to influence bone

metabolism;

were not receiving concurrent anti-neoplastic agents;

did not have recurrent disease;

had not experienced fracture after the age of 25;

lumbar spine, total hip, and/or femoral neck BMD T-score of -1.0 to -2.5 (low bone

mass);

* none of the anatomic sites could have been in the BMD range corresponding to a T-score
of <-2.5; ;

e >2 evaluable vertebrae for DXA assessments.

Endpoints:
e Primary: Percentage change in lumbar spine bone mineral density (BMD) from baseline
to month 12.

e Secondary: Effect of denosumab compared with placebo on the BMD of the lumbar spine
at 6 months, the total hip and femoral neck at 6 and 12 months, safety, and
pharmacokinetics

e Exploratory: During 24 months of denosumab administration:

= Assess BMD of the distal 1/3 radius (left forearm) and total body

s  Assess bone resorption and formation as measured by serum type 1 C-telopeptide
(CTXT1) and procollagen type 1 N-terminal peptide (PINP)

*  Assess the effect of denosumab compared with placebo on vertebral and
nonvertebral fracture incidence

= Assess overall survival at month 24
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Trial Design:
Figure 3 Trial 135 Trial Design Schema (excerpt from CSR)

! ; On-treatment Period* Off-treatment Perdod
Screening Period I (24 months) l (24 months)

Denosumab 60 mg every 6 months SC
(104 subjects planned)

Randomization strata:
* 0 6 months aromatase inhibitor therapy
* > 6 months aromatase inhibitor therapy

Placebo every 6 months SC
{104 subjects planned)

ZO——i)N-?.OUZ>;U|
-

=l J o2
! 1 [ [ | 17T
N @ R R P> » & fﬁ \S“&

SN e &

SC = subcutanecus
*  8MD of the fumbar spine was at ing and at all pi: d study visits except day 1 and months 15 and 18; the assessment obtained
during screening was used as the baseline assessment of the BMO of the lumbar spine,

Treatments: Patients received 60 mg denosumab or placebo subcutaneously once every 6
months for a total of 4 doses during the treatment period of 24 months. This was planned as a 48-
month trial to include the treatment period (with last dose administered at month 18) and a 24-
month safety follow-up period that is ongoing.

Trial Sites and Enrollment:
See Appendix 9.4, Table 48.

Trial Populations:

e Efficacy: Full analysis set (all randomized patients), primary efficacy subset (patients
with endpoints requiring reference to baseline), per protocol set (primary efficacy subset
who were compliant with protocol), subgroup analysis subsets (age group; duration of
aromatase treatment at trial entry, baseline BMI, prior chemotherapy, prior SERM use,
race, baseline weight).

e Safety: The subset for safety included all randomized patients who received at least one
dose of investigational product.

Demographics:

Summarized in Table 5 below are the patient demographics for this trial. Trial 135 enrolled 252
women with non-metastatic breast cancer, 127 randomized to the denosumab treatment group
and 125 randomized to placebo. Of note are 2 patients randomized to denosumab who received
placebo and 4 patients randomized to placebo who received denosumab. Most patients were
white or Caucasian (denosumab 91%, placebo 95%), and most were treated in the US
(denosumab 96%, placebo 97%). Other baseline demographics were also balanced between
treatment groups.
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Table 5 Trial 135 Patient Demographics

Demographic Denosumab Placebo
n (%) n (%)

COUNTRY
CAN 5(4) 4(3.2)
USA 122 (96) - 121 (97)
SEX
F | 17 | 125
AGE
Min 38 35
Median 59 60
Max 84 31
Mean 59.2 59.7
>65 35(28) 41 (33)
>75 ’ 6 (5) 9(7)
RACE ,
American Indian or Alaska Native 1(0.8) 0
Asian 2(2) 0
Black or African American 1(0.8) 1 (0.8)
Hispanic or Latino 5(4) 3(2.4)
Japanese 0 - 1(0.8)
Native Hawaiian or Other Pacific 0 1(0.8)
[slander
Other 2(2) 0
White or Caucasian 116 (91) 119 (95)

Disease Characteristics and Concomitant Drugs: The majority of women enrolled in the trial
had infiltrating ductal carcinoma as their tumor histology (86% denosumab, 74% placebo) with a
lymph node status of NO (68% denosumab, 57% placebo). Early stage of disease (i.e., stages |
and IIA) was also prevalent. As expected, the majority of women were estrogen receptor positive
(98% denosumab, 99% placebo), and progesterone receptor positive (87% denosumab, 78%
placebo). Sixty-eight (68%) of denosumab treated women and 62% of placebo treated women
were also HER2Neu negative, while HER2Neu status was unknown for 16% of women who
received denosumab and 18% of women who received placebo. The mean number of years since
patients were diagnosed with cancer was balanced between the treatment arms as was the mean
number of years since last menstrual period. ECOG performance status for the majority of
women was zero. At baseline, women who reported having received radiation included 68% for
denosumab and 64% for placebo; reports of prior chemotherapy included 68% for denosumab
and 59%; reports of prior hormone therapy included 51% for denosumab and 43% for placebo;
reports of prior tamoxifen therapy included 47% for denosumab and 41% for placebo; and
reports of prior selective estrogen modulator therapy (SERM) included 49% for denosumab and
41% for placebo. There was no prior IV bisphosphonate treatment reported and oral
bisphosphonates were reported in only 2% of women who received denosumab and 6% of
women who received placebo. Table 6 below summarizes the disease characteristics of patients
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at baseline for this trial. It is unlikely that the minimal differences observed between treatment
arms for certain characteristics had an impact on the outcome of this trial.

Table 6 Study 135 Disease Characteristics at Baseline (all randomized patients)

Denosumab  Placebo

Characteristic N=127 N=125
n (%) n (%)
Tumor Type Stage
INFILTRATING DUCT CARCINOMA I 47 (37) 39(31.2)
IIA 39(30.7) 28(22.4)
1B 13 (10.2) 18 (14.4)
1A 10 (7.9) 6(4.8)
1B 0 1(0.8)
HIC 1(0.8) 0
INFILTRATING LOBULAR CARCINOMA I 5(3.9) 7(5.6)
1A 3(2.4) 4(3.2)
s 1B 3(24) 324
HIA 2(1.6) 1(0.8)
1B 0 1(0.8)
OTHER I 3(2.4) 7(5.6)
IIA 3(24) 2(1.6)
1B 1(0.8) 3(2.4)
A 1(0.8) 1(0.8)
Lymph Node Status
NO 86(67.7)  71(56.8)
NI 37 (29.1) 45 (36)
N2 7(5.5) 54
N3 1(0.8) 0
Estrogen Receptor Status
NEGATIVE 3(24) 1(0.8)
POSITIVE 124 (97.6) 124 (99.2)
Progesterone Receptor Status
NEGATIVE 18(14.2)  23(18.4)
POSITIVE 111(87.4) 98(78.4)
UNKNOWN 2(1.6) 0
HER2NEU Status
NEGATIVE 87 (68.5) 78(62.4)
POSITIVE 24 (18.9) 20 (16)
UNKNOWN 20(15.7)  23(184)
Years Since LMP Mean 12.87 13.02
Years Since Diagnosis Mean 3.23 3.22
ECOG PS
0 117 (92.1) 102 (81.6)
1 13 (10.2) 14 (11.2)
History of Radiation 86 (67.7) 80 (64)
History of Chemo 87 (68.5) 74 (59.2)
History of Hormone Therapy 65 (51.2) 54 (43.2)
History of Tamoxifen Therapy 60 (47.2) 51 (40.8)
History of Selective Estrogen Receptor Modulator Therapy 62 (48.8) 51 (40.8)
(SERM)
History of PO Bisphosphonates 3(2.4) 7(5.6)
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Denosumab  Placebo

Characteristic N=127 N=125

n (%) n (%)

History of Estrogens 3(2.4) 8(6.4)
Any Fracture 38 (29.9) 45 (36)
Vertebral Fracture 2(1.6) 3(2.4)
Non-vertebral Fracture , 34 (26.8) 40 (32)
Lumbar BMD Mean 1.007 1.018
Lumbar T-score Mean -1.125 -0.983

Patient Disposition: Table 7 below summarizes patient disposition by event at the end of
treatment for Trial 135. Overall disposition of patients was balanced between treatment groups.
A greater number of patients completed the trial for the denosumab group. However, a greater
number of patients randomized to denosumab withdrew consent, were ineligible, or had their
disposition noted as “other”. Deaths were excluded from this analysis. There were two deaths
during the treatment period for this trial, one for each treatment group. A more in-depth
discussion of these cases is included separately as part of the safety analysis below.

Table 7 Trial 135 Patient Disposition by Event

Denosumab Placebo
Disposition Term N=127 N=125
n (%) (%)
ADVERSE EVENT 0 32)
COMPLETED 111 (36) 103 (82)
CONSENT WITHDRAWN 11(9) 9(7)
DISEASE PROGRESSION 2(D) 32)
INELIGIBILITY
DETERMINED 3(4) 43)
INFORMED CONSENT
SIGNED, 129 (101) 126 (101)
LOST TO FOLLOW-UP 0 3(2)
NONCOMPLIANCE 4(3) 4 (3)
OTHER 302) 3(2)
PROTOCOL DEVIATION 1(0.7) 1(0.8)
RANDOMIZED 129 (101) 126 (101)
SUBJECT REQUEST 1(0.7) 1(0.8)

Patient Exposure: Table 8 and Figure 4 are summaries of the exposure and disposition of all
patients on Trial 135. Nearly 80% of patients received all four doses of denosumab, which was
not appreciably different from the percentage of patients who received placebo.

Table 8 Trial 135 Exposure by Dose Number (intent to treat population)

Number of Doses Denosumab n (%) Placebo n (%)
0 2(1.5) 1(0.8)
1 10 (7.6) 14 (11.5)
2 7(5.3) 7 (5.8)
3 8(6.1) 5(4.1)
4 104 (79.4) 94 (77.7)
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Figure 4 Trial 135 Disposition for All Randomized Patients (excerpt from CSR)

Enrolled
252
v v
Randomized to Denosumab Randomized to Placebo
127 (100%) 125 (100%)
4 Y
Completed Study Completed Study
106 (83%) , 99 (79%)
I: Did not complete IP: 5 L—_ Did not complete IP: 3
Completed IP: 101 Completed IP: 86
.~ Withdrawal From Study Withdrawal From Study
21 (17%) > 26 (21%)
Never received IP: 2 Never received IP: 1
Did not complete IP: 18 Did not complete IP: 23

Completed IP: 1 Completed IP: 2

Protocol Deviations: Protocol violations pertaining to eligibility criteria occurred in < 10% of
patients (denosumab 10, 8%; placebo 11, 9%) and were balanced between treatment groups.
Overall, 5% of women were included in the trial who did not meet the criteria for BMD t-score,
and 7% of women had inadequate organ function to be included in the trial. In addition, this trial
pre-defined protocol deviations as important if a patient did not meet eligibility criteria, missed
more than 2 doses of investigational product while on trial, received the first dose of
investigational product > 72 hours after randomization, missed assessments for the primary
endpoint, received certain proscribed medications, received the incorrect treatment assignment,
or did not withdraw from the trial after meeting trial withdrawal criteria. Table 9 below
summarizes the incidence of these pre-defined violations. All protocol violations pertaining to
the conduct of the trial were balanced between the treatment arms and were unlikely to have a
major effect on the efficacy or safety outcomes of this trial.

Table 9 Trial 135 Protocol Deviations All Randomized Patients (excludes eligibility
deviations) :

L. Denosumab N=127 Placebo N=125
Protocol Deviation

n (%) n (%)
Investigational Product 14 (5.6) 10 (4.0)
Exclusionary medication
taken on trial 6(24) 7(28)
Off-schedule trial
procedures 5(2.0) 3(2.0)
Missing data 3(1.2) 1(0.4)
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Non Withdrawal 1(0.4) 1(0.4)
Total 25(9.9) 23(9.1)

Efficacy Summary
For the complete summary of efficacy, see section 6 Review of Efficacy.

Safety Summary

Categorization of Adverse Events (AE): Adverse events were coded utilizing MedDRA
version 9 and for certain analysis datasets, MedDRA version 11. The safety subset in the datasets
utilized for analysis consists of 129 patients who received denosumab and 120 patients who
received placebo. For the majority of the adverse event analyses that follow, the denominators
used for calculations are the numbers of patient who actually received the IP to which they were
randomized. Any divergence from this will be noted in the text preceding the analysis or table
containing the change.
Adverse events were presented to include all five levels of the MedDRA hierarchy, and event

~ grading was performed utilizing NCI CTCAE version 3. A side by side comparison of verbatim
term to MedDRA Lower Level Term (LLT) was performed to verify the accuracy of the coding
process. This included a review of approximately 957 AE line listings for Trial 135. Coding was
deemed appropriate in the majority of cases. The cases where the judgment of this reviewer
differed from the coder were not clinically meaningful and did not have a meaningful impact on
the safety results of the trial. Table 10 below is a summary of adverse events for Trial 135.
Overall, adverse events were balanced between treatment groups. Of the patients receiving
denosumab, 91% experienced at least one AE, as well as 90% of patients receiving placebo.
There was a slight imbalance for denosumab with regard to SAEs (denosumab 15%, placebo
9%). Deaths were balanced between treatment groups (1%); however this trial was not powered
to evaluate survival adequately. The incidence of withdrawal from the trial for AEs was greater
for the placebo group (denosumab 2%, placebo 4%). Common AEs occurring in > 10% of
patients who were treated with denosumab, included arthralgia, pain (extremity, back, muscle,
and headache), fatigue, constipation, and cough. Except for cough where the denosumab rate was
nearly double that of the placebo group, the incidence rates for the most common AEs were
relatively balanced between treatment groups. Specific AEs that were a concern based on actual
or theoretical risks associated with denosumab are discussed in detail in section 7 of this review.
Laboratory results demonstrated expected decreases in calcium, phosphorous, and alkaline
phosphatase, the majority of which were not clinically meaningful. Only 2% of patients treated
with denosumab developed binding antibodies that were non-neutralizing and one patient treated
with placebo had pre-existing denosumab antibodies.

Table 10 Trial 135 Summary of AEs (safety population)

AEs All Grades 117 (90.7) 108 (90)
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AEs Grade 3 —4 30 (23.3) 27 (22.5)
Any SAE 19(14.7) 11(9.2)
AE resulting in

IP withdrawal 2(1.6) 5(4.2)

Adequacy of Safety Assessments: All testing reasonably applicable to this population were
conducted to assess the overall safety profile of denosumab. When the results of this trial were
pooled with the data from the PMO trials, there are adequate numbers for a meaningful analysis
of short term safety. ’

Major Safety Results:

Deaths: In Trial 135, fatal events were reported for deaths occurring at any time during the 24
month treatment period regardless of temporal association to the investigational product. The
120 day safety report will update these data to include any deaths reported during the 24 month
safety follow-up period. Only 2 deaths were reported during the 24 month treatment period, one
for each treatment group. The case report forms and narrative listings for each subject who
experienced a fatal event on this trial confirmed that disease progression was the cause of death
in each case.

Nonfatal Serious Adverse Events (SAE): The AAE ADaM dataset was the primary source for
analyses of SAEs. Patients who had received at least one dose of the investigational product and
experienced any AE coded (by the investigator) in the AAE dataset as serious, life threatening,
resulting in death, or requiring or prolonging hospitalization were analyzed. Table 11
summarizes the results of the analyses performed during this review. There were 26 separate
SAEs experienced by 19 patients who received denosumab and 18 SAEs experienced by 11
patients who received placebo. A case report form (CRF) review of the patients who experienced
an SAE subsumed under the Neoplasms SOC was undertaken. In each case, there was either
progression from a known diagnosis of cancer, or an evolving or stable pre-existing cancer
diagnosis. CRFs for patients who experienced infections were also reviewed. In the case of
pneumonia reported, the patient had pre-existing COPD and was at increased risk for pneumonia.
For the remaining cases (i.e. labrynthitis, cellulitis, and diverticulitis), there were no apparent
commonalities based on history and no pattern could be discerned based on causative organisms
because none were collected routinely in the trial. Specifically in the case of diverticulitis, the
applicant suggested that a history of abdominal surgery may have pre-disposed the patient to
having diverticular disease, and subsequently diverticulitis. The medical literature does not
support this view. Most notable in a review of the data is the minor incidence of SAEs on this
study overall and that patients treated with denosumab reported the majority of cases.
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Table 11 Trial 135: SAE Incidence by MedDRA SOC and PT

Denosumab Placebo
MedDRA SOC MedDRA PT
n % n %
Acute myocardial infarction 1 0.8 0 0
Atrioventricular block second 1 0.8 0 0
degree
Cardiac disorders Myocardial infarction 1 0.8 0 0
Atrial fibrillation 0 0 1 0.8
Cardiac failure congestive 0 0 1 0.8
Myocardial ischaemia 0 0 1 0.8
Endocrine disorders Goitre 0 0 1 0.8
Colitis ischaemic 1 0.8 0 0
Diverticulum 1 0.8 0 0
. . ) "Gastrointestinal haemorrhage 1 0.8 0 0
Gastrointestinal disorders - -
Small intestinal obstruction 1 0.8 0 0
Faecaloma 0 1 0.8
Large intestine perforation 0 1 0.8
General disorders and Pelvic mass
administration site 1 0.8 0 0
conditions
. . Cholecystitis 1 0.8 1 0.8
Hepatobiliary disorders —
Cholelithiasis 0 0 2 1.7
Cellulitis 1 0.8 0
. . . Diverticulitis 1 0.8 0
Infections and infestations —
Labyrinthitis 1 0.8 0
Pneumonia 0 0 1 0.8
) o Fracture 1 0.8 0 0
Injury, poisoning a nd. Femoral neck fracture 0 1 0.8
procedural complications
Incisional hernia 0 1 | 08
Osteoarthritis 2 15101 0
Musculoskeletal and —
connective tissue disorders Arthritis ! 0.8 ! 0.8
Intervertebral disc protrusion 1 0.8 0 0
Benign ovarian tumour 1 0.8 0 0
Breast cancer in situ 1 0.8 0 0
Colon adenoma 1 0.8 0 0
Neoplasms benign, . Malignant pleural effusion 1 0.8 0 0
malignant and unspecified -
(incl cysts and polyps) Metastatic neoplasm 1 0.8 0 0
Uterine leiomyoma 1 0.8 0 0
Benign breast neoplasm 0 1 0.8
Metastases to-bone 0 1 0.8
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Denosumab Placebo
MedDRA SOC MedDRA PT
n % n %
Nervous system disorders Transient ischaemic attack 1 0.8 1 0.8
Reproductive system and Rectocele
. 1 0.8 0 0
breast disorders
Respiratory failure 1 0.8 0 0
Respiratory, thoracic and Chronic obstructive pulmonary
. - . 0 0 1 0.8
mediastinal disorders disease
Pneumonitis 0 0 1 0.8

Dropouts/Discontinuations:

In Trial 135 at the end of treatment, 2 patients in the denosumab treatment group, and 5 patients
in the placebo group withdrew from the trial for an adverse event. Consent was withdrawn for 9
(3.6%) patients treated with denosumab and 6 (2%) patients treated with placebo. No patients
who were treated with denosumab were lost to follow up, while 2 (0.8%) treated with placebo
were so designated. Overall for this trial, the numbers of patients who discontinued therapy or
withdrew from trial were balanced between treatment groups.

Significant Adverse Events:

During the development of denosumab, safety concerns were identified based on the target of the
antibody, literature-described effects on the signal transduction pathway, as well as cellular
effects. A safety concern of particular interest to the applicant was hypocalcemia. The applicant
also identified the following other AEs as significant: cardiovascular (CV) events (focused on
Trials 216 and 138 only) and osteonecrosis of the jaw (ONJ) and related events (all events
adjudicated for all trials). During the conduct of this review, all of the safety concerns identified
by the applicant were reviewed in detail. In addition, increased incidence rates of infection were
identified occurring in all phases of development for denosumab during this review and were
analyzed in detail.

Submission Specific Primary Safety Concerns:
A pooled analysis of the data from the four key trials submitted in support of this application is
discussed below in 7.3.5 Submission Specific Primary Safety Concerns.

Supportive Safety Results: In order to examine the data at a depth of granularity sufficient to
detect all important safety signals, adverse events were analyzed at each level of the MedDRA
hierarchy. Analyses were performed using the defined safety populations and analysis datasets
(AAE) from the trial. These data were then analyzed for the AE totals by trial, and incidence
rates by grade and treatment group. In addition, Standardized MedDRA Queries (SMQ) were
performed and analyzed. SMQs are groupings of terms from one or more MedDRA SOCs
relating to a defined medical condition or area of interest. The results of SMQ level analyses can
highlight areas for further inquiry. The results from these analyses can be found in Appendix 9.4
Tables Referenced in Text. Terms in the relevant tables are grouped as either broad or narrow in
scope and these correlate to sensitivity and specificity.
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Common Adverse Events: For the analyses of common adverse events (AE), the ADaM dataset
AAE was utilized as the primary dataset. This dataset contained all AEs experienced during the
conduct of the trial reported as one record per subject per AE per visit. The incidence rates
discussed below were derived from a subset of the AAE dataset containing one row per subject
per AE and grouped by maximum toxicity. These data were then tabulated and analyzed. By trial
design, no laboratory abnormalities will appear in the following tables unless they are associated
with a symptom. The protocol required that only abnormal labs associated with a symptom were
to be considered an adverse event. A full analysis of the range of laboratory abnormalities during
the trial is discussed later in this review. The safety population for Trial 135 was defined as any
patient who received > 1 dose of IP and consisted of 249 patients (129 denosumab, 120 placebo)
who experienced a total of 1332 separate events. For patients treated with denosumab, 117
(93.6%) experienced at least one AE during the trial, and there were 756 events; for patients
receiving placebo, 108 (87%) experienced at least one AE during the trial, and there were 576
events. Adverse events occurring at an incidence of > 5% and at an increased incidence of >5%
in the denosumab treatment group, the search criteria utilized by this reviewer to identify
common AEs, were cough (denosumab 10%, placebo 4%), myalgia (denosumab 9%, placebo
4%), shoulder pain (denosumab 9%, placebo 3%), sinusitis (denosumab 7%, placebo 3%), and
vulvovaginal dryness (denosumab 7%, placebo 3%). Table 49 - Table 54 in Appendix 9.4
summarize all AEs for Trial 135 at each level of the MedDRA hierarchy and by Standardized
MedDRA Queries (SMQ). All tables were derived utilizing the safety population.

Vital Signs: For Trial 135, vital signs, including temperature, diastolic and systolic blood
pressure, pulse, weight, and BMI were reported for each treatment group at baseline, day I, and
months 1, 6, 12, 18, and 24. The analysis dataset AVS was utilized for all vital sign explorations.
Analyses of temperature, diastolic and systolic blood pressure, pulse, weight, and BMI
distributions by treatment group at baseline and each protocol mandated measurement time point
demonstrated no clinically significant differences between treatment groups. In addition,
comparisons of vital sign changes from baseline to each protocol mandated measurement time
point demonstrated no statistically significant or clinically meaningful changes between
treatment groups.

Laboratory Findings: Data for the four key registrational trials were pooled and the laboratory
findings are discussed under section 7.4.2 Laboratory Findings below.

Immunogenicity: Of the 252 patients enrolled in the trial, 246 (98%) provided samples for
antibody testing. There were three subjects who tested positive for the development of anti-
denosumab antibodies. Patient ®® treated in the placebo group, tested positive for
binding antibodies at baseline through month 18, and the end of trial sample at month 24 was
negative. Patients ®© and ®® were both treated in the denosumab group. Patient

®® tested positive for antibodies on day 30 and at month 12. Samples at months 6 and 24
were negative. Patient ®® tested positive for antibodies at month 18, but all other
samples were negative. When compared to other patients in the trial, all three patients who tested
positive for antibodies exhibited similar efficacy and safety profiles as patients who were
antibody negative.
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5.3.2 A Randomized, Double-blind, Placebo-controlled Trial to Evaluate AMG 162 in the
Treatment of Bone Loss in Patients Undergoing Androgen-deprivation Therapy for
Nonmetastatic Prostate Cancer (Trial 138)

Trial Summary:

This was an international, multicenter, randomized, double-blind, placebo-controlled trial in
1468 patients with nonmetastatic prostate cancer who were undergoing androgen deprivation
therapy (ADT). Patients were randomized (1:1) to receive either placebo or denosumab 60 mg
subcutaneously (SC) once every 6 months for a total of 6 doses over a 36-month treatment
period. Randomization was stratified by age group (< 70 years vs. > 70 years) and duration of
ADT (gonadotropin-releasing hormone (GnRH) agonists or orchiectomy) at trial entry (<6
months vs. > 6 months). All received daily supplemental calcium (> 1 g) and vitamin D (> 400
[U). Bone mineral density assessments by dual x-ray absorptiometry (DXA) for the lumbar
spine, total hip, femoral neck, and trochanter were obtained, and BMD of the total body and 1/3
distal radius performed in a subset of patients (N = 309). A blinded central image reader
identified or confirmed all vertebral and nonvertebral fractures. An independent Data Monitoring
Committee monitored patient safety on an ongoing basis for the duration of the 36-month
treatment period. Upon completion of the 36-month treatment period, patients were continued on
trial for 24 months during which no investigational product was administered, or were offered
enrollment in a 2-year extension trial (20080537).

Eligibility Criteria:

e Men > 70 years with histologically confirmed prostate cancer, or men < 70 years with
histologically confirmed prostate cancer and a history of osteoporotic fracture or BMD T-
score at the lumbar spine, total hip, or femoral neck < -1.0 (using the normative male
database)

e BMD T-score at the lumbar spine, total hip or femoral neck not < -4.0
have undergone bilateral orchiectomy or initiated ADT with GnRH agonists and are
expected to continue on with ADT for at least 12 months

e Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1, or 2

¢ No distant metastases :

» No evidence of current unstable systemic disease, organic or psychiatric disorder, or
inadequate organ function that could have interfered with completion of the trial or
interpretation of results

e No recent exposure to bisphosphonates or other medications known to influence bone

metabolism
Endpoints:
e Primary: the percent change in lumbar spine BMD from baseline to month 24,
e Secondary

= The percentage change of femoral neck BMD and total hip BMD from baseline to
month 24; percentage change of lumbar spine BMD, femoral neck BMD, and
total hip BMD from baseline to month 36; patient incidence of any fracture and
patient incidence of new vertebral fracture over the 36-month treatment period;
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time to first clinical fracture over the 36-month treatment period; patient
incidence of any fracture over the 24-month treatment period

= Assess the safety and pharmacokinetics of denosumab over the 36-month
treatment period.

e Exploratory: Effect of denosumab on prostate-specific antigen (PSA), overall survival,
and patient-reported outcomes.

Trial Design Schema:

Figure 5 Trial 138: Trial Design Schema (excerpt from CSR)

! Screaning I | Ontsiment Paiod I OfifsgimentParis

Denosumab 60 mg every 6 months SC
{813 subjects planned)
Randomization strata:
1:1 * > 70 years of age
‘ * <70 yegrs of age

* < 6 months of androgen-daprivation therapy
* > 8 months of androgen-daprivation therapy

Ptacebo every 8 months SC
(613 sublects pianned)

s [ 1L 0 0 0
T T | l L"'F"'Lf""F"T

v 2 k3

S A A A A A A A

Planned Study Visit

ZO—-PN—-Z002Z2>23

SC = subcutaneous
* BMD of the lumbar spine was assessed at screening and at ali planned study visits except day 1 and month 18; the assessment oblained during screening
was used as the baseline assessment of lumbar spine BMD.

Treatments: Patients were randomized to receive either 60 mg denosumab subcutaneously
every 6 months (day 1 and months 6, 12, 18, 24, and 30) or placebo. Patients were also required
to take 1 g of calcium and 400 IU of vitamin D daily.

Trial Sites and Enrollment: Because of the size of the trial, a table of specific sites was deemed
lengthy and impractical. The table below summarizes patient enrollment by country. The USA
and Canada accounted for the majority of patients enrolled on the trial. Based on the distribution
of patients per site, it is unlikely that any one site influenced the efficacy outcome of the trial.

Table 12 Trial 138: Sites and Enrollment by Country

Country (number of sites) Denosumab  Placebo
Canada (35) 192 200
Switzerland (3) 6 6
Czech Republic (8) 46 46
Finland (2) 14 12
Hungary (6) 41 52
Mexico(9) 70 69
Netherlands (6) 16 16
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Country (number of sites) Denosumab  Placebo -
Poland (10) 55 46
USA (87) 291 278

Trial populations:
Efficacy:

e Full analysis set (all randomized patients)

e BMD analysis subset (all randomized patients with baseline and > 1 post-baseline
measurement at or before the time under consideration

e vertebral fracture analysis subset (all randomized patients with baseline and > 1 post-
baseline measurement at or before the time under consideration)

e per protocol set (primary efficacy subset who were compliant with protocol)

e subset for subtrial (randomized patients in the subtrial [DXA total body and distal 1/3
radius] who have a baseline and > 1 postbaseline measurement of the endpoint of interest
at or prior to the time point under consideration)

e observed data analysis set (randomized and have observed values of the endpoint at the
time point under consideration)

e repeated measures analysis set (randomized having a baseline and at least one post
baseline measurement of the endpoint of interest)

Safety: Subset for safety (all randomized patients who received at least one dose of
investigational product)

Demographics: Trial 138 enrolled 1468 men, 734 randomized to each treatment group. Most
patients were Caucasian (denosumab 84%, placebo 83%) and most were treated in the US and
Canada (denosumab 66%, placebo 66%). As summarized in Table 13 below, other baseline
demographics were also balanced between treatment groups.

Table 13 Trial 138 Patient Demographics (all randomized patients)

Demographic Denosumab Placebo
n (%) n (%)
COUNTRY -
CAN 192 (26) 202 (27)
CHE 6(0.8) 6 (0.8)
CZE 46 (6) 46 (6)
FIN 14 (2) 12 (1.7)
HUN 40 (5) 53(7)
MEX 69 (9) 70 (9)
NLD 17 23) 6.1
POL 55(7.5) 46 (6)
USA 295 (40) 383 (39)
SEX
M | 734 | 734
AGE
Min 73 5
Median 76 75
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Delﬁographic Denosumab Placebo
n (%) n (%)
Max 92 97
Mean 75.3 75.5
> 65 685 (93.3) 679 (92.5)
>75 415 (56.5) 424 (57.8)
RACE
American Indian or Alaska Native 0 2(0.3)
Asian 5(0.7) 3(0.4)
Black or African American 36 (4.9) 32(4.4)
Hispanic or Latino 77 (10.5) 81 (11)
Japanese 1(0.1) 4(0.5)
Other 0 3(0.4)
Caucasian 615 (84) 609 (83)

Disease Characteristics and Concomitant Drugs: The analysis dataset ASLBASE was utilized
for the analysis of disease characteristics. The majority of patients had stage II (74% denosumab,
73% placebo) or stage III disease (19% denosumab, 22% placebo). Gleason scores for most
patients were < 7 (68% denosumab, 73% placebo) and the majority of patients also had a relapse
risk that was low or intermediate (60% in both groups). Prostate cancer treatments (i.e., radiation
and/or surgery, chemical or surgical castration) were balanced between treatment groups. Fifty-
two percent of patients received no primary therapy, 26% received radiation, and 19% received
surgery. Most patients at baseline (93%) were receiving therapy for androgen deprivation
(ADT); and 9% were surgically castrated. The majority of patients were on ADT for > 6 months
(79% denosumab, 78% placebo). The mean duration of ADT was 31 months in the denosumab
group and 30 months in the placebo group. ECOG performance status was balanced with a
median score of 0; and 1 patient (0.1%) in the placebo group had an unknown ECOG score.
Baseline mean lumbar BMD T-scores were -0.3 in the denosumab group and —0.4 in the placebo
group. Prior history of bisphosphonate use was similar between treatment groups as was
substance use (caffeinated beverages, alcoholic beverages, and tobacco). The minimal
differences observed between treatment groups for specific disease characteristics did not have
an impact on the outcome of this trial.

Table 14 Study 138 Baseline History (all randomized patients)

Reference ID: 3168406

Characteristic Denosumab Placebo

N=734 N=734
n (%) n (%)

Tumor Stage

11 544 (74.1) 524 (71.4)

I 135 (18.4) 158 (21.5)

v 52(7.1) 43 (5.9)

Gleason Scores

<7 498 (67.8) 534 (72.8)

8§-10 164 (22.3) 138 (18.8)

Years from dx Mean 497 4.88

Relapse Risk

HIGH 210 (28.6) 214 (29.1)
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Patient Disposition: Deaths will be analyzed separately as part of the safety summary, see Table
19. For Trial 138, the number of fatal events was balanced between treatment groups, 46 patients
(6.3%) treated with placebo and 44 patients (6.0%) treated with denosumab. Figure 6 below
summarizes the disposition for all randomized patients in the trial. However, the discrepancies
were unlikely to have a major effect on the efficacy or safety outcomes of this trial.

Characteristic

INTERMEDIATE

LOW

VERY HIGH

ECOG Median

- History of Radiation

History of Chemo

Months of ADT Mean
History I'V Bisphosphonates
History PO Bisphosphonates
Surgical Castration
Chemical Castration
Lumbar BMD : Mean
Lumbar T-score Mean
Any Fracture

Vertebral Fracture
Osteoporotic Fractures
Non-vertebral Fractures

Denosumab
N=734
n (%)

263 (35.8)
174 (23.7)
84 (11.4)
0
244 (33.2)
1(0.14)
314
1(0.14)
9(1.2)
77 (11)
676 (92.1)
1.136
-0.318
246 (33.5)
14(2)
162 (22.1)
153 (21)

Figure 6 Trial 138 Patient Disposition (excerpt from CSR)
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45

Placebo
N=734
n (%)

240 (32.7)
198 (27)
73 (9.9)
0
247 (33.7)
3(0.42)
304
2(.27)
7(1)
60 (8.2)
677 (92.2)
1.126
-0.408
268 (36.5)

19 (2.6)

194 (27)

181 (25)
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Screened
2033

Excluded Prior
I to Randomization
565
v

Enrolled t Did not meet incl/excl: 435
1468 Met criteria but did not enroll: 130

| |
! "

Randomized to Denosumab Randomized to Placebo
734 (100%) 734 (100%)
Y Y
Completed Study Completed Study
467 (64%) 445 (61%)
E Did not complete IP: 5 i: Did not complete IP: 3
Completed IP: 462 Completed IP: 442
Withdrawal From Study Withdrawal From Study
267 (36%) > 289 (39%)
Never received IP: 8 Never received IP: 4
Did not complete IP: 233 Did not complete IP: 268

Completed IP: 26 Completed IP: 17

(Figure appears in the original as shown)

Table 15 summarizes patient disposition in relation to the investigational product (IP) at the end
of study for all patients enrolled in Trial 138. Of the 734 patients randomized to the denosumab
group, 472 patients (64%) completed the trial. The reasons for the drop out rate of 36% were
varied. Ineligibility was determined in 0.8% of patients, while 2.3% were lost to follow up, and
“other” was cited in 1.2% of cases. Adverse events were the reason for the dropout of about 4%
of patients, and 16.8% withdrew consent. Issues of disease progression and treatment were
responsible for 3.7% of dropouts. As a result of the relatively high dropout rate, a review of the
patient data from a sample of cases was undertaken. There were a number of cases where the
reason for dropout from the trial was miscoded. For example, patient ®® had
“administrative decision” given as the reason for trial dropout; however this patient experienced
rash and erythema with administration of the IP and was advised by his physician to withdraw
participation. This event should have been coded as an AE. Patient ®® was designated
as “lost to follow-up”; however the patient was ill, likely as a result of disease progression. With
regard to patients whose end of study designation was “other”, patients ®©

®® and ®® a]] experienced disease progression. These
discrepancies in the data speak to the conduct of the trial and are notable as such. However, the
discrepancies were unlikely to have a major effect on the efficacy or safety outcomes of this trial.
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Figure 6 Trial 138 Patient Disposition (excerpt from CSR)

Screened
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| to Randomization
565
A4

Enrolled I: Did not meet incl/lexcl: 435

1468 Met criteria but did not enroll: 130

Y v

Randomized to Denosumab Randomized to Placebo
734 (100%) 734 (100%)
\ 4 i \
Completed Study Completed Study
467 (64%) 445 (61%)
E Did not complete IP: 5 E Did not complete IP: 3
Completed IP: 462 Completed IP: 442
ol Withdrawal From Study Withdrawal From Study
267 (36%) > 289 (39%)
Never received IP: 8 Never received IP: 4
Did not compiete iP: 233 Did not complete IP: 268
Completed IP: 26 Completed 1P: 17

(Figure appears in the original as shown)

Table 15 Trial 138 Patient Disposition (all randomized patients)

Disposition Denosumab Denosumab % Placebo Placebo %
Completed 472 64 440 60
Consent Withdrawn 123 17 142 19
Adverse Event 29 4 23 3
Disease Progression 23 3 21 3
Lost to Follow-up 17 2 21 3
Other 9 1 0.7
Ineligibility Determined 6 0.8 5 0.7
Alternative Therapy 4 0.5 14 1.9
Noncompliance 3 0.4 7 09
Administrative Decision 2 0.3 4 0.5

Protocol Violations: There were 257 patients (35%) who received denosumab and 233 patients
(32 %) who received placebo having protocol violations reported for this trial. The largest
categories of protocol violations were missing data, investigational product administration, and
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other. The category labeled as “other” represented incorrect stratification of patients on the trial.
Except for the missing data category, where there were more patients with missing data who
received denosumab (12% denosumab, 8% placebo), the protocol violations were balanced
between treatment groups. The incidence of violations and missing data in this large trial are of
concern with regard to the conduct of the trial; however it is unlikely that the missing data had an
impact on the efficacy or safety outcomes of the trial.

Table 16 Trial 138 Protocol Violations (all randomized patients)

Protocol Deviation Denosumab N=734 | Placebo N=734

n (%) n (%)
Missing data 85 (11.6) 57(7.8)
Others 65 (8.9) 73(9.9)
Investigational product administration 64 (8.7) 66 (9.0)
Off-schedule study procedures 30 (4.1) 20(2.7)
Non Withdrawal 7(0.9) 3(0.4)
Exclusionary medication taken 6(0.8) 14 (1.9)
Total 257 (35) 233 (32)

Efficacy Summary:
For the complete summary of efficacy, see section 6 Review of Efficacy.

Safety Summary

Categorization of Adverse Events (AE): Adverse events for this trial were coded utilizing
MedDRA version 9 and for certain ADaM datasets, MedDRA version 11. Adverse events were
presented to include all five levels of the MedDRA hierarchy, and event grading was performed
utilizing NCI CTC version 3. A side by side comparison of verbatim term to MedDRA Lower
Level Term (LLT) was performed to verify the accuracy of the coding process. This included a
review of approximately 4051 AE line listings for Trial 138. Coding was deemed appropriate in
the majority of cases. The cases where judgment of this reviewer differed from that of the coder
were not clinically meaningful and did not have a meaningful impact on the safety results of the
trial had they been coded correctly. Table 17 is a summary of adverse events for Trial 138.
Overall, about 87% of patients experienced an adverse event during the conduct of this trial.
Grades 3 to 5 AEs, SAEs, withdrawals because of AEs, and deaths were balance between the
treatment groups.

Table 17 Summary of AEs in Trial 138 (safety population)

AEs All Grades 638(87.3) | 627(86.5)
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withdrawal

AEs Grade 3 -5 269 (36.8) | 244 (33.7)
Any SAE 253 (34.6) | 222(30.6)
AE resulting in IP 49 (6.7) 47 (6.5)

Adequacy of Safety Assessments:

All testing applicable to the population studied were conducted to assess the overall safety
profile of denosumab. Table 18 summarizes patient exposure based on number of injections
received as well as total dose received. The trial required that denosumab be administered for 6
doses of 60 mg each over a similar period of months. Each patient who completed the trial per
protocol should have received a total of 360 mg. It is notable that the totals differ for number of
doses received as compared to mgs received. This may be explained by the fact that 11 patients
who were randomized to placebo actually received denosumab.

Table 18 Trial 138: Patient Exposure to Investigational Product

Number of Doses

L N I S N S

Total Dose (in mg)
0
60
120
180
240
300
360
Wrong IP Received
N .
Y

Major Safety Results:

Reference ID: 3168406

Denosumab
n (%)
45 (6.2)
31(4.2)
40 (5.5)
97 (13.3)
28 (3.8)
490 (67.0)

0
50 (6.8)
31(4.2)
41 (5.6)
97(13.3)
30 (4.1)

482 (65.9)

720 (98.5)
11(1.5)

49

Placebo
n (%)
54 (7.4)
44 (6.1)
43 (5.9)
99 (13.7)
35(4.8)
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Deaths: In Trial 138, the numbers of fatal events were balanced between treatment groups, 46
patients (6.3%) treated in the placebo group and 44 patients (6.0%) treated in the denosumab
group. In general, causes of death are representative of the patient population being studied
where the median age for both treatment groups was 76 years and 93% of men enrolled were >
65 years. Table 19 summarizes all fatal events by SOC and PT in Trial 138. A review of
approximately 10% of the case report forms (CRF) was undertaken to evaluate stated causes of
death. In general, the causes of death reported accurately reflect the patient histories. Of interest,
while there are no apparent cases of death as a result of an infection-related event for denosumab
in a search of the AAE database, in one case, patient ®© the CRF review revealed that
this 93 year old male developed aspiration pneumonia for which he was hospitalized and treated.
During the hospitalization, a second aspiration event occurred which did not respond to treatment
and the patient died.

Cardiovascular events for this trial were subject to adjudication by an independent review
committee. These events will be discussed separately in section 7.3.5 Submission Specific
Primary Safety Concerns. '

Table 19 Trial 138, Deaths per Treatment Group by SOC and PT

Reference ID: 3168406

Denosumab Placebo
SOoC PT
N=731 (%) N=725 (%)
Cardiac arrest 3(0.4) 2(0.3)
Cardiac failure 2(0.3) 1(0.4)
Cardiac failure
congestive 1(0.1) 0
Cardiac disorders | Cardiogenic shock 2 (03) 1(0.4)
Cardio-respiratory
arrest 2(0.3) 0
Cardiovascular
disorder 1(0.1) 1(0.4)
Myocardial
infarction 4(0.5) 7(9)
. : Gastrointestinal
Gastrointestinal 0 1(0.4)
disorders haemorrhalge
Intestina
obstruction 1(0.14) 0
General disorders Death 2(0.3) 5(0.7)
and -
administration Hypothermia 0 1(0.4)
site conditions Sudden death 1(0.1) 1(0.4)
Hepatobiliary Hepatic failure 1(0.1) 0
disorders Hepatitis alcoholic 1(0.1) 0
Gastrointestinal
0 1(0.4)
Infections and gangrene
infestations Pneumonia 0 2(0.3)
Sepsis 0 2(0.3)
Septic shock 0 1(0.4)
Injury, poisoning Injury 0 1(0.4)
and procedural
complications Subdural 0 1(0.4)
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SOC PT Denosumab Placebo
N=731 (%) N=725 (%)
haemorrhage
Metabolism and Hypoglycaemia 1(0.1) 0
nutrition . .
disorders Metabolic acidosis 1(0.1) 0
Breast cancer
metastatic 0 1(0.4)
Gastric cancer 1(0.1) 1(0.4)
Lung neoplasm
Neoplasms malignant 0 2(0.3)
benign, malignant : —
and unspecified Malignant glioma 0 1(0.4)
Neoplasms Metastases to 1(0.1) 0
benign, malignant | abdominal cavity ’
and unspecified Metastases to bone 0 3
(incl cysts and -
polyps) ;| Metastases to liver 1(0.D) 0
Metastases to pleura 1(0.1) 1(0.4)
Metastatic renal cell
carcinoma 10.1) 0
Pancreatic
carcinoma 1.0 0
Brain injury 1(0.1) 0
Cerebral
haemorrhage 1.1 0
Cerebrovascular
Nervous system accident 4(3) 2(03)
disorders
Haemorrhage
intracranial 1(0.) 0
Haemorrhagic
stroke 0 1(0.4)
Hypoxic
encephalopathy 100 0
Renal and urinary .
disorders Renal failure 0 1(0.4)
Chronic obstructive
. pulmonary disease 2(0.3) 1(04)
Respiratory,
thoracic and Dyspnoea 1(0.1) 0
mediastinal Lung disorder 0 1(0.4)
disorders Pneumonia :
aspiration 2(0.3) 1(0.4)
Respiratory failure 3(0.4) 1(0.4)
Vascular Cardiovascular
disorders insufficiency 0 1(0.4)

Nonfatal Serious Adverse Events (SAE): A MedDRA SOC level analysis was performed

for Trial 138 which identified SAEs occurring in 253 (35%) patients treated with denosumab
and 222 (31%) treated with placebo. The SAEs most commonly reported were in the cardiac
disorders SOC with 9.4% reported in the denosumab group and 10% reported in the placebo
group. Other SAEs reported commonly were in the nervous system disorders, and infections
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and infestations SOCs, 6.8% for denosumab, 4.8% for placebo and 5.9% for denosumab,
4.6% for placebo respectively. Overall, there were no statistically significant or clinically
meaningful differences between treatment groups in the incidence of SAEs for this trial. The
relatively high rate of SAEs is most likely a reflection of the age of the population studied
(median 76 years) whose co-morbid conditions can often correlate with a higher incidence of
toxicities overall.

Table 20 Trial 138: SAE Incidence by MedDRA SOC

Denosumab Placebo

n=731 (%) n=725 (%)
Total 253 (34.6) 222 (30.6)
Cardiac disorders 69 (9.4) 75 (10.3)
Gastrointestinal 23 (3.1) 33 (4.6)
Musculoskeletal 17 (2.3) 12 (1.7)
Infection . 43 (5.9) 33 (4.6)
Neoplasms 37(5.1) 42 (5.8)
Injury, poisoning 32(4.4) 24 (3.3)
Nervous system 50 (6.8) 35(4.8)
Respiratory 27(3.7) 16 (2.2)
Hepatobiliary 12 (1.6) 5(0.7)
Other* 117 (16.0) 77 (10.6)

Dropouts/Discontinuations

In Trial 138, at the end of treatment for patients treated with denosumab, 27 (1.9%) dropped out
of the trial or discontinued treatment for AEs, 102 (7%) withdrew consent, 13 (0.9%) were lost
to follow up, and 22 (1.5%) withdrew for disease progression. For patients having taken placebo,
25 (1.7%) withdrew consent, 16 (1.1%) were lost to follow up, and 19 (1.3%) withdrew for
disease progression. Overall in this trial, the numbers of patients who discontinued therapy or
withdrew from trial were balanced between treatment groups.

Significant Adverse Events

Of particular note in Trial 138 was an imbalance in the incidence of cataracts, denosumab 34
(4.7%), placebo 4 (0.5%). A statistically oriented safety analysis performed by the Quantitative
Safety and Pharmacoepidemiology Group (QSPG) computed the following statistical values for
this finding: 95% confidence interval (CI): 1.81, 7.85, p = 0.0004. This analysis utilized
categorical data analysis methods which are exploratory in nature. The confidence intervals and
p-values are not intended for statistical inference and should be interpreted as demonstrating the
magnitude and strength of the relationship between the treatment group and placebo group. This
potential safety signal was not observed in other trials and, in fact, when safety data were pooled,
the overall incidence of cataracts was greater for the placebo group. The applicant has submitted
Protocol 20080560, A Double-Blind, Placebo-controlled Study to Evaluate New or Worsening
Lens Opacifications in Subjects with Non-metastatic Prostate Cancer Receiving Denosumab for
Bone Loss due to Androgen-Deprivation Therapy, a non-inferiority trial, to further evaluate this
finding. While it is agreed that this safety finding warrants further study in the postmarketing
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period, the protocol as submitted is inadequate. See 1.4 Recommendations for Postmarket
Studies/Clinical Trials, for a full discussion of the deficiencies and remedies.

Submission Specific Primary Safety Concerns

A pooled analysis of the data from the four key trials submitted in support of this application is
discussed below and the safety concerns associated with this trial are discussed at length in
section 7.3.5 Submission Specific Primary Safety Concerns.

Supportive Safety Results: Adverse events were analyzed at each level of the MedDRA
hierarchy. Analyses were performed using the defined safety populations and analysis datasets
submitted. In addition, Standardized MedDRA Queries (SMQ) were performed and analyzed.
SMQs are groupings of terms from one or more MedDRA SOCs relating to a defined medical
condition or area of interest. The results of SMQ level analyses can highlight areas for further
inquiry.

Common Adverse Events: For the analyses of common adverse events (AE), the analysis
dataset AAE was utilized as the primary dataset. This dataset contained all AEs experienced
during the conduct of the trial reported as one record per subject per AE per visit. The incidence
rates discussed below were derived from a subset of the AAE dataset containing one row per
subject per AE and grouped by maximum toxicity. These data were then tabulated and analyzed.
By trial design, no laboratory abnormalities will appear in the following tables unless they are
associated with a symptom. The protocol required that only abnormal labs associated with a
symptom were to be considered an adverse event. A full analysis of the range of laboratory
abnormalities during the trial is discussed later in this review.

The safety population for this trial was defined as any patient who received > 1 dose of IP and
consisted of 1456 patients, 731 in the denosumab group and 725 in the placebo group. In Trial
138, over 85% of patients receiving denosumab (638/87%) or placebo (627/86%) experienced at
least one AE. In the majority of cases AEs were reported as grades 1 or 2 (65% denosumab, 62%
placebo). Grades 3 or 4 events were reported less frequently (19% denosumab, 17% placebo).
There were 3,831 events experienced by denosumab treated patients and 3,470 events
experienced by patients receiving placebo. There were no AEs occurring at an incidence of > 5%
with >5% difference favoring the denosumab treatment group, which was the search criteria
applied by this reviewer for common AEs. In general, incidence rates for AEs were low and
relatively balanced between the treatment groups. Summaries of AEs at all levels of the
MedDRA hierarchy can be found in Appendix 9.4, Tables 28 - 33.

Laboratory Findings: Data for the four key registrational trials were pooled and the laboratory
findings are discussed under section 7.4.2 Laboratory Findings.

Vital Signs: For Trial 138, vital signs, including temperature, diastolic and systolic blood
pressure, pulse, weight, and BMI were reported for each treatment group at baseline, day 1, and
months 1, 6, 12, 18, and 24. The analysis dataset AVS was utilized for all vital sign explorations.
Analyses of temperature, diastolic and systolic blood pressure, pulse, weight, and BMI
distributions by treatment group at baseline and each protocol mandated measurement time point
demonstrated no clinically significant differences between treatment groups. In addition,
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comparisons of vital sign changes from baseline to each protocol mandated measurement time
point demonstrated no statistically significant or clinically meaningful changes between
treatment groups.

Immunogenicity: Assays for antibodies against denosumab were evaluated for a total of 1448
patients in this trial. Four patients tested positive for binding antibodies, two patients in the
placebo group at baseline (0.3%) and one patient from each treatment group during treatment
(0.1%). All antibodies were transient (absent upon retesting one month later) and non-
neutralizing. There were no indications that the presence of antibodies had effects on efﬁcacy,
safety, pharmacokinetics, or pharmacodynamic parameters during the trial.

6 Review of Efficacy
Efficacy Summary

The efficacy conclusions for this application are based on the analyses of efficacy data submitted
from two randomized, placebo-controlled trials, Trial 20040135 (135) and Trial 20040138 (138).
Trial 135 studied bone mineral density as the primary endpoint. Bone mineral density (BMD) is
not accepted as a regulatory endpoint for anti-resorptive agents. Skeletal related events, including
incidence of new vertebral fractures is an accepted regulatory endpoint for this class of products.
The primary endpoint in Trial 216 was reduction of new vertebral fractures over the three year
treatment period. As a result, demonstration of clinical benefit for Trial 135 is based upon the
efficacy data submitted for Trial 216 which supported the primary indication for the treatment of
postmenopausal osteoporosis (PMO). For trial 135, BMD is a surrogate endpoint while reduction
of new vertebral fractures is considered clinical benefit for regulatory purposes. Data from Trial
216 were reviewed in the Division of Reproductive and Endocrinology Products (DRUP).

Trial 135 was a multinational, multicenter, double-blind, placebo-controlled trial involving 252
patients with non-metastatic breast cancer receiving adjuvant aromatase inhibitor therapy
following definitive local therapy. Patients were randomized 1:1 to denosumab (127) or placebo
(125) once every 6 months for a total of 4 doses during the treatment period of 24 months. All
patients received daily calcium (> 1 g) and vitamin D (> 400 [U) supplementation throughout the
trial. Randomization was stratified by the duration of aromatase inhibitor therapy (<6 months vs.
> 6 months). A 24 month safety follow-up period was ongoing at the time the BLA was
submitted. The primary efficacy endpoint was percentage change in lumbar spine bone mineral
density (BMD) from baseline to month 12. Key secondary endpoints were percentage change in
lumbar spine bone mineral density (BMD) from baseline to month 6, and percentage change in
total hip and femoral neck BMD from baseline to months 6 and 12. There were no neoplastic
disease assessments specified as part of the trial and such data was not captured during the
conduct of the trial. Survival rate at month 24 was an exploratory endpoint.

There was a statistically significant increase in lumbar spine BMD between denosumab and
placebo treated groups at 12 months (denosumab + 4.8%, placebo — 0.7%) based on a least
square mean estimate. The treatment difference between the groups was 5.5% (95% CI: 4.8, 6.3).
Consistent effects on lumbar spine BMD were observed regardless of baseline age, duration of
aromatase inhibitor therapy, weight/bone mass index (BMI), prior chemotherapy, prior selective
estrogen receptor modulator (SERM) use, and time since menopause. The treatment differences
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in total hip and femoral neck BMDs from baseline to month 12 were also statistically significant
(p<0.0001). Trial 135 did not include an evaluation of skeletal related events and relied on the
outcome of Trial 216 to demonstrate clinical benefit. All cause mortality included 2 deaths (1%)
for each treatment group at 24 months.

Trial 216 was a multinational, multicenter, randomized, double-blind placebo-controlled trial to
investigate the safety and efficacy of denosumab on the reduction of new vertebral fractures in
7808 postmenopausal women with osteoporosis after 3 years of treatment. Subjects were
randomized (1:1) to receive either denosumab (3902) or placebo (3906) for 3 years. All patients
received daily calcium (> 1 g) and vitamin D (> 400 IU) supplementation throughout the trial.
Randomization was stratified by age at study entry: 60 to 64 years, 65 to 69 years, 70 to 74 years,
and > 75 years. BMD T-scores were required to be <-2.5 and > - 4.0. The last scheduled dose
was administered at month 30, and patients were followed until month 36 at which time they
were offered the opportunity to enroll in an extension trial. The primary efficacy endpoint was
the incidence of new vertebral fractures during the 36-month treatment period. Key secondary
endpoints were time to first nonvertebral fracture and time to first hip fracture.

There was a statistically significant reduction in the risk of new vertebral, nonvertebral, and hip
fractures for denosumab when compared with placebo based on a prespecified sequential testing
procedure. The risk reduction for new vertebral fractures at month 36 was 68% (95% CI: 0.26,
0.41; p <0.0001). Risk reductions for nonvertebral fractures and hip fractures were 20% (95%
CI: 0.67, 0.95; p=0.0106) and 40% (95% CI: 0.37, 0.97; p = 0.0362), respectively. Consistent
effects were observed in subgroups at higher fracture risk defined by other baseline
characteristics: subjects with > 2 prevalent vertebral fractures or having prevalent vertebral
fractures with moderate or severe severity, subjects with femoral neck T score <- 2.5 and
subjects with age > 75 years. Body weight did not affect the incidence of vertebral fracture or
lumbar spine BMD levels.

Trial 138 was a multinational, multicenter, double-blind, placebo-controlled trial involving 1468
patients with nonmetastatic prostate cancer following definitive local therapy receiving androgen
deprivation therapy (ADT) with gonadotropin-releasing hormone (GnRH) agonists or following
orchiectomy. Approximately 10% of the study population underwent orchiectomy. Patients
were randomized 1:1 to either denosumab (734) or placebo (734) once every 6 months for a total
of 6 doses over a 36-month treatment period. All patients received daily calcium (> 1 g) and
vitamin D (> 400 IU) supplementation throughout the trial. Randomization was stratified by age
group (< 70 years vs. > 70 years) and duration of ADT at trial entry (< 6 months vs. > 6 months).
Upon completion of the 36-month treatment period, patients were continued on trial for 24
months during which no investigational product was administered, or were offered enrollment in
a 2-year extension trial. The primary efficacy endpoint was the percent change in lumbar spine
BMD from baseline to month 24. Key secondary endpoints were percentage change in femoral
neck BMD and total hip BMD from baseline to month 24, percentage change in lumbar spine
BMD, femoral neck BMD, and total hip BMD from baseline to month 36, subject incidence of
any fracture, and subject incidence of new vertebral fracture over the 36-month treatment period.
Neoplastic disease assessments consisted of bone scans at baseline and month 36 and PSA levels
every 6 months during the treatment phase of the trial. There were no pre-specified analyses to
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assess effects on cancer outcomes based on bone scan or PSA results. Survival rate at 36 months
was an exploratory endpoint.

There was a statistically significant increase in lumbar spine BMD between denosumab and
placebo treated groups at 2 years (denosumab + 5.6%, placebo -1%) based on a least square
mean estimate. The treatment difference was 6.7% (95% CI: 6.2, 7.1), favoring denosumab.
Consistent effects on lumbar spine BMD were observed regardless of baseline age, race,
geographical region, weight/BMI, BMD, level of bone turnover, duration of androgen
deprivation therapy, and presence of vertebral fracture. The treatment differences from baseline
to month 24 in femoral neck BMD were 3.9% (95% CI: 3.5, 4.4, p < 0.0001) and total hip BMD
4.8% (95% CI: 4.4, 5.1. p < 0.0001). There was a statistically significant reduction in the
incidence of new vertebral fractures at 36 months, denosumab 1.5%, placebo 3.5% (OR: 0.37,
95% CI: 0.18, 0.78: p=0.0125). At month 24, the incidence of any fracture was 45/734 (6.1%) in
the placebo group and 32/734 (4.4%) in the denosumab group (p=0.1282). At month 36, the
incidence of any fracture was 53/734 (7.2%) in the placebo group and 38/734 (5.2%) in the
denosumab group (p=0.1048). All cause mortality was 5.9% for both treatment groups at 36
months. :

Indication

The indications proposed for this application are treatment and prevention of bone loss in
patients undergoing hormone ablation (HA) for prostate or breast cancer and treatment and
prevention of postmenopausal osteoporosis (PMO). By design, the HA breast cancer indication is
dependent upon the outcome of the trial in support of the PMO treatment indication to
demonstrate clinical benefit. There is regulatory precedent establishing that the aggregate
endpoint, skeletal related event (SRE), represents an adequate efficacy measure and that
decreasing the number of SREs constitutes clinical benefit. For this reason, HA Trial 135 relies
on the PMO treatment trial to confirm clinical benefit. Trial 138 conducted in men with prostate
cancer has both BMD and skeletal related events as endpoints and does not rely on other data to
confirm clinical benefit. The results of the analyses of efficacy for the trials submitted in support
of the HA indications are discussed herein, as is a brief discussion of the efficacy findings
supporting the primary PMO indication, Trial 216.

6.1.1 Methods

The efficacy discussions that follow rely in part on original reviews conducted by the Office of
Biostatistics Review.

Summaries of the key HA trials are found in Figure 7 below. Figure 8 summarizes the efficacy
endpoints from the key clinical trials supporting the HA indications.
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Figure 7: Hormone Ablation Indications Key Trials (excerpt from CSR)

Reference ID: 3168406

Region Number of
Study Randomized Duration of
Study No. Design Study Population Study Objectives Subjects Treatment
20040135 Phase3 Women with nonmetastatic  To evaluate whether United States 252 24 months (4 doses
randomized,  breast cancer receiving denosumab compared with and Canada total), fotlowed by
double-blind, AT who had low bone placebo preserved lumbar {127 denosumab  24-month safety
study of mass {T-score of -1.0 1o spine BMD after 12 months of 60 mg QEM, follow-up_
denosumab  -2.5 at the lumbar spine, treatment 125 placebo)
versus fotal hip, or femoral neck).
placebo To evaluate the effect of
denosumab compared with
placebo on BMD of the total
hip and femoral neck and the
safety and pharmacokinetics
of denosumab
20040138 Phase 3 Men with nonmetastatic To evaluate whether United States, 1468 36 months (6 doses
randomized, prostate cancerreceiving  denosumab compared with Europe, total), followed by
double-blind  ADT whowere <70 years  placebo preserved lumbar Canada, and (734 denosumab  24-month safety
study of of age and who had a spine BMD afler 24 months of  Mexico 60 mg QEM, follow-up or 2-year
denosumab  history of osteoporotic treatment 734 placebo) extension study
versus fracture or a BMD T-score (20080537}
placebo atthe lumbar spine, fotal  To evaluate the effect of
hip, or femordl neck <-1.0;  denosumab compared with
men > 70 years did not placebo on BMD of the total
have to meet these fatter  hip and femoral neck; subject
requirements, Men with incidence of any {ssteoporotic)
BMD-T scoresof < 4.0at  fracture, subject incidence of

lumbar spine, total hip, or
femoral neck were
excluded.

new vertebral fracture, time to
first clinical fracture; and the
safety and pharmacokinetics
of denosumab
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Figure 8 Efficacy Endpoints for Trials, Hormone Ablation Indications (excerpt from CSR)

Endpoint Study 20040135  Study 20040138
BMD
Percentage change from baseline in lumbar spine Primary Primary
BMD ,
Percentage change from baseline in total hip BMD Secondary Secondary
Percentage change from baseline in femoral neck Secondary Secondary
BMD
Percentage change from baseline in trochanter BMD Exploratory Exploratory
Percentage change from baseline in distal 1/3 radius Exploratory Exploratory
BMD*
Percentage change from baseline in total body Exploratory Exploratory
(excluding the head) BMD®
Fracture
Subject incidence of any (osteoporotic) fracture - Secondary
Subject incidence of new vertebral fracture Exploratory Secondary
Time of first clinical fracture - Secondary
Subject incidence of new and worsening vertebral - Exploratory
fractures
Subject incidence of multiple new vertebral fractures - Exploratory
Time to first nonvertebral fracture Exploratory Exploratory
Time to first major nonvertebral fracture - Exploratory
Subject incidence of multiple any fracture - Exploratory
Subject incidence of nonvertebral fracture Exploratory -
Bone Tumover Markers
Percentage change from baseline in bone markers Exploratory Exploratory
(serum CTX1, PINP, TRAPS5b)

2 Distal 1/3 radius and total body (excluding the head) evaluated in Study 20040138 as a
substudy.
® TRAPSD evaiuated in Study 20040138 only.

6.1.2 Demographics .
See the tables and discussions of patient demographics above under section 5.3 Discussion of
Individual Clinical Trials.

6.1.3 Patient Disposition

See the tables and discussions of patient disposition above under section 5.3 Discussion of
Individual Clinical Trials.

6.1.4 Analysis of Primary Endpoint(s)

Trial 135 (Patients with breast cancer)

The primary efficacy endpoint was the percentage change in lumbar spine bone mineral density
(BMD) from baseline to month 12. Randomized were 252 patients, 127 to denosumab and 125 to
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placebo. The eligibility criteria allowed enrollment of women with BMD T-scores between -1.0
and -2.5. These scores are consistent with low bone mass, but are not diagnostic of osteoporosis.
Approximately 37% of patients randomized had baseline BMD T-scores out of this range (36%
had normal bone mass, and 1% were osteoporotic). BMD assessments by dual x-ray
absorptiometry (DXA) were performed at baseline, on day 30, then at months 3, 6, 12, and 24 (or
off trial). The same DXA machine was to be used for all procedures for a particular patient and
the scans included the L1 through L4 vertebrae. The sample size of 252 patients was chosen to
provide adequate power to detect a 2% difference between the groups. Table 21 summarizes the
primary efficacy results.

Missing BMD scores were 9% and 15% at months 12 and 24 for the denosumab treated group
and 15% and 19% at the same time points for the placebo group. Missing data at month 12 were
imputed using the last-observation-carried-forward method. This is the traditional method of data
imputation for trials intended to support BMD and fracture endpoints. However, during the
development program for denosumab, FDA informed the applicant that missing post-baseline
values imputed using the last-observation-carried-forward (LOCF) method could increase the
treatment effect and recommended that other imputation methods and sensitivity analyses be
proposed (see Meeting Summary, April 21, 2004). In response to this the applicant performed
their statistical analyses of the efficacy data using both the LOCF and mean of the other group
(MOTH) imputation methods.

Table 21 Trial 135 Percent Change in Lumbar Spine BMD from Baseline to Month 12

Denosumab Placebo Treatment _value
n=123 n=122 effect P
4.8 -0.7 5.5(Cl:4.8, 6.3) <0.0001

Based on ANCOVA model adjusting for stratification variable, baseline BMD value, machine type, and
baseline BMD value-by-machine type interaction.

The mean changes from baseline BMD to month 12 were 4.8% (95% CI 4.3, 5.4) for denosumab
treated patients and -0.7% (95% CI -1.3, -0.1) for placebo treated patients. The treatment
difference between denosumab and placebo at month 12 was statistically significant, 5.5% (95%
CI 4.8, 6.3) with a p-value < 0.0001. Stratification by duration of aromatase inhibitor therapy (<
6 months vs. > 6 months) had no effect on the observed results. Both the DXA T-scores and
percent change from baseline were statistically significant between treatment groups. Sensitivity
analyses were also performed and included an ANCOV A model using mean-of-the-other-group
(MOTH) imputation for missing 12-month BMD valugs; an ANCOV A model using the per-
protocol analysis set with no imputation of missing values; an ANCOVA model with LOCF
imputation using the actual strata rather than the as-randomized (if > 5% error); and a likelihood-
based repeated-measures model that included treatment group, stratum, baseline BMD value,
machine type, baseline BMD value and machine type interaction, visit, and visit-by treatment
interaction as fixed effects. These analyses demonstrated no significant effects on the observed
results and confirm the results are robust.

It is noteworthy that while demonstrating a statistically significant difference with regard to the
efficacy endpoint studied, this trial cannot stand alone to support a demonstration of clinical
benefit. As previously noted, in order to determine if the changes in BMD observed in this trial
correlate to clinical benefit, the results are dependent upon a demonstration of a positive effect
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on fracture risk as observed in the trial submitted in support of the PMO treatment indication.
Trial 216, A Trial to Evaluate Denosumab in the Treatment of Postmenopausal Osteoporosis:
FREEDOM (Fracture Reduction Evaluation of Denosumab in Osteoporosis every 6 Months),
was a phase 3, multicenter, randomized, double-blind, placebo-controlled trial of 7808
postmenopausal women with osteoporosis, 3902 randomized to receive denosumab and 3906
randomized to receive placebo. The primary efficacy endpoint of the trial was incidence of new
vertebral fractures during the 36 month treatment period. Denosumab demonstrated a
statistically significant decrease in new vertebral fractures (2.3%) vs. placebo (7.2%) with a risk
ratio of 0.32 and a p-value < 0.0001. The risk reduction for new fractures at 36 months was 68%.
The efficacy result in the current trial (135) was accepted as a surrogate for decreased risk of
fracture as determined for the data in Trial 216. The results from Trial 216 were supportive of a
claim of clinical benefit in Trial 135.

Analyses of the data for the exploratory fracture incidence endpoint in Trial 135 demonstrated no
vertebral fractures during the 24 month treatment period for this trial, and an incidence of
nonvertebral fractures of 6% (8 patients) for both treatment groups. While these exploratory data
are not supportive of the primary findings in the trial, the exploratory nature of the analysis, the
size of the trial, and the duration of treatment preclude any meaningful analysis.

Trial 138 (Patients with prostate cancer)

The primary efficacy endpoint for this trial was the percentage change in lumbar spine BMD
from baseline to month 24. Patients enrolled had histologically confirmed prostate cancer and
were > 70 years, or were < 70 years with either low baseline BMD (defined as a T-score at the
lumbar spine, total hip, or femoral neck < -1) or a history of osteoporotic fracture. BMD was
assessed by DXA of the lumbar spine at screening and months 1, 3, 6, 12, 34, and 36. The same
DXA machine type (either Hologic or GE Lunar) was to be used for all procedures for a
particular patient and the scans included L1 through L4. There was central monitoring and
reading of all imaging. The sample size of 1226 patients was chosen to provide adequate power
to detect a 2% difference in lumbar spine BMD between groups at an alpha of 0.05 (2-sided) and
80% power to detect a 45% incidence in fracture reduction at 24 months. A Cochran-Mantel-
Hanzel test was applied by estimating a 10% expected lost to follow-up rate per year for DXA
assessments. The primary analyses of the data were conducted when all patients completed the
36 month treatment period. At 24 months for patients in the denosumab group exhibited a 5%
increase in lumbar spine BMD compared to a decrease of 1% in the placebo group. The
treatment effect was 6.7% with 95% CI 6.2, 7.1 and p < 0.0001. Table 22 summarizes the
primary efficacy results.

Sensitivity analyses for the primary endpoint included a repeated measures model, an ANCOVA
model using the per protocol analysis set, an ANCOVA model using actual stratum, and
univariate and multivariate covariate analyses using planned covariates, i.e., baseline lumbar
BMD T-score, vertebral fracture prevalence, age, race, baseline BMI, and baseline weight. Each
of these analyses resulted in statistically significant results (all p-values < 0.0001). The efficacy
results in this trial were dependent upon a demonstration of a positive effect on secondary
endpoints of fracture risk to demonstrate efficacy.
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Table 22 Trial 138 Percent Change in Lumbar Spine BMD from Baseline to Month 24

Denosumab Placebo Treatment value
n=714 n=716 effect P
5.6 -1.0 6.7 (CL:6.2,7.1) <0.0001

Based on ANCOVA model adjusting for stratification variable, baseline BMD value, machine type, and
baseline BMD value-by-machine type interaction.

Trial 216 As noted above, the efficacy results from this trial were viewed as a demonstration of
clinical benefit for Trial 135. The results of the primary efficacy analysis (patient incidence of
new vertebral fractures) for Trial 216 are summarized in Table 23 Trial 216 Primary Efficacy
Outcomes through Month 36. Based on the analysis, there was a statistically significant
reduction in the number of subjects with new vertebral fractures through each of months 12, 24,

and 36.

Table 23 Trial 216 Primary Efficacy Outcomes through Month 36
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P value is based on Mantel-Haenszel method adjusting for age stratification variable

A statistically significant decrease in the risk of new vertebral fracture at month 36 (p <0.0001)
was observed in all subgroups of baseline characteristics examined (age (>75 years, >65 years,
<75 years), geographic region, body weight, BMI, lumbar spine BMD T-score, total hip BMD T-
score, fracture risk assessed by the World Health Organization, fracture risk assessment tool
(FRAX), prior use of medication for osteoporosis and serum CTX1). Consistent results were also
observed when the data were analyzed by prevalent vertebral fracture or non-vertebral fracture at
baseline. For a complete discussion of the efficacy results in this trial, please see the original
clinical review performed by DRUP in the FDA document file.

6.1.5 Analysis of Secondary Endpoints(s)

Trial 135

The secondary efficacy endpoints were percentage change in lumbar spine BMD from baseline
to month 6, and percentage changes in total hip and femoral neck BMD from baseline to months
6 and 12. All results for these endpoints were at statistically significant levels. Lumbar BMD at
month 6 increased by 3.7% for patients in the denosumab group and decreased by 0.6% for
patients in the placebo group. This represents a treatment difference of 4.3% with a 95% CI: 3.6,
5.0 and p-value <0.0001. For patients in the denosumab group, total hip BMD at 6 and 12
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months increased by 2.3% and 3.1% respectively and decreased by 0.4% and 0.7% respectively
for patients in the placebo group. These results were both statistically significant with p-values
<0.0001. For patients in the denosumab group, femoral neck BMD at 6 and 12 months increased
by 1.2% and 1.9% respectively and decreased by 0.9% and 0.6% respectively for patients in the
placebo group. These results were both statistically significant with p-values <0.0001.

Trial 138

Secondary efficacy endpoints included percentage change in femoral neck BMD and total hip
BMD from baseline to month 24. The secondary efficacy endpoints analyses were contingent on
rejection of the primary null hypothesis at a level of 0.05 and used the Hochberg procedure to
adjust for multiplicity at a level of 0.05. The treatment differences from baseline to month 24 in
femoral neck BMD were 3.9% (95% CI: 3.5, 4.4, p <0.0001) and total hip BMD 4.8% (95% CI:
4.4, 5.1. p <0.0001). There was a reduction in incidence of new vertebral fractures of 1.5% for
denosumab compared to placebo of 3.5% at 36 months (OR: 0.37, 95% CI: 0.18, 0.78:
p=0.0125). At months 24 and 36, the incidences of any fracture were not statistically significant,
6.1% in the placebo group and 4.4% in the denosumab group at 24 months (p=0.1282), and 7.2%
in the placebo group and 5.2% in the denosumab group at month 36 (p=0.1048).

Trial 216

Secondary efficacy endpoints included time to first non-vertebral fracture, and time to first hip
fracture, both assessed at the time of the 36-month analysis. Nonvertebral fractures were those
excluding the vertebrae (cervical, thoracic, and lumbar), skull, facial, mandible, metacarpus,
finger phalanges, and toe phalanges. In addition, fractures associated with high trauma severity
and pathologic fractures were excluded from this category. Nonvertebral fractures were required
to be confirmed either by radiographs or other diagnostic images, or by documentation in a
radiology report, surgical report, or discharge summary.

There was a statistically significant reduction in the risk of nonvertebral fracture compared to

placebo (p = 0.0106). The incidence of nonvertebral fractures at Month 36 (based on Kaplan-
Meier estimates) was 8% in the placebo group and 6.5% in the denosumab group. The relative
risk reduction was 20%, with a hazard ratio of 0.80 (95% CI: 0.67, 0.95) at Month 36.

There was a statistically significant reduction in the risk of hip fracture compared to placebo. The
incidence of hip fractures at month 36 (based on Kaplan-Meier estimates) was 1.2% in the
placebo group and 0.7% in the denosumab group, resulting in an unadjusted absolute risk
reduction of 0.5% (95% CI: 0.0%, 0.9%). The relative risk reduction was 40%, i.e., a hazard
ratio of 0.60 (95% CI: 0.37, 0.97) at month 36.

6.1.6 Other Endpoints

PFS was not an endpoint in either the breast cancer or prostate cancer trials and neither trial
included defined, prespecified, rigorous plans to evaluate disease progression. There were no
routine neoplastic disease assessments included in the protocol for Trial 135. In Trial 138, the
protocol included disease assessments only as related to metastatic disease to bone (i.e., bone
scan at baseline and month 36) and disease specific markers (i.e., PSA, at pre-specified time
points during the treatment phase of the trial). Descriptive statistics for PSA and percent change
in PSA from baseline by treatment group were calculated as part of the safety analyses as were
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the proportion of patients experiencing a rise in PSA (defined as > 50% increase from on-study
nadir to an absolute PSA value > 5.0 ng/mL) while having castrate levels of serum testosterone
(< 50ng/dl). The incidence of PSA rise was compared between treatment groups based on an
analysis of covariants approach (ANCOVA) adjusting for baseline PSA level (high vs. low
where high was defined as PSA > 0.5 ng/mL and ADT > 1 month, or PSA > 5.0 ng/mL and ADT
< 1 month; otherwise, the value was considered low), age group (< 70 years vs. > 70 years),
duration of ADT (< 6 months vs. > 6 months), and prostate cancer recurrence risk level as the
covariates. PSA mean levels at baseline were similar between treatment groups (denosumab
0.86/SD 2.48, placebo 0.81/SD 2.58). (Table 24 summarizes the results of this analysis which
was performed by the statistical reviewer for this application, Kyung Yul Lee, Ph.D.) Mean PSA
levels from month 0 to month 18 were almost identical for both groups. Higher mean PSA levels
were reported for the denosumab group at month 24, but for the placebo group at months 30 and
36. During the follow-up safety phase of each trial there were no specific instructions contained
in either protocol related to the assessment of disease status. As a result of the design of these
trials with regard to neoplastic disease assessments, FDA cannot determine the impact
denosumab has on neoplastic disease progression in either patient population. In addition, a
determination cannot be made if treatment with denosumab has an inhibitory effect on the
efficacy of anticancer therapy.

Table 24 Trial 138 Least Square Mean PSA Months 6 to 36

PSA Difference from Placebo

n LS mean 95% Cl LSmean 95%CI  p-value*
Month 6
Placebo 688 1.229  (0.66, 1.79)
Denosumab 60 mg Q6M 706 1.055 (0.49, 1.62) -0.174 (-0.80,0.45) 0.582
Month 12
Placebo 667 2.825 (0.87, 4.78)
Denosumab 60 mg Q6M 673 2.746 (0.80, 4.69) -0.079 (-2.26,2.10) 0.943
Month 18
Placebo 600 1.231 (0.26,2.21)
Denosumab 60 mg Q6M 625 1.533 (0.55,2.51) 0.302 (-0.79,1.39) 0.588
Month 24 ’
Placebo 534 2.350 (-1.92, 6.62)
Denosumab 60 mg Q6M 560 3.694 (-0.60, 7.98) 1.344  (-3.50,6.19) 0.586
Month 30 '
Placebo 463 3.369 (-0.08, 6.82)
Denosumab 60 mg Q6M 499 2.771 (-0.69, 6.23) -0.598 (-4.54,3.35) 0.766
Month 36
Placebo 451 8.048 (2.79, 13.30)
Denosumab 60 mg Q6M 475 6.358 (1.05,11.67) -1.690 (-7.74,4.36) 0.584
Month 6 - Month 36"
Placebo 3.879 (1.72, 6.04)
Denosumab 60 mg Q6M 4.077 (1.92, 6.23) 0.198 (-2.24,2.64) 0.874

*: Proc mixed model (repeated measures) was used adjusting for baseline PSA level, age group (< 70 years vs. > 70 years),
duration of ADT (< 6 months vs. > 6 months), and prostate cancer recurrence risk level
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In both trials, overall survival (at month 24 in Trial 135 and month 36 in Trial 138) was a
designated exploratory endpoint. However, neither trial was powered to adequately assess
overall survival. Case report forms required collection of survival data at various time points
during the treatment and safety follow up phases for each trial, and each statistical plan included
a survival analysis. However, no OS analysis was performed in Trial 135 because the small
number of deaths (one in each group) precluded meaningful results. In the analysis of OS
performed for Trial 138, depicted in Table 25 below, there was no difference in overall survival
between denosumab and placebo. The proportion of subjects who were alive at 36 months (94%)
and the Kaplan-Meier estimates of survival were identical. The hazard ratio for the difference in
survival at month 36 was 0.97 with a 95% confidence interval of 0.64 - 1.49 and p-Value 0.904.
A hazard ratio of 0.97, if true, demonstrates that the result observed is among the possible
outcomes. The upper bound of the confidence interval indicates that versus placebo, there could
be a survival decrement with denosumab of up to 49%. As a result of the design of these trials
with regard to overall survival, FDA cannot determine the impact denosumab has on survival in
either patient population.

Table 25 Trial 138 Overall Survival Analysis

. e Denosumab Placebo

Statistic 0 =734 n =734
Number of Patients With OS Event 43 (5.9%) 43 (5.9%)
Number of Patients Without OS Event 691 (94.1%) 691 (94.1%)
Median Duration of OS months (95% CI) NA NA
Mean Duration (SE) 37.23(0.22) 37.37(0.22)
Hazard Ratio (95% CI) 0.97 (0.64- 1.49)
P-Value ( Stratified Log-Rank test) 0.904

6.1.7 Subpopulations

In both study populations, subgroup analyses demonstrated no detrimental effects on the efficacy
outcomes reported.

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations

Trial 223 was a Phase II dose finding study examining 7 different subcutaneous dosés of
denosumab and one cohort each of placebo or weekly oral alendronate in postmenopausal
women with low bone mass. The denosumab cohorts were given double-blind study drug as a
subcutaneous injection of 6 mg, 14 mg, or 30 mg every 3 months; or 14 mg, 60 mg, 100 mg, or
210 mg every 6 months for the first 24 months of the study. There were approximately 40
subjects per dosing cohort, for a total of 412 subjects (319 denosumab, 46 placebo, 47
alendronate). The study design was adequate to assess dose response.

One dose, 60 mg subcutaneously every 6months, was chosen for administration in the four
Phase 3 trials for treatment of postmenopausal osteoporosis (216), prevention of
postmenopausal osteoporosis (132), bone loss associated with hormone ablation for prostate
cancer (138), and bone loss associated with hormone ablation for breast cancer (135). The
rationale for this dose included the fact that doses higher than 60 mg did not result in greater
increases in BMD despite more prolonged effects on reducing markers of bone resorption;
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doses of 30 mg every 3 months were equivalent in PD activity to the 60 mg every 6 months
dosing regimen (the 6 month dose interval was selected for patient convenience and the
potential for increased compliance); and the 60 mg dose was at least as effective as
alendronte 70 mg once weekly. The rationale for dose selection is regarded as somewhat
arbitrary based on the data available. Why lower, equally pharmacodynamic doses were not
chosen for these trials is being investigated by the reviewers in DRUP. Additional data and
analyses have been requested from the applicant and are pending.

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects

The effects of denosumab treatment on BMD persist while patients are on continuous treatment
and the effects are reversible upon treatment discontinuation. This was demonstrated in Trial
132, submitted in support of the PMO prevention indication, and can be observed in Figure 9.
Treatment in this trial was discontinued at month 24.

Figure 9 Trial 132 BMD by DXA Percent Change from Baseline by Visit (Least Squares
Means and 95% CI from Repeated Measures Model)
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6.1.10 Additional Efficacy Issues/Analyses

There were no additional efficacy issues identified or analyses performed during the conduct of
this review.

7 Review of Safety

Safety Summa

The applicant presented data from over 13,000 subjects (11,000 women with low BMD or
osteoporosis, 252 women with nonmetastatic breast cancer receiving Al therapy, and 1468 men
with nonmetastatic prostate cancer receiving androgen deprivation therapy) who participated in
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33 clinical trials with the majority of patients exposed to denosumab for up to 3 years. There .
were also a small number of patients, <200, with exposure for up to 5 years. The Integrated
Summary of Safety (ISS) was focused on the analyses of patients who received the denosumab
dosing regimen proposed for labeling, 60 mg subcutaneously every 6 months. Analyses of the
hormone ablation (HA) safety databases were performed to analyze the individual HA trials, and
pooled safety data was analyzed for the four key HA and PMO trials. Drug exposure and overall
safety were evaluated to include summaries of deaths and common, serious, or significant
adverse events. In addition, adverse events of special interest based on the antibody target, safety
signals identified during development, or safety signals identified from experience with other
bone resorptive agents were summarized. Safety laboratory evaluations were also performed at
regular intervals and summaries of the data were compiled. In general, the approach taken by the
applicant and the analyses of the data utilized to identify the safety profile for this antibody were
adequate.

Following is a list of safety issues pertinent to this application. These issues are discussed in full
in section 7.3.5 Submission Spedific Primary Safety Concerns:

e Tumor Promotion: For supportive care agents administered to patients with cancer, the
risk/benefit analysis must take into consideration the potential for that agent to act as a
tumor promoter to already existing cancers or to negatively impact the efficacy of
concomitant cancer therapy. There is a growing body of evidence suggesting that
promotion of tumor growth may exist for drugs in which there is no demonstrable direct
relationship between receptors and tumor proliferation. Neither of the HA trials included
prespecified, defined, rigorous plans to evaluate for potential treatment effects on time-
to-disease progression. There were no routine assessments for neoplastic disease status
in the protocol for Trial 135. In Trial 138, the protocol included disease assessments only
for metastatic disease to bone (i.e., bone scan at baseline and month 36) and disease-
specific markers (i.e., PSA, at pre-specified time points during the treatment phase of the
trial). During the follow-up safety phase of each trial, there were no specific instructions
contained in either protocol related to the assessment of disease status. In both trials,
overall survival (at month 24 in Trial 135 and month 36 in Trial 138) was a designated
exploratory endpoint. However, not enough events were expected to occur and neither
trial was powered to detect a clinically meaningful decrement in overall survival.

It cannot be determined whether denosumab has an impact, either adverse or favorable,
on time-to-event tumor outcomes in either patient population. It is the recommendation of
this reviewer that data from studies designed to identify detrimental effects on cancer
outcomes relating to tumor progression (i.e., time-to-event endpoints such as progression
free survival or overall survival) be submitted to FDA for review to confirm the safety of
denosumab with regard to the potential for tumor promotion.

o Infections: Overall, patients in the denosumab group had a slightly increased incidence of
serious infections. There were more serious infections of the skin, ear, abdominal system

and urinary tract. Also, endocarditis, infective arthritis and skin ulcers occurred more
commonly in denosumab groups. There was no increase in opportunistic infections
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observed in denosumab treated patients. Deaths as a result of infections were more
common in the placebo group for the HA trials.

e Malignancy: Overall, patients in the denosumab group in the Primary PMO safety
population had a minimally increased incidence of breast cancer, pancreatic cancer,
gastrointestinal cancer and reproductive cancers. There was an imbalance noted for breast
cancer among the adverse events that led to discontinuation of investigational product in
the Primary PMO safety population (denosumab 20 patients, placebo 10 patients). This
fact engendered lengthy discussion during the advisory committee meeting; however the
relevance of these cases are negated by the overall incidence of breast cancer in the PMO
trials, which was balanced (4% each arm).

o Skin and soft tissue disorder: Patients treated with denosumab were more likely to
develop skin and soft tissue related adverse events. There were more bullous conditions,
pruritic conditions, skin rashes, dermatitis and eczema related adverse events in the
denosumab group compared to placebo.

¢ Bone biopsy histomorphometry: Bone histomorphometry results demonstrate a degree of
bone remodeling suppression not previously observed with other agents having effects on
bone resorption. The denosumab group had markedly suppressed osteoclast and
osteoblast counts compared to placebo and alendronate. Dynamic bone formation
parameters such as activation frequency, bone formation rate and mineralizing surface
were also markedly suppressed.

e Hypocalcemia: Hypocalcemia is a known class effect of antiresorptive drugs.
Denosumab-induced hypocalcemia appears to be transient (nadir at day 8-11) with
spontaneous resolution and without any serious clinical sequelae observed.

e ONJ: No cases of ONJ have been positively adjudicated in the PMO and Hormone
Ablation trials under review. However, at least ten confirmed case of ONJ have been
reported in other trials conducted by the Applicant in patients with multiple myeloma and
metastatic cancer.

o Severe and End-stage Renal Disease: In a Phase I, single dose, open label trial to assess
PK, safety and tolerability in patients with both normal and abnormal renal function not
receiving calcium or vitamin D supplementation, it was concluded that the PK of
denosumab is not influenced by renal dysfunction of any severity. However, in patients
with severe (creatinine clearance < 30 mL/min) or end-stage renal disease, there is an
increased incidence and severity of hypocalcemia.

7.1 Methods

Clinical data from the denosumab trials submitted in support of the HA indications were
reviewed individually and analyzed to assess the overall safety of each trial. See section 5.3
Discussion of Individual Clinical Trials, for an in-depth analysis of safety for Trials 135 and 138.
In order to improve the precision of incidence estimates, data from the key HA and PMO trials
(132, 135, 138, and 216) were pooled to perform additional safety analyses utilizing a larger
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population. These four trials were chosen in order to attempt to confirm the analyses of the
applicant in the integrated summary of safety (ISS), and because of the homogeneity of design
elements, including demographics, endpoints, IP dose and duration. The ISS data analysis
datasets were utilized for the review. Patients from each of the key studies were identified and
subsets of their pooled data were utilized for analyses. In addition to the foregoing, targeted
safety analyses utilizing the entire ISS databases (i.e., 27 separate trials consisting of 12, 363
patients) was undertaken to confirm and contrast the results obtained from all other safety
analyses. However, these analyses were limited by the differences in trial design, dose, dose
regimen, and comparators among the studies which made any conclusions subject to numerous
qualifications.

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

For a complete summary of the trials examined by the applicant during the safety evaluation of
the trials submitted with this application, see section 5.1 Tables of Studies/Clinical Trials. For
the purposes of this review, and for the reasons stated above, the safety analyses will be limited
to the key trials submitted in support of both the PMO and HA indication, i.e., Trials 216, 132,
135, and 138. A total of 9796 patients were enrolled in the four key trials, 4929 received > 1 dose
of denosumab and 4867 received > 1 dose of placebo. For the PMO indications, 4041 patients
were exposed to denosumab and for the HA indications 860 patients were exposed to
denosumab.

7.1.2 Categorization of Adverse Events (AE)

For the key trials, adverse events were coded utilizing MedDRA versions 9 and 11 and were
presented to include all five levels of the MedDRA hierarchy. Event grading for the HA trials
was performed utilizing NCI CTC version 3, while the PMO trials used a system corresponding
to grades of mild, moderate, severe, life threatening and fatal, which were then coded into a
numbered scale of 1 through 5. A side by side comparison of verbatim term to MedDRA Lower
Level Term (LLT) was performed to verify the accuracy of the coding process. Coding was
deemed appropriate in the majority of cases. The cases where the judgment of this reviewer
differed from that of the coder were not clinically meaningful.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare Incidence

Data from the key trials supporting the PMO (Trials 132 and 216) and HA indications (Trials
135 and 138) were pooled and analyzed. The numerator events and denominators for each trial
were combined. No formal weighting methods were employed. Pooling the data provided a
database of 9796 patients for the comparative safety analyses and other explorations of the safety
profile for denosumab. This approach was taken because these trials were the key trials
submitted in support of safety and efficacy and, as noted previously, there was relative
homogeneity of design. It has been noted that the safety data from the HA and PMO trials were
graded using different grading systems. While the PMO trials used a system corresponding to
grades of mild, moderate, severe, life threatening and fatal, the HA trials utilized NCI CTCAE
version 3. This is noteworthy because the greater granularity and specificity of the NCI CTCAE
coding system. However, both of these scales were then coded using a numbered scale of 1
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through 5; see Table 26. Because of the identical coding and similarities in the corresponding
scales, data pooling and adverse event analyses for these key trials are deemed appropriate.

Table 26 Severity Coding for PMO and HA Trials

. HA Trials
Code PMO Trials Text NCI CTCAF Text
01 MILD GRADE 1
02 MODERATE GRADE 2
03 SEVERE GRADE 3
04 LIFE THREATENING GRADE 4
05 FATAL GRADE 5

7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of Target
Populations

For the four key trials submitted in support of this application, the dosing regimens were
identical to the dose suggested for labeling, i.e., 60 mg subcutaneously every 6 months. A total
of 4867 patients received at least one dose of denosumab during the conduct of the four key
trials. Each trial utilized the dosing regimen proposed for labeling with a maximum duration of
exposure of 3 years (Trials 216 and 138) and a minimum exposure of 2 years (Trials 132 and
135). Patient demographics for Trials 135 and 138 can be reviewed in section 5.3 Discussion of
Individual Clinical Trials. Patient demographics for the PMO trials, 132 and 216, follow in Table
27 below. Demographic characteristics were balanced between treatment groups for the pooled
data in the PMO trials.

Table 27 PMO Trials 216 and 132 Demographics

Reference ID: 3168406

Demographic Denosumab Placebo
erap n (%) n (%)
AGE Mean 71.8 71.8
Min 46 B
Median 72 )
Max 90 91
SEX
£ 4080 (100) 4070 (100)
RACE
AMERICAN INDIAN/
ALASKA NATIVE 1(0.02) 0
ASIAN 16 (0.4) 14(0.3)
BLACK OR AFRICAN
AMERICAN 38(0.9) 33(0.8)
HISPANIC OR LATINO 250 (6.1) 244 (5.9)
JAPANESE 9(0.2) 6 (0.1)
NATIVE HAWAIIAN OR
OTHER PACIFIC 0 2(0.05)
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Demographic Denosumab Placebo
n (%) n (%)
ISLANDER
OTHER 7 (0.17) 6 (0.1)
CAUCASIAN 3759 (92) 3765 (92)
COUNTRY’

ARG 235 (5.8) 240 (5.9)
BRA 232 (5.7) 220 (5.4)
CAN 117 (2.9) 98 (2.4)
CZE 263 (6.4) 250 (6.1)
DNK 625 (15.3) 619 (15.2)
ESP 101 (2.5) 105 (2.6)
EST 227 (5.6) 199 (4.9)
GBR 401 (9.8) 388 (9.5)
HUN 120 (2.9) 113 (2.8)
ITA 115 (2.8) 103 (2.5)
POL ! 473 (11.6) 476 (11.7)
USA 271 (6.6) 306 (7.5)

7.2.2 Explorations for Dose Response

Overall, there were 30 separate denosumab dosing regimens studied during the development
program; and there were 27 clinical trials involving over 14,000 subjects (12,129 females, 1956
males). In the entire denosumab trial database, there were 5065 patients who received the dose
intended for labeling. Table 28 summarizes the number of doses received. The majority of
patients received 6 doses (70.7%), which represents per patient exposure of 360 mg over 3 years.

Table 28 ISS Denosumab Exposure at 60 mg SC q 6M

Number of doses n (%)
1 271 (5.4)
334 (6.6)
220 (4.3)
457 (9.0)
200 (3.9)
3583 (70.7)

Deneosumab 60 mg SC q6M

[ W RO N F =N RVE T |\

7.2.3 Special Animal and/or In Vitro Testing

The nonclinical safety data was limited to non-human primates based on species specificity and
RANKL tissue distribution. Denosumab is not pharmacologically active in rodents.

7.2.4 Routine Clinical Testing

Overall, routine clinical and laboratory assessments of patients enrolled in denosumab clinical
trials were adequate to determine both efficacy and safety. However, more frequent monitoring
of Vitamin D levels, which were assessed at baseline and end of study only, would have allowed
for a more in-depth analysis designed to evaluate the effects of Vitamin D levels on adverse

7 Countries with < 100 patients enrolled are not represented in this table.
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events and outcomes. Cardiovascular (CV) safety was identified early in development as a
theoretical concern because of conflicting evidence in the medical literature identifying both
cardio-protective and cardiac-inciting effects for RANKL inhibition on levels of osteoprotegrin
(OPQ). As a result throughout the development program, evaluation of cardiovascular data
(including ECGs, QTc effects, CV AEs and SAEs, and aortic calcifications) were included in all
clinical trials. In addition, an independent committee was utilized for Trials 216 and 138 to
evaluate all CV-related SAEs, including deaths. OPG levels were evaluated in a bone marker
substudy of Trial 216.

7.2.5 Metabolic, Clearance, and Interaction Workup

Because denosumab is a monoclonal antibody and is not eliminated via cytochrome P450 [CYP]
enzymes, hepatic impairment and drug interaction studies (e.g., with CYP inhibitors or inducers)
were not considered appropriate and were not conducted by the applicant. However, a study
including transition from a bisphosphonate to denosumab was conducted which allowed for an
indirect evaluation of drug interactions when compared to results from other trials. The PK of
denosumab was not altered in patients who transitioned from bisphosphonates to denosumab. As
noted previously in this review, a renal impairment evaluation was also conducted in patients
with normal, mild, moderate, severe, and end-stage renal disease. No relationship was observed
between denosumab PK and renal function and it was concluded by the applicant that no dose
adjustment is necessary in patients with renal impairment. However, because of the effects of
denosumab on serum calcium in patients with severe renal dysfunction (creatinine clearance <30
mL/min) and end-stage renal disease, denosumab should be used with extreme caution in these
patients.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Potential safety issues were identified early in the development program for denosumab. During
the Phase III trials, strategies were developed by the applicant to assess and mitigate safety issues
of particular concern. Targeted were hypocalcemia, cardiovascular events, malignancy,
infections, ONJ, hypersensitivity, and fracture healing complications. In an attempt to mitigate
hypocalcemia, calcium and Vitamin D supplementation was required for patients in the trials.
During data analyses, specific searches and analyses of the data were performed in order to
ensure that symptoms of hypocalcemia were identified in addition to laboratory values. An
independent ONJ adjudication committee was utilized to evaluate suspected cases of ONJ, and
make a diagnosis based upon pre-defined criteria. In addition, a panel of independent
cardiologists was utilized for adjudication of all cases of cardiovascular SAEs and deaths.

The known safety issues with other agents having antiresorptive effects were a consideration of
this review. The analyses which follow were performed to confirm assertions of the applicant
pertaining to adverse events of particular interest.

7.3 Major Safety Results

7.3.1 Deaths

Deaths occurring in Trials 135 and 138 are discussed in section 5.3 Discussion of Individual
Clinical Trials, above.
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Deaths occurring in key PMO Trial 216 included 70 (1.7%) patients in the denosumab group and
90 (2.2%) patients in the placebo group. All fatal events occurring during this trial were
reviewed and adjudicated by a Cardiovascular Adjudication Committee. Deaths were then
classified by cause as cardiovascular or non-cardiovascular. All deaths were presumed
cardiovascular unless another cause was identified (e.g., accidental death, disease progression).
The causes of death were balanced between treatment groups for Trial 216.

No deaths occurred in Trial 132 through the 24 month treatment period or during the first 12
months of the off-treatment period.

Table 29 summarizes the causes of death by MedDRA System Organ Class (SOC) for the key
trials.

Table 29 Causes of Death by MedDRA SOC for Key Trials in the ISS

‘ Trial 216 Trials 135 & 138
{(PMO Treatment) (Hormone Ablation)
MedDRA SOC Placebo Denosumab | Placebo Denosumab

- 1 (%) n (%) n (%) n (%)

N = 4041 N= 4050 N =845 N = 860
Cardiac 23 (0.6) 18 (0.4) 12 (1.4) 15 (1.7)
Endocrine 0 1(<0.1) 0 0
Gastrointestinal 2(<0.1) 4(0.1) 1(0.1) 1(0.1)
General disorders &
admin. site conditions 6(0.1) 4(0.1) 7(08) 3(0.3)
Hepatobiliary 1(<0.1) 1(<0.1) 0 1(0.1)
Infections & infestations 6 (0.1) 6 (0.1) 6 (0.7) 0
Inju isoni .
o o & proc 3(0.1) 1<ony | 2002 0
Metabolism & nuftrition 1(<0.1) 0 0 2(0.2)
Neoplasms beni
maﬁ‘;::msgfin‘fp“e’c 26 (0.6) 20 (0.5) 10 (1.2) 7(0.8)
Nervous system 11 (0.3) 6(0.1) 3(0.4) 8 (0.9)
Renal and urinary 0 1(<0.1) 1(0.1) 0
Respiratory, thoracic &
- d‘;asﬁnz 11(0.3) 6(0.1) 4(0.5) 8(0.9)
Social circumstances 0 1(<0.1) 0 0
Vascular disorders 0 3(0.1) 1(0.1) 0
Total 90 (2.2) 70 (1.7) 47 (5.6) 45 (5.2)

7.3.2 Nonfatal Serious Adverse Events (SAE)

Serious Adverse Events (SAEs) occurring in Trials 135 and 138 are discussed in section 5.3
Discussion of Individual Clinical Trials. For the PMO trials, nonfatal serious adverse events
were generally balanced across treatment groups, and are summarized in Table 30 ISS Trials 216
and 132 Serious Adverse Events by MedDRA SOC below.
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Table 30 ISS Trials 216 and 132 Serious Adverse Events by MedDRA SOC

Placebo Denosumab

MedDRA SOC n (%) n (%)
Blood and lymphatic system
disorders 22 (0.6) 20 (0.5)
Cardiac disorders 142 (3.8) 181 (4.8)
Congenital, familial and genetic
disorders 1 (0.03) 0(0)
Ear and labyrinth disorders 15 (0.4 24 (0.6)
Endocrine disorders 6(0.2) 5(0.H
Eye disorders 45(1.2) 39(1)
Gastrointestinal disorders 102 (2.7) 143 (3.8)
General disorders & administration
site conditions 30(0.8) 34 (0.9)
Hepatobiliary disorders 33(0.9) 29 (0.8)
Immune system disorders 1 (0.03) 1 (0.03)
Infections and infestations 130 (3.5) 162 (4.3)
Injury, poisoning and procedural
complications 191 (5.1) 126 (3.4)
Investigations 9(0.2) 5(0.1)
Metabolism and nutrition disorders 14 (0.4) 20 (0.5)
Musculoskeletal and connective
tissue disorders 151 (4) 169 (4.5)
Neoplasms benign, malignant and
unspec 123 (3.3) 152 (4)
Nervous system disorders 120 (3.2) 125 (3.3)
Pregnancy, puerperium and
perinatal conditions 0 0
Psychiatric disorders 14 (0.4) 20 (0.5)
Renal and urinary disorders 19 (0.5) 20 (0.5)
Reproductive system and breast
disorders 38 (1) 32(0.9)
Respiratory, thoracic and
mediastinal disorders 76 (2) 80 (2.1)
Skin and subcutaneous tissue
disorders 7 (0.2) 10 (0.3)
Social circumstances 0 0
Surgical and medical procedures 0 1(0.03)
Vascular disorders 71 (1.9) 71 (1.9)

7.3.3 Dropouts and/or Discontinuations

Analysis of the pooled data from the key PMO and HA Trials demonstrated that the number of
patients discontinuing investigational product was higher in subjects receiving placebo, with only
74% of placebo and 79% of denosumab patients completing all scheduled doses of
investigational product. The reasons for ending investigational product were balanced across
treatment groups. Trial specific reasons for discontinuation in Trials 135 and 138 can be
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reviewed in section 5.3 Discussion of Individual Clinical Trials, above. Table 31 Reasons for
Discontinuation of IP, summarizes the reasons for discontinuation for Trials 216 and 132.

Table 31 Reasons for Discontinuation of IP in Trials 216 and 132

Placebo Denosumab

Reason n (%) n (%)
Administrative decision 5(0.1) 9(0.2)
Adverse event 209 (5.6) 197 (5.2)
Consent withdrawn 258 (6.9) 213 (5.7)
Death 58(1.5) 38 (1)
Disease progression
(PMO) 61 (1.6) 10 (0.3)
Ineligibility determined 7(0.2) 4(0.1)
Lost to follow-up 26 (0.7) 26 (0.7)
Noncompliance 13 (0.3) 10 (0.3)
Other 33(0.9) 29 (0.7)
Protocol deviation 24 (0.6) 21 (0.6)
Requirement for
alternative therapy 63 (1.7) 28 (0.7)
Subject request 85 (2.3) 85(2.3)

7.3.4 Significant Adverse Events

All significant AEs related to the HA trials have been discussed under previous headings or are
discussed in section 7.3.5 Submission Specific Primary Safety Concerns, below.

7.3.5 Submission Specific Primary Safety Concerns

Tumor Promotion: For supportive care agents administered to patients with cancer, the
risk/benefit analysis must take into consideration the potential for any agent to act as a tumor
promoter for pre-existing cancers or to negatively impact the efficacy of concomitant cancer
therapy. There is a growing body of evidence suggesting that promotion of tumor growth may
exist for drugs in which there is no demonstrable direct relationship between receptors and tumor
proliferation. In these instances, drugs used to palliate cancer treatment-related toxicity may not
only bind directly to tumor cells with consequent alterations in known signal transduction
pathways, but may also stimulate tumor growth through binding to receptors in non-malignant
components of the tumor microenvironment, or through activation of other signal transduction
pathways not directly or intentionally targeted. Many aspects of tumor promotion for pre-
existing cancers are still not well understood.

Neither of the HA trials included prespecified, defined, rigorous plans to evaluate for potential
treatment effects on time-to-disease progression. There were no routine assessments for
neoplastic disease status in the protocol for Trial 135. In Trial 138, the protocol included disease
assessments only as related to metastatic disease to bone (i.e., bone scan at baseline and month
36) and disease specific markers (i.e., PSA, at pre-specified time points during the treatment
phase of the trial). Descriptive statistics for PSA and percent change in PSA from baseline by
treatment group were calculated as part of the safety analyses as were the proportion of patients
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experiencing a rise in PSA (defined as > 50% increase from on-study nadir to an absolute PSA
value > 5.0 ng/mL) while having castrate levels of serum testosterone (< 50ng/dl). The incidence
of PSA rise was compared between treatment groups based on an analysis of covariants approach
(ANCOVA) adjusting for baseline PSA level (high vs. low where high was defined as PSA > 0.5
ng/mL and ADT > 1 month, or PSA > 5.0 ng/mL and ADT < 1 month; otherwise, the value was
considered low), age group (< 70 years vs. > 70 years), duration of ADT (< 6 months vs.> 6
months), and prostate cancer recurrence risk level as the covariates. PSA mean levels at baseline
were similar between treatment groups (denosumab 0.86/SD 2.48, placebo 0.81/SD 2.58). (Table
24 summarizes the results of this analysis which was performed by the statistical reviewer for
this application, Kyung Yul Lee, Ph.D.) Mean PSA levels from month 0 to month 18 were
almost identical for both groups. Higher mean PSA levels were reported for the denosumab
group at month 24, but for the placebo group at months 30 and 36. In addition, as shown in Table
32, the incidence rise in PSA at 36 months was similar between treatment groups. During the
follow-up safety phase of each trial there were no specific instructions contained in either
protocol related to the assessment of disease status. As a result of the design of these trials with
regard to neoplastic disease assessments, FDA cannot determine the impact denosumab has on
neoplastic disease progression in either patient population. In addition, a determination cannot be
made if treatment with denosumab has an inhibitory effect on the efficacy of anticancer therapy.

Table 32 Incidence of PSA Rise at 36 Months for trial 138 (safety population)

Crude
incidence Odds Ratio®
n/N1 % Pt Est (95% CI) p-value
Through Month 12
Placebo (N = 725) 40/703 57
Denosumab 60 mg Q6M (N=731) 42/719 58 1.00 (0.62, 1.62) 0.9949
Through Month 24
Placebo (N = 725) 74/707 105
Denosumab 60 mg Q6M (N=731) 73/719 10.2 0.94 (0.65,1.36) 0.7422
Through Month 36
Placebo (N = 725) 92/708 13.0
Denosumab 60 mg Q6M (N=731) 98/720 13.6 1.05 (0.75,1.46) 0.7889

Page 1 of 1

N = Number of subjects who received 2 1 dose of investigational product

N1 = Number of subjects with an evaluation during the time point of interest

Values < 1 for odds ratio favor denosumab.

PSA rise defined as a rise by 2 50% from the previous on-study PSA nadir to an absolute PSA 2 5.0
ng/mL while in a castrate state (serum testosterone level < 50 ng/di)

“Based on logistic regression model adjusting for age group, duration of ADT at study entry, PC recurrence
risk level, and the baseline PSA level

In both trials, overall survival (at month 24 in Trial 135 and month 36 in Trial 138) was a designated
exploratory endpoint. However, neither trial was powered to detect a clinically meaningful decrement in
overall survival because not enough events were expected to occur in these patient populations. Case
report forms required collection of survival data at various time points during the treatment and safety
follow up phases for each trial, and each statistical plan included a survival analysis. An analysis of OS
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was not performed in Trial 135 because the small number of deaths (one in each group) precluded
meaningful results. An analysis of 3-year survival rates was performed for Trial 138, see Table 33
below. There was no difference in overall survival between denosumab and placebo in this trial with
94% of patients alive at 36 months in both groups. The hazard ratio for the difference in survival at
month 36 was 0.97 with a 95% confidence interval of 0.64 - 1.49 and p-value 0.90 (stratified log-rank
test).

As aresult of the design of these trials with regard to disease assessments as well as the designs
and limited number of events with regard to overall survival, it cannot be determined whether
denosumab has an impact, either adverse or favorable, on disease progression or survival in
either patient population. It is the recommendation of this reviewer that prior to approval of this
application, data from studies designed to identify detrimental effects on cancer outcomes (i.e.,
time-to-event endpoints such as progression free survival or overall survival) be submitted to
FDA for review to confirm the safety of denosumab with regard to the potential for the
promotion of pre-existing tumor§.

Table 33 Trial 138 Overall Survival at Month 36

0s Denosumab Placebo
N=734 N =734
- Patients with OS Event 43 (5.9%) 43 (5.9%)
Patients without OS Event 691 (94.1%) 691 (94.1%)
Median duration OS (months) NA NA
Mean duration OS(SE) 37.23 (0.22) ‘ 37.37 (0.22)
Hazard ratio (95% CI) 0.97 (0.64 - 1.49)
p-value (stratified log-rank test) 0.90
Stratification factors: age group (< 70 years vs. > 70 years), duration of ADT at study entry (< 6 months vs. > 6
months).
Hypocalcemia:

The analyses in this section rely in part on the original DRUP clinical review and the statistical
review performed by the Quality Safety and Pharmacoepidemiology Group (QSPG).

Calcium and Vitamin D are necessary elements of normal skeletal homeostasis. Studies
demonstrate that calcium balance is related to calcium intake, and negative balance can be
reversed with appropriate intake. Calcium balance becomes positive in premenopausal women at
approximately 1000 mg/day and in menopausal women at 1500 mg/day. Calcium levels can be
reduced as a consequence of a decreased rate of bone resorption and hypocalcemia can be
associated with a number of clinical manifestations. With mild hypocalcemia, few, if any,
symptoms may be evident while severe hypocalcemia can lead to life threatening seizures, heart
failure, or laryngospasm. Based on the known target and effects of denosumab, hypocalcemia
was an anticipated toxicity during clinical development. The applicant included in their key trials
preventative measures to mitigate potential hypocalcemia as well as safety assessments
evaluating both corrected and uncorrected serum calcium levels. All patients received both
supplemental calcium and vitamin D (calcium 1 g daily, vitamin D > 400 U vitamin D daily or
> 800 IU vitamin D daily dependent upon baseline vitamin D level), and regular laboratory
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assessments were performed. The analyses conducted by the applicant for the incidence of
hypocalcemia included a review of all laboratory data and a search of the adverse events
database for events that could result from hypocalcemia. Specifically searched were the
MedDRA preferred terms hypoesthesia, oral hypoesthesia, parasthesia, oral parasthesia, and
tetany. Based on evaluations of both the laboratory and adverse events data, the applicant
concluded that there were no clinically significant adverse events of hypocalcemia related to
laboratory results, although decreased calcium levels (corrected for albumin) were noted.

Data from the pooled HA and PMO ftrials were analyzed individually for events of
hypocalcemia. The applicant provided data for three measures of serum calcium: serum calcium,
serum calcium corrected for albumin, and serum calcium corrected for albumin if albumin was
less than 4 g/dL. All serum calcium samples were assessed at a central laboratory and uniform
lower limits of normal were fixed at 8.5 mg/dl for the two key PMO trials (132 and 216) and 8.4
mg/dl for the two key HA trials (135 and 138). Serum calcium levels consistent with
hypocalcemia were not recorded as adverse events unless they were associated with clinical
symptoms; however changes in calcium levels requiring new or adjusted therapy were
considered to be AEs.

There were no deaths attributable to hypocalcemia. Four patients experienced five SAEs related
to hypocalcemia; but these events were balanced between treatment groups. In PMO Trial 216,
an 80 year old woman (USUBJID 20030216- ®® receiving placebo was reported to have an
AE related to hypocalcemia for which she was hospitalized. No further information on the
outcome of this event is known. In HA Trial 138, three individuals experienced hypocalcemia
SAEs. An 83-year old man (USUBJID 20040138- ®®receiving placebo, experienced
dysesthesias of the right and left hands, was hospitalized and removed from the trial. A 75-year
old man (USUBJID 20040138- ®® receiving denosumab had two separate symptoms
associated with hypocalcemia (dysesthesias of the left arm and right hand) lasting for three days,
for which he was hospitalized. An 83-year old man (USUBJID 20040138 ®® receiving
denosumab experienced hypocalcemia occurring 12 days after the most recent dose and lasted
for 9 days. The patient was hospitalized and removed from the trial.

A review of the analysis datasets for the HA and pooled PMO trials was performed. The search
included MedDRA PT terms indicating both actual hypocalcemia events and other events that
had the potential of being the sequelae of hypocalcemia. Table 34 and Table 35 include the terms
utilized during the search. For the pooled PMO trials, Table 36 demonstrates that there were no
coded AEs of hypocalcemia in the denosumab group and 2 in the placebo group and overall,
potential clinical effects of hypocalcemia resulting from the expanded search were balanced
between the treatment groups, denosumab 112 (2.77%) and placebo 110 (2.72%). In HA Trial
138, there was one patient receiving denosumab who reported a hypocalcemia event, and no
patients receiving placebo, Table 37. Potential clinical effects of hypocalcemia resulting from the
expanded search in this trial demonstrated a slightly higher incidence of parasthesias and
hypoestheisas for denosumab than placebo, 32 (3.0%) vs. 15 (2.0). In HA Trial 135, there were
no patients with hypocalcemia in either treatment group, and the potential clinical effects of
hypocalcemia resulting from the expanded search were relatively balanced between treatment
groups, Table 38.
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Subgroup analyses of hypocalcemia based on baseline vitamin D levels, and baseline renal
function were also performed. For the pooled PMO and HA Trial 138 data, the incidences of
hypocalcemia across the treatment groups were balanced when stratified for vitamin D levels. In
HA Trial 135, among women whose vitamin D levels were between 12 ng/mL and 20 ng/mL,
there was an increased incidence of hypocalcemia in patients in the denosumab group compared
to patients in the placebo group, 6 (9.7%) and zero respectively. It is unknown why this group of
women appears to be more susceptible to hypocalcemia when treated with denosumab compared
to women in the PMO trials.

In addition to the searches of the databases described above, baseline and subsequent corrected
calcium levels for the pooled data for the PMO trials and the individual data from the HA trials
were analyzed. The PMO trials defined hypocalcemia as a value < 8.5 mg/dL and the HA trials
defined hypocalcemia as < 8.4 mg/dL. The majority of laboratory results that were consistent
with these definitions of hypocalcemia were balanced between the treatment groups. There was a
< 1% incidence of grade 3 hypocalcemia in the PMO trials and none in the HA trials. Of interest
is labeling submitted by the applicant with regard to hypocalcemia; it is proposed to include data
based on a definition of hypocalcemia that uses 7.5 mg/dL as the value below which the
incidence rates of hypocalcemia are noted. Doing so would underestimate the incidence of
hypocalcemia. It is the opinion of this reviewer that the cutoffs for defining hypocalcemia used
in the clinical trials should also be used in labeling.

Table 34 FDA Hypocalcemia MedDRA Preferred Terms

Hypocalcemia
MedDRA PT

Hypocalcaemia

Blood calcium decreased

Calcium ionized decreased

Calcium deficiency

Paraesthesia

Paraesthesia oral

Hypoaesthesia

Hypoaesthesia oral

Tetany i

Hypoparathyroidiém
Blood parathyroid hormone
decreased

Hypomagnesemia

Magnesium deficiency

Blood magnesium decreased

Hyperphosphatemia

Calcium phosphate product
increased

Blood phosphorus increased

Vitamin D decreased

Vitamin D deficiency
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Table 35 Clinical Manifestations of Hypocalcemia

Acute Hypocalcemia

Neuromuscular irritability (Tetany)

Paresthesias (peri-oral, extremities)

Muscle twitching

Carpopedal spasm

Trousseau's sign

Chvostek's sign

Seizures

Laryngospasm

Bronchospasm

Table 36 Hypocalcemia Events by MedDRA PT for Pooled PMO Trials

Denosumab Placebo
MedDRA PT N=4050 N=4041
n (%) n (%)
TOTAL 112 (2.77) 110(2.72)
Hypocalcaemia 0 (0.00) 2 (0.05)
Paraesthesia 65 (1.60) 60 (1.48)
Paraesthesia oral 1 (0.02) 2 (0.05)
Hypoaesthesia 42 (1.04) 42 (1.04)
Hypoaesthesia oral 1(0.02) 1(0.02)
Hypoparathyroidism 1(0.02) 0(0.00)
Blood magnesium 1(0.02) 0(0.00)
Vitamin D deficiency 1(0.02) 1(0.02)
Table 37 Hypocalcemia Events by MedDRA PT for Trial 138
Denosumab Placebo
MedDRA PT N=731 N=725
n (%) n (%)
TOTAL 22 (3.01) 16 (2.21)
Hypocalcaemia 1(0.14) 0 (0.00)
Paraesthesia 6 (0.82) 6 (0.83)
Hypoaesthesia 16 (2.19) 9(1.24)
Vitamin D deficiency 0(0.00) 1(0.14)
Table 38 Hypocalcemia by MedDRA PT for Trial 135
' Denosumab Placebo
MedDRA PT N=129 N=120
n (%) n (%)

Reference ID: 3168406
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Denosumab Placebo

MedDRA PT N=129 N=120

n (%) n (%)
TOTAL 8 (6.20) 4 (3.33)
Paraesthesia 2 (1.55) 2(1.67)
-|Paraesthesia oral 1 (0.78) 0 (0.00)
Hypoaesthesia 6 (4.65) 4(3.33)

Osteonecrosis of the Jaw: The analyses in this section rely in part on the original DRUP clinical
review as well as a consult review performed by the Division of Dermatology and Dentistry
Products (DDDP)

Osteonecrosis, or avascular necrosis of the jaw (ONJ) is a pathological process associated with
pain, swelling, exposed bone, local infection, and pathologic fracture of the jaw. Risk factors for
developing ONJ include treatment with bisphosphonates, duration of bisphosphonate exposure,
cancer and anti-cancer therapy, dental extractions, dental implants, poorly fitting dentures,
glucocorticoids, smoking, and pre-existing dental disease. The mechanism by which
osteonecrosis develops in relationship to treatment with bisphosphonates is not well understood.
Bisphosphonates inhibit osteoclastic bone resorption by integrating into the bone matrix,
especially areas of bone undergoing active resorption. When osteoclasts begin to resorb bone that
is impregnated with bisphosphonate, the bisphosphonate released during resorption impairs the
ability of the osteoclasts to adhere to the bony surface, and to produce the protons necessary for
continued bone resorption. ONJ presents as an infection and exposed necrotic bone typically
involving the maxilla or mandible. It is especially common in patients with malignancies being
treated with high potency, intravenous bisphosphonates. It is not known whether ONJ is the
primary process that becomes secondarily infected; if ONJ represents primary osteomyelitis,
exacerbated by the use of bisphosphonates; or if it is the consequence of a combination of events,
including the use of bisphosphonates, poor dental hygiene, and/or a dental procedure or
condition. It is also uncertain if the presence of actinomyces, noted commonly in ONJ lesions,
actively contributes to the development or progression of ONJ, or is related to the presence of
necrotic bone in an anaerobic environment.

The true incidence and risk of ONJ related to treatment with denosumab is unknown; however
based on its antiresorptive effects, there is a recognized risk that patients treated with denosumab
have the potential to develop ONJ. As a result, the applicant included during development a plan
to specifically evaluate patients for ONJ signs and symptoms. This was accomplished through
formation of an adjudication committee, the Osteonecrosis of the Jaw Adjudication Committee
(ONJAC), and developing prespecified MedDRA terms which would trigger cases of potential
ONIJ to be reviewed by the committee. A review of the ONJAC and its processes, procedures,
and findings was undertaken. The definition of ONJ used by the applicant (a lesion occurring in
the oral cavity as an area of exposed alveolar or palatal bone where gingival or alveolar mucosa
is normally found, associated with non-healing after appropriate care by 8 weeks in a patient
without prior history of radiation to the head, face or mouth, the lesion can be asymptomatic, or
oral/orofacial fistulas suspicious for underlying ONJ can be present) was accurate and consistent
with the current medical literature and the definitions developed by the American Dental
Association and the American Society of Bone Mineral Research. In addition, the PT terms
chosen by the applicant (Table 39 below) were appropriate and reasonably complete. The
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applicant’s search identified 21 potential cases of ONJ. The ONJAC reviewed all 21 of the cases
and concluded that none that were positive for meeting the criteria. The applicant submitted a
listing of the cases, but not a rationale for eliminating them from an ONJ diagnosis.

A review of MedDRA PTs was also performed which determined that there were a number of
potential terms that could be associated with ONJ that were not included in the applicant’s list of
search terms (Table 40 below). It was concluded that a more detailed search utilizing these terms
would not likely yield new cases for adjudication. However, a search of the AAE database was
performed utilizing the expanded list of PTs. A list of 21 new subjects was compiled who met
the expanded criteria, and case report forms were reviewed. The applicant was asked to send
further information about the involved patients. The applicant submitted additional information
which included case narratives, follow-up documentation from the treating dentists, and
photographs. These materials were reviewed by a consultant in the Division of Dermatology and
Dentistry who concluded that none of the events in the expanded list met the requirements for the
diagnosis of ONJ. Table 41 is a listing of the potential new cases of ONJ and the comments of
the DDDP consultant.

Noteworthy with regard to the adjudication process are the meeting minutes and adjudicator
contact logs submitted with this application. In a review of the logs, it is noted that one of the
adjudicators expressed concerns that the adjudicators were being unblinded to patients’ treatment
assignments as a result of information contained in the adjudication packets; and that ONJ was
being under diagnosed because some of the adjudication packets were insufficient for
adjudicators to make a diagnosis of ONJ. However, even in light of this criticism, it appears that
the conduct of the ONJAC was appropriate.

The procedures utilized by the applicant for identifying cases of ONJ were reasonable and
appropriate. However, an expanded list of search terms for data analyses from future trials
should be considered. In addition, because data from completed and ongoing trials under IND
9838 have demonstrated positively adjudicated cases of ONJ, the label should contain
appropriate precautionary language to alert both prescribers and patients to the risk.

Table 39 MedDRA Preferred Terms for ONJ Adjudication by Applicant
Applicant ONJ Search Terms .

Reference ID: 3168406

Abscess jaw Oral cavity fistula
Abscess oral Oral surgery
Alveolar osteitis Oroantral fistula

Bone debridement Osteitis

Bone erosion

Osteomyelitis

Bone fistula

Osteomyelitis acute

Bone infarction

Osteomyelitis chronic

Dental fistula

Osteomyelitis drainage

Dental necrosis

Osteonecrosis

Gingival abscess

Pain in jaw

Gingival erosion

Periodontal destruction

Gingival ulceration

Periodontal infection

Jaw lesion excision

Periodontal Operation

Jaw operation

Primary sequestrum

Loose tooth

Secondary sequestrum

Maxillofacial operation

Sequestrectomy
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| Necrosis |

|

Tertiary sequestrum

Table 40 Expanded MedDRA Preferred Terms for ONJ Identification by FDA

~ FDA ONJ Expanded Search Terms

Biopsy bone abnormal Jaw fracture

Bone abscess Musculoskeletal pain
Bone disorder Imaging abnormal
Bone lesion Oral infection

Bone Pain Osteomyelitis bacterial
Bone scan abnormal Osteomyelitis fungal
Bone swelling Osteomyelitis viral
Buccal mucosal roughening Osteoradionecrosis

Dental alveolar abnormality

Palatal dysplasia

Exostosis

Resorption bone increased

Face and mouth x-ray abnormal

Septic necrosis

Failure of implant

Tooth abscess

Impaired healing _

Tooth infection

Implant expulsion

Ulcer

Implant site reaction

X-ray abnormal

Table 41 ONJ Expanded Search Cases Identified with DDDP Consultant Comments

USUBJID

MedDRA PT

DDDP Comments

Bone disorder

Bone graft successfully
placed after routine extraction
of non-restorable tooth with
local infection

Dental prosthesis
user

Dental implant placed with
resultant normal healing

Dental prosthesis
user

Routine dental implant

Post procedural
infection

Localized infection
immediately after extraction

Tooth abscess

Infected tooth, resulting from
decay

Tooth abscess

Local periodontal infection

Dental implantation

Routine dental implant

Dental prosthesis
user

Routine dental implant for
missing tooth

Dental prosthesis
user

Routine dental implant

Post procedural
infection

Local infection immediately
following tooth extraction

Tooth abscess

Routine extraction with
complete healing

Dental implantation

Routine dental extraction
followed by implant
placement (See next row -
two separate reports for same
subject; one for extraction
and one for implant
placement)
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USUBJID MedDRA PT DDDP Comments
Routine dental extraction,
Dental operation following by implant
placement

Periodontal surgery with bone
grafting and complete healing

Bone graft

. Dental implant successfully
Dental operation placed

Dental prosthesis | Dental implant successfully

user placed
Verbatim term should be
Postoperative “extraction”, ot “traction.”

. . The post-extraction infection
wound infection healed, and there was no
exposed bone.

Implant placed in edentuious
patient for denture retention.
Bone lesion Post-placement infection,
which resolved completely
with no exposed bone.
Endodontically caused
Tooth abscess infection; resolved after
extraction of tooth.

Two individual implants
placed without incident.

Transient infection during
healing of multipie facial
Pos.t [{):roc.ed ural fractures - left mandibular
Intection ramus and left maxillary
sinus. Infection resolved.

Mastication disorder

Fracture Healing Complications: The discussion in this section relies in part on the original
DRUP clinical review as well as a statistical analysis performed by QSPG.

The concern for fracture healing complications with denosumab arose from nonclinical findings
in denosumab treated genetically modified mice vs. placebo who exhibited increased bone callus
size and consistency during healing after induced closed femoral fractures. This finding was
thought to have an effect on bone mobility, but not bone strength. While all four of the key trials
submitted in support of the PMO and HA indications included some data for nonvertebral
fracture healing, the data may not be sufficient to answer all questions with regard to
dysregulation of fracture healing because of the lengths of the trials (up to 36 months when it can
take up to 5 years to observe fracture complications) as well as the numbers of events. In fact,
only PMO Trial 216 had enough data on fracture healing outcomes for a meaningful analysis
(more than 1 subject with a complication per group) because of a focused substudy evaluating
healing of distal radius fractures. In all of the key trials, however, the observed fracture healing
complications were balanced between the treatment groups; see Table 42. More data over longer
time periods is needed to address the issue of fracture healing complications.

Table 42 Fracture Healing Outcomes in PMO and HA Key Trials

Denosumab Placebo
Complication n (%) n (%)
Trial 216
Delayed Healing 1 2(0.7) | 2(0.6)
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Complication Denosumab Placebo
n (%) n (%)
Malunion 3(1.0) 3(0.9)
Nonunion 0 1(0.3)
Chronic Pain 7(2.3) 11(3.1)
Other 10 (3.3) 7(2.0)
Patien.ts wit.h nonvertebral 303/3886 354/3876
fx/patients in tx group
Trial 132
Delayed healing 1(7.7) 0
Eumb_er of _nonvertebral 13/164 15/165
/patients in tx group
Trial 135
Delayed healing 0 1(11.1)
Numb'er of ponvertebral 10/129 9/120
fx/patients in tx group
Trial 138
Chronic pain ; 1(2.3) 0
Other 0 1(2.3)
If:](\;mber of ponvertebral 44/731 44/725
patients in tx group

Infections: The analyses in this section rely in part on the original DRUP clinical review as well
as a consult performed by the Division of Anti-infectives and Ophthalmology Products
(DAIOP).

Because RANK is expressed on activated B and T cells and RANKL inhibition has been
reported to have immune system effects (e.g., regulation of the developing immune system, B-
cell, T-cell, and dendritic cell activation and signaling, generation and maintenance of T
lymphocyte tolerance), there is biological plausibility that treatment with denosumab could lead
to an increased incidence of infections. Infection events assessed during the denosumab
development program were reviewed; overall, the incidence of infections was balanced between
treatment groups. '

The DAIOP consultant provided a background review of the TNF-related activation-induced
cytokine (TRANCE)-RANK-osteoprotegrin (OPG) signaling pathway on which denosumab
exerts its effects. The background review is reproduced here in part in order to provide a
scientific rationale and foundation for the review of the trial data.

The bone microenvironment is critical for the development of hematopoietic stem cells (HSCs);
and bone plays a role in adaptive immunity beyond lymphocyte development. Activated T cells
express the TNF superfamily member TRANCE which is a key differentiating factor for
osteoclasts (OCs). Receptor activator of nuclear factor-Kp (RANK) is the signaling receptor for
TRANCE. Pathogenic stimuli or self antigens are phagocytosed and presented to naive T cells by
dendritic cells (DCs). T cells provide activating signals to DCs through CD40L and in return
receive optimal activating and costimulatory signals. The activated T cells are induced to express
TRANCE, which provides further activating and survival signals to DCs. The DCs may
negatively regulate TRANCE-RANK signaling through upregulation of the TRANCE decoy
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receptor, osteoprotegerin (OPG). Denosumab binds and inhibits RANKL in a manner similar to
OPG. Inflammatory cytokines (IL-I, TNF-a.) produced during successful T cell immune
responses, as well as calciotropic factors (PGE2 or VitD3), induce TRANCE expression by
osteoblasts (OBs), which cooperate with effector T cells to induce osteoclast (OC) differentiation
by providing TRANCE to OC precursors. TRANCE signaling in mature OCs induces bone-
resorbing function. OBs block TRANCE binding through secretion of OPG, whereas INF-y and
[L-4 produced by effector T cells inhibit RANK signaling. Without proper regulation, excessive
bone resorption leads to osteoporosis, arthritic joint erosion, and periodontal tooth loss.

RANK expression at the RNA level is detected in most cell types or tissues (e.g., skeletal
muscle, thymus, liver, colon, small intestine, and adrenal gland). RANK signal transduction is
mediated by adapter proteins, TNF receptor-associated factors (TRAFs). Of the six TRAFs,
RANK interacts with 1, 2, 3, 5, and 6.

The significance of the TRANCE-RANK-OPG signaling axis in regulating the developing
immune system is not entirely clear and continues to emerge in the medical literature. Studies of
TRANCE and RANK- deficient mice demonstrate the importance of these signals for secondary
lymphoid organ development, as these animals display a lack of peripheral lymph nodes and
abnormalities in B cell follicle formation and marginal zone integrity in the spleen. In the adult
immune system, TRANCE modulates immunity through dendritic cells (DCs). DCs are the most
potent antigen presenting cells (APCs) in the human immune system and are required to initiate
T-cell mediated immunity in vivo. DCs differentiate from the hematopoietic
monocyte/macrophage progenitor cell lineage and are close relatives of osteoclasts (OCs).
TRANCE signaling has also been implicated in the regulation of DC survival. Blockade of
TRANCE signaling in vivo results in a slightly reduced CD4+ T cell response to lymphocytic
choriomeningitis virus (LCMYV) infection, although the response is severely inhibited in the
absence of CD40 signaling. TRANCE-RANK and CD40L-CD40 function may overlap.
TRANCE-RANK signaling may be more important during the waning phases of an immune
response to ensure that T cell memory formation is established and then to wind down remaining
T cell-DC interactions, possibly through OPG interference with TRANCE signaling. In addition,
enforced autocrine TRANCE-RANK signaling but not CD40L-CD40 signaling on DCs may
enhance antitumor immunity. TRANCE may also be important for the survival of interstitial DCs
engaged in antigen surveillance during the interim period separating immune responses. Human
CD34+ immature DCs express both TRANCE and RANK and can therefore provide an
autocrine survival signal. Peripheral maturation of these DCs leads to down-regulation of
TRANCE, suggesting a requirement for an independent source of TRANCE to validate DC
activation. TRANCE signaling may also be involved in the generation and maintenance of T
lymphocyte tolerance. TRANCE signaling has been directly implicated in the induction of oral
tolerance to food antigens in mice. It has also been demonstrated that TRANCE-mediated
signaling is required to prevent the onset of autoimmune disease in a TNF-a-inducible mouse
model of diabetes and that blockade of TRANCE-RANK interactions were associated with
decrease in CD4+CD25+ regulatory lymphocytes, which is necessary to prevent cytotoxic T
lymphocyte (CTL)-mediated islet cell destruction.

Additionally, the TRANCE-RANK-OPG axis appears to regulate B cell maturation,
proliferation, and the development of efficient antibody responses. In OPG-deficient mice there
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is an expansion of pro-B cells in the bone marrow, whereas the opposite has been observed in
TRANCE- or RANK-deficient mice.

Table 43 below summarizes the incidences of infection for the key trials submitted in support of
this application. In HA Trial 135, there were no deaths in either group resulting from infection
events. In HA Trial 138, there were 2 deaths on the denosumab group for patients who had
infection events. Reported were 2 patients with pneumonia, USUBJIDs 20040138 ®® and
20040138 ®® the former developed aspiration pneumonia in the setting of progressive
disease to which he succumbed, and the latter was a 93 year old male who developed aspiration
pneumonia which was treated, a second aspiration event occurred while the patient was still
recovering from the first event. The second aspiration pneumonia did not respond to therapy and
the patient succumbed.

In PMO Trials 216 and 132, serious infections due to bacteria or unspecified pathogens were
balanced between the treatment groups (denosumab 4%, placebo 3%) as were the incidence of
bacterial infections overall (denbsumab 53%, placebo 55%). However, there was an imbalance
in serious skin infections. Serious streptococcal infections occurred in 7 denosumab (0.2%) and
1 placebo (0.03%) patients in the key PMO trials. In addition, there were 7 denosumab (0.2%)
and no placebo subjects who had serious events of erysipelas; and there was an imbalance in
infected skin ulcers with 4 denosumab (0.1%) and 1 placebo (0.03%) subjects developing an
event of infected skin ulcer. The increased incidence of dermatologic events (discussed below)
could account for the increases seen in infections of the skin, at least in part.

Table 43 SAEs and All Infection Rates in the ISS

Placebo Denosumab

n (%) n (%)
SAEs, Study 216 133 (3.4) 159 (4.1)
SAEs, Study 132 1(0.6) 8(4.9)
SAEs, Study 135 1(0.8) 3(2.3)
SAEs, Study 138 33 (4.6) 43 (5.9)

L

AEs, Study 216 2108 (54.4) 2055 (52.9)
AEs, Study 132 101 (61.2) 99 (60.4)
AEs, Study 135 38(31.7) 47 (36.4)
AEs, Study 138 226 (31.2) 257 (35.2)

In phase 1 Trials 146 and 148, 3 healthy volunteers developed pneumonia. In Trial 146, a 33 year
old male ®® required hospitalization for pneumonia for 13 days, and a 24 year old
male ®® required hospitalization for 4 days on day 74 of the trial both after
receiving one dose of denosumab 60 mg. The applicant was unable to confirm these events with
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the site investigator and with the hospitals where the subjects reported having received treatment.
In Trial 148, subject ID ®® reported developing pneumonia on day 242 after receiving
one dose of denosumab 3.0 mg/kg. Notable in this case is a 40 pack year history of smoking, a
history of chronic bronchitis, and a subsequent lung cancer diagnosis. Although two of the three
cases are not well documented, these three cases of pneumonia occurred following a single 100
mg dose of denosumab. One subject was a smoker with bronchitis who was subsequently
diagnosed with lung cancer. The other 2 subjects were young, healthy volunteers and did not
appear to have risk factors for the development of pneumonia.

The incidence of infections in the key trials required comprehensive analysis because
disturbances in the RANKL/RANK signaling pathway have been reported to have immune
system effects. While there is no overall safety signal for infections identified in this application;
there are specific safety signals of concern. In both ongoing trials and in the postmarketing
period, continued careful scrutiny of cases of infection is recommended. In addition, special
attention should be paid to categorizing the infections observed; therefore investigators should be
instructed to obtain the identification of the causative organism for all infections.

Dermatologic events: An imbalance in skin and soft tissue disorders was identified in HA Trial
135; specifically, there was an imbalance in skin related events noted at the MedDRA HLGT
level in “Epidermal and dermal conditions”, denosumab 22 (17%), placebo 15 (13%). Because of
the small numbers in this trial, an analysis of the larger PMO trials was undertaken to identify
any similar imbalances.

In the two PMO trials (216 and 132), the incidence of skin related AEs in the denosumab group
was 616, 16% and in the placebo group 507, 13%. The imbalance was also noted at the
MedDRA HLGT level in “Dermal and Epidermal Conditions”, 450 denosumab vs. 343 placebo.
Table 45 displays the incidence of events using the MedDRA HLGT levels of the hierarchy. The
events listed are not specific to injection site. Table 45 displays the incidence of events
contributing to the imbalance by MedDRA HLT.

Table 44 Selected Dermatologic HLGT (PMO safety population)

Denosumab Placebo
. MedDRA HEGT N-=3765 | N=3769 |

|Angioedema and urticaria 31 32
Cornification and dystrophic skin disorders 22 23
Cutaneous neoplasms benign 9 5

Epidermal and dermal conditions 450 343
Pigmentation disorders 4 6

Skin and subcutaneous tissue disorders NEC 45 38
Skin appendage conditions 90 100
Skin vascular abnormalities 12 13

Table 45 Selected Adverse Event High Level Terms Mapping to HLGT Epidermal and
Dermal Conditions (PMO safety population)

MedDRA HLT

Denosumab Placebo
N-=3765 N=3769
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Denosumab Placebo

MedDRA HLT N-=3765 | N=3769
Bullous conditions 9 3
Connective tissue disorders 1 1
Dermal and epidermal conditions NEC 69 56
Dermatitis and eczema 148 83
Dermatitis ascribed to specific agent 6 1
Erythemas 19 17
Exfoliative conditions 1 3
Granulomatous and deep cutaneous inflammatory
conditions 2 1
Papulosquamous conditions 6 12
Photosensitivity conditions 6 1
Pruritus NEC 112 97
Psoriatic conditions 16 13
Rashes, eruptions and exanthems NEC 116 91
Skin injuries and mechanical dermatoses 2 4
Total Subjects 450 343

The imbalances noted in the HA and PMO trials were small. More experience with denosumab is
needed in order to further evaluate this finding. In addition, the increases in skin-related AEs
could, in part, help to explain the corresponding increase in the incidence of skin infections.

Cardiovascular events:
The analyses in this section rely in part on the original DRUP clinical review and the statistical
review performed by the Quality Safety and Pharmacoepidemiology Group (QSPG).

During the denosumab development program, a possible mechanism was identified for treatment
with denosumab to lead to atherosclerosis. This was based on reports in the published literature
regarding a possible association between OPG levels and arterial (aortic) wall calcification,
cardiovascular disease and mortality, and the possibility that inactivation of RANKL by
denosumab could result in elevated levels of osteoprotegerin (OPG) via an unopposed feedback
mechanism. Because the target populations for treatment with denosumab supported. by this
application could conceivably receive treatment with denosumab for many years, and are at risk
for development of cardiovascular disease, the applicant established an independent review panel
to adjudicate cardiovascular events. Two phase 3 trials, one in postmenopausal women (Trial
216) and one in men (Trial 138) were chosen to accomplish the adjudication. In addition, an
analysis of changes in abdominal aortic calcification (as assessed using lateral lumbar spine
radiographs) was also conducted in a subset of study subjects in Trial 216.

The adjudication process for review of cardiovascular events included:
¢ Committee members were independent Cardiologists not associated with the study.
e All deaths were reviewed. Serious adverse events (SAEs) were identified for adjudication
using pre-selected MedDRA preferred terms
e The committee categorized serious adverse events as one of the following:
o Acute coronary syndrome/revascularization
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o Congestive heart failure
o Stroke/transient ischemic attacks
o Cardiac arrhythmias
o And other vascular disorders/revascularization
¢ Deaths were categorized as cardiovascular or non-cardiovascular;

Baseline cardiovascular risk factors such as myocardial infarction, percutaneous coronary
intervention, coronary artery bypass surgery, diabetes, smoking, hypertension, and high
cholesterol were similar in both treatment groups in Trials 20030216 and 20040138.

Submitted to the panel for adjudication in Trial 216 were 526 events in the placebo group and
572 in the denosumab group. The incidence of positively adjudicated events in Trial 216
included 233(44%) for the placebo group and 247(43%) for denosumab. In Trial 138, 203 events
were submitted for adjudication in the placebo group and 236 events in the denosumab group.
The incidence of positively adjudicated events included 105(52%) for the placebo group and 118
(50%) for denosumab.

The point estimate for the cardiovascular death hazard ratio was 0.7 (CI: 0.4, 1.2) in Trial 216
and 0.97 (CI: 0.7, 1.3) in Trial 138. The hazard ratio for any adjudicated event in either trial was
approximately 1. A time to event analysis of time to first adjudicated cardiovascular event did
not suggest worsening outcomes over time for both low cardiovascular risk and high
cardiovascular risk patients. The incidence of any adjudicated CV serious adverse event (SAE),
CV death, acute coronary syndrome, stroke/transient ischemic attack, congestive heart failure
and other vascular disorders was balanced across treatment groups (Table 46).

Table 46 Cardiovascular-related Serious Adverse Events Adjudicated in Trials 216 and 138

PMO 216 HA 138
Incidence at 36 Months Placebo Denosumab |Hazard ratio| Placebo |Denosumab| Hazard ratio
(N=3876) | (N=3886) | (95%CI) |(N=725){ (N=731) (95%CI)
n (%) n (%) n (%) n (%)
Any adjudicated 1.02 0.97
bositive CV SAE 178 (4.6) | 186 (48) | (g1 | 80011 | 80(109) | 77 5
0.72 i 0.9
CV death 31(0.8) 23 (0.6) (0.4,1.2) 21(2.9) 19(2.6): (0.5.1.6)
Stroke / transient » 1.17 1.2
ischemic attack (14 26 (1.4) (0.8,1.8) 17(2.3) 212.9) (0.6,2.3)
Acute coronary 1.02 0.67
syndrome 39 (1.0) 47 (1.2) (0.7,1.5) 27(3.7) 18(2.5) (0.4,12)
. . 1.19 0.7
Congestive heart faiture| 22 (0.6) 27 (0.7) (0.7.2.1) 11(1.5) 8(1.1) 0.2.1.7)
1 1.44
Other vascular event 30 (0.8) 31(0.8) (0.6,1.6) 12(1.7) 18(2.5) (0.6,2.9)
. 1.13 1.23
Arrhythmia 45 (1.2) 52(1.3) (0.8.17) 15(2.1) 19(2.6) (0.6.2.4)

The effect of treatment with denosumab on osteoprotegerin levels was evaluated at baseline, day
1 and months 1, 6, 12, 24 and 36 in a subset of subjects (denosumab 96, placebo 64) enrolled in a
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bone marker sub study of Trial 216. There was no statistically significant increase in
osteoprotegerin levels for denosumab compared to placebo-treated patients.

Patients in Trial 216 were also assessed for an aortic calcification score if they were considered
high risk according to modified RUTH criteria (Table 47). The 2363 patients assessed for an
aortic calcification score were similar to the overall study population with regard to disposition,
baseline body composition and baseline BMD T-scores. The distribution of baseline scores was
balanced between the two treatment groups. The mean change from baseline in aortic
calcification scores for both treatment groups was not statistically significant or clinically
meaningful (0.1 at one year, 0.2 at 2 years and 0.4 at 3 years in both groups).

Table 47 Modified RUTH Criteria for Defining High Risk Population for Cardiovascular
Events

Cardiovascular Risk Factor Points

Prior myocardial infarction, percutaneous coronary intervention (PCI), or coronary artery
bypass graft (CABG) surgery 4

Diabetes mellitus 3

Age > 70 years 2

Age 65 to 69 years 1
Former/current smoker * 1

Hypertension ® 1

High cholesterol * 1

a An extra point is added if all 3 criteria (former/current smoker, hypertension,
and high cholesterol) were met (total of 4 points).

Overall, evaluations of cardiovascular events performed by the applicant during development of
denosumab were adequate to identify cardiovascular safety signals in the populations studied.

Bone Biopsy Histomorphometry: The results of bone histomorphometry, reviewed by the
DRUP medical team, raise concerns about the degree of bone remodeling suppression noted with
denosumab. For a full discussion of the results, see the original primary review of the DRUP
Medical Officer. Quantitative histomorphometry parameters demonstrated that treatment with
denosumab reduced bone remodeling to a level not seen with previous anti-resorptive agents.
The denosumab group had markedly suppressed osteoclast and osteoblast counts compared to
placebo and alendronate. In Trial 216, the osteoblast-osteoid interface was 25% for placebo vs.
0% for denosumab at month 36; and osteoclast number was 7/100 mm for placebo vs. 0 for the
denosumab group. When compared to alendronate in trial 20050234, the osteoblast-osteoid
interface was 9.7% for the alendronate group vs. 0% for denosumab. The osteoclast number was
10/100 mm for alendronate vs. 2 for the denosumab group at month 12. Dynamic bone formation
parameters such as activation frequency, bone formation rate and mineralizing surface were also
markedly suppressed. Dynamic bone formation parameters provide information about bone
formation during the labeling interval (between 2 dosing periods of tetracycline). Tetracycline
gets deposited in the newly mineralized bone, so absence of label means that during the
tetracycline dosing period there was no new bone mineralization. Across all studies, all subjects
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in the placebo group had double label, however, only 31-60% subjects in the denosumab group
had any double label. Absence of label suggests suppressed bone formation.

These findings raise the possibility that with long term use, suppression of bone remodeling may
lead to complications such as delayed fracture healing, ONJ, or atypical fracture. Additional
experience and data are needed to evaluate these findings.

Injection-related reactions: It is a well known that administration of monoclonal antibodies can
result in cytokine release and subsequent reactions that mimic hypersensitivity and anaphylaxis.
This appears to be especially true for intravenous administration. NCI CTCAE version 3 criteria
do not include terms in their coding dictionary to adequately capture the diverse events that can
be related to antibody administration. However, MedDRA includes terms in its coding dictionary
that are sufficient for the identification of these types of reactions.

Denosumab was administered subcutaneously in all four of the key studies submitted in support
of this application. In an analysis of the ISS database for signs and symptoms of injection-related
reactions (e.g., hypotension, hypertension, rash, pain, pyrexia) temporally associated with the
administration of denosumab, there were no imbalances noted.

7.4 Supportive Safety Results

Adverse events were analyzed at each level of the MedDRA hierarchy. Analyses were performed
using the defined safety populations and ADaM datasets from pooled data of the key trials. In
addition, Standardized MedDRA Queries (SMQ) were performed and analyzed.

7.4.1 Common Adverse Events

Adverse events for the ISS dataset were grouped and analyzed. Common adverse events were
defined by this reviewer as any event occurring at > 5% or if there was a > 5% difference
between the groups in favor of denosumab. In addition, search criteria were utilized for selected
adverse events, which were defined as events occurring with 5-fold greater frequency in the
denosumab treatment group. Table 55 through Table 60 in Appendix 9.4 represent the results of
these analyses.

There were no AEs occurring at an incidence of > 5% and at an increased incidence:of >5% in
the denosumab treatment group. In addition, the incidences of grades 3 and 4 events were under
2%. Analyses at other levels of the MedDRA hierarchy demonstrate relative balance between the
treatment groups overall.

7.4.2 Laboratory Findings

The laboratory data obtained from the HA and PMO trials were considered and analyzed
separately. Incidence rates were calculated for patients having laboratory values outside the
upper and lower limits of normal for CBC, including total neutrophils and lymphocytes, and
sodium, potassium, magnesium, phosphorus, creatinine, aspartate amino transferase, alanine
amino transferase, alkaline phosphatase, total bilirubin and glucose. Analyses of central
tendencies to identify outlier results were also analyzed. In addition, minimum, maximum,
median, and mean baseline and on treatment laboratory results were analyzed utilizing the paired
t-test. This test compares results for the chosen variable at different time points, usually before
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and after an event, in this case, treatment with denosumab. The analysis of central tendency for
the HA and PMO clinical laboratory results revealed few outliers and infrequent grade 3 and 4
toxicities. For the HA trials, four patients (0.5%) treated with denosumab experienced grade 3 or
4 hypophosphatemia compared to zero for the placebo group. For the PMO ftrials, there was an
incidence of hypophosphatemia for 7 patients (0.2%) treated with denosumab compared to zero
for the placebo group. These laboratory findings were transient and were not associated with
adverse events for either population of patients (PMO and HA). Analyses of the results at the one
month time point demonstrated a higher incidence of hypocalcemia and hypophosphatemia (see
Figure 10, excerpted from DRUP clinical review) for denosumab treated patients which was
transient. This finding was expected since earlier in the development of denosumab a nadir for
both calcium and phosphorus was observed between days 8 and 11. In addition, there were no
statistically significant or clinically meaningful differences between baseline and on study
laboratory results for the HA or PMO trials.

Figure 10 Serum Phosphorus Mean % Change from Baseline in PMO Trials
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7.4.3 Vital Signs

Vital signs including systolic and diastolic blood pressures, pulse rate, body temperature, body
weight, and BMI were assessed at each visit in all phase 3 clinical trials. On days when the
investigational product was administered, there were no requirements for pre and/or post
administration vital sign assessments. Overall for the four key trials, denosumab did not have an
effect on mean values, mean changes from baseline, or overall incidences of outliers for all vital
signs measured. In addition, an analysis of adverse events demonstrated no difference in the
incidence of associated clinical events (e.g., hypotension, hypertension, tachycardia, bradycardia,
and pyrexia) between treatment groups.
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7.4.4 Electrocardiograms (ECGs)

Of the four key trials, only Trial 132, submitted in support of the PMO prevention indication,
included ECG assessments. ECGs were obtained pre-dose, and at months 1, 6, 12, 18 and 24.
Calcium supplementation was administered as part of the protocol and serum calcium levels
were obtained at the same time points as ECGs. There were 332 patients in this trial from whom
ECG data were obtained. There was a central, blinded reading of all ECGs in this trial. There
was no difference between treatment groups in ECG measurements over the 24 month treatment
period and there were no patients in either group who had a > 60 msec change in QT¢ from
baseline. The post-baseline maximum change in QT¢ between the treatment groups was a mean
of 9.5 msec for placebo and 10.3 msec for denosumab.

7.4.5 Special Safety Studies/Clinical Trials

Renal Function and PK: Trial 245 was a single dose (60 mg subcutaneously), open label trial to
assess PK, safety and tolerability in 46 patients with both normal and abnormal renal function.
Patients with renal dysfunction were stratified into normal (n=12) mild (n=10), moderate (n=10),
severe (n=7), and end stage renal disease (ESRD, n=7) cohorts and standard PK parameters were
analyzed. The results of this trial demonstrated that denosumab PK is not influenced by renal
dysfunction of any severity. However, the trial also demonstrated the most common and severe
AE experienced by patients in this trial was hypocalcemia. Adverse events of hypocalcemia were
greater in patients with severe and ESRD. As a result of this finding, calcium and Vitamin D
supplementation were added and this intervention mitigated the risk by decreasing the incidence
of hypocalcemia, see Figure 11 and Figure 12. This is demonstrated in the figures below by the
upper graph line connecting the circles. Although the numbers of patients in this study were
small, the comparative findings demonstrated before and after calcium and Vitamin D
supplementation are persuasive. It is recommended that the findings from this trial be included in
labeling along with precautionary language regarding the need for supplementation in these
patient populations.

Figure 11 Adjusted Serum Calcium over Time in Trial 245 - Severe Renal Disease
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Figure 12 Adjusted Serum Calcium over Time in Trial 245 - End Stage Renal Disease
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Bone Biopsies and Bone Histomorphometry: The following section was excerpted from the
DRUP clinical review.

Evaluation of bone biopsies was performed in 3 clinical trials.

e Trial 20030216 was the randomized, double-blind, placebo-controlled fracture trial in
postmenopausal women. One hundred-three subjects consented to participate in the
substudy, 92 subjects (45 placebo, 47 denosumab) received =1 dose of investigational
product and had >1 evaluable biopsy, and 23 subjects (17 placebo, 6 denosumab)
underwent sequential biopsy evaluation. The mean age of enrollees in this bone biopsy
substudy was 71 years. It should be noted that one subject in the month 36 denosumab
group was excluded from the Agency’s analysis because the patient had discontinued
study drug after month 12.
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e Study 20010223 was the randomized, placebo and active-controlled, dose-finding study
in postmenopausal women with low bone mineral density. At baseline, biopsies were
obtained from 39 subjects, of which 37 were evaluable (31 denosumab, 5 placebo, and 1
alendronate). At 12 months, biopsies were obtained from 51 subjects, 49 of which were
evaluable (41 denosumab, 4 placebo, and 4 alendronate). The mean age of enrollees in
the bone biopsy substudy was 60 years.

e Study 20050234 was a double-blind, double-dummy, active-controlled, parallel-group
study in postmenopausal women with low BMD (T-score between -2.0 and -4.0) who had
received alendronate (70 mg weekly or equivalent) for at least 6 months preceding study
entry. At study entry, subjects were randomized to either continue on alendronate 70 mg
once weekly or switch to denosumab 60 mg q 6 months. Bone biopsies were obtained
from 36 subjects (21 alendronate, 15 denosumab) at month 12. The mean age of enrollees
in the bone biopsy substudy was 67.6 years.

Histology ‘

In general, there was evidence of normal lamellar bone and normal mineralization in all
treatment groups. In addition, there was no evidence of osteomalacia or woven bone in these
studies. In study 20030216, normal osteoid was present in all placebo (62/62) and denosumab
(48/53, 91%) subjects. Five subjects in the denosumab-treated group at month 24 did not have
osteoid that could be visualized. This could be due to suppressed bone turn over. One denosumab
treated subject (6613015), who received all doses of denosumab, was determined to have normal
histology at month 24 and cortical trabecularization at month 36. Cortical-endosteal resorption
("trabecularization" of the cortical bone) is one of the major determinants of reduced bone
strength. In study 20050234, one subject treated with alendronate had evidence of marrow
fibrosis on biopsy.

Histomorphometry

Bone histomorphometry is the only method that allows the measurement of mineralization rate
and the study of bone formation at the cell, remodeling unit and tissue levels. In order to assess
ongoing bone remodeling, subjects participating in the bone biopsy substudies were treated with
two courses of either demeclocycline or tetracycline with 10-14 day interval between the two
courses. Tetracycline is incorporated into mineralizing bone and fluoresces under:ultraviolet
light. Therefore, in active bone, the time-spaced lines of tetracycline can be used for calculation
of new bone formation and mineralization rates and absence of label means that during the
tetracycline dosing period there was no new bone mineralization.

The presence of double tetracycline labeling in a biopsy specimen provides an indication of
active bone remodeling and formation. Trabecular bone, the most active site of bone remodeling,
is the usual site of evaluation of tetracycline labeling. Across all studies, all subjects in the
placebo groups had double label, however, only 31-60% subjects in the denosumab group had
any double label. Absence of label suggests suppressed bone formation. In subjects treated with
denosumab, 21% had no tetracycline label present at a month 12 biopsy, 35% had no label
present at month 24 biopsy and 38% had no label present at month 36 biopsy. One subject
treated with alendronate had no label present at month 12 biopsy. While a sporadic biopsy
specimen with absence of double label is not unusual, the number of patients treated with
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denosumab who exhibit absence of double labeling is striking. The clinical consequences of
these findings are unclear. One concern is that absence of double label may suggest over
suppression of bone turnover.

In subsequent sections, Placebo controlled trials (20030216 and 20010223) are discussed
separately from active control trial (20050234).

In study 20030216, the number of biopsies evaluable for analysis of all histomorphometry
parameters at month 24 was 31 placebo, 5 denosumab; and at month 36 was 22 placebo and 2
denosumab (One subject who only received denosumab for 1 year and had a biopsy at month 36
was excluded, since effect of denosumab is expected to reverse in one year based on BMD data
from trial 20040132). To be able to evaluate all histomorphometric parameters, a double label in
the trabecular bone is necessary. There were 23 subjects (17 placebo, 6 denosumab) who
underwent sequential biopsy evaluation. Paired evaluation can provide insight into the
progressive effect of denosumab on bone with increasing duration. However, due to limited
number of evaluable biopsies, this evaluation could not be performed.

Activation frequency is the most important regulator of bone turn over. It is defined as the rate at
which the bone remodeling units are formed. Suppression is evident at month 12 and by month
36 it was severely suppressed and virtually zero in the denosumab group.

Bone formation rate per bone surface: Bone formation rate per bone surface represents the
volume of bone formed per unit of trabecular surface. Treatment with denosumab decreased
bone formation rate.

Eroded surface/Bone surface and Osteoid surface / Bone surface: Eroded surface represents the
fraction of trabecular bone surface where osteoclasts have eroded or are eroding bone.
Denosumab inhibits osteoclast recruitment. Treatment with denosumab resulted in decreased
number of osteoclast sites. The osteoid surface presents the fraction of trabecular bone surface
where osteoid is present. Osteoblast lays down the osteoid matrix. Treatment with denosumab
resulted in decrease in osteoid surface suggesting suppression of new bone formation.

Mineral apposition rate: Mineral Apposition Rate (MAR) is an important parameter assessing
mineralized bone accrual at remodeling sites. Treatment with denosumab decreased MAR. No
change or small increases in MAR during treatment with study medication would suggest that
the mineralization of newly formed bone is not affected by the therapy. Decreases in MAR can
be seen with a reduction in bone turnover.

Mineralization Lag Time (days): Mineralization lag time is a sensitive measure of mineralization
abnormalities and represents the time interval between deposition of osteoid and its
mineralization, averaged over the life of the osteoid seam. The increase in MLT in denosumab
treated patients at month 24 is driven by 3 subjects with mineralization lag time greater than 100
days. In each of these subjects, activation frequency and other dynamic parameters were very
low. These elevations in mineralization lag time could represent artifact due to the calculation
which is based on other parameters.
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Osteoid thickness and Osteoid volume: Increases in osteoid thickness and osteoid volume would
be expected in the setting of a mineralization defect. Treatment with denosumab did not result in
increased osteoid thickness or volume. This could also happen in cases of severely suppressed
bone formation.

In trial 20010223, 7 doses of denosumab were evaluated. Evaluation of dose response
relationship suggested no clear relationship, however, the number of subjects with an evaluable
biopsy in each dose group were too limited to reach any conclusions.

Trial 234 (subjects switched from alendronate to denosumab or continued on alendronate)
provides a comparison to active control (alendronate) and offers important safety information for
patient who may be switched from bisphosphonate to denosumab. The results demonstrated
further decreases in bone turnover with denosumab compared with continued alendronate.
Activation frequency, eroded surfaces and osteoid volume were further suppressed with initiation
of denosumab treatment, compared to continued alendronate therapy. Mineralization lag time
and osteoid thickness were not appreciably increased with denosumab therapy, as compared to
alendronate by month 12.

Correlation to clinical findings and reversibility: :
The relationship between percent change in BMD at month 36, incident fractures, and degree of
reduced remodeling, as reflected by label status, was explored in trial 20030216. Those subjects
with less prominent tetracycline labeling showed the greatest gains in BMD at the total hip and
lumbar spine at month 36. Among subjects with no label, 2 sustained fractures, 1 of which was a
patellar fracture that occurred less than 6 months after the first dose of denosumab (USUBJIDs
®® and ®®@), One subject with single label uptake sustained both a radial and ulnar
fracture 6.5 months after first dose of denosumab (USUBJID ®® "and 6 subjects with

double label uptake, all of whom received placebo, sustained fractures (USUBJIDs I
®©

The applicant argues that long-term reduction in bone remodeling, as reflected by the small
number of tetracycline labels in bone biopsy samples, did not translate into an increase in
fracture risk. However, decrease in bone remodeling is expected to increase BMD with relatively
short term use (up to 3 years). The risk of complications related to continuously suppressed bone
remodeling is expected to increase after long term use (7-10 years).

[n summary, bone histology evaluations did not identify any major concerns. However, bone
histomorphometry results raise significant concerns about the degree of bone remodeling
suppression. The denosumab treated groups had markedly suppressed bone remodeling
compared to placebo and alendronate. Absence of label suggests suppressed bone remodeling.
Dynamic bone formation parameters such as activation frequency, bone formation rate and
mineralizing surface were also markedly suppressed.
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7.5 Other Safety Explorations
7.5.1 Dose Dependency for Adverse Events

Dose ranging studies were undertaken during denosumab’s development. Trial 223 was a
randomized, double-blind, placebo-controlled, multidose trial evaluating nine dosing cohorts (6
mg, 14 mg, or 30 mg every 3 months; or 14 mg, 60 mg, 100 mg, or 210 mg every 6 months) with
the dose administered subcutaneously. Of the 293 patients enrolled, nearly all experienced AEs
(denosumab 93%, placebo 94%). SAEs were experienced by 18% of patients in the denosumab
group and 11% in the placebo group. There were 4 fatal AEs in this trial in patients in
denosumab treatment groups. The causes of death included gastric cancer, lung cancer, brain
neoplasm, and CVA. All three of the newly diagnosed cancers were observed in the denosumab
100 mg dose cohort. When the adverse event, laboratory parameters and physical findings were
analyzed based on cumulative yearly denosumab dose, there were no observed increases in
adverse events.

7.5.2 Time Dependency for Adverse Events

There were no differences in the incidence and severity of adverse events identified with
durations of treatment up to five years. However, a trend of progressive suppression of bone
remodeling was noted at 12, 24 and 36 months in the PMO trials.

7.5.3 Drug-Demographic Interactions

There were few discrepancies in the incidence or severity of toxicities noted with denosumab
among subgroups. Adequate safety and efficacy was reported in the key trials for patients <75
and > 75 years of age. The overall incidences of adverse events were also balanced across
geographic regions and between treatment groups within each regional subgroup.

7.5.4 Drug-Disease Interactions

As noted previously, patients with reduced renal function were studied in Trial 245. The results
of this study demonstrate that patients with severe renal disease (creatinine clearance <
30mL/min) and end stage renal disease are at increased risk for hypocalcemia during treatment
with denosumab. Although no dose reduction is recommended, it is the opinion of this reviewer
that special mention of these populations and risks be included in labeling.

7.5.5 Drug-Drug Interactions

There were no formal drug-drug interaction studies performed during the development of
denosumab. '

7.6 Additional Safety Evaluations
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7.6.1 Human Carcinogenicity

The potential for human carcinogenicity was not specifically evaluated in the denosumab
development program. However, the potential for tumor promotion of pre-existing cancers was a
primary focus of this review for the HA cancer trials. No safety signal suggestive of tumor
promotion was identified during this review, although the number of patients treated is small, the
duration of follow-up is short and the trials were not designed to evaluate cancer related
endpoints. As experience with this agent accumulates, analyses of ongoing and recently
completed trials conducted in patients with metastatic cancers that have skeletal related event
and time-to-event endpoints (PFS, OS) will be required to confirm the present finding.

7.6.2 Human Reproduction and Pregnancy Data

During the denosumab development program, there were no trials conducted that enrolled
pregnant or breastfeeding women. A total of four subjects became pregnant while on denosumab
trials. In study 20050227, a healthy volunteer who received a single dose of 60 mg became
pregnant within 3 months of receiving denosumab. She gave birth to an apparently healthy
infant. Of note is the fact that the father of the child was also enrolled in the same study; he
received a single 78 mg dose. In study 20060286, a healthy volunteer became pregnant within 2
months of receiving a single 60 mg dose of denosumab. The pregnancy was ongoing at the time
the data was reported. In study 20050146, two healthy volunteers became pregnant within 6
months of receiving a single 60 mg dose of denosumab. Both of these women were reported by
the applicant to be lost to follow-up; therefore no data exist with regard to the course and
outcome of either pregnancy.

7.6.3 Pediatrics and Assessment of Effects on Growth

There were no studies conducted with denosumab in pediatric patients; therefore, there is no data
to report on the use of the antibody in this population, or its effects on human growth. However,
based on the target of the antibody, and findings noted in nonclinical studies, there exists a
potential for the inhibition of bone growth and tooth eruption. Denosumab should not be
administered to children except in cases where it may be medically necessary, or until such time
as appropriate studies have been completed.

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

There were no overdoses reported for denosumab during the development program. There is no
data to suggest that treatment with denosumab leads to dependence; therefore, the potential for
abuse of this antibody is low and there are no known associated withdrawal effects.

The potential for rebound decrease in bone mineral density below baseline was evaluated. While
the effects of denosumab were reversible over a period of 12 months after ceasing treatment,
there were no data suggesting associated adverse effects.

7.7 Additional Submissions
A 120 day safety update was submitted by the applicant on April 14, 2009. This amendment

included materials and data as agreed upon between FDA and the applicant on October 21, 2008.
Pursuant to the agreements made, the data in this submission were not integrated into the data

99

Reference ID: 3168406



Clinical Review FINAL 10/07/2009
Suzanne Demko

BLAs 125332 & 125333
Prolia/Denosumab

submitted in the original BLA. For the HA indications, the submission included cleaned and
source verified safety data for Trials 135 and 138 up to the cut-off date of December 2, 2008.
This data pertained to the safety follow-up period for each of the studies and includes
information on patients who were no longer receiving denosumab. Pertaining to the PMO
indications, submitted were BMD and safety data from the off-treatment phase of Trial 132 up to
the final study visit (month 48) in January 2009, and interim analysis of Trial 289 (open-label
extension phase to study 216 up to the cut-off of December 2, 2008. In addition, new and
updated narratives and case report forms were submitted. Where necessary to further inform the
analyses of overall safety, the data submitted as part of this safety update were analyzed
separately and integrated into the findings of this review.

8 Postmarket Experience

To date, there has been no postmarket experience with denosumab; and no postmarket data from
either US or foreign safety assessments were submitted for review with this application.
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9 Appendices

9.1 Literature Review/References

The applicant submitted an extensive list of references as a part of this application. The
references were reviewed by FDA. In addition, selective searches of the medical literature
relevant to specific issues and topics of concern pertaining to this application were performed.
Relevant references are as follows:

Bruder JM, Ma JZ, Wing N, Basler J et al.. Effects of alendronate on bone
mineral density in men with prostate cancer treated with androgen deprivation therapy.
J Clin Densitom. 2006;9:431-437.

Brufsky A, Harker WG, Beck JT, et al. Zoledronic acid inhibits adjuvant letrozole-induced
bone loss in postmenopausal women with early breast cancer. J Clin Oncol.
2007;25:829-836.

Dunstan CR, Felsenberg D, Seibel MJ. Therapy insight: the risks and benefits of
bisphosphonates for the treatment of tumor-induced bone disease. Nat Clin Pract Oncol. 2007
Jan;4(1):42-55.

Eastell R, Adams JE, Coleman RE et al. Effect of anastrozole on bone mineral density: 5-year
results from the anastrozole, tamoxifen, alone or in combination trial 18233230. J Clin Oncol.
2008 Mar 1;26(7):1051-7.

Hasserius,R, Karlsson,MK, Jonsson,B, Redlund-Johnell,I, Johnell,O. Long-term morbidity and
mortality after a clinically diagnosed vertebral fracture in the elderly--a 12- and 22-year follow-

up of 257 patients. Calcif. Tissue Int 2005;76: 235-242.

Jemal A, Siegel R, Ward E; et al. Cancer statistics, 2008 Cancer J Clin. 2008 Mar- Apr 58(2):71-
96. Epub 2008 Feb 20

Johnell,O, Kanis,JA. An estimate of the worldwide prevalence, mortality and disability
associated with hip fracture. Osteoporos. Int 2004;15: 8§97-902.

Powles TJ, McCloskey E, Paterson AH, et al. Oral clodronate and reduction in loss of
bone mineral density in women with operable primary breast cancer. J Natl Cancer Inst.
1998;90:704-708.

Rabenda,V, Hiligsmann,M, Reginster,JY. Poor adherence to oral bisphosphonate treatment and
its consequences: a review of the evidence. Expert Opin. Pharmacother 2009.
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Rabenda,V, Vanoverloop,J, Fabri,V, Mertens,R, Sumkay,F, Vannecke,C, Deswaef A,
Verpooten,GA, Reginster,JY. Low incidence of anti-osteoporosis treatment after hip fracture. J
Bone Joint Surg. Am 2008;90: 2142-2148.

Smith MR, Eastham J, Gleason DM, et al. Randomized controlled trial of zoledronic acid
to prevent bone loss in men receiving androgen deprivation therapy for nonmetastatic
prostate cancer. J Urol. 2003;169:2008-2012.

Smith M, Morton RA, Wallace H, et al. A phase III randomized controlled trial of
toremifene to prevent fractures and other adverse events of androgen therapy in men
with prostate cancer [abstract]. In: Proceedings of the 99th Annual Meeting of the
American Association for Cancer Research; 2008 Apr 12-16; San Diego, CA.
Philadelphia (PA): AACR; 2008. Abstract LB-241.

Weycker,D, Macarios,D, Edelsberg,J, Oster,G. Compliance with drug therapy for
postmenopausal osteoporosis. Osteoporos. Int 2006;17: 1645-1652.

Winer EP, Hudis C, Burstein HJ et al. American society of clinical oncology technology
assessment on the use of aromatase inhibitors as adjuvant therapy for postmenopausal women
with hormone receptor-positive breast cancer: status report 2004. J Clin Oncol 2005 Jan
20;23(3):619-29. Epub 2004 Nov 15

9.2 Labeling Recommendations
There are no final labeling recommendations.

9.3 Advisory Committee Meeting

A meeting of the Advisory Committee for Reproductive Health Drugs was held on August 13,
2009. Representative on the committee were oncologists expert in the areas of breast and
prostate cancer, endocrinologists, infectious disease specialists, dermatologists, statisticians, a
consumer representative, patient representative, and an industry representative. The committee
heard presentations from the applicant, and FDA, as well as comments from the public. Prior to
voting on the questions presented, a discussion among the committee, FDA and the applicant
took place during which time questions from the committee with regard to the data presented
were answered. A summary of the recommendations made by the committee follows:

e Approve for treatment of post menopausal osteoporosis (PMO); but limit to high risk
patients

¢ Do not approve for prevention of PMO

e Do not approve for treatment or prevention of bone loss in patients with breast cancer
receiving aromatase inhibitor therapy

e Approve for treatment of bone loss in men with prostate cancer receiving androgen
deprivation therapy

e Do not approve for prevention of bone loss in men with prostate cancer receiving
androgen deprivation therapy

e Include a Risk Evaluation and Mitigation Strategy (REMS) as a condition of approval
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9.4 Tables Referenced in Text
Table 48 Trial 135: Sites and Enrollment

SITEID COUNTRY ([DENOSUMAB|PLACEBO TOTAL
101 USA 0 2 2
102 USA 3 4 7
103 USA 3 2 5
104 USA 0 2 2
106 USA 2 1 3
107 USA 4 2 6
108 USA 4 5 9
109 USA 0 1 1
111 USA 2 1 3
112 USA 0 1 1
115 USA 1 1 2
116 USA 4 3 7
120 USA 3 1 4
121 USA 5 5 10
125 USA 0 2 2
126 USA 2 1 3
127 USA 2 2 4
129 USA 6 4 10
133 USA 9 3 12
137 USA 1 1 2
138 USA 1 4 5
139 USA 0 4 4
141 uUsA 0 2 2
152 USA 2 3 5
153 USA 4 2 6
154 USA 4 5 9
155 USA 1 1 2
156 USA 4 6 10
157 USA 2 2 4
159 USA 10 9 19
162 USA 2 4 6
163 USA 1 0 1
164 USA 1 4 5
167 USA 1 1 2
168 USA 2 0 2
170 USA 3 0 3
173 USA 1 2 3
177 USA 9 7 16
183 USA 6 8 14
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SITEID COUNTRY|{DENOSUMAB|PLACEBO TOTAL
185 USA 3 2 5
187 USA 0 1 1
200 CAN 4 3 7
202 CAN 0 1 1
203 CAN 1 0 1
233 USA 0 1 1
234 USA 3 2 5
238 USA 1 2 3
239 USA 0 1 1
333 USA 8 2 10
334 USA 0 1 1
434 USA 1 0 1
437 USA 0 1 1
533 : USA 1 0 1

Table 49 Trial 135 AE Incidence by MedDRA PT (> 5% or > 5 fold difference between

groups)
Denosumab Placebo Denosumab Placebo

MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4

n % n % n % n %
Arthralgia 31 24.0 30 |25.0 1 0.8 2 1.7
Pain in extremity 19 14.7 14 11.7 1 0.8 0 0.0
Back pain 18 14.0 15 12.5 0 0.0 1 0.8
Fatigue 17 13.2 17 14.2 1 0.8 2 1.7
Constipation 15 11.6 11 9.2 0 0.0 0 0.0
Cough 13 10.1 5 42 1 0.8 0 0.0
Insomnia 12 9.3 14 11.7 0 0.0 1 0.8
Headache 11 8.5 9 7.5 0 0.0 0 0.0
Myalgia 11 8.5 5 42 0 0.0 0 0.0
Shoulder pain 11 8.5 4 33 0 0.0 0 0.0
Nausea 10 7.8 11 9.2 0 0.0 1 0.8
Rash 10 7.8 6 5.0 0 0.0 0 ;[ 0.0
Upper respiratory tract
o P aory 10 7.8 6 |50 0 0.0 0 0.0
Sinusitis 9 7.0 4 33 1 0.8 1 0.8
Vulvovaginal dryness 9 7.0 3 2.5 0 0.0 0 0.0
Anxiety 8 6.2 6 5.0 2 1.6 0 0.0
Oedema peripheral 8 6.2 5 4.2 0 0.0 0 0.0
Vomiting 8 6.2 6 5.0 0 0.0 0 0.0
Depression 7 5.4 11 9.2 0 0.0 1 0.8
Dyspnoea 7 5.4 5 4.2 0 0.0 0 0.0
Hot flush 7 5.4 8 6.7 0 0.0 0 0.0
Hypoaesthesia 7 54 4 33 0 0.0 0 0.0
Muscle spasms 7 54 6 5.0 0 0.0 0 0.0
I1\)/2£‘1i1§culoskeletal chest 7 54 6 50 0 0.0 1 0.8
Urinary tract infection 7 5.4 5 42 0 0.0 0 0.0
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Table 50 Trial 135 AE Incidence by MedDRA HLT (> 5% or > 3% difference between

groups)
' Denosumab Placebo Denesumab Placebo
MedDRA HLT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %

Musculoskeletal and connective

tissue signs and symptoms NEC 49 38.0 41 34.2 2 L6 3 25

Upper respiratory tract infections 21 16.3 14 11.7 1 0.8 1 0.8

Pain and discomfort NEC 14 10.9 7 5.8 1 0.8 1 0.8

Coughing and associated

symptoms 13 10.1 5 42 1 0.8 0 0

Muscle pains 12 9.3 5 4.2 0 0 0 0

Bladder and urethral symptoms 11 8.5 3 2.5 0 0 0 0

Oedema NEC 11 8.5 5 4.2 0 0 0 0

Paraesthesias and dysaesthesias ¢ 10 7.8 4 33 0 0 0 0

Upper respiratory tract signs and

symptoms 9 7.0 2 1.7 0 0 0 0

Vulvovaginal signs and symptoms 9 7.0 3 2.5 0 0 0 0

Depressive disorders 7 5.4 11 9.2 0 0 1 0.8

Herpes viral infections 7 5.4 2 1.7 0 0 0 0

Diarrhoea (excl infective) 5 3.9 9 7.5 0 0 0 0

Vascular hypertensive disorders

NEC 2 1.6 7 5.8 1 0.8 0 0

Table 51 Trial 135 AE Incidence by MedDRA HLGT (> 5% or > 3% difference between

groups)
Denosumab Placebo Denosumab Placebo
MedDRA HLGT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
Musculoskeletal and connective
tissue disorders NEC 50 38.8 | 41 342 2 1.6 3 2.5
Joint disorders 41 31.8 | 42 35.0 3 2.3 3 2.5
Infections - pathogen class ,
unspecified 40 31.0 | 29 24.2 3 2.3 ‘ 2 1.7
General system disorders NEC 39 302 | 29 24.2 2 1.6 3 2.5
Respiratory disorders NEC 24 18.6 10 8.3 1 0.8 0 0
Epidermal and dermal conditions 22 17.1 15 12.5 0 0 0 0
Gastrointestinal motility and
defaecation conditions 21 163 | 26 21.7 0 0 0 0
Muscle disorders 21 16.3 12 10 0 0 0 0
Urinary tract signs and symptoms 14 10.9 4 33 0 0 0 0
Viral infectious disorders 13 10.1 8 6.7 0 0 0 0
Skin appendage conditions 12 9.3 6 5.0 0 0 0 0
Vulvovaginal disorders (excl
infections and inflammations) 12 93 4 33 0 0 0 0
Depressed mood disorders and
disturbances 7 5.4 11 92 0 0 1 0.8
Vascular hypertensive disorders 2 1.6 |. 7 5.8 1 0.8 0 0
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Table 52 Trial 135 AE Incidence by MedDRA SOC (>5% or >3% difference between

groups)
Denosumab Placebo Denosumab Placebo
MedDRA SOC AllGrades | AllGrades | Grades3-4 | Grades3-4
n % n % n % n % -
Infections and infestations 47 36.4 38 31.7 3 2.3 3 2.5
General disorders and
administration site conditions 44 34.1 32 26.7 2 1.6 3 25
Nervous system disorders 35 27.1 25 20.8 3 2.3 1 0.8
Skin and subcutaneous tissue
disorders 32 24.8 21 17.5 1 0.8 0 0
Reproductive system and breast
disorders 27 20.9 14 11.7 0 0 0 0
Neoplasms benign, malignant and
unspecified (incl cysts and 19 14.7 10 83 4 3.1 5 4.2
polyps) :
Investigations 18 14.0 12 10 0 0 1 0.8
Metabolism and nutrition
disorders 15 11.6 9 7.5 1 0.8 2 1.7
Renal and urinary disorders 15 11.6 6 5.0 0 0 0 0
Table 53 Trial 135 Standardized MedDRA Queries (Broad Scope)

v al;l o SMQ Denosumab Placebo
0.0334 | Noninfectious encephalopathy/delirium (SMQ) 9 (7.1%) 2 (1.6%)
0.0356 | Guillain-Barre syndrome (SMQ) 17 (13.4%) 7 (5.6%)
0.0459 | Optic nerve disorders (SMQ) 4 (3.1%) 0 (0.0%)
0.0542 | Peripheral neuropathy (SMQ) 16 (12.6%) 7 (5.6%)
0.0585 | Dementia (SMQ) 6 (4.7%) 1(0.8%)
0.0631 | Rhabdomyolysis/myopathy (SMQ) 25 (19.7%) 14 (11.2%)
0.0741 | Angioedema (SMQ) 18 (14.2%) 9 (7.2%)
* p-Values are derived from a Mantel-Haenszel test and are used for ranking purposes only. Not to
be used for determining statistical significance.

Table 54 Trial 135 Standardized MedDRA Queries (Narrow Scope)

p-Value* SMQ Denosumab Placebo
0.0845 Hyperglycaemia/new onset diabetes mellitus (SMQ) 3(2.4%) 0 (0.0%)
0.1306 Dyslipidaemia (SMQ) 8 (6.3%) 3 (2.4%)
0.1598 Myocardial infarction (SMQ) 2 (1.6%) 0 (0.0%)
* p-Values are derived from a Mantel-Haenszel test and are used for ranking purposes only. Not to
be used for determining statistical significance.

Table S5 Trial 138 AE Incidence by MedDRA PT (> 5% or > 5 fold between groups)

Reference ID: 3168406

Denosumab Placebo Denosumab Placebo

MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4

: n | % n | % n | % n | %
106




Clinical Review FINAL 10/07/2009
Suzanne Demko

BLAs 125332 & 125333
Prolia/Denosumab

Denosumab Placebo Denosumab Placebo

MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4

n % n % n % n %
Arthralgia 92 12.5 80 10.9 4 0.5 5 0.7
Back pain 81 11.0 74 10.1 10 1.4 8 1.1
Constipation 73 9.9 75 10.2 1 0.1 9 1.2
Pain in extremity 66 9.0 51 6.9 0 0.0 3 0.4
Hypertension 57 7.8 51 6.9 7 1.0 5 0.7
Oedema peripheral 53 7.2 48 6.5 3 0.4 3 0.4
Nasopharyngitis 47 6.4 45 6.1 0 0.0 0 0.0
Fatigue 44 6.0 45 6.1 2 0.3 1 0.1
Musculoskeletal pain 41 5.6 26 3.5 5 0.7 3 0.4
Dizziness 41 5.6 31 4.2 0 0.0 2 0.3
Diarrhoea 40 54 39 53 3 0.4 1 0.1
Hot flush 38 5.2 32 4.4 3 0.4 0 0.0

Urinary tract infection 37 5.0 32 4.4 0 0.0 2 0.3

Table 56 Trial 138 AE Incidence by MedDRA HLT (>5% or >3% between groups)

Denosumab Placebo Denosumab Placebo
MedDRA HLT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n | % n %
Musculoskeletal and connective
tissue signs and symptoms NEC 175 23.9 150 20.7 20 2.7 13 1.8

Table 57 Trial 138 AE Incidence by MedDRA HLGT (>5% or >3% difference between

groups)
Denosumab Placebo Denosumab Placebo
MedDRA HLGT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
Anterior eye structural change,
deposit and degeneration 35 4.8 ? 12 7 1.0 2 0.3

Table 58 Trial 138 AE Incidence by MedDRA SOC (>5% or >3% difference between

groups)

Denosumab Placebo Denosumab Placebo

MedDRA SOC All Grades All Grades Grades 3-4 Grades 3-4

n % n % n % n %
Infections and infestations 257 352 226 31.2 43 5.9 30 4.1

Neoplasms benign, malignant and
unspecified (incloysts and polyps) | 117 | 160 | 86 119 |49 6.7 42 5.8
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Table 59 Trial 138: Standardized MedDRA Queries (Broad Scope)

- SMQ Denosumab
Value*
0.0046  Lens disorders (SMQ) 39 (5.3%)
Liver related investigations, signs and symptoms (SMQ) 6 (0.8%)
0.0251 Infectious biliary disorders (SMQ) 5(0.7%)
0.0282  Hepatic disorders (SMQ) 13 ( 1.8%)
Possible drug related hepatic disorders - comprehensive search 13 ( 1.8%)
(SMQ) o
0.0374  Gastrointestinal nonspecific inflammation (SMQ) 23(3.1%)
0.0479  Hostility/aggression (SMQ) 18 (2.5%)
0.0512  Reproductive toxicity (SMQ) 10 ( 1.4%)
0.0574  Malignant or unspecified tumours (SMQ) 103 ( 14.0%)

Placebo

18 (2.5%)
0 (0.0%)
0( 0.0%)
4(0.5%)
4(0.5%)
11( 1.5%)
8(1.1%)

3 (0.4%)

79 ( 10.8%)

* p-Values are derived from a Mantel-Haenszel test and are used for ranking purposes only. Not to be used
for determining statistical significance.

Table 60 Trial 138: Standardized MedDRA Queries (Narrow Scope)

- SMQ Denosumab Placebo
Value* :
0.0002  Lens disorders (SMQ) 36 ( 4.9%) 11 ( 1.5%)
0.0251 Infectious biliary disorders (SMQ) 5(0.7%) 0(0.0%)
0.0453  Toxic-septic shock conditions (SMQ) 0 (0.0%) 4(0.5%)
0.0570  Noninfectious encephalopathy/delirium (SMQ) 8 (1.1%) 2(0.3%)
0.0574  Malignant or unspecified tumours (SMQ) 103 ( 14.0%) 79 ( 10.8%)
0.0583  Convulsions (SMQ) 1(0.1%) 6 ( 0.8%)

* p-Values are derived from a Mantel-Haenszel test and are used for ranking purposes‘ only. Not to be used
for determining statistical significance.

Table 61 ISS AEs by MedDRA PT > 5% or Denosumab > 5 Fold

Denosumab AH Placebo All Denosumab Placebo

MedDRA PT Grades Grades Grades 3-4 Grades 3-4

n % n % n % n %

Back pain 1484 30.0 1471 29.9 265 5.4 265 5.4
Arthralgia 959 19.4 944 19.2 62 1.3 66 1.3
Hypertension 694 14.0 714 14.5 37 0.7 38 0.8
Pain in extremity 569 11.5 519 10.6 27 0.5 36 0.7
Osteoarthritis 488 9.9 482 9.8 63 1.3 61 1.2
Constipation 464 9.4 456 9.3 16 0.3 23 0.5
Musculoskeletal pain 369 7.5 337 6.9 19 0.4 27 0.5
Hypercholesterolaemia 301 6.1 251 5.1 2 0.0 3 0.1
Dizziness 273 5.5 264 5.4 5 0.1 9 0.2
Cataract 269 5.4 266 5.4 21 0.4 19 0.4
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Upper respiratory tract 254 | 51 | 221 | 45 7 0.1 4 0.1
infection
Erectile dysfunction 8 0.2 1 0.0 2 0.0 0 0.0
Irritability 7 0.1 1 0.0 1 0.0 0 0.0
Libido decreased 7 0.1 1 0.0 0 0.0 0 0.0
Thrombocythaemia 6 0.1 1 0.0 0 0.0 0 0.0
Hepatomegaly 6 0.1 1 0.0 0 0.0 0 0.0
Tinea infection 6 0.1 1 0.0 0 0.0 0 0.0
Coronary artery stenosis 5 0.1 1 0.0 4 0.1 1 0.0
Gingival pain 5 0.1 1 0.0 0 0.0 0 0.0
Glossodynia 5 0.1 1 0.0 0 0.0 0 0.0
Haematemesis 5 0.1 1 0.0 0 0.0 1 0.0
Pancreatitis acute 5 0.1 1 0.0 2 0.0 0 0.0
Periodontal disease 5 0.1 1 0.0 0 0.0 0 0.0
Infected skin ulcer 5 0.1 1 0.0 2 0.0 0 0.0
Tooth injury 5 0.1 1 0.0 0 0.0 0 0.0
Metastases to spine .5 0.1 1 0.0 5 0.1 0 0.0
Peroneal nerve palsy 5 0.1 1 0.0 0 0.0 0 0.0
Arterial occlusive disease 5 0.1 1 0.0 1 0.0 0 0.0
Table 62 ISS AEs by MedDRA HLT > 5% or Denosumab > 5 fold
Denosumab All Placebo All Denosumab Placebo
MedDRA HLT Grades - Grades Grades 3-4 Grades 3-4
n % n % n % n %
Musculoskeletal and
connective tissue signs and 2108 42.7 | 2063 42.0 314 6.4 328 6.7
symptoms NEC
Osteoarthropathies 563 11.4 534 10.9 66 1.3 66 1.3
Gastrointestinal atonic and
hypomotility disorders 557 11.3 541 11.0 21 0.4 24 0.5
NEC
Asthenic conditions 339 6.9 322 6.6 14 0.3 20 . 0.4
Elevated cholesterol 301 6.1 | 251 5.1 2 0.0 3 0.1
Neurological signs and 280 57 | 266 5.4 8 0.2 9 02
symptoms NEC
Depressive disorders 277 5.6 269 5.5 5 0.1 12 0.2
Cataract conditions 269 5.4 266 54 21 0.4 19 0.4
Oedema NEC 268 5.4 232 4.7 8 0.2 8 0.2
Erection and cjaculation 8 02 | 1 0.0 2 00 | 0 0.0
conditions and disorders
Hepatobiliary signs and 7 0.1 | 0.0 0 0.0 0 0.0
symptoms
Sexual desire disorders 7 0.1 1 0.0 0 0.0 0 0.0
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Dern'qatltls ascribed to 6 0.1 1 0.0 0.0 0 0.0
specific agent
Photosensitivity conditions 6 0.1 1 0.0 0 0.0 0 0.0
Secondary
thrombocythaemias 6 0.1 1 0.0 0 0.0 0 0.0
Gingival pains 5 0.1 1 0.0 0 0.0 0 0.0
Male 'reproductlve tract 5 o1 1 0.0 0.0 0 0.0
infections
Table 63 ISS AEs by MedDRA HLGT > 5% or Denosumab > § fold
Denosumab All Placebo Denosumab Placebo
MedDRA HLGT iGrades Al Grades Grades 3-4 Grades 3-4
n % n % n % n %
Musculoskeletal and
connective tissue disorders 2129 43.1 2085 | 424 314 6.4 331 6.7
NEC
General system disorders | g4 163 | 768 | 156 s4 |11 52 |11
NEC
Epidermal and dermal 520 105 | 413 |84 13 |03 8 0.2
conditions
Muscle disorders 433 8.8 400 8.1 22 0.4 19 04
Lipid metabolism disorders | 401 8.1 343 7.0 3 0.1 3 0.1
Cardiac arrhythmias 321 6.5 289 59 58 1.2 56 1.1
Depressed mood disorders | 307 | 65 | 280 |59 7 0.1 12 |o2
and disturbances
Urinary tract signs and 283 57 |257 |s2 19 |04 12 |02
symptoms o
Anterior eye structural
change, deposit and 282 5.7 275 5.6 21 04 19 04
degeneration
Coronary artery disorders 265 5.4 241 4.9 105 2.1 75 1.5
Bone disorders (excl 251 51 |248 |50 30 |06 28 |06
congenital and fractures)
Sexual dysfunctions,
disturbances and gender 7 0.1 1 0.0 0 0.0 0 0.0
identity disorders
Renal and urinary tract 5 01 |1 0.0 0 0.0 1 0.0
neoplasms benign
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Table 64 ISS AEs by MedDRA SOC > 5%

Denosumab Placebo Denosumab Placebo
MedDRA SOC All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
Nervous system disorders 1356 274 1291 26.3 187 3.8 145 29
Skin and subcutaneous tissue 726 | 147 | 601 | 122 | 24 | 05 | 17 | 03
disorders
Metabolism and nutrition 704 | 142 | 620 | 126 | 38 | 08 | 24 | 05
disorders
Cardiac disorders 660 13.4 636 12.9 174 3.5 153 3.1
Psychiatric disorders 653 13.2 614 12.5 21 04 19 0.4
Neoplasms benign, malignant and
unspecified (incl cysts and ) 455 9.2 384 7.8 156 32 125 2.5
polyps)
Investigations 258 52 307 6.2 10 0.2 14 0.3
Table 65 ISS SMQ Broad Scope
SMQ Broad Scope
p-Value MedDRA version 11.1 Denosumab Placebo
0.0279 | Malignant or unspecified tumours (SMQ) 306 (6.2%) 254 (5.2%)
0.0313 | Rhabdomyolysis/myopathy (SMQ) 617 (12.5%) 545 (11.1%)
0.0323 | Dyslipidaemia (SMQ) 428 (8.7%) 368 (7.5%)
0.0433 | Biliary disorders (SMQ) 95 (1.9%) 124 (2.5%)
Extravasation events (injections, infusions and o o
0.0547 implants) (SMQ) 47 (1.0%) 30 (0.6%)
0.0570 | Malignancies (SMQ) 313 (6.3%) 267 (5.4%)
0.0576 | Haemorrhage laboratory terms (SMQ) 5(0.1%) 13 (0.3%)
Table 66 ISS SMQ Narrow Scope
Value SMQ Narrow Scope Denosumab Placebo
P MedDRA version 11.1 N=4942 N=4916
0.0209 Extrapyramidal syndrome (SMQ) 39 (0.8%) 21 (0.4%)
0.0279 Malignant or unspecified tumours (SMQ) 306 (6.2%) 254 (5.2%)
0.0323 Dyslipidaemia (SMQ) 428 (8.7%) 368 (7.5%)
0.0407 Parkinson-like events (SMQ) 34 (0.7%) 19 (0.4%)
0.0570 Malignancies (SMQ) 313 (6.3%) 267 (5.4%)

Reference ID: 3168406
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The Quality Team Leader’s Executive Summary

d
‘f/ﬂ’ 67
From: Chana Fuchs, Ph.D., Team Leade ,
Division of Monoclonal Antibodies (DMA) ) )77
q
Through: Patrick Swann, Ph.D. Deputy Director, DMA ‘f&"” /z
. (e
Through: Kathleen A. Clouse, Ph.D., Director, DMA%,& 09

To: Theresa Kehoe, M.D. CDTL, DRUP, ODEIII
Jeff Summers, M.D. CDTL, DBOP, OODP

BLA Number: 125320, 125331, 125332, 125333
Product: Prolia™ (denosumab)

Sponsor : Amgen

Date of Review: September 15, 2009

Executive Summary

I. Recommendations
A. Recommendation and Conclusion on Approvability

The data submitted in this Biologics License Application support the conclusion that the
manufacture of Prolia™ (denosumab) is well controlled, and leads to a product that is
pure and potent. The product is free from endogenous and adventitious infectious agents
sufficient to meet the parameters recommended by FDA. The conditions used in
manufacturing have been sufficiently validated, and a consistent product has been
manufactured from the multiple production runs presented. The Division of Monoclonal
Antibodies recommends that Prolia™ (denosumab) be approved for human use (under
conditions specified in the package insert).

B. Recommendation on Phase 4 (Post-Marketing) Commitments (PMC), Agreements
(PMA), Requirements (PMR) and/or Risk Management Steps, if Approvable.
PMRs: none

6 Page(s) have been Withheld in Full as b4 (CCI/TS) immediately following this page
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Prolia/Denosumab BLA STN 125320 CMC Team Leader’s Executive Summary

C. Description of How the Drug Product is Intended to be Used

e Prolia™ (denosumab) is indicated for the treatment and prevention of osteoporosis in
postmenopausal women and for the treatment and prevention of bone loss in patients
undergoing hormone ablation for prostate or breast cancer

Reference ID: 3168406



Prolia/Denosumab BLA STN 125320 CMC Team Leader’s Executive Summary

Prolia™ DP is currently provided as either single use vials or pre-filled syringes. Both
vials and PFS contain 60 mg/ml denosumab.

The recommended dose of Prolia™ is 60 mg every 6 months as a subcutaneous
injection. Prolia is to be administered by a health care provider.

Prolia™ formulation does not include preservatives, so any unused portion remaining in
the vial must be discarded.

Prolia™ (denosumab) DP is to be stored refrigerated (2°-8° C) inside the original
carton to protect it from light.

D. Basis for Approvability or Not-Approval Recommendation

Reference ID: 3168406

Prolia (denosumab) is manufactured by a robust process with precautions for
contamination by cell substrate or adventitious agents. Denosumab is manufactured
consistently leading to a safe and effective product for the indications to be approved.
Approval is recommended.

Post marketing commitments described in the recommendations section above will
provide additional information to assure the continued safety of the product.
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eay iz DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Food and Drug Administration

Center for Drug Evaluation and Research
WO Bldg 51

10903 New Hampshire Ave.

Silver Spring, MD 20993

Date: August 21, 2009
To: Administrative File, STN 125320, 125331, 125332, 125333 )
From: Donald C. Obenhuber, Ph.D., CDER/OC/DMPQ/MAPCB/BMT [>¢D ?{L"fﬁ

Endorsement: Patricia Hughes, Ph.D., Team Leader, CDER/OC/DMPQ/MAPCB/BMT p ﬁ 97/%’ /] 7
Subject: New Biologic License Application (BLA) _g/lf\—
Applicant:  Amgen, Inc.
US License: 1080
Facility: Amgen Manufacturing, Limited (AML)
State Road 31, Kilometer 24.6 Juncos
Puerto Rico 00777 USA
FEI No. 1000110364
Product: Prolia (Denosumab)
Dosage: 60 mg (60 mg/mL), intervenus injection, vials and PFS
Indication: Treatment and prevention of osteoporosis in postmenopausal women and treatment and
prevention of bone loss associated with HALT in patients with breast or prostate cancer

PDUFA date: 19 October 2009

Recbmmendation: The drug product part of this application, as amended, is recommended for approval from
sterility assurance and product quality microbiology perspective. A separate evaluation of the drug product
manufacture site at Amgen at Puerto Rico, will be conducted by the compliance officer at San Juan District

Office.

Review Summary

Denosumab, a fully human IgG2 monoclonal antibody that inhibits receptor activator of nuclear factor kappa B
ligand, for the treatment and prevention of osteoporosis in postmenopausal women and for the treatment and
prevention of bone loss in patients undergoing hormone ablation for prostate or breast cancer. Denosumab drug
product is supplied as a single-use, sterile, preservative-free solution intended for delivery by subcutancous
injection, supplied in either a 60 mg/mL prefilled syringe (PFS) or 60 mg/mL vial presentation witha 1.0 mL
deliverable volume to support dosing of 60 mg every 6 months (Q6M). Each prefilled syringe contains: 60 mg
denosumab, 4.7% sorbitol, 17 mM acetate, 0.01 °lo polysorbate 20, sodium hydroxide for pH adjustment in
Water for Injection, USP (pH of 5.2). Each vial contains: 60 mg denosumab, 4.7% sorbitol, 17 mM acetate,
sodium hydroxide for pH adjustment in Water for Injection, USP (pH of 5.2).

Assessment
Drug Product

TVescription of the Composition of the Drug Product (3.2.P.1):

Batch Formula
88 Page(s) have been Withheld in Full as b4 (CCI/TS) immediately following this page
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Product Quality Review Data Sheet

1. BLA# STN 125320/0

2. REVIEW #: 1

3. REVIEW DATE: 15-SEPT-2009

4. REVIEWERC(s): Sarah Kennett, Ph.D.
Michele Dougherty, Ph.D.

Chana Fuchs, Ph.D., Team Leader

5. COMMUNICATIONS WITH SPONSOR AND SUPPORTING DOCUMENTS TO

DATE:

Communication/Documents: Date
Pre-BLA meeting 05-FEB-2008
Pre-BLA meeting 08-JULY-2008
Pre-BLA meeting 29-JULY-2008
Pre-BLA meeting 21-OCT-2008
Filing Review (45 days) 28-JAN-2009
Boehringer Ingelheim 483 (BIP inspection) 20-MAY-2009
Information Request (74 day letter) 03-MAR-2009
Information Request 07-APR-2009
Information Request 20-APR-2009
Information Request 11-MAY-2009
Information Request 20-AUG-2009
Information Request 27-AUG-2009

6. SUBMISSION(S) REVIEWED TO DATE:

Submission(s) Reviewed ' Document Date

STN 125320/0.1 (original submission) 19-DEC-2008

STN 125320/0.4 23-JAN-2009

STN 125320/0.6 13-FEB-2009

STN 125320/0.12 13-MAR-2009

STN 125320/0.13 16-MAR-2009

STN 125320/0.16 15-ARP-2009

STN 125320/0.18 23-APR-2009

STN 125320/0.21 01-MAY-2009

STN 125320/0.22 (labeling) 04-MAY-2009

STN 125320/0.24 19-MAY-2009

STN 125320/0.25 (labeling) 28-MAY-2009

STN 125320/0.29 25-JUNE-2009

STN 125320/0.32 21-JULY-2009

STN 125320/0.35 (labeling) 26-AUG-2009

STN 125320/0.36 26-AUG-2009
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STN 125320/0.38 03-SEPT-2009

STN 125320/0.39 11-SEPT-2009
STN 125320/0.40 (labeling) 11-SEPT-2009
Response to 483 16-JUNE-2009

7. NAME & ADDRESS OF APPLICANT:
Name: Amgen, Inc.
Address: One Amgen Center Drive, Thousand Oaks, CA 91320-1799
Representative: Julie Lepin, Director, Regulatory Affairs
Telephone: (805) 447-3040
Fax: (805) 480-1330

8. DRUG PRODUCT NAME/CODE/TYPE:

Proprietary Name: Prolia™

Non-proprietary/USAN: ,  Denosumab

Code name: AMG 162

Common name: anti-human RANK ligand

Drug Review Status:  Standard

Chemical Type: Recombinant human monoclonal antibody

9. PHARMACOLOGIC CATEGORY: Therapeutic recombinant human monoclonal
antibody to RANK ligand

10. DOSAGE FORM: Injection, Solution (prefilled syringe)
Injection, Solution (vial)

11. STRENGTH/POTENCY:
a) The concentration of Prolia (denosumab) Drug Product is 60 mg/ml.
b) Potency is defined as percent inhibition of ligand binding relative to reference
standard using a proprietary homogenous time resolved fluorescence assay.
c) Potency specificationis| " ®@ of reference standard. _
d) Dating period for vialed drug product is 30 months when stored at 2°C -8°C.
e) 60 mg of Denosumab is filled into either 3 ml glass vials or 1 ml glass syringes.

12. ROUTE OF ADMINISTRATION: Subcutaneous injection

13. ACID (Animal Component Information Database)
Section 3.2.A.2 lists starting materials of biological origin. No materials of direct animal origin
are used in the current manufacturing process.

Reference ID: 3168406



IV. ADMINISTRATIVE

A.

Reviewers’ Signatures ~ S o
Product Qality Reviewer: Sarah Kennett, Ph.D. /%2#4%' ot Y ﬁé/

Product Qality Reviewer: Michele Dougherty, Ph.D. | A e & L A‘, ,L,n 3/
S ' 4/ /‘(/ cq

Endorsement Block

Product Division Team Leader: Chana Fuchs, Ph.D. q /15709

Product Division Deputy Director: Patrick Swann, Ph.D(

Product Division Director: Kathleen A. Clouse, Ph.D.

cc Block

OBP Office Director: Steven Kozlowski, M.D.

Clinical Division Director (DRUP): Scott Monroe, M.D.
Clinical Division Director (DBOP): Patricia Keegan, M.D.
Division of Monoclonal Antibodies File: BLLA STN 125320

Product Quality Assessment [Denosumab (Prolia), Amgen]

Reviewed by Sarah Kennett, Ph.D., Biologist (sk) Division of Monoclonal Antibodies,
OBP/OPS/CDER/FDA
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Regulatory Filing Review Memo for BLAs and Supplements

The filing review should seek to identify all omissions of clearly necessary information such as information required
under the statute or regulations or omissions or inadequacies so severe that a meaningful review cannot be
accomplished. CDER may refuse to file (RTF) an application or supplement as provided by 21 CFR 601.2, and 21
CFR 314.101, including those reasons consistent with the published RTF policy
(http://www.fda.gov/cber/regsopp/8404.htm). An RTF decision may also be appropriate if the agency cannot
complete review of the application without significant delay while major repair or augmentation of data is being
done. To be a basis for RTF, the omissions or inadequacies should be obvious, at least once identified, and not a
matter of interpretation or judgement about the meaning of data submitted. Decisions based on judgments of the
scientific or medical merits of the application would not generally serve as bases for RTF unless the underlying
deficiencies were identified and clearly communicated to the applicant prior to submitting a license application, e.g.,
during the review of the IND or during pre-BLA communications. The attached worksheets, which are intended to
facilitate the filing review, are largely based upon the published RTF policy and guidance documents on the ICH

Common Technical Document (CTD) (see http://www.fda.gov/cber/ich/ichguid.htm). N
\

Where an application contains more than one indication for use, it may be complete and potentially approvable for
one indication, but inadequate for one or more additional indications. The agency may accept for filing those parts
of the application that are complete for a particular indication, but refuse to file those parts of the application that are
obviously incomplete for other indications. You cannot have multiple indications under supplement submissions. If
the sponsor submits multiple indications under a supplement, you must unbundle the submission.

CDER management may, for particularly critical biological products, elect not to use the RTF procedure, even

where it can be invoked, if it believes that initiating the full review at the earliest possible time will better advance
the public health.

STN:125320/0: 125331/0; 125332/0; 125333/0 Product: Denosumab Applicant: Amgen. Inc.

Final Review Designation (circle one): Standard  Priority

Submission Format (circle all that apply):  Paper Combination

: :\
Submission organization (circle one): Traditional ¢ CTD

Filing Meeting: Date Committee Recommendation (circle one): File RTF

RPM:
(signature/date)

Attachments:
a Discipline worksheets (identify the number of lists attached for each part and fill-in the name

of the reviewer responsible for each attached.list):

Part A - RPM
X Part B — Product/CMC. acnllty Rev1ewer(s) Maan Abduldayem, Donald Obenhuber, Kalavati
Suvarna, Bo Chi

Part C — Non-Clinical Pharmacology/Toxicology Reviewer(s):
Part D — Clinical (including Pharmacology, Efficacy, Safety, and Statistical)
Reviewers

a Memo of Filing Meeting
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Part B — Product/CMC/Facnllty Revnewer(s) .
: BN s esen Tf not; justification;, actlo" ‘& status

Overall CTD Table of Contents [2 I]
Introduction to the summary
documents (1 page) [2.2]
Quality overall summary [2.3]
o Drug Substance

Drug Product

Facilities and Equipment
Adventitious Agents Safety
Evaluation

Novel Excipients

Executed Batch Records
Method Validation Package
Comparability Protocols

0D0Do

No novel excipients

KRR Z R ’<’-<1“

000D

.Mo ulehTable of Contents [31] I

Drug Substance [3.2.5]
a general info Y OBP Lead

o nomenclature
o structure (e.g. sequence,
glycosylation sites)
o properties
0 manufacturers (names, locations, Y
and responsibilities of all sites
involved)
a description of manufacturing Y
process
o batch numbering and pooling
scheme
o cell culture and harvest
o purification
o filling, storage and shipping
Q control of materials Y OBP Lead
o raw materials and reagents
o biological source and starting
materials
o cell substrate: source, history,
and generation
o cell banking system,
characterization, and testing

a control of critical steps and Y Bioburden and endotoxin controls present.
intermediates Phone call received from company to say
o justification of specifications that bioburden information was incorrectly
o analytical method validation filed and will be amended.
o reference standards
o stability .

a process validation (prospective Y OBP Lead

plan, results, analysis, and
.conclusions).
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[ Present?

manufacturing process
development (describe changes
during non-clinical and clinical
development; justification for
changes)
characterization of drug substance
control of drug substance
o specification
o justification of specs.
analytical procedures
analytical method validation
batch analyses
o consistency (3
consecutive lots)
o justification of specs.
reference standards
container closure system
stability
Q summary
a post-approval protocol and
commitment
pre-approval
o protocol
o results
o method validation

O
o
o]

0

a

Y

<

<G

OBP Lead

OBP Lead

OBP Lead; Bioburden and endotoxin
specification, analytical procedures and
validation included.

OBP Lead

OBP Lead

Drug Product [3.2.P]
a description and composition
a pharmaceutical development
a manufacturers (names, locations,
and responsibilities of all sites
involved)
batch formula
description of manufacturing
process for production through
finishing, including formulation,
filling, labeling and packaging
(including all steps performed at
outside [e.g., contract] facilities)
controls of critical steps and
intermediates
process validation including
processing & sterility assurance:

o 3 consecutive lots

o other needed validation

data

control of excipients (justification
of specifications; analytical method
validation; excipients of
human/animal origin)

®) @

<

<<

control of drug product
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_.° CTD Module 3Contents | Present? | Ifnot, justification, action & status
(justification of specifications;
analytical method validation)

Q container closure system [3.2.P.7] |Y

o specifications (vial, elastomer,
drawings)

o availability of DMF

o closure integrity

o administration device(s)

a stability Y
O summary
Q post-approval protocol and

commitment
Q  pre-approval
o protocol
o results
o method validation

Diluent (vials or filled syringes) [3.2P'] Not applicable

a description and composition of Y N
diluent

Q pharmaceutical development

Q manufacturers (names, locations,
and responsibilities of all sites
involved)

a batch formula

a description of manufacturing
process for production through
finishing, including formulation,
filling, labeling and packaging |
(including all steps performed at
outside fe.g., contract] facilities)

a controls of critical steps and Y N
intermediates

a process validation including]  ®® | Y N
processing & sterility assurance:

o 3 consecutive lots
o other needed validation
data

a control of excipients (justification |Y N
of specifications; analytical method | -
validation; excipients of
human/animal origin, other novel
excipients)

a control of diluent (justificationof |Y N
specifications; analytical method
validation, batch analysis,
characterization of impurities)

a reference standards

Q container closure system

o specifications (vial, elastomer,
drawings)

<
Z, Z

=<
Z Z

< =<
zZ Z
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[ Present? [ ¥ not, justification, action & status = -

o avallablhty of DMF
o closure integrity
Q stability Y N
Q summary
a post-approval protocol and
commitment
a pre-approval
o protocol
o results
Other components to be marketed (full Not applicable
description and supporting data, as
listed above):
a other devices
o other marketed chemicals (e.g. part
of kit)
Appendices for Biotech Products
[3.2.A]
a facilities and equipment Y
o manufacturing flow; adjacent
areas
o other products in facility
o equipment dedication,
preparation and storage
o sterilization of equipment and
materials
o procedures and design features
to prevent contamination and
cross-contamination
o adventitious agents safety Y OBP Lead
evaluation (viral and non-viral)
e.g.:
o avoidance and control
procedures
o cell line qualification
o other materials of biological
origin
o viral testing of unprocessed
bulk
o viral clearance studies
o testing at appropriate stages of
production
a novel excipients
USA Regional Information [3.2.R]
a executed batch records
a method validation package
Q comparability protocols
Literature references and copies [3 i

<o
zz

N | No novel excipients, OBP Lead

N | OBP Lead

<< <
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content presentatlon and orgamzatlon

sufficient to permit substantive review?

a legible

a English (or translated into English)

@ compatible file formats

Q navigable hyper-links

Q interpretable data tabulations (line
listings) & graphical displays

Q summary reports reference the
location of individual data and
records

0 all electronic submission components

usable

<R

~

includes appropriate process validation
data for the manufacturing process at the
commercial production facility?

includes production data on drug
substance and drug product manufactured
in the facility intended to be licensed
(including pilot facilities) using the final
production process(es)?

includes data demonstrating consistency
of manufacture

includes complete description of product
lots and manufacturing process utilized
for clinical studies

OBP Lead

describes changes in the manufacturing
process, from material used in clinical
trial to commercial production lots

OBP Lead

data demonstrating comparability of
product to be marketed to that used in
clinical trials (when significant changes
in manufacturing processes or facilities
have occurred)

OBP Lead

certification that all facilities are ready
for inspection

Drug substance manufacture at two sites:
1. Amgen Colorado facility (in operation
early April 2009); 2. BI Pharma
Germany (in operation early May 2009);
Drug Product manufacture at Amgen,
Juncos, Puerto Rico (in operation late
April 2009).

data establishing stability of the product

-| through the proposed dating period and a
stability protocol describing the test
methods used and time intervals for
product assessment.

if not using a test or process spec1ﬁed by
regulation, data is provided to show the
alternate is equivalent (21 CFR 610.9) to
that specified by regulation. List: .
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Yes: 10t; justification;action & status

Y
Q mycoplasma Y N |OBPLead
a sterility Y
Q
Q
identification by lot number, and Y

submission upon request, of sample(s)
representative of the product to be
marketed; summaries of test results for
those samples

floor diagrams that address the flow of Y
the manufacturing process for the drug
substance and drug product
description of precautions taken to Y
prevent product contamination and cross-
contamination, including identification of
other products utilizing the same
manufacturing areas and equipment
information and data supporting validity | Y
of sterilization processes for sterile
products and  ®® manufacturing
operations

if this is a supplement for post-approval Y N | Notapplicable
manufacturing changes, is animal or
clinical data needed? Was it submitted?

List any issue not addressed above which should be identified as a reason for not filing the
BLA/BLS. Also provide additional details if above charts did not provide enough room (or
attach separate memo).

Fileable

Jo/
Recommendation (circle one) RTF l{‘)l ol / 27,( o9

/LA;% o1/22/09 Y}L“/
Reviewer: Maan Abduldayem: Donald Obenhuber: Kalavati Suvama Bo Chi
(signature/ date)

Type (circle one): Product (Chair) acility (DMPQ)

Concurrence:
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MEMORANDUM

TO: The file

CC: Patricia Keegan, M.D., Director, Division of Biologic Oncology Products
(DBOP), Office of Oncology Drug Products (OODP), CDER
Jeffrey Summers, M.D., Deputy Director of Safety, DBOP, OODP, CDER
Michael S. Orr, Ph.D., D.A.B.T., Toxicology Reviewer, DBOP, OODP, CDER
Kimberly Hatfield, Ph.D., Division of Reproductive and Urologic Drug Products
(DRUP), ODE-III, CDER ‘

FROM: Anne M. Pilaro, Ph.D., Supervisory Toxicologist, Pharmacology/Toxicolog
Branch, Division of Biologic Oncology Products, OODP, CDER

STN BLA #: 125332/000/000 and 125333/000/000

SPONSOR: Amgen, Inc.

PRODUCT: recombinant, human monoclonal antibody directed against receptor activator of
nuclear factor-kB (RANK) ligand (RANKL), denosumab (Prolia™)

AMENDMENT TYPE: original P¥.A submission

DATE: September 1, 2009

SECONDARY PHARMACOLOGY/TOXICOLOGY REVIEW:

Introduction: Amgen has submitted final study reports for nonclinical studies to evaluate the
biologic activity, pharmacokinetics and safety of denosumab, in support of an original biologics
licensing application (BLA). Denosumab is a novel, fully human IgG, monoclonal antibody,
directed against an epitope present on the receptor activator of nuclear factor-kB (RANK) ligand
(RANKL). RANKL binds to RANK on osteoclast precursors and mature osteoclasts, stimulates
osteoclasts to resorb bone, and promotes differentiation of the precursor cells into osteoblasts.
Binding of denosumab to RANKL inhibits interaction of the ligand with target receptors such as
RANK, thereby neutralizing the effects of RANKL. Since RANKL binding to RANK is
involved with the formation, function, and survival of cells that resorb bone such as osteoclasts,
the inhibition of RANKL binding to RANK by denosumab leads to the suppression in osteoclast-
mediated bone turnover.

This memorandum summarizes the principle nonclinical issues related to the approval of
denosumab (proposed trade name, Prolia™), the reviewer’s conclusions regarding the findings,
and the appropriateness of the proposed labeling.

Summary: The pharmacology/toxicology reviewers, Dr. Michael Orr (DBOP) and Dr.
Kimberly Hatfield (DRUP) have written reviews recommending approval of denosumab, based
on safety and biologic activity data from nonclinical final study reports submitted with the
original BLA application. Only the review conducted by Dr. Orr will be the subject of this
secondary pharmacology/toxicology review; however, a brief summary of the nonclinical
general toxicology data reviewed by Dr. Hatfield will be discussed in context of the
pharmacology findings.

Pharmacology- studies were reviewed by Dt: Miehael Orr;-and ‘conducted by the 'sponser:in:

normal-healthy, young-adult:cynomolgus:monkeys; ovariectomized:cynomolgus-monkeys-(as-a:
model:of‘bone loss following-hormone-ablation); and‘in‘transgenic'mice:that:selectively -express:
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the human RANKL (huRANKL) and RANK receptor. In a 12-month pharmacology study in
ovariectomized (OVX) female cynomolgus monkeys bone biomarkers remained elevated in the
vehicle control OVX females, and these animals developed mild osteopenia with increased bone
turnover and loss of bone mass, based on bone densitometry measurements. By contrast, OVX
female monkeys treated with denosumab alone, denosumab in combination with alendronate
pretreatment, or alendronate alone showed significant reductions in biochemical markers of bone
formation, accompanied by increased bone mineral density (BMD) in the whole body, lumbar
spine, tibial diaphysis, and radial cortical diaphysis. Additionally, denosumab treatment with or
without alendronate, or alendronate treatment alone prevented the OVX-induced BMD changes
in both cortical and cancellous bone, and resulted in increased bone strength (force to fracture) as
compared to the vehicle control, OVX animals.

The effects of denosumab and alendronate on fracture healing were compared using genetically
engineered, huRANKL knock-in mice. Animals were treated with either agent or the
combination of both following fracture of the right rear femur, and the antemortem effects on
fracture healing and clinical signs), as well as post-mortem evaluation of fracture callus by
histologic examination and tensile strength were recorded. The results showed that both
alendronaterand deniosumab treatment-delayed the removal of cartilage and remodeling of the
fracture callus, and resulted in a distinct morphology of healed bone relative to control
huRANKL mice with fractured femurs. However, the mechanical strength of the resulting
healed bone was not negatively affected. Treatment with either denosumab or alendronate
induced increases in strength and stiffness relative to the nonfractured control or vehicle control
group. Overall, fractures took greater time to repair when the huRANKL mice were treated with
denosumab or alendronate, as compared to the vehicle control.

Overall, the nonclinical pharmacology data demonstrate that denosumab is able to prevent bone
loss due to reductions of estrogen in the OVX monkeys, and while the healing of fractured bone
is delayed as compared to untreated control groups, the tensile strength and structure of the
healed bone are not negatively impacted by denosumab treatment. Taken together, these data
support the hypothesis that denosumab may prevent bone loss in human breast cancer patients
that are undergoing hormone ablation therapy with subsequent bone loss. These findings were
appropriately captured and discussed in Dr. Orr’s review.

General and reproductive toxicology studies were reviewed by Dr. Hatfield in her review for the
original BLA STN#125320, and are only briefly summarized here. All toxicology studies were
conducted in cynomolgus monkeys, due to the species specificity of denosumab for human and
non-human primate RANK ligand. The major effects following denosumab treatment in studies
of 1 to 12 months duration were inhibition of bone turnover and dose-dependent reductions in
serum osteocalcitonin and N-telopeptide accompanied by increased bone mineral density, which
were evident after doses of 5 to up to 50-fold the recommended human dose, on a mg/kg basis.
These effects are consistent with the expected pharmacodynamic effects of denosumab, and as
such were considered tolerable toxicities for the indicated patient populations with bone loss
secondary to hormoneablation.therapy. in.breast.or. prostate cancer. There were no other, off-
target toxicities:reported: These:findings:were appropriately captured and:discussed:in:Dt..
Hatfields teview:
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Conclusions: I concur with Dr. Orr’s assessment of the nonclinical pharmacology and
pharmacokinetic data submitted with the original BLA application, his recommendations for
labeling, and his conclusion that these data support the approval of denosumab for the treatment
of bone loss in patients with prostate or breast cancer undergoing hormone ablation treatment.
There are no outstanding nonclinical issues, and no additional nonclinical studies are
recommended or required to support this indication.

Reference ID: 3168406
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ADDENDUM

At the request of the Associate Director for Pharmacology and Toxicology, Office of Oncology
Drug Products, scientific rationale is being provided for the decision to report the comparative
animal vs. human denosumab exposure in the labeling on a mg/kg basis, as opposed to reporting
as the cumulative area under the curve (AUC) values. Following a single dose of denosumab,
the calculated AUC,.. in cynomolgus monkeys at the highest dose level tested of 50 mg/kg was
approximately 25-fold greater than the human AUC-t value obtained for the 60 mg fixed dose.
To extrapolate the exposure measures to the 6-month treatment duration, the sponsor initially
calculated the nonclinical exposure using the calculated AUCO-r after the last exposure in
cynomolgus monkeys and multiplied it by 6, to account for the animals receiving 6 monthly
injections, or by 26 for those animals treated by weekly injections, while the human subjects
were treated only once every 6 months. The tables and summary data presented below were .
provided by Dr. Kimberly Hatfield, as an addendum to her review.

In brief, the following table represents the values that the sponsor used for calculation:

“Cmax T dos

y*hr,

10 853 666 _ | 268000

0 50 ma/kg_
103981 50 ma/kg 336 413 139000 171000
102842 12.5 mg/kg 122 291 16700 41400
20010223 60 mg 7.93 6.94 12072 10752

The following table was presented by the sponsor in the nonclinical overview as to how the
exposure multiples were calculated and is abstracted from Dr. Hatfield’s review:

Table 2. Calculated Exposure Muitiples for Denosumab for the Recommended
Dosea Relative to the NOAEL in the Pivotal Toxicology Studies

Cmax® AUCqgue” Exposure
NOAEL (ng/fmL) (ug*hr/imL) Multiple Based

Study Type (mg/kg)  Mean (SD) Mean (SD) on AUC®
12-month repeated- 50 666 268000 150
dose in cynomolgus (1566) (90300)
monkeys (102090}
16-month repeated- 50 413 171000 - 95
dose in cynomolgus (160) (72400)
monkeys (103981)
Embryo-fetal toxicity in 12.5 282 41000 99
cynomolgus maonkeys (89.6) (10600) i
(102842) J!

50 mg, subcutaneously, once every 8 months. °At the end of dosing. Details of the multiple
dose toxicokinetics are discussed in Module 2.6.4, Section 8.2.2. © Human Crax and AUCq.; wein
values (6.94 yg/mL and 10752 pg-hr/mL) were derived from Study 20010223. To take into
account the differences in dosing frequency, the AUC for a 6 month interval in monkeys was
approximated by multiplying by 26 and 6 for weekly (Study 102842) and monthiy (Studies 102090
and 103981) dosing, respectively.

AUC = area under the plasma drug concentration-time curve; Caa, = maximum observed
concentration; NOAEL = no observed adverse effect level.

As summarized in Dr: Hatfield’s review, the:sponsor then used. the following:calculations, using;
‘approximated’ doses-in monKeys-to account for the differences in dosing frequency: (AUC times-
6 for monthly dosing, and’ AUC times 26 for weekly dosing, and compared to the AUC after 2"
dose in humans):
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102090 AUC after 13™ dose = 268000 pg*hr/mL
268000 * 6 = 1608000 pg*hr/mL
1608000 / 10752 = 150 (exposure multiple)

103981 AUC after l5th dose = 171000 pg*hr/mL
171000 * 6 = 1026000 pg*hr/mL
1026000 / 10752 = 95 (exposure multiple)

102842 AUC after 5™ dose = 41000 pg*hr/mL
41000 * 26 = 1066000 pg*hr/mL
1066000 / 10752 = 99 (exposure multiple)

Using the same AUC values, but not using the sponsor’s multiplication factors of 6 and 26, Dr.
Hatfield calculated the following exposure multiples based on AUC after 1** and last doses:

102090 AUC after 1* dose = 343000 pg*hr/mL
343000/ 12072 = 28 (exposure multiple)

102090 AUC after last dose = 268000 pg*hr/mL
268000 / 10752 = 25 (exposure multiple)

103981 AUC after 1* dose = 139000 pg*hr/mL
139000/ 12072 = 11 (exposure multiple)

103981 AUC after last dose = 171000 pg*hr/mL
171000 / 10752 = 16 (exposure multiple)

102842 AUC after 1% dose = 16700 pg*hr/mL
16700 / 12072 = 1.3 (exposure multiple)

102842 AUC after last dose = 41000 pg*hr/mL
41000/ 10752 = 4 (exposure multiple)

These approximations were considered invalid by the nonclinical reviewers and supervisors in
both DBOP and DRUP for a number of reasons, which are outlined here. Following consultation
with the clinical pharmacology group, the nonclinical discipline was informed that in order to
compare the clinical and nonclinical AUC values following a single dose, the calculations must
be based on AUCy.., not AUCy... The sponsor was requested to provide the values for AUC,.. for
each study but was unable to do so, and therefore comparison of the AUC values was not
considered a valid approach for presentation of the data in labeling. Additionally, the data
presented.in the-tables above show that the exposure measures (Cmayx and:AUC,.;) after the final
dose:in:the pivotal; 12:month-repeat-dose nonclinical:study #1020907are decreased:by-22% as:
compared tothe values:obtained following:the:first-dose.. Animals:inthis:study also-exhibited:a:
high-rate-of:anti-diug antibedy, orimmunogenicity. development; with:28/30 monkeys.positive:
for.anti-denosumab:antibody: at-the-end of treatment.or. recovery. period. With this high level:of.
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reported immunogenicity, it is likely that the actual exposure to denosumab in the nonclinical
studies is underrepresented by the calculated AUC values.

Monoclonal antibodies exhibit a limited volume of distribution at steady state, and most
frequently are confined to the plasma space with very little extravascular distribution noted.
Conventionally, nonclinical and clinical dose comparisons are made strictly on a mg/kg basis,
since the plasma volume scales to body weight (i.e. approximately 40-55 ml/kg), and is relatively
consistent between human and test animal species. In the absence of the appropriate AUCg-
values following a single dose of denosumab and considering the high degree of immunogenicity
observed in the pivotal nonclinical repeat-dose toxicology study, and following a discussion with
the nonclinical team and the clinical pharmacologists from DRUP, it was decided that the most
consistent way to determine the exposure multiple between humans and cynomolgus monkeys
would be to base the calculation on straight mg/kg basis. Based on a 50 mg/kg dose in
cynomolgus monkeys and the fixed 60 mg (approximately 1 mg/kg) dose in humans, the
exposure multiple in the test animals is 50-fold greater relative to humans exposures. For
reference purposes, if the calculations are based on body surface area only, the 50 mg/kg monkey
dose is 16 times the 60 mg clinical dose. Either of these calculations provides a sufficient
multiple of the clinical dose, and is recommended for use in labeling for the purpose of
comparison of the nonclinical and clinical exposure data.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR

NDA/BLA OR SUPPLEMENT
NDA/BLA Number: 125-332 & 125-333  Applicant: Amgen ' Stamp Date: 12-19-2008
Drug Name: Prolia (denosumab) NDA/BLA Type: NME .

On initial overview of the BLA application for filing:

Content Parameter Yes | No Comment

1 {Is the pharmacology/toxicology section
organized in accord with current regulations and
guidelines for format and content in a mannerto | Y
allow substantive review to begin?

2 |Is the pharmacology/toxicology section indexed
and paginated in a manner allowing substantive v
review to begin?

3 |Is the pharmacology/toxicology section of the
NDA legible so that substantive review can v
begin?

4 |Are all required (*) and requested IND studies : Tissue cross reactivity studies are provided wit.h humaq and
(in accord with 505 b1 and b2 including animal tissues; pivo.tal studies are in appropriate species

. . (monkey); transgenic models used for pharmacodynamics;
referenced literature) completed and submitted antibody formation addressed in studies 101447, 102090,
(carcinogenicity, mutagenicity*, teratogenicity*, v 103948, 103981; CV and respiratory safety pharmacology
effects on fertility, juvenile studies, acute and with single dose study incorporated; PX and PD studies;
repeat dose adult animal studies*, animal repeat dose st.udies over appropriate duration; local tolerance
ADME studies, safety pharmacology, etc)? N:,ngg:gf:: fed into repeat dose studics. ired si

genicity or genotoxicity studies are required since
this is a biologic product.

5 |If the formulation to be marketed is different Cli;li;:s an;iolézrgl(i;lj/casl osrtl:lifti(ijs lhgx‘;eNlIlSSz% ltll:; S:(!:;teatfgﬂn;lgﬁzgﬂ
from the formulation used in the toxicology but the proposed fabeling gives a slightly different fotmulation
studies, have studies by the appropriate route content (4.7% sorbitol, 17mM acetate, pH 5.2). The
been conducted with appropriate formulations? N | formulation found in the labeling is also different than that
(For other than the oral route, some studies may noted on page 12 of the Quality overview (which is the same
be by routes different from the clinical route as that noted in clinical and nonclinical studies).
intentionally and by desire of the FDA).

Needs further investigation

6 |Does the route of administration used in the The subcutaneous route for clinical trials was used in all pivotal
animal studies appear to be the same as the nonclinical studies.
intended human exposure route? If not, has the v
applicant submitted a rationale to justify the
alternative route? '

7 iHas the applicant submitted a statement(s) that Located on page 5 of the nonclinical overview.
all of the pivotal pharm/tox studies have been
performed in accordance with the GLP
regulations (21 CFR 58) or an explanation for Y
any significant deviations?

8 [Has the applicant submitted all special See comments below for information requested via meetings
studies/data requested by the Division during v and submission comments. :
pre-submission discussions?

1
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switch, have all relevant studies been submitted?

NDA/BLA OR SUPPLEMENT
Content Parameter Yes| No Comment
9 |Are the proposed labeling sections relative to : (‘;L(;", ::g (;arcit;\wgenicity amtih Mlglage:icity
: ) : tions should be added with a statement that they have not
pharmacology/toxicology appropriate (mcludmg Sec
been evaluated.

human dose multiples expressed in either mg/m Y The Sponsor uses the terminology “x-fold higher thar| = (®)#

or comparative serum/plasma levels) and in ®@ — this is appropriate.

accordance with 201.57? -At this time, the accuracy of dose multiples has not been

evaluated.
10 {Have any impurity — etc. issues been addressed? Toxicity studies have not been performed on any izpuritiesd.
iei 7 Impurities are listed as product ) @) an
w toxici i .
(New toxicity studies may not be needed.) Y process- related impurities, and are addressed in the Quality
section.

11 |Has the applicant addressed any abuse potential No indication that drug interacts with receptors associated with

issues in the submission? drug dependence or neurotropic activity (p 29 of nonclinical

Y overview).
Label indicates “no experience with overdosage” and ®@
® @

12 |If this NDA/BLA is to support a Rx to OTC

Not applicable

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION FILEABLE?

Y

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

Additional notes:

Nonclinical studies submitted to the BLA:

Reference ID:

_Pharmacology 19 December 2008
Effects of denosumab (AMG 162) on bone mass and bone resorption in human RANK
R2004430
ligand knock-in mice
R2004321 Effects of denosumab (AMG 162) on bone mass and bone resorption in aged human
RANK ligand knock-in mice
106564 A 12-mo osteoporosis preventlon study of denosumab with and without 6-month
alendronate pretreatment in the cynomolgus monkey
Denosumab, a fully human monoclonal antibody, has selective effects on human RANK
R2006351 .
ligand and human osteoclasts
Comparison of two anti-resorptive therapies (alendronate vs AMG 162) on murine
R2006458
fracture healing
103981 AMG 162 - a monthly s.c. injection osteoporosis prevention study for l6-months in the
cynomolgus monkey
| Safety Pharmacology
2
3168406




PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA OR SUPPLEMENT

CoStudy# [ Tifler o

The effects of OPG;FC, RANK-Fc,or a'lenc‘ironat.e“ on‘toéth Aerupti‘on, boné déﬁsity,

RZ0080340 geometry, and strength in neonatal rats
101606 Final report - A single dose s.c. admin of AMG 162 for cardiovascular and respiratory

evaluation in cynomolgus monkeys
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- NDA/BLA OR SUPPLEMENT

_Pharmacokinetics . -

o SmdyH CoTRtles Vs s el s e e e s e
101494 PK study of denosumab (AMG 162) in male mice following i.v. or s.c. administration

Absorption, distribution and excretion in cynomolgus monkeys following a single s.c.

104192 | - dministration of ®I-AMG 162

106893 A single dose PK study of denosumab (AMG 162) following i.v. administration to male
or female FcRn knockout and wild-type mice

106892 PK report for a single dose PK study of denosumab (AMG 162) following i.v.

administration to male or female huRANKL knock-in and wild-type mice
101398 A single dose i.v. and s.c. PK and PD study of AMG 162 in cynomolgus monkeys
Pilot PK study of AMG 162 administered s.c. or i.v. in male and female Sprague-Dawley

101002 rats

104105 Quantitative whole body autoradiography of cynomolgus monkeys following a single s.c.
administration of '"*I-AMG 162

103948 PK and PD comparability study for two manufacturing processes of AMG 162 in female

cynomolgus monkeys

| A 1-month study evaluating the effect on bone of AMG 162 administered s.c. oriLv. in

101447 3 A
cynomolgus monkeys with a 3-month recovery period
102090 A 6-12-month s.c. toxicity study of AMG 162 in the cynomolgus monkey with an interim

kill after 6-months and a 3-month recovery period

102843 Subcutaneous fertility evaluation of AMG 162 in the female cynomolgus monkey

102842 Subcutaneous embryo-fetal development study of AMG 162 in the cynomolgus monkey

101758 Cross-reactivity of AMG 162 with normal cynomolgus monkey and human tissues

101348 Cross-reactivity of AMG 162 with normal human tissues

102700 Cross-reactivity of AMG 162 with cynomolgus monkey, rat and rabbit tissue ex vivo

Additional comments:

Information below provided by Dr. Kim Hatfield in DRUP:

Notes concerning the formulation of drug product:

During development, denosumab has been manufactured by two versions of the intended commercial process,
CP1 and CP2 ®@
Material from CP1 was used in the pivotal toxicology studies to support clinical development. It appears from
meeting minutes that the discussions on this issue were handled by the CMC review team. At an April 20, 2004
meeting, FDA requested additional information to determine if CP1 was comparable to CP2, and stated that if
CP2 was used in clinical studies prior to a comparability agreement, a bridging study might be required. Then
at a September 21, 2004 meeting (after Amgen had submitted comparability data), FDA stated that open
questions remained regarding consistency of amidation and the potential for difference in immunogenicity
between CP1 and CP2. In addition, although the modification may not have an effect on toxicity, it may impact
exposure levels, and the Agency would consult with colleagues and continue to collaborate to further examine
comparability. The Sponsor did conduct a PK-PD study in female cynomolgus monkeys with CP2 material to
determine if modifications had an influence on biological activity. To date, this study has not been reviewed,
and no further information on whether this study was acceptable or if CP1 and CP2 were considered to be

comparable has been located.
o The Sponsor stated in the nonclinical overview that the collective data indicated that changes
introduced in CP2 denosumab did not have a meaningful effect on PK or PD in the monkey, and
that the drug substance and product planned for commercial use are comparable to the test materials
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NDA/BLA OR SUPPLEMENT

used previously in the pivotal nonclinical studies. Additional information is located in Module 2.5,
Section 2 and Module 2.7.1, which are clinical overviews and summaries).

//29 /0‘?

Revigwing Toxicol g@chael S. Orr, Ph.D., DABT "Date
/éf/zaa g

€am Leader/Supervisor — Anne M. Pilaro, Ph.D. ‘ Date /

Reference ID: 3168406



Vi r: Michae B 125332/0 and 12 /

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION

i

STN BLA NUMBER: 125332 and 125333
SERIAL NUMBER: 000

DATE RECEIVED BY CENTER: 12/19/2008
PRODUCT: Prolia™ (Denosumab)

INDICATION: » Treatment of bone loss associated with hormone
A ablation therapy with breast cancer or treatment of
bone loss associated with hormone ablation therapy

in patients with prostate cancer

SPONSOR: Amgen, Incorporated

DOCUMENTS REVIEWED: E-BLA Submission

REVIEW DIVISION: Division of Biologic Oncology Products (HFD-170)
PHARM/TOX REVIEWER: Michael S. Orr, Ph.D., D.A.B.T.

PHARM/TOX SUPERVISOR: Anne M. Pilaro, Ph.D.

DIVISION DIRECTOR: Patricia Keegan, M.D. '

PROJECT MANAGER: Melanie Pierce

DATE OF REVIEW COMPLETION: September 9, 2009

Reference ID: 3168406




Reviewer: Michael S. Orr, PhD. DABT BLA No. 125332/0 and 125333/0

TABLE OF CONTENTS

EXECUTIVE SUMMARY 3

2.6 PHARMACOLOGY/TOXICOLOGY REVIEW 6

2.6.1 INTRODUCTION AND DRUG HISTORY

10

2.6.2 PHARMACOLOGY

2.6.2.1 BFIET SUIMIMATY ..ottt s e mamss e ses s e it e bes e s sas semessesesecstaressansessencneres 10
2622 Primary pharmacodynamiCs. ........coevvecveerecieernerieerresesertnre st et stsesseesssessensessosessarssessssernse 1
2.6.23 Secondary pharmacodYRaAMICS. ... .cccvveverererienecerrisrnenrencstresesnnseansssessessessssssssesssseressasess 49
2624 Safety PharmacOolOY .....ccoveeruiviicriieiiniciei s sasse e e asse s s et 51
2625 Pharmacodynamic drug IMeractions........c.eevcerererrcrerrrenienereeseessrercessessessresessrsssssssssesserees 56

56

2.6.3 PHARMACOLOGY TABULATED SUMMARY
2.6.4 PHARMACOKINETICS/TOXICOKINETICS

56

2.6.4.1 BIE SUMIMAIY ...ooueieriieictirtininirniessese e sssestestsesecsensessesceasssssnenmassasressesesssssasss sessassossassonce 56
2.64.2 Methods OF ANALYSIS ...cucuucirerrercneriiiite ettt st et eseseste rasesananns e ne e s enenseraesens 58
2,643 ADBSOTPLIONE ..ot ee e tmeeae e st s ot e st et e e st st sesamt et esnsene 58
2.644 DISITDULION ...ttt et s eesae et sa s s re et st b asssas e e e st ssnssenssnnensase 67
2,645 MELABOHSIN ...cocieiiiiicccecccrtninr et see st essseseesese et sue s s b ese et et ssnsssesasnsesassansranenears 76
2.64.6 EXCIEUOM ....coteenrceertinccstncrtrnrrereesstsrnerersessessseessacasetsesseresasssansansncssssmasanesrassansososeressasercass 76
2.64.7 Pharmacokinetic drig interactions...........ccecveerteerecrnirriscninreeeciresrnsssrasnesssnesoneseessasseansanee 76
2.64.8 Other Pharmacokinetic StAIES .........cccccoiveevieinrircnrniriere e tce st scsa e sestorssassese e 76
2,649  Discussion and CONCIISIONS .......ocvcevivmnimerimiietentre ettt sssnsaes 76
2.64.10 Tables and figures to include comparative TK summary ..........ccocorveevmnreeecrerrerecnnncne 78

2.6.5 PHARMACOKINETICS TABULATED SUMMARY

78

2.6.6 TOXICOLOGY

80

2.6.6.1 Overall toXICOOZY SUIMIMALY......ccvoervieeeerinrrrceinrertseiesaesrcesert e st sressesssssossssnsasassesssesessssensn
2.6.6.2 SINGLE-AOSE LOXICILY ouvivivicririieerecerecrsctntre sttt s s srssa et sesbesebesbesass
2.6.63 REPEA-AOSE LOXICILY .everererreirirereriersanicsrnioniesicsiesniisesenessermrrsnssasestresessssasnsrsesemssssmesesssessesescs
2.6.64 GENEC LOKICOIOZY .. cvvevrerrenrerrerrrreesen et crrseen st eteer oo aae s rarsae e nsness e e sesmesregoes feeeeenens
2.6.6.5 CarCIMOZENICILY ...ecvvervresrrenre et eas s e aesnar e aene

2.6.6.6 Reproductive and developmental toxicology

2.6.6.7 LOCAl tOIETANCE. ...vcverrireerrrerreeiareteessereseesesbencoteensestresssnesssrsnsasasasesansasssasessessassnsssnransessssnsres
2.6.6.8 Special toXiCOlOZY STUAILS ......cvieeeeeccrererer it e sses et se st em e svmeeres
2669 Discussion and CONCIUSIONS .........ccouruereiererrecrmreeenirite et sseeessesessssesssessesenserensasasessoni
2.6.6.10 Tables and FigUIES .......ccoovcci et ere s teresaesesassaseessbeststesssoeseoensssesnensnces

2.6.7 TOXICOLOGY TABULATED SUMMARY

OVERALL CONCLUSIONS AND RECOMMENDATIONS

APPENDIX/ATTACHMENTS

Reference ID: 3168406

100
111
112




Reviewer: Michael S. Orr, PhD, DABT BILLA No. 125332/0 and 125333/0

EXECUTIVE SUMMARY

L Recommendations
A. Recommendation on approvability

The Biologic Licensing Applications BLA #125332/0 and 125333/0 are approvable based on the
data contained in the preclinical pharmacology and toxicology sections of the original
submission.

B. Recommendation for nonclinical studies

There are no recommendations at the present time for the sponsor to conduct and submit any
additional nonclinical studies with denosumab, in support of either safety or efficacy.

C. Recommendations on labeling

Modifications to the Carcinogenicity, Mutagenicity, and Impairment of Fertility sections are
being requested. These include revisions to of the sponsor’s language and modifying the
exposure level multiple, as this reviewer does not agree with the Sponsor’s approach for
calculating the multiple used in comparing exposure levels between cynomolgus monkeys and
humans in the clinical trials. The requested labeling revisions are included as Appendix 1 to this
review.

IL Summary of nonclinical findings
A. Brief overview of nonclinical findings

Denosumab was evaluated for pharmacologic activity in cynomolgus monkeys, ovariectomized
cynomolgus monkeys and in C57/B6 human RANKL knock-in mice. The genetically engineered
mice knock-in mouse mode! was developed to study the pharmacology of denosumab in vivo,
since denosumab does not bind or neutralize rodent (rat and mouse) RANKL. However,
denosumab is able to bind to cynomolgus monkey RANKL and inhibit osteoclast bone resorption
in the ovariectomized cynomolgus monkey model, providing evidence that the cynomolgus
monkey was a pharmacologically relevant species in which to perform the pivotal repeat dose
toxicology studies. Tissue cross-reactivity of denosumab was limited to the lymph node in human
tissues, and lymph node, spleen and GALT in cynomolgus monkey and rabbit tissues.

In cynomolgus monkeys, denosumab had a half-life of approximately 11-19 days at the higher
doses. When administered intravenously (IV), denosumab pharmacokinetics were non-linear
from 0.0016-1 mg/kg, and were dose linear for doses > |1 mg/kg. Based on the volume of
distribution, denosumab remained in the vascular space following IV dosing. Similar to IV
dosing, subcutaneous administration of denosumab resulted in non-linear pharmacokinetics for
the dose ranges from 0.0016- 1 mgrkg, and dose proportional PK from 1-3 mg/kg. Mean
residence time increased with dose while clearance decreased. Anti-drug antibody formation
occurred at a high rate in monkeys dosed with denosumab by either the IV or SC routes of
administration. In mice, a comparison between the subcutaneous (SC) and intravenous route of
administration of 1 mg/kg showed that the serum concentration, regardless of the route of
administration was similar between the 1 mg/kg SC and 1 mg/kg IV dose groups. The
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bioavailability of denosumab in mice was 86.1% following SC administration, as compared to the
1 mg/kg IV dose group.

In the 1-month repeat dose toxicology study, calcium (Ca) levels were significantly lower in
males of the 1.0 (SC) and 10 (SC and IV) mg/kg groups relative to the control. The reductions in
blood Ca levels were not observed in the female monkeys. The transient reductions in calclum
were observed in 12-month pharmacology study as well.

In the 6-/12-month study, there did not appear to be any overt treatment-related toxicological
findings that were not pharmacodynamic (PD)-related. Effects of Denosumab AMG 162 on bone
were evidenced by a reduced rate of bone remodeling, reduced serum levels of osteocalcin, C-

. telopeptide and urine N-telopeptide, and increased BMD and BMC in both cortical and trabecular
bone of the radius, tibia and femur. In the HD (50 mg/kg; SC) group, there were treatment-
related deleterious changes in the epiphyseal growth plates that were not closed prior to
treatment. Two HD males died while on treatment, which was determined to be the likely result
of infection. There were some indications from this study that AMG 162 may be
immunosuppressive due to the unexplained HD male deaths (i.e. possible impairment of the
ability to control infection), abscesses of the teeth/jaw, and additional supportive data found in the
literature. However, further literature review indicated that a clear association could not be
established between AMG 162 treatment and definitive immunosuppression, and further
nonclinical studies were not deemed necessary. In addition, unscheduled deaths due to infection
were not observed in the 1-month repeat dose toxicology study, 12-month ovariectomized
cynomolgus monkey (OVX) pharmacology, and 16 month OVX monkey pharmacology studies.

B. Pharmacologic activity

Denosumab is a fully human IgG, monoclonal antibody that binds to the receptor activator of
nuclear factor-xB (RANK) ligand (RANKL). RANKL binds to RANK on osteoclast precursors
and mature osteoclasts, stimulates osteoclasts to resorb bone, and promotes differentiation of the
precursor cells into osteoblasts. Binding of denosumab to RANKL inhibits interaction of the
ligand with target receptors such as RANK, thereby neutralizing the effects of RANKL. Since
RANKL binding to RANK is involved with the formation, function, and survival of cells that

. resorb bone such as osteoclasts, the inhibition of RANKL binding to RANK by denosumab leads
to the suppression in osteoclast-mediated bone turnover.

The nonclinical data provides evidence that denosumab is able to prevent bone loss due to
reductions of estrogen in the OVX monkeys, and supports the hypothesis that denosumab may
prevent bone loss in human breast cancer patients that are undergoing hormone ablation therapy
with subsequent bone loss. In the 12-month pharmacology study in ovariectomized (OVX)
monkeys, denosumab alone, denosumab in combination with alendronate pretreatment, and
alendronate alone were able to induce significant reductions in biochemical markers of bone
formation. Bone biomarkers remained elevated in the vehicle control ovariectomized female
cynomolgus monkeys, and these animals developed mild osteopenia with increased bone turnover
and loss of bone mass, based on bone densitometry measurements. OVX monkeys treated with
denosumab alone, alendronate alone, and combination of alendronate pretreatment and
denosumab showed increased BMD in the whole body, lumbar spine, tibial diaphysis, and radial
cortical diaphysis, and prevented the OVX-induced BMD changes in both cortical and cancellous
bone. In addition, bone strength was increased in the three respective treatment groups;
denosumab alone, alendronate alone, and the combination of alendronate and denosumab. At
least for the denosumab alone group, similar changes in bone turnover markers, BMD changes in
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cortical and cancellous bone were observed in an additional, 16-month study (Study # 103981;
reviewed by Dr. Hatfield, and cross-referenced to her review of STN BLAs #125320 and
#125331). Taken together, the data from two independent OVX cynomolgus monkey studies
show that denosumab was able to prevent OVX induced BMD changes in both cortical and
cancellous bone.

The comparison of alendronate and denosumab effects on murine fracture healing in the
huRANKL genetically engineered knock-in mice provided evidence that both alendronate and
denosumab treatment delayed the removal of cartilage and remodeling of the fracture callus, and
resulted in a distinct morphology relative to the control mice with fractured femurs. However,
the mechanical strength was not negatively affected. Treatment with either denosumab or
alendronate induced increases in strength and stiffness relative to the nonfractured control or
vehicle control group. Overall, fractures took greater time to repair when the huRANKL mice
were treated with denosumab or alendronate, as compared to the vehicle control.

C. Nonclinical safety issues relevant to clinical use

Delayed Fracture Healing:

Overall, fractures took greater time to repair when the huRANKL mice were treated with
denosumab or alendronate, as compared to the vehicle control.

Approximation of the exposure multiple:

The sponsor calculated nonclinical exposure multiples compared to human as 150 fold greater
than the human exposure while basing the exposure multiple on just the AUC is 25 fold greater
than the human exposure. This reviewer believes that the exposure level should be based on the
AUC values without the inclusion of the approximation factor. Alternatively, the sponsor could
base the total exposure in humans (AUC,.,) versus total exposure in monkeys (AUC,.,) as a
method for determining the exposure multiple.

Comment: Following a discussion with Division of Reproductive and Urologic Products
(DRUP), it was decided that the most consistent way to determine the exposure multiple
between humans and monkeys would be to base the calculation on mg/kg basis. Based
on a 50 mg/kg dose in monkeys and the 1 mg/kg dose in humans, the exposure multiple is
50 fold greater dose in the monkeys relative to humans.

No carcinogenicity studies were performed in this submission. In the three long term studies (12-
month toxicity, 12-month pharmacology and 16-month pharmacology) in cynomolgus monkeys,
there were no incidences of tumor formation detected. The only finding was in the 12-month
study, where one LD and one HD female each exhibited squamous metaplasia (benign) in the
uterus. No general organ histopathology was conducted for the 16-month study.

Other potential nonclinical safety issues being addressed at the clinical level include the potential
immune modulations and increased susceptibility to infections, transient calcium reductions
following denosumab dosing, and exclusion of pediatric populations due to reproductive and
development issues secondary to the pharmacologic action of.denosumab. Furthermore,
denosumab should not be used in pregnant women or women who are breast feeding due to the
potential development issues. These include absence of lactation due to impaired mammary
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gland development, impaired B cell and osteoclast development, defective tooth eruption,
absence of lymph nodes, and severe osteoporosis. These findings are of concern as they were
either seen in knock-out mice, or are reported as pharmacologic effects of the inhibition of the
RANK/RANKL signaling pathway.

2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

BLA number: 125332/0 and 125333/0
Review number: 1
Sequence number/date/type of submission: 000/12-19-2008/original licensing
application
Information to sponsor: Yes () No (X)
Sponsor and/or agent: Amgen Incorporated, One Amgen Center Drive, Thousand Oaks,
CA, 91320-1799
Manufacturer for drug substance:

Site 1: Boehringer Ingelheim Pharma, GmbH & Co. Kg, Birkendorfer Strasse 65

88397 Biberach an der Riss, Germany

Site 2: Amgen Inc., 5550 Airport Boulevard, Boulder, CO 80301

Site 3: Amgen Inc., 4000 Nelson Rd, Longmont, CO 80503

Site 4: Amgen Manufacturing Limited, State Road 31, Kilometer 24.6

‘ Juncos, Puerto Rico 00777

Reviewer name: Michael S. Orr, Ph.D., D.A.B.T.
Division name: Division of Biologic Oncology Products
HFD #: 107

Review completion date: August 10, 2009

Drug:

Trade name: Prolia™

Generic name: Denosumab

Code name: AMG-162

Chemical name: Immunoglobulin G2 Human Monoclonal Antibody to RANK

Ligand

CAS registry number: 615258-40-7

Molecular fonnu(%a/molecular weight: Molecular formula for denosumab light
chain oo and heavy chain isoform without N-linked glycans is
The most prevalent glvcgl( moiety ®®

Denosumab has a molecular weight of

147,352 Da.

Structure: Denosumab is a full-length human monoclonal antibody of the IgG2
subclass, consisting of 2 heavy chains and two light chains of the kappa subclass, which
are covalently linked through 18 disulfide bonds. Denosumab contains 36 total cysteine
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residues, which are involved with intrachain and interchain disulfide bonds. Each heavy
chain contains an N-linked glycan at the consensus glycosylation site at asparagine 298.

Each light chain contains 215 amino acids with 2 intramolecular disulfides. Each heavy
chain contains 448 amino acids with 4 intramolecular disulfides.

Schematic of Denosumab Structure provided by Amgen:
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Relevant INDs/NDAs/DMFs:
BB-IND 9837 — initial IND — DRUP - treatment of postmenopausal osteoporosis
BB-IND 9838 — DBOP — treatment of bone disease associated with cancer
BB-IND 11709 — DBOP ~ treatment of sex hormone ablation bone loss associated
with aromatase inhibitors in patients with breast or prostate cancer
BB-IND 11707 —- DAARP - treatment of bony erosions, osteoporesis, and
osteopenia associated rheumatoid arthritis

pwr|

[ ®8
Drug class: Prolia™ is a receptor activator of nuclear factor kappa B (RANK) Ligand
inhibitor

Intended clinical population: Denosumab is indicated for the treatment and prevention
of bone loss in patients undergoing hormone ablation for prostate or breast cancer.

Clinical formulation: 60 mg/ml denosumab, 10 mM sodium acetate, 5% (w/v) sorbitol,
and 0.01% (w/v) polysorbate 20, at a pH of 5.2

Route and schedule of administration: subcutaneous injection of 60 mg denosumab
once every 6 months

Disclaimer: Tabular and graphical information are provided by Amgen Inc., unless cited
otherwise.

Data reliance : Except as specifically identified below, all data and information
discussed below and necessary for approval of BLA 125332/0 and 125333/0 are owned
by Amgen Inc., are from studies published in the open literature, or are data for which
Amgen Inc. has obtained a written right of reference
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Studies reviewed within this submission:

Studies reviewed by Michael Orr. Ph.D. (DBOP Toxicologist)
Pharmacology:

106564 —
R2006458
101606 —

101494 —

106893 —

104105 —
101758 -

101348 -
102700 —

Toxicology:
" A 1-month study evaluating the effect on bone of AMG-162

101447 -

A 12-month osteoporosis prevention study of denosumab with and
without 6-month alendronate pretreatment in the cynomolgus
monkey '

Comparison of two anti-resorptive therapies (alendronate versus
AMG-162 monoclonal anti-RANKL antibody) on murine fracture
healing

A single-dose subcutaneous administration of AMG-162 for
cardiovascular and respiratory evaluation in cynomolgus monkeys

-Pharmacokinetics:

Pharmacokinetic study of denosumab (AMG-162) in male mice
following intravenous or subcutaneous administration

A single dose pharmacokinetics study of denosumab (AMG-162)
following intravenous administration to male or female FcRn
knockout and wild type mice

Quantitative whole body autoradiography of cynomolgus monkeys
following a single subcutaneous administration of '*’I-AMG-162.
Cross-reactivity of AMG-162 with normal cynomolgus monkey and
human tissues

Cross-reactivity of AMG-162 with normal human tissues
Cross-reactivity of AMG-162 with cynomolgus monkey, rat, and
rabbit tissue ex vivo

administered subcutaneously or intravenously in cynomolgus
monkeys with a 3-month recovery period

Studies reviewed by Ronald Wange, Ph.D. (DMFEP Toxicol,

Toxicology:

102090 —

102842 -

A 6/12-month subcutaneous toxicity study of AMG-162 in the
cynomolgus monkey with an interim kill after 6 months and a 3-
month recovery period

Subcutaneous embryo-fetal development study of AMG-162 in the
cynomolgus monkey
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R2004430 Effects of denosumab (AMG-162) on bone mass and bone resorption

in human RANKL knock-in mice

R2004321 — Effects of denosumab (AMG-162) on bone mass and bone resorption

in aged human RANK ligand knock-in mice
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R2006351 — Denosumab, a fully human monoclonal antibody, has selective
effects on human RANK ligand and human osteoclasts

103981 —~ AMG-162: A monthly subcutaneous injection osteoporosis
prevention study for 16 months in the cynomolgus monkey

R20080340 — The effects of OPG-Fc, RANK-Fc, or alendronate on tooth eruption
and on bone density, geometry, and strength in neonatal rats

Pharmacokinetics:

106892 —  Pharmacokinetics report for “A single dose pharmacokinetics study
of denosumab (AMG-162) following intravenous administration to
male or female huRANKL knock-in and wild-type mice

101398 — A single-dose intravenous and subcutaneous pharmacokinetic and
pharmacodynamic study of AMG-162 in cynomolgus monkeys

103948 —  Pharmacokinetic and pharmacodynamic comparability study for two
manufacturing processes of AMG-162 in female cynomolgus
monkeys

Toxicology: .

. 102843 —  Subcutaneous fertility evaluation of AMG-162 in the female

cynomolgus monkey

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Pharmacology studies evaluated the activity of denosumab (AMG-162) in
ovariectomized female cynomolgus monkeys with and without alendronate pretreatment.
A single dose safety pharmacology study evaluating the effects of denosumab on
cardiovascular and respiratory parameters was also performed. A unique safety
pharmacology study was conducted that utilized the huRANKL knock-in mice and WT
mice to compare the effects of denosumab and alendronate on fracture healing, in order
to determine if denosumab was capable of interfering with the normal fracture healing
process. The development of the huRANKL knock-in mice model was necessary
because ir vitro binding and activity studies with denosumab indicated that AMG-162
did not bind to murine RANKL, and lacked pharmacologic activity in rodents. In‘the 12-
month pharmacology study in ovariectomized (OVX) monkeys, denosumab alone,
denosumab in combination with alendronate pretreatment, and alendronate alone were
able to induce significant reductions in biochemical markers of bone formation (serum
osteocalcin; SALP (bone specific alkaline phosphatase) and resorption (CTx, serum C-
telopeptide). Bone biomarkers remained elevated in the OVX vehicle control female
cynomolgus monkeys, and these animals developed mild osteopenia with increased bone
turnover and loss of bone mass, based on bone densitometry measurements. Treatment
with denosumab resulted in transient reductions in serum calcium following
subcutaneous administration. OVX monkeys treated with denosumab alone, alendronate
alone, and combination of alendronate pretreatment and denosumab showed increased
BMD in the whole body, lumbar spine, tibial diaphysis, and radial cortical diaphysis. In
OVX cynomolgus monkeys, treatment with denosumab alone, alendronate alone, or the
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combination prevented the OVX-induced BMD changes in both cortical and cancellous
bone, and bone strength was increased by the three respective treatments. At least for the
denosumab alone group, similar changes in bone turnover markers, BMD changes in
coritical and cancellous bone were observed in an additional, 16-month study (Study #
103981; this study was reviewed by Dr. Hatfield, and is cross-referenced to her review of
STN BLAs #125320 and #125331). Taken together, these data from two independent
OVX cynomolgus monkey studies show that denosumab was able to prevent OVX
induced BMD changes in both cortical and cancellous bone. The nonclinical data
provides evidence that denosumab is able to prevent bone loss due fo reductions of
estrogen in the OVX monkeys, and supports the hypothesis that denosumab may prevent
bone loss in human breast cancer patients that are undergoing hormone ablation therapy
with subsequent bone loss.

The safety pharmacology study in male cynomolgus monkeys was performed to evaluate
cardiovascular and respiratory parameters following a single subcutaneous administration
of denosumab. In the mid-ddse group (3 mg/kg), 1/3 monkeys had a run of four
ventricular premature complexes, which returned to normal for rest of the 7 days
following the single dose administration. The toxicological significance of this finding is
unknown at this time, as it only occurred in 1/12 monkeys in the study and there were no
dose dependent effects observed. Furthermore, this cardiovascular effect was not
observed in the 1 month (Study # 101447) and 6/12 month (Study # 102090)
subcutaneous repeat dose toxicology studies, in which denosumab plasma levels were
able to reach steady state and potentially allow deep tissue exposure to the test article.
The comparison of alendronate and denosumab effects on murine fracture healing in the
huRANKL genetically engineered knock-in mice provided evidence that both
alendronate and denosumab treatment delayed the removal of cartilage and remodeling of
the fracture callus, and resulted in a distinct morphology relative to the control mice with
fractured femurs. However, the mechanical strength was not negatively affected.
Treatment with either denosumab or alendronate induced increases in strength and
stiffness relative to the nonfractured control or vehicle control group. Overall, fractures
took greater time to repair when the huRANKL mice were treated with denosumab or
alendronate, as compared to the vehicle control. Patients with new and/or healing
fractures should consider starting denosumab treatment once the fracture has healed, as
denosumab delays fracture repair. '

2.6.2.2 Primary pharmacodynamics

Mechanism of action:
Denosumab is a fully human IgG; monoclonal antibody that binds to the receptor
activator of nuclear factor-kB (RANK) ligand (RANKL). RANKL binds to RANK on
osteoclast precursors and mature osteoclasts, stimulates osteoclasts to resorb bone, and
promotes differentiation of the precursor cells into osteoblasts. The binding of
denosumab to RANKL inhibits binding of the ligand to target receptors such as RANK,
thereby neutralizing the effects of RANKL. Since RANKL binding to RANK is involved
with the formation, function, and survival of cells that resorb bone such as osteoclasts,
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the inhibition of RANKL binding to RANK by denosumab leads to the suppression in
osteoclast-mediated bone turnover.

Drug activity related to proposed indication:

Study title: A 12-Month Osteoporosis Prevention Study of Denosumab With and
Without a 6-Month Alendronate Pretreatment in the Cynomolgus Monkey

Key findings:

Denosumab exposure based on Cpax and AUC was maintained during the duration
of the study, but 25/32 (~78%) monkeys developed anti-drug antibodies (ADA).
In the monkeys positive for ADA, 7/32 tested positive for neutralizing antibodies.
The development of ADA corresponded with approximately 50% reduction in

~ denosumab exposure based on AUC as compared to animals that were antibody

Reference ID: 3168406

negative. :

The estrogen depletion in monkeys following ovariectomy (OVX) resulted in
mild osteopenia, based on loss of bone mass as measured by bone densitometry
with DXA or pQCT. In addition, increases were observed in the biochemical
markers of bone turnover during the 12 month duration of the study.

Denosumab treatment increased bone mineral density (BMD) in the whole body
by 4% following 6 months of dosing and 7% after 12 months of dosing relative to
the OVX vehicle controls. Pretreatment with alendronate and subsequent
treatment with denosumab resulted in whole body BMD increases of 3.6% at 6
months, and 1.5% at 12 months as compared to baseline.

Denosumab treatment increased BMD and significantly increased bone strength at
the lumbar spine, based on bone densitometry and biomechanical tests.

Denosumab treatment increased BMD in trabecular and cortical bone mass at the
lumbar spine (5% at 6 months and 8.5% at 12 months), femur (1.6% and 8.7%),
proximal tibia and distal radius (1% and 4%), respectively, based on bone
densitometry measurements by either DXA or pQCT evaluation.

Alendronate (Fosamax, ALN) treatment, which is currently approved for
osteoporosis treatment increased the BMD in the lumbar spine (5.8% at 6 months
and 5.5% at 12 months), proximal femur (6.5% and 4.2%), and central tibia (1.6%
and 1.3%). '

Pretreatment with alendronate followed by denosumab treatment induced similar
increases in BMD as was observed in the denosumab-only treated group.
Furthermore, the reductions in biochemical biomarkers of bone turnover in the
combination of alendronate and denosumab treatment group were greater than
alendronate treatment group alone.

There were significant reductions in biochemical markers of bone turnover such
as C-telopeptide, TRAP-5b, sSALP, and osteocalcin (OC) relative to both baseline
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and the ovariectomized vehicle control monkeys, providing evidence to support

the sponsor’s hypothesis that denosumab treatment is inhibiting bone resorption.
Alendronate induced a less robust reduction in the bone biomarkers as compared
to the denosumab and denosumab in combination with alendronate pretreatment
dose groups.

e Histomorphometry evaluation provided evidence that both alendronate and
denosumab treatment were associated with significant decreases in tissue-level
bone resorptions/formation parameters in cortical and trabecular sites.
Specifically, denosumab prevented bone resorption, formation and turnover
parameters in the ilia, 1.2, rib (6 and 12 months), tibial diaphysis and proximal
tibia as compared to the OVX vehicle controls.

e Significant increases in PTH (Parathyroid Hormone) were noted following the
first dose of denosumab in treatment-naive monkeys, and the PTH remained
elevated during the first 6 months of treatment. The PTH levels were reduced to
control or baseline levels during the last 6-months of the 12-month treatment
period.

¢ Treatment with denosumab induced a statistically significant decrease (4.5-15%
reduction) in serum calcium for up to 14-28 days post dose relative to baseline or
vehicle control levels.

Study #: ®®. Amgen Study # 106564

Volume # and Page #: EDR file

Conducting Laboratory and Location: ®@

®@

Date of Study Initiation: not specified (final report dated July 9, 2008)

GLP Compliance: yes

QAU statement: yes (X)no()

Drug Lot #: 049A053686 (denosumab), 124K4712 (alendronate), 049A022940
(denosumab vehicle) :

Methods: The objectives of this study were to investigate the effects of a pretreatment
of ovariectomized (OVX) cynomolgus monkeys (Macaca fascicularis; weight range 3.3
to 5.9 kg) with bi-weekly dosing with Alendronate for 6 months, followed by once
monthly subcutaneous injections of denosumab on the bone mineral density (BMD),
serum calcium, phosphorous levels, bone markers, pharmacokinetics, and
immunogenicity of the test articles.

Dosing Procedure:
The vehicle and denosumab were administered by subcutaneous injection once every 28

days. For the group 1 animals (denosumab vehicle), a total of 12 does were
subcutaneously administered once every 28 days and the animals also received 24 doses
of PBS administered intravenously once every 14 days.
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For group 2 (vehicle + denosumab), for the first 6 months of the study, this group of
animals were subcutaneously administered a total of 6 doses of vehicle (vehicle for
denosumab) once every 28 days. A single dose level of denosumab at 25 mg/kg was used
in this study, and the monkeys were dosed s/c every 28 days for an additional 6 months.
The animals in group two also received 24 doses of PBS (vehicle for alendronate)
administered intravenously once every 14 days during the study.

Group 3 animals received a total of 24 doses of alendronate, administered intravenously
once every 14 days. The dose level of 50 mcg/kg alendronate was the effective dose used
in previous primate studies."

For group 4, the animals received a total of 12 doses of alendronate administered
intravenously once every 14 days. Following 6 months of dosing with alendronate, group
4 monkeys then received 6 doses of denosumab administered subcutaneously once every
28 days, and received 12 doses of phosphate buffered saline intravenously once every 14
days, starting with the first doge of denosumab on Day 169.

The group 5 animals were subcutaneously administered 12 doses of denosumab once
every 28 days for 1 year. The monkeys in group 5 also received 24 doses of phosphate
buffered saline once every 14 days starting on Day 1. Animals were euthanized 14 days
following last dose.

Comment: The dose level of denosumab tested in this study was 25 mg/kg, administered
every 28 days for 6 months, while a dose of approximately 1 mg/kg denosumab
administered every 6 months was used in the clinical study. The bi-weekly dose of
alendronate provided an approximately 3.5-fold exposure margin compared to the weekly

clinical dose (70 mg/week, PO; assuming 0.64% bioavailability as per Fosamax label,
and a 60 kg patient). '

The following parameters were evaluated in the study: clinical signs, menstrual
regularity, body weight, appetence, hematology, clinical biochemistry, urinalysis,
hormones, biochemical markers of bone turnover, bone densitometry (DXA, pQCT),
radiographs, pharmacokinetics, immunogenicity, macroscopic observations at necropsy,
organ weights, histopathology, histomorphometry, micro CT evaluation, and ‘
biomechanical testing.

Serum Bone Formation Markers: Osteocalcin, Bone specific alkaline phosphatase
(sALP)

Serum Bone Resorption Marker: C-telopeptide (CTx), TRAP-5b

! Balena R, Toolan BC, Shea M. The effects of 2-year treatment with the aminobisphosphonate alendronate
" on bone metabolism, bone histomorphometry, and bone strength in ovariectomized nonhuman primates.
J.Clin. Invest. 1993; 92:2577-2586
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Dose Group Number Reference:

" GromNugber  Phasal (Doseit06) Phasell (Dose7w012)
1 Vehicle Vehicle
2 Vehicle Deaosumab
3 AIN " ALN
4 AIN Denosumab
5 Denosumab Denosumab

Blood Collection Time points:

Text Table 5 - Blood Collection Time Points

Base- | Base- Dosel  [Dose? 4 Dose 7 h’“"b"’”dru

line 1 |Line 2| pre| 24 | 72 {168[336] Pre | Pre | Pre [ore] 24 | 72 [168336] Post | Pre
.. Urine X -
| Hematology | X
Chinical
| Chemisy | < | ¥
Selected
Clinical x|xlx|x|x| x| x| x|x|xi{x|x|x| x| x|x
Chamistry
|_Henmones,
L PMH_| X | X IxIx|x]x X X IxIxIxix x | x
125VITD | X | X | x X
25-ouyIEDl X | X | X X
| Eemgia | x | x [x x | x x [ x|
| Omocuin | x [ x [x L x [x x | x
ar | x | x Ix X |x x | x
CTs. x | x |x|x|x|xix| x| x| x |x|x|x[x[x x | x
TRACP-b | X | X [X] X | X X | X
Pre - predose
1,25-VIT D - 1,25-dihydroxyvitamin D

25.0H VIT D - 25-hydroxyvitamin D

Dual Energy X-Ray Absorptiometry (DXA):

DXA is used to measure bone mineral density (BMD), BMC (Bone mineral content) and
area using the Hologic Discovery A bone densitometer.

AP Lumbar Spine AP Spine Amay  Lumbar Spine (L1-14) Total BMD
Right Prox. Tibia Left Forearm Amay Left Forearm Distal (1/3) BMD
Global BMD, Neck
Right Prox. Fermy Right Hip Amay Subregion Array Hip (R1), BMD,
Trochanter (R2) BMD
Total, Distal (1/3)
(UD)BMD

+ Whole body area, BMC and BMD reported for acclmation/baselie occasion ouly.
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Peripheral Quantitative Computed Tomography (pQCT):

Peripheral QCT was performed on all animals. Scans were acquired once during the
acclimation/baseline period and once following doses 3, 6, and 12 during treatment.

Radiographs:

Radiographs of both radii (caudo-cranial views), both femora (caudo-cranial views), both
tibia (medio-lateral views) and the lumbar and thoracic spine (dorso-ventral and lateral
views), were taken once during the acclimation/baseline period, and at the end of the
treatment period.

Bone Tissues at Necropsy:

On completion of the necropsy of cach animal examined dunng or at the ead of the treatment
period, the following bone samples were retained:
Femur . - ' ~ Leftwhole
Tibia Right proximal and middle -
Lumbar vertebrae L2 L3,14,15,1L6
Tliom Left -
Rib Left 7® -
Back-up bones:
Femur Right, proximal and middle -
~ Tibia Left, proximal and middle -
Thoracic vertebrae TI0 L1, T11,T12
Mandible (bisected) Right half Left half *
Humerus Right Laft*
- . - Right Left®
* . Ultimate use to be documented and maintamed in stdy file.

Histomorphometry:

Sections of right ilium and rib biopsy samples collected after Dose 6, as well as sections
of the left ilium, left 7th rib, lumbar vertebra (L2), and right tibia from each euthanized
animal at the end of the treatment period were prepared for all groups, without
decalcification, for histomorphometric evaluation. The thoracic vertebra T10, left
proximal and middle tibia, right proximal and middle femur, right half mandible, right
humerus and right radius were retained and stored in fixative for possible future analyses.
Shortly after bone biopsy or necropsy, the bones were trimmed using a diamond cutting
saw to expose the bone marrow and placed immediately into 10 % neutral buffered
formalin, then transferred to 70% alcohol. Specimens processed included medially and
frontally cut tissue blocks through the L2 vertebral body and proximal tibia, respectively.
For the ilium specimens, two parallel slices were cut at the vicinity of the cortical dorsal
spine, starting approximately 1.0 cm caudal to the spine. For the rib specimens,
transverse sections were taken from the middle of each specimen. At least one block from
each bone was dehydrated then infiltrated and embedded in methyl-methacrylate (MMA).
Unstained sections were cut and ground for evaluation of cortical bone. Sections stained
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with toluidine blue and Goldner's trichrome stain, as well as unstained sections were
prepared to evaluate the cancellous bone.

ey for results section:

Evatuation of the cancellous bone region was done on the proximal tibia (1 section level), ilium
(biopsies and terminally sampled specimens, 2 section levels) and lumbar vertebra (1 section
level). ’I'hefollowmgstaucanddymnncpaﬂmetasofbmewcterepomdusmga

BIOQUANT/TCW image analyzer:
STRUCTURAL DYNAMIC
Tissue area (T.Ar) Mineralizing surfice (MS/BS)
Bone volume (BV/TV) Single 1abel surface (SL.S/BS)
Mineralized volume (Md. V) Double label surface (dLS/BS)
Ostecid volume (OV/BV) Minera] apposition rate (MAR)
Osteoid thiclness (0.Th) Adjusted apposition rate (Aj.AR)
Trabecular thickness (Th.Th) Osteoid maturation rate (Omt)
Trabecular number (Tb-N) s Minenlization lag time (Mk)
Trabecular separation (Tb.Sp) BFR?*, surface sefarent (BFR/BS)
Ostecbiast surface (Qb.S/BS) BFR*, volume referent (BFR/BV)
Osteoclast surface(Oc.S/BS) Activation frequency (AcF)
Osteoclast number (N.Oc/BS) Formation period (FP)
Eroded surface (ES/BS) Resorption period (Rs.F)
Osteoid sirface (OS/BS)
Wall thickness (W.Th)

*BFR: Bone Formation Rats

Evaluation of cortical bone was done on the right mid tibia and ribs (biopsies and terminally
sampled specimens), using two section levels per bone (one section level for Haversian system
of right mid tibia). The following static and dynamic parameters of bone were reported using a

BIOQUANT/TCW image analyzer:

STRUCTURAL DYNAMIC

Total tissue area (TLT.AR) Periosteal single label surface (Ps.sL.Pm/Ps Pm)

Cortical area (CLAD) Periosteal double label surface (Ps.dL PuvPs.Pm)

Medullary area (Me. Ar) Periosteal Iabelled surface (Ps L. Pm/Ps Pm)

Cortical area, relative (Y%CLAr) , Periosteal MAR (Ps.MAR)

Medallary area, relative (%oMe.Ar) Pesiosteal BFR, surface refecent (Ps BFR/BS)

Cortical width (CtWi) - Endocortical single Iabel surface (Ec.sL Pm/Ec Pm)

Pesiosteal perimeter (Ps.Pm) Endococtical double label surface (Ec.dL PmvVEc Pm)

Endocostical perimeter (Ec Pm) Endocortical Iabelled surface (Ec L Pm/Ec Pm)

Percent porosity area (%Po.Ar) Endocortical mineval apposition rate (Ec. MAR)

Haversian wall thickness (LW .Th) Endocortical BFR, surface referent (Ec. BFR/BS)
Haversian single label surface (H.sL Pov/H Pm)
Haversian double label susface (H.dl PnvH Pm)
Haversiag Iabelled surfice (HLL Pov/H Pm
Haversisn mineral apposition rate (H MAR)

MicroCT Scanning and Evaluation:

The right femur from all animals was scanned using a Micro-CT system, and analyzed
using the 3-D morphometry evaluation program by the Sponsor. The scans were done in
the fixative (70% denatured alcohol).
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Biochemical Testing:

Testing was performed for each animal euthanized at the end of the treatment period,
using an MTS Servohydraulic test system, model 242.03, using TestWorks™ version
3.8A for TestStar® software version 4.0C. The following bone samples were cleaned of
excess tissue and muscle and retained frozen (ca -20°C) at necropsy for each animal
euthanized as scheduled or prior to the end of the treatment period:

vertebrae (L3, L4, L5 and L6)

left whole femur
vertebra L1, T11, T12 - back-up

The bones that were evaluated and tests that were performed are listed below:

Test Type Test Rate
%m‘ﬁ?n') 3-pomt bending 1 mmvsec %e%ﬁhmm
s Energy to Break (area under the curve), Toughness
Cross Sectional Moment of Inertia IX-CRT-A)
pQCT Area
Periosteal circumference (PERI)
BMC (CRT-CNT), BMD (CRT-DEN) Cortical
Area (CRT_A), Cortical Thickness
(CRT_THICK), Endosteal circumference
Area, BMC, BMD
DXA

Teft proximal | Fermoral neck shear | 1 mmveec | Peak load, Stiffness

fexmx Enugyto&uk(uumduthacwve)

13, LAvatebme | Comgression 20 o | De Apparent Yield Load, Yield
SmL?"ﬁﬁms,M t.,‘-f..ﬁ<.,.
under the cove), Toughness

Measurement by
Area, BMC, BMD
DXA
e e R

L3, L6 vertebral Trabecular Core 20 mm/min | Peak Load, » Stress, Yield Load, Vield

core Compressicn Samsmm&ﬂnﬂ‘mgyto&n&(m
under the curve), Toughness
Height

Maasurement by
Caliper
DXA Area, BMC, BMD
Area (TOT_A), BMC (TOT_CNT), BMD
pCT (TOT_DEN)
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Results for Study 106564:
Mortality: There were no unscheduled deaths during this study.

Clinical Observations: There were no clinical signs associated with the
treatments during the course of this study. No compound related histological
changes were identified at the injection sites of the monkeys.

Food consumption: Nothing noteworthy

Opthalmoscopy: Not investigated

EKG: Not investigated

Body weights: There were no treatment related changes in the body weights.
Hematology: Not investigated

Dose Group Numbers for Reference:

__Group Number Phase I (Dose 1 to 6) Phage II: (Dose7to 12)
1 Vehicle Vehicle
2 Vehicle Denosumab
3 ALN ALN
4 ALN Denosumab
5 Denosumab Denosumab
-point :

Results from Study 106564- Serum Calcium Levels: There was a statistically
significant, transient reduction in serum calcium relative to the vehicle controls observed
following the first and second dose of denosumab (see Figure 6 below). The transient
reduction in serum calcium was even more pronounced in the cohort previously treated
with vehicle as the first dose. Alendronate displayed a trend for reductions in serum
calcium levels; however, the reductions observed in the alendronate (dose 1) and
alendronate (dose 2) cohorts were not statistically significant, except for the 7 day time
point. The reduction in serum calcium by denosumab was diminished in animals
previously exposed to denosumab, (i.e. first versus second dose of denosumab). The
serum calcium levels returned to baseline levels approximately three to five weeks
following the initial dose and the second (transition) dose of denosumab (see Figure 6
below, from the sponsor’s final study report).
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Figure 8. Total Ssrum Calcium In OVX Cynomolgus Monkeys Treated With
Denosumab With and Without 8 Months of Alendronate Pretreatment

— | .@ Veh - Dmab
3 1164 [1stDose] T’g‘o’m - ALN ALN
E ‘ $¢ | |.a ALN- Dmab
- 11.04
§ 10.54 B
10.0+
§ oo
o
h 85 v LA v ' v L] v v N Al v v v LA ' v v
"e"'; N 4\°,@-°°,o""." "4. SN EAR ‘» S
e R

v“s"\@",‘* Postdose 1 ¢ q'@q*q*‘bo Poatdose 7 d"

Time Relative to Monthly Injection

Serum celcium was assessed before and after therapeutic transition from vehicle (Veh) or
alendronate (ALN) to denosumab (Dmab) at month 6. Time is expressed relative to the monthiy
injactions such that Predose 1, 2, 3, 4, 7, 10, and 13 refer to samples drawn at baseline and after
1,2, 3, 6,9, and 12 months of treatment, respectively. Data are presented as the mean + SE, n
=7 to 10/group. *p s 0.05 vs Veh-»Veh. Prior to the transition dose, group differences in
baseline-adjusted serum caicium between the 3 treated groups (vehicle, slendronate, and
denosumab) were assessed using an ANOVA followed by contrast pairwise post-tests. From the
transition dose to terminaticn, group differences in pre-transition-adjusted serum calcium were
assessed across ail 5 trealment groups and Tukey’s paifwise comparisons were performed. No
significant differences were found between continued alendronate treatment (ALN->ALN) and
transition from ALN to denosumab (ALN-9Dmab), significant differences between Veh->Dmab
and ALN-Dmab or Dmab->0mab were found but are not shown. Equal variance across groups
was 8s5855ed using Levene's tests; rank-transformation was used to equalize variance if
ps0.05. If variance remained unequal, an ANOVA modet accounting for unequal variance was

Source: Study Report No. 106564

Results from Study 106564- Biomarkers of Bone Turnover: After ovariectomy of
female cynomolgus monkeys, the serum biomarkers of bone formation and resorption
were elevated from baseline for animals in the vehicle control group. Both alendronate
and denosumab treatments significantly reduced the levels of these biomarkers (i.e. bone
resorption and formation) during this 12-month pharmacology study, as shown in Figure
7. As shown in Table 6, the percent change was calculated relative to predose levels of
the bone biomarkers; there was an 87% reduction in CTx, a 73% reduction in TRACP-5b,
a 60% reduction in SALP, and a 57% reduction in OC at the end of phase I treatment with
denosumab relative to the vehicle controls. Alendronate alone reduced the levels of CTx
(39%), TRACP-5b (23%), sSALP (37%), and OC (18%) relative to the vehicle controls, at
the end of phase I treatment. Similar reductions in the bone biomarkers were observed at
the end of phase II of the study in both the denosumab and alendronate treated monkeys
(see Text Table 6).
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Figure 7. Biomarkers of Bone Turnover in OVX Cynomoigus Monkeys Treated
With Denosumab With and Without 6 Months of Alendronate Pretreatment

- VehoVeh
9 VehsDmed
43[First Transition] | -4 ALNSALN
D - Dose -A- ALN2Dmab
= '3 )
| 3
2
o] 8
5 2%
g -
s N
N

£ & 8

2 3

Serum Osteocalcin (ng/mi)
w
L

R SR SR SR
Months of Treatment

Serum CTx (resorption marker, upper paned) and serum osteocalcin (formation marker, lower
panel). Therapeutic Iransition occurred at month 6, Dala are presented as the mean + SE,n=7
to 10/group. *p < 0.05 vs Veh-»Veh and *p < 0.05 vs ALNALN; for CTx, statistics ara shown
only for the month 3, 8, 9, and 12 timepoints. One way ANOVA was performed across all groups,
vthu(ey'sposHsslstaU\edmgesfrmbesdmenﬁnVeh ALN, and Dmab 12-menth
treatment groups. For the transition groups after 6 months, additional Tukey’s post-tast

comparisons (Veh-=>Veh vs, Veh<>Dmab and ALN-ALN vs ALN-YDmeb) were performed to
loxamine blomarker changes from the pre-transition imepoint. Equal variance &cross groups as
assessed usmg Levene's lests; rank-tensformation was used to equalize varience il p s 0.05. If
variance remained unaqual, an ANOVA model accounting for unequal vanance was utilized.

Source: Study Report No. 106564

Text Table 6 Percent (%) Change in Biochemical Markers of Bone Turnover
% Chimge Relative to Predose | % Change Relativeto EndPhasel
EodPhasel Eud Phase I Bod Phase It ;
Rx Veh ADX Denosumad Veh Denosmnzbd ALN Denosnmsb  Demosumad
Phase Il n 0 &) (O @ @ @ &)
Rx Veh ALN Dwosumasb Veh ALN Denosumab Veb Veh ALN ALN Dezosumab
Phase] o G ® o @& ) (4} @ (&)} (0] )
CTx +54 39 87 7 35 78 4 20 +7 51 +54e
TRACP-Sb  +45 -23 3 12 -3 -60 -23 -7 12 54 47
AP 431 -3 60 +39 25 -63 +8 75 +19 26 7
oc +131  -18 -51 +74__+14 -56 24 . -83 +23 -35 +1.8
Rx(mm)fod’hselmdn,mmﬂminpum :
% change calculated using group mean values.

* Nobmgbgbhdmymwywmmbmsahgemm

Veh: Vehicle

Reference ID: 3168406
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Results from Study 106564- In Vivo Densitometry: Denosumab treatment of OVX
cynomolgus monkeys with and without 6 months of alendronate pretreatment induced
statistically significant increases in the whole body bone mineral density (BMD), lumbar
spine BMD, and radial diaphysis cortical BMD, proximal tibial metaphysis BMC, and
radial diaphysis cortical BMD. Denosumab alone was unable to increase the tibial
diapysis cortical BMD following 6 months of weekly subcutaneous injections. Overall,
data from the female OVX cynomolgus monkeys shows that denosumab treatment
prevents the reduction of BMD in the whole body, and in specific bone areas such as the
lumbar spine, tibial diaphysis cortical, and radial diaphysis cortical bones, based on in
vivo densitometry of female OVX cynomolgus monkeys treated with and without 6
months of alendronate pretreatment.

Specifically, statistically significant increases in cortical BMD of 1 and 4% at the distal
radius and proximal tibia were observed, relative to the vehicle controls at the end of
phase I of the nonclinical study.

+

Comment: According to the medical officer reviewing this application, a clinically
significant increase in BMD is >/= 1.25% from baseline. Many of the increases in BMD
shown above were greater than 1.25% following 12-months of treatment, so a clinical
response was observed in the OVX cynomolgus monkeys treated with denosumab, with
or without 6 months of alendronate pretreatment. Furthermore, alendronate (positive
control comparator, currently marketed for the treatment of osteoporosis by inhibiting
osteoclast-mediated bone-resorption) increased the BMD as well as the combination of
alendronate and denosumab (see Figure 9 below, from the sponsor). ’
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Figure 9. In Vivo Densitometry in OVX Cynomolgus Monkeys Treated With
Denosumab With and Without 6 Months of Alendronate Pretreatment

Whole Body Area!l BMD Proximal Tibial Metaphysis Tibial Diaphysis
Total vBMC Conha!‘ vBMD

- *

Months of Treatment

Data are presented as mean + SE, n = 7 to 10/group. *p < 0.05 vs. OVX + vehicle. *p < 0.05 vs.
ALN. Statistics for months 3 and 6 are presented after combining the groups similarly treated
before the transition to denosumab, although these groups are illustrated separately for clarity.
Group differences in the percent change from baseline for the Veh-Veh, ALN-ALN, and Dmab-
Dmab groups at 3, 6, and 12 months were assessed by one way ANOVA foliowed by Tukey's
pairwise comparisons. For the transition groups at month 12, additional Tukey’s post-test
comparisons (Veh=>Veh vs. Veh-»Dmab and ALN->ALN vs ALN-»Dmab) were performed to
examine changes from the pre-transition timepoint.

Source: Study Report No. 106564

Whole Body (Text from Study No. 106564)

Denosumab vs. Vehicle: Vehicle control groups showed only minor decreases in whole
body BMD in response to OVX relative to baseline. Treatment of OVX monkeys with
denosumab resulted in increases in whole body BMD of approximately 4% following 6
monthly doses (Group 5), continuing to increase to 7% after 12 months of treatment
relative to baseline. The increases in BMD in the denosumab treated animals were
statistically significant compared to changes observed in vehicle controls. Treatment with
denosumab for 6 months starting 6 months post-OVX (Group 2) resulted in a significant
increase in whole body BMD of approximately 7% (relative to end of phase I), and an
increase of approximately 5% relative to baseline (pre-OVX). Thus denosumab appeared
to reverse the effects of OVX-induced bone loss following a 6 month treatment-free
period. The overall effect of 6 months of treatment relative to baseline was similar (4 to
5% for these two groups.

Alendronate vs. Vehicle: Compared to changes in vehicle controls, treatment of OVX
monkeys with bimonthly doses of ALN for 6 months (Group 3) resulted in a significant
increase in whole body BMD of approximately 3.6% relative to baseline, an effect which
was not sustained after12 months of treatment. Whole body BMD decreased slightly (by
1.6%, relative to end of phase I) during the last 6 months of treatment, although values
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did remain slightly increased relative to baseline, and compared to changes observed in
vehicle controls.
Denosumab vs. Alendronate: Although treatment with denosumab and ALN for 6
months resulted in similar increases in whole body BMD (4.1% and 3.6%, Groups 5 and
3, respectively), the increase following treatment with denosumab for 12 months was
significantly greater than that observed after 12 months of ALN treatment (7.1% and
1.5%, respectively). '
Pretreatment with Alendronate: OVX monkeys pretreated with ALN for 6 months,
then dosed with denosumab for 6 months showed increases in whole body BMD of 1.4%
compared to 2.9% (relative to end of phase I) for animals continuing on denosumab
treatment for an additional 6 months. This schedule resulted in increases in BMD for
ALN-denosumab-treated animals which were only slightly below animals treated
continuously with denosumab for 12 months (5.7% and 7.1%, Groups 4 and 5,
respectively, relative to baseline). Increases were greater following 6 months of
denosumab treatment compared to continued ALN treatment (Group 4 vs. Group 3).
Denosumab administered to treatment-naive, OVX animals (Group 2) and OVX animals
pretreated with ALN for 6 months (Group 4) increased whole body BMD to similar

~ levels. The magnitude of the changes relative to predose levels were therefore
significantly different for these two groups, since BMD was markedly increased
following administration of denosumab to treatment-naive animals compared to the
relatively smaller additional increases seen in animals pretreated with ALN (Group 2 vs.
Group 4).

Lumbar Spine (Text from Study Neo. 106564)

Denosumab vs. Vehicle: Vehicle control groups showed slight decreases in lumbar spine
BMD (< 3%) in response to OVX relative to baseline. Treatment of OVX monkeys with
denosumab resulted in increases in lumbar spine BMD of approximately 5% following 6
monthly doses (Group 5), continuing to increase to 8.5% after 12 months of treatment
relative to baseline. These findings were statistically significant compared to changes
observed in vehicle controls. Treatment with denosumab for 6 months starting 6 months
post-OVX (Group 2) resulted in a significant increase in lumbar spine BMD of
approximately 12% (relative to end of phase I), and an increase of approximately 7.8%
relative to baseline (pre-OVX). Thus denosumab reversed the effects of OVX-induced
bone loss which occurred in this group during the 6 month treatment-free period. ‘The
overall effect of 6 months of denosumab treatment relative to baseline was slightly
greater starting 6 months post-OVX in high turnover, osteopenic animals (i.e. BMD
increased 7.8%) compared to the effects of treatment given immediately post-OVX in
animals with normal rates of bone turnover (i.e. BMD increased 5%).

Alendronate vs. Vehicle: Compared to changes in vehicle controls, treatment of OVX
monkeys with bimonthly doses of ALN for 6 months (Group 3) resulted in a significant
increase in lumbar spine BMD of approximately 5.8% relative to baseline, an effect
which was sustained during the last 6 months of treatment (5.5%).

Denosumab vs. Alendronate: Treatment with denosumab or ALN for 6 months resulted
in similar increases in lumbar spine BMD (5.0% and 5.8%, Groups S and 3, respectively),
with a slight although not significantly greater increase following treatment with
denosumab compared to ALN for 12 months (8.5% and 5.5%, respectively).
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Pretreatment with Alendronate: OVX monkeys pretreated with ALN for 6 months then
dosed with denosumab for 6 months showed increases in lumbar spine BMD similar to
animals treated with denosumab for a total of 12 months, resulting in comparable
increases in BMD for ALN-denosumab-treated animals and animals on denosumab for
12 months (8.5% for both Group 4 and 5, relative to baseline). Increases were greater in
monkeys treated with ALN followed by 6 months of denosumab treatment, compared to
the group receiving continued ALN treatment (Group 4 vs. Group 3). Denosumab
administered for 6 months to treatment-naive animals (Group 2) and animals pretreated
with ALN for 6 months (Group 4) increased lumbar spine BMD to similar levels. The
magnitude of the changes relative to predose levels were therefore significantly different
for these two groups, since BMD was markedly increased following administration of
denosumab to treatment-naive animals compared to the relatively smaller additional
increases seen in animals pretreated with ALN (Group 2 vs. Group 4). '

Proximal Femur

The effects on global proximal femur data will be discussed, with reference to the
femoral neck and trochanteric subregions of interest made as appropriate. At the femoral
neck and trochanteric region, vehicle control Group 1 showed slight increases in BMD
while Group 2 showed decreases relative to baseline during the first 6 months of the
study, confounding interpretation of the effects of OVX and treatment at these subregions
of interest.

Denosumab vs. Vehicle: Vehicle control groups showed no consistent decreases in
proximal femur BMD (< 2%) in response to OVX relative to baseline, with a slight
increase noted during the last 6 months of the study (1.6%,relative to end of phase I).
Relative to baseline, denosumab treatment of OVX monkeys resulted in a significant
increase in proximal femur BMD of approximately 10% following 6 monthly doses
(Group 5), with no further increases observed following dosing for an additional 6
months, Proximal femur BMD was increased 8.7% after 12 months of treatment relative
to baseline. Treatment with denosumab for 6 months starting 6 months post-OVX
(Group 2) resulted in a significant increase in proximal femur BMD of 8.4% (relative to
end of phase I), representing an increase of approximately 6.2% relative to baseline (pre-
OVX). At this site, the overall effect of 6 months of denosumab treatment starting 6
months post-OVX (i.e. BMD increased 8.4%) was essentially comparable to the effects
seen when given immediately post-OVX (BMD increased 10.1%).

Alendronate vs. Vehicle: Compared to changes in vehicle controls, treatment of OVX
monkeys with bimonthly doses of ALN for 6 months (Group 3) resulted in a significant
increase in proximal femur BMD of approximately 6.5% relative to baseline. This effect
was reduced slightly during the last 6 months of treatment (i.e. 4.2% increase overall).
Denosumab vs. Alendronate: Treatment with denosumab for up to 12 months resulted
in slightly greater increases in proximal femur BMD compared to ALN, although
differences relative to baseline did not attain statistical significance (6.5% and 10.1%,
Group 5 and 3, respectively at 6 months and 4.2% and 8.7%, respectively, at 12 months).
Pretreatment with alendronate: OVX monkeys pretreated with ALN for 6 months then
dosed with denosumab for 6 months showed minimal increases in proximal femur BMD
of approximately 1% (relative to end of phase I), compared to no change observed in
animals continuing on denosumab a further 6 months. Relative to baseline, increases in
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BMD for ALN-denosumab-treated animals were only slightly lower than for animals
dosed with denosumab for 12 months (7.7% for Group 4 and 8.7% for Group 5).
Increases were slightly greater following 6 months of denosumab treatment compared to
continued ALN treatment (Group 4 vs. Group 3).

Distal Radius (Text from Study No. 106564)
No effects of either denosumab or alendronate on the distal radius.

Central Tibia (Text from Study No. 106564)

Denosumab vs. Vehicle: Vehicle control groups showed consistent decreases in tibial
BMD (< 6%) in response to OVX during the study relative to baseline. Relative to
baseline, treatment of OVX monkeys with denosumab resulted in a significant increase in
tibial BMD of approximately 1.6% following 6 monthly doses (Group 5) compared to
vehicle controls, with no further increases observed following dosing for an additional 6
months. Tibial BMD was significantly increased 1.3% after 12 months of treatment
relative to baseline compared to vehicle controls. Treatment with denosumab for 6
months starting 6 months post-OVX (Group 2) resulted in a significant increase in tibial
BMD of 3.2% (relative to end of phase I), although values were approximately -2.6%
below baseline values (pre-OVX). At this site, the overall effect of 6 months of
denosumab treatment starting 6 months post-OVX (i.e. BMD increased 3.2%) was
slightly greater than the effects seen when given immediately post-OVX (i.e.BMD
increased 1.6%). '

Alendronate vs. Vehicle: Similar to the distal radius, the effects of treatment of OVX
monkeys with bimonthly doses of ALN during the first 6 months of the study differed
between Groups 3 and 4. The effect of combining data for these two groups for analysis
(Group 3/4) resulted in a significant increase in tibial BMD of approximately 1.0%
relative to baseline, compared to changes in vehicle controls. Continued treatment of
animals in Group 3 with ALN resulted in a slight loss in BMD relative to baseline (i.e.
3.7% decreases) with values comparable to controls.

Denosumab vs. Alendronate: Treatment with denosumab for up to 12 months resulted -
in slight increases in tibial BMD relative to baseline compared to slight losses for the
groups dosed with ALN, although differences between these two groups did not attain
statistical significance.

Pretreatment with Alendronate: OVX monkeys pretreated with ALN for 6 mgnths then
dosed with denosumab for 6 months showed slight decreases in tibial BMD o